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PERSPECTIVE

Vacuolar protein sorting protein 
41 (VPS41) at an intersection 
of endosomal traffic in 
neurodegenerative disease 

Alzheimer’s and Parkinson’s diseases are neurodegenerative 
disorders pathologically classified by the accumulation of 
amyloidogenic proteins into insoluble inclusions within the 
brain. Specifically, amyloid plaques in the brains of Alzhei-
mer’s disease patients are comprised of amyloid-β (Aβ) pep-
tide, the product of sequential cleavage of the amyloid pre-
cursor protein by β- and γ-secretases. Similarly, α-synuclein 
is a major component of Lewy bodies associated with Parkin-
son’s disease. Though both diseases increase progressively with 
disease and age, the soluble oligomeric forms associated with 
each polypeptide are, arguably, the most toxic species. Both 
Aβ and α-synuclein form porous oligomers that permeabilize 
membranes (Di Scala et al., 2016). Intracellular α-synuclein 
obstructs endoplasmic reticulum-Golgi traffic and following 
internalization, Aβ rapidly aggregates in endosomes and lyso-
somes. Using transgenic Caenorhabditis elegans models of neu-
rodegeneration, Griffin et al. (2018) show that the homotypic 
fusion protein sorting complex, HOPS, lies at an intersection 
between the two pathogenic proteins to functionally protect 
against neurodegeneration (Figure 1).

In a genetic screen to identify modifiers of α-synuclein 
toxicity, the vacuolar protein sorting protein 41 (vps-41), 
which is part of the HOPS complex, increased misfolding 
of α-synuclein when depleted and later reduced neurode-
generation upon over-expression. This protective effect was 
conserved in transgenic nematodes expressing human VPS41 
and was dependent on its WD40 and clathrin heavy chain 
repeat domains, in addition to the adaptor protein, AP3. 
Structure-function analysis revealed that truncation of the 
protein to include just WD40 and clathrin heavy chain repeat 
produced the smallest protective cDNA encoding hVps41. 
With the vps-41 gene product at the hub of endo-lysosomal 
interactions, Griffin et al. (2018) hypothesized that it might 
protect against Aβ-mediated endo-lysosomal disruptions. 
Overexpression of hVps41 attenuated Aβ-induced neuro-
degeneration, while conditional neuron-specific RNA inter-
ference of vps-41 increased neurodegeneration (Figure 1). 
However, RNA interference depletion of either AP3 or casein 
kinase, csnk-1, that modulates AP3-VPS-41 interactions in 
the α-synuclein model, did not increase Aβ toxicity, suggest-
ing differential roles of hVps41 in protecting from neurode-
generative disease. 

Considering the disparity between the two neurodegen-
erative models, the authors performed a small systematic 
screen of genes that define the endosomal pathway. Neuronal 
depletion of rab-5, required for early endosome function, in-
creased neurodegeneration. Additionally, depletion of vps-39 
or vps-41, both components of the HOPS complex, increased 
neurodegeneration. Depletion of sand-1, required for RAB 
exchange in the maturation of the early endosome into the 
late endosome, also increased neurodegeneration. These show 

that disruption of the early endosomal system exacerbates 
Aβ as has similarly been observed in other models (Li et al., 
2012). Notably, while transgenic over-expression of the hu-
man phosphatidyl-inositol binding clathrin assembly protein 
(PICALM) reduced Aβ toxicity in yeast and C. elegans mod-
els (Griffin et al., 2017), RNA interference of the C. elegans 
PICALM increased neurodegeneration. Though single nucle-
otide polymorphisms in PICALM are associated with Alzhei-
mer’s disease, it is unclear how altered PICALM specifically 
affects Aβ. Decreased PICALM expression exacerbates toxici-
ty of Alzheimer’s disease-associated tau protein by decreasing 
SNARE protein availability for autophagy (Moreau et al., 
2014), but it is unknown whether PICALM contributes to Aβ 
toxicity through this phenomenon. However, the results from 
Griffin et al. (2018) suggest that exploring the relationship 
between Alzheimer’s disease-associated single nucleotide 
polymorphisms in PICALM, autophagy, and Aβ toxicity may 
shed light on disease progression towards therapeutic targets.

