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Abstract
Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders characterized by abnormalities in social interaction, language development and behavior. Recent genetic studies demonstrate that alterations in synaptic genes
including those encoding cell adhesion molecules and their
interaction partners play important roles in the pathogenesis of ASD. Systematic analyses of different cell adhesion molecule genes will help elucidate their normal functions and
regulatory mechanisms in the establishment and maintenance of normal neural circuits and uncover genetic aberrations contributing to ASD.
Copyright © 2011 S. Karger AG, Basel

Introduction

Autism is a group of neurodevelopmental disorders affecting many aspects of cognition and behavior. Children
with autism exhibit impaired language development, social interaction deficits and repetitive behavior. Autism is
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a highly variable syndrome with significantly different
severity. Thus, the term autism spectrum disorder (ASD)
is used to encompass a range of disorders with such impairment in language development, social interaction
and behavior [1]. Genetic research on ASD indicates a significant genetic contribution to its etiology. The concordance rate of ASD for monozygotic twins is 70–90%, but
less than 10% for dizygotic twins. Children with autistic
siblings are 25-fold more likely to develop ASD than
those without [2]. In contrast to many other brain disorders, for example, Parkinson disease or Alzheimer’s disease, the etiology underlying ASD at the molecular, cellular and system level remains elusive. ASD genetics is
highly complex, involving many genes and different genetic variations, such as deletion, translocation, single
nucleotide polymorphism (SNP) and copy number variation (CNV) [2–4]. The therapeutic tools for ASD treatment are extremely limited.
Symptoms and signs of ASD often appear in the first
3 years of life, during which the learning ability is rapidly developing. This period correlates with a phase of
intensive synaptogenesis, a relatively late step in the brain
development [5]. Many genes associated with ASD play
important roles in synaptic formation and activity [6].
Thus, ASD is often referred to as a synaptic disease. Neuronal synapses are intercellular junctional structures speDr. Jane Y. Wu
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Table 1. ASD susceptibility genes encoding human CAMs and CAM-related genes

Gene symbol

Full name

Chromosomal location

Neurexin family
Neurexin 1
NRXN1*
Contactin associated protein-like 2
CNTNAP2*
CNTNAP5
Contactin-associated protein-like 5
Neuroligin family
NLGN1
Neuroligin 1
Neuroligin 3
NLGN3*
Neuroligin 4, X-linked
NLGN4X*
NLGN4Y
Neuroligin 4, Y-linked
Ig family
CNTN3
Contactin 3
CNTN4
Contactin 4
NRCAM
Neuronal cell adhesion molecule
CADM1
Cell adhesion molecule 1
ROBO1
Roundabout, axon guidance receptor, homolog 1
ROBO2
Roundabout, axon guidance receptor, homolog 2
ROBO3
Roundabout, axon guidance receptor, homolog 3
ROBO4
Roundabout homolog 4, magic roundabout
Cadherin family
CDH9
Cadherin 9
CDH10
Cadherin 10
CDH18
Cadherin 18
PCDH9
Protocadherin 9
PCDH10
Protocadherin 10
Integrins
ITGB3*
Integrin, ␤3
ITGA4
Integrin, ␣4
Other CAMs
ASTN2
Astrotactin 2
Genes involved in CAM signaling pathways
SHANK1
SH3 and multiple ankyrin repeat domains 1
SHANK2
SH3 and multiple ankyrin repeat domains 2
SH3 and multiple ankyrin repeat domains 3
SHANK3*
Serotonin transporter
SLC6A4*
LAMB1
Laminin, ␤1

2p16.3
7q35–q36
2q14.3
3q26.31
Xp22.32–p22.31
Xq13.1
Yq11.221
3p26
3p26–p25
7q31.1–q31.2
11q23.2
3p12
3p12.3
11q24.2
11q24.2
5p14.1
5p14.2
5p14.3
13q21.32
4q28.3
17q21.32
2q31.3
9q33.1
19q13.3
11q13.3
22q13.3
17q11.2
7q31.1

Asterisks indicate genes that show strong association with ASD.

cialized in transmitting information between neurons or
from neurons to their target nonneuronal cells. Synaptic
formation and specification involves at least three steps:
pathfinding and initial recognition of the target cells by
the axonal growth cone, formation of the synaptic junction with assembly of synaptic complexes, and synaptic
specification/maturation. Proper establishment of neural
circuits and neuronal identity specification is crucial for
the formation of the nervous system. It is likely that abnormality in this process may cause abnormal cognitive
conditions including autism.

