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Abstract: Cardiovascular disease is a serious threat to human life and health. The number of people who die from

cardiovascular disease is up to 15 million every year, ranking the first cause of all causes of death. ADAMTS family (A

Disintegrin and Metalloproteinase With Thrombospondin Motifs, ADAMTSs) are matrix-associated zinc metallopeptidases

with secretory function. It has diverse roles in tissue morphogenesis, pathophysiological remodeling, inflammation, and

vascular biology. Controlling the structure and function of the Extracellular Matrix (ECM) is the central theme of the biology

of ADAMTSs. ADAMTSs mainly play a biological role by regulating the structure and function of extracellular mechanisms,

and the abnormal expression or dysfunction of some family members is associated with cardiovascular diseases. ADAMTS

family plays an important role in the occurrence and development of various cardiovascular diseases. This paper aims to

study the role of ADAMTS family in cardiovascular diseases.
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Introduction
The world's leading cause of death is now cardiovascular disease (CVD) : it kills more people each year than any other

cause. More than three quarters of CVD-related deaths occur in low - and middle-income countries. According to the

statistical study in the 2020 Report on Cardiovascular Health and Disease in China [1], the prevalence of cardiovascular

disease in China is still on the rise. The report clearly estimated that the total number of cardiovascular diseases now reached

330 million, of which 13 million were stroke patients, 11.39 million were coronary heart disease patients, 8.9 million were

heart failure patients, 4.87 million were atrial fibrillation patients, about 5 million were pulmonary heart disease patients, and

2.5 million were rheumatic heart disease patients. Congenital heart disease affects 2 million people, lower extremity arterial

disease affects 45.3 million people, and hypertension affects up to 245 million people [1]. At present, the etiology of many

cardiovascular diseases is not clear, and many patients have insidious onset without seeking medical treatment or being

diagnosed, which poses a great threat to human health. At present, a large number of clinical and basic researches on various

cardiovascular diseases have been carried out in clinical and scientific research, with the purpose of seeking efficient

diagnosis and treatment methods, improving the prognosis of cardiovascular diseases, and summarizing the early prevention

of cardiovascular diseases.

ADAMTS family is a secreted protease belonging to the Zn2 + -dependent metalloproteinase family [2]. The

mammalian genome contains a total of 19 ADAMTS genes numbered 1 to 20, of which code 11 was not used because it was

assigned to the gene previously identified as ADAMTS5. The ADAMTSs protease family shares the same structural domain,

which includes a propeptide region, a metalloproteinase domain, a disintegrin-like domain, and a thrombospondin type 1

(TSP1) motif. It is only that individual members of this family differ in the number of C-terminal TSP1 motifs, with some

having unique C-terminal domains [3]. The proprotein encoding ADAMTS has proteolytic processing function, which can
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eventually form the mature procollagen N protease. This protease excises the N-propeptide of type I-III and type V

protofibrillar collagen. ADAMTS and ADAM(A Disintegrin and Metallo pro-teinase) family activities can be inhibited by

The Tissue Inhibitor of metalloproteinases Metallop-roteinases, TIMPs) and other endogenous inhibitors, whose activity can

also be inhibited by synthetic small molecule inhibitors [4]. ADAMTS and ADAM have been shown to be potential

therapeutic targets and important diagnostic biomarkers for cardiovascular diseases. [5] Among various proteinases in the

human body, ADAMTS, Matrix Metallo proteinase (MMP) and ADAM play a crucial role in cardiovascular diseases. [5]

Therefore, it is urgent to explore the role and related pathophysiological mechanism of ADAMTS family in the occurrence

and development of cardiovascular diseases, which may bring new progress in the early diagnosis, targeted treatment,

improvement of prognosis and long-term survival rate of cardiovascular diseases.

1. ADAMTSs and the occurrence and development of cardiovascular

diseases

1.1 ADAMTSs and dilated cardiomyopathy and heart failure
Dilated Cardiomyopathy (DCM) is characterized by enlargement of the left or right ventricle or both ventricles with

systolic dysfunction. Some patients may have congestive heart failure during the process of the disease, and most of them

have ventricular or atrial arrhythmias. The etiology of DCM is unknown, and the disease is progressive, and death can occur

at any stage of the disease. At present, there is no targeted treatment for DCM. According to the 2021 China Cardiovascular

Health and Disease Report, the prevalence of dilated cardiomyopathy (DCM) in China was 19/100 000 according to the

survey of 9 provinces (autonomous regions) [6]. Recent studies have shown that the imbalance of ADAMTS1 and

