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[ Abstract)

Dilated cardiomyopathy is a main disease that causes heart failure and exhibits etiological heterogeneity.

Nearly a quarter of dilated cardiomyopathy in patients is related to genetics, and ventricular dilation and myocardial systolic

dysfunction are the main characteristics of the disease. LMNA mutation is a major cause of hereditary dilated

cardiomyopathy, and arrhythmia is a major clinical manifestation of hereditary dilated cardiomyopathy with LMNA mutation.

In recent years, establishment of a dilated cardiomyopathy model in C57/B6 mice and its treatment by focused gene therapy

has been a research focus, and some important conclusion have been drawn from the establishment of large animal models

in dogs and pigs. However, large animals, especially non-human primates, are closer to humans. At present, dilated

cardiomyopathy is not involved in the heart disease model of non-human primates. Therefore, this article reviews studies on

rodent and large animal models of dilated cardiomyopathy at the genetic level and proposes the idea of developing a dilated

cardiomyopathy model in a non-human primate. It also provides new ideas to study the pathogenesis and clinical treatment.
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Table 1 Types and phenotypes of LMNA mutations
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VLB KA ; ICD 4 AR 5 A2 R B ; OHT - o RS ; LBBB . 2 3R S A6 GBI s NBBB . PR R MRS A BB + 80— R,

Note. DCM. Dilated cardiomyopathy. AVB. AV block. HF. Heart failure. SWMA. Segmental wall motion abnormalities. SSS. Morbid sinus syndrome. CD.
Conductive disease. CPK. Phosphocreatine kinase. ICD. Implantable cardioverter defibrillator. OHT. Heart transplant. LBBB. Left bundle branch block.
NBBB. Non-specific bundle branch block. + . With. —. No.
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Table 2 A rodent DCM model that is focused on gene therapy
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DIAT RO Tt — L I UE 4l & A A A7 R W
N AR #E 1% ANP R BNP B 5900 RBM20 445
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RARNE WL HEAL O WUAE I O L 32 453 55 AH 3G Jik
DAL, AR 3 DNA A ke SE 36 R A

6 SEERE

N R SAMKER 3 NS AR A
92 P R PR 3 A5 X R 400 il 1R 1T S5 N 2R A
IR BE R TR, s FAE AR R K 2%3)
Yy O B BT IR ¥ e DCM, T AR ASE R0 R AR 47
(RSO R AR Y (L B i I A D3 PR 2 T 1)
A DCM R HExF DCM BIGIr&Eh T o2
I, B AR & IR YT R P 2848 30 DCM I 254
HFFEHI iPSCs RIS MTT 2k LMNA 0 L
() PN Bz D) e I A, Al 7T 25 25 1 mT fe R i 1 24 ) 3
. TR 5T I 6 35 g 6 0 5 5 g i 4 O 0B
IEFEH 2R | 78 /N sl A A v 2 BOR T RAR, AN
FEiPSC ™ 55 Ik T B 3 g B RN 5E  de B 7R 18 OE
RBM20 278 (YRR , i 7EH DCM /)N U HY Hgik 52
T ABE A HRUEIE R R 5848 PR 0 IR By B I 4E
K&, 5 IR 5 TR R i K3
Yy AR N R AL ) & R | A Bh i 2 UCF & Rk
A AT A AT LA A2 TR TT DCM SE 30T KM 280

£ % X #k(References)

[ 1] Merlo M, Daneluzzi C, Mestroni L, et al. Historical terminology,
classifications, and present definition of DCM [ M ]. Springer:

Dilated  Cardiomyopathy:  From  Genetics to  Clinical
Management; 2019.

[ 2] Ellott P, Andersson B, Arbustini E, et al. Classification of the
cardiomyopathies: a position statement from the European society
of cardiology working group on myocardial and pericardial
diseases [ J]. Eur Heart J, 2008, 29(2) : 270-276.

