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Vascular and beyond 
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A novel adult-onset dominant leukoencephalopathy  

and vascular accidents (ADLAVA) 
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Abstract  

Objective. Characterize the clinical and MRI features and identify the underlying 

genetic cause in a family with adult-onset dominant leukoencephalopathy and 

vascular accidents (ADLAVA). 

Methods. MRI pattern recognition, whole-exome sequencing and neuropathology. 

Results. Eleven family members of 40 years or older were diagnosed with 

ADLAVA; in 11 family members of the same age no evidence of ADLAVA was 

found. The clinical picture of patients was dominated by therapy-resistant 

hypertension, cerebrovascular accidents and slow, late cognitive deterioration. MRI 

showed a leukoencephalopathy that was disproportionately severe compared to 

the clinical disease. The mode of inheritance was confirmed to be autosomal 

dominant. Two novel variants in TTPAL and CTSA were found, both located on 

chromosome 20q13.12 and segregating with the disease in the family. Brain 

autopsy of 3 patients confirmed that the leukoencephalopathy was 

disproportionately extensive compared to the vascular abnormalities. TTPAL 

encodes a protein of unknown function and has not been associated with any 

disease. CTSA encodes cathepsin A; recessive CTSA mutations cause 

galactosialidosis. One of the numerous functions of cathepsin A is to degrade 

endothelin-1. In ADLAVA patients, a striking upregulation of endothelin-1 was 

found in white matter astrocytes, correlating with increased numbers of pre-

myelinating oligodendrocyte progenitors. This supports a role for endothelin-1 in 

the leukoencephalopathy by inhibiting oligodendrocyte progenitor maturation.  

Conclusions. Vascular leukoencephalopathies are common in elderly individuals. 

With ADLAVA we add a new phenotype to the spectrum. The genetic origin of 

adult-onset vascular leukoencephalopathies may easily be overlooked. 



 

Introduction 

Vascular brain white matter abnormalities are common among adults, especially 

elderly. Most are related to vascular risk factors, as age, hypertension, 

hypercholesterolemia and diabetes mellitus, and influenced by life style 

determinants, as smoking (Sahathevan et al., 2012; Roman et al., 2002). Only a 

small proportion of the patients is diagnosed with a hereditary small vessel disease 

(SVD), including cerebral autosomal dominant arteriopathy with subcortical infarcts 

and leukoencephalopathy (CADASIL) (Joutel et al., 1996), cerebral autosomal 

recessive arteriopathy with subcortical infarcts and leukoencephalopathy 

(CARASIL) (Hara et al., 2009), defects in collagen IVA1 and IVA2 (Gould et al., 

2006; Verbeek et al., 2012), TREX1-related disorders (Richards et al., 2007), and 

hereditary cerebral amyloid angiopathy (CAA) (Revesz et al., 2009). For several 

reported familial SVDs the genetic cause remains unknown (Verreault et al., 2006; 

Ding et al., 2010; Low et al., 2007; Hervé et al., 2012). We report a family with 

adult-onset dominant leukoencephalopathy and vascular accidents (ADLAVA), 

characterized by a distinctive MRI pattern and pathology findings. With whole-

exome sequencing (WES) we ascertained 2 variants segregating with the disease. 

 

Methods 

Patients 

We identified a Dutch Caucasian family with adult-onset leukoencephalopathy by 

similar brain MRI findings. We included 22 members of 40 years or older in the 

study. Based on MRI, 11 were diagnosed with the leukoencephalopathy and 11 

were unaffected. Details of the MRI analysis are discussed in the appendix. An 

inventory was made of the clinical signs and symptoms and laboratory 

investigations performed of all family members included in the study. The pedigree 

indicated autosomal dominant inheritance (supplementary fig. 1).  

 

Standard protocol approvals, registrations, and patient consents 

We received approval of the ethical standards committee for gene identification 

studies on patients with unclassified leukoencephalopathies, and written informed 

consent from the family members included in the study. 

 

Genetic analyses 



 

We performed WES in patients IV3 and IV13 and unaffected family member IV5 

and analyzed the data. We filtered for rare coding variants inferring autosomal 

dominant inheritance. Detailed information on WES methods, statistics, filtering, 

and microsatellite genotyping for haplotype analysis is provided in the appendix 

and supplementary table 1. We used Sanger sequencing for validation and 

segregation analysis of the candidate variants in all individuals. 

 

Neuropathology, immunohistochemical analysis, electron microscopy and Western 

blots  

We obtained brain tissue from patients III1, III2, and IV8 at autopsy 3-6 hours 

postmortem. Patient IV8 also underwent body autopsy. For control studies, we 

obtained brain samples from 2 subjects (ages 27 and 57 years) without 

neurological complaints and confounding neuropathology, 2 individuals (78 and 79 

years) with hypertension-related sporadic SVD, 1 individual with capillary CAA (75 

years) and 1 individual with CADASIL (69 years).  

We stained 6-μm-thick formalin-fixed, paraffin-embedded tissue sections for 

Hematoxylin & Eosin (H&E), periodic acid Schiff (PAS), Kluver-PAS, Gomori 

trichrome and elastin van Gieson according to standard methods. For 

immunostaining of 6-μm-thick paraffin and cryosections, we used antibodies  

against cathepsin A (CathA), endothelin-1 (ET-1), amyloid beta, phosphorylated 

tau, collagen IV, tocopherol (alpha) transfer protein-like (TTPAL), glial fibrillary 

acidic protein (GFAP), myelin basic protein (MBP), oligodendrocyte transcription 

factor 2 (olig2) and platelet derived growth factor alpha receptor (PDGFRα) as 

described (Bugiani et al., 2011). We verified specificity of the immunolabelling by 

omitting the primary antibody or by staining with isotype IgGs. Specificity of the 

CathA antibody was confirmed on fibroblasts from 2 infantile-onset 

galactosialidosis patients and 2 controls. We performed electron microscopy (EM) 

analysis on white matter from 3 patients and on skin of 4 patients. In the white 

matter of patients, controls with sporadic SVD and non-neurological controls, we 

counted the percentage of Olig2/PDGFRα double-positive pre-myelinating 

oligodendrocyte progenitor cells (OPCs) in 10 fields using a 20x objective lens. 

Results were compared with one-way Anova analysis of variance with subsequent 

Bonferroni multiple comparisons test. Detailed information on 

immunohistochemistry and EM is provided in the appendix. 



 

We performed Western blotting and SDS-PAGE in white matter of patients, 

controls with sporadic SVD and non-neurological controls. Details are in the 

appendix. 

 

Results 

Magnetic resonance imaging findings 

The patients’ MRI pattern (details in supplementary table 2) was characterized by 

signal abnormalities in the frontoparietal periventricular and deep white matter that 

were partially patchy in the younger patients (fig. 1A-D), and became diffuse with 

increasing age (fig. 1E-L). Additionally, small multifocal lesions were seen in the 

basal nuclei, thalami, internal and external capsules, brainstem (especially in the 

pons and around the red nuclei in the midbrain), which were also more confluent in 

older patients (fig. 1A-C, E-G, I-K). Seven patients had infarcts in the basal nuclei, 

brainstem, cerebellum or cerebral hemispheres (fig. 1M,N, supplementary table 2). 

