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Autism and Human Papillomavirus (HPV) E6: A Comprehensive Review
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Abstract

Objective: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social.communication
impairments, restricted interests, and repetitive behaviors. The etiology of ASD is complex, involving genetic and
environmental factors. The HECT (Homologous to the E6-AP Carboxyl Terminus) family jprotein E6-associated protein
(E6-AP), encoded by the UBE3A gene, is an ubiquitin ligase implicated in neurological disorders, ineludingf/Angelman
syndrome (AS) and potentially ASD. Dysregulation of E6-AP, influenced by environmental factors such as human
papillomavirus (HPV) E6 protein, may contribute to neurodevelopmental abnormalities.

Method: This review synthesizes current literature to explore the potential link between"HPV E6 protein and E6-AP
dysfunction in the context of ASD. We analyzed 32 peer-reviewed studies, ncluding 12 original/research articles, 10
reviews, and 10 meta-analyses, retrieved from PubMed and Google Scholar, focusing ongE6=AP’s roles in ubiquitin-
mediated signaling pathways, its dysregulation in neurodevelopmental disorders, and the impact of HPV E6 on E6-AP
function.

Results: EB-AP is critical in regulating signaling pathways asseciated{with tumarigenesis and neurodevelopment.
Dysregulation of E6-AP, potentially induced by HPV E6, has been implicated,insAS and, to a lesser extent, ASD. As
visually demonstrated in Figure 1, these complex relationships between HPV, neurodevelopmental disorders, and E6
protein underscore the need for cross-disciplinary research /Current findings indicate that HPV E6 may disrupt E6-AP’s
ubiquitin ligase activity, potentially contributing to'neurodevelopmental impairments observed in ASD.

Conclusion: The potential link between HPAVV'E6 and E6-AP dysfunction underscores a novel avenue for understanding
environmental contributors to ASD. Given‘the complexity of ASD, further research is essential to elucidate E6-AP’s role
and to develop targeted therapeutic strategies. This/ review highlights the need for studies investigating HPV-related
mechanisms in ASD to advance effective interventions and support systems.
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The E6 protein, encoded by high-risk human

papillomavirus (HPV) types, is a key oncoprotein that
plays a crucial role in HPV-associated carcinogenesis
(1). E6 interacts with the ubiquitin ligase E6-associated
protein (E6-AP or UBE3A), a protein that regulates
diverse cellular processes, including the degradation of
the tumor suppressor p53 (2-4). This interaction leads to
the degradation of p53, promoting cell proliferation and
tumor development (3). However, the precise
mechanisms by which E6 and E6-AP interact and the
consequences of this interaction for cellular function
remain poorly understood (5, 6). The E6 protein of HPV,
known to play a role in the oncogenic pathway of
cervical  cancer, may also  contribute to
neurodevelopmental anomalies through mechanisms not
well documented in the existing literature (7). Autism
spectrum disorder is a neurodevelopmental disorder
characterized by social communication impairments,
restricted interests, and repetitive behaviors (8). the
disorder is a developmental disorder affecting brain
development,  hindering  communication,  social
interaction, and play (9). A national study in Iran
reported a 0.1% prevalence of the disorder in children
and adolescents aged 6-18, with 86% having at least one
comorbidity, including intellectual disability and
epilepsy (10). While the exact causes of the disorder are
complex and multifaceted, environmental factorsare
believed to play a significant role (8). Interestingly, E6-
AP is also linked to the disorder, suggesting,a potential
connection between HPV and this neurodevelopmental
disorder (2, 11, 12). E6-AP is an E3 ubiquitinligase that
regulate many cellular processes, including control,of
key neuronal signaling pathways, synaptic plasticity;
dendritic spine maturation, and neuronal protein
synthesis, by targeting specific substrates to be degraded
by the proteasome (9). Disruption of E6-AP regulation
of these processes /alters » electrophysiological
connectivity in neurons, resulting-in disrupted neuronal
connectivity and operation, which is.a key determinant
of the .disorder pathophysiology (13). E6-AP, as an
example; regulates the presence of proteins that modify
de novo formation and maturation’of synapses, including
Arc and Ephexin5: Malfunctioning of these pathways
affected by EG6-AP)activity changes can thus be
detrimental to neurodevelopment and cause ASD-related
phenotypes (2). Further, the route is more probable since
the heparan sulfate” receptor is already considered a
general receptor through which the virus can access cells
of the nervous system (14).

