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NEVER WALK

LOSS OF WALKING

Incidence 1/6000 newborns  Loss or mutations in Survival Motor Neuron 1 (SMN1)
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PROTEINA SMN1 (completa)

PROTEINA SMNZ2 (sin exon 7) totalmente funcionante

Inestable y parcialmente funcionante



Un pequeno cambio en la secuencia hace que se
excluya el exon 7 de SMN2
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RNA MEDULA ESPINAL

Control AME
SMN1 SMN2

SMN COMPLETO
SMN delta 7

B actina

Soler-Botija et al., INEN, 2005



PROTEINA MEDULA ESPINAL

Una disminucion de la cantidad de proteina SMN en las
' neuronas motoras produce la enfermedad

SMN il

Tubul T —

Soler-Botija et al., INEN, 2005

El gen SMNZ2 es capaz de producir algo de proteina SMN funcional pero no
alcanza para evitar la enfermedad



El gen determinante SMN1

Las mutaciones en el gen SMN1
(deleciones, puntuales) estan
presentes en los afectados de la
enfermedad



SMA In Spalin
e 6/1 (90%) homozygous absence SMN1exon 7 and 8

o 37 (5%) homozygous absence SMN1exon 7 only (hybrid
genes)

e 14 (1.9%) c.399 402delAGAG mutation in exon 3

— 12 One SMN1 copy / 2 consanguineous
e 14 (1.9%) One SMNL1 copy + mutations in SMN1 exons

e 9 (1.2%) One SMN1 copy +unknown mutation

» A total of 54 different point mutations have been described in 120 unrelated
patients all over the world

o 25 missense, 18 frameshift, 6 splice-site, 5 non-sense

(Alias et al., 2009)
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| El gen modificador SMN2

e

/

\ »

Todos los pacientes con AME tienen al
[\ menos una copia del gen SMN2 (cuya
i funcion no evita la aparicion de la

I—| enfermedad), y cuanto mas copias tiene un
— paciente, el fenotipo es en general menos
LN grave.
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Ningun paciente se ha descrito con ausencia de los dos genes SMN






/  Clasificacioén : fenotipo y n° de copias SMN2

\ 1 SMN2 | 2 SMN2 | 3 SMN2 | 4 SMN2
f\‘ Type | SMA 12 | 220 19 0 251
| Type Il SMA 4 | 18 132 0 154
—
Type lll-IV SMA 0 10 69 34 113
-l
\ J 16 248 220 34 (| 518
"‘\
‘/-__’ Type | SMA Type Il SMA Type llI-IV SMA
3% 1904 S5 99
\\ 85%0 61%
[J1swmnz E2sv2 Easwvn2 [l 4SMNe

e Existe una correlacion inversa entre el numero de copias SMN2 y

la gravedad de la enfermedad, aunque no es absoluta. _
- Bernal et al., en preparacion
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Discordancias fenotipicas

Pacientes graves (tipo I) con 3
copias de SMN2

Pacientes moderados-leves (tipo
lI-111) con 2 copias de SMN2

Hermanos haploidenticos pero
con evolucion diferente



Caracteristicas de la AME

e Es una enfermedad de dos genes, la
mutacion en el SMNL1 la determinay el
numero de copias de SMN2 modifica el
fenotipo.

e La disminucion de la proteina SMN es la
causa de la enfermedad que parece Iniciarse
en la neurona motora y/o union
neuromuscular.

e La presenciay estudio del gen SMN2 puede
servir de herramienta terapéutica.
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TERAPIA FARMACOLOGICA

Cambio RNA
completo

= =

incompleto

Aumento proteina

TERAPIA FARMACOLOGICA




SMN2
upregulation

VPA, Phenylbutyrate, Hydroxyurea, , Salbutamol

I

Capping

Increasing
RNA *I_

RG3039 (Repligen Corporation).

Including exon 7 in SMIN2 transcripts.

. :

Antisense oligonucleotides SMIN RX (lsis)

/% “ Q:'

Readthrough ALB-111
NINDS)

SMN protein stabilization



FARMACOLOGICA

Férmgo gue active SMN2

Neuroproteccion

Proteger y estimular musculo



HIPERACETILACION




PBA has been investigated in
a double-blind placebo-
controlled trial in 107 children
with type Il SMA. VPA-
carnitine has been
administered to 42 type I|
SMA children in a multi-
centre phase Il trial. A double-
blind placebo-controlled trial
with HU in 28 type 11 SMA
and 29 type Il SMA patients
has recently been completed.
Results from these three
clinical trials have not
revealed a clear benefit of
these drugs for the patients.