[ 3] McNally EM, Barefield DY, Puckelwartz MJ. The genetic
landscape of cardiomyopathy and its role in heart failure [ J]. Cell
Metab, 2015, 21(2): 174-182.

[ 4] Kayvanpour E, Sedaghat-Hamedani F, Amr A, et al. Genotype-
phenotype associations in dilated cardiomyopathy: meta-analysis
on more than 8000 individuals [ J]. Clin Res Cardiol, 2017, 106
(2): 127-139.

[ 5] Mehrabi M, Morris TA, Cang Z, et al. A study of gene
expression, structure, and contractility of iPSC-derived cardiac
myocytes from a family with heart disease due to LMNA mutation
[J]. Ann Biomed Eng, 2021, 49(12) ; 3524-3539.

[ 6] Shelly S, Lopez-Jimenez F, Chacin-Suarez A, et al. Accelerated
aging in LMNA mutations detected by artificial intelligence ECG-
derived age [J]. Mayo Clin Proc, 2023, 98(4) . 522-532.

[ 7] Yamada T, Nomura S, Amiya E, et al. LMNA mutations and right
heart failure in patients with cardiomyopathy and with left ventricular
assist devices [J]. J Card Fail, 2023, 29(5) : 855-857.

[ 8] Saj M, Bilinska ZT, Tarnowska A, et al. LMNA mutations in

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Polish patients with dilated cardiomyopathy: prevalence, clinical
characteristics, and in vitro studies [ J]. BMC Med Genet,
2013, 14: 55.

Sidhu K, Castrini AI, Parikh V, et al. The response to cardiac
resynchronization therapy in LMNA cardiomyopathy [ J]. Eur J
Heart Fail, 2022, 24(4) . 685-693.

Wang X, Zhang X, Cao K, et al. Cardiac disruption of SDHAF4-
mediated mitochondrial complex II assembly promotes dilated
cardiomyopathy [ J]. Nat Commun, 2022, 13(1) ;: 3947.

Kim SY, Zhang X, Schiattarella GG, et al. Epigenetic reader
BRD4 ( bromodomain-Containing protein 4 ) governs nucleus-
encoded mitochondrial transcriptome to regulate cardiac function
[J]. Circulation, 2020, 142(24) . 2356-2370.

Wang M, Pan W, Xu Y, et al. Microglia-mediated
neuroinflammation: a potential target for the treatment of
cardiovascular diseases [ J]. J Inflamm Res, 2022, 15. 3083
—-3094.
Eijgenraam TR, Boogerd CJ, Stege NM, et al. Protein
aggregation is an early manifestation of phospholamban p.
( Arglddel ) -related cardiomyopathy :
R14del-related cardiomyopathy [ J]. Circ Heart Fail, 2021, 14
(11): e008532.

Miwa S, Kashyap S, Chini E, et al. Mitochondrial dysfunction in

development of PLN-

cell senescence and aging [ J]. J Clin Invest, 2022, 132
(13): e158447.

Dabke K, Hendrick G, Devkota S. The gut microbiome and
metabolic syndrome [ J]. J Clin Invest, 2019, 129(10) . 4050
—-4057.

Wong NR, Mohan J, Kopecky BJ, et al. Resident cardiac
macrophages mediate adaptive myocardial remodeling [ J ].
Immunity, 2021, 54(9) . 2072-2088.

Sahu M, Reddy VRM, Park C, et al. Review article on the
lattice defect and interface loss mechanisms in kesterite materials
and their impact on solar cell performance [ J]. Solar Energy,
2021, 230; 13-58.

Claassen JAHR, Thijssen DHJ, Panerai RB, et al. Regulation of
cerebral blood flow in humans: physiology and clinical
implications of autoregulation [ J]. Physiol Rev, 2021, 101(4) .
1487-1559.

Kanai Y. Overview on poly ( ADP-ribose ) immuno-biomedicine
and future prospects [ J]. Proc Jpn Acad Ser B Phys Biol Sci,
2016, 92(7) . 222-236.

