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h  i g  h  l  i g  h  t  s

• GW3965  reduced  GFAP  expression  in  the hippocampi  of 3xTg-AD  mice.
• GW3965  partially  restores  LRP1  levels  in  neurons  of 3xTg-AD.
• GW3965  restores  microvasculature  length  of 3xTg-AD  mice.
• GW3965  decreased  A�  deposition  in  blood  vessels  of 3xTg-AD  mice.
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a  b  s  t  r  a  c  t

The  vascular  hypothesis  of  Alzheimer’s  disease  postulates  that  disruption  of  the  brain  microvasculature  is
important  for  the  accumulation  of  amyloid  beta  and increased  neuroinflammation.  Liver X  Receptor  ago-
nist, GW3965,  has  been  demonstrated  to successfully  modulate  neuroinflammation  and  lipid  metabolism
in  murine  models  of  AD. This is  partially  due  to increased  expression  of ApoE  levels  and  increased  mobility
of  endothelial  progenitor  cells.  This  paper  analyzes  changes  in  the  neurovascular  unit  and  in astrocytes
and  microglia  markers  following  oral  administration  of  GW3965  in  a very  old  triple transgenic  AD  mice
(3xTg-AD  mice).  We  found  that  astrogliosis,  but not  activation  of microglia,  decreased  in  very  old  (24
months)  3xTg-AD  mice  treated  with  GW965.  In  addition,  GW3965  increased  LRP1  levels  in  neuron-like
cells  and  partially  restored  microvascular  morphology  by  decreasing  tortuosity  and  increasing  length
as shown  by  Lectin  immunostaining.  Interestingly,  these  changes  were  associated  with  decreased  A�  in
blood  vessels.  In  conclusion,  short-term  treatment  of  3xTg-AD  mice with  GW3965  restored  microvascular
architecture  which  may  be important  in  the  cognitive  improvement  previously  shown.

©  2016 Published  by  Elsevier  Ireland  Ltd.

1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia
[1]. The hippocampus is the first brain region affected in human AD.
[2] It is now recognized that most cases of AD have alterations in
vasculature, in particular of small-vessels [3], which leads to blood-

Abbreviations: AD, Alzheimer’s disease; BBB, blood brain barrier; A�, Amyloid
beta; LRP1, low-density lipoprotein related protein 1; LXR, liver X receptor; GFAP,
glial fibrillary acidic protein; Iba1, ionized calcium-binding adapter molecule 1.
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brain barrier (BBB) damage that contributes to pathogenesis and
progression of AD. Under normal conditions, the BBB contributes
to the regulation of brain amyloid beta (A�)  levels by mediating its
transport from brain parenchyma to the blood stream for degra-
dation [4]. BBB integrity prevents the filtration of toxic substances
such as TNF� that interfere with proper synaptic communication
and further exacerbates BBB damage [5].

A� transport through the BBB is mainly regulated by interac-
tion with two proteins: apolipoprotein E (ApoE) and low-density
lipoprotein related protein 1 (LRP1). ApoE, a natural ligand for
LRP1, has been extensively described as the main risk factor for AD
[3,6]. LRP1 is expressed in endothelial cells and is required for the
integrity and normal functioning of the BBB, in part by controlling
proinflammatory pathways (CypA–Nf-�B–MMP9) through direct
interaction with APOE [7]. It is suggested that increased expression
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Fig. 1. Short-term treatment with GW3965 reduces GFAP staining in the hippocampus. (A) Immunohistochemistry for GFAP in the Dentate Gyrus (DG), CA3 and CA1 regions
of  the hippocampus. Images are representative of 3 mice per group. (B) Quantification of the intensity of fluorescence. *p < 0.05 and **p < 0.01 for WT.  � p < 0.05 and �� p < 0.01
for  untreated mice. (C) Immunohistochemistry for Iba1 in DG, CA3 and CA1 regions. Images are representative of 3 mice per group. D) Quantification of fluorescence intensity.
*p  < 0.05 for WT;  � p < 0.05 and �� p < 0.01 for untreated mice.

of ApoE and LRP1 might accelerate clearance of A� species in mice
[8].

Activation of Liver X Receptor (LXR) improves cognition in
murine models of AD [9]. It increases the expression of ApoE
and ABCA1 associated with decrease in A� load [10], attenu-
ates neuroinflammation [11], and protects against the detrimental
effect of A�-oligomers on LTP [12]. In murine models of vascular
endothelial damage, LXR agonists (GW3965 or T0901317) promote
proliferation and migration of endothelial progenitor cells inducing
reendothelialization [13].

This paper analyzes the role of the LXR agonist GW3965 in rever-
sion of BBB changes and astrogliosis in very old 3xTg-AD mice (24
months old) [14,15]. Our results suggest that the hippocampus of
treated 3xTg-AD mice increases lectin staining of endothelial cells
and that this is associated with increased length of microvascula-
ture, decreased deposition of perivascular A�, and decreased GFAP
staining. These changes in microvasculature may  contribute to the
cognitive improvement observed [9].
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