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Abstract  

Aim: To identify the significant genes and pathways involved in asthma patients and                       

asthma-affected patients treated with Budesonide is the aim of our research. 

Materials and Methods: DNA microarray analysis for asthma has been performed and significant 

DEGs are identified. Up-regulated genes and down-regulated genes were identified by GEO2R 

analysis. Gene-Gene interaction was predicted using the STRING. Gene Ontology was analyzed by 

using the STRING and FunRich. Hub genes were observed by using CytoHubba plugins of 

Cytoscape. Results: By analyzing GEO2R, 22 genes were upregulated genes and 16 genes were 

downregulated genes. We have obtained the gene comprising 28 nodes and 8 edges with an 

estimating clustering coefficient of 0.25 in pHBECs with not treated and pHBECs treated with 

Budesonide. Gene ontology has shown the 27 genes located in the large intestine as a COSMIC 

analysis more than other analyses. By using the CytoHubba plugin of Cytoscape, identified MMP3, 

TSLP, POSTN, ETS1, and SAA1 as hub genes. Conclusion: Due to this limitation, the medications 

that are brought into the market are not site-directed, and rather they showed random inhibitory 

actions. So we have developed a computational pipeline to identify the significant novel genes and 

novel pathways involved in the asthma patient and asthma-affected patient treated with Budesonide. 
 

Key-words: Asthma, Significant Genes, Budesonide,  Primary Human Bronchial Epithelial Cells 

(pHBEC) Control (Non-stimulated), Primary Human Bronchial Epithelial Cells (pHBEC) 

Budesonide, Gene Ontology, and Hub Genes, Novel Genetic Mechanism, Molecular Biology, 
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1. Introduction 

 

Asthma is a chronic inflammatory disorder of the airways. It is characterized by recurrent 

symptoms of breathing and reduction of airflow (Quirt et al. 2018). Asthma is a disorder with several 

variants of the condition (I. Agache et al. 2012). In children and adults, asthma is a                              

non-communicative disorder. Asthma is a cause of specific gene-environment interactions with 

clinical heterogeneity as well as airway inflammation and remodeling type and intensity (Papi et al. 

2018). Asthma is clinically characterized by the manifestation of cough, wheeze, breath loss on the 

respiratory tract, and hypersensitivity. Due to the worldwide increase in asthma prevalence, mortality 

and morbidity have increased rapidly. Asthma patients are not necessarily easily identified and may 

not be treated as optimally as possible (Murata and Ling 2012). Asthma is characterized by increased 

respiratory hyperresponsiveness, airway constriction, and remodeling of an inflammatory response in 

the respiratory system (Wall et al. 2018). Primary human bronchial epithelial cells (pHBEC) have 

decreased antioxidants and increased oxidative response (Vaughan et al. 2017). The NIH reported 

that COVID-19, which can affect the nose, mouth, and lung that might lead to serious problems for 

asthma patients (―Website‖ n.d.). The identification of the gene targets is highly important to develop 

a new drug. Gene mutations have a major effect on the risk of asthma development (Ioana Agache 

and Akdis 2019). Our research could be applicable to identifying the crucial genes which are 

upregulated and downregulated asthma patients and asthma-affected patients treated with Budesonide 

in the field of drug discovery. 

Budesonide has been considered in clinical trials and is one of the inhaled corticosteroids used 

for the treatment of asthma (O’Connell 2002). Budesonide is a medicine used for the prevention and 

control, especially in the airways disease, gastrointestinal tract, and inflammatory diseases (Kalola 

and Ambati 2020). Budesonide is a potent anti-inflammatory medication. It binds and activates 

glucocorticoid receptor (GR) in the effector cell cytoplasm which allows the translocation in the 

bronchial nucleus of this budesonide-GR complex, which binds in both HDCA2 and with CBP 

(HAT) (Kalola and Ambati 2020; Adcock and Mumby 2017). This CBP (HAT) receptor prevents the 

inhibition of gene transcription which can lead to bronchoconstriction (Kalola and Ambati 2020). 

Budesonide is a highly topical glucocorticoid with low systemic bioavailability, and in contrast with 

other glucocorticoids decreases systemic effects (Brogden and McTavish 1992; Mostafa et al. 2019). 