Among the ASD susceptibility genes already identified in the genetic studies, a prominent group are the
genes encoding cell adhesion molecules (CAMs) and
genes involved in CAM signaling pathways. Out of 200
or so ASD-associated genes identified so far, at least 28
are CAMs or CAM-related genes (table 1). CAMs are cell
surface glycoproteins that mediate cell-cell and cell-extracellular matrix interaction. They play important roles
in neural development, especially in synaptic formation
and function [7, 8]. There are four main groups of CAMs,
the integrin family, the immunoglobulin superfamily, se-
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Fig. 1. Domain structures of CAMs associated with ASD.

Laminin G-like domain

Epidermal growth
factor-like domain

Low complexity

PDZ-binding domain

Esterase domain

Integrin ␣-domain

Cysteine-rich
domain

Ig-like domain

Fibronectin III repeat

GPI link

Discoidin domain

lectins and cadherins in addition to a number of other
glycoproteins. Each family of CAMs has multiple members that may have overlapping function. Moreover, many
genes encoding CAMs have multiple promoters and undergo extensive alternative splicing, producing multiple
distinct gene products from each gene. Brain CAMs exhibit specific expression pattern in neural development,
with some expressed only at a certain stage in a restricted
brain area. With functional redundancy and specific expression patterns of many CAMs, mutations in these
CAMs may only result in subtle changes in wiring of neural circuitry that cause specific cognitive diseases, such as
ASD, but not lethality or severe defects [9].
Here, we review recent studies that associate genetic
changes in CAMs with ASD. We will focus on neurexins,
neuroligins, integrins, contactins and their interacting
proteins, because of their strong genetic association with
ASD (table 1). We will present studies about their roles in
neural development and function and discuss the possible etiology of ASD as well as the future direction in the
study of CAMs and ASD.
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Neurexins and Neuroligins

The neurexin family are type I transmembrane proteins containing epidermal growth factor-like repeats
(EGF-like) and laminin G domains in their extracellular
region (fig. 1). There are three neurexins (neurexin 1–3)
and five contactin-associated proteins (CNTNAP1–5) in
this family. Neurexins, mainly localized at the presynaptic membrane, bind to postsynaptic neuroligins (fig. 2)
and function in synaptic formation and differentiation
[10–12]. The three neurexin genes, NRXN1, NRXN2,
NRXN3, give rise to numerous mRNA transcripts and
protein isoforms via alternative splicing [13]. Moreover,
each NRXN gene utilizes two alternative promoters. The
majority of NRXN transcripts are produced from the upstream promoter and encode ␣-neurexin. A small proportion of transcripts is produced from the downstream
promoter and encodes ␤-neurexin isoforms containing
only a single laminin G domain (fig. 1).
Among three NRXNs, NRXN1 has been associated
with ASD in several studies. The NRXN1 gene alteration
Ye /Liu /Wu

Fig. 2. Localization of CAMs and their in-

teracting proteins at the synapse. Proteins
associated with ASD are underlined.

was first identified in a 7-year-old boy with Asperger syndrome [14, 15]. Genetic analysis of this patient revealed a
de novo 320-kb deletion that removes the promoter and
initial coding exons of the NRXN1 gene, resulting in deletion of neurexin 1␣ without affecting neurexin 1␤. In
an independent study, two missense structural variants
in the neurexin 1␤ signal peptide region were identified
in 4 ASD patients but not in 535 healthy controls [16]. Enrichment of CNV in NRXN1 gene has also been detected
in genome-wide studies of ASD patients [3, 17, 18]. Translocations and intragenic rearrangements within or near
NRXN1 gene have also been identified in patients with
ASD [19, 20].
Animal models have been developed to study the
functions of neurexin 1 in synaptic formation and animal
behaviors and to explore the possible mechanism of ASD
pathogenesis. Overexpression of Nrx-1, an NRXN1 ortholog in Drosophila, leads to increased density of active
zones [21]. Etherton et al. [22] showed that neurexin 1␣deficient mice exhibit deficits in excitatory synaptic
strength, but not in inhibitory synaptic transmission in
hippocampus. Compared with the littermate wild-type
mice, neurexin 1␣-deficient mice displayed abnormal behaviors, such as a decrease in prepulse inhibition, an in-

