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Abstract

Genes have long been considered to cause autism spectrum disorder (ASD). However, data obtained over the last
10 years indicate that the true role of genetics in ASD and the cost-benefit ratio of genetic testing following an ASD
diagnosis warrant further investigation. ASD is heterogeneous with high individual complexity, and new findings
related to systemic alterations in ASD (in addition to genetics) should be considered when attempting to optimize
patient health. However, for some people with ASD and their families, genetic testing can identify genetic
mutations or chromosomic alterations. This review mainly considers recent research (the last 5 years) on the role
of genetic factors in ASD and the importance of genetic testing in a new Advanced Integrative Model of ASD.
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INTRODUCTION

Studies spanning the past 50 years have indicated the heterogeneous nature of autism spectrum disorder
(ASD), not only in terms of clinical presentation but also the underlying etiology"'. Although increasing
numbers of studies with large sample sizes have enabled researchers to identify common genetic factors
associated with autism, the genetic predisposition for ASD may be different in each individual®. As
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discussed by Hoang et al., genetic heterogeneity seems to be a common feature of clinical sequencing data.
Thus, although a broad range of evidence has indicated an association between genes and ASD, variations in
gene expression and non-penetration are today accepted as widespread"..

Nowadays, many commercially available gene panels are offered. However, other risk factors have been
associated with ASD aside from genetic susceptibility (such as prenatal diet and prematurity)".
Microbiota-gut-brain axis alterations have also been implicated in neurodevelopmental disorders including
ASDY. From toddlers to aging adults, gastrointestinal (GI) issues, dysbiosis, oxidative stress, mitochondrial
dysfunction, microglial activation, barrier permeability, and systemic alterations have been found in people
diagnosed with ASD. As part of a new approach to thinking about the role of genetics in ASD, researchers
are increasingly examining the causes of ASD in terms of degrees of risk and susceptibility, as opposed to
deterministic factors. Furthermore, known genetic polymorphisms in individuals with ASD could be
considered carriers of susceptibility, whereas genetic mutations might be more associated with risk. Because
ASD is diagnosed according to behaviors, it is not possible to explore genetic risk during prenatal
development. Today, brain development during the prenatal, neonatal, and postnatal stages of life, as well as
the brain-body link at the systemic level during postnatal development, must be considered when
formulating hypotheses about the etiology of ASD.

Nowadays, gene lists from autism gene panels have been found to be insufficient for ASD diagnosis, as
further evidence is needed”. As clearly discussed in a recent paper, if the application of a targeted gene
panel to an affected individual’s genome is negative for pathogenic variation, one cannot conclude that a
contributive variant is not present'”. Under these circumstances, other factors should be considered in
addition to genetics, such as selected metals, iodine, vitamins, folate, and biotin"”. Within the framework of
epigenetics, brain-body homeostasis must be taken into consideration. Beyond genetics, epigenetics, and
transcriptomics within and outside the brain, physiology and systems biology should be taken into account
in understanding ASD.

Given the complexity of ASD, as well as its heterogeneity, an overall approach must include environmental,
nutritional, and immune as well as genetic factors. Consequently, ASD diagnoses based only on the results
of commercial gene panels might have limited clinical accuracy, unless there is clear evidence of a genetic
abnormality (e.g. suspected Fragile-X syndrome, FXS). This should be considered when developing
procedures for primary screening, particularly in developing countries in which gene panel diagnoses might
be cost-prohibitive for the majority of the population.

Likewise, and especially considering those in developing countries with limited access to healthcare services,
healthcare providers should assess the cost-benefit ratio of performing genetic tests when there is no
syndromic phenotype for ASD. The main problem lies in the cost of genetic studies and the fact that the
findings regarding non-pathogenic mutations do not offer a therapeutic perspective. Indeed, identifying a
mutation outside a specific clinical context does not provide tools for treatment and can increase the costs
for the family or medical services providers. It can also seriously affect the will of the family and the
therapeutic and medical team regarding the opportunities for the patient. The detection of a mutation does
not imply pathogeny or an automatic correlation with ASD. However, the concomitant medical problems
(CMP) to ASD diagnosis have individual importance, and they should be correctly evaluated, diagnosed,
and treated.

