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ABSTRACT A regulated interaction between genes and environment helps to control a wide range of symptoms in
complicated neurodevelopmental disorder, autism spectrum disorder (ASD). The knowledge of genetic variability,
neurobiological changes helps one to better understand the processes behind ASD. A critical review of recent studies on
the genetic foundation of ASD was carried out, with an emphasis on important genes including FOXP1, PARK?2,
SHANK?2, DPP6, and SYNGAP1. The researchers looked at studies that used animal models, control models, and
sophisticated diagnostic techniques like next-generation sequencing and variations of the polymerase chain reaction
(PCR). Disruptions in neurotransmission, synaptic density and aberrant brain functions brought on by proapoptotic
chromosomal changes that impact important brain areas are associated with genetic variability in ASD. Interplay
between genetics and environment is highlighted by the rising incidence of ASD. There is hope for better management

and results, thanks to cutting-edge diagnostic tools and creative therapies.

INTRODUCTION

ASD is a common and miscellaneous sort of
neurodevelopmental disorders that place a heavy
burden on those who are &fflicted and those who
provide carefor them. Despite significant advance-
ments in the grasping of the causes and neuropa
thology of ASD, aswell asgrester public awareness
and more thorough study, no viable medications
have been crested to treat the most prominent and
troublesome ASD symptoms. Theincidence of au-
tism increases yearly by about 1 percent but the
reason for autism varies from person to person be-
causeit is caused by either hereditary (genetic) or
dueto environmenta factors. Numerousexperimen-
tal platforms, including genetic association studies,
research using preclinical anima models, andinves-
tigations using patient samples, have aready iden-
tified diverse mutations of core components and
subsequent malfunctions of genesin ASD. Genetic
causes like de novo deletion, duplications, inherit-
ed deletion, absent in controls occur in the genes.
ASD is amultifaceted neurodevelopmental disor-
der semming fromintricategenomic-environmental
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interactions that disrupt typical brain maturation.
Although there is no single, overarching cause of
ASD vyet, research is constantly improving the
knowledge of potentid etiological pathways. ASD
ischaracterized by an extensive spectrum of rarede
novo and inherited genetic variations spanning ap-
proximately 700 loci, thereby underscoring its sta
tus as one of the most genetically polygenic and
heterogeneous entities within the domain of neu-
ropsychiatric pathologies (Saxena and Chahrour
2017). Autism’smolecular etiol ogy ispredominant-
ly associated with dterationsin thefollowing genes,
FOXP1, DPP6, SCN4A, WNT3, WNT9B, CDH13,
7911.23, COMMD1, CACNA2D4, SHANK?2, Sn-
GAP, DLGAP2, PTCHD1, PARK2, RFWD2,
FBXO040, NLGN1, NRXN1, FLI16237, FHIT,
S C4A10, etc. (Chaste and Leboyer 2012). In this
systematic review, theresearcherscan elaboratethe
key genesthat are responsible for the devel opment
of autism.

Objectives

This study intends to analyse gene mutations
likeFOXPL PARK 2, SHANK 2, DPP6and SY NGAPL
that contribute to the aetiology of ASD by con-
trolled illnessmodelsand animal experiments. The
study intendsto investigate the influence of proap-
optotic gene mutations on synaptic density and
neurotransmission by conducting in-depth analy-
ses of brain regions impacted by gene abnormali-
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ties, suchasthepined gland, hippocampus, anygdda,
andfrontal cortex.

MATERIAL AND METHODS

This systematic study focuses on identifying
important genes linked to the development of Au-
tism Spectrum Disorder (ASD). A thorough litera-
ture search was carried out utilising databases such
as Cochrane, PubMed, Scopus and Web of Sci-
ence, with publications published up to the knowl-
edge cutoff date of January 2023. Thetermsinclud-
ed in the search technique included “ Autism Spec-
trumDisorder”,“ ASD genetics’, and“ autismgenes’.
Peer-reviewed publications, reviews, and meta-and-
ysesthat studied genetic factorscontributingto ASD
weredigibleforinclusion.

The studies that were chosen underwent arig-
orous qudlity review to ensure methodological ri-
gour and relevance to the study aims. The identifi-
cation of particular geneslinked in ASD, included
but not limited to FOXP1, DPP6, SCN4A, WNTS3,
WNT9B, CDH13,7011.23, COMMD1, CACNA2D4,
SHANK?2, SynGAR, DLGAP2, PTCHD1, PARK?2,
RFWD2, FBXO40and NLGN1, wasinvolvedindaa
extraction.