MMP2/TIMP1 ratio interferes with the synthesis of extracellular matrix and participates in ventricular remodeling in terms

of collagen degradation and angiogenesis, which may promote the further development of myocarditis into dilated

cardiomyopathy [7]. In the same year, Huang et al. [8] found that ADAMTS7 could degrade cartilage matrix protein (COMP)

in cardiomyocytes, thereby promoting the migration of vascular smooth muscle cells (VSMC) and participating in the

process of myocardial remodeling, proving that ADAMTS7 plays an important role in the occurrence and development of

DCM. Subsequent studies found that ADAMTS2 expression was up-regulated in the failing human heart and hypertrophic

mouse heart, and ADAMTS2 gene could also drive isoproterenol induced cardiac hypertrophy in mice [9]. ADAMTS2

attenuated endothelin (ET) -induced cardiomyocyte hypertrophy in neonatal rat cardiomyocytes. Blocking the

phosphoinositide 3-kinase (PI3K)/Akt pathway can improve the hypertrophic response caused by ADAMTS2 deficiency [10].

Based on the above studies, it is hypothesized that ADAMTS1, 2, and 7 are abnormally important in the ventricular

remodeling process of DCM.

Heart failure (HF) is a clinical syndrome caused by structural or functional diseases of the heart, which leads to

impaired filling and/or ejection function, insufficient cardiac output to meet the metabolic needs of body tissues, congestion

of pulmonary and/or systemic circulation, and insufficient blood perfusion of organs and tissues. Omura[11] et al. found that

ADAMTS8 knockout mice exhibit improved right ventricular failure under conditions of chronic hypoxia, enhanced

angiogenesis, and reduced right ventricular ischemia and fibrosis. This suggests that ADAMTS8 may be associated with the

occurrence and development of HF.

1.2 ADAMTSs and atherosclerosis and acute coronary syndrome
Atherosclerosis is characterized by the accumulation of lipids and complex saccharides in the intima of the involved

arteries, followed by hemorrhage, thrombosis, fibrous tissue hyperplasia and calcinosis. Over time, the middle layer of the
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arteries gradually changes and calcifications. If the lesion progresses to occlusion of the arterial lumen, ischemia and

necrosis will occur in the area supplied by the artery. Acute Coronary Syndromes (ACS) refers to the rupture or erosion of

unstable plaques, incomplete or complete occlusion of coronary arteries, and acute myocardial ischemia on the basis of

coronary atherosclerotic lesions. At present, ACS is clinically divided into 3 categories: Unstable angina, ST-segment

elevation acute myocardial infarction, and non-ST-segment elevation acute myocardial infarction.

Studies have found that ADAMTS1, 4, 5 and 13 can be expressed in carotid plaques, especially in smooth muscle cells

and macrophages, while ADAMTS1 expression is higher and ADAMTS4 and 5 expression is slightly increased in unstable

plaques [12]. Jonsson-Rylander [13] et al. found through immunohistochemistry and other experiments that ADAMTS1 may

promote the occurrence of atherosclerosis by cutting extracellular matrix proteins and inducing vascular smooth muscle cell

migration. Pehlivan[14] et al. showed that ADAMTS1 was diffusely distributed in the myocardium of individuals who died of

myocardial infarction or trauma, as analyzed by staining of cardiomyocytes from postmortem patients. Another study

showed that the immune response area of ADAMTS2, 3 and 13 was very large in acute myocardial infarction, and

subsequently ADAMTS2, 3, 13 and 14 were listed as the culprit of acute myocardial infarction [15]. ADAMTS4 can generally

diffuse into the plasma after cardiovascular injury. Elevated plasma ADAMTS4 levels have been found in patients with

ACS[16-19] and atherosclerosis [19-23]. Some of these studies have linked elevated plasma levels of ADAMTS4 to increased

ACS severity [18-21] and plaque instability [23]. Elevated ADAMTS4 levels have also been found in macrophage-rich regions

of human atherosclerotic plaques and unstable coronary plaques [20-23]. Plasma ADAMTS4 levels are significantly increased

in acute coronary syndrome, and continue to increase with the progression from stable angina to UA, NSTEMI, and STEMI.

Studies have shown that continuous measurement of plasma ADAMTS4 may be a marker of plaque instability in acute

coronary syndrome [19].

