
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Molecular biology and pharmacogenetics of x-linked adrenoleukodystrophy

Kemp, S.

Publication date
1999

Link to publication

Citation for published version (APA):
Kemp, S. (1999). Molecular biology and pharmacogenetics of x-linked adrenoleukodystrophy.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/molecular-biology-and-pharmacogenetics-of-xlinked-adrenoleukodystrophy(93219c91-4044-4e29-ba18-9b935182430a).html


Chapter 4 

ALDP expression in fibroblasts of patients with 
X-linked adrenoleukodystrophy 

Stephan Kemp,1 Petra AW Mooyer,2 Pieter A Bolhuis,1 Björn M van Geel,1 

Jean-Louis Mandel,3 Peter G Barth,1'2 Patrick Aubourg,4 and Ronald JA 

Wanders 

Departments of 'Neurology and Pediatrics, Academic Medical Center, Amsterdam, the 

Netherlands; 'institute de Génétique et Biologie Moléculaire et Cellulaire, CNRS-INSERM, 

Strasbourg, France; 4Unité 342 de L'INSERM, Hôpital Saint Vincent de Paul, Paris, France. 

Adapted from ALDP expression in fibroblasts of patients with X-linked 

adrenoleukodystrophy 

Journal of Inherited Metabolic Disease (1996) 19: 667-674. 

49 



Chapter 4  

Abstract 

The adrenoleukodystrophy gene encodes a peroxisomal integral membrane protein 
(ALDP) consisting of 745 amino acids with a molecular weight of 75 kDa. The 
ALDP probably is involved in the activation of saturated very long-chain fatty 
acids, the import of activated very long-chain fatty acids into the peroxisomes, or 
both. ALDP expression was studied in fibroblasts from 24 male X-ALD patients 
from 17 unrelated X-ALD kindreds. Four kindreds had an identical two base pair 
deletion. We report the absence of ALDP in 12 kindreds carrying nonsense 
mutations, frame shifts or amino acid substitutions in the carboxy terminus of 
ALDP, together accounting for 71% of the X-ALD kindreds. ALDP was present in 
five kindreds (29%) with amino acid substitutions in the amino terminal half of the 
protein; in two of these kindreds ALDP expression was reduced. The absence of 
truncated proteins suggests that the carboxy terminus has a function in the 
stabilization of ALDP. 

Introduction 

X-linked adrenoleukodystrophy (X-ALD; McKusick No. 300100) is an inherited 
disorder of peroxisomal ß-oxidation in which oxidation of saturated very long-chain 
fatty acids (VLCFA), notably tetracosanoic (C24:0) and hexacosanoic (C26:0) acid is 
deficient resulting in the accumulation of VLCFAs. The disease affects at least 1 in 
100,000 males and shows, even in the presence of the same genetic defect,1" a highly 
variable phenotypic expression. This phenotypic variation may be caused either by an 
autosomal modifier gene/'4 or by nongenetic factors." The two most frequent 
phenotypes are the rapidly progressive childhood cerebral ALD form (CCALD) and a 
milder form adrenomyeloneuropathy (AMN).6 Less frequently, patients manifest only 
adrenocortical insufficiency ('Addison-only" phenotype), or have neither neurologic 
symptoms nor endocrine deficiencies (asymptomatic or presymptomatic X-ALD). 

The ALD gene encodes a peroxisomal membrane protein (ALDP) of 745 
amino acid residues with significant homology to the human peroxisomal membrane 
protein PMP70.1'7'8 This latter protein is involved in peroxisome biogenesis and 
belongs to the ATP-binding cassette (ABC) superfamily of transporters. ALDP is a 
peroxisomal integral membrane protein.9 Its function remains to be established but 
may be at the level of uptake of activated VLCFA across the peroxisomal membrane. 
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In this paper we studied the expression of ALDP in 24 male X-ALD patients 
from 17 unrelated genetically characterized X-ALD kindreds, using the monoclonal 
antibody ID6. ' 

Materials and Methods 

Patients: Skin fibroblasts were obtained from 24 male patients with X-ALD from 17 unrelated 
kindreds. In 13 of these 17 kindreds, more than one male was affected. All patients had elevated 
levels of hexacosanoic acid (C26:0) in plasma, and an increased plasma hexacosanoic 
acid/docosanoic acid (C26:0/C22:0) ratio. Fourteen patients had AMN, five had CCALD, three 
patients suffered from the Addison-only variant and two patients had presymptomatic X-ALD 
(Table 1). In nine kindreds AMN was the only manifestation of central nervous system involvement, 
in three kindreds CCALD was the only phenotype, whereas in five kindreds both AMN and CCALD 
were identified. 

