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Abstract

This manuscript reviews the mechanisms that contribute to the production of the autism spectrum disorder (ASD), especial-
ly the genetic and immunological components. Knowing the participating elements and mechanisms are essential to estab-
lish preventive measures and look for early markers. The ASD can have subtle or devastating manifestations, and exerting
immunomodulatory actions could be useful in the management of these patients. There seems to be different environmental
insults that may act as triggers in genetically predisposed subjects; these insults can promote an inflammatory response in
which interleukin-6 could participate actively at the level of neural stem cells and progenitors. The degree of involvement in
neurogenesis and astrogenesis, and therefore, the observed clinical spectrum will depend on two facts that alter the neural
circuits, including the brain region that loses proper input or output connectivity due to abnormal migration of a group of
neurons, and the astrocytic survival.
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La patogenia del trastorno del espectro autista

Resumen

Este manuscrito revisa los mecanismos que contribuyen a la produccidn del trastorno del espectro autista (TEA), especial-
mente los componentes genéticos e inmunoldgicos. Conocer los elementos y mecanismos participantes es fundamental para
establecer medidas preventivas y buscar marcadores tempranos. EI TEA puede tener manifestaciones sutiles o devastadoras,
y ejercer acciones inmunomoduladoras podria ser util en el manejo de estos pacientes. Parece haber diferentes agresiones
ambientales que pueden actuar como desencadenantes en sujetos genéticamente predispuestos; Estas agresiones pueden
promover una respuesta inflamatoria en la que la interleucina-6 podria participar actuando activamente a nivel de células
madre neurales y progenitores. El grado de implicacion en la neurogénesis y la astrogénesis, y por tanto, el espectro clinico
observado, dependerd de dos hechos que alteran los circuitos neuronales, incluida la region del cerebro que pierde la
conectividad de entrada o salida adecuada debido a la migracién anormal de un grupo de neuronas, y la supervivencia
astrocitica.
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Introduction

The autism spectrum disorder (ASD) is a neurode-
velopmental disorder characterized by repetitive, ste-
reotypical behavior, deficiencies in communication and
social interactions, including deficiencies in social
reciprocity, in nonverbal communicative behaviors, and
in the skills to develop, to maintain and understand
social relationships'. Leo Kanner described autism in
1943; at that time, it was considered to affect 4-5/10,000
children; in 2011, the incidence was 1 per 110 children
in the United States and one per 64 in the United King-
dom. At present, about 1, in 59 children under the age
of eight, have been diagnosed with ASD according to
the Developmental Disabilities Monitoring Network, and
predominates in boys, with a ratio of 4:12. ASD is mul-
tifactorial: a mother and an embryo with genetic sus-
ceptibility, probably exposed to external triggers such
as infections, toxins, environmental pollutants, and nu-
tritional deficiencies, and/or to internal factors (autoim-
mune diseases) that condition an inflammatory state in
which the microglia and numerous cytokines, especial-
ly interleukin 6 (IL-6), exert actions that negatively affect
the structure and functionality of the developing brain.
Knowing the participating elements is essential to es-
tablish preventive measures and look for early markers.
The ASD can have subtle or devastating manifesta-
tions, and exerting immunomodulatory actions could be
useful in the management of these patients. Therefore,
our objective is to present a current overview of the
pathogenesis of the ASD, specially focused on the ge-
netic factor and the immune system, for which a review
of the literature was carried out using the terms, patho-
genesis, immunology, and genetics of ASD.

Genetics

The genetic factor is important. If one identical twin
is affected, the other will present the problem in 36-
95% of cases. In non-identical twins, the other is af-
fected about 0-31% of the time. And parents who have
a child with ASD have a 2-18% chance of having a
second child, affected®. Neurodevelopment is influ-
enced by innate and environmental factors that can
modify synapse plasticity, brain structures, cognition,
and behavior®. There is an interaction between multiple
genes to give the autistic phenotype. Heritability in ASD
is about 50 or 55%?°. Genes related to neurodevelop-
ment such as TEX 49 (LINC00935) and CCNT1 are
implicated in ASD and in reading disabilities®. Further-
more, genes that code for proteins related to the
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immune system are involved. It is important to have a
general idea of the genes involved in autism, since, as
will be seen later, in embryonic processes, the partici-
pation of cells of the immune system is important for
tissue molding. A large exome sequencing study
showed 102 genes involved in risk for ASD. Most of
them are expressed in excitatory and inhibitory neuro-
nal lineages, affect synapses, regulate other genes or
are related to the immune system’.

