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Supplementary Figure 2. JagIN™™ mice display CADASIL-like sparse vascular smooth muscle cell coverage of arteries with an increase in
artery-associated reactive astrocytes. (A) Pericyte coverage of blood vessels stained for CD13 was not reduced in Jag /™™ mice. Scale bars
100 um. (B) Transmission electron microscopy of coronary arteries of adult mice. Vascular smooth muscle cells (SMC) are pseudo colored in
magenta and endothelial cells (ECs) in green. White arrowheads label SMC edges and the distances between SMCs. Green arrowhead marks the
tight junctions. Scale bars 2 pm. (C) JAG1 and NOTCH3 expression in retinal arterioles. Scale bars 10 pm. (D) JAG1 mean intensity was
significantly increased in Jagl""** mice. (E) NOTCH3 mean intensity on arterioles and mRNA levels (F) in whole retina lysates. (G — J) GFAP+
astrocytes are more prevalent around Jag /™ (G) arterioles (H) but there was no difference around veins. White arrowheads label reactive
astrocytes. Scale bars 20 um. (I, J) GFAP mean intensity on retinal (I) arterioles and (J) venules. Statistical significance was tested using unpaired
Students t-test (D — F, 1, J). Each dot represents one animal; graphs depict mean values + standard deviation; p < 0.05 (*), p <0.01 (**). A, arteriole;
EC, endothelial cell; SMC, smooth muscle cell; V, venule.
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Supplementary Figure 3. Animal response to Angiotensin II treatment, and selection of responsive animals for analysis. (A) Average mean
blood pressure during Angiotensin Il treatment of all animals. (B) Change in the mean blood pressure during Angiotensin II treatment compared
to average before the treatment. Mice with no change in blood pressure, or a decrease in blood pressure, were set to zero for this analysis. Green
arrows and boxes demarcate the animals that responded with a minimum 20% increase in mean blood pressure and were used in further analysis
(Figure 7). (C) Body weight of all mice during treatment with Angiotensin IL. In total 9 Jag!™* and 7 Jag ™" mice. (D) Change in body weight
at day 12 of Angiotensin II treatment compared to day 0 (before Angiotensin II treatment). Statistical significance was tested using unpaired
Students t-test (B, D) or two way ANOVA (A, C). In A, B and D, each dot represents one animal; graphs depict mean values + standard deviation;
in C each dot represents the mean values from 9 and 7 mice as described above + standard deviation; p < 0.05 (*). Angll, Angiotensin II.
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Supplementary Figure 4. Correlation of retinographs vascular abnormalities with different factors. (A) Lack of correlation for arteriolar and
venous tortuosity and arteriovenous crossing to Fazekas scores for CADASIL and control patients. The data for each parameter are normalized to
the average value of each parameter corresponding to Fazekas score 1 value. (B) Correlation analysis between arterial tortuosity and age for
CADASIL and age-matched control patients. (C) Correlation analysis between venous tortuosity and age for CADASIL and age-matched control
patients. (D) Correlation analysis between arterial and venous tortuosity in patients with Alagille syndrome and pediatric controls. Statistical
significance was tested by Pearson correlation (A — D). Each dot represents one individual; graphs depict mean values + standard deviation. A,

arteriole; ALGS, Alagille syndrome; AV, arteriovenous; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy; V, venule.
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Supplementary table 1. Overview of 150 patients with Alagille syndrome identified in the systematic literature review. Table describes
patients’ age, sex, structural anomaly and functional event. F, female; M, male; m, month; MAPCA, major aortopulmonary collateral

arteries; y, years.

main pulmonary artery (after heart
surgery), collateral flow to the anterior

Reference Patient | Age at Sex | Structural anomaly Bleeding or Ischemic | Outcome Notes
# vascular event
event

(Agarwal 2005) 1 2y M aortic coarctation, bilateral carotid and

intracerebral arteries stenosis
(Agrawal, Chennuri, 2 5m F intracerebral
and Agrawal 2015) hemorrhage
(Castro Rodriguez, 3 at birth F MAPCAs, central pulmonary arteries
Dessy, and Demanet absent
2015)
(Cheng et al. 2004) 4 3yllm | M aorta stenosis Liver

transplantation

(Connor et al. 2002) 5 13y M moyamoya, bilateral carotid arteries

stenosis
(DeSena, Ramaciotti, | 6 7y F patent ductus arteriosus
and Nugent 2012)
(Fitzgerald and 7 13d F bilateral internal carotid arteries agenesis
Zuccoli 2012)
(Funk, Cohen, and 8 32y M aorta stenosis
Santana 2010)
(Hirai et al. 2005) 9 12y F renal artery stenosis
(Kavukgu et al. 2005) | 10 16y F Takayasu's arteritis, left subclavian artery

stenosis
(Lemoine et al. 2010) | 11 7m F origin of the left coronary artery from the
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descending artery through a conal branch
of the right coronary artery