The recent literature shows strong evidence of autoimmunity linked with ASD in individuals with FXS.
Lisik et al. reported that a subgroup of FXS patients (43.48%) tested positive for serum anti-neuronal
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antibodies™. Thus, autoimmune factors may cause or contribute to autistic symptoms in that group.
Marco et al. reported immune dysregulation in individuals with FXS and intrinsic microglia dysfunction in
those with Rett (RTT) syndrome. A brief report from 2020 indicated that the implementation of a
restricted diet by 4 months of age was successful in treating gastrointestinal problems in a boy with FXS and
ASD. Specifically, the dietary intervention was correlated with positive changes in laboratory findings, GI
issues, and behavioral symptoms". In an animal model of ASD from 2022 (studying Fmr1 knockout mice),
fatty acids had a significant effect on the behavioral and neuroimmune phenotype'’. Another study
demonstrated that allopregnanolone (an active positive allosteric modulator of GABA’s role on the GABAA
receptor) improved y-amino butyric acid (GABA) metabolism. In Fragile-X-associated tremor/ataxia
syndrome (FXTAS), fatty acids improved cognitive ability and GABA metabolism"?.

Song et al. examined the administration of antioxidants to delay the onset of FXTAS, with the goal of
decreasing morbidity and treating the concomitant mitochondrial dysfunction"”. In 2014, Valenti et al.
proposed that mitochondria and radical oxygen species play a role in the pathogenesis of various known
genetic disorders (such as Down’s, RTT, and FXS)"*. The authors reviewed novel therapeutic approaches
involving the activation of mitochondrial function and the reduction of oxidative stress"*. In 2019, Miiller
considered the presence of altered mitochondria and redox status in individuals with RTT syndrome, and
evaluated the use of medications such as antioxidants and scavengers to stabilize these issues'.

