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Rilevanza clinica e preclinica dei fattori ambientali implicati
nel disturbo dello spettro autistico

Alessio Masi
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* Parte 1: concetti generall

* Parte 2: Ruolo del fattori ambientali nella ezio-patogenesi del Disturbo dello
Spettro Autistico (DSA)

* Parte 3: Valore predittivo dei modelli animali indotti da fattori ambientali
(esposizione prenatale ad acido valproico)
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Disturbo dello Spettro Autistico (DSA): concetti generali

Sintomi:

1. Deficit di socialita
2. Comportamento stereotipato,

ripetitivita
3. Difficolta nella comunicazione 1. Disturbo autistico _—
verbale e non verbale 2. Disturbo disintegrativo
dell'infanzia — DSA
3. Asperger
4. Sindrome di Rett ]
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Disturbo dello Spettro Autistico (DSA): concetti generali

Fisiopatologia

L. . . Typically Developing mp &
* Alterazioni diffuse nella sinaptogenesi e

nella connettivita strutturale e funzionale

Autism Spectrum

* Alterazioni diffuse nella densita Disorders
neuronale
* Alterazioni nelle proprieta elettriche Group Differences mp

intrinseche del neuroni

Lee Keown et al., Cell Rep 2013
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Disturbo dello Spettro Autistico (DSA): concetti generali
Sintomi assoclati:
* Cognitivi (deficit intellettivo)
* Neurologici (epilessia)
* Emotivi (ansia, Irritabilita)
Autismo sindromico: malattie genetiche con presenza di fenotipo autistico
* Sindrome dell’X fragile
* Sindrome di Down

* Complesso della Sclerosi Tuberosa
* Sindrome di Dravet

WWW;Sitox.org
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PARTE 2

[ fattori ambientali nella ezio-patogenesi del DSA

WWW;Sitox.org



Prevalence of autistic spectrum disorder, 2019

Share of the total population with autistic spectrum disorder, which is inclusive of autism and Asperger Syndrome.
This prevalence is age-standardized to compare between countries and with time.

[

Source: IHME, Global Burden of Disease
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Prevalenza (1990)

Prevalence of autistic spectrum disorder, 1990 m

Share of the total population with autistic spectrum disorder, which is inclusive of autism and Asperger Syndrome.
This prevalence is age-standardized to compare between countries and with time.
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Prevalence of autistic spectrum disorder, 1990 m

Share of the total population with autistic spectrum disorder, which is inclusive of autism and Asperger Syndrome.

This prevalence is age-standardized to compare between countries and with time.
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DSA: fattori genetici ed ambientali

Genetics 62%

S _ Relative contributions of genetics and environment
Common variants .
> >1000 alleles, in ASD
each associated with very low risk - Based on twin and familial studies, it is estimated that
. Raelnhealied SR | the genetic and environmental contributions to ASD are

1g21.1(dup); 15q11.2 (del); 16p11.2 B
16p12.1 (del); 16p13.11;17g12 (dup) ... approximately 50% and 50%.
> Rare Inherited SNVs : , Most of the inheritable part seems to be due to common

CNTNG, SHANK1, SHANK2, NRXNT ... . : . .
variants observed in the general population, with a

Heritability 52% small contribution from rare variants.

(inherited variants)

denovoCNVs: 2.9%
Williams-Beuren syndrome

Potocki-Lupski syndrome . .
Smith-Magenis syndrome 5 Huguet e Bourgeron, 2016 «Genetic Causes of Autism

22q13 (del); 9934 (del); 1 ”
16p11.2; 1721.31 (del) ... Spectrum Disorders”.

——3 de novo SNVs (LGD) : 6.6 %
SHANK3, CHDS, DYRK1A,
GRIN2B, KATNALZ, RIMS1, SCN2A,
POGZ, ADNP, ARID1B, TBR1 ...