2006)

aneurysm

and intraventricular
hemorrhage,

(Massobrio et al. 12 5y Perthes disease
2011)
(Murthy et al. 2012) | 13 18y grade Il esophageal varices
(O’Connel et al. 14 17y esophageal varices diffused Full recovery
2012) subarachnoid
hemorrhage,
ruptured cerebellar
artery aneurysm,
right terminal
internal carotid
artery aneurysm
(Pavanello et al. 15 7y abdominal aorta hypoplasia, basilar tip
2015) aneurysm, moyamoya, internal carotid
artery stenosis
(Petaros et al. 2015) | 16 4y thin-walled intracranial arteries with epidural hematoma death
abnormal muscular layer, lipid deposits in (trauma), pancreatic
aorta hemorrhage
(Raas-Rothschild et 17 14y aortic coarctation, bilateral renal artery
al. 2002) stenosis, right subclavian artery narrow
origin
(Shefler, Chan, and 18 16y abdominal aorta stenosis, celiac and
Ostman-Smith 1997) superior mesenteric arteries stenosis,
hypoplastic hepatic artery
(Shrivastava et al. 19 12y left common iliac and proximal external
2010) iliac arteries stenosis
(Shrivastava et al. 20 20y bleeding esophageal death
2010) varices
(Shrivastava et al. 21 50y right renal, external carotid, coeliac axis
2010) and superior mesenteric arteries stenosis
(Shrivastava et al. 22 62y left renal, right subclavian and coeliac
2010) arteries stenosis
(Tumialan et al. 23 21y basilar terminus and ascending aorta diffuse subarachnoid | death
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subclavian artery originating from the

intraparenchymal
hematoma
(Vorstman et al. 24 10w subdural hematoma Full recovery
2003)
(Voykov et al. 2009) 25 S5y aorta coarctation
(Wauters et al. 2003) | 26 40y superior mesenteric artery occlusion with
hypertrophy of the inferior mesenteric
artery, right renal and left subclavian
arteries stenosis, hypoplastic left renal
artery
(Yucel, Hoorntje, and | 27 38y hypoplastic left renal artery and abdominal Kidney
Bravenboer 2010) aorta stenosis, hypertension transplantation
(Yucel, Hoorntje, and | 28 - renal artery stenosis
Bravenboer 2010)
(Yucel, Hoorntje, and | 29 - fragile renal and abdominal arteries
Bravenboer 2010)
(Lim et al. 2003) 30 25m moyamoya, occlusion in internal carotid cerebral infractions
artery, anterior cerebral artery, occlusion
of middle cerebral artery, angiostenosis
(Adachi et al. 1999) 31 7y aorta stenosis, esophagus varices Liver
transplantation
(Jacquet et al. 2007) | 32 31y medullary zone kidney vessels
arteriosclerosis, right renal artery
aneurysm
(Jacquet et al. 2007) | 33 30y infrarenal aortic and bilateral renal arteries
stenosis
(Kayhan et al. 2010) 34 43y Aorta coarctation, celiac, superior
mesenteric and bilateral renal arteries
stenosis, inferior mesenteric artery
hypertrophy, basilar, common hepatic,
superior mesenteric arteries and multiple
inferior pancreaticoduodenal arcade
aneurysms
(Labrecque et al. 35 34y hypoplastic abdominal aorta, bilateral
1982) renal artery stenosis
(Levin et al. 1980) 36 9m left superior vena cava and aberrant right death
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descending aorta. The right coronary artery
almost totally obliterated at the ostium

2016)

