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1. Introduction

Autism is a neurodevelopmental disorder characterized by impaired social interaction, and
verbal and nonverbal communication as well as limited and repetitive behaviours. Although
symptomatology of autism may be noticed around early months, diagnosis generally occurs
around 24-36 months, however in some cases diagnosis may be delayed to adulthood [1].
Since behavioural symptoms and the degree of functional impairment are variable, the au-
tistic disorder is described as a heterogenous symptom cluster of varying etiological and
pathological basis [2]. Described as a multifactorial disorder created by interaction of neuro-
logic, immunologic, environmental, and genetic factors, autistic disorder has no definite
cause [3, 4]. In many cases in whom the etiology remains unclear are diagnosed as idiopath-
ic autism or non-syndromic autism [5, 6]. Seventy percent of cases with idiopathic autism
have basic symptoms without physical abnormalities whereas 30% have complex autism in
which dysmorphic features are detected such as microcephaly and/or structural brain mal-
formations [7]. Autism is associated with other syndromes such as Fragile X syndrome,
Down Syndrome, and tuberosclerosis in 5-25% of the cases ([8, 9]. Although phenotypic het-
erogeneity is the biggest challenge for research efforts directed to identify autism etiology
[10], currently it is widely accepted that environmental and genetic factors play essential
role in genesis of autistic disorder thanks to a recent advance in research techniques related
to biological factors and widespread studies in this field [11, 12].

2. Genetics

Autistic disorder is a multifactorial genetic disorder not following classical Mendelian inher-
itance. Impairment in social interaction and verbal communication as well as genetic differ-
entiation in rigid-repetitive behaviours indicates that different features in autistic disorder

I NT EC H © 2013 Guney and Iseri; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

open science | open minds unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



322

Recent Advances in Autism Spectrum Disorders - Volume |

may be caused by different genes associated with distinct brain regions and be related to
cognitive impairment and functional abnormalities [13].

Genetic studies in the field of autistic disorder have mainly focused on molecular genetic
studies, assessment of chromosomal abnormalities, twin studies and family studies. In fami-
lies having an autistic child the recurrence rate has been reported as 3-8% [14, 15, 16]. The
studies on twins and adopted children are important in identifying the actual importance of
genetic factors. Concordance among twins enables to measure heritability, and thus to as-
sess what percentage of the phenotype is affected by genetic factors. Monozygotic (identical)
twins share 100% of the genetic material whereas dizygotic (fraternal) twins share 50% of
the genetic material. Monozygotic twins” higher rate of concordance compared to dizygotic
twins may be used for calculation of heritability. Twin studies generally showed a higher
concordance rate for monozygotic twins compared to dizygotic twins. The concordance rate
of monozygotic twins is at least 60% when diagnostic criteria for autism (DSM-IV) are used
whereas the number is as high as 71% for autism spectrum and 92% for a broader spectrum
of verbal/social interaction disorders [11, 12, 16, 17]. On the other hand, the concordance rate
of dizygotic twins has been reported as 1-30% [9, 17-20]. Twin studies demonstrated an
average autism inheritance of 90% [21]. On the basis of these studies autism is considered to
be among the most inherited psychiatric diseases [22, 23].

Although autism has a high inheritance rate, its mode of inheritance remains unclear. Multi-
gene interactions and multiple loci are believed to play role in genetic susceptibility to the dis-
ease [24]. There are 3 basic approaches in this area: 1) in whole genome scanning method, it is
aimed to predict the localization of a disease, about chromosomal localization of which we
have no preliminary information, by starting from common genetic determinants in a com-
munity composed of multiplex families (families with more than one involved member). 2) cy-
togenetic studies guide molecular studies by showing inherited or de novo chromosomal
anomalies in involved persons or families. 3) candidate gene studies examine the relationship
of genes known to affect brain development in associated regions or alternatively, a selected
precursor gene considered to hypothetically contribute to autism pathogenesis.

It has been demonstrated that structural chromosomal variations comprising also copy
number variations play an important role in etiology of autism. De novo copy number varia-
tions have been identified in 7-10% of sporadic autism cases [25, 26].

In studies employing genome scanning method to reveal genetic etiology of autism, cogent
evidence for an association with chromosomes 2, 7, 1, and 17, especially long arm of chro-
mosomes 2 (2q) and 7 (7q) has been obtained. Other chromosomes less associated with au-
tism are chromosomes 1, 9, 13, 15, 19, 22, and X chromosome [14, 16, 27]. Although a lot of
genomic regions have been explored for etiology, consistent results for a limited number of
regions such as 7ql1, 7q31, 22q11 have been obtained [16, 28, 29]. Particularly 15q11-q13 re-
gion on chromosome 15 has been widely related to autism. It has been suggested that dupli-
cations in this region of chromosome 15 may contribute to autism development. There exist
in this area a series of potential candidate genes containing gamma aminobutyric acid A
(GABAA) receptor gene complex [30]. These duplications inherited maternally have been re-
ported to be present in 1-3% of individuals with idiopathic autism [31, 32].
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Another region related to autism is a deletion region located on chromosome 16p11. This re-
gion has also been demonstrated to be in relationship with Asperger Syndrome, mental re-
tardation, and developmental abnormalities [33, 34].

It has been showed that, in individuals with autism, there is a significant increase in the fre-
quency of allelic variations of HOXA1 gene (7p15). HOXA1 and HOXB1, which have a criti-
cal role for development of fetal caudal medullary structures, are only expressed at the third
week following fertilization, a period when neural tube is formed, and they appear to be
partly associated with development of superior olivary, facial and abducens nuclei. It has
been suggested that HOXA1 has a role in autism tendency and is associated with early
phase of brain stem development in autism etiology [16, 35]. On the other hand, there are
studies where no significant association with HOXA1 gene variants and autism could be
demonstrated [36, 37].

Engrailed-2 (EN-2) which is the human homologue of drosophila engrailed gene and located
on the long arm of Chromosome 7 (7q36) is a homeobox gene having a critical role in mid-
brain and cerebellar development. Temporal and spatial pattern of engrailed gene expres-
sion occurs simultaneously with the development of cerebellar precursor cells. Thus, it has
been suggested to be important to determine correct cell number in cerebellum [38]. Petit
and his colleagues (1995) reported a significant association between Poull polymorphism at
the 5 region of EN-2 gene and autism [39]. However, this association could not be con-
firmed in a later family study [40].

MET oncogene coding pleiotropic MET receptor thyrosine kinase is located on the long arm
of Chromosome 7. MET signalization has a role in neocortex and cerebellar growth and ma-
turation, and immune functions. MET gene and its ligand, hepatocyte growth factor (HGF),
have been related to autism. Studies conducted by Campbell and his colleagues ([41,42]
showed that C allele in the promoter region of MET gene decreases MET promoter activity
by two fold and decreased MET gene expression is associated with autism tendency.

Another gene on Chromosome 7 is CNTNAP2 (contactin-associated-protein-like 2) gene.
CNTNAP2 gene has been associated in various studies with autism, language delay, and
epilepsy [43-45].

