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Abstract 

Neurodegenerative diseases (ND) affect a large portion of our elder population with cognitive impairment, impaired 
movement due to loss of balance or muscle weakness in motor neuron. Due to their irreversible nature they present a 
significant public health burden through the demand on our health care system as well as by unmet therapeutic 
measures that influence socioeconomic decision processes, while our current population is transitioned to an aged 
community.  Here we introduce top 3 of the most prevalent NDs and examine preventive alternatives along with the 
available research on both genetic and environmental risk factors.  While many questions remain, genetic predisposition 
combined with environmental exposures may be to blame for a large number of these cases.  Utilizing emerging multi-
fold omics technologies, early prevention aided by development of biomarker can help to identify risk factors and to 
envision new avenue in new treatments option in the future.  
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1. Introduction

Neurodegenerative disease (ND) describes multiple diseases which affect the central nervous system and neurons in 
the brain. Neurons once formed don’t reproduce or repair, so damage to a neuron is permanent [1] NDs are incurable 
and progressive diseases that eventually lead to the death of the patient.  Included in the category of NDs are diseases 
which mainly affect older adults (those over the age of 60) such as Alzheimer’s disease, Parkinson’s disease, and 
Amyotrophic lateral sclerosis among several others [1]. This review will examine genetic and environmental risks 
associated with these three. 

In each of these pathologies, age has been identified as a risk factor, even though none of these diseases are considered 
part of the normal aging process. In addition, studies have been able to identify other environmental risk factors which 
we will examine.  With the help of omics technologies including genomics, proteomics, transcriptomics and 
metabolomics, biomarkers and genetic risks have been identified for each disease. While advances in care are helping 
these patients to live longer, the goal is treatments that are able to cure, stop, or reverse the damage done to the neurons 
by these pathologies.  

 The purpose of this paper is to look at ways using omics as a molecular navigator can lead us closer to development of 
prevention methods or improved treatment of ND’s. 
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2. Alzheimer’s disease 

Alzheimer’s disease (AD) is the most prevalent ND, affecting millions of Americans. One of every 10 people over the age 
of 65 is living with AD and it is the 5th leading cause of death for that age group [2].  AD is typically late onset but in rare 
cases (<10%) patients may develop AD early [3].  By the year 2050, it is predicted we will have 13.8 million Americans 
living with AD .[2]  This year, the cost of Alzheimer’s to our nation is estimated at $305 billion dollars and barring 
treatment advances, that number is expected to rise to over $1 trillion per year by 2050 (AA, 2020).[2]  This disease is 
characterized by formation of amyloid plaques and tangles within the brain and deterioration of the neurons associated 
with memory leading to memory loss that progresses over time until the patient may even forget how to speak. A 
definitive diagnosis of AD cannot actually be given until the patient has died and brain tissue has been examined [4]. 

 Genetic variations have been identified that are a risk factor for developing AD. APOE ε4 variants on chromosome 19 
are considered a risk factor for late onset as well as TREM (triggering receptor expressed on myeloid cells) variants, 
while early onset is associated with APP (amyloid beta precursor protein) on chromosome 21, PSEN1(presenilin 1) on 
chromosome14 and PSEN2 (presenilin 2) on chromosome 1 [2,3].  Metabolomics studies have given insight to the 
mechanisms of AD in the body and suggest that it might be more of a metabolic disorder [4]. 

Environmental factors that have been implicated in AD include exposure to neurotoxic metals (lead, mercury, 
aluminum, cadmium, and arsenic) and pesticides due to increased activity in beta-amyloid peptides and 
phosphorylation of the Tau protein, which lead to the formation of plaques and tangles in the brain [5].  Ambient air 
pollution has also been demonstrated to have a strong association with neurodegeneration [6]. Additionally, chronic 
stress has been shown to confer a higher risk of developing AD, as the microglial cells which respond to stress have also 
been linked to beta-amyloid accumulation [7]. 

3. Parkinson’s disease 

Parkinson’s disease (PD) similarly attacks neurons, but those associated with movement, so it results in shaking and 
stiffness, which gradually progresses to problems walking, balancing and with coordination [8].  It is characterized by 
accumulation of Lewy bodies in the brain and spinal cord and loss of dopamine secreting neurons [9].  In the US, there 
are about 60,000 new cases of PD each year and this year about 900,000 Americans will be living with the disease 
(Parkinson’s Foundation, 2019) [10]. The costs associated with care for PD are estimated to be $52 billion per year 
including treatment, social security payments, and lost income [10].  

One study done in Greece compared 13 gene variants previously identified as PD risks in a genome-wide association 
study (GWAS). They concluded that 5 out of the 13 single nucleotide polymorphisms (SNP’s) (rs12185268, rs6599389, 
rs356220, rs13312, and rs17649553) were nominally significantly associated with PD [9]. Interestingly enough, being 
male is also considered a genetic risk factor for developing PD [11]. 

