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ABSTRACT
Autism spectrum disorder (ASD) belongs to the group of neuropsychiatric developmental
disorder which is usually characterised due to a complication in social disability,
communication and repetitive impairment. Autism spectrum disorder is mostly common in
male than female in a ratio of 4: 1. This neurodevelopmental disorder is also associated with
medical symptoms and comorbidities such as epilepsy, sleeping disorder, oral health issues
and gastrointestinal disorder. This thesis gives a proper definition regarding the history of
Autism spectrum disorder (ASD) likewise providing information in regards to the various
divisions of Autism spectrum disorder (ASD) which includes Autistic syndrome (AS),
Asperger disorder (AD) and pervasive developmental disorder (PDD). This research work
also provides detailing Genetic factors associated with ASD which is subdivided into two
factors namely; Chromosomal abnormalities or gene alteration and genetic copy number
variant which have a strong association and capacity to develop an autistic disorder.
Other techniques such as Fluorescence In Situ hybridization (FISH), Whole exome
sequencing (WES), the selective candidate gene analysis and chromosomal microarray are
widely explained in this research work to investigate specific sub-microscopic deletions and
likewise the confirmation of a clinical diagnosis. This also shows some genetic disorder
observed to be heavily linked with Austim spectrum disorder (ASD) such as Fragile X
syndrome (FXS), Rett syndrome (RS), Tuberous sclerosis (TS) and 22q11 deletion syndrome.
Amidst these genetic syndromes, some candidate genes have been observed to be related to
Autism spectrum disorder (Table 3.1) due to their various networking functions in the brains
which causes symptoms of ASD when altered.The presumed environmental effect of Autism
spectrum disorder is caused due to autoimmunity, maternal infection during pregnancy,
gastrointestinal dysfunction and altered micro-biome and immune dysfunction were likewise
briefed. Huge research have been carriedout to contribute to the improvement of ASD
through development of various diagnostic tools and criteria to improve evaluation of the
behavioural features of ASD individuals which involves the following such as Autism
diagnostic observation scheme (ADOS), Autism diagnostic interview revised (ADI-R),
Childhood autism rating scale (CARS), Intelligence quotient (IQ), Magnetic resonance
imaging (MRI) and diffusion tensor imaging (DTI).
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ӦZET
Otizim spectrum bozukluğu (OSB) bir grup nörepskiyatrik gelişim bozukluğuna bağlı, sosyal
yetersizlik, iletişimde zorluk ve tekrarlı impermanlarla ortaya çıkan bir hastalıktır. OSB
erkeklerde kadınlara oranla 4 kat daha fazla görülür. Bu nörogelişimsel bozukluk, epilepsy,
uyku bozukluğu, oral sağlık sorunları ve gastrointestinal bozukluklar gibi diğer bazı
eşzamanlı hastalıklarla da ilişkilidir. Bu tez OSB tarihi ile otistik sendromu, asperger
sendromu ve yaygın gelişimsel bozukluğun da içinde bulunduğu bölümleri hakkında detaylı
bilgi vermektedir. Bu araştırmada ayrıca, OSB ile ilişkili genetic faktörler, kromozomal
anomaliler yada gen değişiklikleri ve genetic kopya sayısı varyasyonları, detaylı şekilde ele
alınmıştır.
Diğer yandan, Floresan İn Situ Hibridizasyon (FISH), tüm ekzon dizileme, microarray ve
seçici aday en incelemesini detaylandırıp, bu tekniklerin spesifik delesyon analizinde ve
klinik tanı koymadaki önemleri belirtilmiştir. Böylece, OSB ile ilişkili Frajil X sendromu,
Rett sendromu, Tuberküloz ve 22q11 delesyonu diğer bozukluklar saptanmıştır. Bu genetic
sendromlar yanı sıra, bazı aday genler (Tablo 3.1) beyin fonksiyonlarındaki rolleri ve
mutasyona uğradıklarında OSB ile uyumlu semptomlar görülmesi nedeyile saptanmıştır.
Genetic faktörler haricinde, otoimmünite, hamilelikte maternal enfeksiyon, gastrointestinal
fonksiyon bozukluğu, değişmiş mikrobiom ve immune fonksiyon bozuklukları da çevresel
faktörler olarak ele alınmıştır. Aralarında Autism diagnostic observation scheme (ADOS),
Autism diagnostic interview revised (ADI-R), Childhood autism rating scale (CARS),
Intelligence quotient (IQ), Magnetic resonance imaging (MRI) ve diffusion tensor imaging
(DTI) gibi tanı yöntemleri ile OSB’li kişileri değerlendirmede kullanılar kriterler, çok uzun
süreli araştırmalar sonucu ortaya çıkmıştır.
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INTRODUCTION
Autism spectrum disorders (ASD) is among groups of neuropsychiatric disorders which are
normally classified as a result of complications in communication behaviour and social skill
likewise the presence of stereotyped and repetitive behaviours (Kanner 1943 and Asperger
1944). Autism is seen has the most common form of developmental disorder recognised in
the United States, which is termed to affect an approximate of 1 in 68 children [Center for
Disease Control (CDC) 2014, (APA), 2013]. Persons associated with ASD are also faced
with other psychiatric and medical conditions which may include intellectual disability (ID),
epileptic problems, difficulties in motor control , attention-deficit hyperactivity disorder
(ADHD), sleep disorders,anxiety, depression or gastrointestinal problems [Gilberg., 2010].
The ‘Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations’
(ESSENCE) was formed by Christopher Gillberg for the sole aim of putting into
consideration the syndromic overlap and clinical heterogeneity(Gilberg., 2010).
Males are 4–8 times of more affected with ASD than affected females, but the sex ratio is
said to balance among patients suffering with intellectual disability (ID) and dysmorphic
characteristics. Autism can as well be studied as a category of affected person’svs unaffected
person or as a quantitative trait with the use of auto or hetero-questionnaires analysis such as
the social responsiveness scale (SRS) or the autism quotient (AQ) respectively. With the use
of this method and approach, autistic trait seems to be normally and adequately distributed in
clinical cases likewise in a large population. The major causes of autism remain largely
unknown and undetected, although twin research has repeatedly shown a relatively increasing
genetic improvement and knowledge to ASD. Molecular genetic research have been able to
identify more than 100 autism spectrum disorder risk genes which are seen to be highly
responsible for carrying rare deleterious mutations in approximately 10–25% of the persons
suffering with ASD [Huguet et al., 2013]. The genetic landscape of autism spectrum disorder
is hereby caved by a complex reciprocation between a common as well as a rare variants and
its most likely to hugely vary from one person to another (Bourgeon. 2015). Furthermore, the
susceptibility genes are seen to relate judiciously in a fewer number of biological pathways
which may include protein translation, chromatin remodelling, synaptic functions and actin
dynamics (Bougeron. 2015).
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Autism was first and originally mentioned and explained by Leo Kanner in 1943 which is
considered as one among the most severe neurodevelopmental disorders [meaning it is
usually found in the brain and shows its severity in early childhood] that has significant
impact on social well-being, communication, cognitive and possesses a huge genetic factor
[Rutter, Kim-Cohen, & Maughan, 2006].
Autism is examined has a developmental disorder and at such, symptoms and behavioural
changes takes place over the course of development. With every autism spectrum individual
showing a slightly different presentation of the disorder, the symptoms can be majorly
grouped into 3 core domains which may include;
-Social interaction
-Speech/ communication
-Compulsive / repetitive behaviours
ASD are diagnosed primarily based on behavioural observation of individuals that shows
symptom of the abnormalities. The diagnostic principle for ASD has been periodically
revised due to the effective advancement in research. The Diagnostic and statistical manual of
mental disorders fourth edition (DSM-IV) termed ASD to be a combination of triad
symptoms involving impairment in social , communication interaction as well as repetitive
behavioural pattern involved in the three specific subgroups of Autism spectrum disorder
(ASD) involves Autistic disorder, Asperger disorder and pervasive developmental disorder
not otherwise specified (PDD-NOS). The most recent version of DSM is the DSM-5 which
was introduced in 2013(APA 1994), these three subgroups were merged together to form a
single umbrella term called the “Autism spectrum disorder”. Also, the three symptoms of
these disabilities from DSM-IV version were also conjoined into two categories, where social
interaction and communication are joined together as a single or one diagnostic category.
In further explanation to these major symptoms, an approximate of 31% ASD affected
persons showcase severe intellectual disability and 20-30% hasseizures (Canitano 2007).
Gastrointestinal disorder (White et al.., 2007), sleeping disorder, anxiety disorder and
abnormal responses to sensory stimuli are seen as common comorbidities associated with
ASD.
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Male are more likely affected than the female sex with the approximate ASD diagnostic ratio
of male to females as 4:1. Most ASD cases are said to be idiopathic signifying absence of
known causes such as brain injury and genetic disease. Apparently,genetic influence is
strongly considered based on high risk of developing ASD if affected person possess a
positive family history of the disorder. A lot of research are presently been conducted to
examine the brain functionality of individual with Autism spectrum disorder.
Usually, family of children suffering from Autism spectrum disorder (ASD) normally report
the symptom onset at about 12 and 18 month old of the child. In the year 2007, the centre for
Disease control and prevention [CDC, 2007] reveals that1 in every 150 children to shows a
prevalence rate of this disorder in the United States which explains a huge and remarkable
increase from the previous prevalence rate of over a decade ago as 1 in 2,500.(E.g.Lotter
1966). The prevalence rate of this Autism spectrum disorder (ASD) later rose to about 1 in
every 110 persons with this disorder [Autism and developmental disabilities monitoring
network 2009] and the most increased rate of 1 in 90 parents reporting incidence of their
children being diagnosis with the autism spectrum disorder (Kogan et al., 2009).
1.1 AIM AND OBJECTIVES
 To investigate the historical perspective and comorbidities of Autism spectrum
disorder (ASD).
 To review the causes and molecular pathogenesis of Autism spectrum disorder.
 To review present research on present diagnostic techniques in observing Autism
spectrum disorder.
 To detect the genes and environmental involvement to Autism spectrum disorder.
 To evaluate and if possible suggest future direction to improving knowledge and cure
of Autism spectrum disorders
1.2 A BRIEF HISTORY OF AUTISM DISORDER
Dr. Eugen Bleuler was the first person to use the wordautism was firstly used in the early
20th century to describe a person suffering from schizophrenia that was disarticulated from
reality (Bleuler 1916). A Decades after, a child psychiatrist working at Johns Hopkins
University called Dr. Leo Kanner used a particular term so as to describe and explain a
childhood disability which he called “early infantile autism” showcasing difficulties in social
and language impairment as well as the presence of a repetitive behaviours (Kanner 1943).
3

Dr. Kanner illustrated that the group of children he was dealing with also had a disconnect
from reality as described by Dr. Bleuler, but did not also have schizophrenia. During the
same time period in Europe, Dr. Hans Asperger who is an Austrian paediatrician practicing
in Vienna, came up with a theory after observing a few group of boys in 1944 who posseses
similar impairment in regards tosocial interaction, but they are not as severely affected as
those described by Dr. Kanner (Asperger 1944). After the research, he called them “little
professors” due to their tendency to discuss subjects in great detail. Dr. Asperger’s work was
revisited in the 1980s by a psychiatrist in the United Kingdom called Dr. Lorna Wing and
after the research, he encourage autism experts researchers to see autism as a spectrum (ASD)
of challenges other than one homogenous disorder. This thought gave a greater chance that
encouraged the addition of Asperger’s Disorder (AD) among other autism-related diagnoses
such as PDD-NOS, which is to be considered as a separate diagnoses from autism in 1994
(APA 1994).
Knowledge and awareness of autism began to increase in the 1980’s were many has greatly
and partly contributed to this awareness through the movie ‘’ Rain man’’ (1988) which won
numerous academy awards as well as best picture and best actor award for Dustin Hoffman
who gave an accurate portrayal of an adult with Autism disorder. The media has greatly
imparted by drawing a huge attention to people about Autism since the early 1990’s. Many
television reports, newspaper, articles, magazines and documentary have improved the
dissemination of information about autism in recent years.
Autism spectrum disorder attributed a group of diagnosis that are considered clinically
different from one another but are sometimes grouped together for intellectual purposes due
to their overlapping characteristics.
Autism spectrum disorder is mainly diagnosed based on observation and parental interview
regarding their children behavioural characteristics in the social character, communication
interactions and repetitive behaviour domains. Specific symptom within each domain that is
essential for a diagnosis on the Autism spectrum are majorly described in the diagnostic and
statistical manual for mental disorder, fourth edition (DSM-IV; APA 1994). Meanwhile,
autism was not mentioned as a diagnosis in the first edition of the DSM (DSM-1; APA 1952).
Autism was continually recognised as a part of childhood schizophrenia until in 1980 when it
was recognised has its own disorder called ‘’ infantile autism’’ in the publication of the
DSM-111 (APA 1980). Subsequent editions of the DSM have further described autism
4

diagnosis and there are current different diagnostic criteria for Autistic disorders, Asperger
disorder (AD) and PDD-NOS. Number of appropriately designed tools exist to help make a
diagnosis of ASD and some of this tool for evaluation are; the Autism diagnostic observation
schedules (ADOS) (Lord et al., 1999) and the Autism diagnostic interview revised [ADIR)(Lord, Rutter and Le contour 1994].
The disorders are listed and explained has below;
-

PDD

-

PDD-NOS

-

Autism

-

Asperger

1.3 CLINICAL CHARACTERISTICS
The main symptom of ASD is examined to be difficulty with reciprocal social interaction,
such as limited potential to develop appropriate peer relationships and reduce shared
enjoyment with others. Communication skills are also impacted in ASD and Individuals often
try to maintain reciprocal conversations as well as constantly demonstrating unusual speech
patterns. The last area of impairment is often the most seemingly striking and involves a
series of behaviour, interests, and activities that are unusually repetitive or restricted in
quality. Symptoms in this domain include hand flapping and insistence on maintaining a
routine. Each of the domains will be thoroughly discussed in detail below. Meanwhile the
major areas of challenges and difficulties are alike among individuals with autism spectrum
disorder ASD, An observable reality among children and individuals with ASD is the
significant difference in terms of symptom presentation. It became so rigid that researchers
came up with the conclusion that individuals as not affected by autism disorder, but rather
“autisms” this is because every child differs in his/her presenting abilities, strengths and
weaknesses. For example, one child may be specifically good at maintaining consistent eye
contact during social interactions, but struggle to maintain age appropriate friendships while
another may use appropriate gestures, but have challenges with direct eye gaze. Taking into
consideration of each child’s individual symptom profile is important in developing an
adequate and appropriate case approach as well as focusing on suitable treatment targets.
1.3.1 Qualitative Impairment Social Interaction
The central features of autism within the social domain include disabilities in social mutuality
(the give and take of social interaction); the incorporation of verbal with nonverbal aspects of
5

social discourse; selective friendship development likewise exchange of interests,excitement
and enjoyment with others children (Filipek et al, 2000, Volkmar et al., 1999,
Volkmar & Klin, 1999]. During the first months of life, disabilities are found in social
reciprocity and social communication. Infants and toddlers with autism do not find it difficult
to make steady and meaningful eye contact and they pay less attend to the voices and faces of
others than their typically developing peers. Active and responsive smiling may be absent and
social imitative games and may be largely one sided. In addition, toddlers with autism engage
less often in social referencing and joint attention, rarely sharing observations, excitement,
and achievements with others in a mutualized fashion (through the integration of speech,
vocalizations, reciprocal eye contact, pointing, facial expressions, and gestures). Although
they may point out something of interest, they typically do not use this as a springboard for a
give-and-take interaction with others. They may not make reciprocal eye contact as they point
and vocalize; monitor the expression of others to gauge interest, enthusiasm, and approval; or
demonstrate curiosity about the interests, preferences, opinions, and experiences of others.
When in the centre of stimulating social activity, they may prefer to explore their inanimate
environment or engage in a perseverative interest or behaviour [Bernabei et al., 1998] carried
out a videotape study that uses an observational Checklist that targets social interaction,
communication, and both functional and symbolic play. The researcher reported that 1.8 to
4.6 year old infants and toddlers who were later diagnosed with autism/PDD hardly made
communicative gestures, played imaginatively, or get involved in conventional social games
(Bernabei et al., 1998), they tend to remain on the boundary of social activity, respond solely
to adults, or include other children in one-sided physical or highly scripted play (in which
they direct the action). They may express a precocious aptitude for early academic tasks and
an enthusiastic interest in exploring the details of the inanimate world around them, yet fail to
understand or obtain pleasure from imaginative and interactive play. When they become
older, they obviously prefer spending their time collecting authentic knowledge on narrow,
esoteric topics rather than playing creatively with other children, participating in social
events, or joining clubs and athletic teams. Their interests are often surrounded around
taxonomy, classification, and categorization. Although they may enjoy participating in chess
tournaments and Magic Card swaps, they ideally do not enjoy "hanging out" with peers,
discussing about favourite teams, music, and clothing, or attending sports events or concerts.
Adolescents and young adults with autism may fail to showcase basic social etiquette,
understand social intent; appreciate subtle emotional states within themselves and others; or
presume the thoughts, feelings, and behaviour of others even in relatively straightforward
6

