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Abstract

Autism is a developmental disorder characterized by impaired social
interaction and communication as well as repetitive behaviors and restricted
interests. The consequences of this disorder for everyday life adaptation are
extremely variable. Family studies have shown that autism runs in families
and twin studies indicate that the basis of that familial aggregation is genetic.
Despite compelling evidence from twin and family studies indicating a strong
genetic involvement in the etiology of autism, the unequivocal detection of
autism susceptibility genes remains an elusive goal. This paper will review the
literature to date summarizing the results of candidate gene studies with a
focus on recent progress.
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Introduction

The term autism has been made public in the middle of the last century by Leo
Kanner ' and Hans Asperger ! describing a very specific psychopathology
recognized in children. Autism (OMIM 209850) is a serious neurodevelopmental
disorder characterized by impairments in social interaction, abnormalities in verbal
and nonverbal communication, and restricted, stereotyped interests and behaviors
B3] The population prevalence of autism is debated; recent reports indicate that ~1 in
500 individuals have autism ! . The symptoms of autism are discernible in the first
3 years of an affected infant's life and manifest throughout the life span. Autistic
individuals exhibit a wide spectrum of cognitive abilities, with about 30% displaying
severe developmental delay and a significant proportion also experiencing epileptic
seizures.
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Diagnostic tools for autism have been internationally standardized for reliable
diagnoses in view of the worldwide genetic studies. In addition to the diagnostic
criteria of DSM-IV3 or ICD-104 ,this has been accomplished by the release and actual
development of the Autism Diagnostic Interview-Revised (ADI-R) !, a parents or
caregivers questionnaire, and the Autism Diagnostic Observation Schedule- Generic
(ADOS-G) ), a direct testing tool of the patients’ current behavioral pattern. The
causes of autism are still unknown; however, considerable evidence exists for the
involvement of genetic factors. The evidence is based on (i) higher concordance rate
among monozygotic compared with dizygotic twins B (i) Strong familial
aggregation of autism and (iii) higher sibling recurrence risk (6-8%) ',

Despite the evidence of a genetic component, however, genetics does not explain
the whole picture. Autism is most likely a "multifactorial" disorder. Wide-ranging
phenotypes, both within families as well as within the monozygotic twins studied,
suggest that simple modes of inheritance are not operative. Furthermore, case reports
of autism associated with environmental factors, such as rubella virus, valporic acid,
and thalidomide exposure during pregnancy, lead many researchers to postulate that
nongenetic mechanisms may also produce an autistic syndrome %,

Postmortem examination of the brains of persons with autism finds consistent
evidence for abnormalities in size, density, and dendritic arborization of neurons in
the limbic system, including the amygdala, hippocampus, anterior cingulate, and
mammillary bodies. There is a stunting of neuronal processes and an increased
neuronal packing density, suggesting a curtailment of normal development. These
affected regions are strongly interconnected, and together they comprise the majority
of the limbic system. The limbic system, especially the amygdala, is part of a neural
structure that supports social and emotional functioning. These postmortem findings,
therefore, are often heralded as the first good entrance points for understanding the
pathobiology of the autism spectrum disorders. There is supportive evidence for an
amygdala theory of autism from the experimental monkey work of Bachevalier and
colleague """ She has produced an animal model of autism by lesioning the
amygdalae of monkeys shortly after birth.

The other genetic disorders in which secondary autism is observed include fragile
X syndrome [12], tuberous sclerosis [13], Rett syndrome [14], Mobius syndrome [15],
Sotos, Neurofibromatosis I, phenylketonuria, Joubert syndrome ''°], and Smith-Lemli-
Opitz syndrome ",

Compared with schizophrenia, bipolar disorder and other neuropsychiatric
disorders, genetic research in autism is relatively new, but progress has been rapid.
However, there remain several unresolved issues in the genetic epidemiology of the
disorder. The issue most likely to lead to significant obstacles in identifying
susceptibility genes is that of genetic heterogeneity the possibility that two or more
independent genetic mechanisms might lead to the disorder. Autism is heterogeneous
both in its phenotypic expression and its etiology. The search for genes associated
with autism and the neurobiological mechanisms that underlie its behavioral
symptoms has been hampered by this heterogeneity. No single gene has yet been
specifically linked to autism with replicability, but the disorder is believed to be
polygenic.
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Candidate genes

Despite the advances that have been made, and reports of some positive findings from
both linkage and association genetic studies, thus far not a single susceptibility gene
for autism has been identified. The current view is that each locus identified in these
studies contains genes with only small or moderate effects on the etiology of autism.
These small effect sizes make the identification of specific genes significantly more
difficult, especially the fact that it involves both phenotypic and genetic
heterogeneity. Numerous researchers have argued that new approaches, which go
beyond the standard methods, will be needed for real advances to be made in finding
genes for autism over the next few years %2,

There are two approaches to identifying genetic contributors to disease. The first
is a genome wide search in which linkage or association analysis is used to identify
regions of the genome that may contain autism susceptibility genes. The second is the
candidate gene approach, which investigates a specific gene or genes for involvement
in autism risk.

Several genome-wide scans have been performed for autism and evidence in favor
of linkage has been reported for the majority of the chromosomes. However, in most
cases, this evidence has not reached statistical significance ' '), Genome-wide
linkage scans are an unbiased approach to localize genetic factors and have identified
several chromosomal regions as promising locations for autism genes, including
peaks on chromosomes 2q, 7q, 15q, and 17q.

In the candidate gene approach, genes are chosen for study based on either what is
known about the gene’s function, its location (for example in a recognized linkage
peak), or a combination of both. In pursuing specific candidates, most studies have
focused on genes expressed predominantly in the brain “® *!. Several candidates
genes are hypothesized to be involved in autism; however, no single candidate gene
has consistently emerged as involved in autism risk.

In candidate gene search investigators use various experimental techniques and
pathophysiologic models of autism to identify candidate genes. The relevance of these
genes to autism pathogenesis is determined by the use of experimental methods to
assess the biological activity, expression, and allelic associations in populations with
autism and their families. Candidate genes that are involved in the cause of autism are
genes whose product is known to play a role in brain development or to be associated
with brain structures, neurotransmitters, or neuromodulators implicated in autism on
the basis of previous research findings. Once candidate genes have been identified,
affected individuals and age-, gender-, and ethnically matched control subjects are
tested for the presence of mutations in the gene sequence or relative levels of
expressed protein.

