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We serendipitously identified a single nucleotide
polymorphism (SNP), 8636C>A (rs1804197) in
the 30-untranslated region of the adenomatous
polyposis coli (APC) gene to be associated with
autism spectrum disorder (ASD). In order to gain
further evidence for the association between
the APC locus and ASD, we genotyped four
additional adjacent common SNPs (rs2229992,
rs42427, rs459552, and rs465899) in the coding
regions within the APC gene in a set of Swedish
ASDs and controls. One common haplotype TGAG
was found to be associated with ASD after haplo-
type analysis using both Haploview v3.1.1
(P¼0.006) and COCAPHASE v2.403 (P¼0.030).
This result is the first to suggest that the genomic
locus at APC is associated with ASD, and that the
APC gene itself is a good predisposing candidate
to be evaluated in future studies due to its
important role in neuronal development and
function. � 2007 Wiley-Liss, Inc.
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Mutations in the adenomatous polyposis coli (APC) gene are
well known to predispose for colorectal cancer in Familial
Adenomatous Polyposis and are ofmajor importance for tumor
development in sporadic colorectal cancer.We have previously
studied this gene in sporadic colorectal cancer cases and
controls to determine the relative risk of colorectal cancer

related to various gene variants detected in a Swedish
population [Zhou et al., 2004]. A single nucleotide polymorph-
ism (SNP), 8636C>A, in the 30-non-translated region, was the
only one suggested to confer an increased risk of colorectal
cancer. In this published association study on colorectal cancer
we first used four different sets of patients without colorectal
cancer as controls. One of these sets of controls differed from
the other three by showing a higher frequency of the APC
8636C>A, similar to that found in the sporadic colorectal
cancer cases. For that reason, we exchanged all four sets of
controls for a new group of healthy Swedish controls collected
for research purposes with the good representation of the
general Swedish population. The comparison between these
new controls and our colorectal cancer cases showed a trend
towards overrepresentation of the APC variant in colorectal
cancer cases [Zhou et al., 2004].

The original Swedish control set with a higher prevalence of
the APC variant contained anonymous non-cancer patients
undergoing genetic testing at the Department of Clinical
Genetics, Karolinska Hospital. The most common genetic test
performedat ourdepartment is for theFragile-X syndromeas a
routine investigation of children with mental retardation and/
or autism spectrum disorder (ASD). ASD is a developmental
disorder of the central nervous system with as yet unknown
etiology. It encompasses a group of related but clinically
heterogeneous behavioral disorders with considerable varia-
tions in symptomatology and degree of impairment. The triad
of a reduced capacity for reciprocal social interaction, recipro-
cal communication, and a limited and repetitive behavioral
pattern is shared by all individuals with ASD diagnoses
[American Psychiatric Association, 1994]. The broad variation
in phenotypes and severity within the autism spectrum
suggests the involvement of multiple predisposing factors. A
very strong genetic component is demonstrated by increased
concordance in monozygotic as compared to dizygotic twins
[Bailey et al., 1995], and a sibling recurrence risk is about
10 times greater than the population risk [Rutter et al., 1999].
The genetic basis of autism is well established, but themode of
genetic transmission remains unclear in the majority of cases
[Volkmar and Pauls, 2003]. Several studies have indicated
strong involvement ofmultigenic components in the etiology of
autism, but linkage analyses and candidate gene search
approaches so far have produced relatively few replicated
findings [Muhle et al., 2004].

A Gut-Brain axis has long been discussed in relation to ASD
[Wakefield, 2002] and a deletion of the APC gene and
occurrence of adenomatous polyposis and rectal cancer were
reported in a patient originally referred for autism [Barber
et al., 1994]. It prompted us to focus on a possible association
between the APC 8636C>A overrepresentation and the ASD
symptoms shared by many individuals among the patients
undergoing genetic testing for Fragile-X syndrome.
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To test this hypothesis,we set up a retrospective case-control
studywhereweused 177patientswithASDsymptoms as cases
and the same set of 476 Swedish controls as used in our
published study [Zhou et al., 2004]. The result seemed to
support our hypothesis by showing a higher prevalence of the
APC gene variant among the cases with ASD symptoms
(P¼ 0.065,Chi-square test, data not shown).Nextwe recruited
well-diagnosed ASD patients in the clinics to investigate their
association with the APC 8636C>A variant. This study
included 75 Swedish ASD patients compared with the same
476 Swedish controls as used in the case-control study where
177 patientswithASDsymptomswere included. All ASD cases
were assessed by the ADI-R and the DSM-IV criteria. In
addition, for high-functioning autism/Asperger (HFA/AS)
adults, Gillberg & Gillberg algorithm [Nylander and Gillberg,
2001]was employed on the basis of SCID-1 and -2 inmost cases
(Table I). The APC gene variant was found significantly
overrepresented in ASD cases compared with normal controls
(P¼ 0.016, Chi-square test, Table II).

Since the APC 8636C>A variant was located in the 30

untranslating region of the APC gene, it might have a role in
regulating messenger RNA (mRNA) expression. We therefore
did single nucleotide primer extension (SNuPE) assay on
mRNAextracted fromEBV-transfected lymphocytes of variant
carriers. However, the result excluded the possibility that this

variant could relate to adifferentialmRNAexpressionbetween
the two alleles (data not shown). So whether or not the APC
8636C>Ahas a causative role for ASD is still an open question,
but the observed association of it with ASD did provide a clue
that the APC locus might confer susceptibility to ASD.

