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Abstract 

 

Single nucleotide polymorphisms in PICALM, a key component of clathrin-mediated endocytosis machinery, 

have been identified as genetic susceptibility loci for late onset Alzheimer’s disease (LOAD). We previously 

reported that PICALM protein levels were decreased in AD brains and that PICALM was co-localised with 

neurofibrillary tangles in LOAD, familial AD with PSEN1 mutations and Down syndrome. In the present study, 

we analysed PICALM expression, cell localisation and association with pathological cellular inclusions in other 

tauopathies and in non-tau related neurodegenerative diseases. We observed that PICALM was associated with 

neuronal tau pathology in Pick disease and in progressive supranuclear palsy (PSP) and co-localised with both 

3R and 4R tau positive inclusions unlike in corticobasal degeneration (CBD) or in frontotemporal lobar 

degeneration (FTLD)-MAPT P301L. PICALM immunoreactivities were not detected in tau-positive tufted 

astrocytes in PSP, astrocytic plaques in CBD, Lewy bodies in Lewy body disease, diffuse type (LBD) and in 

TDP-43-positive inclusions in FTLD. In the frontal cortex in tauopathies, the ratio of insoluble to soluble 

PICALM was increased while the level of soluble PICALM was decreased and was inversely correlated with the 

level of phosphotau. PICALM decrease was also significantly correlated with increased LC3-II and decreased 

Beclin-1 levels in tauopathies and in non-tau related neurodegenerative diseases. These results suggest that there 

is a close relationship between abnormal PICALM processing, tau pathology and impairment of autophagy in 

human neurodegenerative diseases. 

 

Key words: PICALM, tau, NFTs, Alzheimer’s disease, Pick disease, progressive supranuclear palsy, 

corticobasal degeneration, FTLD-MAPT, FTLD-TDP, diffuse Lewy body disease, autophagy, LC3, Beclin-1 
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Introduction 

 

Tauopathies are a group of disorders in which hyperphosphorylation and abnormal aggregation of the 

microtubule associated protein tau (MAPT) in brain tissue occur as a major pathological characteristic. In 

neurons, tau plays essential roles in intracellular cargo transport by polymerizing and stabilizing microtubules, 

but is also involved in other functions such as signal transduction, interaction with actin cytoskeleton, neuronal 

activity, synaptic plasticity and integrity of genomic DNA (Buee et al., 2000; Wang and Mandelkow, 2016). 

Tauopathies include Alzheimer disease (AD), the most common form of dementia, neuropathologically 

characterized by intraneuronal accumulation of highly phosphorylated tau as neurofibrillary tangles (NFTs), 

neuropil threads and extracellular deposition of Aβ (Duyckaerts et al., 2009). Other tauopathies include 

frontotemporal lobar degeneration (FTLD) with tau inclusions, mainly due to mutations of the MAPT gene, Pick 

disease, progressive supranuclear palsy (PSP), and corticobasal degeneration (CBD) (Feany and Dickson, 1996; 

Mackenzie et al., 2009). The morphological appearance of tau lesions differs according to the disease. Some are 

highly specific such as Pick bodies in Pick disease, tufted astrocytes in PSP, astrocytic plaques in CBD. In 

FTLD-MAPT mutation at P301L brains, severe neuronal loss occurs in frontal and temporal cortex with the 

presence of gliosis and ballooned cells. Pre-tangles and perinuclear tau accumulation are characteristics of cases 

with FTLD-MAPT P301L (Spillantini et al., 1998). Pick bodies are made of three-repeat tau (3R-tau) and tau 

inclusions in PSP and CBD are made of four-repeat tau (4R-tau) while Alzheimer NFTs are composed of both 

3R- and 4R-tau (Buee et al., 2000). The profile of affected brain regions is specific to each of these diseases 

(Buee et al., 2000; Lee et al., 2001; Dickson et al., 2007; Kovacs, 2015). Other neurodegenerative diseases are 

characterized by cellular inclusions composed of other proteins: e.g FTLD may be associated with TDP-43 

positive inclusions or neurites (FTLD-TDP) (Neumann et al., 2006; Mackenzie et al., 2009); Lewy body disease, 

diffuse type (LBD) is associated to -synuclein positive inclusions (Spillantini et al., 1997). Molecular partners 

have been identified in some of these inclusions and might play a role in their formation and in the cellular 

mechanisms of the associated diseases. 

Recent genome wide association studies (GWAS) have identified several new genetic risk factors for late onset 

Alzheimer’s disease (LOAD). Two single nucleotide polymorphisms (SNPs) in the 5’ region of PICALM gene 

have been reported as significant genetic risk loci for LOAD in several studies (Harold et al., 2009; Lambert et 

al., 2009; Seshadri et al., 2010; Naj et al., 2011; Lambert et al., 2013). Phosphatidylinositol binding clathrin 

assembly protein, PICALM (aka CALM) assembles adaptor protein-2 (AP-2) to clathrin, thus participating in 

clathrin-mediated endocytosis. We have previously reported that the level of full-length PICALM is decreased in 

AD brains; PICALM was co-localised with phosphorylated tau in NFTs and in granulovacuolar degenerations 

(GVDs) in the brains of AD patients and of individuals with Down syndrome but was not observed in amyloid 

plaques (Ando et al., 2013). Recently, PICALM was also found to modulate autophagy and to alter clearance of 

tau in cultured cells, in zebrafish and in Drosophila (Moreau et al., 2014). PICALM was also found to be 

expressed in endothelial cells in human brain tissue and could thus regulate Aß endothelial transcytosis and Aß 

clearance (Baig et al., 2010). Reduced expression of PICALM in murine brain endothelium accelerated Aß 

deposition in APP mice (Zhao et al., 2015). It remains however unclear whether PICALM-tau association is AD 

specific or could take place in other tauopathies or in diseases with tau-negative cellular inclusions. To extend 

our knowledge on the association of PICALM with tau pathology, we set out in this study to analyse the 
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expression of PICALM and its localisation in the brain in several tauopathies or in neurodegenerative disorders 

without tau inclusions.  
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Material and methods 

Antibodies 

Rabbit polyclonal anti-PICALM (HPA019053) and mouse monoclonal anti- actin (A5441) antibodies were 

purchased from SIGMA. Mouse monoclonal anti-pSer202/Thr205 tau (AT8) antibody was purchased from 

Pierce (MN1020). Mouse monoclonal anti-tau 3R isoform RD3 (05-803) and anti-tau 4R isoform RD4 (05-804) 

antibodies were purchased from Millipore. Mouse monoclonal pSer396/404 tau (PHF1) antibody was kindly 

provided by Dr. Peter Davies (Albert Einstein College of Medicine, NY). The rabbit polyclonal antibody a-syn-3 

to human -Synuclein was previously described (Saha et al., 2000). The following antibodies were also used: 

rabbit polyclonal anti-TDP-43 antibody (10782-2-AP, Proteintech group, UK), rabbit polyclonal anti-

LC3B/MAP1LC3B antibody (NB600-1384, Novusbio), and rabbit polyclonal anti Beclin-1 antibody (H-300, 

Santa Cruz Biotechnology).  

