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ABSTRACT

Autism is a neurodevelopmental disability characterized by deficits in verbal communications,
impairments in social interactions and repetitive behaviors and recent studies have indicated that
autism is considerably more common than previcusly supposed. Several studies have indicated
strong involvement of multigenic compoenents in the etiology of autism. A combination of phenotypic
heterogeneity and the likely involvement of multiple interacting loci have hampered efforts at gene
discovery. Linkage analyses and candidate gene search approaches so far have not identified any
reliable susceptibihty genes. This study, will review the literature to date summarizing the results
of cytogenetic studies with a focus on recent progress in the field of autism research.
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INTRODUCTION

Autism (OMIM 209850} 1s a serious neurodevelopmental disorder characterized by impairments
in socilal interaction, abnormalities in verbal and nonverbal communication and restricted,
stereotyped interests and behaviors. The symptoms of autism are discernible in the first 3 years of
an affected infant's life and manifest throughout the life span. Approximately 70% of individuals
with autistic disorder have some degree of mental retardation and about half are nonverbal or have
very impaired speech. Seizures are present by adolescence in about 30% of children with autism
and between 5 and 10% of autism cases occur in association with other serious medical conditions
such as fragile X, tuberous sclerosis and Angelman’s syndrome (Fombonne, 2003). The prevalence
of this disabihty in the general population is over 1 in 1,000 live births (Fombonne, 2002), although
a recent estimate indicate three times higher prevalence rate (Yeargin-Allsopp ef al., 2003).
Crenerally, boys are three to four times more commonly affected than girls.

Diagnostically, the autism is highlighted by a triad of symptoms. These include language
disturbance, social impairment. and a rgid adherence to sameness. There is a spectrum of severity
of these symptoms ranging from being almost normal to completely nonfunctioning. The language
disturbance ranges from odd to totally nonverbal. The causes of autism are still unknown; however,
considerable evidence exists for the involvement of genetic factors. The evidence is based on (1)
higher concordance rate among monozygotic compared with dizygotic twins (Cock et al., 1998), (2)
strong familial aggregation of autism and (3) sibling recurrence risk is 35 times the population
prevalence (Ritvo ef al., 1989).

It is now widely accepted that aberrant brain development underlies autism pathogenesis
{Rodier et al., 1997, Kemper and Bauman, 2002). Social cognition and communication impairment,
in autism may be related to dysfunction in amygdale, hippocampus and related limbic and cortical
structures. The cerebellum may also form part. of a distributed neuronal network responsible for
social cognition and communication. Serotonin 1s the neurotransmitter implicated in autism.
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Chromosomal abnormalities detected by cytogenetic assays are of major aid to locate relevant,
genes for any monogenic and polygenic diseases. A number of such visible breakpoints,
translocations, duplications and deletions have been reported for predominantly individual cases
of autism spreading over all chromosomes as was extensively reviewed recently (Vorstman et al.,
2008). Integration of data from linkage analyses and reports of chremoesomal abnormalities are
useful to narrow down genomic regions of interest for fine mapping of susceptibility genes.

CYTOGENETIC ABNORMALITIES AND AUTISM CANDIDATE GENES

There are three main approaches to identifying genetic loci, chromosomal regions likely to
contain relevant genes: (1) whole genome screens, searching for inkage of autism to shared genetic
markers in populations of multiplex families (families with >1 affected family member); (2)
cytogenetic studies that may guide moelecular studies by pointing to relevant inherited or de novo
chromosomal abnormalities in affected individuals and their families; and (3) evaluation of
candidate genes known to affect brain development in these significantly linked regions or,
alternatively, linkage of candidate genes selected a prion because of their presumptive contribution
to the pathogenesis of autism,.

Several laboratories around the world are engaged in linkage analysis and positional cloning
approaches of genome-wide scans to identify autism susceptibility genes (Ashley-Koch ef al., 1999;
Barrett ef al., 1999; Philippe ef al., 1999; Risch ef al., 1999; IMGSAC, 1998, 2001; Buxbaum et al,,
2001, 2004; Liu et al., 2001; Shao et al., 2002; Alarcon et al., 2005, Auranen ef al., 2002, 2005;
Yonan et al., 2003; Ylisaukko-OQja et al., 2004; Lamb et al., 2005; McCauley et al., 2005, Ma et al.,
2005; Szatmari et al., 2007). These studies have narrowed a number of chromosomal loci and strong
involvement of genetic loci on chromosomes 2, 7, 15 and 17 has been indicated.

