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Age (years)

Figure 1: Natural history of the main clinical manifestations of CADASIL

The exact age at earliest onset or of first MRl abnormalities is uncertain (dotted line). The frequency of

T2 white-matter abnormalities increases progressively and becomes constant by around 35 years in all patients.
CADASIL=cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy.

Chabriat et al, Lancet Neurol 2009; 8: 643-53
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The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

COL4A1 Mutations and Hereditary Angiopathy,
Nephropathy, Aneurysms, and Muscle Cramps

Emmanuelle Plaisier, M.D., Olivier Gribouval, M.Sc., Sonia Alamowitch, M.D.,
Béatrice Mougenot, M.D,, Catherine Prost, M.D., Marie Chnstine\/erpant, M.Sc.,
Béatrice Marro, M.D., Thomas Desmettre, M.D., Salomon Yves Cohen, M.D,,
Etienne Roullet, M.D.,* Michel Dracon, M.D., Michel Fardeau, M.D.,

Tom Van Agtmael, Ph.D., Dentscho Kerjaschki, M.D.,

Corinne Antignac, M.D., and Pierre Ronco, M.D.

ABSTRACT

BACKGROUND
COL4A3, COL4A4, and COL4AS are the only collagen genes that have been implicated
in inherited nephropathies in humans. However, the causative genes for a number
of hereditary multicystic kidney diseases, myopathies with cramps, and heritable
intracranial aneurysms remain unknown.

METHODS
We characterized the renal and extrarenal phenotypes of subjects from three fam-
ilies who had an autosomal dominant hereditary angiopathy with nephropathy,
aneurysms, and muscle cramps (HANAC), which we propose is a syndrome. Link-
age studies involving microsatellite markers flanking the COL4A1-COL4A2 locus were
performed, followed by sequence analysis of COL4A1 complementary DNA extracted
from skin-fibroblast specimens from the subjects.

RESULTS

We identified three closely located glycine mutations in exons 24 and 25 of the gene
COL4A1, which encodes procollagen type IV ae1. The clinical renal manifestations of
the HANAC syndrome in these families include hematuria and bilateral, large cysts.
Histologic analysis revealed complex basement-membrane defects in kidney and skin.
The systemic angiopathy of the HANAC syndrome appears to affect both small
vessels and large arteries.

CONCLUSIONS

COL4A1 may be a candidate gene in unexplained familial syndromes with autosomal
dominant hematuria, cystic kidney disease, intracranial aneurysms, and muscle
cramps.

Kidney Findings

From INSERM Unité 702 (E.P., B. Mouge-
not, M.CV., PR); Université Pierre et
Marie Curie, Paris 6, Unités Mixtes de Re-
cherche Scientifique 702 (E.P, 'R)
and 582 (M.F); Assistance Publique-Hapi-
taux de Paris, Hépital Tenon (E.P, SA.,
B. Marro, ER, PR), Hopital Avicenne
(C.P), Hopital Pitie—Salpétriére (M.F), and
Hapital Necker (C.A.); INSERM Unité 574
(0.G, C.A); Center of Ophthalmology,
Paris 15 (5.Y.C); INSERM Unité 582 [M.F);
and Université Paris Descartes, Faculté de
Médecine René Descartes, Unité Mixte
de Recherche Scientifique 574 (C.A) —
all in Paris; Université Lille 2 (T.D.) and
Centre Hospitalier Régional Universitaire
Lille (M.D.) — both in Lille, France; Uni-
versity of Edinburgh, Queens Medical Re-
search Institute, Edinburgh (TV.A.); and
Medical University of Vienna, Clinical In-
stitute of Pathology, Vienna (D.K.). Ad-
dress reprint requests to Dr. Plaisier at the
Department of Nephrology and INSERM
Unit&702, Hapital Tenon, 4 Rue de la Chine,
75020 Paris, France, or at emmanuelle.
plaisier@tnn.aphp.fr.

*Dr. Roullet is deceased.

