#j5 %4k Acta Pharmaceutica Sinica 2022, 57(10): 3067 -3076 + 3067 -

3D KRB R XNERNES KA CMEREGTPHER
AL A o B R

AT, BREW, BEE, BEFY, Kk B

(1. REER LR, B L o 24 18 5K 8 i S0 =, K 300193, 2. K E B AW e 2505 0t A b,
AR T, K 300457; 3. REEEEZ RS — M B IR e, R b S 24 b Uy 5 UE B HE AL 7T R
S, K 300193)

WE: 54 4 D) HZ R M b, =4k (3D) 88 B 5 9% 48 dr MBI 2% B L AU B B R FIDIR S
AT SR 1~3 TOF A KR liE T 4E 40 i (CFs) 0 JULZH AL (CMs) TP B2 40 B (ECs) #9821 3D (0o IE S8 4% B 44k .
NG R4 TIREP R LKL A MR SO EEZE W T, FF A OCRITE . B I W0 T B R B 1
DUHE T B PR A B BORN 1% 22 A 1. 383 5 6 e 0 0] 2 VR S RN 20 I Th BESEAT VRN, R I AT A 1x10° 44
B0 IEER A A 35 34 RGP A R Y 2 BARFRRHE A 2 IR ikl o B2 T I 2O IRk A 2R IR 3
(PE) i S A4 28 1 o J A R ASE IR | 5388 3o 20 et 5 22 AT B P Ca® 9 2 A JEE e (7 S5 PR AR AT VA . itk —
5 96 IE BT AR ] T I o LB K 249 9 (K 0 3ok, AR HF 70 3% P ko0 7R B (GXINT) BEAT VR4 . 45 JE R B GXINT
WAL T PE S EU O NIRRT AR BLAR AR K, LA R 2R T B AT P Ca® AR JEE ) 348 R 2 A7 58 FLASE [ AT,
FEWLES OEIIK (ANP)JREAIK (BNP) R g O WUILER & A HEE (B-MHC) 3RIE Bl ABFF R 1 i S0 R
KT B0 B F IR 3D 20 U A AMR AL, 78 AR R A, O BEERIR (A B AT 20 BE T A AN A R oy, BRI B R
BT HE RS &7 3k T B, 75 20 ISR A 75 0 /R Ak 0o JE A5 B BTL 1) % 8 6 A 5 25 W O 5 R

KHEIR): AR E JEO MR, O BEAEK; AR AME LY, o R 24, R 2GRS P IR R

F &3S RI6S CEAARIRAD: A N EHS: 0513-4870(2022)10-3067-10

Establishment of 3D organoids model of cardiac hypertrophy
and its application in the mechanistic analysis of cardiovascular
traditional Chinese medicine

FAN Si-wen'?, ZHAO Yu-han'?, XIAO Guang-xu'?, FAN Guan-wei'’, ZHU Yan"*

(1. State Key Laboratory of Component-based Chinese Medicine of Tianjin University of Traditional Chinese Medicine,
Tianjin 300193, China; 2. Chinese Medicine New Drug Research and Development Center, International Biomedical
Research Institute, Tianjin 300457, China; 3. Tianjin Key Laboratory of Translational Research of TCM Prescription
and Syndrome, First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China)