Genetic evidence from case reports points to a variety of chromosomal abnormalities that are
occasional causes of autism. Although 10% of cases of autism are associated with chromosomal
abnormalities (Schroer ef al., 1998; Folstein and Rosen-Sheidley, 2001) high-resclution cytogenetic
scans in families with affected individuals help to locate specific genes or chromosomal regions (loci)
potentially associated with the autism. A large number of chromosomal abnormalities have been
reported in autism. The study of these abnormalities serves dual purposes. First, these
abnormalities may be characteristic of specific sub-syndromes. Second, they point to the
chromosomal location of a gene that may have other types of mutations (i.e., point mutations or
deletions too small to be visible to karvotyping). In this way, researchers will get hints that a gene
or gene system may be involved in patients without visible chremosomal abnormalities.

Because of the frequent association of autism with fragile X syndrome, a genetic linkage
between autism and the gene responsible for fragile X (FMR-1) has been investigated in families
multiplex for autism. No involvement of the FME-1 region was found in autistic individuals who
had no cytological evidence of fragile X expression. In addition there are some studies which points
towards association of fragile sites with autism like 1p31, 3pl4, 3q21, 3q27, 6926, 16922
{Goldfine et al., 1985), 2q13, 6p23, 12q13 (Arrieta ef al., 1996), 1p32, 1932, 1q44, 2932, 2q37,
6q21, 7q32, 8q22, 9932, 10g22, 10926, 12p12, 14q23, 14924, 16q23, 16924, 18922, 18q23, Xp22
Xq22 (Li et al, 1993), 2931, 2933, 4931, bg21, bBg31, 6p23, 626, 12q24, 13921, Xq22, Xq26
(Manjunatha et al., 2001), Apart from these, common chromosomal polymorphic features like Sh+,
long Y, short ¥ have been reported in autistic children (Gillberg and Wahlstrom, 1985).

Using various stains, the chromosomes of patients with autism are analyzed for visible
breakpoints, translocations, duplications and deletions. These regions are then scrutinized for the
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Fig. 1: Chromosome 2 showing location of candidate genes

presence of genes that potentially are involved in the pathogenesis of autism (Vorstman et al.,
2006; Christian et al., 2008; Marshall ef ql., 2008). Some chromosomal regions 2q31-37, 7q21-36,
15q11-q13, 16p11.2, 17911.2q13 and Xq have gained much attention due to frequent reports of
chromosome rearrangements like deletions and/or duplications.

Region 2q31-q37: One region of interest has been the subtelocentric region of 2q31-37 with a
higher frequency of deletion in comparison to cther chromosomal areas (Marshall et al., 2008).
Autism researcher’s interest in subtelomeric region of 2q is generated due to frequent reports of
deletions in this region in autistic individuals. This region harbours three genes, DLX1 (2q32),
DLXZ (2q32), PAX3 (g35), which are either express in brain or express during neurogenesis
(Fig. 1).

The DLX1 (Distal-Less Homeobox 1) and DLX2 genes belong to the DLX family of homeobox
transcription factors, which are essential for the development of forebrain GABAergic interneurons
during embryonic development. The human DLXZ2 (distal-less 2) gene has 3 exons and 2 introns
{Kisenstat ef al., 1999). PAXS (Paired Box 3) 1s a DNA-binding protein expressed during early
neurogenesis. Two alternatively spliced isoforms are known as PAX3A and PAX3B. PAX3A and
PAXS3B transcription factors contain 215 and 206 amino acids, respectively. RT-PCR detected high
PAXSB expression in escphagus and stomach, with moderate levels in cerebellum, liver and
pancreas. PAX3A was expressed only in cerebellum, esophagus and skeletal muscle.