 

Brain tissues 

For histological analysis, total of 37 samples were obtained post-mortem from individuals with AD (n=5), Pick 

disease (n=3), FTLD-MAPT P301L (n=2), FTLD-TDP (n=2), LBD (n=7), PSP (n=4) and CBD (n=5) as well as 

controls (n=9) as listed in Table 1. One FTLD-TDP case had a GRN (Granulin coding gene) mutation (deletion 

mutant of 812 to 815) or a C9orf72 (coding protein chromosome 9 open reading frame 72) mutation (stop codon 

in 268) (Table 1). Brain tissue samples obtained post-mortem from patients with these diseases were fixed in 10 

% formalin solution and embedded in paraffin. Brain regions containing a high density of inclusions were 

histologically analysed in each case: T1 isocortex, frontal cortex and hippocampus in AD, frontal cortex and 

hippocampus in Pick disease, frontal cortex and hippocampus in FTLD-P301L, hippocampus for FTLD-TDP, T1 

isocortex, hippocampus, and substantia nigra in LBD, striatum in PSP and temporal isocortex in CBD. Control 

cases were non-demented individuals who died without known neurological disorders and the above regions 

were systematically analysed as negative control for pathological markers. Post-mortem tissues were also snap 

frozen in liquid nitrogen and kept at -80 °C for biochemical analysis. The frozen tissues from frontal cortex from 

total of 31 cases were analysed by western blotting for biochemical analysis: control (n=8), AD (n=4), Pick 

disease (n=3), FTLD-MAPT P301L (n=2), FTLD-TDP (n=2), LBD (n=3), PSP (n=4) and CBD (n=5). The mean 

age at death and post-mortem delays of control and of pathological cases were not significantly different by 

unpaired t-test. Average age at death was 70.78 +/- 3.459 and 70.86 +/- 1.516 years (mean +/- SEM) for control 

(n=9) and pathological cases (n=28) respectively. Average post-mortem delays were 22.94 +/- 3.894 hours and 

32.59 +/- 3.242 hours (mean +/- SEM) for control and pathological cases, respectively.  

Most of the cases analysed in this study were enrolled in a brain donation program of the French national Brain 

Bank, GIE NeuroCEB (Bioresource Research Impact Factor number = BRIF BB-0033-00011) organized by a 

consortium of Patients Associations. An explicit consent had been signed by the patient or by the next of kin, in 

the name of the patient. The project was approved by the scientific committee of the Brain Bank. The consent 

form had been reviewed and accepted by the Ethical Committee  “Comité de Protection des Personnes Paris Ile 

de France VI”. The whole procedure has been certified by AFNOR (Association Française de Normalisation). 

The collection of post mortem samples has been declared to the Ministry of Research and Higher Education as 

requested by the French law and the Brain Bank has been officially authorized to provide sample to scientists  

(agreement AC-2013-1887). Some brain samples were collected and stored in the brain bank of the LHNN and 
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the study using these post-mortem tissues performed in compliance and following approval of the Ethical 

Committee of the Medical School of the Free University of Brussels. 

 

Preparation of brain homogenates for biochemical analysis 

About 200 mg of frontal isocortex was homogenised as reported (Ando et al., 2011; Ando et al., 2013) in 5 

volumes of ice-cold modified RIPA buffer constituted of 50 mM Tris pH 7.4 containing 150 mM NaCl, 1% 

NP40, 0.25 % sodium deoxycholate, 5 mM EDTA, 1 mM EGTA, Roche complete protease inhibitors, 1 mM 

PMSF, 25 µg/ml Pepstatin, 50 mM Beta Glycerophosphate, 10 mM sodium pyrophosphate, 10 mM sodium 

fluoride, and phosphatase inhibitor cocktail 2, (SIGMA P-5726) and incubated for 60 min at 4 °C on a rotator. 

100 l of homogenate was added with Laemmli sample buffer, sonicated on ice and kept at -80 °C as total 

fraction. The rest of the homogenate was centrifuged (16,100 x g for 20 minutes at 4°C) and the supernatant was 

used as a RIPA soluble fraction. The RIPA-insoluble pellet was re-suspended in 5-fold volume of 8 M urea 

supplemented with 5 mM EDTA, 1 mM EGTA, Roche complete protease inhibitors, 1 mM PMSF, 25 µg/ml 

Pepstatin, 10 mM sodium pyrophosphate, 10 mM sodium fluoride, and phosphatase inhibitor cocktail 2 (P-5726, 

SIGMA) by vortex and sonication on ice and incubated for 30 min at room temperature on a rotator. The mixture 

was centrifuged at 16,100 x g at 4°C for 20 minutes. The supernatant was used as RIPA insoluble fraction.  

 

Western blot 

Protein concentrations were estimated by the Bradford method (Bio-Rad). Samples (20 µg/lane) were run in 10 

% or 15 % of Tris-glycine gels depending on the molecular weight of the protein of interest and transferred onto 

PVDF membranes (Bio-Rad). The PVDF membranes were blocked in 10 % (w/v) semi fat dry milk in TBS 

(Tris-buffered saline, 20mM Tris pH 7.6, 150 mM NaCl) for 1 h at room temperature and were incubated with 

primary antibodies overnight at 4°C. After three times of rinses with TBS-T (TBS supplemented with 0.05% 

Tween 20), the membranes were incubated with anti-rabbit (G-21234, Invitrogen) or anti-mouse (G-21040, 

Invitrogen) immunoglobulin conjugated with horseradish peroxidase. After three rinses with TBS-T, the 

membranes were incubated with SuperSignal West Pico Substrate (Pierce) and were exposed to an X-ray film 

(Pierce) or to a DARQ-7 CCD cooled camera (Vilber-Lourmat) in a SOLO 4S WL system. Levels of proteins 

were estimated by densitometry analysis using the NIH Image J program, and adjusted for protein loading based 

on western blots performed with an anti-actin antibody.  