The esterification mechanism increases the lipophilicity of budesonide to a larger extent than of other 

ICSs (O’Connell 2003). Budesonide inhalation suspension (BIS) is used in children aged 6 months to 

5 years for the long-period treatment of asthma (Hvizdos and Jarvis 2000; Berger 2005). 

https://paperpile.com/c/VQVa4J/wJ6o
https://paperpile.com/c/VQVa4J/ztYc
https://paperpile.com/c/VQVa4J/FCss
https://paperpile.com/c/VQVa4J/FCss
https://paperpile.com/c/VQVa4J/bwDr
https://paperpile.com/c/VQVa4J/rIQR
https://paperpile.com/c/VQVa4J/HTEe
https://paperpile.com/c/VQVa4J/ulkZ
https://paperpile.com/c/VQVa4J/RXcw
https://paperpile.com/c/VQVa4J/RXcw
https://paperpile.com/c/VQVa4J/beWd
https://paperpile.com/c/VQVa4J/2Rvz
https://paperpile.com/c/VQVa4J/2Rvz
https://paperpile.com/c/VQVa4J/2Rvz+EO0U
https://paperpile.com/c/VQVa4J/2Rvz
https://paperpile.com/c/VQVa4J/46ee+sRFy
https://paperpile.com/c/VQVa4J/dvd5
https://paperpile.com/c/VQVa4J/Ta5k+5G9V
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Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R. 

Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu, 

Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; 

Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 

2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the 

growing trend in this area motivated us to pursue this project.  

The major lacunae is that in other research they haven't studied the genes involved in the 

primary human bronchial epithelial cells (pHBEC) Control (non-stimulated) and treated with 

Budesonide in asthma. Due to this limitation, the medications that are brought into the market are not 

site-directed and rather they showed random inhibitory actions. So we have a computational pipeline 

to identify the significant genes and pathways involved in the asthma patient and asthma patient 

treated with Budesonide is the aim of our research. 

 

2. Materials and Methods 

 

2.1 Dataset 

 

The expression gene dataset of primary human bronchial epithelial cells (pHBEC) Control 

(non-stimulated) and treated with Budesonide were computed from NCBI Gene Expression Omnibus 

(GEO) (https://www.ncbi.nlm.nih.gov/geo/). GSE161805 consists of 2 groups with 6 samples each. 

Grouping the dataset into 2 groups and classified the Group as primary human bronchial epithelial 

cells (pHBEC) Control (non-stimulated) and primary human bronchial epithelial cells (pHBEC) 

Budesonide. In classification, each Group has 6 samples. GEO2R was used to identify the expressed 

genes (Ruan, Wang, and Li 2006) shown in Table 1. 

  

https://paperpile.com/c/VQVa4J/9BGp9+RhuNP+cedmS+k8k9V+CpTd4+QHPOi+YeBxr+QBeKX+hItY4+y13bO+Zi9ky+UmXIf+6mPcy+CzvHn+xtQ58+RoiM4
https://paperpile.com/c/VQVa4J/9BGp9+RhuNP+cedmS+k8k9V+CpTd4+QHPOi+YeBxr+QBeKX+hItY4+y13bO+Zi9ky+UmXIf+6mPcy+CzvHn+xtQ58+RoiM4
https://paperpile.com/c/VQVa4J/9BGp9+RhuNP+cedmS+k8k9V+CpTd4+QHPOi+YeBxr+QBeKX+hItY4+y13bO+Zi9ky+UmXIf+6mPcy+CzvHn+xtQ58+RoiM4
https://paperpile.com/c/VQVa4J/9BGp9+RhuNP+cedmS+k8k9V+CpTd4+QHPOi+YeBxr+QBeKX+hItY4+y13bO+Zi9ky+UmXIf+6mPcy+CzvHn+xtQ58+RoiM4
https://paperpile.com/c/VQVa4J/9BGp9+RhuNP+cedmS+k8k9V+CpTd4+QHPOi+YeBxr+QBeKX+hItY4+y13bO+Zi9ky+UmXIf+6mPcy+CzvHn+xtQ58+RoiM4
https://paperpile.com/c/VQVa4J/cfkh
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Table 1 - Retrieving Gene Expression Dataset of Primary Human Bronchial Epithelial Cells (pHBEC) with not Treated and 

Primary Human Bronchial Epithelial Cells (pHBEC) Treated with Budesonide from GSE161805  

Group Accession Title Source 
name 

Subject/donor id Cell type Treatm
ent 

No of sample 
in each group 

GSM491
4821 

pHBEC, 

control, 6h, 
donor 1 

pHBEC_co
ntrol_6h 

donor 1 primary human 

bronchial epithelial 
cells (pHBEC) 

Control 

(non-
stimulated) 

6h 6 

GSM491
4822 

pHBEC, 

control, 6h, 
donor 2 

pHBEC_co
ntrol_6h 

donor 2 primary human 

bronchial epithelial 
cells (pHBEC) 

Control 

(non-
stimulated) 

6h 

GSM491
4823 

pHBEC, 

control, 6h, 

donor 3 

pHBEC_co
ntrol_6h 

donor 3 primary human 

bronchial epithelial 

cells (pHBEC) 

Control 

(non-

stimulated) 

