
Interplay between Polyamines 
and Fatty acid binding proteins 

in Amyotrophic Lateral 
Sclerosis (ALS)

PhD Project- Candidate: Rachele Di Santo

Ph.D. programme, 40th cycle



Fatal neurodegenerative pathology that 
primarily affects the cortico-spinal 
motor circuit

ALS can be classified as either familial 
(15%) or sporadic (85%) 

Over 40 ALS-associated genes have been 
identified           superoxide dismutase 1 
(SOD1)

Feldman et al., 2022. Lancet (London, England), 400(10360), 1363–1380.. 

Amyotrophic Lateral Sclerosis (ALS)



Amyotrophic Lateral Sclerosis (ALS)

Peggion et al.,  2022. Antioxidants (Basel, Switzerland), 11(4), 614

SOD1(G93A) ALS mouse model

Transgenic model, which expresses large
amounts of mutant human SOD1 that
contains a point mutation at amino acid
position 93 (G->A).

It is the most used animal model for ALS
due to its similarity in disease
progression to humans.



Exploring the effect of Spd administration 
as ALS treatment 

• Slow down ALS progression
• Different side effects

Find new ALS terapies



Exploring the effect of Spd administration 
as ALS treatment 
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Preliminary Data

Bulk RNA-seq Analysis of both Wt and G93A mice, treated or not with Spd
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Preliminary Data

Bulk RNA-seq Analysis of both Wt and G93A mice, treated or not with Spd

One of the main 
differentially expressed 

gene in ALS mouse spinal 
cord meta-analysis

Key regulator of 
lipid metabolism 

and energy 
homeostasis



Fatty acid-binding proteins (Fabps) in ALS

Fabps regulate FAs uptake and transport

Gerstner et al., 2023. Frontiers in systems neuroscience, 17, 1212213

Lipid Droplets 
(LDs) are formed 

under high 
oxidative stress 

conditions

Acetyl-CoA 
inhibits 

autophagic 
process

Cav1 high levels 
relate to a faster ALS 

progression in 
patients

ALS
Mitochondrial 

dysfunction
β-oxidation Worst ALS 

prognosis

Cav1 is a negative 
regulator of 
polyamines 

uptake



Aims of the Project

ALS there is a 
RNA processing 

impairment

Analyse in ALS vs. WT and ALS Spd vs. ALS RNAseq
•  ncRNAs 
• alternative splicing

Spd promotes autophagy 
and downregulation of 

Fabp7

Study in ALS cell models 
the Fabps role in autophagy

LDs are marker of 
neurodegeneration

Analyse in ALS cell models
Spd effect  in LDs formation

Fabps target Cav-1 is a 
negative regulator of 

PAs uptake 

Analyse in ALS cell models
PAs uptake in response to 

Spd treatment and caveolins inhibition

1° year
2° year

3° year



1° year of PhD

NSC34 cells C8-D1A cells C2C12 cells

AIM 1 : Set up cellular systems
➢ Transfect with vectors to overexpress SOD1(WT) and SOD1(G93A)

AIM 2 : Analysis of the non-coding transcriptome and alternative splicing
➢ By bioinformatic analysis and qPCR

Motor neurons Astrocytes Skeletal muscle cells



1° year of PhD

AIM 3 : Investigate the role of circSMOX and mir-340-5p in ALS cellular models
➢ Demonstrate the presence of circSMOX-miR-340-5p-Fabp7 in the cellular systems by qPCR, 

Western Blotting, RNA-Immunoprecipitation Assay and Pull-down Assay 



1° year of PhD

AIM 3 : Investigate the role of circSMOX and mir-340-5p in ALS cellular models
➢ Demonstrate the presence of circSMOX-miR-340-5p-Fabp7 in the cellular systems by qPCR, 

Western Blotting, RNA-Immunoprecipitation Assay and Pull-down Assay 

circSMOX acts as a sponge against mir-340-5p 
(neuroprotective), promoting neurotoxicity

mir-340-5p inhibits Fabp7 expression 



2° year of PhD

AIM 1 : Investigate the role of Fabps in regulation of autophagy in ALS models 
➢ Transfect cell lines with autophagic vector and evaluate autophagic flux by fluorescent microscopy

GFP-LC3-RFP-LC3ΔG system

Exp Group 1 Exp Group 2 Exp Group 3

GFP-LC3-
RFP-(LC3∆G)

GFP-LC3-
RFP-(LC3∆G)

+ Spd

GFP-LC3-
RFP-(LC3∆G)

+ Spd + 
Fabp7(Wt)

Low Autophagy High Autophagy

BODIPY  493/503

In SOD1(G93A) cells 

Exp Group 1 Exp Group 2 Exp Group 3
Ctrl + Spd + Fabp7 Inhibitor 

Islam et al., 2019. Molecular neurobiology, 56(8),

Choksomngam, et al.,2021. Obesity research & clinical practice, 15(4), 315–326.

Motor 
impairment

Reinoso-Sánchez et al., 2020. International journal of molecular sciences, 21(21), 8227. D'Ercole et al., 2022. Cell reports, 41(12), 111861. 



2° year of PhD

Islam et al., 2019. Molecular neurobiology, 56(8),

AIM 3 : Analysis of PAs metabolism
➢ Analyse gene expression levels by qPCR and SAT1 activity by high-throughput colorimetric assay

Choksomngam, et al.,2021. Obesity research & clinical practice, 15(4), 315–326.Reinoso-Sánchez et al., 2020. International journal of molecular sciences, 21(21), 8227. D'Ercole et al., 2022. Cell reports, 41(12), 111861. 

Fabp7 is involved in Acetyl-CoA 
production and FAs β-oxidation

SAT1 uses Acetyl-CoA as a 
substrate to acetylate PAs



AIM 1: Study the role of Spd-Fabps-caveolin axis in the regulation of polyamines 
uptake

➢ Measure PAs intracellular levels by HPLC

Exp Group 1 Exp Group 2 Exp Group 3

Ctrl + Spd-C2-BODIPY + Spd-C2-BODIPY

+ Cav Inhibitor 

van Veen et al., 2020. Nature, 578(7795), 419–424.

3° year of PhD

➢ Analyse PAs uptake by Spd-C2-BODIPY probe

SeaHorse Technology



AIM 1: Study the role of Spd-Fabps-caveolin axis in the regulation of polyamines 
uptake

➢ Measure PAs intracellular levels by HPLC

3° year of PhD

Effect on ALS phenotype 
of Spd-Caveolins inhibitor 

co-treatment in our ALS 
cell models

Measure of ATP 
production

SeaHorse Technology Exp Group 1 Exp Group 2 Exp Group 3
Ctrl +Spd +Spd + Cav 

Inhibitor



Conclusions

• Deepening in Spd’s action in the ALS context  

• Elucidate the alternative splicing and ncRNAs mechanisms in ALS pathology

• Identify a possible network between circSMOX - miR-340-5p –FABP7 in ALS pathology

• Investigate the contribution of FABP7 in Spd autophagy induction

• Analyse the effect of Spd treatment on LDs formation in ALS cellular models

• Investigate the effects of Spd - FABP7- caveolins in polyamines uptake

• Investigate the effect of the combined treatment of Spd and caveolin inhibithors in ALS 

phenotype

a more comprehensive depiction 
of pathology

progress in the search for 
ALS therapy



Thank you for your attention!
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