FOXP2 (forkhead box P2), a forkhead transcription factor gene, is a member of family fork-
head known as the key regulators of embryogenesis; it encodes a transcription factor con-
taining polyglutamine and is associated with development of lingual functions. In a study in
Chinese society, FOXP2 gene located in the 7q31 region was linked with autism pathogene-
sis [46]. However, other studies did not replicate these findings [47, 48].

Another gene investigated for autism relationship is Wingless-Int (Wnt2) gene located on
the long arm of Chromosome 7 (7q31-33). Wnt genes encode glycoproteins rich in cysteine,
which regulate various cellular movements during the embryonic development [49]. It has
been shown that Wnt has a role in regulation of activity-dependent dendritic branching in
hippocampal pyramidal neurons [50]. Wnt2 gene was linked with autism in a study by Was-
sink and his colleagues [51].
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Reelin is an important extracellular matrix glycoprotein that has an important role in devel-
opment of neuronal migration, lamination, and connection during embryonic brain develop-
ment and is associated with a signal pathway forming the basis of neuro-conduction,
memory formation, and synaptic plasticity [52]. It is responsible for lamination in embryonic
period whereas it has a role in cell signalization and synaptic plasticity in adulthood period
[53]. Decrease in reelin expression has been associated with autism. RELN gene, which is lo-
cated in 7q22 region and encodes reelin protein which is important in neurodevelopment,
involves a polymorphic GGC repeat in 5 region. Long GGC alleles of RELN gene cause
blunt gene expression; therefore, they are considered to be linked with autism [52]. There
are studies reporting a significant relationship between RELN alleles with larger numbers of
CGG repeats and autism [52, 54] while there are also negative studies in terms of such a rela-
tionship [55]. Besides the genetic complexity in the etiopathogenesis of this disorder, non-
replication of the results of different studies should also be taken into consideration.

Neuroligins are cellular adhesion molecules located at the postsynaptic side of the synapse.
Neuroligins and neuroxins, neuronal cell surface proteins, form an asymmetrical intercellular
connection by adhering to each other. Interaction of neuroligins with beta neuroxins forms
functional synapses [56]. Neuroligin family is composed of 5 members, i.e. NLGN1, NLGN2,
NLGN3, NLGN4, and NLGN4Y. Although all of the neuroligin family is linked with autism
spectrum disorder [57], the most robust evidence comes from NLGN3 (Xq13) and NLGN4
(Xp22.3) genes. Jamain and colleagues [58] found that mutations in NLGN3 and NLGN4, two
X-linked neuroligin genes, are associated with autism spectrum disorders [58]. Following this,
it has been demonstrated that a 2-base-pair deletion in NLGN4 gene causes premature stop co-
don in mental-retarded men with or without autism. This finding indicates that NLGN4 gene is
not only associated with autism, but also with mental retardation [59]. Since mutations in neu-
roligin genes impair the functions of synaptic cell adhesion molecules, they are considered to
be related with autism and neurodevelopmental defects in mental retardation [60]. Since neu-
roligins are abundant particularly in excitatory synapses, a defect in synaptogenesis has been
suggested to result in derangement in cognitive development and communication [59]. None-
theless, some other studies revealed negative results [61].

Genetic studies examining the relationship of neuroxins, the connection partners of neuroli-
gins, with autism revealed that a mutation in neuroxin 1beta gene results in autism susceptibil-
ity [62]. Structural variants of neuroxin lalpha gene have also been linked with autism [63].

Another protein adhering to neuroligins is SHANKS3. Some forms of autism are considered
to stem from a single gene, and particularly from a rare allele having a major effect. Doctor
Joseph Buxbaum has reported that one of these genes is SHANKS3 gene located on Chromo-
some 22 (22q13) which is responsible for 1% of autism and some forms of mental retarda-
tion, microcephaly, and delay in expressive language [34]. SHANK proteins are believed to
be the primary regulator of postsynaptic density thanks to their ability to form multimeric
complexes with postsynaptic receptors, signal molecules, and cellular skeleton proteins
found in dendritic spikes. Postsynaptic density is the measurement of how synapses are
linked to each other. A mutation in SHANK3 gene has been reported to be related with au-
tism spectrum disorders [64]. Role of various mutations in Neuroligin/neuroxin/SHANK3
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complex in development of autism spectrum disorders provide potential evidence for syn-
aptic alterations in etiology of the disorder.

A large-scale study by Wang and his colleagues [65] revealed a significant relationship be-
tween a single nucleotide polymorphism located in the 5p14.1 region and autism spectrum
disorders. The associated single nucleotide polymorphism is located in a region placed be-
tween cadherin 10 (CDH 10) and cadherin 9 (CDH 9) genes. CDH 9 and CDH 10 encode
type II classic cadherins of the cadherin family, which are transmembraneous glycoprotiens
responsible for calcium-dependent cell-cell adhesion. This finding shows the role of neuro-
nal cellular adhesion molecules in autism pathogenesis [65].

Neurotrophins have many functions such as neuronal survival, target innervation, and synap-
togenesis in development of peripheral and central nervous system. Neurotrophins exert their
biologic functions by binding to a Trk tyrosine kinase receptor which is a high-affinity recep-
tor. Neurotrophin family has 4 members. These are nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), neurotrophin-3 and neurotrophin-4. BDNF is the most important
member of neurotrophin family. BDNF has many roles in neuronal differentiation such as neu-
ronal survival, dendritic and axonal growth/branching, synapse formation, and neuronal plas-
ticity [66, 67]. Various studies have investigated the relationship between BDNF gene and
autism. Nishimura and colleagues [68] detected an increase in BDNF expression in autistic in-
dividuals. Subsequent studies confirmed the potential role of BDNF gene mutations in autism
pathogenesis [69]. A recent study in which serum BDNF levels significantly increased in autis-
tic children found no significant impact of genetic variations of BDNF gene on autism risk;
however, a significant relationship between neurotrophic tyrosine kinase receptor type 2
(NTRK?2) and autism was reported [70]. A large-scale study on patients diagnosed with autism
spectrum disorder and mental retardation without autism diagnoses showed that, when com-
pared to control group, autism spectrum disorders and mental retardation had a significant in-
crease in serum neurotrophin 4 and BDNF (both are Trk B ligands) [71, 72]. On the other hand,
no changes were observed in NGF (trk A ligand) and neurotrophin 3 (Trk C ligand) levels. In
light of these findings, it has been suggested that trkB ligands may be overexpressed or secret-
ed in central nervous system of autistic or mental retarded children during infantile period. It
has also been suggested that the effect of BDNF and neurotrophin- 4 on activity-dependent
dendritic growth and branching [66] may be related to early and transient brain development
seen in autistic infants [67, 73]. This increase in BDNF expression and/or secretion was suggest-
ed to be linked with the role of Metil-CpG-binding protein 2 (MeCP2) gene in BDNF transcrip-
tion [74]. A mutation in MeCP2 gene encoding a protein functioning as a general
transcriptional receptor is responsible for Rett Syndrome. It has been shown that MeCP2 selec-
tively bind to BDNF promoter IIl and suppresses BDNF gene expression. MeCP2 has an impor-
tant role in regulation of neuronal activity [75]. It has been suggested that MeCP2 mutations
located on Xq28 locus may be a risk factor for autism by affecting BDNF expression and den-
dritic differentiation in cortex. In a study investigating MeCP2 gene mutation in autistic indi-
viduals for that purpose, 2 girls exhibited de novo mutations [67, 76].

