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ABSTRACT 

 

Alzheimer’s disease (Senile Dementia) is a neurological disorder that slowly destroys memory and 

disseminates thinking skills. Approximately 5 million people are already affected by this disease in 

the United States. It shows that, up to 2060, the number of patients will increase threefold. With 

advances in computational biology and next-generation sequence, multiple experimentation are 

undergoing in exploring the novel and functional role of genes during Alzheimer’s disease. Recently 

development of next-generation sequence machine and bioinformatics has started to investigate the 

placement of genetics within the pathogenesis of Alzheimer’s disease, collectively with the 

consequences of genome-wide association studies (GWAS) that have implicated a number of the 

unconventional genes as risk factors. In this review we discuss the current scenario and advances in 

computational biology towards Alzheimer’s disease research.  

 

Keywords: Alzheimer’s disease, next-generation sequence, GWAS, computational modelling, 

bioinformatics. 

 

INTRODUCTION 

Alzheimer’s disease (AD) is 

prominently visible within the developing 

age elders. This disorder is a progressive, 

incurable, deadly commonly occurring in 

humans above age bar 40. It is a 

neurological sickness in which mind cells 

die.1 Memory loss, confusion, incapacity to 

examine new matters, aggression, anger, 

depression, and disorganization are 

symptoms of Alzheimer’s disease.2 

Recently the studies on the function of 

vitamins performed a vital contribution to 

lowering the danger of Alzheimer’s 

disease.3 Genetic, environmental and 

nutritional elements impact the development 

of Alzheimer's disorder. 

AD is recognized by degeneration of 

neurons and disturbances in neuronal 

synapses inside cortical and subcortical 

areas; till now proven through 

neurobiological data.4 Amyloid precursor 

protein (APPs) is a trans-membrane protein 

that neurons increase and post-damage 

restore, as proven through proteomic 

studies.5 It effects within the manufacturing 

of Aβ, then dumped into the extracellular 

area following vesicle recycling or degraded 

in lysosomes, then it affects 

neurodegeneration in Alzheimer’s disease as 

shown in Fig. 1. 

http://www.ijhsr.org/
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Fig. 1. Treatment of Alzheimer’s disease. 

 

The pathobiology of Alzheimer’s 

disease is complex with genetic and 

epigenetic events which might be involved 

inside the disease pathogenesis.6 While the 

hallmarks of the illness include the buildup 

of amyloid plaques and tangles of 

neurofibrils inside the brain.,7 how the ones 

are associated with Alzheimer’s disease 

development and what are the vital 

underlying mechanisms of Alzheimer’s 

disease is uncertain.  

Many genetic variations associated 

with complex tendencies and pathological 

conditions, collectively with 

neurodegenerative diseases, had been 

discovered by Genome-wide association 

studies (GWAS).8, 9 To become mindful of 

biomarkers and molecular pathways of the 

mind, human genomic and transcriptomic 

information can be essential.  

Genomics and genetics strategies 

helped in revealing the mechanisms 

underlying AD. Genome-wide affiliation 

studies (GWAS) and meta-analyses have 

diagnosed 23 statistically sizable Alzheimer 

sickness-related genes.10 Overall, 39 AD 

risk genes have been identified so far, which 

include APOE, APP, TRIP4, ABCA7, and 

SORL1.11,12 These genes highlight the 

importance of several pathways involved in 

AD, in conjunction with immune response, 

inflammation, cell migration, lipid delivery, 

endocytosis, hippocampal synaptic function 

and different cell regulatory processes, 

collectively with the characteristic of tau 

and amyloid protein. Previous research has 

consequently used system learning to 

construct multi-biomarker fashions for 

scientific prognosis and prediction of 

Alzheimer sickness primarily based on the 

size of RNA, protein, and lipid degrees in 

blood samples.13,14 Support Vector 

Machine(SVM) and random forest(RF) 

fashions have proved predictive in 

distinguishing among cognitively normal, 

moderate cognitive impairment(MCI), i.e. 

