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ASOS, C9ORF72 & biomarkers

-CSF poly(GP) proteins 
remained relatively constant 
over time  
-Treating c9ALS patient cells 
or a mouse model of c9ALS 
with ASOs that target G4C2 
RNA resulted in decreased 
poly(GP) proteins.  
-Tracking poly(GP) proteins 
in CSF could provide a means 
to assess target engagement 
of G4C2 RNA–based 
therapies in symptomatic 
C9ORF72 carriers and 
presymptomatic individuals 
who are expected to benefit 
from early therapeutic 
intervention.

ANIMAL MODEL     HUMAN
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Biomarkers & C9ORF72
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BIIB078 in C9ORF72- ALS
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ASOS & future research

Exosomes 

Cell penetrating peptides

Liposomes

Search for alternative delivery 
systems!
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SLA, genetica & medicina di precisione: rilevanza
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Early-childhood-onset lower extremity spasticity manifesting as toe walking and gait abnormalities 
followed by progressive LMN-mediated weakness without sensory symptoms or signs. 
The disease was universally progressive and led to loss of independent ambulation and respiratory 
insufficiency of variable degrees. All 6 individuals UMN and LMN signs and symptoms in the cranial, 
cervical and lumbar myotomes and thus met the revised EEC-R

SPTCL1



Reticolo endoplasmatico

ceramide

sphingomyelins glycosphingolipids

sphingosine1P sphingosine

A key player for cell 
signalling and  survival

Serine palmitoyltransferase 
catalyzes the initial step in 
sphingolipid biosynthesis by 
condens ing l -ser ine and 
palmitoyl-CoA to form long-
chain bases.  

Alterations in SPT activity have 
been linked to: 

- complete loss of SPT 
function: death 

- variants in genes that 
encode SPTLC1 and 
SPTLC2, that alter SPT 
amino ac id subst ra te 
usage underlie hereditary 
sensory and autonomic 
n e u r o p a t h y t y p e 1 
(HSAN1) and macular 
telangiectasia type 2. 

These variants increase SPT 
usage of l-alanine or glycine 
rather than l-serine giving 
deoxysphingolipid synthesis. 

Deoxysphingolipids cannot be 
efficiently degraded by the cell 
machinery and cause toxicity. 

No human disease has been linked to SPT overactivity

SPTCL1



SPTLC1



SPTLC1

Overall, this new report provides a proof of concept for a precision medicine approach targeting a newly identified genetic mechanism by siRNA 
therapy. This echoes current therapeutic developments in ALS based on antisense oligonucleotides (ASOs). After almost 30 years of failure in 
clinical trials, new hope comes from gene therapy in ALS. Preliminary results of the beneficial effects of ASO (tofersen) therapy in patients with ALS 
linked to SOD1 mutations appear to be convincing. Because a positive effect was reported, numerous trials are currently being initiated in this field 
which will change our management of the disease from standardized protocols to personalized therapy based on molecular genetics.



DALLA GENETICA AL TRATTAMENTO: NON SOLO 
ASOS
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ALS & CRISPR-CAS9

CRISPR-Cas9 mutates DNA by 
cutting through ds DNA at a specific 
gene sequence, to which it is 
directed by a single guide RNA. 
After the cut is made, the DNA-
repair machinery of the cell 
automatically fix it with different 
types of edits. Gaj et al. designed a 
CRISPR-Cas9 system to disrupt 
expression of human SOD1 in a 
transgenic mouse model of ALS; 
they packaged the CRISPR-Cas9 
system into a virus vector and 
injected it into the facial veins of 
affected mice, after which levels of 
mutant protein declined in the 
lumbar and thoracic spines and the 
onset of disease was delayed.

“Scientists Use A 
Technique Called 
CRISPR To Edit A 
Gene Inside A 
Patient's Body”
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Modulare la progressione: il ruolo dell’autoimmunità

ALS FTD

Pegcetacoplan 
Masitinib
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Immunità e SLA
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Modulare la progressione della SLA: ruolo del complemento
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The dying-back mechanism and the microglial-motor neuronal crosstalk. According to the dying-back mechanism, the degeneration of the motor neuron starts 
in peripheral nervous system (PNS) in the neuromuscular junctions in the skeletal muscles and then progress to the central nervous system (CNS). Complement 
proteins of the classical pathway and the terminal pathway have been located in the NMJ as the first sign of pathology which implicates the peripheral innate 
immune system in the pathophysiology of ALS. In the CNS a crosstalk between microglia and motor neurons mediated by imbalanced complement proteins 
indicates that the microglia and local complement components contributes to the detrimental spread of destruction during progression of ALS. 



Modulare la progressione della SLA: ruolo del complemento
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Modulare la progressione della SLA: ruolo dei mastociti

SLA e prospettive terapeutiche                                                              Ravenna, 12 novembre 2021



Ruolo dei mastociti: Masitinib

For NP on 4.5 mg/kg/d PFS was 25% longer  and 
statistically significant (p=0.0159)
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Progression
e

placebo Masitinib 
4.5 

Masitinib 
3

Normale

N 114 106 110

A 48 sett 75 (66%) 69 (65%) 71 (64%)

Normale + 
rapida

N 133 130 131

A 48 sett 81 (61%) 76 (59%) 80 (61%)
ALSFRS-R: -27% 

p=0.0157
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Ruolo dei mastociti: Masitinib



Ruolo dei mastociti: Masitinib
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Modulare la progressione della SLA: ruolo dei linfociti T-reg

Henkel et al., 2013

T-reg cells, formerly known as suppressor T 
cells, are a sub-population of T cells that 
modulate the immune system, maintain 
tolerance to self-antigens, and prevent 
autoimmune disease. Tregs are 
immunosuppressive and generally suppress or 
downregulate induction and proliferation of 
effector T cells. 



Microbiota, immunità e SLA

22
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Microbiota, immunità e SLA
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Nature 572, 474–480 (2019). https://doi.org/10.1038/s41586-019-1443-5

Microbiota e SLA: modelli animali 

SLA e prospettive terapeutiche                                                              Ravenna, 12 novembre 2021



FMT in C9 ALS mouse
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Microbiota, immunity and ALS

26

-   C9orf72 mice had different survival in different condition. 
- Harvard phenotype (worse) exhibit more inflammation 

and autoimmune phenotype 
- They had an environment that improved survival also 

ameliorated the underlying inflammatory and 
autoimmune disease found in C9orf72 mutant mice.

- Different microbial species in the two phenotypes 
(without pathogens) 

- Broad antibiotic treatment did not alter Broad 
phenotype, whereas reduced autoimmune pattern in 
Harvard phenotype.

- Transplantation of pro-survival gut microflora significantly 
improved each of the inflammatory and autoimmune 
phenotypes 

- Therefore, the inflammatory and autoimmune disease 
that underlies premature mortality in C9orf72(Harvard) 
mutant mice can be therapeutically prevented, and that 
signals from particular gut microbiota help tomaintain this 
disease.
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Trattamento: flow chartFETR-ALS flow chart



Trattamento: flow chartLa strada verso interventi personalizzati
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Grazie!