THE ROLE OF GENETICS IN DIFFERENT MODELS OF ASD

Genetic models

In 2022, a study by Carlsson et al. examined a diverse range of models for the genetic and environmental
mechanisms of ASD. The authors stated, “Although highly heritable, environment also contributes to the
etiology of ASD”!"). According to the cumulative stress hypothesis and the three-hit concept, vulnerability
for a given condition is enhanced if adversities are accumulated during the early stages of life. In this
framework, genetic predisposition and the later-life environment are considered as the first and third hits,
respectively"”. In the multi-dimensional model of ASD, underlying genetic and environmental factors are
assumed to continuously affect the risk of developing ASD. In 2021, Torres emphasized the importance of
considering the brain-body connection and the contribution of the peripheral nervous system to mental
health"”. The author and her group combined the datasets from genes associated with mental illnesses with
well-known neurological disorders and with illnesses that are not directly associated with the nervous
systems and with manifestations of acquired Post-Traumatic Stress Syndrome Disorder (PTSD). They
included autism, schizophrenia and general, bipolar and unipolar depression. Among neurological
conditions, ataxias (e.g., cerebellar, spinocerebellar, progressive, and gait) and Parkinson’s disease were
taken into account. Among non-neurological disorders, they considered colon cancer, breast cancer,
diabetes, congenital heart disease, hematologic neoplasm, and several autoimmune disorders. The selection
was done to include neuromotor aspects, related to links between the brain and the peripheral nervous
system (mainly the autonomic nervous system). Torres reported as surprising the finding of contributions
of peripheral structures and organs to mental illness. She included in her work: “Tissues of the autonomic
nervous systems were maximally impacted by the removal of the genes associated with these mental
illnesses, as was the muscle-skeletal tissue among the top-ranked illnesses. Tissues associated with
subcortical brain regions necessary for motor control, learning, adaptation, and coordination (basal ganglia
and striatum) were highly impacted by the removal of the genes in both mental illnesses and neurological
disorders, along with those tissues important for memory (hippocampus), emotion (amygdala) and
regulation (hypothalamus)”.
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Major neuropsychiatric conditions that are behaviorally defined using the Diagnostic and Statistical Manual
of Mental disorders (DSM) criteria have strong convergence with well-known neurological conditions (e.g.,
ataxias and Parkinson’s disease), but less overlap with non-neurological conditions. Psychiatric diagnoses
affect both tissues involved in the central control and peripheral (heart and muscle-skeletal) nervous
systems. The results of Torres emphasize the importance of considering both the brain-body connection
and the contributions of the peripheral nervous systems to mental health"”. These relationships are not
taken into account in the classic approach of gene causation in ASD, even when the complexity has been
demonstrated to be huge. CMP outside the brain (cited above), neurological issues (epilepsy/convulsions,
sleep issues, movement disorders) and psychiatric diagnoses co-occur many times in the same person with
the ASD diagnosis. A recent manuscript in the field of pediatrics (2022) cited a known problem in genetic
studies, that is, that heritability estimates are primarily derived in such a way that they may overrate the role
of genes. Moreover, in most cases, gene-only (G) and genetic (G)* shared environmental influences (E)
(cited as GxE) are considered to be genetic"®. GXE involves the interaction between the genotype and the
environment. The problem of identifying genetic contributions and neglecting the possibility that genes act
in concert with environmental agents is a general one, and occurs even in recent studies. Indeed, Volk et al.
stated that it “is highly likely that the interplay of gene variants and environmental factors contributes to a
substantial proportion of autism”"*. A systematic review reported wide-ranging heterogeneity in the
prevalence of co-occurrent medical problems with ASD. They found that participants with ASD also had
attention deficit hyperactivity disorder (ADHD; to 86.00%), anxiety (up to 82.20%), depressive disorders (up
to 74.80%), epilepsy (2.80%-77.50%), intellectual disability (ID; up to 91.70%), sleep disorders
(2.08%-72.50%), sight/hearing impairment/loss (0.00%-14.90%/0.00%-4.90%), and GI syndromes (up to
67.80%). The high variation was associated with the heterogeneity and individual presentation of ASD"™. In
2022, a systematic review about GI symptoms in individuals with ASD reported a causal relationship
between changes in the gut-immune-brain pathway and ASD symptoms. In the review, GI symptoms were
correlated with eight themes: developmental regression, language and communication, ASD severity,
challenging behavior, comorbid psychopathology, sleep problems, and sensory issues®. A recent study with
a monozygotic co-twin design with 224 twins (mean age = 17.70 years, SD = 6.28) indicated a correlation
between exposure to perinatal and postnatal risks and subsequent neurodevelopmental conditions. Their

21]

results suggested that ASD might be linked with environmental risks early in lifel*").

In a systematic review from 2021, Wei et al. reported that more than 200 susceptibility genes had been
correlated with autism™. For almost every chromosome, cytogenic abnormalities have been reported.
According to the authors, candidate genes related to ASD might exist in nearly every chromosome®.
However, these findings, along with those of other epigenetic studies at the brain level only, do not consider
how translational actions can improve the quality of life and outcomes in people with ASD. Indeed, the
influence of outside-the-brain factors deserves more attention, even though genes and genetic pathways
may be essential in unraveling the pathogenesis of ASD from a mechanistic point of view. For instance, in a
study of 1031 genes, David et al. reported that only 262 were directly associated with ASD, whereas the
others were related to other comorbid disorders””. Furthermore, Diaz-Beltran et al. used a two-fold system
biology approach to propose a multi-comorbidity subtype of ASD”*. Finally, Klein et al. used a topic
modeling approach and concluded that a better understanding of the underlying pathogenetic mechanisms
involved in medical issues co-occurring with ASD may have clinical implications in the comprehensive
assessment and management of these patients'™.

Advanced Integrative Model

The Advanced Integrative Model (AIM) considers the ASD diagnosis as the name of an emerging
symptomatology. The underlying condition at the brain level may be thought of as a chronic, dynamic, and
systemic form of encephalopathy, a priori with respect to an ASD diagnosis, which is potentially
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reversible®. The reversibility would be closely related to the genetic susceptibility or risk, the amount and
severity of medical problems outside the brain that affect the brain (CMP), and the approach for addressing
CMP. The lack of treatment for CMP could adversely affect ASD symptoms trajectory and development.
CMP are also influenced by genetic susceptibility, such as risk related to genetic polymorphisms, genetic
mutations, and chromosomal alterations.

