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INTRODUCTION AND OBJECTIVES
It is well established that changes in endolysosomal system are linked to both the most common as 

well as rare inherited neurodegenerative diseases (NDs), indicating that maintaining endolysosomal 

homeostasis is important for brain cell function (1-3). One of the key elements of the endosomal 

system is retromer, a multimeric protein complex (4). Retromer complex plays a critical role in 

maintaining endolysosomal function as it orchestrates cargo distribution (5) and recycling within the 

cell (6). The centre of the retromer is the cargo-recognition core that consists of proteins Vps26, 

Vps29 and Vps35 (4-6). This trimer directly recognizes and binds to the cargo molecules forming a 

cargo-recognition complex. Given that the retromer complex plays a critical role in endolysosomal 

trafficking and its function, it is reasonable to suggest that retromer defect may be a central hub 

contributing to neurodegeneration. Indeed, dysfunction of retromer has been associated with 

multiple NDs, including Alzheimer's disease (AD) and Parkinson's disease (PD) (3) and recently 

Amyotrophic Lateral Sclerosis (ALS) and Neuronal Ceroid Lipofuscinosis (NCL) (7,8). Thus, it seems 

that retromer dysfunction is a shared feature among multiple neurodegenerative diseases 
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Fig.1. Retromer proteins accumulate in enlarged alveolar-shaped vesicles at the periphery 
in NPC1-null cells compared to CHOwt. Chinese hamster ovary wild type (CHOwt) cells and CHO-
NPC1-null cells (kindly provided by Dr. Daniel Ory) were grown in DMEM:F12 medium (1:1) containing 
0.5 mM Na-pyruvate supplemented with 10% FBS, 2 mM L-glutamine and antibiotic/antimycotic (all 
from Sigma Aldrich). A) The cells were fixed and stained for Vps26 (green) and Vps35 (red). Filipin was 
used for staining of free cholesterol. Cells were analyzed by confocal microscopy using an inverted laser 
scanning confocal microscope Leica TCS SCP8 with the software LAS X (Leica, Germany). B) and C) The 
levels of retromer proteins Vps26 and Vps35 and retromer receptor sorLA, analysed by western blot, did 
not reveal any differences in the protein levels. Protein signals were quantified using the ImageJ 
software (National Institutes of Health, USA). The statistical significance of the tests was set at p<0.05. 
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Retromer proteins accumulate in 
enlarged alveolar-shaped vesicles 

in NPC1-null cells 

Decrease of sorLA is accompanied by Vps35 
accumulation in NPC1 mouse brains

Fig 4. Altered distribution of Vps35 and sorLA in the cortex of NPC1 mice is observed already at 
presymptomatic stage of the disease at 4-weeks of age. Shown are results of immunostaning of 4-, 
7- and 10-weeks old NPC1 (BALB/cNctr-Npc1m1N/J, the Jackson Laboratory, Bar Harbor, Maine, USA ) vs. wt 
mouse cortices. Since NPC1-/- mice are not fertile, female and male NPC1+/- mice were mated to generate 
NPC1-/- (NPC1) and NPC1+/+ (wt) mice. Mice were genotyped according to already published protocols 
(http://jaxmice. jax.org/strain/003092.html). All mice were sacrificed by cervical dislocation. Brains were 
removed and hemisected and right hemispheres were cryopreserved, stored at -80 °C until cutting and used 
for immunohistochemistry. Since results in 4-, 7- and 10-weeks old wt mouse brains did not differ in neither 
of the regions analyzed, we selected the results of immunostaining of 10-week old wt mouse brains as a 
representative control. In cortical layers, neuronal perinuclear staining of both sorLa (red) and Vps35 
(green) was observed. Decreased sorLA levels in neurons were detected in NPC1 mice in comparison to wt 
mice. In contrast to sorLA levels, Vps35 was accumulating in age-dependent manner in the soma of cortical 
neurons from NPC1 brains, and the most pronounced accumulation was observed in the cells with the lowest 
sorLA levels.

