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Introduction: Transport through endothelial cells of the blood-brain barrier (BBB)
involves a complex group of structures of the endo-lysosome system such as early and late
endosomes, and the retromer complex system. Studies show that neuronal dysregulation of
the vacuolar protein sorting 35 (VPS35), the main component of the retromer complex
recognition core, results in altered protein trafficking and degradation and is involved in
neurodegeneration. Since the functional role of VPS35 in endothelial cells has not been fully
investigated, in the present study we aimed at characterizing the effect of its downregulation
on these pathways.

Methods: Genetic silencing of VPS35 in human brain endothelial cells; measurement of
retromer complex system proteins, autophagy and ubiquitin-proteasome systems.

Results: VPS35-downregulated endothelial cells had increased expression of LC3B2/1 and
more ubiquitinated products, markers of autophagy flux and impaired proteasome activity,
respectively. Additionally, compared with controls VPS35 downregulation resulted in sig-
nificant accumulation of tau protein and its phosphorylated isoforms.

Discussion: Our findings demonstrate that in brain endothelial cells retromer complex
dysfunction by influencing endosome-lysosome degradation pathways results in altered
proteostasis. Restoration of the retromer complex system function should be considered
a novel therapeutic approach to rescue endothelial protein transport.

Keywords: retromer complex, brain endothelial cells, endosomal trafficking, tau protein,
autophagy, ubiquitin-proteasome, Alzheimer’s disease

Introduction

The blood-brain barrier (BBB) represents a dynamic interface between systemic
circulation and the brain and possesses unique properties regulating the micro-
environment of the central nervous system (CNS)." The differentiated BBB is
composed of a complex cellular system of highly specialized endothelial cells
(ECs) organized as monolayer, glial cells such as astrocytes and microglia, and
pericytes.” The BBB is recognized as a dynamic system that provides a safe
environment for neuronal functionality via regulation of various mechanisms
including nutrients supply, removal and protection from unwanted substances.’®
Within the BBB, highly specialized ECs lining the brain microvasculature are
recognized as major players in regulating endocytosis processes at the apical and
basolateral membranes by producing its own early endosomes and other vesicle

components.*

Received: 30 September 2021
Accepted: 16 December 2021
Published: 29 December 2021

Journal of Inflammation Research 2021:14 7455-7465 7455
© 2021 Filippone et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY N

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:praticod@temple.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Filippone et al

Dove

Thus, at the time when the BBB homeostasis fails,
changes in vesicular trafficking and transport across brain
endothelial cells, extravasation of pro-inflammatory med-
iators or metals exposure and accumulation in the brain
could contribute to the development of many CNS pathol-
ogies. Abundant data in the literature have provided evi-
dence for BBB disruption in several neurodegenerative
diseases such as multiple sclerosis,’® Alzheimer’s disease
(AD) and related tauopathies.” Recent works showed that
in polarized cells, such as brain endothelial cells, the retro-
mer complex system, which is composed by the vacuolar
protein  sorting-associated proteins (VPSs), VPS26-
VPS29-VPS35, could play an important role in the trans-
cytosis process of cargo across the endothelium of the
BBB. Interestingly, Wang et al recently reported that
impairment of retromer-mediated endosomal trafficking
can also promote mitochondrial and lysosomal dysfunction
which ultimately result in disruption of the BBB integrity.®
However, together with BBB disruption, dysfunction of
the retromer complex system is another important feature
of the pathophysiology of AD and Down syndrome.” '’
Normally the system oversees vesicular transport from
endosomes to trans Golgi-network (TGN), and involves
not only endosomes but also lysosomes, proteasomes, and
other degradative organelles in the trafficking of unwanted
proteins.'" Despite the recognized importance of the retro-
mer complex as a master regulator of protein sorting and
trafficking in diseases of the CNS, and the wealth of
knowledge in neurons little is known on the role that it
plays in brain endothelial cells. Our study aimed to inves-
tigate the effect that retromer complex dysfunction, via
downregulation of its main recognition core component
VPS35, has on degradative pathway(s) and cellular pro-
teostasis, two systems important for a normal BBB func-
tion. To reach this goal we implemented the human brain
endothelial cell line hCMEC/D3 which represents an
established in vitro model for studying endo-lysosomal

structure and function.'>'?