In a 16-year pediatric cohort study in Canada (1993-2010), Cawthorpe assessed the quantity of CMP in
individuals with ASD. CMP were diagnosed by a physician according to the International Classification of
Disease version 9 (ICD-9). The analysis included 111 female and 609 male participants with ASD.
According to this study, 28 ICD disorders were found before and 95 ICD disorders after an ASD diagnosis
in female participants, whereas 38 ICD disorders preceded and 234 ICD disorders proceeded ASD diagnosis
in male participants®”.

The chronic, dynamic, systemic encephalopathy framework

In this framework, genetic polymorphisms related to the immune system, mitochondrial dysfunction,
autoimmune susceptibility and genes expressed in tissues beyond the brain are important in terms of ASD
risk. Over the last decades, many behaviors have been assigned to ASD. However, some of these behaviors
may be the emerging symptomatology of an encephalopathy related to underlying medical problems
outside the brain, which can affect the brain through barrier permeabilities and other mechanisms.
Accordingly, gut and blood-brain barrier (BBB) permeabilities in ASD are receiving increasing attention
from researchers. The gut-brain-microbiota axis, gut-brain vagal connection, and the complex relationship
between behavior and immune system function is increasingly being taken into account. Allergies and food
intolerances are considered to have a large effect on the symptoms of ASD. In this sense, the evaluation,
detection, and treatment of CMP are extremely important, and healthcare practitioners should be aware of
the importance of medical problems such as diarrhea, constipation, vitamin deficiencies (D, B complex,
A-C-E), mitochondrial dysfunction, dysbiosis, inflammation, and autoimmune issues in individuals with
ASD". Pain or CMP may be strongly related to behavioral symptoms in individuals with ASD, in addition
to genes expressed in the brain. Indeed, many neurological and psychiatric issues have been correlated with
CMP outside the brain in individuals with ASD, and these may modulate the effect of the exposome on the
risk of CMP in this population.

Regression is defined as losing developmental skill(s) or ability/ies (among them language and social
engagement) that a child once had. Regression of up to 88% was reported in prospective studies about
infants who were at risk for ASD"". Mitochondrial dysfunction has been linked to regression® as well as
autoimmunity in ASD™. Redox alterations and mitochondrial dysfunction have been considered to play a
role in the presentation of RTT!">*",

The static encephalopathy framework

Genetic testing may be critical in understanding individual complexity in several medical problems. For
example, epilepsy, movement disorders, and developmental delay are associated with a glucose transporter
type 1 (GLUT 1) deficiency. This has also been associated with impaired glucose transport across the BBB in
individuals with ASD"”..

The QT interval is the lapse from the beginning of the Q wave to the end of the T wave during ventricular
depolarization and repolarization in the heart. In long QT syndrome (LQTS), the heart takes more time to
return to the baseline between beats. Timothy syndrome is a congenital form of LQTS with syndactyly and
developmental delay. The prevalence of ASD in individuals with Timothy syndrome is nearly 70% of all

cases.



Page 434 Ciolino et al. J Transl Genet Genom 2022,6:429-42 | https://dx.doi.org/10.20517/jtgg.2022.15

Kreiman and Boles assessed five children with ASD and genetic mutations in whom genetic testing
provoked certain therapeutic actions and finally an improvement in well-being"”’. In three of the five cases
(TNF-Receptor Associated Protein 1 gene [TRAP1], choline acetyltransferase [CHAT], and Solute Carrier
Family 6 Member 8 [SLC6A8] mutations in 3 different patients), important positive changes in the
ASD-related symptoms were reported when adequate medical treatments were applied. Other examples are
the use of ketoglutarate for reducing pain and fatigue in a patient with a glutaminase 2 (GLS2) mutation,
and the use of melatonin for sleep disturbance in a child with an AANAT mutation. AANAT is a gene that
encodes aralkylamine N-acetyltransferase, which is a key regulator of circadian rhythms.