crease in grooming behaviors and an impairment in nestbuilding activity. Deficit in prepulse inhibition is a hallmark of schizophrenia. Therefore, some of the behavior
changes in the neurexin 1␣-deficient mice correlate, at
least in part, with impairments observed in schizophrenic patients. This is consistent with the fact that NRXN1
gene alterations have been identified in patients with
schizophrenia [22–24]. However, neurexin 1␣-deficient
mice do not exhibit obvious deficits in social behaviors
[22]. This may be due to the lack of social behavior tests
in mice that precisely recapitulate human behaviors.
Neuroligins are postsynaptic proteins that bind to ␤neurexins. There are five neuroligins in the human genome, NLGN1, NLGN2, NLGN3, NLGN4X and NLGN4Y.
Neuroligins share similar domain structures: an esterase
domain, a single transmembrane domain followed by a
short cytoplasmic domain (fig. 1). Among these five neuroligins, ASD has been associated with the X chromosome-linked NLGN3 and NLGN4X in addition to NLGN1.
Jamain et al. [25] reported the first mutations in NLGN4X
and NLGN3 genes in patients with autism and Asperger
syndrome. In this study, an R451C mutation within the
esterase domain of neuroligin 3 was identified in a Swedish family with two affected boys [25]. Various other mu-
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tations in NLGN3 and NLGN4X genes have been identified in ASD patients [26–32]. Some of these mutations
were studied at the functional level to reveal their possible
linkage with ASD. The R451C mutation in NLGN3 causes
deficits both in neuroligin 3 trafficking from the endoplasmic reticulum (ER) to the cell surface and in its binding to neurexin [33]. An R87W substitution in NLGN4X,
identified in 2 brothers with ASD, impairs its glycosylation and leads to its ER retention in neurons. As a result,
the R87W mutation reduces targeting of neuroligin 4X to
the postsynaptic membrane and abolishes its function
in the synapse [34]. Another de novo single nucleotide
(G335A) substitution located in the promoter region of
NLGN4X gene was identified in an ASD patient, and the
level of the NLGN4X transcript is increased in this patient [27]. Recently, increased CNVs in NLGN1 have
been found in ASD patients as compared to control subjects [3].
Ngln3– and Ngln4– knockout mice have been generated. Both mutant mice display reduced social interactions and ultrasound vocalization, a behavioral phenotype reminiscent of the major symptoms of ASD [35, 36].
Neuroligin 3-deficient mice also exhibit a lack of social
novelty preference, which may be due to an olfactory deficiency observed in this mutant [36]. In Ngln3 R451C
knock-in mice, there is an increase in the inhibitory synaptic transmission and no apparent change in excitatory
synapses. These mice exhibit impaired social interactions
but enhanced spatial learning abilities [37]. Interestingly,
although the association of NGLN1 with ASD is only indicated by limited human genetic studies [3], Ngln1 KO
mice exhibit a dramatic increase in repetitive, stereotyped grooming behavior, another major autism-associated abnormality. This increased repetitive grooming behavior can be rescued by administration of an NMDA
receptor partial co-agonist D-cycloserine, suggesting that
change of glutamatergic synapses is involved in this behavior [38]. Together, these Nlgn mutant mice represent
useful animal models for understanding pathological
mechanism of ASD and for developing novel treatment
strategies for this disease.
A scaffolding protein, SHANK3, in the NRXN-NLGN
pathway has also been associated with ASD. There are
three SHANK proteins, SHANK1–3. SHANKs are crucial components of the postsynaptic density that link
ionotropic and metabotropic glutamate receptor complexes to the cytoskeleton [39] (fig. 2). SHANK binds to
neuroligins directly or indirectly in the postsynaptic density (PSD). The human SHANK3 gene is located on chromosome 22q13, a region deleted or amplified in some
66
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ASD patients [40–43]. Two mutations in SHANK3 gene,
one at an intronic donor splice site and one missense in
the coding region, have been identified in ASD patients
[44]. However, two groups did not observe significant association between SNPs or CNVs in SHANK3 gene and
ASD in their studies with the relatively small sample sizes (less than 350 families for each study) [45, 46]. Further
studies with larger and better stratified patient samples
may be necessary to confirm the association of SHANK3
with ASD.
Our knowledge of the biological function of the
NRXN-NLGN-SHANK pathway in the human brain remains limited. Nonetheless, studies using cell lines, neuronal culture and transgenic mouse models have provided us substantial information about its function in the
synapse. Different neuroligins and neurexins are expressed and exert their functions in different synapses for
their specification and maintenance. For example, neuroligin 1 and neuroligin 3 are expressed in the glutamatergic synapses, whereas neuroligin 2 is located specifically at the GABAergic synapses [47]. Mice carrying an
R451C mutation in the Nlgn3 gene exhibit an increase in
the number of GABAergic synapses and the amplitude of
inhibitory currents, suggesting that the R451C mutation
switches the NLGN3 synaptic specificity from glutamatergic to GABAergic [37]. Neuroligins also regulate the
speed of synapse formation, as thrombospondin 1 accelerates synapse formation via neuroligin 1 in cultured hippocampal neurons [48]. SHANK proteins link the postsynaptic membrane proteins to the actin cytoskeleton
and regulate morphology and maturation of dendritic
spines in vitro [49, 50].
Thus, numerous studies based on human genetic analysis, cell biology and animal models strongly suggest a
linkage of the NRXN-NLGN pathway with ASD and support the important role of this pathway in synapse formation, specification and maintenance. Further study of
this pathway may shed light on the etiology of ASD.