6h 

GSM491

4824 

pHBEC, 

control, 6h, 
donor 4 

pHBEC_co

ntrol_6h 

donor 4 primary human 

bronchial epithelial 
cells (pHBEC) 

Control 

(non-
stimulated) 

6h 

GSM491
4825 

pHBEC, 

control, 6h, 

donor 5 

pHBEC_co
ntrol_6h 

donor 5 primary human 

bronchial epithelial 

cells (pHBEC) 

Control 

(non-

stimulated) 

6h 

GSM491
4826 

pHBEC, 

control, 6h, 
donor 6 

pHBEC_co
ntrol_6h 

donor 6 primary human 

bronchial epithelial 
cells (pHBEC) 

Control 

(non-
stimulated) 

6h 

GSM491

4827 

pHBEC, bud, 

6h, donor 1 

pHBEC_bu

d_6h 

donor 1 primary human 

bronchial epithelial 
cells (pHBEC) 

Budesonide 6h 6 

GSM491
4828 

pHBEC, bud, 
6h, donor 2 

pHBEC_bu
d_6h 

donor 2 primary human 

bronchial epithelial 
cells (pHBEC) 

Budesonide 6h 

GSM491

4829 

pHBEC, bud, 

6h, donor 3 

pHBEC_bu

d_6h 

donor 3 primary human 

bronchial epithelial 
cells (pHBEC) 

Budesonide 6h 

GSM491
4830 

pHBEC, bud, 
6h, donor 4 

pHBEC_bu
d_6h 

donor 4 primary human 

bronchial epithelial 

cells (pHBEC) 

Budesonide 6h 

GSM491
4831 

pHBEC, bud, 
6h, donor 5 

pHBEC_bu
d_6h 

donor 5 primary human 

bronchial epithelial 
cells (pHBEC) 

Budesonide 6h 

GSM491
4832 

pHBEC, bud, 
6h, donor 6 

pHBEC_bu
d_6h 

donor 6 primary human 

bronchial epithelial 

cells (pHBEC) 

Budesonide 6h 

 

2.2. Identification of Significant Genes 

 

In GEO2R analysis, the P-value cut was set greater than 0.05 (0.05 < p ≤ 1) from the primary 

human bronchial epithelial cells (pHBEC) Control (non-stimulated), and primary human bronchial 

epithelial cells (pHBEC) Budesonide (Udhaya Kumar et al. 2020) (S. et al. 2020). 

 

 

 

https://paperpile.com/c/VQVa4J/rPqu
https://paperpile.com/c/VQVa4J/7tL6
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2.3. Classification of Up-regulated and Down-regulated Genes 

 

In GEO2R analysis, the upregulated genes (UG) (log FC ≥ 1) and downregulated genes (DG) 

(log FC ≤ −1) were identified from the primary human bronchial epithelial cells (pHBEC) Control 

(non-stimulated), and primary human bronchial epithelial cells (pHBEC) Budesonide (Udhaya Kumar 

et al. 2020)(S. et al. 2020). 

 

2.4 Gene-Gene Interaction   

 

STRING database (Search Tool for the Retrieval of Interacting Proteins) is a web-based 

software used for Gene-Gene Interaction, and Functional Enrichment Analysis (https://string-

db.org/). Upregulated genes and downregulated genes in the primary human bronchial epithelial cells 

(pHBEC) Control (non-stimulated) and primary human bronchial epithelial cells (pHBEC) 

Budesonide were given as input in the STRING prediction to identify the gene-gene interactions 

(Mering et al. 2003).  

 

2.5 Gene Enrichment Analysis 

 

Upregulated genes and downregulated genes in the primary human bronchial epithelial cells 

(pHBEC) Control (non-stimulated) and primary human bronchial epithelial cells (pHBEC) 

Budesonide were given as input in the STRING prediction to identify the Gene Ontology (Mering et 

al. 2003). 

 

2.6 Refined Gene Enrichment Analysis 

 

FunRich database (functional enrichment analysis) is a software tool used for the analysis of 

the Gene Ontology and pathways. Enrichment analysis contains cellular components (CC), molecular 

function (MF), biological processes (BP), biological pathways, a protein domain, a site of expression, 

transcription factor, clinical phenotype and cosmic analysis. Upregulated genes and downregulated 

genes in the primary human bronchial epithelial cells (pHBEC) Control (non-stimulated) and primary 

human bronchial epithelial cells (pHBEC) Budesonide were given as input in the FunRich database 

(Pathan et al. 2015). 

