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ABSTRACT 

 

 

Alzheimer’s disease known as neurodegenerative disorder that led to abnormalities in 

entorhinal cortex, hippocampus and cerebral cortex. Usually in the beginning it affects the brain 

tissue like frontal lobe, temporal lobe and then extend towards other parts of neocortex. This 

disease cause, is linked with the abnormal protein build-up in and around of brain cell, includes 

amyloid plaque around neuron cell and tau protein which form tangles within brain cells. It has 

seen that Alzheimer’s disease associated chronic neuroinflammation directly effects 

synaptic/neuronal loss and cognitive decline. In neuroinflammation, activation of glial cells 

happens and result in subsequent production of inflammatory factors such as cytokines and 

chemokines around deposited plaque at brain. These cytokine family includes major class of 

Interleukins which were observed in AD patients. 

Therefore, by understanding the important role of different Interleukins participating in 

Alzheimer’s disease we could contribute towards management of Alzheimer’s disease, its 

functional and evolutionary aspects. With the aid of computational investigations on 

interleukin family our target is to identify the major class of interleukin which play potential 

role in Alzheimer’s disease for the disease management. The computational investigation 

involves codon-based analysis, protein and sequenced based studies, structured based studies, 

conservation studies, functional and evolutionary studies. 
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INTRODUCTION 

 

 

Major elderly old population are affected with Alzheimer’s Disease as trend going on 

everywhere currently it is hot issue need to be resolve for which scientists from all over the 

world focusing the severity of this condition to understand the cause with aim to resolve it with 

good solution. Various studies were happening in different aspects to target the cause, under 

that neuroinflammation taking lot of attention of scientist as in AD patient this is a major 

activity found involved cellular level and effecting metabolism. Considering the 

neuroinflammation in focus, within the classes of proteins involved in neuroinflammation of 

AD interleukin is interesting sub-class majorly contributing to neuroinflammations. Sequence 

and Structure bases computational analysis help in identification of the potential interleukins 

contributing in Alzheimer’s disease for its better management. 

Initially starting from the identification of interleukin members which are potentially involved 

and marked related to AD in different studies. Afterwords conducted different analysis toward 

these interleukins to embark the major hit potent interleukin could be the major factor aiding 

the Alzheimer’s Disease. Later on, conducted the codon analysis for all potential interleukin 

and identified top expressing interleukins that are IL-1β, IL-1α, IL-10, IL-17β & IL-27, these 

are involved in cellular functioning and gene expression in major. Checked for variations and 

similarities of interleukins by using multiple sequences alignment of nucleotide and protein 

sequences. Additionally did functional and evolutionary based computational investigation for 

help in better understanding of relationship between interleukins and cause of Alzheimer’s 

disease which have potential to open up new aspects regarding the disease and 

neuroinflammation. Conservation analysis illustrate that the interleukins sequences are less 

conserved in nature. SNPs analysis of interleukins help in understanding whether the single 

mutation in interleukin sequence can affect the structure and function of protein and to suggest 

its damaging or disease-causing properties. Initiate SNPs analysis with interleukin-1β (protein 

structure identifier 1HIB), filtered nsSNPs using sequenced and structure based computational 

tools and run molecular dynamic simulation with aim to understand its biological activity and 

importance. Evolutionary study vision the molecule conserving nature and adaptability of 

interleukin towards the environment. 

Lastly, for any conclusion it is needed to check activity and importance of each potential 

interleukin member for better understanding and effect of its over neuroinflammation in 

parallel to Alzheimer’s disease. 
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1.1. Aim: 
 

Ultimate purpose of the computational investigation of interleukin family is to identify its 

potential role in Alzheimer’s patient for better management of this disease. 

“If Interleukins has potential involvement in Alzheimer’s Disease management, functional and 

evolutionary area as its fundamental expression in CNS then with its aid we can control and 

recognise the cause and responses in AD patient.” 

 
 

1.2. Objectives: 

• Cytokine class contribute to major aspects of neuroinflammation, including pro- and 

anti-inflammatory processes in Alzheimer’s Disease. 

• Under which Interleukin Family are observed in major scales. Interleukins study can 

play valuable role in understanding the evolutionary aspects and for the management 

of Alzheimer’s Disease. 
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REVIEW OF LITERATURE 

 

Alzheimer’s disease (AD) is a type of brain disorder also known as Senile dementia, which 

affects memory and task performing abilities. Brain cells degenerate and die, eventually 

resulting in poor mental functions. It is most common among older adults, as a cause of 

dementia. This disease was named on the behalf of Dr. Alois Alzheimer. It about the year 1906 

when, Dr. Alzheimer found abnormal differences in the brain tissue of a woman, whose reason 

of death is due to an undefined mental illness. Her complaints include memory loss, language 

expressing problem, and unpredictable behaviour or reactions [1]. 

 

In a diseased person, symptoms get worse over time, however the rate of progression differs. 

According to different studies an average diseased person lives 4-8 years after diagnosis but 

sometime can live more this all depend on other factors including Alzheimer’s stage. 

It is a neurodegenerative disorder which lead to abnormalities in entorhinal cortex, 

hippocampus and cerebral cortex. Usually in the beginning it affects the brain tissue like frontal 

lobe, temporal lobe and then extend towards other parts of neocortex. 

This disease is linked to the accretion caused at extracellular space of brain and in blood vessels, 

due to the deposition of plagues and tau protein. Plaques consist of amyloid­β (Aβ), which is 

insoluble in nature. However, tau is a microtubule protein which causes neurofibrillary tangles in 

nerve cells [2]. 

 

Fig1: (a) and (b) Shows hyperphosphorylation of Tau protein, forms insoluble aggregates that 

can fill the entire intracellular space of a neuron. Adapted from K. R. Brunden et al. (2009) 

and S. Takeda (2019).[4][5] 

https://www.nia.nih.gov/health/what-happens-brain-alzheimers-disease
https://www.nia.nih.gov/health/do-memory-problems-always-mean-alzheimers-disease
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Categories of Alzheimer’s Disease 

• Early onset Alzheimer’s disease (Familial): Age <65 year 

Less than 5% cases of early onset. Genes involved in this case are APP, PSEN1 and 

PSEN 2 which work intrinsic manner and result in increased Aβ level inflict 

overloading of late endosomes and lysosomes. 

• Late onset Alzheimer’s disease (Sporadic): Age >65 year 

More than 95% cases of late onset. Genes involved in this case are APOE(eg.APOe4), 

BIN1, CD2AP etc. Which work extrinsically and result in endolysosomal flux 

disturbances alter APP trafficking and processing. 

 
This amyloid in plaque is a result of proteolytic cleavage of amyloid precursor proteins, belong 

to the complex enzymes family members (γ and β­secretases), concluding presenilin 1 (PS1) 

and presenilin 2 are encoded by PSEN1 and PSEN2. Overproduction of amyloid­β (Aβ) is a 

cause of pathogenetic mutation in these encoding genes are quit seen at early age of 40s in 

(<1%) of diseased patient having autosomal nature of dominant inherited Alzheimer’s Disease 

(DIAD), these cases are generally unusual. According to studies, proteolytic functions in APP 

metabolism involves amyloid­β (Aβ) production which is normal. However, it may provide 

plasticity to the nerve cells but the exact role of APP is not known in neuron case. 