 

Histological staining and immunohistochemistry 

Formalin-fixed brain tissues were dehydrated, paraffin embedded and sliced into four-µm thick sections. For 

immunolabelling with the ABC method, deparaffinised and rehydrated tissue sections were heated in citrate 

buffer for 20 min, incubated in H2O2 to inhibit endogenous peroxidase, rinsed in water and then incubated with a 

blocking solution containing 2 % bovine serum albumin in TBS. Sections were then incubated overnight with 

the primary antibody. Adjacent tissue sections were sequentially incubated with the antibodies against PICALM, 

tau, -Synuclein or TDP-43 in order to compare these immunoreactivities in similar structures present in the 

adjacent tissue sections. The presence of the primary antibody was visualized with the Dako REAL detection 

system (which includes both anti-rabbit and anti-mouse secondary antibodies) using DAB as chromogen, 

followed by a nuclear counterstaining with haematoxylin. The slides were examined with a bright field 
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microscope (Olympus Bx41) connected to an AxioCam I CC1 camera (Zeiss). To check for the specificity of 

PICALM labelling, anti-PICALM HPA019053 antibody was pre-incubated with 15 µg/ml of GST-PICALM 

(157H00008301, Tebu-bio) on a rotator at 4 °C overnight prior to immunohistochemistry as previously 

described  (Ando et al., 2013). Double immunofluorescent labelling was carried out using goat anti-rabbit 

antibody conjugated with biotin (BA-1000, Dako) and goat anti-mouse antibody conjugated to Alexa 568 (A-

11031, Invitrogen). For PICALM staining, TSA ™ Fluorescein System (NEL 701A00KT, Perkin Elmer) was 

used for amplification. The slides were mounted with Fluoromount-G (Southern biotech) and were observed 

with an upright confocal microscope (Olympus Fluoview Fv1000) or with an Axiovert 200M microscope (Zeiss) 

equipped with an ApoTome system (Zeiss). 

 

Co-localisation estimation 

The proportion of NFTs showing a co-localisation of tau and PICALM immunoreactivities was estimated on 

double immunostained slides in the affected brain areas of AD, Pick disease, PSP and LBD with Braak VI tau 

pathology. The percentage of PICALM positive NFTs was estimated by dividing the number of tau and 

PICALM positive NFTs by the number of total NFTs (tau positive). Five distinct zones on each slide were 

analysed for each disease case using a 20 x magnification objective and an average percentage was calculated. 

 

Statistical analysis 

Statistical significance of comparisons between control subjects and patients with different diseases were 

determined by unpaired t-test for age and post-mortem delays, one-way ANOVA (with Dunnett’s multiple 

comparison tests) and the correlations analyses were computed by Pearson correlation test (Prism 4 software, 

Graphpad). Values of P < 0.05 were considered significant. Histograms represent means +/- SEM.  
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Results 

We first started by performing immunolabellings against PICALM in post-mortem human tissue samples from 

control subjects and from neurodegenerative diseases. A strong PICALM immunoreactivity was detected in 

endothelial cells in blood vessels in all the cases (Fig S1B). The specificity of the immunolabelling for PICALM 

was confirmed by pre-incubating with recombinant PICALM protein that strongly decreased/abolished the 

labelling of endothelial, neuronal and microglial cells (Fig. S1C) (Ando et al., 2013). Omitting the primary 

HPA019053 PICALM antibody in the immunolabelling procedure resulted in no labelling in all cases (Fig S1D).  

 

PICALM immunoreactivity in a certain population of NFTs of AD and PSP and Pick bodies 

As previously reported in AD and in control subjects (Ando et al., 2013), neurons without NFTs contained weak 

diffuse cytoplasmic and perinuclear PICALM staining (Fig S1A). In AD, the same labelling was observed in 

neurons without NFTs. By contrast, NFT-bearing neurons, identified on adjacent sections, showed both strong 

tau and PICALM immunoreactivities (Fig. 1A, B). More than 85 % of NFTs had a strong immunoreactivity for 

PICALM (Ando et al., 2013). PICALM immunoreactivity was detected in tau-positive Pick bodies of Pick 

disease cases (Fig. 1C, D). Some tau-positive NFTs in PSP were PICALM positive (Fig. 1E, F), while tau-

positive tufted astrocytes were PICALM negative (Fig. 1G, H). Coiled bodies were PICALM positive. In FTLD-

MAPT P301L, PICALM was not detected in NFTs (Fig. 1I, J). The characteristic tau-positive astrocytic plaques 

as well as the NFTs of CBD were PICALM negative (Fig 1K, L). PICALM immunoreactivity was not detected 

in TDP-43 positive inclusions in FTLD-TDP cases (Fig. 1M, N).  Some of the LBD cases analysed in this study 

had mixed pathology with both Lewy bodies and AD related pathology, allowing to compare them for their 

PICALM immunreactivities: -synuclein positive inclusions were PICALM negative (Fig. 1O, P) but NFTs of 

LBD cases with tau pathology showed PICALM immunoreactivity (Fig. 2P-R). Microglial cells were PICALM 

positive in all cases. PICALM immunoreactivity in microglial cells was marked in Pick disease and FTLD-

MAPT P301L (not shown). 

 

Co-localisation of PICALM and phosphorylated tau in AD, Pick disease and PSP  

Double immunostaining for PICALM and anti-phosphotau antibodies (AT8 and PHF1) showed a co-localisation 

of PICALM and phosphotau in Pick bodies of Pick disease (Fig. 2A-C). About 65 % of granule cells in the 

dentate gyrus of Pick disease brain had diffuse immunoreactivity for PICALM. PICALM staining was diffuse 

and weak but a corona of strong PICALM immunoreactivity was present at the periphery of Pick bodies (Fig. 