Some infarcts were fresh, as indicated by restricted diffusion (fig. 1O). Three 

patients had microbleeds (fig. 1P) and 1 a small hemorrhage (fig. 1P). Infarcts and 

microbleeds were more prominent in older patients. Medial temporal lobe atrophy 

score was 0 (normal) for all except the eldest patient III2, who had a score of 1. All 

unaffected individuals had a normal brain MRI. 

 

Clinical characteristics and laboratory findings 

Detailed clinical features and laboratory findings are provided in the supplementary 

table 3.The first symptoms, ranging from headache and mild gait problems to full-

blown cerebrovascular accidents, were noted in the third to fifth decade. Most 

patients had signs of vascular disease with hypertension requiring multiple drugs, 

strokes and transient ischemic attacks. Many had complaints of mild cognitive 

impairment. None of the unaffected family members had cerebrovascular accidents 

or cognitive impairment. Only 2 had hypertension, which was controlled with a 

single drug. Smoking and alcohol consumption were similar between patients and 

unaffected individuals. Patients also had more non-neurological complaints than 

unaffected family members, including dry mouth with difficulty swallowing, dry eyes 

and muscle cramps. All patients had a characteristic face with lack of periorbital fat, 

which was also noted in unaffected individual IV10. Physical examination of the 

patients showed at most subtle  



 

 

Figure 1. MRI findings. Axial fluid-attenuated recovery (FLAIR) images of patient IV6 (46 years) (A-D), 

patient III2 (71 years) (E-H), patient III1 (67 years) (I-L) and patient III5 (69 years) (M); T1-weighted 

image of patient III4 (73 years) (N); diffusion weighted image (DWI) of patient IV8 (53 years) (O); 

gradient echo image of patient III2 (P). MR images show the multifocal to confluent white matter 

abnormalities located predominantly in the frontoparietal deep and periventricular white matter (B-D, F-

H, J-L), the basal nuclei, thalamus and the internal and external capsule (C, G, K). The pons shows 

multifocal T2 hyperintensities, even at an early age (A). The white matter abnormalities are more  



 

neurological abnormalities. Laboratory findings, including ß-galactosidase, 

neuraminidase-1 and carboxypeptidase activity in leukocytes were unremarkable. 

NOTCH3 sequence analysis was normal. Array-comparative genome hybridization 

did not show submicroscopic deletions or duplications.  

 

Genetic analysis 

WES analysis revealed 2 heterozygous unknown variants in 2 genes: c.922C>T, 

p.Arg308Cys in CTSA (NM_001167594.1) and c.544G>A, p.Gly182Arg in TTPAL 

(NM_024331.3) (supplementary table 1). CTSA encodes CathA; TTPAL encodes 

tocopherol (alpha) transfer protein-like (TTPAL). Both unknown variants 

segregated with the disease (supplementary fig. 1), changed a moderately to 

highly conserved amino acid and were predicted to be pathogenic (supplementary 

table 1). Both genes are located on chromosome 20q13.12 within 1.4 mega base 

pair (Mb) distance. Microsatellite genotyping identified a 4.5 Mb interval on 

chromosome 20 with genomic location 41433472-45929596, shared by the 

patients, but not by the unaffected family members (supplementary table 4).  

 

Neuropathological findings 

Gross examination (fig. 2A) showed mild atrophy of the cerebral white matter and 

in patients III1 and III2 multiple small infarcts involving the subcortical and deep 

white matter, basal nuclei, thalami, brainstem and cerebellum.  

Microscopic examination revealed an extensive leukoencephalopathy 

characterized by myelin pallor and astrogliosis with preserved oligodendrocytic 

density. Lacunar changes consisted of perivascular tissue rarefaction with 

macrophages, focal oligodendrocyte loss and astrogliosis (fig. 2B,C). These were 

abundant in patients III1 and III2, but few in patient IV8. In all 3 patients, as well as 

the controls with hypertension-related sporadic SVD, arterioles showed diffuse 

angiosclerosis. There was no accumulation of basophilic, PAS-positive or  

 

 

 

 

Figure 1 (cont.). extensive in the elder patients (compare figures A-D and E-L). Patient III5 had a large 

infarct located in the right temporo-parietal region (M). Small cystic infarcts are seen in the 

periventricular white matter (N). Some infarcts are fresh indicated by a high signal on DWI (O), and a 

low signal on apparent diffusion coefficient maps (not shown). Microbleeds and a small hemorrhage are 

seen in the basal nuclei and thalamus (P). 



 

 

Figure 2. Neuropathological findings. Whole mount of the right cerebral hemisphere of patient III2 at 

the level of the anterior hippocampus stained with the Kluver stain for myelin (blue) and periodic acid 

Schiff (PAS, purple) shows diffuse white matter pallor extending to the internal and external capsules 

and, in places, the U-fibers. The lateral ventricle is slightly enlarged, indicating mild white matter 

atrophy. The cortex and hippocampus are not involved (A). Ischemic lesions in the white matter (B, 

patient III1) and striatum (C, patient III2) appear as areas of enlargement, rarefaction and loosening of 

the perivascular tissue with presence of foamy macrophages (H&E). The small arterioles along the wall 

of the lateral ventricle show asymmetric fibrous thickening of the wall with luminar stenosis (D, H&E, 

patient III2). Similar changes are also visible in the subcortical (E, patient IV8) and deep hemispheric 

white matter (F, patient III2) and in white matter bundles in the striatum Note the loss of vascular elastic 

fibers (E,elastine van Gieson), the absence of PAS-positive material (F and G, PAS) and the  
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congophilic material and labelling for amyloid beta was negative (not shown). 

Strikingly, in all 3 patients but not in the neurological controls with sporadic SVD, 

CADASIL and capillary CAA, we detected unusual changes involving distal 

arteriolar branches. These consisted of asymmetric vessel wall fibrous thickening, 

loss of smooth muscle cells and markedly narrowed lumen. These changes were 

present in the periventricular, subcortical and deep white matter, basal nuclei, 

brainstem and cerebellum and also involved the vasa vasorum of the larger 

arterioles (fig. 2D-I). Patients III1 and III2 showed mild Alzheimer disease-related 

changes scored as A1B1C0 (Montine et al., 2010).  

Ultrastructural analysis of blood vessels in the white matter and skin confirmed 

hypertension-related changes and absence of granular osmiophilic material and 

amyloid. The terminal arterioles showed asymmetrically enlarged tunica adventitia 

with accumulation of electron-dense material in close juxtaposition with the basal 

lamina and normal appearing collagen fibrils (fig. 2J). In some blood vessels, the 

basal lamina was focally thickened (fig. 2K). Body autopsy of patient IV8 revealed 

atherosclerosis with hypertension-related changes in the aorta and arterial vessels, 

but no signs of major vascular accidents. 

