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ABSTRACT

More than 40 million people worldwide suffer from neurodegenerative disease (ND). Many of these diseases
lack treatment to slow or stop their progression. This is mainly due to the challenge of releasing the co-
occurrence of a wide variety of pathophysiological changes. The increase in many ND risk factors is age,
highlighting the need of developing viable therapies for the world's ageing population. Alzheimer's disease (AD),
Parkinson's disease (PD), and Huntington's disease are among the most often studied NDs (HD). Current
technology and computing capabilities show an optimistic future that shows these changes, ND and progress.
Network and graph analysis are examples of "high-throughput™ research-based methodologies. Proposes
accessible modular and pathway-oriented bioinformatics research methodologies that uncover possible
biomarkers or treatment targets and bring fresh insights into the complicated pathophysiology of such diseases.
This review focus on the technical and computational approaches and multiomic analysis will enable the
discovery of new therapeutic strategies for these catastrophic diseases.

KEYWORDS: Neurodegenerative diseases, Huntington’s disease, Frontal dementia, biomarkers, Alzheimer’s
disease, multi-omic.
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1. INTRODUCTION

Neurodegenerative is a state where nerve cells die and eventually losses their function and cause complex and
incurable disease. Typically, Neurodegenerative disorder is a broad term decipher various conditions, despite the
fact that some of these illnesses have similar causes [1]. The disorders usually manifest themselves in elderly
age, In the central nervous system, there is a slowly increasing clinical course and neuronal loss with regional
specificity. There are thousands of neurodegenerative disorders, the majority of which are incurable, including
Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis, and Huntington's disease, as well as
multiple sclerosis [2]. These disorders' pathophysiology vary, with some causing cognitive and physiological
problems and others impacting a person's capacity to move, speak, and breathe [3]. In general, the risk of having
Alzheimer's disease grows with age, and one in every eight people over the age of 65 has the condition. It is the
most frequent type of dementia or mental decline in elderly people. Furthermore, 400,000 people have multiple
sclerosis (MS), 30,000 have amyotrophic lateral sclerosis (ALS or Lou Gehrig's illness), and 30,000 have
Huntington's disease [4]. Neurodegenerative disorders are complex diseases that are thought to involve a large
variety of processes that operate at multiple levels. Deregulations at the molecular level [5], as well as flurried

cell-to-cell interactions [6] and pathophysiological alterations at the organ level [7], are all possibilities.

Because neurodegenerative disorders impair the function of neuronal cells in the brain, they have devastating
implications for patients and their families [8]. At the moment, innovative treatment options for Alzheimer's
disease, Parkinson's disease, and Huntington's disease are still in the clinical trial phase, while commercially
accessible and licenced medications mostly relieve symptoms without appreciably slowing disease progression.
The United States Food and Drug Administration (US-FDA) recommended most prescribed medications for AD
(memantine) and PD (levodopa) in the late 1970s [9]. There are no effective disease-modifying medications on
the market right now. Tetrabenazine, the first FDA-approved treatment for HD, was approved in the late 2000s
and remained the only choice until the FDA approved a chemically modified version of the medicine
(deutetrabenazine). As a result, despite the best efforts of scientists, physicians, and pharmaceutical corporations,
innovative therapeutics for neurodegenerative illnesses are still desperately needed. Beside this, the ever-
increasing demand for the diagnosis and treatment for NDs, and the assurance that drug repositioning constitutes
the effective drugs that are being tested for these diseases. In this review, the volitional neurodegenerative
diseases includes Multiple sclerosis (MS), Alzheimer's disease (AD), Parkinson's disease (PD), Huntington's
disease (HD), Alzheimer's disease (AD), and Lou Gehrig's disease (ALS) have all been renamed (Figure 1).
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Figure 1: Synopsis of the diseases and repurpOs_ed_ drUgS are demonstrated in this review.

In the case of HD, the most significant advancements have been seen in gene-based approaches focused at
lowering the expression of the mutated protein as soon as possible. Tominersen (IONIS-HTTRX), a synthetic
DNA oligomer developed with the help of lonis Pharmaceuticals, was found to have a dose-dependent ability to
lower the mutant HD-causing protein in 34HD patients who participated in random, double-blind, multiple-
ascending-dose Phase 1-2a trials [10,11]. Genetic studies of Alzheimer's and Parkinson's disease have provided
insight into the molecular pathways underlying disease genesis [12].and these mechanisms are not able to explain
the wide range of pathologies which associates with periodic forms of NDs. Some of the molecular objectives are
required to expand more knowledge of the diagnostic and therapeutic remedies of these diseases.
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1.1. Differential Gene Expression (DGE) analysis