prodromal Alzheimer’s disease, and topics 

with Alzheimer’s disease the use of gene 

expression and blood analytes.15,17  

 

1. NGS sequencing in Alzheimer’s disease 

Next-technology sequencing (NGS) 

is an excessive throughput sequencing 

generation that gives ultra-excessive 

throughput, scalability, and speed. NGS has 

grown to be a standard device to find out 

questions highlighting DNA variations for 

the missing heritability, which may be 

located in plenty of genetically complex 

traits and genome resequencing. The first 

research on Alzheimer’s disease speaks 

about their implications and limitations. 

Unique susceptibility alleles have been 

currently located by using NGS in APP, 

TREM2, and PLD3. 
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1.1. The sequencing method classified 

into two types:- 

I. Ion Torrent - This technology converts 

nucleotide collection into virtual 

statistics on a semiconductor chip.18 In 

DNA synthesis, a hydrogen ion is 

launched resulting accurate nucleotide 

integration throughout from its 

complementary base in a developing 

DNA chain.  

II. Illumina sequencing - Also called 

“bridge amplification”, on this DNA 

molecules (approximately 500 bp) with 

adapters ligated on every stop are used 

as substrates for repeated amplification 

synthesis reactions on a strong assist 

incorporating oligonucleotide sequences 

complementary to a ligated adapter. 

Creating clonal “clusters”, including 

approximately a thousand copies of 

every oligonucleotide fragment, wherein 

DNA is subjected to repeated 

amplification. Different types of 

Illumina sequencing machines provide 

varying levels of throughput, which are 

MiniSeq, MiSeq, NextSeq, NovaSeq 

and HiSeq models.19 Improvements in 

NGS permit for whole-genome or 

exome sequencing and comparisons of 

genomic records among people. GWAS 

of sufferers with SAD (who usually 

enjoy late-level onset) and healthful 

people have discovered that there is 

multiple single nucleotide 

polymorphisms (SNPs) which are 

related to SAD.20,21  

 

2. Gene influenced Alzheimer’s disease 

It showed that positive genes 

function within the improvement of Early-

onset Alzheimer disease (EOAD) or Late-

onset Alzheimer’s disease (LOAD). EOAD, 

also called Familial Alzheimer’s disease 

was analyzed using the advancement of 

Alzheimer’s disease earlier than the age of 

65.22 LOAD, also called Sporadic 

Alzheimer’s disease, and analyzed the 

improving of Alzheimer’s disease after the 

age of 65. EOAD susceptibility happens 

from having the genetic predisposition to 

predominantly produce the extra 

aggregation susceptible Aβ1-42 species 

rather than the Aβ1-40 species. The genes in 

this class are APP, PSEN1 and PSEN2. 

PSEN1 and PSEN2 encode the presenilin, 

which's the catalytic element of the 

complicated γ-secretase.23 Mutations in 

PSEN1 and PSEN2 encourage the γ-

secretase to offer a higher proportion of the 

Aβ1-42, which results in the formation of 

Aβ aggregates.24 ApoE is a gene encoding 

the apolipoprotein E (ApoE), which impacts 

LOAD. There are three principal ApoE 

isoforms, ApoE2, ApoE3 and ApoE4, 

differentiated through amino acid 

substitutions at positions 112 and 158.25 

ApoE2 is determined to reduce Alzheimer 

sickness threat, and ApoE4 is determined to 

develop Alzheimer sickness threat.26 The 

pathological consequences of apoE4 are 

because of lack of shielding characteristic or 

because of the benefit of poisonous 

characteristic is mentioned here. It is 

possible that each mechanism coexist, with 

sure materials of the apoE4 molecule or its 

downstream signaling mediating a 

poisonous effect, while others are related to 

a lack of shielding characteristic as shown 

in Fig. 2. 

 

 
Fig. 2. ApoE4, a therapeutic target in Alzheimer’s disease. 

