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ABSTRACT

The Blood-Brain Barrier (BBB) is a highly selective filter responsible for allowing certain gases such as oxygen and
lipid-soluble molecules to pass (Anand 2014). Its selectiveness makes it challenging for many therapeutics to combat
Alzheimer’s and Parkinson’s disease with external drug therapies. Large-molecule drug therapies never pass the BBB
while small-molecule drugs pass only about 5% of the time (Pardridge 2005). In Alzheimer’s disease, tight junctions
between endothelial cells degrade, causing an unregulated accumulation of amyloid-f (Af) protein (Ramanathan
2015). Consequently, this leads to the formation of neurofibrillary tangles that cut off the nutrient supply to the brain
cells and kill neurons (Ramanathan 2015). In Parkinson’s disease, astrocyte mutations cause a build-up of a-synuclein
(aSyn) which affects the neuroinflammatory response and causes dysfunction in dopaminergic neurons (Booth 2017,
Meade 2019). New drug therapies for Alzheimer’s and Parkinson’s continue to undergo trials; some such as FPS-ZM1
and tilavonemab for Alzheimer’s and Ravicti for Parkinson’s have shown promising results. In addition, similarities
in dysfunction for both diseases and some types of cancer have sparked possibilities in retargeting cancer drugs to
improve Alzheimer's and Parkinson’s pathologies. This review will summarize current therapeutic advancements for
Alzheimer’s and Parkinson’s disease and their possible future contributions.

Introduction

The blood-brain barrier (BBB) is an intermediary connection between peripheral circulation, responsible for blood
distribution from the heart throughout the body, and the central nervous system (CNS) (Kadry 2020). The BBB is
semi-permeable, meaning it permits certain gases and small molecules to pass into the brain and protects it from
harmful substances (Desai 2007).
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Figure 1. The structure of the blood-brain barrier consists of tight junctions between endothelial cells that filter toxic
substances and prevent them from entering the brain [6]. Pericytes and astrocytes protect the endothelial cells and
maintain blood flow through the BBB [40]. Microglia cells are immune cells that protect neurons from disease and
regulate the inflammatory response (Wake 2011). Created with BioRender.com

The BBB was discovered in 1904 by Paul Ehrlich, a German physician, who conducted an initial experiment
by injecting water-soluble dye into the bloodstream of mice (Desai 2007). The dye perfused through all organs in the
mice, causing them to stain, excluding the brain (Ribatti 2006). This study was the first experimental evidence indi-
cating there was an existing barrier between the body and brain. Ehrlich’s findings built the foundational evidence for
future studies proving foreign molecules could not advance through the BBB.

Tight junctions between the endothelial cells of the BBB are directly responsible for the filtration of materials
that can pass to the brain (Fig. 1) (Dotiwala 2020). In pathology, neurodegenerative diseases, such as Alzheimer’s,
are believed to occur when endothelial cells and their tight junction proteins degrade (Lochheard 2020). Consequently,
the BBB loses its structure, allowing for external substances to enter the brain, harming neurons, and compromising
the function of the brain. Other well-known diseases may also result from mutations in the BBB such as Huntington's
and Parkinson’s (Monahan 2008; Booth 2017) (Fig. 1).

Methodology

This review strives to evaluate the hopeful future of developing neurotherapeutics for Parkinson’s and Alzheimer’s
diseases as well as their adverse effects. Primary experiment reports, meta-analysis reviews, and original drug websites
were used by an online search in PubMed, Google Scholar, and ClinicalTrials.gov. Articles were then assessed for
credibility, relevance, and recency. The search criteria were based on the keywords “blood-brain barrier,” “Amyloid-
B,” “A-synuclein,” “Tau phosphorylation,” “Alzheimer’s disease,” ‘“Parkinson’s disease,” and “neurotherapeutics.”
Articles that pertained to neuro-diseases unrelated to Alzheimer’s and Parkinson’s disease were excluded from this
study.

Neurotherapeutics and The Blood-Brain Barrier

Due to the selectiveness of the BBB, only 2% of small molecules can cross to the brain (Pardridge 2005). This makes
it particularly difficult for the growth of effective neurotherapeutic drugs for CNS diseases such as Alzheimer’s dis-
ease, Parkinson’s disease, and epilepsy. About 1 billion people suffer from these neurological diseases and according
to the World Health Organization (WHO), it constitutes about 12% of global deaths yearly (World Health Organiza-
tion 2006).