N Engl ) Med 2007;357:2687-95.
Copight © 2007 Massachuserts Medical Sodsy.
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Department of Neurology,
University of Rostock, Rostock,
Germany (Prof A Rolfs MO,

T Battcher MO,

M Zschiesche PhD), P Bawer MDD,
U'Walter MD, E Mix MO PhiD,

L) Strauss MD, R Benecke MDY;
Institute of Diagnostic and
Interventional Radiclogy,
University of Rostock, Rostock,
Germany (A Grossmann MOY;
Department of Medical
Genetics, University of
Tiibingen, Tiibingen, Germany
{P Baver); Neurochemical
Laboratory, University of
Tiibingen, Tiibingen, Germany
(K Harzer MDY; Institute of Child
Health and Great Ormond
Strest Hosoital for Children

Prevalence of Fabry disease in patients with cryptogenic
stroke: a prospective study

Amdt Rolfs, Tobias Battcher, Marfies Zschiesche, Peter Morris, Bryan Winchester, Peter Baver, Lwe Walter, Eilhard Mix. Mathias Léhr,
Klaus Harzer, Ulf Strauss, [ens Pahnke, Annette Grossmann, Reiner Benecke

Summary

Background Strokes are an important cause of morbidity and mortality in young adults. However, in most cases the
cause of the stroke remains unclear. Anderson-Fabry disease is an X-linked recessive lysosomal storage disease
resulting from deficient a-galactosidase and causes an endothelial vasculopathy followed by cerebral ischaemia. To
determine the importance of Fabry disease in young people with stroke, we measured the frequency of unrecognised
Fabry disease in a cohort of acute stroke patients.

Methods Between February, 2001, and December, 2004, 721 German adults aged 18 to 55 years suffering from acute
cryptogenic stroke were screened for Fabry disease. The plasma a-galactosidase activity in men was measured
followed by sequencing of the entire n-GAL gene in those with low enzyme activity. By contrast, the entire a-GAL
gene was genetically screened for mutations in women even it enzyme activity was normal.

Findings 21 of 432 (4-9%) male stroke patients and seven of 289 (2-4%) women had a biologically significant
mutation within the a-GAL gene. The mean age at onset of symptomatic cerebrovascular disease was 384 years
(SD 13-0) in the male stroke patients and 40-3 years (13- 1) in the female group. The higher frequency of infarctions
in the vertebrobasilar area correlated with more pronounced changes in the vertebrobasilar vessels like dolichoectatic

pathology (42-9% vs 6-8%).

Interpretation We have shown a high frequency of Fabry disease in a cohort of patients with ayptogenic stroke,
which corresponds to about 1-2% in young stroke patients. Fabry disease must be considered in all cases of
unexplained stroke in young patients, especially in those with the combination of infarction in the vertebrobasilar
artery system and proteinuria.



Stroke, no Fabry disease  Stroke with Fabry disease

(n=693) Male (n=21) Female (n=7)
Clinical features
Age at presentation (years) 479 (9-6) 38-4(13-0) 40-3(13-1)
Age range (years) 18-55 20-55 18-51
Hemiparesis 378608 (B2-1%) 15/21 (71-4%) A7 (57-1%)
Ataxda GE/505 (11-4%)" 10/21 (47 6%)* 57 (71-4%)
Dysarthria 106584 (18-29%)* 12/21 (57-1%)* 517 (714%)*
Mausea or dizziness QoL (17-3%)" 11/21 (5 2-4%)* 7 (42.9%)
Nystagmus 44/548 (8.0%) 1321 (61.9%)* 207 (28:6%)
Muttiple cerehrovascular events 45/552 (8-1%) 10/21 (47 6%)* 217 (286%)
Vascular pathology
Atheromatous hasal vessals 78/519 (15-0%) 5/21 (23-8%) 1/7 (14-3%)
Dolichoectatic vertebrobasilarvessels 33/488 (6-B%) B2 (381w A7 (57-1%)
Hypertension 216/608 (35-5%) /21 (286%) 217 (286%)
Obesity (body-mass index =30) 188580 (31-9%) 321 (14-3%) 2/7 (28-6%)
Diily smoking 154/571 (26-9%) 4/21 (19-04%) 1/7 (14-3%)
Brain imaging
Periventricularwhite-matter 71/485 (14-6%) 11/21 (52-4%)* 7 (429%)*
hyperintensities
Middle cersbral artery infarction 360/575 (64-1%) 621 (28-6%)* 307 (42-9%)
Posterior cerebral artery infarction 48575 (8-3%) 321 (14-3%) 17 (14-3%)
Vertebrobasilar artery infarction 123575 (21-4%) Of 21 (429%)" A7 (57-1%)
Haemarrhage 291575 (5-0%) 321(14-3%) U7 (14-3%)
Mormal SO/57 5 (10-3%) 321 (14.3%) 0/7 (0%)
MNon-nevronal clinical and lab features
Acroparaesthesia 171612 (2-8%) A21{333%) A7 57 1%
Pain episode 11/608 (1-8%) 5/21 (23-8%) 217 (2B-6%)*
Hypohidrosis 54/512 (10-5%) 15/21 (71-4%)* 2/7 (28:6%)
Angickeratoma 12/466 (2-6%) /21 (2B-6%)* 1/7 (14-3%)
Cardiac abnormalities 111/580 (19-1%) 6/21 (28.6%) 217 (286%)
Comeaverticillata Q331 (0%) 621 (23-Buw)* 2/7 (28-6%)*
Proteinuria 1527 (5-5%) 0/ 21 (42-9%)* 57 (71-4%)"
Factor-¥ Leiden mutation (16916G—A) /693 (0%) O 21 {0%) 07 (0%)

