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Figure 1. The role of mTOR pathway in regulation of
translation and factors influencing it (according to Amorim
et al. [141] in the authors’ modification)

Ras — small GTPases; Raf — proto-oncogenic serine/threonine-
protein kinase; BDNF — brain-derived neurotrophic factor;
4E-BPs — elF4E-binding proteins; Akt — protein kinase B (PKB);
elF3 — eukaryotic initiation factor 3; elf4A — eukaryotic initiation
factor 4A; elfdE — eukaryotic initiation factor 4E; elF4G —
eukaryotic initiation factor 4G; ERK — extracellular signal-regulated
kinase also known as mitogen-activated protein kinase (MAPK);
GBL — G protein B subunit-like; MEK — mitogen-activated
protein kinase kinase; Mnk1/2 — mitogen-activated protein (MAP)
kinase-interacting serine/threonine-protein kinases 1/2; mTOR —
mammalian target of rapamycin; mTORC1 — mammalian target of
rapamycin complex 1; off — repression of translation; on — active
translation; P — phosphorylation site; PI3K — phosphoinositide
3-kinase; PTEN — phosphatase, product of PTEN gene;
RAPTOR — regulatory-associated protein of mTOR; TSC —
tuberous sclerosis protein; asterisks show the sites of possible
impairments contributing to ASD development due to mTOR

overactivation

Translation initiation

homolog deleted on chromosome 10), since PTEN
(lipid phosphatase), a negative regulator of the mTOR
signaling pathway, is involved in neuroplasticity [142].

Fragile X syndrome is Ilinked to mTOR
hyperactivation. After the application of mTOR
inhibitors (everolimus and sirolimus, rapamycin) on
the models of the mutant mice with increased mTOR
activation, an improved condition of the animals was
observed [143]. Notably, even in adult model mice,
treatment with rapamycin led to prolonged regeneration
of potentiation; improvement in behavior and learning
also was noted illustrating the reversibility of behavioral
disorders in autism [144] (Figure 1).

It is interesting to note that low levels of mTOR
activity are associated with Rett syndrome [140]. BDNF
protein (brain-derived neurotrophic factor) binds to the B
(TrkB) tyrosine kinase receptor and activates a variety
of intracellular signaling pathways including mTOR.
The reduction of the protein level and mRNA BDNF is
considered to contribute essentially to the Rett syndrome
pathophysiology. This protein is being studied in other
ASD [145].

Armeanu et al. [146] report that BDNF participates
actively in neuroplasticity and normal development
of the nervous system. However, multiple previous
investigations of its concentration in the blood plasma
and serum show contradicting results in the ASD
individuals. The meta-analysis of the available data
demonstrates an increased BDNF level in the blood
of patients with ASD in contrast to schizophrenia or
bipolar disorder. The authors explain the obtained data
by the activation of the protein synthesis in synapses in
autism.
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Conclusion

The conducted analysis of the current literature
sources on the mechanisms of autism spectrum
disorders proves polyetiologicity, complexity, and
multifactorial nature of this group of diseases related to
the disorder of brain development and functions. The
majority of researchers today are convinced that autism
is a genetically determined illness. However, not every
individual possessing candidate genes develops autism
spectrum disorder, and if the disease develops it may
have different degree of severity. The epigenetic factors
and factors of external environment are able to activate by
various ways the conversion of the nervous system to the
autistic type. These factors must act at the early stages
of the nervous system formation — at the perinatal and
early postnatal periods, i.e. actually we may speak about
aberrant neuroplasticity in the critical moments of the
nervous system development. However, the mechanisms
by which these factors influence the development of
aberrant neuroplasticity in autism spectrum disorders
need further studies and clarification.

In 2013, Essa et al. [93] showed that excitotoxicity and
oxidative stress are pathological events which modulate
interconnection between genetic, ecological, and
immunological risk factors for autism. A large number
of the explored mechanisms of ASD pathogenesis are
in the bulk linked to excitotoxicity and impairment of
the cell redox balance with activation of the oxidative
stress reactions. But the question whether the cause
inducing excitotoxicity and oxidative stress (for example,
neuroinflammation) is primary or vice versa the oxidative
stress and excitotoxicity provide conditions for the
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Figure 2. Involvement of glutamate excitotoxicity in various ASD-forming mechanisms
Asterisks note the factors which may be activated due to genetic causes; dotted lines designate the supposed initial causes

of ASD

development of ASD is solved by the researchers in
different ways. A single picture on this problem has
not been formed yet and undoubtedly requires special
attention to this issue. It is worth mentioning that the
mechanism of excitotoxicity development is an integral
part of the molecular mechanism of aberrant plasticity
(Figure 2).

In this connection, the possibility of using glutamate,
GABA, oxytocin, serotonin, dopamine; combination of
IL-6 and serotonin, ratios of various interleukins; enzyme
activity of mitochondrial electron transport chain and,
S0 on, is considered as diagnostic criteria, meaning
that there is no unified biosensor at present time which
would be highly selective and sensitive in autism
spectrum disorders. This is extremely important as
medical rehabilitation must start at the very early stages
of autistic disorder formation. Additional investigations,
meta-analysis of data using specialized databases (“dry
biochemistry”) are required to form a complete picture
of the ASD nature. Their high prevalence demands
stirring up researcher activity in this direction. This will
help elaborate a more effective therapeutic strategy in
regeneration of physiological homeostasis in patients
as well as in creation of unified generally recognized
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diagnostic criteria within the frames of evidence-based
medicine.
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