Valproic acid i icreases the SMN2 protein level:
«well-knovii drug as a potential therapy for
spinal muscular atrophy
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PP:enylbutyrate ‘ncreases SMN expression in vitro:
refavance.for"treatment of spinal muscular atrophy

. 1 -~ . - s o e
Catia Andreassi , Carla Angelozzll, Francesco D Tiziano!, Tiziana Vitali‘, Eleonora De

. Sl %
V]-IICE‘HZI_, AII.I%a Boninsegna?, Marcello Villanova®, Enrico Bertini*, Antonella Pini®
Giovanni Neri! and Christina Brahe* ! ;

Hydroxyurea)Enhances SMN2 Gene
Expressian.in=Spinal Muscular Atrophy Cells

Susanna M. Grzeschik, PhD,' Madhuri Ganta, PhD,' Thomas W. Ptior, PhD,> William D. Heavlin, PhD,?
and Ching H. Wang, MD, PhD!

Downlcaded from [mg bmjcom an 2 June 2009

Salbutamol increases SMN mRNA and protein levels
N spiital muscular atrophy cells

C Angelozzi, F Borgo, F O Tiziano, A Martella, G Meri, C Brahe



Tratamiento in vitro en células de

Responden NO Responden

= —

o S

Linfoblastos

VARIABILIDAD INDIVIDUAL

Responden a uno si y a otro no Algunos casos necesitan mas dosis

Responden en una célula peronoenotra  Algunas casos necesitan dos farmacos

Hermanos responden diferente

Also et al.,EJHG, 2011



Terapia personalizada

Existen responders y no responders a la terapia
farmacologica de incremento del SMN

Hay diferencias intrapaciente segun el tipo celular

Estratificar los pacientes segun la respuesta in
VItro

Necesidad de establecer modelos neuronales de
pacientes



Induced pluripotent stem cells from a
spinal muscular atrophy patient

Allison D. Ebert"?, Junying Yu®, Ferrill F. Rose Jr*, Virginia B. Mattis®, Christian L. Lorson®, James A. Thomson®*

& Clive N. Svendsen"*>°
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/ Fibroblastos

» Lentivirus (+ 4
genes)

IPS (induced
pluripotent
stem cells)
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iPSC Generation SUMMARY

~ 7 days
] —~ 20 days
Skin biopsy

Fibro’s culture
Vector’s infection:

~15d
reprogramming Y READY TO

~ 7 days
markers Downregulation ~ 2-3 months

of pluripotency Karyotype Differentiation

s

Fibroblast culture iPSC clones



2. iPSC Differentiation SUMMARY
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Timing ~ 45-50 days

iPSC clones MN Culture



Boza et al., (sometido




GENETICA
Incrementar RNA, incluir el exdn 7

Transferir copias normales gen a la
medula espinal




Metodo para aumentar la inclusion del exon 7
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ISIS-SMNR,: nuevo farmaco en investigacion

< ISIS-SMNg, (ASO-10-27)
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A nine-day-old untreated SMA mouse (left) and a nine-month-old SMA mouse given Isis’s antisense therapy (right).




Intrathecal drug delivery

VWhen a drug is injected into the intrathecal cavity, it enters C5F circuladon in the
spinal cord and is able to reach the motor neurons, which are affected in SMA.

/&_Eiinal cord

Spinal nerve

Motor neuron
cell bady




Intrathecal drug delivery

In a technique called intrathecal drug delivery, a drug can be injected into the
C5F, where it flows through the intrathecal cavity between the vertebrae of
the lower back. The injection is similar to a lumbar puncture procedure
where a needle is inserted between L3 and L4 vertebrae
so that the spinal cord is not damaged.

Spinal cord

Intrathecal
cavity

Injection




A prof. Darryl De Yivo 2

Petizione al Presidente Napolitano
per avviare in ltalia lo studio di fase
| con Il farmaco ISIS-SMNRX nel
pazienti con atrofia muscolare
spinale.

Christian ha 15 mesi ed é affetto
da una malattia gravissima:
I’atrofia muscolare spinale.
L’unica speranza di salvezza per
il piccolo Christian € un farmaco
che viene sperimentato negli Usa,
ma solo perchihatrai2eil5
anni di eta. Ma i genitori
Pasquale e Nadia, che vivono a
Serre (Salerno), combattono per
il loro bambino e oggi hanno
deciso di lanciare un appello al
presidente della Repubbilica,
Giorgio Napolitano, al Papa ed
altri, affinché li aiuti a fare avere
il farmaco per il loro
bambino.Attualmente si e in fase
di arruolamento ma la
sperimentazione sara solo negli
Usa. Mentre al Columbia
University Medical Center la
scelta dei pazienti é gia
cominciata negli altri due, il
Children's Hospital Boston e il
Children’s Medical Center di
Dallas I'arruolamento dovrebbe
cominciare a breve.