CONCLUSIONS
• Retromer dysfunction in NPC is characterized by altered transport of the 
retromer core components Vps26, Vps35 and/or retromer receptor sorLA and 
by retromer accumulation in neuronal processes and within axonal swellings. 

• The observed altered retromer distribution in NPC1 mouse brains already at 
presymptomatic stage (at 4-weeks of age) indicates that retromer defect occurs 
early in the course of NPC disease and may contribute to downstream 
pathological processes.

• Cholesterol depletion in NPC1-null cells and in NPC1 mouse brains reverts 
retromer dysfunction, suggesting that retromer impairment in NPC is 
mechanistically dependent on cholesterol accumulation. 

RESULTS

and that retromer targeting could be a valuable common approach against NDs (9).

In this work we tested the role of retromer in the pathogenesis of Niemann-Pick type C 

disease (NPC) as a possible novel therapeutic approach that we are desperately missing 

in NPC. We characterized the levels and the localization/distribution of retromer proteins (Vps26 and 

Vps35) and retromer receptor sorLA in NPC1-null cells (Fig. 1) and in mouse primary hippocampal and 

cortical NPC1 vs. wt neurons (Fog 2), and, more specifically in axonal swellings ( Fig. 3) which are one 

of the first hallmark(s) of synaptic loss, neuronal dysfunction and may predict their vulnerability to 

degeneration. Next, we analyzed retromer distribution in different brain regions of NPC1 mice 

(cerebellum, cortex and hippocampus) at different disease stages (4-, 7- and/or 10-weeks old) (Fig. 

4). Finally, by depleting cholesterol levels we investigated the causal link between altered cholesterol 

levels and retromer (dys)function (Fig. 5). 

5 Cholesterol depletion in vivo 
rescues SorLA and Vps35 distribution 

in NPC1 mouse brains  

Fig 5. SorLA and Vps35 distribution in the cortex of 10-weeks old NPC1 mice is rescued by 
cholesterol depletion in vivo. NPC1 mice were treated with a standard cholesterol lowering therapy, 
MβC or statins (fluvastatin) , (n=3)  or with placebo (5% DMSO in 0.9% saline solution). All the animals 
were sacrificed five hours after the last treatment. MβC (Sigma S0940, 4000 mg/kg/day) was injected 
subcutaneously, starting on 24th, 45th or 66th day of age and treatment lasted for five days. Fluvastatin 
(Tocris #3309, 5 mg/kg/day) was applied by cannula injection once a day, starting on 22nd, 43rd of 64th 
day and treatment lasted for seven days. The immunoreactivity for sorLA receptor increased in the cortical 
neurons of treated mice, similar to that in wt mice, which was followed by decreased Vps35 accumulation 
in these neurons.
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Fig 2. Retromer protein Vps35 accumulates within dysfunctional endolysosomal vesicles in the 
axons of NPC1 hippocampal neurons. Hippocampal neurons were isolated at postnatal day 0 
(P0), grown in culture for 14DIV, fixed and stained for Vps35 (green) and A) lysosomal marker 
LAMP1 (red), B) transferrin receptor TfR (red) and C) early endosome marker EEA1 (red). Filipin 
was used for staining of free cholesterol that accumulates in enlarged LAMP1-positive vesicles. 
Cells were analyzed using confocal microscopy. 

Retromer protein Vps35 accumulates within dysfunctional endolysosomal vesicles in the axons of 
NPC1 hippocampal neurons
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3 Vps35 is found in axonal swellings of 
hippocampal NPC1 neurons 

Fig 3. Vps35 is present in axonal swellings of hippocampal NPC1 neurons. Hippocampal 
neurons were isolated at postnatal day 0 (P0), grown in culture for 14DIV, fixed and stained for Vps35 
(green), lysosomal marker LAMP1 (red) and neuronal marker TUJ-1 (blue). Filipin was used for staining of 
free cholesterol. Cells were analyzed using confocal microscopy.

ACKNOWLEDGEMENTS

REFERENCES


	Page 1

