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SCFD1 in amyotrophic lateral 
sclerosis: reconciling a genetic 
association with in vivo functional 
analysis

A myo t ro p h i c  l a te ra l  s c l e ro s i s  ( A L S )  i s  a 
neurodegenerative disease characterized by 
progressive loss of upper and lower motor 
neurons, resulting in muscle weakness and 
spasticity, eventually leading to death due to 
respiratory failure. Analyses by our group of a case-
control cohort from an isolated island population 
have found that genetics plays a significant role in 
disease etiology (Farrugia Wismayer et al., 2023). 
In addition to rare variants that cause familial 
monogenic forms of the disease, genetic variants 
that are commonly found in the population have 
also been associated with disease risk. To this end, 
the latest landmark cross-ancestry genome-wide 
association study (GWAS) identified multiple risk 
loci in patients with sporadic ALS or those without 
a family history of the disease (van Rheenen et 
al., 2021). Top-ranking loci identified in this study 
included the Sec1 Family Domain Containing 
1  (SCFD1)  gene and the uncoordinated 13 
homolog A (UNC13A) gene based on association 
with the rs229195 and rs12608932 variants, 
respectively. Interestingly, although proteins 
encoded by SCFD1 and UNC13A have similar 
functions in vesicle transport and disruption of this 
pathway is well known to induce motor neuron 
degeneration (Mead et al., 2022), establishing a 
relationship between these risk genes and ALS 
pathophysiology has been challenging. This is 
nonetheless imperative because risk loci can be 
therapeutically targeted in a broad spectrum 
of ALS patients in addition to pre-symptomatic 
individuals with a higher ALS risk. Notably, recent 
studies have attempted to discover a potential 
link between major GWAS-identified risk loci and 
disease mechanism (Brown et al., 2022; Ma et 
al., 2022; Borg et al., 2023). For UNC13A, mis-
splicing of its messenger RNA (mRNA) transcript in 
ALS patients was found to result in lower protein 
levels with serious consequences for synaptic 
maintenance (Brown et al., 2022; Ma et al., 2022). 
Making use of a pre-clinical model, we have shown 
that synaptic deficits and the resulting decline 
in neuromuscular function can also result from 
reduced levels of SCFD1 (Borg et al., 2023; Figure 
1). Importantly, disease predisposition from loss 
of UNC13A or SCFD1 function may be intimately 
linked to protein misfolding and aggregation 
which remains a hallmark feature of ALS (Mead 
et al., 2022). Risk variants in the UNC13A locus 
are thought to be consequential in the absence 
of functional nuclear TDP-43 (Brown et al., 2022; 
Ma et al., 2022), a main constituent of cytoplasmic 
protein aggregates in ALS patients (Mead et al., 
2022). A general downregulation of protein folding 
pathways may explain why the loss of SCFD1 leads 
to a decline in neuromuscular function (Borg et al., 
2023).

SCFD1 was identif ied in 1991 in the yeast 
Saccharomyces cerevisiae as a suppressor of the 
functional loss of Ypt1, a GTP-binding protein 
essential for endoplasmic reticulum (ER) to Golgi 
protein transport (Dascher et al., 1991). The 
SCFD1 yeast orthologue was thus termed Sly1 for 
suppressor of loss of Ypt1 function. A member of 
the Sec1/Munc18-like protein family, SCFD1 is a 
medium-sized protein with a molecular weight 
of around 72 kDa. Subsequent studies have 
delineated the precise role of SCFD1 in ER to 
Golgi anterograde transport (Peng and Gallwitz, 
2002; Laufman et al., 2009; Lobingier et al., 2014). 
SCFD1 ensures the correct assembly in addition 
to opposing the disassembly of the soluble 
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critical for assessing whether SCFD1 plays an 
important role in maintaining the motor system in 
vivo, have been limited.