Terapia en otras neuronas? Tejidos
periféricos?

Musculo
Unidn neuromuscular

Cardiovascular (cardiopatias congenitas,
fenomenos de necrosis vascular, trastornos
de conduccion?)

Neuronas sensoriales-
propioceptivas/interneuronas?

Higado (evidencia en ratones, Hau, 2011)



SMA case with 5mm NT, Hypoplasia of left heart and one
SMNZ2 copy.
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Journal of Pathology
| Pathol (2012) ORIGINAL PAPER

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/path.4080

Synaptic defects in type | spinal muscular atrophy in human
development

Rebeca Martinez-Hemandez,' Sara Bemal,' Eva Also-Rallo,' Laura Alias,'? MP|esds Barceld,'? Marta Hereu/?
|Josep E Esquerda’ and Eduardo F Tizzano'##
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AXONS - ENDPLATES

Diaphragm 14 weeks Motor Endplates

CONTROL

Martinez-Hernandez et al. (J Pathol 2012)



All the studies points to:
Motor neuron

Destabilization of the NMJ

-

Defects in the maintenance of the NMJ



Recently reported

Neurons other than motor neurons could
contribute to the motor defects in SMA?

In mice models has been demonstrated
that loss of sensory-motor synapses is a
consequence of MN dysfunction

In a Drosophila model a sensory-motor
defect has been demonstrated

- The Journal of Neuroscience

Neurobiology of Discase The Official Journal of the Society for Neuraoscience

SMN .IS Requ.l red. for Sensor:y-Motor Survival Motor Neuron Protein in Motor Neurons
Circuit Function in Drosophila Determines Synaptic Integrity in Spinal Muscular Atrophy

Wendy L. Imlach,"* Erin 8. Beck,'* Ben Jiwon Chei,"* Francesco Lotti,'* Livio Pellizzoni,'* and Brian D. McCabe'#2"

Tara L. Martinez,** Lingling Kong,'* Xueyong Wang,* Melissa A. Osborne,” Melissa E. Crowder,!

An SMN - Dependent U 1 2 S pl iCi ng Event James P. Van Meerbeke,' Xixi Xu,' Crystal Davis,” Joe Wooley,! David ]. Goldhamer,* Cathleen M. Lutz,’ Mark M. Rich,*

and Charlotte J. Sumner?

Essential for Motor Circuit Function Motor Neuron Rescue in Spinal Muscular Atrophy Mice
Cotrae . Monti Grriing £ Beaitert Bt b, MeGabe c- and Lo Petasanni+ o ' e v2o'** I Demonstrates That Sensory-Motor Defects Are a
Consequence, Not a Cause, of Motor Neuron Dysfunction

Rocky G. Gogliotti, "2 Katharina A. Quinlan,’ Courtenay B. Barlow,? Christopher R. Heier,! C. J. Heckman,’
and Christine J. DiDonato'?
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Figure 1. Circuit Basis for Selectve Degeneration of Motoneurons in a Drosophila Model

of SMA

.

In a drosphila SMA model
propioceptive neurons and
Interneurons do not
produce enough
neurotransmitters
(cholinergic). Blocking the
potassium channels (thus
enlarging action potential
and increasing
neurotransmitters in
synapsis) with
dalfampridine (4-
aminopyridine) muscle
size and motor function
Improved.

Motor neurons sensitive to diminished excitation? Network
dysfunction instead a cell-autonomous alteration?.



Estrategias terapeuticas AMEE ty!

Transferir copias normales del gen SMNL1 a la
medula espinal (terapia genica).

— AAV9 que pasa la barrera hematoencefalica

— Aumenta la supervivencia cuando se administra
muy precozmente al ratbn SMA.