 

https://paperpile.com/c/VQVa4J/rPqu
https://paperpile.com/c/VQVa4J/rPqu
https://paperpile.com/c/VQVa4J/7tL6
https://paperpile.com/c/VQVa4J/uAVY
https://paperpile.com/c/VQVa4J/uAVY
https://paperpile.com/c/VQVa4J/uAVY
https://paperpile.com/c/VQVa4J/MIqD
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2.7 Hub Gene Identification 

 

CytoHubba gives a fast interface for the analysis of the molecular interaction network. String 

interaction in the primary human bronchial epithelial cells (pHBEC) Control (non-stimulated) and 

primary human bronchial epithelial cells (pHBEC) Budesonide were given as input in CytoHubba 

(Chin et al. 2014).  

 

2.8 Integrated Gene Enrichment 

 

CluePedia includes Gene ontology in the analysis of the pathways interaction. In CluePedia, 

Ontologies pathways like Biological pathways, Cellular component, Immune system process, 

Molecular function, Protein domains, KEGG, Reactome, and Wikipathways are selected. String 

interaction in the primary human bronchial epithelial cells (pHBEC) Control (non-stimulated) and 

primary human bronchial epithelial cells (pHBEC) Budesonide were given as input in CluePedia 

(Bindea, Galon, and Mlecnik 2013). 

 

3. Results 

 

3.1 Identification of Significant Genes 

 

In GEO2R analysis, we have observed 38 significant genes in primary human bronchial 

epithelial cells (pHBEC) with not treated and primary human bronchial epithelial cells (pHBEC) 

treated with Budesonide shown in Table. 2. 

 

Table 2 - A number of Significant Genes and Upregulated and Downregulated Genes from Primary Human Bronchial 

Epithelial Cells (pHBEC) with not Treated and Primary Human Bronchial Epithelial Cells (pHBEC) Treated with 

Budesonide 

Total number of significant genes  38 

Total number of upregulated genes  22 

Total number of downregulated genes  16 

 

 

 

 

https://paperpile.com/c/VQVa4J/lSGg
https://paperpile.com/c/VQVa4J/KcXV
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3.2 Classification of Up-regulated and Down-regulated Genes 

 

In GEO2R analysis, we have observed 22 upregulated genes and 16 downregulated genes in 

primary human bronchial epithelial cells (pHBEC) with not treated and primary human bronchial 

epithelial cells (pHBEC) treated with Budesonide shown in Table. 2. 

 

3.3 Gene-Gene Interaction 

 

In STRING analysis, we have observed the gene comprised of 28 nodes and 8 edges with an 

estimating clustering coefficient of 0.25 in primary human bronchial epithelial cells (pHBEC) with 

not treated and primary human bronchial epithelial cells (pHBEC) treated with Budesonide shown in 

Fig. 1.  

 

Fig. 1 - Gene Gene Interaction Obtained from STRING Analysis for Primary Human Bronchial Epithelial Cells (pHBEC) 

with not Treated and Primary Human Bronchial Epithelial Cells (pHBEC) Treated with Budesonide 
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3.4 Gene Enrichment Analysis  

 

In STRING analysis, we have predicted Gene Ontology as 61 biological processes, and 2 

cellular components in primary human bronchial epithelial cells (pHBEC) with not treated and 

primary human bronchial epithelial cells (pHBEC) treated with Budesonide shown in Table. 3. 

 

Table 3 - Gene Ontology Obtained from STRING Analysis for (pHBEC) with not Treated and (pHBEC) Treated with 

Budesonide. In the Biological Process, 20 Genes are a Response to Stimulus and in Cellular Components, 8 Genes are 

Present in Extracellular Space 

Analysis  Team description   Gene count  

Biological Process Response to stimulus 20 

Cellular Components  Extracellular space 8 

 

3.5 Refined Gene Enrichment Analysis 

 

In FunRich analysis, we analyzed the 9 genes involved in the cytoplasm as a cellular 

component, 3 genes involved in molecular functions unknown, Transporter activity and Catalytic 

activity as a molecular function, 9 genes involved in the signal transduction as a biological process, 

10 genes involved in ErbB receptor signaling pathway involved as a biological pathways, 9 genes 

involved in the signal peptide and transmembrane domain as a protein domain, 21 genes involved in 

HUVEC as a site of expression, 12 genes involved in SPI as a transcription factor, 3 genes involved 

in Abdomen, Abducted thumbs and great toes and Absent or minimally ossified vertebral bodies as a 

clinical phenotype and 27 genes involved in the large intestine as a cosmic in primary human 

bronchial epithelial cells (pHBEC) with not treated and primary human bronchial epithelial cells 

(pHBEC) treated with Budesonide shown in Table. 4. 