The interaction between Rab7 and Vps41 for the tethering 
and fusion of endosomes with lysosomes is well-established 
within the literature, from yeast to mammalian cell culture. 
It was therefore unexpected that loss of rab-7 would increase 
neurodegeneration by α-synuclein, but not Aβ (Figure 1). 
Searching for alternative endolysosomal effectors that interact 
with HOPS, Griffin et al. (2018) identified a genetic relation-
ship between hVps41/vps-41 and microtubule-associated 
proteins light chain 3 (LC3)/lgg-2 that was modulated by the 
Arf-like guanosine-5′-triphosphate (GTP)ase, arl-8 (Figure 
1). While ARL-8 regulates anterograde positioning, RAB-7 
is required for retrograde trafficking. A previous study found 
that over-expression of Arl8 increased toxicity of A53T α-sy-
nuclein (Korolchuk et al., 2011). Using wild-type α-synuclein, 
Griffin et al. (2018) observed no effect of arl-8 over-expres-
sion on α-synuclein-mediated neurodegeneration. Neurode-
generation by wild-type α-synuclein increased only when arl-
8 was mutated into either GTP- or guanosine diphosphate 
(GDP)-locked states. In contrast, GTP-locked arl-8 reduced 
Aβ-mediated neurodegeneration, while GDP-locked arl-
8 had no effect on Aβ toxicity. While differential regulation 
of arl-8-associated processes between neuronal subtypes is 
a concern, the formation of toxic oligomeric α-synuclein 
species is largely dependent on dopamine (Mor et al., 2017). 
Therefore, the effect of arl-8 might be related to the milieu of 
the dopaminergic neuron. However, it is unclear whether the 
acceleration of Aβ toxicity is similarly dependent on cell type. 
Due to the propensity of A53T α-synuclein towards unsolic-
ited oligomerization, this raises the question of how hVps41 
and arl-8 participate with A53T toxicity within dopaminergic 
neurons and other neuronal subtypes. 

Considering Rab7 and Arl8 regulate opposing retrograde 
and anterograde trafficking, respectively, over-expression of 
arl-8 would theoretically recapitulate loss of rab-7 and vice 
versa. In this respect, with loss of rab-7 increasing α-synu-
clein-mediated neurodegeneration, one would expect GDP-
locked arl-8 to reduce α-synuclein-mediated neurodegen-
eration. On the contrary, both the GTP- and GDP-locked 
states of arl-8 increased neurodegeneration. Because Arl8 was 
required for localization of Vps41 and Rab7 in human cell 
culture (Khatter et al., 2015), the GDP-locked state of ARL-
8 might hinder proper recruitment of Rab7 in mitigating 
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α-synuclein toxicity. Co-localization of hVps41 with ARL-8 is 
also affected by a single nucleotide polymorphism, T146P, in 
hVps41 (Khatter et al., 2015). This single nucleotide polymor-
phism failed to provide a protective effect in either the α-sy-
nuclein or Aβ backgrounds. Clearly, the effect of ARL-8 states 
on HOPS recruitment remains to be resolved, especially in 
the context of α-synuclein toxicity.

Previous work suggests the GTP exchange factor of ARL-
8 is SAM-4 (Jia et al., 2017). The SAM-4 protein is part of a 
multi-subunit complex, the BLOS-related complex (BORC), 
that alters the recruitment and activity of kinesin through 
the GTP-bound state of ARL-8. Though Griffin et al. (2018) 
showed that the GDP-locked arl-8 was not sufficient to pro-
vide protection in the Aβ background, this does not answer 
the question of whether the GTPase activity or guanosine 
exchange in ARL-8 is necessary to confer protection. Addi-
tionally, the interaction between BORC, HOPS, and LC3 is 
facilitated by the Pleckstrin Homology and RUN-domain 
containing M1 protein (PLEKHM1/CUP-14) (Jia et al., 2017), 
which directly interacts with Arl8 for tethering and fusion 
of autophagosomes with lysosomes, mediated by the HOPS 
complex (Marwaha et al., 2017). It is unclear whether inter-
actions with PLEKHM1/CUP-14 are necessary to attenuate 
Aβ, but over-expression of PLEKHM1/cup-14 might recapit-
ulate the protective phenotype of hVps41 over-expression. 
These interactions between autophagy and lysosomes with 
PLEKHM1/CUP-14 are mediated through domains that in-
teract directly with LC3, Rab7, or Arl8. Though loss of rab-
7 had no effect on Aβ-mediated neurodegeneration, it is 
unknown whether both RAB-7 and ARL-8 are required for 
interaction with PLEKHM1. Thus, expression of PLEKHM1/
CUP-14, and respective truncates, would reveal how these 
protein interactions contribute to neuroprotection.

Considering autophagy appears to play a major role in 
secretion (Nilsson et al., 2013), it is possible that this machin-
ery might function to reduce the intracellular Aβ burden by 
engulfment and expulsion of aggregates. Extracellular deposi-
tion of Aβ is a hallmark of Alzheimer’s disease that has been 
observed as secretion via extracellular vesicles or the release 
of endolysosomal contents (Melentijevic et al., 2017). One 
study found that the cytochrome P450 reductase, emb-8, and 
the coronin-like polarity and osmotic sensitivity protein, pod-
1, are necessary for the ejection of protein aggregates, includ-
ing huntingtin and Aβ, from C. elegans neurons (Melentijevic 
et al., 2017). However, it is not known how emb-8 and pod-
1 coordinate this phenotype. Components of BORC can be 
exchanged to specify whether it mediates the anterograde 
trafficking of either synaptic vesicles or lysosomes. Probing 
two specific components of BORC, kxd-1 and blos-8, would 
provide insight, since they are necessary for anterograde 
transport of lysosomes, but dispensable for transport of syn-
aptic vesicle precursors (Niwa et al., 2017). As Griffin et al. 
(2018) have shown, there is a relationship between autopha-
gy, hVps41/vps-41, and arl-8, but whether autophagy partic-
ipates with vps-41 and arl-8 for autophagic secretion or lyso-
somal delivery by BORC is unclear. As previously mentioned, 
upregulated autophagy increases extracellular deposition of 
insoluble Aβ fractions in the brain, decreasing soluble intra-
cellular oligomers (Nilsson et al., 2013). Thus, comparative 
western blot assay of soluble and insoluble fractions of Aβ 
would reveal whether over-expression of arl-8, or changes in 

its GTP-bound state, modifies insoluble Aβ fractions. 
Additionally,  the relationship between arl-8  and 