Environment 48%
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DSA: fattori ambientali

* [Eta parentale

* Parita

* Diabete ed obesita materna

* Infezioni e/o stati infiammatori durante la gravidanza
* Complicazioni durante il parto

* Farmaci in gravidanza (SSRI, antiepilettici)

* Inquinanti (pesticidi, additivi, particolato)

* Metalli pesanti (Hg, Cd)

* Vaccinazioni pediatriche

WWW;Sitox.org
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DSA: fattori ambientali

* [Eta parentale
* Parita
* Diabete ed obesita materna
* Infezioni e/o stati infiammatori durante la gravidanza
* Complicazioni durante il parto
* Farmaci in gravidanza (SSRI, antiepilettici)
* Inquinanti (pesticidi, additivi, particolato)
* Metalli pesanti (Hg, Cd)
Vneeinazioninediatriel
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DSA: fattori ambientali
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= Decreasing ASD risk
Protective Factors

Gialloreti et al., J. Clin. Med 2019

Note: Risk- and Protective factor areas have different scales
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DSA: fattori ambientali

Ma attenzione ai fattori confondenti!

Es: I'associazione tra DSA e SSRI in
gravidanza ¢ significativa in molti studi, ma
la significativita si perde correggendo per il
fattore «depressione materna», cio¢
I'indicazione stessa alla base della terapia.

Reproductive Toxicology 65 (2016) 170-178

Contents lists available at ScienceDirect

Reproductive Toxicology

journal homepage: www.elsevier.com/locate/reprotox

Autism spectrum disorder and prenatal exposure to selective
serotonin reuptake inhibitors: A systematic review and meta-analysis

Tohru Kobayashi (MD PhD)*", Tasuku Matsuyama (MD)*¢, Masanobu Takeuchi (MD)?,
Shinya Ito (MD)®9:*

* Division of Clinical Pharmacology and Toxicology, The Hospital for Sick Children, Canada

b Division of Research Planning, Department of Development Strategy. Center for Clinical Research and Development, National Center for Child Health and
Development, fapan

© Department of Emergency Medicine. Kyoto Prefectural University of Medicine, Japan

“ Motherisk Program, The Hospital for Sick Chiidren, Canada

@ CrossMark
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Valproic acid (VPA)

H.C Depakin 200 mg
3 compresse gastroresistenti
OH sodio valproato
H3C Uso orale
O 40 compresse SANOFI\J

* Uso approvato come antiepilettico, stabilizzante dell'umore. Molto utilizzato perché efficace su tutte le
forme di epilessia (assenze, crisi tonico-cloniche).

* Farmacodinamica complessa: agisce sui canali del sodio e del calcio voltaggio-dipendenti e sulla
trasmissione GABA.

* Gl effetti teratogeni dovuti anche all’azione di inibizione dell’enzima istone deacetilasi (HDAC) che
controlla la trascrizione ed ¢ responsabile di effetti epigenetici.

WWW;Sitox.org
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Assoclazione tra esposizione prenatale a VPA e DSA

BN ORIGINAL CONTRIBUTION

Prenatal Valproate Exposure and Risk
of Autism Spectrum Disorders

and Childhood Autism

Jakob Christensen, PhD

Therese Koops Grenborg. MSc

Merete Juul Serensen, PhD
Diana Schendel, PhD

Erik Thorlund Parner, PhD

Lars Henning Pedersen, PhD

Mogens Vestergaard, PhD

PRENATAL VALPROATE AND AUTISM

Table 2. Association Between Any Maternal Use of Valproate During Pregnancy and Autism Spectrum Disorder and Childhood Autism

™ Person-Years

Hazard Ratio (95% CI)

1 I Absolute Risk Over

Valproate Exposure ! Live Births, No. |l at Risk No. With Disorder Crude Adjusted® | 14y, % (95% CI)
i | Autism Spectrum Disorder 1

Yes H 508 1 4880 1 3.0(1.8-5.1) 209(1.7-49 | 4.42(259-7.46)

No : 655107 | 5793387 5423 1 [Reference] 1 [Reference] I 1.52 (1.47-1.58)
I I Childhood Autism |