HLA system

The DR4 allele of the MHC is one of the susceptibility
markers for certain autoimmune diseases, such as
rheumatoid arthritis, hypothyroidism, and autoimmune
diabetes. Compared to controls, children with ASD had
significantly increased numbers of HLA-DR*CD4+,
HLA-DR*CD8*, CD28*HLA-DR*, HLA-DR*CXCR4*,
and HLA-DR*CCR7+ cells®. Boys with ASD and their
mothers have a higher frequency of DR4 than subjects
with normal development®. Increased relative risk for
autism has been observed with HLA hypervariable re-
gion 3 of DRB1*0401 in children from North America
and China®. Furthermore, ASD children have increased
frequency of the null allele of the C4B gene. This gene
encodes the basic form of complement factor 4, part of
the classical activation pathway and is located in the
major histocompatibility complex (MHC) Class Il re-
gion, on chromosome 6'°.

RELN gene

The RELN gene codifies a protein called reelin that
activates a signaling pathway that triggers neurons to
migrate to their proper locations. After birth, reelin par-
ticipates in the extension of axons and dendrites, the
regulation of synaptic plasticity, and the release of neu-
rotransmitters. The homozygous mutations lead to
brain hypoplasia, developmental delay, and epilepsy.
However, heterozygous mutations in RELN are related
with the ASD'™.

SHANK3 gene

It encodes a protein that acts as a scaffold that sup-
ports the connections between neurons, ensuring com-
munication between them; the protein participates in
the formation and maturation of dendritic spines. Alter-
ations in this gene, including the 22q13.3 deletion, ap-
pear to be related to ASD. Lymphoblasts of individuals
with ASD show reduced expression of this gene™.
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MET gene

MET gene encodes a member of the receptor tyro-
sine kinase family of proteins. When this receptor binds
to the hepatocyte growth factor, it dimerizes and has a
role in cellular survival, embryogenesis, and cellular
migration and invasion. In the human brain, this gene
is highly expressed in temporal, occipital, and medial
portions of the parietal lobes. At least, two common risk
alleles have been identified. Postmortem analysis of
temporal cortex of ASD patients showed 50% reduced
levels of MET protein in the superior temporal gyrus.
MET signaling has a role not only in neocortical and
cerebellar growth and maturation, but also in gastroin-
testinal repair, and immunological competence, func-
tions that have been reported as abnormal in children
with autism's,

CNTNAP2 gene

The CNTNAP2 gene (contactin associated protein 2),
located in chromosome 7g35-g36.1, encodes a mem-
ber of the neurexin family which functions as cell ad-
hesion molecule and receptor in the central nervous
system (CNS). It is also involved in localization of po-
tassium channels within differentiating axons. FOXP2
encodes a transcription factor involved in the regulation
of numerous genes, including CNTNAP2. Both genes
have been related to autism and language disorders
although some authors have not confirmed these find-
ings'. On the other hand, FOXP1 gene has elevated
expression in ASD subjects and functions as a tran-
scription repressor, forming a heterodimer with FOXP2'4.

SLC6A4 gene (5-HTTLPR gene)

Solute carrier family 6, member 4 gene, encodes a
membrane protein that transports serotonin from
synaptic spaces into presynaptic neurons. Autism pa-
tients have shown linkage/association with S/L alleles
of 5- HTTLPR locus, with over transmission of S alleles.
In animal models, mothers under prenatal stress having
the low activity allele had an increased risk for au-
tism-like characteristics in the offspring'.

Activation of the immune system

Nervous and immune systems are in constant com-
munication. Reactive antibodies have been isolated
from the CNS and there is evidence of intraplacental
transmission of mother to fetus antibodies resulting in

ASD. There appears to be an immune dysfunction in
ASD; inflammatory mediators, including serum and
brain antibodies, inflammatory serum cytokines,
chemokines, and adhesion molecules have been
documented. Autoimmune phenomena such as hyper-
activity of monocytes, rapid responses of NK, decrease
of both, regulatory cells, and IL-10 production have also
been found'®.

