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INTRODUCTION AND OBJECTIVES
The β-site amyloid precursor protein cleavage enzyme 1 (BACE1) plays a central role in pathogenesis of 
Alzheimer's disease (AD). It initiates the proteolytic cleavage of the β-amyloid precursor protein (APP) to 
generate toxic amyloid-β peptides (Aß) that accumulate in AD patients' brains. Thus, BACE1 has been 
considered as a therapeutic target for the treatment of Alzheimer's disease. Niemann-Pick type C (NPC) 
disease is a rare, recessive, still untreatable, neurodegenerative disorder. It is caused by mutations in 
NPC1 or NPC2 genes which code for cholesterol transport proteins within late endosome/lysosomal 
compartments. Interestingly, NPC shares several key features with AD, including dysfunction of the 
endolysosomal pathway and increased levels of Aß peptides.  

We have previosuly shown in NPC1-null cells and NPC1-deficient mouse brains an enhanced cleavage by 
BACE1 of APP, and recently identified, BACE1 substrates, seizure protein 6 (Sez6), and seizure 6-like 
protein (Sez6L), which are primarily cleaved by BACE1. Also, our findings in NPC1- null cells suggest that 
cholesterol-mediated sequestration of APP and BACE1 within endocytic compartments most likely causes 
an Alzheimer's-like phenotype in NPC disease. 
In this work we characterized the distribution of BACE1 substrates within the endolysosomal 
pathway in NPC1 disease mouse brains. We hypothesized that enhanced proteolysis by BACE1 in NPC 
disease brains is due to accumulation of BACE1 and its substrates within the endolysosomal pathway.

METHODS
In this work we used a murine model of NPC (BALB/CNctr-Npc1m1N/J 003092) obtained from the Jackson 
Laboratory (Bar Harbor,Maine, USA). Mice were housed at the Facility for Laboratory Animals at Ruder 
Boskovic Institute and all experiments were approved by the Ministry of Agriculture of the Republic of 
Croatia and by the Bioethics Comittiee of the Ruder Boskovic Institute.

Endosome fractionation of 10-weeks old cerebella from wild type (wt) and NPC1 mice was preformed using 
ultracentrifugation in discontinuous sucrose gradient by previously described protocol (de Araújo et. al 
2015) with some modifications. Eleven 1 ml fractions were collected from the top of the gradient. Fractions 
1 and 2 (8% and 25% interface) represent late endosome fraction (LE), fractions 4 and 5 (25% and 35% 
interface) early endosome fraction (EE), and fractions 8 and 9 (35% and 40.6% interface) heavy fraction 
(HF). Each fraction was analyzed by western blotting for endocytic markers EEA1 (early endosomes), Rab7 
(late endosomes), LAMP1 (lysosomes), BACE1 and BACE1 substrates Sez6, Sez6L, total APP.
Protein signals obtained from fractions were quantified using the ImageJ software (National Institutes of 
Health, USA). The levels of free unesterified cholesterol in late endosome and early endosome fractions 
were determined using the Amplex Red Cholesterol Assay kit (Invitrogen, SAD).    

RESULTS
Using discontinuous sucrose gradient and endosomal fractionation we analyzed distribution of endolysosomal organelle markers (Figure 1a) and BACE1 substrates (Figure 2a) in 10-weeks old NPC1 and wt mouse 
cerebella. In addition, we determined the levels of free cholesterol in the isolated late endosome and early endosome fractions to confirm the characteristic cholesterol accumulation due to NPC1-loss in NPC1-deficient 
mouse brains (Figure 1c). Firstly, we observed increased levels and broader distribution of all markers analyzed (EEA1 for early endosomes, Rab7 for late endosomes and LAMP1 for lysosomes) in NPC1 vs. wt 
fractions, suggesting a defect in the biogenesis of endocytic vesicles and the presence of mixed endosomal organelles  
(Figure 1a and b). Secondly, free cholesterol levels in late endosome fractions were increased by 1.5-fold in NPC1-mouse cerebella compared to wt mice (Figure 1c), indicating that the isolated fractions were indeed 
late endosomes with characteristic cholesterol accumulation due to NPC1-dysfunction in NPC1-deficient mouse brains.  Early endosome fractions isolated from NPC1-mouse cerebella vs. wt-cerebella also showed a 
trend of increased free cholesterol levels, but this increase was not significant due to larg error bars. In addition, we observed increased free cholesterol levels in LE vs. EE in both NPC1 and wt mouse cerebella 
(Figure 1c). Lastly, the analysis of BACE1 substrates (APP, Sez6 and Sez6L) revealed a prominent shift of the BACE1-exclusive substrate Sez6L into early endocytic fraction 5 in NPC1 in contrast to wt cerebella 
(Figure 2a and b). Since fraction 5 in NPC1 brains was strongly positive for EEA1 we propose that enhanced BACE1-mediated proteolysis of Sez6L, as well as of other substrates, in NPC1 vs. wt mouse brains likely 
involves its accumulation within early endosomes – a prime site of the BACE1 cleavage.
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Figure 1. Distribution and levels of late and early endocytic markers are altered in cerebellar endosomal fractions of 

