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Unmet needs in paediatric
psychopharmacology: Present scenario
and future perspectives
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Psicofarmacologia
non-specifica

Terapia molecolare tor,m nucleari
personalizzata "' autismo




Abnormal regulation of gene expression,
impairing neuritic sprouting and
synaptogenesis

Disrupted scaffolding of the post-synaptic
elements, leading to reduced dendritic
spines and synaptogenesis

(1-3) IGF1
[Mecasermin,
Increlex]

Enhance neuritic
sprouting and
synaptogenesis

01253317, 01777542

01525901

Increased translation in dendritic spines

MPEP
Fenobam
STX107

AFQ056
[Mavoglurant]

RO4917523

STX209 [Arbaclofen]

CX516 [Ampalex]

mGLURS antagonism

GABA-B receptor
agonism

Positive allosteric
modulation of AMPA
receptors

None
01806415
01325740, 00965432

01357239, 01253629,
01482143, 01348087,
01433354, 00718341

01750957, 01015430,
01517698

00788073, 01282268,

01555333 (terminated),

01325220
00054730

Microglial activation

Increased expression and activity of
MMP9

Minocycline

Microglial inhibition

MMP9 inhibition

00409747
01053156, 0858689

Disinhibition of the mTOR pathway

Rapamycin [Sirolimus] mTOR inhibition

Everolimus [RADO001,

Afinitor]

00457808

01289912, 01070316,
01730209, 01713946

None

Disinhibition of RAS activity & mTOR
pathway

Lovastatin

Ras activity inhibition

00352599




Curemark
LLC

Sunovion

Hoffmann-La
Roche

Edison

Univ. Hosp.
Brest (FR)
NeuroClin02

Hadassah
Medical Org.

Coronado Bio-

sciences, Inc.
Sutter Health

Translational
Biosciences

OptiNose AS

Rutgers Univ.

Evdokia
Anagnostou

Forest
Laboratories

Rutgers Univ

Protease stimulant

5-HT2A, 5-HT7, D2 antag.

V1A Vasopressin rec. antag.

NADPH quinone
oxidoreductase 1 modulator

Chloride diuretic

Immunomodulator

Non-competitive NMDA rec.
antag., sigma-1 agonist, NA-
and 5-HT-reuptake inhibitor

IV infusion of Umbilical
Cord Tissue Mesenchymal
Stem Cells (UC-MSC)

Oxytocin rec. agonist

Antioxidant,
immunomodulator,
antinflammatory

NMDA Antag.

Production of natural
antioxidants

3-8, M/F
9-12, M/F

6-17, M/F
6-17, M/F
18-45, M

3-14, M/F
3-10, M/F

2-18, M/F

6-17, M/F

18-60,

M/F

6-16, M/F

18-35, M

13-30, M

6-23, M/F
6-12, M/F

5-17, M/F

Behavior
Behavior

Irritability
Safety, Irritability
Social deficits

Behavior

Behavioral and Social
responses

Safety

Behavior, safety

Irritability

Safety

brain activity, eye tracking,
heart rate, social cognition
test.

ASD symptoms

Memory, motor, expressive
language
Unspecified

ASD baheviors

RCT, III, NCT00881452
Open Label Ext., III,
NCT00912691

RCT, III, NCT01911442
Open-label ext., 111,
NCT01914393

RCT, I-IV, NCT01793441

Open Label, 11,
NCT02226458

RCT, III, NCT01078714
Dose ranging study, II, 2013-
003259-39

RCT, II, NCT01734941
RCT, II, NCT02140112
RCT, II, NCT01630811

Open Label, I-11,
NCTO02192749

RCT, I, NCT01983514

RCT, II, NCT02677051

RCT, II, NCT01372449

RCT, I, NCT01592747

12 wk RCT, X, NCT01260961

Completed
Ongoing

Completed, no
effect

Recruiting
Recruiting

Halted prior to
enrolling

Significant
improvement
Completed

Well tolerated but

no efficacy

Ongoing

Ongoing

Completed

Recruiting

Ongoing, not
recruiting
Completed

Ongoing, not
recruiting




Gene networks
Autism risk genes
Patients with autism
* TSC1
e TSC2
.2 PTEN
o NF1

SHANK3
# NRXN1
2 NLGN3
* NLGN4

The population of

autistic patients

harbours many

different genetic risk-

B bUTnE varlnts Different risk-genes converge in a
smaller number of gene-networks.