Materials and Methods

Cells

The immortalized hCMEC/D3 (Millipore/Sigma, catalog
number SCC066) cell line was cultured in EBM-2 basal
medium (catalog #00190860, Lonza, Walkersville, MD,
USA) supplemented with 5% fetal bovine serum, 2% growth
factors (GFs) (catalog #0000981202, Lonza, Walkersville,
MD, USA) following the manufacturer’s instructions and

maintained at 37°C with 5% CO, exposure. For knockdown
experiments, cells were cultured to 70% confluence in six-
well plates and then transfected. Briefly, a mixture of opti-
MEM (Thermo Fisher Scientific, catalog # 11058-021) with
15 nM of human control siRNA (Thermo Fisher Scientific,
catalog #4392420) was prepared and incubated at room
temperature (RT) for 5 minutes. Another mixture using opti-
MEM with 15 nM of human VPS35 siRNA (Thermo Fisher
Scientific, catalog # 4390843) was prepared and incubated
for 5 minutes. Both solutions were mixed and incubated for
15 minutes, by using Lipofectamine RNAIMAX transfection
reagent (Invitrogen, catalog # 13778-150) according to the
manufacturer’s instructions. After 6 hrs incubation, fresh
complete medium was replaced up to 48 hrs. In some
experiments, cells were incubated with Bafilomycin Al
(BafAl) (Sigma-Aldrich, catalog # B1793-10; final concen-
tration of 100 mM), or Bortezomib (BTZ) (Thermo Fisher
Scientific, catalog # J60378; final concentration 100 uM) for
4 hrs.

Western Blot Analysis

Cell lysates were used for Western blot analyses as pre-
viously described."* The following antibodies were used:
LC3B (1:500, Cell Signaling Technology, catalog # CST-
27755), SQSTM1/p62 (or p62) (1:500, Abcam, ab
56,416), ATGY9 (1:300, Abcam, ab 108,338), ATG7
(1:300, Cell Signaling Technology, CST 8558S), ATGS5
(1:300, Cell Signaling Technology, CST 2630S), VPS35
(1:250, ab 157,220, Abcam), VPS26 (1:250, Abcam, ab
23,892), VPS29 (1:250, Abcam, ab 10,160), ubiquitin
(1:500, Cell Signaling Technology, CST 3933S), CI-MPR
(1:250, Abcam, ab 124,767), Sorl-1 (1:250, Cell Signaling
Technology, CST 79322S), Beclin-1 (Cell Signaling
Technology, CST 3738S), HT-7 (1:500, Thermo Fisher
Scientific, catalog # MN1000) AT270 (1:500, Thermo
Fisher Scientific, catalog # MN10500), PHF13 (1:500,
Cell Signaling Technology, catalog # CST 9632), ATS8
(1:500, Thermo Fisher Scientific, catalog # MN1020),
MC-1 (gift of Dr. Peter Davis), GSK3-a/p (1:100, Cell
Signaling Technology, catalog # CST 5676S), p-GSK3-a/B
(p-GSK-3 a/B) (1:100, Cell Signaling Technology, catalog
# CST 9331S), protein phosphatase 2A (PP2A) (1:100,
Invitrogen, catalog # PAS 17510), cyclin-dependent kinase
5 (Cdk-5) (1:100, Santa Cruz Biotechnology, catalog #
sc249) and p25 (1:100, Abcam, catalog # 35271). Signals
were developed with Odyssey Infrared Imaging Systems
(LI-COR Bioscience). GAPDH (1:500, Cell Signaling
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Technology, catalog # CST 2118S) was always used as
internal loading control.