Different criteria make a gene or genetic locus eligible for association studies or
further screening for variants or mutations. The gene or gene product (i) is thought to
be of relevance for behavior in humans, (ii) belongs to a neurodevelopment pathway
in the brain by expression in fetal brain tissues, (iii) has been implicated through
studies of animal models, (iv)has been identified through a chromosomal abnormality,
and (v) has been located positionally by linkage studies.
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Approximately 50 genes (Fig. 1 and 2) and many more variants have been
investigated for association with autism. Genes tested as candidates for involvement
in autism include genes involved in neurotransmission (i.e. HTT, TH, GABA
receptors), genes involved in brain development, genes contributing to related
disorders (i.e., FMR- 1, the fragile X syndrome (FXS) gene, and NF-1, a
neurofibromatosis gene), and genes thought to be involved in speech language (i.e.,
EN2, HRAS-1). Several genes are under investigation like- Neurexinl 421 MeCP2
®1 GRMS ™1 PTEN 71 Reelin - *51 s1.c25A12 P4 HRAS P> EN2 P71
WNT2 P81 HOXA1 P CNTNAP2 %1 'SHANK3 91 MET ! | AUTS1 P,
UBE3A Y| GABAR %1 | NLGN3 and NLGN4 [*71 syTT U777 Though
positive results have occasionally been reported, replication has been limited. In this
review the main focus is only on thirteen of these genes due to the repeated reports of
association of these genes with autism by several investigators- SLC6A4(5-HTT),
NRXN, GABAR, MeCP2, EN2, MET, RELN, CNTNAP2, WNT2, FOXP2, PTEN,
NLGN3, NLGN4, . These genes have been studied by several groups, and both
positive and negative results have been reported. These candidates are selected based
on known involvement in pathways related to neurodevelopment and/or evidence
from pharmacological interventions that implicate specific biomolecular pathways.
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Figurel. A glimpse of genes/chromosomal sites implicated for autism based on
linkage studies. Black circle denotes centromere. Red colour denotes location of
candidate genes.
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Figure2. A glimpse of genes/chromosomal sites implicated for autism based on
linkage studies. Black circle denotes centromere. Red colour denotes location of
candidate genes.

Solute carrier family 6 gene (SLC6A4 or 5-HTT)

Genes involved in the physiological pathway of serotonin are strong candidates for
autism as serotonin serves as neurotransmitter in the brain responsible for a couple of
cognitive functions. This may be a candidate gene because of hypersrotonemia
observed in approximately 25% of patients with autism "*">) | SLC6A4 gene lies at
17q11-q12. Serotonin (5-hydroxytryptamine; (5-HT) is a neurotransmitter in the
central and peripheral nervous systems. Following release, 5-HT is actively cleared
from synaptic spaces by SLC6A4, a high-affinity, Na(+)- and CI(-)-dependent
transporter localized in presynaptic neuronal membranes. Serotonin transporter
mediates reuptake of serotonin from the synapses. Interest in this gene and its protein
products derives from a plausible role for serotonin in the repetitive behaviors
observed frequently in patients. Impaired function of serotonin system may result in
depression, epilepsy, obsessive-compulsive behaviors and affective disorders. Cook et
al., "% for example, reported preferential transmission of the small allele of the HTT
promoter polymorphism to autistic probands. Klauck et al., [’ attempting replication,
reported preferential transmission of the larger allele, and the IMGSAC reported no
association with either allele """,

Neurexins gene (NXN)

Neurexins encode a highly polymorphic family of neuronal proteins that interact with
neuroligins to promote synaptic functioning. The three neurexin genes (NRXNI,
NRXN2 and NRXN3, located at the human chromosome loci 2q32, 11ql13 and
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14g24.3-q31.1, respectively) have two independent promoters, which determine two
mRNA classes: long mRNAs, encoding for a-neurexins and short mRNAs, encoding
for B-neurexins *”). Evidence for neurexin involvement in autism comes from a
number of recent investigations > ****. Feng et al., ®" screened 3 neurexin beta
genes in 72 individuals with autism and 535 controls, followed by sequencing of exon
1 of NRXNI in an additional 192 additional cases. They identified two heterozygous
missense mutations (S14L and T40S) and a GG insertion in position 26 of the
corresponding protein. People with autism carrying the S14L mutations apparently
have seizures and facial dysmorphisms. Missense mutations were found in 4
individuals with autism and in-frame deletions, and insertions were detected in 9
additional cases. No such mutations were reported in controls but they also occurred
in first-degree relatives (parents and/or unaffected siblings), who displayed very
heterogeneous phenotypes ranging from hyperactivity, depression and/or learning
problems to apparently normal behavior.

In another study, a de novo heterozygous 300 kb deletion in the coding exons of
the NRXNT1 gene was found in two autistic sisters, one was non-verbal, whereas the
other had mild language regression **!. In a recent case—control study by Yan et al.,
84 five rare patient-specific variants were identified in 116 autistic individuals
whereas only one additional variant (G28A) was also found in controls. Finally, Kim
et al., ™! recently identified a number of rare coding variants in a scan of NRXN]1
coding exons in 57 individuals with autism. The presence of deletions or other
mutations also in unaffected siblings of patients with autism and even in controls **
#1 suggest that such mutations could confer vulnerability to autism rather than causing
the disease.

GABA receptor genes (GABRA,GABRB,GABRG)

Multiple lines of evidence, including alterations in levels of GABA and GABA
receptors in autistic patients, indicate that the GABAergic system, which is
responsible for synaptic inhibition in the adult brain, may be involved in autism.
GABA is the major inhibitory neurotransmitter in the mammalian CNS, and acts by
binding to the GABA-A receptor. Hussman ) suggested that autism is the result of
an imbalance of the excitatory glutamatergic and inhibitory GABAergic pathways,
resulting in over stimulation in the brain and inability to filter out excess stimuli from
environmental and intrinsic sources. This theory is supported by multiple lines of
evidence- (i) histological, biochemical, and molecular approaches have demonstrated
altered levels and distribution of GABA and GABA receptors in peripheral blood and
plasma, as well as in the brain, including decreased GABA-A receptors and
benzodiazepine binding sites in the hippocampal formation ®**”1 | (ii) reported
alterations in GABAergic neurons, as demonstrated by the increased packing density
of GABAergic interneurons in the CA3 and CAl subfields, and by the decreased
numbers and reduced size of cerebellar GABAergic Purkinje cells %% (iii)
chromosomal abnormalitites like duplications and isodicentric chromosomes in the
region containing the three clustered GABA receptor subunits on chromosome 15q
have been associated with autism %, (iv) evidence for both linkage and allelic
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association have been reported for this same GABA gene cluster **771%21 "and (v)
mutations have been reported in multiple GABA receptor genes in families with
epilepsy . Investigation of association of GABA receptor subunits outside of the
chromosome 15 region has been limited ®). There are 19 known GABA receptor
subunits arranged in clusters throughout the genome. Functional pentamers formed by
various combinations of these subunits result in receptors of varying properties and
sensitivities. The amounts and functional capabilities of individual receptor subunits
that form a specific pentamer can affect the amount and quality of signaling in
different parts of the brain.