The review summarises findings from genetic
association studies, preclinica animal models, and
patient-sampleresearch. ASD exemplifiesprofound
genetic heterogeneity, characterized by theinvolve-
ment of nearly 700 genes harboring both de novo
mutationsand heritablevariants. Thegod isto pro-
vide a complete picture of the ASD genetic land-
scape, providing insights into putative etiological
pathways and emphasising the most important
genesinvolved in ASD devel opment. The method-
ology used ensures a complete and methodical in-
vestigation, which aids in elucidating the intricate
genomic foundations of ASD.

RESULTS AND DISCUSSON
p5S3

Studies on ASD pathogenesis in rat model by
researchers has revealed that exposure to environ-
mental contaminants like arsenic hasled to an up-
regulation of hipk2 and p53 genesin the periphera
blood mononuclear cells Thishasresulted in mito-
chondria dysfunction and aberrant DNA expres-
sion (Zhou et d. 2020). p53-dependent apoptosis

Int J Hum Genet, 25(2): 67-77 (2025)

and malformation of embryonic cerebra cortex was
studiedinamousemodd of ASD withCRM1 gene
(Lietd.2020). Significant ASD-likecharacteristics
were observed in human beings and mice due to
mutation in DNA-binding protein chromodomain
helicase 8 (CHD8) (Nitaet d. 2021). Thedevelop-
ment of ASD isinfluenced by abnorma CHD8 ex-
pression, which controls the p53-dependent genes
mediating apoptosis, mitotic blockade, and sus-
tained replicative ability of brain progenitor cells
(Xiong et d. 2020). Neuron dendrite devel opment
and branching areregulated by the posttrand ation-
al dteration of p53. An additional murine model of
ASD involving either deletion or truncation of the
ANKRD11 gene demonstrated a downregulation
of p53 acetylation, acritica regulator of pyramidal
neuron migration and dendritic arborization during
cortical development. The transcriptiona activity
of p53 wasfurther linked to the modulation of spe-
dficmicroRNAS indudingmiR-19b-1, miR-34c, miR-
153, and miR-23Db, dl of which havebeenimplicated
inthemolecular etiology of ASD (Huangetd. 2021).

FOXP1

FOXP1 grades as one of the five highest risk
genes (Satterstrom et d. 2020), and itsinadequacy
resultsinintellectual and specificlinguisticimpair-
ment (Siper et a. 2017). A crucia regulator of cell
development, Forkhead box protein 1 (FOXP1),
mapped to chromosome 3p14.1, controlstheexpres-
sion of genes. Depending on the type of cell, the
oncogene FOXPL1 can gtart tumorigenicity. Wheth-
er or not autism is diagnosed, aterations in the
FOXP1 genemay giveriseto aspectrum of neuro-
logical and physica manifestations, including lan-
guage deficits, cognitive and motor developmental
delays, repetitive behaviord patterns, elevated ac-
tivity levels, craniofacid anomdies, ocular misdign-
ment, involuntary eye movements, and excessve
weight gain. Theseclinical festurestendto progress
gradudly over timebut typically donotimpact over-
dl lifespan (Lineta. 2021). Language devel opment
isdelayed asaresult of alack of FOXP1 and FOXP2
(such as delayed voca development, deficits in
speech articulation, limited grammatical variation)
(Periani et d. 2009). However, FOXP2-relaedinganc-
estypicaly characterise facial muscle fine motor
dysfunction with anomaliesinlanguageexpression
and receptivity, whereas FOXPL tends to disrupt
children’s nerves and result in language retarda
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tion. FOXP1 playsapivota rolein encoding memo-
ry, a process essentiad for transmitting behaviora
patterns between generations. The introduction of
short hairpin RNA constructs targeting FOXPL,
delivered via adeno-associated vird vectors, led to
reduced expression of thistranscription factor with-
inthepallia HV C domain—acritica nucleusinthe
avian brain associated with vocal learning. In fore-
brain neurons projecting to the striatum and exhib-
iting mirror-like properties, notableimpairmentsin
both structura integrity and synaptic adaptability
wereobserved. Silencing FOXPLwithinthisneural
pathway impeded juvenilebirdsfrom forming new
auditory memories of adult songs, thoughiit did not
hinder their ability toreproducevocalizationsaready
acquired (GarciaaOscoset d. 2021).