Studies in mice have shown that ADAMTS7 acts early in the development of atherosclerosis, possibly in response to

TNF in an inflammatory environment [24]. Corresponding analyses of human atherosclerotic lesions have shown that

ADAMTS7 localizes to smooth muscle cells, but not macrophages in lesions, and localizes them to their cell surface and

pseudopodia [25]. ADAMTS7 colocalizes with macrophages and smooth muscle cells in coronary and carotid atherosclerotic

plaques and stains throughout the plaque, including the shoulder, cap, and core [26,27]. Plasma ADAMTS7 is elevated in

patients with severe obstructive coronary artery disease [27]. Various findings suggest that ADAMTS7-related advanced

atherosclerosis may be associated with the degradation of cartilage oligomeric matrix protein (COMP), a protein secreted by

vascular smooth muscle cells [28-30]. Previous studies have shown that ADAMTS7 can promote vascular muscle cell

migration and intimal thickening after vascular injury, and can also degrade COMP, so it plays an important role in

atherosclerosis and restenosis after atherosclerosis [31-34]. Bengtsson[35] et al. analyzed the expression of ADAMTS7 in human

carotid plaques by immunohistochemical method and analyzed its correlation with the components of plaque vulnerability.

The results showed that ADAMTS7 levels were increased in plaques of symptomatic patients compared with those of

asymptomatic patients.

Subsequently, in animal model experiments, it was found that ADAMTS13-deficient mice had a larger myocardial

infarction area when myocardial ischemia was induced than wild-type mice [36-38]. Another small case-control study showed

that ADAMTS13 may also play a role in coronary atherosclerotic heart disease [39]. Using a meta-analysis approach, Maino[40]

et al. also demonstrated that lowADAMTS13 levels increased the risk of myocardial infarction.

In summary, we found that ADAMTS1, 2, 3, 4, 7, 10, 13, 14, 17 were all more or less related to atherosclerosis or acute

coronary syndrome, which provided evidence for us to study the relationship between ADAMTSs and atherosclerosis and

acute coronary syndrome.
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1.3 ADAMTSs and hypertension
Hypertension is a cardiovascular syndrome characterized by elevated systemic arterial pressure, defined as office

systolic blood pressure ≥140mmHg and/or diastolic blood pressure ≥90mmHg. Hypertension is one of the most frequent

chronic diseases in the world, and it is also one of the most important risk factors for cardiovascular and cerebrovascular

diseases. In 2018, Lu Chenling [41] et al. found that the G-C mutation at rs402007 site of ADAMTS1 gene may increase the

risk of essential hypertension by affecting the expression of ADAMTSl protein. Other studies have shown that ADAMTS2

promotes the occurrence and development of hypertensive disorders complicating pregnancy [42]. ADAMTS7 has been

shown to affect vascular remodeling and thus reduce the occurrence of PIH, and the normal expression of ADAMTS7 has a

protective effect on the occurrence of severe eclampsia [42]. ADAMTSs may be closely related to the occurrence,

development and treatment of hypertension.

1.4 ADAMTSs and atrial fibrillation
Atrial fibrillation (AF) is one of the most common arrhythmias, which is more common in middle-aged and elderly

people. Af is the regular and orderly loss of atrial electrical activity, which is replaced by rapid and disordered fibrillation

waves, forming many new atrial reentry loops, leading to atrial rhythm disorder. Severe atrial electrical rhythm disorder

leads to atrial pumping dysfunction and abnormal atrioventricular junction electrical conduction, resulting in highly irregular

ventricular response and impaired cardiac function. In 2012, Cervero [43] et al. showed that the expression of ADAMTS18

was down-regulated in a pig model using rapid atrial pacing to simulate atrial fibrillation, suggesting that the reduction of

ADAMTS18 may play a role in the process of thrombosis in AF. Freynhofer[44] et al. reported in 2013 that a high ratio of

plasma vWF /ADAMTS13 could independently predict major adverse cardiovascular events in AF patients. Recent studies

have shown that ADAMTS13 gene polymorphism may be related to the progression of hypertensive atrial fibrillation, and

the detection of ADAMTS13 gene polymorphism can predict the progression of the disease [45]. Therefore, vWF and

ADAMTS13, 18 May play an important role in the progression of AF.