 

TTPAL, CathA and ET-1 protein expression in brain  

In non-neurological controls, TTPAL-immunoreactivity was detected in the basal 

lamina of blood vessels, where it aligned with collagen IV (fig. 3A). Endothelial and 

extravascular cells, including astrocytes were TTPAL-negative. Patients and 

controls with sporadic SVD displayed a similar inhomogeneous TTPAL-

immunoreactivity in the basal lamina (fig. 3B,C). Alignment with collagen IV was 

preserved. We could not detect the TTPAL protein on Western blot.  

Non-neurological controls showed delicate cytoplasmic CathA-immunoreactivity in 

cortical neurons and astrocytic cell processes at the glia limitans and around blood 

vessels in gray and white matter. At these sites, increased CathA-labelling 

 

 

Figure 2 (cont.). asymmetric fibrous thickening of the small arteriolar walls (H, Gomori trichrome). The 

vasa vasorum of the larger arterioles (arrow) may be totally occluded (I, Gomori trichrome, patient III2). 

EM of dermal blood vessels shows accumulation of electron-dense material in close juxtaposition and, 

in places, continuity with the basal lamina and with normal appearing collagen fibrils (J, patient III1) and 

focal thickening of the basal lamina (K, patient IV8). Bars: (B-D) 200 μm; (E-I) 50 μm. BV: blood vessel 

lumen. Magnifications: (J) 22500X, (K) 12000X. 



 

 

Figure 3. TTPAL and CathA expression. Double stain for TTPAL (green) and collagen IV (Coll IV, red) 

of non-neurological control white matter shows TTPAL expression in the basal lamina of the blood 

vessels aligned with collagen IV. Nuclei are stained in blue (DAPI) (A). TTPAL expression is slightly 

inhomogeneous in patients (B) as well as sporadic SVD (C). Note that alignment with collagen IV is 

preserved. Patients (D-F) show increased CathA-immunoreactivity compared to controls with sporadic 

SVD (G-I) in cortical astrocytes (D, G) and in astrocytes both surrounding infarcts (E, H) and in white 

matter areas distant from necrotic lesions (F, I). Double stain for CathA (green) and the astrocyte 

marker glial fibrillary acidic protein (GFAP, red) confirms CathA accumulation in patients’ white matter 
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was observed in patients and, to a lesser degree, all neurological controls (fig. 

3D,G). In the white matter of both patients and neurological controls, intense 

cytoplasmic CathA-immunoreactivity was also seen in reactive astrocytes. In 

neurological controls, however, strongly CathA-expressing astrocytes surrounded 

vascular lesions (fig. 3H,I), whereas in patients they were detected throughout the 

white matter (fig. 3E, F,J).  

CathA accumulation was further investigated in reducing and non-reducing SDS-

PAGE Western blotting to assess whether the additional cysteine residue due to 

the CTSA variant causes aberrant disulfide bridge formation and consequent 

protein misfolding (Thornton, 1981; Duering et al., 2011). These abnormal foldings 

would only be detected under non-reducing conditions that leave the disulfide 

bridges intact. We did not detect these in patients or controls. However, under 

reducing conditions, the CathA 54 kDa precursor protein was increased in patients 

compared to neurological and non-neurological controls. Notably, the amounts of 

CathA precursor protein were similar in sporadic SVD and the non-neurological 

control. The amounts of the mature 20 kDa CathA product were not significantly 

changed in our patients (fig. 3L).  

We investigated the expression of ET-1, a peptide degraded by CTSA, which has 

roles in vasoconstriction and OPC maturation (Kiely et al., 1997; Hammond et al., 

2014). ET-1-positive reactive astrocytes were found in white matter vascular 

lesions of patients and all neurological controls. In non-necrotic white matter areas, 

however, astrocytic ET-1 immunolabelling was strikingly increased in patients 

compared to neurological controls (fig. 4A,B). Astrocytes in non-neurological 

controls were ET-1 negative (fig. 4C). In the non-necrotic cerebral white matter 

numbers of OPCs were higher in patients than in sporadic SVD, and in both 

compared to non-neurological controls (fig. 4D). The amounts of the myelin protein 

MBP were lower in patients than in sporadic SVD controls (fig. 4E). EM analysis of  

 

 

Figure 3 (cont.). astrocytes (J, patient IV8), whereas non-neurological control white matter astrocytes 

are CathA- negative (K). Nuclei are stained in blue (DAPI). Western blotting of white matter lysates in 

non-reducing (left panel) and reducing SDS-PAGE (L, right panel) show increased amounts of the 

CathA precursor protein (*, 54 kDa) in patients III1 and III2 compared to a non-neurological control and 

controls with sporadic SVD. The amounts of mature CathA protein (#, 20 kDa) are unchanged. Note that 

the additional faint bands of different molecular weight present on both blots are not specific for the 

patients. BV: blood vessel lumen; NC: non-neurological control; spSVD: controls with sporadic SVD; 

TCE: trichloroethanol, indicating on-blot total protein signal. Bars: (A-C, J and K) 50 μm; (E-I) 100 μm. 



 

the patients’ white matter confirmed that numerous axons had no myelin sheath 

(fig. 4F). When present, the myelin sheath was thin with a normal periodicity. 

 

Discussion 

We report a family with an adult-onset dominant vascular leukoencephalopathy 

presenting with therapy-resistant hypertension, cerebrovascular accidents and 

slow, late cognitive deterioration (ADLAVA). Lack of periorbital fat and complaints 

of dry eyes and mouth, and muscle cramps are consistent additional features. MRI 

initially shows multifocal cerebral white matter abnormalities and lesions in basal 

nuclei, thalami and brainstem (especially the pons), a pattern suggestive of SVD 

(Wardlaw et al., 2013). Over time, the leukoencephalopathy becomes 

homogeneous and virtually diffuse, which is less typical of SVD. The 

leukoencephalopathy on MRI precedes the onset of vascular accidents and is 

disproportionate to the clinical severity in all stages.  

The clinical and MRI phenotypes do not suggest a known autosomal dominant 

vasculopathy. Patients lack the anterior temporal lobe involvement typical of 

CADASIL. EM shows no deposition of granular osmiophilic material in vessel walls 

(Joutel et al., 1996) and NOTCH3 sequencing was unrevealing. Wide intrafamilial 

phenotypic variability, aneurysms, eye involvement, nephropathy or fragmentation 

of the vascular basal lamina at EM, as seen in defects of collagen IVA1 and IVA2 

(Gould et al., 2006; Verbeek et al., 2012; van der Knaap et al., 2006; Plaisier et al., 

2007), are not present. TREX1 mutations usually cause a progressive retinal 

vasculopathy (Richards et al., 2007) and amyloid deposition in blood vessels and 

capillaries characterizes CAA (Revesz et al., 2009), features not seen in this family. 

Our WES results did not reveal variants in COL4A1, COL4A2, TREX1 and CAA-

related genes, including APP, CST3, TTR, GSN, BRI2 and PRPN. The observed 

unusual pathology of the terminal arterioles was not present in the investigated 

subjects with CADASIL, capillary CAA and sporadic SVD.  