By pursuing this line, we fulfill the existing scientific
niches in neuroscience and virology and pose questions
for better comprehension of potential etiological factors
in ASD (15). The significance of this review lies in its
potential to uncover new perspectives on how viral
infections, particularly HPV, may contribute to
neurodevelopmental outcomes and possibly to the
etiology of disorders such as the disorder (16).

2

However, even though there is increasing evidence
suggesting that E6-AP dysregulation and mutation are
associated with neurological disorders, little is known
regarding the underlying molecular mechanisms through
which HPV E6 can manipulate the E6-AP in neural
development (17). The gap in staining the neural tissues
and the indirect systemic influences on directly affecting
the neural processes of E6-AP is extensive. In addition,
the interactions of E6-AP with additional neural
regulators and signaling cascades associated with the
disorder have not been investigated thoroughly and
therefore need to be filled in this_body of knowledge
(18). Given the increasing prevalence of the disorder,
understanding viral contributions could.dead toxenhanced
prevention strategies and therapeutic interventions (19).
The primary goals of this literature review are to
synthesize existing stddies on the interaction between
HPV E6 protein and neuredevelopment, specifically
regarding the disorderprand to evaluate the mechanisms
underlying any_observed associations (19). The scope of
this review will ‘encompass_empirical studies solely
focused/on the relationship™ between HPV and the
disorder, thesbiological roles of E6 in neurodevelopment,
and, possible implications for public health strategies
(20). Mechanistieiinsights into how E6 may interact with
cellular pathways relevant to neurodevelopment, and
how such interactions could contribute to the disorder,
wilhalso be highlighted (21). This literature review will
beorganized as follows: the next section outlines the
literature search strategy for collecting relevant studies,
followed by background information on ASD and HPV.
The review will conclude with a discussion of the
findings' implications, existing knowledge gaps, and
directions for future research. This review seeks to lay
the groundwork for future investigations into the
potential ~ contributions of  viral agents to
neurodevelopmental disorders, fostering progress in this
evolving area of research.

Materials and Methods

Research on the relationship between HPV and ASD is
limited but includes diverse studies. This research
conducted a comprehensive analysis of maternal HPV
infection and its potential impact on neurodevelopmental
disorders in offspring. Data were collected from medical
records, patient interviews, and laboratory tests.
Statistical methods from related articles were applied to
evaluate the association between maternal HPV infection
and neurodevelopmental outcomes in children. Some of
the findings highlighted here are based on articles and
research publications retrieved from Google Scholar and
PubMed. To identify specific articles more precisely, we
conducted a thorough search in the following databases,
PubMed and Google Scholar with such keywords as
HPV, ASD, maternal HPV infection, and
neurodevelopment. Articles published up to 2025 were
considered. The main inclusion criteria included original
research studies, reviews, and meta-analyses in which
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authors spoke of a biological or epidemiological
connection between HPV and the disorder or other
neurodevelopmental disorders. It has been reported that
this protein is of importance as the alteration in
ubiquitination processes controlled by E6-AP can be
associated with different physiological diseases,
including the disorder or other neurodevelopmental
disorders. The non-English language papers, studies with
no primary data on HPV-ASD associations, and articles
outside of neurodevelopment were excluded. The
method of selection consisted of screening of titles and
abstracts, and full-text examination of importance and
goodness. Structured tables were obtained by extraction
of key data. The reviewed evidence was synergized in
qualitative terms with an emphasis on putative molecular
mechanisms,  epidemiological ~ conclusions, and
therapeutic opportunities.

