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LETTER

A Locus for Autosomal Recessive
Pseudoxanthoma Elasticum, with Penetrance of
Vascular Symptoms in Carriers, Maps to
Chromosome 16p!13.!
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Pseudoxanthoma elasticum (PXE) is a heritable systemic disorder characterized by calcification of the elastic
fibers of the connective tissue. Symptoms are predominantly noted in the eye, the skin, and the cardiovascular
system, resulting in visual loss, skin lesions, and life-threatening vascular disease. In this study we combined
homozygosity mapping and genome scanning with 374 markers in affected individuals from a PXE family from
a genetically isolated population in The Netherlands. Initial homozygosity in two or three patients was found
with up to 20 markers, among which D165292 located in 16p13.l. Upon refined and more extensive family
screening of the latter region, close linkage without recombination was found with the marker D16S764
(Zmax = 6.27). Despite clear autosomal recessive inheritance of the ocular symptoms in PXE, vascular symptoms

appear in 40%-50% of the heterozygotes.

Pseudoxanthoma elasticum (PXE) is a rare heritable
disorder of the connective tissue. Histopathological
findings show primarily calcification of the elastic
fibers, next to abnormalities of the collagen fibrils
(Hausser and Anton-Lamprecht 1991). The clinical
manifestation is highly variable with delayed onset
and variable expression of the symptoms within
families. Although the disease may affect many or-
gans, it characteristically involves the Bruch’s mem-
brane in the eye, the skin, and the vascular system
(Goodman et al. 1963; Neldner 1988a,b; Lebwohl et
al. 1993). Associated ocular findings include angioid
streaks, diffuse mottling of the retina referred to as
peau d’orange, optic nerve drusen, peripheral reti-
nal scars, as well as macular degeneration due to
leaking subretinal neovascularization (Bressler et al.
1987; Mansour et al. 1988). Affected individuals ex-
perience characteristic changes of the skin in the
neck region, described as “‘plucked chicken appear-
ance,” associated with loose and slightly thickened
skin. The skin lesions are generally not noted until

“Corresponding author.
E-MAIL A.Bergen@ioi.knaw.nl; FAX (+31)-20-6916521.

830 4 GENOME RESEARCH

the second or third decade and can be verified by a
skin biopsy. Cardiovascular involvement is com-
mon, and PXE patients typically present with arte-
riosclerosis, hypertension, and occlusive vascular
changes at young ages (Goodman et al. 1963; Leb-
wohl et al. 1993).

Although autosomal recessive inheritance is
most frequently found in PXE, autosomal dominant
segregation has been described as well. These differ-
ent entities are clinically indistinguishable (Christi-
ano et al. 1992; Lebwohl et al. 1994).

So far, no genes involved in PXE have been
identified. The elastin gene, one of the obvious can-
didate genes, has been excluded as the cause of PXE
(Raybould et al. 1994).

Here we report on the localization of a gene for
PXE on 16p, in a family from a genetically isolated
population in The Netherlands.

RESULTS

The diagnosis PXE in individuals from this pedigree
was based on the results of ophthalmological, der-
matological, and cardiovascular examinations.
Minimal criteria for the diagnosis of PXE were the
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presence of ocular signs of PXE (angioid streaks) in
combination with at least typical skin lesions or vas-
cular signs indicating PXE. The high level of con-
sanguinity in this population and the absence of
transmission of the disease from parent to child in-
dicates autosomal recessive PXE. In view of the vari-
able expression and possible late onset of the disease
only affected individuals were included in the ge-
netic analysis. This resulted in the identification of
11 affected individuals, 20-57 years of age, derived
from 5 nuclear families that have been linked ge-
nealogically. The clinical findings for these indi-
viduals are summarized in Figure 1.

