
The Origins of Autism
A review of: Ingram JL, Stodgell CJ, Hyman SL, et al. 2000 Discovery of allelic variants of HOXA1 and HOXB1:

genetic susceptibility to autism spectrum disorders. Teratology 62:393–405

THE TERM AUTISM spectrum disorders
(ASDs) includes autism, pervasive

developmental disorder, Asperger disor-
der and childhood disintegrative disor-
der. ASDs are characterized by impair-
ments of social reciprocity, deficits in
communication, and by the presence of
restricted behaviors (1). The prevalence
rate of ASDs is between 6–10 per
10,000, representing an increase from
previous estimates probably as a result
of ascertainment bias (2). In terms of
etiology it now seems clear that ASDs
are the product of developmental brain
abnormalities with a significant genetic
influence. This stands in contrast to a
history in the field of attributing “cold”
parents and adverse social circumstances
as causes of the disorders.

In terms of the neurobiology of ASDs,
magnetic resonance imaging (MRI) and
neuropathology studies have identified
abnormalities in the hippocampal region
and underdevelopment of the brainstem
and cerebellum (3). These findings sug-
gest that autism involves the abnormal
development of a distributed neural net-
work involving a number of regions of
the brain. Studies attempting to correlate
these findings with positron emission to-
mography (PET) metabolic studies have
revealed low metabolic activity in frontal
cortex and cerebellum (4). How these
findings link to the abnormalities in
communication, social skills, and behav-
ior found in ASDs, however, remain
unclear.

The genetic evidence in autism is
compelling and comes from both twin
studies and more extensive family stud-
ies (5). They show that the rate of autism
is much greater among identical twins
than fraternal twins, and among siblings
of children with autism than in the gen-
eral population. These rates, however,

are not as high as would be predicted by
Mendelian genetics. This has led to the
hypothesis that autism may be a contig-
uous gene disorder; i.e., the end product
of a number of closely situated genes
acting together (6). No specific gene for
autism has been clearly identified to this
point. Initial work pointing to the sero-
tonin transporter gene or gamma-ami-
nobutyric acid receptor subunit beta3
(GABRB3) has not held up on replica-
tion (7,8). Other work points to chromo-
some 7 (5), 13 (5) and the q11-q13 re-
gion of 15 (5) as sites for further
exploration of autism genes. A relatively
increased prevalence of autistic spec-
trum disorders in persons with Fragile X
and tuberous sclerosis (9Q34 and
16p13.3) (9) suggest other regions as
well.

More recently, Rodier (10) has sug-
gested an association of ASDs with de-
fects in the gene coding for HOXA1 that
affects the transcription of other genes
early in embryonic development. Prior
work placed the HOXA1 coding region
on chromosome 7, and a detailed screen-
ing of 75 families suggests that a varia-
tion on the long arm of chromosome 7
may be important in determining autism
(11) and this same area surfaced in a
genome scan of 90 multiplex families
(5). Rodier’s group chose to explore this
gene because mice with null mutations
had abnormal hindbrain development
and phenotypic features suggestive of
autism. In the paper reviewed here (12)
Ingram and colleagues sequenced re-
gions of genomic DNA of patients with
ASDs and detected a substitution variant
at HOXA1 and an insertion variant of
HOXB1, both in coding regions of the

genes. Fifty-seven individuals ascer-
tained for a diagnosis of an ASD, along
with 166 of their relatives, were typed
for these variants. Two non-ASD popu-
lations were also typed, and the fre-
quency of the alleles was determined in
all groups. They found that the fre-
quency of the HOXA1 variant was
10–25% in non ASD family controls of
European or African origin but approxi-
mately 40% in the ASD families, sug-
gesting that this alteration may predis-
pose them to ASDs. A significant
association was not found with HOXB1.
While the association does not define the
HOXA1 gene a cause of ASDs, this
study represents another step in our un-
derstanding of these complex disorders.
It also points to the brainstem as poten-
tially playing a major role in the symp-
tom complex that defines these
disorders.
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