Integrins and Serotonin Transporter SERT

The integrins, composed of two noncovalently bound
subunits ␣ and ␤ (fig. 1), are dynamic and versatile CAMs.
There are twelve types of ␣-subunits and seven types of
␤-subunits, which generate numerous ␣-␤ combinations
and create integrins with specific ligand-binding characteristics. Among all the integrin subunits, the ␤3-subunit
(encoded by ITGB3 gene) has recently been associated
with autism. ITGB3 was first identified as a male quantiYe /Liu /Wu

tative trait locus influencing whole-blood serotonin levels in the Hutterites, a young founder population of European descent [51]. Hyperserotonemia is one of the bestreplicated neurochemical findings among more than one
quarter of autistic patients [52, 53]. In an effort to examine the possible link between ITGB3 and autism, Weiss et
al. [54] identified a coding variant of ITGB3, the Leu allele
at SNP 8, in a large multiplex associated with ASD. Subsequently, genetic interaction of ITGB3 and SLC6A4 (encoding serotonin transporter SERT) in hyperserotonemia and autism was discovered and confirmed by several
groups [55–58]. SLC6A4 has long been recognized as an
ASD susceptibility gene. The first hint of the linkage between SLC6A4 and ASD came from a genetic study in
which preferential transmission of a short variant of the
SLC6A4 gene promoter was discovered in 86 trios consisting of probands with ASD and both parents [59]. In
addition to its association with hyperserotonemia, multiple lines of evidence support the involvement of SLC6A4
in ASD. Genome-wide screenings for autism-susceptibility loci identified chromosome 17q11–q21, a region containing SLC6A4 [60, 61]. Various SLC6A4 polymorphisms
have been associated with rigid-compulsive behavior and
poor nonverbal communication observed in a subset of
ASD patients [62–64]. It is proposed that SLC6A4 represents a susceptibility gene for subgroups of ASD patients with hyperserotonemia and rigid-compulsive behavior [65].
How do variations in ITGB3 and SLC6A4 genes work
synergistically to affect whole blood serotonin level and
brain function? The work by Carneiro et al. [66] on the
interaction of integrin ␣IIb␤3 and SERT using platelets
provided a clue. They found that integrin ␣IIb␤3 interacts
directly with the C terminus of SERT. Fibrinogen, an activator of integrin ␣IIb␤3, enhances SERT activity in human platelets. Consistently, the ITGB3 PlA2 (Pro33) variant, a constitutively active allele of human integrin ␤3,
elevates SERT surface expression and serotonin uptake in
HEK293 cells. This provides a mechanistic explanation
for the genetic interaction of ITGB3 and SLC6A4 polymorphisms in hyperserotonemia. If these findings in
platelets are also true in neurons, integrins may affect extracellular serotonin availability and synaptic activity
by modulating serotonin uptake at the presynaptic site
(fig. 2). Direct assessments of integrin-SERT interaction
in neurons and synaptic serotonin levels in ASD patients
are necessary to confirm this hypothesis. Nevertheless,
integrin ␤3 does represent a promising drug target that
warrants further investigation. Various integrins are expressed in the developing and mature nervous system,
CAMs and Their Involvement in Autism
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playing important roles in neurite outgrowth and synapse formation [67, 68]. ITGA4 and LAMB1, encoding integrin subunit ␣4 and integrin ligand laminin ␤1, respectively, are also ASD susceptibility genes [69, 70]. It will not
be surprising if other integrins and their signaling molecules are associated with ASD in the future studies.