The y—amino butyric acid (GABAA) receptor gene cluster located at 15q11-13
(which contains genes for three of the receptor’s subunits: GABRB3, GABRAS, and
GABRG3) is strongly implicated in the pathogenesis of autism, given its involvement
in the inhibition of excitatory neural pathways and its expression in early development
3] Any malfunction of these genes may have implications for the inhibition of
excitory neural pathways as well as during early brain development and therefore
pathological for autism. A couple of linkage and association studies reported limited
evidence for involvement of the GABAA receptors, where the most common positive
linkage finding was within the GABRB3 gene ™ 3% ¢ ¢7. 9496

Methy-CpG-binding protein 2 gene (MeCP2)

MeCP2 binds to methylated CpG sites and associates with chromatin modifying
factors histone deacetylase and DNA methyltransferase . This is a transcriptional
repressor that binds to methylated CpG dinucleotides generally located at gene
promoters and recruits HDACI1 and other proteins involved in chromatin repression.
MeCP2 gene located on chromosome Xq28 and de novo mutations occur in 80% of
female patients with Rett syndrome, a pervasive developmental disorder generally
characterized by regression, autism, microcephaly, stereotyped behaviors, epilepsy
and breathing problems, whereas in males mutations are generally lethal ). The gene
encoding brain derived neurotropic factor has been identified as a target of MeCP2
transcriptional repression. Although MeCP2 was predicted to be a global
transcriptional repressor, a paucity of MeCP2 target genes have been identified in
Mecp2-null mouse brain, RTT brain or cell lines by gene expression profiling.

Lam et al., ®"’ and Carney et al., ®® identified mutations in the MECP2 gene in
sporadic cases of autism, whereas no mutations in the MECP2 gene were found in a
sample of 59 autistic individuals by Vourch et al., . Several groups have screened
the MECP2 gene for mutations in patients with autism ’'®! and reported framshift,
nonsense, missense mutations and de novo splice variant in intron 2 (IVS2 +
2delTAAG). Importantly, female patients with autism carrying MECP2 mutations
appear mentally retarded, but do not display any clinical trait resembling Rett
syndrome.

Engrailed 2 gene (EN2)
EN2 is located at 7q36.1 and is a homeobox gene that regulates development of the
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cerebellum. It has attracted attention as a result of the fact that cerebellum
abnormalities are among the most consistent findings from pathological and
neuroimaging studies in autism. Evidence for EN2 involvement in autism comes from

a number of recent investigations %2,

MET proto oncogene (MET)

MET is also a strong functional candidate for involvement in autism because it
encodes a receptor tyrosine kinase involved in neuronal growth and organization, as
well as immunological and gastrointestinal functioning; these are systems in which
abnormalities have been suggested in autism. Met gene lies at 7q31. Variants in the
MET promoter region show strong association with autism. In particular, Campbell et
al., ") found significant over transmission of the common C allele in autism cases in
multiple samples. Case-control comparisons found significant overrepresentation of
the C allele in autism, with a relative risk of 2.27. In a separate study, significantly
decreased MET protein levels were found in autopsied cortical tissue from individuals
with autism "'* . The C risk allele is believed to be a functional regulator of the MET
gene. Campbell et al., ''*) also found that mouse cells transfected with human MET
promoter variants showed a 2-fold decrease in MET promoter activity associated with
the C allele.

Reelin gene (RELN)

The reelin (RELN) gene, which localizes to a site of chromosomal transloction at
7922, encodes a large secreted glycoprotein that controls intracellular interactions
(5161 1t §s of particular interest given that it binds to neuronal receptors and that the
pathology of autism can include migration cell defects [''7). Alterations in RELN
protein affect cortical and cerebellar development, and the cerebellar neuronal
abnormalities are among the more robust pathologic findings in autism "', Both
family-based and population based association studies also indicate that variations in
RELN may confer risk to autism. RELN maps to the 7q22 chromosomal region,
where suggestive or significant linkage to autism has been reported in several studies.
Both family- and population-based association studies also indicate that variations in
RELN may confer risk to autism. In particular, a large polymorphic trinucleotide
repeat in the 5" UTR of the RELN gene has been implicated in autism in several
studies % !, Preferential transmission of the large repeat polymorphisms to autistic
versus unaffected siblings has also been reported 1“1, A contribution of RELN in
autism is further supported by studies of mutant reeler mice, which carry a large
deletion in RELN and show atypical cortical organization similar to the cerebral

abnormalities documented in postmortem studies in autism !''7),

Contactin-associated protein 2 gene (CNTNAP2)
Contactin-associated protein is a member of the neurexin superfamily, a group of
transmembrane proteins that mediate cell-cell interactions in the nervous system..
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CNTNAP2 is consistently expressed at high levels in the prefrontal and anterior
temporal cortex, as well as in the dorsal thalamus, caudate, putamen, and amygdala.
Three recent studies further support a role of CNTNAP2 in autism " *"'2%1 Arking et
al., (% detected significant linkage at 7q35 (which covers the CNTNAP2 locus), and a
follow-up association study in 72 multiplex families found significant over
transmission of the T allele in a common polymorphism residing in the intron
between exons 2 and 3 of CNTNAP2. Notably, this result was replicated in an
independent sample of 1,295 parent-child trios. In another report, Bakkaloglu et al.,
[120] resequenced CNTNAP2 in a cohort of 635 individuals with autism and 942
controls, finding several rare variants in individuals with autism that were not present
in controls. Alarcon et al., [!! reported further evidence implicating CNTNAP2 as an
autism susceptibility gene and specifically investigated the association of CNTNAP2
with an autism language phenotype. In a 2-stage association study, investigators
found significant association between variants in CNTNAP2 and an index of language
delay in autistic children. In addition, a microdeletion in CNTNAP2 was identified in
1 proband and his father but was not seen in 1,000 controls. An independent
expression study of fetal brain development was performed, with results indicating
preferential expression of CNTNAP2 in the language centers of the brain (i.e. frontal
and anterior temporal lobes). Collectively, these studies provide compelling evidence
that CNTNAP2 mutations could be associated with autism and perhaps particularly
the language endophenotypes of autism. CNTNAP2 is one of the largest genes in the
human genome (2.3 million bases or ~1.5% of chromosome 7), and future studies will

therefore be important to tease out specific variants that underlie these associations
[121]

Wingless-type mmtv integration site family, member 2 gene (WNT2)
WNT?2 is involved in CNS development and interacts with DVL1.Wassink et al., ['**
examined WNT2 as a candidate gene for autism for the following reasons: first, the
WNT family of genes influences the development of numerous organs and systems,
including the central nervous system; second, WNT2 is located in the 7q31-q33
region linked to autism and is adjacent to a chromosomal breakpoint in an individual
with autism; third, a mouse knockout of the dishevelled-1 (DVL1) gene, a member of
a gene family essential for the function of the WNT pathway, exhibits a behavioral
phenotype characterized primarily by diminished social interaction. Evidence for
WNT2 involvement in autism comes from a number of recent investigations.