Another gene linked with autism is the Fragile X mental retardation 1 (FMR1) gene encoding
Fragile X mental retardation protein (FMRP). FMR1 is associated with autism secondary to
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Fragile X syndrome [28]. However, fragile X mutations may be found in 7-8% idiopathic au-
tism patients [77]. FMRP is a selective RN A-binding protein; it transports RNAs to dendrites
and regulates local translation of synaptic mRNAs as a response to activation of metabotropic
glutamate receptors. This protein is considered to have a role in synaptic plasticity and devel-
opment of synaptic connections between neural cells. Impaired mRNA translation in the ab-
sence of FMRP leads to an alteration in protein-synthesis-dependent plasticity [28, 78].

Autism risk is higher than general population in neurofibromatosis, tuberosclerosis, or Cow-
den Syndrome, a rare syndrome which is characterized by multiple tumor-like growths
called hamartomas and affects the intellectual abilities. These diseases develop due to domi-
nant mutations in tumor suppressor genes NF1, TSC1/TSC2, and PTEN. Mutations in these
autism-associated genes affect synaptic protein level by impairing cellular translation. Alter-
ations in protein level results in abnormal synaptic functions [28].

Angelman syndrome and Prader-Willi syndrome mainly develop due to genetic deletions in
15q11-q13 locus or disomy (condition where two copies of a chromosome comes from a sin-
gle parent) belonging to a single parent [79]. Deficiencies in paternal genes cause Prader-
Willi syndrome; Angelman Syndrome which is more commonly associated with autism may
be caused by deletion or mutation in maternal ubiquitin protein ligase gene UBE3A or
ATP10C [80, 81]. Other rare single gene defects associated with autism are found in Wil-
liams Syndrome, Sotos Syndrome, hipomelanozis Ito, and Moebius Syndrome [82-85].

Since serotonin reuptake inhibitors have favourable effects on rituals and routines in autistic
individuals and serotonin transporter gene has important role in serotonergic neurotrans-
mission, serotonin transport gene has been investigated as candidate gene in autism. One of
the polymorphisms examined in this gene is the one that is formed by long (L) and short (S)
alleles owing to different number of insertion/deletion repeats of a 44-base-pair sequence in
the transcriptional control region. Cook and his colleagues [86] reported a significant rela-
tionship between autism and short allele while Klauck and his colleagues [87] revealed a
significant relationship between autism and long allele. A subsequent study did not dupli-
cate these findings [88]. A different polymorphism investigated at the serotonin transport
gene is the variable number of tandem repeats (VNTR) polymorphism due to repeat of a 17-
base-pair region at 2nd intron of the gene 9,10, and 12 times. This polymorphism could not
be related to autism [89]. Evidence has been accumulated on the relationship of many sero-
tonin genes, notably serotonin receptor (HTR) 1B, HTR2A, HTR3A, and HTR5A, with au-
tism [90-93].

Glutamate is the main excitatory neurotransmitter associated with cognitive functions such
as memory and learning. Autism has been hypothesized as a hypoglutamatergic disorder by
virtue of neuroanatomic studies and the similarities glutamate antagonists generate in
healthy persons [94]. It has been demonstrated in genome scanning studies that one of the
candidate regions for autism is 6q21 region [95]. This region contains glutamate receptor 6
(GluRe6) gene. A study by Jamain and his colleagues [96] found a significant relationship be-
tween GluR6 gene and autism. It has been thought that GluR6 dysfunction may contribute
the deterioration of communication and learning process in autism and any dysregulation of
GluR expression may be related to an increase in the rate of epileptic disorder in autistic
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children [96]. Other glutamatergic receptor genes associated with autism are metabotropic
GluR8 and GRIN2A (glutamate receptor, ionotropic, N-methyl-D-aspartate 2A) [97, 98].

Gama aminobutyric acid (GABA) is the major inhibitor neurotransmitter in the brain. GABA ,
receptors are formed by differenthomologous subunits. Among GABA receptor subunit genes,
GABRA4 with4pl2locationhasbeenshownto play aroleinetiology of autism and increases au-
tism risk by interaction with GABRB1 [99]. Other genes associated with autism in some other
studies are GABRG3, GABRA5, GABRB3 located on 15q11-q13, and GABRA2 located on 4p
[100-102]. Contrary to these findings, there are other studies with negative results in terms of the
relationship between GABA receptor genes and autism in various ethnic groups [103].

Proenkephalin, prodinorphine of opioid metabolism; tyrosine hydroxylase, dopamin beta
hydroxylase (DBH), D2, D3, and D5 dopamin receptors, monoaminooxidase A (MAOA) and
B genes of monoaminergic system have no major role in etiology of autism shown in studies
[104, 105]. However, a recent study revealed a significant relationship between MAOA gene
and autism [106].

Mutations detected in autism in conjunction with all other genetic factors explored so far
have been reported to explain no more than 20% of cases with autism spectrum disorder.
Thus, a gene-dosage model has been proposed according to which the susceptibility for au-
tism is determined by the sum of effects of threshold genetic and non-genetic factors [107,
108]. For autism etiology, it has been suggested that the detected chromosomal abnormali-
ties in combination with other undetected loci cause autism. It has been considered that the
inconsistencies between the results of the studies aimed to determine the role of genetic fac-
tors may be the product of genetic heterogeneity, clinical heterogeneity, and sample size and
ethnic differences among different studies [109].

3. Environmental risk factors

In addition to effects of a number of genes of small effect, various environmental factors are
believed to be responsible for susceptibility to autism. Development of autism seems to be
dependent on interaction of susceptibility genes with each other and with the environment
[110]. It has been claimed that among environmental factors related to autism are toxins (en-
vironment-polluting matters, insecticides, thimerosal in vaccines, lead), viruses (prenatal ex-
posure to influenza, rubella, and cytomegalovirus infections), and premature birth with
premature retinopathy [111-115]. Although there has been a debate regarding the relation-
ship of autism with thimerosal in measles, rubella, and mumps vaccines; further careful
evaluation of data could not support the relationship between autism and vaccines [116,
117]. The relationship between exposure to Rh immune globulin, which contained the pres-
ervative thimerosal until 2001 in the United States, and autism has also been investigated;
however, no significant association has been revealed between exposure of antepartum Rhlg
preserved with thimerosal and an increase in risk of autistic disorder. The latter findings are
in accordance with the consensus that exposure to ethymercury in thimerosal is not the
cause of increased prevalence of autism [118].
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Other factors related to intrauterine environment are maternal hypothyroxinemia [119], ma-
ternal influenza [120], and high levels of sex hormone exposure related to infertility treat-
ment [121].Thalidomide and anticonvulsant exposure in pregnancy is correlated to an
increase in autism risk [122, 123]. Rasalam and his colleagues [124] showed that 8.9% of chil-
dren exposed to sodium valproate in intrauterine life later develop autistic spectrum disor-
ders such as autism or Asperger syndrome. Recently, Hadjikhani [125] have suggested that
serotonin reuptake inhibitor use in pregnancy increases autism risk by causing hyperseroto-
ninemia and indirectly affecting amygdala and oxytocin levels.