artery stenosis

(Lorenzo-Zuiiiga et 37 16y F bleeding esophageal
al. 2003) varices
(May et al. 2013) 38 3m,11 F MAPCAs, abdominal aorta, celiac trunk and death
m the hepatic artery stenosis, vasculopathy
(Molinero- 39 17y M thoracic aorta aneurysm
Herguedas et al.
2008)
(Moreau et al. 1999) | 40 17y M cavernous internal carotid artery aneurysm
(Mouzaki et al. 2010) | 41 At birth F lleal atresia, valvular aortic stenosis
(Nika et al. 2010) 42 At birth M ascending aorta and atrial septal aneurysm
(Nishikawa et al. 43 15y, 17 M abdominal wall venous dilation nasal bleeding, Death due to | anemia
1987) y hematochezia, hepatic
bleeding esophageal failure
varices and liver
nodular infarction,
post mortem
bleeding in the oral
and nasal cavities and
hemorrhagic ascites
(Pascanu and 44 32y M bleeding esophageal
Sharma 2016) varices
(Rachmel et al. 1989) | 45 22 m F patent ductus arteriosus, bilateral internal intracranial
carotid arteries occlusion, moyamoya hemorrhage
(Radi et al. 2011) 46 38y F Subacute ischemic
lesions in the right
fronto-temporal-
insular region
(Rocha et al. 2012) 47 10y F patent ductus arteriosus, left renal artery
stenosis, irregularities of the artery wall,
moyamoya, basilar artery aneurysm
(Santamaria et al. 48 21y F patent ductus arteriosus, thoracic aortic
2016) coarctation, abdominal aorta hypoplasia
and right renal artery stenosis
(Santamaria et al. 49 24y F abdominal aorta hypoplasia and right renal

39


https://doi.org/10.1101/2021.04.13.439679
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

ARTICLE PREPRINT

(Santamaria et al. 50 13y subarachnoid death
2016) hemorrhage
(Schlosser et al. 51 30y internal carotid, basilar tip, right renal, the | subarachnoid full recovery
2004) celiac arteries aneurysms and thoracic hemorrhage,
aortic coarctation subdural hematoma,
ruptured internal
carotid artery
aneurysm
(Silberbach et al. 52 at birth pulmonary artery collaterals death
1994)
(Takenouchi et al. 53 2y left middle cerebral artery aneurysm liver
2011) transplantation
(Tobin et al. 2009) 54 25y internal carotid artery stenosis,
vasculopathy, Moyamoya
(Villa and Roenn 55 21y grade llI-IV esophageal varices
2014)
(Woolfenden et al. 56 1ly,21 supraclinoid and right internal carotid embolic ischemic
1999) m, 2.5y artery stenosis and reduced flow in the left | event affecting the
anterior and middle cerebral arteries, left hemisphere
moyamoya syndrome
(Woolfenden et al. 57 2y hypoplasia of the left pulmonary artery four right full recovery
1999) and its distal branches, moderate bilateral hemispheric and one
(right greater than left) distal intracranial left hemispheric
ICA stenosis, moyamoya infarction
(Zweier et al. 2010) 58 6m systemic arterial dysplasia, persistent death
ductus arteriosus, filiform endings of the
peripheral vessels and further more
hypoplasia and multiple aortic and large
arteries stenosis
(Hoffenberg et al. 59 2.3y epidural hematoma
1995) (trauma)
(Hoffenberg et al. 60 2y epidural hematoma
1995) (trauma)
(Hoffenberg et al. 61 2y intracranial thin-walled vessels intracerebral death
1995) hemorrhage
(zhang et al. 2019) 62 28y narrowing of the left internal carotid artery
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stenosis

(Kazi, Fakhoury, and | 63 22 m epidural hematoma
Beck 2018) (trauma), subsequent
intracranial (left
epidural and
subdural),
infratentorial
subdural,
parenchymal and
intraventricular
bleeds
(Kuang et al. 2019) 64 8y abdominal aorta stenosis
(Lopez et al. 2018) 65 4m right hepatic artery communicating with a bleeding esophageal
portal venous varix via a fistula varices
(Micaglio et al. 2019) | 66 im patent ductus arteriosus, MAPCAs
(Sheth, Maldonado, 67 51y patent ductus arteriosus, renal artery lung hemorrhage
and Lentz 2018) stenosis
(zheng et al. 2019) 68 1m AVMs in liver and skin, patent ductus
arteriosus, hepatic blood vessel
malformations, type Il Abernethy
malformation
(Yokoyama et al. 69 4y abdominal aorta coarctation, bilateral
2019) internal carotid, ostial, celiac, superior
mesenteric and bilateral renal arteries
stenosis, inferior mesenteric artery
collaterals
(Shimohata et al. 70 27y cephalic vein, radial, vertebral, basilar brain infarction of the
2020) arteries stenosis, internal carotid artery ventral midbrain, left
aneurysm medial thalamus, and
left cerebellum (after
surgery, occult blood
in urine
(Sanada et al. 2019) 71 16.3y, superior mesenteric artery aneurysm, liver
17.1y celiac and bilateral renal arteries stenosis transplantation
(Sanada et al. 2019) 72 155y celiac and right renal arteries stenosis liver
transplantation
(Sanada et al. 2019) 73 229y common hepatic and left renal arteries liver

transplantation
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(Sanada et al. 2019) 74 118y celiac and left renal arteries stenosis liver
transplantation

