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Short reports

Androgen insensitivity with mental retardation: a
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Abstract
We present data to suggest the existence of
a mental retardation (MR) locus at
Xqll.2-ql2 between DXS1 and DXS905,
identified in two subjects with complete
androgen insensitivity syndrome (CAIS)
and MR. Androgen insensitivity syndrome
is a disorder ofmale sexual differentiation
caused by a defect in the androgen recep-

tor (AR) gene (XqlI-qI2). Two subjects
with CAIS resulting from a complete
deletion of the AR gene have previously
been reported, one ofwhom also has MR.
We have identified another mentally re-

tarded person with a complete deletion of
the AR gene. The deletion in the two
patients with CAIS and MR extends past
the AR gene and includes several marker
loci both proximal and distal to the AR
gene, the limits of the deletions being
DXS1 and DXS905. The deletions in the
CAIS patients who do not have MR do not
include any of the markers outside the AR
gene itself. These data suggest that located
close to the AR gene is a gene which is
implicated in non-specific MR.
(JMed Genet 1997;34:158-160)
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There are believed to be at least eight distinct
loci for non-specific mental retardation (MR)
on the X chromosome.' 2 As there are no other
physical characteristics associated with this
type of MR it is not possible to combine the
results of linkage analysis in different affected
families. For this reason it has been difficult to

map the genes involved. We present data to

suggest the existence of a MR locus close to the
gene for the androgen receptor (AR) on

Xql 1.2 -12, between DXS1 and DXS905. The
data derive from an analysis of four patients
with complete androgen insensitivity syndrome
(CAIS), two ofwhom also have MR.
Androgen insensitivity syndrome (AIS) is a

disorder of male sexual differentiation caused
by an inability to respond appropriately to the
male sex hormones, androgens.3 Affected sub-
jects have a 46,XY karyotype, testes, and either
normal female external genitalia (complete

AIS) or a range of degrees of undervirilisation
(partial AIS). The disorder is caused by a
defect in the AR gene which lies on Xql 1-12.
Over 150 different mutations in the AR gene
responsible for AIS have been reported to
date,4 5the vast majority being point mutations
resulting in missense mutations. There have
been four previous reports of large deletions of
the AR gene, all of which result in the CAIS.
We have had the opportunity to study three of
these four patients. In two cases the entire cod-
ing region of the gene is deleted.6 7 One of these
patients (ARA1) is intellectually normal7; how-
ever, the other (ARA2) also has MR.6 A third
patient (ARAD-H) has a deletion of the five 3'
exons of the gene, exons D to H, which code
for the entire hormone binding domain of the
receptor; this patient is intellectually normal.8
All of these deletions are submicroscopic. Lim-
ited deletion analysis was performed by South-
ern blotting in the original studies of both
complete deletion patients, using cDNA
probes to X chromosome loci in the region of
the AR gene. The closest markers to the AR
gene tested were DXS1 and PGK1P1 in ARA1
and DXS1 and DXS159 in ARA2. In both
cases all the markers outside the AR gene were
present.
We have identified a third patient (ARA3)

with CAIS resulting from a complete deletion
of the coding region of the AR gene. The AR
gene was examined by genomic PCR using
conditions specific for the eight exons of the
gene.9 Although PCR of control DNA pro-
duced the expected products, all exons of the
AR gene failed to amplify from the patient's
DNA. This patient also has MR and mild
developmental abnormalities. She attends a
special school, has impaired vision and devel-
opmental delay, mild hypertelorism, large
hands and feet, high arched palate, a small
chin, and downward slanting eyes. This pheno-
type is similar to ARA2 although slightly less
severe.
A deletion analysis of all four of the above

patients has shown that the X chromosome
deletion in the two patients with MR extends
past the AR gene in both directions, whereas in
the patients with no MR the deletion is limited
to the AR gene itself. The markers tested were:
DXS1161,'0 PGK1P1,"1 DXS1160,'0
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Figure1 (A) Examples ofAR gene PCRs: lanes 1, 6, and 11 = normal male control, lanes 2, 7, and 12 = ARAD-H, lanes 3, 8, and 13 = ARAl, lanes
4, 9, and 14 = ARA2, lanes 5, 10, and 15 = ARA3. (B) Southern blot analysis ofDXS1 using probe p8 on genomic DNA from ARA3 and a normal
male control, digested with EcoRI. (C) 32p labelled PCR products for DXS1 161. This marker includes a CA repeat and therefore a ladder pattern is
produced by Taq polymerase stuttering. (D) Results of deletion analysis of the four CAIS patients using PCR based markers distal to the AR gene.

DXS908 12 DXS897, 12 DXS905 12 DXS159 13
and DXS981.4 All markers except for
DXS 1161 were analysed by genomic PCR and
the products visualised by agarose gel electro-
phoresis. The sense primer used for DXS 1161
has sequence similarity to Li repeats and, as

recommended in the original publication, the
antisense oligo was end labelled with 32P and
the products analysed on a standard polyacry-
lamide sequencing gel.'0

Fig 1A shows examples of the PCR reactions
for the AR gene showing that ARAI, ARA2,
and ARA3 are all deleted for the entire AR
gene, while ARAD-H is only deleted for the 3'
portion of the gene. Southern blot analysis of
genomic DNA from patient ARA3 using probe
p8 (obtained from ATCC) for DXS 1 con-
firmed that, as in the other patients, this marker
is present (fig 1B). The deletion in ARA3 is
slightly greater than that in ARA2, extending
from DXS1161 to DXS905. In ARA2 the
deletion extends from DXS 1 161 but only as far
as DXS897. The results of the PCR analysis
are shown in figs 1C and D and in schematic
form in fig 2.
These results suggest that there is a locus for

MR between DXS1 and DXS905, which is
deleted in the two patients with CAIS and MR
but not in the patients without MR. Several
reports of linkage analysis in families with non-
specific X linked MR have mapped a locus for

MR to this region.' This study provides a more
precise estimate for the position of a locus forX
linked MR near to the AR gene. Until
candidate genes are characterised it is not pos-
sible to say whether the locus we have identified
corresponds to any loci for non-specific X
linked MR mapped by linkage analysis.
A possible candidate gene which has been

mapped to this region is EPLG2, a potential
ligand for ELK, a member ofthe EPH family of
receptor tyrosine kinases. ELK is expressed
exclusively in brain and testis and has been
suggested to play a role in the development or
maintenance of the nervous system.'7 18 The
gene for EPLG2 itself has been mapped to a
200 kb interval on Xql2, distal to PGK1P1
and on the same YAC as PGK1PI, DXS159,
and DXS 133.'9 Although EPLG2 has not been
detected in adult human brain by northern blot
analysis, it does appear to be expressed in
developing rat brain.'8 Further characterisation
of this ligand, together with the identification of
other genes in this region of the X chromo-
some, will help to determine the gene (or
genes) responsible for MR in these patients.
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Figure 2 A schematic representation of the extent of the X chromosome deletion
of the four patients studied. The hatched areas represent the regions deleted in eac
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