 

Table 4 - Gene Enrichment Analysis Obtained from FunRich for Primary Human Bronchial Epithelial Cells (pHBEC) with 

not Treated and Primary Human Bronchial Epithelial Cells (pHBEC) Treated with Budesonide  

Analysis  Analysis detail  No of the genes in the 

dataset 

Cellular component  Cytoplasm  9 

Molecular function Molecular functions     unknown, Transporter activity and Catalytic 

activity 

3 each  

Biological process Signal transduction  9 

Biological pathway ErbB receptor signaling pathway 10 

Protein domain Signal peptide and transmembrane domain 9 each  

Site of expression HUVEC  21 

Transcription factor SPI  12 

Clinical phenotype Abdomen, Abducted thumbs and great toes, and Absent or minimally 

ossified vertebral bodies 

3 each  

COSMIC Large intestine  27 
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3.6 Hub Gene Identification          

In the CytoHubba plugin of Cytoscape, we identified MMP3, TSLP, POSTN, ETS1, and 

SAA1 as hub genes in primary human bronchial epithelial cells (pHBEC) with not treated and 

primary human bronchial epithelial cells (pHBEC) treated with Budesonide shown in Fig. 2. 

 

Fig. 2 - Hub Gene Identification from CytoHubba for Primary Human Bronchial Epithelial Cells (pHBEC) with not Treated 

and Primary Human Bronchial Epithelial cells (pHBEC) Treated with Budesonide. The Genes are MMP3, TSLP, POSTN, 

ETS1, and SAA1 as Hub Genes 

 

 

3.7 Integrated Gene Enrichment  

 

In the CluePedia plugin of Cytoscape, we haven't identified the pathway involved in primary 

human bronchial epithelial cells (pHBEC) with not treated and primary human bronchial epithelial 

cells (pHBEC) treated with Budesonide because there is no well-defined interaction and pathway 

involved here (Bindea, Galon, and Mlecnik 2013). 

 

4. Discussion  

 

The microarray dataset was retrieved from NCBI Gene Expression Omnibus (GEO) 

(https://www.ncbi.nlm.nih.gov/geo/) with ID GSE161805. By using GEO2R, differentially expressed 

genes (DEGs) were identified among primary human bronchial epithelial cells (pHBEC) with not 

treated and primary human bronchial epithelial cells (pHBEC) treated with Budesonide. A total of 38 

significant genes (SG), 22 upregulated genes (UG), and 16 downregulated (DG) were identified from 

https://paperpile.com/c/VQVa4J/KcXV
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GEO2R analysis. TNFSF11, MMP3, ETS1, POSTN, TSLP, DUSP5, IL13RA2, HSD11B1, HPGD, 

SAA1, and HRH1 genes were shown interaction in STRING whereas MMP3, TSLP, POSTN, ETS1, 

and SAA1 genes were identified as a hub gene by CytoHubba.  

The hub genes are MMP3, TSLP, POSTN, ETS1, and SAA1. Matrix metalloproteinase 3 

(MMP3), according to gene ontology, takes part in metallopeptidase activity and calcium ion binding 

(Yuan et al. 2010). An effective strategy to prevent respiratory disorders might be an MMP inhibitor 

(Vandenbroucke, Dejonckheere, and Libert 2011). In Thymic Stromal Lymphopoietin (TSLP), gene 

ontology explained that this gene interacts with cytokine activity (He et al. 2009). In comparison with 

healthy controls, asthmatic epithelial cells have increased the Thymic Stromal Lymphopoietin 

(TSLP) protein secretion (Moorehead et al. 2020). In Periostin (POSTN), gene ontology explained 

that this gene includes cell adhesion molecule binding and heparin-binding (Coutu et al. 2008). 

Periostin is expressed in the lungs of idiopathic respiratory fibrosis patients, and its serum 

concentrations will estimate drug outcomes (Izuhara et al. 2016). ETS Proto-Oncogene 1, 

Transcription Factor (ETS1), gene ontology explained that this gene interacts with DNA-binding 

transcription factor activity and transcription factor binding (Lamber et al. 2008). In Serum Amyloid 

A1 (SAA1), gene ontology explained that this gene includes chemoattractant activity and heparin-

binding (Carty et al. 2009). Thus, these hub genes can further be used for computer-aided drug design 

to develop a drug for asthma. 

The interacting genes observed from the CytoHubba plugin of Cytoscape analysis have shown 

that these hub genes are related to primary human bronchial epithelial cells (pHBEC) with not treated 

and primary human bronchial epithelial cells (pHBEC) treated with Budesonide but in some studies, 

these genes are involved in other diseases. MMP3 gene is involved in many cardiovascular diseases 

such as Coronary heart disease (CHD) (Pawlik et al. 2017). The POSTN gene is involved in cancer 

and it is important for developing drugs for POSTN function (González-González et al. 2019). 

However, these genes related to primary human bronchial epithelial cells (pHBEC) with not treated 

and primary human bronchial epithelial cells (pHBEC) treated with Budesonide was not in the 

existing literature and also the analyses performed in this study.  

