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Introduction
Tuberous Sclerosis Complex (TSC, MIM#191100) is a multisys-
tem genetic disorder that affects many organs and systems, with an 
estimated birth incidence of 1:5,800.1 Symptoms and severity vary 
widely between individuals with hamartomatous lesions affecting 
various organs including brain, skin, kidneys, heart and eyes.2 

The disorder is caused by an autosomal dominant mutation 
in either the TSC1 gene3 on chromosome 9q34 or the TSC2 gene 
on chromosome 16p13.3,4 which code respectively for hamar-
tin (130KDa) and tuberin (200KDa). The TSC1-TSC2 protein 
complex indirectly inhibits a downstream signaling pathway, the 
mammalian target of rapamycin (mTOR). As a result of either 
gene mutation, mTOR overactivation may produce disrupted 
synaptic plasticity, reduced autophagy, abnormal neuronal mor-
phology, and abnormal cell growth and proliferations.5

The Central Nervous System (CNS) is affected in more than 
90% of individuals with TSC; pathological lesions include cor-
tical and subcortical tubers, subependymal nodules, giant cells 
astrocytomas and white matter migration lines, which may alter 
various aspects of intracellular functions and may produce neu-
rological signs and symptoms such as epilepsy and neuropsychi-
atric disorders.2 

TSC is associated with a wide range of neuropsychiatric man-
ifestations, including intellectual disability (ID), autism spec-
trum disorder (ASD), and attention deficit hyperactivity disorder 
(ADHD).2 About 50% of individuals present normal intellectual 
ability, while the remaining half has different level of cognitive 
impairment. Epidemiological findings suggest an over represen-
tation of severe and profound intellectual disability in TSC.6 

TSC represents one of the syndromic forms most strongly 
associated with a high prevalence of ASD, together with Fragile 
X syndrome.7, 8 However, despite recent advances in molecular 
genetics, the underlying causes of ASD remain largely unknown. 
Nevertheless, the recent identification of monogenic forms of 
ASD, like TSC, has provided new insights for the identification 
of treatment targets; clinical trials with syndromic forms of ASD 
are now ongoing.

ASD is a lifelong condition with an early onset character-
ized by persistent deficits in social communication, as well as 
restricted and repetitive patterns of behavior.9 The co-occurrence 
of ASD and TSC has long been recognized, and autistic-like 
symptoms were first observed by Critchley and Earl in 1932 who 
described 29 individuals with impaired social contact, repetitive 
and stereotyped behaviour, absent or abnormal speech and social 
withdrawal.10 The presence of autistic traits in infants with TSC 
can be evident even within the first 12 months of life; most of 
these children show a specific deficit in play that is evident from 
early infancy, associated with impairment in communication and 
social interaction, and poor quality of eye contact.8, 11 After the 
second year of life, other behavioral problems such as overac-
tivity, repetitive and ritualistic behaviors, and temper tantrums, 
become evident.8 

Despite studying different TSC populations with different 
geno-phenotype profile, all the epidemiological studies of ASD-
TSC revealed a surprising high incidence of ASD, which ranged 
between 17% and 63%.12 Numis et al., in a single cohort of 103 
patients evaluated by a single neuropsychologist, found a 40% 
ASD prevalence.13 Although it is well established that ASD is 
much more frequent in individuals with TSC than in the gener-
al population, the underlining reason of this association remains 
largely unclear. Moreover, despite TSC is increasingly diagnosed 
early in development, only few studies prospectively evaluated 
the early onset of ASD and developmental delay in infants with 
TSC.11,14 

Nevertheless, the epidemiological picture clearly shows that 
TSC is a weighty risk factor for the development of ASD. Con-
sequently, it would be useful also to understand which subjects 
with TSC present with the highest risk of developing ASD, so to 
identify possible strategies to prevent or to shrink some of the 
future symptoms of ASD and/or autistic like behaviors. 

As already highlighted, due to complexity of the association 
between TSC and ASD and the still limited understanding of 
their multiple risk factors, primary prevention interventions are 
not yet feasible. However, the identification of early or very early 
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signs and phenotypes might become an important secondary pre-
vention tool, with the aim to reduce and modify the impact of the 
disease. In TSC associated ASD, this can be done by detecting 
and intervening as soon as possible to modify the developmental 
trajectory of the child and/or to prevent long-term adverse out-
comes. Aim of this paper is to discuss potential factors for an 
increased risk of ASD in TSC, and possible secondary prevention 
strategies in ASD associated with TSC. 