Mapping HPV E6-Human Protein Interactions Using
IntAct and BioGRID Databases

To elucidate the potential influence of HPV E6 on
autism, we evaluate the protein interactions with human

Autism and Human Papillomavirus (HPV) E6

proteins as cataloged in the IntAct and BioGRID
databases. IntAct (Figure 2) and BioGRID (Figure 3)
serve as invaluable resources for scholars engaged in the
investigation of protein interactions and the delineation
of molecular networks. IntAct is characterized by its
rigorous experimental annotation and its commitment to
open-source  flexibility.  Concurrently, BioGRID
provides extensive coverage across various species,
encompassing both genetic and chemical interactions
while concentrating on biomedical applications and the
integration of large-scale data. To ascertain pathways
that exhibit statistical overrepresentation in proteins
interacting with HPV E6, the/EnrichR server was
employed. Table 1 illustrates/the pathwaynthat was
enriched in the human protein ‘defived from the IntAct
database. EnrichR represénts a robust, web-based tool
for gene set enrichment analysis, specifically designed to
assist researchers in the interpretation” of gene lists
generated from genome-wide - profiling endeavors.
Database-to-database conversions’ (DB2DB) facilitated
the identification of diseases assoCiated with these genes.

Table 1. The Pathway that Was Enriched in the Human Protein’Derived/from the IntAct Database

Term

Overlap Adjusted P-value Combined Score

Human papillomavirus

Human T-cell leukemia virus 1 infection

Hepatitis B

Viral carcinogenesis

Cell cycle

Human cytomegalovirus infection

Kaposi sarcoma-associated herpesvirus infection

17/331 2.03E-15 1086.572
12/219 4.81E-11 747.2803
10/162 6.69E-10 713.3953
11/208 3.66E-10 659.6554
8/124 3.58E-08 588.2578
11/225 6.69E-10 565.4909
10/193 2.80E-09 550.0201

Overview of Autism Spectrum Disorder and Human
Papillomavirus

This review explores the potential effects of maternal
HPV infection on the neurodevelopment of offspring,
including _its associations with “neuredévelopmental
disordersfsuch as ASD. It discusses the hypothesis that
materpal_immune responses and HPY infection during
pregnancy may contribute to‘altered neurodevelopmental
trajectories in_children (19, 22). Characterized by a
diverse range of symptoms “affecting communication,
behavior, and sociabw’interaction, ASD presents
significant challenges for individuals and their families
(23). The diagnosisypically occurs in early childhood,
with varying degrees of severity and manifestations,
leading to a spectrum of experiences among those
affected (24). Current literature highlights a complex
interaction ~ of  genetic,  environmental,  and
neurodevelopmental factors in the etiology of the
disorder, underscoring the importance of a
multidisciplinary approach. (25). One emerging area of
interest involves exploring the potential links between
viral infections and neurodevelopmental disorders,
where HPV has garnered attention due to its ubiquity
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and association with various health complications,
particularly in immunocompromised populations (26).
By examining these interactions, researchers seek to
reveal mechanisms that explain the complex
relationships ~ between  viral infections  and
neurodevelopment, ultimately improving diagnostic and
therapeutic strategies for autism.

Study on Maternal HPV Infection and ADHD/ASD

A recent study aimed to look for a correlation between
maternal HPV positivity and the development of ADHD
or ASD in children (22). Data from the Taiwan National
Health Insurance Research Database indicated that the
offspring of mothers with HPV infection had a higher
risk of developing ADHD, which was higher than the
control group (27). Interestingly, this association was
consistent with the time of HPV infection, before or
during pregnancy. However, no significant association
of risk involving the index group for the control group
was noted for the disorder (28).

A significant study proposed that placental infection of
HPV could be linked to the disorder based on various
observations (29). The study mentioned that the
concordance rate for the disorder in identical twins is not



Sheikhi, Hajizadeh, Sarvari, et al.

absolute, implying an environmental factor, such as
HPV infection, that may contribute to autism spectrum
disorder. It highlighted the role of HPV in epigenetic
changes and gene expression alterations in offspring that
could lead to the disorder (28).

