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Abstract

Alzheimer's disease (AD) and cerebrovascular diseases share common vascular risk factors that
have disastrous effects on cerebrovascular regulation. Endothelial cells, lining inner walls of
cerebral blood vessels, form a dynamic interface between the blood and the brain and are critical
for the maintenance of neurovascular homeostasis. Accordingly, injury in endothelial cells is
regarded as one of the earliest symptoms of impaired vasoregulatory mechanisms. Extracellular
buildup of amyloid-f (Ap) is a central pathogenic factor in AD. Ap exerts potent detrimental
effects on cerebral blood vessels and impairs endothelial structure and function. Recent evidence
implicates vascular oxidative stress and activation of the nonselective cationic channel transient
receptor potential melastatin (TRPM)-2 on endothelial cells in the mechanisms of Ap-induced
neurovascular dysfunction. Thus, Af triggers opening of TRPM2 channels in endothelial cells
leading to intracellular Ca2* overload and vasomotor dysfunction. The cerebrovascular
dysfunction may contribute to AD pathogenesis by reducing the cerebral blood supply, leading to
increased susceptibility to vascular insufficiency, and by promoting A accumulation. The recent
realization that vascular factors contribute to AD pathobiology suggests new targets for the
prevention and treatment of this devastating disease.
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1. Introduction

Cerebrovascular endothelial dysfunction is emerging as a major risk factor for brain
diseases, and injury to endothelial cells is regarded as one of the earliest symptoms of
impaired vasoregulatory mechanisms. Endothelial cells, lining inner walls of cerebral blood
vessels, act as an integrator for neurovascular homeostasis in an autocrine and paracrine
manner (Fig. 1). Although the impact of endothelial dysfunction in atherosclerosis and
cerebrovascular diseases is well appreciated, recent evidence implicates alterations in
endothelial function also in Alzheimer's disease (AD), the major cause of dementia in the
elderly (Holtzman et al. 2012; ladecola 2013). It is now well established that the amyloid-
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peptide (AB), a key pathogenic factor in AD, has powerful cerebrovascular effects that alter
the regulation of the cerebral circulation. AB-induced endothelial dysfunction may be
responsible for the cerebrovascular dysregulation observed in patients with AD. In this brief
review we will examine the role of endothelial cells in normal cerebrovascular regulation
and in the alterations observed in AD. Emphasis will be placed on the role of vascular
oxidative-nitrosative stress and the transient receptor potential melastatin 2 (TRPM2)
channels in the alterations in endothelial function induced by Af.

2. Role of endothelial cells in neurovascular regulation

Cerebrovascular cells (endothelial cells, smooth muscle cells, and pericytes), neurons, glia,
and perivascular cells, collectively called the neurovascular unit, are tightly interconnected
and operate in harmony to provide a homeostatic microenvironment for the brain. Cerebral
endothelial cells control blood flow, regulate the exchange across the blood-brain barrier
(BBB), contribute to innate immunity, control angiogenesis, and govern clearance of A
peptides (Fig. 1).

Cerebral blood flow regulation

BBB

The brain is endowed with precise control mechanisms that ensure its energy supply well-
matched to its energetic needs (ladecola 2004, 2013; Jackman and ladecola 2015; Attwell et
al. 2010; Lauritzen et al. 2012). Thus, the functional and structural integrity of the brain
relies on a continuous and well-regulated blood supply of oxygen and nutrients, and thus
interruption of cerebral blood flow (CBF) results in brain dysfunction and cell death
(ladecola 2004; Lauritzen et al. 2012). Consequently, neural activity evokes a potent
increase in CBF, termed functional hyperemia, that is thought to deliver energy substrates
and remove metabolic byproducts from the brain (ladecola 2004, 2013). Cerebral
endothelial cells play a critical role in the CBF regulation by producing vasorelaxants, such
as NO, bradykinin, prostacyclin, and vasoconstrictors, such as endothelin-1 and
thromboxane A2 (Andresen et al. 2006; Faraci 2011; ladecola 2004, 2013; Katusic and
Austin 2014). A recent study demonstrated that a discrete endothelial cell lesion impairs the
retrograde vasodilatation induced by neural activity in the somatosensory cortex,
highlighting the critical role of these cells in the coordination of responses between
intraparenchymal arterioles and pial vessels at the surface of the brain (Chen et al. 2014).