social situations. They may ask uncommon, overly personal, or rhetorical questions in order
to obtain accurate information related to an enigmatic interest; seek repeated reassurance over
a minor issue, or awkwardly attempt to demonstrate friendliness. Highly literal and tactile
problem solving can lead to socially inappropriate comments and behaviour, with little
appreciation of the need to accept justificatory circumstances, exceptions to the rule, or the
unique needs and preferences of others.
1.3.2 Qualitative Impairment in Communication
Communication is also often influenced in persons with ASD and at such, retard language
development; challenges in starting and maintaining conversations, presence of repetitive
speech, and lack of counterfeit play skills are common. Many children with ASD are retarded
in the development of their first words or phrases. Most typically developing and growing
children have single words by 12 months of age and phrase speech which maybe two to three
words in length within 24 months. Most children with ASD develop a single word at 24
months or later and phrase speech at 36 months or later. While some other children with
autism spectrum disorder may not be able to develop concrete spoken language throughout
their lifetime, never the less, there have been high increases in recent years pertaining to the
percentage of children with ASD who remain non-verbal. For those children who develop
fluent speech, an often observed and noted challenge is the inability to commence and
maintain an appropriate age conversations.
In general, individuals tend to be better able to stick strictly to conversations about their own
topics of interest rather than someone else’s choice of topics of discussion. Some persons
with ASD may provide an inappropriate acknowledgement rather than trying to ask questions
about the other person or make a comment on an on-going topic. In most cases, comments
thatare not relevant to the conversation at hand and inflexibility in the conversation may also
be noticed from a person with ASD. All of these factors make the back-and-forth nature of
conversation difficult to maintain.
Most unusual aspects of spoken language are also common in ASD. A Large number of
persons with autism spectrum disorder (ASD) userepetitive language in their day to day
lifeduring interactions with other individuals. For instance, they may repeat a phrases used by
an adult either immediately it has been said (called echolalia) or sometime after they have
been said (called delayed echolalia). Another usual type of repetitive speech involves
repeating lines heard on movies, commercials, and television shows.
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Usually, these phrases can be used at random times and they can also be used in a
communicative manner. An instance would be when a parent asks a child a question (e.g.,
“Would you like something to eat?”) and the child answers the question with a line that is
verbatim from a movie, such as “Pokémon’s energy is running low and needs
replenishment.” Meanwhile many typically developing children engage in this behaviour
occasionally, individuals with ASD may usually or regularly use this “stereotyped” speech as
part of their everyday spoken language.
Families of higher functioning children with ASD report that their speech can sound like they
are giving a lecture when the children are relaying information about a topic of interest.
Imaginative play skills are also often inculcated in ASD. Pretend playing skills is considered
to be under the “communication” domain because playing skills are often associated to
language development. Typically developing children starts to develop pretend play skills
before 24 months of age. Early imaginative play skills involve pretending to talk on a
telephone or play with dolls. Usually children with ASD prefer to use toys for their function
rather than engage in interactive pretend play with the toys. For instance, they may press the
buttons on a toy phone or move a doll’s arms rather than pretend to talk on the phone or feed
the doll with a toy spoon.
1.3.3 Repetitive or Restricted Interest and Behaviour
Repetitive pattern of behaviour is very common among several individual with ASD.
Meanwhile, these features may be the most noticeable to the general public. They do not
represent the major symptoms of ASD and are not sufficiently enough to diagnose an
individual with ASD. Many of these behaviours are also present in person with
developmental delays without ASD, such as intellectual disabilities (previously known as
mental retardation). As children with ASD grow older, nature of their repetitive /restricted
behaviour usually changes. “Lower order” repetitive behaviours such as hand flapping and
lining up toys are mostly common in younger and more cognitively delayed children with
ASD while “higher order” repetitive behaviours often comprise intense interests and
compulsive behaviours and are more pronounced in older and less cognitively disable
children with ASD.
Usually, restricted and repetitive behaviours can impede with an individual’s functioning,
there are also some important advantage to these behavioural patterns. For instance, large
individuals with ASD are bent on following guided rules and routine. This can be a positive
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trait in that they often do not break the rules intentionally and generally attempt to obey or
comply with a rule that has been taught.
Persons with ASD usually have high interests in stipulated and specific topics. Therefore,
they often become experts in such a given area and have an in-depth knowledge of a
particular or specified topic. This can be beneficial in building future careers and hobbies and
may also be way to encourage learning of other related topics.
1.4 EARLY SCREENING AND DIAGNOSIS
ASD is characterised with neurobiological foundation and genetic factors play an important
as well as significant role in its development. Diagnosis of ASD is strictly dependent on
direct observation and parental interview about the child behaviour in terms of social,
communication and repetitive behavioural features without the use of brain scans or blood
tests .Particular symptoms within each domain that are needed for a diagnosis on the autism
spectrum are explained in the Diagnostic and Statistical Manual for Mental Disorders, Fourth
Edition (DSM-IV; APA 1994). Autism continued to be recognised a part of childhood
schizophrenia until 1980s when it was recognized as its own disorder called “infantile
autism” in the publication of the DSM-III (APA 1980). Other editions of the DSMhave
further alienated autism diagnoses and recently, there are different diagnostic criteria for
Autistic Disorder,Asperger’s Disorder and PDD-NOS. A number of well- established tools
are available to help in the diagnosis of ASD, such as the Autism Diagnostic Observation
Schedule (ADOS)(Lord et al. 1999) and the Autism Diagnostic Interview-Revised
(ADI)(Lord, Rutter, and Le Couteur 1994].
1.4.1 Pervasive developmental disorders not otherwise specific (PDD-NOS)
Autism spectrum disorder (ASD) falls under the group of pervasive developmental disorder
in the diagnostic and statistical manual for mental disorder fourth edition (DSM-IV) domain
and PDD is characterised due to a severe disabilities in many aspects of a person life, which
involves severity in social interactions, communication skills and categorized behaviour.
Some other diagnosis also exists without this category of clinical disorder that is not on the
autism spectrum. Clinically, working with person with Autism spectrum is conscious to
differentiate this disorder from an ASD. Clinician is a general term that is used to describe
people such as psychologist, speech therapist and treatmentproviders, who works directly
with people and clients. The term is majorly used in clinics and hospitals to differentiate
those professional who works directly with patients and clients from administrative staff.
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PDD-NOS is sometimes described as “a typical autism” due to lack of full criteria for autism
od Asperger disorder but shows a similar autism like features.
Furthermore, children with PDD-NOS have improved language ability as well as cognitive
skills comparing to autism children. In this regard, PDD-NOS are seen as a diagnosis that is
mild and also have improved prognosis compared to autistic individual.
1.4.2 Autistic Disorder (AD)
Another name for Autistic Disorder is “autism,” or “strict autism,” or likewise called “early
infantile autism.” A large individuals diagnosed with ASD have an autism percentage of
(~60%) compared to Asperger’s Disorder with a percentage of (~24%) or PDD-NOS (~16%;
Goin-Kochel, Mackintosh, and Myers 2006). Males are mostly diagnosed with autism than
females having a sex ratio of approximately 4:1. There have been some reports that show that
females have more severe symptom of Autism and less cognitive abilities as compared to
males.
Autism disorder can be diagnosed at exactly about two years of age or more of the child
during this period, it is generally more stable. When comparing the diagnosis of autism with
the PDD category, persons with autism face a huge challenge in the three general domains
which are; social interactions, communication disability, and restricted interests and
behaviours. Criteria in the DSM-IVhave shown that autism diagnosis is important for person
who shows at least two particular symptoms in the social domain, one in the communication
domain, and one in the repetitive behaviours domain. Furthermore, in respect to these criteria,
six symptoms in totality across all three domains are needed to receive a diagnosis of autism.
A part of these difficulties must have had an onset at three years of age or even earlier.
Epidemiological research have suggested that an average of 60–70% of children battling with
autism are tends to have a re-occurrence in intellectual disability (Fombonne 2003) and it is
also observed that one-third to one-half of person diagnosed with Autistic Disorder possesses
severely disability in language or may remain non-verbal throughout their adulthood (Howlin
et al., 2004). Intellectual disability is a diagnostic term which is mainly used to explain
individuals with a below average intellectual abilities which are also followed and
accompanied by some impairments in daily life behaviours such as self-care, independent
living skills and interpersonal skills. Difficulties begin at the early stage of the individual life
and it is majorly measured by cognitive abilities of the person.
Intellectual disability varies in stages and diagnoses for measuring intellectual disability has
greatly and immensely reduced thereby increasing the rate of autism (Croen et al., 2002). In
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the past several children diagnosed with autism are faced with co-occuring intellectual
disability and likewise a vast percentage of this children experience a non-vocal life style
throughout their lifetime (Rutter, Greenfield, and Lockyer 1967). Meanwhile several
clinicians have categories autism individual into different classes based on their intellectual
ability so as to enable them to adapt to their day to day known as adaptive functioning.
Individuals who show little impairment and cognitive ability in adaptative function are
termed High functioning autism(HFA)while low functioning autism are those that exhibit
forms of intellectual disability and difficulties in their adaptive function.
Persons experiencing autism characteristic are known to have some features which are high
temper, anger, sleeping difficulty, gastrointestinal abnormalities and psychological problems.
1.4.3 Asperger Disorder
Asperger’s Syndrome or Asperger Syndrome is another name known for persons suffering
from Asperger disorder and it is also known to have challenges in social and repetitive
interests.
Basically, the DSM-IVrequires a minimum of two symptoms in the social domain and a
minimum of one symptom at the behavioural domain respectively. Problems associated with
Asperger individual are the inability to maintain age appropriate. Persons suffering from
Asperger disorder are different from individual with Autism disorder in a number of ways.
One distinctive difference between Asperger disorder individual is that they do not possess
language and communication delay impairment while Autistic disorder individual are faced
with great impairment disorder and it’s seen as a major challenging factor among Autism
persons.
Furthermore, several children are faced with cognitive disability among autistic individual
but may be average or above average among Asperger disorder individual when measured by
the cognitive testing.If a person is not characterized by a delays in language development and
shows normal cognitive ability, and at same time meet the full criteria for Autism, in this
casesuch a person is termed has receiving the diagnosis of autism rather than Asperger
disorder (AD).
An additional observable difference in regards to males and females sex ratio of Asperger’s
Disorder which is approximately 6:1, allowing it to be higher than the 4:1 sex ratio which is
observed in autism. Asperger’s Disorder is relatively said to be relatively diagnosed later in
life than that of autism. Another observable feature observed between Asperger and autism is
that, the average age stipulated for diagnosis testing for Asperger disorder is 7.2 years of age
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while autism disorder individual is 3.1 years of age (Mandell, Novak, and Zubritsky 2005).
This is probably seen has a result of lack of language delay among Asperger disorder
individuals compared to autism individuals. Several parent with Asperger children describe
their kids has strong aggressive individuals with a high strength and command of words.This
characteristic among Asperger children are not earlier noticed except when children enter a
schooling environment where direct comparisons are carried out with a typical child with
great social behaviour.
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ASD AND MEDICAL COMORBIDITIES

Several children and adult who are diagnosed of Autism spectrum disorder (ASD) have
comorbid health problems and recent research have shown that persons with this disorder are
said to be accompanied with several health challenges. Persons suffering with autism
spectrum disorders (ASD) are accompanied with high risk for medical challenges or
comorbidities which possibly or probably remain undetected and at such resulting into
negative impact in their development process. These comorbidities are characterised by oral
health challenges, sleep disability, gastrointestinal disorder and epilepsy disorder. A huge
campaign in enabling awareness as well as treatment for this health challenges and
comorbidities is of high importance and likewise very essential to improving the quality of
life of persons affected by this disorder.
Many medical conditions show itself at an early time, at such preceding ASD diagnosis
which may likely advance into adulthood thereby calling for intensive care and appropriate
attention. Irrespective of the higher rate of medical care used compared to the general
pediatric population (Gurney et al.., 2006, Liptaket al.,2006, Croen et al.., 2006 ), patients
and families witness difficulties having access to specialised health care ( Kraus et al., 2003,
Thomaset al 2007 ). The unmet need tends to be very high in non-metropolitan area among
minority families and among patient with limited or a lower family income individual.
Furthermore, children with autism spectrum disorder (ASD) needs extensive health care, free
access to medical home provides an approach based on partnership between the patient,
family, primary and specialty care providers and community support. For children who needs
special health care, a designated medication is provided across the system of care to ensure
comprehensive health care services for those individuals. The empirical benefits of
coordinated care using the home care model are stilol being accessed and the support from
this medical home are seen as an important source of support and care delivery to the
families.
An improvement in the awareness of medical comorbidities helps to improve practitioners
and family with extensive knowledge of common health problems faced by individuals with
ASD. Limited empirical data for treatment of these common comorbidities brings awareness
to professionals involved in the health care of individuals with ASD to readily make
availability of the treatment to alleviate medical problems which can often exacerbate ASD
symptoms.
Below entails the different types of medical comorbidities in Autism;
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2.1 GASTROINTESTINAL DISORDERS (GI)
Gastrointestinal disorder varies in occurrence withchildren affected with ASD which range
from 9 to 70% (Gurney et al, 2006, Buie et al., 2010, Valicenti et al, 2006). Gastrointestinal
disorder is divided into the following types which involve chronic abdominal pain, severe
constipation and chronic diarrhea and gastro-esophageal. Either of the different
gastrointestinal conditions occurs at an increasing rate compared to the general pediatric
population or compared to other neurodevelopmental conditions is unknown; moreover,
gastrointestinal problems continue to require medical treatment till adulthood (Kohane et al.,
2012).
Due to lack of reasonable amount of data regarding adequate practice and evaluation, autism
expert have develop a guideline which is heavily recommended following children without
(Buie et al., 2010) .Chronic abdominal pain is a common problem faced by ASD patient
which is presumed to last for about 1-2 month among persons with autism spectrum disorder
but due to delay in communication ability among ASD children, it may remain undetected at
an early stage. Some negative feature observed among ASD affected person must be put in
serious consideration in order to improve early diagnosis among patient suffering from ASD
and this symptoms includes loss of weight, adequate growth pattern deficiency, Gastrointestinal blood loss , emaciation, severe diarrhea, fever, persistent right upper- or lowerquadrant pain, inflammatory bowel disease family history or abnormal (AAP.., 2005). Some
important test maybe recommended for ASD presumed patient such as abdominal
radiographs, ultrasonography and collection of stool samples. Among this diagnostic test is
invasive testing such as endoscopy which is carried out to to check for the level of severity of
the symptom. As a result of lack of findings regarding the level of severity and disease level,
family need assurance to enable the well-being of their children were most patient are advice
to strictly avoid the intake of lactose for a period of 2 weeks in the sole aim of providing
relief to the patient. Chronic retained stool symptom can also be drastically reduced by the
trial of a stool softer for a period of 4 weeks. Constipation is another chronic symptom of
ASD which is cause as a result of delayance or difficulty in defecation for a period of 2
weeks of even more among persons with ASD. Children affected with autism spectrum
disorder (ASD) are observed to have the habit of holding on to faeces for a long duration of
time which may eventually lead to constipation. Evaluation of children with constipation
disability must be properly scrutinized in terms of history and physical examination which
may provide guidelines and proves for further diagnosis. Physical examination is very
difficult and challenging for some children with ASD most especially the examination of the
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rectal to check for stool retention and if bleeding occurs.Treatment for constipation is
addressed based on behavioural management and pharmacotherapy and some of the
medications commonly used are lubricants such as mineral oil and laxatives as well as
lactulose or sorbitol’s.
Chronic diarrhea is also one of the most common gastrointestinal disorder which found
among ASD patient and it is defined as the persistence loose of stool for a period of 2 weeks
or more without an increase in the stool frequency which would help stop or hold the
persistence. Acute diarrhea is usually caused due to infection while chronic diarrhea is caused
as a result of inflammatory bowel disease and problem with absorption. Stool samples should
also be collected for proper examination to investigate the possibility of chronic infection,
bleeding, or mal-absorption.
2.2 ORAL HEALTH ISSUE DUE IN AUTISM SPECTRUM DISORDER
Children facing problem of ASD are usually faced with a high risk of oral health problem
which involves caries and individual inflicted injuries.
The risk of having caries is at increase rate when individuals or person is highly dependent on
others for dental hygiene (Kopycka et al., 2008). The delay in terms of communication
among ASD children has a negative effect on children in terms of oral care (Weil et al.,
2012). Oral hyper-sensitivity and hostility during tooth brushing can also leads to caries
which can promote the formation of a bacterial plaque among ASD infected persons.
Additionally, the wearing of structural wear on tooth and the oral mucosa can cause children
to afflict themselves with injuries but when mouth guide are wore by ASD affected
individuals, it prevent self -infliction injuries to this persons with ASD as advised by the
dentist.
Constant advice and consultation with a specialised dentist in regards to taking adequate and
proper care of children embattling with special health difficulty may help in easing the child
health condition.
2.3 SLEEPING DISORDER
Sleeping disorder is one of the major problems faced with individual suffering from ASD and
this problem is linked to problem in going to bed, difficulty in finding sleep, reduction in
sleep duration and interruption of sleep. The developmental process of persons with sleeping
disorder lifespan has not been adequately studied but it is presumed that sleeping disorder
appears in the childhood and persists till adulthood among ASD affected persons (Kohane et
al., 2012). One of the major problems of disruption in sleep can increase the daytime activity,
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behaviour regulation and immerse family stress. The Autism Treatment Network in the
United State of American recommends that sleeping disorder should be part of the routine
carried out for children with ASD during health screening [Malow et al., 2012]. The Children
Sleep Habits Questionnaire (Glodlin et al., 2008) is a questionnaire that is frequently used
basically in autism research for preschool age children and this research questionnaire carries
a strong psychometric properties. Apart from this questionnaire, the Modified Simonds and
Parraga Sleep Questionnaire (MSPSQ)(Johnson et al., 2012) is also used to compare a child
sleeping habit which provide an extensive descriptions of sleep disorder. Adolescent sleep
Wake Scale (LeBourgeois et al., 2005) is another sleep assessment option which is solely
made available for older children.Lastly, the Family inventory of Sleep Habits (Malow et
al.,2009) questions centre on various environmental factors which may be important for
identifying sleep intervention targets (Morgenthaler et al., 2006).
In addition, once sleeping disorder has been noticed, the next line of action to be put into
serious consideration is the treatment of behavioural action with the behavioural modification
strategies.In regards to medical therapies for treating sleeping disorders in ASD, evidence has
been very limited in which data are mostly focused on Melatonin (Garstang., 2006).
Melatonin supplementation is simply explained has a form of complementary alternative
medicine (CAM) that is administered to reduce the sleep latency time. This CAM supplement
helps greatly or immensely to reduce family stress and also to improve sleep in children.
Other commonly used sleep agents like mirtazapine and trazodone are accompanied with a
severe side effect such as lowers seizure threshold and they also lack controlled studies.
2.4 EPILEPSY
Tuberous sclerosis (Mumis et al., 2011) or Dravet syndrome (Li et al., 2011) are genetically
identical defined forms of Epilepsy syndrome which is found to be common among children
with ASD. One of the reasons for the strong link between epilepsy and ASD is possibly as a
result the severity and complexity of the brain lesions and epilepsy phenotypically age of
onset.
The prevalence rate of epilepsy during childhood is relatively presumed and estimated to be
2–3%, while it is estimated to be 5-38% in children with ASD (Tuchman.., 1991, Spence..,
2009). With the high frequency rate between autism and Epilepsy, these has rules out any
form of coincidence but rather has suggested that they both share common pathogenic
mechanism and characteristic.
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The treatment for epilepsy in children with autism spectrum disorder (ASD) is the same as
the treatment with seizure treatment in children with epilepsy. Drugs such as Anti-epileptic
drugs should be selected based on the type of seizure so as to control the minimum side effect
seizure and its form of dosage.Effective blood testing should be carried out so as to monitor
the treatment procedures and also the behavioural side effect of persons with ASD (Spence.
2009).
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GENETICS CAUSES OF AUTISM