The APC gene spans more than 100 kb. We chose four
adjacent SNPs (rs2229992, rs42427, rs459552, and rs465899)
for a haplotype analysis of the APC gene in 75 Swedish ASD
patients and a new control group consisting of 280 healthy
Swedish blood donors. These four SNPs cover over 10 kb in the
genomic region and were selected on the basis of their high
prevalence in the Swedish population [Zhou et al., 2004], and
their location in the coding regions of the gene and thus do not
cover all haplotypes of the gene. The genotypic distribution of
all four SNPs in cases and controls were in Hardy–Weinberg
equilibrium (HWE) and none of SNPs alone showed a genotype
and allele association with ASD (Table III). The linkage
disequilibrium (LD) between these four SNPs was analyzed
using the software Haploview v3.1.1 [Barrett et al., 2005]. All
four SNPs showed to be part of a single haplotype with D’
values ranging from 0.86 to 0.98 (95% confidence). Among all
the common individual haplotypes (with the frequencies
>0.05) constructed from the four SNPs, one haplotype TGAG
was found to be statistically associated with ASD using both
the Haploview v3.1.1 (P¼ 0.006, Table IV) and the COCA-
PHASE module implemented in the UNPHASED program
v2.403 [Dudbridge, 2003] (P¼ 0.03, Table IV). We also noticed
that the rareallele of theAPCC8636Awasnot on thehaplotype
of TGAG; however, this does not necessarily contradict the
above-noticed association of the variant with ASD if it has
arisen more recently and in LD with other haplotypes within
the APC gene.

In the present study, we have found statistical evidence for
an association between the APC locus and ASD. This associa-
tion could provide some insight into the complex molecular
mechanisms underlying the development of autism. Several
studies on the APC gene localization, expression, and function
point to an involvement of theAPC gene product in the central
nervous system in animals. The APC protein is found localized
in many cell types including neurons in the adult rodent brain
[Brakeman et al., 1999]. A high level of expression of the APC
mRNA is observed during brain development [Bhat et al.,
1994] and associated with neuronal differentiation of PC12
cells in rats [Dobashi et al., 1996]. APC can interact with
Discs-Large 20 and beta-catenin proteins involved in regulat-
ing structural aspects of synaptic contacts. Defective synapto-
genesis has been postulated as an etiological mechanism for

TABLE I. Characterization of 75 Swedish ASD Cases

Number of
subjects

Primary diagnosis
Autism 26
Asperger syndrome 22
Atypical autism 21
Autistic traits 6

Comorbidity and associated handicaps
Mental retardation 21
Chronic tics 14
ADHD (attention-deficit/hyperactivity disorder) 33
Bipolar disorder 4
Epilepsy 1

Country of origin
Sweden 75

The 75 cases include 51 males and 24 females and the ages of whom range
between 4 and 55 years old (median 25.0). Thewritten consentwas available
from all these cases.

TABLE II. Genotypes and Allele Frequencies of the APC 8636C>A in 75 Swedish ASD Patients
and 476 Healthy Swedish Controls

Swedish ASD
patients

Healthy Swedish
controls Odds ratiob

P-valued(n¼75) (n¼476) (95% CIc)

Genotypesa

C/C 70 (93.3%) 464 (97.5%) 1.0 0.016
C/A 4 (5.3%) 12 (2.5%) 2.2 (0.7–7.0)
A/A 1 (1.3%) 0 (0) NAe

Alleles
C 144 (96.0%) 940 (98.7%) 1.0 0.014
A 6 (4.0%) 12 (1.3%) 3.4 (1.2–8.9)

aGenotypingwas performed by the combined use of denaturing high-performance liquid chromatography analysis
(DHPLC) and direct sequencing analysis. Information about PCR primers and experimental procedures are
available upon request.
bOdds ratios was calculated against the most common genotype, C/C, or the most common allele, C.
c95% CI, 95% confidence interval.
dP-value was calculated according to the Chi-square test.
eNA, not applicable.
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autism. Jamain et al. [2003] have shown that mutations in
neuroligins NLGN3 and NLGN4, which encode cell adhesion
molecules present at the postsynaptic side of the synapse, are
associated with autism [Jamain et al., 2003]. In addition, two
components, Dvl1 and WNT2, of the Wnt pathway of which
APC is also involved have been linked with neurodevelop-
mental and behavior disorder. Lijam et al. [1997] reported that
in mice lacking Dvl1, there are social interaction and
sensorimotor gating abnormalities; and Wassink et al. [2001]
reported association of WNT2 as a candidate susceptibility
gene for autism, though this was not replicated [McCoy et al.,
2002; Li et al., 2004]. It is worthwhile to note that in a very
recent study, APC was claimed to be associated with suscept-
ibility to schizophrenia [Cui et al., 2005], providing additional
line of evidence for the possible general and important role
that American Psychiatric (APC) has in the development of
neurodevelopmental disorders including ASD.

In conclusion, we reported an association between the APC
locus and ASD, and suggested the APC gene itself to be a good
candidate gene predisposing to ASD. Future mutation screen-
ing and association studies in larger datasets from different
populations are needed to tell whether it is genetic variants in
the APC gene, or variants in a different gene in LD with APC,
which confer the increased risk for ASD.
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