Cerebral endothelial cells are interconnected and sealed through tight junctions and have
reduced transcellular vesicular transport (transcytosis), key features of the BBB. The BBB is
highly impermeable so that specialized endothelial transporters control the trafficking of
amino acids, ions, macromolecules, neurotransmitters, and other signaling molecules
between the blood and the brain, which is a fundamental function of the BBB (ladecola
2013; Zlokovic 2011). Thus, transporters located on the luminal side of the endothelial cells
regulate the entry of nutrients into the brain, while transporters on the abluminal side control
disposal of metabolic waste (Neuwelt et al. 2011). The major facilitator superfamily domain
containing 2a (Mfsd2a) is selectively expressed in BBB-containing blood vessels in the
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brain and is a key regulator of BBB function by suppressing transcytosis (Ben-Zvi et al.
2014).

Ap clearance

AP is a key pathogenic factor involved in the mechanisms of AD, and the BBB plays a key
role in regulating the transport of A into and out of the brain (Zlokovic 2008). Therefore,
AP in peripheral circulation is transported to the brain by receptors for advanced glycation
end-products (RAGE) on luminal side of endothelial cells (Zlokovic 2008). Intracerebral AB,
generally produced by neuronal activity, is removed from the brain via mechanisms
involving the lipoprotein receptor-related protein (LRP)-1 and P-glycoprotein, a mechanism
regulated by the serum response factor, myocardin, and phosphatidylcholine-binding clathrin
assembly protein (PICALM) (Zhao et al. 2015; Zlokovic 2008). Thus, an imbalance between
AP production and clearance contributes to Ap deposition in the brain.

Immune surveillance

Endothelial cells are strategically located and so can detect changes in peripheral and central
immune signals. In response to the signals, they express various adhesion molecules, such as
intercellular adhesion molecules, platelet-endothelial adhesion molecule-1, selectins,
vascular adhesion molecule-1, etc., that recognize cognate molecules on circulating immune
cells leading to the adhesion and transmigration of these cells into the brain (Weber et al.
2007). The expression of adhesion molecules, chemokines, and cytokines by endothelium,
glia, and perivascular macrophages regulates the trafficking of immune cells across the BBB
(Zlokovic 2008; Heppner et al. 2015). Such activity is critical both for immune surveillance
in the normal brain and for immune response to injury. Furthermore, the recent discovery of
the CNS lymphatic system requires a reassessment of immune surveillance in the brain in
health and disease (Louveau et al. 2015).

Metabolic support

The brain is lack of energy reserve so that metabolic function of endothelial cells is vital for
the transport of nutrients to maintain the normal function of neurons and glia (ladecola 2004,
2013; ladecola and Nedergaard 2007). Therefore, endothelial cells are equipped with
specialized transporter proteins that facilitate the entry of glucose, essential amino acids,
vitamins and other vital nutrients entry into the brain (Neuwelt et al. 2011). Transporters
located on the abluminal side of endothelial cells are critical for the removal of potentially
noxious byproducts of brain metabolisms. Therefore, endothelial cells are essential for the
maintenance of the metabolic homeostasis of the cerebral microenvironment.