Our institution is passionate about high quality evidence based  research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy.  

 

https://paperpile.com/c/VQVa4J/B0Zz
https://paperpile.com/c/VQVa4J/eu73
https://paperpile.com/c/VQVa4J/dhSd
https://paperpile.com/c/VQVa4J/FqHb
https://paperpile.com/c/VQVa4J/A7nm
https://paperpile.com/c/VQVa4J/HEDv
https://paperpile.com/c/VQVa4J/NAS8
https://paperpile.com/c/VQVa4J/EimK
https://paperpile.com/c/VQVa4J/gwIF
https://paperpile.com/c/VQVa4J/mcKk
https://paperpile.com/c/VQVa4J/hhK69+cPZqV+sM9Xr+mLqRs+gsTPf+XMNow+eOcBk
https://paperpile.com/c/VQVa4J/hhK69+cPZqV+sM9Xr+mLqRs+gsTPf+XMNow+eOcBk
https://paperpile.com/c/VQVa4J/hhK69+cPZqV+sM9Xr+mLqRs+gsTPf+XMNow+eOcBk


 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                565 

 

The major limitation of our study is that these genes and pathways need to be confirmed by 

wet lab techniques such as western blot and RT-PCR before they can be clinically applied. Only the 

significant genes were identified but the reason for the upregulated and downregulated is not studied. 

Studying the mutations and post-translational modifications are further essential to understand the 

role of these genes in the disease. We have developed a computational pipeline to identify the 

significant genes and pathways involved in the asthma patient and asthma patient treated with 

Budesonide. Our research could be applicable to identifying the crucial genes which are upregulated 

and downregulated asthma patients and asthma-affected patients treated with Budesonide in the field 

of drug discovery. Based on the identified genes, the results can be further taken to computer-aided 

drug design to develop a drug for asthma. 

 

5. Conclusion 

 

Asthma is a chronic inflammatory disease of the airways. Thus sorted the significant genes 

and the upregulated genes and downregulated genes during the normal condition, and during the 

condition treated with Budesonide, and that was analyzed by GEO2R. Due to this limitation, the 

medications that are brought into the market are not site-directed and rather they showed random 

inhibitory actions. As the result developed a computational pipeline for identifying the novel 

significant genes and pathways involved in the asthma patient and treated with Budesonide, and the 

identified genes can use computer-aided drug design to develop a drug for asthma. 

 

Declarations 

 

Conflict of Interest 

 

The authors of this paper declare no conflict of interest.  

 

Author Contribution 

 

Author DR was involved in data collection, data analysis, manuscript writing. Author MD 

was involved in conceptualization, guidance and critical review of manuscript. 

 

 



 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                566 

 

Acknowledgments 

 

The authors would like to express their gratitude towards Saveetha School of engineering, 

Saveetha Institute of Medical and Technical Sciences (Formerly known as Saveetha University) for 

providing the necessary infrastructure to carry out this work successfully.  

 

Funding 

 

We thank the following organizations for providing financial support that enabled us to 

complete the study.  

1. Finura Bioteks 

2. Saveetha University 

3. Saveetha Institute of Medical and Technical Sciences 

4. Saveetha School of engineering 

 

 References  
 

Adcock, Ian M., and Sharon Mumby. 2017. ―Glucocorticoids.‖ Handbook of Experimental 

Pharmacology 237: 171–96. 

Agache, I., C. Akdis, M. Jutel, and J. C. Virchow. 2012. ―Untangling Asthma Phenotypes and 

Endotypes.‖ Allergy 67 (7): 835–46. 

Agache, Ioana, and Cezmi A. Akdis. 2019. ―Precision Medicine and Phenotypes, Endotypes, 

Genotypes, Regiotypes, and Theratypes of Allergic Diseases.‖ The Journal of Clinical Investigation 

129 (4): 1493–1503. 

Berger, William E. 2005. ―Budesonide Inhalation Suspension for the Treatment of Asthma in Infants 

and Children.‖ Drugs. https://doi.org/10.2165/00003495-200565140-00005. 

Bindea, Gabriela, Jérôme Galon, and Bernhard Mlecnik. 2013. ―Clue Pedia Cytoscape Plugin: 

Pathway Insights Using Integrated Experimental and in Silico Data.‖ Bioinformatics  29 (5): 661–63. 

Brogden, R. N., and D. McTavish. 1992. ―Budesonide. An Updated Review of Its Pharmacological 

Properties, and Therapeutic Efficacy in Asthma and Rhinitis.‖ Drugs 44 (3): 375–407. 