Region 7q21-q36: Several structural rearrangements have been reported in the 7q region in
autistic individuals like-dup7p (Wolpert et al., 2000); dup7q31 (Serajee et al., 2003); inv (7)
(q22q31.2) (Ashley-Koch et al., 1999); t (7q31) (Vincent et al., 2000); (2;7) (p23,931.3)
(Warburton et af, 2000 t (7;13) (931.2;,q21) (Vincent et «l., 1999); t (7;20) (ql1.2;q11.2).
Chromosomal translocations have also implicated the q22-g33 region of chromoesome 7 (Gillberg,
1998: Ashley-Koch et al., 1999; Scherer ef @l., 2003). The combination of linkage data, the presence
of language-related loci and the fact that multiple intriguing candidate genes map to this interval
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Fig. 2: Chromosome 7 shows positions of four autism candidate genes

has attracted considerable interest from autism researchers (Rai, 2010). This region harbors several
genes which are either express in the central nervous system or are related to speech and language
functions like- EN2{q36.1), MET (g21), RELN {q22), FOXP2 (g31.1) and NRCAM (g31.1) (Fig. 2).

EN2 (Engrailed 2) gene is located in a chromosomal region that is frequently abnormal in
autism (Benayed et al., 2005, Wang ef ai., 2008). EN2 is a homeocbox gene that regulates
development of the cerebellum and has attracted attention as a result of the fact that cerebellum
abnormalities are among the most consistent findings from pathological and neuroimaging studies
in autism. MET 1s also a strong functional candidate for involvement in autism because it encodes
a receptor tyrosine kinsae involved in neuronal growth and organization, as well as immunological
and gastrointestinal functioning; these are the systems in which abnormalities have been reported
in autism (Campbell et al., 2006). RELN (Reelin) gene encodes a protein that contrels intracellular
interactions involved in neuronal migration and positioning in brain development (Campbell ef al.,
2008). The gene reelin (RELN), which localizes to a site of chromosomal translocation at 7q22, 1s
a large secreted glycoprotein potentially involved in neural migration during development
{(Hong et al., 2000). It is of particular interest given that it binds to neuronal receptors and that the
pathology of autism can include migration cell defects (Bailey et al., 1998). Alterations in RELN
protein affect cortical and cerebellar development and the cerebellar neuronal abnormalities are
among the more robust pathologic findings in autism. Both family-based and population based
association studies also indicate that variations in RELIN may confer risk to autism (Fatemi ef al.,
2001; Skaar et al., 2005; Serajee et al., 2006). NRCAM expresses at highest levels in brain,
adrenal medulla and adrenal cortex and at intermediate levels in placenta, pancreas, thyroid and
testis. This is a surface membrane protein with multiple Ig domains at their N termini followed by
several fibronectin type III repeats found in nerveous system. FOXPZ2 (Forkhead Box P2) is a
putative transcription factor containing a polyglutamine tract and a forkhead DNA binding
domain. It directly regulates expression of the CNTINAP2 gene, encoding a neurexin expressed in
developing human cortex, by binding te a regulatory sequence in intron 1. Both FOXP2 and
CINTINAP2 are involved in developmental speech and language disorders. Disorders of language
and communication are a core feature of the autistic phenctype. The involvement of FOXP2 gene
to autism is disputed (Newbury ef al., 2002), the several subsequent finding of a breakpoint in the
FOXP2 gene in a patient with autism is an important result confirming the presumed involvement,

of FOXP2.
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Fig. 3: Chromosome 15 showing positions of autism candidate genes

Region 15q11-q13: Chromosome 15q11-13 1s the most frequent site of autosomal abnormalities
in autism. These abnormalities most commonly involve duplication, typically as either interstitial
duplication or inverted duplicated i1sodicentric marker chromosomes (Schinzel ef al., 1990;
Gillberg et al., 1991; Browne ef al., 1997; Wolpert et al., 2001), deletion and translocation ete,
Deletions of 15q11-q13, though less frequent, have also been reported in autistic individuals, with
the deleted material usually of paternal origin (Kerbeshian et al., 1990; Sabrey and Farag, 1998).
Several reports are already available about chromosomal abnormalities in this region like-del
15912 (Kerbeshian et al., 1990; Sabrey and Farag, 1998); dup 15qll-ql3 (Baker ef al., 1994,
Bundey et al., 1994; Flejter ef al., 1996; Reppetto et al., 1998; Bolton ef al., 2001); maternally
derived dup (15) (Robinson et al., 1993; Gurrieri ef al., 1999); inv dup (15) (Cook et al., 1997);
isodicentric chr (15) (Rineer et al., 1998); triplication (15gq11-13) (Hotpof and Bolton, 1995);
t (15p;16p) (Martin ef al., 2000), Duplications of chromosome 15q11-13 are the commonly recurrent.
cytogenetic aberration associated with autism and occur in up to 5% of patients with autism
{(Vorstmann et al., 2006). The cytogenetic abnormalities of chromosome 15q11-q13 point to few gene
targets for candidate gene study. This region contains genes like-gamma amino butyric acid
(GABAA) receptor genes (15q11.1-q12)-GABRAS, GABREB3, GABRGS and ubiquitin-protein ligase
eda (UBE3A) (15q11-q13) (Fig. 3).

