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Alzheimer’s Disease is a progressive neurodegenerative disorder affecting millions of

Americans. Clinical biomarkers of Alzheimer’s Disease include amyloid-beta plaques and tau

neurofibrillary tangles. Large amyloid-beta plaques initiate a cyclical neuroinflammatory

response from astrocytes and microglia. The secretase pathways producing amyloid beta

monomers have identified as plausible drug targets; however, inhibition of beta and gamma

secretases, as demonstrated by verubecestat and semagacestat clinical trials, does not lead to

increased cognitive function. To halt the neuroinflammatory response, cytokine pathways must

be inhibited without eradicating the ability of astrocytes and microglia to clear amyloid-beta

plaques. Masitinib inhibits the cytokine signaling pathway while preventing malignant immune

cell connections found in AD brains.
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Introduction

More than one century ago, Dr. Alois Alzheimer first described the pathology of an unknown

brain disorder, which he named “arteriosclerotic brain atrophy,” a disorder we presently know as

Alzheimer’s Disease (1). Alzheimer’s Disease (AD) is a progressive form of dementia affecting

approximately six million Americans (2). AD gradually severs cranial neuron synapses, resulting

in neurodegeneration, especially in the frontal cortex, which governs higher social functions (3).

Biomarkers of AD include amyloid-β (Aβ) overproduction and tau neurofibrillary tangles

(NFTs) (4,5). Physiological symptoms include oxidative neuron damage, glial overactivation,

and overstimulation of the neuroinflammatory response (6). While the neuroinflammatory

response clears cellular debris and foreign particles, this pathway is cyclically overstimulated in

AD patients (7). Masitinib attacks the pathophysiology of Alzheimer’s Disease with a twopronged approach (8). This drug inhibits immune signaling pathways and prevents the formation

of excess immune cell junctions, both of which lead to the neuroinflammation common in AD

brains (9). Masitinib is exiting Phase III clinical trials, demonstrating significant improvements

in cognitive function during treatment of neurodegenerative and autoimmune disorders (10).

Background

The neuroinflammatory response in AD is triggered by Aβ

overproduction, a derivative of amyloid-precursor protein

(APP) (11). APP is commonly cleaved by α-, β-, or γsecretases in cranial neurons, producing the APP intracellular

domains (AICDs), sAPP molecules, and Aβ (12). APP is

sequentially cleaved first by α- or β-secretase (BACE) then

by γ secretase (GACE). The product of APP cleavage by αand β-secretase are secreted APP ectodomain α (sAPP-α) and

sAPP-β, respectively (13). sAPP-α enhances neuronal

development and is critical in neuroregenerative processes;

sAPP-β is involved in synaptic pruning, suppresses neuronal

development, and enhances astrocytic differentiation (14, 15).

GACE then cleaves the two remaining C-terminal fragments

(CTFs) into a 50-amino acid AICD (AICD50) and either Aβ



Figure 1. Activity of α-, β-, and γ-secretases



on APP and its derivatives. (16)
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(from β cleavage) or P3 (from α cleavage) (15). AICD50 is critical in neural cell signaling

pathways, specifically those of p53 and other cell growth or proliferation regulators (17). Aβ is

then secreted into the extracellular matrix, where monomers polymerize to form plaques (18).

Large Aβ polymers initiate a deadly cycle of inflammatory response factor (IRF) production and

Aβ production. Aβ stimulates NFκB activation and extracellular kinase pathways which lead to

cytokine or chemokine production (19,20). In response to Aβ deposits, astrocytes upregulate IRF

production; IRFs extracellularly upregulate astrocytic IRF and APP production (21, 22). In nonAD brains, resolution occurs when smaller Aβ plaques are cleared with aid from sAPP-α (23).

Due to the inability of astrocytes to clear larger Aβ plaques, the Aβ from BACE / GACE

cleavage only exacerbates the condition (24). M1-type microglia, which consider Aβ aggregates

as pathogens, release pro-inflammatory cytokines which aid in pathogen elimination, but also

damage nearby healthy neurons and glial cells (25).

Alternatives

Due to the cyclic nature of neuroinflammation, drugs have been developed to inhibit BACE and

GACE activity (26, 27). While these drugs have demonstrated significant improvement during

Phase I and II clinical trials, most BACE and GACE inhibitors have failed to clear Phase III

clinical trials, due to either lack of improved neural function severe side effects (28). The

alternatives considered are verubecestat and semagacestat.

Verubecestat, a BACE inhibitor, was pulled out of Phase II and III clinical trials in February

2017. MERCK stopped the verubecestat trials, citing lack of significant positive results (29). The

inhibition of BACE function decreases sAPP-β and AICD50 production, thus decreasing the

brain’s ability to combat overactive neurons typically found in AD brains (30,31). This drug

slows down the rate of Aβ accumulation by BACE inhibition, giving astrocytes and microglia

more time to clear larger plaques; however, the loss of sAPP-β may outweigh the benefit of

slowed Aβ accumulation. Other BACE inhibitors have shown success in Phase I and II trials, but

failed to produce significant improvements in cognitive function in Phase III trials (32,33).
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Semagacestat, a GACE inhibitor, was pulled out of Phase III clinical trials in 2010. Eli Lilly

halted the semagacestat trials, citing decline of cognitive function (34) Since semagacestat trials

demonstrated a decline of cognitive function in patients, some assumptions can be made

regarding the effects of GACE inhibitors (35). AICD50 is critical in regulating neural cell

growth and proliferation pathways, thus a GACE inhibitor would allow unregulated neuron

growth and NFT production (17). If GACE cannot access the AICD50 and P3 precursors, these

fragments will also accumulate without regulation, leading to more unusable protein in AD

neurons (36). The decline of cognitive function from Eli Lilly’s semagacestat trials occurred due

to accumulation of unusable protein as well as unregulated neuron growth and proliferation.

Proposed Solution

Masitinib has been used in multiple cancer, neuroinflammatory disease, and autoimmune disease

clinical trials (37,38,39). Masitinib, as a Fyn tyrosine kinase blocker and a mast cell-glia axis

inhibitor, combats AD pathophysiology with a two-pronged approach (40). Fyn kinases are

critical in immune receptor and cytokine signaling pathways while the mast cell-glia axis is

critical in neuroinflammatory initiation (41,42). Blocking cytokine immune receptor signaling

pathways halts the astrocytic perpetuation of the neuroimmune response. Inhibiting mast cell-glia

axis formation lowers the number of microglia and astrocytes contributing to neuroinflammation.

Recommendations

Masitinib passed a Phase II clinical trial in 2011, showing increase in cognitive function (43).

France’s drug safety committee ANSM halted Phase III clinical trial in 2015 due to deviations

from patient safety protocols and toxicity misreports, issuing an audit requiring AB Science to

properly report severe adverse events (44,45). In March 2017, AB science finished a major Phase

III clinical trial for masitinib in amyotrophic lateral sclerosis (ALS) treatment and presented their

positive results at the European Network for the Cure of ALS (ENCALS) conference (46,47). As

ALS is also a neurodegenerative disease, masitinib will be a major drug candidate for AD as well

(48). AB Science began conducting a Phase 3 clinical study to evaluate the benefits of masitinib

in patients with mild-to-moderate AD (10).
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