We found 2 variants segregating with ADLAVA, p.Gly182Arg in TTPAL and 

p.Arg308Cys in CTSA, either of which could cause the disease.  

The function of the TTPAL protein is unknown and no disease has been associated 

with TTPAL mutations. Immunohistochemistry showed a similar TTPAL-expression 

in ADLAVA patients and controls with sporadic SVD.  

 

 



 

 

 

Figure 4. Increased ET-1 expression correlates with increased OPC numbers and lack of myelin. 

In white matter areas devoid of lacunar infarcts, the patients’ white matter astrocytes (A, patient III2) are 

more intensely ET-1-immunoreactive than those of controls with sporadic SVD (B). White matter 

astrocytes of a non-neurological control are ET-1-negative (C). The percentage of PDGFRα-positive 

pre-myelinating OPCs is significantly higher in the white matter of the patients than of controls with 

sporadic SVD and the non-neurological control (*: p<0.05; **: p<0.01; ***: p<0.001, D). Western blotting 

of white matter lysates shows lower amounts of myelin basic protein (MBP, upper panel) in the patients 

than in controls with sporadic SVD. The lower panel confirms equal protein loading (GAPDH) (E). EM of 

the non-necrotic frontal white matter (patient III2) shows numerous naked axons amongst which few 

axons are ensheathed by thin myelin (F). NC: non-neurological control; spSVD: controls with sporadic 

SVD. Bars: (A-C): 50 μm.(E) magnification 4500X. 

 

 

CathA, encoded by CTSA, is synthesized as a single-chain precursor of 54 kDa 

that is converted into a catalytically active heterodimer consisting of 20 and 32 kDa 

subunits (Rudenko et al., 1995; Kolli & Garman, 2014). The mature CathA is 

mainly found in lysosomes where it stabilizes a multi- enzyme complex with ß-

galactosidase and neuraminidase-1. Recessive CTSA mutations cause 

galactosialidosis due to deficiency of ß-galactosidase and neuraminidase-1 (d’Azzo 

et al., 2001; Strisciuglio et al., 1988). Heterozygosity for one CTSA mutation has 

not been associated with a disease or health risk.  

We found that CathA-expressing astrocytes were intensely labelled and diffusely 

spread over the white matter in ADLAVA, whereas in capillary CAA, CADASIL and 

sporadic SVD they were clustered around vascular lesions. Reducing SDS-PAGE 



 

confirmed increased amounts of the CathA precursor protein in ADLAVA patients 

only. Notably, CathA was not increased in controls with sporadic SVD and similar 

degree of vascular lesions and reactive gliosis, indicating that increased CathA 

accumulation is not merely a consequence of the small vessel involvement and 

ischemic pathology. 

Considering the dominant inheritance, the Arg308Cys change could result in a 

toxic effect. The additional cysteine in the mutated CathA could affect stabilization, 

folding, and structure of the protein due to its capacity to establish non-functional 

disulfide bonds (Thornton, 1981). Non-reducing SDS-PAGE did not show 

alternative conformations of mutant CathA. Furthermore, the CathA signals in non-

reducing and reducing conditions were similar, excluding the possibility of CathA 

isoforms too large to enter the gel. Altogether, these findings do not support 

misfolding of mutant CathA.  

In 2012, Hervé et al. reported a French family with an autosomal dominant 

vascular leukoencephalopathy with a similar MRI pattern and vascular pathology 

(Hervé et al., 2012). In both families, patients initially have a multifocal and, in later 

stages, confluent leukoencephalopathy with consistent involvement of thalami and 

pons. Strikingly, the unusual changes of white matter small arterioles, including the 

vasa vasorum, were also noted (Hervé et al., 2012). The French family showed 

linkage with a 11.2 Mb interval on chromosome 20q13.2 (Hervé et al., 2012), 

encompassing the 4.5 Mb haplotype in which the 2 variants identified in ADLAVA 

are located, arguing for the same genetic disease. The non-neurological 

complaints in the Dutch ADLAVA patients were not reported in the French patients. 

A remarkable feature of the French and Dutch families is the extent of white matter 

changes documented by MRI (Hervé et al., 2012). White matter lesions are part of 

the SVD phenotype. Histopathology shows loss of oligodendrocytes, myelin and 

axons centered on the vascular pathology (Jellinger, 2007). The pathomechanism 

of SVD-related white matter abnormalities is complex, also involving chronic 

hypoperfusion and hypoxia (Jellinger, 2007). ADLAVA patients develop a diffuse 

leukoencephalopathy with paucity of myelin and astrogliosis extending beyond the 

ischemic pathology. Strikingly, such white matter changes were also observed in 

patient IV8 who had few if any vascular lesions. The discrepancy between 

extensive white matter involvement and relatively mild vascular lesions suggests 

that additional mechanisms besides ischemia contribute to the pathogenesis of the 

leukoencephalopathy. The combination of increased OPC numbers and paucity of 

myelin indicates that OPC proliferate, but are inhibited from maturation. We 



 

investigated ET-1, a peptide with roles in vasoconstriction (Kiely et al., 1997) and 

OPC maturation (Hammond et al., 2014) degraded by CathA carboxypeptidase 

and other proteases (Itoh et al., 1995; Pshezhetsky & Hinek, 2009). We found a 

striking increase in ET-1 expression in ADLAVA white matter astrocytes, also 

compared to the other vascular leukoencephalopathies. Astrocyte-derived ET-1 

may reach intraparenchymal arterioles and contribute to long-lasting 

vasoconstriction (Zhang et al., 1994). Transgenic mice with selective inactivation of 

CathA carboxipeptidase have hypertension due to reduced ET-1 degradation 

(Seyrantepe et al., 2008). In ADLAVA, ET-1 overexpression coincides with 

increased numbers of pre-myelinating OPCs, decreased MBP amounts and 

abundance of naked axons, suggesting remyelination failure. Findings in multiple 

sclerosis (MS) indicate that astrocyte-derived ET-1 may inhibit OPC maturation 

(Hammond et al., 2014). Strikingly, in MS ET-1-expressing astrocytes are found 

only within demyelinating lesions (Hammond et al., 2014), whereas in ADLAVA 

they are present throughout the white matter. It is tempting to speculate that ET-1 

accumulates in ADLAVA because of the CTSA mutation. This would imply that 

CathA carboxypeptidase activity is reduced in patients’ brain, despite it being 

normal in leukocytes. Within this scenario, ET-1 would contribute to the 

leukoencephalopathy in ADLAVA and explain the extensive white matter 

abnormalities beyond the vascular injury.  Arterial hypertension with cortical-

subcortical infarctions has been reported in 1 early infantile-onset galactosialidosis 

case, ascribed to swollen and multi-vesicular endothelium of blood vessels 

(Nordborg et al., 1997). Beyond this, there is no clinical overlap between 

galactosialidosis and the phenotype of ADLAVA patients. Parents of 

galactosialidosis patients, who are obligatory CTSA mutation carriers, are not 

known to be at risk for hypertension and SVD. However, since galactosialidosis is 

quite rare and hypertension and hypertension-related white matter lesions are quite 

common, such association may easily be overlooked. Similar oversights have 

occurred before. It is known for many years that Gaucher disease is caused by 

recessive mutations in GBA1, encoding glucocerebrosidase. Only recently it has 

become clear that heterozygous carriers of GBA1 mutations have an increased risk 

of Parkinson disease and Lewy bodies dementia (Siebert et al., 2014). It is 

worthwhile to investigate if heterozygous CTSA mutations are associated with an 

increased risk of SVD in families of galactosialidosis patients.  