Yes . 508 | 4801 9 5.4 (2.8-10.4) 52(27-100) | 2.50(1.30-4.81)

No . 655107 I 5803842 2058 1 [Reference] 1 [Reference] I 0.48 (0.45-0.51)

2Adjusted for matemal age at conception, paternal age at conception, parental psychiatric history, gestational age, birth weight, sex, congenital malformations, and parity.
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Assoclazione tra esposizione prenatale a VPA e DSA
Linee guida EMA su VPA in gravidanza

* If possible, an alternative to valproic acid should be used in women of
reproductive age.

* [If valproic acid 1s the only option, women should use effective contraception and
should be closely supervised.

* Women taking valproic acid should also take 4mg ot folic acid daily to reduce the
risk of birth detfects in the setting of unplanned pregnancy.

Pharmacovigilance Risk Assessment Committee (PRAC)
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PARTE 3

Valore predittivo dei modelli animali indotti da fattori ambientali
(esposizione prenatale ad acido valproico)
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Modello animale (ratto) da esposizione prenatale a VPA

£
>
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Caratterizzazione comportamentale: «face validity»

Homing behavior test (P13) Social interaction test (P30-35)
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[1 sistema meso-limbico nel social deficit del DSA

doi:10.1093/brainfawy 191 BRAIN 2018: 14(; 2795-2805 | 2795

A JOURNAL OF NEUROLOGY

Deficits in mesolimbic reward pathway underlie
social interaction impairments in children with
autism

Kaustubh Supekar,"* John Kochalka,'* Marie Schaer,'? Holly Wakeman,' Shaozheng Qin,"?
Aarthi Padmanabhan' and Vinod Menon'**

The tMRI study was performed on 82 children aged
7—13 years with autism spectrum disorder and age-,
gender-, and intelligence quotient-matched typically
developing children.

...evidence for structural aberrations in white
matter tracts linking the nucleus accumbens and
the ventral tegmental area in children with autism
spectrum disorder
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Caratterizzazione elettroﬁsiologica su tessuto cerebrale ex vivo

Intrinsic
excitability

v

Whole-cell Patch

Ejecods
X

Sicss pipette

- G
lon channel
; X
¥ Call

. . .)‘;ﬁe«cca:e :
Excitation/inhibition

balance in local
network

Neuroni spinosi medi (MSN)
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Effetti di VPA prenatale sull’eccitabilita deit MSN del nucleus accumbens
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Effetti di VPA prenatale sull’eccitabilita deit MSN del nucleus accumbens
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Effetti di VPA prenatale sull’eccitabilita deit MSN del nucleus accumbens

1) Quali sono 1 pathway cellulari responsabili del fenotipo?

2) Esiste una relazione tra questo fenotipo neuronale ed il fenotipo comportamentale
presente nel modello?

WWW;Sitox.org
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I1 pathway mTOR nei disturbi del neurosviluppo

_\0(\/\ Kotajma Murakar ef ol Moleculor 8rain  (2019)123
— hetps/idolorg/10.1186/513041.018.-0423-2
nawre —r — e

COMMUNICATIONS

Molecular Brain

e — Effects of rapamycin on social interaction @
oPEN deficits and gene expression in mice
mTOR-related synaptic pathology causes autism exposed to valproic acid in utero

spectrum disorder-associated functional
hyperconnectivity
Marco Pagani@ "2, Noemi Barsotti3, Alice Bertero'3, Stavros Trakoshis*5, Laura UlysseS, Andrea Locamo’,

leva Miseviciute’, Alessia De Felice!, Carola Canella', Kaustubh Supekar®, Alberto Galbusera® ', Vinod Menon®,
Raffaella Tonini® 7, Gustavo Deco®®, Michael V. Lombardo® 5701, imo P o3 g

o= f
Alessandro Gozzi® 10.13 wk B Vehick:
160 B8 Rapamycin
O
140 l
.
120 —_— .