Contactins and Contactin-Associated Proteins

The contactin family belongs to the immunoglobulin
superfamily, with six structurally related members:
CNTN1 (F3 or contactin), CNTN2 (TAG-1), CNTN3
(BIG-1), CNTN4 (BIG-2), CNTN5 (NB-2), and CNTN6
(NB-3). They are membrane proteins anchored at the cell
surface via a glycosylphosphatidyl inositol (GPI)-link.
Their extracellular domains contain six Ig-like domains
and four fibronectin type III repeats (fig. 1). Genetic alterations in CNTN3 and CNTN4 genes have been reported in ASD patients. CNTN4 is located at chromosome 3p
in the human genome. Deletion of this region causes 3p
syndrome, a rare disorder characterized by developmental delay, growth retardation and dysmorphic features.
Initially, a child with a characteristic feature of 3p syndrome was diagnosed with ASD and found to carry a de
novo translocation disrupting CNTN4 gene [71, 72]. Two
additional ASD families associated with CNTN4 gene
were later reported. In one family, 2 of the 3 ASD children
carried a paternally inherited CNTN4 deletion. In the
other family, the child with ASD had a paternally inherited CNTN4 duplication, whereas the father was normal
[73]. In a genome-wide CNV study of autistic patients,
CNTN4 gene was also found to be more enriched with
CNVs among ASD cases as compared with control individuals [3]. Recently, a deletion in CNTN3 gene was identified in an ASD child born from consanguineous parents
[74]. Although these reports suggested CNTN3 and
CNTN4 as susceptibility genes for ASD, there is no direct
correlation between the genetic alteration and ASD in all
patients. This may be due to incomplete penetrance or
neutral variants of the genes. Indeed, the CNVs in CNTN4
genes are also common in healthy controls [3]. Further
studies are necessary to confirm the association of
CNTN3 and CNTN4 genes with ASD.
As compared to CNTNs, the association of
CNTNAP2 gene (encoding Caspr2) with ASD is more
convincing and based on several independent studies.
CNTNAP2 is a neurexin family member that binds to
CNTNs in cis and transduces the signal inside the cells
(fig. 2). CNTNAP2 is highly expressed in the anterior
Neurosignals 2010;18:62–71
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part of the developing human cerebral cortex, a region
involved in the development of joint attention and language [75]. CNTNAP2 mutations were first identified in
Amish individuals with recessive cortical dysplasia-focal epilepsy syndrome and language regression. Two
thirds of the affected individuals also fulfill the criteria
for ASD. Interestingly, the carboxyl-terminal truncation of CNTNAP2 is associated with severe autism with
seizures, language regression and low IQ among these
patients [76]. Two independent groups also reported the
association of CNTNAP2 with ASD based on genomewide linkage and family-based association mapping [75,
77]. Bakkaloglu et al. [78] sequenced CNTNAP2 gene in
635 ASD and 942 control individuals. They identified
thirteen mutations that are rare but unique to the patients, among which eight are deletion mutations. Mutation I869T was present in 4 patients from 3 different
families but was not present in any control individuals.
Recently, microdeletion and missense mutations in
CNTNAP5 have also been identified in some ASD patients, suggesting that other CNTNAPs may also be risk
genes for ASD [79].
The role of CNTN and CNTNAP proteins in neural
development and function has been studied extensively
in cultured neurons and animal models. Similar to other
CNTNs, CNTN4 protein has a neurite outgrowth-promoting effect on cultured neurons. It functions as an
axon guidance molecule in the mouse olfactory system in
vivo [80]. CNTN1/F3 plays an important role in oligodendrocyte differentiation, an important step in the formation of myelin in the central nervous system [81].
CNTN6/NB-3 regulates oriented growth of apical dendrites of deep layer cortical pyramidal neurons [82]. It
also plays a role in the formation of vGluR-positive synapses in the cerebellum [83]. CNTNAP2 (Caspr2) is expressed in specific short-segmented pairs along myelinated axons in mice. A closer examination reveals its confined localization to the juxtaparanodal regions and
colocalization with Shaker-like potassium channels. Deletion of CNTNAP2 results in elimination of potassium
channel clustering at the juxtaparanodal region and subsequent alteration of neurotransmission velocity along
the myelinated axons [84]. Interestingly, in an MRI study
of white and grey matter morphology of human brains,
individuals homozygous for a risk allele of CNTNAP2
(rs7794745) showed significant reductions in white and
grey matter volume and abnormality in brain regions implicated in ASD, including occipital and frontal cortices,
fusiform gyrus and the cerebellum [85]. Another functional neuroimaging study carried out by Scott-Van
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Zeeland et al. [86] also revealed a relationship between
frontal lobar connectivity and common genetic variants in CNTNAP2, suggesting that genetic variation in
CNTNAP2 predisposes to ASD probably through modulation of frontal lobe connectivity.
Thus, CNTN and CNTNAP proteins play functional
roles in various steps of neural circuit formation, including axon guidance, dendrite patterning, synaptic formation and axon myelination. The association of ASD with
the human CNTN3, CNTN4 and CNTNAP2 genes provides new insights into the possible pathogenic mechanisms of ASD. In addition to abnormal synapses, patients
carrying mutations in CNTN or CNTNAP genes might
have subtle to severe alterations in axon targeting, dendrite morphology or neurotransmission velocity, which
could also lead to malformation of synapses and malfunction of brain regions involved in ASD.