Despite the large population of those suffering from CNS diseases, few functional drugs have been designed
to combat the dysfunction of the BBB. Large-molecule drugs have been attempted; however, they have not been
successful for long-term healing of the barrier. It is a known fact that the suffering rate could diminish with an im-
provement in the available drug therapeutics for neuro-diseases.

The few small-molecule successes that have been made are only able to treat 5% of CNS diseases: depression,
chronic pain, epilepsy, and schizophrenia (Pardridge 2005). Large-molecule drugs that are combated for neurodegen-
erative diseases and BBB dysfunction are not able to pass the barrier, so they are treated with therapies that do not
directly solve the BBB issue (Pardridge 2005). For instance, patients with Parkinson’s disease are given drugs to
improve their dopamine levels however no drugs exist to restore the BBB degeneration (Pardridge 2005).

Though the development of BBB therapeutics is severely difficult and understudied, a few pharmaceutical
companies are working towards a breakthrough every day.
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Alzheimer’s Disease Pathogenesis

Alzheimer’s disease (AD) is the most common dementia in the elderly, resulting in the loss of memory, judgment,
cognitive abilities, and reasoning (Bednarcayk & Lukasiuk 2011). Its multifactorial, complex nature creates difficul-
ties in diagnosis and distinguishing accurate pathogenesis (Drummond & Wisniewski 2017). The commonly known
cause of Alzheimer’s is due to neuronal death, however, the role of the BBB dysfunction in the progression of Alz-
heimer's has been increasingly noticed.

As the BBB’s tight junction proteins degrade, it is unable to regulate the clearance of amyloid-f (AfB), a
precursor protein found in Alzheimer’s, out of the brain (Ramanathan 2015; Upadhaya 2012). The decrease in this
regulation causes an accumulation of Af. The AP build-up triggers hyperphosphorylation of a protein called tau; the
multiple tau proteins form into neurofibrillary tangles that cut off the nerve nutrients transport system, eventually
killing the brain cells (Carter & Lippa 2011).

Amyloid-f Oriented Therapeutics

During the Af build-up, ligand-based receptors for advanced glycation end products (RAGE) bind to AB more fre-
quently (Angelopoulou 2020). When bound and transported into the brain, these substances contribute heavily to
neuroinflammation and neuron death in AD (Anand 2014). To combat this pathogenesis, trial drugs of RAGE antag-
onists, an opposing receptor ligand that binds to the original receptor and blocks its natural function, were administered
(Anand 2014.)

In 2005, azeliragon (PF-04494700 or TTP488) was discovered by Transtech Pharma and was a small small
molecule drug directed towards AP in AD (Fig. 2) (Azeliragon 2020). This drug is a non-competitive antagonist that
attaches to RAGE; preventing it from binding to proteins such as Af and AGEs, in order to prevent its inflammatory
response (Azeliragon 2020). Trial I of the drugs was a double-blind study in which this oral antagonist or a placebo
was given to 67 randomized patients above the age of 50 for 10 weeks (Sabbagh 2011). The results of the trial within
those weeks were positive; subjects had shown an increase in cognitive and functional skills (Sabbagh 2011). How-
ever, trial II of the drug for weeks beyond the 10-week mark had shown no long-term changes in meaningful patho-
genesis of AD: Af levels, inflammation, and cognitive impairment remained close to baseline (Sabbagh 2011). The
trials for this drug were abandoned in 2011 (Azeliragon 2020).

But in March of 2013, vTv Therapeutics, formerly known as Transtech Pharma, re-adopted azeliragon (Aze-
liragon 2020). They continued with a double-blind study of 399 randomized subjects over the age of 50 who were
administered doses of azeliragon (5mg/day or 20mg/day) or placebo for 18 months (Burstein 2014). The study showed
areversible, yet significant, worsening in the deterioration of subjects who were given 20mg/day, however, Smg/day
patients showed a significant decrease in both the AD progression trend and A concentration (Burstein 2014). In low
doses, the drug is reported to cause gastrointestinal side effects such as diarrhea, constipation, and nausea (Azeliragon
2020). However, the drug was not able to meet its goal of slowing the progression of AD in a study that was recently
completed in January of 2021, and its production has been terminated (Fig. 2) (Azeliragon 2020).

