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Abstract

Classical autism s a common early onset neurodevelopmental disorder with
developmental difficultics noted by 3 years of age and belongs to a group of conditions
known as autism spectrum  disorders (ASD). Asperger syndrome and pervasive
developmemal disorder — not otherwise specificd (PDD-NOS) are also included in this
genetically heterogeneous group. Diagnostie features for classical autism  include
significant impairment in the development of social ineractions, a marked and ongoing
impairment of both verbal and non-verbal communication and restricted, repetitive or
stereotyped behaviors and mterests. The prevalence of autism is on the rise and ranges
from 4 — 10 per 10,000, It ranks third among developmental disorders. It is wnclear
whether the prevalence of autism has really increased or if the increase is duc to better
awarencss and identification with establishment of diagnostic criteria.

Genome-wide scans have shown several autism susceptibility loci using molecular
markers in multiplex families and strong linkage reported for chromosomes 2, 3, 5, 7, &,
13, 15, 16, 17, 19 and X as well as nominal evidence for linkage to chromosomes 1, 4,
10, 11, 12, 18, 20 and 22, Therefore, the inheritance 15 complex with involvement of over
20 genes, Autism 15 frequent in tuberous sclerosis and fragile X syndrome but these two
conditions account for only a small proportion of affected individuals, Hence,
diagnosable medical conditions, chromosome abnormalities and single gene conditions
account for <10% of cases. The recurrence rate for siblings of affected children is
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between 2 to 3% which is higher than the general population but much less than the
prevalence rate in smgle pene disorders. About 30% of children with autism have
dvsmorphic features, microcephaly and/or a structural brain malformation. ln sddition,
macrocephialy is seen in about 20% of individuals with autism.

An excess of males with autism is reported in a proportion of about four to one which
lenals evidence for involvement of genes on the X chromosome. Additionally, X
chromosome rearrangements bave been reported in autism including translocations,
duplications and deletions as well as mutations of single genes such as MECP2 (Ren
syndrome), neuroliging (NLGN3 and NLGN4} and FMR1 (fragile X syndrome). Skewed
X chromosome inactivation has been observed in X-linked mental retardation female
carriers, and more recently, X chromosome skewness in females with autism. We review
and summarize the current understanding of genetic causation and diagnosis of autism
with special emphasis on affected females and discussion of X-linked candidate genes,

Introduction

Autism is not a single entity but consists of a complex, helerogeneous neurs-behavioral
disorder with many causes and varying degrees of severity, Autism is defined by significant
impairments in communication and social interaction accompanied by a pattern of repetitive
or stercotypical behaviors and interests (1, 2]. Behavior problems in autism are identified
prior to age three years, [nfants with autism generally do not like to be held or cuddled and
are often less consolable than other infants. They may fail to initinte eve contact or may stare
and not focus on objects as expected in normally developing children. Repetitive behavior or
movement may oceur during the infancy period in those with developing features consistent
with autism. Sleep disturbances are common. Children with autism frequently demonstrate
tactile defensiveness. These presentations alone may not bring the patient to medical attention
until speech is noticeably delayed.

The term autism was first used by Bleuler in 1911 to designate loss of contact with
reality causing language difficulty or incapacity of communication [3]. In 1943, Dr. Kanner
used the same term when describing 11 children with an innate mability 1o establish objective
and interpersonal contact [4]. He assumed the 11 children he reported had a mre syndrome.
Later in 1944, Dr. Asperger described individuals with several of the same characteristics,
particularly the difficulty in social communication, but with normal intefligence [5] In most
children, the onset of autism is gradual but regression oecurs i about 30% of those children
who begin to develop speech but later lose language or develop other fearures consistent with
autism such as poor eve contact [6].