1.5 ADAMTSs and valvular heart disease
Valvulopathy is the abnormal structure (leaflet, annulus, chordae tendines, or papillary muscles) or function of single or

multiple valves caused by a variety of reasons, which eventually leads to valve stenosis and/or insufficiency. The

development of myxomatous mitral valves in ADAMTS5-deficient and ADAMTS9-haplodeficient mouse models suggests

that alterations in complex proteolysis are the origin of abnormal valve development [46-47]. The loss of ADAMTS19 can also

cause progressive, non-syndromic valvular heart disease [48]. ADAMTS19 has been identified as a new pathogenic gene of

autosomal recessive valvular heart disease, mainly affecting the aortic valve and pulmonary valve [49]. In addition, 38% of

homozygous ADAMTS19 knockout mice were found to exhibit progressive aortic valve disease, characterized by aortic

valve stenosis and incompetence [49]. This suggests that ADAMTS5, 9 are associated with valve development, and

ADAMTS19 may be a pathogenic gene for valvular heart disease.

2. Summary and Prospect
In summary, with the continuous development of technology, we have found more and more members of ADAMTS

family, and have a certain understanding of its structure and function. A large number of literatures have pointed out that

ADAMTSs are involved in the occurrence and development of cardiovascular diseases through a variety of ways, which

provides a basis for us to understand the pathogenesis, early diagnosis, and molecular treatment of cardiovascular diseases.

However, cardiovascular diseases have multiple pathogenic factors, and how ADAMTSs are involved in them still needs to
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be further explored. These studies may provide new ideas for the diagnosis and treatment of cardiovascular diseases.

References
[1] Chinese Journal of Cardiovascular Health and Disease Report 2020[J]. Journal of Cardiovascular

Disease,2021,40(10):1005-1009.

[2] Porter S, Clark I M, Kevorkian L, et al. The ADAMTS metalloproteinases[J]. Biochemical Journal, 2005, 386(1):
15-27.

[3] Rodríguez-Manzaneque J C, Fernández-Rodríguez R, Rodríguez-Baena F J, et al. ADAMTS proteases in vascular
biology[J]. Matrix Biology, 2015, 44: 38-45.

[4] Zhong S, Khalil R A. A Disintegrin and Metalloproteinase (ADAM) and ADAM with thrombospondin motifs
(ADAMTS) family in vascular biology and disease[J]. Biochemical pharmacology, 2019, 164: 188-204.

[5] Shiomi T, Lemaître V, D'Armiento J, et al. Matrix metalloproteinases, a disintegrin and metalloproteinases, and a
disintegrin and metalloproteinases with thrombospondin motifs in non‐neoplastic diseases[J]. Pathology international, 2010,

60(7): 477-496.

[6] Chinese Cardiovascular health and disease Report Compilation Committee. China Cardiovascular health and
disease report 2021: latest summary. Biomedical Environmental Sciences, 2012,7; 35 (7) :573-603.

[7] Xie Y, Li M, Wang X, et al. In vivo delivery of adenoviral vector containing interleukin-17 receptor a r
educes cardiac remodeling and improves myocardial function in viral myocarditis leading to dilated cardiomyopathy

[J]. PLoS One, 2013, 8(8): e72158.

[8] Huang Y, Xia J, Zheng J, et al. Deficiency of cartilage oligomeric matrix protein causes dilated cardiom
yopathy[J]. Basic research in cardiology, 2013, 108: 1-21.

[9] Rau C D, Romay M C, Tuteryan M, et al. Systems genetics approach identifies gene pathways and Ada
mts2 as drivers of isoproterenol-induced cardiac hypertrophy and cardiomyopathy in mice[J]. Cell systems, 2017, 4(

1): 121-128. e4.

[10] Wang X, Chen W, Zhang J, et al. Critical role of ADAMTS2 (a disintegrin and metalloproteinase with
thrombospondin motifs 2) in cardiac hypertrophy induced by pressure overload[J]. Hypertension, 2017, 69(6): 1060

-1069.

[11] Omura J, Satoh K, Kikuchi N, et al. ADAMTS8 promotes the development of pulmonary arterial hypertension
and right ventricular failure: a possible novel therapeutic target[J]. Circulation research, 2019, 125(10): 884-906.

[12] Pelisek J, Deutsch L, Ansel A, et al. Expression of a metalloproteinase family of ADAMTS in human
vulnerable carotid lesions[J]. Journal of cardiovascular medicine, 2017, 18(1): 10-18.

[13] Jönsson-Rylander A C, Nilsson T, Fritsche-Danielson R, et al. Role of ADAMTS-1 in atherosclerosis: r
emodeling of carotid artery, immunohistochemistry, and proteolysis of versican[J]. Arteriosclerosis, thrombosis, and

vascular biology, 2005, 25(1): 180-185.

[14] Pehlivan S, Gurses M S, Ural M N, et al. The role of ADAMTS1 and versican in human myocardial
infarction: a postmortem study[J]. Laboratory Medicine, 2016, 47(3): 205-212.