Autism is seen is a typical instance of a neurodevelopmental disorder that has a strong
genetic evidence. A Distinctive difference should not be made between autistic disorder and
autism spectrum disorder (ASD) due to their close relationship and similarity (Benvenuto et
al., 2009).
Due to several survey that has been carried out between 1980s and 1990s, it has proven that
monozygotic twin have a high percentage of genetic effect at about 69% - 95% than seen in
dizygotic twin which have a percentage of 0% - 24%. The hereditary components are
estimated at 90%. The sex ratio of male-female ratio is estimated between 3-1 (Brkanac et al.,
2008,). There are several techniques that are put into consideration to help in improving the
genetic efficiency and authentication of autistic disorder and this includes, molecular research
and linkage studies.
The Linkage studies has greatly impacted in helping to search for those part of a chromosome
that is same between affected family and showing a significant difference among nonaffected members of a family.
Genetic studies have immensely contributed in providing genetic difference between healthy
individuals of one and unhealthy individuals on another hand (Vorstman et al., 2006a).
If classic microscopic cytogenetic process is adequately used, it provides information on the
structural chromosomal aberrations in 3%-7% of patients affected with autism and
developmental disability. The fluorescence in situ- hybridization (FISH) technique is majorly
used to investigate specific sub-microscopic deletions and it is likewise primarily used for the
confirmation of a clinical diagnosis in 22q11 deletion syndrome. The major disadvantage of
this technique is that it’s consume a lot of time and only one or few chromosomal regions can
be examine per experiment.
The most common techniques which are extensively used to detect the susceptibility of ASD
genes are the chromosomal microarray, whole- exome sequencing (WES), and selective
candidate gene analysis (Klauck, 2006; Persico &Napolioni, 2013). The whole exome
sequencing technique has successful to detect rare genetic defects in various heterogeneous
situations as well as in Autism spectrum disorder (Rabbani et al., 2014). Whole exome
sequencing is used to confirm the presence of a de novo which was extensively expressed in
ASD persons in a recent research that was carried out on 928 individuals(Sanders et al.,
2012). It was also observed in a recent research which involves the use of whole exome
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sequence to detect ASD linked genes in fragile X protein (Iossifov et al., 2012). Furthermore
another technique used is the chromosomal microarray analysis which is used in the detection
of chromosomal abnormalities found in patients who are diagnosed with ASD (Zilina et al.,
2014).
Among these several abnormalities, it was noticed thatGABA receptor subunit genes in the
likes of GABRA5, GABRB3 and GABRG3 are closely related with the pathophysiology of
autism spectrum disorder (ASD) (Kim et al, 2006; Klauck, 2006, Vorstman et al, 2006).
Severe implications may be caused as a result of the malfunction of any of the genes causing
an inhibition of excitatory neural pathways that can cause an abnormality leading to brain
development (Klauck., 2006). In conclusively, a selective candidate gene analysis is an
important tool for screening and it is responsible for the identification of genes involve in
autism spectrum disorder (ASD) (Holt et al, 2010, Klauck, 2006).
3.1 GENETIC SYNDROME AND AUTISM
Below will be discussed the most know genetic disorders linked with Autism;
3.1.1 Fragile X Syndrome
The fragile X syndrome (FXS) which is one of the most known genetic disorder, has been
hugely linked to be the common cause of inherited mental retardation (Crowford. 2001)). The
first persons that provided these detailing and knowledgeable information are Brown and
colleagues (1982, Fragile XSyndrome was first described by Lubs (1969), who used the
classical microscopic cytogenetic techniques in the detection of a fragile site at the end of the
long arm of the X chromosome.
Clinically, patience with fragile X syndrome are face with problems of mental retardation,
macro-orchidism, large ears as well as long faces. But in most cases, mental retardation is
said to ranges from moderate to severe state with a frequent occurrence of autistic-like
behaviours. Apparently, Persons associated with FXS at about 30% are categorized and
grouped as being within the autistic spectrum (Roger.., 2001). Many report has postulated a
linkage between FXS and autism which has of now, there have been no concrete evidence to
confirm a link of fragile X syndrome to autism (Muhle. 2004).
FXS is majorly caused as a result of the expansion of the CGG repeat which is found to be
located at the 50- un-translated regions (50-UTR) of the first exon of the fragile X mental
retardation 1 gene (FMR1) at the chromosomal locus Xq27.3 (Fu et al., 1991). The number
of CGG repeats is highly polymorphic but in normal individuals, it ranges from 6 to 50
triplets. When the expansion of the CGG repeat is more than 200 in the fragile X syndrome, it
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is termed full mutation. Full mutation is primarily caused due to hyper-methylation of the
CpG islands found within the FMRI promoter regions along with the gene silencing during
transcription. Pre- mutation with a CGG repeat of 55-200 can lead to a full mutation when it
is maternally transmitted. Larger repeat has been known to carry huge risk of expansion
comparing to smaller repeats (Nolin et al.., 2003). Repeat ranging from 40-54 repeat are
called intermediate allele and it has been observed to be slightly unstable upon transmission
(Nolin et al., 2003; Sullivan et al., 2002). The formation of a full mutation is said to have
been caused has a result of the expansion of intermediate allele over a span of two generation
(Terraciano et al., 2004). The intermediate alleles is been recognised has the ‘gray zone’
alleles (Nolin et al., 1996) and the larger the size the greater its instability increases.
It has been understood for several years now that the severity in term of intellectual disability
and the extent of related behaviour problems observed in individual is dependant of the
number of repeats. The phenotypic psychopathological features of fragile X syndrome
involves; developmental delay, obsessive-compulsive characteristics,multiform anxiety
symptoms, hyperactivity / impulsivity, epileptic phenomena, aggression are frequently
predominant, as social anxiety and withdrawal behaviour, stereotypies like flapping or biting
of the hands, perseverations, extreme sensitivity to environmental stimuli, and in general,
decreased social reciprocity with an avoidance of eye contact (Hagerman, 2005).
In conclusion, the target molecules of FMRP includes shank3, GluN2A, mTOR, TSC2, NF1,
neuroligin2 and neurexin1 (Darnell et al.,2011) which are associated with autism spectrum
disorder (ASD) pathogenesis.

3.1.2 Rett Syndrome
Rett syndrome (RS) was firstly discovered and described by Andreas Rett in 1966. Rett
syndrome is said to have been caused as a result of a mutation in the Methy-CpG Binding
protein 2 (MECP2) genes in chromosome Xq28. and it can only be inherited as an X-linked.
Rett syndrome occurs solely in girls where the level of occurrence is estimated to be between
1/10,000 - 1/20,000. This syndrome is always very fatal in boys due to the presence of an
extra X chromosome or mosaicism of the MECP2 mutation which can only be found in rare
male cases.
RS individuals are characterised by normal developmental features during the first 6 to 18
month of their life after which they begin to experience developmental stagnation, loss of
acquired skills and development of this persons comes to a standstill. During early childhood,
an affected female lose the functional aim of their hands and begin to show sign of repetitive
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wringing and clapping motions. These kids are characterized by slow response compared to a
typically developing child and they are also known to exhibit a small head size called
microcephaly. Aside from the signs mentioned above, other viable symptoms includes
breathe abnormality, sleeping disturbance and seizures. The most severe symptoms of Rett
syndrome persons are respiratory dysfunction, forelimb and hind limb clasping, stereotypy,
hyperactivity, cognitive impairment, anxiety and affected (Shahbazian et al 2002; Moretti et
al, 2005).
This stagnation of this developmental process result to a phenotypic retardation as well as an
unequal growth in the circumference of the head, decrease in eye contact as well as motor
degradation. During the first year of life with this Rett syndrome, autistic behaviour are said
to be predominant with impairment in social behaviour, reduced communication skill and
stereotypies behavioural (Ben Zeev, 2007; Gonzales & LaSalle, 2010). Patient facing Rett
syndromes are faced with epileptic condition and at the age of 10 children are faced with a
huge and severe intellectual disability. In approximately 80% - 90% of patients affected by
RS, the mutation that is mostly likely to occur is a de novo mutation which is present in the
MECP2 gene. This MECP2 gene is expressed most particularly in neurons and to a lesser
degree in glial cells and it is likely to enable neuronal maturation in the postnatal period.
MECP2 gene is also functional in the expression of the gene that is responsible for coding the
brain derived neuro-trophic factor (BDNF) that is solely aimed in neuronal maturation and
plasticity.
Rett Syndrome (RS) is a better example of an autism related disorder with a given and proven
genetic Pathophysiological feature. Research in Rett syndrome (RS)could have well trigger
an excellent knowledge of the involvement of central nervous system dysfunctions in autism.
3.1.3 Tuberous Sclerosis
Tuberous sclerosis complex (TSC) of the Bourneville-Pringle wasfirstly illustrated in the year
1880 by Bourneville and it is an autosomal dominant inheritance with a multi-organ disorder.
It is recognised as the syndromic forms of ASD that frequently takes place during
transcription factors. This may be basically because of a defect in the transcription factor that
has a result have significant influences on many genes and their downstream molecules
causing diverse neuronal functions.
Tuberous sclerosis is seen as a genetic disorder which is explained by the growth of
numerous non-cancerous (Benign) tumours in several part of the body. This tumour can be
seen on the skin, kidney, brain and some other organs which may leads to a significant health
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challenge. TSC can likewise lead to developmental problems with signs and symptoms
varying from one person to another. The prevalence rate of this disorder is 1 in 6,000 - 10,000
births. TSC occurs due to mutations in two genes which are TSC 1 and TSC 2 gene.
Tuberous sclerosis1(TSC1) gene is located on long arm of chromosome 9 (9q34.3) which is
responsible for coding for hamartin while the Tuberous sclerosis 2 (TSC2) gene is located on
short arm of chromosome 16 (16p13.3) and it is strictly responsible for coding for tuberin. A
change in one of these two genes can be demonstrated when an approximately 85% of
patients are clinically confirmed after diagnosis of Tuberous sclerosis (TSC). Normally, a de
novo mutation is found to be present in this type of genetic disorder, meanwhile 30% the
patient ratio is estimated to have one or more affected family members. A resultant mutation
in both genes can leads to abnormality in cell growth and division in multiple organ systems.
In the brain, this is showcased by the formation of cortical and subcortical hamartomas
including tubers.
Furthermore, several organs can likewise be affected at such causing formation of cystic
kidneys, angio-fibromas that affect the face and rhabdomyomas.

Other structural

abnormalities linked with the central nervous system are; cognitive dysfunctions,epilepsy and
symptoms of autism (Datta et al, 2008).
In 1932 beforeKanner’s publication, Critshley and Earl explained the autistic characteristics
which is linked with TSC has a disorder that cause a decrease in social contact, stereotypies,
disturbed speech as well as withdrawal behaviour. Researches carried out during the last few
decades have explained that autism takes place in about 25-60 % of TSC patients. A major
characteristic of patients affected with TSC is the increasing level of social cognitive function
and a less stereotype. However, the male to female ratio of autism to TSC is the equality
(Wiznitzer, 2004).
The neurobiological substrate for autism in tuberous sclerosis (TSC) is still very undetected
and unclear. Both the hamartin and tuberin protein modulate important in playing a vital role
in neuronal migration, differentiation and development (Asato etal., 2004). Over expression
of the TSC1/TSC2 complex causes a suppression which leads to the formation of axons while
under expression on the other hand is associated with the formation of tubers (Choi et al.,
2008). The functional combination of TSC1/TSC2 also explains that a mutation in any of the
two genes can cause similar phenotypic characteristic (Orlova & Crino, 2010).
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3.1.4 22q11 Deletion Syndrome
The 22q11 deletion syndrome (22q11DS) was firstly described by a scientist called
Shprintzen in 1978 and he describe it as a velocardio-facial syndrome which is caused as a
result of the intestinal deletion of the long arm of chromosome 22 (22q11.2).
This velocardio-facial syndrome is linked with other abnormalities such as congenital heart
defect, cleft palates, facial dysmorphisms and hypo-parathyroidism. The sex ratio of this
syndrome is approximately equal. The T-box 1 (TBX1) gene is one of the important gene of
22q11DS which is responsible for the coding of other genes. The protein that is responsible
for the encoding of this gene is responsible for the development and growth of the heart, face,
limb and some part of the brain.

TABLE 3.1: SHOWING CANDIDATE GENES PROPOSED TO BE RESPONSIBLE
FOR ASD
CHROMOSOMES

CANDIDATE GENES

FUNCTION/ NETWORK

2q12.3-q14.2

DPP10

Neuro-transmission

2q16.3

NRXN1

Synapse formation

3p26-p25

CNTN4

Synapse formation

3p24-26

OXTr

Neuro-transmission

7q31.1

ST7

Tumor suppression

4p14-q21.1

GABRG/GABRA

GABA neuro-transmission

8p23

DLGAP2

NMDA neuro-transmission

7q35-q36

CNTNAP2

Synapse formation

15q13

APBA2

Neuro-transmission

15q11-q14

GABRA/GABRB/GABRG

GABA neuro-transmission

22q11

PRODH

Neuro-modulation

16p11.2

DOC2A

Neuro-transmission

7q31

WNT2

Signal transduction

22q13

SHANK3

Synapse formation

7q31

CADPS2

Synapse formation

7q22

RELN

Neuronal migration

X227.3

FMR1

Neuronal development

Xp22.1-p21.3

IL1RAPL1

Interleukin receptor

Xq12

OPHN1

GTpase activation

Xq11.4

TM4F2

Cell proliferation
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Xp22.3

NLGN4

Synapse formation

Xp11.4

TSPAN7

Neuronal growth and development

These table above shows the wide range of genes and their functions which are relatively
involved in Autism.

SHANK gene
SHANK family genes is solely responsible for encoding of scaffolding proteins which is
enriched in the postsynaptic density (PSD) of excitation synapses which carry out its function
in the maturation, formation and maintenance of synapses. A postsynaptic membrane is a
membrane that is responsible for multi-synaptic protein complexes (Sheng and Kim, 2000).
The shank family is postulated to have three main members which includes; SHANK1,
SHANK2, SHANK3, likewise known as ProSAP3, ProSAP1 and ProSAP2 respectively. The
idea behind the involvement of shank in the etiology of ASD was from phenan-McDermid
syndrome (PMS) or 22q13 deletion syndrome which is a neurodevelopmental disorder caused
by a micro-deletion on chromosome 22 which causes a serious defect to the affected
individual (Boeckers et al., 2002; Wilson et al.,2003; Phelan and McDermid, 2012).
The association between SHANK gene and autism spectrum disorder (ASD) becomes very
pronounced due to the identification of numerous mutation at the SHANK3 locus found in
autistic person (Durand et al.,2007) causing a severe impairment in the autism spectrum
disorder pathogenesis involving a severe language expression, speech delay, Hypotonia,
global developmental delay. It was also observed between an European and Canadian
population that mutation in the SHANK2 and SHANK1 leads to de novo copy number
variation (CNV) deletion and missense mutation causing intellectual disability (Berkel et al.,
2010, Leblond et al., 2012, Sato et al., 2012).