 

3. GWAS (Genome-wide association 

study) 

Alzheimer’s disease studies have 

mainly centered on early-onset familial 

instances pushed through mutations on APP 

or PSEN. Although they only contain 

approximately 5% of Alzheimer’s disease 
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instances, the motive of pathology seems to 

be quite straightforward, as mutations in the 

genes are broadly characterized to bring 

about each will growth in well-known Aβ 

production or will growth inside the ratio of 

toxic Aβ species, eventually take place in 

neurodegeneration.27 In GWAS, researchers 

try to become aware of SNPs related to 

Alzheimer’s disease by statistically reading 

the frequency of variations within the 

genome of the disorder institution with 

regards to the manipulated institution. 

Interestingly, genetic hazard elements 

discovered by GWAS placed close to the 

genes concerned in diverse cell signaling 

pathways together with cholesterol 

metabolism, immune response, and 

endocytosis. Current research has suggested 

significant expression of ApoE in 

microglia.28-31 ApoE synthesis is understood 

to grow at some point of harm and 

neurodegeneration.29 Its central position in 

transporting lipids (which include 

cholesterol) throughout cells,32 research has 

cautioned that ApoE regulates degrees of 

Aβ through physical interactions.33,34 

ApoE4 may also contribute to numerous 

practical abnormalities associated with 

Alzheimer’s disease in more than one 

method through inflicting neurotoxicity, 

inducing synaptic dysfunction, and 

exacerbating neuroinflammation, 

mitochondrial dysfunction, and 

cerebrovascular defects.35 An uncommon 

version of the TREM2 gene (R47H, 

rs75932628) is every other vital genetic 

threat component for Alzheimer’s disease, 

mainly to a two-fold growth within the 

threat of its occurrence.20,36 The genomic 

place and purposeful traits of those 

Alzheimer’s disease-related genes are 

supplied in Table 1. 

 
Table. 1. Genes which increase the risks of Alzheimer’s 

disease. 

Genes Functions 

CASS4 Influence the expression of APP and tau 

MEF2C Immune response and inflammation 

NME8 Role in lowering brain in neurodegeneration 

INPP5D Lipid metabolism, homeostasis and endocytosis, 

INPP5D products participate in AD. 

PTK2B Act as an early marker 

 

4. Potential Receptors highlighted during 

Alzheimer’s disease research 

4.1. Acetylcholine (ACh) receptors 

ACh receptors are the maximum 

critical goal proteins that mainly bind to 

ACh neurotransmitters. These receptors are 

divided into nicotinic Ach receptors 

(nAChRs) and muscarinic receptors (MRs). 

Skeletal neuromuscular junctions and 

autonomic ganglia acknowledged through 

nAChRs while MRs are present inside the 

mind and parasympathetic effector organs 

and are associated with cognition in 

Alzheimer’s disease.37 M1/G-protein 

coupling substantially reduced with the 

development of Alzheimer’s disease 

characterized by Tsang. However the 

density of M1 receptors has now no longer 

reduced.38  

 

4.2. Adrenergic receptors 

These receptors are metabotropic 

GPCRs (G-protein-coupled receptors), 

divided into predominant groups, α and β. 

The behavioural statement stated structural 

adjustments in adrenergic receptors with the 

presence or absence of aggressive behavior 

in Alzheimer’s disease patients.39  

 

4.3. Dopamine receptors 

These receptors exhibit essential 

roles in various human functions, including 

cognition and learning.40 These receptors 

are divided into two different classes, D1- 

and D2-like receptors, having five subtypes. 

D1-type receptors include D1 and D5 

receptors, whereas D2-type receptors 

include D2, D3 and D4 receptors.41 

Stimulating the protein signalling cascade of 

cAMP/PKA and CREB modulation in 

synaptic plasticity and cognition by D1- and 

D2-type receptors.42  

 

4.4. N-Methyl-D-aspartate (NMDA) 

receptors 

These receptors are expressed in the 

cerebral cortex, hippocampus, nucleus 

accumbens and striatum.43 Amyloid plaques 

are a consequence of NMDA receptor 

modulation; it induces neuronal loss. 
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NMDA receptors activated by amyloid 

plaques result in higher calcium influx into 

neurons, ERK1/2 activation and mediation 

of respective downstream enzymes.44 The 

pathways of NMDA have a potential role in 

the pathogenesis of cognitive dysfunctions. 