Forkhead box P 2 gene (FOXP2)

FOXP2 gene is located at 7q31.1 and directly regulates expression of the CNTNAP2
gene, encoding a neurexin expressed in developing human cortex, by binding to a
regulatory sequence in intron 1. Both FOXP2 and CNTNAP2 are involved in
developmental speech and language disorders !'2'?*]. Several researchers reported
association between FOXP2 gene and autism ['2% 1%,
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Phosphatase and tensin homologue gene (PTEN)

PTEN is a tumor suppressor gene located on human chromosome 10q23, influencing
G1 cell-cycle arrest and apoptosis. In the central nervous system, PTEN inactivation
results in excessive dendritic and axonal growth with increased numbers of synapses
(31 Germline mutations resulting in PTEN haploinsufficiency thus facilitate cell-
cycle progression and oncogenesis, leading to macrocephaly/macrosomy and to
cancer development, respectively "%, Interestingly, genetic syndromes due to PTEN
germline haploinsufficiency, in addition to excessive, dysplastic or neoplastic growth,
are often characterised by autism or MR and progressive macrocephaly, as initially
reported by Goffin et al., '3, A study by Butler et al., '** identified three de novo
heterozygous PTEN germline mutations in 18 (16.6%) people with macrocephaly and
autism. The three newly identified mutations all lead to missense changes in
evolutionarily conserved amino acid residues. Others found PTEN mutations in
different percentages of macrocephalic patients with autism '*>"*"! Seventy cases of
autism with PTEN mutations are invariably characterized by severe to extreme
macrocephaly. Macrocephaly has been consistently found in approximately 20% of
patients with autism recruited in independent samples **'*?. Head circumference in
these patients with autism is typically normal at birth and an overgrowth seemingly
develops over the first few years of life !**). Interestingly, the majority of
macrocephalic patients are actually macrosomic, as head size is significantly
correlated with excessive height and weight in this subgroup of patients with autism.
The incidence of PTEN de novo mutations in these macrocephalic/macrosomic
patients with autism can be estimated at 4.7%. Importantly, these patients are at
increased risk of developing a variety of PTEN-related cancers during adulthood.

Neuroligin gene (NLGN)

Thomas et al., [144] have reported deletion in X chromosome of three autistic females,
and this report leads to identification of neuroligin3 gene at Xp 22.3 and neuroligin 4
gene atXql3. Neuroligins are cell-adhesion molecules localised postsynatptically in
both glutamatergic (NLGN1, NLGN3, NLGN4, NLGN4Y) and gamma-aminobutyric
acid-ergic (NLGN2) Synapses '*], with important function in synaptogenesis during
brain development and in connection of pre- and post-synaptic memebranes..
Extensive genetic screens conducted by several groups have confirmed the low
frequency of neuroligin mutations among patients with autism !'* ®7'1 A frameshift
mutation in NLGN4 and a missense mutation in NLGN3 in two separate families
have been found 'Y leading to functional inactivation of neuroligins '®*!. Laumonnier
et al., [ found a frameshift mutation (D429X in NLGN4) in 13 affected male
members of a single pedigree. Yan et al., " reported four other NLGN4 missense
mutations in patients with autism (G99S, K378R, V403M and R704C). More
recently, Lawson-Yuen et al., " reported exonic deletion in NLGN4 in a family
affected with autism, and a range of other learning and psychiatric disorders. The
NLGN4 product has not been studied extensively, but it shares about 70% homology
with the rest of the neuroligin family that complexes with neurexin to facilitate
synaptic formation and function.



Autism Genetics: Recent Advances in Candidate Gene Search 57

Conclusion

After several decades of halting progress, the entire field of autism genetics is moving
forward at a remarkable pace. Over just the past couple of years, a specific genetic
mutation in NLGN4 has been identified as being responsible for rare cases of mental
retardation and/or pervasive developmental disabilities, EN2 has emerged as a strong
candidate for association with the autism phenotype, and a linkage region on
chromosome 17q has been confirmed in independent samples using rigorous
statistical criteria. These are just a handful of the exciting recent findings in the field
that offer avenues for real progress. Of course, the identification of risk alleles or rare
causative mutations is just one important step in unraveling the biology of autism, and
effort that will require the combined contributions of a variety of fields including
geneticists, clinical researchers, developmental neurobiologists and neuroimagers.
Though the final goal is to develop new treatments and to reveal strategies for
prevention is still over the horizon.

References

[1] Kanner L: Autistic disturbances of affective contact. Nerv Child 1943; 2: 217-
250.

[2] Asperger H. Die autistischen psychopathen im kindesalter. Arch Psychiatr
Nervenkr 1944; 117: 76— 136.

[3] American Psychiatric Association . Diagnostic and statistical manual of mental
disorders. Washington, DC: American Psychiatric Association 1994..Yeargin-
Allsopp M, Rice C, Karapurkar T, et al. Prevalence of autism in a US
metropolitan area.. JAMA 2003; 289:49-55.

[4] Muhle R, Trentacoste SV, Rapin I. The genetics of autism. Pediatrics 2004;
113:472-486.

[5] Lord C, Rutter M, Le Couteur A: Autism diagnostic interview revised : a
revised version of a diagnostic interview for caregivers of individuals with
possible pervasive developmental disorders. J Autism Dev Disord 1994; 24:
659— 685.

[6] Lord C, Risi S, Lambrecht L et al: The autism diagnostic observation schedule-
generic: a standard measure of social and communication deficits associated
with the spectrum of autism. J Autism Dev Disord 2000; 30: 205— 223.

[7] Cook Jr EH, Courchesne RY, Cox NIJ et al. Linkage-disequilibrium mapping of
autistic disorder, with 15q11-13 markers. Am J Hum Genet 1998; 62: 1077—
1083.

[8] Ritvo ER, Jorde LB, Mason-Brothers A, et al. The UCLA-University of Utah
epidemiologic survey of autism: recurrence risk estimates and genetic
counseling. Am J Psychiatry 1989;146: 1032—-1036.

[9] Rodier P, Hyman S. Early environmental factors in autism. Ment Retard Dev
Disabil Res Rev 1998; 4: 121-128.



58

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

Vandana Rai

Bachevalier J, Loveland K.A. The orbitofrontal-amygdala circuit and self-
regulation of social-emotional behavior in autism. Neurosci Biobehav Rev

2006; 30: 97 - 117.

Reiss AL, Freund L. Fragile X syndrome.DSM-III R and autism. J] Am Acad
Child Adolesc Psycht 1990; 29: 885-91.

Smalley SL. Autism and tuberous sclerosis. J Autism Dev Disord. 1998; 28:
407-414.

Jamain S, Quach H, Betancur C, Rafistam M, et al. Paris Autism Research
International Sibpair Study. Mutations of the X-linked genes encoding
neuroligins NLGN3 and NLGN4 are associated with autism. Nat Genet 2003;
34:27-9.

