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arthritis (RA) which is throughin-silico and molecular docking
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analysis.n the present studye functional annotation of a total of 267

genesfrom GWAS was performed through Gene Ontology (G&alysis using DAVID
which reported 216 genes and 238 GO terms for biological processes (BP). The STRING
database reported the genes namely STAT4, CD40, CD28, CD247DRBA, IRF8, IRF4,
REL, EOMES,CSF2, IL2, IL3, TYK2, CSF2 and CD5 at the core region of the RA network
of 216 BP genes. The Drug association analysis of WebGestalt has reported 28 drugs
interacted with 41 genes or its corresponding proteins out of wiacking was performed
for 15drugsand 18 potential targets as they are found to be key regulators in RA disease. The
molecular docking studies have reported the 24 ligaotein interactions. Seeking the
importance ofgenetic background of RA patierfisrther studies can be done by migiof

nonsynonymous SNPs associated with genes for causing RA.
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INTRODUCTION

Autoimmune disease includes many diseases under it. Rhednaatbritis is one of the
autoimmune diseases. Rheumatoid Arthr{f&A) is a chroni¢ systematic inflammatory
disease that mostly affects synovial joints characterized by synovial hyperplasia, cartilage
destruction and bone erosion (Rossol et al. 20Q8|)ls of synovium contain macrophages,
chondrocytes and fibroblasts (Mclnnes and Schett 2007). The initial inflammatory process in
RA takes place in the synovial lining of diarthrodial joints (Szekanecz and Koch 2007).
Immune cells and inflammatory molecidehave crucial role in patho physiology of RA
(Huber et al. 2006). Human chondrocyte secretes cytokines such as Monocyte
Chemoattractant Protein (MEB which are involved in cartilage degradation and rheumatic
joint diseases (Rohner et al. 2012). Presank focuses on identification of key regulatory
molecules involved in pathology of RA fromhondrocyte§! About one percent of the
population of the World is affected by Rheumatoid arthritiss very common disease in

Il ndi a al so. Artt hirn ft li aamnmmaetainosn ofi,j owhi ch causes
loss of frequently motion in the joints. Other parts of our body also affected by this disease,
they are muscles, tendons, ligaments, bomed other internal organs of human body.

Inflammationis a complex process that causes swelling, redness, warmth, itching, and pain.

The diagnosis fArheumatoid arthritiso is ba
examination findings, with and often without any radiographic or serologic abnormalities
(Arnett FC et al., 1987AletahaD et al 2010). To avoid joint damage, inflammation in
patients with RA should be suppressed as much as podsibkry P, 2006). According to

the treatto-target paradigm, the primary goal of treating the RA patient is tomse long

term healthrelated quality of life through control of symptoms, prevention of structural
damage, normalisation of function, and social participat8émdglenJS et al., 2010; Smolen

JS et al 2010¥' Pharmacological treatment of RA can be déd into diseasmodifying
antirheumatic drugs (DMARDSs), aritiflammatory agents and analgesitd Methotrexate

(MTX) is the appropriate firsine agent for most patients with BA MTX is t he fa
drugo for tWeatment of RA

DMARDs have greayl improved the quality of life for many people with rheumatoid
arthritis. These RA drugs are often used along with NSAIDs or glucocorticoids; however,
with this type of medication, you may not need other-@fikmmatories or analgesics.
DMARDs target thammune system, they also can weaken the immune system's ability to
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fight infections. Examples of DMARDs are Hydroxychloroquine sulfate, leflunomide,
methotrexate, tofacitinib. Examples of biologic response modifiers are abatacept,
adalimumab, adalimumadito, anakinra, etanercept, etanereggpts, rituximab, infliximab

dyyb, golimumab, certolizumab pegol, tocilizumab, sarilumab. Glucocorticoids are steroids.
They are strong anihflammatory drugs that can also block other immune responses. These
rheumatad arthritis medications help relieve symptoms and may stop or slow joint damage.
You receive these RA drugs by pill, or by injection. Examples of glucocorticoids are
betamethasone injectable, prednisone. NSAIDs work by blocking an enzyme that promotes
inflammation. By reducing inflammation, NSAIDS help reduce swelling and pain. Examples
of NSAIDs are celecoxib, diclofenac sodiuamd ibuprofenAnalgesics reduce pain but they

do not reduce swelling or joint damage. Examples of analgesics are acetamitraphadol,
oxycodonehydrocodone, and other narcotith