In conclusion, we describe a family with a distinct adult-onset dominant vascular 

leukoencephalopathy. Variants in both TTPAL and CTSA segregate with the 

disease. Based on the mutations alone it is not possible to determine if either or 



 

both variants are pathogenic, but with the information present the CTSA variant 

offers a better explanation of the disease features and pathophysiology. The 

diagnostic problem will be solved by identification of additional similar patients and 

families.  

 

Note 

After contacting Hervé et al. we became aware that their family indeed carries the 

same CTSA mutation we found in the Dutch ADLAVA patients. In the meantime we 

have confirmed that the families are unrelated and do not share a haplotype. 
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Supplementary methods 

 

Magnetic resonance imaging pattern recognition analysis 

Brain MRIs included sagittal T1-weighted spin-echo images, and axial T1-

weighted, T2-weighted and Fluid-Attenuated Inversion Recovery (FLAIR) images. 

MRIs were evaluated according to a previously published protocol (SHK and 

MSvdK) (van der Knaap et al., 1999). Medial temporal lobe atrophy (MTA) was 

scored using the Scheltens visual rating scale (Scheltens et al., 1992). Gradient 

echo images were available in 6 individuals (of whom 5 patients) and used to 

identify microbleeds. Diffusion-weighted images and apparent diffusion coefficient 

(ADC) maps, available in 13 individuals (of whom 8 patients), were used to assess 

the presence of restricted diffusion. 

 

Whole-exome sequencing 

Whole-exome sequencing (WES) was performed in 2 patients (IV3 and IV13) and 

1 unaffected family member (IV5) using SeqCap EZ Human Exome Library v2.0 kit 

(Nimblegen) (IV5) and SeqCap EZ Human Exome Library v3.0 kit (Nimblegen) (IV3 

and IV13) on HiSeq2000 (Illumina, San Diego, CA). Read alignment to the human 

genome assembly hg19 was performed with Burrows-Wheeler Aligner tool (v0.5.9) 

(http://bio-bwa.sourceforge.net) (Li & Durbin, 2009). Single-nucleotide variants and 

small insertions and deletions were called with Varscan v2.2.5 

(http://varscan.sourceforge.net) (Koboldt et al., 2009) and annotated with Annovar 

(http://www.openbioinformatics.org/annovar) (Wang et al., 2010). Variant filtering 

was executed under the hypothesis of an autosomal dominant inheritance pattern 

assuming that the variant had a minor allele frequency (MAF) of ≤ 0.1% in public 

variant databases including dbSNP132 (http://www.ncbi.nlm.nih.gov/projects/SNP), 

the 1000 Genomes project (release February 2012), the National Heart, Lung, and 

Blood Institute Exome Sequencing Project (http://evs.gs.washington.edu/EVS/), 

and was absent from our in-house exome database. Synonymous variants were 

excluded. In silico prediction programs: SIFT (http://sift.jcvi.org/) (Ng & Henikoff, 

2001), PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/index. shtml) (Adzhubei 

et al., 2013) and MutationTaster (http://www. mutationtaster.org/) (Schwarz et al., 

2014) were used to assess pathogenicity of identified variants. 

 

Microsatellite genotyping 



 

Thirteen microsatellite markers spanning the D20S108-D20S75 interval on 

chromosome 20q13.12 were used (table e-4). PCR products were analyzed with 

an Applied Biosystems Genetic Analyzer 3730 with GS-500-Liz as a size standard. 

Control DNA from CEPH individual 1347-01 was used as a reference. 

GeneMapper v3.7 software was used to analyze the data. 

 

Neuropathology, immunohistochemical analysis and electron microscopy  

We obtained brain tissue from patients III1, III2, and IV8 at autopsy 3-6 hours 

postmortem. Patient IV8 also underwent body autopsy. For control studies, we 

obtained brain samples from 2 subjects (ages 27 and 57 years) without 

neurological complaints and confounding neuropathology, 2 individuals (78 and 79 

years) with hypertension-related sporadic SVD, 1 individual with capillary CAA (75 

years) and 1 individual with CADASIL (69 years). We stained 6-μm-thick formalin-

fixed, paraffin-embedded tissue sections for Hematoxylin & Eosin (H&E), periodic 

acid Schiff (PAS), Kluver-PAS, Gomori trichrome, elastin van Gieson according to 

standard methods. For immunohistochemistry, sections were deparaffinized and 

rehydrated. Endogenous peroxidise activity was quenched by incubating the slides 

in 0.3% hydrogen peroxide in methanol. We performed heat-induced antigen 

retrieval with citric acid (pH 6) using microwave irradiation for 15 min on low 

setting. Tissue sections were then incubated overnight with primary antibodies. 

Six-μm-thick cryosections were fixed in 2% paraformaldehyde, permeabilized with 

0.1% saponin, blocked in 5% normal goat serum and incubated with primary 

antibodies overnight at 4°C. We used antibodies against cathepsin A (CathA) 

(Sigma-Aldrich, 1:25); endothelin-1 (ET-1) (Meridian Life Science, 1:100); amyloid 

beta (Dako, 1:100); phosphorylated tau (Innogenetics, 1:200); collagen IV (DAKO, 

1:100); tocopherol (alpha) transfer protein-like (TTPAL) (Abgen, 1:50); glial fibrillary 

acidic protein (GFAP) (Millipore, 1:1000); myelin basic protein (MBP) (Millipore, 

1:50); oligodendrocyte transcription factor 2 (olig2) (Abcam; 1:400); and platelet 

derived growth factor alpha receptor (PDGFRα) (BD Pharmingen, 1:100). We 

verified specificity of the immunolabelling by omitting the primary antibody or by 

staining with isotype IgGs. Specificity of the CathA antibody was confirmed on 

fibroblasts from 2 infantile-onset galactosialidosis patients and 2 controls. After 

staining with secondary antibodies (Alexa 488-, and 568-tagged; Molecular Probes, 

1:400), we counterstained sections with 4’,6-diamidino-2-phenylindole (DAPI) (10 

ng/ml, Molecular Probes). Immunopositivity on paraffin-embedded material was 

detected with 3,3’-diaminobenzidine as chromogen. Sections were photographed 



 

using a Leica DM6000B microscope (Leica Microsystems BV). For electron 

microscopy (EM) analysis, specimens were fixed in 4% glutaraldehyde, post-fixed 

in osmium tetroxide and further conventionally processed. Ultrathin section were 

stained with uranyl acetate and lead citrate and analyzed at 60kV with a FEI CM10 

transmission electron microscope.  