2A-C). In PSP cases, both coiled bodies (Fig. 2 D-F) and NFTs (Fig. 2G-I) in the striatum showed a complete 

co-localisation of PICALM and phosphotau immunoreactivies. The frequency of PICALM positive NFTs of PSP 

were however estimated less than 20 %. PICALM immunoreactivity was generally less intense in NFTs of PSP 

than in NFTs found in AD brains. No immunoreactivity of PICALM was observed in the tufted astrocytes of 

PSP cases (Fig. 2J-L). In CBD cases, both astrocytic plaques (Fig. 2 M-O) and NFTs (data not shown) were 

PICALM negative. In LBD cases with Braak VI tau pathology, NFT (but not Lewy bodies, see above) were 

PICALM positive (Fig. 2 P-R). About 60 % of NFTs in the cases of LBD with some degree of tau pathology had 

co-localisation with PICALM in the entorhinal cortex. 

 

PICALM is associated with both 3R and 4R tau in tau-positive inclusions 
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Since the co-localisation of PICALM and tau was not observed in tufted astrocytes of PSP, astrocytic plaques of 

CBD or in NFTs of CBD cases, we next analysed whether there might be a tau isoform specific interaction with 

PICALM. A double immunofluorescent staining for PICALM and RD3 or RD4 antibodies specific for 3R or 4R 

tau respectively showed that PICALM was associated with both 3R (Fig. 3 A-C) and 4R tau (Fig. 3 D-F) in 

NFTs of AD brains. In Pick bodies, 3R tau co-localised with PICALM (Fig. 3 G-I). 4R tau and PICALM were 

co-localised in the NFTs of PSP cases (Fig. 3 J-L).  

 

Levels of RIPA-soluble PICALM are decreased in tauopathies and are inversely correlated with levels of 

phosphorylated tau 

In order to compare the levels of PICALM protein and solubility, the frontal cortex was homogenized in RIPA 

buffer, fractionated and analysed by western blotting in control, AD, Pick disease, FTLD-MAPT P301L 

mutation, FTLD-TDP, LBD (all the three LBD cases analysed for western blotting in this study had Braak VI tau 

pathology), PSP and CBD subjects (Fig. 4A). In the total fraction, mean levels of phosphorylated tau were 

significantly increased in AD, Pick disease, FTLD-MAPT P301L, LBD and CBD cases (Fig. 4B). The level of 

PICALM was significantly decreased in AD, Pick disease, FTLD-MAPT P301L and CBD cases (Fig. 4C). The 

levels of PICALM were inversely correlated with the levels of phosphorylated tau with a high degree of 

significance in the total fraction (Fig 4D). 

The homogenates were further fractionated by centrifugation. In the RIPA soluble fraction, the level of PICALM 

was altered (Fig. 5A). PICALM, especially the longest isoform, was significantly decreased in the soluble 

fraction of AD, Pick disease, FTLD-MAPT P301L, FTLD-TDP, LBD, PSP and CBD cases (Fig. 5C). In the 

RIPA insoluble fraction (Fig 5B), PICALM levels were significantly increased in AD cases but not in other 

diseases (Fig 5D). RIPA soluble and RIPA-insoluble phosphorylated tau was absent in controls and in FTLD-

TDP, but was significantly increased in AD, Pick disease, FTLD-MAPT P301L mutation, LBD and CBD and 

was less abundant in PSP cases (not shown). The ratio of RIPA-soluble/insoluble PICALM (Fig.5E) was 

significantly decreased in all the analysed cases except in PSP that showed a non-significant decrease. The ratios 

of soluble/insoluble PICALM levels were negatively correlated with the levels of phosphorylated tau (Fig 5F). 

 

PICALM levels are negatively correlated with the levels of the autophagy related proteins LC3-II and 

Beclin-1 

PICALM downregulation has recently been reported to inhibit both autophagosome synthesis and degradation in 

cellular and animal models (Moreau et al., 2014). In order to investigate the association of solubility change and 

protein level of PICALM with autophagy, levels of autophagy markers LC3-II and Beclin-1 were analysed in 

human neurodegenerative diseases. When LC3-I is converted to LC3-II, LC3-II is conjugated with 

phosphatidylethanolamine and is attached to the surface of autophagosomes. Augmented LC3-II level can be 

related to either increased autophagosome synthesis or reduced autophagosome turnover. Level of LC3-II was 

measured by normalizing with actin signal in accordance with guidelines for autophagy monitoring (Klionsky et 

al., 2016). The level of LC3-II was generally increased in the disease cases but a highly significant increase of 

the LC3-II/actin ratio was observed in AD and LBD with Braak VI tau pathology cases (Fig. 6A, B). Beclin-1 is 

a key component of autophagy involved in recruitment of membranes to autophagosomes. A significant decrease 

of Beclin-1 was also observed in the neurodegenerative diseases except PSP (Fig 6C). A highly significant 
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correlation was found between decreased levels of PICALM and increased levels of LC3-II (p=0.0032) or 

decreased levels of Beclin-1 (p=0.0295) in the total brain lysates from these diseases (Fig 6D,E). Furthermore, a 

statistically more significant correlation was found between soluble PICALM protein level and LC3-II 

(p=0.0023) or Beclin-1 (p=0.0002) (Fig 6F,G). Taken together, these data suggest that PICALM reduction, 

especially in the soluble pool, may be associated with the abnormalities in autophagy function in these 

neurodegenerative diseases.  
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Discussion 

In the present study, the levels of PICALM and its association with tau pathology and its correlation with 

autophagy markers were analysed in several tauopathies and other neurodegenerative diseases. 

Immunohistochemistry showed an association of PICALM with tau inclusions in AD (NFTs), in PSP (NFTs and 

coiled bodies), and in Pick disease (Pick bodies). NFTs and astrocytic plaques of CBD were PICALM 

immunonegative as well as the astrocytic tufts observed in PSP and the inclusions seen in FTLD-MAPT P301L 

mutation. PICALM immunoreactivity was not linked to the isoforms of tau (3R or 4R). Lewy bodies and TDP 

inclusions were also negative. Endothelial cells were PICALM immunopositive – a positivity which can be used 

as an internal control. Western blots revealed a decrease in full-length PICALM measured in the RIPA soluble 

fraction in all the cases. The decrease of soluble PICALM protein was negatively correlated with increased 

phosphotau levels in these diseases. In AD and LBD with Braak VI tau pathology, the autophagosome marker 

LC3-II was increased. Beclin-1 was decreased in all disorders but PSP. Significant correlations were observed 

between the levels of soluble PICALM and these autophagy markers. 