10-weeks old NPC vs. wt mice

a) Western blot analyses of endocytic markers EEA1 (early endosomes), Rab7 (late endosomes), LAMP1 (lysosomes) in 

cerebellar endosomal fractions of 10 weeks old wt and NPC1 mice. b) Graphs representing quantified protein signals of EEA1, 

Rab7, LAMP1 in each fraction between wt and NPC1 mice, obtained by signal quantification using the ImageJ software. c) The 

levels of total free cholesterol determined in early endosomes (EE) and late endosomes fractions (LE) in cerebellum of 10 weeks 

old NPC1- and wt-mice by Amplex Red cholesterol assay.

Figure 2. Distribution and levels of BACE1 substrates are altered in cerebellar endosomal fractions of 10-weeks old 

NPC vs. WT mice

a) Western blot analyses of BACE1 substrates Sez6, Sez6L, total APP and BACE1 in in cerebellar endosomal fractions  of 10 

weeks old wt and NPC1 mice. 

b) Graphs representing quantified protein signals of Sez6, Sez6L, total APP and BACE1 in each fraction between wt and NPC1 

mice, obtained by signal quantification using the ImageJ software.

CONCLUSIONS
ź Endosomal fractionation reveals altered endocytic dystribution between NPC1- and 

wt-mouse cerebella

ź Altered endocytic trafficking of BACE1 substrates and their accumulation within 
early endosomes may likely cause increased proteolysis by BACE1 in NPC disease 
brains

ź Our findings support that endolysosomal pathway dysfunction may likely cause 
AD-like phenotype in NPC disease

REFERENCES
Causevic M, Dominko K, Malnar M, Vidatic L, Cermak S, Pigoni M, Kuhn PH, Colombo A, Havas D, Flunkert S, Mcdonald J, Gunnersen JM, 

Hutter-Paier B, Tahirovic S, Winfisch M, Krainc D, Lichtenthaler SF, Hecimovic S: BACE1-cleavage of Sez6 and Sez6L is elevated in Niemann-

Pick type C disease mouse brains. PLoS One. 2018, 13(7):1–22.

de Araújo MEG, Lamberti G, Huber LA. Isolation of early and late endosomes by density gradient centrifugation. Cold Spring Harb Protoc. 

2015;2015(11):1013–6.

Malnar M, Kosicek M, Lisica A, Posavec M, Krolo A, Njavro J, Omerbasic D, Tahirovic S, and Hecimovic S: Cholesterol-depletion corrects APP 

and BACE1 misstrafficking in NPC1-deficient cells. Biochim Biophys Acta 2012, 1822: 1270-1283

Malnar M, Hecimovic S, Mattsson N, and Zetterberg H: Bidirectional links between Alzheimer's disease and Niemann-Pick type C disease. 

Neurobiol Dis 2014, 72 Pt A: 37-47

ACKNOWLEDGEMENTS
We thank the members of the Facility for laboratory animals at RBI for animal caretaking. Primary antibodies against Sez6 and Sez6L were 

kindly provided by dr. Lichtenthaler.

This work was supported by the Croatian Science Foundation, project IP-2016-06-2799 (to S.H.).

b)


	Page 1