Despite the many genetic syndromes described, alterations in the chromosome microarray (CMA) may
only occur in 9%-10% of people with ASD, whereas that in the whole genome, such as in Exome whole
sequencing (EWS), may only occur in up to 21% of people with ASD. Indeed, a positive correlation does not
imply causation, but merely a contribution, which may be shared with other contributors.

Stafford et al. examined several cases of genetic syndromes characterized by the specific and acute
presentation of symptoms and/or dysmorphisms, in which genetic confirmation was necessary to determine
appropriate medical interventions™. For these medical genetic issues, genetic testing is undoubtedly
warranted. However, instead of recommending genetic testing only for this subgroup, the Genetic Model
proposes genetic testing for all people diagnosed with ASD. This approach might be prohibitive, especially
for low-income countries.

In a systematic review and meta-analyses from 2015, estimates of ASD range from 11% for 22q11.2 deletion
syndrome to 61% in females with RTT"". For all syndromes, odds ratios showed that people with ASD have
a higher risk of genetic abnormalities than the general population. Several studies have examined the
overlapping genetic traits in individuals with epilepsy/seizures and ASD and in those with psychiatric
diagnoses and ASD". Frye et al. examined the biological abnormalities shared by ASD and epilepsy, and
found abnormalities in minicolumn architecture and GABA neurotransmission?. Medical abnormalities
associated with both ASD and epilepsy include genetic syndromes, metabolic disorders, mineral and
vitamin alterations, heavy metal bioaccumulation, and immune dysfunction. Treatment-resistant epilepsy
was more prevalent in children diagnosed with ASD (i.e., they had a mitochondrial dysfunction or disorder
and alterations in cerebral folate transport) compared with those without an ASD diagnosis"”.

Recently, the heterogeneity of ASD was confirmed in a large study by Kuo et al.**. However, genetic ASD
research continues as if the role of genes in ASD is causal and not contributive. Indeed, MTHFR Ce67T is
the only variant that has been found to indicate genetic vulnerability for ASD diagnosis. More than 1000
genes involved in ASD were reported by Doi et al., who suggested that ASD is a neurodevelopmental
disorder (NDD) related not only to genetic but also environmental factors'*”. This approach is distinct from
that in previous manuscripts about genes and ASD. A new framework and research avenues are needed to
increase the quality of life of individuals diagnosed with ASD. Multiple studies about CMP in people with

26,41-44]

ASD have supported the need for new models! , especially considering the high rate of early death in
people with ASD"! among other important topics. Finally, a complete review* indicated that the evidence
accumulated during the last 20 years (but mainly the last 5 years) demonstrates that the genetic
commonalities among individuals with ASD are only associations and have no direct causation link, i.e.,

they are related to ASD risk and vulnerability but are not deterministic.

HOW THE ENVIRONMENT AFFECTS VULNERABLE NEWBORNS: THE ROLE OF CMP IN
TODDLERS AND INFANTS WITH ASD
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Over the last 5 years, many articles have been published in high-quality journals with new evidence
supporting the formation of models beyond the genetic model (GM) and neurodiversity model (NM). One
example is Panisi et al., who established that the epidemiological and clinical findings in ASD cannot be
explained by the GM". They supported the development of a “more fluid conception, integrating genetics,
environment, and epigenetics as a whole”. Indeed, a complex interplay of immune activation, dysbiosis, and
mitochondrial impairment/oxidative stress could affect neurodevelopment during pregnancy and
throughout life, leading to a concept of whole-body dysfunction in ASD. The authors proposed a
“multidisciplinary approach and interdisciplinary sharing of knowledge”.

