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Sclerosi Laterale Amiotrofica (SLA)

Incidenza:1-2/100.000
Insorgenza: 50 anni
Maschi/Femmine: 1.6/1
Durata: 3 anni
Sporadica: 90%
Genetica: 10%

Non esiste alcuna
terapia per la SLA




" Tabie1. Recent clinical trials in-amyotrophic lateral sclerosis (ALS)

Follow-up - Daily dose,:

Drug Phase Design No. of Primary Results . Refs
’ patients _{months) ) end-p.o.ints
immunosuppressive approaches i
Cyclosporin i Randomized DB, PC - - 74 48 10 mg Appel scale No benefit 51
2 parallel groups Muscle strength
) ’ ) ) Respiratory function
Total lymphoid  # Randomized DB, 61 24 1.8 Gy daily Dynamometry. No benefit 52
irradiation i Sham-radiation 5 day weekly MRC Scale :
controlled ™ S CRRE Survival
; 2 parallet.groups -
Neurotrophic approaches . . .
thGH M _“Randomized DB, PC .78 12-18 0.3mgkg " im Survival - No benefit 81
) 7 parallel groups’ ’ weekly
thCNTF I Randornized DB, PC. 720 g 15,30 ugkg™ .. Muscle strength No benefit 54
* 3 parallel groups : thrice weekly
i/ Randomized 0B, PC. . 570 6 05,2, 5pgkg sic. - Muscle srength ~ No benefit 55
4 parallel groups Respiratary function Increased mortality
rhiGF-! it} DB, PC, 3mo. run-in 266 9 50, 100 pigkg™ s:c. - -Appel scale - Decreased rate of 57
3 parallel groups : decline
1Al Randomized OB, PC 183 9 100 pgkgt s Appel scale Non-significant 58
2-parallel groups beneficial trend
thBONF it Randomized DB, PC . 283 6 10, 25, 50, 100, Respiratory function Decreased rateof 59
6 paraflel groups 150 mg kg™ sic. decline
it Randomized DB, PC-.-~1100 9 25,100 wgkg's:¢. - Respiratory function No-benefit 60
3 parallel groups - Survival
Neuroprotective
N-acetylcysteine =~ . Randomized DB, PC .~ 110 12 50mgkg~tsc. Survival No benefit §2
2 parallel groups
Selegiline i Randomized OB, PC - 133 6 . 10mg p.o. Appel scale No benefit 63
Cross-over . )
It Randomized 08, PC .- 10 3 10mg p.o. Norris scale No benefit B84
2 parallel groups ‘
i Randomized DB, PC~ 111 6 10mg po: MRC, Norris scales  No benefit 65
- 2parallelgroups . Survival
BCAA It Randomized DB,PC 22 12 12gley,8glle, -~ Muscle strength Decreased rate of 66
2 paralle! groups ) 8.4 gValpo. Bulbar function decline in'strength
i Randomized OB, PC~ 98- 12 12.g Ley, 8.glle;. - Muscle strength Nonsignificant 67
2 parallel groups 6.4gValp.o. .. Bulbar function heneficial trend
i HandomizeéJ pB,PC . 32 12 12gley,8glle, Norris scale No benefit
2 parallel groups 6.4 gValpo. " Treatment failure
il Randomized DB,PC 126 12 12gleu;Bglle, . MRC, Norrisand - No benefit 69
’ 2 parallel groups GgValpo, - . Appel scales Increased mortality
i Randomized DB, PC.: - . 573 12 12gleu, 8glle, -Muscle strength No benefit 70
2 parallel é;roups ) 8.4gValpo. Sutvival
Nimodipine It Randomized DB, PC 87 3 180 mg p.o. Muscle strength Ne benefit 82
Cross-aver : - Respiratory function
Verapamil I Randomized OB, 72 3 240 mg p.o. Muscle strength No benefit 83
: Madified cross-over Respiratory function
L-thregnine i Randomized DB,PC 15 12 2gp.o. Muscle strength No benefit 84
2 parallel groups :
Dextromethorphan |l Randomized DB, PC . 14 3 150 mg p.o. - - Muscle strength No benefit 7
Cross-over : Norris scale
i Randomized DB, PC ~ 18 § 120 mg p.o. Notindicated No benefit 72
Cross-over
i Randomizad DB, PC 49 12 1.5 mgkg p.o. Norris-scale No benefit 73
2 paraliel groups . ;
i T S 42 5G-mg=p Somiiial Mohenafit 4
2 parallel groups ) {
Riluzole I Randomized DB, PC -~ ~ 155 1 100 mg p.o. Survival Increased survival . 76
2 parallel groups
il Randomizeg DB.PC; . 959 18 50,100, 200 mg p.o. Survival .- Increased suvival” 77
~% paralel.groups "
Lamotrigine i Randomized OB, PC 67 18 100 mgpo. Survival No-benefit 78
2 parallel groups
- Randorized DB, PC. - 152 g 2449 po. Muscle strength Nonsignificant 80

