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Alzheimer’'s disease remains a prevailing neurodegenerative condition which has an array physical, emotional, and
financial consequences to patients and society. Among these biomolecules, there are four modulatory mechanisms of
interest: alpha-, beta-, gamma-secretases, and amylin. Thus, regulation of these might have a potential therapeutic
function for treatment of AD.
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| 1. Introduction

Across the globe, Alzheimer's disease (AD) is a prevailing cause of dementia and death in elderly populations 2],
Clinically, it presents in three stages of cognition sequencing from normal ability to functional impairment and memory
loss, colloquially known as dementia . However, recognizable pathologies of AD can be seen up to twenty years prior to
onset of clinical symptoms &l One of the earliest pathologic hallmarks is accumulation of extracellular amyloid B (AB) in
the cerebrum [, Additionally, neurofibrillary tangles composed of hyperphosphorylated tau are another core
histopathologic feature of AD EllZl. These protein deposits have thus served as major research concentrations for
understanding the pathophysiology of this disease.

| 2. Alpha Secretase Activators

Alpha secretase completes proteolysis of APP which leads down the non-amyloidogenic pathway, where beta secretase
completes proteolysis of APP through the amyloidogenic pathway (Figure 1) . Evidence suggests that o-secretase
activity is modulated by metalloprotease inhibitors and metal ions, in fact three members of the ADAM (a disintegrin and
metalloprotease) family are reported to be candidate o-secretases €. ADAMs are type | transmembrane proteins which
will be proteolytically active if they have the relevant catalytically active domain .
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Figure 1. Visualization of amyloidogenic and non-amyloidogenic pathways in the cleavage of amyloid precursor protein.
Notice the intramembranous piecing produced by the non-amyloidogenic pathway.

Specifically, investigations have revealed that ADAM10 is the a-secretase that mediates the non-amyloidogenic pathway
primarily, while APP cleavage by the B-secretase BACEL or y-secretase complex yields the pathogenic AR peptide &,
However, another a-secretase is implicated in the pathology of AD, ADAM17 9. A genomic investigation showed that



there was a single rare nonsynonymous variant in ADAM17 that co-segregated with an autosomal-dominant pattern of
late onset AD in one family 1. Furthermore, data suggested a strong negative correlation between APP gene expression
and ADAM17 in the human brain 9. Which is further captured by the fact that a p.R215| mutation of ADAM17 led to
elevated ApB formation in vitro 19,

Some investigations born from the idea that a-secretase activation could be therapeutic in AD treatment have been fruitful.
In fact, one modifier of a-secretase via the retinoic acid pathway is the vitamin A derivative retinoic acid 2. The idea here
is that retinoic acid activates ADAM10 and thus reduces the amount of Ap peptide 4. Evidence shows that vitamin A
deficiency leads to an increase in AR peptide levels in wild-type (WT) mice . Even more interesting, the rescue of this
deficiency has led to increased non-amyloidogenic processing 2,

As an extension of this idea, some researchers looked at the peroxisome proliferator-activated receptor (PPAR-a) which is
another component of the retinoic acid pathway. PPAR-a has been demonstrated to activate ADAM10 transcription,
eventually leading to a reduced production of pathogenic Ap peptides 1. However, there have been three clinical trials
related to vitamin A supplementation in AD and only one of them had positive findings—which included only a maintained
baseline cognitive performance over 12 months without any improvement (121,

However, there is some promise in utilizing the lipid-lowering medication gemfibrozil which activates PPAR-a and was
shown to both inhibit the production of AB via upregulation of ADAM10 and stimulate cellular clearance by inducing
lysosomal biogenesis in the 5XFAD transgenic model of AD L3IIAIISIAGIAT] |n 3 phase Il parallel-design, double-blind,
placebo-controlled trial targeting predementia AD, there was a significant decline on the CANS-MCI cognitive battery, and
almost statistically significant declines in Ap 42 levels and hippocampal atrophy 8. These findings tentatively validate the
pathophysiologic hypothesis underpinning a-secretases as treatment or prevention for AD, but it is fair to say the evidence
is less than convincing that these may be formidable treatments.

| 3. Beta-Secretase Inhibitors

Another transmembrane aspartic protease is -secretase (BACE1 and BACEZ2), which serves as another enzyme that is
implicated in the aggregation of AR plaque 12, In support of the AR amyloid hypothesis for AD pathogenesis, BACE1 is
theorized to cleave APP into AB plaques within Golgi endosomes and lysosomes, thus making the enzyme a potential
modulation site to reduce neurodegenerative effects of AR plaques 2%, BACEL1 has a crystalline structure with different
structural conformations dependent on its activation/inactivation 2. More specifically, BACE1 activity is highly associated
with the flexibility of the flap covering the active binding site of the protease 2. The importance of BACE1 has been seen
in several gene knock-out (KO) studies done by researchers in attempts to observe any reduction of A plaque with gene
deletions. One such study demonstrated that partial BACE1 gene deletion (50% to 70%) induces synaptic plasticity deficit
in adult mice 2. Similarly, mouse-models with BACE1 gene KO alterations reported less AR build up in cerebral tissue
(23] while these evidence supports the idea that inhibition of the B-secretase protein has positive downstream effects in
reducing AP plaque, complete lack of the BACE1 has also been shown to have putative detrimental effects to normal
neurophysiology 4. Although BACE1 gene was first identified through its critical role in AD pathogenesis, it is also a vital
contributor of muscle spindle fiber formation and maturation 24, Wwithout the protein expressed in KO mice, researchers
found unnatural alteration in mice movement due to impaired muscle proprioception and coordination 24,