In the last few decades, advances in molecular biology and the equipments used in research
have developed sequencing of large portions of the genomes of several species. The Human
Genome Projectasigned the sequence of all 24 human chromosomes. Information science
has been applied to the biology field, which named as Bioinformatics. The uses of
Bioinformatics are to collect the biological data, information and store and maintain them in
the databse. Different databases produce different information about the details of genome.
Popular sequence databases 8ank, Uniprot, and EMBEtc. are wused to predict
Nucleotide sequences, Protein sequences etc. The most important tasks of bioinformatics

involve the analysis of sequence informafidn

MATERIALS AND METHODS

Mining of genes associated with RA

The National Human Genome Research Institute (NHGRI) Catalog of Published Genome
Wide Association Studies (GWAS) Catalog which provides a publicly amilsanually
curated collection of published GWAS assaying at least 1,00,000 single nucleotide
polymorphisms (SNPs) and all SMiRit associations with P <1XfQwas usedo mine the
genes pertaining t Bheldtoid abhritsse a w eptvéue threshdld f o r
of p<10® was performed to retrieve GWAS studies on RA from GWAS Catalog
(http://www.genome.gov/gwastudies/ currently https://www.ebi.ac.uk/gwas/). A total of 39

GWAS studies resulted in a total of 267 unique genes mapped to discreteigyioations
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of human genome. The corresponding protein sequences encoded by these genes were
obtained from UniProtKB databa@

Functional annotation and GO association of RA genes

The functional annotation of a total of 267 genes was performedgtinrGene Ontology

(GO) analysis which describes the functions along the three categuriesnolecular
functions (MF), biological processes (BP) and the cellular components (CC). The Database
for Annotation, Visualization and Integrated Discovery (DAVIBipinformatics Resources

6.7 (http://david.abcc.ncifcrf.gov/) was used for GO term annotation (i.e., the common
vocabulary for the functional description of genes and gene products) annotation. Finally to
find the statistically significant GO terms of tigenes, GO term enrichment analysis was
performed. The DAVID parameters were filtered to reduce the false positives and the output
was taken into account after applying multiple testing correctiemaljes <0.05), fold
change and False Discovery Rate (FDBenes from significantly enriched biological
processes were termed as key genes anel weerd for network constructigii ™

Generation of gene network and its interactions

Gene networks present a graphical view at the level of gene activities attt denctions

and help us to understand complex interactions in a meaningful manner. The STRING
database (http://strindb.org/) aims to provide such a global perspective for as many
organisms as feasible. Known and predicted associations are scoredegnaked, resulting

in comprehensive protein networks covering >1100 organisms. A total of 216 genes obtained
from significantly enriched biological processes are termed as key genes and were used for

network construction of RA wermnalysedhrough STRING databas&®®

Genedisease association study

Web Gestalt (WEBased Gene SeT AnalLysis Toiglkone of the first software applications

that integrate functional enrichment analysis and information visualization for the
management, information retrigy organization, visualization and statistical analysis of large
sets of genesWeb Gestalt (http://bioinfo.vanderbilt.edu/webgestalt/) was used for further
functional categorisation of 216 BP genes including gehenotype association, géne
disease ass@tion and Drug association analysis. Further interactive phenotype ontology
associated with RA genes was elucidated. Organism Homo sapiens was selected against
select organism of interest column, hsapiens_gene symbol was selected at Select gene ID

type, aad outcome of DAVID functional analysis BP gene list consisting of 216 genes was

WWW.Wjpr.net Vol 8, Issue2, 2019. 1085




Beheraet al World Journal of Pharmaceutical Researt

uploaded in the Upload gene list column. The following entries such as Statistical
Method/test: hypergeometric, Multiple Test Adjustment: Bignificance Level: Top 10 and

.05, Minimum Number of Gersefor a Category2 wasselected" "

UniProt

The Universal Protein Resource (UniProt) is a comprehensive resource for protein sequence
and annotation data. The corresponding protein sequences encoded by these genes were
retrieved from UniProtk Bdatabasé'*?!