Potential Factors for an Increased Risk of 
ASD in TSC
Potential factors of a clinical association between ASD and TSC 
include genetic mutations, structural brain abnormalities and ep-
ilepsy. 

Genetic mutations
In mouse models/preclinical studies, TSC2 mutations cause more 
severe histologic abnormalities and more severe neurological 
phenotypes than TSC1 mutations.15 Recent evidence and geno-
type – phenotype studies have shown that some genetic mutations 
may cause a higher risk to develop ASD. Patients with ASD in 
comparison with patients without ASD were significantly more 
likely to have TSC2 mutations.13 

A specific relation with autism in mutations occurring in the 
hamartin interaction domain of TSC2 has been reported as well.13 

Structural brain abnormalities
In early studies, the high comorbidity of ASD and TSC had 
been suggested by the presence of tubers localized in temporal 
lobes.16 A higher tuber number has been described in patients 
with TSC2 mutations.17 However, early attempts to differentiate 
TSC children with or without autism on the basis of structural 
cortical-subcortical tubers led to inconsistent results. More re-
cently, several attempts have been made to differentiate these two 
groups on the basis of white matter functional integrity, which 
has been analyzed by means of Diffusion Tensor Imaging (DTI). 
Abnormal connectivity in the corpus callosum and the arcuate 
fasciculus have been observed trough structural whole-brain con-
nectivity maps.18

Furthermore, tuber brain proportion and/or white matter ab-
normalities have been identified as potential risk factor for poor 
cognitive outcome for ASD.19, 20 Widespread DTI abnormalities 
have been detected in children with ASD and TSC compared 
to children with TSC without ASD, suggesting microstructural 
changes in myelination, axonal integrity, or extracellular envi-
ronment.18 Lastly, cyst-like tubers have been reported to be more 
numerous in children with than without ASD.13 

Seizures
Epilepsy affects up to 85% of the individuals with TSC, being 
much more frequent and more refractory in patients with the 
TSC2 mutation. Early age onset seizures, infantile spasms and 
the persistence of severe seizures have been commonly identified 
as potential risk factors for autism, with early age at seizure onset 
being the only independent risk factor for adverse neurodevel-
opmental outcome.8,20 In a cohort of 103 TSC patients, earlier 
age onset seizure, higher frequency and refractory seizures, and a 
greater amount of interictal epileptiform abnormalities in the left 
temporal lobe were associated with higher risk of autism.13 

Mechanisms of actions may be various. Firstly, the electro-
physiological disturbances may interfere with activity dependent 
mechanisms involved in synaptogenesis and dendritic arborisa-

tions, and may disrupt the proper establishment of social cog-
nitive representation in the left temporal region.21 Interestingly, 
persistent seizure activity might disrupt brain connectivity in 
areas crucial for the normal development of cognitive and emo-
tional functions, including the cingulum and temporal trunk.22 
Finally, the timing of seizure onset and the frequency of seizures 
are associated with ASD, where seizures occurring in early de-
velopmental stage, – during the critical period of synaptogenesis 
– activate mTORC1, contributing to epileptic networks and autis-
tic-like behaviors in later life.23 

The mTOR signaling pathway plays a role in regulating 
numerous cellular processes in the developing brain, including 
neuronal cell morphology GABAergic interneurons develop-
ment, white matter connectivity, number and shape of synaps-
es.24 Therefore, the final common pathway in the development 
of an autistic brain may be a neuronal connectivity perturbation 
in which abnormalities of local network information processing 
can interfere with the development of appropriate long-range 
connections among affected brain regions.25 Altered interneuron 
development, including a disruption in GABAergic interneurons, 
may account for an abnormal balance of excitation and inhibition 
that can explain the concomitant presence of epilepsy and ASD 
in infants with TSC.

Early Detection of Autistic Traits and 
Relationship with Developmental 
Impairment in TSC
Early age deficits in visual reception and fine motor ability at 
age of 6 months might predict future deviations of the devel-
opmental trajectories.14 Also the use of clinical instruments for 
ASD screening, such as the Autism Observation Scale for Infants 
(AOSI), by the age of 6 months, demonstrated more atypical so-
cial behaviors in visual tracking, disengagement of attention, and 
anticipatory responses. By the age of 9 and 12 months, abnormal-
ities were also observed in eye contact, orienting to name, motor 
control and behavior. The early delay in the visual domain leads 
to difficult early visual perception, placing these infants at higher 
risk of deficits in social function. The visual impairment might 
be explained by the TSC mouse model, where there is evidence 
of aberrant structural connectivity in visual projections, which 
appear more diffuse and less organized.26 This early sign seems 
to be specific of the TSC population and differ from the other 
“red flags” identified for idiopathic forms of ASD, such as social 
babbling or orienting to name. 