Johansson M, Wentz E, Fernell E, et al. Autistic spectrum disorders in Mobius
sequence: a comprehensive study of 25 individuals. Dev Med Child Neurol
2001; 43: 338-345.

Ozonoff S, Williams BJ, Gale S, Miller JN. Autism and autistic behaviour in
Jobert Syndrome. J Child Neurol 1999; 14: 636-41.

Waage-Baudet H, Lauder JM, Dehart DB, et al. Abnormal serotonergic
development in a mouse model for the Smith-Lemli-Opitz syndrome:

implications for autism. Int J Dev Neurosci 2003; 21: 451 - 459.

Szatmari P, Jones M, Zwaigenbaum L, Maclean J. Genetics of autism:
Overview and new directions. J Autism Dev Dis 1998; 28: 351-68.

Risch N, Spiker D, Lotspeich L, et al. A genomic screen of autism: evidence
for a multilocus etiology. Am J Hum Genet 1999; 65:493-507.

Rutter M.. Genetic studies of autism: from the 1970s into the millennium. J
Abnorm Child Psychol 2000; 28:3—14.

Philippe A, Martinez M, Guilloud-Bataille M, et al. Genome-wide scan for
autism susceptibility genes. Paris Autism Research International Sibpair Study.

Hum Mol Genet 1999; 8: 805 - 812.

Ashley-Koch A, Wolpert CM, Menold MM, et al. Genetic studies of autistic
disorder and chromosome 7. Genomics 1999; 61: 227-236.

International Molecular Genetic Study of Autism Consortium (IMGSAC). A
full genome screen for autism with evidence for linkage to a region on
chromosome 7q. Hum Mol Genet 1998; 7: 571-578.

International Molecular Genetic Study of Autism Consortium (IMGSAC).
Further characterization of the autism susceptibility locus AUTSI1 on
chromosome 7q. Hum Mol Genet 2001; 10: 973-982.

Buxbaum J.D. Silverman J. Keddache M. Smith C.J. Hollander E.Ramoz N.
Reichert J.G. Linkage analysis for autism in a subset families with obsessive-
compulsive behaviors: Evidence for an autism susceptibility gene on
chromosome 1 and further support for susceptibility genes on chromosome 6

and 19. Mol Psychiatry 2004; 9:144 - 150.

Liu J, Nyholt DR, Magnussen P, et al. A genome-wide screen for autism
susceptibility loci. Am J Hum Genet 2001; 69: 327-340.



Autism Genetics: Recent Advances in Candidate Gene Search 59

[26]

[27]

[28]

[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Shao Y, Wolpert CM, Raiford KL, et al. Genomic screen and follow-up
analysis for autistic disorder. Am J Med Genet 2002; 114: 99-105.

Auranen M, Vanhala R, Varilo T, et al. A genomewide screen for autism-
spectrum disorders: evidence for a major susceptibility locus on chromosome
3925-27. Am J Hum Genet 2002; 71: 777-790.

Alarcon M, Yonan AL, Gilliam T, Cantor RM, Geschwind DH. Quantitative
genome scan and ordered-subsets analysis of autism endophenotypes support
language QTLs. Mol Psychiatry 2005; 10: 747-757.

Barrett S, Beck JC, Bernier R, et al. An autosomal genomic screen for autism.
Collaborative linkage study of autism. Am J Med Genet 1999; 88: 609-615.
Yonan AL, Alarcon M, Cheng R, et al. A genomewide screen of 345 families
for autism-susceptibility loci. Am J Hum Genet 2003; 73: 886—897.
Ylisaukko-oja T, Nieminen-von Wendt T, Kempas E, et al. Genome-wide scan
for loci of Asperger syndrome. Mol Psychiatry 2004; 9: 161 168.

Lamb JA, Barnby G, Bonora E, et al. Analysis of IMGSAC autism
susceptibility loci: evidence for sex limited and parent of origin specific effects.
J Med Genet 2005; 42: 132-137.

McCauley JL, Li C, Jiang L, et al. Genome-wide and ordered-subset linkage
analyses provide support for autism loci on 17q and 19p with evidence of
phenotypic and interlocus genetic correlates. BMC Med Genet 2005; 6: 1.

Ma DQ, Whitehead PL, Menold MM, et al. Identification of significant
association and gene—gene interaction of GABA receptor subunit genes in
autism. Am J Hum Genet 2005; 77: 377-388.

Schellenberg GD, Dawson G, Sung Y], et al. Evidence for multiple loci from a
genome scan of autism kindreds. Mol Psychiatry 2006; 11:1049—60.

Trikalinos TA, Karvouni A, Zintzaras E, et al. A heterogeneity-based genome
search meta-analysis for autism-spectrum disorders. Mol. Psychiatry 2006; 11:
29-36.

Duvall JA, Lu A, Cantor RM, Todd RD, Constantino JN, Geschwind DH. A
quantitative trait locus analysis of social responsiveness in multiplex autism
families. Am J Psychiatry 2007;164:656—62.

Szatmari P, Paterson AD, Zwaigenbaum L, et al. Mapping autism risk loci
using genetic linkage and chromosomal rearrangements. Nat Genet
2007;39:319-28.

Persico AM, D’Agruma L, Maiorano N, et al. Reelin gene alleles and
haplotypes as a factor predisposing to autistic disorder. Mol Psychiatry.
2001;6:150-159

Sutcliffe JS, Delahanty RJ, Prasad HC et al. Allelic heterogeneity at the
serotonin transporter locus (SLC6A4) confers susceptibility to autism and
rigid-compulsive behaviors. Am J Hum Genet 2005; 77: 265— 279.

Kim HG, Kishikawa S, Higgins AW, et al. Disruption of neurexin 1 associated
with autism spectrum disorder. Am J Hum Genet 2008; 82:199-207.

Amir RE, Van den Veyver IB, Wan M, et al. Rett syndrome is caused by
mutations in X-linked MECP2, encoding methyl-CpG-binding protein 2. Nat
Genet 1999;23:185-188.



60

[43]

[44]

[45]

[46]

[47]
[48]
[49]
[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Vandana Rai

Serajee FJ, Zhong H, Nabi R, Huq AH. The metabotropic glutamate receptor 8
gene at 7q31: partial duplication and possible association with autism. J Med
Genet 2003; 40: e42

Butler MG, Dasouki MJ, Zhou XP, et al. Subset of individuals with autism
spectrum disorders and extreme macrocephaly associated with germline PTEN
tumour suppressor gene mutations. J Med Genet 2005; 42: 318-321.

Herman GE, Butter E, Enrile B, Pastore M, Prior TW, Sommer A. Increasing
knowledge of PTEN germline mutations: Two additional patients with autism
and macrocephaly. Am J Med Genet A 2007; 143:589-93.