In many studies, the pre-perinatal complication rates in autistic disorder have been studied
and a higher pregnancy-related complication rate has been demonstrated in autistic children
[126, 127]. In a recent meta-analysis [128], the most strong risk factors for autism were ad-
vanced maternal and paternal age, maternal gestational hemorrhage, gestational diabetes, ma-
ternal prenatal drug use (particularly psychoactive drugs), and birth in a foreign country
following immigration of mother. Both advanced maternal and paternal age are associated
with autism. The underlying mechanism is unclear. Maternal age may be related to autism due
to increased risk of chromosomal abnormalities in ova of increased age or because of unstable
trinucleotide repeats [128]. The relationship between paternal age and autism is considered to
result from imprinted genes (genes showing different expression patterns depending on the
parent it originates), de novo spontaneous mutations that accumulate with advancing age in
spermatagonia, or confounder effects of sociocultural environmental factors [129]. Another po-
tential risk factor for autism is maternal birth abroad [130]. It has been suggested that this factor
may result from absence of immunization that mother would develop against widespread in-
fectious agents of the country in which she gives birth. Another possible explanation is about
the potential role of maternal stress because of immigration [131]. A more detailed investiga-
tion on the relationship between mother immigration and autism is needed. It has been demon-
strated in some studies that gestational hemorrhage increases autism risk by causing fetal
hypoxia [130]. Among other factors considered to cause hypoxia and associated with increased
autism risk in some studies are fetal distress, maternal hypertension, prolonged labor, cord
complications, low Apgar score, and cesarean section [132]. Gestational diabetes is another risk
factor, with unknown biologic mechanism [128].

Some studies demonstrated that prenatal stress increases autism risk [133, 134]. However,
due to limitations that these studies are based on retrospective expressions of mothers and
these mothers are generally susceptible for experiencing stressful life events outside preg-
nancy period, these studies need to be supported by further studies. Spontaneous abortions,
pre-perinatal complications, congenital anomalies, and neurologic/immunologic abnormali-
ties are among the negative impacts of prenatal stress. Prenatal stress also has various nega-
tive effects on brain development such as a delay in myelinization, an increase in sensitivity
of amygdala to glucocorticoids, and abnormal development in dopaminergic system
[135-137]. Autistic disorder is associated with a functional derangement in brain areas relat-
ed to social cognitive functions in which amygdala and orbitofrontal cortex plays an impor-
tant role. Orbitofrontal cortex is susceptible to effects of prenatal stress especially in the
middle of gestation. Normal functioning of orbitofrontal cortex - amygdala axis is very im-
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portant for social cognitive function. Therefore, it has been suggested that damage in orbito-
frontal region may cause main deficits in autism that underlies inadequate responses to
other people’s mental status and that impairs self-organization of social-emotional behav-
iours [137, 138]. Prenatal stress may impair brain development by many mechanisms includ-
ing: a) fetal hypoxia due to reducing of uterine and placental circulation, b) impairment of
hypothalamus-hypophysis-adrenal axis by stimulation of secretion of maternal stress hor-
mones that can cross placenta, c) generation of pregnancy and birth complications, d) epige-
netic effects on expression of stress response-related genes [137].

It has been reported that exposure of environmental stress factors at 21-32" weeks with a
prominent peak at 25-28™ weeks is associated with an increase in possibility of development
of autism [134]. When data regarding progressively worsening developmental process are
considered [139], it has been argued that postnatal environmental exposures in genetically
susceptible children may be etiologically important [140]. Expression and the impact of
many genes is influenced by environmental factors. Thus, the effect of environmental factors
in etiology of autism is believed to be indirect by influencing genetic functions [140, 141].

4. Conclusion

In line with studies aimed to understand the neurobiology of autism, the presence of altera-
tions in regional brain anatomy and functional neuronal communicative network has been
currently proved. The main role among factors underlying abnormal brain development be-
longs to genetic factors. Evidence regarding that autism is a primarily genetic disorder is
progressively increasing. Although environmental factors alone can explain a few cases,
they are believed to increase autism risk by interacting with genetic susceptibility. Although
data collected so far contribute to the ever-increasing body of knowledge about neurobiolo-
gy of autism, they do not influence diagnosis and treatment of autism. Use of these data is
aimed in future in differentiation of autism from other neurodevelopmental disorders and
in diagnostic and therapeutic processes.

Author details

Esra Guney" and Elvan Iseri?
*Address all correspondence to: dresraguney@gmail.com

1 Ankara Pediatric & Pediatric Hematology Oncology Training and Research Hospital,
Child and Adolescent Psychiatry Department, Ankara, Turkey

2 Gazi University Medical Faculty, Child and Adolescent Psychiatry Department, Ankara,
Turkey

329



330 Recent Advances in Autism Spectrum Disorders - Volume |

References

[1]

[6]

[7]

[8]

9]

Filipek PA, Accardo P, Baranek GT, Cook EH Jr, Dawson G, Gordon B et al. The
screening and diagnosis of autistic spectrum disorders. ] Autism Dev Disord 1999;
29:439- 484.

Krause I, He XS, Gershwin ME, Shoenfeld Y. Brief Report: Immune factors in autism:
A critical review. ] of Autism and Developmental Disorders 2002;32:337-345.

Ashwood P, Wills S, Water JV. The immune response in autism: a new frontier for
autism research. Journal of Leukocyte Biology 2006;80:1-15.

Chauhan A, Chauhan V. Oxidative stres in autism. Pathophysiology 2006;13:171-181.

Boddaert N, Zilbovicius M, Philipe A, Robel L, Bourgeois M, Barthelemy C et al. MRI
findings in 77 children with non-sendromic autistic disorder. PLos One 2009;4: e4415.

Gillberg C, Coleman M. Autism and medical disorders: a review of the literature.
Dev Med Child Neurol 1996;38:191-202

Miles JH, Takahashi TN, Bagby S, Sahota PK, Vaslow DF, Wang CH et al. Essential
versus complex autism: definition of fundamental prognostic subtypes. Am ] Med
Genet A 2005;135:171-180.

Rutter M, Bailey A, Bolton P, Le Couteur A. Autism and known medical conditions:
myth and subtance. ] Child Psychol Psychiatry 1994;35:311-322.

Freitag CM. The genetics of autistic disorders and its clinical relevance: a review of
the literature. Mol Psychiatry 2007;12:2-22.

Newschaffer CJ, Fallin D, Lee NL. Heritable and non-heritable risk factors for autism
spectrum disorders. Epidemiol Rev 2002;24:137-153.