The modern approach have guide to a stronger understanding of altered molecular mechanisms within cells of
the various organs of our body. Several developments have taken place in the field of genetics with new
sequencing techniques that establish the genotypic aberrations using large bioinformatics databases [13].
Bioinformatics is an interdisciplinary field of applied science widely used in neurodegenerative research,
especially in terms of discovering new targets and routes [14]. Prices for DNA genotyping on microarrays have
decreased over the last decade, and sequencing has cleared the path for genome-wide association studies
(GWAS)[15]. Large-scale genetic association studies have started to reveal the genetic architecture of
neurodegenerative diseases. They discovered that disease risk is influenced by hundreds to thousands of genetic
loci [16]. More than 25 genetic loci linked to Alzheimer's disease have been discovered by next-generation
sequencing research, including rare variants like TREM2, UNC5C, AKAP9, and ADAM10 [17, 18]. The
disorder is analogous to Parkinson's disease, where a genome-wide association study identified 28 risk variations
across 24 genetic loci [19]. These loci can be utilised to generate individualised polygenic risk scores and serve
as the foundation for genetic and genomic biomarker and discovery target [20, 21]. In European and Asian
populations, genome-wide association studies (GWASSs) have identified roughly 90 common genetic variants
linked to PD risks [22, 23]. Aside from genetics, the possibility of RNA-based biomarkers has lately been
investigated in Parkinson's disease research. Microarray and RNA-seq-based transcriptomics analyzes are a

standard tool for measuring gene activity on a transcriptome level [24-31].

Imaging techniques such as positron emission tomography (PET), magnetic resonance imaging (MRI), and
nuclear magnetic resonance imaging (NMRI) can be used to measure biomarkers (NMRI). Table 1 lists

numerous neurodegenerative disease diagnostic indicators [32].

Table 1: A list of Alzheimer's, Parkinson's, Amyotrophic lateral sclerosis, and Huntington's disease genetic and

biochemical diagnostic indicators.

Diseases Genetic diagnostic markers Biochemical diagnostic
markers
Alzheimer’s Disease (AD) Mutations in the precursor Plasma/CSF AB1-42 peptide
protein for amyloid CSF tau protein
Presinilin-1 is a kind of Phospho-tau

presinilin that is (gene
mutations)

Presinilin-2 is a kind of
presinilin that is (gene

mutations)
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Isoforms of ApoE

Polymorphisms in the ApoE

gene
Parkinson’s Disease (PD) Mutations in the -synuclein Loss of Dopamine Transporter

gene (DAT)

Mutations in the PARKIN Lewy bodies

gene

Mutations in the UCH-L1 gene
Mutations in the PINK1 gene
Mutations in the DJ-1 gene
Mutations in the NR4A2 gene

Amyotrophic Lateral Sclerosis | Mutations in the ALS2 gene mGLUR2
(ALS) Mutations in the NEFH gene SOD1
Mutations in the SOD1 gene Glutathione
Mutations in the C9orf72 gene | 8SOH2’dG
Variations in the FUS gene Cytokines
Mutations in the TARDBP

gene
Huntington’s Disease (HD) Mutations in the HTT gene Growth hormones
Cytokines
Mglur2
SOD1
Glutathione

1.2. The emergence of non-coding RNASs

Variations in the gene expression of each protein-coding and small and long regulatory non-coding ribonucleic
acids (ncRNAs) were discovered in a recent bioinformatics research using integrated microarray, next-generation
sequencing (NGS), and genotyping data [33, 34]. IncRNAs classified as "regulatory™ have a considerable impact
on the expression and/or function of protein-coding genes [35].The latest study has shown that the microRNA
(miRNA) is involved in the pathogenesis which makes it more suitable hotspot to explore and target it as anti-
neurodegenerative therapeutic approach [36 The classification of gene expression profiles in pd for diagnostic
purposes [37, 38], and its three types of non-coding RNAs, microRNA (miRNA), long non-coding ribonucleic
acid (IncRNA), and circular RNA, are known as possible biomarkers (circRNA) [39,40]. MicroRNAs (miRNAS)

and tiny RNA species (200 nucleotides) could directly regulate transcription by interacting with the promoter
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region of transcribed genes [35]. The sensitivity of 24 miRNA studies attempting to discriminate between pd
cases and healthy controls ranged from 56.7 percent to 96 percent, and their specificity from 63.3 to 92 percent
[41-44]. There are many proof that IncCRNAs plays a necessary role in development of brain and many molecular
functions as regulating protein activities, modulating transcriptional motifs, altering RNA processing, and also
known as precursor of small RNA and evidence suggest that the disruption of regulation of Huntington's disease
(HD), Alzheimer's disease (AD), and Parkinson's disease (PD) are all caused by IncRNA. One possible aspect of
InNcRNA participation in neurodegenerative disorders is their ability to compete with endogenous RNAS
(ceRNA). CeRNAs are transcripts with miRNA recognition elements in them (MRESs). Pseudogenes [45] or
InNcRNAs [46] will be the culprits. Bioinformatics analysis has revealed that several INcRNAs with putative
MREs are differently expressed in a variety of neurodegenerative disorders [47, 48]. This IncRNA affects many
miRNAs, as well as several miRNA targets and protein expression, possibly explaining at least a portion of the

large transcriptional differences caused by neurodegenerative illness.