Angiogenesis
Endothelial cells, neurons and glia produce vascular growth factors that provide trophic
support for angiogenesis (Zacchigna et al. 2008). Such vasculotrophic support is essential
during development when proper guiding cues, such as ephrins, slit ligands, semaphorines,
and netrins, are required for correct alignment of both migrating axons and vessels
(Carmeliet 2003). Furthermore, after brain injury, angiogenic growth factors released from
endothelial cells, neurons, and glia such as vascular endothelial growth factor (VEGF) and
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angiopoietin-1, activate their receptors on endothelial cells present in preexisting blood
vessels and orchestrate their migration and differentiation into new vessels, termed
angiogenesis, providing a therapeutic option (Carmeliet and Ruiz de Almodovar 2013).
Therefore, the coordinated interaction between endothelial cells, neurons, and glia is critical
for vascular and brain repair capacity via angiogenesis

3. Structural and functional alterations in brain blood vessels in AD

There is increasing evidence that the structure and function of the brain vessels are
significantly altered in AD (ladecola 2013; Zlokovic 2008). These alterations markedly
disrupt the homeostatic balance and cause neurovascular dysfunction and synaptic
dysregulation leading to brain dysfunction.

3-1. Structural alterations

Accumulating evidence suggests that AD is associated with alterations in cerebrovascular
structure (Park et al. 2013; Weller et al. 2009; ladecola 2013; Zlokovic 2008). In large
intracranial vessels, atherosclerosis is found in more than 77% of AD patients (Yarchoan et
al. 2012; Beach et al. 2007; Roher et al. 2003; Zhu et al. 2014; Roher et al. 2004). At the
microvascular level, arterioles and capillaries show reduction in density, length, and mean
diameters in AD (Bouras et al. 2006; Fischer et al. 1990; Kitaguchi et al. 2007; Smith and
Greenberg 2009). In AD patients and mouse models, these alterations are often associated
with distortion and constriction of capillaries (Smith and Greenberg 2009; Kitaguchi et al.
2007; Meyer et al. 2008; Park et al. 2013). The basement membrane of the vessels also
undergoes degenerative changes, and heparin sulfate proteoglycans accumulate in the
capillary basement membrane, contributing to the accumulation of AB (Morris et al. 2014;
van Horssen et al. 2001; Park et al. 2013). In AD and cerebral amyloid angiopathy (CAA),
accumulation of Ap in cortical arterioles and capillaries triggers weakening of the blood
vessel wall, a change associated with small cerebral infarcts and hemorrhages (Benedictus et
al. 2015; Smith and Greenberg 2009).

3-2. Functional alterations

CBF dysregulation—CBF is decreased, and functional hyperemia is reduced in AD
patients (Bateman et al. 2006; Hirao et al. 2005; Jagust et al. 1998; Johnson and Albert
2000; Luckhaus et al. 2008; Ruitenberg et al. 2005; Schroeter et al. 2007; Yoshiura et al.
2009). In particular, endothelium-dependent vasodilatation is altered in peripheral vessels of
AD patients (Dede et al. 2007). In addition, cerebral smooth muscle cells are also converted
into a hypercontractile phenotype, which leads to the stronger contractility of cerebral
arterioles associated with reduced resting CBF and reactivity (Chow et al. 2007). These
vascular effects have been attributed to A, a key pathogenic factor in AD, which potently
constricts blood vessels and impairs the fundamental mechanisms controlling the cerebral
circulation (ladecola 2013; ladecola et al. 1999; Thomas et al. 1996). Endothelial oxidative
and nitrosative stress has emerged as key pathogenic factors in cerebrovascular dysfunction
(Szabo et al. 2007; ladecola 2004). Specifically, experimental evidence indicates that free
radical species generated from the NADPH oxidase are responsible for the neurovascular
alterations induced by vascular risk factors and AB (Faraco and ladecola 2013; ladecola et
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al. 1999; Park et al. 2011; Park et al. 2008). Free radical species can react with NO and form
peroxynitrite, which has a powerful effect on CBF regulation by triggering DNA damage, as
discussed below.