E6-Associated Protein (UBE3A) and Autism Spectrum

Disorder

E6-AP is encoded by the UBE3A gene, which is located

on chromosome 15q (2). Mutations in UBE3A,

including deletions, are known to cause Angelman
syndrome, a neurodevelopmental disorder characterized
by severe intellectual disability, seizures, and movement
disorders (2, 30, 31). Furthermore, increased dosage of

UBE3A has been linked to increased penetrance of

ASD, suggesting that the expression levels of E6-AP

must be tightly regulated during brain development (2).

E6-AP/UBE3A plays a role in the UPS pathway, and its

disruption can stem from mutations in UBE3A or related

genes associated with the disorder. Deletion of the HLH-

3 ubiquitin ligase, likely disrupted by the HPV EG6

oncoprotein, may result in the accumulation of specific

substrates, potentially affecting neurodevelopmental
processes linked to ASD (28, 32). E6-AP is also
significant in the context of neurodevelopmental
disorders. Mutations or dysregulation of the UBE3A
gene, which encodes the E6-AP protein, have been
implicated in Angelman syndrome and aresralso
associated with certain cases of autisme spectrum
disorder (3). E6-AP overexpression is associated with
some cases of the disorder. The HPV \E6 protein
interacts with E6-AP, resulting in the’degradation ofsthe
tumor suppressor protein p53, which is essential in

HPV-related cancers. This connection underscores EG6-

AP's dual role in neurodevelopmental disorders like the

disorder and the progression of HPV-related cancers (5).

The precise mechanisms by which E6-AP dysregulation

contributes to ASD are not fully understood. However,

studies have suggested that“E6-AP plays a role in
various cellular processes/crucial for brain development,
including:

a. Neural¢ stem cell™ proliferation, | migration, and
differentiation: E6-AP “hashbeen shown to influence
the proliferation, migration, 'and differentiation of
neural stem cells in the developing brain (8). This
suggests that E6-AP. dysregulation could disrupt these
processes, leading to abnormal brain development and
the disorder (9).

b. Synaptic plasticity and function: E6-AP has been
implicated in the regulation of synaptic proteins, such
as Arc, which is involved in synaptic plasticity (8).
Prenatal viral infections, particularly maternal
influenza, have been associated with an increased risk
of schizophrenia and other neurodevelopmental
disorders, potentially due to immune-mediated
disruptions in fetal brain development. (33). These
infections can initiate immune responses that lead to
neuroinflammation, exacerbating neurodevelopmental
vulnerabilities. Notably, chronic inflammation can

impair synaptic plasticity, which is essential for
learning and social functioning, often seen in autism
(34). In synaptic plasticity, for example, the E6-AP
gene  has been implicated in  multiple
neurodevelopmental disorders such as the disorder (2).

¢. Wnt signaling pathway: E6-AP has been demonstrated
to interact with the proteasome, a cellular machinery
responsible for protein degradation (25). This
interaction is crucial for regulating the Wnt signaling
pathway, which plays a role in brain development and
neural stem cell proliferation (25). Mutations in the
AZUL domain of E6-AP, associated with Angelman
syndrome, can impair its ginteraction with the
proteasome and disrupt Wnt signaling«(25).xTargeting
specific receptors through therapeutic interventions
may help alleviate coghitive and behavioral deficits
(35). Ube3A/E6-APRAfunctionality, the,actions of HPV
E6 proteins, and their influenceyon the normal E6-AP
function may be implicated in these pathologic states.
In other words, the E6 protein /of HPV binds to E6-
AP, a cancer-associatedymolecule especially related to
cancer-related” development and neurodevelopmental
disorders dike some forms of the disorder (36).

d.Nitric ©xide Pathway, the nitric oxide pathway has
been implicatedin the neurodevelopmental aspects of
autism. Modulation of this pathway may help to
alleviate some of the behavioral alterations seen in
autistic individuals (37).

e. Calcium-Stimulated  Adenylyl Cyclases: These
enzymes have been identified as potential therapeutic
targets for addressing aberrations in calcium signaling
pathways associated with  neurodevelopmental
disorders. Such interventions may enhance the
signaling processes critical for normal neuronal
function (38).

f. Network Pharmacology Approaches: Utilizing
network pharmacology to identify and target multiple
pathways  simultaneously = may  allow  for
comprehensive treatment strategies. These approaches
could leverage interactions between EG6-AP and
various signaling pathways involved in the disorder
(39).