Children with TSC and ASD present a more significant devel-
opmental delay than those with TSC without ASD.11,14 In particu-
lar, in both 24- and 36-month-old children, those with autism had 
the lowest scores in all developmental quotients, those diagnosed 
with ASD had scores in the middle of the range, whereas those 
without autism/ASD had the highest scores.11,14 At 12 months, 
the association between ASD and developmental impairment 
reached statistical significance for visual reception and receptive 
and expressive language, and these results were confirmed also at 
the 36 months follow-up.11,14  

The developmental trajectories of infants with TSC seem to 
be strictly correlated with ASD diagnosis. In fact, ASD patients 
showed no change in full developmental quotient between 2 and 
3 years, but they experienced a significant decline in non-ver-
bal quotient between 12 and 36 months; on the other hand, the 
non-ASD group showed significant developmental gains in the 
non-verbal quotient, but not in verbal abilities.14 Finally, the 
majority of children with TSC, regardless of their diagnosis of 
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autism/ASD, showed impairments in playing, thus suggesting a 
common developmental deficit in all children with TSC, with a 
wide spectrum of severity that determines the diagnosis of au-
tism/ASD.11,14 

Preventive Potential of Early 
Interventions
Early interventions
Despite the fact that infants with TSC have a strong neurobio-
logical basis for their abnormal developmental trajectories and 
have a higher susceptibility for autism, this doesn’t preclude the 
potential efficacy of an early intervention far before the age of 24 
months. Actually, today it is possible to identify early deviations 
from the expected developmental trajectories in some subgroups 
of high risk infants. 

The importance of an early identification of ASD in children 
under the age of 2 years is crucial to initiate an early treatment 
that could ameliorate its disabling effects by making use of the 
greater brain plasticity of the early ages. Research studies in an-
imal models of syndromic ASD revealed that an enhanced en-
vironmental stimulations could ameliorate the effects of a wide 
range of neurological challenges.27,28 Therefore, it is essential to 
identify predictive preclinical markers in infants with TSC aged 
6-12 months. 

Treatment strategies should be individualized and targeted at 
improving social communication function as well as broader de-
velopmental domains associated with ASD, before the onset of 
autism symptoms. In this view, recent models of the early emer-
gence of autistic signs in children at risk for ASD propose that 
early intervention designed to promote early social engagement 
and reciprocity could potentially remit or reduce the expression 
of symptoms in several high-risk populations.29 

A number of prospective studies of infant siblings of ASD 
children have also demonstrated that improvements in par-
ent-infant synchrony could hypothetically lead to improvements 
in child dyadic communication and reductions in ASD symp-
toms.30,31 Parent-infant relationship-focused intervention, aimed 
at eliciting more frequent functional communication and rela-
tionship and stimulating social brain circuitry, could be a good 
model of treatment also for children with TSC. For all these rea-
sons, clinical trials on prospective neurodevelopmental assess-
ment and more targeted interventions for these high-risk infants 
are warranted.

Targeted treatments
Among all the mentioned factors that increase the risk for ASD 
in TSC, only seizures might be potentially preventable, and it 
is believable that early detection and treatment of both epilep-
tiform abnormalities and clinical seizures in TSC could change 
the course of the disorder. In a growing number of pregnan-
cies, prenatal diagnosis of TSC is possible by detecting cardiac 
rhabdomyomas and cortical tubers; in these cases it is therefore 
possible to identify infants at high risk of severe epilepsy and/
or ASD.2 Seizures are preceded by a latent period of epilepto-
genesis, during which epileptiform abnormalities might appear 
in the EEG32,33 (Figure 1). Early detection and prompt control of 
seizures and epileptiform EEG abnormalities play a crucial role 
in preventing subsequent epileptic encephalopathy and in reduc-
ing the cognitive and behavioural consequences of epilepsy.34 

Vigabatrin is known to be particularly beneficial in TSC associ-
ated infantile spasms,35 and this specific efficacy might be due not 
only to the GABAergic effect but also – at least in part – to mTOR 
inhibiting activities.36 A shorter gap between seizure onset and start 
of treatment with vigabatrin could reduce the risk of epileptic en-
cephalopathy and the appearance of profound ID and ASD, while 
minimizing the effects of early life seizures. However, antiepilep-
tic treatment given during the period of epileptogenesis and before 
any clinical detectable seizures could show even a better efficacy,37 
with a high ratio of patients achieving seizure freedom and fewer 
children with profound ID and severe ASD. However, the optimal 
timing for administering vigabatrin is still matter of debate, and a 
multicentre study aimed to answer this question is currently ongo-
ing (EPISTOP: Long-term, Prospective Study Evaluating Clinical 
and Molecular Biomarkers of Epileptogenesis in a Genetic Model 
of Epilepsy – Tuberous Sclerosis Complex – NCT02098759).