Ashraf S, Taegtmeyer H, Harmancey R. Prolonged -cardiac
NR4A2 activation causes dilated cardiomyopathy in mice [ J].
Basic Res Cardiol, 2022, 117(1) : 33.

Garcia-Gonzalez C, Dieterich C, Maroli G, et al. ADARI

prevents autoinflammatory processes in the heart mediated by
IRF;[J]. Circ Res, 2022, 131(7) : 580-597.

Roager HM, Licht TR. Microbial tryptophan catabolites in health
and disease [ J]. Nat Commun, 2018, 9(1) . 3294.
Ramirez-Campillo R, Garcia-Hermoso A, Moran J, et al. The
effects of plyometric jump training on physical fitness attributes in

basketball players: a meta-analysis [ J]. J Sport Health Sci,



S B4R 2023 4F 11 A% 31 55 11 8] Acta Lab Anim Sci Sin, November 2023, Vol. 31, No. 11

1469

[24]

[25]

[26]

[27]

[30]

[31]

[32]

[35]

[36]

[37]

[38]

2022, 11(6) : 656-670.

Dai J, Su'Y, Zhong S, et al. Exosomes: key players in cancer
and potential therapeutic strategy [ J]. Signal Transduct Target
Ther, 2020, 5(1) . 145.

Martinez FJ, Rabe KF, Ferguson GT, et al. Reduced all-cause
mortality in the ETHOS trial of budesonide/glycopyrrolate/
formoterol for chronic obstructive
double-blind,
[J]. Am J Respir Crit Care Med, 2021, 203(5) : 553-564.

Teng ACT, Gu L, di Paola M, et al. Tmem65 is critical for the

pulmonary disease. A

randomized , multicenter, parallel-group study

structure and function of the intercalated discs in mouse hearts
[J]. Nat Commun, 2022, 13(1): 6166.

Donnarumma E, Kohlhaas M, Vimont E, et al. Mitochondrial
Fission process 1 controls inner membrane integrity and protects
against heart failure [ J]. Nat Commun, 2022, 13(1) . 6634.
Yamashita S. Recent progress in oculopharyngeal muscular
dystrophy [J]. J Clin Med, 2021, 10(7) : 1375.

Guénantin AC, Jebeniani I, Leschik J, et al. Targeting the
histone demethylase LSDI1 prevents cardiomyopathy in a mouse
model of laminopathy [ J ]. J Clin Invest, 2021, 131
(1): el36488.

Schafer S, de Marvao A, Adami E, et al. Titin-truncating
variants affect heart function in disease cohorts and the general
population [ J]. Nat Genet, 2017, 49(1) ; 46-53.

Dai J, Li Z, Huang W, et al. RBM20 is a candidate gene for
hypertrophic cardiomyopathy [ J]. Can J Cardiol, 2021, 37
(11): 1751-1759.

Yamamoto T, Sano R, Miura A, et al. I536T variant of RBM20
affects splicing of cardiac structural proteins that are causative for
developing dilated cardiomyopathy [ J]. J Mol Med, 2022, 100
(12): 1741-1754.

de Frutos F, Ochoa JP, Ferndndez Al, et al. Late gadolinium
enhancement distribution patterns in non-ischemic dilated
cardiomyopathy; Genotype-phenotype correlation [ J]. Eur Heart
J Cardiovasc Imaging, 2022, 9(2): 37-49.

Nishiyama T, Zhang Y, Cui M, et al. Precise genomic editing of
pathogenic mutations in RBM20 rescues dilated cardiomyopathy
[J]. Sci Transl Med, 2022, 14(672) : eadel633.

Capogrosso M, Milekovic T, Borton D, et al. A brain-spine
interface alleviating gait deficits after spinal cord injury in
Primates [ J]. Nature, 2016, 539(7628) ; 284-288.

Zhong L., Huang Y, He J, et al. Generation of in situ CRISPR-
mediated primary and metastatic cancer from monkey liver [ J].
Signal Transduct Target Ther, 2021, 6(1) . 411.

