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Abstract
We report a patient with an undetermined
leucodystrophy associated with type 1A
oculocutaneous albinism (OCA). Type 1
OCA results from recessive mutations in
the tyrosinase gene (TYR) located in
11q14.3. The patient was found by FISH to
carry a deletion of at least the first exon of
the TYR gene on one chromosome and a
(TG) deletion at codon 244/245 on the
second chromosome. The existence of the
microdeletion suggested that a gene re-
sponsible for leucodystrophy was located in
the vicinity of the TYR gene. A combination
of a test of hemizygosity and contig map-
ping studies allowed us to map the gene
within a 0.6 cM region flanked by microsat-
ellite markers D11S1780 and D11S931.
(J Med Genet 2001;38:35–39)
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The leucodystrophies are a heterogeneous
group of rare hereditary diseases aVecting the
central nervous system (CNS). They display a
heredodegenerative process mostly aVecting
the white matter and leading to diVuse
demyelination of the CNS. Clinical evidence of
the diagnosis may be confirmed by brain imag-
ing (magnetic resonance imaging rather than
CT scanning), which shows characteristic
signal abnormalities in the white matter. The
cause of 36% of all leucodystrophies is

unknown since no specific biochemical or
genetic abnormality can be identified, thus
rendering the classification of patients into
homogeneous subgroups impossible.1 The di-
agnosis is therefore made by eliminating all
known abnormalities identified so far, such as
raised blood levels of very long chain fatty acids
in adrenoleucodystrophy, lysosomal enzyme
deficiency in urine and blood in Krabbe’s
disease, metachromatic leucodystrophy, and
Canavan’s disease, or proteolipoprotein muta-
tion in Pelizaeus-Merzbacher disease.2 A useful
approach towards identifying the genes in-
volved in these disorders is to search for chro-
mosomal rearrangements in patients. We re-
port a patient with an undetermined
leucodystrophy associated with type 1A oculo-
cutaneous albinism (OCA). Type 1A OCA
results from deficient catalytic activity of tyro-
sinase, the gene for which (TYR) is located in
11q14.3.3 This gene was found by FISH to be
deleted in the patient. The existence of the
microdeletion suggested that the gene respon-
sible for leucodystrophy in this patient was
located in the vicinity of the TYR gene. The
work presented here allowed us to map the
gene within a 0.6 cM region framed by micro-
satellite markers D11S1780 and D11S931.

Case report
The patient is the third and last son of
non-consanguineous French parents. The fam-
ily history is uninformative. The patient was
born at 38 weeks’ of gestation after an
uneventful pregnancy and delivery (birth
weight 3040 g). OCA was noted at birth since
there was total depigmentation of the skin, hair,
and iris associated with nystagmus. The patient
walked at 19 months. Speech was retarded. A
visual deficit was noted in early childhood, so
he was cared for in an institution for the
visually deficient. Mental retardation became
manifest later in childhood. At the age of 15
years, generalised epileptic episodes occurred,
requiring antiepileptic treatment. An electro-
encephalogram was abnormal and cranial
magnetic resonance imaging (MRI) showed
diVuse signals of increased intensity in the
white matter on T2 images typical of leuco-
dystrophy (fig 1). At the age of 18, mental
retardation was moderate (IQ=51). Examina-
tion showed diVuse hyperreflexia, slight
dysmorphism including bulbous nose and
prognathism, and gynaecomastia in addition to

Figure 1 Cranial MRI images of the patient. Note the almost symmetrical hyperintense
T2 changes throughout the periventricular regions, predominantly around the posterior
horns of the lateral ventricles.
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the above mentioned signs (fig 2). There was
no sign of peripheral demyelination on electro-
myography, which displayed normal signals.
P100 wave was absent on the left and very
altered on the right on visual evoked potentials
while somatosensory and auditory evoked
potentials were normal. No abnormalities were
found in standard laboratory investigations,
blood amino acids on chromatography,
VLCFA, phytanic acid, pipecolic acid, prista-
nic acid, or leucocytic lysosomal enzymes, clas-
sifying the leucodystrophy as undetermined.
OCA was classified as type 1 after a search for
tyrosinase activity in hair roots proved negative.

Material and methods
Informed consent was obtained from the
patient before inclusion in the study.

KARYOTYPING AND FLUORESCENCE IN SITU

HYBRIDISATION

Chromosome preparations were made from
peripheral blood cultures by conventional meth-
ods from the patient and his parents. High reso-
lution R banding was obtained by introduction
of 5-bromodeoxyuridine (BrdU) for 5.5 hours in
cell cultures, after thymidine synchronisation.4