DPP6

Dipeptidyl aminopeptidase-likeprotein 6 (DPP&/
DPPX/DPL 1/BSPL /potassium channd accelerating
factor, KAF) isatypell transmembrane serine pep-
tidasethat wasinitially discovered and cloned from
brain tissue from rats and cows. Prokaryotes and
eukaryotesdepend on DPP6for appropriatecell func-
tion (Malloy et al. 2022). Thisfamily includesthe
DPP4, DPP8, DPPY, and DPP10 proteins. A kind of
inflammatory cell deathisfacilitated by both DPP8
and DPP9 (Okondo et a. 2017). The antigenic ex-
opeptidase family members DPP4 and DPP6 have
32 and 50 percent sequenceidentity and similarity,
respectively, intheir protein structures. On chromo-
some 7g36.2, thereisthe genefor DPP6. The adult
mousebrainhasDPP6-S, DPP6-K,, and DPP6-L, three
isoformsof DPP6 with highlevelsof expression. In
the CA1-CA3 areas of the hippocampal projection
neurons, DPP6-S and DPP6-K and DPP6-L isre-
stricted to the cerebel lumand ol factory bulb (Nadal
et a. 2006). It plays arole in modulating synaptic
devel opment and operatesautonomoudy, whilealso
contributing significantly to the regulation of neu-
ronal responsiveness as a critical accessory com-
ponent of transient voltage-dependent potassium
channels. DPP6 reduces the hyperexcitability of
neurons and the backpropagation of action poten-
tials by increasing the conductance of the Kv4.2
channel. Further research hasrevealed DPP6to en-
courage and sustain filopodial extension and sta-
bility (Lineta. 2018). At least severa hundred genes
have uncommon spontaneous and familial copy
number aterations, likedeletion, duplication, trans-
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location, and inversion, significantly contributing
toASD (Ruzzoet d. 2019). In44 per cent of families
withASD, Marshdl et d. (2008) discovered 277im-
balanced CNV's that were not present in controls.
7 and 2 percent of multifactorial populations with
oneor moresiblingswith ASD had denovo CNVs.
Novel risk regions for ASD mapped to DPP6 and
DPP10 were identified, with functions associated
with postsynaptic density, intellectua disability, and
gene expression dysregulation, which had either
CNV increases or deletions that were initidly re-
ported at the same locus in unrelated individuas.
All three genes, that is, SHANK3, NLGN4, and
NRXN1-PSD, have been linked to intellectud dis-
ability, dysregul ated gene expression, and postsyn-
aptic density when other research onthese genesis
taken into account. Studies have identified DPP6
and DPP10 asrisk genesfor ASD, withArg322Cys
mutationsin two children and paternal inheritance
intheir fathersand grandfathers. The modul ation of
potassi um channel sand the orchestration of axonal
navigation are critical to neurodevelopment, as
demonstrated by acombinatorial effect of vari-
ants in the DPP6 and LRRCAC genes. These
indghtsmay offer valuableimplicationsfor advanc-
ing the identification and therapeutic strategiesfor
ASD (Bock etd. 2016; Maussionet a. 2017).

SHANK2

This gene produces a protein with protein-pro-
teininteraction motifs, featuring ankyrinrepeat ele-
ments aong with an SH3 domain, digning it with
the Shank group of synaptic architecture proteins.
It servesasmolecular scaffoldingin excitatory syn-
apses postsynaptic density. Autism spectrum dis-
ease and other psychiatric disorders vulnerability
may belinked to transcript variants, which are pro-
duced by dternative splicing in the SHANK gene
(Zadavsky et d. 2019). The SH3 and numerous
ankyrin repeat domain proteins, which are post-syn-
aptic scaffold proteins of excitatory synapses, are
encoded by the SHANK genes (SHANK1, 2, and
3). Over 80and 30A SD-related mutationshavebeen
found inthe SHANK 3 and SHANK2 genes (Mon-
teiroand Feng 2017). Inthoseaffected by ASD where
genetic anomalies are present in the postsynaptic
scaffold protein, Shank?2 prevents osteobl astogen-
esis and thus increases risk of fracture due to low
bone mass. This was proved by slencing of pro-
teins, whichinteract with Shank2 (Ahmead et d. 2023).
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Thefunctiond overlap of SHANK with other ASD-
associated genes suggests synaptic dysfunction
as aconvergent mechanism of pathophysiology in
ASD. Decreased mGIuR1 expression, atered den-
dritic arborisation, and increased persistent depres-
sion in the striatum, but not in the hippocampus,
were the causes of hyperactivity, increased loco-
motor activity, and repetitive behaviours in a re-
cently created Transgenic rodent exhibiting aloss-
of-functionvariantinthe Shank2locus. ThisShank?2
mutant rat also had clear variationsin event-associ-
ated potentialsand EEG spectra power, suggesting
the presence of aspecific hyper-motivation pheno-
type (Modi eta. 2018).