1.2. Network building enhancing functional annotations

In monogenic illnesses, functional analysis of a single altered gene can reveal a mutation with a large effect size
in a specific gene that works as a disease-causing and disease mechanism. The molecular mechanisms that reveal
the intricacies of neurodegenerative disorders are difficult to track down because the genetic architecture is
difficult to predict and needs simultaneous analysis of several causal indicators [49]. Although differential gene
expression analysis (DGE analysis) solves this issue, it only does so for one gene at a time and does not account
for gene connections. In this scenario, Insilco systems biology tools, such as network analysis, tie genes to one
another using measured or expected interactions and provide an essential organisational structure that positions
each gene in its molecular system. The ability to identify multiple levels of molecular organisation and
revolutionise the translation of genetic information into a functional understanding of the molecular basis of
diseases, such as known pathway annotations, protein interactions, and other molecular profiling data, is a
significant advantage of network analysis over DGE analysis [24,25,50,51]. Networks, often known as graphs,
are mathematical structures that are represented as a collection of data points. Edges (connections between
objects) and nodes (connections between nodes) can also be used to illustrate networks (as symbolised into
objects). In the context of a disease, each node represents a gene, nucleic acid, protein, enzyme, metabolite, or
drug that is linked by a network of interactions, which are linked by a series of interactions that include physical,
genetic, co-expression, and regulatory interactions, but are not limited to these. Other gene-expression regulators,
including as microRNAs, non- coding RNAs, and epigenetic modifications, can be included in gene regulatory
networks [52]. Edges between nodes are constructed mathematically [55]. GRNs are complex networks that are
frequently built using statistical approaches based on inference algorithms (such as Bayesian, artificial neural,
and Boolean networks, regression-based model, ordinal differential equation, and information theory) [53,54].

These methods find the probability of inversely regulated node pairs within large datasets (e.g., protein-DNA
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interactions, gene expression, and transcription factors binding) and mathematically create edges between nodes
[55]. These interactive maps can be used to reveal key genotype-phenotype correlations as well as disease-
causing biological processes. Network biology, in particular, enables more holistic disease modelling assistance

and aids in concentrating efforts on the most promising functional targets [52].

Table 2: Databases for creation of biological networks in NDs

Database Link Reference

NCBI (https://www.ncbi.nlm.nih.gov/gen [56]
ome)

Ensembl (https://www.ensembl.org/) [56]

Genome Reference (https://www.ncbi.nlm.nih.gov/grc/ [57]

Consortium data)

UCSC (https://genome.ucsc.edu/) [56]

The Encyclopedia of DNA | (https://www.encodeproject.org/) [58]

Elements (ENCODE)

Gene Expression Omnibus | (https://www.ncbi.nlm.nih.gov/geo) [59]

(GeO)

Gene Ontology (GO) (http://geneontology.org/) [60]

Uniprot (https://www.uniprot.org/) [61]

DisGeNET (http://www.disgenet.org/) [62]

ROADMAP (http://www.roadmapepigenomics. [63]
org/)

Online Mendelian (https://www.omim.org/) [64]

Inheritance in Man (OMIM)

Kyoto-Encyclopedia of (https://www.genome.jp/kegg/path [65]

Genes and Genomes way.html)

(KEGG pathway)

2. Network-based approaches

Various network-based techniques have yet to emerge. Integrative techniques incorporating multi-omic data in

networks have been used to uncover susceptibility genes and pathways, particularly in NDs.
2.1. Interconnected gene network

To find and prioritise novel potential susceptibility genes, one strategy employs a cluster of well-characterized
disease-associated genes. This technique is based on the model assumption that disease-related genes are
commonly involved in comparable biological processes, and so are densely coupled in molecular networks. Like,

31 novel candidate genes related to LOAD were found using a collection of eight confirmed AD genes [66].
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2.2. Differential co-expression analysis (DCA)

Differential co-expression analysis (DCA) uses disease nodes or important regulators of biological processes that
can be identified using differential co-expression networks. DCA has the benefit of detecting gene regulation
patterns of co-expression that may occur in the absence of differential expression and may be missed by typical
differential expression analysis [67]. DCA can also detect significant gene association patterns between two sets
of phenotypically distinct samples, making it a useful tool for analyzing two or more disorders. APBA2, FYN,
RNF219, and SV2A, for example, were identified as possible modulators of LOAD implicated in APP
endocytosis and metabolism utilizing DCA [68].

