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Autismo … da una prospettiva sistemica



Disturbo dello spettro autistico (ASD) 

 Disturbo del neurosviluppo caratterizzato da
 Difficoltà nella comunicazione e nella interazione sociale

 Interessi ristretti e comportamenti ripetitivi

 3 livelli di gravità

 Esordio nei primi anni di vita
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Placenta: Prediction
of Future Health

Materno Fetal Stress

..recently, the fetal programming mismatch theory has been 
transformed into the key-moodel theory of DOHAD..
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The genome
is a complex network 
made up of 

DNA sequence, 
+

dynamic and 
responsive structure 

of histones 
+

"epigenetic" cloud of 
molecules 

(methyl  and acetyl 
groups, enzymes, 
transcription factors, 
microRNAs ) 



• Genes need to be 
told to switch 
OFF and  ON

• DNA is a random 
collection of 
words from 
which a 
meaningful story 
of life may be 
written

Strohman C., 2003



1995

Initial cellular responses are epigenetic in 
nature and involve the selection of 
adaptive responses from a bewildering
array of molecular possibilities. 



ULTRAFINE PARTICLES

ENDOCRINE DISRUPTORS

HEAVY METALS

ENVIRONMENT is as a restless stream of information interacting with cells 
[membrane /transmembrane receptors, signal transduction proteins, 
nuclear receptors, genome (DNA + Epigenome)] forcing them to adapt

• DIET
• DRUGS
• MICROBIOTA
• SOCIAL INTERACTIONS
• STRESS (HORMONES)



The Individual wiring

Neuronal migration and the 
construction of the synaptic 
network might be disturbed 
by the exposure to 
environmental stressors





The wiring of the nervous system takes place
on the basis of the experiences provided by 
the environment, which reach the brain 
through the senses. 
These include the immune system.



From AUTISM …
BEHAVIOR

GENETICS



…  to AUTISM SPECTRUM DISORDERS

BEHAVIOR

FLUID NETWORK

COMORBIDITIES



DIAGNOSIS

EBM
Psychoeducational

interventions

Prospettiva DOHaD: 
una chiave di lettura per ASD







The rate of persistent crying was
significantly higher in the ASD group
than in the control group (32% vs 9%, 
P < 0.001). The relative risk of 
persistent crying was 4.40 in ASD. 
The likelihood of being
misdiagnosed with IC in this group
was 78%. 
Conclusion: Infants with excessive
crying should be very thoroughly
evaluated before being diagnosed
with IC. In particular, persistent crying
in infants (i.e. excessive crying with 
late onset and long duration) may be 
an early symptom of ASD. ?







Front Cell Neurosci. 2018; 12: 405



The metabolic activity of 
placental mitochondria leads
to oxidative stress even in 
normal pregnancy which is
exacerbated further in IUGR, 
diabetic and pre‐eclamptic
pregnancies and may also
give nitrative stress known to 
lead to covalent modification
and hence altered activity of 
proteins. Hypoxia, oxidative
and nitrative stress all alter 
placenta development and 
may be a general underlying
mechanism that links altered
placental function to fetal
programming. 









traiettoria di fragilità possibile VS fotografia di un danno inevitabile e irreversibile    



Epilepsy

Disorders of  puberty

Fluctuations
(fever/PANS-PITAND)

Regressions

Psychopathology

An open issue:

Co-occurring
medical conditions



NEUROINFLAMMATION
OXIDATIVE STRESS

MITOCHONDRIAL 
IMPAIRMENT

GENETIC/GENOMICS
EPIGENETIC/EPIGENOMICS

ENVIRONMENTAL 
FACTORS

GUT-BRAIN AXIS

Research in ASD: 
WHAT  TOPICS?