NRXN1 gene (Neurexin)
Neurexins gene is a cell adhesion molecules and as well as also a receptors in vertebrate
nervous system. Neurexin 1 observed as a cell surface receptor helps in joining neuroligins to
enable it form a calcium dependent neurexin / neuroligin complex during synapses in the
central nervous system (CNS).
NRXN1 is a gene that is very essential in neuro-transmission and it also help or function
effectively in synaptic contact formation in SFARIGENE. Neurexin1 (NRXN1) is listed as a
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strong candidate gene as a result of its heterozygous deletion nature and also because of its
strong ability to detect point mutation in a small number of patient suffering from autism
spectrum disorder (ASD)..
Neurexin proteins are also known as cell surface receptors that functions collectively with
neuroligin (NLGN). Ca2+ dependent neurexin / neuroligin complex is present at synapses in
the central nervous system (CNS) and it is majorly required for theefficient neurotransmission as well as synaptic contact formation.
NRXN1 gene is known for the expression of NRXN1 (OMIM: 600565) protein which is
located on the long arm of chromosome 2p16.3. These NRXN1 gene posseses 22 exons
which codes 1477 amino acid which possesses 7505 base pairs (base pair).
Deletion either small or large in the NRXN1 gene plays a significant role in ASD etiology. In
additional, when there is a missense and nonsense mutation in the Neurexin1 (NRXN1) gene,
it plays a significant role in the pathogenesis of this disorder (Feng et al 2006, Kim et al
2008).
Mutation in the NRXN1 gene leads to the formation of 513L and L7481 mutation which are
known to be inherited from the paternal.

OXTr gene
OXTr is the gene responsible for encoding the receptor for oxytocin. Further research carried
out on a group of unrelated autistic individuals did not show OXTr deletion but it shows
hyper-methylation of the promoter gene with a reduced expression of mRNA. Oxytocin is a
candidate gene that is majorly responsible for modelling human behavioural characteristics
and also epigenetic mechanism. Hyper-methylation of specific CpG islands is likely to cause
a reduction in OXTr gene expression.
Duplication of OXTr gene is heavily linked with pervasive developmental disorder patient
symptoms of obesity and behavioural issues (Bittel et al, 2006), as a result suggesting that an
increase in OXTr expression is liable to causea fall in the behavioural phenotype of ASD
individuals.

CNTN4 gene
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The CNTN4 gene carryout an important function in the formation, maintenance as well as
neuronal network plasticity. A disruption of this gene causes a serious problem in term of
developmental delay and mental retardation.
Contactin 4 (CNTN4) is formed as a result of the mutation of Alu Y mediated unequal
recombination event. Alu elements which is inserted into about one million of a human
genome is said to account for 10% of the total genome of a DNA molecules(Codish et al
1998).
Contactin 4 is an axon associated cell adhesion molecule (AxCAMs) which is highly
expressed in the human brain most especially the cerebellum, amygdala, thalamus and
cerebral cortex which are directly interrupted by copy number variation (Fernandez et al.,
2014
AxCAMs are important in playing vital roles in axonal elongation along specific pathways,
fasciculation of specific axonal populations and the functioning, maintenance and plasticity
of some synaptic connections.
The expression of CNTN4 gene in human tissue indicates that this protein may have
significant role in both early growth of developing axons and adult nervous system
maintenance (Hansford, 2003). It is also postulated that a loss of a single functional copy of
CNTN4 leads to the developmental delay characterized by a 3p deletion syndrome.
The syndrome is characterized by the following phenotype;long philtrum, mental retardation,
microcephally, hypertonia, digital anomalies and dysmorphic facial features including a
triangular shape face, hypertelorism,ptosis, broad nasal root, down turned mouth,
micrognathia and dysplastic ears (Fernandez et al 2004, Schwyzer et al 1987, Narahara et al
1990).
It is also explained that individuals with inappropriate CNV does not interrupt CNTN4 genes
that causes classical 3p deletions syndrome phenotype and CNV polymorphic and not
Pathologic. There has been few report of CNV affecting CNTN4 in normal individual. If
mutation of CNTN4 is incomplete penetrant, disruption of the gene may not result in ASD in
all detected cases.
Notably, mutation of contactin associated protein like 2 (CNTNAP2) have also been linked to
ASD carrying the syndromic symptoms such as language and mental retardation. Aside
disruption of CNTN4 being a factor that may likely the development of ASD, Imprinting,
environmental interaction or other factors may determine how mutation in CNTN4 causes
ASD.
GABRA
26

GABRA is a dopaminergic gene that encodes dopamine transporter (DAT), severe dopamine
receptors, as well as enzymes of dopamine synthesis (DOPA decarboxylase, DDC) and
catabolism.
Early biochemical studies have found lower plasma activity of dopamine-beta-hydroxylase
which is an enzyme that convert dopamine to norepine leading to the reduction in the level of
dopamine in isolated platelets (Launely et al, 1987) and urine (Martinean et al., 1992) in
autistic patients.
ASD patients are known to show altered expression if GABRA1, GABRA2, GABRA3 in
parental cortex, cerebellum and frontal cortex which are the three brain area commonly
involved in ASD (Fatemi et al, 2009).
GABRA genes encodes multiple subunits (Alpha, beta and gamma) of gamma-aminobuxyric
acid (GABA) a receptor channel, responsible for inhibitory action of GABA
neurotransmission in the brain, GABA-ergic mechanisms are strongly implicated in ASD
pathogenesis in both human and animal experimental models (Menoldet al., 2001).

APBA2
Amyloid precursor protein binding protein A2 (APBA2) is a gene that is located at the long
arm of chromosome 15q13.1 duplication and it is also responsible for encoding of a neuronal
adaptor protein which is very important for synaptic transmission responsible for direct
interaction with neurexin1 (NRXN1) gene at the pre-synaptic membrane.
APBA2 gene is among the four genes detected in duplication of 15q13.3 chromosomes from
autism pro-band as well as in affected siblings. APBA2 are responsible for encoding neuronal
adaptor protein which are also recognised as Mint2 or X11L present in mouse (Christian et al
2008).
The APBA2 protein importance is in synaptic transmission and direct interaction with the
neurexins gene (Biederer and Sudhof 2000). APBA2 is an important candidate gene of autism
that is responsible for the development of normal social interaction.
Deletion and duplication of this gene have leads to series of neuro-developmental phenotypes
in human and at such, striking social interaction phenotype in a mice model.

WNT2 gene
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The WNT2 is a gene that is located at the long arm of autism susceptibility chromosome
locus 7q31 (Vincent et al, 2000; Warburton et al., 2000) and single nucleotide polymorphism
and several WNT2 locus variant are linked with autism (Wassink et al, 2001; Marvi et al,
2010).
WNT2 is an important growth factor which has been heavily associated with autism spectrum
disorder (ASD) acting through the canonical Wnt pathways. WNT2 is majorly responsible for
triggering a signal transduction cascade which is mediated by a Dishevelled (Logan and
Nusse, 2004).
Meanwhile, the Wnt signalling pathway is associated with ASD and is regulated by
chromodomain-helicase-DNA-binding protein 8 (CHD8).

BDNF gene
Brain derived neurotrophic factor (BDNF) gene belong to the member of neurotrophic
family responsible for growth and also help in supporting axodendritic growth,neurogenesis,
neuronal/ synaptic differentiation and brain dysfunction. It is also associated with ASD
(Huang, Reichardt, 2001, Martinowich et al, 2007). Calcium dependent secretion activator 2
(CADPS2) is a calcium binding protein in the pre-synaptic nerve terminal that is responsible
for the interactions and regulation of the exocytosis of BDNF which contains dense core
vesicle (Cisternas et al; 2003).
The location of CADPS2 is at the autism susceptibility locus on chromosome 7q31 and its
abnormal spice in autism patient’s exhibit social interaction deficits (Sadakata et al; 2007)

RELN gene
Reelin is also found to be heavily linked to autism and it is seen as a large secreted
extracellular matrix glycoprotein that functions as a serine protease for the extracellular
matrix which is responsible for neuronal migration, cortical patterning and brain development
(Forster et al; 2006). The location of the RELN gene is on the chromosome 7q22 locus in an
autism susceptibility individual and it is also found in triplet GGC repeats in 5’ untranslated
region (5UTR). The RELN gene has been linked in a Cauasian population with autism
(Persico et al, 2001; Skaar et al, 2005). Reelin has also been implicated in pathogenesis of
various neuropsychiatric disorder including schizophrenia, bipolar disorder, Lissencephaly
and epilepsy (Fatemi, 2001).

NLGN4 gene
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NRXN1 and NLGN4 gene are important synaptic cell adhesion molecules which are enriched
at pre and post synaptic membrane (Craig &Keng 2007; Sudhof 2008). Neurexins and
neuroligins interact with each other leading to the regulation of different aspect of both
excitatory and inhibitory synaptic development and function which has result, affecting the
excitatory and inhibitory level of balance in post synaptic neuron.Mutation in genes that
encodes neurexin (such as missense mutation and CNV deletion) and neuroligins(a frame
shift insertion mutation for NLGN4) are heavily linked with ASD, intellectual disability and
schizophrenia (Jamain et al., 2003; Lanmonnier et al., 2004, Autism Genome project et al.,
2007; Kim et al., 2008; Walsh et al., 2008).

CNTNAP2
CNTNAP2 is a neuronal trans-membrane protein which belongs to the member of the
neurexin family which is located at Juxtaparamodes of myelinated axons. CNTNAP2 are
responsible for the regulation of neuron-glia interactions and potassium channel clustering in
myelinated axons (Poliak et al; 1999). Several single nucleotide polymorphism such as
rs2710102, rs7794745, rs17236239 and non-synonymous variants such as 1867T present in
CNTNAP2 locus are found to be heavily linked with ASD with the following impairment in
language disability and cortical dysplasia focal epilepsy syndrome in humans (Alarcon et
al.,2008; Arking et al.,2008; Bakkaloglu et al.,2008; Vernes et al., 008).
3.2. X- LINKED GENES
IL1RAPL1
Interleukin 1 receptor accessory protein like 1 (IL1RAPL1) is a gene that is linked with Xchromosome associated with intellectual disability (XLID) and synaptic regulations that is
linked with ASD. IL1RAPL1 is responsible for encoding a synaptic trans-membrane protein
(Carrie et al, 1999]. Recent research have carried out a systematic sequencing screening of Xchromosomes on individual affected by ASD which may leads to the identification of a de
novo frameshift mutation in IL1RAPL1 (Piton et al, 2008). This important gene performs an
effective role in the stabilization and formation of excitatory synapses through scaffolding
protein PSD-95 recruitment to excitatory postsynaptic sites (Pavlosky et al 2010).
Furthermore, IL1RAPL1 induces the pre synaptic differentiation through its trans-synaptic
interaction with protein tyrosine phosphate leading to the recruiting of RhoGAP2 to the
excitatory synapses and induces dendritic spine formation (Valnegri et al 2011b).
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IL1RAPL1 is responsible for regulating the development of inhibitory circuits in the
cerebellum, all ASD related brain regions and disrupts the excitatory and inhibitory balance
(Gambino et al., 2009).

Oligophrenin1 (OPHN1)
OPHN1 is an X linked intellectual disability gene which is responsible for encoding a
GTPase activation protein that prohibits Cdc42, Rac and RhoA small GTPase. Due to report
regarding association between truncating mutation of OPHN1 with XLID, further research
have assisted in linking non-synonymous rare missense variant in OPHN1 with autism
spectrum disorder(ASD) and likewise schizophrenia. OPHN1 is responsible for regulating
dendritic spine morphogenesis through the RhoA signalling pathway (Goveket al.,2004) as
well as activity dependent synaptic stabilization of AMPA receptors (Nadif et al, 2009).

TM4SF2 or Tetraspanin7 (TSPAN7)
Tetraspanin7 is an X-linked gene which is responsible for encoding a membrane protein
belonging to trans-membrane 4 superfamily [TM4SF]. It is also responsible in playing an
important role in cell proliferation, activation, growth, adhesion and migration (Maecher et al
1997).
TM4SF protein forms a complex with integrin which regulates cell motility and migration by
modulating the actin cytoskeleton [Berditchevski and Odintsova 1999]. A balance
translocation and mutation (a nonsense mutation and P172H missense mutation) of TM4SF2
was first discovered in individuals with XLID [Zemni et al, 2000]. In subsequently research,
P172H missense mutation is found in XLID individuals. A micro-duplication in the TM4SF2
locus has been revealed but was also present in unaffected control persons as a result,
suggesting it maybe a neutral polymorphism [Cai et al., 2008].
3.3 SYNAPTIC SIGNALING
Tuberous sclerosis complex (TSC1/TSC2),Neurofibromin1 (NF1), phosphatase and tensin
homolog (PTEN) are genes that are linked with neurological diseases with common autistic
symptoms including neurofibromatosis, Tuberous sclerosis and Cowdea/ Lhermitte-Duclos
syndrome These are tumour suppressor gene that share common function; they are
responsible for negative regulation of the mammalian target of rapamycin (mTOR) signalling
pathway mutation mice. TSC1 loss in the cerebellar purkinje cell display an autistic like
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behaviours (Tsai et al 2012) and TSC 2 heterozygote mice exhibits abnormal social
communication (Young et al., 2010).
NF1 mutant mice show aberrant social transmission of food preference and deficits in
hippocampus-dependent learning (Costa et al., 2001, 2002). PTEN deficient mice show
alteration in social interaction and macrocephaly with hyper-activation of mTOR pathway
(Kwon et al., 2006).

NmDAR and MGLuR signalling pathways
ASD- related signalling molecules such as TSC2, Shank3, mTOR, NF1, GluN2A,
neuroligin2, neurexin1 are known to be linked with NmDAR and mGLUR signalling
pathway.
NMDAR and MGLUR carry out a very important function in the regulation of synaptic
function and plasticity at excitatory synapses. NF1 is known to interact with NmDAR
complex and also regulates GLuN2A phosphorylation (Husi et al., 2000).
A defect in NmDAR function and associated signalling are also observed in non-syndromic
ASD model with shank mutation. Shank proteins are physically linked to both NmDAR and
mGLuR causing the regulation of the signalling pathways downstream of mGLuR or
NmDAR activation as well as interactions between the two receptors.