The Greece study also looked at environmental factors and they found exposure to pesticides and other toxins, severe 
head injury, and consumption of red meats, nuts, and soft drinks all increased the risk of developing PD [9].  Another 
area of research for risk factors of PD is diet and nutrition. One study found a potential protective effect of uric acid, 
coffee, and tea in men as well as an increased risk associated with the consumption of dairy products [12]. 

4. Amyotrophic lateral sclerosis 

Amyotrophic lateral sclerosis (ALS) is characterized by progressive muscle weakness eventually leading to paralysis 
caused by degenerating motor nerve cells in the brain and spinal cord [13].  ALS is typically fatal 2-4 years from 
diagnosis, but more recently due to advances in care people are living longer.[13,14]  There are about 30,000 cases in 
the US with about 5,000 new cases each year [13].  ALS is familial in 5-10% of cases suggesting a genetic component, 
however, Guam has traditionally been an area of high prevalence; at one time 50-100 times higher than the global rate, 
there are currently about 3 times as many cases in Guam as in the US or Europe [14]. 

Bozzoni et al. did a systematic review of studies evaluating environmental factors for ALS.  They found strong evidence 
that a genetic predisposition in paraoxonase 1 (PON1) variants and that paraoxonase 2 (PON2) variants led to down 
regulation in the central nervous system of ALS patients, especially with long-term exposure to pesticides [14].   

They also found that while heavy metals have long been postulated as a possible risk factor, only 3 out of 50 studies 
showed a strong correlation and no epidemiological studies showed a strong relationship [14]. There remains a 
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somewhat controversial question of why there is a high prevalence of ALS among soccer players, but not other sports 
and there seems to be no clear answer at this time. One other possible risk factor that has been identified β-N-
methylamino-L-alanine (BMAA) which is a cyanotoxin that can be found in several global environments [14]. 
Particularly, it is found in cycad seeds, which are used to produce flour in Guam and may contribute to the higher 
incidence in that nation [14]. 

5. Trends for future direction 

Many of these environmental risk factors are still considered “possible”, so more work needs to be done to positively 
identify which factors play a key role.  In addition to those already mentioned above insomnia has emerged as a possible 
risk factor [15]. While exposure to pesticides and metals are possible factors, it must be established positively which 
pesticides and metals pose a threat and at what level of exposure.  Likewise, ambient air pollution should be further 
examined.  If these environmental factors are indeed culprits in causing ND’s, we must identify ways to limit exposure.  

One genome-wide association study noticed that neurological disorders seem to be genetically distinct suggesting the 
etiologic pathways of the pathologies are independent [16]. Two parallel cohort studies, the Religious Order Study and 
the Rush Memory and Aging Project, are currently ongoing.  These two studies began in 1994 and 1997 and are following 
participants closely in an attempt to identify the underlying causes of AD.  Participants in the study have yearly physical 
exams and blood draws and agree to organ donation upon their deaths. Biospecimens both ante- and post-mortem of 
serum, plasma, iPSC, brain, spinal cord, nerve and muscle cells are being used to produce multi-layered omics data [17]. 

The use of metabolomics opens up the possibilities of identifying exactly what biological snapshot is happening at that 
moment with a patient, opening doors to personalized medicine. Another study has demonstrated that microRNA pairs 
were capable of differentiating ND’s from controls and from each other, indicating the possibility of using microRNA-
based diagnostics for detection or perhaps even brain microRNA’s as biomarkers [18]. 

Functional screening using targeted proteomics and high-throughput ex vivo models are being used to identify targets 
for small molecule drug screens that will eventually lead to drug selections and human trials [17]. According to Diaz-
Ortiz et al., this is exactly where the future of omics needs to go; focusing more on using small molecules, RNAi and 
CRISPR model systems to identify targets for mammalian trials [19].  

6. Conclusion 

Neurodegenerative diseases affect cognitive impairment and imbalance of movement due to dysfunction of motor 
neuron or neuronal cell death with interruption a significant portion of daily lives in our older adults which data trends 
show our population continues to aged society. In present, the public health burden of these pathologies will continue 
to grow due to unknown risks along with demanding unmet solution. Utilizing forward genetics, systems biology such 
as integrative omics platform and its strategy, we can hopefully find ways to improve risk assessment and develop early 
stage detection as well as prevention methods.  Solid identification of environmental risk factors must be combined with 
improved detection so that we can develop clinical applications for treatment of these devastating diseases. There is a 
need for collaborative efforts between experts in different areas of molecular based determination such as 
metabolomics and neurogenetics to bring the large amounts of data generated by mapping risk genes and its phenotype 
alteration including conventional imaging approach together for improvements in the lives of these patients in 
combination with nutrition therapy and physical exercise.   
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