 

Fig.2: Different stages of plaque and tau protein deposition in the different brain parts of 

patient suffering from Alzheimer’s disease. Adapted from S. Swarbrick.[6] 

Environmental risk factor of sporadic Alzheimer’s disease was not evident, frequently in the 

nature. However, one attention seeking risk factor come across via analyzing various studies 
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are linked with genetic relations. Among them the most reliable cause is related to 

polymorphism happened at the gene encoding stage of apolipoprotein E (APOE), present on 

chromosome19 which participate in the determination of Alzheimer’s disease on the basis of 

age factors. 

In addition to genetic factors bit alarming risks are found in different genomic studies, which 

involves PICALM, ATP binding cassette transporters (eg. ABCA7), clusterin, CD33 and 

TREM2 (both are molecules expressed by myeloid cells). In addition to APOE, many of these 

genes might play a part in the clearance pathways of Aβ. With help of SILK Technique (stable 

isotope labelling kinetics) we can measure the construction and clearance of Aβ with in the 

central nervous system. [3] This labelled protein help in analysing, positive or negative effect 

of different drugs that target Aβ generation to demonstrate any decrease in the production of 

amyloid. Somehow, the working mechanism participating in the amyloid removal is still 

unknown but could related to different factors such as APOE or misfunctioning of microglial 

cells or macrophages for the depletion of amyloid clogs [2]. 

APOE protein is constitute of 299 amino-acid with 3 types of isoforms which are common in 

humans they show variation of 1 to 2 amino acids only. In context to different studies APOE 

could be taken as effecting reason for the build of Alzheimer’s disease, by working in a way 

like chaperone for Aβ protein, which affects the construction and clearance of Amyloid plaque. 

Diagnostic method for Alzheimer’s Disease (AD): 

 

• Amyloid β PET imaging 

• CSF profile of AD patient 

Table 1: Alzheimer’s diagnostic and clinical test. 

Examination Biomarkers Pathological 

process 
Pathology Objective 

 
Method 

CSF profile, 

where rate of 

biochemical are 

measured. 

Genetic testing 

(risk or 

protecting 

factors). 

MRI 

structuring, Aβ 

and PET 

imaging. 

Psychometric, 

neurological 

and CDR-SB 

examinations. 

 

 

Result 

CSF profile, 

where decreased 

level of Aβ42 

and increased 

level of T-tau 

and P-tau are 

measured. 

 

Mutation 

occurred at 

PSEN1, PSEN2, 

APP or APOE 

alleles (2/3/4). 

 

Aβ and tau 

aggregation, 

cortical and 

hippocampal 

atrophy. 

Dementia stage, 

attentiveness, 

memory, 

functional and 

cognitive 

functioning. 
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• Neuroinflammation in Alzheimer’s Patient: 
 

Activated of microglia or astrocytes produces inflammatory factors such as cytokines and 

chemokines which causes neuroinflammation in AD patient. Reported inflammatory secretions 

get deposited around the plaque and nerve cells of brain. Neuroinflammation is found to be key 

feature of Alzheimer’s Disease. 

 

Fig.3: Neuron and microglia function in Alzheimer’s patient. Adapted from A. Sobue, et al. 

(2023).[11] 

Microglia are the cells which regulate neuronal network play important role in development, 

maintenance and injury repair of brain. Glia cells act as macrophages works but are bit different 

from the macrophages found at other body tissues, except brain. They have their extraordinary 

homeostatic along strong regulation over the nervous system. They play crucial role in 

removing dead cells, protein aggregates, redundant synapses, and other toxic soluble antigens 

from brain. In addition, microglia involve in production of proinflammatory cytokines, help in 

better and diverged cellular neural responses in brain with better synaptic transmissions and 

message delivery. Around 1/10th of cells in found in central nervous system are microglia cells 

(mostly mononuclear phagocytes). Changes in microglia functionality result in 

neurodegeneration [10,[11]. 



17 
 

 
Fig.4: Microglia physiological role in neuronal death and neuroinflammation. Adapted from 

M. T. Heneka et al. (2013).[12] 

Theory behind the pathological triggers (neural death or protein agitation shown that receptors 

present to pathogen molecule is greatly related to its molecular structure (DAMPs/PAMPs). It 

has been studies that microglia are capable to bind with amyloid oligomers and fibrils with the 

receptor molecules covering scavengers (A Class) A1, CD14/36/47, α6β1 integrin, and toll like 

receptors (TLR2/4/6/9), can be potential reason of the neuroinflammatory reaction in 

Alzheimer’s patient. It is known that amyloid plaque peptide belongs to the large precursor 

protein. Larger precursor protein split due to action of two membrane bounded proteases, these 

proteases known as BACE1 (β site APP cleaving enzyme-1 and γ-secretase complex found at 

transmembrane area of amyloid precursor protein resulting in variable truncated C-termini 

which diverse from amino acid 37 to 42 chains. However, amyloid formed out of amino-acid 

with long chain show strong tendency to form the foregoing oligomers which are soluble in 
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nature and fibrillation. Binding of Aβ at the receptors which includes CD36/TLR4/TLR6, will 

lead to activation of glia cells of CNS which results in developing pro-inflammatory 

chemokines and cytokines. If any genetic disturbance occurs at CD36, TLR4/6 receptors by in- 

vitro means will, effect in less production of amyloid induced cytokines and help in preventing 

the intracellular amyloid accumulation and inflammasome activation [7],[8],[9]. 

Table 2: Represents the pro-inflammatory IL-family members. 
 

Pro- 

inflammatory 

Interleukins 

 
Its role in Neuroinflammation 

IL-1β 
Participate in neuroinflammation, induce neural death via downstream 

signal pathway. 

IL-6 
Participate in neuroinflammation, activates JAK-STAT pathway and 

maintain in blood brain barriers. 

IL-17 
Participate in neuroinflammation, activates pro-inflammatory pathway 

and promote tissue damage via neutrophils aid. 

 
IL-23 

Participate in neuroinflammation, activates pro-inflammatory pathway 

and promote tissue damage via Th17 cells differentiation and pro- 

inflammatory cytokines production. 

IL-36 
Promotes neuroinflammation along with elevation in production of 

inflammatory factors (such as cytokines, chemokines). 

 

Table 3: Represents the anti-inflammatory IL-family members. 
 

Anti- 

inflammatory 

Interleukins 

 
Its role in Neuroinflammation 

IL-2 
Help in neuro-protection via promoting differentiation mechanism of 

nerve stem cells. 

 
IL-4 

Help in neuro-protection via inhibition of pro-inflammatory cytokines 

production in addition, it participates in inhibition of neuroinflammation 

and enhance in production of anti-inflammatory cytokines. 