SYNGAPL
SYNGAPL1 encodesaneuron-specific regul ator

of RasGTPaseactivity localized at synaptic Stes, a
component of the NM DA receptor complex neces-
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sary for synaptic plagticity and function (Hamdan
et al. 2011). The expression levels of NMDA and
AM PA receptorswithin glutamatergic synapticjunc-
tionsare positively and negatively regulated by the
SYNGAPL gene. Researchersfound that micewith
heterozygous SYNGAPL gene mutations (SY N-
GAP1-/+ animas) have behavioura and cognitive
problems dueto the dteration in excitatory/inhibi-
tory balance in the cortex and hippocampus, thus
speeding up the formation of glutamatergic syn-
apses. This changes the synaptic plasticity neces-
sary for the development of cognition and behav-
iour (Mignot etd. 2016). A SY NGAPL mutation has
been foundin a 13-year-old mae patient with mild
ID,ASD, and epilepsy. CNVsincluding SHANK 2,
SYNGAPL, andILRAPL 1 genesareakey factor in
the onset of autism spectrum conditions and cogni-
tivedisatilities. Itiscommontofind geneticoverlap
and smilaritiesbetween thetwoillnesses. Individu-
aswho haveamutationin SY NGAPL a so experi-
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ence mild to severe ID. The patient’s clinica fea
tures are consistent with previous cases, and the
mutation causes autistic symptoms, encephalopa
thy, and circuit-specific pathologies (Tezcan et d.
2020). Denovotruncatingmutationswithinthe SY N-
GAPL1 gene, which encodes a synapse-enriched
GTPase-activating proteinregulating RASand RAP
signaling pathways, have been implicated in the
etiology of nonsyndromic intellectual disability
(NSID). In their study, the investigators document
the discovery of three previoudy unreported trun-
cating variants—c.2184del [p.N729TfsX31],
€.2212 2213del [p.S738X], and ¢.283dupC
[p.H95PfsX 5]—aongsidethefirst identified patho-
genic missensesubgtitutionsin SY NGAPL, namely
€.1685C>T [p.Po62L] and c.1084T>C[p.W362R],in
individualsdiagnosed withNSID. Moreover, asub-
st of individua sexhibited featuressuch asautism,
impaired motor coordination, and adistinct form of
refractory generaized epilepsy. All variantsemerged
spontaneoudy, except ¢.283dupC, which was in-
herited from afather exhibiting somatic mosaicism.
Biolisticddivery of wild-type SYNGAPLintopyra
mida neurons derived from cortical organotypic
cultures led to a marked attenuation of activity-in-
duced phosphorylation of ERK (pERK). Onthecther
hand, pERK levelswerenot significantly impacted
by plasmids encoding the mutant forms p.W362R,
p.P562L, or theearlier documented variant p.R579X.
According to these findings, SYNGAP1 lacks its
function asaresult of spontaneoudy arising amino
acid—altering subdtitutions, p.R579X, and perhaps
the entirety of other protein-truncating variants.
Furthermore, the work offers new information on
the epileptic symptomslinked to SY NGAPL alter-
ation while confirming the protein’srolein autism
(Berryer et d. 2013). Developmental encephal opa:
thy with cognitive impairment, autism symptoms,
and epilepsy is caused by SYNGAPL mutations.
While overexpression enhances learning and in-
creasessaizurelatency, animaswith diminished lev-
elsof SynGAP-a1/2 C-termind splicevariantsex-
hibit severeabnormadlities. Optimising cognitiveabil-
ities and reducing seizures could be accomplished
via the upregulation of SynGAP-o. expression
(Kilincetd.2022).