About 25% of children will be diagnosed with autism by the age of two to three vears.
They may acquire specch and blend with varying degrees of success into a regular school
setting by six to seven years of age. However, fewer than 5% of autistic children completely
recover [7]. The remaining children with autism will continue to have a disability related 1o
learning and behavior throughout life. Hence, 50 to 70 percent of children with autism fall
within the mental retardation range using non-verbal intelligence testing, but the scores may
change over time with intensive therapy [6, 8-12].
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Cognitive development tends to be uneven. However, mental retardation can be a
characteristic in subjects with aotism. Those with a mgh inielligence level may have
difficulty with concept formation, reasoning and abstract thoughts. They generally have
better non-verbal than verbal skills and are better with visual than auditory learning. Some
autistic persons have shown superior skills for a narrow range of abilitics, such as calendars,
calculations, or music, despite impaired cognition, During early childhood, the majority of
autistic children demonstrate significantly strong deficits in imaginary or symbolic play,
Along with language and cognitive impairments, social deficits may be striking. During
infancy, sutistic children may be extremely passive and reguire litthe attention but may be
irritable, difficult to feed, or have irregular sleep patterns. These children should be followed
by developmental pediatricians, child psychologists and other health related care providers
with experience in autism to assist in medical management and follow up. Genetie and
neurclogy evaluations should be undertaken to rule out an organic basis or a syndrome in the
subject presenting with this condition.

In one recent review of the prevalence of newrclogical disorders, autism (130 per
106,000) was followed by epilepsy (650 per 100,080), brain paralysis (250 per 100,000),
dementia (250 per 100,000), and Parkinson’s disease (200 per 100,000). Autism was also
recorded at a higher prevalence than congenital malformations of the bram (70 per 100,000)
or for Down syndrome (50 per 100,000) (13, 14). Additonally, seizures and dysmorphic
features may develop in about 25% of children with autism [15, 16]. The concordance for the
dingnosis of autism and monozygotic twins is at least 60% [17].

Microcephaly occurs in about 10% of children with autism (18, 19) and may be
associated with a poorer prognosis. Macrocephaly is reported in 20-40% of autistic children
(20, 21), The frontal lobes show a larger brain volume while occipital lobes are smaller in
volume [22, 23]. Intercstingly, mutations of the PTEN tumor suppressor gene have been
reported recently in subjects with extreme macrocephaly and autism [24],

Clinical Description

Classical antism is a complex neuro-behavioral disorder with developmental difficulties
noted by three years of age and more commonly identified in males {4:1 male to female
ratio). It belongs to a group of conditions referred o as sutism spectrum disorders (ASD),
Pervasive developmental disorder-not otherwise specified (PDD-NOS) and  Asperger
syndrome are included into this genetically heterogenecus group [2]. The behavioral
impairments observed in ASD are grouped into three arcas: sigmficant impairment in the
development of social interaction; a marked and ongoing impairment of both verbal and non-
verbal communication; and restricted, repetitive or stereotyped behaviors and interests [1,
25].

Asperger syndrome is characterized by relatively normal language development |3, 26).
Asperger syndrome occors more in males than females (8:1 ratio) and may represent the
upper cnd of the autism spectrum. Intelligence is usually normal but poor coordination is
common. Social and behavioral problems are usually present in this disorder while o
correlation with possible birth trauma or prolonged labor and delivery hag been reparted. In
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addition, pervasive developmental disorder-not otherwise specified (PDD-NOS) is also
included in the autism spectrum group. PDD-NOS is sometimes used as a tentalive diagnosis
in young children or those with milder symptoms [6].

Children with ASD are unable to relate normally to other people and will ignore others
by avoiding eye contact. They do not share interests with others, and typically do not comfort
or seek comfort from others. The autistic child usually prefers to be by himself in the home
environment, cngaging in his own, often repetiive, activities. Toys are nol used as other
children for imaginative games and normal spontaneous play efforts seldom occur. Autistic
children generally fail 1o establish friendships at home or in the school setting. They often
walch other children from a distance and do not willing participate in play or other activities,
Autistic children fail 1o develop typical reciprocal communication either by speech, gestures,
or facial expressions. They fail to use eye contact in a communicative way. They are unable
to grasp the concept of the use of speech to name objects, request items, or to engage with
others [27].

The child with autism has impaired receptive language as well as expressive. When
children with autism do learn to talk, they display a stereotypic speech pattern including
echolalia or unusual inflections and intonations. Many auotistic children appear to have
difficulty in controlling or modulating sensory integration. Some individuoals are particularty
sensitive to sounds, voice or light touch such as from clothing seams or tags. They also may
have altered pain sensation. Occasionally, autistic children appear to be excessively sensitive
o odors and food texture, There is difficulty with regulation of anention and they are easily
distracted, Transition from one task to another is also a challenge for most autistic children,
Transitioning from one activity to another may cause disruptive behavior. They tend to be
rigid and it is not easy for them to learn socially appropriate behavior. However, basic limited
zocial skills can be taught but rarely becomes automatic for the autistic person {28, 29].