Retrieval of Drugs and proteins

The Structure Data Format (SDF) 3D structure of the reported drugs were retrieved from the
NCBI Pub Chent?®*? database (http://www.ncbi.nim.nih.gov/ pccompound/) along with its
PubChemD, Molecular weight and Molecular formula. The compounds were converted into
pdb format structure using the PyMfdl (academic version) tool, Discovery Studio v4.1
visulizer tool&”! and online SMILES translator web server

(https://cactus.nci.nih.govénslate/) as per requirement.

The structures of the corresponding proteins of reported genes were retrieved from PDB
Protein Data Bank (PDBJ® The unknown structures were predicted using various tools like
Modeller 9.15 todf”, LOMETS?® (A local meathreadingserver for protein structure
prediction) and Raptor®3? web servers due to unavailability at PDB Protein Data Bank
(PDB).

Prediction of binding site
Structural and active site studies prediction of the proteins were done byQsSiTRY
(Computed Atlas of Surface Topography of Proteins) at http://cast.engr.uic.edu and

GHECOM 1.0: Gridbased HECOMi findef?

Docking approach

AutoDock 4.2 (autodock.scripps.edu/) was used for docking studies which is widely
distributed public domaimolecular docking software. The docking analysis was carried out
for the reported drugs (can be said as ligands) with their corresponding targets (proteins)
using AutoDock4.2 toolThe interactions of ligand and proteins were studied using LigPlot,
Discovey Studio Visulizer and PyMol. The various bonding interactions of ligand and

proteins wer@xplored using the above tot§*
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RESULTS AND DISCUSSION

The genome studies of Rimatoid arthritis 39 studies of rheumatoid arthritis with a total of
267 unigie genes mapped to discrete genomic locations of human geioam. the
bioinformatics functional enrichment analysis reported 216 genes and 238 GO terms for
biological processes (BP)36genes and 34 GO terms for molecular functions (MF) and 133
genes ad 18 GO terms for cellular components (CC). Based on the essential role of
biological processes, 216 genes and 238 GO terms obtained from significantly enriched
biological processes are termed as key genes that were used for network construction of RA.
The key genes were used for network construction of RA vaaadysedthrough STRING
database. The result of the string is represented ii.Fide RA network of STRING
database reported the genes namely STAT4, CD40, CD28, CD247DRBA, IRF8, IRF4,

REL, EQMES, CSF2, IL2, IL3, TYK2, CSF2 and CD5 at the core region of the network.
These genes may be said to play a key in RA as well as can be differentially expressed in RA

disease.

Fig.1:- Network construction of RA analysedthrough STRING database.

The Dug association analysis of WebGestalt has reported 28 drugs interacted with 41 genes
or its corresponding proteins. The Structure Data Format (SDF) 3D structure of the reported
drugs were retrieved from the NCBI PubChem database (http://www.ncbi.nimwiih.go
pccompound/) along with its PubChem ID, Molecular weight and Molecular formula. The
compounds were converted into pdb format structure using the PyMol (academic version)

tool, Discovery Studio v4.lisualizer tools and online SMILES translator web serve
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(https://cactus.nci.nih.gov/translate/) as per requirement. The detail about the drugs, DRUG
Name, PubChem CID, Molecular Formula, Molecular Weight and its corresponding Target is

reported in Tabld.