 

SDS-PAGE and Western blotting 

To obtain cytoplasmic lysates of patients, controls with sporadic SVD and non-

neurological controls, we homogenized approximately 0.5 mg of white matter in 

lysis buffer containing 20mM Tris (pH 7.4), 100mM potassium acetate, 3mM 

magnesium acetate, 1.5% IGEPAL (NP-40), 0.2mM EDTA, 1.5% sodium 

deoxycholate, 20mM N-ethylmaleimide, and protease inhibitors (Roche). Samples 

were centrifuged (10.000xg, 10 minutes, 4˚C) and the supernatant was transferred 

into a pre-chilled 1.5 ml eppendorf tube. We performed Bradford assays to quantify 

total protein per sample. Samples for reducing and non-reducing SDS-PAGE were 

prepared by mixing 100ug of total protein and Laemmli sample buffer with or 

without beta-mercapto-ethanol. Samples were heated (5 minutes, 56˚C) and 

loaded onto 10% polyacrylamide gels prepared with 0.5% 2,2,2-trichloroethanol 

(TCE [Ladner et al., 2004]). We visualized proteins in the gel by ultraviolet 

exposure, which initiates a TCE-dependent tryptophan photoreaction (ChemiDoc, 

Bio-Rad). We assessed protein integrity of the sample and quantified the signal as 

a measure for total protein amount (loading control; Image Lab 3.0 software). Gels 

were transferred overnight at 30V (0.10A) onto Immobilon-P membranes 

(Millipore). Membranes were blocked in Tris-buffered saline with 5% non-fat milk 

and 0.1% Tween at room temperature and incubated with primary antibodies 

overnight. Immunoreactive proteins were visualized with an HRP-conjugated 

secondary antibody and SuperSignal Femto kit (Pierce) using an ODYSSEY Fc 

Dual-mo imaging system (LI-COR; chemiluminescence channel). Immunoreactive 

protein bands were quantified and the signal corrected for the amount of TCE 

signal on the membrane. The MBP Western blot was performed as previously 

described (Bugiani et al., 2013). 

 

 



 

 

Supplementary figure 1. Pedigree of the family 

 

 

 

 

 

 

 

 

 

 

 

Simplified pedigree of the family. The 22 individuals included in this study are indicated by a pedigree 

number. The 2 arrows point to the index patients. Solid black symbols indicate patients diagnosed by 

MRI. Open symbols, without a question mark indicate unaffected individuals. Gray symbols indicate 

individuals in whom no brain MRI was available but who showed clinical signs of the disease. A 

question mark means an unknown status. A number in a symbol indicates multiple individuals. A 

deceased individual is indicated by a symbol with a stripe. Segregation of the CTSA and TTPAL variant 

is shown by – (absence of the variant) and + (presence of the variant). 

 



 

 

Supplementary table 1. WES statistics, variant filtering and gene identification  

Sequencing statistics 

Subject   IV3   IV5   IV13  

Reads   97.26 M   50.72 M   66.21 M  

Reads on target  60.67 M   32.97 M   42.15 M  

Percent  62.38%   65%   63.66%  

Target bases with dept.: >10x >20x >30 >10x >20x >30 >10x >20x >30 

 98% 95% 91% 93.4% 85% 73.9% 96.2% 89.4% 77.2% 

Variant filtering 

Total variants of all subjects combined 63075 

Excluding segmental duplications & variants located on X chromosome 53390 

Frequency filter (a), excluding variants with MAF > 0.001 (0.1%) in the 1000 

Genomes database, EVS database and dbSNP database 

2790 

Inheritance, including variants with autosomal dominant inheritance (b) 114 (57 unique) 

In-house control, excluding variants present in in-house control database 3 unique 

Pathogenicity, excluding synonymous variants 2 unique 

Identified genes 

Gene Effect c. DNA Protein Chromosome Conservation Pathogenicity 

(c) 

Confirmed 

(d) 

Segregation 

(d) 

CTSA missense c. 922C>T Arg308Cys 20q13 up to c. elegans damaging yes yes 

TTPAL missense c. 544G>A Gly182Arg 20q13 up to fruit fly damaging yes yes 

 

Nomenclature according to Human Genome Variation Society (HGVS) (http://www.hgvs.org/mutnomen). (a)Three public variant databases used: 1) dbSNP137 

(http://www.ncbi.nlm.nih.gov/projects/SNP), 2) 1000 Genomes Project (released February 2012), 3) Exome Variant Server (EVS), National Heart, Lung and 

Blood Institute GO Exome Sequencing Project (ESP5400 released) (http://evs.gs.washington.edu/EVS/). (b) Autosomal dominant inheritance defined as 

heterozygous variant (≥32% and ≤ 69% of the reads harboured the alternative allele) present in both affected family members and not in a 

heterozygous/homozygous state in unaffected individual. Only variants reliable interpretable with minimal coverage of 5 reads in both affected individuals were 

considered. (c) Pathogenicity prediction of variants calculated with SIFT (Ng & Henikoff, 2001), PolyPhen-2 (Adzhubei et al., 2013) and MutationTaster (Schwarz 

et al., 2014). (d) Investigated with Sanger sequencing. 



 

 

Supplementary table 2. MRI features 

Patient number III1 (a) III2 (a) III4 III5 III6 III9 

Year of birth, gender 1935, f 1935, f 1937, f 1941, m 1945, f 1954, f 

Age most recent MRI (years) 67 71 73 69 65 56 

Cerebral WM abnormalities confluent confluent mainly confluent confluent 
confluent and 

multifocal 

confluent and 

multifocal 

Predominance WM abnormalities 

frontoparietal, 

periventricular  

& deep 

frontoparietal, 

periventricular  

& deep 

frontoparietal, 

periventricular  

& deep 

frontoparietal, 

periventricular  

& deep 

frontoparietal, 

periventricular  

& deep 

frontoparietal, 

periventricular  

& deep 

T2 signal abnormalities of:       

   Anterior temporal WM only periventricular only periventricular only periventricular only periventricular only periventricular only periventricular 

   Corpus callosum  inner blade inner blade inner blade inner blade inner blade inner blade 

   Internal capsule  + + + + + 
+, only  

posterior limb 

   External capsule + + + + + + 

   Cerebral cortex   - - - apart from infarct - apart from infarct - - 

   Thalamus  + + + + +, few foci + 

   Putamen + + + + +, few foci + 

   Caudate nucleus + + + + +, few foci + 

   Globus pallidus  + + + + +, few foci + 

   Cerebellar WM 

+, hilus of dentate 

nucleus & deep 

WM 

+, hilus of dentate 

nucleus & deep 

WM 

- - - - 

   Cerebellar cortex  - - - - - - 

   Dentate nucleus  - - - - - - 

   Midbrain   + + + + + - 

   Pons  + + + + + + 

   Medulla   + + - + - - 



 

 