Gabapentin I

2 varallel aroups

beneficial trend

riluzolo



NORMAL SPINAL NEURON

Marmal nerve fiber

Mormal skeletal muscle

DISEASED SPINAL NEURON
j_fi

Affected nerve fiber

Wastad skelstal muscla

degenerazione dei
motoneuroni di

v Corteccia
v'Bulbo

v"Midollo spinale

v'Occhi
v'Vescica



sintomi

v'"Motori: Atrofia
Crampi
Fascicolazioni
Sintomi: Debolezza arti
Difficolta nella masticazione
Difficolta nella deglutizione

v'Difficolta respiratorie sono la causa della morte



La SLA & una malattia multifattoriale

Protein
Aggregation

Oxidative Stress

Genetic Factors Neuroinflammation

Deficit of
Neurotrophic
Factors

Impairment of
Axonal Transport



genetica

Table 1 | Genes that predispose to ALS
ALS diseasetype Gene Chromosome Inheritance Clinical features

Mendelian genes

ALS1 SO 21q22 AD Typical ALS

ALSZ AL52 2g33 AR Juvenile onset, slowly progressive, predominanthy
corticospinal

ALS4 SETX 9q34 AD Adult onset, slowly progressive

ALSa VAPS 20q13 AD Typical ALS

ALS Cynactin 2pl3 AD Adult onset, slowly progressive, early vocal cord paralysis

Mendelian loci

ALSS 7 15g15-21 AR Juvenile onset, slow by progressive

ALSE 7 16q12 AD Ty pical ALS

ALST 7 20p13 AD Typical ALS

ALS-FTD I 9q21-22 AD ALS, frontotemporal dementia

ALS-FTD 7 9p AD ALS frontotemporal dementia

ALS-X 7 Xcen XD Tpical ALS

Mitochondrial genes

ALS-M COX1 mitDNA Maternal Single case, predominantly corticospinal

ALS-M IARSZ mt D NA Maternal single case, predominantly lowwer motor neuron



Mutations in the FUS/TLS Gene
on Chromosome 16 Cause Familial
Amyotrophic Lateral Sclerosis

T. ). Kwiatkowski Jr.,™* D. A Busm,u A. L. LeClerc, L2 Tamrazian,” C. R. Vanderburg,”

C. Russ,™ A, Davis,' ]. Gilchrist,” E. ). Kasarskis,® T. Munsat,”t P. Valdmanis,” G. A. Rouleau,”
B. A. Hosler,® P. Cortelli,® P. ). de Jong,*® Y. Yoshinaga,'” ]. L. Haines,'* M. A. Pericak-Vance,
1. Yan,** N. Timn'i,.l’e’“ T. Siddigue,** D. McKenna-Yasek,* P. C. Sapp, =" H. R. Horvitz,"

]. E. Landers,** R. H. Brown Jr.}=*

Science 27 February 2009
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[Struttura/funzione SOD1]

Struttura:
omodimero
struttura a cilindro 8
legame con i metalli
disolfuro C57-C146

Funzione:
202 -. + 2H+ =2 H202 + O2

Localizzazione:
citosol
nucleo
mitocondri
ubiquitaria



>100 mutazioni

>70 posizioni
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v"Mutanti “Wild-type like”: struttura/funzione + normali
v"Mutanti nel sito di legame dei metalli: struttura/funzione alterate

TABLE 1 Isolated fALS mutant 30D proteins

Metal-hinding
regzion ( MBR)
Wild-type-like ( WTL) mutants miutants
A4y G728 EEL L MN13K HdsRe®

V7E® Y B0 L144F* H48(p5
Lag* Ladv® E100K" L1445" HEIR"
G3TR® MBasS" D10 AL45T"  GESR**
L3gyet AT e VI4aGr D24yt

G410 CoEALE INEY i [145T* D2sH*
G415 CospE Rl 150Gk S134heR
H43R"® Go3C" E1330el® C146R"

*[solzisd Prom SE21 imect ool lines (32—}
*leclaied from 5 carevliize (97, 97a)

v Topi knock-out SOD1 sono normali

e

-» [acquisto di funzione tossica [




Proprieta comune di tutti i mutanti?

