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Bicuspid aortic valve (BAV) is the most common (valvular) con-

enital heart defect in the general population. Apart from the en-

anced male prevalence, BAV is highly associated with ethnicity

white) [1] . It is anatomically defined as an aortic valve that has

wo leaflets instead of the normal three. The most common BAV

ariant is due to fusion of the left and right coronary cusps (70–

0%), followed by right and noncoronary cusps (20–30%), and lastly

he left and noncoronary cusp fusion pattern (1%) [2] . It is thought

hat BAV results from abnormal fusion during embryonic develop-

ent [3–4] . In adulthood, BAV individuals are mostly affected by

alvular problems, although with high variability. It is associated

ith serious long term health risks, such as valvular dysfunction,

ncreased risk of infective endocarditis, and predisposition to aor-

ic dilatation, dissection, and distant aneurysm formation [1–5] . In-

eed, the risk of aortic dissection in individuals with BAV is 9x

igher than that of the general population [6] . 

While the majority of individuals with BAV represent sporadic

ases, a significant proportion have a familial history of left-sided

ongenital heart malformations [5] . Moreover, BAV has a relatively

igh heritability estimate [7] . Nonetheless, while there is evidence

or an autosomal dominant inheritance pattern with incomplete

enetrance and variable expressivity, it is such a heterogeneous

isease [8] , that it is likely that various genetic models are at

lay. Currently, in humans there are approximately 11 genes that

re known to contribute to isolated and syndromic BAV; namely

GFBR2, TGFB2, FBN1, ACTA2, KCNJ2, NKX2-5, NOTCH1 and GATA5
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1–9] . More recently, it was found that mutations in GATA4 and

MAD6 also lead to BAV [10,11] . These genes can broadly be clas-

ified into transcription factors known to be involved in cardiovas-

ular development ( NOTCH1, GATA4 , GATA5, NKX2-5 ) or those in-

olved in TGFbeta signaling (FBN1, TGFBR2, TGFB2, SMAD6), which

s essential to cardiovascular development. Interestingly, the TGF-

eta pathway genes, and the GATA4, GATA5 and NOTCH1 genes

re involved in endothelial to mesenchymal transition, referred to

s EndoMT, a process that is critical for the formation of cardiac

alves [12] . 

One of the earliest, and perhaps most important gene, linked

o BAV development is NOTCH1 [13] , an important regulator of sig-

aling and transcription. In humans, NOTCH1 mutations/variations

re known to cause BAV and other cardiovascular defects such

s aneurysms [13,14] . Furthermore, pluripotent stem cells with a

OTCH1 mutation show impaired differentiation into smooth mus-

le cells and endothelial cells [15] , the main aortic cell types. This

nding underlines that improper maturation of heart valves and

orta, may cause many of the cardiovascular abnormalities in BAV

nd related aortopathy. Remarkably, endothelial-specific haploin-

ufficiency of NOTCH1 already causes abnormal outflow tract and

alve development [16] . Similarly, in humans, NOTCH1-dependent

ndoMT potential is attenuated in endothelial cells isolated from

atients with aortic aneurysm and BAV [17] . The importance of en-

othelial cells in BAV-related aortopathy was recently thoroughly

eviewed [9] . 

Regarding smooth muscle cells (SMCs), it has been described

hat BAV aortic aneurysm tissue shows signs of improper SMC

aturation [18] . Interestingly, there is an intrinsic role for NOTCH1

n SMC phenotype and behavior [19] . While NOTCH1 signaling in-

uces EndoMT in endothelial cells, it also regulates the contrac-

ile phenotype in SMCs [20] . Indeed, Notch1 haploinsufficiency

pecifically in SMCs results in an increased contractile phenotype,
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with reduced repair capacity in an aneurysm model in mice [21] .

Moreover, NOTCH1 mutations lead to valvular calcification [22] and

enhanced arterial microcalcification has been observed in dilated

ascending aortas of BAV patients [23] , which is thought to cause

additional SMC damage. Taken together, there is evidence of de-

creased repair and enhanced cell death due to altered NOTCH

signaling in SMCs. This relatively novel role of NOTCH signaling

is highlighted in an interesting review by Harrison et al. [24] in

this issue of Trends in Cardiovascular Medicine. They argue that

NOTCH1 signaling is necessary as part of a protective process that

promotes vascular SMC viability and aortic repair. Notwithstanding

the myriad of functions that have been demonstrated for NOTCH1

signaling in BAV pathology, it seems worthwhile to investigate this

specific aspect of NOTCH signaling in SMC function further, for

instance in the ascending aorta of BAV patients, or by function-

ally studying this hypothesis in model systems. This new role for

NOTCH1 in SMC death could open novel roads to treatment of the

degenerative process in BAV-related aortopathy. 

References 

[1] Debiec R , Sall H , Samani NJ , Bolger A . Genetic insights into bicuspid aortic
valve disease. Cardiol Rev 2017;25(4):158–64 . 

[2] Michelena HI , Prakash SK , Della Corte A , Bissell MM , Anavekar N , Mathieu P ,
et al. Bicuspid aortic valve: identifying knowledge gaps and rising to the chal-

lenge from the International Bicuspid Aortic Valve Consortium (BAVCon). Cir-
culation 2014;129(25):2691–704 . 

[3] Sans-Coma V , Fernandez B , Duran AC , Thiene G , Arque JM , Munoz-Chapuli R ,
et al. Fusion of valve cushions as a key factor in the formation of congenital

bicuspid aortic valves in Syrian hamsters. Anat Rec 1996;244(4):490–8 . 