IMMUNE 
RESPONSE



“…We demonstrate an active neuroinflammatory process in the cerebral cortex, 
white matter, and notably in cerebellum of autistic patients. Immunocytochemical
studies showed marked activation of microglia and astroglia, and cytokine
profiling indicated that macrophage chemoattractant protein (MCP)–1 and tumor
growth factor–β1, derived from neuroglia, were the most prevalent cytokines in 
brain tissues. CSF showed a unique proinflammatory profile of cytokines, including
a marked increase in MCP-1. Our findings indicate that innate neuroimmune
reactions play a pathogenic role in an undefined proportion of autistic patients, 
suggesting that future therapies might involve modifying neuroglial responses in 
the brain”

Vargas et al, 2005; 57 (1): 67-81



Genetic associations with immune-related genes

Family history of autoimmune diseases

Maternal infections, inflammation and autoimmunity infection during pregnancy

Autoantibodies directed toward CNS proteins

Elevated serum titres of antibodies

Inadequate quantity and quality of serum immunoglobulins

Alterations of mitogen-induced proliferation

Reduced number of total lymphocytes

Impairments of the CD4/CD8 T cells ratio

Defective T cell activation

Reduced NK cytotoxicity

Alterations in the Th1/Th2 cytokine balance 

Dysregulation in apoptosis mechanisms

ASD and immune dysfunction





S. Horsburgh et al, 2015



Saulnier et al, 2013

The Relationship Between Microbiome, Gut, and Brain 





Rescigno M
How the interplay between antigen presenting cells and microbiota tunes 
host immune responses in the gut 
Seminars in Immunology, Volume 24, Issue 1, 2012, 43 - 49



Allergy Cancer

Diabetes

Autoimmunity





The gut microbiota is shaped in early infancy



Gut-brain axis

De Theije et al Eur J Pharmacol. 2011 Sep;668 Suppl 1:S70-80



Review 

Role of Microglial M1/M2 Polarization in Relapse and 
Remission of Psychiatric Disorders and Diseases 
Yutaka Nakagawa 1 and Kenji Chiba 2,*  

Pharmaceuticals 2014, 7, 1028-1048; doi:10.3390/ph7121028 

Microglia are nervous
system-specific immune 
cells serving as tissue-
resident macrophages
influencing brain 
development, 
homeostasis, response to 
injury and repair. 

As influenced by their
environment, microglia
assume different
phenotypes and shift
functions to maintain
tissue homeostasis





Dae‐Wook Kang, 2018

Two years after treatment was
completed, most improvements in GI 
symptoms were maintained, and autism-
related symptoms improved even more 
after the end of treatment. Important
changes in gut microbiota at the end of 
treatment remained at follow-up, 
including significant increases in bacterial
diversity and relative abundances of 
Bifidobacteria and Prevotella. Our
observations demonstrate the long-term
safety and efficacy of MTT as a potential
therapy to treat children with ASD who
have GI problems, and warrant a double-
blind, placebo- controlled trial in the 
future. 





Catassi et al



Diet and Lifestyle Before, During
Pregnancy and in Early Years



Front Cell Neurosci. 2018; 12: 405



Nervous Child, 1943; 217-250





• Sintomi GI  4X
• Diarrea  >3X
• Stipsi >3X
• Dolore addominale>2X









Sintomi gastrointestinali in ASD

 ASD  GI + : maggiore ansia, irritabilità e ritiro 
sociale (Nikolov et al. 2009). 

 I problemi comportamentali (comportamenti 
autolesivi, aggressività, irritabilità, disturbi del 
sonno) potrebbero essere manifestazioni di 
fastidio o dolore ad origine gastrointestinale (Buie 
et al. 2010). 

 Elevata correlazione tra la disfunzione/patologia 
intestinale e la severità dell’autismo per i domini 
di linguaggio, comportamenti e interazione sociale. 
(Adams et al. 2011). 



G.A. 15 a
Paziente autistico con storia di stipsi moderata  con  un alvo ogni due giorni, non precedenti interventi chirurgici 
né  ricoveri per patologie organiche.
Trasferito in data 24.12.18 da altro nosocomio per occlusione intestinale. 