A human tyrosinase recombinant ë phage,
ëhTyr34,5 containing the first TYR exon was
labelled with digoxigenin-11-dUTP using the
Dig-Nick-translation kit from Boehringer
Mannheim Inc. One hundred ng of the labelled
DNA was preannealed with 2.5 µg CotI DNA
(Gibco BRL) in a total volume of 10 µl
hybridisation mix (50% formamide, 2 × SSC,
10% dextran sulphate) containing 0.5 µl chro-
mosome 11 alpha satellite biotinylated probe
(Oncor Appligene) for 30 minutes at 37°C.
Hybridisation to denatured chromosomes was
done overnight at 37°C. Post hybridisation
wash was carried out at 72°C in 2 × SSC for
five minutes. Probe detection was performed
with a FITC conjugated mouse antidigoxin
antibody (Sigma) and cyanin 3 conjugated
extravidin (Cy3, Sigma). Using the fluores-
cence plus Giemsa modified method6 resulted
in a high resolution R banding pattern. After
UV exposure, a second round of signal ampli-
fication was performed with additional layers of
a rabbit antimouse FITC conjugated antibody
(Sigma) to amplify the TYR signal and a bioti-
nylated goat antiavidin antibody (Vector Labo-
ratories), shown by cyanin 3 conjugated extra-
vidin, to amplify the chromosome 11 alpha
satellite signal. Slides were mounted in antifade
solution (Vectashield, Vector Laboratories)
containing 4',6-diamidino-2-phenyl lindole
(DAPI) as a counterstain. Slides were analysed
on a Zeiss Axioskop microscope equipped with
a Pinkel filter set for visualisation of FITC,
Cy3, and DAPI fluorescence. Digital images
were recorded with a Photometrics cooled
CCD camera. Pseudocolouring and merging of
images were performed with the Mac Probe
3.3 software (PSI, League City, Texas).

PCR AMPLIFICATION AND SEQUENCING OF THE

TYROSINASE GENE

Primers P1 to P12 (Oligo Express, France),
used to amplify the tyrosinase exons, have been

previously described.3 5 The PCR procedures
involved a first step of 10 minutes at 95°C to
activate the AmpliTaq Gold DNA polymerase
(Perkin Elmer), which was followed by 35
cycles of heat denaturation for 30 seconds at
94°C, annealing for 30 seconds at various tem-
peratures (exon 1, 50°C, 1 mmol/l MgCl2;
exons 2, 3, 4, 50°C, 1.5 mmol/l MgCl2; and
exon 5, 55°C, 2.5 mmol/l MgCl2), and
extension at 72°C for one minute. The reaction
ended with a five minute extension step at
72°C. The reaction buVer contained 1 mmol/l
of each oligonucleotides, 0.2 mmol/l dNTPs,
and 1 U of AmpliTaq Gold, in a 25 µl reaction.
Amplification was carried out using an Omni-
gene Thermal Cycler (Hybaid).

PCR products were purified with the
QIAquick PCR purification kit (QIAGEN)
according to the manufacturer’s instructions
and were sequenced using the dRhodamine
Terminator Cycle Sequencing Ready Reaction
kit (Perkin-Elmer), on an ABI377 automatic
sequencer (Applied Biosystems). The DNA
sequencing reactions were performed with the
primers used for amplification, except for exon
1 for which two additional internal primers
(1PA and 1PB) were used.3

TEST FOR HEMIZYGOSITY

The test for hemizygosity was performed with
eight polymorphic microsatellite markers
mapped in the vicinity of the TYR locus,
according to the Marshfield Map (http://
www.marshmed.org/genetics/). Genomic DNA
from the patient and his parents was amplified
with 6-FAM labelled primers corresponding
to microsatellites D11S931, D11S1342,
D11S1354, D11S1358, D11S1367,
D11S1780, D11S1887, and D11S4082. PCR
parameters and cycling conditions were opti-
mised for each marker and are available from
the authors on request. Fragment length analy-
sis was performed on an ABI377 automatic
sequencer (Applied Biosystems) using the
GeneScan software.

Results and discussion
KARYOTYPING AND FLUORESCENCE IN SITU

HYBRIDISATION

High resolution prometaphase karyotypes were
normal for the patient and his parents. High
resolution prometaphase chromosomes were
hybridised with both a chromosome 11 alpha
satellite probe and the ëhTyr34 probe that con-
tains the 5' region of the TYR gene, including
exon 1.5 The results obtained showed that TYR
maps to band 11q14.3 (data not shown), thus
refining previous mapping data reported by oth-
ers in lower resolution FISH experiments7 8 and
confirming our contig mapping data.3 FISH
analysis of the patient’s chromosomes showed
the existence of a de novo microdeletion in
11q14.3 (fig 3). The patient’s parents did not
carry the microdeletion (data not shown).

IDENTIFICATION OF THE SECOND TYR MUTATION

RESPONSIBLE FOR OCULOCUTANEOUS ALBINISM

Since OCA1A is an autosomal recessive trait,
the second causative mutation was searched for
by direct sequencing of the five TYR exons. A

Figure 2 Patient’s front
view. Note the total
depigmentation of the hair,
eyebrows, and eyelashes as
well as the slight
dysmorphism with bulbous
nose and prognathism.
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two base pair (TG) deletion in codons 244/5 of
the first TYR exon was found (fig 4), which
produces a shift in the reading frame leading to
a stop codon. This mutation was already
described in a patient with OCA1A.9 The
mutation was inherited from the father, imply-
ing that the 11q14.3-q21 deletion had there-
fore occurred on the maternal chromosome.