Folstein S, Piven J. Etiology of autism: genetic influences. Pediatrics 1991;87:767-73.

Bailey A, Le Couteur A, Gottesman I, Bolton P, Simonoff E, Yuzda E et al. Autism as
a strongly genetic disorder: evidence from a British twin study. Psychol Med
1995;25:63-77.

Happe F, Ronald A, Plomin R. Time to give up on a single explanation for autism.
Nat Neurosci 2006;9:1218-1220.

Shao Y, Wolpert CM, Raiford KL, Menold MM, Donnelly SL, Ravan SA et al. Genom-
ic screen and follow-up analysis for autistic disorders. Am ] Med Genet
2002;114:99-105.

Fisher S, Vargha-Kadem F, Watkins K, Monaco A, Pembrey M. Localization of a gene
implicated in a severe speech and language disorder. Nat Genetic 1998;18:6-170.

Gadia CA, Tuchman R, Rotta NT. Autism and pervasive developmental disorders.
Jornal de Pediatria 2004;80(2 suppl): 83-94.



[17]

[18]

[19]

[23]

[26]

[27]

[30]

[31]

Genetic and Environmental Factors in Autism
http://dx.doi.org/10.5772/53295

Folstein S, Rutter M. Infantile autism: a genetic study of 21 twin pairs. ] Child Psy-
chol Psychiatry 1977;18:29-321.

Ritvo ER, Freeman BJ, Mason-Brothers A, Mo A, Ritvo M. Concordance for the spec-
trum of autism in 40 pairs of affected twins. Am ] Psychiatry 1985;142:74-77.

Trottier G, Srivastava L, Walker CD. Etiology of infantile autism: a review of recent
advances in genetic and neurobiological research. ] Psychiatr Neurosci
1999;24:103-115.

Abrahams BS, Geschwind DH. Advances in autism genetics: on the threshold of a
new neurobiology. Nat Rev Genet 2008;9:341-355.

Lichtenstein P, Carlstrom E, Rastam M, Gillberg C, Anckarsater H. The genetics of
autism spectrum disorders and related neuropsychiatric disorders in childhood. Am
J Psychiatry 2010;167 (11):1357-63.

Losh M, Sullivan PF, Trembath D, Piven ]. Current developments in the genetics of
autism: from phenome to genome. ] Neuropathol Exp Neurol 2008;67:829-837.

Freitag CM. Genetics of autism. J Intellect Disabil Res 2008;52: 817.

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

Sebat ], Lakshmi B, Malhotra D, Troge ], Lese-Martin C, Walsh T et al. Science
2007;316: 445-449.

Marshall CR, Noor A, Vincent JB, Lionel AC, Feuk L, Skaug J et al. Structural varia-
tion of chromosomes in autism spectrum disorder. Am ] Hum Genet 2008;82:477-488.

Gutknecht I. Full genome scans with autistic disorders: a review. Behav Genet
2001;31:113-23.

Toro R, Konyukh M, Delorme R, Leblond C, Chaste P, Fauchereau F et al. Key role
for gene dosage and synaptic homeostasis in autism spectrum disorders. Trends in
genetics 2010;26(8):363-372.

Cusco I, Medrano A, Gener B, Vilardell M, Gallastegui F, Villa O, et al. Autism spe-
sific copy number variants further implicate the phosphatidylinositol signaling path-

way and the glutamatergic synapse in the etiology of the disorder. Hum Mol Genetic
2009;18(10): 1795-1804.

Bass MP, Menold MM, Wolpert CM, Donnelly SL, Ravan SA, Hauser ER et al. Genet-
ic studies in autistic disorder and chromosome 15. Neurogenetics 2000;2(4):219-26.

Cook E Jr, Lindgren V, Leventhal B, Courchesne R, Lincoln A, Shulman C et al. Au-
tism or atypical autism in maternally but not paternally derived proximal 15q dupli-
cation. Am ] Hum Genet 1997a;60(4): 928-934.

331



332

Recent Advances in Autism Spectrum Disorders - Volume |

[32]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Schroer RJ, Phelan MC, Michaelis RC, Crawford EC, Skinner SA, Cuccaro M et al.
Autism and maternally derived aberrations of chromosome 15q. Am ] Med Genet
1998; 76(4):327-36.

Kumar RA, Karamohamed S, Sudi ], Conrad DF, Brune C, Badner JA. Recurrent
16p11.2 microdeletions in autism. Hum Mol Genet 2008;17:628-638.

Amstadter AB. Selected summaries from the XVII world congress of psychiatric ge-
netics, San Diego, California, USA, 4-8 November, 2009. Psychiatric Genetics
2010;20(5):229-268.

Ingram J, Stodgell C, Hyman S, Figlewics D, Weitkamp L, Rodier P. Discovery of al-
lelic variants of HOXA1 and HOXB1: genetic susceptibility to autism spectrum disor-
ders. Teratology 2000;62:393-405.

LiJ, Tabor HK, Nguyen L, Gleason C, Lotspeich L], Spiker D et al. Lack of association
between HoxA1l and HoxB1 gene variants and autism in 110 multiplex families. Am J
Med Genet 2002;114: 24-30.

Talebizadeh Z, Bittel DC, Miles JH, Takahashi N, Wang CH, Kibiryeva N et al. No
association between HOXA1 and HOXB1 genes and autistic spectrum disorders
(ASD). ] Med Genet 2002;39:€70.

Kuemerle B, Zamjani H, Joyner A, Herrup K. Pattern deformities and cell loss in En-
graled2 mutant mice suggest two separate patterning events during cerebellar devel-
opment. ] Neurosci 1997;17:7881-7889.

Petit E, Herault ], Martineau J, Perrot A, Barthelemy C, Hameury L et al. Association
study with two markers of a human homeogene in infantile autism. ] Med Genet
1995;32:269-74.

Zhong H, Serajee FJ, Nabi R, Mahbubul Huqg AHM. No association between the EN-2
gene and autistic disorder. ] Med Genet 2003;40:e4.

Campbell DB, Sutcliffe JS, Ebert PJ, Militerni R, Bravaccio C, Trillo S et al. A genetic
variant that disrupts MET transcription is associated with autism. Proc Natl Acad Sci
USA 2006;103 (45):16834.

Campbell DB, Li C, Sutcliffe JS, Persico AM, Levitt P. Genetic evidence implicating
multiple genes in the MET receptor tyrosine kinase pathway in autism spectrum dis-
order. Autism Res 2008;1(3):159.

Arking DE, David JC, Brune CW, Teslovich TM, West K, Ikeda M et al. A common
genetic variant in the neuroxin superfamily member CNTNAP?2 increases familial
risk of autism. Am ] Hum Genet 2008; 82(1):160-164.

Alarcon M, Abrahams BS, Stone JL, Duvall JA, Perederiy JV, Bomar JM et al. Link-
age, association, and gene-expression analyses identify CNTNAP2 as an autism-sus-
ceptibility gene. Am ] Hum Genet 2008;82(1):150-9.