 
IL-10 

Promotes neuroprotection via inhibition of pro-inflammatory cytokines 

production along with it participates in inhibition of neuroinflammation 

and enhance in production of anti-inflammatory cytokines. 

 
IL-27 

Promotes neuroprotection via inhibition of pro-inflammatory cytokines 

production and participate in inhibition of neuroinflammation and 

enhance the production of type 1 regulatory T cells. 

 
IL-35 

Promotes neuro-protection via inhibition of pro-inflammatory cytokines 

production and participate in inhibition of neuroinflammation and 

enhance the production of regulatory T cells. 
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Table 4: Represents the other potential IL-family members. [13-19] 
 

Other 

Interleukins 
Its role in Neuroinflammation 

IL-1α 
Induces neuroinflammation, promotes neural death via activation of 

inflammasome and downstream signaling. 

IL-9 
Maintain human inflammatory macrophages within the CNS (could be 

relevant to other CNS disorders). 

IL-12 
Studies suggests that it could be the part of neuroinflammation 

mechanisms in cognitive imbalance in AD. 

IL-15 
Its increase in CNS is less evident in studies with relation to cognitive 

impairment. 

 
IL-1(ra) 

Promotes neuroinflammation, neuronal cell damage and death via 

activation of the inflammasome pathway and other pathway like 

downstream signaling. 

 

Computational investigations on potentially strong Interleukin Family members, which are 

specifically related to neuroinflammation for better functional and evolutionary understanding 

for the Alzheimer’s Disease management. 
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MATERIALS AND METHODS 

 

 
 

 
 

 

Fig 5: Methodology working. 

 

• Target Identification 

Potential targeted Interleukin family members were identified which shows relation 

with Alzheimer’s Disease or other dementia causing cognitive disorder, reported via 

literature studies, articles, etc. 

Interleukin members with which we are working are IL-1α, IL-1β, IL-2, IL-4, IL-6, IL- 

9, IL-10, IL-12, IL-15, IL-16, IL-17, IL-18, IL-23, IL-27, IL-33, IL-35, IL-36 & IL-37. 

 
• Data Collection 

After preparing list of Interleukins participate in this disease we need to collect data 

about all reported members of interleukin family. 

• Searched for cds nucleotide sequences by using database sever; NCBI and 

downloaded it in fasta format. 

• Similarly, searched for protein sequences of different interleukins and created a 

fasta file. Database used for protein sequence; UniProt. 

 

• TARGET IDENTIFICATION 

• In AD patient cause of neuroinflammatory factors (Interleukin 
Family). 

 

• DATA COLLECTION 

• About Alzheimer's disease, neuroinflammation and its 
relationship with Interleukin family members. 

 

• DATA ANALYSIS: COMPUTATIONAL INVESTIGATION 

• Sequenced based analysis, functional and evolution based and 
pathway mapping. 

 

• RESULT AND INTERPRETAION FOR MANAGEMENT OF 
ALZHEIMER’S DISEASE 

• Functional and evolutionary relation identification. 
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• Checked for different type of transcripts variants of interleukin to identify the 

best fit coding sequence of interleukin members. Database used for this purpose, 

Ensembl. 

• Data Analysis 

Sequence based analysis conducted under which we performed codon-based analysis, 

multiple sequence alignment, conservation analysis. 

• Codon-based analysis is performed with the aid of CAIcal software for the evaluation 

E-CAI value of different members of interleukin family, for better understanding of its 

potential target in Alzheimer’s Disease. 

• Multiple sequence alignment conducted for the analysis of similarity among the 

members of interleukin family on the basis of their nucleotide sequences. 

Computational analysis conducted by using software MUSCLE, MAFFT & Mega11, 

along this looked for phylogenetic tree to check relativity among the members of 

Interleukin Family. 

• Multiple sequence alignment conducted for the analysis of similarity among the 

members of interleukin family on the basis of their protein sequences. Computational 

analysis conducted by using software MUSCLE, MAFFT & Mega11 and obtained 

phylogenetic tree for interpretation of relativity. 

• Conservation analysis conducted with interest to look for conservation index of amino 

acid sequences of different interleukins reported for Alzheimer’s Disease. Conducted 

the test using AACon, Jalview server. 

• Protein-protein interactions between potential interleukins playing role in Alzheimer’s 

Disease. Interleukins interaction predicts the relationship between them and with other 

protein, which are actively found in Alzheimer’s patient. Conducted using Strings 

database. 

• Molecular Dynamics (MD) Simulation has been conducted for different mutants of 

interleukins involved in neuroinflammation causing AD. For MD simulation analysis 

initially filtered for non-synonymous SNPs, further conducted sequence-based and 

structure-based analysis and identified major effect causing deleterious mutants for 

simulation analysis. MD simulation completed with the help of Gromacs. 

•  Evolutionary study of interleukin has been conducted to understand the rate of 

evolutionary change nucleic acid in each position of sequence. ConSurf is used to 

estimate the evolutionary parameters. 
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3.1. Codon Based Analysis: 
 

Codons are present in DNA & RNA, each of codon is constitute of three nucleotides which 

codes for specific amino acid. Codon usage bias (CUB) varies with species, even among the 

organism genes. CUB help in determination of cellular functioning and gene expressions. 

Evolutionary effects cause change to codon bias through natural selection, genetic drift and 

mutations. Codon usage depicts the ornamentation of genome which describes phylogenetic 

relationship among organisms. 

Genome composition, recombination rate, GC content, codon position, t-RNA, m-RNA 

interactions gene length and expression are some elements which influence the codon bias. 

Degree of gene expression regulated via transcriptional and post translation processes, 

according to which high GC content was observed at 3rd position. Variation in GC content is 

majorly affected via 3rd position nucleotide in a coding sequence reflects the increased stability, 

adaptation and affects the codon usage bias. Greater the GC (guanine, cytosine) content at 3rd 

position suggest variation in codon usage is due to mutation at DNA level rather than natural 

selection at cellular level. Codon bias analysis helps in understanding gene expression and 

modification of its expression level along with that we can use it for designing transgene [20]. 

Sequences of interleukin members were downloaded along with that codon frequency for homo 

sapiens using Kazusa codon usage database, in order to set a parameter for codon-based 

analysis. After all used CAI calculator for codon usage analysis. 

 

 

 

 

 

 

 

 

 

 

Fig 6: Codon frequency 

parameter retrieve from 

Kazusa database. 

 

 
 

3.1.1 CAI (Codon Adaptation Index): 

 
Codon adaptation index is used to calculate, the degree of codon usage bias for which all codon 

frequencies are determined and compared. CAI value lies between 0 to 1.0. Greater the CAI 
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more will be expression level with strong CUB. Software used for calculation of CAI value are 

CAIcal, COUSIN, etc. [21]. Database used for codon usage analysis is Kazusa codon database 

is a tabular information accessed through GeneBank &NCBI Ref seq. 

Effective number of codons (ENC) determines the degree of deviation in uniform codon usage 

however CAI measures degree of bias toward specific set of codons. Higher CUB is determined 

via low ENC value and high CAI values [20], [22]. 