DLGAP2

DLGAP2 (Disclargeassociated protein 2), dso
known as SAPO0/PSD95-associated protein 2 (SA-
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PAP2), isaproteinthat belongsto the DLGAPpro-
teinfamily. The DL GAPfamily proteins(DLGAPL1-
4) are postsynaptic scaffold proteinsthat are found
in the excitatory synapses postsynaptic density
(PSD) (Resmussenet d. 2017). DLGAPproteinsin-
teract functionally with PSD95 and SHANK family
members, forming an essential postsynaptic scaf-
folding network. ThisPSD95-DL GAP-SHANK as-
sembly playsacritica rolein orchestrating the lo-
calization of neurotransmitter receptorsand intrac-
elular sgnaling componentsat excitatory synaptic
membranes(Waset d. 2021). DLGARP2 variantshave
reportedly been linked to ASD (Chien et al. 2013),
schizophrenia(Li etd. 2014), and Alzheimer’sdis-
ease (Oudlletteet d. 2020). In ayoungster with au-
tism from Taiwan, loss of DLGAP2 isdueto ami-
crodeletion of about 2.4 Mb (megabase) inthe8p23
termina region. Hippocampus phenotypes with
decreased spatial memory inmiceweremore prom-
inentinmutant DL GA P2 thaninhomozygousknock-
outs. BDNF, GIuN2A, HOMER1, PSD95, GIuR2,
SHANK 3, mGIuR25, ARC, and mGIuR1 post-syn-
aptic protein expressions were atered in mutants.
These mice demonstrated reduced mushroom-type
and dtered synaptic morphology whilst a higher
spine density. Mice with DLGAP2 deficiency that
exhibitintellectua impairment symptoms, may bea
potentia animal model that might help to better un-
derstand ASD in patients (Hsieh et a. 2023; Jiang-
Xieet d. 2014). The Cre-loxP system, sevia back-
cross, and recombination-based methods made it
eader to create DLGAP2 mice to study the cogni-
tive and physical traits, structure and function of
synapses in the orbitofrontal cortex (OFC). Inthe
resident-intruder task and the tube test, DLGAP2
mice showed worsened aggressive behavioursand
increased socia dominance. In DLGAP2/micere-
duction in receptors and scaffold proteinsin corti-
ca synapses, decreased spine density, a smaller
peak excitatory postsynaptic current amplitude, and
Postesdynaptic Density deficienciesin the OFC was
noted.

NRXN1

A synaptic adhesion complex reliant oncalcium
signaling, formed between neurexin receptors and
neuroligins, isessentia for efficient synaptic trans-
mission. The NRXN1 gene, Stuated at the 2p16.3
chromosomal locus, spans 7,505 basepairsand com-
prises 22 coding regions, trandating into a protein
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of 1,477 amino acids. The NRXN1 gene deletions,
missense and nonsense mutations may contribute
totheaetiology of ASD (Kimetd. 2008). A study on
30 non-syndromic auttistic children and adolescents
(ages 3-18) two known mutationswereidentifiedin
the Neurexin 1 (NRXN1) gene that patients with
autismtested heterozygousfor S14L or L 748l inher-
ited from their father. Two NRXN1 gene mutations
werefoundin 30ASD patients. NRXN1 genevari-
ants may increase non-syndromic ASD risk (Onay
etal. 2017). Epilepsy and ASD co-occur 30 percent
of thetime, and epilepsy islinked to excessive neu-
ral activation. Several presynaptic neuron-adhesion
proteins classified as NRXN1 are encoded by
NRXNL1. It wasdiscovered thet NRXN1 +/- cortical
neurons had bigger sodium currents, higher action
potential amplitudes, and quicker depolarisation
times. The transcriptome aterations discovered by
RNA Seq analysis showed a considerable upregu-
lation of lon channel subunits involved in mem-
brane depolarization control, such as those encod-
ed by GRIN1, GRIN3B, SLC17A6, CACNGS3,
CACNA1A, and SHANK1, which are potentialy
implicated in the heightened neurona responsive-
ness observed in cortical cells with heterozygous
NRXN21 deletions. Giventhat partia lossof NRXN1
isoforms modulates both intrinsic excitability and
extra-synaptic activity, induced pluripotent semcdlls
derived from affected individuals may serve as a
viable neurodevelopmentd disorder model. These
cellular systemscan beleveraged to evaluatethera-
peutic interventions by monitoring calcium signal-
ing dynamics and dterations in neurona firing
thresholds (Avazzadeh et a. 2021).

