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utistic spectrum disorders (MIM 209850), which
Ainclude autism, Asperger syndrome, and pervasive

developmental disorder (PDD) not otherwise specified,
are characterised by impairment in communications and
social interactions and the presence of stereotyped behaviours.
The aetiology of autistic disorder is unknown, but family and
twin studies have shown a high monozygotic to dizygotic twin
risk ratio and a sib relative risk between 50 and 100, suggest-
ing that inheritance of autism is complex, but the predisposi-
tion to develop it is largely genetically determined.'

A number of morphological abnormalities including in-
creased brain size and developmental abnormalities of the
cerebral cortex, brainstem, and cerebellum have been reported
in autism.’* Reported brain stem and cerebellar anomalies
include hypoplasia of lobules VI and VII, decreased Purkinje
cell density, olivary dysplasia, and neuronal heterotopias.’”
The morphological abnormalities described in the brainstem
and cerebellum of autistic subjects suggest that genes involved
in cerebellar development are candidate genes in autism.

EN2, a human homologue of Drosophila engrailed gene, is a
homeobox gene with an essential role in the development of
the midbrain and cerebellum.” Mice homozygous for a
targeted deletion of the EN2 homeobox region were viable but
showed abnormal foliation of the cerebellum.” Petit ef al* stud-
ied two restriction fragment length polymorphisms in the EN2
gene in autism and found an association between autism and
a Pvull polymorphism in the 5' region of EN2 in 100 autistic
children and 100 control children.

In this study, we have attempted to replicate the association
between the EN2 gene and autism using family based linkage
and association studies in 196 multiplex families with autism.
The EN2 gene maps to human chromosome 7q36. Information
regarding a number of promoter, exon, and intron polymor-
phisms in the EN2 gene is available in JSNP, a database of
common gene variations in the Japanese population.” In addi-
tion, a number of unconfirmed SNPs in the EN2 gene are listed
in dbSNP. We investigated a G/A SNP (JSNP ID IMS-
JST089559) in exon 1 of the EN2 gene, as this SNP is located
near the Pvull polymorphism studied by Petit et al,* alters the
amino acid composition of the EN2 protein, and is a common
polymorphism with allele frequencies suitable for genetic
association studies.

SUBJECTS AND METHODS

Family ascertainment and diagnostic criteria

DNA samples from 204 families were obtained from the
Autism Genetic Resource Exchange (AGRE). AGRE, which
was created by the Cure Autism Now Foundation and the
Human Biological Data Interchange, is a central repository of
family DNA samples for genetic studies of autism." Diagnoses
of AGRE families with autism, Asperger syndrome, and PDD
were confirmed using the Autism Diagnostic Interview-
Revised protocol (ADI-R). All AGRE families included at least
two affected members with a diagnosis of autism, Asperger
syndrome, or PDD. Children with fragile X syndrome, tuberous

e Autism is a neurodevelopmental disorder with a
complex genetic aetiology. A previous case-control
study has detected an association between a marker in
the homeobox gene EN2 and autism using 100 autistic
and 100 control children (J Med Genet 1995;32:269-
74). We attempted to replicate this finding using family
based linkage and association studies.

* We investigated a non-synonymous single nucleotide
polymorphism in exon 1 of the EN2 gene for evidence
of association and linkage to autism using 196 multiplex
autistic disorder families. Affected sib pair studies
showed a maximal multipoint NPL (GENEHUNTER)
score of 1.31 at 7936 at the EN2 locus.

* However, transmission disequilibrium test did not show
any association between the exon 1 variant and autistic
disorder. There was also no linkage or association
between language and stereotypic behaviour quantita-
tive fraits and the exon 1 variant.

® In conclusion, our studies do not support a role of the
EN2 gene in autism.

sclerosis, and chromosomal anomalies were excluded. Pheno-
typic information on the parents was not available. However,
ADI-R phenotypic data including ADI-R items and algorithm
scores are available for affected sibs from the AGRE web site
(www.agre.org). For quantitative trait studies, we used four
ADI-R items that have shown increased phenotypic correla-
tions between sibs as quantitative traits for linkage and
association studies.

EN2 genotyping

We genotyped a G/A SNP (JSNP ID IMS-JST089559; JSNP: a
database of common gene variations in the Japanese popula-
tion) in exon 1 of the EN2 gene by a restriction enzyme based
assay using Alul (New England Biolab Inc, Beverly, MA).” The
SNP alters the amino acid composition of exon 1 of the EN2
gene, changing the codon 121 from leucine (CTC) to
phenylalanine (TTC). We amplified the target region with the
following primers: AGCTGTCCGAGTCCGAGC (forward) and
CAAGCCTGGC GAAGCAG (reverse) with a PCR programme
of 95°C for five minutes, 37 PCR cycles of 95°C for 30 seconds,
58°C for 45 seconds, and 72°C for 30 seconds. For the present
study, a total of 890 subjects (670 children) were available.