3.1.2 RSCU (Relative synonymous codon usage): 

 
It represents the ratio between the observed codon frequency to the expected frequency. RSCU 

values help in better understanding of codon usage. If value in 1, then it means no codon bias. 

However, value less than 1 shows relative scarcity and more than 1 stands for more codon 

expectant.[20] 

3.2. Multiple Sequence Alignment of Interleukins: 
 

MSA help in predicting the relationship between the sequences based on their evolutionary 

relatability or patterns. MSA could performed for protein or nucleotide (DNA/RNA) sequence 

in order to check the alignment between the sequences. There are many tools available for 

sequence alignments, e.g. MAFFT/MUSCLE/CLUSTAL Omega and Mega11. 

Firstly, collected data of all interleukin sequences potentially affecting AD patient from NCBI 

database. Both RNA (coding) sequence and protein sequence are used. Preformed MSA using 

online tools and analysed results. Checked for phylogenetic relations also. 

3.2.1 Multiple Sequence Alignment using nucleotide sequences of different Interleukins 

 
All interleukins which are potentially occurs in Alzheimer’s Disease are identified and m-RNA 

sequences are retrieved to evaluate sequence alignment. After this performed MSA by using 

tool MAFFT/CLUSTAL omega/ Mega and visualized the results. 

Further on checked for phylogenetic relations among the interleukin members. 

 
3.2.2 Multiple Sequence Alignment using protein sequences of different Interleukins 

 
All interleukins which are potentially occurs in Alzheimer’s Disease are identified and protein 

sequences are retrieved to evaluate sequence alignment. After this performed MSA by using 

tool MAFFT/CLUSTAL omega/ Mega and visualized the results. 

Further on checked for phylogenetic relations among the interleukin members. 
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Sequence and Structure bases computational analysis help in identification of the potential 

interleukins contributing in Alzheimer’s disease for its better management. 

3.3. Conservation Analysis of Interleukins 
 

Conservation analysis of potent interleukins was predicted via a help of AACon calculation 

have been performed by using Jalview servers. Conservation calculating tool is used to check 

for prediction of conserved nature of different interleukins sated in human. 

Conservation of interleukins was measured on the basis of conserving index, representing 

physio chemical properties in sequences alignment. 

3.4. Protein-Protein Interaction 
 

Identification of interaction networks between the potential interleukin members playing role 

in neuroinflammation in AD. Also, their interaction with other important proteins found active 

in Alzheimer’s Disease. 

For this we used STRING software. It is based on association of biological properties and 

relationship between the proteins. This protein-protein interactions were aggregated via 

primary data available [23]. String database help in identification of known interaction, 

predicted interaction, co-expression and other parameters like co-occurrence and protein 

homology. 

3.4.1. Protein-Protein Interaction among interleukins and other protein actively present 

in AD patient 

Interleukins interactions were created along with other proteins which are associated with 

Alzheimer's disease, using STRING software. For which we input disease detail (Alzheimer’s 

Disease) and actively present proteins in AD patient metabolism and follow up by more wide 

interaction with other favourable proteins. 

3.4.2. Protein-Protein Interaction among potential interleukin members 

 

In order to predict protein-protein interactions among the interleukin members (IL-1α, IL-1β, 

IL-2, IL-4, IL-6, IL-9, IL-10, IL-12, IL-15, IL-16, IL-17, IL-18, IL-23, IL-27, IL-33, IL-35, 

IL-36 & IL-37) which we found relatable to Alzheimer’s Disease. To retrieve string results, we 

follow up by inputting the interested interleukins and follow up by more wide interaction with 

other favourable proteins. 
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3.5. Single Nucleotide Polymorphisms (SNP) Analysis: 
 

After identifying the potential Interleukin family members, which has shown participation in 

neuroinflammation caused by Alzheimer’s Disease. We started with those Interleukin which 

scored high e-CAI value in previously conducted codon analysis. 

SNPs Analysis help in identification of non-synonymous SNPs which affect the protein 

functioning and cause damage in the metabolism. 

We initiated our SNP analysis with Interleukin-1β as it is noted most prominently active 

according to different researches. 

 

Fig 7: Methodology for SNPs Analysis. 

 
Identification of non-synonymous (missense) mutation occur in Interleukin-1β with the help of 

dbSNP data (NCBI’s database). Protein sequence was extracted in FASTA format from 

Ensembl, UniProt (UniProt ID: P01584), and protein structure of IL-1β (interleukin-1 beta, 

homo sapiens identifier) was downloaded from Protein Data Bank (PDB ID: 1HIB), in pdb 

format. 

All non-synonymous SNPs were analyzed with SIFT tool for primary filtering of deleterious 

nsSNPs. Sorting of intolerant from tolerant (SIFT) was performed primarily in order to predict 

which amino acid substitution causing affect in protein function. A point mutation or single 

change in amino acid sequence can cause problematic effects to its 3D structure and protein 

functioning. Sequence and structure-based tools help in prediction of deleterious mutation by 

predicting its effect in functioning of protein. In sequence-based tools deleterious, diseased, 

probably and possibly damaging nsSNPs are amino acid substitution causing change in protein 
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function whereas benign are with low confidence score due to nearly no damage. For molecular 

dynamics simulation we use nsSNPs mutants which are destabilizing in nature. Structure 

validation prediction is done via help of MD simulations for better understanding of functional 

metabolism and structural ability of original protein (IL-1B) and mutants [24-29]. 

3.5.1. Sequence Based Analysis of nsSNPs of Interleukin-1β: 

 
Tools incorporated for sequenced-based analysis are SIFT, PANTHER, PolyPhen2, PhD SNPs, 

SNPs & GO and Predict SNP. 

For the purpose of sequence analysis, we require protein sequences which we retrieved from 

Ensembl of all protein IDs. Sort all deleterious nsSNPs resulted from SIFT analysis. Check for 

each mutation in protein from other tool to validate its effect on protein functioning. 

3.5.2. Structure Based Analysis of nsSNPs of Interleukin-1β: 

 
Tools incorporated for structure-based analysis are Structure based analysis: CUPSAT, MU- 

Pro, DynaMut, DUET, SDM, mCSM, SNPs & GO 3D and i- MUTANT. 

Some of these tools predict the protein stability on the basic of their ΔΔG value (delta delta G, 

Gibbs free energy) among wild type and mutant amino acid of protein (interleukin-1β) to 

determine whether it cause damaging or deleterious effect on protein functioning [27]. nsSNP 

with higher negative ΔΔG value are more favourable reaction. Therefore, more damaging 

amino acid substitution to protein function whereas stabilizing mutants shows neutral effect to 

protein function. 

3.5.3. Preparation of mutants and wild-type protein structures: 

 
For wild type and mutant protein preparation download PDB protein file of interleukin-1β by 

using identifier 1HIB (pdb id). After downloading pdb file we open it in PyMol for introducing 

mutation to the original protein. After preparing mutant proteins individually saved it as pdb 

file. 