PLEKHM1/cup-14 in Aβ or α-synuclein toxicity remains 
nebulous. Since HOPS and LC3/lgg-2 directly interact with 
PLEKHM1/cup-14 within clearly-defined domain architec-
ture (McEwan et al., 2015), single nucleotide polymorphisms 
or truncates could be tested for their functional roles in 
the context of α-synuclein or Aβ in vivo. Indeed, a Parkin-
son’s-associated single nucleotide polymorphism in a gene 
neighboring PLEKHM1 was also associated with altered 
mRNA levels of PLEKHM1. However, no study has directly 
investigated the effects of altered PLEKHM1 expression or 
function on proteotoxicity.

Alternatively, Aβ toxicity might be mitigated through lyso-
somal degradation at the cellular periphery. While subsequent 
internalization of Aβ leads to its intracellular aggregation and 
dysfunction of digestive compartments, defects in the endo-
somal machinery trap Aβ in the early endosome (Li et al., 
2012), suggesting that the effects of Aβ might manifest short-
ly after internalization near the cell surface. Since Arl8 and 
BORC also recruit HOPS for peripheral autophagosomal-ly-
sosomal fusion and positioning (Jia et al., 2017), autophago-
somal envelopment and lysosomal fusion might contribute to 
clearance of peripheral aggregates. Delivery of lysosomes to 
the dendrites or axons is mediated by the activities of either 
KIF1A/unc-104 and Kinesin-1/unc-116, respectively, with 
BORC (Farías et al., 2017). Additionally, it is possible this 
precedes autophagy-mediated secretion of aggregates, which 
may be a defense mechanism to reduce the load of intracellu-
lar aggregates by jettison.

The disappointing state-of-affairs regarding unsuccessful 
clinical trials for diseases of neurodegeneration, and especially 
Alzheimer’s disease, underscore the urgent need to define new 
therapeutic targets and more direct mechanisms for interven-
tion. The example set by Griffin et al. (2018), while limited to 
functional relationships involving hVps41-mediated protec-
tion in C. elegans, is representative of a more directed means 
toward accelerating the translational path through exploiting 
tractable in vivo models of Alzheimer’s disease and/or Parkin-
son’s disease-associated proteotoxicity. Though the neuropro-
tective mechanisms differ between models, they orbit an ele-
ment shared between these two diseases, thus highlighting the 
therapeutic advantage of targeting commonalities underlying 
neurodegeneration. Nevertheless, this does not distract from 
the gravity of these mechanistic differences, which remain elu-
sive in understanding the etiology of disease.
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Figure 1 An illustration of the interactions 
discussed in Griffin et al. (2018). 
The homotypic fusion and vacuole protein sorting 
(HOPS) complex (orange), which contains vacuolar 
protein sorting protein 41 (VPS-41), lies at the inter-
section between mechanisms involved in α-synuclein 
(red) and amyloid-β (Aβ) (yellow) toxicity. Other 
components of lysosomal trafficking (blue) facilitate 
HOPS, but it is unclear if these also participate in 
Aβ toxicity. As a component of the BLOC-one-re-
lated complex (BORC), the Caenorhabditis elegans 
orthologue of human LOH12CR1 (SAM-4) stimu-
lates guanosine exchange within the arf-like guano-
sine-5′-triphosphate (GTP)ase, ARL-8. The BORC 
subunits, KxDL motif containing 1 (KXD-1) and 
biogenesis of lysosome-related organelles complex 8 
(BLOS-8), are necessary for lysosomal positioning, 
but dispensable for synaptic vesicle trafficking. Both 
the kinesin family member 1A (KIF1A) and Kine-
sin-1 kinesins associate with BORC to differentiate 
dendritic targeting from axonal positioning, respec-
tively. The pleckstrin homology and RUN domain 
containing M1 (PLEKHM1) protein is a scaffold 
for the interactions between ARL-8, the microtu-
bule-associated proteins light chain 3 (LC3) ortho-
logue (LGG-2), and the Ras-related protein 7 (RAB-
7), however, it is unknown whether it facilitates 
peripheral autophagosomal clearance of Aβ. RAB-
7 and HOPS on the lysosome surface coordinate to 
mediate tethering and fusion of trans-Golgi vesicles 
coated with adapter protein 3 (AP3).