— Se esta estudiando en primates



Spinal cord sCAANVD-SMN

N

SMA mouse SMA mouse

l 1

Spinal cord

Gene therapy of
More robust SMA mlce W|th

MNeurite neurite arborization
eurites
Motor neurmz /["9 back SCAAV9-S M N

Atrophic
muscle fibers

¢

250d

®) «

Dead SMA mouse Rescued SMA mouse FOUSt et aI
Figure 1 Gene therapy for mice with spinal muscular atrophy (SMA). SMA mice (null for the ’
murineg SMM gene and homozygous for variants of human SMN transgenes) are born with a normal Nature
motor neuron cnmplement Hnwever. the motor neurons undergn rapld attrition, I|ke|'_gr a result of Blotechnoloqv

K T o K] K = = Wi o )]
succumb at hrmweeks of age Eleﬂ:l analnguus tn an untreated m||d human t}rpe I SMA Injectmn of 2010
scAMVI-SMN into the facial wein of day-old SMA pups results in SMN expression in ~40% of motor =

neurons, normalization of synaptic electrophysiclogy and an extension of life span to =250 days,
albeit at half the size of unaffected mice (right).




Estrategias terapeuticas AME

Sustituir las neuronas motoras o ayudarlas por
medio de la terapia celular (células
troncales).

— La inyeccion de células madres de la estirpe
neuronal es capaz de generar neuronas

— Produce factores en el ambiente de las
motoneuronas gue puede ser de beneficio.

— No migran a otros sectores de la medula (Wyatt
etal., 2011)



Stem cells In severe infantile spinal muscular
atrophy (SMA1)
Carrozzi et al., Neuromuscular Disorders, 2012.

e 5type | children (1m, 4 f) 3-20 months age range

 Mesenchymal stem cells administered on a monthly basis
for 6 months.

e Qutcome measures:
— general clinical assessment (weight, respiratory function, feeding),
— motor function using the CHOP Intend Scale
— video recording

— cerebrospinal fluid collected before each injection concentration of
48 proteins (Bio-Rad human cytokine and growth factors set
27plex and 21plex




One of the five patients enrolled at the age of 13 months, died from respiratory
failure at the age of 18 months, 1 month after the second injection.

The family of another patient asked to stop the treatment after the 5th injection, at
8 months of age, and the child died at the age of 12 months of respiratory failure.

The other three patients completed the 6 month treatment course. During this
period in all three there was the need to initiate supportive therapy with
nutritional and respiratory aids. In all three patients there was a progressive
decline of motor function as demonstrated by the reduction of the CHOP Intend
scale total score and no clinical evidence of any improvement.

There were no reproducible changes in concentration of the proteins dosed in the
cerebrospinal fluids before, during or after treatment.

The Hospital asked an external Scientific Board including experts in stem cells
and SMA to review the results of the study. The clinical course of the treated
patients showed no improvement and did not differ from the recent natural
history data available in infants with SMAL. Because of the lack of efficacy, in
December 2011the hospital, in accordance with the local Ethical Committee,
decided to stop recruitment.
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SPORT EVENTI VIDEO CINE PI TUTTI

HOME CHI SIAMO POLITICA CROMACA

Staminali. Migliorano i tre piccoli che hanno ripreso le
cure del pediatra Andolina con le cellule della Onlus

Stamina Foundation

Home - Scienza - Salute - Staminali per terapie compassionesyoli cura miracoloza o bufala?

= Staminali per terapie compassionevoli: cura

miracolosa o bufala?
Ln'ordinanza dell'Agenzia del farmaco ha bloccato le cure dell'équipe di Davide Vannoni e
della Stamina Foundation. Sebbene i risultati diano speranza. L'inchiesta di Panorama

Le cure per le piccole Celeste e
Smeralda? «Pericolose per la salute>

Novembre 5, 2012 Redazione

Ei i piace < 9
Per gl esperti del ministero le cure con staminali per le due bambine al centro di un

Tweet <1 R . o . . . )
AL Caso giudiziatio sono nocive, Eppure nei video i ballerini affetti da Parkinson
tornavano a danzare

LY

I 3



IL BALLERINO COL PARKINSON. Non solo.
Come scrive oggi Repubblica, «per convincere ad
accettare 1l loro metodo, gli esperti della Stamina, onlus
senza fine di lucro (che, pero, si faceva pagare dai 7 ali
50 mila euro), mostravano al familiari dei malati i1 video
“di un ballerino russo affetto da Parkinson che si alzava
dalla carrozzella e tornava a ballare”. “Di una giovane
paralizzata dalla Sla che riprendeva a camminare”. “Di
un uomo che guariva da una grave forma di psoriasi alle
mani”. Ma si trattava solo di un inganno: di qui, la
contestazione da parte del procuratore torinese del reato
di associazione per delinquere e truffa»




More generally, our findings highlight the risk that

the combination of newspaper ‘hype’ and parental
‘hope’, with the support of courts that are
sympathetic to families with children with severe
disorders, may produce shortcuts in the design of
clinical studies that would need more rigorous
preclinical information and more accurate safety
and efficacy measures and may actually put
patients at risk of potential side effects of therapy.