BBB impairment—Due to the critical role of the BBB in providing the homeostatic
microenvironment for the brain, its alterations have a powerful impact on brain diseases,
including cognitive impairment related to aging and AD dementia (Zlokovic 2008). BBB
breakdown induced by oxidative-nitrosative stress causes the entry of plasma proteins, an
event leading to vascular inflammation, perivascular edema, and further oxidative-nitrosative
stress (Pacher and Szabo 2008; Zlokovic 2011). For example, BBB disruption is an early
event in the aging humans and mild cognitive impairment patients (Montagne et al. 2015). In
addition, A can activate innate immunity receptors and alter cerebrovascular regulation
through oxidative stress. For example, the lack of the innate immunity receptor CD36 or
RAGE protects endothelium-dependent responses and neurovascular coupling by attenuating
vascular oxidative stress in WT mice treated with Af and amyloid precursor protein (APP)
transgenic mice (Park et al. 2011; Park et al. 2013). Furthermore, impairments in AB
clearance through the BBB may also have an impact on the brain amyloid accumulation in
AD (Taheri et al. 2011; Zlokovic 2008; Mawuenyega et al. 2010; Roberts et al. 2014). Thus,
the reduced expression of the BBB transporters LRP-1, P-glycoprotein, and PICALM or the
increased expression of Mfsda2 in the brain endothelium promotes vascular Af
accumulation and may worsen the vascular dysfunction (Bell et al. 2009; Deane et al. 2003;
Zhao et al. 2015; Ben-Zvi et al. 2014). Furthermore, increased circulating levels of A in
patients with vascular cognitive impairments and AD can aggravate oxidative stress,
inflammation and endothelial dysfunction and cause cerebrovascular insufficiency
associated with accelerated progression of the disease (ladecola 2013; Zhao et al. 2015; Park
etal. 2013).

Impaired metabolic support—Glucose is brain's main energy source and its delivery
across the BBB heavily relies on endothelial cells lining cerebral blood vessels. Reduced
brain glucose utilization occurs in regions related to learning, memaory, overlaps with brain
regions that are impacted in persons with AD (Ashe and Zahs 2010). These changes occur
early in the course of the disease and are also present in cognitively normal people at genetic
risk for AD (Nordberg et al. 2010; Faraco and ladecola 2013; ladecola 2013). Using mouse
models with a deficit in the gene coding glucose transporter (Glut)-1 (Slc2a1*/~), Winkler et
al demonstrated that vascular Glut-1 deficiency results in marked alterations in vascular,
BBB, and neuronal function that are remarkably prominent in the setting of AD pathology
(Winkler et al. 2015).

Aberrant angiogenesis—There is increasing evidence that aberrant angiogenesis is
involved in AD pathogenesis (Biron et al. 2011). VEGF, through its binding to cognate
receptors, play a key role in the angiogenesis. Oxidative stress induces marked increase of
VEGF expression (Carmeliet and Ruiz de Almodovar 2013; Sanchez et al. 2013). In AD,
VEGF immunoreactivity overlaps with Ap plaques and is found in association with reactive
astrocytes, neurons, and blood vessel walls (Biron et al. 2011). Furthermore, in AD patients,
the perivascular accumulation of endostatin, a neutrally derived antiangiogenic factor, may
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also lead to the vascular damage (Deininger et al. 2002). Even though CSF and plasma
levels of VEGF are increased in AD patients (Carmeliet and Ruiz de Almodovar 2013; Qin
et al. 2015; Tarkowski et al. 2002; Vagnucci and Li 2003), VEGF is sequestered by AB
plaques (Yang et al. 2004) and its signaling is inhibited by Ap (Patel et al. 2010), thus
reducing its angiogenic property and causing further hypoxia (Sun et al. 2006). In AD
mouse model, vascular density is reduced in the cortex, hippocampus, and white matter at
7-9 months, a finding often associated with capillary CAA, vessel occlusion, blood flow
disturbances, and BBB leakage (Biron et al. 2011; Lee et al. 2005; Paris et al. 2004; Thal et
al. 2009). However, how aberrant angiogenesis occurs remains largely unanswered. One
potential mechanism involves TRPM2 channel. Mittal et al demonstrated that VEGF-
induced angiogenesis requires a rise in intracellular Ca2* via TRPM2 (Mittal et al. 2015).
Thus, the underlying mechanism for the aberrant angiogenesis may lie in the extent to which
Ap induces intracellular Ca2* via TRPM2 activation (see below), but it needs further
investigation. These alterations in angiogenesis are likely to have a powerful impact in the
cerebrovascular alterations found in AD and vascular dementia as well as in the brain
atrophy related to these diseases (Savva et al. 2009; Staekenborg et al. 2009).