—

—

Formazione di aggregati (oligomeri)
insolubili

Le mutazioni diminuiscono la carica
netta della proteina

G93A/C6S




Inclusioni intraneuronali

Inclusioni fibrillari



ripiegamento e
. redox s
aggregazione control P G )
: el | | HO,
della SOD1 (O g | 1O
» €cs _ . RN -| ¥ < _
: C h% e
a-’*f +Zn + disulfide +Cu Cu Zn SOD1
C57-C148

S001 monomer

-

> 73

intracadlular
disulfide-linked anqgreqafes |

aligomers aggregates

Le forme mutate associate alla fSLA acquistano conformazioni instabili
che non rispecchiano il corretto ripiegamento, proprio della forma WT e,

conseguentemente tendono ad oligomerizzare, formando aggregati
insolubili di alto peso molecolare



Modelli murini transgenici per la mutSOD1

Table |
Transgenic mutant SOD] mouse maodels
SOD] mutant SO0 activity (fold) Drisease onset (months) Drisesse duration (months)
SOy A nd # 3
10 5] ke 14.5 s nd
S0 HeER nd 5 |
SN HEREE i 44 nd
SOD ] VIS0 0 g-12 nd
SO0 Y nd 56 |
S0 R i #-14 0.5
10 5) e 0 34 |
000 e 64 12 2
SO0 9HA 1] 34 |2
son AT nd 12 2
SO0 e nd 7-9 nd
nd 1 0.75
SOD) - Red=TT i 15 |
SOD19 e ) f 025

nd: not describad.
* Doubly transgenic for SODI™T,



Phenotype

evoluzione dei fenotipi

patologici

- Paresis
m
L
=
o
Paralysis
& Motoer neurons MM Axon
o Soma
=
]
) | Astrocytes
Microglia
E Apoptosis
= |
T} Mitochondria
- _
=] Degeneration Golgi
E = ||_'.r'
Aggregation : Inclusion
Days 30 60 90 120 Death
Presymptomatic Symptomatic




Meccanismi di tossicita

[ Aggregazione proteica ]

Other
Protains

Loss of Clogging of Depletion of

I‘f}tE'.Fr‘l FlI‘IE}tEFlE{}I’ﬂE cha peronas
unclion with
through misfolded

co-aggregation proteins

Dysfunction of
mitochondria
andlar other
organelies



[Disfunzioni mitocondriali] Meccanismi di tossicita

vtutti i mutanti SOD1 si accumulano nei mitocondri
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[ SLA e mitocondri ]

iattivité del Complesso Il e IV
Anmotrophic lateral sclerosis

T stress ossidativo




[ SLA e apoptosi J

Morfologia
TUNEL
Inibitori apoptosi:  XIAP v
Famiglia di Bcl-2:  Bcl-2 v

Bax 4
Attivazione caspasi: caspase-1 1)

caspase-3 4



[ La SLA & una malattia multisistemica ]

v'"Motoneuroni
v’ Astrociti
v"Microglia
v'"Muscolo
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CRE

microglia CD11b  Cre ricombinasi
motoneuroni == Isl




microglia CD11b  Cre ricombinasi

_ /
CRE

motoneuroni IsI1

CR



MutSOD1 rimossa MutSOD1 rimossa

dai motoneuroni dalla microglia
Duration Duratsan K Lruration L LDuration
I (@arly phase) J (lata phase) wﬂieaﬂ}r disease) . (late disease)

] . 180

‘IE-I:I-: +31 d 120 1601 160 +75 d
1 14014 1407
1207 1207
+15 d %H}ﬂ' 24 %mn-
= B0 T BA
Gl - B0

40 40

20 20
- + A A

Cre™ Cre °“Cre~ Cre” U"Cre~ Cre®

Espressione di mutSOD1:
motoneuroni: responsabile di insorgenza e fasi iniziali
microglia: responsabile della progressione



