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Abstract

Background—Alzheimer's disease (AD) is the most common and well-studied
neurodegenerative disease (ND). Biological pathways, pathophysiology and genetics of AD show
commonalities with other NDs viz. Parkinson’s disease (PD), Amyotrophic lateral sclerosis
(ALS), Huntington’s disease (HD), Prion disease and Dentatorubral-pallidoluysian atrophy
(DRPLA). Many of the NDs, sharing the common features and molecular mechanisms suggest
that pathology may be directly comparable and be implicated in disease prevention and
development of highly effective therapies.

Method—In this review, a brief description of pathophysiology, clinical symptoms and available
treatment of various NDs have been explored with special emphasis on AD. Commonalities in
these fatal NDs provide support for therapeutic advancements and enhance the understanding of
disease manifestation.
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Conclusion—The studies concentrating on the commonalities in biological pathways, cellular
mechanisms and genetics may provide the scope to researchers to identify few novel common
target(s) for disease prevention and development of effective common drugs for multi-
neurodegenerative diseases.
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1. INTRODUCTION

Neurodegenerative disorders are a heterogeneous and frequently hereditary group of
disorders characterized by progressive degradation of neurons, leading to neuronal death.
Neurodegenerative diseases (NDs) are complex since they involve selective degeneration of
several types of neurons. Approximately 25% of global death and disability is caused by
brain disorders [1], which account for >34% of the universal burden of diseases [2]. The
human brain is a complex organ consisting of roughly 100 billion neurons and 100 trillion
synapses. Its complexity and continuous operation render the brain vulnerable to abnormal
functions and injuries [3]. Abnormalities in brain functions, such as memory, movement, and
cognition, result in neurodegenerative disorders [4]. Various studies have reported that
neurodegeneration is prompted rapidly by the combination of progressive neuronal loss and
dysfunction [5, 6]. A common feature of many NDs is an extended time course until a
sufficient amount of abnormal protein forms into aggregates, in addition to many symptoms
over years with increasing disability [7]. Common NDs affect a significant number of
individuals across all age groups [8].

The total number of reported NDs is not clear, but it is estimated to be a few hundred [9].
This large group includes diseases such as AD, PD, ALS, HD, Prion Disease, and DRPLA.
All these diseases share a few common features such as clinical course, histopathology, and
molecular mechanism of pathogenesis [9]. Although these conditions are mainly
characterized based on clinical and histological analyses, significant progress in their
diagnosis has been made due to advances in live imaging, genetic studies, and proteomic
interrogation. Many of these diseases share common symptoms such as memory loss (AD,
PD, DRPLA, Prion disease, and HD) and movement-related disorders (ALS, HD, PD, and
DRPLA), whereas all of them are eventually fatal [10]. Neurodegenerative disorders,
especially AD and PD, account for significant and increasing percentages of morbidity and
mortality in the developed world [11-13]. Although each of these diseases exhibits its own
modality, specific similarities become clear once their symptoms, disease-causing factors,
and molecular changes are studied.

In this review article, we provide an overview of various NDs and their pathophysiology,
clinical symptoms and available treatments. We particularly focus on genetics, mechanisms
of disease manifestation, and reported medications relating to AD. Commonalities in cellular
mechanisms and genetics among these NDs are also discussed briefly. Finally, we emphasize
common therapeutics to enhance our understanding of these fatal multi-NDs.
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2. ALZHEIMER'S DISEASE (AD)

Alzheimer’s disease, known to be the most common type of dementia, is a degenerative
disorder leading to memory loss. AD is the major cause of dementia in Western countries
and is generally caused by many factors including environmental factors, genetic factors and
lifestyle [14, 15]. The symptoms of AD include cognitive changes, memory loss, and
behavioral changes and are characterized by synaptic injury, followed by neuronal loss
associated with neurodegeneration [16—19]. The most common symptom of AD is a gradual
decline in the ability to memorize new information. During the initial phase of the disease,
there is also interference in other cognitive domains affecting reasoning ability, mood,
judgemental skills, and language usage. Eventually, AD patients are unable to perform daily
life activities and they become dependent on others [20].