PARK?2

Mitophagy regulating Parkin protein - PARK?2
gene (OMIM"602544), isacytosolic ubiquitin-E3-
ligase. It collaborateswith another locusassociated
with autosomal recessive Parkinsonian syndromes,
PINK1 mitochondrid protein, to exert its effects
(Konovalova et d. 2015). Event-related potential
changesin peoplewith early-onset Parkinson'sdis-
ease, comparing those with and without PARK?2
gene mutations, viadegradation of phospho-BCL-
2, enhancethemitochondria route of apoptosisand
antimicrotubule medicines chemosendtivity. The
PARK 2 genein humansand mice encodesthe 465
amino acid residue E3 ubiquitin ligase known as
parkin, whichisimplicatedinASD.ASD affectsone
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in 44 US children in neurodevelopmental issues.
Parkinknockout miceexhibit autistic-likebehaviours,
reduced neurona activity, and dtered synapseden-
sity and hence are suggested asamodel for autistic
research (Huo et d. 2022). Out of the 863 references,
the search turned up atotal of eight clinical investi-
gations, ninegenomic analyses, and five document-
ed case observations. Across dl age demograph-
ics thosewithASD weremorelikely to have PD and
Parkinsonian symptoms. 40 to 80 percent of Reit
syndrome were frequently associated with Parkin-
sonian characteristics and hypokinetic behaviour.
Bradykinesia, stiffness, hypomania, and gait freez-
ing arefrequently seen as Parkinsonian symptoms.
MoreASD casesthan controls have changesin the
copy number of the PD gene PARK2. While the
evidence for other PD-associated genes (DRD2,
GPCR37, the SLC genefamily, and SMPD1) isless
clear, it gppearsthat RIT2and CD157/BST1 arere-
latedtoASD and PD. RaremutationslikeATP13A2,
CLN3, and WDR45 may causealtistic behaviour as
well as concurrent Parkinsonism (Mal et d. 2023).
The chromosomal locus 6026 harborsa 157 kb in-
tragenic microdeletion disrupting PARK 2, identified
in two male siblings diagnosed with autism spec-
trum disorder and exhibiting asyndromic presenta-
tion. Both individuas displayed ditinct craniofa-
cid anomalies, including full lips, elongated eye-
lashes, thick eyebrows, deep-set ocular features
accompanied by pronounced lateral pal pebral aper-
tures, coarsened facial morphology, and mild osteo-
logical irregularities. The phenotypic divergencein
autistic manifestations within the same family was
evident; the elder brother demonstrated traits of
autismwith higher cognitivefunctioning andintact
language ahilities, whereas the younger one pre-
sented with severely limited speech capabilitiesand
profound cognitiveimpairment. Redl-timequantita:
tive PCR delineated the PRKN genewithin the de-
leted segment, and subsequent parental genotyp-
ing revealed apaternd origin of the structural vari-
ant, withthefather exhibitingmild, subclinical autis-
tic traitsindicative of a broader autism phenotype
(Baroneet a. 2023). Furthermore, six genomicloci
knownto beassociated with autism-related CNVs—
including1g21.1, 15011.2-13.1, 15913.3, 16p11.2,
22q11.21, and 22g13.33—encompassed 17 unique
CNV regions observed among the cases studied.
(Yinetd.2016).
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CNTNAP2