Genetic and Environmental Factors in Autism 333
http://dx.doi.org/10.5772/53295

[45] Strauss KA, Puffenberger EG, Huentelman MJ, Gottlieb S, Dobrin SE, Parod JM, et al.
Recessive symtomatic focal epilepsy and mutant contactin-associated protein-like 2.
N Engl ] Med 2006;354(13):1370-7.

[46] Gong X, Jia M, Ruan Y, Shuang M, Liu ], Wu S et al. Association between the FOXP2
gene and autistic disorderin Chinese population. Am ] Med Genet B 2004;127(1):
113-116.

[47] Newbury DF, Bonora E, Lamb JA, Fisher SE, Lai CS, Baird G et al. FOXP2 is not a
major susceptibility gene for autism or spesific language impairment. AmJ] Hum
Genet 2002;70(5):1318-27.

[48] Wassink TH, Piven ], Vieland V], Pietila J, Goedken R], Folstein SE et al. Evaluation
of FOXP2 as an autism susceptibility gene. Am ] Med Genet B 2002;114(5):566-569.

[49] Wodarz A, Nusse R. Mechanisms of Wnt signaling in development. Annu Rev Cell
Dev Biol 1998;14:59-88.

[50] Yu X, Malenka RC. Beta-catenin is critical for dendritic morphogenesis. Nat Neurosci
2003; 6:1169-1177.

[61] Wassink TH, Piven ], Vieland V], Huang J, Swiderski RE, Pietila ] et al. Evidence sup-
porting WNT?2 as an autism susceptibility gene. Am ] Med Genet 2001;105:406-413

[52] Persico AM, Levitt P, Pimenta AF. Polymorphic GGC repeat differentially regulates
human reelin gene expression levels. ] Neural Transm 2006;113(10):1373-82.

[63] Costa E, Chen Y, Davis J, Dong E, Noh JS, Tremolizzo L et al. Reelin and schizophre-
nia: a disease at the interface of the genome and the epigenome. Mol Interv 2002;
2(1): 47-57.

[54] Zhang H, Liu X, Zhang C, Mundo E, Macciardi F, Grayson DR et al. Reelin gene al-
leles and susceptibility to autism spectrum disorders. Mol Psychiatry 2002; 7(9):
1012-7.

[55] Krebs MO, Betancur C, Leroy S, Bourdel MC, Gillberg C, Leboyer M et al. Absence of
association between a polymorphic GGC repeat in the 5" untranslated region of the
reelin gene and autism. Mol Psychiatry 2002;7: 801-4.

[56] Song JY, Ichtchenko K, Sudhof TC, Brose N. Neuroligin is a postsynaptic cell- adhe-
sion molecule of excitatory synapses. Proc Natl Acad Sci USA 1999;96:1100-1105.

[57] Blundell J, Blaiss CA, Etherton MR, Espinosa F, Tabuchi K, Walz C et al. Neuroligin 1
delletion results in impaired spatial memory and increased repetitive behavior. |
Neurosci 2010; 30(6): 2115-29.

[58] Jamain S, Quach H, Betancur C, Rastam M, Colineaux C, Gillberg IC et al. Mutations
of the X linked genes encoding neuroglina NLGN3 ve NLGN4 are associated with
autism. Nat Genet 2003;34: 27-29.



334 Recent Advances in Autism Spectrum Disorders - Volume |

[59]

[60]

[61]

[62]

[63]

[64]

[66]

[67]

[68]

[69]

[70]

[72]

Laumonnier F, Bonnet-Brilhault F, Gomot M, Blanc R, David A, Moizard MP et al. X-
linked mental retardation autism are associated with a mutation in the NLGN4 gene,
a member of the neuroligin family. Am ] Hum Genet 2004;74: 552-557.

Chih B, Afridi SK, Clark L, Scheiffele P. Disorder-associated mutations lead to functi-
nal inactivation of neuroligins. Hum Mol Genet 2004;13:1471-1477.

Kelemenova S, Schmidtova E, Ficek A, Celec P, Kubranska A, Ostatnikova D. Poly-
morphism of candidate genes in Slovak autistic patients. Psychiatr Genet 2010;20(4):
137-9.

Feng J, Schroer R, Yan ], Song W, Yang C, Bockholt A et al. High frequency of neu-
rexin 1beta signal peptide structural variants in patients with autism. Neurosci Lett
2006;409(1):10-3.

Yan J, Noltner K, Feng J, Li W, Schroer R, Skinner C et al. Neuroxin 1 alpha structural
variants associated with autism. Neurosci Lett 2008;438(3): 368-70.

Durand CM, Betancur C, Boeckers TM, Bockmann J, Chaste P, Fauchereau F et al.
Mutations in the gene encoding the synaptic scaffolding protein SHANKS are associ-
ated with autism spectrum disorders. Nat Genet 2007;39(1):25-7.

Wang K, Zhang H, Ma D, Bucan M, Glessner JT, Abrahams BS et al. Common genetic
variations on 5p14.1 associate with autism spectrum disorders. Nature 2009;459:
528-533.

Shieh PB, Ghosh A. Neurotrophins: new roles for a seasoned cast. Current Biology
1997;7: 627-630.

Polleux F, Lauder JM. Toward a developmental neurobiology of autism. Mental Re-
tardation and Developmental Disabilities Research Review 2004;10:303-317.

Nishimura K, Nakamura K, Anitha A, Yamada K, Tsujii M, Iwayama Y et al. Genetic
analyses of the brain-derived neurotrophic factor (BDNF) gene in autism. Biochem
Biophys Res Commun 2007;356(1):200-6.

Cheng L, Ge Q, Xiao P, Sun B, Ke X, Bai Y et al. Association study between BDNF
gene polymorphism and autism by three-dimensional gel-based microarray. Int J
Mol Sci 2009;10(6):2487-2500

Correira CT, Coutinho AM, Sequeira AF, Sousa IG, Lourenco Venda L, Almeida JP et
al. Increased BDNF levels and NTRK2 gene association suggest a disruption of
BDNEF/TrkB signaling in autism. Genes, Brain and Behavior 2010;9(7):841-8.

Nelson KB, Grether JK, Croen LA, Dambrosia JM, Dickens BF, Jelliffe LL et al. Neu-
ropeptides and neurotrophins in neonatal blood of children with autism or mental
retardation. Ann Neurol 2001;49: 597-606.

Miyazaki K, Narita N, Sakuta R, Miyahara T, Naruse H, Okado N et al. Serum neuro-
trophin concentrations in autism and mental retardation: A pilot study. Brain Dev
2004;26:292-295.



[73]

[74]

[75]

[76]

[80]

[81]

[82]

[83]

[84]

[85]

Genetic and Environmental Factors in Autism
http://dx.doi.org/10.5772/53295

Lainhart JE, Piven J, Wzorek M, Landa R, Santangelo SL, Coon H et al. Macrocephaly
in children and adults with autism. ] Am Acad Child Adolesc Psychiatry
1997,36:282-290.

Chen WG, Chang Q, Lin Y, Meissner A, West AE, Griffith EC et al. Derepression of
BDNF transcription involves calcium-dependent phosphorylation of MeCP2. Science
2003;302: 885-889.