Cells of the immune system

Phagocytic cells/Microglia

The microglia cells located in CNS cell, when activat-
ed, become macrophages. It is known that andro-
gen-induced increases in endocannabinoid tone,
promote microglia phagocytosis during a critical period
of amygdala development. Phagocytic microglia en-
gulfs more viable astrocytic newborn cells in males; in
females, less phagocytosis allows more astrocytes to
survive to the juvenile age'”. Therefore, microglia have
an important role in neurodevelopment and ASD is
precisely, a neurodevelopmental disorder. Microglial
cells responds to type-2 alarmin, and to IL-33, derived
from astrocytes, to promote synaptic pruning in the
reticular thalamic nucleus, as well as the hippocam-
pus'®. Microglia are able to regulate programmed neu-
ronal death, participate in promotion of synaptogenesis,
and strip excess synapses from developing neurons
allowing the integration of functional neuronal circuits.
Deficits in synaptic pruning play a role in ASD where
either hyperconnectivity and/or hypoconnectivity are
observed across the amygdala, pre-frontal cortex, and
components of the default-mode network'.

T cells

Th17, Th1, Th2, and Th regulatory (Treg) cells
participate in the progress and development of neuro-
logical disorders. Treg cells prevent the development of
immune diseases and inhibit self-reactivity. Children
with ASD have significantly fewer T cells, but also a
larger number of activated Th17 and myeloid dendritic
cells (mDCs) compared to children without autism.
There is an imbalance in the Th17/Treg relationship with
marked deviation towards Th17; furthermore, the num-
ber of Th17 cells correlates positively with the severity
of the disease, while Treg cells have a negative correla-
tion?. Signal transducer and activator of transcription
3 (STAT3) and GATA-3 pathways appear to be primarily
involved. Th17 is regulated by the translocation of STAT



to the nucleus where it promotes the transcription of
related orphan receptor gamma (RORyt); the regulation
of mRNA and expression of STAT3 are increased in
patients with ASD?. In murine models, activation of
nuclear factor erythroid 2 related factor (Nrf2) amelio-
rated autism-like symptoms through suppression of
Th17 related signaling and rectification of oxidant-anti-
oxidant imbalance in both, periphery, and brain. The
transcription factor Nrf2 is related to antioxidant and
anti-inflammatory genes; sulforaphane is an activator
of Nrf2. In mice, the treatment with sulforaphane cor-
rected Th17 immune dysfunction and oxidant-antioxi-
dant imbalance in neutrophils and cerebellum?'.

Forkhead Box P3 (Foxp3) is the most important
transcription factor in the proliferation and function of
Treg lymphocytes. Foxp3 is also expressed in glial cells
and inhibits inflammation-induced neuronal excitability
by attenuation of TLR4 signaling and inflammation; T
cell suppresses pro-inflammatory T cell responses di-
rected against “self” antigens and favors the resolution
of immune responses that can harm the body. In fact,
the genetic variant rs2232365 is associated with ASD
in dominant inheritance model??.

T cell immunoglobulin and mucin domain-3 (TIM-3)
or T helper (Th)-specific type | membrane protein, and
its ligand, galectin-9 have an important role in Th1 im-
munity and tolerance induction because downregulate
Th1 responses. TIM-3 has regulatory functions
extended to Th17 cells, CD4 (+) CD25 (+) Treg, CD8 (+)
T cells, and certain innate immune cells. In fact, In-
creased numbers of CD3*TIM-3*, CD4*TIM-3*, CD8*
TIM-3*, CD11a,b*TIM-3*, CD14*TIM-3*, CD62P*TIM-3*,
and CXCR5*TIM-3* cells have been documented in
children with ASD as compared with controls. These
children also have increased production of IL-1B*TIM-3*,
[FN-y*TIM-3*, and IL-17*TIM-3*, and decreased produc-
tion of Foxp3*TIM-3* compared with controls. In this
way, TIM3 could be considered as an early marker of
ASD?. In the other hand, histopathological and immu-
nohistochemical studies in the ASD brains have shown
perivascular cuffs of predominantly CD3+T lympho-
cytes with less proportion of CD20* B lymphocytes and
CD8* over CD4* T lymphocytes. The number of lym-
phocytes in those cuffs correlates with the quantity of
astrocyte-derived round membranous blebs. Membra-
nous blebs are cytotoxic reaction to lymphocyte attack
and produce damage to the BBB with increased vas-
cular permeability at the at periventricular white matter,
and in the subpial region of the cerebral cortex®.
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B cells

A systemic mitochondrial dysfunction has been re-
ported in ASD and a subset of ASD patients could have
a genetic predisposition to mitochondrial/antioxidant
insults; B-lymphocytes in these patients show less
growth suppression and less mitochondrial proliferation
when exposed to dichlorodiphenyldichloroethylene, es-
tradiol, and dihydrotestosterone?®. In addition, CT gen-
otype in rs10001565 of CD157/BST1 gene, also referred
to as bone marrow stromal cell antigen-1 (BST-1) con-
fers susceptibility to ASDs, at least in Japanese pa-
tients. CD157 is a glycosylphosphatidylinositol-anchored
molecule that promotes pre-B-cell growth?.