Special issues of the Journal of Personalized Medicine about ASD in 2021"” and 2022"" include a plethora
of information about these topics from different research groups around the world. Recent manuscripts
have correlated ASD and autoimmune issues as autoimmune encephalitis®’ and presented sociological
aspects and clinical challenges for treating CMP in people diagnosed with ASD"™. There is a clear need for
models that take into account the complexity and heterogeneity of ASD and introduce new meaning to the
role of CMP. Even authors who support conventional models are aware of the need for a revised
approach™. For instance, Chen et al.*" concluded that, “there is a need to pause, rethink, and discuss an
intervention research agenda that better addresses the developmental and dynamic nature of Autism, and to
adopt methodological approaches that support the shift of focus from macro- to micro-level change, as well
as from static to dynamic prediction of change”. Recent reviews have emphasized the reemerging roles of
the immune system in ASD". Even when these aspects appear in the open literature, they are not
frequently analyzed in terms of clinical practice. Instead, research is frequently focused on searching for
biomarker(s) linked to certain genetic finding(s) to define epigenetics and then diagnosis and treatment.
The research focused on biomarkers derived from genetic studies at the brain only ignores the possibility
that the CMP, outside and at the brain, are the result of multiple genetic vulnerabilities interacting in
parallel and in sequence with the environment (water, air, soil) and the exposome (food, infections,
medications during the first 3 years of life, anesthesia, xenobiotics, and other biological stress sources)
through epigenetics. Therefore, the research does not focus on enhancing the daily life of the person with
ASD and the way in which his/her family addresses multiple CMP, their consequences, and concomitant
neurological and psychiatric medical problems as a whole.

Scheme 1 shows the different approaches in the GM and AIM for the detection of Groups/Subgroups in
people with ASD. Today, research about biomarkers in the GM is in the early stages because few validation
studies have been conducted, and the available studies did not consider biomarkers using adequate
comparison groups'™. After almost 50 years of continuous research, we are at the beginning of the third of
six steps, as shown in Scheme 1.

In the AIM, the CMP at the whole body level are first considered, properly diagnosed, and treated
(including but not limited to GI issues, allergies or sensitivities to food composition, infections, dysbiosis,
nutritional, metabolic, mitochondrial, biochemical, endocrinological, immune, and autoimmune issues, and
oxidative stress). The responses to treatment of the CMP would produce data regarding ASD groups and
subgroups and potentially reveal groups of biomarkers within subgroups. Neurological and psychiatric
medical issues are considered in the AIM in terms of individual presentation and severity. With this
stratification, research about genetic vulnerabilities (mutations and polymorphisms) is guaranteed and
genetic testing has an important place. However, even if the treatment of a CMP via the AIM does not
change ASD symptoms, the treatment is likely to improve the quality of life of the patient. In contrast, in the
GM, there is no clinical exploration regarding medical issues outside the brain, and CMP may remain

undetected, undiagnosed, and untreated.
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NO and
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Advanced Integrative Model (AIM)

Scheme 1. Different approaches in the Genetic Model (GM) and Advanced Integrative Model (AIM) with respect to CMP, biomarkers,
and genetic testing.

THE ROLE OF GENES AND GENETIC TESTING IN THE AIM FOR ASD

The GM, as presented in Figure 1, relates behavior to the effect of genes from conception to fetal prenatal
brain development in a deterministic manner. Even when epigenetics are considered, the focus of the field is
largely the prenatal life and the brain. In this model, the body, the system biology, and the postnatal
development of the whole body are not discussed. The CMP outside the brain in people with ASD are
dismissed as irrelevant with respect to the ASD core symptoms, and may also be considered compensation
effects related to the effect of genetic vulnerability. Many previous studies have demonstrated the need to
profoundly revise this application of the GM. The push to continue in this line of research has generated
profound divisions among the parents of people diagnosed with more severe ASD, and high need of
support, and people diagnosed with presentations of ASD that require less support.

The focus on genes as causation in ASD could diminish the value of genetic testing for those cases where it
is useful and even life-changing (i.e. mitochondrial disorders). Active research regarding the biomarkers of
ASD is focused on genetic findings, brain mechanisms****, and proteomics"*. The final goal is to detect
subgroups in people diagnosed with ASD using biomarkers, and to use this information to guide treatment.

