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We have investigated a consanguineous Iranian family with eight patients who suffer from mental
retardation, disturbed equilibrium, walking disability, strabismus and short stature. By autozygosity
mapping we identified one region with a significant LOD score on chromosome 9(p24.2–24.3). The
interval contains the VLDLR gene, which codes for the very low-density lipoprotein receptor. This protein is
part of the reelin signalling pathway, which is involved in neuroblast migration in the cerebral cortex and
cerebellum. A homozygous deletion encompassing VLDLR has previously been found to cause a syndrome
of cerebellar ataxia and mental retardation associated with cerebellar hypoplasia in the Hutterite
population known as dysequilibrium syndrome (DES). The reported deletion however, contains an
additional brain expressed gene of unknown function, whose involvement in the aetiology of the
phenotype could so far not be excluded. We screened the coding region of VLDLR for mutations in our
patients and found a homozygous c.1342C4T nucleotide substitution, which leads to a premature stop
codon in exon 10. This is the first report of a mutation in patients with DES that affects VLDLR exclusively,
confirming the central role of the very low-density lipoprotein receptor in the aetiology of this condition.
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Introduction
Dysequilibrium syndrome (DES, OMIM 224050) is a rare

autosomal recessive non-progressive cerebellar disorder

characterized by ataxia, mental retardation, cerebellar

hypoplasia andFin some patientsFstrabismus, seizures and

short stature.1 Previously, a homozygous B199kb deletion

encompassing the entire coding region of the VLDLR gene

was detected in several DES patients from the Hutterite

population in North America.2 As this deletion also

contains an additional brain expressed gene (LOC401491),

the authors could not entirely rule out the possibility that

this gene might also be contributing to the phenotype.

What is more, the size of the deletion did not allow

excluding the causal involvement of intergenic regulatory

elements. We now describe the detection of a homozygous

stop mutation in the VLDLR gene in a large consangui-

neous Iranian family with DES, providing the first evidence

that VLDLR deficiency is exclusively responsible for the

DES phenotype.
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Clinical report
The family was recruited within the framework of a

continuous collaborative project that aims at the elucidation

of the genetic background of mental retardation in Iran.3

The pedigree is shown in Figure 1. Eight family members

(IV:4; IV:5; IV:6; V:1; V:2; V:3; V:4; V:5) suffered from

moderate to severe mental retardation. They had either no

speech at all or spoke only few words. Motor development

was also retarded, they were able to sit independently

between the ages of 12 and 24 months, but no patient

could walk independently. All patients had strabismus and

a body height below the 25th centile; five patients had a

body height at or below the 3rd centile. Head circumfer-

ences were normal, and neither dysmorphic facial features

nor other malformations were observed. Seizures have not

been reported for any of the patients. Unfortunately, no

images of the brain by MRI or CT scan could be obtained,

and putative cerebellar hypoplasia can only be inferred

from the neurological defects. The clinical features are

summarized in Table 1.

Materials and methods
Sampling procedures and autozygosity mapping proce-

dures were carried out as described previously.3,4 All

investigations were carried out with the written consent

of the parents.

For VLDLRmutation screening, primer sequences (available

upon request) were generated for all coding and

adjacent splice site regions using the ExonPrimer software

(http://ihg.gsf.de/ihg/ExonPrimer.html). PCR amplification

was carried out using a standard touchdown PCR protocol.

After successful amplification PCR products were se-

quenced on an ABI sequencer (Applied Biosystems, Foster

City, CA, USA). For sequence analysis we used the

CodonCode Aligner software (CodonCode corporation,

Dedham, MA, USA).

Results and discussion
Autozygosity mapping in this family led to the identifica-

tion of a single linkage interval (one LOD down method),

on chromosome 9. This analysis was performed under the

assumption of autosomal recessive inheritance with com-

plete penetrance. The region on chromosome 9p24.2–

24.3, which comprised approximately 3.7Mb between the

flanking markers rs1532309 and rs4131424 contains the

VLDLR gene. As VLDLR has previously been implicated in

the aetiology of DES2 we selected it for mutation screening

and found a homozygous c.1342C4T nucleotide substitu-

tion (Figure 2), which introduces a premature stop codon

in exon 10 (R448X). This change cosegregates with the

disease and was excluded in 100 healthy Iranian controls

by PCR and sequencing.

VLDLR consists of 19 exons and encodes a 873 amino

acid receptor protein of the low-density lipoprotein

receptor superfamily.5 Two isoforms of the protein are

known, the full-length version (type I) and a version

lacking an O-linked sugar region (type II).6 Type I is mainly

distributed in heart and skeletal muscles with active fatty

acid metabolism, whereas VLDLR type II is predominant in

non-muscular tissue, including kidney, spleen, adrenal
Figure 1 Family pedigree. Filled symbols represent affected
individuals; an arrow indicates the proposita.

Table 1 Clinical characteristics

Patient Sex Age at examination MR Gait ataxia Strabismus Height (centile) OFCa (cm)

IV:4 M 31 Severe + + o3rd 53
IV:5 F 28 Moderate + + o3rd 52
IV:6 M 15 Moderate + + o3rd 52
V:1 M 27 Severe + + o25th 56
V:2 F 26 Severe + + 10th 53
V:3 M 23 Moderate + + 3rd 54
V:4 F 15 Moderate + + 5th 52
V:5 F 15 Moderate + + o3rd 50

aOccipitofrontal circumference.
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gland, lung, brain, testis, uterus and ovary, but not the

liver.7,8 Like the deletion carriers in the Hutterite family,2

our patients can be considered to lack a functional

VLDLR transcript, since the stop mutation we report

affects both isoforms. The differences in tissue distribution

together with divergent ligand specificity between the

two isoforms suggest that they play distinct roles in various

tissues and cells. As the DES phenotype comprises mostly

central nervous system features, it has to be assumed that

differences in compensation of VLDLR deficiency are

responsible for the functional integrity of the other

tissues. In the brain, VLDLR is part of the reelin signalling

pathway, which contributes to the correct regulation of

neuronal migration for example, by guiding neuroblast

migration in the developing cerebral cortex and cere-

bellum.9–11 As discussed previously by Boycott et al,2 a

possible explanation for the DES phenotype might there-

fore be that neurons in the cortex fail to distribute

normally after reaching their assigned layer, as observed

in Vldlr-deficient mice.12

In summary, we report the first DES family outside the

Hutterite population and our results show a deleterious

mutation that exclusively affects VLDLR in patients with

clinical features that are indistinguishable from previously

reported cases with a complete lack of VLDLR. Whereas,

the size of the earlier reported deletion could not exclude

an additional contribution to the genotype from neigh-

bouring genes, our finding clearly demonstrates that

VLDLR deficiency alone is sufficient to cause the human

DES phenotype.
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