We have recently made use of Drosophila , 
a genetically tractable model organism, to 
investigate the in vivo consequences of SCFD1 
depletion (Borg et al., 2023). More than two-
thirds of the genes implicated in human disease 
are conserved in Drosophila, so it is not surprising 
that Drosophila also has a highly conserved SCFD1 
orthologue known as SLY-1 homologous or Slh. 
We made use of RNAi-mediated gene silencing to 
first induce Slh knockdown in the whole organism 
starting at an early developmental stage. This 
allowed us to reveal that Slh is an essential protein 
similar to its counterpart in yeast (Dascher et al., 
1991). Next, we assessed the behavior of flies with 
a moderate depletion of Slh in either muscle or 
neurons making use of an RNAi transgene gene-
switch system. Intriguingly, we found that during 
adulthood, flies exhibited obvious neuromuscular 
deficits that progressively worsened with age, 
an obvious overlap with phenotypes observed 
in ALS patients. A stronger knockdown of Slh in 
either component of the neuromuscular system 
did not lead to viable adult flies. However, it 
induced paralysis in larvae which eventually died 
a few hours later as uncontracted puparia. We 
succeeded in linking these motor deficits with 
defects in motor synapses, which are a known 
sign of ALS pathology. Through analysis of the 
neuromuscular junctions of motor neurons 
innervating body wall muscles that larvae use for 
locomotion, we uncovered a profound decrease 
in neuromuscular junction area and complexity 
on the loss of Slh function (Figure 1). To delve 
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N-ethylmaleimide-sensitive factor attachment 
protein receptor (SNARE) complex, itself required 
for the fusion of ER-derived vesicles with Golgi 
membranes (Peng and Gallwitz, 2002; Lobingier 
et al., 2014). A role for SCFD1 in intra-Golgi and 
Golgi-to-ER retrograde transport has also been 
proposed due to direct interaction with the 
conserved oligomeric Golgi tethering complex 
(Laufman et al., 2009). The function of SCFD1 
as a crucial regulator of ER-Golgi trafficking is 
conserved in mammals with depletion of SCFD1 
in mammalian cells found to induce an ER stress 
response that leads to autophagy (Renna et 
al., 2011). Controlled by both acetylation- and 
phosphorylation-dependent mechanisms, SCFD1 
was also found to have a role in autophagosome-
lysosome fusion in mammalian cell cultures 
(Huang et al.,  2023). Nonetheless, studies 
on animal models in which SCFD1 function 
is disrupted either in the whole organism or, 
selectively, in specific tissues, which would be 

Figure 1 ｜ Loss of SCFD1 function leads to loss of neuromuscular function and erodes mechanisms protecting 
against misfolding and protein aggregation in an in vivo model. 
(A) In a healthy motor system, the function of SCFD1 in ER to Golgi vesicular trafficking ensures proteostasis. (B) 
In Drosophila, reduced SCFD1 levels lead to motor system dysfunction as manifested by NMJ defects and loss of 
neuromuscular performance. Decreased chaperoning activity due to low levels of HSPs is hypothesized to result in a 
cellular environment that is prone to the accumulation of malformed proteins. This can potentially increase ALS risk 
or aggravate pre-existing alterations in protein homeostasis. Created with BioRender.com. ALS: Amyotrophic lateral 
sclerosis; ER: endoplasmic reticulum; HSPs: heat shock proteins; NMJ: neuromuscular junction; SCFD1: Sec1 Family 
Domain Containing 1.
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deeper into the molecular events triggering these 
phenotypes, we carried out RNA sequencing in 
these flies and surprisingly discovered that several 
genes encoding heat shock proteins (HSPs) were 
amongst the top-most downregulated genes. 
Hence, Gene Ontology enrichment analysis 
confirmed that protein folding or refolding were 
the most significantly downregulated pathways. 

In addition to its identification as an ALS risk gene 
via GWAS (van Rheenen et al., 2021), SCFD1 was 
also shown to be a top-most significant expression 
quantitative trait locus (eQTL) for ALS (Iacoangeli et 
al., 2021). To this end, for SCFD1 eQTL rs8005942, 
SCFD1 expression was found increased in post-
mortem motor cortex tissues of ALS patients 
compared to controls for homozygotes of the 
rarer genotype (AA) and this also correlated with a 
reduction in ALS survival (Iacoangeli et al., 2021). A 
recent proteome-wide association study (Gu et al., 
2023) and two independent transcriptome-wide 
association studies also reported higher SCFD1 
levels in ALS patient-derived brain tissue (SCFD1 
eQTL rs2070339) (Saez-Atienzar et al., 2021; Gu 
et al., 2023). At face value, a role for SCFD1 in ALS 
via a gain-of-function mechanism does not appear 
to concur with our in vivo data (Borg et al., 2023), 
which suggests just the opposite. Nonetheless, 
increased SCFD1 expression detected post-mortem 
might reflect a protective response mechanism 
occurring during advanced stages of the disease. 
Loss of SCFD1 function during the early stages of 
the disease is therefore still plausible and this is 
in agreement with our functional results in the 
Drosophila model system (Borg et al., 2023) and, 
is also supported by a blood-based transcriptome-
wide association study that reported an association 
between low SCFD1 expression (flagged by SCFD1 
eQTL rs7144204) and increased ALS risk (Saez-
Atienzar et al., 2021). 