The Role of Human Papillomavirus E6 in Autism

Spectrum Disorder

While HPV infection is primarily associated with

cancers, particularly cervical cancer, there is growing

interest in exploring potential links between HPV and
neurodevelopmental disorders (8). This interest stems
from the fact that E6-AP, a key target of the HPV E6
oncoprotein, is also implicated in ASD (2, 30). E6-AP is
also significant in the context of neurodevelopmental
disorders, as mutations or dysregulation of E6-AP are
linked to Angelman Syndrome, a neurodevelopmental
disorder, and some cases of autism spectrum disorders

(3). Overexpression of E6-AP has been linked to some

cases of the disorder (13). The E6 protein from HPV

interacts with E6-AP, leading to the degradation of the
tumor suppressor protein p53, which is crucial in HPV-
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associated cancers (40). This connection highlights the
dual role of E6-AP in neurodevelopmental disorders
such as the disorder and in the progression of HPV-
related cancers (5, 11). The actions of HPV E6 proteins
and E6-AP that influence the normal functions of E6-AP
may play a role in these pathologic states. In other

words, the E6 protein of HPV binds to E6-AP, a

molecule  related to cancerous growth and

neurodevelopmental disorders such as certain types of

autism (41).

a. E6-mediated degradation of p53: E6 interacts with E6-
AP to promote the degradation of p53, a tumor
suppressor protein that plays a role in cell cycle
regulation and apoptosis (42). Although this
interaction is well known to promote cancer
development, E6 could potentially affect normal brain
development by degrading p53, which may play a role
in the development of ASD (43). As far as its biology
is concerned, HPV oncoproteins are E6 and E7;
importantly, E6 promotes the degradation of p53 (and
time-permitted Rb) (44). This supports cell survival or
proliferation because, when it occurs within infected
cells, it changes their behavior towards uncontrolled
growth and increases mutation rates relevant to cancer
development (45). It has been reported that this
protein is of importance as the alteration in
ubiquitination processes controlled by E6-AP _can,be
associated with different physiological «<diseases,
including the disorder (46).

b. E6-induced dysregulation of E6-AP: E6 could directly.
or indirectly influence the activity and function of E6-
AP (47). This could lead to dysregulation of E6~AP-
dependent cellular processes, potentially impacting
brain development and contributing to ASD (9).

c. E6-mediated disruption of neural stem cell function:
E6 could directly or indirectly influence the
multiplication, mobility, or differentiation of neural
stem cells causing part ofddisturbed brain development
and the disorder (8). The“ authors supply data
regardingethe connection between the WBE3A gene
encoding the ubiquitin, ligase E6-AP mutant and
various comorbid neurodevelopmental disorders;
additionally,»the HPV oncopretein E6 inactivates the
UBE3A gene product (17, '48). E6-AP is associated
with the neurodevelopmental disorder Angelman
syndrome which: presents features similar to autism.
This implies that dysregulation which may be caused
by HPV E6 oncoprotein might affect other diseases
such as ASD (49).