The CNTNAP2 (Contactin-associated protein-
like 2) encoded by the CNTNAP2 gene is down-
regulated in ASD patients. Thislongest geneinthe
human genome serves asatransmembrane anchor-
ing protein and receptors in the neurofunctional
systemof vertebrates (O’ Roak et d. 2011). Thegene
produces a protein called neurexin, which controls
connectionsbetween neuronsand glial cells, which
function as neuron support cdls, during brain de-
velopment and aidsin the formation of axon struc-
tures. CNTNAP2 geneoccupies 1.5 percent of chro-
mosome7. Overdl, neurexin 1Lisacompelling candi-
datefor participationin autism duetoitsroleinthe
formation and operation of glutamatergic and
GABAergic synapses, itsinteractionswith neuroli-
gins, andtheinduction of abehavioural impairment
inknockout mice (Kimet d. 2008). Thisproteinhas
laminin G domains, repetitions of the epidermal
growth factor, PDZ binding site, discoidin/neuropi-
lin moatifs, fibrinogen-related globular modules,
thrombospondin type-1 N-terminal segments, and
coagulaionfactor V/VIII C-terminaikestructural
units. Thisproteinintheadjacent paranoda regions
in myelin-coated nervefibrespromotes connections
between neuroglia junctionsand localises potassi-
um channelswithin devel oping axons. Chromosom-
a rearrangementsand deletionsof CNTNAP2 have
been linked with language delay and stuttering (Poot
et a. 2010). CNTNAP2 gene'sintron 1 isdirectly
bound by FOXP2 and hencedisruptionin thelatter
is linked to developmenta speech and language
disorders (Pefiagarikano and Geschwind 2012).
CNTNAP2 ddetion (KO) in mice had decreased
neuronal density and impeded neuronal migration
inthemedid prefronta cortex (MPFC), whichshowed
aberrant behavioursthat resemblekey ASD charac-
terigtics. Alterationsin synaptic plagticity and neu-
rd circuitswerelinkedto CNTNAP2KOmice(Laz-
aroeta. 2019). Oneof theprevaent biologica traits
inASD ismitochondrial dysfunction (Citrignoet al.
2020). Jang et d. (2023) eucidated by integrative
multi-omics analysis that mitochondria proteins
Mcu, Etfdh, Acaa2, Acadm, Acsbgl, Aldh7al, and
Acsf2 werealtered in mouse and human ASD sub-
jects. They observed that downregulation of MCU
(Mitochondria Calcium Uniporter) atered themito-
chondrial membrane potential (MMP) (Yang et d.
2015). ETFDH (Electron Transfer Havoprotein De-
hydrogenase) regulatesflavin-containing dehydro-
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genases on OXPHOS (oxidetive phosphorylation
system) complex |1, impacting mitochondrid lipid
oxidation and ETC system (Chokchaiwong et a.
2019). They consistently discovered elevated lev-
els of lipid metabolic enzymes such Aldh7al, As-
cbgl, Acsf2, Acadm, and Acaa2 in both anima and
human ASD patients. It is interesting to note that
NDD (neurodegenerativedisorder) individua swith
typical ASD symptomshaveALDH7A1 mutations.
Oneof themost well-known chemical disruptionsin
NDDs, including ASD, is synapse disruption
(Coughlinetd. 2019). It wasshownthat some DEPs
(Vamp2, Cntnap2, Erc2, Gad2, Nectinl, Rrab3a,
Rab35, Chmp6, Chmp7, and Sept6) weredownregu-
latedinASD individua and anima modelsandwere
connectedto SV (synaptic vesicle) rolesin excitato-
ry neurons. Rab3a, acrucial SV docking protein, is
downregulated, which suggests that vesicle trans-
port was impacted in ASD (Schiiter et al. 2004).
Downregulated Snap25in ASD suggested alossin
binding efficiency. VAMP2 dters SV dockingtosyn-
taxinand SNAP25. Vesiclefusion problemsinASD
have been linked to Vamp2 mutations. Moreover,
Rab35 mutationsaffect endocytic recyclingand SV
pool leading to mental problems (Bhat et a. 2020).
Axonal progressionin the growth cone during neu-
ral development has been connected to ASD risk
genes, according to a number of studies. (Accogli
et a. 2020). Pak3 is downregulated in ASD cases,
causing dysregulation of the actin cytoskeleton,
impaired synaptic pladticity, and learning disability
(Pavlowsky et a. 2012). INK controlsaxon growth
and neurond polarity, and downregulation of Gap43
hindersaxon structure, causng A SD symptomsand
increased lipid metabolism (Corponi et d. 2019).
Consequently, pathways governing neurotransmit-
ter transport, cellular energy organelles, axonad in-
sulation structures, and neura outgrowths exhibit-
ed aberrant modulation due to aterations in the
Cntnap2 gene associated with autism spectrum
conditions.

ARID1B

Numerous genetic variations, including mis-
sense/frame-shift/nonsense point mutations and
protein-truncating intragenic deletions, areinvolved
inAT-richinteractiondomain 1B, dsoreferredto as
BAF250B, Haploinsufficiency of ARID1B. These
variationshavebeenlinkedtoASD, ID, and Coffin-
Siris Syndrome, a genetic condition that causes a
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range of developmental and cognitivedelays. (Van
der Suijsetd. 2019). Another genedteredinASD,
ARID1B, likewiseencodesachromatinremodelling
component (D’ Gammaet a. 2015). One component
(subunit) of several SWI/SNF (Switch /Sucrose
Non-Fermentable) protein complexesismadeby a
functional protein trandated fromthe ARID1B ge-
nomic sequence. Located on chromosome 6, SWI/
SN complexes control gene activity (expression)
by chromatinremodelling (Bernier et d. 2014). Shib-
utani et a. (2017) examined abnormal geneexpres-
sion and autism related behavioursin theARID1B
gene knockout mice model. Gene expression pat-
terns and phenotypic dterations in ARID1B KO
mice resemble those in ASD patients and Chd8-
haploinsufficient mice. Also, it wasdiscovered that
the pattern of immature fast-spiking cells seen in
autistic brains was similar to the pattern of gene
expressionintheAridlb hK O mousebrain. Among
eight ID individuals, NGS and microarray analyss
revealed de novo trandocations or deletions that
each produced a shortened copy of the ARID1B
gene. Five of these individuas had characteristics
that werecompatiblewithASD (Hagrenet d. 2012).
Four individuals also had corpus callosum abnor-
malities, according to brain MRI results. Another
investigation found that the ARID1B gene 44 tran-
script level islower in ASD patients. ARID1B has
been recognized as one of thetop-tier autism-asso-
ciated geneswithinthe Simons Foundation Autism
Research Initiative (SFARI) Generepository, anex-
tensive compendium cataloging genomic variants
and structural dterations strongly implicated in
ASD. (Moffat et d. 2022). The study discovered
that Arid1b+/- mice had higher axona and synaptic
expression of genes and lower Arid1lb mRNA and
protein. These mice exhibited impaired ultrasonic
vocalisations and developmenta growth during
neonata development. Behaviourally, they showed
low moator skills, learning and memory deficitsin
novel object recognition, and social deficitsin so-
cid interactions. In contrast to earlier findings, the
adult Arid1b+/ mice sbrainshad alarger hippocam-
pus and corpus callosum and asmaller cerebellum
(Ellegood et d. 2021). In both thejuvenileand adult
phases, Arid1b-happloinsufficient (Arid1b+/) mice
exhibit autistic-like behaviour d ong with permanent
reductionsin excitatory synapse density and trans-
mission. To prevent synaptic and behavioural prob-
lemsin adulthood, Arid1b+/- mice are chronicaly
giventhe SSRI fluoxetinethroughout thefirst three