REFINED MAPPING OF THE DELETION BREAKPOINT

REGION

In order to evaluate the extent of the deletion,
a test for hemizygosity was performed using
eight microsatellite markers located in the
11q14.3 region. The order of the markers on
the Marshfield integrated map was: cen -
D11S1354 - D11S4082 - D11S1887 -
D11S1780 - D11S931 - D11S1367 -
D11S1342 - D11S1358 - tel. Owing to uncer-
tainties about marker order in other databases,
a PCR based STS analysis of these markers was
performed on a previously constructed YAC
contig encompassing about 2 Mb of the region
of interest, on which TYR, D11S931,
D11S1342, and D11S1358 were already
mapped.3 Data presented in fig 5 indicate that
D11S1367 maps immediately proximal to
TYR, probably within 100 kb of the 5' end of
the gene as estimated on the basis of the YAC
insert sizes. This result is at variance with the
Marshfield map order. The absence of markers
D11S1354, D11S4082, D11S1887, and
D11S1780 on the YACs indicates that these
markers are centromeric to D11S1367 and are
distant from this marker by at least 300 kb.
Altogether, our data suggest that the order of
markers is cen - D11S1354 - D11S4082 -
D11S1887 - D11S1780 - D11S1367 - TYR -
D11S931 - D11S1342 - D11S1358 - tel.

A test of hemizygosity was performed using
this map as a framework. Results presented in
table 1 show that D11S1367 was deleted in the
patient, whereas D11S1887, D11S1780,

Figure 3 FISH analysis of the patient’s peripheral blood
lymphocytes. The digoxigenylated phage ëhTyr34 and the
biotinylated chromosome 11 alpha satellite probes were
detected with a FITC conjugated antidigoxin antibody and
Cy3 conjugated extravidin, respectively. Metaphase showing
only the chromosome 11 alpha satellite signal (arrow) and
both ëhTyr34 and chromosome 11 alpha satellite signals on
the normal chromosome 11 (arrowhead).

Figure 4 Sequence analysis of the TYR gene exon 1. Alignment of sequences for the patient (lane 4) and his parents (lane
2 father, lane 3 mother) compared to the TYR exon 1 reference sequence (lane 1) is shown. The sequencing reaction was
performed using primer P1B.2 The arrows indicate the deletion observed in the patient and his father.
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D11S931, D11S1342, and D11S1358 were
not. The absence of a maternal allele at
D11S1367 confirmed that the deletion had
occurred on the maternal chromosome, as
already indirectly indicated by the inheritance
of the TYR exon 1 (TG) deletion at codon
244/245 from the father.

In summary, our data indicate that the dele-
tion found in the patient is framed by markers
D11S1780 on the proximal side and by
D11S931 on the distal side, a region estimated
at about 0.6 cM on the Marshfield map.

Conclusion
We describe a patient with a de novo 11q14.3
microdeletion presenting with both oculocuta-
neous albinism type 1 and leucodystrophy.
The deletion was characterised at the molecu-
lar level both by FISH using a TYR probe
containing the first exon of the gene and by
showing hemizygosity at D11S1367. Accord-
ing to our physical mapping data, we estimate
that TYR and D11S1367 are separated by
about 100 kb. The closest non-deleted mark-
ers found in the patient are D11S1780 and
D11S931 (0.6 cM). Our data therefore
suggest that a new gene responsible for
leucodystrophy is present in 11q14.3. Accord-
ing to our contig mapping data (fig 5), the size
of the deletion interval is larger than 1.4 Mb
(distance between D11S931 and the end of
the 12GE1 YAC). The extent of the deletion
needs further characterisation in order to
search for candidate genes and identify the
gene responsible for leucodystrophy in this
patient. More than 40 ESTs and genes are
located in the critical region but their exact
position on the map, especially their presence

or absence in the deleted region, remains
unknown. Attention will be particularly given
to the genes and ESTs that are expressed in
the brain, such as embryonic ectoderm devel-
opment protein (EED), mitochondrial
NADP(+) dependent malic enzyme 3 (ME3),
and chapsyn-110 (DLG2). The cathepsin C
gene, which encodes a lysosomal protease
expressed in the brain, is another candidate,
since most leucodystrophies of known cause
are lysosomal diseases.3 Although the cathep-
sin C gene was recently identified as responsi-
ble for Papillon-Lefèvre syndrome,10 its poten-
tial role in the leucodystrophy of our patient
will also be investigated.
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Table 1 Test for hemizygosity using microsatellite markers
from the 11q14 region

Microsatellite
markers

Allele size (bp)

Comment*Father Mother Patient

D11S1354 169/179 179/179 179/179 NI
D11S4082 123/127 123/125 123/123 NI
D11S1887 267/275 261/261 267/261 ND
D11S1780 183/191 173/189 191/189 ND
D11S1367 227/231 227/233 231/— D
D11S931 266/266 261/266 266/261 ND
D11S1342 261/265 263/263 261/263 ND
D11S1358 144/146 137/144 137/144 ND

Allele sizes are indicated in bp for each marker.
*ND: not deleted, NI: not informative, D: deleted.
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