More recently a drug called FPS-ZM1 holds considerable value. This high-affinity injected drug was altered
from previous attempts beginning around 2012: its molecular weight and hydrogen bonds were decreased, allowing
for it to become a small molecule drug (Fig. 2) (Hong 2016). Though it has only been tested in mice so far, its small
molecule characteristic allows the antagonist to cross the BBB and bind with RAGE (Hong 2016; Kong 2020). FPS-
ZM1 not only increased cognitive functioning in the mice models but also restored cerebral blood flow and microglial
cells (Fig. 1), used to maintain the health of the CNS activity (Kong 2020). Though its mechanisms are not fully
understood, the drug has no toxic effects on the animal subject - even with high dosages (Deane 2012). It decreases
Ap concentration, production, and neuroinflammation significantly, and effectively controls neurodegeneration (Kong
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2020). FPS-ZMI1 has given the most promising results in the search for an A targeted therapeutic, hopefully pending
human clinical trials in the near future.

Tau Phosphorylation Oriented Therapeutics

Tau phosphorylation plays a significant role in AD, making it another therapeutic target for curing this disease. Tau
proteins contribute to microtubule stability, modulating its organization and growth (Anand 2014). However, when
AP increases, the tau protein hyperphosphorylation, causing microtubule instability and the presence of tau tangles
and neuron death (Carter & Lippa 2001).

Other contributors to the folding of microtubules are heat shock proteins (HSP), such as HSP 90 or HSP 70

(Campanella 2018; Carter & Lippa 2021). Some therapeutics meant to decrease tau tangles indirectly focus on HSP
inhibition, a similar role to that of antagonists but rather directed towards proteins. To combat the HSP’s role in tau
tangles, the therapeutic C1206 was created in 2013 as a novel derivative of curcumin - a herbal chemical that has
antitumor characteristics (Fig. 2) (Tomeh 2019). C1206 is an administered inhibitor of HSP 90 to patients with leuke-
mia. Test trials show that an increase in C1206 decreases HSP 90 consequentially (Fan 2018). It has also been sug-
gested that curcumin may have the ability to prevent A build-up and tau phosphorylation (Shytle 2021). HSP inhibi-
tion has been proven to combat the presence of oxidative stress, a pathology similar in both leukemia and AD, proves
potential for retargeting (Luo 2010; Tonnies & Trushina 2017; Zhang 2018). Though this drug is tested in cancer
patients more commonly than AD subjects, the implications of C1206 can be adapted within the AD field, combating
similar results for different diseases.
Some discussion on tau targeting has also steered towards tau immunotherapy (Anand 2014). After multiple failures
with AD immunotherapy, tau immunotherapy remained promising. In May of 2013, the first tau immunotherapeutic
to go through human safety trials was AADvac-1 (Fig. 2) (Brittar 2020). Soon after, the phase II double-blind study
consisted of 196 subjects who were administered the immunotherapeutic or a placebo for 24 months (Axon 2020).
Results of this study showed a 58% reduction in the neurodegenerative process and a significant decrease in AD blood
biomarkers (Axon 2020). But the more noticeable results lied within the younger AD population; these subjects
showed a pronounced change in cognitive and functional skills (Brittar 2020). Side effects that are confirmed to be
related to the vaccine include injection site reactions such as warmth, pain, pruritus, and erythema (Novak 2018).
AADvac-1 proved a positive future for immunotherapeutics, giving rise to others such as tilavonemab. In 2015, tila-
vonemab (ABBV-8E12) completed its phase I double-blind study with 30 randomized subjects with worthwhile re-
sults and minimal adverse effects (Fig. 2) (West 2017). Phase II trials began in 2019 and are set to conclude in mid-
2021 (Brittar 2020).
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Alzheimer's and Parkinson's Disease Therapeutics Timeline

Another c-Abl
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Figure 2. A timeline of current therapeutics for Alzheimer’s and Parkinson’s disease. Created with BioRender.com
Parkinson’s Diseases Pathogenesis

Parkinson’s disease (PD) is the second most common neurodegenerative disorder after AD, characterized by its symp-
toms of tremors, loss in memory and muscular control, depression, and speech impairments (FEBS Press 2019). Like
AD, PD is complex and can be induced through genetic, age, or toxic environmental factors, making it difficult to
diagnose and cure (FEBS Press 2019). About 10-15% of PD diagnoses are because of genetic mutations such as
PINK1, PARKIN, and DJ-1 (Parkinsons.org 2020). However, no matter the cause, all PD patients experience dopa-
mine, a chemical that controls movement, and nerve loss - which causes an increase in progression of PD symptoms
(Cedars 2017).