Shahbazian M, Young ], Yuva-Paylor L, Spencer C, Antalffy B, Noebels ] et al. Mice
with truncated MeCP2 recapitulate many Rett syndrome features and display hyper-
acetylation of histone H3. Neuron 2002;35:243-254.

Carney RM, Wolpert CM, Ravan SA, Shahbazian M, Ashley-Koch A, Cuccaro ML et
al. Identification of MeCP2 mutations in a series of females with autistic disorder. Pe-
diatr Neurol 2003;28: 205-11.

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

Kelleher R]J, Bear MF. The autistic neuron: troubled translation? Cell 2008;
135:401-406.

Sutcliffe JS, Nurmi EL, Lombroso PJ. Genetics of childhood disorders: XLVII. Autism,
part6: duplication and inherited susceptibility of chromosome 15q11-q13 genes in au-
tism. ] Am Acad Child Adolesc Psychiatry 2003;42:253-256.

Akefeldt A, Gillberg C, Larsson C. Prader-Will syndrome in a Swedish rural country:
epidemiological aspects. Dev Med Child Neurol 1991;33:715-721.

Fang P, Lev-Lehman E, Tsai TF, Matsuura T, Benton CS, Sutcliffe ]S et al. The spec-
trum of mutations in UBE3A causing Angelman Syndrome. Hum Mol Genet
1999;8:129- 135.

Morrow JD, Whitman BY, Accardo PJ. Autistic disorder in Sotos Syndrome: a case
report. Eur ] Pediatr 1990;149:567-569.

Reiss AL, Feinstein C, Rosenbaum KN, Borengasser Caruso MA, Gold-smith BM.
Autism associated with Williams Syndrome. ] Pediatr 1985;106: 247-249.

Zappella M. Autism and hypomelanosis of Ito in twins. Dev Med Child Neurol
1993;35: 826-832.

Stromland K, Sjogreen L, Miller M, Gillberg C, Wentz E, Johansson M et al. Mobius
sequence — a Swedish multidiscipline study. Eur ] Paediatr Neurol 2002;6:35-45.

Cook EH Jr, Courchesne R, Lord C, Cox NJ, Yan S, Lincoln A et al. Evidence of link-
age between the serotonin transporter and autistic disorder. Mol Psychiatry 1997b;
2(3): 247-250.

Klauck SM, Poustka F, Benner A, Lescch KP, Poustka A. Serotonin transporter gene
(5-HTT) variants associated with autism? Hum Mol Genet 1997;6(13): 2233-2238.

335



336 Recent Advances in Autism Spectrum Disorders - Volume |

[88]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Persico AM, Militerni R, Bravaccio C, Schneider C, Melmed R, Conciatori M et al.
Lack of association between serotonin transporter gene promoter variants and autis-
tic disorder in two ethnically distinct samples. Am ] Med Genet 2000;96(1):123-127.

Betancur C, Corbex M, Spielewoy C, Philippe A, Laplanche JL, Launay JM et al. Sero-
tonin transporter gene polymorphism and hyperserotoninemia in autistic disorder.
Mol Psychiatry 2002;7(1): 67-71.

Orabona GM, Griesi-Oliveira K, Vadasz E, Bulcao VL, Takahashi VN, Moreira ES et
al. HTR1B and HTR2C in autism spectrum disorders in Brazilian families. Brain Res
2009;1250:14-9.

Cho IH, Yoo H]J, Park M, Lee YS, Kim SA. Family-based association study of 5-
HTTLPR and the 5-HT2A receptor gene polymorphisms with autism spectrum disor-
der in Korean trios. Brain Res 2007;1139: 34-41.

Anderson BM, Schnetz-Boutaud NC, Bartlett ], Wotawa AM, Wright HH, Abramson
RK et al. Examination of association of genes in the serotonin system to autism. Neu-
rogene 2009;10(3): 209-16.

Coutinho AM, Sousa I, Martins M, Correia C, Morgadinho T, Bento C et al. Evidence
for epistasis between SLC6A4 and ITGB3 in autism etiology and in the determination
of platelet serotonin levels. Hum Genet 2007;121:243-56.

Carlsson ML. Hypothesis: is infantile autism a hypoglutamatergic disorder? Rele-
vance of glutamate —serotonin interactions for pharmacotherapy. ] Neural Transm
1998;105:525-535.

Philippe A, Martinez M, Guilloud- Bataille M, Gillberg C, Rastam M, Sponheim E et
al. Genome wide scan for autism susceptibility genes. Paris Autism Research Interna-
tional Sibpair Study. Hum Mol Genet 1999;8: 805-812

Jamain S, Betancur C, Quach H, Philippe A, Fellous M, Giros B et al. Linkage and as-
sociation of the glutamate receptor 6 gene with autism. Mol Psychiatry 2002;7(3):
302-310.

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

Barnby G, Abbott A, Sykes N, Morris A, Weeks DE, Mott R et al. Candidate-gene
screening and association analysis at the autism susceptibility locus on chromosome
16p:evidence of association at GRIN2A and ABAT. Am ] Hum Genet 2005;76(6):
950-966.

Ma DQ, Whitehead PL, Menold MM, Martin ER, Ashley-Koch AE, Mei H et al. Iden-
tification of significant association and gene-gene interaction of GABA receptor sub-
unit genes in autim. Am ] Hum Genet 2005;77(3): 377-388.



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Genetic and Environmental Factors in Autism
http://dx.doi.org/10.5772/53295

Menold MM, Shao Y, Wolpert CM, Donnelly SL, Raiford KL, Martin ER et al. Associ-
ation analysis of chromosome 15 GABAA receptor subunit genes in autistic disorder.
J Neurogenetics 2001;15 (3-4): 245-259.

Cook EH, Courchesne RY, Cox NJ, Lord C, Gonen D. Linkage disequilibrium map-
ping of autistic disorder, with 15q11-13 markers. Am ] Hum Genet 1998;62(5):
1077-1083.

Kakinuma H, Ozaki M, Sato H, Takahashi H. Variation in GABA-A subunit gene
copy number in an autistic patient with mosaic 4p duplication (p12p16). Am ] Med
Genet B 2008;147(6): 973-975.

Tochigi M, Kato C, Koishi S, Kawakubo Y, Yamamoto K, Matsumoto H et al. No evi-
dence for significant association between GABA receptor genes in chromosome
15q11-13 and autism in a Japannese population. ] Hum Genet 2007;52(12): 985-989.

Martineau J, Herault ], Petit E, Guerin P, Hameury L, Perrot A et al. Catecholaminer-
gic metabolism and autism. Dev Med Child Neurol 1994;36(8): 688-97.

Philippe A, Guilloud- Bataille M, Martinez M, Gillberg C, Rastam M, Sponheim E et
al. Analyses of ten candidate genes in autism by association and linkage. Am ] Med
Genet 2002;114(2): 125-128.

Yoo HJ, Lee SK, Park M, Cho IH, Hyun SH, Lee JC et al. Family-and population-
based association studies of monoamine oxidase A and autism spectrum disorders in
Korean. Neurosci Res 2009;63:172-6.