Statistical and genetic analysis

The data were prepared using Mega2 and ASPEX." * Marker
allele frequencies were obtained by counting parental
genotypes. Map distances were obtained from Marshfield and
Genethon. Linkage analysis was performed by GENEHUNTER
2.1, ASPEX, and MERLIN software packages.”" Non-
parametric QTL analyses, Haseman-Elston (HE) regressions,
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Table 1 Sharing at EN2 locus
Affected sib pairs Discordant sib pairs
Sharing at  Sharing at Sharing at  Sharing at
No of sib  paternal maternal No of sib  paternal maternal
pairs allele (%)  allele (%) pairs allele (%)  allele (%)
All families 225 51.6 47.9 210 47.3 50.9
Useful phrase speech 96 61.9 52.6 76 40 50
No useful phrase speech 124 46.5 42.9 131 51.4 51.6
Table 2 Transmission disequilibrium test (TDT) for EN2
Transmitted Not transmitted X2 p value
All families 206 195 0.30 0.58
Strict autism families 205 186 0.92 0.34
Autism-PDD families 67 85 2.13 0.14
Useful phrase speech 107 97 0.49 0.48
No useful phrase speech 99 98 0.01 0.94

and variance component analyses were computed for the
quantitative sib pair data. Children from the autistic families
were classified as affected or unknown and were tested for
association through the use of a transmission disequilibrium
test (TDT) within the GENEHUNTER package version 2.1.
Association of the quantitative traits was evaluated by the
QTDT (Quantitative TDT), which uses a variance component
model that partitions association into between and within
family components."”

RESULTS

We had a total of 226 affected sib pairs and 207 discordant sib
pairs; 181 families had two affected sibs and 15 families had
three affected sibs. Eight families with identical twins were
excluded from the analysis. However, these families were
genotyped and served to check for genotyping errors. The pro-
gram Pedcheck and MERLIN were used to find Mendelian
errors." ' The detectable genotype errors in the sample were
less than <0.1%. There was no deviation from Hardy-
Weinberg disequilibrium.

We analysed sharing at the EN2 locus with the ASPEX soft-
ware package. There was no overall increased identity by
descent sharing in affected sib pairs at the EN2 locus, although
there was increased sharing of the paternal allele in affected
sib pairs compared to discordant sib pairs in a subset of fami-
lies where all affected sibs have developed useful phrase
speech. Sharing data for maternal and paternal alleles in
affected and discordant sib pairs are shown in table 1.

We performed non-parametric sib pair analyses to test for
linkage of autism to the EN2 gene using the software package
GENEHUNTER. Two point linkage analysis using all 196 fami-
lies yielded a NPL score of 0.22 at the EN2 locus. The AGRE
families have been used in a genome screen for autism'” and
genotype data from 200 families at an average 10 cM
resolution are available online at the AGRE web site
(www.agre.org).” ADI-R phenotypic data including ADI-R
items and algorithm scores are also available from the AGRE
web site. For multipoint study, ADI-R phenotypic data from
the AGRE families, as well as the genotypic data of 18
additional markers from chromosome 7, were merged with
the EN2 genotype data. Analysis of 192 multiplex families
resulted in a multipoint NPL scores of 1.31 at the EN2 locus
(p=0.06). When the families were stratified according to the
overall language level, analysis of families with affected sibs
who are coded 0 on ADI-R item A19 (that is, who have func-
tional use of spontaneous, echoed, or stereotyped language

www.jmedgenet.com

that, on a daily basis, involves phrases of three words or more,
at least sometimes includes a verb, and is comprehensible to
other people) resulted in a NPL score of 1.58 at the EN2 locus.
Analysis of families, in which at least one sib had no speech or
no functional use of three word phrases, resulted in a NPL
score of 0.33 at the EN2 locus. We also stratified the families
according to whether all affected sibs met the strict criteria for
autism. There was no increased evidence of linkage or associ-
ation when analyses were performed separately with strict
autism sib pairs or broader phenotype sib pairs.