Although this research has some important aspects, there are other approaches and mechanisms that are
related to the integration of genetics-epigenetics and the effect of the exposome on whole-body function,
which are centered on the CMP found in different ASD studies. For instance, a recent manuscript presented
a mechanism for the generation of ASD considering the whole body, the gut-brain axis, and the brain and
gut permeabilities™”.

Our previous manuscript presented a way to group individuals with ASD according to the individual
responses to treatments for CMP"". Three main groups can be identified depending on the response
(positive or null) to treatments for CMP. The first group overcomes the ASD diagnosis following the
treatment of CMP, the second group exhibits changes in ASD symptoms, i.e., a reduction in support needs
in response to the treatment of CMP, and the third group shows no changes in ASD symptoms.
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Figure 1. The GM of ASD from conception to behavior with genetic testing for all people diagnosed with ASD. ASD: Autism spectrum
disorder.

Figure 2 shows how genetic testing should be promoted in cases where static encephalopathy is suspected.
This is mainly when the presentation of symptoms is acute, from birth, or the diagnostic criteria for genetic
syndromes are met. When properly diagnosed CMP are present, treatment should be given opportunely
and rigorously. In the context of the AIM, the treatment of emerging CMP symptomatology can provide
clues about the dynamic and potentially reversible nature of encephalopathy. Because of systemic
involvement, system biology must be considered. In this sense, genetic susceptibility, on a continuum from
very mild to very strong, should be analyzed not only at the level of impact in neural synapses and receptors
but also in tissues outside the brain. Furthermore, genetic vulnerability should be analyzed in terms of the
whole-body impact on the development of CMP, including immune receptors, immune responses to
infections, immune components, gut permeability, and known genetic links to CMP such as autoimmunity
and dysbiosis. The risk of ASD should be analyzed in terms of risks of CMP, including barrier
permeabilities, autoimmunity, inflammation, and neuroinflammation with the potential to generate an
encephalopathic state. Figure 2 shows that the whole body must be considered and that the three-hit model
is useful for understanding the development of a potential encephalopathy as the underlying nature of
emerging ASD symptomatology at prenatal, neo-peri, and postnatal periods, beyond genetics. By
considering the correlations between whole-body inflammation and CMP outside the brain with other
neurological and psychiatric issues, this new model could bring together the fields of genetics, neurology,
psychiatry, and pediatrics in the context of personalized, translational medicine. CMP outside the brain are
considered key after ASD diagnosis in the AIM because they may contribute to the encephalopathy.
Considering the sex and age of the patient, we expect that application of the AIM will produce high-quality
evidence regarding the mechanisms underlying many psychiatric and neurological problems from
childhood to adulthood. To achieve this goal, genetic information must be analyzed in a new way with
respect to ASD. The role of genetics in an AIM is different, as the approach is a collaborative and
transdisciplinary way to personalize whole-body medicine to optimize psychological, emotional, cognitive,
and social health.

In the framework of AIM, children with an ASD diagnosis and strongly suspected syndromic autism would
qualify for CMA and Exome sequencing (ES). The goals in these cases are to know the causes, not to
diagnose, and if secondary findings are found, to complete the genetic evaluation. Recent results from



Page 438

From multiple genetic
polymorphisms to genetic mutations
and Chromosomic Alterations

Maternal
immune
activation

|

Genes
expressed in
brain and in

tissues outside
the brain

Exposome |

Chronic, dynamic, systemic
encephalopathy

Genetic

PYRIN Static encephalopathy

disorde; CMPD: concomitant medical problems to diagnosis.

Genetics and Epigenetics

Untreated
Biological
Medical

Problems

Ciolino et al. J Transl Genet Genom 2022,6:429-42 | https://dx.doi.org/10.20517/jtgg.2022.15

Neurological
Concomitant
Medical Problems

Medical issues to be

treated by
Pediatrician or

General Physician
Emerging symptomatology

Behavior, Emotion, Speech,
Stereotypes, Interests

Psychiatric Concomitant
Medical Problems

of Sex and Age

Figure 2. The AIM: role of the CMP and analysis of the response to treatments of CMP prior to genetic testing. ASD: Autism spectrum

Epigenetics

Familiar Antecedents of CMPs; prenatal,

neonatal, perinatal and postnatal Exposome

impact and consequences.