Cook E, Scherer SW. Copy number variations associated with neuropsychiatric con-
ditions. Nature 2008;455:919-923.

Constantino JN, Todd RD. Intergenerational transmission subthreshold autistic traits
in the general population. Biol Psychiatry 2005;57:655-660.

Shastry BS. Molecular genetics of autism spectrum disorders. ] Hum Genet 2003;48:
495-501.

Newschaffer CJ, Croen LA, Daniels ], Giarelli E, Grether JK, Levy SE et al. The epi-
demiology of autism spectrum disorders. Annual Review of Public Health 2007;28:
235-258.

Chess S. Follow up report on autism in congenital rubella. ] Autism Child Schzophr
1997;7:69-81

Iversson SA, Bjerre I, Vegfors P, Ahlfors K. Autism as one of several disabilities in
two children with congenital cytomegalovirus infection. Neuropediatrics
1990;21:102-103.

Kern JK, Geier DA, Audhya T, King PG, Sykes LK, Geier MR. Evidence of parallels
between mercury intoxication and the brain pathology in autism. Acta Neurobiol
Exp 2012;72(2):113-53.

337



338 Recent Advances in Autism Spectrum Disorders - Volume |

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

Tsuchiya KJ, Hashimoto K, Iwata Y, Tsujii M, Sekine Y, Sugihara G et al. Decreased
serum levels of platelet-endothelial adhesion molecule (pecam-1) in subjects with
high-functioning autism: A negative correlation with head circumference at birth. Bi-

ol Psychiatry 2007;62(9):1056-58.

Chase ]B. Retrolental fibroplasia and autistic symptomatology. American foundation
for the blind. Newyork, NY; 1972.

Taylor B, Miller E, Farrington C, Petropoulos M, Favot-Mayaud [, Li ] et al. Autism
and measles, mumps, and rubella vaccine: no epidemiological evidence for a causal
association. The Lancet 1999;353:2026-2029.

Dales L, Hammer SJ, Smith NJ. Time trends in autism and in MMR immunization
coverage in California. JAMA 2001;285:1183-1185.

Miles JH, Takahashi TN. Lack of association between Rh status, Rh immune blogulin
in pregnancy and autism. American Journal of Medical Genetics 2007;143A:1297-
1407.

Roman GC. Autism: Transient in utero hypothyroxinemia related to maternal flavo-
noid ingestion during pregnancy and to other environmental antithyroid agents. J
Neurol Sci 2007; 262(1-2):15-26.

Smith SE, Li J, Garbett K, Mirnics K, Patternson PH. Maternal immune activation al-
ters fetal brain development through interleukin-6. Journal of Neuroscience 2007;27:
10695-10702.

Croughan M, Schembri M, Bernstein N, Chamberlain N, Purcell N, Camarano L. Ma-
ternal and childhool outcomes following infertility and infertility treatments. Paper
presented at the American Society for Reproductive Medicine Annual Scientific
Meeting, New Orleans, October 21-25, 2006.

Zwaigenbaum L, Szatmari P, Jones MB, Bryson SE, Maclean JE, Mahoney W] et al.
Pregnancy and birth complications in autism and liability to the broader autism phe-
notype. ] Am Acad Child Adolesc Psychiatry 2002;41:572-579.

DeLong GR. Autism: new data suggest a new hypothesis. Neurol 1999;52: 911-916.

Rasalam AD, Hailey H, Williams JH, Moore S], Turnpenny PD, Lloyd D]J et al. Char-
acteristics of fetal anticonvulsant syndrome associated autistic disorder. Dev Med
Child Neurol 2005;47: 551-555.

Hadjikhani N. Serotonin, pregnancy and increased autism prevalence: Is there a link.
Med Hypotheses 2010;74(5): 880-3.

Glasson EJ, Bower C, Petterson B, de Klerk N, Chaney G, Hallmayer JF. Perinatal fac-
tors and the development of autism: a population study. Arch Gen Psychiatry
2004;61(6):618-27.



[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

Genetic and Environmental Factors in Autism
http://dx.doi.org/10.5772/53295

Larsson HJ, Eaton WW, Madsen KM, Vestergaard M, Olesen AV, Agerbo E et al.
Risk factors for autism: perinatal factors, parental psychiatric history, and socioeco-
nomic status. Am ] Epidemiol 2005;161(10): 926-8.

Gardener H, Spiegelman D, Buka SL. Prenatal risk factors for autism: comprehensive
meta-analysis. The British Journak of Psychiatry 2009;195:7-14.

Reichenberg A, Bresnahan M, Rabinowitz ], Lubin G, Davidson M. Advancing pater-
nal age and autism. Arch Gen Psychiatry 2006;63:1026-32.

Kolevson A, Gross R, Reichenberg A. Prenatal and perinatal risk factors for autism: a
review and integration of finding. Arch Pediatr Adolesc Med 2007;161:326-33.

Gillberg C, Schaumann H, Gillberg IC. Autism in immigrants: children born to in
Sweden to mothers born in Uganda. J Intellect Disabil Res 1995;39:141-4.

Previc FH. Prenatal influences on brain dopamine and their relevance to the rising
incidence of autism. Med Hypotheses 2007;68: 46-60.

Ward AJ. A comparison and analysis of the presence of family problems during
pregnancy of mothers of “autistic” children and mothers of normal children. Child
Psychiatr Hum Dev 1990;20(4): 279-88.

Beversdorf DQ, Manning SE, Hillier A, Anderson SL, Nordgren RE, Walters SE et al.
Timing of prenatal stressors and autism. ] Aut Dev Disord 2005;35(4):471-478.

Glover V. Maternal stress or anxiety in pregnancy and emotional development of the
child. The British Journal of DPsychiatry: the Journal of Mental Science
1997;171:105-106.

Mulder EJ, Robles de Medina PG, Huizink AC, Van den Bergh BR, Buitelaar JK, Viss-
er GH. Prenatal maternal stress: Effects on pregnancy and the (unborn) child. Early
Human Development 2002;70 (1-2):3-14

Kinney DK, Munir KM, Crowley DJ, Miller AM. Prenatal stres and risk for autism.
Neurosci Biobehav Rev 2008;32(8): 1519-32.

Bachevalier ], Loveland KA. The orbitofrontal-amygdala circuit and self-regulation of
social-emotional behavior in autism. Neuroscience and Biobehavioral Reviews
2006;30(1): 97-117.

Dawson G, Munson J, Webb SJ, Nalty T, Abbott R, Toth K. Rate of head growth de-
celerates and symptoms worsen in the second year of life in autism. Biological Psy-
chiatry 2007;61:458—-464.

Dawson G. Early behavioral intervention, brain plasticity, and the prevention of au-
tism spectrum disorder. Development and Psychopathology 2008;20:775-803.

London E, Etzel RA. The environment as an etiologic factor in autism: a new direc-
tion for research. Environmental Health Perspectives 2000;108 (supll 3): 401-404.

339



ntechOpen

ntechOpen