2.3. Weighted gene co-expression network analysis (WGCNA)

WGCNA is a useful method for recognising strongly connected modules in large-scale networks [69]. WGCNA
is based on the assumption that highly coexpressed gene modules are usually involved in biological processes
that are similar [70, 71]. The development of gene coexpression networks from postmortem LOAD brain tissue

showed modules related to microglia signalling cascades, such as TYROBP over expression [31].
2.4. Network-based analysis of genetic associations (NBAGA)

To organise and suggest biological processes and pathways based on disease, a hybrid network technique
(network-based analysis of genetic associations (NBAGA)) can be used to assess all the genes affected by CNVs
in autism at the same time. The hybrid network was built by examining edges (connectivity) based on shared

Gene Ontology annotations, KEGG pathways interaction partners, and co-evolutionary tendencies [72].
2.5. Integrated network approaches

Integrated network techniques that combine numerous data sources could be useful in understanding the
biological foundations of Alzheimer's disease. A recent examination of data from GWAS, genome-wide linkage
analysis, and gene expression profiling, followed by PPI network analysis, discovered 108 possible Alzheimer's
disease susceptibility genes. Some investigations have also revealed extensive information regarding miRNA-
132-3p down regulation, which may contribute to AD progression by deregulating mRNA targets in the tau
protein network [73].

Due to the extensive clinical overlap with atypical parkinsonian illnesses, proper diagnosis of PD remains
difficult. PSP (progressive supranuclear palsy) is a prevalent atypical parkinsonian syndrome that is sometimes
misdiagnosed as Parkinson's disease. Using Integrative network analysis, a molecular cluster of 843 possible
neighbours was rated and prioritised using well-characterized genes related with PSP. Common molecular
networks have been shown to be a source of biomarkers for Parkinson's disease (PD) by establishing links
between PD and type 2 diabetes (T2D) [74, 75]. In this sense, system-based techniques have recently been
proposed to better comprehend the shared pathways in PD and T2D [76].
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Table 3: Analytical tools to visualize biological networks

Tools Website Function Reference

Cytoscape (https://cytoscape.org) Integrated [77]
network analysis

Yed (https://www.yworks.com/products/yed | Network analysis [78]

)

MAGNET (http://magnet.case.edu/) Integrated [79]
network analysis

Toppgene (https://toppgene.cchmc.org/) Gene [80]
prioritization

INMEX (http://www.inmex.ca/INMEX/) Integrated [81]
network analysis

DisGeNET (http://ibi.imim.es/web/DisGeNET/v01/ | Disease networks [82]

)

Network (http://www.networkanalyst.ca/) Integrated [83]

analyst network analysis

Gene mania (http://www.genemania.org/plugin/) Gene ontology [84]
and pathway
analysis

Hefalmp (http://hefalmp.princeton.edu/) Disease networks [85]

Disease (http://disease-connect.org/) Analysis of [86]

connect disease
co morbidities

3. CONCLUSION

Neurodegenerative diseases results in the progressive degeneration or death of neurons. As it has a substantial
impact on global health and no curative treatments are available till date. There are hundreds of
neurodegenerative disorders, the majority of which are incurable, including Alzheimer's disease, Amyotrophic
lateral sclerosis, Huntington's disease, Parkinson's disease, Multiple sclerosis, and others. In this review we are
highlighting the technological and computational techniques that are applying in the study of neurodegenerative
diseases. Some of the molecular objectives that are required in the diagnostic and therapeutic treatments of the
NDs such as Differential gene expression analysis, emergence of non-coding RNAs and network building
enhancing functional annotations. Some network-based approaches such as DCA, WGCNA and NBAGA etc are
developed yet, which are used to identify the susceptibility genes and pathways. Still, new and advance research
targets the improvement of more futuristic diagnostic tools (genomic, proteomic biomarkers, and neuro imaging),
although precautionary studies are also under way. If all these research endeavor bring to accomplishment in the
time ahead.

4. ACKNOWLEDGEMENT
There is no funding for Research review.
5. CONFLICT OF INTEREST

The authors declare no conflict of interest.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f165


http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)

6. AUTHOR’S CONTRIBUTION

DK, KSM, ZP, NK, MPT, RV, AS, SK, PRS did intensive research on various ‘Bioinformatics approaches using
computational tools of neurodegenerative diseases’ topics developed; DK, KSM, ZP contributed in writing the

manuscript; Scientist MN designed and supervised the present review article and assisted in writing the paper.

7. REFERENCES

[1]J. L. Guo and V. M. Y. Lee.“Cell-to-cell transmission of pathogenic proteins in neurodegenerative discases”
(2014). Nat Med Nature Research, 20: 130-8.

[2] M. Koenig, E. P. Hoffman, C. J. Bertelson, A. P. Monaco, Feener, C. and L. M. Kunkel, “Complete cloning
of the Duchenne muscular dystrophy (DMD) cDNA and preliminary genomic organization of the DMD gene in
normal and affected individuals”(1987). Cell, 50: 509-517.

[3] A. Abeliovich, and A. D. Gitler,“Defects in trafficking bridge Parkinson’s disease pathology and genetics”,
(2016). Nature 539, 207-216.