 

Disease and cell-type specific association between PICALM and tau 

PICALM was accumulated in the NFTs of AD, the Pick bodies of Pick disease, coiled bodies, a certain 

population of the NFTs of PSP and NFTs of LBD with Braak VI tau pathology. PICALM was co-localised with 

phosphorylated tau in these inclusions. The association of PICALM with protein aggregates in cellular 

inclusions was specific for tau-positive inclusions since we did not observe any PICALM immunoreactivity in 

tau-negative inclusions such as Lewy bodies or TDP-43 positive inclusions. PICALM was associated with both 

3R and 4R tau isoforms in tau-positive inclusions, since PICALM co-localised with both 3R and 4R tau in NFTs 

in AD, and either 3R tau or 4R tau in Pick’s disease and PSP, respectively. PICALM was present in neuronal 

and oligodendroglial tau-positive inclusions but was not detected in tau positive tufted astrocytes in PSP or 

astrocytic plaques in CBD. This observation is consistent with our previous report showing that PICALM 

immunoreactivity was not significantly detected in the astrocytes in control and AD brains (Ando et al., 2013), 

suggesting that absence of recruitment of PICALM in tau-positive inclusions in astrocytes reflects its low level 

of expression in these cells. An alternative explanation is that differential recruitment of PICALM in tau-positive 

inclusion reflects distinct processing and post-translational modifications of tau in diverse cell types and in 

various tauopathies. Indeed, we could not detect any PICALM immunoreactivity in tau pathology in FTLD-

MAPT P301L or CBD, whereas PICALM was detected in a certain population of NFTs and coiled bodies in 

PSP. A different proteolytic processing of abnormal tau in PSP and CBD has been reported (Arai et al., 2004), 

and this might lead to difference in PICALM/tau interaction in these diseases. The degree of tau aggregation 

might also underlie the extent of PICALM/tau interaction. For instance, pretangles are the characteristics of 

FTLD-MAPT P301L and may thus explain the absence of co-localisation of phosphorylated tau and PICALM 

(Spillantini et al., 1998). Tau extracted from CBD or PSP has distinct electrophoretic migration patterns from 

AD PHF (Sergeant et al., 1999). Indeed filamentous structures, seen at the ultrastructural level, are more densely 

packed in AD than in FTLD-MAPT P301L (Spillantini et al., 1998) or in CBD (Tracz et al., 1997). Filamentous 

tau aggregation is more often observed in NFTs and coiled bodies in PSP, whereas there is less fibrillar tau 

aggregation in CBD (Uchihara, 2014; Yoshida, 2014). We also previously observed that PICALM 

immunoreactivity was not frequently associated to pretangles in AD (Ando et al., 2013), – an observation that 
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corroborates the hypothesis of PICALM being preferentially associated with fibrillar tau. Some differences in 

the PICALM/tau association between tauopathies might also be related to disease specific tau misfolding and 

templating (Clavaguera et al., 2013; Sanders et al., 2014). Disease-specific PICALM/tau association in AD, 

trisomy 21, Pick disease, PSP and LBD with Braak VI tau pathology could thus be related to a tau-conformer 

specific interaction with protein partners such as PICALM. 

The molecular basis for the PICALM-tau interaction in inclusions might be direct or indirect. The estimated 

isoelectric point (pI) of PICALM whole protein (isoform 1 with 652 amino acids) is 7.70 

(http://web.expasy.org/cgi-bin/compute_pi/pi_tool): N-terminal ANTH domain (amino acids 20 to 289) is 

cationic (pI=9.07) but C terminus contains highly anionic residues around amino acids 521-560 (pI=4.54). The 

anionic nature of PICALM C terminus might lead to an electrostatic interaction with the positively charged 

repeat domain of tau, whereas the cationic N-terminal ANTH domain of PICALM might interact with the 

negatively charged N-terminal 125 amino acids tau domain. The anionic PICALM C terminus might also favour 

tau fibrillization, since polyanions have been reported to be powerful inducers of tau fibrillization (Goedert et 

al., 1996). Interestingly, it has been reported that PIP2(4,5) is enriched in NFTs and GVDs (Nishikawa et al., 

2014). PICALM directly interacts with PIP2 via its N-terminal ANTH domain (Ford et al., 2001), and PICALM 

association to NFTs might be driven by this interaction. Also, tau N-terminal projection domain interacts with 

membrane structures (Brandt et al., 1995). The complex of tau, membrane and membrane-associated proteins 

such as PICALM might be misregulated in pathological conditions. This hypothesis may be supported by the 

studies from other teams on general abnormalities in endocytic machinery proteins in AD (Coleman and Yao, 

2003; Yao, 2004). 

PICALM was associated to microglial cells, as previously reported, and increased PICALM positive microglial 

cells generally reflected increased microgliosis associated to these diseases, which might be related to a previous 

report of increased level of PICALM transcripts in AD brain (Baig et al., 2010). 

 

Decreased soluble PICALM level in tauopathies.  

We have shown previously that PICALM is cleaved and decreased in AD brains (Ando et al., 2013). In this 

study, we report that levels of PICALM were highly reduced in the RIPA soluble fractions of neurodegenerative 

disorders other than AD. Since PICALM is a substrate of calpain and caspase (Kim and Kim, 2001; Rudinskiy et 

al., 2009; Ando et al., 2013), this reduction of RIPA soluble PICALM may be related to calpain and/or caspase 

activation in these neurodegenerative disorders (Saito et al., 1993; Adamec et al., 2002), leading to rapid 

proteolysis of PICALM. A pool of RIPA insoluble PICALM was detected in control subjects and in 

neurodegenerative disorders, but its level, although tending to increase in tauopathies, was not significantly 

different from controls, suggesting that a proportion of RIPA insoluble PICALM does not result from a 

pathological process. A fraction of RIPA insoluble PICALM may indeed derive from endothelial tissues in blood 

vessels where PICALM is highly expressed (Baig et al., 2010; Zhao et al., 2015). The ratio of RIPA 

soluble/insoluble PICALM was nevertheless quite significantly decreased in tauopathies, indicating a shift 

towards increased insolubility of PICALM in these disorders. This shift could result from the recruitment of 

PICALM into insoluble tau-positive inclusions in which PICALM and phosphorylated tau are co-localised. The 

soluble/insoluble PICALM ratio was decreased not only in tauopathies but also in cases with FTLD-TDP, 

suggesting that it was a general phenomenon rather than only the recruitment of PICALM into insoluble tau-
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positive inclusions. A reduction of PICALM levels might have severe consequences on endocytic functions, 

leading to dysregulation of membrane dynamics of endo-lysosomal components (Nixon, 2005). A decrease of 

PICALM in the microvessels fraction in AD brain was recently reported, with evidence that reduction of 

PICALM in endothelial cells decreases Aß clearance and transcytosis through the blood-brain barrier (Zhao et 

al., 2015). Interestingly, acute reduction of PICALM expression by siRNA was also shown to induce a 

significant dendritic retraction in hippocampal neuronal primary culture (Bushlin et al., 2008). 