However, uncontrolled NMDAR activity 

causes excitotoxicity and promotes cell loss 

of life, underlying a capability mechanism 

of neurodegeneration that took place in 

Alzheimer’s disease as shown in Fig. 3. 

 

 
Fig. 3. Role of receptors in Alzheimer’s disease. 

 

4.5. Acetyl cholinesterase (AChE) as a 

drug target 

AChE is a type of hydrolase. It 

exhibits the functions of cholinergic 

neurotransmission in the autonomic and 

somatic nervous systems.45 

 

5. Receptors used to treat AD 

5.1. Acetyl cholinesterase (AChE) based 

inhibitors 

Neuromuscular troubles are treated 

by AChE inhibitors. It is also considered as 

a first-generation drug for the treatment of 

Alzheimer’s disease. There are four 

inhibitors that are probably normally used to 

decorate cognition are donepezil, 

galantamine, rivastigmine and tacrine.46 

Recently discovered that derivatives of Hup 

A, with aromatic rings, show off ability 

healing outcomes for Alzheimer’s disease 

symptoms.47  

 

5.2. β-secretase (BACE) as a therapeutic 

target 

BACE1 inhibitors are arranged for 

the treatment of Alzheimer’s disease. In a 

mouse study, Aβ manufacturing decreased 

in APP transgenic and ordinary mice 

following KMI-429 therapy, as confirmed 

through Asai.48 The major effects of GRL-

8234 on cerebrospinal fluid (CSF) and Aβ 

manufacturing is studied on transgenic mice 

through Chang.49  

 

5.3. GSK-3 inhibitors 
 

 
Fig. 4. Schematic illustration of the numerous mechanisms 

related to Alzheimer’s Disease therapy. 

 

Glycogen synthase kinase three 

(GSK-three) may also have high-quality 

healing outcomes on sufferers with 

Alzheimer’s disease. It investigated that the 

compound SB216763-a (a GSK-three 

inhibitor) was characterized for ability use 

within the remedy of Alzheimer’s disease. It 

reduced phospho-glycogen synthase by 39% 

and increased glycogen by 44%, 

demonstrating its potent inhibition of 

receptor activity.50 It is tough to research the 

receptor-based mechanistic signaling 

pathways and the interactions of 

neurotransmitters with tablets through 

experimentation. So, computational 

modelling methods are taken into 

consideration as essential for focusing on 

and investigating neurodegeneration 

disorders. A variety of natural compounds 
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from specific origins became defined to be 

appropriate to save you and attenuate 

numerous pathologies, together with 

neurological diseases, which includes 

Alzheimer’s disease. Since numerous 

reasons are associated with this disease, the 

preventive homes of the natural compounds 

may be related to numerous mechanisms as 

shown in Fig. 4. 

 

6. Computational modelling of 

Alzheimer’s disease 

Computational models of 

Alzheimer’s disease were designed on the 

basis of amyloid plaques, NFTs and 

hippocampus functions.  

6.1. Plaque-based computational 

modeling: 

Amyloid plaque formation is 

considered as a biochemical concept to 

format models. Processing and downstream 

intracellular interactions of calcium and Aβ 

have been placed in the Alzheimer’s disease 

mind through Amyloid precursor protein 

(APP).51 A computational model is built to 

account for established tendencies of 

Alzheimer’s disease, which encompass its 

irreversibility, acute to persistent pathology 

and inherent random capabilities of sporadic 

Alzheimer’s disease.  