The gamma-amino butyric acid (GABAA) receptor gene cluster (which contains genes for three
of the receptor’s subunits: GABRB3, GABEAS and GABRG3) is strongly implicated in the
pathogenesis of autism, given its involvement in the inhibition of excitatory neural pathways and
its expression in early development (Owens and Kriegstein, 2002). GABA is the major inhibitory
neurotransmitter in the mammalian CNS and acts by binding to the GABA-A receptor. Any
malfunction of these genes may have implications for the inhibition of excitory neural pathways
as well as during early brain development and therefore pathological for autism. The most common
positive linkage findings were within GABRBS gene (Martin et al., 2000; Curran et al., 2005;
Ashley-Koch et al., 2008).

The apparent gender specificity of the 15q11-q13 abnormalities is presumably attributable to
imprinting, an epigenetic mechanism by which only one of a gene's two inherited alleles is
expressed, with expression determined by the allele’s gender of origin (Constancia ef al., 1998). In
brain tissue (but not elsewhere), UBE3A, the Angellman syndrome gene, is expressed
predeminantly from the maternally derived allele. Disrupted expression of the maternal UBKE3A,
therefore produces AS, whereas disruption of the paternally derived allele produces no discernible
abnormal phenotype (Knoll et al., 1993). Prader-Willi syndrome gene, conversely, are paternally
expressed; the predominant cause of PWS, therefore, is disrupted expression of the paternal copy
of the Small Nuclear Ribonucleoprotein Polypeptide N (SNRFN) gene and other contiguous genes.
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Fig. 4: Chromosomes 6 showing positions of autism candidate genes

UUBES3A belongs to a family of functionally related proteins defined by a conserved C-terminal
360-amino acid HECT domain. HECT K3 proteins appear to be important in substrate recognition
and in ubiquitin transfer. Rougeulle et al. (1998) showed that imprinting of the UBE3A gene is
restricted to brain. Its expression is biallelic in fibroblasts, lymphoblasts, heart, kidney and other

tissues.

Region 16p11.2: Microdeletion (Ballif ef al., 2007; Ghebranious ef al., 2007, Kumar et al., 2008)
and duplication (Engelen et al., 2002; Weiss ef al., 2008) at 16pl11.2 are frequently reported by
several investigators in autistic individuals. This small region contains three genes which are
express in either in nervous system or during the development of brain - MAPKS3, MAZ and DOC2A
(Fig. 4).

MAPES (Mitogen-Activated Protein Kinase 3) gene is expressed in human and fetal brains.
Mapk3-/- mice display abnormal avoidance behavier, hyperactivity and reduced long term
potentiation and immune system abnormalities (Mazzucchelli et al., 2002; Kumar et al., 2008),
MAFKS is member of a family of tyrosyl-phosphorylated and Mitogen-Activated Protein Kinases
(MAPKSs) that participates in cell cycle progression. Several reports concluded that MAPK pathway
is necessary for experience-dependent plasticity and for long-term potentiation of synaptic
transmission in the developing wvisual cortex. MAZ (Myc-Associated Zine Finger Protein) is
expressed in several tissues with the highest expression in brain especially in midfrontal cortex.
MAY directly regulates genes involved in GABA signaling, neuronal differentiation and serotonin
pathway (Okamoto et al., 2002; Kumar et al., 2008), MAZ gene encodes a transcription factor with
dual roles in transcription initiation and termination. DOC2A (Double C2-Like Domain-Containing
Protein, Alpha) 1s expressed predominantly in the brain, localize to synaptic vesicles and is
hypothesized to regulate synaptic activity through Ca-dependent mechanisms, consistent with the
proposed role of Ca® signaling in autism. Doc2a-/- mice display alterations in synaptic transmission
and long term potentiation as well as learning and behavioural deficits that include abnormal
passive avoidance behavior (Sakaguchi et al., 1999; Kumar ef al., 2008),