Immunofluorescence Analysis

Cells were cultured on glass coverslips, and treated with
control siRNA or VPS35 siRNA, as previously described."
After fixing, cells were incubated overnight with LC3B
(1:250), and p62 (1:250) primary antibodies. After rinsing
with PBS, cells were incubated with the Alexa Fluor 488/
568-conjugated secondary antibodies (1:300) (Abcam, anti-
goat ab 150,133, anti-mouse ab 175,700, anti-rabbit ab
175,693) for 30 min, 37°C. The nucleus was stained with
diamidino-2-phenylindole (DAPI solution) (1:1000, Thermo
Fisher Scientific, catalog # 62248). Coverslips were mounted
using ProLong™ Glass Antifade Mountant (Thermo Fisher
Scientific, catalog # P36980) and images were taken by using
ECLIPSE Ti2 fluorescent microscope (Nikon) with 100%
objective (scale bar 10 um).

LysoTrackerRed Staining

Cells were cultured on glass coverslips, and treated with
control siRNA or VPS35 siRNA, as described above. After
rinsing with PBS, cells were incubated with 75 nM
LysoTracker Red DND-99 (Thermo Fisher Scientific, catalog
#1.7528) in 10% Donkey serum for 90 min at RT followed by
washing with fresh PBS. Next, cells were fixed as described
above. Images were taken by using ECLIPSE Ti2 fluorescent
microscope (Nikon) with 100x objective (scale bar 10 pm).

Statistical Analysis

All the data are expressed as mean + standard error of the
mean. Comparisons between two groups were made using an
unpaired two-tailed #-test. Comparisons between more than
two groups were made using a one-way ANOVA with
Bonferroni's multiple comparisons test. The p-values for each
comparison are listed in each figure legend with p<0.05
considered statistically significant. All statistical tests were
performed using GraphPad Prism 5.0 (GraphPad Software).

Results
Effect of VPS35 Downregulation on the
Other Retromer Complex System

Components in Brain Endothelial Cells

In neuronal cells depletion of one component of the retromer
recognition core leads to reduction of the other subunits.'*'®
By using Western blot analysis, we investigated the effect that

downregulation of VPS35 had also on the expression levels of

VPS26, and VPS29 in hCMEC/D3 cells. As shown in
Figure 1, when we downregulated VPS35 in these cells
using VPS35 siRNA, we found that not only the expression
levels of this retromer subunit but also VPS26 were signifi-
cantly decreased compared to control cells. However,
although we observed a reduction of VPS29 expression levels,
compared with controls the difference did not reach statistical
significance (Figure 1A and B). By contrast, downregulation
of VPS35 did not influence the steady state levels of retromer
cargo receptor and cargo protein such as the cation-
independent mannose 6-phosphate receptor (CI-MPR), and
sortilin-related receptor 1 (Sorl-1), respectively (Figure 1A
and B).
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Figure | Downregulation of VPS35 influence on retromer complex system pro-
teins in brain endothelial cells. The hCMEC/D3 cells were transfected with VPS35
or Ctr siRNA for 48 hours, then cell lysates were harvested for biochemistry. (A)
Representative Western blot analysis for VPS35, VPS26, VPS29, CI-MPR, and Sorl-1
in cells lysates transfected with 15nM VPS35 siRNA, Ctr siRNA, or lipofectamine
(Lipof) alone. (B) Densitometric analysis of the immunoreactivity to the antibodies
shown in (A) (**p < 0.001; **p < 0.01). Results are mean = SEM (N = 2 per group,
three individual experiments).
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Retromer Complex Defects Influences
Degradation Pathways in Brain Endothelial
Cells

Next, we assessed whether in brain endothelial cells retromer
downregulation had an influence on degradation processes
driven by autophagy and the ubiquitin proteasome system
(UPS) as recently described in neuronal cells.'” Compared
with controls, downregulation of VPS35 resulted in an accu-
mulation of LC3B2 and an increase in the LC3B2/1 ratio,
a known marker of autophagy flux activation.'® This change
was associated with an increase in the transmembrane autop-
hagy-related protein 9 (ATG9) levels, and a significant
decrease in p62 expression (Figure 2A and B). By contrast,
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cells with VPS35 downregulation did not show any signifi-
cant changes in the levels of AGT5, AGT7 and Beclin-1
protein compared with controls (Figure 2A and B).