4. AB induces an oxidative-nitrosative stress associated with opening of

TRPM2 channels in cerebral endothelial cells (Fig. 2-3)

AP induces oxidative stress in cerebral endothelial cells

There is increasing evidence that ROS are critical mediators of endothelial dysfunction
produced by AB. AB promotes ROS production in cerebral endothelial cells and ROS
scavengers counteract the effects of Ap on endothelial dysfunction and functional hyperemia
(Niwa et al. 2000a; Niwa et al. 2002; Niwa et al. 2000b). In APP mice, overexpression of
superoxide dismutase (SOD)-1 rescues cerebral endothelial dysfunction induced by Ap
(ladecola et al. 1999). Oxidative stress has also been implicated in other vascular effects of
Ap including BBB breakdown and vascular inflammation (Zlokovic 2008).

AB induces activation of NADPH oxidase in cerebral endothelial cells

A key mechanism by which AP exerts its deleterious vascular effects includes the generation
of ROS via the enzyme of NADPH oxidase. Initially identified in phagocytes, NADPH
oxidase is also found in vascular cells and is especially abundant in the brain blood vessels
(Drummond et al. 2011; Miller et al. 2005). The enzyme consists of membrane-bound (Nox
and p22P9X) and cytoplasmic (p47P"°X and p67PNo%) subunits and some of the enzymes also
require the small GTPases, such as Racl and Rac?, for its activation (Drummond et al.
2011). Nox subunit is present in 5 isoforms (Nox 1-5) and is a core catalytic subunit of the
enzyme (Drummond et al. 2011). Nox 1, 2, and 4 isoforms are present in blood vessels of
the brain (Han et al. 2015; Kazama et al. 2004; Miller et al. 2005; Park et al. 2005; Park et
al. 2008). Genetic inactivation of Nox2 counteracts the cerebrovascular oxidative stress and
the vascular dysfunction induced by AB, pointing to NADPH oxidase as the source of the
ROS (Park et al. 2005; Park et al. 2008). Furthermore, neocortical treatment of a peptide
blocking the assembly of NADPH oxidase inhibits the ROS production and endothelial
dysfunction induced by AP (Park et al. 2005; Park et al. 2008). More importantly,
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neurovascular protection provided by Nox2 inactivation is associated with behavioral
improvement (Park et al. 2008), providing evidence linking Nox2-containing NADPH
oxidase with the neurovascular dysfunction and cognitive decline associated with amyloid
pathology.