[15] Lee C W, Hwang I, Park C S, et al. Expression of ADAMTS-2,-3,-13, and-14 in culprit coronary lesio
ns in patients with acute myocardial infarction or stable angina[J]. Journal of thrombosis and thrombolysis, 2012, 3

3: 362-370.

[16] Ren P, Zhang L, Xu G, et al. ADAMTS-1 and ADAMTS-4 levels are elevated in thoracic aortic aneur
ysms and dissections[J]. The Annals of thoracic surgery, 2013, 95(2): 570-577.



-124- Advanced Emergency Medicine

[17] Chen L, Yang L, Zha Y, et al. Association of serum a disintegrin and metalloproteinase with thrombos
podin motif 4 levels with the presence and severity of coronary artery disease[J]. Coronary artery disease, 2011, 2

2(8): 570-576.

[18] Uluçay S, Çam F S, Batır M B, et al. A novel association between TGFβl and ADAMTS4 in coronar
y artery disease: A new potential mechanism in the progression of atherosclerosis and diabetes[J]. Anatolian journal

of cardiology, 2015, 15(10): 823.

[19] Zha Y, Chen Y, Xu F, et al. ADAMTS4 level in patients with stable coronary artery disease and acute
coronary syndromes[J]. Biomedicine & pharmacotherapy, 2010, 64(3): 160-164.

[20] Wågsäter D, Björk H, Zhu C, et al. ADAMTS-4 and-8 are inflammatory regulated enzymes expressed i
n macrophage-rich areas of human atherosclerotic plaques[J]. Atherosclerosis, 2008, 196(2): 514-522.

[21] Zha Y, Chen Y, Xu F, et al. Elevated level of ADAMTS4 in plasma and peripheral monocytes from p
atients with acute coronary syndrome[J]. Clinical Research in Cardiology, 2010, 99: 781-786.

[22] Dong H, Du T, Premaratne S, et al. Relationship between ADAMTS4 and carotid atherosclerotic plaque
vulnerability in humans[J]. Journal of Vascular Surgery, 2018, 67(4): 1120-1126.

[23] Chen Y C, Bui A V, Diesch J, et al. A novel mouse model of atherosclerotic plaque instability for drug testing and
mechanistic/therapeutic discoveries using gene and microRNA expression profiling[J]. Circulation research, 2013, 113(3):

252-265.

[24] Bauer R C, Tohyama J, Cui J, et al. Knockout of Adamts7, a novel coronary artery disease locus in humans,
reduces atherosclerosis in mice[J]. Circulation, 2015, 131(13): 1202-1213.

[25] Pu X, Xiao Q, Kiechl S, et al. ADAMTS7 cleavage and vascular smooth muscle cell migration is affected by a
coronary-artery-disease-associated variant[J]. The American Journal of Human Genetics, 2013, 92(3): 366-374.

[26] Bengtsson E, Hultman K, Dunér P, et al. ADAMTS-7 is associated with a high-risk plaque phenotype in human
atherosclerosis[J]. Scientific reports, 2017, 7(1): 3753.

[27] Yu J, Zhou B, Yu H, et al. Association between plasma ADAMTS-7 levels and severity of disease in patients with
stable obstructive coronary artery disease[J]. Medicine, 2016, 95(48).

[28] Kessler T, Zhang L, Liu Z, et al. ADAMTS-7 inhibits re-endothelialization of injured arteries and promotes
vascular remodeling through cleavage of thrombospondin-1[J]. Circulation, 2015, 131(13): 1191-1201.

[29] Wang L, Zheng J, Bai X, et al. ADAMTS-7 mediates vascular smooth muscle cell migration and neointima
formation in balloon-injured rat arteries[J]. Circulation research, 2009, 104(5): 688-698.

[30] Riessen R, Fenchel M, Chen H, et al. Cartilage oligomeric matrix protein (thrombospondin-5) is expres
sed by human vascular smooth muscle cells[J]. Arteriosclerosis, thrombosis, and vascular biology, 2001, 21(1): 47-5

4.

[31] Wang L, Wang X, Kong W. ADAMTS-7, a novel proteolytic culprit in vascular remodeling[J]. Sheng li
xue bao:[Acta Physiologica Sinica], 2010, 62(4): 285-294.

[32] Wang L, Zheng J, Bai X, et al. ADAMTS-7 mediates vascular smooth muscle cell migration and neoin
tima formation in balloon-injured rat arteries[J]. Circulation research, 2009, 104(5): 688-698.