Dott G Selvaggio, Ospedale Buzzi, Milano

Intervento chirurgico in urgenza di laparotomia 
esplorativa 
Riscontro di necrosi transmurale di circa 150 cm. 
Eseguita resezione parziale leale , 
confezionamento di stomia Ileale a stomi separati 

Si osserva sovradistensione delle anse intestinali, con diffuso 
ispessimento delle pareti dell'intestino tenue e del colon, cui si 
associa pneumatosi parietale in sede digiunoileale medio-
distale e del tratto prossimale del colon discendente





Esofagite ed Enterocolite 
eosinofila



Pain

F. Balzola



Pain

F. Balzola



self-injuring and self-stimulatory behaviors

F. Balzola



Increase in the abdominal press



F. Balzola









Martin N., 2015



… more research is needed to prove conclusively fever-specific effects
and elucidate their underlying biological mechanisms (possibly
involving immunologic and neurobiological pathways, intracellular
signaling, and synaptic plasticity). 



 PANDAS: Pediatric Autoimmune Neuropsychiatric Disorders

 PANS: Pediatric Acute-onset Neuropsychiatric Syndrome

 PITAND: Pediatric Infection-Triggered Autoimmune Neuropsychiatric Disorder

 PFAPA: syndrome: Periodic Fever; Aphthous, Pharyngitis, Adenitis



S. Horsburgh et al, 2015



People with ASD 
have an early
and systemic
(whole body)

disorder

!!

!

hypersensitivity





Isaiah & Joshua



Metabolic pathways
disrupted in ASD

M.L.Delhey 2018



S. Horsburgh et al, 2015



Gurung et al, 2015





Mitochondrial membrane potential (MMP) and the accompanied strong electromagnetic field
(EF) might be a key regulatory factors of nuclear activity. Mitochondrial emitted EFs
extend in long distance and affect the function of nuclear membrane receptors. Depending
on their frequencies, EFs can directly activate or deactivate different groups of nuclear
receptors and so determine nuclear gene expression. One of the key features of the 
above hypothesis is that nuclear membrane receptors, besides their own endoge-nous or 
chemical ligands (hormones, lipids, etc.), can also be activated by electromagnetic signals. 

Medical Hypotheses 85 (2015) 810–818 



Storing information within chromatin
allows selective access to specific DNA 
sequences by regulating the various
levels of chromatin structure from 
nucleosomes, to chromatin fibers, 
loops and topological associating
domains (TADs) using mechanisms that
are being progressively unravelled. 
However, a relatively unexplored
aspect is the energetic cost of 
changing the chromatin configuration
to gain access to DNA information. 



July 2018 | Volume 9 | Article 1605 

Angajala et al, 2018



Two major metabolic abnormalities
associated with ASD are mitochondrial
dysfunction and oxidative stress. The 
inter-connection between these two
metabolic abnormalities is well known: 
oxidative stress causes
mitochondrial dysfunction and 
dysfunctional mitochondria
produce ROS.
Both intrinsic and extrinsic stressors
can cause detrimental effects by 
increasing ROS and/or reducing
mitochondrial function. 
In children with ASD, the reduced
form of GSH, the major intracellular
antioxidant responsible for maintaining
redox homeostasis and reducing ROS 
in the cytosol and mitochondria, is
usually deficient





Modulazione della disponibilità di ossigeno nella 
persona con autismo: 

dalla prevenzione primaria alla disabilità grave

Gravidanza

Neonato e lattante a rischio

Persone con autismo
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Research in ASD: 
WHAT  TOPICS?

… AND HOW ?

IMMUNE 
RESPONSE





The rate of persistent crying was
significantly higher in the ASD group
than in the control group (32% vs 9%, 
P < 0.001). The relative risk of 
persistent crying was 4.40 in ASD. 
The likelihood of being
misdiagnosed with IC in this group
was 78%. 
Conclusion: Infants with excessive
crying should be very thoroughly
evaluated before being diagnosed
with IC. In particular, persistent crying
in infants (i.e. excessive crying with 
late onset and long duration) may be 
an early symptom of ASD. ?



Autism Spectrum Disorder: suggestions for a paradigm shift
Panisi C, Burgio E, Ghezzo A, Grossi E, Guerini F, Marini M, Migliore L, Saresella M, Fanos V 

Working Paper
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