3.5.4. Molecular Dynamics Simulations: 

 
After preparation of wild-type and mutant proteins. Molecular Dynamic (MD) simulations 

were conducted to predict active biomolecular process, it evaluates microscopic molecular 

movements of atoms to understand properties of protein system. For MD simulation purpose 

we use Gromacs software runed in Linux operating system [29-31]. 
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We check interleukin-1β protein activity in water environment. In simulation system we 

prepare a box containing our interested protein along with water and ions, to create a system 

which mimic the environment exist originally in biological system for the protein. 

MD simulation run individually for wild type protein and for other 6 mutant type proteins. 

After analyzing simulations result, we compare them. 

3.6. Evolutionary Conservation of Interleukins (protein): 
 

Evolutionary study of interleukin-1β needed to conducted for better understanding whether the 

rate of evolutionary change nucleic acid in each position of sequence. For this prediction we 

use ConSurf to estimate the evolutionary conservation parameters. 

Used the interleukin-1β structure identifier (PDB ID: 1HIB) for identification of conserved 

region of the sequence, this evolutionary conservation is a result of amino acid mutation 

occurred in sequence which cause effect in protein functioning. 

Input all details in regard to interleukin-1β to the ConSurf database and submitted the query 

and analysed the resulted data. 
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RESULTS & DISCUSSION 

 

 

4.1. Codon Based Analysis: 
 

Estimation of expected codon adaptive index (E-CAI) of different member of interleukins 

involved in Alzheimer’s Disease using its nucleotide sequences. 

Analysis is performed by the aid of E-CAI calculator tool, present at CAI calculator for codon 

usage analysis. 

• Results: 

 
Given below tables show all the interleukins its e-CAI value. which have to found potentially 

active in ad patient. According to the resultant parameters and comparison of e-CAI value 

among different members of Interleukin Family we can conclude that the most potent targets 

were those having e-CAI value near or greater to 0.800, as this value is more significant. Under 

the influence of e-CAI value we can conclude that IL-1β, IL-1α, IL-10, IL-17β & IL-27 are 

determination to be involved in cellular functioning and gene expressions. It can be determined 

that these are majorly affecting interleukins in Alzheimer’s Diseased person and must be 

involve in neuroinflammation. 

Graph present in Fig-9 shows the GC occurrence in the 3rd potion of codon majorly affects in 

a coding sequence reflects the increased stability. According to which there is high probability 

of GC occurrence at #rd position in IL-17β & IL-27. 

Table 5.1: Expected Codon Adaptive Index of different Interleukins. 
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Table 5.2: Expected Codon Adaptive Index of different Interleukins. 

 

 

 

 

 
Fig 8: Following bar graph 

represents the e-CAI value 

for different interleukin 

members. Greatest value lies 

around 0.8 however least 

one 0.6, among the 

interleukins. 

 

 

 

 

 
Fig 9: Following scattered 

graph shows %GC content 

occur at 3rd position of 

codon in sequence of all 

interleukin members. 

 

 
Whereas blue dots in graph (Fig-9) represents the different interleukin members and 

concentration of %GC at 3rd. Above bar graph in Fig-8 represents e-CAI value in of all potential 

Interleukins. 
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4.2. Multiple Sequence Alignment using nucleotide sequences of different 

Interleukins 

MSA is performed using online alignment tools like MAFFT/MUSCLE/CLUSTAL Omega 

and Mega11 for the visualization and identification of evolutionary relationship between the 

different interleukin family members for the analysis of any common patterns present among 

the sequences of Interleukins or not. 

• Results: 

 
The aligned results of multiple sequence alignment depicts that the nucleotide sequences of 

different interleukins involved in neuroinflammation of AD are less similar. Predicting their 

different metabolic functions and responsibilities. 

 

Fig 10.1: Mega11 nucleotide sequence of potential interleukin members in Alzheimer’s 

Disease. 
 

Fig 10.2: Mega11 nucleotide sequence of potential interleukin members in Alzheimer’s Disease 

alignment aligned result. 
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Fig 11: Phylogenetic tree representation of different Interleukins nucleotide sequences. 

However, phylogenetic tree of nucleotide sequences of different interleukin members 

represents origin of some interleukin member remain original however other belong nearly 

related. 

4.3. Multiple Sequence Alignment using protein sequences of different 

Interleukins 

MSA is performed using online alignment tools like MAFFT/MUSCLE/CLUSTAL Omega 

and Mega11 for the visualization and identification of evolutionary relationship between the 

different interleukin family members for the analysis of any common patterns present among 

the protein sequences of Interleukins or not. 

• Results 

 
The aligned results of multiple sequence alignment depicts that the protein sequences of 

different interleukins involved in neuroinflammation of AD are less similar. Predicting their 

different metabolic functions and responsibilities. 

However, phylogenetic tree of protein sequences of different interleukin members represents 

only one remain constant from origin of interleukin member remain original however majorly 

other belong nearly related. 

Fig-12.2 represents the aligned MSA which was visualized from Mega 11. Fig-13 show 

phylogenetic tree retrieved from Clustal omega. 
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Fig 12.1: Mega11 protein sequence alignment of potential interleukin members in Alzheimer’s 

Disease. 
 

Fig 12.2: Mega11 protein sequence alignment of potential interleukin members in Alzheimer’s 

Disease alignment aligned result. 
 

Fig 13: Phylogenetic tree representation of different Interleukins protein sequences. 
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4.4. Conservation Analysis of Interleukins 
 

Conservation calculating tool is used to check for prediction of conserved nature of different 

interleukins sated in human. AACon calculation have been performed by using Jalview servers. 

From the result we can conclude that there are few conserved regions, occupancy of sequence 

is high throughout the regions. Interleukins have less conserved nature. 

This show that a lot of changes happened to interleukin sequences from initial time. 
 

 

Fig 14.1: Protein sequences of different Interleukin members in Jalview server for amino acid 

prediction. 
 

Fig 14.2: Protein sequences of different Interleukin members in Jalview server for amino acid 

prediction, aligned sequences. 

In Fig 14.2 we can visualize the quality, occupancy and conserved region in all over aligned 

interleukin protein sequences. 
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4.5. Protein-Protein Interaction: 

 
Protein-protein network string colours symbolize different relations among the proteins. Yellow 

string connects actively present protein and interleukins in Alzheimer’s Disease with 

repeatedly found from text mining. Black string shows the co-expression of proteins. Blue 

represents the gene co-occurrence among proteins. Their many known interactions are also 

formed which are from experimental and curated database. Predicted interactions help in 

determination of relation among the proteins and interleukins activity in Alzheimer’s patient. 

4.5.1. Interaction between interleukins and other proteins related to Alzheimer’s 

Disease: 

Interleukins interactions were created along with other proteins which are associated with 

Alzheimer's disease, using STRING software. String interactions shows co-occurrence of 

interleukins with other proteins among different experimental database. 

Potentially participating interleukins with other protein in AD resulted from curated data of 

string analysis are IL-1β, IL-2, IL-4, IL-6, IL-10, IL-15, IL-16, 17α, IL-18, IL-22 & IL33. 