We found that there was a significant negative correlation between the levels of PICALM and PHF1 positive 

phosphorylated tau in the total fraction and in the RIPA soluble fraction of tauopathies. This suggests that the 

abnormal processes leading to reduction of PICALM and to phosphorylation of tau in these diseases are 

occurring in parallel or are causally linked. Since decrease of PICALM impairs autophagy and leads to 

accumulation of phosphorylated tau in a zebrafish model expressing enhanced GFP (EGFP)-tagged human tau 

under the control of the rhodopsin promoter (Moreau et al., 2014), this negative correlation might reflect 

autophagy impairment developing in tauopathies as a result of PICALM decrease. 

The nature of upstream factors affecting PICALM expression are still poorly understood but might be related to 

specific functional PICALM variants. Aß does not appear to be an upstream factor since it does not accumulate 

in the tauopathies in which PICALM levels were decreased – with the sole exception of AD. 

 

Decreased PICALM level and impairment of autophagy 

PICALM modulates autophagy by regulating endocytosis of SNAREs, acting at the levels of both 

autophagosome biogenesis and autophagosome degradation (Moreau et al., 2014). Autophagy is a key player in 

neurodegenerative disorders where protein aggregates accumulate (Nixon, 2013). PICALM was reported to be a 

modulator of autophagy, affecting both A production (Tian et al., 2013; Tian et al., 2014) and tau clearance 

(Moreau et al., 2014). Knocking down PICALM expression in cultured cells induces accumulation of autophagy 

substrates and intracellular protein aggregates of phosphorylated tau, mutant huntingtin and p62 (Moreau et al., 

2014). We found a significant inverse correlation between decreased levels of PICALM and increased levels of 

the autophagosomal marker LC3-II in brain tissues. Increased levels of LC3-II have been observed in 

experimental conditions with increased autophagosomes accumulation, e.g. due to impairment of their lysosomal 

clearance (Boland et al., 2008). Accumulation of autophagic vacuoles is prominent in AD and thought to reflect 

principally a defect of autolysosomal proteolysis (Nixon and Yang, 2011). Our result showing increased levels 

of LC3-II suggests that this accumulation of autophagic vacuoles also occurs in LBD with Braak VI tau 

pathology. 

Beclin-1 plays a key role in autophagy and is involved in the recruitment of membranes to generate 

autophagosomes. Levels of Beclin-1 are decreased in the cortex in AD (Pickford et al., 2008). We confirmed the 

decrease of Beclin-1 in AD and found also a significant decrease in several other tauopathies (Pick disease, 

FTLD-MAPT P301L, FTLD-TDP, LBD with Braak VI tau pathology and CBD). This decrease of Beclin-1 was 

significantly correlated with decreased PICALM levels.   

Altogether, our results suggest that decreased levels of PICALM should be associated with impairment of 

autophagy at different levels of the autophagy pathway in several neurodegenerative diseases. 

 

GWAS revealed genetic LOAD risk factors and tau pathology 
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Genetic association studies have revealed numbers of LOAD-susceptible genetic loci (Lambert et al., 2013). 

How each of these genes from these loci is involved in LOAD aetiology remains challenging to elucidate. For 

instance, APOE allele 4 is the most significant genetic risk factor for LOAD and seems to affect clearance and 

oligomerization of A as well as tau aggregation (Huang and Mucke, 2012). We noticed a striking similarity 

between APOE and PICALM in term of association with tau in AD and in other tauopathies. APOE4 is 

aberrantly cleaved and its cleaved fragments interact with tau in AD brains (Huang et al., 2001; Rohn et al., 

2012). APOE immunoreactivity is also found in tau positive inclusions of other tau-related neurodegenerative 

disorders such as Pick disease (Farrer et al., 1995; Hayashi et al., 1998; Rohn et al., 2013). PICALM and APOE 

risk alleles are associated with brain atrophy and cognitive function in LOAD patients (Morgen et al., 2014). A 

recent study has shown that another LOAD genetic risk factor, BIN1, directly binds to tau (Chapuis et al., 2013). 

Variants of the clusterin gene (CLU) have also been identified as a LOAD genetic risk factor and iCLU, an 

intracellular form of clusterin, interacts with tau (Zhou et al., 2014). Tau spreading in tauopathies implying 

transmission from cell to cell relies on internalisation of tau by different mechanisms that remain to be 

deciphered, but since both BIN1 and PICALM are key molecules regulating endocytosis, they might also be 

involved in modulating tau spreading. Altogether, these studies and our results suggest that several risk factors 

found in LOAD by GWAS might affect disease progression by interacting with tau processing.  

In conclusion, our immunohistochemical and biochemical data indicate that PICALM is co-localised in tau 

positive inclusions in AD, Pick disease, PSP and NFTs of LBD with Braak VI tau pathology and may interacts 

with both 3R and 4R tau, that soluble PICALM level is generally decreased in tauopathies and is correlated with 

changes in autophagy markers. PICALM abnormal processing thus seems involved not only in AD but also in 

other tauopathies and neurodegenerative disorders. 
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Legends of table and figures 

 

Table 1: Human cases analysed in this study. 

The neuropathological staging of neurofibrillary pathology was determined according to Braak staging (Braak 

and Braak, 1991) and staging for amyloid plaque scores according to Thal (Thal et al., 2002). AD: Alzhemer 

disease. P301L: FTLD-MAPT (microtubule associated protein tau) mutation at P301L. TDP: FTLD with TDP-43 

positive inclusions. GRN: Granulin coding gene. C9: C9orf72 coding gene. LBD: Lewy body disease, diffuse 

type. PSP: progressive supranuclear palsy. CBD: corticobasal degeneration. 