Natural killer cells (NK)

NK cells are innate lymphocytes activated by infected
cells, foreign cells, and neoplastic cells. Many patients
with autism have a reduction of a mature lymphocyte
subpopulation of natural killer cells CD57(+)CD3(-).
CD57* NK cells differentiate from CD569mCD57-; ac-
quisition of CD57 represents a shift toward a higher
cytotoxic capacity. Reduced number of circulating
CD57+ NK cells and/or impaired NK cell cytotoxicity is
associated with autoimmune disease, suggesting that
cytotoxic CD57* NK cells may play a regulatory role,
preventing, or suppressing autoimmune disease (AD).
A high frequency of AD in children with autism has
been described?’.

In high-functioning ASD adult patients, a high level
of NK cell activation has been observed with sponta-
neous degranulation and interferon-gamma production
when compared with healthy controls, whereas these
cells become exhausted after in vitro stimulations?.
The profile HLA-DR*KIR2DL1*NKG2C* NK-cell was ob-
served in ASD patients. This overexpression of NKG2C
is indicative of viral infections, and it was inversely
correlated with the NKp46 receptor level?®. On the other
hand, NK cells are activated by the interaction between
killer-cell immune globulin-like receptor (KIR) and the
HLA ligands. Class | alleles (HLA-A2 and HLA-G 14
bp-indel) and three activating KIR genes: 3DS1, 2DSH,
and 2DS2 have increased frequencies in autism
populations?®.

Dendritic cells

Dendritic cells are antigen-presenting cells; children
with ASD have significantly higher percentages of
mDCs and plasmacytoid dendritic cells (pDCs) than
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controls. Amygdala volume and repetitive behavior in
children with ASD are related to the increase in the
frequency of mDCs®.

Mast cells

In children, ASD and atopy have increased in inci-
dence in recent years. Mast cells participate in type |
hypersensitivity reactions; stress and environmental
stimuli activate mast cells, to produce immunomodula-
tors that alter the functionality of BBB and cause mi-
croglia activation, leading to abnormal synaptic pruning
and dysfunctional neuronal connectivity, that in combi-
nation with the corticotropin-releasing hormone
secreted under stress, may contribute to the pathogen-
esis of ASD?'.

Humoral components

The relationship between the immune system and the
nervous system is complex; there are cytokines that
directly affect the function and development of neural
tissue, for example, IL 1, 6, and 12. In addition, immune
dysfunctions in this disease lead to the generation of
antibodies.

Cytokines

An imbalance of Th1- Th2 cytokines in the cerebro-
spinal fluid (CSF) of children with ASD has been
demonstrated. Furthermore, lower concentration of an-
ti-inflammatory cytokines IL-10 and IL-1Ra®?, and higher
plasma levels of IL-1B, IL-6, IL-8, and IL-12p40 have
been observed in ASD patients compared to controls®?,
Some ASD children show excessive innate immune
responses with higher concentration of TNF-a. in plas-
ma and CSF compared to controls®*. In murine models,
maternal immune activation induced by pathogens
during pregnancy changed the cytokine expression
profile in maternal and fetal organs and correlated with
TNFo and IL-18 dysregulation®. In addition, cortical
neurons of frontal and temporal lobes involved in
learning and memory are more susceptible to cyto-
kine-induced inflammation through the NF-kB signaling
pathway. There is evidence of aberrant expression of
NF-xB in the orbitofrontal cortex in autopsy material in
humans?®®. In mice models, high levels of IL-6 in the
brain are related to alterations in excitatory and inhibi-
tory synaptic formations and to abnormal dendritic
spines in the cerebellum; IL-6 over-expression promoted
the formation of granule cell excitatory synapses,

without affecting inhibitory synapses®. High levels of
IL-6 have been documented in maternal serum and
amniotic fluid of children that later on, developed au-
tism. In animal models, it was found that circulating IL-6
levels, two-fold above baseline, increased the plate-
let-derived growth factor (PDGF)-responsive multipo-
tent progenitor, the phosphorylated STAT3, and the
Fbxo15 expression, and decreased Dnmt1 and TIx ex-
pression; the evident consequence was decreased as-
trogliogenesis in the frontal cortex, proving that
inflammation is able to alter neural stem cells and
progenitors®