 

Fig 15.1: String connection explains the protein-protein interaction between interleukins with 

other proteins related to Alzheimer’s Disease. 
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Fig 15.2: More dense protein- 

protein interaction between 

interleukins with other more 

proteins related to Alzheimer’s 

Disease. 
 

Fig 15.3: Further dense protein-protein interaction between interleukins with other more 

proteins related to Alzheimer’s Disease. 

More widely represented the other protein which effect closely and distantly participate in 

metabolic activity of Alzheimer’s Disease, that are traced in different texts. 
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4.5.2. Interaction between interleukins related to Alzheimer’s Disease 

 
Interaction among interleukin family members related to Alzheimer’s Disease, shows more co- 

expression less experimental data and predicted from large volume of text data base.Yellow 

string connects actively present among the interleukins potentially present in Alzheimer’s 

Disease with repeatedly found from text mining, black string shows the co-expression 

behaviour of interleukins, association of biological properties and relationship between the 

proteins. 

 

 

 

 

 

 

 

 

 

 
Fig 16.1: Interaction 

between interleukin 

family members 

which are related to 

Dementia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 16.2: More 

interaction among 

interleukin family 

members which are 

related to Dementia. 
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4.6. SNPs Analysis: 
 

From dbSNP database (NCBI’s database) searched for Interleukin-1β (IL1B) resulted 2193 

SNPs, out of which non-synonymous SNPs were filtered. Listed 167 nsSNPs out of 2193 

SNPs. Identification of non-synonymous (missense) mutation occur in Interleukin-1β with the 

help of dbSNP data. 

Sorting of intolerant from tolerant (SIFT) was performed primarily in order to predict which 

amino acid substitution causing affect in protein function. 

4.6.1. Sequence Based Analysis of nsSNPs of Interleukin-1β: 

 
Sorted the deleterious nsSNPs from the tolerant nsSNPs with the help of SIFT tool with the 

help of nsSNPs rsIDs. Deleterious nsSNPs are problem causing nsSNPs whereas tolerant are 

those which resist the change in protein function or are non-problematic in nature. 

Table 6: Listed are deleterious nsSNPs resulted from SIFT analysis. 

From SIFT table (Table 6) we get 23 deleterious nsSNPs as primarily data of interleukin-1β 

(Homo sapiens, found at chromosome 2) along with protein IDs, mutation position, SIFT scores 

and prediction. Retrieved the protein sequence using Protein ID from Ensembl database for 

further sequenced based tool analysis for nsSNPs. 
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Run sequenced based analysis through different tools for validation of most deleterious 

nsSNPs. Tools incorporated for sequenced-based analysis are SIFT, PANTHER, PolyPhen2, 

PhD SNPs, SNPs & GO and Predict SNP. Given below are table representing the nature of 

nsSNPs their possible effect on protein functioning. Using the sorted table result for 

identification most problematic mutation. IL-1B mutant (nsSNPs) found deleterious are F162S, 

D40E, F105S, D89N, P5T, M11T, T92I, Q31L, N110K, E10K and F85C (11 mutants). 

Table 7.1: Listed are deleterious nsSNPs resulted from different sequenced-based tools 

(PolyPen-1, PolyPhen-2, SNPs&GO). 

 
 

Table 7.2: Listed are deleterious nsSNPs resulted from different sequenced-based tools 

(PredictSNP, MAPP, PhD-SNP, SNAP, PANTHER). 

 

 
Deleterious, probably and possibly damaging nsSNPs are amino acid substitution causing 

change in protein function. Benign and neutral are with low confidence score due to nearly no 

damage. Amino Acid substitution with high score range have more probability of causing 

damage. Out of 11 mutants 5 mutants are most deleterious in nature these are F162S, F105S, 

F85C, E10K, P5T and D89N. 
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4.6.2. Structure Based Analysis of nsSNPs of Interleukin-1β: 

 
For the purpose of structure-based analysis of interleukin-1β nsSNPs, initially determined the 

protein structure determiner, which was 1HIB then download the .pdb file of identifier (1HIB) 

from PDB database to understand the position of amino acid in protein chain. 1HIB protein 

contains only A-chain and there is particular number for different amino acid in .pdb file of 

1HIB (interleukin-1β) protein e.g. F162S mutation according to .pdb structure file will be F42S, 

as Phenylalanine was represented as 42 position in A-chain. 

Tools incorporated for structure-based analysis are Structure based analysis: CUPSAT, MU- 

Pro, DynaMut, DUET, SDM, mCSM, SNPs & GO 3D and i- MUTANT. 

Table 8.1: Listed are deleterious nsSNPs resulted from different structure-based tools 

(DynaMut, DUET, SDM and SNP&GO-3D SNAP). 

 

Table 8.2: Listed are deleterious nsSNPs resulted from different structure-based tools (Mcsm. 

I-Mutant 2.0, CUPSAT and MUPro). 

nsSNP with higher negative ΔΔG value are more favourable reaction. Therefore, more 

damaging amino acid substitution to protein function. Stabilizing mutants shows neutral effect 

to protein function. For molecular dynamics simulation we use nsSNPs mutants which are 
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destabilizing in nature. Out of 11 mutants 6 mutants are most deleterious in nature these are 

F42S, F42C, E10K, P78T, D12E, D12N and M36T. 

 
Table 9: Listed are most deleterious and destabilizing nsSNPs resulted from sequence and 

structure-based analysis F42S, F42C, E10K, P78T, D12E, D12N and M36T. 

 

After both the analysis and listing the destabilizing mutants we prepared the mutant variants of 

protein. 

4.6.3. Preparation of mutants and wild-type protein structures: 

 

To prepare the mutant structures, PyMol software is used. Initially original protein structure 

1HIB is downloaded in pdb format and mutation is induced at particular position. For example: 

mutagenesis is prepared at the phenylalanine (original/ wild-type amino acid), position is 

altered with serine (mutation/ new type). 

 

 

 

 

 

 

 

 

 

 
Fig 17: Wild type protein 1HIB (IL-1β) 

cartoon structure, visualized via PyMol. 
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Fig 18: Mutant containing amino acid substitution, prepared 

using PyMol software. 
 

Similarly all mutant type proteins (F42S, F42C, E10K, P78T, D12E, D12N and M36T) are 

prepared with new alteration so that these proteins can be used to do molecular dynamic 

simulation of protein in water to understant its activity and comparition between them. All the 

mutents and wild-tupe protein are saved in pdb format. 

Table 10.1: List of mutant proteins (F42S, D12E and D12N). 

Mutation caused at 

P78T position where 

proline is replaced by 

threonine. 
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Table 10.2: List of mutant proteins (P78T, M36T and F42C). 

 

4.6.4. Molecular Dynamics Simulations: 

 
Md simulation of wild-type and 6 mutant type proteins were conducted individually later 

compared and analyzed. Gromacs software is used to perform simulation and it is runed in 

Linux operating system. We check 1HIB protein activity in water along with ions to mimic the 

environment exist originally in biological system for the protein. With the aid of Gromacs 

software we generated protein topology, created cubic box with solvates and ions, proceed with 

energy minimization of structure and lastly produced the molecular dynamics of protein. 