Abstract: Compared with the traditional two-dimensional (2D) monolayer culture, three-dimensional (3D)
organoid can better simulate the physiological and pathological microenvironment of organs and tissues. In this
study, 3D cardiac organoids were constructed using cardiac fibroblasts (CFs), cardiac myocytes (CMs) and
endothelial cells (ECs) isolated from hearts of 1-3-day Sprague-Dawley (SD) neonatal rats. The experimental
scheme was approved by the Experimental Animal Welfare and Ethics Committee of Tianjin University of
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Traditional Chinese Medicine and met the standards of experimental animal welfare and ethics. Optimal seeding
cell density and culture time were determined by observing the sphere diameter and pulsation. The hierarchical
structure and cardiac-like function were evaluated by fluorescence staining. The results showed that the cardiac-
like microspheres constructed with cell number of 1x10* still beated spontaneously even after 34 days in culture,
and maintained characteristic cellular hierarchical structure. Then, based on these cardiac microspheres, a
phenylephrine (PE)-induced cardiac hypertrophy model was established and evaluated by mitochondrial mass,
intracellular Ca’* concentration and mitochondrial membrane potential. Guanxinning Injection (GXNI) was tested
to verify that the established model can be used for myocardial hypertrophy drug screen. The results showed
that GXNI significantly reversed the enlargement of cardiac microsphere area and diameter, the increase of
mitochondrial mass, intracellular Ca® concentration and the decrease of mitochondrial membrane potential caused
by PE, and reduced upregulation of atrial natriuretic peptide (4NP), brain natriuretic peptide (BNP) and f-myosin
heavy chain (f-MHC). In conclusion, this study successfully established a 3D in vitro model of cardiac remodeling
induced by cardiac hypertrophy. In this new system, cardiac microspheres not only have cardiac-like morphology
and extracellular matrix components, but also exhibit spontaneous and rhythmic systolic and diastolic function.
Therefore, the cardiac microsphere is an effective model to investigate the pathological mechanism of cardiac
hypertrophy and screen related drugs.
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Table 1 The primer sequences for real-time quantitative PCR. F:
Forward; R: Reverse; ANP: Atrial natriuretic peptide; BNP: Brain
natriuretic peptide; f-MHC: f-Myosin heavy chain; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase

Gene Primer sequence (5'-3")
ANP F: CATGGGCTCCTTCTCCATCA
R: TGGCCTGGGAGCCAAA
BNP F: CGGGCTGAGGTTGTTTTAGG

R: GCCGCAGGCAGAGTCAGA

p-MHC F: CACCAGCCTCATCAACCAGAAGAAG
R: TCCTCTGCGTTCCTACACTCCTG
GAPDH F: ATGATTCTACCCACGGCAAG

R: CTGGAAGATGGTGATGGGTT
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Figure 1 Schematic diagram of three-dimensional (3D) co-culture
of cardiac fibroblasts (CFs), cardiac myocytes (CMs) and endothelial
cells (ECs). Cardiac cells were extracted from the hearts of 1-3-
day-old neonatal rats and co-cultured to form a unique globule in a

suspension well plate
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Figure 2 Growth process of isolated heart cells into organoid microspheres. Representative bright field images of CFs, ECs and CMs

co-cultured in suspension for different days were shown. Scale bar, 50 pm
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Figure 3 Morphological analysis of 3D cardiac microspheres under different culture conditions. A: Distribution of CMs, CFs and ECs in

cardioids. Cells were stained with antibodies against CMs, CFs and ECs markers: a-actinin, vimentin and CD31, and observed by high con-

tent confocal microscopy; B: Cardiac like cells were cultured for 34 days and observed under light microscope for 7, 14, 21 and 34 days,

respectively; C: Antibody staining of cells in high connotation after 34 days of cardioid; D: The extracellular matrix is mainly divided into

laminin and exists in the whole globule. Scale bar, 50 um
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Figure 4 Morphological analysis of 3D cardiac microspheres induced by different concentrations of phenylephrine (PE). A: Images of

cardiac microspheres in brightfield and « -actinin protein expression induce by PE with 20, 100, 500, 1 000 and 2 000 umol-L"'; B:

Quantitative results of the diameter of 20, 100, 500, 1 000 and 2 000 umol-L" PE induced cardiac microspheres; C: Operetta image of the

effect of mitochondrial function after PE induced cardiac microsphere injury; D: Effect of mitochondrial quality; E: Effect of calcium

concentration; F: Effect of mitochondrial membrane potential. Scale bar, 50 um. n =3, x £5. P <0.05, "P < 0.01, ""P < 0.001
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Hoechst

CD31 Merge B C

Figure 5 Effect of PE on CFs and ECs. A: Operetta image of the CD31 protein expression induce by PE (500 pumol-L™"); B: Expression of
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