Besides autophagy, the UPS is another important degra-
dative pathway which relies on the integrity of endosomal
trafficking and sorting system through the retromer
complex.'® Under our experimental conditions, first we incu-
bated the cells with BTZ, a specific proteasome inhibitor,*’
as a positive control, to make sure that indeed the cells
produce polyubiquitinated signals. Next, we found that com-
pared with control cells VPS35 downregulation in brain
endothelial cells resulted in a significant increase in poly-
ubiquitinylated proteins levels (Figure 2C and D).
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Figure 2 VPS35 silencing alters autophagy and promotes accumulation of poly-ubiquitinylated proteins in brain endothelial cells. The hCMEC/D3 cells were transfected with
VPS35 or Ctr siRNA for 48 hrs, then cell lysates were harvested for biochemistry. (A) Representative Western blot analysis for LC3B, SQSTMI/p62, ATG9, ATG7, ATGS5,
and Beclin-1. (B) Densitometric analysis of the immunoreactivity to the antibodies shown in (A) (***p < 0.001 vs Lipofectamine; **p < 0.0l vs Lipofectamine; *p< 0.05 vs
Lipofectamine). Results are mean * SEM. (C) Representative Western blot analysis for ubiquitin, in cells lysates transfected as previously described. (D) Densitometric
analysis of the immunoreactivity to the antibody shown in (C) (***p < 0.001 vs Lipofectamine), (****p < 0.0001 vs Lipofectamine). Results are mean + SEM (N =2 per group,

three individual experiments).
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Autophagy and Lysosome are Affected b)’ analysis results, compared with control cells we
VPS35 Silencing in Brain Endothelial Cells observed an increase in LC3B immunoreactivity in

To further support our biochemistry measures showing brain endothelial cells receiving VPS35 siRNA suggest-

alteration of the autophagy and UPS degradation path-  ing an activation of the autophagy flux following VPS35
way systems, next endothelial cells were immuno- downregulation (Figure 3A and B). Additionally, these
reacted with LC3B and p62 antibodies, and the changes were associated with a decrease in p62 immu-

LysoTracker red dye. Confirming the Western blot noreactivity (Figure 3G and H).
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Figure 3 Immunoreactivity for LC3B, SQSTMI/p62 antibodies following VPS35 silencing in brain endothelial cells. Representative microscopy images of control cells (A, Al
inset) and VPS35 silenced cells (B, Bl inset) stained for LC3B (TXred), VPS35 (Cy5 channel pseudo-colored purple), nuclear stain DAPI (blue); (Scale bar = 10 pm).
Representative microscopy images of control (C, Cl inset) and VPS35 silenced cells (D, D1 inset) stained for LC3B (TXred), VPS35 (Cy5 channel pseudo-colored purple),
nuclear stain DAPI (blue) also treated with BafAl; (Scale bar=10pm). (E) LC3B fluorescence intensity nucleus area (***p < 0.001 vs Ctr siRNA cells). (F) LC3B
fluorescence intensity nucleus area in BafAl treated cells (***p < 0.001 vs Ctr siRNA cells). Representative microscopy images of control (G, Gl inset) and VPS35 silenced
cells (H, HI inset) stained for SQSTMI/p62 (TXred), VPS35 (FITC: green) nuclear stain DAPI (blue); (Scale bar = 10 pm). Representative microscopy images of control (I, 11
inset) and VPS35 silenced cells (J, ]| inset) stained for SQSTM1/p62 (TXred), VPS35 (FITC: green), nuclear stain DAPI (blue) also treated with BafAl; (Scale bar = 10 um). (K)
SQSTMI/p62 fluorescence intensity nucleus area (L) SQSTMI/p62 fluorescence intensity nucleus area in BafAl treated cells. (***p < 0.001 vs Ctr siRNA cells) (N = 3