 

6.2. Neurocomputational model 

Alzheimer’s disease has reported 

changes in hippocampal functionality and 

behavioural performance by Computational 

exploration.52 Simulated gaining knowledge 

of happening through an interplay among 

the hippocampal area and basal ganglia is 

diagnosed by Moustafa.53 The practical 

affiliation among cortisol and the 

hippocampus in elderly people and sufferers 

with Alzheimer’s disease is investigated by 

McAuley et al.54  

 

6.3. Immunity-based modeling 

The passive and active immunization 

effects against Aβ, plaques, phosphorylated-

tau and tangles are investigated by 

Proctor.55 The quick and mild staged 

inflammation and mutation  results at the 

ApoE allele, this reason became 

investigated for the computational version.  

 

6.4. Biomarkers of Alzheimer's disease 

A biomarker is a parameter of 

physiological, biochemical or anatomical 

domains. It indicates normal biological and 

pathological processes or reactions to a 

therapeutic intervention. The crucial 

elements of Alzheimer’s disease assist 

within the analysis of neurodegeneration. 

 

6.5. Neurological biomarkers 

Neuronal death occurs due to loss of 

neuronal synapses; it results in structural 

and functional changes in brain regions 

associated with memory, including frontal, 

temporal and parietal lobes. The chance of 

growing neurodegenerative illnesses 

because of the disruption of interconnected 

signaling pathways throughout more than 

one neurological area.56 Highly precise and 

sensitive blood biomarkers, the usage of 

less-invasive techniques to detect 

Alzheimer’s disease, are derived from the 

findings of peripheric tau based oligomers 

and amyloid variants present in human 

plasma and platelets. Successful researches 

on blood tau biomarkers results in a 

cognitive decline and also with 

neuroimaging determinations of mind 

atrophy as shown in figure 5. 

 

 
Fig.5. Biomarkers in Alzheimer’s disease neurobiology. 

 



Sadaf Naaz et.al. Current incorporation and impact of computational biology in Alzheimer’s disease. 

                                International Journal of Health Sciences and Research (www.ijhsr.org)  352 

Vol.12; Issue: 3; March 2022 

7.2. Glucose metabolism and oxidative 

free radicals as biomarkers 

Biomarkers for neurodegenerative 

illnesses consist of glucose metabolism, 

oxidative loose radical harm to 

mitochondrial DNA, neuroreceptors and 

neurotransmitter useful activity.57  

 

7.3. Blood-based biomarkers 

Blood-based biomarkers also are 

used for Alzheimer’s disease treatment.58 

The maximum outstanding problem is the 

presence of a multiple of dynamic ranges of 

proteins within the blood.59 The blood-mind 

barrier is interrupted in aging sufferers with 

Alzheimer’s disease. This effect in more 

desirable permeability is considered the 

primary indicator of cognitive impairment 

in Alzheimer’s disease. 

 

7.4. BACE1 and amyloid plaque-based 

biomarkers 

BACE1 (beta-site amyloid precursor 

protein cleaving enzyme 1) activity may 

contribute to the amyloidogenic process in 

Alzheimer’s disease.60 It is taken into 

consideration to be a biomarker for tracking 

amyloidogenic APP metabolism within the 

CNS. Amyloid angiopathy is also 

considered a marker for Alzheimer’s 

disease, because it involves the 

accumulation of amyloid protein within the 

cerebral blood vessels of sufferers with 

Alzheimer’s disease.61 AD biomarkers at 

initial exploratory stages, and biomarkers 

which are presently being examined in 

medical research are provided in Table 2. 