Carty, Cara L., Patrick Heagerty, Susan R. Heckbert, Daniel A. Enquobahrie, Gail P. Jarvik, Scott 

Davis, Russell P. Tracy, and Alexander P. Reiner. 2009. ―Association of Genetic Variation in Serum 

Amyloid-A with Cardiovascular Disease and Interactions withIL6, IL1RN, IL1.BETA. and TNF 

Genes in the Cardiovascular Health Study.‖ Journal of Atherosclerosis and Thrombosis. 

https://doi.org/10.5551/jat.no968. 

Chin, Chia-Hao, Shu-Hwa Chen, Hsin-Hung Wu, Chin-Wen Ho, Ming-Tat Ko, and Chung-Yen Lin. 

2014. ―cytoHubba: Identifying Hub Objects and Sub-Networks from Complex Interactome.‖ BMC 

Systems Biology 8 (4): 1–7. 

http://paperpile.com/b/VQVa4J/EO0U
http://paperpile.com/b/VQVa4J/EO0U
http://paperpile.com/b/VQVa4J/EO0U
http://paperpile.com/b/VQVa4J/EO0U
http://paperpile.com/b/VQVa4J/ztYc
http://paperpile.com/b/VQVa4J/ztYc
http://paperpile.com/b/VQVa4J/ztYc
http://paperpile.com/b/VQVa4J/ztYc
http://paperpile.com/b/VQVa4J/RXcw
http://paperpile.com/b/VQVa4J/RXcw
http://paperpile.com/b/VQVa4J/RXcw
http://paperpile.com/b/VQVa4J/RXcw
http://paperpile.com/b/VQVa4J/RXcw
http://paperpile.com/b/VQVa4J/5G9V
http://paperpile.com/b/VQVa4J/5G9V
http://paperpile.com/b/VQVa4J/5G9V
http://paperpile.com/b/VQVa4J/5G9V
http://dx.doi.org/10.2165/00003495-200565140-00005
http://dx.doi.org/10.2165/00003495-200565140-00005
http://paperpile.com/b/VQVa4J/KcXV
http://paperpile.com/b/VQVa4J/KcXV
http://paperpile.com/b/VQVa4J/KcXV
http://paperpile.com/b/VQVa4J/KcXV
http://paperpile.com/b/VQVa4J/46ee
http://paperpile.com/b/VQVa4J/46ee
http://paperpile.com/b/VQVa4J/46ee
http://paperpile.com/b/VQVa4J/46ee
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/EimK
http://paperpile.com/b/VQVa4J/lSGg
http://paperpile.com/b/VQVa4J/lSGg
http://paperpile.com/b/VQVa4J/lSGg
http://paperpile.com/b/VQVa4J/lSGg
http://paperpile.com/b/VQVa4J/lSGg


 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                567 

 

Coutu, Daniel L., Jian Hui Wu, Anne Monette, Georges-Étienne Rivard, Mark D. Blostein, and 

Jacques Galipeau. 2008. ―Periostin, a Member of a Novel Family of Vitamin K-Dependent Proteins, 

Is Expressed by Mesenchymal Stromal Cells.‖ Journal of Biological Chemistry. 

https://doi.org/10.1074/jbc.m708029200. 

Ezhilarasan, Devaraj, Velluru S. Apoorva, and Nandhigam Ashok Vardhan. 2019. ―Syzygium 

Cumini Extract Induced Reactive Oxygen Species-Mediated Apoptosis in Human Oral Squamous 

Carcinoma Cells.‖ Journal of Oral Pathology & Medicine: Official Publication of the International 

Association of Oral Pathologists and the American Academy of Oral Pathology 48 (2): 115–21. 

Gheena, S., and D. Ezhilarasan. 2019. ―Syringic Acid Triggers Reactive Oxygen Species-Mediated 

Cytotoxicity in HepG2 Cells.‖ Human & Experimental Toxicology 38 (6): 694–702. 

González-González, Alicia, Enrique García Nieto, Alicia González, Cristina Sánchez-Fernández, 

Carolina Alonso-González, Javier Menéndez-Menéndez, José Gómez-Arozamena, Samuel Cos, and 

Carlos Martínez-Campa. 2019. ―Melatonin Modulation of Radiation and Chemotherapeutics-Induced 

Changes on Differentiation of Breast Fibroblasts.‖ International Journal of Molecular Sciences 20 

(16). https://doi.org/10.3390/ijms20163935. 

He, Jian-Qing, Teal S. Hallstrand, Darryl Knight, Moira Chan-Yeung, Andrew Sandford, Ben Tripp, 

David Zamar, et al. 2009. ―A Thymic Stromal Lymphopoietin Gene Variant Is Associated with 

Asthma and Airway Hyperresponsiveness.‖ Journal of Allergy and Clinical Immunology. 

https://doi.org/10.1016/j.jaci.2009.04.018. 