The majority of B-secretase inhibitor development and testing surrounds the inhibition of BACEL. Its close homologue,
BACE?2, is not highly-expressed in brain tissue and is instead found at higher concentration in pancreatic islet cells and a
variety of other peripheral tissues 23], Due to this, selective BACE2 inhibitors developed by researchers primarily concern
the treatment of type 2 diabetes mellitus (T2DM) and but not AD 28], However, several strides have been made to
establish BACE2's role as a potential contributor to AD risk despite not having significant documentation of its function
within the central nervous system (CNS). Recent findings identified BACE2 to have conditional B-secretase activity that is
dependent on a mutation in the juxtamembrane helix domain of the protein [2Z. These results suggest a potential AD
therapeutic that targets BACE2 gene without the adverse effects observed in inhibition of BACE1 gene 28, Considering
the expression sites of BACE2 gene, data suggests that it is possible for dual pharmacological targeting of the -
secretase for both T2DM and AD 24, BACE2 gene may also alternatively act as a Ap protease in addition to its better-
understood function as an APP protease 22, Overexpression of BACE2 gene may also have anti-amyloidogenic effects
as suggested by Sun et al. B9, It is important to note that cross-reactivity between BACE1 and BACEZ2 exists, and thus,

therapeutics targeting BACE1 may also have unpredicted effects in BACE2 pleiotropism for better or for worse [22[E0[31]
[s2),



| 4. Gamma-Secretase Inhibitors

In line with targeting causes of the pathological accumulation of AR plaque in AD progression, the protease y-secretase
serves as another spotlight for therapeutic research within the field. This protein has four subunits that piece together to
function in cleaving the transmembrane domains of over 100 membrane proteins B3, In the amyloidogenic pathway of the
amyloid cascade hypothesis, it was thought that y-secretase was the final step before AB plaque formation, cleaving
intramembrane segments on the fragment created by the P-secretase enzyme (also see Figure 1) B4 Attempts at
exploiting the role of y-secretase in AD were trialed under the therapeutic efforts of y-secretase inhibitors. Subsequently,
the discoveries and contributions of this drug class will serve as the focus for this section.

The four subunits composing y-secretase include presenilin (Psn), nicastrin (Nct), anterior- pharynx-defective-1 (Aph-1),
and presenilin enhancer-2 (Pen-2) B2, |n the broad scheme of AD, presenilin proteins are of particular pathophysiologic
importance due to dominant mutations that cause increased accumulation of AB42 and Ap40 B8l consequently
contributing to early-onset familial AD 7. Wwith regard to y-secretase, the presenilin protein plays an integral role in
enzymatic function as it is the catalyst for the function of this protease complex 4. As a multi-transmembrane protein in
itself, Psn forms its own molecular mass complex that is easily degraded [2&. However, when this holoprotein Psn is
stabilized by Aph-1 and Nct, it forms a stable high molecular mass complex that prevents its degradation yet still renders
the complex enzymatically inactive. Only when Pen-2 lyses the high molecular mass complex and presents the active
aspartate residues of Psn does the structure come together as the active y-secretase enzyme 281, |t is important to note
that due to the multiplex nature of the y-secretase complex, this protein is able to perform an array of different functions in
unalike cells 32,

y-secretase is unspecific and has many lipid-based intramembrane substrates that it targets, particularly among type |
transmembrane proteins. APP was the first substrate demonstrated to be targeted by y-secretase 9. y-secretase targets
the c-terminal of the AR domain of APP after upstream processing by o- and [-secretases, releasing AB and APP
intracellular domain (AICD) 9. While the role of AICD in signal transduction is controversial 44, there is evidence that
AICD is produced by the action of y-secretase at the plasma membrane/early endosome location of cells 22, Thus, while
scientist is still unsure whether this plays a role in active disease pathophysiology or whether it is a downstream effect of
AD, knowing where y-secretase works helps to localize exactly where enzyme action occurs in cells and as a result, helps
to determine where amyloid is formed.

| 5. Amylin Agonists

Faced with data that challenges the AH, researchers have reassessed the function of amylin, also known as islet amyloid
polypeptide, in the pathology of AD. Human amylin was first found in the pancreas, where it is co-secreted with insulin
from pancreatic B cells 23l Endocrinology research discovered that in the early stages of Type Il diabetes mellitus, amylin
levels are higher than usual. Additionally, this protein is prone to misfold and then form oligomers and fibrils when it is
without a matched amount of stabilizing insulin “4143] Taking things a step further, data have shown that type 2 diabetes
mellitus is a major risk factor for the development of AD 48, Research has actually shown that these peptides cause
death of neurons via induction of proapoptotic genes in a mechanistically similar way as AB plaques 44, Qutside of
pathology, amylin reduces food intake and body weight, in addition to modulating nociception and cognitive function 2,

These findings paint the picture that amylin, as with AP peptides, are cytotoxic to neurons and pathogenic leading to AD.
However, some findings suggest otherwise. For example, pramlintide—a synthetic amylin analogue—has been reported
to attenuate both Ap and amylin induced depression of LTP in the hippocampus of AD mice 48 A noted amylin receptor
antagonist (AC253) produces the same attenuation 2. This apparent contrast puzzles researchers and has led to at least
one group initially hypothesizing that there may be ‘biased agonism’, as has been recently reported for the calcitonin
receptor (CTR) component of the amylin receptor (AMY). Regardless of the mechanism in question, follow-up
experiments involving the administration of amylin and pramlintide in transgenic mouse models of AD lead to improvement
in behavioral measures and an efflux of brain Ap 42, It is theorized that the excess amylin may act as a ‘peripheral sink’
which leads to the exodus of amyloid across the BBB in addition to amylin receptor interaction 22,
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