3. PATHOPHYSIOLOGY, GENETICS, AND TREATMENT

The pathophysiology of AD is complex involving many neurotransmitter systems and
pathophysiological processes. Formations of amyloid plaques, neurofibrillary tangles
(NFTs), and neuronal degeneration are the hallmarks of neuropathology. Amyloid-B (ApB) is
an 87 kDa transmembrane protein, amyloidogenic product of Amyloid precursor protein
(APP)with evident homology to a cell-surface receptor [21]. Mutations within APP that are
adjacent to the a, -y, and p-secretase cleavage sites have been identified (Fig. 1) [22-26].
Familial APP mutations increase the relative production of Ap 42 compared to A 40 [27],
as AP 42 is more amyloidogenic than Ap 40, and this may be an important factor in the
development of AD.

Most AD patients suffer onset of disease during the last 7-10 years of their lives [28]. The
prevalence of AD is 3% in persons between the ages of 65 and 74, 19% in people between
the ages of 75 and 84, and 47% among those older than age 85 [29]. Currently used drugs do
not slow the progression of AD but only alleviate the symptoms [30].

Two types of AD are distinguished as follows:

1 Early-Onset (Familial) AD only contributes to a small number of cases (less
than 1%) with symptoms appearing before the age of 65 as well as in patients
harboring gene mutations [31]. Mutations on chromosomes 21 (APP), 14
(presenilin 1), and 1 (presenilin 2) cause formation of abnormal proteins.

2. Late-Onset (Sporadic) (idiopathic) AD occurs most frequently, with disease
onset at age 65—70. The causes of this type of AD are not completely understood,
but they likely involve a combination of genetic, environmental, and lifestyle-
related factors that increase the risk of disease. Specific genes related to the late-
onset form of AD have not been definitively identified. However, one genetic
risk factor, apolipoprotein E (APOEe4 allele) gene found on chromosome 19,
does appear to increase risk of the developing the disease. Table 1 shows the list
of drugs for AD that are under trial.

Till date, there are no drug treatments or disease-modifying therapies to cure AD. However,
medicines developed and approved by FDA are used to temporarily alleviate the symptoms,
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or slow down disease progression. There are many failed therapeutic trials including anti-
inflammatories, hormonal therapies and chelators in AD treatment [32].

4. PARKINSON'S DISEASE

Parkinson's disease (PD), the second most common ND, is a severe progressive movement
disorder involving degeneration of nigrostriatal dopaminergic neurons [33-35]. Parkinson’s
disease affects approximately 1.5 million people in U.S., with about 60,000 additionally
diagnosed patients every year. In the population above the age of 65, nearly 2% of
individuals have PD [34]. PD is a disease caused by a multitude of factors, including genetic
and environmental factors. Environmental factors consist of exposure to household
pesticides containing rotenone as well as to toxins such as the neurotoxin MPTP (1-
methyl-4-phenyl-1, 2, 3,6-tetrahydropyridine). The use of certain drugs and consumption of
a specific diet may also be contributing factors [35]. Interestingly, it has been shown that
smoking and high intake of coffee and caffeine contribute to a lower risk of developing PD
[36].

5. CLINICAL SYMPTOMS AND TREATMENT

The onset of PD symptoms is triggered by the loss of 50-70% of nigrostriatal dopaminergic
neurons. Symptoms of PD include the presence of Lewy bodies, resting tremors, and
cytoplasmic accumulation of fibrous proteins in brain cells [33, 37]. Hand tremors are more
common than resting foot tremors, whereas difficulty with fine motor tasks is one of the first
signs of bradykinesia. Postural instability or impaired balance leads to increased risk of falls,
and rigidity of movement increases during performance of mental tasks. Dementia is
reported in 80% of end-stage PD patients [37]. It is a key component of Lewy bodies and
neurites [32], and mutation of the a-synuclein gene may promote aggregation of a.-
synuclein protein or inhibition of its degradation pathway (Fig. 2) [36]. This ultimately leads
to aggregation and fibrillization of a-synuclein in Lewy bodies and Lewy neurites, resulting
in neurodegeneration [34]. The genetic studies of PD explore that mutations in at least five
genes namely a-synuclein, parkin, DJ-1, PTEN-induced putative kinase | (PINK1) and
leucine-rich repeat kinase 2 or dardarin are responsible for familial early-onset of the disease
[34].