Buxbaum JD, Cai G, Chaste P, et al. Mutation screening of the PTEN gene in
patients with autism spectrum disorders and macrocephaly. Am J Med Genet B
Neuropsychiatr Genet 2007; 144B: 484-91.

Fatemi SH, Stary JM, Halt AR, Realmuto GR. Dysregulation of Reelin and
Bcl-2 proteins in autistic cerebellum. J Autism Dev Disord. 2001; 31: 529-535
Fatemi SH, Snow AV, Stary JM et al: Reelin signalling is impaired in autism.
Biol Psychiatry 2005; 57: 777— 787.

Zhang H, Liu X, Zhang C et al: Reelin gene alleles and susceptibility to autism
spectrum disorders. Mol Psychiatry 2002; 7: 1012— 1017.

Skaar DA, Shao Y, Haines JL, et al. (2005) Analysis of the RELN gene as a
genetic risk factor for autism. Mol. Psychiatry 2005; 10: 563-571.

Serajee, F.J., Zhong, H. and Mahbubul Huq, A.H. (2006) Association of Reelin
gene polymorphisms with autism. Genomics, 87, 75-83.

Ashley-Koch AE, Jaworski J, Ma de Q, et al. Investigation of potential gene-
gene interactions between APOE and RELN contributing to autism risk.
Psychiatr Genet 2007;17:221-26.

Ramoz N, Reichert JG, Smith CJ, et al. Linkage and association of the
mitochondrial aspartate/glutamate carrier SLC25A12 gene with autism. Am J
Psychiatry 2004; 161: 662-669.

Herault J, Perrot A, Barthelemy C, et al. Possible association of c-Harvey-Ras-
1 (HRAS-1)marker with autism. Psychiatry Res 1993;46:261-267.

Herault J, Petit E, Martineau J, et al. Autism and genetics: clinical approach
and association study with two markers of HRAS gene. Am J Med Genet 1995;
60:276-281.

Benayed R, Gharani N, Rossman I et al. Support for the homeobox
transcription factor gene ENGRAILED 2 as an autism spectrum disorder
susceptibility locus. Am J Hum Genet 2005; 77: 851— 868.

Wassink TH, Piven J, Vieland VJ, et al. Evidence supporting WNT2 as an
autism susceptibility gene. Am J Med Genet 2001; 105: 406413

Conciatori M, Stodgell CJ, Hyman SL, et al. Association between the HOXA1
A218G Polymorphism and Increased Head Circumference in Patients with

Autism. Biol Psychiatry 2004; 55: 413 - 441.

Arking DE, Cutler DJ, Brune CW, et al. A common genetic variant in the
neurexin superfamily member CNTNAP2 increases familial risk of autism. Am
J Hum Genet 2008; 82: 160-64.



Autism Genetics: Recent Advances in Candidate Gene Search 61

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Alarcon M, Abrahams BS, Stone JL, et al. Linkage, association, and gene-
expression analyses identify CNTNAP2 as an autism-susceptibility gene. Am J
Hum Genet 2008; 82:150-59.

Durand CM, Betancur C, Boeckers TM, et al. Mutations in the gene encoding
the synaptic scaffolding protein SHANKS3 are associated with autism spectrum
disorders. Nat Genet 2007; 39: 25-27.

Campbell DB, Sutcliffe JS, Ebert PJ, et al. A genetic variant that disrupts MET
transcription is associated with autism. Proc Natl Acad Sci U S A 2006;
103:16834-39.

Nurmi EL, Bradford Y, Chen Y, S.A. et al. Linkage disequilibrium at the
Angelman syndrome gene UBE3A in autism families. Genomics 2001; 77:
105-113.

Menold MM, Shao Y, Wolpert CM, et al. Association analysis of chromosome
15 gabaa receptor subunit genes in autistic disorder. J Neurogenet 2001; 15:
245-259.

Buxbaum JD, Silverman JM, Smith CJ, et al. Association between a GABRB3
polymorphism and autism. Mol Psychiatry 2002; 7: 311-316.

McCauley JL, Olson LM, Delahanty R et al. A linkage disequilibrium map of
the 1-Mb 15q12 GABAA receptor subunit cluster and association to autism.
Am J Med Genet Part B (Neuropsychiatr Genet) 2004; 131B: 51-59.

Chih B, Afridi SK, Clark L, Scheiffele P. Disorder-associated mutations lead to
functional inactivation of neuroligins. Hum Mol Genet 2004; 13: 1471- 1477.
Laumonnier F, Bonnet-Brilhault F, Gomot M, et al. X-linked mental retardation
and autism are associated with a mutation in the NLGN4 gene, a member of the
neuroligin family. Am J Hum Genet 2004; 74: 552-557.

Yan J, Oliveira G, Coutinho A, et al.. Analysis of the neuroligin 3 and 4 genes
in autism and other neuropsychiatric patients. Mol Psychiatry 2005; 10: 329—
32.

Lawson-Yuen A, Saldivar JS, Sommer S, Picker J. Familial deletion within
NLGN4 associated with autism and Tourette syndrome. Eur J] Hum Genet
2008; 16: 614-8.

Cook EH Jr, Courchesne R, Lord C, et al. Evidence of linkage between the
serotonin transporter and autistic disorder. Mol Psychiatry 1997; 2: 247-250
Klauck SM, Poustka F, Benner A, Lesch KP, Poustka A. Serotonin transporter
(5-HTT) gene variants associated with autism? Hum Mol Genet. 1997; 6:
2233-2238.

Yirmiya N, Pilowsky T, Nemanov L, et al. Evidence for an association with the
serotonin transporter promoter region polymorphism and autism. Am J Med
Genet 2001;105:381-386

Betancur C, Corbex M, Spielewoy C, et al. Serotonin transporter gene
polymorphisms and hyperserotonemia in autistic disorder. Mol Psychiatry
2002; 7:67-71

Devlin B, Cook Jr EH, Coon H et al: Autism and the serotonin transporter: the
long and short of it. Mol Psychiatry 2005; 10: 1110— 1116.



62

[76]

[77]

[78]

[79]
[80]

[81]

[82]
[83]
[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Vandana Rai

Mulder EJ, Anderson GM, Kema IP, et al. Serotonin transporter intron 2
polymorphism associated with rigid-compulsive behaviors in Dutch individuals
with pervasive developmental disorder. Am J Med Genet B Neuropsychiatr
Genet 2005; 133:93-96.

Koishi S, Yamamoto K, Matsumoto H, et al. Serotonin transporter gene
promoter polymorphism and autism: A family-based genetic association study

in Japanese population. Brain Dev, 2006; 28: 257 - 260.

Maestrini E, Lai C, Marlow A, et al. Serotonin transporter (5-HTT) and
gamma-aminobutyric acid receptor subunit beta3 (GABRB3) gene
polymorphisms are not associated with autism in the IMGSA families. The
International Molecular Genetic Study of Autism Consortium. Am J Med
Genet 1999; 88: 492-496.