Table.1l:- RA Drugs and their corresponding target gaes/proteins from WebGestalt at

significance level .05, Significance test Hypergeometric, MTC:BH

Sl. PubChem Molecular Molecular
NO DRUG Name CID Formula Weight TARGET
CTLA4
PTPRM
IL2
C5
CD40
CSF2
SFTPD
CD226
CD2
immune 103.11976 CD83
1 globulin 119 CaHaNO; g/mol BLK
CCR6
TNFRSF9
IGF1R
HLADQB1
CD247
MICA
IL2RA
IL21
RAG1
IL2RB
2 | chloroquine | 2719 CagHoeCINS 319/}?;'214 ATM
g ATG5
. 114.16884 CTLA4
3 | methimazole | 1349907 C4HeN2S g/mol TNFRSE9O
. 411.465943 CD40
4 | fluvastatin 446155 Co4H26FNO;4 g/mol PONL
FADS1
5 | lovastatin 53232 e | miglepnt PON1
g/mol
. 473.58328 JMJID1C
6 | raloxifene 5035 CogHo7NO,4S g/mol MEDL
MAFB
7 etoposide 36462 CooH3,013 588/250?58 CFLAR
9 ATM
. 358.42814 CD40
8 | prednisone 5865 C21H2605 g/mol IL2RA
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9 |glutathione | 124886 | CaigHiNsOGS 305/}?%'348 ;Eéll

CDK2
10 | Indomethacin| 3715 | CigH1CINO, 355/';3764 0%2317
11 | cyclosporine | 5284373 | CgH111N11012 123%%124 ||_|£_|:2g A
12 | ribavirin 37542 |  CaHiNOs 24;%%"‘68 . LTA\E)%B -
13 | Hydroxyurea 3657 CH4N20, 7%'/?7?;66 CAI-DI-II\</|2
14 | tacrolimus 445643 CasHgoNO12 80;‘&})?16 ILZ_FZQ A
15 | simvastatin 54454 Ca5H3505 4198/'2%?22 FF',A‘ (IDDI\? 11
16 | collagenase | 44134635| CisH26K2N3O/P 462';;?;202 EELSFl
17 irgsclé'ri;‘binam 00488846| CysHaasNes0r7Ss 58(;%3;022 L3

The stuctures of the corresponding proteins of reported 24 genes were retrieved from PDB

Protein Data Bank (PDB). The details about the structure of these 24 genes are reported at

Table 2.

Table 2:- Potential targets of Rheumatoid arthritis disease with their BB ID and

region of interest

S.L UniProt | PDB Full Name Of The .
NO Target IDS lds Short Name of Target Target Region
Cytotoxic T-
1 |CTLA4 | P16410| 30SK | CTLA-4 lymphocyteassociated | 36-161
antigen 4
Proteintyrosine Receptoitype tyrosine 879
2 |PTPRM| P28827 )| 1RPM phosphatase mu(RTRmu) | protein phosphatase my 1156
3 IL2 P60568 | 4ANEJ | IL-2 Interleukin?2 24-153
4 C5 P01031| 3CU7 | C5 Complement C5 1-1676
Tumor necrosis factor 230
5 | CD40 | P25942 | 1LB6 | CD40 receptor superfamily 236
member 5
Granulocyte
6 | CSF2 | P04141| 5D70 | GM-CSF macrophage colonry 18144
stimulating factor
7 |SFTPD | P35247| 1PWB | PSRD Pulmonary surfactant | 199
associated protein D 375
8 | CD2 | P06729| 1HNF | CD2 E‘S‘;" surface antigen | 5 5
9 |IGF1R | P08069 | 1P40 | IGF-I receptor Insulin-like growth 974
WWW.Wjpr.net Vol 8, Issue2, 2019. 1089
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factorl receptor 1294
T-cell surface
10 |CD247 | P20963 | 3IK5 | CD247 glycoprotein CD3 zeta | 63-80
chain
MHC class |
11 | MICA | Q29983 | 1HYR | MIC-A polypeptiderelated 24-297
sequence A
IL-2 receptor subunit Interleukin2 receptor .
12 |IL2RA | P01589 | 1792 alpha,I1-2-RA subunit alpha 22-238
13 | 1L21 Q9HBE4| 3TGX | IL-21 Interleukin21 23155
14 |IL2RB | P14784| 2B5I | IL-2 receptor subunit beta | Mereukin2 receptor | 5754,
subunit beta
15 | ATGS | QO9H1YO| 4TQ1 | ATGS Autophagy protein 5 1-275
Serum
16 | PON1 | P27169| 1V04 | PON1 paraoxonase/arylestera] 1-353
1
Probable JmjC domain
: : . containing histone 2157
17 JMJID1C| Q15652 | 5FZ0O | TR-interacting protein 8 demethylation protein 2500
2C
Mediator of RNA 640
18 | MED1 | Q15648 | 204J | ARC205,PBP polymerase Il 652
transcription subunit 1
19 |CFLAR | 015519| 3H11 | CASH,CLARP CASPS and FADElke | 209
apoptosis regulator 480
20 | PBX1 | P40424| 1PUF | PBX1 PreB-cell leukemia 233
transcription factor 1 305
21 | CDK2 | P24941| 1JVP | CDK2 gyc"”‘depe”de“t Kinasi 4 »9g
Non-receptor tyrosine 885
22 | TYK2 | P29597 | 3NZO | TYK2 orotein kinase TYK2 1176
23 | ETS1 | P14921 | 2NNY | ETS1 Protein Cets1 24%2
24 | IL3 PO8700 | 1JLI |IL-3 Interleukin3 34-144