Pharmacogenetic strategy
Biological mechanisms

mTor pathway <:| |:| |i .

Rapamycin

Mecasermin

Post Synaptic scaffold <j D l

The networks are involved
in specific biological
mechanisms or pathways.

Movel pharmaceutical compounds
target the normalisation of the

compromised biological pathway.




RESEARCH Open Access

A pilot controlled trial of insulin-like growth
factor-1 in children with Phelan-McDermid

syndrome

1.2345, 1,410 - 1 1.24510 - 1410 ey 14570
Alexander Kolevzon ~, Lauren Bush ™, A Ting Wang , Danielle Halpern ™™, Yitzchak Frank "™,
David Grodberg ™", Robert Rapaport™™'", Teresa Tavassoli ™, William Chaplin' ', Latha Soorya
and Joseph D Buxbaum'~#6810
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Case Report - L.F.

33 anni, F, diagnosi di «Disturbo generalizzato dello sviluppo con ritardo mentale»
(IRCCS Stella Maris):

Ritardo di acquisizione delle competenze motorie e del linguaggio
Disturbi del sonno tra 1 e S anni

Deficit nell’interazione reciproca (isolamento a scuola, carente contatto di
sguardo, ecc)

Forte regressione dai 12 anni in poi (da 100 parole contestualizzate e piccole
frasi di 2-3 parole a 50 parole decontestualizzate; comparsa di stereotipie di
sfarfallamento e delle mani; perdita delle autonomie acquisite)



Eta: 32 Amni | Data accettazione: 25/09/2015
Risultato: arr 22q13.33(51,123,491-51,178,264)x1 dn
Interpretazione: L'analisi condotta ad una risoluzione media di circa 100Kb ha evidenzialo una
microdelezione de novo di circa 55 Kb su un cromosoma 22. Nella regione deleta sono
presenti 1 gene SHANK3 ed ACR. L'analisi ai genitori e' stata limitata alla regione dello
sbilancio genomico. Si consiglia consulenza genetica.

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
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Figure 1 Deletion sizes at 22q13.2-11913.3 in 32 patients. Genes are indicated across the top in green, the red triangles represent MLPA | ;g ‘e “ . <

probes. The two patients with SHANK3 mutations are shown in red and the patient with an interstitial deletion is shown in pink. Genomic - L s % P
coordinates correspond to the hg19 genome assembly (Build 37). - . " as!
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La sinapsi glutammatergica

Synaptic
vesicle

Axonal Actin Spinogenesis Synapse development, Neuronal Receptor Synaptic
guidance reorganization function, and plasticity survival trafficking signaling



Gene networks
Autism risk genes
Patients with autism
p TSC1
e TSC2
o PTEN
*NF1
SHANK3
® NRXN1
o NLGN3
* NLGN4

The population of

autistic patients

harbours many

different genetic risk-

EeinoL B ariants Different risk-genes converge in a
smaller number of gene-networks.

Pharmacogenetic strategy
Biological mechanisms

mTor pathway \’\I\ D 1 ‘

Rapamycin

Mecasermin

Post Synaptic scaffold '\': [:l 1

{.:]D[L ?
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Novel pharmaceutical compounds
target the normalisation of the
compromised biological pathway.

The networks are involved
in specific biological
mechanisms or pathways.

Correggere il danno molecolare a valle

Potenziare i meccanismi di compenso




1re livelll ai Intervento per L.r.

Potenziare il trasporto assonale e la funzionalita delle sinapsi stimolando la
produzione di energia a livello mitocondriale:

Q10 ubiquinolo (2 mg/kg/die b.i.d.)
Vit. E, 200-400 mg/die
B50 vitamin complex, 1 caps/die

Come sopra, ma con maggiore potenza

Idebenone, 150-300 mg/die t.i.d.

Correggere anomalie nel funzionamento dei recettori glutammatergici NMDA e
AMPA, al contempo aumentando il numero di spine dendritiche e bottoni sinaptici:

IGF-1 s.c., 4 sett. con dose crescente (40-120 mg/kg b.i.d.) e
proseguimento per tre mesi alla dose massima tollerata.