In Figure 2 we illustrate the possible cascade of events gen-
erated by the mutation of one of the two genes leading to mTOR 
activation, and the pre- and post-epileptic window for secondary 
prevention of seizures and autism in infants with TSC. New re-
search is showing that mTORC1 signaling is already activated 
in various brain cell populations, including dysmorphic neurons 
within the dysplastic cortex and giant cells within the subcor-
tical white matter in foetal tubers.38 This mTOR over-activity 
causes the possible underlying pathologic substrate for seizures, 
TSC-related seizures, and encephalopathy. Different windows of 
opportunity for the prevention of the development of seizures and 
associated neurobehavioural disorders is therefore possible.

Figure 1: Evolution of the EEG pattern at 3, 4 and 5 months of age (a, b, c), which shows the tendency of epileptiform 
abnormalities to become multifocal.
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Rapamycin, a selective inhibitor of mTOR complex, reversed 
learning deficit in a Tsc2+/- mouse, even when administered in 
adulthood. A subsequent study on a mouse model of early onset 
epilepsy and autism, demonstrated that rapamycin was able not 
only to reduce seizure susceptibility, but also to attenuate autis-
tic-like behaviours.23,24 There is also some preliminary clinical 
evidence of beneficial effects of mTOR inhibitors, including 
rapamycin and its analogue everolimus, on autistic symptoms 
in a few patients.39 Several clinical trials are already in prog-
ress to investigate neurocognitive disorders and autism in TSC, 
as well as the possible efficacy and safety of mTOR inhibitors 
(Efficacy of RAD001/Everolimus in Autism and NeuroPsycho-
logical Deficits in Children With Tuberous Sclerosis Complex 
(RAPIT) – NCT01730209; Rapalogues for Autism Phenotype 
in TSC: A Feasibility Study (RAPT) – NCT01929642; Trial of 
RAD001 and Neurocognition in Tuberous Sclerosis Complex – 
NCT01289912). There is a critical need to evaluate the effica-
cy of mTOR inhibition in infants and young children with TSC 
for the assessment of optimal developmental neurocognitive and 
behavioural outcomes. Both basic and clinical science evidence 
thus suggest that mTOR inhibitors could be a rational candidate 
for preventing the development of these specific disorders.40 

Future Perspectives for Prevention and 
Treatment of ASD in TSC
As described, mTOR dysregulation could play a direct role in 
determining susceptibility to ASD, cognitive impairment, and 

Figure 2: Summary of the cascade of events resulting from the mutation of the TSC1/2 genes and taking place already 
during fetal life. Poorly controlled seizures are significant risk factors for adverse neurobehavioral and neurocognitive 
outcomes. Pre and post epileptic windows for secondary prevention are theoretically possible in infants with TSC. The early 
treatment with vigabatrin might reduce or suppress seizures thus decreasing the risk of subsequent ID/ASD; while mTOR 
inhibitors might directly act on both seizures and behavioral phenotypes.

epilepsy. Seizures could have an addictive effect, increasing 
the likelihood of the development of autistic like behaviours, 
even if the TSC1/2 gene mutation may be sufficient to lead to 
social deficits.41 A better understanding of the early biomarkers 
of developmental outcome can give us a specific therapeutic 
window in which early targeted treatment could obtain better 
benefits, thus maximizing their efficacy. An early use of viga-
batrin has been found to be associated with a significant re-
duction of neurobehavioral symptoms later in life, but it is not 
able to fully revert the outcomes. The results of the ongoing 
multicenter study EPISTOP will give us some more informa-
tion on the optimal timing for initiating treatment in high risk 
infants, and to understand if a preventative treatment can – at 
least in part – modify the natural history of the disease. Preven-
tative trials with mTOR inhibition as antiepileptogenic treat-
ment could be now designed in pre-symptomatic infants under 
the age of 24 months to evaluate if this strategy could have 
preventative or disease modifying effects, prolonging seizure 
freedom, inhibiting evolution toward an epileptic encephalop-
athy, and preventing or mitigating intellectual disability and 
ASD symptomatology. 
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