Chen H, Xia K, Huang W, et al. Autologous transplantation of
thecal stem cells restores ovarian function in nonhuman Primates
[J]. Cell Discov, 2021, 7(1): 75.

Han L, Wei X, Liu C, et al. Cell transcriptomic atlas of the non-
human primate Macaca fascicularis [ J]. Nature, 2022, 604
(7907) : 723-731.

Chang L., Anna KA, Wang HJ, et al. Stable expression of an

HIV decoy receptor after in vivo HSC transduction in mice and

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

NHPs: Safety and efficacy in protection from SHIV [ J].
Molecular Therapy, 2023, 31(4) :1059-1073.

Zhong Z, Luo XY, Xiang P, et al. MRTF-a alleviates myocardial
ischemia reperfusion injury by inhibiting the inflammatory
response and inducing autophagy [ J]. Mol Cell Biochem, 2023,
478(2) : 343-359.

Liu Z, Zhou J, Xu W, et al. A novel STING agonist-adjuvanted
pan-sarbecovirus vaccine elicits potent and durable neutralizing
antibody and T cell responses in mice, rabbits and NHPs [ J].
Cell Res, 2022, 32(3): 269-287.

Ostergaard ME, Jackson M, Low A, et al. Conjugation of
hydrophobic ~ moieties ~ enhances  potency of  antisense
oligonucleotides in the muscle of rodents and non-human Primates
[J]. Nucleic Acids Res, 2019, 47(12) : 6045-6058.

D’ Onofrio N, Prattichizzo F, Marfella R, et al. SIRT3 mediates
the effects of PCSK9 inhibitors on inflammation, autophagy, and
oxidative stress in endothelial cells [ J]. Theranostics, 2023, 13
(2): 531-542.

Goonewardena SN, Rosenson RS. PCSK9: the nexus of
lipoprotein metabolism and inflammation in COVID-19 [J]. J Am
Coll Cardiol, 2023, 81(3): 235-236.

Wang L, Smith J, Breton C, et al. Meganuclease targeting of
PCSK9 in macaque liver leads to stable reduction in serum
cholesterol [ J]. Nat Biotechnol, 2018, 36(8) : 717-725.
Simpson S, Edwards J, Ferguson-Mignan TF, et al. Genetics of
human and canine dilated cardiomyopathy [ J]. Int J Genomics,
2015, 2015 204823.

Toyoda Y, Okada M, Kashem MA. A canine model of dilated
cardiomyopathy induced by repetitive intracoronary doxorubicin
administration [ J]. J Thorac Cardiovasc Surg, 1998, 115(6) ;
1367-1373.

Schultheiss HP, Fairweather D, Caforio ALP, et al. Dilated
cardiomyopathy [ J]. Nat Rev Dis Primers, 2019, 5(1): 32.
Brauch KM, Karst ML, Herron KJ, et al. Mutations in ribonucleic
acid binding protein gene cause familial dilated cardiomyopathy
[J]. 7 Am Coll Cardiol, 2009, 54(10) : 930-941.

Koelemen J, Gotthardt M, Steinmetz LM, et al. RBM20-related
cardiomyopathy: current understanding and future options [ J]. J
Clin Med, 2021, 10(18): 4101.

Schneider JW, Oommen S, Qureshi MY, et al. Dysregulated
ribonucleoprotein granules promote cardiomyopathy in RBM20
gene-edited pigs [ J]. Nat Med, 2020, 26(11) ; 1788-1800.
QuJ, Yang F, Zhu T, et al. A reference single-cell regulomic
and transcriptomic map of cynomolgus monkeys [ J]. Nat
Commun, 2022, 13(1): 4069.

Sayed N, Liu C, Ameen M, et al. Clinical trial in a dish using
iPSCs shows lovastatin improves endothelial dysfunction and
cellular cross-talk in LMNA cardiomyopathy [ J].
Med, 2020, 12(554) : eaax9276.

Sci Transl

[WFEEHA] 2023-05-23