PMD: post-mortem delay. NA: not available. Paraffin embedded tissues of affected brain regions were analysed 

by immunohistochemistry (IHC). Frozen tissues of frontal isocortex were analysed by western blotting (WB).  

 

Figure 1: PICALM immunoreactivity in neuronal and glial inclusions in tauopathies. 

A and B: Immunolabelling on adjacent sections for phosphorylated tau (A) (PHF1 antibody) and for PICALM 

(B) in temporal isocortex from AD. PICALM and phosphotau immunoreactivity were detected in the same NFT. 

C and D: Immunolabelling on adjacent sections for phosphorylated tau (C) and for PICALM (D) in hippocampal 

dentate gyrus from Pick disease (PiD). Pick bodies in granule cells are both PICALM and phosphotau positive. 

E-H: Immunolabelling on adjacent sections for phosphorylated tau (E) and for PICALM (F) in striatum from 

PSP. A globular NFT shows both phosphotau (E) and PICALM (F) immunoreactivity on adjacent sections. Tau-

positive tufted astrocytes are phosphotau positive (G) but PICALM negative (H). 

I-J: Immunolabelling on adjacent sections for phosphotau (I) and for PICALM (J) in frontal cortex from FTLD-

MAPT P301L case. NFTs are phosphotau positive but PICALM negative. 

K-L: Immunolabelling on adjacent sections for phosphotau (K) and for PICALM (L) in temporal isocortex from 

CBD. Astrocytic plaques are phosphotau positive but PICALM negative. 

M-N: Immunolabelling on adjacent sections for TDP-43 (M) and for PICALM (N) in of temporal isocortex of 

FTLD-TDP case. TDP-43 positive inclusions are PICALM negative. 

O-P: Immunolabelling on adjacent sections for -Synuclein (O) and for PICALM (P) in substantia nigra from a 

LBD case. Lewy bodies are -Synuclein positive but PICALM negative. 

Scale bars: 10 m. 

 

Figure 2: PICALM and tau are co-localised in the inclusions in Pick disease, PSP and LBD with tau 

pathology but not in CBD. 

A-C: Double immunofluorescence for phosphotau (A) (PHF1 antibody) and PICALM (B) in Pick disease. 

PICALM immunoreactivity co-localises with phosphotau in Pick bodies in CA1 pyramidal cells in the 

hippocampus (merge in C).  

D-L: Double immunofluorescence for phosphotau (D,G,J) (AT8 antibody) and PICALM (E,H,K) in PSP. 

PICALM immunoreactivity co-localises with phosphotau in coiled bodies (D and E, merge in F), and in NFTs 

(G and H, merge in I) in striatum. PICALM immunoreactivity does not co-localise with phosphotau in tufted 

astrocytes (J and K, merge in L).  

M-O: Double immunofluorescence for phosphotau (M) (AT8 antibody) and PICALM (N) in CBD. PICALM 

immunoreactivity does not co-localise with phosphotau in astrocytic plaques (merge in O). 
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P-R: Double immunofluorescence for phosphotau (P) (PHF1 antibody) and PICALM (Q) in mixed LBD with 

Braak VI tau pathology. PICALM immunoreactivity co-localises with phosphotau in NFTs in LBD (merge in 

R).  

Scale bar: 10 m.  

  

Figure 3: Both 3R and 4R tau isoforms co-localise with PICALM in tau-positive inclusions 

A-F: Double immunofluorescence for 3R tau (A) (RD3 antibody) and PICALM (B) (merge in C) or for 4R tau 

(D) (RD4 antibody) and PICALM (E) (merge in F) in AD. Both 3R and 4R tau were co-localised with PICALM 

in NFTs in AD temporal isocortex.  

G-I: Double immunofluorescence for 3R tau (G) and PICALM (H) in Pick disease. 3R tau is co-localised with 

PICALM in Pick bodies (merge in I). 

J-L: Double immunofluorescence for 4R tau (J) and PICALM (K) in PSP. 4R tau is co-localised with PICALM 

in NFTs of PSP (merge in L). 

Scale bar: 10 m. 

 

Figure 4: Levels of PICALM are decreased and of phosphotau are increased in the total fraction of frontal 

cortex in AD, Pick disease, FTLD-MAPT P301L and CBD 

A: Representative western blots for PICALM, PHF1 and actin in total fractions from homogenates of frontal 

cortex from control, Pick Disease, FTLD-MAPT P301L, FTLD-TDP, LBD with Braak VI tau pathology, PSP 

and CBD cases. Arrowhead shows a 50 kDa cleaved PICALM fragment.  

B and C: Quantification of the levels of PHF1 positive tau (B) and of PICALM (C) normalised to actin in the 

total fraction of frontal cortex from control (n=8), AD (n=4), Pick Disease (n=3), FTLD-MAPT P301L (n=2), 

FTLD-TDP (n=2), LBD (n=3), PSP (n=4) and CBD (n=5) cases. A significant reduction of PICALM is observed 

in AD, Pick disease, FTLD-MAPT P301L and CBD. (*p < 0.05, ***p < 0.001 by one-way ANOVA and 

Dunnett’s test).  

D: Correlation analysis between the levels of PICALM and of PHF1 positive phosphotau both normalised to 

actin in the total fraction. There is a significant negative correlation between PICALM and phosphotau levels 

(r=-0.57, n=31, p=0.0008, by Pearson correlation test). 

 

Figure 5: Soluble PICALM is decreased in neurodegenerative diseases and the solubility change is 

correlated with levels of phosphotau. 

A-B: Representative western blots for PICALM and actin in RIPA soluble fraction (A) and RIPA insoluble 

fractions (B) (same cases) of frontal cortex from control, Pick Disease, FTLD-MAPT P301L, FTLD-TDP, LBD 

with Braak VI tau pathology, PSP and CBD cases. Arrowhead shows a 50 kDa cleaved PICALM fragment.  