[33] Reilly M P, Li M, He J, et al. Identification of ADAMTS7 as a novel locus for coronary atheroscleros
is and association of ABO with myocardial infarction in the presence of coronary atherosclerosis: two genome-wid

e association studies[J]. The Lancet, 2011, 377(9763): 383-392.

[34] Du Y, Gao C, Liu Z, et al. Upregulation of a disintegrin and metalloproteinase with thrombospondin m
otifs-7 by miR-29 repression mediates vascular smooth muscle calcification[J]. Arteriosclerosis, thrombosis, and vasc

ular biology, 2012, 32(11): 2580-2588.



Volume 12 | Issue 2 -125-

[35] Bengtsson E, Hultman K, Dunér P, et al. ADAMTS-7 is associated with a high-risk plaque phenotype i
n human atherosclerosis[J]. Scientific reports, 2017, 7(1): 3753.

[36] De Meyer S F, Savchenko A S, Haas M S, et al. Protective anti-inflammatory effect of ADAMTS13 o
n myocardial ischemia/reperfusion injury in mice[J]. Blood, The Journal of the American Society of Hematology, 2

012, 120(26): 5217-5223.

[37] Gandhi C, Motto D G, Jensen M, et al. ADAMTS13 deficiency exacerbates VWF-dependent acute myo
cardial ischemia/reperfusion injury in mice[J]. Blood, The Journal of the American Society of Hematology, 2012, 1

20(26): 5224-5230.

[38] Doi M, Matsui H, Takeda Y, et al. ADAMTS13 safeguards the myocardium in a mouse model of acut
e myocardial infarction[J]. Thrombosis and haemostasis, 2012, 108(12): 1236-1238.

[39] Sonneveld M A H, de Maat M P M, Leebeek F W G. Von Willebrand factor and ADAMTS13 in arte
rial thrombosis: a systematic review and meta-analysis[J]. Blood reviews, 2014, 28(4): 167-178.

[40] Maino A, Siegerink B, Lotta L A, et al. Plasma ADAMTS‐13 levels and the risk of myocardial infarct
ion: an individual patient data meta‐analysis[J]. Journal of Thrombosis and Haemostasis, 2015, 13(8): 1396-1404.

[41] Lv C L, Chen C, Zheng Z,Liu P, He X W, Jin X P,et al. Association between ADAMTS-1 gene polym
orphism and essential hypertension in Chinese Han population [J]. Zhejiang Med,2018,40(01):19-22.

[42] Liu C, Wang X, Shang L X,et al. Expression of ADAMTS-2 and ADAMTS-7 in placenta with gestation
al hypertension [J]. Chinese People's Armed Police Medicine,2013,24(08):695-698.

[43] Cerveró J, Segura V, Macías A, et al. Atrial fibrillation in pigs induces left atrial endocardial
transcriptional remodelling[J].Thrombosis and haemostasis, 2012, 108(10): 742-749.

[44] Freynhofer M K, Gruber S C, Bruno V, et al.Prognostic value of plasma von Willebrand
factor and its cleaving protease ADAMTS13 in patients wit-h atrial fibril lation[J]. International journal

of cardiology, 2013, 168(1): 317-325.

[45] Wang H J, Xiao M, Zeng Z, et al.Correlation analysis between ADAMTS-13 gene
polymorphism and hypertension-induced atrial fibrillation[J].Eur Rev Med Pharmacol Sci, 2020, 24(5):

2674.

[46] Dupuis L E, McCulloch D R, McGarity J D, et al. Altered versican cleavage in ADAMTS5 deficient mice; a
novel etiology of myxomatous valve disease[J]. Developmental biology, 2011, 357(1): 152-164.

[47] Kern C B, Wessels A, McGarity J, et al. Reduced versican cleavage due to Adamts9 haploinsufficiency
is associated with cardiac and aortic anomalies[J]. Matrix biology, 2010, 29(4): 304-316.

[48] Wünnemann F, Ta-Shma A, Preuss C, et al. Loss of ADAMTS19 causes progressive non-syndromic hear
t valve disease[J]. Nature genetics, 2020, 52(1): 40-47.

[49] Massadeh S, Alhashem A, van de Laar I M B H, et al. ADAMTS19‐associated heart valve defects: Nov
el genetic variants consolidating a recognizable cardiac phenotype[J]. Clinical Genetics, 2020, 98(1): 56-63.

Fundprogram: National Natural Science Foundation of China (Foundation number :81860074)