Viral Pathogenesis Theories in Neurodevelopment

Other theories of viral pathogenesis propose that illness
during critical stages in children’s brain formation could
lead to such disorders as autism (19). The
neurodevelopmental hypothesis posits that certain
viruses can impact brain development by causing direct
damage or triggering immune responses that interfere
with normal neurodevelopmental processes (50). HPV
E6 proteins modulate the activity of E6-AP. Lack of E6-
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AP leads to Angelman Syndrome, while high expression
of E6-AP is connected with ASDs (50). For instance,
they may be useful in preventing the activity of the E6
oncoprotein through which compounds could assist in
getting the regulatory proteins including p53 back to
their proper functioning in growth control and other
apoptotic abilities (51). Related molecular mechanisms
of these natural inhibitors with E6 oncoprotein are well
described within the scope of this research, suggesting
the ability of the molecules to support the normal
activities of E6-AP, p53, and Myc. Several compounds,
including Ginkgetin, Hypericin, and, Apigetrin, are
considered to be the most potent inhibitors, with superior
bindings to the E6-AP, p53 and/Myc hinding Sites to the
HPV16 E6 (52).

Rubella virus is associated with congenital rubella
syndrome that leads {0 several,developmental
disabilities, such a§ including®the disorder. Another
terminal virus that may-be contracted during pregnancy
is cytomegalovirus (CMV), which affects fetal brain
development, and 'the prebability of autism increases.
Furthermore, there are studies on maternal influenza
infection during pregnancy, herpes simplex virus,
varicella-zoster virus, and Zika virus; they have the
potential“to raisesthe odds of including the disorder (19,
53). We have previously examined the link between
mental disorders and viruses in our study, "Low
Prevalence of Borna Disease Virus RNA in Patients with
Bipolar,»#Major Depression and Schizophrenia in
Northern Iran"(54).

Potential Drug Development

This study raises the molecules with the natural
propensity to quell HPV E6 and E7 proteins vital for
treating cervical cancer. This could result in the
evolution of new effective drugs as well as from
comparing the different enzymes and their mechanisms
of catalysis (55).

Among 59 human proteins interacting with HP\V/16 E6 in
the IntAct (Figure 2) database, UBE3A (an ubiquitin
ligase), RPL10, MCM7, and TSC2 from db2db show
associations with Autistic Disorder. Additionally,
analysis of 162 genes in BioGRID (Figure 3) identifies
15 proteins linked to Autistic Disorder, including
UBE3A, DLG4, MPDZ, SNTG2, TJP1, NOTCHLJ,
ALDH3A2, CBR1, GTF2l, ITPR3, SLC3A2, TJP2,
TSC2, KDM5C, and MYO1D. These findings (Tables 1
and 2) highlight potential molecular overlaps between
HPV16 E6 interactions and neurodevelopmental
pathways.

Key Findings from Recent Research

a. Gastrointestinal  Symptoms: the research also
established that gastrointestinal (GI) complaints are
reported by children with ASD and are related to
impairments in both social and adaptive functioning.
While this study doesn’t solely focus on E6-AP,
understanding how gut health is linked to
neurodevelopment further provides insight into what
E6-AP influences in cellular health (56).
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b. Neuroinflammation and Pathogenesis: Studies into
neuroinflammatory and oxidative stress markers
suggest that both of these factors play a major role in
the manifestation of including the disorder. These
pathways could be essential for E6-AP to regulate and
may suggest that its altered regulation might lead to
further neuroinflammation responsible for behavioral
symptoms (57).

c. Microbiota-Gut-Brain ~ Axis:  Research discusses
entrainment and its possible link to autism and gives
stress to the relation between the gut and brain. In
considering these issues, neurochemical pathways
influenced by E6-AP may complement dietary factors
and microbiota content altering metabolic and
inflammatory pathways to influence the symptoms of
the disorder (21, 58).

d. Screen Time Management and Digital Interventions:

Research Gaps and Future Directions

Despite the potential link between HPV E6 and ASD,

research in this area is still in its early stages. Several

key research gaps need to be addressed:

Direct evidence of HPV infection in individuals with

ASD: Studies are needed to determine if HPV infection

is more prevalent in individuals with the disorder

compared to the general population.

Mechanisms of HPV E6 action in the brain: Further

research is required to elucidate the specific mechanisms

by which HPV E6 could influence brain development
and ASD.