Antibodies

Maternal autoimmunity is a risk factor for having a
child with autism (rheumatoid arthritis, celiac disease,
psoriasis, systemic lupus erythematosus, and
autoimmune thyroid disease); also, a family history of
type | diabetes increases the risk. Children born to moth-
ers with autoimmune disease are 34% more likely to
develop ASD?®. During critical windows of fetal life, ma-
ternal immune response has a long-lasting impact on
neurodevelopment. Mothers with autoantibodies to the
37 and 73 kDa fetal brain bands (found only in ASD)
have in 95% of the cases, a functional variant in the 5’
promoter of the gene encoding the MET receptor tyro-
sine kinase. The MET promoter variant, rs1858830MET
is a G-to-C single-nucleotide polymorphism (SNP) called
the ‘C’ allele that confers susceptibility for the production
of those autoantibodies. Furthermore, this allelic variant
is associated with decreased levels of IL-10, a crucial
anti-inflammatory cytokine®. Antibodies to the 37 and
73 kDa fetal brain bands recognize several developmen-
tally regulated proteins in the fetal brain. These proteins
are lactate dehydrogenase A and B; stress-induced
phosphoprotein 1, that in combination with cellular prion
protein participate in neuritogenesis and neuronal sur-
vival; Guanine Deaminase (GDA) with an important role
in dendritic branching of hippocampal neurons; collapsin
response mediator proteins 1 and 2 that are required for
proper growth cone collapse and adequate cell migration
and axon-dendrite specification: and Y-box binding pro-
tein 1(YBX1). These antibodies are associated with lower
adaptive and cognitive function as well as core behaviors
associated with autism*°.

Allergic reactions

Mostafa et al. observed allergic manifestations (bron-
chial asthma, atopic dermatitis, and/or allergic rhinitis)



in 52% of autistic patients, significantly higher than in
controls*'. Some children with ASD have gluten and
casein intolerance. IgE-mediated allergic diseases can
aggravate behavioral symptoms and may be
under-diagnosed in part due to the impaired communi-
cation skills of these children. Allergy is associated with
activation of mast cells, innate lymphoid cells, and
Th2 cells, and production of type-2 cytokines (IL4 and
IL13), which favor the M2A phenotype in microglia and
macrophages. These cells produce brain-derived neu-
rotrophic factor (BDNF) and insulin-like growth factor-1.
In neurons, these growth factors activate the enzyme
mammalian Target of Rapamycin (mTOR), and inhibit
autophagy. Redundant synapses are removed by
autophagy*2.

Neuroinflammation and brain alterations

As mentioned, pro-inflammatory cytokines profile
(NF-xB, TNF -o, IFN-y, MCP-1, TGF-p1, IL-6, IL-18,
and IL-17) is a key component of autism'®. Further-
more, there is evidence of structural changes in the
CNS of individuals with autism. Head circumference
is significantly larger in autistic patients compared to
control individuals, and around 16 % of autistic indi-
viduals had macrocephaly*®. Several studies have
shown cortical abnormalities like dysplasia and
heterotopia, as well as reduced neuronal, and cyto-
plasmic volumes in the majority of examined areas
compared to age-matched controls; also, thickening in
the subependymal layer and significant increase in
neuropil, in the frontopolar region and the anterior
cingulate; slower pruning of spines in the temporal
lobe with greater spine density in adolescence has
been shown. Other alterations include: abnormal per-
sistence of vascular remodeling in the superior tem-
poral cortex; increased diffuse density of microglia;
abnormal overgrowth of neurons in prefrontal cortex;
significantly smaller pyramidal neurons in the inferior
frontal cortex, and alterations at the cellular level in
specific areas of the brain that are associated with
ASD behaviors, such as fusiform gyrus, frontoinsular
and cingulate cortex, hippocampus, amygdala, cere-
bellum, and brainstem**. Controlled neuroinflamma-
tion plays a role in the normal development and
maintenance of the dendritic spines involved in gluta-
matergic and GABAergic neurotransmission, and also
influences blood-brain permeability. Cytokines re-
leased from microglia can impact the length, location
or organization of dendritic spines on excitatory and
inhibitory cells as well as recruit and impact glial cell
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function around the neurons. However, uncontrolled,
dysfunctional neuroinflammation may have negative
effects on brain development. It seems that the symp-
toms of ASD are the consequence of abnormal circuit
wiring during embryonic development*s.