Current treatment regimens for PD focus on symptomatic treatment. Understanding of the
apoptotic process is essential in developing treatments that could alter the course of the
disease [33]. All potential medicines available to date are either under clinical trials or
awaiting approval by the U.S. Food and Drug Administration (FDA). Around 40 medicines
have been developed for the treatment of PD and related conditions [38]. Levodopa,
dopamine agonists, COMT inhibitors, and anti-cholinergics are the classes/types of drugs
most effectively used for the treatment of PD.

6. HUNTINGTON'S DISEASE (HD)

Huntington’s disease is a well-known progressive and devastating ND characterized by
motor dysfunction and early death, and it affects 4 to 8 persons per 100,000 with an average
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disease onset between the ages 35 and 45 [39, 40]. The pathophysiology of HD is linked to
an 'expanded trinucleotide repeat' (CAG) in the I1T-15 gene on chromosome 4 [41]. Current
treatments for HD are unable to delay the progression and onset of the disease [42].

7. PATHOPHYSIOLOGY, CLINICAL SYMPTOMS, AND TREATMENT

Although there is currently no cure for HD, there are a few drugs that help manage some of
the disease symptoms. In 2008, the U.S. FDA approved tetrabenazine to treat Huntington's
chorea, making it the first drug approved in the U.S. to treat the disease. Available medicines
for HD reduce involuntary movements, mood stabilizers and antipsychotic drugs can help
with some emotional disturbances, and antidepressant medicines may alleviate depression.

8. AMYOTROPHIC LATERAL SCLEROSIS (ALS)

Amyotrophic Lateral Sclerosis (also known as Lou Gehrig's disease) is an ND that develops
during adulthood and is characterized by the selective loss of motor neurons in the spinal
cord, brainstem, and cerebral cortex, which results in paralysis and death within 5 years [43].
The frequency of ALS is about 6 per 100,000 individuals [44, 45], and about 10% of ALS
cases are genetically related [46].

9. PATHOPHYSIOLOGY AND TREATMENT

Evidence for autosomal dominant inheritance has been found in the etiology of ALS, and
10-20% of this type of inheritance is due to mutation of the Cu/Zn superoxide dismutase 1
(SOD1) gene on chromosome 21 [47]. SOD1 is a protein that is ubiquitously expressed in
the cytosol and implicated in the conversion of superoxide radical to hydrogen peroxide
(although hydrogen peroxide can be inactivated by catalase, thus preventing oxidative
damage) [46]. Risk factors for ALS include old age, family history of dementia,
pseudobulbar palsy, male gender, low forced vital capacity, bulbar site of onset, and
environmental factors [47, 48].

Complete physical examination, medical history, as well as neurological examination are
required for diagnosis of ALS. An electromyogram is part of the neurologic exam during
diagnosis of ALS. There is no cure for ALS available to date. In 1998, riluzole (trade name
Rilutek) was approved for treatment of ALS patients. The drug reduces loss of muscle
strength to some extent. No other drug has been found to halt progression of ALS. Recently,
Neuralstem, Inc. (NYSE MKT: CUR) announced NSI-566 spinal cord-derived neural stem
cells under development, which are in Phase 1l trials and hold great prospects for the
treatment of ALS.