Clinical implications: Understanding the potential link

between HPV E6 and ASD could affect clinical

management and treatment strategies.
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Management and  Digital

Table 2. The Pathway.that Was Enriched in the Human Protein Derived from the BioGRID Database

Term Overlap Adjusted P-value Combined Score
Proteasome 23/46 1.37E-25 3483.163
Spinocerebellar ataxia 25/143 1.81E-15 451.2207
Ubiquitin mediated proteolysis 24/140 9.58E-15 417.0161
Epstein-Barr virus infection 29/202 1.81E-15 363.6258
Parkinson disease 271249 1.14E-11 196.5237
Human papillomavirus infection 29/331 2.67E-10 137.5618
Huntington disease 27/306 1.06E-09 129.7781
Prion disease 241273 1.07E-08 114.4133
Alzheimer disease 28/369 1.07E-08 97.95817
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Need for deeper understanding
of E6 protein influence

Lack of data on HPV in ASD

Q Research limitations Associated with cancer —
>
Human papillomavirus
(HPV)

Immune modulation

Neurodevelopmental effects

Interaction with cellular
processes

Transplacental transfer

tween Human Papillomavirus (HPV),
rotein. It Emphasizes the need for cross-

MAGI1

DLG1

Figure 2. IntAct Database: HPV16 E6 (Central Purple Node) Interacts with 89 Human Proteins (Light
Blue Nodes), 1 Murine Protein (Dark Blue Node), 1 Avian Protein (Green Node), and Human p21 DNA
Sequence (Pink Downward Arrow)
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Figure 3.BioGRID Database; Human Papillomavirus 16 E6 (Central Purple Node) Interacts with 162
Human Proteins (Yellow Nodes)

Limitation

This review has several limitations that are to be listed.
In the first place, literature in the usage of HPV in
neurodevelopment and ASD is limited and most of the
studies are still exploratory or preliminary. No large-
scale epidemiologic data exist as to whether maternal or
early-life HPV infection is directly related to a risk of
the disorder. Second, viral contributions are difficult to
isolate in the heterogeneous ASD and complex
multifactorial etiology. Third, numerous mechanistic
understandings are based on in vitro/animal models and
are not perfectly transferable to a human context. Fourth,
the publication bias and the language restrictions might
restrain the spectrum of the studies that will be
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incorporated. Lastly, applying Al tools in preparing a
manuscript can make the process more efficient but, at a
risk, cause biasedness when they are not well monitored.
Well-conceptualized longitudinal studies and
mechanistic  investigations  should therefore be
undertaken in the future to address these shortcomings.

Conclusion

This research seeks to explore the relationship between
HPV E6 and ASD, which is a developing topic in the
medical field. Although it is still not fully understood
how HPV E6 might affect brain development for the
disorder, it is known that E6-AP, a protein that HPV E6
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targets during infection, has also been associated with
the disorder. More work needs to be done to clarify this
relationship and to determine whether HPV infection is
related to the onset of the disorder in any way. The
present review is in response to the above-presented
documents and seeks to give a brief overview of the link
between HPV E6 and ASD. Therefore, it will be
appropriate to mention that the existing connection
between these two factors is still subject to debate and
additional research is necessary to clarify it. Several
aspects of the intricate connection between ASD and
HPV E6 protein may be further explored in greater
detail. Multiple studies raise the possibility that viral
infections increase the risk of neurodevelopmental
disorders, but for most potential pathogens, how such
associations occur is not known. Researching the
molecular mechanism by which E6 disrupts cellular
signaling pathways associated with autism may provide
a new understanding of both diseases and call for a
reconsideration of existing approaches to prevention and
treatment. From this literature review, it is seen that
there is a network of opportunities where many
publishing companies are focusing on interdisciplinary
research in which specifically virology, neurobiology,
and psychology can be of value in finding new
therapeutic approaches to individuals with ASD. Further
research is still needed on the relation between HP\-and
ASD, as well as on the effect of other viral infeCtions on
neurodevelopmental outcomes.
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