Region 17q11-q22: Several cytogenetic abnormalities like deletion, inversion are reported in
this region in individual with autism like-microdeletion 17q21.31 (Kooclen et al., 2006); del 17
(pll.2 pl1l1.3) (Vostanis et al., 1994),

Several autism researchers are interested in this region because it contains gene SLC68A4
(Solute Carrier Family 6 (5-HTT)), the serotonin transporter and during chromosomal
rearrangement this gene 1s impaired in autistic individuals. This may be a candidate gene because

of hyperserotonemia observed in approximately 25% of patients with autism (Klauck et al., 1997,
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Fig. 6: Chromosome X showing positions of autism candidate genes

Yirmiya et al., 2001; Betancur et al., 2002), SLC6A4 gene lies at 17ql1-ql2 (Fig. 5). Serotonin
{(b-hydroxytryptamine; (5-HT) 1s a neurotransmmtter in the central and peripheral nervous systems.
Following release, 5-HT is actively cleared from synaptic spaces by SLC8A4, a high-affinity, Na (+)-
and Cl {-)-dependent transporter localized in presynaptic neurcnal membranes. Serotonin
transporter mediates reuptake of serotonin from the synapses. Interest in this gene and its protein
products derives from a plausible role for serotonin in the repetitive behaviors observed frequently
in patients. Impaired function of serotonin system may result in depression, epilepsy, obsessive-
compulsive behavior and affective disorders.

Regions Xp22.3 and Xq13-q28: Hints from the deletion in X chromosome in three autistic females
lead to screening of X chromosome for autism candidate genes. The sex chromosomes show
abnormalities in several cytogenetic analyses of autistic individuals like- t{X; 8) (p22.13; q22.1)
(Belton et al., 1995); delXp (James ef al., 1998; Thomas et al., 1999), sex monosomy and trisomy
{Donnelly et al., 2000). Chromosome X harbors three plausible autism candidate genes-INLGN3
(Xq 13), NLGN4 (Xp22.3) and MECP2 (Xq28) (Fig. 6).

NLGN3 (Neuroligins3) gene 1s located at X q13 whereas NLGN4 (Neurohgin 4) gene lies within
the region (Xp22.2) where deletions have been identified in several patients with autism. Coding
region mutations in NLGN4 appear to be an uncommon cause of autism and X-linked mental
retardation, since hundreds of other subjects have been screened without identifying additional
mutations. The nurcligins are cell adhesion proteins with important function in synaptogenesis
during brain development and in connection of pre- and post-synaptic membranes. MECPZ2
{(Methyl-CpG-binding protein (2) is a transcriptional repressor that binds te methylated CpG
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dinuclectides generally located at gene promoters and recruits HDAC1 and other proteins involved
in chromatin repression. De nove mutations of the MeCFZ2 gene located on chromosome Xq28 occur
in 80% of female patients with Rett syndrome, a pervasive developmental disorder generally
characterized by regression, autism, microcephaly, sterectyped behaviors, epilepsy and breathing
problems, whereas in males mutations are generally lethal (Amir et al., 1999). Lam et al. (2000)
identified mutations in the MECPZ2 gene in sporadic cases of autism, whereas no mutations in the
MECPZ2 gene were found in a sample of 59 autistic individuals by Vourch ef al. (2001).

CONCLUSION

Research suggests that microscopic cytogenetic abnormalities may contribute to autism
approximately in 10% of cases and large number of chromosomal abnormalities have been reported
in autism. From research standpoint, chromosomal abnormalities offer an avenue for the rapid
identification of candidate regions for gene discovery. This 1s particularly the case of balanced
translocation and chromosomal inversions in which two discrete breakpoints interrupt the normal
chromosomal architecture. Likewise, small deletions may point to chromosomal intervals that
warrant further study. The value of these types of findings has been demonstrated repeatedly with
respect to developmental disorders. Few years back chromosomal abnormalities have led to
identification of the NLGN (neurcligin) family genes NLGINS and NLGN4 as strong candidates for
involvement in developmental delay and autism.
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