Int J Hum Genet, 25(2): 67-77 (2025)

postnatal weeks. Themechanismsbehind theseres-
cuesincludeoverexpression of downstream expres-
sionsof FMRP and the re-establishment of regula-
tory mechanisms governing the gene expression of
SynGAP1 andArc, whichismediated by HDAC4/
MEF2A. Their findingsimply that transcriptional
reprogramming protects synaptic and behavioura
impairments in adult Arid1b+/- mice via persistent
regulation of serotonergic receptors during crucia
initial postnatal periods(Kimetd. 2022).

CONCLUSON

Autism Spectrum Disorder (ASD) patientshave
heightenedinflammatory responsesinboththebrain
and the periphera regions, which may affect neu-
rona function, plasticity, and connection. These
problemsare caused by dysregulated local and sys-
temicinflammation, whichispredominantly caused
by genetic changesthat emerge during neurodevel -
opment. Thisemphasi sestheimportance of autism
asaneurodevelopmental disorder, with genetic fac-
torsaccounting for 40-80 percent of ASD risk. These
genetic variants, in conjunction with environmental
fectors, operaeascausativeagents. PTCHD1, HOX,
FOXP2,CHD8, OXTR, and SHANK 3genesareim-
portant inthe devel opment of mental status, speech,
nervecell communication, and facial memory. Fur-
thermore, chromosomal abnormalities such as du-
plications of 150911-q13, 16p11.2, and 22911.2, as
well asddetionsof 2937, 22411, 7931, and 22q13.3,
can contribute to autistic characterigtics. Whilethe
actual cause is unknown owing to genetic hetero-
geneity, understanding these genetic factors may
pave the way for innovative therapeutic options.

RECOMMENDATIONS

Further study should be directed towards clari-
fying the complex interplay between genetic varia-
tionsand environmental variablesinASD. Compre-
hensveresearch into the particular methodsby via
PTCHD1, HOX, FOXP2, CHD8, OXTR, and
SHANKS3 genes regulate mental status, speech,
neural transmission, and face memory is required.
Furthermore, investigating the impact of chromo-
somal abnormalities such asduplicationsand dele-
tionsinregionssuchas15q11-g13, 16p11.2, 22q11.2,
2937, 7931, and 22913.3 can provide deeper indghts
into the genetic foundation of ASD. Integration of
new genomic technologiesand large-scal e collabo-
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rativeinitiativeswill be critical for unravelling the
complexity of genetic heterogeneity inASD, paving
the door for targeted and creative therapeutic
strategies.

LIMITATIONS

The paper presents a thorough summary of
ASD, emphasising geneticintricacies, research ad-
vances, and therapy options. However, there is a
dearth of particular information on recent advances,
specific nutraceuticals or therapeutic drugsinvesti-
gated, and the level of advancement in focused ge-
netictherapy. Furthermore, it briefly addresseslim-
its in discovering autism genes and treating ASD
but providesno clear dataon these difficulties. The
various strategies proposed, such as nutraceuti-
cals and behavioura therapy in interaction with
geneshavereceived insufficient attention. Further-
more, it makes no mention of potential ethical con-
cernsingenetic therapy or the societal implications
of rising prevaence.
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