In the past, many therapeutics have been targeted towards the symptomatic of PD, such as dopamine substi-
tution, and not towards the dysfunctions of the disease (FEBS Press 2019). But recently, there have been more thera-
peutics tailored to BBB disruption.

Astrocytes around the BBB are responsible for many parts of neuronal health and brain function (Fig. 1).
They protect the endothelial cell tight junction of the BBB from degradation, maintain blood flow and neuron health,
and take part in the production of dopamine and cholesterol in the brain (Udovin 2020). Astrocytes also function to
clear a-synuclein (aSyn), a protein encoded by the gene SNCA and secreted by neurons (Booth 2017). When aSyn is
secreted, the astrocytes take up the toxic protein in order to maintain the health of the brain (Booth 2017). However,
when the concentration of aSyn passes the threshold for astrocyte uptake, aSyn aggregates called Lewy bodies begin
to form (Meade 2019). Lewy bodies cause a neuroinflammatory response in the brain of PD patients, affect dopamin-
ergic neurons, and decrease BBB integrity; all pathologies in PD (Booth 2017).

A-Synuclein Oriented Therapeutics
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In PD pathology there are many other contributing factors to Lewy body accumulation. The aSyn aggregates
trigger a response in Abelson tyrosine kinase (c-Abl), resulting in its activation (Karim 2020). c-Abl activation causes
dopaminergic neuron death and further accumulation of aSyn in the brain (Karim 2020).

In 2007, a c-Abl inhibitor called Tasigna (AMN107 or nilotinib) was approved for phase 1 human trials in
PD patients (Fig. 2) (Nilotinib 2009). Tasigna was previously a drug tailored to c-Abl activation in patients with blood
cancers, such as leukemia, but has been proceeding through clinical trials to combat the same effect in PD (Deepa
Dash 2019). After demonstrating positive results in phase I trials, phase II trials were completed in 2019 with 75
randomized patients to test the safety and tolerability of this oral drug (National Society 2020; Pagan 2020). The
participants were given 150mg/day, 300mg/day, or a placebo for 12 months in this double-blind study (National So-
ciety 2020). During the trial there were some adverse effects like headaches, cardiovascular severe adverse events,
and stroke; however, it is unclear if these were related to the drug or pre-existing factors (Pagan 2020). The drug was
still considered to be safe and able to be detected in cerebrospinal fluid (CSF), which circulates material through the
blood and brain (Pagan 2020). Though not many positive results were seen in the 2019 study, there is hope for the
phase III trials to produce the anticipated promising outcome (Pagan 2020).

Another c-Abl inhibitor in 2010, bafetinib (INNO-406), proved to reach a CSF concentration much higher
than that of Tasigna (Fig.2) (Brahmachari 2017). This oral therapeutic has not been tested in PD disease patients, but
much like Tasigna is used to treat types of cancer as well. Because of the similarities in mechanism, there is a possible
discussion of testing bafetinib in PD for more promising results (Brahmachari 2017).

In 2015 a therapeutic called Ravicti (Glycerol Phenylbutyrate) was discovered, however, its phase I trials
began years later (Fig. 2). Ravicti is currently going through its phase I study with 20 non-randomized participants in
order to evaluate the consistency of effects on PD (ClinicalTrials.gov 2021). Ravicti turns on a protective gene in the
brain that allows for the aSyn build-up to be released into the blood where it can be eliminated (Zhou 2013). The
patients in this study are given 20 grams of Ravicti a day in liquid form for 21 days (ClinicalTrials.gov 2021) and
tested for increased levels of aSyn in the bloodstream (ClinicalTrials.gov 2021). No adverse effects or results have
been reported yet as the study is set to complete in April of 2021.

Future of Parkinson’s Disease Therapeutics

Another large discussion topic for Parkinson’s disease is in the DJ-1 gene encoded by the PARK7 gene (Booth 2017).
PARK? has been reported to be expressed in high levels in astrocytes, further solidifying a connection between the
DIJ-1 gene and astrocytes, specifically lipid rafts created by astrocytes (Booth 2017). Lipid rafts are cholesterol-en-
riched microdomains in the brain that play a role in the immune and inflammatory response in PD (Booth 2017).
Cholesterol is a lipid that is typically made in the liver; however, the BBB does not permit the regulation of this
cholesterol, causing the brain to create its own through astrocytes (Ferris 2017). This demonstrates a connection be-
tween astrocytes and cholesterol and the generation of lipid rafts in the brain. It has been shown that the PARK7
mutation causes increased degradation of the lipid raft proteins flotillin-1 and caveolin-1, leading to lipid raft disas-
sembly and inflammation in the brain (Booth 2017). Additionally, there have been studies demonstrating that there is
a depletion of cholesterol in PD brains (Jin 2019).