[4] H. Checkoway, J. I. Lundin, and S. N Kelada, “Neurodegenerative diseases”, (2011). IARC Sci Publ., 163:
407-419.

[5] Y. Huang, and L. Mucke, L. “Alzheimer mechanisms and therapeutic strategies”, (2012). Cell, 148: 1204-
1222.

[6] S. D Skaper, L. Facci, and P. Giusti, “Neuroinflammation, Microglia and Mast Cells in the Pathophysiology
of Neurocognitive Disorders”. (2014): A Review. CNS Neurol. Disord. Drug Targets, 13: 1654-1666.

[7] B. V. Zlokovic,“Neurovascular pathways to neurodegeneration in Alzheimer’s disease and other disorders”
(2011). Nat. Rev. Neurosci., 12: 723-738.

[8] C. H. Dowding. C. L Shenton, S.S Salek, “A review of the health-related quality of life and economic impact
of Parkinson’s disease”, (2006). Drugs Aging, 23, 693—721. [CrossRef] [PubMed]

[9] K. G. Yiannopoulou, S. G. Papageorgiou, “Current and Future Treatments in Alzheimer Disease”, (2020). An
Update. J. Cent. Nerv. Syst. Dis.12. [CrossRef] [PubMed]

[10] S. J. Tabrizi, B. R. Leavitt, G. B. Landwehrmeyer, E. J. Wild, C. Saft, R. A. Barker, N. F Blair, D. Craufurd,
J. Priller, H. Rickards, et al. “Targeting Huntingtin Expression in Patients with Huntington’s Disease”, (2019). N.
Engl. J. Med., 380, 2307-2316. [CrossRef] [PubMed]

[11] P. A. LeWitt, “Levodopa therapy for Parkinson’s disease: Pharmacokinetics and pharmacodynamics”, (
2015). Mov. Disord., 30, 64—72. [CrossRef] [PubMed]

[12] R. E Tanzi. “The genetics of Alzheimer disease”. Cold Spring Harb. Perspect, (2012). Med. 2: a006296.

[13] J. S. Garcia, and R. Bustos. “The Genetic Diagnosis of Neurodegenerative Diseases and Therapeutic
Perspectives”, (2018). Brain sciences, 8(222): 1-18

[14] M. Uhlen, M. B. M. Hallstro, C. Lindskog, A. Mardinoglu, F. Ponten, and J. Nielsen, (2016).
“Transcriptomics resources of human tissues and organs. Mol Syst Biol., 12: 862.

[15] L. J. Scott, K. L. Mohlke, L. L. Bonnycastle, C. J., Li, Y Willer, and W. L Duren, (2007). A genome-wide
association study of type 2 diabetes in Finns detects multiple susceptibility variants. Science, 316(80): 1341-5.

[16] J. Gratten, N. R. Wray, M. C. Keller,and P. M. Visscher, “Large-scale genomics unveils the genetic
architecture of psychiatric disorders”, (2014). Nat. Neurosci., 17: 782-790.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f166


http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)

[17] J. C. Lambert, C. A. Ibrahim-Verbaas, D. Harold, A. C. Naj, Sims, R. and C. Bellenguez, “Meta-analysis of
74,046 individuals identifies 11 new susceptibility loci for Alzheimer’s disease”,(2013). Nat Genet., 45: 1452-8.

[18] M., Lii, Y. Giri, and M. Zhang, “Genes associated with Alzheimer’s disease: an overview and current
status”,(2016). Clin Interv Aging Dove Press. 11: 665.

[19] M. A Nalls., N. Pankratz, C. M Lill,., Do, C. B., Hernandez, D. G. and Saad, M. “Large-scale meta-analysis
of genome-wide association data identifies six new risk loci for Parkinson’s disease”,(2014). Nat. Genet. Nature
Research, 46: 989-93.

[20] L. Pihlstrom, K. R. Morset, E. Grimstad, V. Vitelli, and M. A. Toft. “cumulative genetic risk score predicts
progression in Parkinson’s disease”,(2016). Mov Disord. 31: 487-90.

[21] E. C. Mormino, R. A. Sperling, A. J. Holmes, R. L. Buckner, P. L. De Jager, and Smoller, J. W.
“Polygenic risk of Alzheimer disease is associated with early- and late-life processes. Neurology Lippincott
Williams & Wilkins”,(2016). 87: 481-8.

[22] M. A. Nalls, C. Blauwendraat, C. L Vallerga, K. Heilbron, S. Bandres-Ciga, D. Chang, M. Tan, D.A Kia,
A.J. Noyce, and A. Xue “Identification of Novel Risk Loci, Causal Insights, and Heritable Risk for Parkinson’s
Disease A Meta-Analysis of Genome-Wide Association Studies” (2019). Lancet Neurol., 18: 1091-1102.