3.4 ENVIRONMENTAL INVOLVEMENT IN PATHOGENESIS OF AUTISM
Despite the reason that ASD has been heavily linked to heredity, other epidemiological and
epigenetic factors have come to bring about an importance instance of consideration aside
genetics. Epidemiological studies has identify numerous non genetic influence and condition
that have serve as an eye opener and also providing more rooms and opportunity for
extensive research in other to investigate the mechanism (Grabruchker., 2012).
Treatment of maternal with pharmaceutical drugs and medication such as valproic acid,
thalidomide and antidepressant most especially during the first trimester period of pregnancy
is seen has a means associated with an increase the chances of giving birth to a child with
Autism spectrum disorder (ASD) as a result of the advance effect of this hazardous drugs to
the pregnant mother (Croen., 2011, Christensen et al., 2011). Frequent exposure to several
toxicant such as pesticide, polybrominated diphenyl ethers (PBDEs), polychlorinated
biohenyl (PCBs) can lead to a detrimental effect on the development process of especially
persons with genetic susceptibility (Newschaffer, 2007). Additionally, many neurotoxic
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compounds are likewise suspected to interfere with neuro-transmitter systems which also
implicated in ASD (Quaak, 2013). Maternal residential tendency in increasing the risk of
ASD during pregnancy is relatively high due to agricultural applications of pesticide, but this
scenario may be as a result of abnormally high exposure levels .These chemicals are toxic
that it has further potential to cause immune-toxicity, which may lead to alteration in
cytokine production frequently observed in individuals with ASD (Goines., 2015).
Advanced maternal along with paternal age is also seen as an establishing risk factors for
autism which was recently reaffirmed by an international study which also found that autism
spectrum disorder (ASD) risk is relatively high in advance age parent (Sandi., 2015) .
Advanced parental age is thought to contribute to methylation defect in gametes, which can
cause an increased in the oxidative stress leading to DNA damage and fragmentation
(Menezo, 2015). Maternal nutritional and metabolic risk factors include diabetes, obesity and
folic acid deficiency, meanwhile zinc deficiency has been observed in autistic children and it
may contribute to pathophysiology (Grabrucker, 2012; Lyall, 2013; Ornoy, 2015). Air
pollution has also align to cause an increasingly high risk of autism spectrum disorder (ASD)
which may leads to a prenatal exposure to heavy metals such as Ozone,chlorinated solvents,
small particulate matter, diesel and residential proximity to freeways (Lyall 2013; Ornoy.,
2015). Exposure of humans to numerous external environmental effects may adversely cause
a detrimental effect on fetal development.
3.5 IMMUNE CONSIDERATION
A largest majority of independent studies have brought about a role ofimmune system in
ASD during the prenatal and postnatal periods and as a result of this, several research projects
continue to concentrate more on investigate this topic. It will be critical to observe if these
immune abnormalities are causes or consequences that lead to alterations in
neurodevelopment, or if it’s just a mere epiphenomenon in ASD.
3.5.1 Maternal Infection during Pregnancy
Many epidemiological researches have proven to provide important information about the
association that exist between maternal infection and symptoms or signs of a fever during
pregnancy to be heavily associated to ASD (Patterson. 2011). More insight was given in
regards to maternal infection during pregnancy by a Danish study when a pregnant woman
was admitted in the hospital to be treated for a viral infection during the first trimester period
for birth in the year 1995-2005 or for a bacterial infection during the second trimester period
of pregnancy in year 1980-2015 and it was been observed that the child was infected with
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ASD (Atladottir., 2010). Meanwhile, the study did not give full detailing information
regarding the relationship between the infection and the total length during the pregnancy
which is seen has a risk factor.
The study give for information regarding mother who are diagnosed after admission with any
kind of infection most especially bacteria to have a higher chances or increase rate of giving
birth to a child with Autism.
Cytokine carry out important function most especially during infection by causing a fever and
also the activation of the immune system which causes diffusible factor and at such,
increasing the tendency of being transfer from mother to fetus (Zaretsky, 2004). Cytokines is
seen to have been strongly associated in neuro-developmental processes in a way that any
disruption of the tightly controlled systems could possibly result in pathophysiological
disruption in the development of the brain (Garay, 2010; Devreman, 2009).
3.5.2 Autoimmunity
Epidemiological studies of the incidence of familial autoimmunity also give more insight
onthe association between activation of the maternal immune system and autism spectrum
disorder (ASD) individuals. A systematic review and meta- analysis carried out on nine case
control study and one cohort study has revealed that maternal immune disease formed during
the stage of pregnancy have a significant and increasing risk of giving rise to a child with
Autism and it also postulated that abnormal maternal immune activation can cause a
detrimental effect on the fetus development (Chen, 2016). Review have also found a
positivelink or association between the maternal thyroid disease and ASD patients as well as
maternal diabetes, rheumatoid arthritis, celiac disease and systemic lupus erythematosus has a
change in autoimmunity which may cause a detrimental effect on the child causing ASD
(Vinet, 2015, Xu, 2014, Gesundheit et al, 2013; Atladoittir et al, 2009; Croen, 2015).
Autoimmune conditions can mainly be transferred to children from their mother through the
maternal antibodies transfer just as in the case with neonatal lupus erythematosus (NLE),
While the immunoglobulin G (IgG) antibodies are transfer from the placenta through the
neonatal Fc receptor (FcRn) to give the fetus passive immunity and this takes place during
the second trimester period of pregnancy. Observably, mothers having these antibodies are
said to showcase an increasing rate of autoimmune diseases (Brimberg, 2013). Additionally,
a combination of maternal antibodies specific to ASD that recognizes targets in the
developing brain were linked with elevated stereotypical behaviours in ASD (Braunschweig
et al, 2013).
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3.5.3 Gastrointestinal Dysfunction and Altered Micro-biome
Many patient suffering from autism are reported to showcase a high complication in
gastrointestinal comorbidity distress which is highly important considering the fact that the
proper immune functioning and microbial symbiotic functioning are very important in
gastrointestinal tract health.
Gastrointestinal symptoms which are observed in autism spectrum disorder individuals
include abdominal pain, chronic diarrhea and constipation. This factor is very important for
raising issues in term of nutritional intake and quality of diet. Patient with ASD are likewise
observed to posseses an increase in the intestinal permeability which causes a huge effect on
the mucosal immune system leading to a change in the gut flora.
In the microbial population, ASD can also be detected depending on the level of bacterial in
the feces and urine sample of persons suffering from Autism spectrum disorder (Rosenfeld,
2015).
Observably, an increase in the level severity of autism symptoms has been found to be
associated with a high risk of having gastrointestinal problems.
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DIAGNOSIS OF ASD
4.1 DIAGNOSTIC TOOLS AND CRITERIA
The most commonly rating scales for the continuous and proper evaluations of the
behavioural characteristic of children affected with ASD are; Autism diagnostic observation
schedules (ADOS) and autism diagnostic interview-reviewed (ADI-R) (Akshoomoff et al.,
2006; Gotham et al., 2008; Hu & Steinberg, 2009). The autism diagnostic observation
schedules (ADOS) is a standardized diagnostic observational tool that is responsible for the
evaluation of social and communication disorder linked with autism spectrum disorder
behavioural features (Akshoomoff et al., 2006;Lord et al., 2000). The ADOS in also
commonly used in combination to ADI-R due to the semi- structured interview which is
carried out among parent with children suffering from ASD with the primary aim of detecting
abnormalities linked with language ability, social skills and cognitive functions (Akshoomoff
et al., 2006; Hu & Steinberg,2009).
Right from the time autism diagnostic observation schedule (ADOS) and autism diagnostic
interview reviewed was implemented, it has been widely used simply because of it ability to
different between a person suffering from autism and another individual with a different
neurodevelopmental disorder (Reaven et al., 2008).
The childhood autism rating scale (CARS) is another common tool used by physicians to
screen for ASD. The CARS is a behavioural rating scale that is majorly used to differentiate
or distinguish among ASD individuals and other neurodevelopmental disable individuals
such as differentiating between PDD-NOS and intellectual disability (Chlebowski et al.,
2010; Geier et al, 2013). This rating scale is very important in explaining the severity of the
children due to close behavioural observation of these children (Geier et al., 2013).
Furthermore, there have been revisions of the specific criteria for a diagnosis of ASD for the
main aim of making it more reliable and precise. These changes have been put into
consideration due to the increasing number of evidence showing typical differentiation
between;AS, PDD–NOS and other forms of ASD (Huerta et al., 2013; Lord et al., 2012)

4.2 DIAGNOSTIC MARKERS OF ASD
There has been an increase in the number of investigators regarding the study of ASD in
other to make new discovery and development of new ASD marker in other to improve the
efficiency of autism spectrum disorder diagnosis. A marker is simply defined as a variable
concern with the study of a particular disease of interest found among individuals and it can
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likewise be observed from a particular patient through the use of sensitivity as well as a
reliability quantitative approach (Ruggeri et al., 2014; Gabriele et al., 2014).
Several molecules which could be used in diagnosis of autism spectrum disorder (ASD are
identified and this includes neuro-transmitters such as GABA, glutamate and serotonin.
Another important and efficient bio-marker which is also used for detecting ASD is the
hormonal and immunological bio-marker (Ruggeri et al, 2014). Evidence has suggested that
autism spectrum disorder (ASD) is been grouped by the alteration in the hormonal level
including oxytocin and dopamine which are efficient and significant neuro-modulators in the
brain (Ruggeri et al., 2014). PET scan is been used which show which evidently showed that
the level of dopaminergic system in the brain of children suffering from ASD is altered. The
dopaminergic system of the brain is also important or responsible for controlling motivation
and (Nakamura et al., 2010). Furthermore, the hormonal plasma level of oxytocin which is
responsible for the regulation of repetitive behavioural characteristics is altered among
individuals with neuro-developmental and behavioural problems associated with autism
spectrum disorder individuals (ASD) (Alabdali et al., 2014; Hammock et al., 2012).
Other typical characteristic of persons with autism spectrum disorder(ASD) are facial
abnormalities, such as asymmetry in the face, and a prominent forehead. The development of
the face and the brain are tightly interconnected and as a result leading to abnormalities in
facial morphology indicating a dysfunction in brain growth (Ercan et al., 2008; Hammond et
al., 2008). A typical facial asymmetry, especially in the right supraorbital and anterior
periorbital regions can help clinicians discriminate and differentiate between the faces of
ASD and healthy children (Hammond et al., 2008). The

present development of

morphometric analysis techniques such as 3D dense surface models (DSMs) of face shape
has increasingly enable scientists to be able to accurately recognize the facial phenotype of
individuals with ASD (Claes et al., 2011; Hammond,2007).
Other factors that can as well help out in the diagnoses of autism spectrum disorder(ASD)
involves a reduced eye contact, which can be measured and observed through the use of an
eye tracking technology (Boraston and Blakemore, 2007; Mercadante et al., 2006) while a
reduction in communication and cognitive skill can be effectively evaluated by the
intelligence quotient (IQ) as well as the presence or absence of language. These neuropsychological and behavioural markers have proven beyond doubt to be very efficient in
clinical practice in respect to the diagnosis of ASD.
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4.3 FUTURE DIRECTION
4.3.1 Gene-Environmental Interaction
Epigenetics, especially interaction between gene and environment (G x E) is a subject matter
that have become of high interest and examination in the research and study of Autism
Spectrum Disorder (ASD) (Kim, 2015). Through the use of this model, a pathway that is
genetically susceptible is liable to get another injury by an environmental insult which might
be at a specific window where there is developmental vulnerability that could lead to causal
changes of pathophysiology. Factors that are heritable or genetic can also be responsible for
exposing an individual to some certain hazards in the environment. This helps to describe the
difference in both phenotypes with the large array of genes and factors in the environment
effects in individuals with Autism spectrum disorder (ASD). According to a proposal that
says if these two factors are combined together in dysregulating same signalling pathways
which underlie a critical process such as neuronal connectivity during periods that are critical,
a strong probability in forming necessary combination of conditions to increase
neurodevelopment is observed (Stamou, 2013). Furthermore, in a recent study which used a
very large and well characterized Autism Spectrum Disorder cohort report that individuals
having Autism Spectrum Disorder-associated copy number variants that their mothers
witnesses fever or infections as at the time of pregnancy showcase a high intense of
behavioural phenotypes as compared to individuals who have predisposition genetically of
exposure on its own (Mazina et al., 2015).
4.3.2 Therapeutics
The vast and uncertain etiology of clinical heterogeneity of Autism Spectrum Disorder have
quite made it hard in providing a generally accepted effective treatment which medication
mostly are prescribed to mainly treat comorbid symptoms of ASD. Early intense behavioural
intervention is the present best therapy to improve core deficits in Autism Spectrum Disorder
and that is the reason it is fundamental and critically important to keep a set of biomarkers
that will help in diagnosis of the disorder at an early age before abnormal behaviours is
visible (Lai, 2013).
As a result of the constant gastrointestinal comorbidities and the modified brain-gut microbiome that is observed in Autism Spectrum Disorder, there have been therapies that include
diet intervention and probiotics which has been proposed that it helps at least a subset of
patients. A gluten-free in particular and or casein-free food may be approved for
administration in tackling intestinal inflammation with leaky gut. Some studies have also
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suggest that behavioural improvements are followed with the intake of the diet but scientific
evidence in respect to the effectiveness and efficiency of the alternative treatment remains
very limited (Lange, 2015; Dougle et al., 2015).
The immune system describes another welcoming potential therapeutic target that function in
easing the fever effects or swellings at the stage of pregnancy likewise immune alterations is
addressed in ASD patients. At this juncture, drugs that immune-modulate and are also antiinflammatory like corticosteroids has showcase sign of great behaviour adjustments that was
in an open-label trial of patients affected Autism spectrum disorder (ASD). It is suggested
that these treatment types should be targeted towards a particular subtypes with validation in
wide and mostly intense trials. Pharmacogenomics is another type of emerging personalized
treatment that is aimed at the use of a person’s genetic information that will provide
intervention pharmacologically which will increase benefit of therapy and at the same time
reducing any side effects (Bower, 2015).
4.3.3 Animal Model
The use of animal models is on the increase to find out the complex mechanism and process
that is behind Autism Spectrum Disorder behaviours with phenotypes. The animal models are
readily available for drug testing or therapeutic testing of any kind (Servadio, 2015). In both
non-human primate alongside rodent models, maternal immune activation (MIA) showcase
that even if there is no infection, there is still behavioural changes in the offspring as a result
of maternal immune system activation using bacterial and viral mimics more so the cytokine
IL-6 (Bauman, 2014; Boksa, 2010 and Smith, 2007). Some measures which involves factors
in fetal immunity, gene expression patterns and changes in morphology of the fetal brain has
been observed to depend majorly on mouse strain, maternal immune activation (MIA)inducing agent alongside exposure timing which highly suggests a gene-environment (GxE)
role of interactions and relationship (Schwartzer, 2013; and Garbett, 2012). Auto-antibody
maternal effect exposure has been observed and studied in animal models in a process that
there is a human IgG transfer from maternal parents of Autism Spectrum Disorder children
into females that are pregnant which eventually will lead to increased anxiety, motor
development and slow sensory and alteration in the ability to socialize in mice and modified
brain and social development in primates such as monkeys comparing it with the IgG from
mothers that were used as control (Brauschwerg et al., 2013). A more recent research is the
injecting of a purified IgG in the cerebral ventricular of a mouse embryo which indicate that
there is a result of binding to radial glial cells in the developing brain of embryos by the
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autism-specific maternal autoantibodies, at such giving or suggesting a possible mechanism
for these antibodies (Martinez et al., 2016).
POTENTIAL TREATMENTS FOR AUTISM SPECTRUM DISORDER
The United State food and drug administration have approved only two medicines for the
treatment of autism spectrum disorder (ASD) which includes; Risperidone and Aripiprazole
which all act as a dopamine and 5-HT receptor antagonists. These drugs are majorly useful
for correction of movement and stereotypy behaviours but not for social and communication
defects.
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5.1 CONCLUSION
The knowledge and understanding of Autism spectrum disorder has significantly improve
beyond all odds over the last few years as a result of the increasing and overwhelming
research that is been put into consideration in this field of great interest. Notwithstanding,
further research work is highly welcome in this field not just to understand its origin and its
comorbidities but it has likewise improve on knowing the difference among affected person
with this disorders. Autism spectrum disorder (ASD) is termed a neuro-developmental
disorder that calls for a risk for failure of persons to adapt at the social skills, psychological
and educational level of endeavours.
Autism spectrum disorder (ASD) is seen has a complex neurodevelopmental disorders that is
seen to have been caused by both environmental factors and genetic which may be liable to
cause changes in the functionality and connectivity of the brain.
Affected person with autism spectrum disorder(ASD) lack the sole ability to understand
feelings, intentions, thought and emotional states but has a result in the advancement in
sequencing technology, it has greatly contributed in the identification of several target genes
found in ASD patients. Research has exposed phenotypic abnormalities seen in the
chromosomes of persons suffering from ASD and at such, supporting the idea that genetics
plays an important and vital role in Autism spectrum disorder predisposition.
The selected candidate gene analysis is a screening tool which is viably important in the
identification of genes responsible in Autism spectrum disorder individual. The selected
candidate genes are mostly involved in the screening for genes that are clinically important
for human behaviour as well as belonging to a neuro-developmental pathway in the brain.
Extensive research has shown that a mutation in serotonergic gene and neuroligins are likely
to cause implications and difficulties in depression and synaptogenesis respectively thereby
increasing the risk to ASD.
Epigenetic also plays a significant role as a result of changes due to gene- environmental
interactions leading to the alteration in the anatomical potential of the brain and connectivity
that are solely responsible for consistent abnormal cognitive and social deficiency noted in
patient with ASD.
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5.2 RECOMMENDATION
With huge, effective and continuous study, it would immensely increase the ability to
develop new diagnostic tools for early detection and evaluation of children with high risk
factor of autism spectrum disorder (ASD). Huge advancement in research will facilitate an
effective and personalize treatment at an early age of the child and likewise contribute as well
as help in terms of brain development and changing the course of early behavioural features
of the individual with ASD.
It is also recommended that parent should show active and early response to sign and
symptoms of Autism spectrum disorders (ASD) observed in their young child for early
diagnosis and prompt urgency to the disorder to avoid future complications.
Candidate genes and environmental epidemiological factors observed to have a strong effect
on Autism spectrum disorder individuals should be put into serious considerations by
research to bring a pathway in the detection of the major cause of Autism spectrum disorder
as well as a lasting remedy to this disorder that has caused discomfort and instability to both
parents and ASD affected persons.
It is advised that future research should be more focused on identifying new therapeutic
targets likewise the development of effective strategies for ASD treatment through extensive
study of animal models that have same abnormalities as noticed in ASD individuals.

41

REFERENCES
Abdallah, M.W., Larsen, N., Grove, J., Norgaard-Pedersen, B., Thorsen, P., Mortensen E.L.
(2013),. Amniotic fluid inflammatory cytokines: Potential markers of immunologic
dysfunction in autism spectrum disorders, World J. Biol. Psychiatry 14 (2013) 528-538.
Acab, A., Muotri, A.R (2015). The use of induced pluripotent stem cell technology to
advance autism research and treatment, Neuro-therapeutics (12) 534-545.
Adam J. Guastella, Ian B. Hickie, Oxytocin treatment, circuitry and autism: a critical review
of the literature placing oxytocin into the autism context, Biol. Psychiatry,
http://dx.doi.org/10.1016/j.biopsych.2015.06.028, (in press)
Akshoomoff, N., Corsello, C., Schmidt, H., 2006. The role of the autism diagnostic
observation schedule in the assessment of autism spectrum disorders in school and
community settings. Calif. School Psychol. 11, 7–19.
Alabdali, A., Al-Ayadhi, L., El-Ansary, A., 2014.Association of social and cognitive
impairment and biomarkers in autism spectrum disorders. J. Neuroinflamm.11, 4.
American Psychiatric Association (APA). 1994. Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV). Washington,D.C.: APA.

American Psychiatric Association (APA). 1952. Diagnostic and Statistical Manual of Mental
Disorders, First Edition (DSM-I). Washington,D.C.: APA.

American Psychiatric Association, 2013.Diagnostic and Statistical Manual of Mental
Disorders, 5th ed. American Psychiatric Association, Washington, DC.

American Psychiatric Association, 1994. Diagnostic and Statistical Manual of Mental
Disorders: DSM-IV, 4th ed. American Psychiatric Association, Washington, DC.

American Psychiatric Association (APA). 1980. Diagnostic and Statistical Manual of Mental
Disorders, Third Edition (DSM-III). Washington,D.C.: APA.

American Academy of Pediatrics Subcommittee on Chronic Abdominal Pain: Chronic
abdominal pain in children. Pediatrics 2005; 115: 812–815.