(Sanada et al. 2019) 75 115y bilateral renal arteries stenosis liver
transplantation

(Sanada et al. 2019) 76 21.1y, inferior pancreaticoduodenal and splenic liver

21.7y, arteries aneurysms, celiac artery stenosis transplantation
22.3y

(Sanada et al. 2019) 77 1.7y celiac and bilateral renal arteries stenosis liver
transplantation

(Delaney et al. 2019) | 78 34y left internal carotid artery stenosis,

Moyamoya, left common carotid artery
thickened wall

(Adamson et al. 79 pulmonary

2020) hemorrhage

(Adamson et al. 80 pulmonary

2020) hemorrhage

(Adamson et al. 81 pulmonary

2020) hemorrhage

(Adamson et al. 82 pulmonary

2020) hemorrhage

(Adamson et al. 83 pulmonary

2020) hemorrhage

(Adamson et al. 84 pulmonary

2020) hemorrhage

(Adamson et al. 85 pulmonary

2020) hemorrhage

(Adamson et al. 86 pulmonary

2020) hemorrhage

(Adamson et al. 87 pulmonary

2020) hemorrhage

(Adamson et al. 88 pulmonary

2020) hemorrhage

(Adamson et al. 89 pulmonary

2020) hemorrhage

(Adamson et al. 90 pulmonary

2020) hemorrhage
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aneurysm

cerebral artery
aneurysm

(Adamson et al. 91 pulmonary

2020) hemorrhage

(Adamson et al. 92 pulmonary

2020) hemorrhage

(Carpenter et al. 93 11y persistent falcine sinus

2018)

(Carpenter et al. 94 3y,9y Moyamoya right middle cerebral | death

2018) artery territory
stroke, extensive
ischemic injury within
bilateral middle
cerebral artery and
left posterior cerebral
artery vascular
territories

(Carpenter et al. 95 11y dolichoectasia, intracranial aneurysm

2018)

(Carpenter et al. 96 13y dolichoectasia, intracranial aneurysm

2018)

(Carpenter et al. 97 11y persistent falcine sinus

2018)

(Carpenter et al. 98 8y dolichoectasia

2018)

(Carpenter et al. 99 2y developmental venous anomaly

2018)

(Carpenter et al. 100 8y Moyamoya

2018)

(Carpenter et al. 101 6y dolichoectasia, multiple internal carotid

2018) artery aneurysms, persistent falcine sinus

(Emerick et al. 2005) | 102 9y ischemic intracranial
event

(Emerick et al. 2005) | 103 9y subarachnoid
hemorrhage after
minor head trauma

(Emerick et al. 2005) | 104 15y left middle cerebral and basilar arteries ruptured middle
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2013)

bleeds, multiple
splenic hemangiomas

(Emerick et al. 2005) | 105 11y basilary artery aneurysm
(Emerick et al. 2005) | 106 30y right internal carotid artery stenosis cerebral vascular
accident
(Emerick et al. 2005) | 107 4y left internal carotid artery stenosis ischemic intracranial
event
(Emerick et al. 2005) | 108 6y subdural hematoma
after birth trauma
(Emerick et al. 2005) | 109 6y ischemic intracranial death liver
event after liver transplantation
transplantation
(Emerick et al. 2005) | 110 3y bilateral internal carotid artery stenosis ischemic intracranial
event
(Emerick et al. 2005) | 111 7y bilateral internal carotid, left middle ischemic intracranial
cerebral and posterior cerebral arteries event
stenosis
(Emerick et al. 2005) | 112 15y left internal carotid, anterior cerebral, right
middle cerebral arteries stenosis
(Emerick et al. 2005) | 113 S5y absence of left internal carotid artery, death
beading of the right posterior and middle
cerebral arteries, anomalous artery from
basilar to left middle cerebral artery
(Emerick et al. 2005) | 114 2y right internal carotid and middle cerebral
arteries stenosis
(Emerick et al. 2005) | 115 1.7y bilateral internal carotid and middle ischemic intracranial
cerebral arteries stenosis, two aneurysm of | event
supraclinoid internal carotid artery,
moyamoya
(Cowan et al. 2004) 116 18y, 23 aortic coarctation ruptured basilar full recovery
y artery aneurysm;
posterior
communicating
artery infundibulum
aneurysm
(DesRoches et al. 117 28y gastrointestinal
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hemorrhage,
ruptured
vertebrobasilar
junction aneurysm