10. DENTATORUBRAL-PALLIDOLUYSIAN ATROPHY (DRPLA)

DRPLA, also known as Naito-Oyanagi disease and Haw River Syndrome, is an autosomal
dominant spinocerebellar degenerative disease caused by an expansion in the CAG repeat,
which encodes a polyglutamine tract in atrophin-1 protein [49]. Dentatorubral-pallidoluysian
atrophy is found in three forms: (i) juvenile-onset (< 20 years), with symptoms involving
ataxia and consistent with progressive myoclonus epilepsy; (ii) early adult-onset (20-40
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years), including seizures and myoclonus; and (iii) late adult-onset (>40 years),
characterized by ataxia, choreoathetosis and dementia.

11. PATHOPHYSIOLOGY AND TREATMENT

Patients with DRPLA show worsening disease symptoms over time. ATN1 is the only gene
known to be coupled with DRPLA. Discovery of pathogenic mutations in ATN1 has led to
the identification of neuronal intra-nuclear inclusions in the brains of individuals with
DRPLA [44, 45]. Accumulation of mutant ATN1 in neuronal nuclei is the most prominent
neuropathological finding and is detected as diffused nuclear staining by antibody
specifically detecting expanded polyglutamine stretches. There is currently no cure for
DRPLA, and the treatment is supportive only. Epilepsy is treated with anti-seizure
medications, i.e. antiepileptic drugs.

12. PRION DISEASE

Prion diseases are a group of fatal NDs caused by abnormally conformed infectious proteins
called prions [50]. Prion diseases can be genetic or acquired as well as impair brain function
and cause memory changes, dementia, personality changes, and problems with movement
that worsen over time. The symptoms of these conditions typically commence in adulthood,
and these disorders lead to death within a few months to several years. One type of prion
disease in humans, known as variant Creutzfeldt-Jakob disease, is assimilated by
consumption of cattle with prion disease. In cows, this form of disease is known as bovine
spongiform encephalopathy, or more commonly, "mad cow disease".

13. PATHOPHYSIOLOGY AND TREATMENT

Familial forms of prion disease are caused by inherited mutations within the PRNP gene,
which ultimately encodes a protein called prion protein (PrP). Normally, this protein plays a
role in copper transport in cells. Mutations in the PRNP gene cause cells to produce an
abnormal form of the prion protein known as PrPSC, which can convert the normal prion
protein PrPC into additional PrPSC. Accumulation of this abnormal protein in the brain
results in the formation of clumps that damage or destroy nerve cells, creating microscopic
sponge-like holes in the brain and eventually the signs and symptoms of prion disease. To
date, no drug, supplement, or lifestyle measurement have been shown to delay the onset of
genetic prion diseases. Drugs from various molecular families have been found to impede
prion replication, but none are of practical use due to efficacy, pharmacology, or toxicity
issues [51].

14. COMMONALITIES IN NEURODEGENERATIVE DISEASES

Many NDs share common features and molecular mechanisms, suggesting that their
pathologies may be directly comparable and implicated in disease prevention and
development of effective therapies. The mechanisms of pathogenesis of different NDs such
as AD, PD, and Prion diseases are all characterized by abnormal accumulations of proteins
and selective neuronal degeneration. The accumulated proteins usually form intracellular
inclusions or extracellular aggregates in specific brain areas. An intracellular or extracellular
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aggregate is known as ‘amyloid’ [52-54]. The proteins that accumulate in NDs are usually
misfolded and yield a p-sheet structure that promotes aggregation and fibril formation.

NDs share many other common features as most of them manifest late in life, and their
pathophysiologies are characterized by neuronal loss and synaptic abnormalities [55].
Another shared feature of NDs is the formation of toxic protein aggregates [56-58].
Mitochondrial dysfunction, oxidative stress, neuronal apoptosis, and impaired protein
homeostasis are also common in many NDs. Further, in NDs such as HD and DRPLA, a
family history of the disease can be detected in almost every case [59], whereas in AD [60],
PD [61], and ALS [62], about 1-10% of all cases are inherited.