Repetitive and stereotypic behaviors are common in children with autism [30, 31]. They
may stare or rock as infants while toddlers may develop motor stereotypic behavior such as
twirling strings, turning book pages or licking. They may develop whole body movement
such as rocking or swaying, hand flapping and complex physical activity with individualized
sequence of patting, rubbing, and twirling which may last for hours. The causes of these
repetitive movements are unclear but could have a calming effect on the child particularly
during times of stress. However, they may develop elaborate, structured rituals in which the
order of events, words or phrases and object arrangements must be followed precisely. If not
done in an orderly fashion, inconsolable outbursts or disruptive behavior may occur.
Tantrums, self-injurious behavior and aggression may also be brought on by changes in
routing, touching, or for no apparent reason. In addition, they may demonstrate generalized
hypotonia and joint hyperextensibility. Posture tends to be poor in these children. A
significant proportion of autistic children walk later than other children and exhibit toe
walking and abnormal gait patterns. Refined fine motor skills such as tying shoe laces,
buttoning and handling a pencil can be difficult for children with autism. Additionally, poor
oral motor movements may lead to difficulty chewing, drooling and articulation problems.
Total disregard for danger may result in a high nisk of injury or carly death, most commonly
from drowning. Young children with autism may appear socially aloof and not aware of
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feclings of others or their interactions. They can be overly affectionate at times even with
strangers, become attached excessively to a parent or may have difficulty in separation.

Diagnosis, Prevalence and Recurrence Risk

The Diagnosiic and Statistical Manual of the American Psychiatric Association (DSM-
IV) describes the current criteria for diagnosing autism but requires the precise identification
and description of autistic symptoms and the age of occurrence [1, 25]. The DSM-IV
diagnostic criteria are grouped into three major categories (1, I1, 111) and 12 sub-categories
listed in category 1 including: IA. qualitative impairmenis in social interaction 1. marked
impairment in the use of multiple non-verbal behaviors, 2. failure to develop peer
relationships appropriate to developmental level, 3. a lack of spontancous secking to share
enjoyment, inieresis, or achievements with other people, 4. lack of social or emotional
reciprocity]; 1B. qualitative impairments in communication [1. delay in, or total lack of, the
development of spoken language (not accompanied by an attempt to compensate though
alternative modes of communication such as gesture or mime), 2 in individuals with
adequate speech, marked impairment in the ability to initiate or sustain a conversation with
others, 3. stereotyped and repetitive use of language or idiosyneratic language, 4. lack of
varied, spontancous make-believe play or social imitative play appropriate to developmental
level]; and IC. restricted, repetitive and stereotyped patterns of behavior, interests and
activities [I. encompassing preoccupation with one or more stereotyped and restricted
patterns of interest that is abnormal either in intensity or focus, 2. apparently inflexible
adherence to specific, nonfunctional routines or rituals, 3. stereotyped and repetitive motor
mannerisms, 4. persistent preoccupation with parts of objects (at least 6 items are needed
from the category I sub-category list per subject)]; category IL delays or abnormal
Junctioning in specific areas with onset prior to age three years; and category II1, the
disturbance is not bener accounted for by Rent syndrome or childhood disintegrative
disarder.

A number of checklists besides the DEM-IV are used as wools for diagnosis including
CARS (Childhood Autism Rating Scale) [32], GARS (Gilliam Autism Rating Scale) [33] and
ABC {(Autism Behavior Checklist) [34]. These checklists have been verified and are
relatively easy to use in a short evaluation period. In North America, another research
diagnostic criteria is the ADI-R (Autism Diagnostic Interview-Revised) developed by Lord et
al. [2] and based primarily on a detailed parent interview, A shorter diagnostic toel for autism
is ADOS {Autism Diagnostic Observation Schedule) and also developed by Lord et al. [35].
These scales are based on the DSM-IV criteria but are not widely used in the clinical setting
due to time and expense to administer,

The causes of autism can be divided inte idiopathic which comprises the majority of
cases and secondary which may be due 1o environmental causes, a chromosome abnormality
or a recognized genetic disorder. About 5-10% of individuals with autism can be diagnosed
a5 having secondary autism while the remaining 90-95% of affected individuals have
idiopathic autism. However, about 30% of children with idiopathic autism are considered
complex with dysmorphic features, microcephaly or with a structural brain malformation [6].




























