42

Amir, R. E., Van den Veyver, I. B., Wan, M., Tran, C. Q., Francke, U., and Zoghbi, H. Y.
1999. Rett syndrome is caused by mutations in X-linked MECP2, encoding methylCpG-binding protein 2. Nat. Genet. 23, 185–188. doi: 10.1038/13810
Arking, D. E., Cutler, D. J., Brune, C. W., Teslovich, T. M., West, K., Ikeda, M., et al. 2008.
A common genetic variant in the neurexin superfamily member CNTNAP2 increases
familial risk of autism. Am. J. Hum. Genet. 82, 160–164. doi:
10.1016/j.ajhg.2007.09.015
Ashwood, P., and Van de Water, J. 2004. A review of autism and the immune response.Clin.
Dev. Immunol. 11, 165–174. doi: 10.1080/10446670410001722096
Ashwood, P., Wills, S., and Van de Water, J. 2006. The immune response in autism: a new
frontier for autism research. J. Leukoc. Biol. 80, 1–15. doi: 10.1189/jlb.1205707
Ashwood, P., Krakowiak, P., Hertz-Picciotto, I., Hansen, R., Pessah, I.N., Van de Water, J.,
Altered T (2011).cell responses in children with autism, Brain Behav. Immun. (25)
840-849.
Ashwood, P., Krakowiak, P., Hertz-Picciotto, I., Hansen, R., Pessah, I., Van de Water,
J(2011) . Elevated plasma cytokines in autism spectrum disorders provide evidence of
immune dysfunction and are associated with impaired behavioral outcome, Brain
Behav. Immun. (25) 40-45.
Ashwood, P., Krakowiak, P., Hertz-Picciotto, I., Hansen, R., Pessah, I.N., Van de Water,
J(2011). Associations of impaired behaviours with elevated plasma chemokine are in
autism spectrum disorders, J. Neuroimmunol. (232) 196-199.
Ashwood, A., Corbett, B.A., Kantor, A., Schulman, H., Van de Water, J., Amaral, D.G
(2011). In search of cellular immunophenotypes in the blood of children with autism,
PLoS One (6) 19299.
Atladottir, H.O., Pedersen, M.G., Thorsen, P., Mortensen, P.B., Deleuran, B., Eaton, W.W.,
et al. (2009), Association of family history of autoimmune diseases and autism
spectrum disorders, Pediatrics (124) 687-694.

43

Atladottir, H.O., Thorsen, P., Ostergaard, L., Schendel, D.E., Lemcke, S., Abdallah,
M.Maternal infection requiring hospitalization during pregnancy and autism spectrum
disorders, J. Autism Dev. Disord. 40 (2010) 1423-1430.
Asperger H, Die ‘‘autistischen Psychopathen’’ im Kindesalter, Arch. Psychiatr.Nervenkr. 177
(1944) 76–137.

Autism Genome Project, C., Szatmari, P., Paterson, A. D., Zwaigenbaum, L., Roberts, W.,
Brian, J., et al. (2007). Mapping autism risk loci using genetic linkage and
chromosomal rearrangements.Nat.Genet. 39, 319–328. doi: 10.1038/ng1985

Bailey, A., A. Le Couteur, I. Gottesman, P. Bolton, E. Simonoff, E. Yuzda, and M. Rutter.
1995. “Autism as a Strongly Genetic Disorder: Evidence from a British Twin
Study.”Psychological Medicine 25 (1): 63–77.

Bauman, M.D., Iosif, A.M., Ashwood, P., Braunschweig, D., Lee, A., Schumann, C.M., et al
(2013). Maternal antibodies from mothers of children with autism alter brain growth
and social behavior development in the rhesus monkey, Transl. psychiatry (3) -278.
Bauman, M.D., Iosif, A.M., Smith, S.E., Bregere, C., Amaral, D.G., Patterson, P.H (2014).
Activation of the maternal immune system during pregnancy alters behavioral
development of rhesus monkey offspring, Biol. Psychiatry (75) 332-341
Berditchevski, F., and Odintsova, E. (1999). Characterization of integrin-tetraspanin adhesion
complexes: role of tetraspanins in integrin signaling. J. Cell Biol. 146, 477–492. doi:
10.1083/jcb.146.2.477

Berkel, S., Marshall, C. R., Weiss, B., Howe, J., Roeth, R., Moog, U., et al. (2010).Mutations
in the SHANK2 synaptic scaffolding gene in autism spectrum disorder and mental
retardation.Nat.Genet. 42, 489–491. doi: 10.1038/ng.589

Bernabei, P., Camaioni, L., & Levi, G. (1998). An evaluation of early development in
children with autism and pervasive developmental disorders from home movies:
Preliminary findings. Autism, 2(3), 243-258.

44

Bienvenu, T., and Chelly, J. (2006). Molecular genetics of Rett syndrome: when DNA
methylation goes unrecognized. Nat. Rev. Genet. 7, 415–426. doi: 10.1038/nrg1878

Bittel DC, Kibiryeva N, Dasouki M, Knoll J.H, Butler M.G. (2006): A 9-year-old male with a
duplication of chromosome 3p25.3p26.2: clinical report and gene expression analysis.
Am J Med Genet A., 140: 573-579.

Bleuler, Eugen. (1916). Lehrbuch der Psychiatrie.Trans.by A. A. Brill as Textbook of
Psychiatry.New York: Dover, 1951.

Blacher, J., Kraemer, B. R., & Howell, E. J. (2010). Family expectations and transition
experiences for young adults with severe disabilities: Does syndrome matter? Advances
in Mental Health and Learning Disabilities, 4, 3–16.

Boeckers, T. M., Bockmann, J., Kreutz, M. R., and Gundelfinger, E. D.
(2002).ProSAP/Shank proteins - a family of higher order organizing molecules of the
postsynaptic density with an emerging role in human neurological
disease.J.Neurochem. 81, 903–910. doi: 10.1046/j.1471-4159.2002.00931.

Boraston, Z., Blakemore, S.J., 2007. The application of eye-tracking technology in the study
of autism. J. Physiol. 581 (Pt 3), 893–898.

Bourgeron T,(2015).From the genetic architecture to synaptic plasticity in autism spectrum
disorder, Nat. Rev. Neurosci.16 551–563.

Bourgondien, & M. Bristol (Eds.), Preschool issues in autism (pp. 185–198). New York:
Plenum Press.

Boksa, P (2010). Effects of prenatal infection on brain development and behavior: a review of
findings from animal models, Brain Behav. Immun. (24) 881-897.
Bowers, K., Lin, I.C., Erickson, C (2015) . Pharmacogenomic medicine in autism: challenges
and opportunities, Paediatr. Drugs 17 115-124.

45

Braunschweig, D., Golub, M.S., Koenig, C.M., Qi, L., Pessah, I.N., Van de Water, et al
(2012). Maternal autism-associated IgG antibodies delay development and produce
anxiety in a mouse gestational transfer model, J. Neuroimmunol. (252) 56-65.
Braunschweig, D., Van de Water J (2012). Maternal Autoantibodies in Autism, Arch.
Neurol.(69) 693-699.
Braunschweig, D., Krakowiak, P., Duncanson, P., Boyce, R., Hansen, R.L., Ashwood, P., et
al (2013). Autism-specific maternal autoantibodies recognize critical proteins in
developing brain, Transl. psychiatry (3) -277.
Breece, E., Paciotti, B., Nordahl, C.W., Ozonoff, S., Van de Water, J.A., Rogers, S.J., et
al(2013) . Myeloid dendritic cells frequencies are increased in children with autism
spectrum disorder and associated with amygdala volume and repetitive behaviors, Brain
Behav. Immun.(31)
Bresnahan, M., Hornig, M., Schultz, A, F, Gunnes, N., Hirtz, D., Lie, K.K., et al (2015).
Association of maternal report of infant and toddler gastrointestinal symptoms with
autism: evidence from a prospective birth cohort, JAMA Psychiatry (72) 466-474.
Brimberg, L., Sadiq, A., Gregersen, P.K., Diamond, B (2013). Brain-reactive IgG correlates
with autoimmunity in mothers of a child with an autism spectrum disorder, Mol.
Psychiatry (18) 1171-1177.
Buie T, Campbell DB, Fuchs GJ 3rd, et al (2010): Evaluation, diagnosis, and treatment of
gastrointestinal disorders in individuals with ASDs: a consensus report. Pediatrics;
125(suppl) 69-75.
Carrie, A., Jun, L., Bienvenu, T., Vinet, M. C., McDonell, N., Couvert, P., et al. (1999). A
new member of the IL-1 receptor family highly expressed in hippocampus and involved
in X-linked mental retardation. Nat. Genet. 23, 25–31. doi: 10.1038/12623

Canitano (2007), Epilepsy in autism spectrum disorders, Eur Child Adolescent Psychiatry 16
(2007) 61- 66.

46

Centers for Disease Control and Prevention (CDC) (2014). Prevalence of autism spectrum
disorder among children aged 8 years- Autism and developmental disabilities
monitoring network, 11 sites, United States, 2010. MMWR. Morbidity and Mortality
Weekly Report (Retrieved from http://www.cdc.gov/mmwr/pdf/ss/ss6302.pdf).

Chadman, K.K., Guariglia, S.R., Yoo, J.H., 2012. New directions in the treatment of autism
spectrum disorders from animal model research.Expert Opin.Drug Discov. 7, 407–416.

Chahrour, M., and Zoghbi, H. Y. (2007). The story of Rett syndrome: from clinic to
neurobiology. Neuron 56, 422–437. doi: 10.1016/j.neuron.2007.10.001

Chen S-W, Zhong X-S, Jiang L-N, Zheng X-Y, Xiong Y-Q, Ma S-J, et al., (2016). Maternal
autoimmune diseases and the risk of autism spectrum disorders in offspring: a
systematic review and meta-analysis, Behav. Brain Res. (296) 61-69.

Chlebowski, C., Green, J.A., Barton, M.L., Fein, D., 2010. Using the childhood autism rating
scale to diagnose autism spectrum disorders? J. Autism Dev. Disord. 40(7), 787–799.

Cisternas, F. A., Vincent, J. B., Scherer, S. W., and Ray, P. N. (2003).Cloning and
characterization of human CADPS and CADPS2, new members of the Ca2+-dependent
activator for secretion protein family.Genomics 81, 279–291. doi: 10.1016/S08887543(02)00040-X

Claes, P., Walters, M., Vandermeulen, D., Clement, J.G., 2011.Spatially-dense 3Dfacial
asymmetry assessment in both typical and disordered growth. J. Anat.219 (4), 444–455.

Connolly, A. M., Chez, M., Streif, E. M., Keeling, R. M., Golumbek, P. T., Kwon, J. M., et
al. (2006).Brain-derived neurotrophic factor and autoantibodies to neural antigens in
sera of children with autistic spectrum disorders, Landau-Kleffner syndrome, and
epilepsy.Biol. Psychiatry 59, 354–363. doi: 10.1016/j.biopsych.2005.07.004

Craig, A. M., and Kang, Y. (2007).Neurexin-neuroligin signaling in synapse
development.Curr.Opin. Neurobiol. 17, 43–52. doi: 10.1016/j.conb.2007.01.011

47

Croonenberghs, J., Wauters, A., Devreese, K., Verkerk, R., Scharpe, S., Bosmans, E., et al.
(2002).Increased serum albumin, gamma globulin, immunoglobulin IgG, and IgG2 and
IgG4 in autism.Psychol. Med. 32, 1457–1463. doi: 10.1017/S0033291702006037

Croen, L.A., Grether, J.K., Yoshida, C.K., Odouli, R., Van de Water, J., (2005). Maternal
autoimmune diseases, asthma and allergies, and childhood autism spectrum disorders: a
case-control study, Arch. Pediatr. Adolesc. Med. (159) 151-157.
Croen L.A, Najjar D.V, Ray G.T, Lotspeich L, Bernal P., (2006): A comparison of health
care utilization and costs of children with and without autism spectrum disorders in a
large group-model health plan. Pediatrics; (118):1203–1211.
Croen, Lisa A., Judith K. Grether, Jenny Hoogstrate, and SteveSelvin.(2002). “The Changing
Prevalence of Autism in California.”Journal ofAutism and Developmental Disorders 32
(3): 207–15.

Darnell, J. C., Van Driesche, S. J., Zhang, C., Hung, K. Y., Mele, A., Fraser, C. E., et al.
(2011). FMRP stalls ribosomal translocation on mRNAs linked to synaptic function and
autism. Cell 146, 247–261. doi: 10.1016/j.cell.2011.06.013
De Theije, C.J., Wopereis, H., Ramadan, M., van Eijndthoven, T., Lambert, J., Knol, J., et al
(2014). Altered gut microbiota and activity in a murine model of autism spectrum
disorders, Brain Behav. Immun. (37) 197-206.
DeRosa, B.A., Van Baaren, J.M., Dubey, G.K., Lee, J.M., Cuccaro, M.L., Vance, J.M et
al(2012). Derivation of autism spectrum disorder-specific induced pluripotent stem
cells from peripheral blood mononuclear cells, Neurosci.Lett. (516) 9-14.
Depino, A.M (2013). Peripheral and central inflammation in autism spectrum disorders, Mol.
Cell Neurosci. (53) 69-76.
Deverman, B.E., Patterson, P.H., Cytokines and CNS development, Neuron 64 (2009) 61-78.
Doo S, Wing YK: Sleep problems of children with pervasive developmental disorders:
correlation with parental stress. Dev Med Child Neurol 2006; 48: 650– 655.
Durand, C. M., Betancur, C., Boeckers, T. M., Bockmann, J., Chaste, P., Fauchereau, F., et
al. (2007). Mutations in the gene encoding the synaptic scaffolding protein SHANK3
48

are associated with autism spectrum disorders. Nat. Genet. 39, 25–27. doi:
10.1038/ng1933
Enstrom, A.M., Onore, C.E., Van de Water, J.A., Ashwood, P (2010). Differential monocyte
responses to TLR ligands in children with autism spectrum disorders, Brain Behav.
Immun. (24) 64-71.
Ercan, I., Ozdemir, S.T., Etoz, A., Sigirli, D., Tubbs, R.S., Loukas, M., et al.,
2008.Facialasymmetry in young healthy subjects evaluated by statistical shape analysis.
J.Anat. 213 (6), 663–669.
Estes, M.L., McAllister, A.K. Immune mediators in the brain and peripheral tissues in autism
spectrum disorder, Nat. Rev. Neurosci. 16 (2015) 469-486.
Fatemi, S.H., Reutiman, T.J., Folsom, T.D., Thuras, P.D., 2009. GABA(A) receptor
downregulation in brains of subjects with autism. J. Autism Dev. Disord. 39, 223–230.

Fatemi, S. H. (2001). Reelin mutations in mouse and man: from reeler mouse to
schizophrenia, mood disorders, autism and lissencephaly. Mol. Psychiatry 6, 129–133.
doi: 10.1038/sj.mp.4000129

Feng J, Schroer R, Yan J, Song W, Yang C, Bockholt A, et al. (2006) High frequency of
neurexin 1β signal peptide structural variants in patients with autism. Neurosci Lett ;
409(1): 10-13.

Fernandez T, Morgan T,Davis N, et al (2004) Disruption of contactin 4 (CNTN4) results in
developmental delay and other features of 3p deletion syndrome. Am J Hum Genet;
74:1286–93.

Fields, R. D., and Stevens-Graham, B. (2002).New insights into neuron-glia
communication.Science 298, 556–562. doi: 10.1126/science.298.5593.556

Filipek, P. A., Accardo, P. J., Ashwal, S., Baranek, G. T, Cook, E. H., Dawson, G. (2000).
Practice parameter: Screening and diagnosis of autism—Report of the Quality
Standard Subcommittee of the American Academy of Neurology and the Child
Neurology Society. Neurology, 55(4), 468-479.
49

Fombonne, Eric. (2003). “Epidemiological Surveys of Autism and Other Pervasive
Developmental Disorders: An Update.” Journal of Autism andDevelopmental
Disorders 33 (4): 365–82.

Forster, E., Jossin, Y., Zhao, S., Chai, X., Frotscher, M., and Goffinet, A. M. (2006).Recent
progress in understanding the role of Reelin in radial neuronal migration, with specific
emphasis on the dentate gyrus.Eur. J. Neurosci. 23, 901–909. doi: 10.1111/j.1460-9568
.0461

Fu Y.H, Kuhl P.A, Pizzuti A, Pieretti M, Sutcliffe JF, Richards S, et al (1991). Variation of
the CGG repeat at the fragile X site results in genetic instability: resolution of the
Sherman paradox. Cell ;67:1047–58.
Garay, P.A., McAllister, A.K (2010). Novel roles for immune molecules in neural
development: implications for neurodevelopmental disorders, Front. Synaptic Neurosci.
2. 136.
Garbett, K.A., Hsiao, E.Y., Kalman, S., Patterson, P.H., Mirnics, K (2012). Effects of
maternal immune activation on gene expression patterns in the fetal brain, Transl.
Psychiatry (2) -98.
Garstang J, Wallis M: Randomized controlled trial of melatonin for children with autistic
spectrum disorders and sleep problems. Child Care Health Dev 2006; 32: 585–589.
Gesundheit, B., Rosenzweig, J.P., Naor, D., Lerer, B., Zachor, B.A., Prochazka, V., et al.,
(2013). Immunological and autoimmune considerations of autism spectrum disorders,
J. Autoimmun. 44 1-7
Geier, D.A., Kern, J.K., Geier, M.R., (2013). A comparison of the autism treatment
evaluation checklist (ATEC) and the childhood autism rating scale (CARS) for the
quantitative evaluation of autism. J. Ment. Health Res. Intellect.Disabil. 6(4), 255–267.
Gerhardt, P. D., & Lanier, I. (2011).Addressing the needs of adolescent and adults with
autism: A crises on the horizon.Journal of Contemporary Psychotherapy, (41) 37–45.