An initial genome-wide screen with microsatel-
lite markers evenly spaced every 10-15 cM was con-
ducted on the DNA of three of the affected individu-
als (VI-1, VI-5, and VI-9). In the course of screening
374 markers, up to 20 genomic regions were found
to be homozygous in at least two affected individu-
als and were tested further in all 11 affecteds. A
marker on chromosome 16p (D16S292) was found
to be homozygous in two of the three patients. Fur-
ther analysis with markers from this region resulted
in the finding of homozygosity in affected individu-
als for the markers D16S3079, D16S764, D16S3103,
and D16S3017 slightly distal to D16S292. The most

A LOCUS FOR PXE MAPS TO 16r13.1

likely order of these markers is derived from on-line
genetic and physical mapping data, in combination
with our own data (not shown): Tel-D16S292-
D16S3079-D16S764—(D16S3103/D16S3017)-Cen.
Two-point linkage analysis revealed close linkage
without recombination between the PXE locus and
the marker D16S764, with a maximum lod score of
6.27 (Table 1). Multipoint linkage analysis placed
the PXE locus in between the markers D16S3079
and D16S3103.

An example of the segregation of the markers in
one of the nuclear families is shown in Figure 2. The
recombination event between D16S3079 and the
PXE locus is observed in individual V-10. Compari-
son of the haplotypes observed in the affected indi-
viduals of the pedigree resulted in the finding of five
different haplotypes that show extensive haplotype
sharing, as expected for a recessive locus in an iso-
lated population (Table 2). However, the only
marker shared among all individuals is allele 2 (112
nucleotides) of D16S764. The latter indicates that
ancient recombination events have occurred be-
tween the disease locus and both D16S3103 and
D16S3017. These results therefore place the PXE lo-
cus on chromosome 16p13.1, in a 3- to 4-cM region
between D16S3079 and D16S3103/D16S3017.

DISCUSSION

Both autosomal recessive and
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Figure 1 The PXE pedigree as used in the linkage analysis. To reduce calcula-
tion times only minimal links are included. The generation numbers are indicated
beneath each individual. The differential diagnoses per affected system—eye,
skin, or vascular system (vasc.), are represented by distinct symbols in the pedi-
gree. The asterisk (*) indicates a loop in the pedigree, which was included in the

lod score calculation.

dominant inheritance pat-
w2 terns have been observed pre-
viously in families with PXE.
This may be attributable to
e differences in penetrance of
the symptoms per system af-
fected. In the pedigree studied
wvaz  here, four out of the nine ob-
vious carriers, from whom
sufficient clinical data were
vis  available, have been diag-
nosed with vascular disease.
Thus, the disease described

Symbol definitions

E.] 2 :::a:::'tsc here has a genuine recessive
0 © v character for the skin and eye
A & o symptoms while the effect on
B @ oesn the vascular system is appar-

ently dominant with a pen-
etrance of 40%-50%. There-
fore, both dominant and re-
cessive forms of PXE could
possibly be caused by differ-
ent mutations in the same
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Table 1. Results from the Linkage Analyses

Recombination fraction
Marker Zmax  Omax  0.00 001 005 010 020 0.30 0.40
D16S764 6.27 0.00 6.27 6.10 556 459 299 162 0.59
D16S3079 2.99 0.03 —o0 278 295 260 171 091 0.32
D16S3103 4.70 0.03 171 455 460 409 283 161 0.60
D16S3017 2.93 0.03 —-0.29 2.70 2.91 2.60 1.76 0.96 0.35

gene. A similar situation has been found in the rho-
dopsin gene, in which different mutations cause ei-
ther dominant or recessive retinitis pigmentosa
(Sung et al. 1993; Kumaramnickavel et al. 1994). A
detailed clinical study of this pedigree will be pub-
lished separately (J. Swart and N. Tijmes, in prep.).

Previous linkage analyses in genetic isolates
showed that homozygosity mapping is a powerful
tool to fine-localize recessive disease genes (Nikali et
al. 1995, van Soest et al. 1996). Using this method
we mapped the PXE gene between markers
D16S3079 and D16S3103, in a region of 3-4 cM on
chromosome 16p13.1. All affected individuals were
found to be homozygous for allele 2 of D16S764,
which has a frequency of only 20% in the Dutch
population (A. van Soest, unpubl.).