[4] Wu B , Wang Y , Xiao F , Butcher JT , Yutzey KE , Zhou B . Developmental
mechanisms of aortic valve malformation and disease. Annu Rev Physiol

2017;79:21–41 . 
[5] Freeze SL , Landis BJ , Ware SM , Helm BM . Bicuspid aortic valve: a review with

recommendations for genetic counseling. J Genet Couns 2016;25(6):1171–8 . 
[6] Michelena HI , Khanna AD , Mahoney D , Margaryan E , Topilsky Y , Suri RM ,

et al. Incidence of aortic complications in patients with bicuspid aortic valves.

JAMA 2011;306(10):1104–12 . 
[7] Hinton RB Jr , Martin LJ , Tabangin ME , Mazwi ML , Cripe LH , Ben-

son DW . Hypoplastic left heart syndrome is heritable. J Am Coll Cardiol
2007;50(16):1590–5 . 

[8] Braverman AC , Guven H , Beardslee MA , Makan M , Kates AM , Moon MR . The
bicuspid aortic valve. Curr Probl Cardiol 2005;30(9):470–522 . 

[9] van de Pol V , Kurakula K , DeRuiter MC , Goumans MJ . Thoracic aortic aneurysm

development in patients with bicuspid aortic valve: what is the role of en-
dothelial cells? Front Physiol 2017;8:938 . 
[10] Gillis E , Kumar AA , Luyckx I , Preuss C , Cannaerts E , van de Beek G , et al. Can-
didate gene resequencing in a large bicuspid aortic valve-associated thoracic

aortic aneurysm cohort: SMAD6 as an important contributor. Front Physiol
2017;8:400 . 

[11] Yang B , Zhou W , Jiao J , Nielsen JB , Mathis MR , Heydarpour M , et al. Protein-al-
tering and regulatory genetic variants near GATA4 implicated in bicuspid aortic

valve. Nat Commun 2017;8:15481 . 
[12] Li Y , Lui KO , Zhou B . Reassessing endothelial-to-mesenchymal transition in car-

diovascular diseases. Nat Rev Cardiol 2018 . 

[13] Garg V , Muth AN , Ransom JF , Schluterman MK , Barnes R , King IN , et al. Muta-
tions in NOTCH1 cause aortic valve disease. Nature 2005;437(7056):270–4 . 

[14] Overwater E , Marsili L , Baars MJH , Baas AF , van de Beek I , Dulfer E , et al. Re-
sults of next generation sequencing gene panel diagnostics including copy

number variation analysis in 810 patients suspected of heritable thoracic aortic
disorders. Hum Mutat 2018 . 

[15] Jiao J , Tian W , Qiu P , Norton EL , Wang MM , Chen YE , et al. Induced pluripo-

tent stem cells with NOTCH1 gene mutation show impaired differentiation into
smooth muscle and endothelial cells: Implications for bicuspid aortic valve-re-

lated aortopathy. J Thorac Cardiovasc Surg 2018 . 
[16] Koenig SN , Bosse K , Majumdar U , Bonachea EM , Radtke F , Garg V . Endothelial

notch1 is required for proper development of the semilunar valves and cardiac
outflow tract. J Am Heart Assoc 2016;5(4) . 

[17] Kostina AS , Uspensky Vcapital Ie C , Irtyuga OB , Ignatieva EV , Frey-

likhman O , Gavriliuk ND , et al. Notch-dependent EMT is attenuated in pa-
tients with aortic aneurysm and bicuspid aortic valve. Biochim Biophys Acta

2016;1862(4):733–40 . 
[18] Grewal N , Franken R , Mulder BJ , Goumans MJ , Lindeman JH , Jongbloed MR ,

et al. Histopathology of aortic complications in bicuspid aortic valve versus
Marfan syndrome: relevance for therapy? Heart Vessels 2016;31(5):795–806 . 

[19] Koenig SN , LaHaye S , Feller JD , Rowland P , Hor KN , Trask AJ , et al. Notch1

haploinsufficiency causes ascending aortic aneurysms in mice. JCI Insight
2017;2:21 . 

[20] Tang Y , Urs S , Boucher J , Bernaiche T , Venkatesh D , Spicer DB , et al. Notch
and transforming growth factor-beta (TGFbeta) signaling pathways cooper-

atively regulate vascular smooth muscle cell differentiation. J Biol Chem
2010;285(23):17556–63 . 

[21] Sachdeva J , Mahajan A , Cheng J , Baeten JT , Lilly B , Kuivaniemi H , et al. Smooth

muscle cell-specific Notch1 haploinsufficiency restricts the progression of
abdominal aortic aneurysm by modulating CTGF expression. Plos One

2017;12(5):e0178538 . 
22] Chen J , Ryzhova LM , Sewell-Loftin MK , Brown CB , Huppert SS , Bald-

win HS , et al. Notch1 mutation leads to valvular calcification through en-
hanced myofibroblast mechanotransduction. Arterioscler Thromb Vasc Biol

2015;35(7):1597–605 . 

23] Haunschild J , Schellinger IN , von Salisch S , Bakhtiary F , Misfeld M , Mohr FW ,
et al. Granular media calcinosis in the aortic walls of patients with bicuspid

and tricuspid aortic valves. Ann Thorac Surg 2017;103(4):1178–85 . 
[24] Harrison OJ , Visan AC , Moorjani N , Modi A , Kalhiyyah K , Torrens C , et al. Defec-

tive NOTCH signaling drives increased vascular smooth muscle cell apoptosis
and contractile differentiation in bicuspid aortic valve aortopathy: a review of

the evidence and future directions. Trends Cardiovasc Med 2018 In press . 

http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0001
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0002
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0003
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0004
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0005
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0006
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0007
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0008
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0009
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0010
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0011
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0012
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0013
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0014
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0015
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0016
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0017
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0018
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0019
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0020
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0021
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0022
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0023
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024
http://refhub.elsevier.com/S1050-1738(18)30126-9/sbref0024