50

Ghanizadeh, A., Moghimi-Sarani, E., (2013). A randomized double blind placebo controlled
clinical trial of N-acetylcysteine added to risperidone for treating autistic disorders.
BMC Psychiatr.13, 196.

Gillberg C, The ESSENCE in child psychiatry.,(2010): early symptomatic syndromes
eliciting neurodevelopmental clinical examinations, Res. Dev. Disabil. (31) 1543–
1551. [5]

Gotham, K., Risi, S., Dawson, G., Tager-Flusberg, H., Joseph, R., Carter, A., et al., (2008).A
replication of the autism diagnostic observation schedule (ADOS) revised algorithms. J.
Am. Acad. Child Adolesc. Psychiatry 47 (6), 642–651.

Goines, P.E., Croen, L.A., Braunschweig, D., Yoshida, C.K., Grether, J., Hansen, R.(2011).
Increased midgestational IFN-gamma, IL-4 and IL-5 in women bearing a child with
autism: A case-control study, Mol. Autism 2. 13.
Goodlin-Jones BL, Sitnick SL, Tang K, Liu J, Anders TF (2008): The Children’s Sleep
Habits Questionnaire in toddlers and preschool children. J Dev Behav Pediatr 2008; 29:
82–88.
Govek, E. E., Newey, S. E., Akerman, C. J., Cross, J. R., Van der Veken, L., and Van Aelst,
L. (2004). The X-linked mental retardation protein oligophrenin-1 is required for
dendritic spine morphogenesis. Nat. Neurosci. 7, 364–372. doi: 10.1038/nn1210

Graetz, J. E. (2010). Autism grows up: Opportunities for adults with autism. Disability and
Society,25, 33–47.
Gregory S.G, Connelly J.J, Towers A, Johnson J, Biscocho D, Markunas C, Lintas C,et al
(2009): Genomic and epigenetic evidence for OXTR deficiency in autism. BMC
Medicine., 7: 62-10.1186/1741-7015-7-62.
Gupta,S., Ellis,S.E., Ashar, F.N., Moes, A., Bader, J.S., Zhan, J., et al(2014). Transcriptome
analysis reveals dysregulation of innate immune response genes and neuronal activitydependent genes in autism, Nat. Commun. (5) 5748.
Hammock, E., Veenstra-VanderWeele, J., Yan, Z., Kerr, T.M., Morris, M., Anderson,G.M.,
et al., (2012). Examining autism spectrum disorders by biomarkers: example from the
51

oxytocin and serotonin systems. J. Am. Acad. Child Adolesc.Psychiatry 51 (7), 712–
721.
Hammond, P., Forster-Gibson, C., Chudley, A.E., Allanson, J.E., Hutton, T.J., Farrell, S.A.,
et al., (2008).Face-brain asymmetry in autism spectrum disorders. Mol.Psychiatry 13
(6), 614–623.
Hammond, P., 2007. The use of 3D face shape modelling in dysmorphology. Arch.Dis. Child
92 (12), 1120–1126.
Hansford L.M, Smith S.A, Haber M, et al (2012).Cloning and characterization of the human
neural cell adhesion molecule, CNTN4 (alias BIG-2). Cytogenet Genome Res 2012
Heuer, L.S., Rose, M., Ashwood, P., Van de Water, J(2012) . Decreased levels of total
immunoglobulin in children with autism are not a result of B cell dysfunction, J.
Neuroimmunol. (251) 94-102.
Holmes, N., & Carr, J. (1991). The pattern of care in families of adults with a mental
handicap: A comparison between families of autistic adults and Down syndrome adults.
Journal of Autism and Developmental Disabilities, 21, 159–176.
Honomichl RD, Goodlin-Jones BL, Burnham M, Gaylor E, Anders TF: Sleep patterns of
children with pervasive developmental disorders. J Autism Dev Disord 2002; 32: 553–
561.
Hsiao E.Y (2013), Immune dysregulation in autism spectrum disorder, Int. Rev. Neurobiol.
113 269-302.
Hsiao, E.Y., McBride, S.W., Hsien, S., Sharon, G., Hyde, E.R., McCue, T., et al (2013).
Microbiota modulate behavioral and physiological abnormalities associated with
neurodevelopmental disorders, Cell (155) 1451-1463.
Huang, E. J. Reichardt, L. F. (2001). Neurotrophins: roles in neuronal development and
function. Annu. Rev. Neurosci. 24, 677–736. doi: 10.1146/annurev.neuro.24.1.677
Huerta, M., Bishop, S.L., Duncan, A., Hus, V., Lord, C., (2013).Response to Ritvo and Ritvo
letter. Am. J. Psychiatry 170 (4), 445–446.
Huguet G, E. Ey, T. Bourgeron, The genetic landscapes of autism spectrum disorders,
Annu.Rev. Genomics Hum. Genet. 14 (2013) 191–213.
52

Hu, V.W., Steinberg, M.E., (2009).Novel clustering of items from the autism diagnostic
interview-revised to define phenotypes within autism spectrum disorders. Autism Res.
2 (2), 67–77.
Husi, H., Ward, M. A., Choudhary, J. S., Blackstock, W. P., and Grant, S. G.
(2000).Proteomic analysis of NMDA receptor-adhesion protein signaling
complexes.Nat. Neurosci. 3, 661–669. doi: 10.1038/76615
Jamain, S., Quach, H., Betancur, C., Rastam, M., Colineaux, C., Gillberg, I. C., et al. (2003).
Mutations of the X-linked genes encoding neuroligins NLGN3 and NLGN4 are
associated with autism. Nat. Genet. 34, 27–29. doi: 10.1038/ng1136s
Johnson CR, Turner KS, Foldes EL, Malow BA, Wiggs L: Comparison of sleep
questionnaires in the assessment of sleep disturbances in children with autism spectrum
disorders. Sleep Med 2012; 13: 795– 801.
Kanner Leo, Autistic disturbances of affective contact, Nerv. Child 2 (1943) 217–250.

Kim H-G, Kishikawa S, Higgins AW, Seong I-S, Donovan DJ, Shen Y, et al 2008.
Disruption of neurexin 1 associated with autism spectrum disorder. Am J Hum Genet. ;
82(1): 199-207.
Kim, D.S., Ross, P.J., Zaslavsky, K., Ellis, J (2014). Optimizing neuronal differentiation from
induced pluripotent stem cells to model ASD, Front.Cell Neurosci. (8) 109.
Kim, Y.S., Leventhal, B.L (2015). Genetic Epidemiology and insights into interactive genetic
and environmental effects in autism spectrum disorders, Biol. Psychiatry (77) 66-74.
Kral, T.V., Eriksen, W.T., Souders, M.C., Pinto-Martin (2013). Eating behaviors, diet quality,
and gastrointestinal symptoms in children with autism spectrum disorders: a brief
review, J. Pediatr.Nurs. (28) 548-556.
Keil, A., Daniels, J.L., Forssen, U., Hultman, C., Cnattingius, S., Soderberg, K.C., et al.
(2010), Parental autoimmune diseases associated with autism spectrum disorders in
offspring, Epidemiology (21) 805-808.

53

Kohane, I.S., McMurry, A., Weber, G., MacFadden, D., Rappaport, L., Kunkel, L., et al.,
(2012).The co-morbidity burden of children and young adults with autism spectrum
disorders, PLoS One (7)-33224.
Kohane IS, McMurry A, Weber G, et al., (2012) : The co-morbidity burden of children and
young adults with autism spectrum disorders. PLoS One; 7:-33224.
Kossoff E.H, Zupec-Kania BA, Rho JM., (2009): Ketogenic diets: an update for child
neurologists. J Child Neurol; 24: 979–988.
Kwon, C. H., Luikart, B. W., Powell, C. M., Zhou, J., Matheny, S. A., Zhang, W., et al.
(2006). Pten regulates neuronal arborization and social interaction in mice. Neuron 50,
377–388. doi: 10.1016/j.neuron.2006.03.023
Krauss MW, Gulley S, Sciegaj M, Wells N., 2003: Access to specialty medical care for
children with mental retardation, autism, and other special health care needs. Ment
Retard; 41: 329–339.
Kraus, M. W., Seltzer, M. M., & Jacobson, H. T. (2005). Adults with autism living at home
or in non-family settings: Positive and negative aspects of residential status. Journal of
Intellectual Disability Research, 49, 111–124.
Lalonde, R., Hayzoun, K., Derer, M., Mariani, J., and Strazielle, C. (2004).Neurobehavioral
evaluation of Reln-rl-orl mutant mice and correlations with cytochrome oxidase
activity.Neurosci. Res. 49, 297–305. doi: 10.1016/j.neures.2004.03.012
Laumonnier, F., Bonnet-Brilhault, F., Gomot, M., Blanc, R., David, A., Moizard, M. P., et al.
(2004). 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. 74, 552–557.
doi: 10.1086/382137
Launay, J.M., Bursztejn, C., Ferrari, P., Dreux, C., Braconnier, A., Zarifian, E., Lancrenon,
S., Fermanian, J., 1987.Catecholamines metabolism in infantile autism: a controlled
study of 22 autistic children. J. Autism Dev. Disord. 17, 333–347.
Leblond, C. S., Heinrich, J., Delorme, R., Proepper, C., Betancur, C., Huguet, G., et al.
(2012). Genetic and functional analyses of SHANK2 mutations suggest a multiple hit
model of autism spectrum disorders. PLoS Genet. 8:e1002521. doi:
10.1371/journal.pgen.1002521
54

Lange, K.W., Hauser, J., Reissmann, A (2015). Gluten-free and casein-free diets in the
therapy of autism, Curr.Opin.Clin.Nutr.Metab. Care 18 (6) 572-575.
LeBourgeois MK, Giannotti F, Cortesi F, Wolfson AR, Harsh J (2005): The relationship
between reported sleep quality and sleep hygiene in Italian and American adolescents.
Pediatrics ; 115: 257 265.
Lehmann, A. L. (2009). The accidental teacher: Life lessons from my silent son . Ann Arbor,
MI: The University of Michigan Press.

Lesca G, Rudolf G, Labalme A, et al., 2012: Epileptic encephalopathies of the LandauKleffner and continuous spike and waves during slow-wave sleep types: genomic
dissection makes the link with autism. Epilepsia; 53: 1526–1538.
Li BM, Liu XR, Yi YH, et al., 2011: Autism in Dravet syndrome: prevalence, features, and
relationship to the clinical characteristics of epilepsy and mental retardation. Epilepsy
Behav; 21: 291–295.
Liptak G.S, Stuart T, Auinger P., 2006: Health care utilization and expenditures for children
with autism: data from US national samples. J Autism Dev Disord; (36): 871–879.
Li, A.X., Chauhan, A.M. Sheikh, S. Patil, V. Chauhan, X.M. Li, et al(2009). Elevated
immune response in the brain of autistic patients, J. Neuroimmunol. (207) 111-116.
Lodish AHB, Zipursky LS, Matsudaira P, et al. Molecular cell biology. New York: WH
Freedman & Co, 1998
Logan, C. Y., and Nusse, R. (2004).The Wnt signaling pathway in development and
disease.Annu. Rev. Cell Dev. Biol. 20, 781–810. doi:
10.1146/annurev.cellbio.20.010403.113126
Lord, C., Risi, S., Lambrecht, L., Cook Jr., E.H., Leventhal, B.L., DiLavore, P.C., et al.,2000.
The autism diagnostic observation schedule-generic: a standardmeasure of social and
communication deficits associated with the spectrum ofautism. J. Autism Dev. Disord.
30 (3), 205–223.
Lyall, K., Schmidt, R.J., Hertz-Picciotto (2013), The environment in autism spectrum
disorders, 2013, pp. 203-214.
55

Maddalena A, Richards CS, McGinniss MJ, Brothman A, Desnick RJ, Grier RE, et al.
Technical standards and guidelines for fragile X: the first of a series of disease-specific
supplements to the Standards and Guidelines for Clinical Genetics Laboratories of the
American College of Medical Genetics. Genet Med 2001;3:200–5.
Malow BA, Crowe C, Henderson L, et al (2009): A sleep habits questionnaire for children
with autism spectrum disorders. J Child Neurol 2009; 24: 19–24.
Malow BA, Byars K, Johnson K, et al (2012): A practice pathway for the identification,
evaluation, and management of insomnia in children and adolescents with autism
spectrum disorders. Pediatrics; 130(suppl 2):S106–S124.
Mandell, D. S., M. M. Novak, and C. D. Zubritsky.(2005). “Factors Associated with Age of
Diagnosis among Children with Autism Spectrum Disorders.” Pediatrics 116 (6): 1480
– 6.

Klin,& D. Cohen (Eds.), Handbook of autism and pervasive developmental disorders (pp.
1055–1086). Hoboken, NJ: Wiley.

Marui, T., Funatogawa, I., Koishi, S., Yamamoto, K., Matsumoto, H., Hashimoto, O., et al.
(2010). Association between autism and variants in the wingless-type MMTV
integration site family member 2 (WNT2) gene. Int. J. Neuropsychopharmacol. 13,
443–449. doi: 10.1017/S1461145709990903
Masi, A., Quintana, D.S., Glozier, N., Lloyd, A.R., Hickie, I.B., Guastella, A.J(2014).
Cytokine aberrations in autism spectrum disorder: a systematic review and
metaanalysis, Mol. Psychiatry (20) 440-446.
Mayer,E.A., Padua, D., Tillisch, K (2014). Altered brain-gut axis in autism: comorbidity or
causative mechanisms? Bioessays (36) 933-939.
Mayer, E.A., Tillisch, K., Gupta, A (2015). Gut/brain axis and the microbiota, J. Clin. Invest
(125) 926-938.
Mariani,J., Coppola, G., Zhang,P., Abyzov, A., Provini, L., Tomasini, L., et al(2015).
FOXG1-dependent dysregulation of GABA/Glutamate Neuron Differentiation in
Autism Spectrum Disorders, Cell (162) 375-390.
56

Mari-Bauset, Zazpe, I., Mari-Sanchis, A., Llopis-Gonzalez, A., Morales- Suarez-Varela
(2014). Evidence of the gluten-free and casein-free diet in autism spectrum disorders: a
systematic review, J. Child. Neurol. (29) 1718-1727.
McDougle, C.J., Landino, S.M., Vahabzadeh, A., O'Rourke, J., Zurcher, N.R., Finger, B.C.,
et al (2015). Toward an immune-mediated subtype of autism spectrum disorder, Brain
Res. (1617) 72-92.
Martinez-Cerdeno, Camacho, J., Fox, E., Miller, E., Ariza, J., Kienzle, D., et al(2016).
Prenatal exposure to autism-specific maternal autoantibodies alters proliferation of
cortical neural precursor cells, enlarges brain, and increases neuronal size in adult
animals, Cereb. Cortex 26 (1) 374-383.
Martineau, J., Barthelemy, C., Jouve, J., Muh, J.P., Lelord, G., (1992). Monoamines
(serotonin and catecholamines) and their derivatives in infantile autism: agerelated
changes and drug effects. Dev. Med. Child Neurol. 34, 593–603.
Martinowich, K., Manji, H., and Lu, B. (2007). New insights into BDNF function in
depression and anxiety. Nat. Neurosci. 10, 1089–1093. doi: 10.1038/nn1971
Mazina, V., Gerdts, J., Trinh, S., Ankenman, K., Ward, T., Dennis, M.Y., et al (2015).
Epigenetics of autism related impairment: copy number variation and maternal
infection, J. Dev. Behav. Pediatr. 36 61-67.
Menezo, Y.J., Elder,K., Dale, B.(2015), Link between increased prevalence of autism
spectrum disorder syndromes and oxidative stress, DNA methylation, and Imprinting:
the impact of the environment, JAMA Pediatr. 169 1066-1067.
Menold, M.M., Shao, Y., Wolpert, C.M., Donnelly, S.L., Raiford, K.L., Martin, E.R., Ravan,
S.A., Abramson, R.K., Wright, H.H., Delong, G.R., (2001). Association analysis of
chromosome 15 gabaa receptor subunit genes in autistic disorder. J.Neurogenet. 15,
245–259.
Mercadante, M.T., Macedo, E.C., Baptista, P.M., Paula, C.S., Schwartzman, J.S.,
(2006).Saccadic movements using eye-tracking technology in individuals with
autismspectrum disorders: pilot study. Arq.Neuropsiquiatr. 64 (3A), 559–562.

