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Heparan sulfate proteoglycans and
heparanases in Alzheimer’s disease:
current outlook and potential
therapeutic targets

Relevance of Alzheimer’s disease (AD): AD is one of the great-
est health-care challenges of the 21* century. It is known to be
the most common neurodegenerative disease and, in the United
States, the sixth most common cause of death. It is estimated
that 40 million people in the world suffer from dementia, most-
ly people older than 60 years. With the increase of the survival,
this incidence is projected to be doubled every 20 years (Schel-
tens et al., 2016). Between 1997 and 2050, the elderly popula-
tion, defined as subjects 65 years of age and older, will increase
from 63 to 137 million in the Americas, from 18 to 38 million
in Africa, from 113 to 170 million in Europe, and from 172 to
435 million in Asia, so we are looking straight to a public health
problem.

There is evidence enough to say that AD pathology starts de-
positing in the brain in midlife although clinical symptoms re-
main silent until 65 years and older. The greatest risk factor for
the development of AD is old age, but by itself is not enough to
cause the disease. Other major risk factors include the presence
of one or more apolipoprotein gene E4 alleles, low educational
and occupational attainment, family history of AD, moderate or
severe traumatic brain injuries, and cardiovascular risk factors
(Apostolova, 2016)

A lot of researches have been done since the discovering
of amyloid B peptide (AP) and Tau, the main components of
plaques and tangles respectively, but there is a lack of knowl-
edge about its etiopathogenesis and despite decades of study,
there is no disease-modifying therapy so far. We should assume
it is time to change the focus towards new therapeutic targets
and molecular pathways.

Understanding the pathogenesis: The principal pathological
lesions in AD are described by “the amyloid hypothesis of AD”:
neuritic plaques (NPs), neurofibrillary tangles (NFTs) and
cerebral amyloid angiopathy, which are associated with both
neuronal and vascular degeneration. AD is broadly recognized
as a proteinopathy-driven disease, essentially by two types of
abnormal protein deposition in the human brain: A in neuritic
plaques, which is an extracellular deposit that produces neuro-
toxicity; and intracellular store of hyperphosphorylated forms
of a microtubule associated protein Tau, in NFTs (Selkoe and
Hardy, 2016) that triggers neuronal death. However, at present,
basic research has sentenced that AD is in fact, a multifactorial
disease, leading to novel approaches moving from old therapies
to multi-target treatments, which allow us to achieve a success-
ful understanding of this condition.

On the basis of previous studies and considering the drugs
already used in therapy, the most investigated targets are in-
hibition of acetylcholinesterase, chelation of copper, iron and/
or zinc cations, antioxidant activity, inhibition of Ap amyloid
plaques aggregation, monoamine oxidase enzymes inhibition,
and NMDA receptor antagonism. The reduction of chronic
inflammation by peroxisome proliferator-activated receptor
agonists may represent a strategy to protect neuronal cells that
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are compromised in these diseases (Lacey and Evans, 2014).
However, further studies are needed to find a curative and/or
prophylactic treatment.

Heparan sulfate proteoglycans (HSPGs) family: HSPGs
constitute a heterogeneous family of complex biological mac-
romolecules composed of heavily glycosylated molecules, in
which several heparan sulfate (HS) glycosaminoglycan (GAG)
chains are covalently attached to a core protein. Cell surface
HSPGs are membrane-spanning syndecans and lipid-anchored
glypicans. Secreted HSPGs are agrin, collagen type XVIII, and
perlecan (Zhang et al., 2014). The pathological mechanism of
these macromolecules is thought to be promoting A fibrilla-
tion giving rise NPs and providing resistance against proteo-
lytic breakdown (Figure 1A). In addition, previous data have
pointed out that the HS-AP interaction contributes to every
stage of pathogenesis in AD, including production, clearance,
accumulation, aggregation, and toxicity of Ap (van Horssen et
al., 2002; Cui et al., 2013). Moreover, work over the last decade
indicates that Taupathology can propagate between cells in
a prion-like manner mediated by HSPGs (Holmes and Dia-
mond, 2014).

Heparanase (HPSE) and HPSE2: HPSE is an endo-D-glucu-
ronidase that cleaves specific linkages in the structure of HS,
yielding biologically active fragments. By altering HSPGs on the
cell surface, HPSE is thought to regulate the cellular response to
external stimuli. HPSE takes part in multiple functions in can-
cer, inflammation, infections, diabetes, and atherosclerosis, and
in terms of neurodegeneration (Garcia et al., 2016). In fact, re-
cent studies have shown that overexpression of HPSE lowers the
amyloid burden in transgenic mouse models of AD (Jendresen
et al,, 2015). HPSE2 is a homologue of HPSE that lacks HS-de-
grading activity, although it is able to interact with HS with high
affinity (Levy-Adam et al., 2010). HPSE2 may act as a natural
competitive inhibitor of HPSE due to its ability to associate with
HPSE. Moreover, it seems to modulate its enzymatic activity
and signaling properties.

HPSE2 as a potential therapeutic target: A recent work by
Garcia et al. (2017) studied the expression of HPSE and HPSE2
in AD brains. The results from HPSE showed overexpression in
neurodegenerated areas of AD brains and the amount of expres-
sion was well correlated with Braak & Braak stage. As we know
that HS-Ap joint may be useful for impeding A degradation,
this increase of expression may be a response from brain cells to
reduce the existing AD pathogenesis by HS chains degradation.
According to this hypothesis, the HPSE overexpression in this
entity may be a consequence of the disease itself, rather than part
of the cause. However, concerning HPSE2, the results were sim-
ilar to HPSE. In addition, HPSE2 was also overexpressed in AD
brains, mostly AD-stage-dependent. Histologically, both HPSE
and HPSE2 were found to be associated with NPs and degenerat-
ed neurons with neurofibrillary tangles. Accordingly, HPSE2 may
inhibit HPSE activity and, in consequence, may favour the pro-
gression of AD pathogenesis (Figure 1B). Consequently, blocking
at different levels HPSE2 using target drugs should increase HPSE
activity facilitating NPs degradation and thus decreasing neuro-
toxicity; and reducing prion-like propagation of hyperphosphori-
lated Tau in AD (Figure 1A and B).

Conclusions: HSPGs and HPSEs play a crucial role in AD
pathogenesis. While HPSE activity may help to cease the pro-
gression of the disease by breaking down AB-HS deposits or
blocking Tau intracellular fibril formation and propagation,
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HPSE2 appears to act as an inhibitor of HPSE. Thus, the block-
ade of HPSE by HPSE2 may interfere with its potential bene-
ficial role in stopping AD pathogenesis. Furthermore, the lack
of progress in AD investigation may be a consequence of the
underestimation of the structural and molecular roles of HS
molecules in AD pathogenesis. Preliminary studies are current-
ly ongoing in our laboratory concerning HSPGs in order to bet-
ter understand their roles in AD pathogenesis. Remarkably, no
other molecules are capable of performing the same function,
so both enzymes (HPSE and HPSE2) may become a potential
target for therapeutical research. Although further research is
needed in this field, the questions exposed before may open
novel insights to AD pathogenesis and may lead to the develop-
ment of innovative therapeutic strategies.
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Figure 1 Schematic representation of main
Alzheimer’s disease pathology and their
proposed results after blocking HPSE2 at
neuritic plaques (A) and neurons with
neurofibrillary tangles (B).

HPSE: Heparanase; HSPGs: Heparan sulfate pro-
teoglycans.
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