AP induces peroxynitrite formation and DNA damage in cerebral endothelial cells

The mechanisms by which vascular ROS trigger alterations in cerebrovasculature induced by
AP have not been elucidated in full. One likely pathway is that ROS inactivate the
endogenous vasoactive mediators regulating CBF. For example, ROS formed by AP lead to
formation of peroxynitrite and attenuate endothelium-dependent vascular responses and
functional hyperemia (Park et al. 2004; Park et al. 2005; ladecola 2004; ladecola and
Davisson 2008; Tong et al. 2005). Recently, we found that the peroxynitrite inactivators or
scavengers prevent the vascular nitration and counteract the cerebrovascular dysfunction
triggered by APP overexpression and A in full /n vivo (Park et al. 2014). Peroxynitrite is a
highly reactive species that causes DNA double-strand breaks. Indeed, a recent study
demonstrated DNA damage in cerebral endothelial cells of patients with early AD (Garwood
et al. 2014). In agreement with such post mortem data, we also demonstrated that AR
increases the immunoreactivity of the DNA damage marker phospho-yH2AX, an effect
abolished by ROS scavengers, NADPH oxidase inhibition, NOS inhibition, and peroxynitrite
decomposition catalysts (Park et al. 2014). Thus, A induces endothelial DNA damage via
oxidative-nitrosative stress.

AP induces activation of PARP in cerebral endothelial cells

One potential pathway by which Ap-induced peroxynitrite formation and DNA damage
alters endothelial regulation includes activation of PARP-1. PARP-1, the most dominant
member of the PARP family, is involved in the repair of oxidative stress-induced DNA
damage (Pacher and Szabo 2008), but excessive activation of PARP-1 has deleterious effects
on the cell (Pacher and Szabo 2008). Recent evidence suggests that PARP-1 plays a critical
role in the cerebrovascular dysfunction induced by AB. In APP mice, PARP-1 activity is
elevated in penetrating pial arterioles (Park et al. 2004; Park et al. 2014). Inhibition of
PARP-1 activity with the PARP inhibitor PJ-34 prevents the endothelial dysfunction induced
by Ap (Park et al. 2014). Furthermore, A fails to attenuate endothelium-dependent
vasodilatation in PARP-17/~ mice, pointing to PARP-1 as the factor responsible for Ap-
induced endothelial dysfunction (Park et al. 2014). Another pathway through which PARP-1
could induce endothelial dysfunction involves the BBB. Inhibition of PARP-1 activity
protects BBB in models of neuroinflammation (Rom et al. 2015), raising the possibility that
PARP-1 is also involved in the BBB dysfunction induced by AP (Fig. 1). However, this
hypothesis remains to be tested.

AB induces ADPR formation via activation of PARG in cerebral endothelial cells

Poly (ADP-ribose) glycohydrolase (PARG) is a catalytic enzyme that cleaves ADPR
polymers into ADPR (Putt and Hergenrother 2004; Virag and Szabo 2002). PARG inhibition
counteracts the cerebrovascular dysfunction both in wild-type (WT) mice treated with AB
and in APP mice (Park et al. 2014), implicating the activity of PARG pathway in the
mechanisms of neurovascular alterations induced by Ap.
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AB triggers Ca2* increases in endothelial cells via TRPM2 channels in cerebral endothelial

cells

As described above, ADPR is a potent activator of TRPM2 channels leading to increases of
intracellular Ca2* and other cations (Buelow et al. 2008; Sumoza-Toledo and Penner 2011).
TRPM2 channels are expressed in many cells, including neurons and cerebral endothelial
cells (Hecquet et al. 2008; Hecquet et al. 2014; Yamamoto et al. 2008; Kozai et al. 2013),
and have been implicated in ischemic injury, traumatic brain injury, and neurodegenerative
diseases (Cook et al. 2010; Naziroglu 2011; Nilius and Szallasi 2014; Yue et al. 2015;
Zholos et al. 2011; Hermosura et al. 2008). In endothelial cells, AB induces inward currents
blocked by the TRPM2 antagonists or sSiRNA knockdown (Park et al. 2014). AB-induced
TRPM2 currents are attenuated by the PARP-1 inhibitor PJ-34 and by the PARG inhibitor
ADP-HPD, pointing to an involvement of PARP and PARG in TRPM2 channel opening
(Park et al. 2014). TRPM2 activation by AB is associated with massive increases in
intracellular Ca?*, an effect attenuated by pretreatment with ACA or 2-APB, and by TRPM?2
SiRNA (Fig. 2). Thus, Ap causes opening of TRPM2 channels in cerebral endothelial cells
leading to intracellular Ca2* overload. Accordingly, TRPM2 inhibitors prevent the
cerebrovascular effects of A in WT mice and rescue the cerebrovascular dysfunction
observed in APP mice (Park et al. 2014). Furthermore, AP fails to cause the cerebrovascular
dysfunctions in TRPM2 null mice (Park et al. 2014). These data provide pharmacological
and non-pharmacological evidence for a crucial involvement of the TRPM2 channels in the
endothelial and neurovascular dysfunctions induced by Ap /n vive.