Conclusions and Perspectives

The rapid development in technologies for genetic
analyses in recent years has significantly advanced our
understanding of genetic alterations in ASD. Accumulating evidence suggests that ASD is caused by multiple rare
genetic variations rather than limited genetic defects in a
few major or common ‘autism genes’. Genes encoding
CAMs play crucial roles in modulating or fine-tuning
synaptic formation and synaptic specification. The findings of ASD-associated genetic alterations in NRXNNLGN-SHANK, integrin-SERT and CNTN-CNTNAP
pathways may represent only the tip of an iceberg. More
CAMs are emerging as candidate susceptibility genes
for ASD. Recently, Wang et al. [4] identified six SNPs
on 5p14.1 that show strong association with ASD. These
SNPs fall between two cadherin genes (CDH10 and
CDH9), implicating their involvement in ASD. Interestingly, a combination of cadherin/neurexin genes show
even more significant association with ASD, suggesting a
collective effect of CAMs in the etiology of this disease
[4]. Genes encoding ROBO1–4, receptors for the axon
guidance molecule slit, are associated with ASD [87].
ROBO regulates SERT expression in Drosophila [87].
Moreover, ROBO3 is required for hindbrain axon midline crossing, and mutations in the ROBO3 gene were
identified in patients with horizontal gaze palsy with progressive scoliosis [88]. It would be interesting to examine
whether developmental deficits caused by ROBO gene
mutations would lead to ASD.
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Although genetic changes in many CAM genes have
been identified among ASD patients, further studies are
necessary to pin point causal mutations or events, and
many questions still remain to be addressed about the
role of CAMs in ASD. How do these CAMs interact with
other crucial players in neural development, including
those involved in regulating neuronal migration, axon
guidance and synaptogenesis (for example, components
of Slit-ROBO, netrin-DCC, netrin-DSCAM pathways)?
How are these CAMs regulated by transcriptional and
post-transcriptional mechanisms to ensure their spatially and temporally controlled expression and precise subcellular localization for the establishment of normal neural circuits? What mechanisms regulate cross-communication of pathways mediated by distinct classes of CAMs
and their interaction partners? How does disruption in
the complex networks of interactions among synaptic
CAMs and their partners lead to abnormal formation/

function of neural circuits and contribute to the pathogenesis of ASD? Much work is required to address these
important questions. In-depth studies of different CAM
genes at molecular, cellular and functional levels together
with systematic genetic analyses of CAM genes should
provide new insights into the pathogenesis of ASD and
uncover new players associated with this disease. This
may also help in developing biomarkers as well as therapeutic tools for this group of common disorders.
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