individual experiments).
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Next, we assessed the effect of VPS35 downregulation
on acidic vesicles accumulation in the same cells. Since the
less acidic vesicles are located in the projections of the cells
and the most acidic ones with higher fluorescent intensity
are closer to the nucleus in all groups of brain endothelial
cells,”' treatment with BafAl, a specific V-ATPase pump
inhibitor*> was used to prove the exclusive signal of LC3B
and p62 antibodies for acidophilic components around the
nuclear region. As shown in Figure 3, we detected fluores-
cent organelles positivity in most of the cells in the presence
of BafAl following VPS35 silencing compared to control
cells (Figure 3C, D, I and J) confirming that proton pumps
inhibition was responsible for the creation of higher pH
inside the vesicles. Under these experimental conditions,
we also observed that LysoTracker red dye highlighted an
accumulation of autophagy-associated lysosomal activity

products in the VPS35 down regulated brain endothelial
(Figure 4A and
B respectively, see % area of Lysotracker Red panel
Figure 4C).

cells compared to control cells

Accumulation of Tau Following VPS35

Silencing in Brain Endothelial Cells

The balance between formation and degradation of different
proteins, also known as proteostasis, within the cell is an
important function responsible for cellular health and its
alteration is a common feature of neurodegeneration.
Among the different proteins recent attention has been
focused on the accumulation of pathological tau protein,
which has been shown to spread throughout the brain in
a transgenic mouse model of AD-related tauopathy which
expresses human mutant tau (rTg4510 mice). Interestingly,
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Figure 4 Lysosomal staining following VPS35 silencing in brain endothelial cells. Representative microscope images for control cells (A and Al inset) and VPS35 siRNA-
treated cells (B and Bl inset) labeled for VPS35 antibody (Cy5 channel pseudo-colored purple) and LysoTracker (LT) live cells dye (TXred channel, red). The distribution of
acidic vesicles was visualized using fluorescence microscopy (Scale bar: 10 um). Percentage area of LT (C) (**p < 0.0 vs Ctr siRNA). Results are mean + SEM (N=3 individual

experiments).
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a recent study reported on the key role that the endolyso-
some system plays not only in tau accumulation, but also in
tau diffusion and intercellular spreading.”® For this reason,
next we assessed changes in tau levels in cerebral endothe-
lial cells following dysregulation of the retromer complex
system. As shown in Figure 5, compared with controls,
VPS35-downregulated cells had a significant accumulation
of total tau levels as shown by the immunoreactivity to the
HT-7 antibody. In addition, we found that downregulation
of VPS35 resulted in higher amount of tau protein phos-
phorylated at the residues Threonine 181 (tau pThr181) and
Serine 396 (tau pSer396) as identified by AT270 and
PHF13 antibodies, respectively (Figure S5A and B).
Interestingly, using the antibody MC-1, which is directed
against tau having pathological conformational changes,
compared with controls we also observed a significant
increase in its immunoreactivity when VPS35 was down-
regulated. By contrast, despite a trend toward an increase no

statistically significant changes were observed for the
immunoreactivity to the antibody ATS8, which recognizes
tau isoform phosphorylated at both Serine 202 and
Threonine 205 (Ser201/Thr205), when VPS35-silenced
cells were compared with controls (Figure 5A and B).
Next, looking for mechanisms potentially involved in the
observed changes in tau phosphorylation, we examined
some of the kinases and phosphatases that are considered
major players of these tau modifications. As depicted in
Figure 5, we found that compared with controls, endothelial
cells with downregulation of VPS35 did not manifest any
changes in the expression levels of CdkS5, p25, total or
phosphorylated GSK-3a, GSK-3p, and protein phosphatase
2A (PP2A) (Figure 5C and D).