 
 

Fig 19: Wild type protein 1HIB 

(IL-1β) with in the cubic box, 

having solutes, water molecules 

and ions. Visualized using vmd 

computer program. Blue core 

region represents protein and 

red region are cubic box with 

different solutes and ions. 
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Fig 20.1: Blue lines represents protein, 

visualized using vmd computer 

program. 

 

 

 

 

 

 

 
Fig 20.2: Blue ribbon like cartoon 

structure represents protein, visualized 

using vmd computer program. 

 

 
 

Resulted graphs were comprised and visualized through QtGrace program to analyze data. 

Type of graphs obtained includes energy minimization graph, density graph, temperature 

graph, pressure graph, RMSD (root mean square deviation) and radius of gyration which 

measures compact structure of protein. 

 

 

 

 
Fig 21: Potential Energy (kJ/mol) vs Time 

(ps) Energy minimization graph depicting 

wild-type and different mutants proteins 

following nearly same energies in the 

molecular system. Showing the stable 

system. At the right top there are different 

color idertifier for the protein molecules. 
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Fig 22: Temperature (K) vs Time (ps) 

graph depicting wild-type and different 

mutants proteins temperature showing 

their thermal behavior in the molecular 

system. Showing the stable system. At 

the right top there are different color 

idertifier for the protein molecules. 

 

 

 

 

 
Fig 23: Pressure (bar) vs Time (ps) 

graph depicting wild-type and different 

mutants proteins showing for F85C 

and F85S pressure remain 0 (system is 

in equilibrium state) throughout the 

however for other proteins pressure 

remain changing. At the right top there 

are different color idertifier for the 

protein molecules. 

 

 

 

 
All these Graph suggest the activity of original protein with its mutant variety protein and aid 

in understanding how it work or react in biological system. From the results we can illustrate 

the conclusion that these mutant proteins show its impact towards biological system and change 

its functioning and structural properties of protein and could be the reason of damage. 

Therefore, it can be suggested that IL-1B activity can affect or influence neuroinflammation in 

AD patient. 
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Fig 24: Density (kg/m^3) vs Time (ps) 

graph depicting wild-type and different 

mutants proteins showing their density 

keep changing through out the simulation 

but remained below 1030 kg/m^3 and 

vary for each proteins. At the right top 

there are different color idertifier for the 

protein molecules. 

 

 

 
Fig 25: Radius Gyration (nm) vs Time 

(ps) graph depicting wild-type and 

different mutants proteins showing their 

compact molecular structure of proteins, 

dynamic changes can be observed from 

graph. Protein with mutation D12E show 

major diflection with time. At the right 

top there are different color idertifier for 

the protein molecules. 

 

 
Fig 26: RMSD (nm) vs Time (ns) 

graph depicting wild-type and 

different mutants proteins structure 

deviations through out the 

simulations. It can be analyzed from 

graph that mutant protein (D12E, 

D12N & F85S) shows more 

deviation from original protein 

(1HIB). At the right bottom there are 

different color idertifier for the 

protein molecules. 
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4.7. Evolutionary Conservation of Interleukins (protein): 
 

Evolutionary conservation was analysed to understand the nature of sequence and for 

identification of region which remain conserved throughout the evolutionary generations. 

Using ConSurf database obtained and visualize the interleukin 1β (1HIB). 

Fig 27: Structure of interleukin 

-1β (1HIB), where blue region 

shows the variable part and 

reddish region show the 

conserved part of the protein 

structure. 

Below the figure there is 

protein sequence and colour 

scale for prediction of 

conserved region range 

probability. 

 

 

 

 
 

 

Result illustrated that the major sequence part remains conserved throughout the evolution. 

However, there are some variable regions also lies in the protein sequence could be the 

happened due to change or mutation in nucleotide sequence. 
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CHAPTER 5 
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CONCLUSION 

 

Potentially active interleukins participating in metabolism of Alzheimer’s Disease and causing 

neuroinflammation, major symptom of cognitive disorder. Interleukin members with which we 

are working with IL-1α, IL-1β, IL-2, IL-4, IL-6, IL-9, IL-10, IL-12, IL-15, IL-16, IL-17, IL- 

18, IL-23, IL-27, IL-33, IL-35, IL-36 & IL-37. 

The resultant parameters analyzed via computational investigation of different Interleukins 

member involved in neuroinflammation, linked with Alzheimer’s Disease suggest according 

to codon analysis conclude that the most potent targets were those having e-CAI value near or 

greater to 0.800, as this value is more significant. Under the influence of e-CAI value we can 

conclude that IL-1β, IL-1α, IL-10, IL-17β & IL-27 are determination to be involved in cellular 

functioning and gene expressions. 

However, different members belonging to same Interleukin Family shows huge diversity when 

compared. Multiple sequence alignment result and conservation analysis of amino acid 

depicted less similarity, nearly less similar and minimal conservation index. Phylogenetic tree 

of protein sequences of different interleukin members represents only one remain constant from 

origin of interleukin member remain original, majorly other belong nearly related but for 

nucleotide sequences few interleukins remain same throughout generations. 

From the conservation analysis it can be conclude interleukin member have less conserved 

nature in human, which suggest that lot of changes have happened from generations. Protein- 

protein interactions results depict the involvement and reference studies showing the 

participation of interleukins in major activity of AD metabolism. 

Further on the SNPs analysis help in understanding the cause of alteration in sequence amino 

acid leading to single mutation can affect the protein functioning, parallelly it be the reason of 

damage or disease factor element. In addition to this molecular dynamic simulation of 

interleukin-1β (1HIB) protein along with its top hit 6 mutation (F42S, F42C, E10K, P78T, 

D12E, D12N and M36T) validate the molecular effect in biological environment will affect the 

cellular functioning. 

Apart from conducted analysis our aim to study potential role of major working interleukins in 

a wider prospect for which functional and evolutionary based analysis needed to conduct along 

with pathway designing. Parallelly, multiple analysis will be conducted among other species 

for identification of similarity of target molecule for better understanding. 
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It can be concluded from results that interleukin-1β could be one of the majorly active and 

affecting interleukin member toward neuroinflammation in Alzheimer’s Disease. Before any 

conclusion there is a need to analyze every potent interleukin member in AD for better 

understanding and management of Alzheimer’s Disease. 



52 
 

REFERENCES 
 

 

 
 

[1] “What is Alzheimer’s disease?,” National Institute on Aging. [Online]. Available: 

https://www.nia.nih.gov/health/what-alzheimers-disease. 

[2] “Alzheimer’s disease,” Nat. Rev. Dis. Primers, vol. 1, no. 1, pp. 1–2, 2015. 

[3] R. W. Paterson et al., “SILK studies — capturing the turnover of proteins linked to 

neurodegenerative diseases,” Nat. Rev. Neurol., vol. 15, no. 7, pp. 419–427, 2019. 