Genetic vulnerabilities.

Genetic
Model

Figure 3. The AIM, which considers whole-body dysfunction (brain and body outside the brain), and the inclusion of the GM. ASD:
Autism spectrum disorder.
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Ohashi et al. confirmed that only 10% of people with non-syndromic autism had findings of genes related to
ASD in the ES" as well as other genetic reports’. The authors were clear that the identification of gene
variants was not easy to interpret or apply in clinical practice.

CMP outside the brain and those related to known vulnerabilities in ASD should be evaluated, diagnosed,
and treated according to the protocols for syndromic and non-syndromic autism. Even in syndromic
autism (ASD with XFS" or Down’s syndrome!™), there are many CMP that should be diagnosed and
treated carefully.

Figure 3 shows the approach of the AIM and how the GM is included. The brain and body interact through
different pathways and mechanisms, and CMP outside the brain may influence neurological and psychiatric
CMP in people with ASD""**. The findings of genetic testing should not be considered as confirmation that
a patient’s overall presentation is solely related to genetics, especially given the exhaustive clinical studies on
CMP that are needed. Finally, genetic testing (CMA, Exome sequencing (ES)-EWS) may be useful when
applied to syndromic autism, for both the patient and his/her parents and caregivers. It enables clarification
of the overall situation and often provides clues regarding other medical issues.

CONCLUSION

*Whereas the GM assumes a linear relationship between a behavior and the effect of genes from conception
to fetal prenatal brain development, the AIM of ASD takes a transdisciplinary approach in which the whole
body must be considered. The AIM considers not only genetics but also epigenetics and neurological,
psychiatric, pediatric medical, environmental, exposome, emotional, and social factors via a
bio-psychosocial perspective.

*Genetic tests should be considered as a part of a complex frame in which their contributions are
acknowledged for particular medical genetic issues (such as Cornelia de Lange, DiGeorge, and FXS). This is
especially the case in children with developmental issues since birth or the first months of life or those with
clear symptoms of chromosomic differences (Down’s syndrome) and an ASD diagnosis. In individuals with
a genetic syndrome, regression is sometimes found with the subsequent diagnosis of ASD. Genetic testing is
important in individuals with clear signo-symptomatology of genetic diseases or vulnerabilities with
different complexity/presentation and evolution (such as polymorphisms in the MTHFR gene or
mitochondrial disorders). Based on the response to treatments of CMP in people with ASD, anamnesis,
dysmorphisms, and trajectory, genetic testing focused on specific subgroups could provide clues regarding
pathogenesis and etiology.

*Regression (as loss of social abilities, speech and behavioral changes) is very well explained by epigenetic,
environmental, and neo-peri-post-natal exposure factors. The AIM considers the permeability of the
intestinal barrier and the BBB as components of the model. Because regression is observed in nearly 90% of
people with ASD, it is necessary to ratify the whole body vision of ASD and the concept of an underlying
systemic encephalopathy, where genes are a vulnerability risk and not a determining factor. An integrative
approach is needed in ASD, and the three-hit model and dynamic and static encephalopathies should be
considered.

*Responses to treatment(s) of CMP in individuals with ASD allow the identification of main groups and
subgroups of people diagnosed with ASD. A paradigmatic shift in research is urgently needed, where the
genetic vulnerabilities in these different subgroups are categorized by responses to CMP treatments. This
information could give clues regarding the pathogenesis and etiology of non-syndromic and syndromic
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ASD, giving rise to the study of the mechanisms of generation of dynamic and static encephalopathy.

*A change is needed in the clinical approach for patients with an ASD diagnosis, where exhaustive clinical
exploration and proper diagnosis and treatment of CMP are conducted considering the complexity of ASD
(multi or hypermorbidity and heterogeneity). This is the first step to achieving health optimization,
introducing the use of non-medical therapies and optimizing their results.
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