The amino acid sequences of corresponding proteins

encoded by the reported 11 genes

(ALPL,BLK,CCR6,CD226,EHF,FADS1,MAFB,RAG1,REL,TNFRSF9 and ATM) against

RA drugs were retrieved from UniProtKB database. The 3D struofuak the 11 proteins is

predicted by homology modelling and threading tool due to unavailability of information at

Protein data Bank. Validation of the generated structure using different online server suggests

that the quality othe generated structurs good and can be used for protegand studies.
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Fig.2:- Ramachandran plot structure validation of modelled structure.
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The Active/Binding site of the reported gbeins/targets was predicted by CAST and
GHECOM 1.0: Gridbased HECOMi (pocket) finder.

Out of reported 28 drugs interacted with 41 genes or its corresponding proteins, docking was
performed forl5drugs and 18 potential targets. The selected/screenadgksstare found to

be key regulators in RA disease based on the existing records and network analysis.
AutoDock 4.2 (autodock.scripps.edu/) that was used for docking studies redealedg

score with energy minimization values, Binding energy, Ligan@iciEfcy, Inhibition
Constant and Electrostatic energy for 15 ligands/diil8ypotential targets interactions are
represented affable.3. The molecular docking studies have reported the -thuget
interactions of IL2cyclosporine was-11.34, IL2RApredni®ne was-8.61, JMJID1C
raloxifene was-9.56, PONisimvastatin wa$.36, IL2tacrolimus was-13.64 and IL2RA
tacrolimus was-16.27 as the highest docking scores with energy minimization and
interactions of IL2RAcyclosporine was2.47andCTLA4-methimazole wa -2.91 as the
lowest docking scores with energy minimization out of 24 ligaratein interactions. From

this report it is clear that RA differs from person to person based on their genes and genetic
interactions and expressions which recommend the ieitédo go for personalized medicine

rather that generalized medicine for the patients with RA.

Table 3:- Molecular docking analysis of 15 drugs against 18 target proteins using
AutoDock4.2 tool.