5. Concluding remarks

It is increasingly accepted that AD is a multifaceted disorder associated with multiple
pathogenic factors of which vascular factors play a critical role (Holtzman et al. 2011; de la
Torre 2012; ladecola 2013). AP alter neurovascular function (Zlokovic 2008; ladecola 2013),
which may play a role in the cognitive deficits by decreasing cerebral perfusion and
promoting ischemic brain injury (ladecola 2013; Zlokovic 2011). In addition, alteration of
neurovascular function may accelerate Ap accumulation in the brain by slowing its
perivascular and transvascular clearance (ladecola 2013; Weller et al. 2009). Considering the
enormous public health impact of AD, a disease thus far incurable, it would be important to
unravel the mechanisms by which Ap impairs vascular functions and, based on these
mechanisms, develop new therapeutic approaches. Our recent findings that AB-induced
vascular oxidative-nitrosative stress induces cerebrovascular dysfunction through PARP1
and endothelial TRPM2 channels suggest new therapeutic target to counteract the
deleterious cerebrovascular effect of AB (Fig. 3). However, additional studies are needed to
gain a better understanding of the potential impact of PARP-1 and TRPM2 channels in AD
diagnosis and therapy.
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Fig. 1.
The neurovascular unit is formed of endothelial cells, mural cells (smooth muscle cells and

pericytes), neurons, astrocytes, and others. The major function of neurovascular unit is to
keep the brain in a homeostatic microenvironment. In arteries and capillaries, the astrocytes
wrap the abluminal side of blood vessels with their foot processes. In capillaries, mural cells
are replaced by pericytes. Endothelial cells line an inner layer of entire blood vessels and
play a wide range of critical roles of vascular function in harmony with other neurovascular
units and, thus, participate in all aspects of neurovascular homeostasis, including CBF
regulation, BBB formation, immune surveillance, metabolic support, angiogenesis, and Aj
clearance. AB and cardiovascular risk factors damage the endothelial cells leading to the
neurovascular, synaptic, and brain dysfunction. Ap, -amyloid; BBB, blood brain-barrier;
ECs, endothelial cells; SMCs, smooth muscle cells.
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Fig. 2.
AP1.49 triggers large and sustained increases in intracellular Ca?* via TRPM2 channels in

brain endothelial cell. The AB1.49 (AB)-induced increases in intracellular Ca2* are attenuated
by the mechanistically distinct TRPM2 inhibitors 2-APB and ACA (A,B) or TRPM2
knockdown using siRNA, but not control siRNA (control si) (B,D). Data are presented as
mean+SEM. *p<0.05; analysis of variance and Turkey's test; N=6-10/group. Modified from
Park et al. (2014) with permission.
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Fig. 3.

Prgsumed mechanisms through which AB1.40 activates endothelial TRPM2 channels. AB1.40
(AP) activates the innate immunity receptor CD36 leading to production of superoxide via
NADPH oxidase. Superoxide reacts with NO, made continuously in endothelial cells, to
form peroxynitrite (PN). PN induces DNA damage, which, in turn, activates PARP. ADPR
formation by PARG cleavage of PAR activates the Nudix (Nu) domain of TRPM2 leading to
massive increases in intracellular Ca2*, which induce endothelial dysfunction. Modified
from Park et al. (2014) with permission.
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