[23] J. N. Foo, E. G. Y Chew, S. J. Chung, R.Peng, C.Blauwendraat, C., Nalls, M. A., Mok, K. Y., Satake, W.,
Toda, T. and Chao, Y “Identification of Risk Loci for Parkinson Disease in Asians and Comparison of Risk
Between Asians and Europeans: A GenomeWide Association Study” (2020). JAMA Neurol. 77: 746-754.

[24]J. A. Miller, S. L. Ding, S. M. Sunkin, K. A. Smith, Ng, L. and A. Szafer, “Transcriptional landscape of the
prenatal human brain”, (2014). Nature, 508: 199-206.

[25] M. J., Hawrylycz, E. S. Lein, A. L Guillozet-Bongaarts, E. H. Shen, L. .Ng,. and J. A. Miller. “An
anatomically comprehensive atlas of the adult human brain transcriptome”, (2012). Nature. 489: 391-399.

[26] J. Lonsdale, J. Thomas, M. Salvatore, et al. GTEx Consortium. “The genotype-tissue expression (GTEX)
project”(2013). Nat Genet., 45: 580-585.

[27] A. Ramasamy, D. Trabzuni, S. Guelfi, V. Varghese, C. Smith, and R. Walker, “ Genetic variability in the
regulation of gene expression in ten regions of the human brain”(2014).. Nat Neurosci., 17: 1418-28.

[28] Oh, S. W., Harris, J. A., Ng, L., Winslow, B., Cain, N. and S. Mihalas, “ A mesoscale connectome of the
mouse brain” (2014). Nature, 508: 207-14.

[29] S. M Sunkin, L. Ng, C. Lau, T. Dolbeare, T. L. Gilbert, and C. L Thompson, “Allen brain atlas: an
integrated spatio-temporal portal for exploring the central nervous system” (2013). Nucleic Acids Res., 41:
D996-1008.

[30] P. Langfelder, and S. Horvath, “WGCNA: an R package for weighted correlation network analysis”
(2008).. BMC Bioinformatics, 9: 559.

[31] B. Zhang, C. Gaiteri, B, L. G. odea, Z. Wang, J. McElwee, and A. A. Podtelezhnikov, “Integrated systems
approach identifies genetic nodes and networks in late-onset Alzheimer’s disease” (2013) . Cell, 135: 707-720.
doi: 10.1016/j.cell.2013.03.030.

[32] M. Agrawal, and A. Biswas, “Molecular diagnostics of neurodegenerative disorders”,(2015). Front. Mol.
Biosci. 2:54. doi: 10.3389/fmolb.2015.00054

[33] S. Karni, H. Soreq, and R. Sharan, “ A network-based method for predicting disease-causing genes” (2009).
J. Comput. Biol., 16: 181-189.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f167


http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)

[34] B. Zhang, et al. “Integrated systems approach identifies genetic nodes and networks in late-onset
Alzheimer’s disease” (2013). Cell, 153: 707-720.

[35] M. Matsui, Y. Chu, H. Zhang, K. T. Gagnon, S. Shaikh, and S. Kuchimanchi, “Promoter RNA links
transcriptional regulation of inflammatory pathway genes”(2013). . Nucleic Acids Res., 41: 10086—100109. doi:
10.1093/nar/gkt777.

[36] M. Grasso, P. Piscopo, A. Confaloni, M. A. Denti. “Circulating miRNAs as biomarkers for
neurodegenerative  disorders”.(2014). Molecules 19, 6891-6910. 10.3390/molecules19056891 [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

[37] R. Shamir, C. Klein, D. Amar, E. J. Vollstedt, M. Bonin, M. Usenovic, Y. C. Wong, A. Maver, S. Poths,
and H. Safer, “Analysis of Blood-Based Gene Expression in Idiopathic Parkinson Disease”(2017). . Neurology,
89: 1676-1683.

[38] C. Su, J. Tong, and F. Wang, “Mining Genetic and Transcriptomic Data Using Machine Learning
Approaches in Parkinson’s Disease” (2020). NPJ Parkinsons Dis., 6: 1-10.

[39] S.Y. Goh, Y. W. Chao, S. T. Dheen, E. K. Tan, and S. S. W. Tay,) “Role of MicroRNAs in Parkinson’s
Disease” (2019). Int. J. Mol. Sci., 20: 5649.

[40] E. Salta, and B. De Strooper, “Noncoding RNAs in Neurodegeneration”(2017). Nat. Rev. Neurosci., 18:
627-640.

[41] E. Doxakis, “Cell-Free microRNAs in Parkinson’s Disease: Potential Biomarkers That Provide New
Insights into Disease Pathogenesis”(2020). Ageing Res. Rev. 58: 101023.

[42] M. Fang, J. Wang, X. Zhang, Y. Geng, Z. Hu, J. A. Rudd, S. Ling, W. Chen, and S. Han, “The miR-124
Regulates the Expression of BACE1/B-Secretase Correlated with Cell Death in Alzheimer’s Disease”(2012)..
Toxicol. Lett., 209: 94-105.