Molecular Psychiatry (2008)0, 1-15
& 2008 Mature Publishing Group Al rights reserved 1359-4184/08 530,00

wiww. nature.com/mp

Altered calcium homeostasis in autism-spectrum
disorders: evidence from biochemical and genetic studies
of the mitochondrial aspartate/glutamate carrier AGC1

L Palmieri'#, V Papaleo®*'®, V Porcelli*'®, P Scarcia®, L Gaita®**, R Sacco®**, J Hager®, F Rousseau®,
P Curatolo®, B Manzi®, R Militerni’, C Bravaccio’, S Trillo®, C Schneider®, R Melmed'®, M Elia'",
C Lenti'?, M Saccani'?, T Pascucci™', S Puglisi-Allegra’ ', K-L Reichelt’ and AM Persico®*

'Laboratory of Biochemistry and Molecular Biology, Department of Pharmaco-Biology, University of Bari, Ban, Italy; “Consiglio
Nazionale delle Ricerche, Institute of Biomembranes and Bioenargetics, Bari, ltaly; *Laboratory of Molecular Psychiatry and
Neurogenetics, University ‘Campus Bio-Medico', Rome, ltaly; *Laboratory of Molecular Psychiatry and Psychiatric Genetics,
Department of Experimental Neurosciences, I.R.C.C.5. ‘Fondazione Santa Lucia’, Rome, ltaly; ®*IntegraGen SA. Genopole,
Evry, France; ® Department of Child Neuropsychiatry, University ‘Tor Vergata', Rome, ltaly; "Depantment of Child
Neuropsychiatry, University of Naples Federico Il, Naples, Italy; *ASL RM/B, Rome, ltaly; ®*Center for Autism Research and
Education, Phoenix, AZ, USA; "Southwest Autism Research and Resource Center, Phoenix, AZ, USA; ""Unit of Neurology
and Clinical Neurophysiopathology, I.R.C.C.5. ‘Oasi Maria 5.5.", Enna, Italy; "*Department of Child Neuropsychiatry,
University of Milan, Milan, Italy; "*Department of Psychology, University ‘La Sapienza’, Rome, ltaly; "*Laboratory of Behavioral
Neurobiology, Department of Experimental Neurosciences, |.R.C.C.5. Fondazione Santa Lucia’, Rome, ltaly and
"“Department of Pediatric Research, Rikshospitalet, University of Oslo, Oslo, Norway

L. Palmieri et al., Mol Psychiatry 15:38-52, 2010
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Organization of Positional Candidate Genes
SIC25A12
GAD1 FL] 13984 FL)23142 CHRNA1
# =< | /J->7’ /LI-D—A/
SCN1A | SCN7A PDK1 PTD004 WASPIP
SCN9A PRO2037 FL]23462 H-GAG CDCA7 CIR CHN1
FLJ13096 HAT-1 CAMP-GEFII FLJ]31819

Genomic Structure of
SLC25A12 Gene

13-21A/G 116+70A/G
co99T G1418A St0r+28A/T

7/

14 15 16 17 18

At Least One Parent Heterozygous Mother Heterozygous
Number of Children Analysis Number of Children Analysis

SNP or With Without With Without
Haplotype Transmission  Transmission %2 p Transmission Transmission x? p
SNPs
rs2056202 116 71 10.83 0.001 53 30 6.37 0.01
rs2292813 72 45 6.23 0.01 40 19 7.47 0.006
Haplotypes
G*G 102 2210 3x107° 54 19 66.52 3x1071°
G*A 8 9 0.06 0.81 3 8 2.9 0.09
A*G 21 47 9.94 0.002 11 23 7.11 0.008
A*A 26 56 10.98 0.001 12 30 13.76 0.0002

4 Selected SNPs were those with evidence of divergent distribution between affected and nonaffected subjects. For the individual SNPs, data
are for the G allele.




LD nel locus SLC25A12

172470k 172450k 172430k 172500k 172510k 172520k 172530k 172540k 172550k 172560k 172570k

Entrez genes
MM_003705

SLCZ2EBA1LZ : =zolute carrier family 25 (mitochondrial carrier

1 | | | (- | —
\ 7 7

x ,f/ ,f“; /

-~
-
-

rs£2292813
rs17499593
rs17581284
rs7586207
rs12692976
hCV8130280
rs3770445
rs2056202
rs1878583
rs6r24337
rs7573003

Block 1 (21 kb) Block 2 (34 kb)
L 2 3
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