Current discussion for PD therapeutics has leaned towards targeting flotillin-1 and caveolin-1 proteins in
lipid rafts and other genes involved in its degradation (Kang 2018). There have not been lipid raft-targeting therapeu-
tics specifically for PD as there is still much to learn about the factors of lipid raft dysfunction (Kang 2018). However,
recent therapies have been tested for lipid raft dysfunction and demonstrates possible future research on PD brains
and cholesterol substitutions in the brain (Sanchez-Wandelmer 2009; Sviridov 2020).

Discussion
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The blood-brain barrier dysfunction of Alzheimer’s and Parkinson’s disease have been increasingly targeted for ther-
apeutic purposes. In AD, FPS-ZMI1 has the greatest potential as a future therapeutic because it produces a positive
improvement in mouse models with no adverse effects. There is a rising discussion of the implementation of FPS-
ZM1 in human trials, hopefully portraying similar outcomes to the mouse models in A breakdown. Immunotherapy
has also been showing a positive shift from small-molecule drugs. Immunotherapy treatments act on the immune
system of the patient, rather than the site of dysfunction itself. This can allow for the immune response to function
more efficiently and stop the further progression of AD before symptoms become severe.

In addition to these, there is a possibility of using HSP 90 inhibitors targeted to cancer in AD patients. The
similar mechanism of the HSP 90 allows for future use of C1206 in AD to combat tau phosphorylation and A build-
up.

In PD there is also a possibility of using cancer-targeted drugs such as Tasigna and bafetinib. Using these
drugs and implementing them into another disease would allow for greater variability in already approved and devel-
oped drugs. On average, only 5 in 5,000 newly developed drugs are approved by the FDA to proceed through preclin-
ical trials, which take about three and a half years (Medicine Net 2019). The odds of a new drug for Alzheimer's and
Parkinson’s being approved is drastically low, and many times these drugs can be thrown out for lack of promising
results or unsafe symptoms. Using cancer drugs that have been approved and have passed preclinical trials would
allow for promising drugs to reach the market more quickly, possibly saving thousands of people. This would also
save millions of dollars which may be used to fund new drug discoveries. Retargeting cancer drugs that have such
similar mechanisms is the fastest and most promising future of AD and PD drug therapies substitutions in the brain
(Sanchez-Wandelmer 2009; Sviridov 2020).

Limitations

The limitations of this study stem from the uncertainties of how Alzheimer’s and Parkinson’s disease begin to develop.
There is still much unknown about the origins of the diseases and other factors. Though there are many pathogenesis
that contribute to the progression of the diseases, it is unclear if the dysfunctions the current therapeutics treat will
most effectively decrease its advancements. Because this study is not an exhaustive review on the technicalities of
retargeting drugs, the procedure for this course of action is unclear.

Conclusion

The understanding of the relationship between the blood-brain barrier and the pathogenesis of Alzheimer’s and Par-
kinson’s disease is expanding. Because little is understood about the genesis of these diseases, neurology research is
continuing to modify how therapeutics are administered and the dysfunctions they target. These therapeutic drugs are
advancing to target dysfunction in amyloid-f and tau phosphorylation in AD, and o-synuclein in PD. Currently there
is no cure for neurodegenerative diseases but new medications are undergoing clinical trials in hopes of decreasing
the progression of degeneration.

Although AD and PD are neurodegenerative diseases concerned with neuron and BBB dysfunction in the
brain, seemingly having no similitude to cancer, there is prospect of retargeting drugs used to treat types of cancer.
Upon further research, many successfully developed drugs specifically for leukemia have similar mechanisms of ac-
tions. Using these drugs to treat AD and PD as well can allow for new discoveries within the neurology and oncology
fields, possibly progressing to a cure for both diseases more quickly. It is clear that this painful disease is becoming a
large issue and a way of treating or managing the dysfunctions is essential. There is still much to learn about the
effectiveness of utilizing cancer drugs for AD and PD, but combined with the current therapeutics in clinical trials
there is more confidence in lessening the progression of these widespread diseases.
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