[43] Alexandrov, P. Dua, J. M. Hill, S. Bhattacharjee, Y. Zhao, and W. J. Lukiw, “microRNA (miRNA)
Speciation in Alzheimer’s Disease (AD) Cerebrospinal Fluid (CSF) and Extracellular Fluid (ECF)” (2012). Int.
J. Biochem. Mol. Biol. 3: 365-373.

[44] T. R. Mercer, M. E. Dinger, S. M. Sunkin, M. F. Mehler, and J. S. Mattick, “Specific expression of long
noncoding RNAs in the mouse brain”(2008). Proc. Natl. Acad. Sci. U.S.A., 105: 716-721. doi:
10.1073/pnas.0706729105

[45] L. Poliseno, L. Salmena, J. Zhang, B. Carver, W. J. Haveman,. and P.P Pandolfi, “A coding-independent
function of gene and pseudogene mRNAs regulates tumour biology”(2010). Nature, 465: 1033-1038. doi:
10.1038/ nature09144

[46] M. Cesana, D. Cacchiarelli, I. Legnini, T. Santini, O. Sthandier, and M. Chinappi, “ A long noncoding RNA
controls muscle differentiation by functioning as a competing endogenous RNA”, (2011).. Cell, 147: 358-369.

[47] V. Costa, R. Esposito, M. Aprile, and A. Ciccodicola, “Non-coding RNA and pseudogenes in
neurodegenerative  diseases”(2012):  “The (un)Usual Suspects.” Front. Genet.,, 3: 231. doi:
10.3389/fgene.2012.00231

[48] L. Soreq, A. Guffanti, A. Simchovitz, N. Salomonis, H. Bergman, and Z. Israel, “Long non-coding RNA
and alternative splicing modulations in Parkinson’s leukocytes identified by RNA sequencing” (2014). PLOS
Comput. Biol. (in press).

[49] R. S. Wang, B. A. Maron, and J. Loscalzo, “Systems medicine: evolution of systems biology from bench to
bedside”(2015). Wiley Interdiscip Rev Syst Biol Med., 7(4): 141-61.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f168


http://www.jetir.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6271879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6271879/
https://www.ncbi.nlm.nih.gov/pubmed/24858274
https://dx.doi.org/10.3390%2Fmolecules19056891
https://scholar.google.com/scholar_lookup?journal=Molecules&title=Circulating+miRNAs+as+biomarkers+for+neurodegenerative+disorders&author=M.+Grasso&author=P.+Piscopo&author=A.+Confaloni&author=M.+A.+Denti&volume=19&publication_year=2014&pages=6891-6910&pmid=24858274&doi=10.3390/molecules19056891&

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)

[50] M.C. Oldham, “Functional organization of the transcriptome in human brain”’(2008). Nat. Neurosci., 11:
1271-1282.

[51] N .N. Parikshak, “Integrative functional genomic analyses implicate specific molecular pathways and
circuits in autism”(2013). Cell, 155: 1008-1021

[52] K. L. Goh, “The human disease network”(2007). Proc. Natl. Acad. Sci. U.S.A., 104: 8685-8690.

[53] S. Barbosa, B. Niebel, S. Wolf, K. Mauch, and R. Takors, “A guide to gene regulatory network inference for
obtaining predictive solutions: underlying assumptions and fundamental biological and data constraints”(2018).
Biosystems, 174: 37-48.

[54]J. S. Hawe, F. J. Theis, and M. Heinig, “Inferring interaction networks from multi-omics data”(2019). Front
Genet. 10: 535.

[55] A. L. Barabasi, N. Gulbahce, and J. Loscalzo, “Network medicine: a network-based approach to human
disease”(2011). Nat Rev Genet. 12(1): 56-68.

[56] R. SDa ,“Encyclopedia of Bioinformatics and Computational Biology”(2019). Elsevier, 251-256.

[57] M. Kay, L. Clarke, J. Santoyo-Lopez, G. Maslen, A. Siepel, and C. Cuomo, “Finishing the euchromatic
sequence of the human genome” (2004). Nature, 431(7011): 931-945.

[58] C. A. Davis, B. C. Hitz, C. A. Sloan, E. T. Chan, J. M. Davidson, and 1. Gabdank, “The Encyclopedia of
DNA elements (ENCODE): data portal update”, (2018). Nucleic Acids Res., 46(D1): D794-D801.

[59] E. Clough, and T. Barrett, “The gene expression omnibus database”(2016). Methods Mol Biol., 1418: 93-
110.

[60] C. The Gene Ontolog, “The gene ontology resource: 20 years and still GOing strong”,(2019). Nucleic Acids
Res., 47(D1): D330-D338.

[61] UniProt C. (2015). UniProt: a hub for protein information. Nucleic Acids Res., 43(Database issue): D204-
12.