Binding Ligand Inhibi tion | Hydrogen . .
Target Drug energy | Effeciency | Constant | Bonding Hydrophobic | Electrostatic
ATG5 | chloroquine | -5.21 -0.24 152.76 HIS241 NA NA
ILE128,SE
IL2RB chloroquine -4.68 -0.21 370.86 R129,HIS1 NA NA
33,ASP68
LYS316,L
ETS1 | collagenase| -4.65 -0.18 387.3 YS318,AS LYS348,LEU ASP317
P317 433
IL2 cyclosporine| -11.34 -0.13 4.88 NA NA NA
. PHE15,HIS12 GLU29,ASP
IL2RA | cyclosporine| -2.47 -0.03 15.6 NA 0 6.GLUL16,
ARG268,T
. HR264,GL | LEU282,VAL
6 | CFLAR Etoposide -6.01 2.98 122.62 U263 ASN 311 NA
262
7 PON1 | Fluvastatin -5.91 -0.2 46.67 LYS81 PHEX7 NA
8 | CDK2 | Glutathione | -6.61 -0.33 14.31 NA NA NA
9 PBX1 | Glutathione | -4.73 -0.24 343.05 NA NA NA
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10 | CDK2 | Hydroxyurea| -4.96 20.99 232.66 NA NA NA
11 | PONL | lovastatin | -8.06 0.28 1.23 NA NA NA
GLY29.SE | TYR105 ALA
12 | CTLA4 | methimazole| -2.91 -0.42 736 | R27.TYRL| 26,SER27.M NA
05 ET3,PRO2S
. THR115.G | TYR119 PHE
13 | IL2RA prednisone -8.61 -0.33 488.16 LU116 121 NA
14 JMéDl raloxifene | -9.56 .0.28 98.83 NA NA NA
HLADO | . _ .. PHEL7.CY
15 B1 ribavirin -3.89 -0.23 1.41 s15 NA NA
LYS930M
o ET978,GL | VAL911,LEU
16 | TYK2 ribavirin -5.2 -0.31 154.98 U979,VAL 1030 NA
081
17 PON1 simvastatin -8.36 -0.28 742.79 NA NA NA
18| 1.2 | tacrolimus | -13.64 | -0.24 99.85 NA LEUS6 NA
19 | IL2RA | tacrolimus | -16.27 | -0.29 1.18 NA NA ASP6
ALALGAL
. . YS170.GL
20 CD2 indomethacin| -5.26 -0.21 139.44 U131,THR THR163 LYS170
163
21 | cD247 | indomethacin| -3.97 -0.16 1.22 A?Sgigp ARG312 ARG312
CYS8L.GL
24| ATM | Chloroquine| -3.18 0.14 465 | U35 SERS CYssi’LEU‘O’ NA
0
ALA195.LEU
248,LYS252,
23| EHF | collagenase| -6.18 0.24 29.48 | LYSI8L | yoost prHE|  NA
YS196
212
SER313.S
ER315,PH
E306,ARG | SER317,GLY
24 | MAFB | Etoposi@ | -6.84 -0.16 9.75 | 307.SER31 305,GLY310, NA
7.GLY305,| GLU308
GLY310.G
LU308

The compound (liganebarget complex was performed and its interaction studies was

visualized in Discovery Studio Visualizer and PyMol visualizpicted in theFig.3.
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Fig. 3:- Compound (ligand)}target complex was performed and its interaction

Visualized structures

CONCLUSION

The present nivestigation was carried out to explore the genes and their interactions
pertaining to Rheumatoidrthritis (RA) which is throughn-silico and molecular docking
analysis. The present strategy of bioinformatics analysis is to exploit the current data
available both on gene amgkénomewide association study (GWAS) meataalysis of RAo
integrate these at novel levels of understanding of gene network interactions and expression

levels.

In this study a total 267 unique genes wereedifor RA from 39 GWAS sidies. The
STRING database reported the genes namely STAT4, CD40, CD28, CD247DRBA,

IRF8, IRF4, REL, EOMES, CSF2, IL2, IL3, TYK2, CSF2 and CD5 at the core region of the
RA network of 216 BP genes. These genes may be said to play a key in RA ascarlbas
differentially expressed in RA disease. The Drug association analysis of WebGestalt has
reported 28 drugs interacted with 41 genes or its corresponding proteins out ofledktiy

was performed fol5drugs and 18 potential targets as they aradda be key regulators in

RA disease. It is clear that episode of RA differs from person to person based on their genes,
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