Ichtchenko K, Hata Y, Nguyen T. Neuroligin 1: a splice site-specific ligand for
beta-neurexins. Cell 1995; 81: 435-43.

Feng J, Schroer R, Yan J, et al. High frequency of neurexin 1beta signal peptide
structural variants in patients with autism. Neurosci Lett 2006; 409:10-13.
Autism Genome Project consortium. Mapping autism risk loci using genetic
linkage and chromosomal rearrangements. Nature Genetics 2007; 39: 319 —
328.

Kim HG, Kishikawa S, Higgins AW, et al. Disruption of neurexin 1 associated
with autism spectrum disorder. Am J Hum Genet 2008; 82:199-207.

Yan J, Noltner K, Feng J, et al. Neurexin lalpha structural variants associated
with autism. Neurosci Lett 2008; 438:368-0.

Hussman JP. Suppressed GABAergic inhibition as a common factor in
suspected etiologies of autism. J Autism Dev Disord 2001; 31:247-248

Blatt GJ, Fitzgerald CM, Guptill JT, et al. Density and distribution of
hippocampal neurotransmitter receptors in autism: an autoradiographic study. J
Autism Dev Disord 2001; 31: 537-543.

Dhossche D, Applegate H, Abraham A, et al. Elevated plasma gamma-
aminobutyric acid (GABA) levels in autistic youngsters: stimulus for a GABA
hypothesis of autism. Med Sci Monit 2002; 8: PR1-6.

Fatemi SH, Halt AR, Realmuto G, et al. Purkinje cell size is reduced in

cerebellum of patients with autism. Cell Mol Neurobiol 2002; 22: 171 - 175.
Bauman ML, Kemper TL, Neuroanatomic observations of the brain in autism:

a review and future directions. Int J Dev Neurosci 2005; 23: 183 - 187.

Bundey S, Hardy C, Vickers S, Kilpatrick MW, Corbett JA. Duplication of
15q11-13 region in a patient with autism, epilepsy and ataxia. Dev Med Child
Neurol 1994; 36(8): 736-742.

Nurmi EL, Bradford Y, Chen Y, et al. Linkage disequilibrium at the Angelman
syndrome gene UBE3A in autism families. Genomics 2001; 77: 105-113.

Shao Y, Cuccaro ML, Hauser ER, et al. Fine mapping of autistic disorder to
chromosome 15q11—ql13 by use of phenotypic subtypes. Am J Hum Genet
2003; 72: 539-548.



Autism Genetics: Recent Advances in Candidate Gene Search 63

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Owens DF, Kriegstein AR. Is there more to GABA than synaptic inhibition?
Nat Rev Neurosci 2002; 3:715-727.

Martin ER, Menold MM, Wolpert CM et al. Analysis of linkage disequilibrium
in g-aminobutyric acid receptor subunit genes in autistic disorder. Am J Med
Genet (Neuropsychiatr Genet) 2000; 96: 43— 48.

Curran S, Roberts S, Thomas S et al. An association analysis of microsatellite
markers across the Prader-Willi/Angelman critical region on chromsome 15
(q11 — 13) and autism spectrum disorder. Am J Med Genet B Neuropsychiatr
Genet 2005; 137B: 25— 28.

Ashley-Koch AE, Mei H, Jaworski J, et al. An analysis paradigm for
investigating multi-locus effects in complex disease: examination of three
GABA receptor subunit genes on 15ql1-ql13 as risk factors for autistic

disorder. Ann Hum Genet 2006; 70: 281 - 292.

Lam CW, Yeung WL, Ko CH, et al. Spectrum of mutations in the MECP2 gene
in patients with infantile autism and Rett syndrome. J Med Genet 2000; 37:
edl.

Carney RM, Wolpert CM, Ravan SA, et al. Identification of MeCP2 mutations
in a series of females with autistic disorder. Pediatr Neurol 2003; 28: 205-11.
Vourc’h P, Bienvenu T, Beldjord C, et al. No mutations in the coding region of
the Rett syndrome gene MECP2 in 59 autistic patients. Eur J] Hum Genet 2001;
9: 556-8.

Beyer KS, Blasi F, Bacchelli E, et al. International Molecular Genetic Study of
Autism Consortium (IMGSAC). Mutation analysis of the coding sequence of
the MECP2 gene in infantile autism. Hum Genet 2002; 111: 305-9.

Zappella M, Meloni I, Longo I, et al. Study of MECP2 gene in Rett syndrome
variants and autistic girls. Am J] Med Genet B Neuropsychiatr Genet 2003;
119B: 102-7.

Shibayama A, Cook EH Jr, Feng J, et al. MECP2 structural and 39-UTR
variants in schizophrenia, autism and other psychiatric diseases: a possible
association with autism. Am J Med Genet B Neuropsychiatr Genet 2004; 128B:
50-3.

Lobo-Menendez F, Sossey-Alaoui K, Bell JM, et al. Absence of MeCP2
mutations in patients from the South Carolina autism project. Am J Med Genet
B Neuropsychiatr Genet 2003; 117B: 97-101.

Li JY, Kuick R, Thompson RC, et al. Arcuate nucleus transcriptome profiling
identifies ankyrin repeat and suppressor of cytokine signalling box-containing
protein 4 as a gene regulated by fasting in central nervous system feeding
circuits. J Neuroendocrinol 2005; 17: 394-404.

Coutinho AM, Oliveira G, Katz C, et al. MECP2 coding sequence and 39UTR
variation in 172 unrelated autistic patients. Am J Med Genet B Neuropsychiatr
Genet 2007; 144B: 475-83.

Harvey CG, Menon SD, Stachowiak B, et al. Sequence variants within exon 1
of MECP2 occur in females with mental retardation. Am J Med Genet B
Neuropsychiatr Genet 2007; 144B: 355-60.



64

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]
[117]

[118]

[119]

[120]

[121]

[122]

Vandana Rai

Xi CY, Ma HW, Lu Y, Zhao YJ, Hua TY, Zhao Y, Ji YH. MeCP2 gene
mutation analysis in autistic boys with developmental regression. Psychiatr
Genet 2007; 17: 113-16.

Young DJ, Bebbington A, Anderson A, et al. The diagnosis of autism in a
female: could it be Rett syndrome? Eur J Pediatr 2008; 167: 661-9.

Gharani N, Benayed R, Mancuso V, Brzustowicz LM, Millonig JH.
Association of the homeobox transcription factor, ENGRAILED 2, 3, with
autism spectrum disorder. Mol Psychiatry 2004; 9(5): 474-84.

Benayed R, Gharani N, Rossman I, et al. Support for the homeobox
transcription factor gene ENGRAILED 2 as an autism spectrum disorder
susceptibility locus. Am J Hum Genet 2005; 77(5): 851-68.