Gestational influence

Gestation is a state of risk for the mother and the
product. Bacteria and viruses are able to produce an
immune-inflammatory response during pregnancy
that could be a risk factor for neurodevelopmental
disorders including ASD and schizophrenia; pro-in-
flammatory cytokines are able to cross the placenta
and cause damage in the CNS. Mice studies suggest
that Th17 cells (RORyt-expressing) and IL-17 are re-
quired in the maternal immune activation (MIA) model
for induction of ASD-like phenotypes in offspring. In
MIA offspring, abnormal expression of TNFa, and a
reduction in the expression of the synaptic organizing
proteins cerebellin-1 and GIuR§2 have been de-
scribed. Alteration in synaptic proteins is associated
with a deficit in the ability of Purkinje cells to form
synapses; in these models, male offspring is more
affected®. In a murine-model, early dietary supple-
mentation with Vitamin D, due to its immunomodula-
tory and neuroprotective effects, was able to mitigate
or prevent neurodevelopmental disorders following
maternal inflammation?6.

Intestinal microbiota

There is a microbiota-gut-brain axis. Microbiota are
able to influence on brain function via microglial-in-
duced synaptic pruning. The newborn has an immature
brain and to have the right intestinal flora at early post-
natal stages is very important. There is a dysbiosis in
ASD children, which may influence the development
and severity of ASD symptomatology. The microbiota
of these children are composed of the phyla Bacteroi-
detes, Firmicutes, and Actinobacteria. Among Egyptian
children, those with ASD had two types of Clostridium
(Clostridium diffiicile and Clostridium clostridiioforme)
not found in neurotypical children, whereas neurotypi-
cal children yielded only one species (Clostridium ter-
tium) not found in the ASD children*’. The metagenome
is the set of microbial genes present in a given envi-
ronment or ecosystem. Investigations of both, metage-
nome and the effect of the microbiota on the functionality
of the nervous system are ongoing.
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Associated pathogens

Influenza viruses, herpes simplex virus and rubella,
urinary tract bacteria, and toxoplasma have been linked
to the development of ASD. Human endogenous retro-
viruses (HERVSs) are assumed to be remnants of retro-
viruses infections resulting from ancestral infections
that were integrated into the genome and transmitted
to offspring. These HERVs respond to external stimuli
and can somehow modulate the immune response if
they are located in strategic places; in fact, high expres-
sion levels of HERV-H in blood of autistic patients have
been demonstrated“®.

Vaccination

A Nationwide Cohort Study in Denmark found no
significant difference between vaccinated (Measles,
Mumps, Rubella) and unvaccinated children in relation
to the frequency of autism*.

Discussion

ASD is a multifactorial pathology, characterized by
dysregulation of various components, including gene
expression and the immune system. It is important to
recognize which genes are involved in the disorder and
how their altered expressions contribute to the problem.
Alterations in immune responses mediated by cyto-
kines, pro-inflammatory factors, and the cellular com-
ponent, have been associated with neurodevelopmental
disruption. Allergies, maternal immune activation, viral
infections, and exposure to toxic substances converge
in the inflammatory process. The marked increase in
the incidence of autism in the last decades is probably
related to environmental phenomena that deregulate a
precisely controlled inflammatory process throughout
fetal neurodevelopment, conditioning permanent
changes in the structure of CNS. Inflammation is capa-
ble of altering neural stem cells and progenitors, there-
by altering neurodevelopment and the proper functioning
of neural circuits. A critical situation with ASD is that
although several pathophysiological mechanisms in-
volved are known, there are very few that can be tar-
geted by drugs. Therefore, therapeutic efforts have
focused on the reestablishment of the excitatory/inhib-
itory balance described in this pathological spectrum.
Besides glutamate and GABA receptors, serotonergic,
oxytocinergic, dopaminergic, and cannabinoid systems
have been implicated in autism, and more recently, G
protein-coupled receptor heteromers have been

described (mGlu2-5HT2A, mGlu5-D2-A2A, D2-OXT,
CB1-D2, D2-5HT2A, D1-D2, D2-D3, and OXT-5HT2A)%°.
There is still a long way to go in the therapeutic re-
search of ASD.

Conclusion

Several environmental insults may act as triggers in
genetically predisposed subjects; these insults can pro-
mote an inflammatory response in which IL-6 could
participate acting at the level of neural stem cells and
progenitors. The moment of appearance of the insult
and its intensity will determine the degree of damage to
neurogenesis and astrogenesis and to neuronal circuits
and therefore, the clinical spectrum of the disease.
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