 
Table 2.  Biomarkers based on clinical research 

Alzheimer’s disease Biomarkers Clinical research 

Neurological No 

Glucose metabolism Yes 

Blood-based Preclinical 

Amyloid plaque-based Yes 

 

8. Role of Molecular simulations in the 

treatment of Alzheimer’s disease 

Alzheimer’s disease is the maximum 

deadly neurodegenerative disease analyzed 

using aggregation and deposition of 

Amyloid-beta (Aβ) fibrils within the mind 

of patients. The main additives of AD-

related amyloid plaques are Aβ1–40 

peptides, however, the greater poisonous 

Aβ1–42 species,62 recognized by way of 

means of different amino acids and 

generated through a sequential cleavage of 

the amyloid precursor protein (APP) by way 

of means of β and γ-secretases.63  

The amyloid hypothesis is based at 

the concept that a mutation on an amyloid 

precursor protein (APP) induces the 

aggregation of Aβ peptides, whose 

deposition into senile plaques is observed by 

the formation of neurofibrillary tangles and 

neuronal cell death.64 But it is still not clear 

if the fibril formation event is the cause or a 

secondary effect of the disease.65 Within 

this context, the computational techniques 

represent a powerful tool able to becoming a 

member of macroscopic experimental 

findings to nanoscale molecular events. 

Targeting Aβ aggregation gives a 

widespread challenge. Using the concept of 

docking and MD research may lead into the 

improvement of compounds that could 

inhibit Aβ aggregation and consequently 

function capacity healing marketers towards 

Alzheimer’s disease. 

 

8.1. Amyloid hypothesis 

The lifestyles of the strong fibrillar 

deposits in the organs of patients affected by 

protein deposition sickness led to the low 

cost postulate that amyloid fibrils were the 

main cause for the diseases. Within this 

framework, the ABOs were considered as 

intermediate states to the technology of 

amyloid plaques answerable for 

Alzheimer’s disease.  

 

8.2. Docking 

Molecular docking derives its ability 

from the idea that a small molecule can 

accompany a predefined binding web page 

of a few macromolecules. Docking calls for 

intelligent systems of a receptor molecule, 

generally an enzyme or receptor protein to 

which the ligand will bind may solve drug 

clues for AD.  
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8.3. Bioinformatics application in 

Alzheimer’s disease 

Alzheimer sickness is one of the 

most excessive kinds of dementia that 

reasons problems with reminiscence, 

thinking, and behavior. Biotechnology and 

bioinformatics are these days concerned in 

the hooked up order of advanced techniques 

of evaluation and treatment, which include 

molecular medicine, personalized medicine, 

gene identification and manipulation, 

further to neural engineering. NGS is one of 

the most influential approaches for reading 

genetic illnesses and gene mutations. It also 

includes genome-wide affiliation research 

and the function of microbiome detection in 

Alzheimer’s disease. 

 

8.4. Drug targets 

There is a futuristic need to find out 

remedial alternatives for Alzheimer because 

of the disorder prevalence upward push in 

the approaching years. In silico drug 

repurposing tackles speed, value and 

protection problems in drug research. 

Current approach of gene signature 

assessment tools proposes that PKC, 

HDAC, ARG and GSK3 inhibitors might 

also be needed to oppose Alzheimer-

induced gene expression patterns, therefore 

tackling the sickness phenotype. However, 

other drug houses want to be evaluated as 

well, regarding pharmacokinetics, 

pharmacodynamics, blood mind barrier 

permeability and toxicity. These are non-

factors of drug development in Alzheimer, 

especially at the same time as the disease 

complexity imposes a polypharmacological 

approach as established in unique 

neurodegenerative diseases.66 

 

CONCLUSION 

Alzheimer’s disease is a slow 

neurodegenerative sickness, while patho-

physiological irregularities bring about 

obvious symptoms and signs together with 

excessive memory loss. GWAS and 

genomic research has shed new light on the 

mechanisms underlying the onset and 

development of Alzheimer’s disease. 

Epigenetic adjustments can remodel our 

genome (without genetic threat elements) to 

be greater susceptible to Alzheimer’s 

disease. The environmental factors 

influence the epigenetic regulators, marked 

as an example for the Alzheimer’s disease 

improvement. Drug based computational 

modelling and simulation futuristic 

approaches aid in understanding and 

selection of chemical substances can be 

synthesized to deal with Alzheimer’s 

disease.  
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