[62] J. Pinero, A. Bravo, N. Queralt-Rosinach, A. Gutierrez-Sacristan, J. Deu-Pons, and E Centeno, “DisGeNET:
a comprehensive platform integrating information on human disease-associated genes and variants” (2017)..
Nucleic Acids Res. 45(D1): D833-D9.

[63] He. Y. Schultz, J. W. Whitaker, M. Hariharan, E. A. Mukamel, and D. Leung, “Human body epigenome
maps reveal non-canonical DNA methylation variation” (2015). Nature, 523(7559): 212-6.

[64] V. A McKusick, “Mendelian inheritance in man and its online version”(2007). OMIM Am J Hum Genet.,
80(4): 588-60

[65] M. Kanehisa, and S. Goto, “KEGG: Kyoto encyclopedia of genes and genomes” (2000). Nucleic Acids Res.,
28(1): 27-30.

[66] M. Soler-Lopez, et al.“Interactome mapping suggests new mechanistic details underlying Alzheimer’s
disease”.(2011). Genome Res., 21: 364-376.

[67] H. Rhinn, et al. “Alternative alpha-synuclein transcript usage as a convergent mechanism in Parkinson’s
disease pathology”,(2012). Nat. Commun., 3: 1084.

[68] H. Rhinn, et al. “Integrative genomics identifies APOE epsilon4 effectors in Alzheimer’s disease”(2013).
Nature, 500: 45-50.

[69] P. Langfelder, S. Horvath, R. Fisher, X. Zhou, M. Kao, and W. Wong, “WGCNA: an R package for
weighted correlation network analysis”,(2008). BMC bioinformatics. BioMed Central, 9: 559.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f169



http://www.jetir.org/

© 2022 JETIR March 2022, Volume 9, Issue 3 www.jetir.org (ISSN-2349-5162)

[70] B. Zhang, S. and Horvath, “A general framework for weighted gene co-expression network analysis”(2005).
Stat. Appl. Genet. Mol. Biol., 4: 1544-6115.

[71] E. A. Serin, H. Nijveen, H. W. Hilhorst, and W. Ligterink, “Learning from coexpression networks:
possibilities and challenges”(2016). Front Plant Sci., 7: 444.

[72] S. R. Gilman, L. Tossifov, D. Levy, M. Ronemus, M. Wigler, and D. Vitkup, (2011). “Rare de novo variants
associated with autism implicate a large functional network of genes involved in formation and function of
synapses”. Neuron, 70(5): 898-907.

[73] P. Lau, et al. “Alteration of the microRNA network during the progression of Alzheimer’s disease”,(2013).
EMBO Mol. Med., 5: 1613-1634.

[74] 1. Aviles-Olmos, et al. “Parkinson’s disease, insulin resistance and novel agents of neuroprotection” (2013).
Brain, 136: 374-384.

[75] J. A. Santiago, and J. A. Potashkin, “Shared dysregulated pathways lead to Parkinson’s disease and
diabetes”(2013). Trends Mol. Med., 19: 176-186.

[76] J. A. Santiago, and J. A. Potashkin, “System-based approaches to decode the molecular links in Parkinson’s
disease and diabetes” (2014). Neurobiol. Dis.,

[77] P. Shannon, A. Markiel, O. Ozier, N. S. Baliga, J. T. Wang, and D. Ramage . “Cytoscape: a software
environment for integrated models of biomolecular interaction networks”(2003). Genome Res., 13(11): 2498-
504.

[78] C. Manzoni, Lewis, P. and Ferrari, R “Network Analysis for Complex Neurodegenerative Diseases”. (2020).
Current Genetic Medicine Reports, 8: 17-25.

[79] G. C. Lindeman, et al. (2012). MAGNET: Microarray Gene expression and Network Evaluation Toolkit.
Nucleic Acids Res., 40: W152-W156.

[80] J. Chen, et al. (2009). “ToppGene Suite for gene list enrichment analysis and candidate gene prioritization™.
Nucleic Acids Res., 37: W305-W311.

[81]J. Xia, et al. “INMEX — a web-based tool for integrative meta-analysis of expression data” (2013). Nu.,

[82] A. Bauer-Mehren, et al. “DisGeNET: a Cytoscape plug-in to visualize, integrate, search and analyze gene—
disease networks” (2010).Bioinformatics, 26: 2924-2926.

[83] J. Xia, et al. “NetworkAnalyst — integrative approaches for protein—protein interaction network analysis and
visual exploration”(2014). Nucleic Acids Res., 42: W167-W174.

[84] J. Montojo, et al.”GeneMANIA Cytoscape plugin: fast gene function predictions on the desktop” (2010).
Bioinformatics, 26: 2927-2928.

[85] C. Huttenhower, et al.“Exploring the human genome with functional maps” (2009).Genome Res., 19: 1093-
1106.

[86] C. C. Liu, et al. “Disease Connect: a comprehensive web server for mechanism-based disease-disease
connections” (2014). Nucleic Acids Res., 42: W137-W146.

JETIR2203518 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f170


http://www.jetir.org/