C-D: Quantification of the level of soluble (C) and insoluble (D) PICALM normalised to actin in control (n=8), 

AD (n=4), Pick Disease (n=3), FTLD-MAPT P301L (n=2), FTLD-TDP (n=2), LBD with Braak VI tau pathology 

(n=3), PSP (n=4) and CBD (n=5) cases. A significant reduction of soluble PICALM is observed in all the 

neurodegenerative disease cases. A significant increase of RIPA insoluble PICALM is observed in AD  (*p < 

0.05, ** p < 0.01, ***p < 0.001 by one-way ANOVA and Dunnett’s test ). 
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E: Quantification of the level of the ratio of soluble/insoluble PICALM of cases analysed in (C) and (D). The 

ratio of soluble/insoluble PICALM was significantly decreased in AD, Pick disease, FTLD-MAPT P301L, 

FTLD-TDP, LBD with Braak VI tau pathology and in CBD (*p < 0.05, ** p < 0.01, ***p < 0.001 by one-way 

ANOVA).  

F: Correlation analysis between the ratios of soluble/insoluble PICALM and of PHF1 positive phosphotau 

normalised to actin. There is a significant negative correlation between the ratio of soluble/insoluble PICALM 

and phosphotau levels. (** p=0.0013, r=-0.5515, n=31, by Pearson correlation test). 

 

Figure 6: Decreased levels of PICALM are correlated with increased levels of LC3-II and decreased levels 

of Beclin-1 

A: Representative western blots for LC3, Beclin-1 and actin in total fraction from homogenates of frontal cortex 

from control, AD, Pick Disease, FTLD-MAPT P301L, FTLD-TDP, LBD with Braak VI tau pathology, PSP and 

CBD cases. 

B. Quantification of the level of LC3-II normalised to actin in control (n=8), AD (n=4), Pick Disease (n=3), 

FTLD-MAPT P301L (n=2), FTLD-TDP (n=2), LBD (n=3), PSP (n=4) and CBD (n=5) cases. A significant 

increase of LC3-II is observed in AD and LBD cases (***p < 0.001 by one-way ANOVA and Dunnett’s test ). 

C: Quantification of the level of Beclin-1 in the same subjects as in (B). A significant decrease of Beclin-1 is 

observed in AD, Pick disease, FTLD-MAPT P301L, FTLD-TDP, LBD with Braak VI tau pathology and CBD 

cases (*p < 0.05, ** p < 0.01, ***p < 0.001 by one-way ANOVA and Dunnett’s test ). 

D-E: Correlation analysis between the levels of PICALM in the total fraction and LC3-II normalised to actin (D) 

and total PICALM and Beclin-1 normalised to actin (E), in the same subjects as in (B).  A significant negative 

correlation is observed between levels of PICALM and LC3-II (** p=0.0032, r=-0.5121, n=31, by Pearson 

correlation test) and a significant positive correlation between levels of PICALM and Beclin-1. (* p=0.0295, 

r=0.39  n=31, by Pearson correlation test). 

F-G: Correlation analysis between the levels of soluble PICALM and LC3-II normalised to actin (F) and soluble 

PICALM and Beclin-1 normalised to actin (G), in the same subjects as in (B). A significant negative correlation 

is observed between levels of soluble PICALM and LC3-II (** p=0.0023, r=-0.5277, n=31, by Pearson 

correlation test) and a significant positive correlation between levels of soluble PICALM and Beclin-1. (*** 

p=0.0002, r=0.6140, n=31, by Pearson correlation test). 

 

Supplementary Figure 1 

Positive and negative controls for the PICALM immunolabelling 

A: PICALM immunolabelling in neurons in the hippocampus in a control subject. A weak and diffuse 

cytoplasmic and perinuclear staining is observed.  

B: A strong PICALM immunoreactivity is detected in endothelial cells in blood vessels in a control brain tissue. 

C: Pre-incubation of the PICALM antibody with recombinant PICALM protein strongly decreased the labelling 

of endothelial cells and of microglial cells. 

D: Omission of the primary HPA019053 PICALM antibody in the immunolabelling procedure resulted in no 

labelling. 

Scale bar: 20µm. 
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Table 1 
Case

# 

Clinical diagnosis  Braak stage Thal stage 

Plaque score 

PMD  

(hours) 

Age  

(years) 

Sex Analysis 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Control 

Control  

Control  

Control 

Control  

Control  

Control  

Control  

Control  

AD  

AD  

AD  

AD  

AD  

Pick disease  

Pick disease  

Pick disease   

P301L 

P301L  

TDP (GRN) 

TDP (C9) 

LBD  

LBD  

LBD  

LBD  

LBD  

LBD  

LBD  

PSP  

PSP  

PSP  

PSP  

CBD  

CBD  

CBD  

CBD  

CBD  

0 

II 

0 

III 

II 

IV 

0 

0 

I 

VI 

VI 

VI 

VI 

VI 

NA 

NA 

NA 

NA 

NA 

0 

II 

VI 

VI 

VI 

VI 

III 

I 

II 

NA 

NA 

NA 

NA 

VI 

III 

NA 

NA 

NA 

0 

2 

0 

0 

0 

2 

0 

0 

1 

5 

5 

4 

4 

5 

NA 

NA 

NA 

NA 

NA 

1 

0 

NA 

NA 

5 

5 

3 

0 

0 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

31 

23 

6 

31 

26 

29 

32 

5.5 

NA 

44 

10 

37 

24 

45 

30 

48 

NA 

30 

31 

23 

NA 

NA 

20.5 

28 

82 

24 

60 

25 

23 

NA 

14 

38 

28 

NA 

23 

33 

29 

60 

78 

69 

70 

66 

77 

67 

58 

92 

72 

76 

60 

78 

73 

61 

77 

67 

66 

65 

72 

49 

81 

76 

83 

79 

61 

63 

70 

71 

71 

71 

73 

78 

77 

74 

81 

59 

F 

M 

M 

M 

M 

F 

M 

M 

F 

M 

M 

M 

F 

M 

M 

M 

F 

M 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

F 

M 

F 

M 

M 

F 

M 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC 

IHC 

IHC 

IHC 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 

IHC, WB 
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Ref: Ms. No.: NBD-16-203 

“Level of PICALM, a key component of clathrin-mediated endocytosis, is correlated with 

levels of phosphotau and autophagy-related proteins and is associated with tau inclusions  

in AD, PSP and Pick disease” Ando et al 

 

Highlights  

- PICALM and phospho-tau are co-localized in NFT of AD, Pick disease and of PSP. 

- Level of PICALM is decreased in tauopathies and inversely correlated with phosphotau. 

- Level of PICALM is correlated with changes in autophagy markers in tauopathies. 

- Reduction of soluble PICALM may play a key role in tauopathies by affecting autophagy. 
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