(Doberentz, 118 25y lung, heart, intracranial thin-walled subarachnoid death
Kuchelmeister, and arteries hemorrhage, large
Madea 2015) saccular ruptured
basilar artery
aneurysm
(Dzumhur and Goss 119 2w deep vein thrombosis | recovery
1995) with swelling and
cyanosis of right leg,
absent venous flow
from the common
femoral vein
(Esther, Francesca, 120 At birth bilateral renal arterial stenosis disseminated renal failure
and Jose 2017) intravascular
coagulation state
(Ferreira-Magalhaes | 121 7y bilateral renal, superior mesenteric arteries | left perirenal
2014) stenosis, celiac trunk kinking, left renal hematoma with
artery pseudoaneurysm infarction of the
superior half of left
kidney
(Fiorda-Diaz et al. 122 17y subarachnoid
2017) hemorrhage with
blood within third
and fourth ventricles,
and within the pre-
pontine cistern,
intracranial epidural
hematoma
(Frongillo et al. 123 28y cerebral and ocular hepatic coagulopathy,
2015) hemorrhage failure with liver
hepatorenal | transplantation
syndrome
(Gaba et al. 2008) 124 28y moyamoya subarachnoid full recovery
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caused by the graft twisting at the
anastomosis between the hepatic vein and
the inferior vena cava

(Han et al. 2017) 125 33y M portal vein and inferior vena cava displaced
posteriorly, right hepatic vein displaced
superiorly
(Han et al. 2017) 126 16y M Intrahepatic vessels displaced and
distorted. Portal vein displaced anteriorly.
Inferior vena cava and hepatic veins shifted
medially
(Han et al. 2017) 127 28y M Portal vein displaced posteriorly
(Hia, Quak, and Quek | 128 13y F abdominal aortic coarctation, bilateral
2004) renal arteries stenosis
(Hirai et al. 2005) 129 12y F renal artery stenosis
(Pati et al. 2016) 130 10y M intermittent nasal death due to
bleeding, occasional hematemesis
appearance of post-
traumatic violaceous-
red patches at the
site of trauma,
hematemesis
(Baird et al. 2015) 131 1,7y F moyamoya
(Baird et al. 2015) 132 4y M moyamoya
(Baird et al. 2015) 133 3y M moyamoya
(Baird et al. 2015) 134 2y M moyamoya
(Baird et al. 2015) 135 2y F moyamoya death
(Békassy et al. 1992) | 136 3y F left portal vein obstruction, enlarged veins | upper death hepatocellular
gastrointestinal carcinoma
hemorrhages
(Bhadri et al. 2005) 137 4y M thrombus in left death hepatocellular
portal vein carcinoma
(Bolt, Spalinger, and 138 At birth M anomalous origin of left coronary artery
Pfammatter 2003)
(Englert et al. 2006) 139 9y F intrathoracic bleeding | death liver
transplantation
(Gibelli et al. 2012) 140 20m M after liver transplant: venous outflow block recovery liver

transplantation
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HCC)

(Gibelli et al. 2012) 141 28 m after liver transplant: hepatic venous recovery liver
outflow drainage block, stenosis of the transplantation
anastomosis between the hepatic vein and
the inferior vena cava
(Ozgay et al. 2006) 142 ly abdominal collateral veins, portal vein liver
stenosis after liver transplantation transplantation
(Santos et al. 2011) 143 13y arterial thrombosis liver
prior liver transplantation
transplantation
(Sugimoto et al. 144 20m hepatic venous anastomosis after liver liver
2003) transplantation transplantation
(Tajima et al. 2001) 145 12y during pre-transplantation evaluation large liver
hypervascular liver lesion, portal perfusion transplantation
defect, large portal vein brunches running
through the lesion
(Akagi, Tanaka, and 146 13 m transient liver
Baba 2018) intraperitoneal transplantation
bleeding during the
perioperative period
(liver transplantation)
(Galvez et al. 2020) 147 41y after liver transplantation aortoiliac infrarenal liver
vascular anastomosis site pseudoaneurysm aortic jump transplantation
graft
(Harris et al. 2002) 148 10m patent ductus arteriosus, post liver liver
transplantation aortic coarctation transplantation
(Shehata et al. 2012) | 149 30y ruptured hepatic liver
artery during transplantation
transplantation,
portal vein stenosis
(40 days post
transplantation)
(Schoen et al. 2020) 150 38y internal hemorrhage (in the liver mass death hepatocellular

carcinoma
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