Supplementary table 2 (cont.). MRI features 

Patient number III1 (a) III2 (a) III4 III5 III6 III9 

Atrophy:       

    Enlargement lat. ventricles +, mild +, mild +, mild - +, mild +, mild 

    Enlargement subarachnoid  

    spaces 
+, mild +, mild +, mild +, right parietal +, mild - 

Enlarged perivascular spaces 
+, basal nuclei and 

dentate nucleus 
+, basal nuclei +, basal nuclei - 

+, basal nuclei, 

thalami 
+, basal nuclei 

Microbleeds (b) NI 

14, cerebellum, 

pons, midbrain, 

basal nuclei, 

thalami, cerebral 

WM 

NI 

4, thalamus, deep 

white matter, basal 

nuclei 

NI - 

Small cystic infarct - 
2, basal nuclei left, 

cerebral WM right 

2, basal nuclei left, 

cerebral WM right 

1, cerebral WM 

right 
- - 

Larger infarct 
1, cerebellum right 

(small) 
- 1, occipital right 

2, temporoparietal 

right and occipital 

left (small) 

- - 

Hemorrhage - 
1, basal nuclei 

right 
- - - - 

Restricted diffusion (c) NI NI - - - - 

Contrast enhancement - NI NI - NI NI 

Magnetic resonance angiogram NI NI NI NI NI NI 

MTA score (d) n.i. (prob. 0) (e) 1 0 0 n.i. (prob. 0) (e) 0 

Cerebral WM abnormalities mainly confluent confluent and 

multifocal 

mainly confluent confluent and 

multifocal 

confluent and 

multifocal 
 

 



 

 

Supplementary table 2 (cont.). MRI features 

Patient number IV3 IV8 (a) IV9 IV13 IV6  

Year of birth, gender 1955, f 1958, f 1959, f 1961, f 1964, f  

Age most recent MRI 55 53 51 48 46  

Predominance WM abnormalities frontoparietal, 

periventricular 

& deep 

frontoparietal, 

periventricular 

& deep 

frontoparietal, 

periventricular 

& deep 

frontoparietal, 

periventricular 

& deep 

frontoparietal, 

periventricular 

& deep 

 

T2 signal abnormalities of:       

   Anterior temporal WM only periventricular only periventricular only periventricular only periventricular only periventricular  

   Corpus callosum  - inner blade inner blade inner blade -  

   Internal capsule  +, only posterior 

limb 

+, only posterior 

limb 

+ +, only posterior 

limb 

+, only posterior 

limb 
 

   External capsule  + + + + +  

   Cerebral cortex  - - - - -  

   Thalamus +, mild + +, mild + +, mild  

   Putamen +, mild +, mild +, mild + +, mild  

   Caudate nucleus +, mild +, mild +, mild + +, mild  

   Globus pallidus +, mild +, mild +, mild + +, mild  

   Cerebellar white matter - - +, hilus of dentate 

n. 

- - 
 

   Cerebellar cortex  - - - - -  

   Dentate nucleus - - - - -  

   Midbrain + + + + +  

   Pons  + + + + +  

   Medulla  - + + - -  

       

       

 



 

 

Supplementary table 2 (cont.). MRI features, continued 

Patient number IV3 IV8 (a) IV9 IV13 IV6  

Atrophy:       

    Enlargement lat. ventricles - +, mild +, mild +, mild -  

    Enlargement subarachnoid  

    spaces 

- +, mild - - - 
 

Enlarged perivascular spaces +, basal nuclei, 

thalami, cerebral 

WM 

+, basal nuclei 

(few) 

+, basal nuclei +, basal nuclei 

(few) 

- 

 

Microbleeds (b) NI 1, basal nuclei left NI - NI  

Small cystic infarct - 1, recent, deep 

parietal WM left 

- 1, parietal WM 

right 

- 
 

Larger infarct 1, cerebellum right 

(small) 

- - - - 
 

Hemorrhage - - - - -  

Restricted diffusion (c) NI +, deep parietal 

WM left 

- - - 
 

Contrast enhancement NI - NI NI NI  

Magnetic resonance angiogram NI NI NI normal NI  

MTA score (d) 0 0 0 1 0  
 

(a) Deceased and pathology information available. (b) Gradient-echo images were used to identify microbleeds. (c)
 
Diffusion-

weighted images and apparent diffusion coefficient maps were used to assess the presence of restricted diffusion. (d) MTA = 

Medial temporal lobe atrophy score based on Scheltens visual rating scale. (e) No coronal images available for scoring. WM = 

white matter; NI, not investigated; + = T2 signal abnormality; - = normal T2 signal; f = female; m = male; lat., = lateral; prob. = 

probably. 



 

 

Supplementary table 3. Clinical features 

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6 

Total in 

patients 

Total in 

healthy 

family 

members 

History             

Initial motor 

and cognitive 

development 

normal normal normal normal normal normal normal normal normal normal 10/10 10/10 

Onset             

Age at first 

symptoms (y) 
65 51 69 68 42 unknown 32 30 47 44 50 none 

First 

symptoms 

vertigo 

imbalance 

brain 

hemor-

rhage 

brain 

infarct 

small 

brain 

infarct 

TIAs 

memory 

deficit 

headache 

headache 

balance 

problems 

lack of 

energy 

stiffness 

sinus 

thrombo-

sis 

hyperten-

sion 
  

Symptoms             

Age at 

interview (y) 
† † 74 70 66 56 53 52 50 48 61 54 

Neurological             

Clinical stroke 

/ TIA 
no/no yes/yes yes/no yes/no no/yes no/no no/no no/no no/no no/no 4/10 0/10 

Migraine with 

aura 
yes no no no no yes no no no yes 3/10 1/10 

Dysphasia no no no no no no no no no no 0/10 0/10 

Apraxia  yes yes no no no no no no no no   

Imbalance  yes yes no no no no yes yes yes no 5/10 0/10 

             



 

 

Supplementary table 3 (cont.). Clinical features 

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6 

Total in 

patients 

Total in 

healthy 

family 

members 

Other motor   

problems 
no no no no no no no no no no 0/10 0/10 

Epilepsy no no no no no no no no no no 0/10 1/10 

Cognitive (a)           8/10 0/10 

Memory loss yes yes no no yes, mild no yes, mild yes yes, mild yes, mild   

Poor 

concentration 
yes yes yes no no no yes no yes yes   

Psychological 

(a) 
          5/10 2/10 

Loss of  

interest 
yes no yes no no no no no yes no   

Depression yes yes no no no no yes no yes no   

Emotional 

lability 
no no yes no no no no no no no   

Vascular             

Hypertension yes yes yes no yes yes yes yes yes yes 9/10 2/10 

Number of 

drugs to      

control blood   

pressure 

2 2 2 none 2 1 2 2 1 3 2 1 

Thrombosis / 

Pulmonary 

embolism 

no/no no/no no/no no/no no/no no/no yes/no yes/yes yes/no no/no 3/10 0/10 



 

 