A common conception related to the genetic makeup of neurodegenerative diseases is the
“common disease/common variant” (CD/CV) hypothesis. This hypothesis explains that
common diseases are also governed by common DNA variants (e.g. SNPs). These variants
definitely elevate disease risk but are not causative factor of any specific disease [42].
Previously it has been reported that in many NDs, oxidative damage to protein-coding or
non-coding RNA potentially causes dysregulation of gene expression and oxidative RNA
damage described in many NDs including AD and PD [63]. The apolipoprotein E (APOE)
gene, encodes a 299 amino acids long glycoprotein and located on chromosome 19 is
estimated to be the major genetic factor in AD (up to 50%) and also reported in case of PD
[64]. The similarities in the pathogenesis of NDs suggest that certain genes can be targeted
for intervention of multiple NDs [65]. There are many proteins that play an important role in
the regulation of multiple NDs. Although research on each ND is very active and advanced,
only limited studies have focused on common regulatory proteins and protein—protein
interaction networks across multiple NDs [66, 67].

15. COMPUTATIONAL ANALYSIS OF DISEASE PATHWAYS AND PROTEIN-
PROTEIN INTERACTION NETWORKS

Rapid developments have established protein-protein interactions (PPIs) as a key part in the
topological study of biological networks. Analysis of molecular pathways has been
performed on differentially expressed genes identified in DNA array experiments. These
identified genes along with their respective PPI information provide better insight into the
pathways involved in NDs as well as other diseases.

Analysis of the molecular networks of these genes on the basis of their PPI data can provide
insights into the mechanisms upon which the intricacy and compliance of a living cell is
found [68]. Such information provided by the molecular heterogeneity of cancer will help us
decode the processes involved in various disorders as well as diseases [69]. However, in
accordance to the multifactorial mode of disease progression, it is difficult to identify genes
that exhibit direct genotype-phenotype correlations [70].

The modeling of a gene pathway network and its topological analysis at different scales may
provide us with detailed descriptions of the precise functions of genes and proteins involved
in diseases of multifactorial nature in which pathogenesis is not dependent on the
malfunction of a single gene or protein [71]. Pathway analysis of different ND provides
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better understanding of functional and metabolic processes. Pathway analysis is meant to
analyze a predetermined aggregation of a set of genes contained in a functional unit as
defined by prior biological knowledge. Currently, there are many pathway-based
approaches, which correspond to different research designs and data types. A few common
pathway databases are listed in Table 2 [72].

Determination of protein-protein interactions is becoming most important objectives of
systems biology. The major target of bioinformatics progression has now been more inclined
from understanding networks encoded by model species to understanding the networks
underlying human diseases due to an increase in human protein-protein interaction data [73].
Protein-protein interactions involve a broad range of biological processes, including cellular
interactions, metabolic and developmental control [74]. The many functional affiliations and
connections between proteins are at the core of cellular processing, and their systematic
characterization will provide context in molecular systems biology. However, experimental
and virtually predicted interactions are available over many resources, and the available data
represent quite differences in terms of quality and completeness.

CONCLUSION

Alzheimer disease pathophysiology and genetics show many commonalities with other NDs,
which provide unprecedented opportunities to explore common therapeutic possibilities.
Biological pathways of multi-NDs provide common interacting genes/proteins, which may
be targeted for common treatment and rational therapeutic intervention. Understanding of
multi-NDs may become more clear and advanced by tackling all common features. It is
expected that these molecular genetic signatures will guide clinicians in clinical decision-
making and establishing accurate clinical diagnosis of NDs, thus allowing classification of
NDs based on molecular deficits.
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Fig. (1).
APP processing by secretase enzymes.