Figure I. Schematic representation of the X-ALD kindreds and the position of the mutations found 
in these kindreds (numbers refer to kindreds reference numbers). Upper box represents the linear 
ALDP, with the ATP-binding domain and the six transmembrane domains (cross-hatched boxes). 
The epitope of ID6 (dotted line) is indicated. Arrows represent the positions ofmissense mutations. 
Nonsense mutations and frame shifts are indicated as incomplete bars. Hatched boxes represent 
mutant amino acid stretches, located between the frame shift and the premature stop codon. 

Within this group of 17 unrelated kindreds 14 different mutations were found (see Table 1 
and Figure l).10 In one kindred (ALD#2), a single patient was identified with a de novo mutation, a 
deletion of one nucleotide at position 56 of the cDNA (with ATG = +1), leading to a frameshift and 
a stop codon at amino acid position 67. In three kindreds (ALD#9, 10 and 15), a nonsense mutation 
in exon 1 was found. In one kindred (ALD#1), a mutation in the splice acceptor site of exon 7 
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caused a frame shift, resulting in a stop codon immediately downstream of the mutation. " In four 
genetically unrelated kindreds (ALD#3, 4, 16 and 31), an identical two base pair deletion in exon 5 
of the ALD gene was identified." One kindred (ALD#11), had a deletion extending from exon 6 to 
exon 10.' Seven kindreds had missense mutations, of which four were found in exon 1 (ALD#7, 8, 
12 and 17), one in exon 3 (ALD#20), one in exon 8 (ALD#18), and one in exon 9 (ALD#32). 

Immunoblotting: Fibroblasts were cultured from skin biopsis in a standard medium containing F10 
(HAM), bovine calf serum (15% v/v), plus penicillin, streptomycin and amphotericin B (see 
references 13 and 14). Cells were harvested by trypsinization and stored at -80°C. Fibroblast lines 
were used between the 8th and 15th passage. All patients studied were from Dutch origin. On the day 
of the experiment fibroblasts were thawed in lysis buffer containing 20 rtiM Mops-NaOH (pH 7.4), 
0.25% (w/v) Triton X-100, 25 (xg/ml PMSF and 10 ug/ml leupeptin. Samples were homogenized by 
sonication (three cycles at 40 W with 45 seconds intervals at 4°C) followed by centrifugation 
(10.000 x gav, 5 min, 4°C). Protein contents were determined and fixed amounts of protein (50 u,g) 
were subjected to Polyacrylamide gel electrophoresis in the presence of 10% (w/v) SDS followed by 
blotting onto nitrocellulose. Filters were then placed in blocking buffer containing 0.1% (w/v) 
Tween 20 and 4% (v/v) normal goat-serum, followed by incubation for two hours at room 
temperature with monoclonal antibody 1D6,9 diluted 1:1000 in blocking buffer. Filters were washed 
five times with PBS/ 0.1% Tween and incubated with the secondary antibody (anti-mouse IgG) 
coupled to alkaline phosphatase. The chromogenic substrates nitro-blue-tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate were used for the detection of bound antibody. 

Immunofluorescence staining: Cells were seeded on glass cover slips and were washed twice in 
1% (w/v) BSA in PBS. Cells were fixed with 2% (w/v) paraformaldehyde in PBS supplemented 
with 0.1% (w/v) Triton X-100 for 20 min at room temperature. Free aldehyde groups were quenched 
by adding PBS containing 0.1 M NH4CI. Cells were then incubated for 45 min with primary 
antibody (either ID6 or anti-catalase)15 diluted 1:2000 in 1% BSA/ PBS. Subsequently, cells were 
incubated for 30 min with biotin-conjugated antiserum (rabbit IgG for catalase and mouse IgG for 
ID6), followed by incubation with streptavidin labelled with fluorescein isothiocyanate (FITC). 
After each incubation step the cells were washed with BSA/ PBS. The cover slips were mounted on 
microscopic slides in carbonate-buffered glycerol containing p-phenylenediamine. The fluorescent 
staining pattern was viewed with a Zeiss Axiovert 135 fluorescence microscope using an excitation 
wavelength of 450-490 nm. 