For QTL analysis, we performed non-parametric multipoint
linkage analyses in 196 families focusing on ADI-R items for
expressive language level and a composite algorithm score for
stereotyped behaviour. We studied four ADI-R items that have
shown increased phenotypic correlations between sibs as
quantitative traits for linkage studies.” ' ADI-R items Al2
(age at first word), A13 (age at phrase speech), and A19 (use-
ful phrase speech level) were used as language traits. ADI-R
composite algorithm score D Total was used as a stereotyped
behaviour trait. Age at first word refers to words repeated and
consistently used for the purpose of communication with ref-
erence to a particular concept. For age at first phrase, the
phrase must consist of two words, one of which must be a
verb. Subjects without any word or phrase speech by interview
time were coded by their current age if <8 years or 96 months
if >8 years. Non-parametric QTL and Haseman Elston
regression studies with GENEHUNTER and variance compo-
nent analyses with MERLIN did not show any evidence of
linkage with p values less than 0.05.

TDT analysis of the exon 1 variant in 196 autistic disorders
families did not show any evidence of association (p=0.58).
TDT using the subgroup of families with a strict diagnosis of
autism or subgroups with different overall levels of language
did not increase evidence of association (table 2). We also
investigated the ADI-R items A12, A13, and A19 as language
traits and the ADI-R algorithm score D Total for stereotyped
behaviour using the QTDT package to test association between
the EN2 gene and quantitative traits. We performed 5000 per-
mutations for each of the above traits and did not find
evidence of association of EN2 with any of the quantitative
traits with p values <0.1.

DISCUSSION

EN2 is a potential autistic disorder susceptibility gene. The
study by Petit ef al* used a case-control approach and found an
association between a PvuIl polymorphism in EN2 and autism.
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The Pvull polymorphism in their study was typed using the
MP-4 probe, which is located within the 5' region of the EN2
gene. They did not find any association with an SstI polymor-
phism that was typed using the MP5 probe, which is located
within the homeobox region and extends to the end of the 3’
region. We have studied a G/A SNP (position 89582, Accession
AC008060) in exon 1 of the human EN2 gene. The genomic
sequence of EN2 is now available in the GenBank database
(Homo sapiens PAC clone RP5-912I13 from chromosome 7,
Accession AC008060). Review of the genomic sequence shows
Pvull sites at nucleotide positions 84338, 85789, 86861, and
87107 (Accession 008060) in the EN2 promoter, such that with
the MP4 probe used by Petit ef al,* a Pvull polymorphism at
position 86681 would result in a 1451 bp invariant band and a
two allele RFLP with a 1318 bp or a 1072 bp band. This
suggests that the Pvull RFLP studied by Petit ef al® (position
86861, Accession 008060) is located 2.9 kb 5" to the G/A SNP
in exon 1. The allele frequency of the exon 1 SNP (G: 0.514, A:
0.486) is similar to the allele frequency of the Pvull polymor-
phism in the original study. The ethnic distribution among the
original and replication data appears to be similar. In the
original study, subjects who met all the criteria of early infan-
tile autism as defined in DSM III-R were included, while we
included subjects with diagnosis of autism, Asperger syn-
drome, and PDD. However, when we analysed the subset of our
sample that met strict criteria for autism in all affected sibs,
we still did not find any evidence of association.

There are several possible explanations for the differences in
the findings in the two studies. First, there are differences in
the diagnostic definition between the two studies. In our
study, diagnosis of families with autism, Asperger syndrome,
and PDD were confirmed using the ADI-R, while in the origi-
nal study clinical evaluation was completed using the Behav-
ior Summarized Evaluation: BSE scale.” More importantly, we
carried out family based linkage and association studies
including TDT, while Petit e al* used a case-control approach.
Case-control studies may be subject to population stratifica-
tion and spurious association.”'

In summary, we have failed to replicate the report by Petit ef
al’ suggesting that the EN2 gene on 7q36 is a genetic risk fac-
tor for autistic disorder. EN2 is a small gene within two exons
contained within an 8 kb genomic region. This suggests that if
a susceptibility mutation exists at EN2, our study should have
detected an association between the EN2 exon 1 polymor-
phism and the susceptibility mutation in the EN2 gene. It
should be noted, however, that the extent of linkage disequi-
librium can be irregular in a number of chromosomal
regions.” The negative finding may be the result of heterogen-
eity among our autistic disorder families. We stratified the
families according to the severity or overall level of language to
identify more homogeneous subgroups, but it may be useful to
subtype the autistic disorder families using other criteria. In
addition, a larger sample may be needed to detect a suscepti-
bility locus with small effect.

The EN2 gene maps to human chromosome 7q36. Although
most studies have implicated the chromosome 7q21-34 region
in the aetiology of autism,” **" one study reported a novel
peak with a lod score of 2.13 at marker D7S483 on 7q36."”
There is also evidence of a quantitative trait locus (QTL) for
language on 7@35-36." Although our study did not provide
support for a role of the EN2 gene in autistic disorder, further
studies are required to investigate the presence of an
additional susceptibility locus for autistic disorders further
distally on the chromosome 7q36 region where EN2 is located.
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