Prior to our study, whether a factor with a 
housekeeping role in ER-Golgi trafficking is 
required for maintaining a functional motor system 
was unknown. Furthermore, how loss of SCFD1 
expression might increase ALS risk was unclear. Our 
findings have addressed these questions, mostly 
underscoring that vesicle transport remains central 
to the physiology of the neuromuscular system 
as supported by an increasing number of ALS 
causing genes encoding proteins with a role in this 
pathway including ALS2, SPG11, VABP, FIG4, CAV1, 
OPTN and NEK1 (Mead et al., 2022). Importantly, 
transcriptomic alterations downstream of Slh gene 
silencing, which point to a general downregulation 
of protein folding pathways, can serve as a 
plausible mechanism through which reduced 
SCFD1 levels can predispose to ALS. 

Damaging variants or expansions in the major 
genes linked to familial ALS including C9orf72, 
SOD1 ,  TARDBP ,  and FUS  all  lead to protein 
aggregates of different species. Despite an absence 
of mutations in TARDBP, its encoding gene, TDP-
43 protein misfolding, and aggregation occurs in 
nearly all patients with sporadic ALS, which by far 
is the predominant form of the disease (Mead 
et al., 2022). Aggregated proteins cause damage 
to several processes that are essential for motor 
neuron function and survival (Mead et al., 2022). 
Misfolded proteins are either refolded or cleared 
by HSPs. Multiple lines of evidence indicate that 
chaperoning activity or its lack of it is therefore 
central to ALS pathophysiology. First, motor 
neurons and muscle cells are highly inefficient 
at mounting a heat shock stress response. 
Consequently, HSP downregulation is expected 
to further increase the vulnerability of the motor 
system to proteome stress, hence increasing ALS 
risk. Second, similar to our findings, reduced levels 
of HSPs have been reported in ALS animal models 
and patient-derived tissues or cells. Third, DNAJC7, 
which encodes HSP40 has been identified as a 
novel ALS-associated gene. Fourth, several studies 
are supportive of an amelioration of ALS symptoms 

by upregulation of HSPs. Most importantly, the 
sodium phenylbutyrate component in the recently 
FDA-approved AMX0035 (Relyvrio), is a histone 
deacetylase inhibitor that increases chaperone 
expression (Mead et al., 2022; Borg et al., 2023 
and references therein).

Several lines of research are warranted to reconcile 
GWAS, proteome-wide association study, and 
transcriptome-wide association study findings with 
in vivo functional data with the aim of confirming 
a role for SCFD1 in ALS pathophysiology. It is 
presently unclear whether SCFD1 downregulation 
or upregulation or both are associated with an 
increase in ALS risk. Our findings in the Drosophila 
model system suggest that SCFD1 can lead to ALS 
through a loss-of-function mechanism and this 
may well be the case in the early stages of the 
disease. Studies that aim at defining temporal 
differences in SCFD1 expression in patient samples 
or cell culture models can provide crucial answers. 
Alternatively, the consequences of a gain of SCFD1 
function on the motor system in vivo remains 
unknown and should be investigated. Work 
that defines the precise mechanism driving the 
transcriptome alterations in Slh flies and whether 
depressed expression of chaperones at the RNA 
level translates into increased protein aggregation 
is also crucially important. To this end, the impact 
of SCFD1 downregulation in established ALS animal 
models should also be investigated to confirm 
whether this worsens established phenotypes or 
leads to an earlier onset of symptoms. Importantly, 
it would be interesting to demonstrate whether 
the aggregate formation is exacerbated on the loss 
of SCFD1 function. Recent studies on the role of 
SCFD1 in ALS including ours provide new impetus 
to better define its contribution to the disease 
mechanism. This is an essential step that can 
potentially inform us on meaningful therapeutic 
strategies aimed at improving motor function in 
ALS patients.
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