Results 

Fibroblasts from X-ALD patients and controls stained with antiserum against 
peroxisomal marker catalase showed a punctate staining immunofluorescence pattern, 
indicating the normal presence of peroxisomes in X-ALD patients (data not shown). 
To demonstrate the presence of ALDP we used the monoclonal antibody ID6. A 
similar punctate staining pattern as observed for catalase was seen in normal cells 
(Fig 2A) and in fibroblasts derived from X-ALD patients from kindreds ALD#8, 12 
and 20 (Fig 2B). Much fewer spots were observed in fibroblasts from X-ALD patients 
from kindreds ALD#7 and 17 (Fig 2C). No visible signal was present in the fibroblast 
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cell lines derived from patients belonging to the twelve remaining kindreds (Fig 2D 
and Table 1). 

Figure 2. Immunocytofluorescence staining of control fibroblasts and fibroblasts derived from X-
ALD patients. Immunofluorescence was performed using anti-ALDP monoclonal antibody ID6. (a): 
control fibroblasts, (b): ALDM2, 580G>C, Aspl94His (c): ALD#17, 3 WOT, Argl04Cys and (d): 
ALDM1, 1603-1991alt, FsPro534. 

Figure 3. Immunoblot analysis of ALDP in adrenoleukodystrophy cell lines (50 fig protein/lane). 
Position of the wildtype ALDP (75 kDa) is indicated. Numbers at the top of the figure represent the 
following types offiboblasts: lane 1, control; lane 2, ALD#2; lane 3, ALDM; lane 4, ALD#12; lane 
5, ALD#7; lane 6, control; lane 7, ALDM1; lane 8, ALD#9; lane 9, ALDMO; lane 10, control; lane 
11, ALDU32; lane 12, ALDU20; lane 13, ALDM8; lane 14, ALDM; lane 15, control. 
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The presence or absence of ALDP was also analyzed by Western blotting (Fig 
3). Results of Western blotting were in good agreement with the immunofluorescence 
staining pattern observed in each patient cell line (Table 1): ALDP was present at 
normal levels in kindreds ALD#8, 12 and 20 (lanes 3, 4 and 12), whereas a decreased 
amount was present in fibroblasts from patients belonging to kindreds ALD#7 (lane 
5) and ALD#17 (not included in Fig 3 but see Table 1). No staining was visible in the 
protein fractions derived from the remaining fibroblast lines (lanes 2, 7, 8, 9, 11, 13 
and 14). No mobility shifts were observed for kindreds ALD#1, 3, 4, 16, 31 and 11, 
whose frameshift mutations were found downstream of the ALDP part used to raise 
the monoclonal antibody (Fig 1). 

Discussion 

Recently Mosser and coworkers generated monoclonal antibodies against the ALDP.9 

One of these antibodies (ID6) was used to study the expression of ALDP in a series of 
Dutch X-ALD kindreds. In 12 of the 17 X-ALD kindreds (71%) studied with this 
monoclonal antibody, both the immunofluorescence staining of fibroblasts and 
Western blotting were negative. Immunocytochemical staining of fibroblasts with 
mutations leading to prematurely terminated proteins either caused by nonsense 
mutations or by small deletions leading to frameshifts were negative. The Western 
blots of the patients with nonsense mutations in exon 1 (ALD#9, 10 and 15) and 
patient ALD#2, with an early frameshift leading to a stop codon at amino acid 
position 67 were also negative. Mosser et al. described the absence of ALDP in seven 
X-ALD patients from France.9 However, five of these patients had intragenic 
deletions, ranging from 1.6 kb to 19.2 kb, and in at least three of these five patients no 
ALD mRNA could be detected (O, R and L; see reference 16), whereas all the 
patients included in our study had ALD mRNA. Since the RT-PCR method is not 
quantitative there may be large differences in the mRNA levels among the different 
patient cell lines. 