Carrozzi et al., NMD, 2012




EL FUTURO: TERAPIA COMBINADA DE LAAME

= o

Farmaco que active SMIN2

' TERAPIA GENICA?
¢ TERAPIA CELULAR? ‘

Rehabilitacio

Fisioterapia

Nutricion

Respiratorio

Cirugia

Estimulante fuerza
muscular

Es poco probable que una sola accion farmacologica
suponga una completa solucion terapéutica.

Neuroprotector



Conclusiones y perspectivas

» Estratificacion pacientes, historia natural y ventana
terapéutica tiene que ser considerados en el disefo de
los ensayos clinicos en AME.

» Es posible que no solo las neuronas motoras sean
dianas de la enfermedad. Existe evidencia que dianas
perifericas como musculo, la unién neuromuscular,
aparato cardiovascular, y a lo mejor higado puedan
ser necesarios considerar para el tratamiento.

e Una vez demostrada su eficacia, la terapia
combinada farmacologica y genetica permitira la
aplicacion de protocolos de tratamiento en un futuro
Proximo.



About TREAT-NMD Resources Research Care Industry

ANl ghowt the network Tools amd infastructue Seientific and cliniea! Glohzal hest practice Senice oveniew

Disease Information

_ Overview of therapeutic approaches for
SHMIA overview spinal muscular atrophy

Ahout SMA »

Infarmation on currert best practice in care far peaple wwith spinal muscular atrophy

SMA care standards > (SMA) is provided in the SMA care standards section of this website. This
SMA patient registries 5 research overviewy zection sims to inform patientz and their families about the
approaches currently being investigated for the possible future treatment of Shkia, -
SMA research overview W therapies that are currently still at the laboratory or clinical trial stage. | discusses
the strengths and limitstions of each approach. These factors need to be carefully
® Overview of therapeutic azsessed hefore the aternatives described here can be implemented clinically .
" approaches for SMA
The problem Mary developments are taking place in the therapeutic approaches in ShA. This is
The splicing process & dynamic and promizing field but a=s a detailed account of progress is outside the
Therapeutic strategies far SMA zoape of thiz short reviewy we provide a general overviewy of present investigation
o irto Shdd,
SMA clinical research and 3
trials
SMA patient organizations >
SMA meetings and events >

http://www.treat-nmd.eu/sma/research-overview/introduction
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Lining up against a genetic killer: The SMA drug pipeline.

Mechanism Developer Drug type (name) Phase
SMMN splicing |sis Pharmaceuticals & Antisense oligonucleotide 1
Biogen |dec (ISIS-SMNRx)
Roche & PTC Therapeutics small molecule Preclinical
Novartis small molecule Preclinical
Paratek Pharmaceuticals small molecule Preclinical
SMMN translation Repligen small molecule (RG3039) 1
SMMN stabilization NINDS small molecule (ALB-111) Preclinical
SMN gene therapy GZenzyme Viral vector Preclinical
Généthon & INSERM Viral vector Preclinical
Mationwide Children’s Hospital Viral vector Preclinical
Meuroprotection® Trophos Small molecule (olesoxime) 2

INSERM, Institut National da la Santé et de la Recherche Madicale; NINDS, National Institute of Neurological
Disorders and Stroke.
A0 lesoxime, a mitochondrial pore modulator, is designed to pmte-pt neurons but doas not affect SMN lavels.

http://www.nature.com/nm/journal/v18/n11/pdf/nm1112-1602.pdf



Letter to the Editor
Stem cells in severe infantile spinal muscular atrophy

SMAI1

Carrozzi et al., Neuromuscular Disorders, 2012.

Between December 2010 and December 2011 five type | SMA
children (1 m, 4 f, age range: 3—20 months) were enrolled.
Mesenchymal stem cells were supplied by the Stem Cell
Facility of the San Gerardo Hospital, Monza, Italy. Cells were
administered on a monthly basis for 6 months. At each
admission, the following evaluations were performed: a general

clinical assessment (weight, respiratory function, feeding),
assessment of motor function, using the CHOP Intend Scale, a
functional scale specifically developed for children with type |
SMA . and video recording of the assessment and of
spontaneous movements. The cerebrospinal fluid collected
before each injection was analyzed by measuring the
concentration of 48 proteins (Bio-Rad human cytokine and
growth factors set 27plex and 21plex).



https://xpv.uab.cat/science/article/pii/,DanaInfo=.awxyCwholvloou4sr9Qu76+S0960896612006049#b0055#b0055
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