57

Miyazaki, K., Narita, N., Sakuta, R., Miyahara, T., Naruse, H., Okado, N., et al. (2004).
Serum neurotrophin concentrations in autism and mental retardation: a pilot study.
Brain Dev. 26, 292–295. doi: 10.1016/S0387-7604(03)00168-2
Moretti, P., Bouwknecht, J. A., Teague, R., Paylor, R., and Zoghbi, H. Y. (2005).
Abnormalities of social interactions and home-cage behavior in a mouse model of Rett
syndrome. Hum. Mol. Genet. 14, 205–220. doi: 10.1093/hmg/ddi016
Mouridsen S.E, Rich B, Isager T., (2010): A longitudinal study of epilepsy and other central
nervous system diseases in individuals with and without a history of infantile autism.
Brain Dev; 33: 361–366.
Muhle R, Trentacoste S.V, Rapin I. (2004): The genetics of autism. Pediatrics; 113:472–86.
Nakamura, K., Sekine, Y., Ouchi, Y., Tsujii, M., Yoshikawa, E., Futatsubashi, M., et
al.,2010. Brain serotonin and dopamine transporter bindings in adults withhighfunctioning autism. Arch. Gen. Psychiatry 67 (1), 59–68.
Narahara K, Kikkawa K, Murakami M, et al (1990): Loss of the 3p25.3 band is critical in the
manifestation of del(3p) syndrome: karyotype-phenotype correlation in cases with
deficiency of the distal portion of the short arm of chromosome 3. Am J Med Genet
1990;35:26

Newport, J., & Newport, M. (2002).Autism-Asperger’s &sexuality . Arlington, TX: Future
Horizons.
Newschaffer, C.J., Croen, L.A., Daniels., Giarelli, E., Grether J.K., Levy, S.A.(2007): The
epidemiology of autism spectrum disorders, Annu. Rev. Public Health 28 (2007) 235258.
Nolin S.L, Lewis 3rd F.A, Ye L.L, Houck Jr G.E, Glicksman A.E, Limprasert P, et al (1996).
Familial transmission of the FMR1 CGG repeat. Am J Hum Genet ;59:1252–61.
Nolin S.L, Brown W.T, Glicksman A, Houck Jr G.E, Gargano A.D, Sullivan A, et al(2003):
Expansion of the fragile X CGG repeat in females with premutation or intermediate
alleles. Am J Hum Genet 2003; 72:454–64.
Numis AL, Major P, Montenegro MA, et al (2011): Identification of risk factors for autism
spectrum disorders in tuberous sclerosis complex. Neurology; 76: 981–987.
58

Ornoy, A., Weinstein-Fudim, L., Ergaz, Z., Prenatal factors associated with autism spectrum
disorder (ASD), Reprod.Toxicol. 56 (2015) 155-169.
Patterson, P.H (2011), Maternal infection and immune involvement in autism, Trends Mol.
Med. 17 389-394.
Penagarikano, O., Abrahams, B. S., Herman, E. I., Winden, K. D., Gdalyahu, A., Dong, H., et
al. (2011). Absence of CNTNAP2 leads to epilepsy, neuronal migration abnormalities,
and core autism-related deficits. Cell 147, 235–246. doi: 10.1016/j.cell.2011.08.040
Persico, A. M., D'Agruma, L., Maiorano, N., Totaro, A., Militerni, R., Bravaccio, C., et al.
(2001). Reelin gene alleles and haplotypes as a factor predisposing to autistic
disorder.Mol. Psychiatry. 6, 150–159. doi: 10.1038/sj.mp.4000850
Phelan, K., and McDermid, H. E. (2012).The 22q13.3 Deletion Syndrome (PhelanMcDermid Syndrome).Mol. Syndromol. 2, 186–201.
Pilarski, R., Eng, C. (2004). Will the real Cowden syndrome please stand up (again)?
Expanding mutational and clinical spectra of the PTEN hamartoma tumour syndrome.J.
Med. Genet. 41, 323–326. doi: 10.1136/jmg.2004.018036
Piton, A., Gauthier, J., Hamdan, F. F., Lafreniere, R. G., Yang, Y., Henrion, E., et al.
(2011).Systematic sequencing of X-chromosome synaptic genes in autism spectrum
disorder and schizophrenia.Mol. Psychiatry 16, 867–880. doi: 10.1038/mp.2010.54
Poliak, S., Gollan, L., Martinez, R., Custer, A., Einheber, S., Salzer, J. L., Trimmer, J. S.,
Shrager, P., and Peles, E. (1999). Caspr2, a new member of the neurexin superfamily, is
localized at the juxtaparanodes of myelinated axons and associates with K+ channels.
Neuron 24, 1037–1047. doi: 10.1016/S0896-6273(00)81049-1
Pramparo, T., Pierce, K., Lombardo, M.V.,.Carter Barnes C. Marinero, S., Ahrens-Barbeau,
C., et al(2015). Prediction of autism by translation and immune/ inflammation
coexpressed genes in toddlers from pediatric community practices, JAMA Psychiatry
(72) 386-394.
Quaak,I., Brouns, M.R., Van de Bor, M. (2013), The dynamics of autism spectrum disorders:
how neurotoxic compounds and neurotransmitters interact, Int. J. Environ. Res. Public
Health (10) 3384-3408.
59

Rasmussen, S. A., and Friedman, J. M. (2000).NF1 gene and neurofibromatosis 1.Am. J.
Epidemiol. 151, 33–40. doi: 10.1093/oxfordjournals.aje.a010118
Reaven, J.A., Hepburn, S.L., Ross, R.G., (2008). Use of the ADOS and ADI-R in
childrenwith psychosis: importance of clinical judgment. Clin. Child
Psychol.Psychiatry 13 (1), 81–94.
Ricci,S., Businaro, R., Ippoliti, F., Lo Vasco, V.R., Massoni, F., Onofri, E., et al(2013).
Altered cytokine and BDNF levels in autism spectrum disorder, Neurotox. Res. (24)
491-501.
Rodriguez, J.I., Kern, J.K (2011). Evidence of microglial activation in autism and its possible
role in brain underconnectivity, Neuron Glia Biol. (7) 205-213.
Rogers S.J, Wehner D.E, Hagerman R., 2001. The behavioral phenotype in fragile X:
symptoms of autism in very young children with fragile X syndrome, idiopathic autism,
and other developmental disorders. J Dev Behav Pediatr;(22):409–17.
Rosenfeld, C.S (2015). Microbiome disturbances and autism spectrum disorders, Drug
Metab.Dispos. (43) 1557-1571.
Ruggeri, B., Sarkans, U., Schumann, G., Persico, A.M., 2014. Biomarkers in autismspectrum
disorder: the old and the new. Psychopharmacology (Berl.) 231 (6),1201–1216.
Ruskin D.N, Svedova J, Cote JL, et al: Ketogenic diet improves core symptoms of autism in
BTBR mice. PLoS One 2013; 8:-65021.
Rutter, Michael, D. Greenfield, and L. Lockyer. 1967. “A Five to Fifteen Year Follow-up
Study of Infantile Psychosis. II. Social and Behavioural Outcome.”British Journal of
Psychiatry 113:1183–99.
Sadakata, T., Washida, M., Iwayama, Y., Shoji, S., Sato, Y., Ohkura, T., et al. (2007).
Autistic-like phenotypes in Cadps2-knockout mice and aberrant CADPS2 splicing in
autistic patients.J.Clin. Invest. 117, 931–943. doi: 10.1172/JCI29031
Saemundsen E, Ludvigsson P, Hilmarsdottir I, Rafnsson V., 2007: Autism spectrum
disorders in children with seizures in the first year of life – a populationbased study.
Epilepsia; 48: 1724–1730.

60

Sandin, S., Schendel, D., Magnusson, P., Hultman, C., Suren, P., Susser, E. Autism risk
associated with parental age and with increasing difference in age between the parents,
advance online publication, Mol. Psychiatry (9 June 2015),
http://dx.doi.org/10.1038/mp.2015.70.
Sato, D., Lionel, A. C., Leblond, C. S., Prasad, A., Pinto, D., Walker, S., et al.
(2012).SHANK1 Deletions in Males with Autism Spectrum Disorder.Am. J. Hum.
Genet. 90, 879–887. doi: 10.1016/j.ajhg.2012.03.017
Schiff M, Benoist JF, Aissaoui S, et al (2011): Should metabolic diseases be systematically
screened in nonsyndromic autism spectrum disorders? PLoS One 2011; 6:-21932.
Schwartzer, J.J., Careaga, M., Onore, C.E., Rushakoff, J.A., Berman, R.F., Ashwood,
P(2013). Maternal immune activation and strain specific interactions in the
development of autism-like behaviors in mice, Transl. psychiatry (3) -240.
Schwyzer U, Binkert F, Caflisch U, et a (1987). Terminal deletion of the short arm of
chromosome 3, del(3pter-p25): a recognizable syndrome. Helv Paediatr Acta 1987;42
Shahbazian, M., Young, J., Yuva-Paylor, L., Spencer, C., Antalffy, B., Noebels, J., et al.
(2002). Mice with truncated MeCP2 recapitulate many Rett syndrome features and
display hyperacetylation of histone H3. Neuron 35, 243–254. doi: 10.1016/S08966273(02)00768-7
Seltzer, M. M., Krauss, M. W., Orsmond, G. I., & Vestal, C. (2000).Families of adolescents
and adults with autism.Uncharted Territory.In L. M. Glidden (Ed.), International
review ofresearch on mental retardation (Vol. 23, pp. 267–294). San Diego, CA:
Academic Press.
Servadio, M., Vanderschuren, L.J., Trezza, V (2015).Modeling autism-relevant behavioral
phenotypes in rats and mice: Do ‘autistic’ rodents exist? Behav.Pharmacol. (26) 522540.
Sheng, M., and Kim, E. (2000).The Shank family of scaffold proteins.J. Cell Sci. 113(Pt 11),
1851–1856.

61

Singer, H.S., Morris, C.M., Gause, C.D., Gillin, P.K., Crawford, S., Zimmerman,
A.W(2008) . Antibodies against fetal brain in sera of mothers with autistic children, J.
Neuroimmunol. (194) 165-172.
Singer, H.S., Morris, C., Gause, C., Pollard, M., Zimmerman, A.W., Pletnikov, M (2009).
Prenatal exposure to antibodies from mothers of children with autism produces
neurobehavioral alterations: a pregnant dam mouse model, J. Neuroimmunol. (211) 3948.
Singh, V. K., Warren, R., Averett, R., and Ghaziuddin, M. (1997).Circulating autoantibodies
to neuronal and glial filament proteins in autism.Pediatr. Neurol. 17, 88–90. doi:
10.1016/S0887-8994(97)00045-3
Skaar, D. A., Shao, Y., Haines, J. L., Stenger, J. E., Jaworski, J., Martin, E. R., et al. (2005).
Analysis of the RELN gene as a genetic risk factor for autism.Mol. Psychiatry 10, 563–
571. doi: 10.1038/sj.mp.4001614
Smith,S.E., Li, J., Garbett, K., Mirnics, K., Patterson, P.K (2007). Maternal immune
activation alters fetal brain development through interleukin-6, J. Neurosci. (27) 1069510702.
Shinnar S, Rapin I, Arnold S, et al: Language regression in childhood. Pediatr Neurol 2001;
24: 183–189.
Spence S.J, Schneider M.T., 2009: The role of epilepsy and epileptiform EEGs in autism
spectrum disorders. Pediatr Res; 65: 599–606.
Stamou, M., Streifel, K.M., Goines,P.E., Lein,P.J(2013). Neuronal connectivity as a
convergent target of gene x environment interactions that confer risk for autism
spectrum disorders, Neurotoxicol.Teratol. (36) 3-16.
Sudhof, T. C. (2008). Neuroligins and neurexins link synaptic function to cognitive disease.
Nature 455, 903–911. doi: 10.1038/nature07456
Sullivan, R. (1997). When your son/daughter leaves home: Heartbreak? Relief?Or
both?Newsletter of Autism Services Center, Winter,

62

Sullivan A.K, Crawford D.C, Scott E.H, Leslie M.L, Sherman S.L (2002) . Paternally
transmitted FMR1 alleles are less stable than maternally transmitted alleles in the
common and intermediate size range. Am J Hum Genet;70:1532–44.
Terracciano A, Pomponi M.G, Marino G.M, Chiurazzi P, Rinaldi M.M, Dobosz M, et al
(2004) . Expansion to full mutation of a FMR1 intermediate allele over two
generations. Eur J Hum Genet;(12):333–6.
Tsai, P. T., Hull, C., Chu, Y., Greene-Colozzi, E., Sadowski, A. R., Leech, J. M., et al.
(2012). Autistic-like behaviour and cerebellar dysfunction in Purkinje cell Tsc1 mutant
mice. Nature. 488, 647–651. doi: 10.1038/nature11310
Van Bourgondien, M. E., & Powell, P. (2012).Social relationships and sexuality.Poster
presentation at the International Meeting for Autism Research, Toronto, Canada.
VanBergeijk, E., Klin, A., Volkmar, F. (2008). Supporting more able student on the autism
spectrum: College and beyond. Journal of Autism and Developmental Disorders, 38,
1359–1370.
Valicenti-McDermott M, McVicar K, Rapin I, et al., 2006: Frequency of gastrointestinal
symptoms in children with autistic spectrum disorders and association with family
history of autoimmune disease. J Dev Behav Pediatr; (27):S128–S136.
Valnegri, P., Khelfaoui, M., Dorseuil, O., Bassani, S., Lagneaux, C., Gianfelice, A., et al.
(2011a). A circadian clock in hippocampus is regulated by interaction between
oligophrenin-1 and Rev-erbalpha. Nat. Neurosci. 14, 1293–1301.
Van Slegtenhorst, M., de Hoogt, R., Hermans, C., Nellist, M., Janssen, B., Verhoef, S., et al.
(1997).Identification of the tuberous sclerosis gene TSC1 on chromosome 9q34.Science
277, 805–808.doi: 10.1126/science.277.5327.805
Vargas, D. L., Nascimbene, C., Krishnan, C., Zimmerman, A. W., and Pardo, C. A.
(2005).Neuroglial activation and neuroinflammation in the brain of patients with
autism.Ann. Neurol. 57, 67–81. doi: 10.1002/ana.20315
Vernes, S. C., Newbury, D. F., Abrahams, B. S., Winchester, L., Nicod, J., Groszer, M., et al.
(2008).A functional genetic link between distinct developmental language disorders.N.
Engl. J. Med. 359, 2337–2345.doi: 10.1056/NEJMoa0802828
63

Vincent, J. B., Herbrick, J. A., Gurling, H. M., Bolton, P. F., Roberts, W., and Scherer, S. W.
(2000).Identification of a novel gene on chromosome 7q31 that is interrupted by a
translocation breakpoint in an autistic individual.Am. J. Hum. Genet. 67, 510–514. doi:
10.1086/303005
Vinet, E., Pineau, C.A., Clarke, A.E., Scott, S., Fombonne, E., Joseph, L., et al. (2015).
Increased risk of autism spectrum disorders in children born to women with systemic
lupus erythematosus, results from a large population-based cohort, Arthritis Rheumatol.
67 (12) 3201-3208.
Voineagu, i., Wang, X., Johnston, P., Lowe, J.K., Tian, Y., Horvath, S., et al(2011) .
Transcriptomic analysis of autistic brain reveals convergent molecular pathology,
Nature (474) 380-384.
Volkmar, E, Cook, E. H., Jr., Pomeroy,J., Realmuto, G., &Tanguay, P. (1999). Practice
parameters for the assessment and treatment of children, adolescents, and adults with
autism and other pervasive developmental disorders. American Academy of Child and
Adolescent Psychiatry Working Group on Quality Issues.Journal of the American
Academy of Child & AdolescentPsychiatry, 38(12 Suppl.), 32S-54S.
Wang, Y., Kasper, L.H (2014). The role of microbiome in central nervous system disorders,
Brain Behav. Immun. (38) 1-12.
Walsh, T., McClellan, J. M., McCarthy, S. E., Addington, A. M., Pierce, S. B., Cooper, G.
M., et al. (2008). Rare structural variants disrupt multiple genes in neurodevelopmental
pathways in schizophrenia. Science 320, 539–543. doi: 10.1126/science.1155174
Warburton, P., Baird, G., Chen, W., Morris, K., Jacobs, B. W., Hodgson, S., et al. (2000).
Support for linkage of autism and specific language impairment to 7q3 from two
chromosome rearrangements involving band 7q31. Am. J. Med. Genet. 96, 228–234.
Wassink, T. H., Piven, J., Vieland, V. J., Huang, J., Swiderski, R. E., Pietila, J., et al. (2001).
Evidence supporting WNT2 as an autism susceptibility gene.Am. J. Med. Genet. 105,
406–413. doi: 10.1002/ajmg.1401
Weitlauf, A.S., Gotham, K.O., Vehorn, A.C., Warren, Z.E., (2014). Brief report: DSM5levels of support: a comment on discrepant conceptualizations of severity inASD. J.
Autism Dev. Disord. 44 (2), 471–476.
64

White, D. Oswald, T. Ollendick, L. Scahill.(2009). Anxiety in children and adolescents with
autism spectrum disorders, Clinical Psychology Rev 29 216-229.
Wong H.H, Smith R.G., 2006: Patterns of complementary and alternative medical therapy
use in children diagnosed with autism spectrum disorders. J Autism Dev Disord (36):
901–909.
Yap, I.K., Angley, M., Veselkov, K.A., Holmes, E., Lindon, J.C., Nicholson, J.K.,
(2010).Urinary metabolic phenotyping differentiates children with autism from
theirunaffected siblings and age-matched controls. J. Proteome Res. 9 (6),2996–3004.
Yu T.W, Chahrour M.H, Coulter M.E, et al (2013): Using whole-exome sequencing to
identify inherited causes of autism. Neuron; (77): 259–273.
Zerbo, O., Iosif, A.M., Walker, C., Ozonoff, S., Hansen, R.L., Hertz-Picciotto, I(2013) . Is
maternal influenza or fever during pregnancy associated with autism ordevelopmental
delays? Results from the CHARGE (CHildhood Autism Risks from Genetics and
Environment) study, J. Autism Dev. Disord. (43) 25-33.

65