Active interaction (s)
@ =3
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I1 pathway mTOR nei disturbi del neurosviluppo

Hormones Nutziants Mitochondria

Growth
Factors

Stress

Autophagy
Cell

structure (Perluigi et al., Neurobiol Dis., 2015)

Protein
Synthesis Cell
Gri
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I1 pathway mTOR nei disturbi del neurosviluppo

Rapamicina (Rapamune, Everolimus, Sirolimus) ¢ un antibiotico macrolide ricavato dal batterio
Streptomyces Hygroscopicus, endemico dell'isola di Pasqua (Rapa Nui).

Immunosoppressore, utilizzato per prevenire le crisi di rigetto nei trapianti d’organo.

[ suoi effetti farmacologici sono dovuti all'inibizione di mTOR (mammalian/mechanistic Target Of
Rapamycin).

WWW;Sitox.org
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Trattamento acuto post-natale con rapamicina
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Trattamento acuto post-natale con rapamicina
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Trattamento acuto post-natale con rapamicina
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Number of Spikes

Neuroni spinosi medi (MSN)
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Trattamento acuto post-natale con rapamicina

Pharmacological Research 183 (2022) 106401

Contents lists available at ScienceDirect

St DEVELOPMENT
Pharmacological Research b Official Journal of

- e v & the Japanese Society
: = ELSEVIER Brain & Development 41 (2019) 1-10 of Child Neurology

=4 : : www.elsevier.com/locatelyphrs i i
ELSEVIER journal homepage: www.elsevier.com/locatelyphr www.clsevier.com/locaterbraindev

Original article

Acute rapamyein rescues the hyperexcitable phenotype of accumbal Everolimus for epllepsy and autism spectrum dls-ordcr n
medium spiny neurons in the valproic acid rat model of autism tuberous sclerosis complex: EXIST-3 substudy in Japan
spectiuny disoder Masashi Mizuguc‘:Jhi ¥ Hiroko Tkeda h Kuriko Kagitani-Shimono “,

i i & Voenhics © T Mo TRV g
D. lezzi ™", L. Curti™', G. Ranieri’, E. Gerace ', A. Costa ", A. llari”, A. La Rocca”, C. Luceri’, Harumi Yoshinaga ™", Yasuhiro SUZUP , Makoto Aoki ) Masac Endo®,
M. D'Ambrosio *, L. Silvestri """, M. Scardigli """, G. Mannaioni ", A. Masi " o1 Masataka Yonemura®, Masaya Kubota

Results: Overall, 35 Japanese patients were randomized to everolimus low-exposure ( LE; n = 10), everolimus high-exposure (HE;
n = 14), or placebo (n = 11). The response rate was 30.0% and 28.6% versus 0% with the everolimus LE and HE versus placebo arm.
respectively. Similarly, the median percentage reduction in seizure [requency was 6.88% and 38.06% versus —6.67%. Stomatitis was
the most frequently reported adverse event (everolimus LE, 100%; HE, 78.6%; placebo, 9.1%). Four of 11 patients with ASD in the
everolimus arms and 1 of 8 patients with ASD in the placebo arm showed =5 point decrease in PARS scores.

Conclusions: Adjunctive everolimus treatment improved seizure frequency with a tolerable safety relative to placebo among 35
Japanese patients with TSC-associated refractory seizures, consistent with the results of overall EXIST-3 study involving 366
patients. A favorable trend towards the improvement ol ASD symptoms was observed.
© 2018 The Authors. Published by Elsevier B.V. on behall of The Japanese Society ol Child Neurology. This is an open access article under
the CC BY hicense (hitp://creativecommons.org/licenses/by/4.0/).
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Conclusioni

1) Con 1l costante aumento delle diagnosi di DSA, 1 fattori di rischio ambientali
meritano di essere valutati e studiati con attenzione

2) Le evidenze tossico-epidemiologiche forniscono un valido razionale per lo
sviluppo di modelli preclinici con validita predittiva e costruttiva

WWW;Sitox.org
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