Wang L, Jia M, Yue W, et al. Association of the ENGRAILED 2 (EN2) gene
with autism in Chinese Han population. Am J Med Genet B Neuropsychiatr
Genet 2008; 147B(4): 434-8

Yang P, Lung FW, Jong YJ, Hsieh HY, Liang CL, Juo SH. Association of the
homeobox transcription factor gene ENGRAILED 2 with autistic disorder in
Chinese children. Neuropsychobiology 2008; 57(1-2):3-8.

Campbell DB, Sutcliffe JS, Ebert PJ, et al. A genetic variant that disrupts MET
transcription is associated with autism. Proc Natl Acad Sci U S A 2006;
103:16834-39.

Campbell DB, D'Oronzio R, Garbett K, et al. Disruption of cerebral cortex
MET signaling in autism spectrum disorder. Ann Neurol 2007; 62: 243-50.
Hong SE, Shugart YY, Huang DT, et al. Autosomal recessive lissencephaly
with cerebellar hypoplasia is associated with human RELN mutations. Nat
Genet 2000; 26:3-96

Rice DS, Nusinowitz S, Azimi AM, Martinez A, Soriano E, Curran T. The
reelin pathways modulates the structure and function of retinal synaptic
circuitry. Neuron 2001; 1: 929-41.

Bailey A, Luthert P, Dean A, et al. A clinicopathological study of autism.
Brain. 1998; 121(suppl): 889-905

Kemper TL, Bauman ML. Neuropathology of infantile autism. Mol Psychiatry
2002; 7(suppl 2): S12-S13

Dutta S, Guhathakurta S, Sinha S, et al. Reelin gene polymorphisms in the
Indian population: A possible paternal 5'UTR-CGG-repeat-allele effect on
autism. Am J Med Genet B Neuropsychiatr Genet 2007;144: 106—12.
Bakkaloglu B, O'Roak BJ, Louvi A, et al. Molecular cytogenetic analysis and
resequencing of contactin associated protein-like 2 in autism spectrum
disorders. Am J Hum Genet 2008; 82: 165-73.

Losh, M,. Sullivan PF, Trembath D,Piven J. Current Developments in the
Genetics of Autism: From Phenome to Genome. J Neuropathol Exp Neurol
2008; 67(9): 829-837

Wassink TH, Piven J, Vieland VJ, et al. Evidence supporting WNT2 as an
autism susceptibility gene. Am J Med Genet 2001; 105: 406413

Ramsay M. Communication genes clustered on 7q31. Mol Med Today 2000
Oct; 6(10):380-1



Autism Genetics: Recent Advances in Candidate Gene Search 65

[123]
[124]
[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]
[139]

[140]

Newbury DF, Monaco AP. Molecular genetics of speech and language
disorders. Curr Opin Pediatr 2002; 14(6): 696-701.

Fisher SE, Lai CS, Monaco AP. Deciphering the genetic basis of speech and
language disorders. Annu Rev Neurosci 2003; 26: 57-80.

Bonneau D, Verny C, Uz¢é J. Genetics of specific language impairments. Arch
Pediatr 2004; 11(10):1213-6.

MacDermot KD, Bonora E, Sykes N, et al. Identification of FOXP2 truncation
as a novel cause of developmental speech and language deficits. Am J Hum
Genet 2005; 76(6):1074-80.

Shu W, Cho JY, Jiang Y, et al. Altered ultrasonic vocalization in mice with a
disruption in the Foxp2 gene. Proc Natl Acad Sci U S A. 2005; 102(27): 9643-
8.

Manning MA, Cassidy SB, Clericuzio C, et al. Terminal 22q deletion
syndrome: a newly recognized cause of speech and language disability in the
autism spectrum. Pediatrics 2004;114(2): 451-7.

Li H, Yamagata T, Mori M, Momoi MY. Absence of causative mutations and
presence of autism-related allele in FOXP2 in Japanese autistic patients. Brain
Dev. 2005; 27(3): 207-10.

Kwon CH, Luikart BW, Powell CM, et al. PTEN regulates neuronal
arborization and social interaction in mice. Neuron 2006; 50: 377-88.

Eng C. PTEN: one gene, many syndromes. Hum Mutat 2003; 22: 183-98.
Goftin A, Hoefsloot LH, Bosgoed E, Swillen A, Fryns JP. PTEN mutation in a
family with Cowden syndrome and autism.. Am J Med Genet 2001; 105: 521—
4.

Butler MG, Dasouki MJ, Zhou XP, et al. Subset of individuals with autism
spectrum disorders and extreme macrocephaly associated with germline PTEN
tumour suppressor gene mutations. ] Med Genet 2005; 42: 318-21.

Buxbaum JD, Cai G, Chaste P, et al. Mutation screening of the PTEN gene in
patients with autism spectrum disorders and macrocephaly. Am J Med Genet B
Neuropsychiatr Genet 2007; 144B: 484-91.

Herman GE, Butter E, Enrile B, Pastore M, Prior TW, Sommer A. Increasing
knowledge of PTEN germline mutations: Two additional patients with autism
and macrocephaly. Am J Med Genet A 2007; 143: 589-93.

Herman GE, Henninger N, Ratliff-Schaub K, Pastore M, Fitzgerald S, McBride
KL. Genetic testing in autism: how much is enough? Genet Med 2007; 9: 268—
73.

Woodhouse W, Bailey A, Rutter M, Bolton P, Baird G, Le Couteur A. Head
circumference in autism and other pervasive developmental disorders. J Child
Psychol Psychiat 1996; 37: 665-71.

Lainhart JE, Piven J, Wzorek M, et al. Macrocephaly in children and adults
with autism. J] Am Acad Child Adolesc Psychiatry 1997; 36: 282-90.
Stevenson RE, Schroer RJ, Skinner C, Fender D, Simensen RJ. Autism and
macrocephaly. Lancet 1997; 349: 1744-5.

Fombonne E, Roge” B, Claverie J, Courty S, Fre'molle J. Microcephaly and
macrocephaly in autism. J Autism Dev Disord 1999; 29: 113-19.



66 Vandana Rai

[141] Miles JH, Hadden LL, Takahashi TN, Hillman RE. Head circumference is an
independent clinical finding associated with autism. Am J Med Genet B
Neuropsychiat Genet 2000; 95: 339-50.

[142] Courchesne E. Brain development in autism: early overgrowth followed by
premature arrest of growth. Ment Retard Dev Disabil Res Rev 2004; 10:106—
11.

[143] Thomas NS, Sharp AJ, Browne CE, Skuse D, Hardie C, Dennis NR. Xp
deletions associated with autism in three females. Hum Genet 1999; 104: 43—
48.

[144] Craig AM, Kang Y. Neurexin-neuroligin signaling in synapse development.
Curr Opin Neurobiol 2007; 17: 43-52.