Discussion
Abundant literature has clearly shown that the retromer
complex system normally ensures the degradation of
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Figure 5 VPS35 affects pathological tau accumulation in brain endothelial cells. Brain endothelial cells were transfected with VPS35 or Ctr siRNA for 48 hrs, then cell lysates
were harvested for biochemistry analysis. (A) Representative Western blot analysis for total tau (HT-7), phosphorylated tau at residues $202/T205 (AT8), T181 (AT270), and
$396 (PHF13), and pathological tau (MC-1). (B) Densitometric analysis of the immunoreactivity to the antibodies shown in (A). (***p < 0.001 vs Lipofectamine; **p < 0.01 vs
Lipofectamine; *p < 0.05 vs Lipofectamine). (C) Representative Western blot analysis for Cdk5, p25, GSK-3a/f, p-GSK-3a/p and PP2A. (D) Densitometric analysis of the
immunoreactivity to the antibodies shown in (C). Results are mean + SEM (N =2 per group, three individual experiments).
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autophagic cargo via the maintenance of endo-lysosome
system efficiency, and that its failure results in the accu-
mulation of autophagosomes and unwanted proteins, such
as AP, tau and a-synuclein, secondary to a decreased
ability for degrading them.”* However, the majority of
the published works on this particular topic have been so
far focused mainly on one cell type: neurons and neuronal
cell lines. >’

In the present study, we provide the first demonstration
that in human brain endothelial cells dysfunction of the
retromer complex system alters two degradation pathways
by influencing autophagy flux, and the UPS which ulti-
mately result in the accumulation of pathological forms of
tau protein. We have used hBEC cell line since it contains
all the necessary machinery to investigate the endosomal
and lysosomal system and it is a well-accepted and estab-
lished in vitro model for investigating BBB vesicular
transport.”® In particular, we were interested in assessing
how the retromer complex system dysregulation would
influence degradation pathways and protein homeostasis
in the context of a BBB-like microenvironment. This is
very important since within the BBB endothelial cells
lining the CNS microvasculature possess unique transcy-
tosis properties that govern selective molecular trafficking
between the blood and the brain parenchyma.?

First, we confirmed the known concept that stability
of the retromer complex is strictly dependent on the
precise stoichiometric formation of the trimeric recogni-
tion core and that depletion or reduction of one subunit
within the VPS35-VPS26-VPS29 complex leads to
reductions in some or all the other subunits. Thus, like
for neurons in brain endothelial cells VPS35 downregu-
lation resulted in reduction of VPS26 and VPS29 which
would support an overall dysfunction of the whole com-
plex sorting system. By contrast, no significant changes
were observed for some of the main retromer cargo
receptors such as CI-MPR or Sorl-1. These findings
are in line with other reports in neurons showing that
dysfunction of the retromer complex system does not
directly and necessarily influence the steady state levels
of its cargo receptors.®*>!

In recent years emerging evidence has indicated
a possible biological link between the retromer complex
with both autophagy and UPS systems also in neuronal
cells. Interestingly, these cellular pathways which are
actively involved in the clearance of abnormally folded
proteins (ie, AP and tau) have been shown to be altered in
various neurodegenerative diseases like AD and related

tauopathies.*>** In AD, it is known that BBB breakdown
is present and occurs as consequence of different insults to
neuronal cells including neuroinflammation and leuko-
cytes infiltrations, which are exacerbated by subsequent
autophagy impairments and ultimately contribute to the
pathogenesis of the disease progression.>* However,
while there is abundant literature on this topic for neurons,
no data are available for endothelial cells. To assess
whether VPS35 gene silencing and subsequent retromer
dysfunction would also influences autophagy in brain
endothelial cells, we measured some of the main compo-
nents of this system. Initially, we looked at the microtu-
bule-associated protein 1 light chain 3 (LC3) which is
known to be converted from the soluble form (LC3B 1)
to the autophagosome-associated form (LC3B 2) and to
play an important role in the formation of the autophago-
somes. Under our experimental conditions of VPS35
downregulation in brain endothelial cells, we found that
the LC3B 2/1 ratio was significantly increased whereas
p62 levels, which inversely correlates with autophagic
activation, were significantly reduced.*