ALDP was present in five kindreds with mutations resulting in amino acid 
substitution in the amino terminal half of the protein. In case of mutations resulting in 
a reduced amount of ALDP (ALD#7 and 17), the amino acid substitutions may have 
had an effect on the structure of the protein: we found an introduction of proline at 
position 220 in kindred ALD#7, and cysteine at position 104 in kindred ALD#17. The 
cysteine residue at position 104 may form a new disulfide bond with the cysteine 
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residue at position 121, which is located in the putative third extraperoxisomal loop of 
the ALDP. 

Interestingly, no lower molecular weight material reactive with ID6 was 
observed on immunoblots from patients belonging to kindreds ALD#1, (3, 4, 16, 31) 
and 11, who all had mutations leading to a prematurely terminated ALDP, which 
would still be recognized by ID6 when expressed (see Fig 1). This suggests that the 
carboxy terminus of the protein is important for the stability of the ALDP. This 
hypothesis is supported by the observation that both missense mutations in the 
carboxy terminus of ALDP (ALD#18 and 32) lead to complete absence of ALDP. In 
contrast, in patients with missense mutations in exon 1 (ALD#7, 8, 12 and 17) and 
exon 3 (ALD#20) ALDP is present at normal levels or at a reduced level. 

Table 1: Overview of X-ALD kindreds included in this study 
Kindred Phenotype Mutation Amino Acid IMF Western 
ALD# cDNA ALDP Blot 
1 CCALD IVS6-2a>g fs Arg545 no1 no 
2 CCALD 56delC is Ala 19 no no 
3,4,16, 31 CCALD, AMN 1415delAG fsGlu471 no no 
7 AMN, Add.only 659T>C Leu220Pro reduced reduced 
8 AMN 4 4 6 0 A Serl49Asn yes yes 
9 AMN 4 6 9 0 T Glnl57stop no no 
10 Presmpt, CCALD 411G>A Trpl37stop no no 
11 AMN 1603-1991alt fs Pro534 no no 
12 CCALD, Add.only 5 8 0 O C Aspl94His yes yes 
15 AMN 5 4 3 0 A Tyrl80stop no no 
17 AMN 3 1 0 O T Argl04Cys reduced reduced 
18 AMN, Add.only 1825G>A Glu609Lys no no 
20 Presmpt 1 1 6 6 0 A Arg389His yes yes 
32 AMN 1 9 7 8 0 T Arg660Trp no no 
See also Materials & Methods and Figure 1. CCALD: childhood cerebral ALD, AMN: 
adrenomyeloneuropathy, Add.only: "Addison-only" phenotype, Presmpt: presymptomatic ALD. A 
few faint granules may be observed in some cells. Nucleotide numbers refer to EMBL database hf 
Z21876 (ATG at position 387 is nucleotide number +1). 

VLCFA assays in plasma and fibroblasts are inconclusive in approximately 
10% of obligate carriers,6'17 and the ALD gene is not yet routinely sequenced in 
females at risk for heterozygosity. In view of the X-linked expression of the ALD 
gene, and the fact that X-chromosomes are inactivated at random, half the population 
of cells derived from heterozygous females will express an ALDP carrying the 
mutation. When ALDP expression is known to be absent in male patients belonging 
to a certain kindred, immunofluorescence staining of fibroblasts may facilitate the 
identification of female carriers. Furthermore, early identification of male fetuses will 
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be possible as immunofluorescence and Western blotting can be performed in 
chorionic villus biopsy material. These relatively easy and sensitive techniques may 
thus improve prenatal diagnosis of X-ALD. It is important to emphasize that 
immunoblot and/or immunofluorescence analysis may only be used for prenatal 
diagnostic purposes when studies in cells from the index patient have shown ALDP to 
be absent. Furtermore, a mosaic partem should be observed in fibroblasts from the 
patient's mother upon immunofluorescence analysis. 

In 71% of the X-ALD kindreds the ALDP is not detectable, but within these 
kindreds both CCALD and AMN are expressed. Therefore, the hypothesis that the 
putative modifier gene will code for a protein that is functionally dependent or 
associated with ALDP is rather unlikely.18 

After completion of our experimental work a paper appeared by Watkins et al. 
who also studied the expression of ALDP in X-ALD fibroblasts. 'y The authors 
examined fibroblasts from 35 patients from 32 different kindreds from the USA and 
found no punctate immunoreactive material in 24 (69%) patients, which is almost 
identical with our value of 71% as reported in this paper. 
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