[4] K. R. Brunden, J. Q. Trojanowski, and V. M.-Y. Lee, “Advances in tau-focused drug 

discovery for Alzheimer’s disease and related tauopathies,” Nat. Rev. Drug Discov., vol. 

8, no. 10, pp. 783–793, 2009 

[5] S. Takeda, “Tau propagation as a diagnostic and therapeutic target for dementia: 

Potentials and unanswered questions,” Front. Neurosci., vol. 13, 2019. 

[6] S. Swarbrick, N. Wragg, S. Ghosh, and A. Stolzing, “Systematic review of miRNA as 

biomarkers in Alzheimer’s disease,” Mol. Neurobiol., vol. 56, no. 9, pp. 6156–6167, 

2019. 

[7] A. Sobue, O. Komine, and K. Yamanaka, “Neuroinflammation in Alzheimer’s disease: 

microglial signature and their relevance to disease,” Inflamm. Regen., vol. 43, no. 1, 

2023. 

[8] S. Thakur, R. Dhapola, P. Sarma, B. Medhi, and D. H. Reddy, “Neuroinflammation in 

Alzheimer’s   disease:   Current   progress   in   molecular   signaling   and therapeutics,” 

Inflammation, vol. 46, no. 1, pp. 1–17, 2023. 

[9] S.-B. Choi, S. Kwon, J.-H. Kim, N.-H. Ahn, J.-H. Lee, and S.-H. Yang, “The molecular 

mechanisms of neuroinflammation in Alzheimer’s disease, the consequence of neural 

cell death,” Int. J. Mol. Sci., vol. 24, no. 14, p. 11757, 2023. 

[10] Y. Liu et al., “Targeting neuroinflammation in Alzheimer’s disease: from mechanisms 

to clinical applications,” Neural Regen. Res., vol. 18, no. 4, p. 708, 2023. 

[11] M. Colonna and O. Butovsky, “Microglia function in the central nervous system during 

health and neurodegeneration,” Annu. Rev. Immunol., vol. 35, no. 1, pp. 441–468, 2017. 

[12] M. T. Heneka et al., “Neuroinflammation in Alzheimer’s disease,” Lancet Neurol., vol. 

14, no. 4, pp. 388–405, 2015. 

[13] A. W. Khan, M. Farooq, M.-J. Hwang, M. Haseeb, and S. Choi, “Autoimmune 

neuroinflammatory diseases: Role of interleukins,” Int. J. Mol. Sci., vol. 24, no. 9, p. 

7960, 2023. 

[14] G. Donninelli et al., “Interleukin-9 regulates macrophage activation in the progressive 

multiple sclerosis brain,” J. Neuroinflammation, vol. 17, no. 1, 2020. 

[15] E. Lin, P.-H. Kuo, Y.-L. Liu, A. C. Yang, and S.-J. Tsai, “Association and interaction 

effects of interleukin-12 related genes and physical activity on cognitive aging in old 

adults in the Taiwanese population,” Front. Neurol., vol. 10, 2019. 

[16] A. S. Mendiola and A. E. Cardona, “The IL-1β phenomena in neuroinflammatory 

diseases,” J. Neural Transm. (Vienna), vol. 125, no. 5, pp. 781–795, 2018. 

https://www.nia.nih.gov/health/what-alzheimers-disease


53 
 

[17] N. M. Lyra e Silva et al., “Pro-inflammatory interleukin-6 signaling links cognitive 

impairments and peripheral metabolic alterations in Alzheimer’s disease,” Transl. 

Psychiatry, vol. 11, no. 1, pp. 1–15, 2021. 

[18] R. J. Bishnoi, R. F. Palmer, and D. R. Royall, “Serum interleukin (IL)-15 as a biomarker 

of Alzheimer’s disease,” PLoS One, vol. 10, no. 2, p. e0117282, 2015. 

[19] X. Rao et al., “Dual roles of interleukin-33 in cognitive function by regulating central 

nervous system inflammation,” J. Transl. Med., vol. 20, no. 1, 2022. 

[20] S. T. Parvathy, V. Udayasuriyan, and V. Bhadana, “Codon usage bias,” Mol. Biol. Rep., 

vol. 49, no. 1, pp. 539–565, 2022. 

[21] S. Bahiri-Elitzur and T. Tuller, “Codon-based indices for modeling gene expression and 

transcript evolution,” Comput. Struct. Biotechnol. J., vol. 19, pp. 2646–2663, 2021. 

[22] P. Puigbò, I. G. Bravo, and S. Garcia-Vallvé, “E-CAI: a novel server to estimate an 

expected value of Codon Adaptation Index (eCAI),” BMC Bioinformatics, vol. 9, no. 1, 

p. 65, 2008. 

[23] D. Szklarczyk et al., “STRING v11: protein–protein association networks with increased 

coverage, supporting functional   discovery   in   genome-wide   experimental datasets,” 

Nucleic Acids Res., vol. 47, no. D1, pp. D607–D613, 2019. 

[24] A. K. Yadav and T. R. Singh, “Novel structural and functional impact of damaging single 

nucleotide polymorphisms (SNPs) on human SMYD2 protein using computational 

approaches,” Meta Gene, vol. 28, no. 100871, p. 100871, 2021. 

[25] R. Kumar et al., “In silico screening of deleterious single nucleotide polymorphisms 

(SNPs) and molecular dynamics simulation of disease associated mutations in gene 

responsible for oculocutaneous albinism type 6 (OCA 6) disorder,” J. Biomol. Struct. 

Dyn., vol. 37, no. 13, pp. 3513–3523, 2019. 

[26] A. Shukla and T. R. Singh, “Network-based approach to understand dynamic behaviour 

of Wnt signaling pathway regulatory elements in colorectal cancer,” Netw. Model. Anal. 

Health Inform. Bioinform., vol. 7, no. 1, 2018. 

[27] A. Girish et al., “Comprehensive bioinformatics analysis of structural and functional 

consequences of deleterious missense mutations in the human QDPR gene,” J. Biomol. 

Struct. Dyn., pp. 1–17, 2023. 

[28] R. Shukla, A. Kumar, D. J. Kelvin, and T. R. Singh, “Disruption of DYRK1A-induced 

hyperphosphorylation of amyloid-beta and tau protein in Alzheimer’s disease: An 

integrative molecular modeling approach,” Front. Mol. Biosci., vol. 9, 2023. 

[29] D. Van Der Spoel, E. Lindahl, B. Hess, G. Groenhof, A. E. Mark, and H. J. C. Berendsen, 

“GROMACS: Fast, flexible, and free,” J. Comput. Chem., vol. 26, no. 16, pp. 1701– 

1718, 2005. 

[30] S. Pronk et al., “GROMACS 4.5: a high-throughput and highly parallel open source 

molecular simulation toolkit,” Bioinformatics, vol. 29, no. 7, pp. 845–854, 2013. 

[31] A. A. Al-Karmalawy et al., “Molecular docking and dynamics simulation revealed the 

potential inhibitory activity of ACEIs against SARS-CoV-2 targeting the hACE2 

receptor,” Front. Chem., vol. 9, 2021. 
 

  



54 
 

 