These findings suggest that retromer complex system
dysfunction contributes to the activation of autophagy and
this effect is at least partially mediated by changes in some
of ATG proteins such as ATG9, which was indeed upregu-
lated. According to our results, cells possessed more acidic
organelles after VPS35 silencing than control cells,
a phenomenon that could be explained by the increased
immunopositivity of autophagic structures for LC3B but
a lesser content of them for p62 after VPS35 downregula-
tion and BafAl exposures. Moreover, downregulation of
VPS35 had an effect also on the UPS system since the
number of lysosomes and acidic organelles was greatly
increased compared to control cells as highlighted by the
lysosome-specific dye used. While we cannot exclude that
the change in autophagy and not the retromer dysfunction
per se may have also influenced the UPS machinery, it is
important to stress that the alterations we observed for both
systems in brain endothelial cells could have significant
impact on brain health. Our findings can also offer a basis
for understanding the final step of the ubiquitin-proteasome
pathway that could be influenced by alterations of the retro-
mer complex system.”> Thus, by demonstrating that VPS35
silencing increases expression levels of poly-ubiquitinylated
proteins in brain endothelial cells we begin to characterize
the relationship between the retromer complex and the
ubiquitin-proteasome system at the BBB level in terms of
clearance of unwanted proteins. This fact is in line with
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recent studies showing the retromer complex vital role in
the clearance of aggregates of unfolded tau protein in the
brain that could form intracellular inclusions under patho-
logical conditions termed “tauopathies”.*® To this end, we
were interested in studying whether in brain endothelial
cells the perturbed endosomal and degradative pathways
resulting from VPS35 silencing would influence total tau
and any of its various phosphorylated isoforms which have
been implicated in AD pathogenesis.*” Our analysis of tau
protein species in these cells showed a pattern of progres-
sive accumulation of them upon VPS35 silencing. Similar
to the neuronal accumulation of pathologic tau aggregates
secondary to retromer complex dysfunction,'* we found
that also brain endothelial cells with genetically induced
retromer complex deficiency presented a significant
increase in total tau, together with an elevation of 2 specific
phosphorylated isoforms at residues Threonine 181 and
Serine 396. Interestingly, these post-translational modifica-
tions of tau protein were independent from any involvement
of several kinases and a phosphatase which have been
considered important for them.*® Further supporting an
alteration of tau proteostasis secondary to retromer complex
dysfunction in endothelial cells are the results showing
a significant increase in the immunoreactivity to the specific
antibody MC-1, which is known to target specifically patho-
logical conformational changes of tau protein, one of the
carliest detectable events in the brain of AD patients.39
Besides these aspects on tau neurobiology, the mechanisms
we described herein could have also potential implications
for the development of cerebral amyloid angiopathy,
a clinical condition often associated with AD, which is
characterized by the accumulation of AR within the wall
of small blood vessels.*

In summary, the current study supports the novel idea
that in cerebral endothelial cells the retromer dysfunction is
directly responsible for the accumulation of pathological tau
secondary to a deficit in its clearance rather than changes in
its post-translational modifications. Whether the endosomal
sorting and trafficking network system failure via the silen-
cing of VPS35 is also implicated in tau spreading across
endothelial cells remains to be investigated.

Conclusions

Here, we present the first experimental evidence that in brain
endothelial cells dysfunction of the retromer complex system
secondary to VPS35 downregulation influences two major
degradation pathways which ultimately results in accumula-
tion of pathological tau protein. Considering the central role

that brain endothelial cells play in the maintenance of
a healthy BBB, our data have potential implications not
only for brain health but also for neurodegenerative diseases
such as AD and related tauopathies where an alteration of
BBB function and permeability has been widely described as
an early event in the pathogenesis of these diseases.
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