Curr Alzheimer Res. Author manuscript; available in PMC 2018 March 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ahmad et al. Page 14

Basal ganglia
damping effectﬂNo damping effect

\_ Reticular formation )

Acetylcholine
inhibits

Healthy state
dje}s s,uosunjied

Normal activity of muscles Increased muscle tension

Fig. (2).
Schematic comparison between normal and Parkinson’s disease.
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Table 1
Current drugs under trial for Alzheimer's disease.
Name Therapy Type Target Type Company Name FDA Status
LMTM Small Molecule Tau TauRx Therapeutics Ltd Frontotemporal
Dementia
(Phase 3), AD
(Phase 3)
ALZT-OP1 Small Molecule Amyloid-Related, Inflammation AZTherapies, Inc. Phase 3
Solanezumab Immunotherapy (passive) Amyloid-Related Eli Lilly & Co Phase 3
Verubecestat Small Molecule Amyloid-Related Merck Phase 3
Simvastatin Small Molecule Cholesterol Merck AD (Inactive),
Mild Cognitive
Impairment
(Phase 4)
Resveratrol Small Molecule Other AD (Phase 3),
Mild Cognitive
Impairment
(Phase 4)
AVP-923 Small Molecule Other Neurotransmitters Avanir Pharmaceuticals AD (Phase 4),
ALS (Phase 3),
PD (Phase 3)
AZD3293 Small Molecule Amyloid-Related AstraZeneca, Eli Lilly & Phase 3
Co.
Aducanumab Immunotherapy (passive) Amyloid-Related Biogen Phase 3
Alpha- Tocopherol Dietary Supplement Other Phase 3
Azeliragon Small Molecule Amyloid-Related, Inflammation Pfizer, TransTech Pharma, Phase 3
Inc., vTv Therapeutics LLC
Brexpiprazole Small Molecule Other Neurotransmitters H. Lundbeck, Otsuka Phase 3
Pharmaceutical Co., Ltd.
Crenezumab Immunotherapy (passive) Amyloid-Related Genentech Phase 3
Docosahexaenoic acid (DHA) Dietary Supplement Other Martek Biosciences Phase 4
Corporation,
NeuroBioPharm, Inc.
Gantenerumab Immunotherapy (passive) Amyloid-Related Chugai Pharmaceutical Co., Phase 3
Ltd., Hoffmann-La Roche
Idalopirdine Small Molecule Other Neurotransmitters Eli Lilly & Co., H. AD (Phase 3),
Lundbeck, Otsuka Schizophrenia
Pharmaceutical Co., Ltd. (Inactive)
Ketasyn Dietary Supplement Other Accera, Inc. Phase 4
Masitinib Small Molecule Other AB Science Phase 3
Nilvadipine Small Molecule Other Archer Pharmaceuticals, Inc. Phase 3
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Category

Description

Examples

Metabolic pathways

Primarily contain a series of biochemical
reactions, especially the chemical
modifications of the small molecule substrates
of enzymes

KEGG (http://www.genome.ad.jp/kegg) BioCyc
(http://www.biocyc.org) BIOPATH (http://
www.mol-et.de/databases/biopath.html) EMP
(http://femp.mcs.anl.gov)

Signal transduction pathways

Describe the information spread from one part

or subprocess of the cell to another, generally

through a series of covalent modifications of
protein

CSNDB (http://geo.nihs.go.jp/csndb) SPAD (http://
www.grt.kyushu-u.ac.jp/spad) TransPath (http://
transpath.gbf.de/) BBID (http://
bbid.grc.nia.nih.gov/)

Protein—protein interaction pathways

Focus on interactions between proteins, most of
which are derived from various large-scale
experimental methods

CYGD (http://mips.gsf.de/genre/proj/yeast/
index.jsp) DIP (http://dip.doe-mbi.ucla.edu) GRID
(http://biodata.mshri.on.ca/grid/serviet/Index)
HPRD (http://www.hprd.org/)

Transcriptional regulation pathway

Mainly concerned with the relationships
between transcription factors and the
corresponding genes they regulate

STKE (http://www.stke.org/) BTITE (http:/
www.genome.ad.jp/brite/) TRANSFAC (http:/
transfac.gbf.de/) CST (http://www.cellsignal.com/)
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