Supplementary table 3 (cont.). Clinical features 

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6 

Total in 

patients 

Total in 

healthy 

family 

members 

Venous  

insufficiency 

varices 

legs 
no no 

mild 

pitting 

edema 

no 
varices 

legs 

varices 

legs 

varices, 

pitting 

edema 

mild 

varices 

mild pitting 

edema 
7/10 4/10 

Internal             

Xerostomia &      

dysphagia 
yes no no no yes yes yes yes yes yes 7/10 0/10 

Renal 

function 

 

renal 

failure 
no 

kidney 

stones, 

nephre-

ctomy 

kidney 

stones 

kidney 

stones, 

nephre-

ctomy 

no no no 
kidney 

stones 
no 5/10 1/10 

Cardiac             

Infarct yes yes no no no no no no no no 2/10 0/10 

Other no no no no no no no no no no 0/10 1/10 

Eye             

Xerophtalmia yes yes yes no yes yes yes yes yes yes 9/10 0/10 

Other no no no no no no no no no no 0/10 0/10 

Muscle  

cramps 
legs 

fingers, 

legs 
no legs fingers fingers legs legs 

fingers, 

legs 
no 8/10 0/10 

Follow-up             

Slow 

regression 
yes yes yes no no yes yes yes yes no 7/10 0/10 

Death, y, 

(cause) 

75 

(infarct) 

75 

(illness) 
no no no no 

55 

(hepatitis) 

52 

(cancer) 
no no 4/10 0/10 



 

 

Supplementary table 3 (cont.). Clinical features 

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6 

Total in 

patients 

Total in 

healthy 

family 

members 

Vascular risk 

factors 
            

Diabetes  

type 2 
yes yes no no no no yes no no no 3/10 0/10 

Smoking 

(pack-years) 
yes (50) yes (NA) yes (30) no yes (41) yes (20) yes (NA) NA no yes (25) 7/10 5/10 

Cholesterol normal normal NA 
slightly 

elevated 
NA normal normal normal elevated 

slightly 

elevated 
3/8 0/10 

Alcohol (max. 

units /  week) 
no no yes (14) no yes (14) yes (21) yes (14) NA no yes (14) 5/9 8/10 

Laboratory, 

normal 
            

ß-galacto-

sidase (b) 
NI NI NI NI NI 247 NI NI 246 NI 

normal:150-330 

nmol/hr/mg 

Neuramini-

dase-1 (b) 
NI NI NI NI NI 540 NI NI 1240 NI 

normal: 800-2800 

pmol/hr/mg 

Carboxypep-

tidase (b) 

 

NI NI NI NI NI 118 NI NI 121 NI 
normal: 72-166 

nmol/m/mg 

 

 

 



 

 

Supplementary table 3 (cont.). Clinical features 

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6   

Age at last 

examination 

(y) 

70 NI 74 68 66 56 53 52 50 47   

MMSE NI NI 30/30 30/30 27/30 30/30 22/30 NI 26/30 29/30   

Fundus, 

vision, eye 

movements 

normal NI normal normal normal normal normal normal normal normal   

Central VII 

paresis 
no NI no no no no yes no yes no   

Hearing normal NI normal normal normal normal normal normal normal normal   

Dysarthria no NI no no no no yes no no no   

Upper limbs             

Tone normal NI normal normal normal normal normal normal normal normal   

Reflexes normal NI normal normal normal normal low normal normal normal   

Spasticity no NI no no no no no no no no   

Muscle 

weakness 
no NI no no no no no no no no   

Ataxia no NI no no no no no 
mild 

tremor 
no no   

Extrapyrami-

dal signs 
no NI no no no no no no no no   

Sensory normal NI normal normal normal normal 

decrease 

gnostic 

sensibility 

normal 

mild 

decrease

gnostic 

sensibility 

normal   



 

 

Supplementary table 3 (cont.). Clinical features   

Patient 

number 
III1 III2 III4 III5 III6 IV3 IV8 IV9 IV13 IV6   

Lower limbs             

Tone normal NI normal normal normal normal normal normal normal normal   

Reflexes normal NI L > R L > R R > L normal low low normal normal   

Babinski sign yes NI no no no no no no no no   

Spasticity no NI no no no no no no no no   

Muscle 

weakness 
yes, mild NI no no no no yes no no no   

Cerebellar no NI no no no no no 
mild 

tremor 
no no   

     

Extrapyrami-

dal signs 

no NI no no no no no no no no 

 

 

Sensory 

decrease 

gnostic 

sensibility 

NI 

decrease

gnostic 

sensibility 

normal normal normal 

decrease

gnostic 

sensibility 

mild 

decrease

gnostic 

sensibility 

mild 

decrease

gnostic 

sensibility 

normal   

Gait 

unstable, 

only with 

support 

NI normal normal normal normal 
wheel-

chair dep. 

stiff and 

unstable 

mildly 

unstable 
normal   

General              

Lack of 

periorbital fat 
NI NI yes yes yes yes yes yes yes yes   

Venectasies 

fingers 
NI NI yes no yes minimal yes yes yes no   

Varices  NI NI no no no yes yes yes yes no   

Supplementary table 3. 

Clinical features. †: 

deceased. (a) Subjective 

assessment, no formal 

neuropsychological test 

performed. (b) Measured 

in leukocytes. y = year; 

TIA = transient ischemic 

attack; max. = maximal; 

NI = not investigated; NA 

= not available; MMSE = 

minimal mental state 

examination.  

nmol = nanomole; mg = 

milligram; hr = hour; m = 

minute. 



 

 

Supplementary table 4. Minimal haplotype shared by ADLAVA patients and not 

shared by unaffected family members 

 

 

 

Results of 13 microsatellite markers of 2 patients and 2 unaffected family members are shown. 

Microsatellite markers overlapping in all 4 individuals are highlighted in orange. The smallest haplotype 

shared by all affected individuals, and not shared by unaffected individuals is bracketed by two double 

horizontal lines (D20S46-D20S891). Markers highlighted in gray were not informative. Physical genomic 

location CTSA gene: 44519591-44527459, and TTPAL gene: 43104526-43123244. 

 

 

 

 

 

Microsatellite 

Marker 

B37, physical 

position 
IV5 (unaffected) III7 (unaffected) IV13 (affected) III5 (affected) 

 Chromosome 20         

D20S108 40830457 208 227 219 208 208 227 219 208 

D20S46 41433472 194 200 194 194 184 204 194 194 

D20S96 42095436 145 132 145 132 145 132 145 132 

D20S861 42607372 113 113 120 113 113 113 113 113 

D20S454 43340833 204 200 204 208 203 200 203 208 

D20S119 43649051 316 319 316 319 316 316 316 319 

D20S481 43768281 232 236 236 236 240 220 240 236 

D20S838 44637396 125 125 138 142 125 125 125 142 

D20S856 44652722 179 179 179 192 179 179 179 192 

D20S836 44940373 166 176 176 174 172 172 172 174 

D20S891 45929596 231 229 229 236 231 231 231 236 

D20S866 47363395 216 195 210 199 216 195 216 199 

D20S75 47690674 214 195 203 203 214 197 214 203 
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