Physical mapping data in this region include a
single linked yeast artificial chromosome (YAC)
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Figure 2 One of the nuclear families with PXE. Gen-
eration numbers refer to the position of these individu-
als in the pedigree (Fig. 1). The individuals labeled N
were not included in the genetic analysis and are pre-
sented here to complete segregation data. The mater-
nal haplotype was inferred. The order of the markers
from top to bottom: D16S3079, D16S764, D165S3103,
and D16S3017.
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contig and radiation hybrid mapping data, which
have been used to place genes and expressed se-
quence tags (ESTs) on the physical and genetic map.
A number of these expressed sequences may be con-
sidered as candidate genes. For instance, the gene
for the human multidrug resistance-associated pro-
tein (MRP) was mapped in between markers
D16S3062 and D16S3103 using the G3 radiation hy-
brid panel (SHGC). This gene belongs to the super-
family of ATP-binding cassette (ABC) genes (Allik-
mets et al. 1996). A retina-specific member of this
superfamily of specific transporters (ABCR) was re-
cently found to be mutated in individuals with Star-
gardt macular dystrophy (Allikmets et al. 1997). An-
other candidate may be the pM5 gene, which maps
to the same chromosomal region and codes for a
cDNA that shows homology, at the DNA level, to
conserved regions of the collagenase gene family
(Templeton et al. 1992). Collagen is a major com-
ponent of the connective tissue and disruption of
the collagen metabolism may have a role in PXE
(Hausser and Lamprecht 1991; Lebwohl et al. 1993).
Besides these candidate genes a number of uniden-
tified transcripts have been mapped to the disease
gene region, possibly being parts of the PXE gene.
Identification of the gene causing PXE, which is as-
sociated with life-shortening vascular disease, may
lead to an increase in the understanding of the

Table 2. The Different Haplotypes
Observed in the PXE Pedigree

Haplotype
Marker A B C D E
D16S3079 4 4 4 5 4
D16S764 2 2 2 2 2
D16S3103 3 3 4 3 4
D16S3017 3 4 2 3 3
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mechanisms behind the variety of symptoms ob-
served in pseudoxanthoma elasticum and may pro-
vide some insight in the etiology of cardiovascular
diseases in general.

METHODS

Family Material

The PXE pedigree was ascertained through the register of ge-
netic eye diseases at the Netherlands Ophthalmic Research
Institute. Ophthalmological assessment (performed by N.
Tijmes and J. Swart) included visual acuity, slit-lamp exami-
nation, ophthalmoscopy, and fluorescein angiography. Der-
matological examination, in some cases including biopsy,
and cardiovascular examination, including electrocardio-
graph (ECG) were carried out by specialists in these fields.
Biopsies were taken from the skin in the neck from all patients
included in the linkage analysis. The detailed results of these
examinations are described elsewhere (J. Swart and N. Tijmes,

in prep.).

DNA Analysis

DNA was isolated from whole blood samples by standard pro-
cedures. PCR reactions were carried out essentially as de-
scribed elsewhere (Weber and May 1989; Bergen et al. 1993).
Briefly, reactions were performed in a 12-pul volume in the
presence of [a-*2P]dCTP. Products were run on polyacryl-
amide gels and visualized by autoradiography. Details con-
cerning primers used can be found in the Genome Data Base
or Genethon database. Statistical analyses were carried out
using the computer program LINKAGE package, version 5.04
(Lathrop and Lalouel 1984). To reduce calculation times, the
number of alleles was reduced to 3, with equal frequencies.
This leads to an underestimation of the evidence for linkage,
thus reducing the lod scores. The published frequencies for
the alleles associated with the disease locus are 0.05 for
D16S3079 (allele 4), 0.2 for D16S3103 (allele 3), and 0.24 for
D16S3017 (allele (3). For D16S764 the frequency for allele 2 in
the Dutch population is found to be 0.2 (S. van Soest, un-
publ.). A gene frequency of 0.0001 was used. Penetrance val-
ues for carriers were set to 0.00. The linkage analysis was car-
ried out on the pedigree as shown in Figure 1. For the dis-
played links in the generations I, II, Il and IV-1, IV-3, and
1V-6 no phenotypic information was included. All living fam-
ily members as displayed in Figure 1 were included in the
DNA analysis.
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