Diata are mean (50 or number (3%). *p=0-05.

Table: Cerebrovascular and commeon clinical features in young adult patients with cryptogenic stroke

with and without Fabry disease
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LES ACTUALITES DU
CERVCO

> 22/04/2015

Le CERVCO a été labellisé il y a 10
ans. A l'occasion de cet anniversaire,
un collogque scientifique réunissant
I'ensemble des équipes cliniques et
de recherche associées au CERVCO
sera organisé les 24 et 25
Septembre 2015 3 la fondation
Singer-Polignac.

MALADIES quiuumzs
HOPITAL

A

PRESENTATION

DU CERVCO

Notre centre réunissant les services de
Neurologie, d'Ophtalmologie, de Génétique
moléculaire, de Neuroradiologie, de
Neurochirurgie, d'Anatomopathologie, ainsi que
le Centre d'Urgence Céphalées, a été labellisé
centre de référence pour les maladies
vasculaires rares du systéme nerveux central
et de la rétine.

Ce centre appelé CERVCO (Centre de Référence pour les maladies rares des
Vaisseaux du Cerveau et de I'Oeil) réunit des services de I'hépital Lariboisiére
spécialisés dans la prise en charge des pathologies vasculaires rares de la
rétine, du cerveau ou de la moelle épiniére suivantes : CADASIL,
leucoencéphalopathies  vasculaires  familiales, angiopathies amyloides
cérébrales, tortuosités artériolaires rétiniennes, vasculopathies cérébro-
rétiniennes héréditaires avec ou sans mutation des génes COL4A1 ou TREX1,
cavernomes rétiniens et cérébraux héréditaires, hémangioblastomes rétiniens
de la maladie de Von Hippel Lindau, maladie de Moya-Moya, malformations
artério-veineuses cérébrales, anévrysmes cérébraux familiaux, thromboses
veineuses  cérébrales, communications artério-veineuses  rétiniennes,
dissections des artéres cervcicales et cérébrales héréditaires, IRVAN, migraine
hémiplégique familiale, maladie de Coats, masses télangiectasiques
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Mon parcours dans le centre

A L'équipe
Maladies i

nerveux centra

L'équipe du centre de référence se compose d'experts médicaux
et de professionnels paramédicaux.

= Pr. Dominique Bonneau, généticien (coordonnateur)

= Dr Christophe Verny, neurologue généticien (coordonnateur)

= Dr Clarisse Scherer Gagou, neurologue

= Dr Adriana Prundean, neurologue

= Dr Magalie Barth, pédiatre spécialisée dans les maladies métaboliques
= Dr Guillaume Nicolas, neurologue, électrophysiologiste

= Dr Luc Bontou, rééducateur fonctionnel

= Dr Bénédicte Gohier, psychiatre

= Dr Patrizia Amati Bonneau, biologiste moléculaire

= Dr Marie Claire Malinge, biologiste moléculaire

= Dr Agnes Guichet, géngticienne

= Pr. Pascal Reynier, biologiste moléculaire

= Pr. Vincent Procaccio, biologiste moléculaire

= Pr. Philippe Alain, neuropsychologue

= Marie Anne Guerid, conseillére en génétique, infirmiere

= Audrey Olivier, attachée de recherche clinique

= Caroline Yameogo, assistante sociale =
= Emilie Maletaverne, kinésithérapeute
= Aline Rouillier, ergothérapeute

= Elodie Genais, diététicienne

= Nathalie Gautier, secrétaire

[&r i ique-chu- fi/le-centre/l-equipe-du-centre-de-reference-des-maladi i [T [ [ [ mtemet