Hvizdos, K. M., and B. Jarvis. 2000. ―Budesonide Inhalation Suspension: A Review of Its Use in 

Infants, Children and Adults with Inflammatory Respiratory Disorders.‖ Drugs 60 (5): 1141–78. 

Izuhara, Kenji, Simon J. Conway, Bethany B. Moore, Hisako Matsumoto, Cecile T. J. Holweg, John 

G. Matthews, and Joseph R. Arron. 2016. ―Roles of Periostin in Respiratory Disorders.‖ American 

Journal of Respiratory and Critical Care Medicine 193 (9): 949–56. 

Jose, Jerry, Ajitha, and Haripriya Subbaiyan. 2020. ―Different Treatment Modalities Followed by 

Dental Practitioners for Ellis Class 2 Fracture – A Questionnaire-Based Survey.‖ The Open Dentistry 

Journal 14 (1): 59–65. 

Kalola, Urvashi K., and Shashikanth Ambati. 2020. ―Budesonide.‖ In StatPearls [Internet]. Stat 

Pearls Publishing. 

Ke, Yang, Mohammed Saleh Al Aboody, Wael Alturaiki, Suliman A. Alsagaby, Faiz Abdulaziz 

Alfaiz, Vishnu Priya Veeraraghavan, and Suresh Mickymaray. 2019. ―Photosynthesized Gold 

Nanoparticles from Catharanthus Roseus Induces Caspase-Mediated Apoptosis in Cervical Cancer 

Cells (HeLa).‖ Artificial Cells, Nanomedicine, and Biotechnology  47 (1): 1938–46. 

Krishnaswamy, Haribabu, Sivaprakash Muthukrishnan, Sathish Thanikodi, Godwin Arockiaraj 

Antony, and Vijayan Venkatraman. 2020. ―Investigation of Air Conditioning Temperature Variation 

by Modifying the Structure of Passenger Car Using Computational Fluid Dynamics.‖ Thermal 

Science 24 (1 Part B): 495–98. 

Lamber, E. P., L. Vanhille, L. Textor, G. S. Kachalova, M. H. Sieweke, and M. Wilmanns. 2008. 

―Activity Regulation of the Transcription Factor Ets-1 by DNA-Mediated Homo-Dimerization.‖ Acta 

Crystallographica Section A Foundations of Crystallography. 

https://doi.org/10.1107/s0108767308090429. 

Malli Sureshbabu, Nivedhitha, Kathiravan Selvarasu, Jayanth Kumar V, Mahalakshmi Nandakumar, 

and Deepak Selvam. 2019. ―Concentrated Growth Factors as an Ingenious Biomaterial in 

http://paperpile.com/b/VQVa4J/A7nm
http://paperpile.com/b/VQVa4J/A7nm
http://paperpile.com/b/VQVa4J/A7nm
http://paperpile.com/b/VQVa4J/A7nm
http://paperpile.com/b/VQVa4J/A7nm
http://paperpile.com/b/VQVa4J/A7nm
http://dx.doi.org/10.1074/jbc.m708029200
http://dx.doi.org/10.1074/jbc.m708029200
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/cPZqV
http://paperpile.com/b/VQVa4J/UmXIf
http://paperpile.com/b/VQVa4J/UmXIf
http://paperpile.com/b/VQVa4J/UmXIf
http://paperpile.com/b/VQVa4J/UmXIf
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/mcKk
http://paperpile.com/b/VQVa4J/dhSd
http://paperpile.com/b/VQVa4J/dhSd
http://paperpile.com/b/VQVa4J/dhSd
http://paperpile.com/b/VQVa4J/dhSd
http://paperpile.com/b/VQVa4J/dhSd
http://paperpile.com/b/VQVa4J/dhSd
http://dx.doi.org/10.1016/j.jaci.2009.04.018
http://dx.doi.org/10.1016/j.jaci.2009.04.018
http://paperpile.com/b/VQVa4J/Ta5k
http://paperpile.com/b/VQVa4J/Ta5k
http://paperpile.com/b/VQVa4J/Ta5k
http://paperpile.com/b/VQVa4J/Ta5k
http://paperpile.com/b/VQVa4J/HEDv
http://paperpile.com/b/VQVa4J/HEDv
http://paperpile.com/b/VQVa4J/HEDv
http://paperpile.com/b/VQVa4J/HEDv
http://paperpile.com/b/VQVa4J/HEDv
http://paperpile.com/b/VQVa4J/RoiM4
http://paperpile.com/b/VQVa4J/RoiM4
http://paperpile.com/b/VQVa4J/RoiM4
http://paperpile.com/b/VQVa4J/RoiM4
http://paperpile.com/b/VQVa4J/RoiM4
http://paperpile.com/b/VQVa4J/2Rvz
http://paperpile.com/b/VQVa4J/2Rvz
http://paperpile.com/b/VQVa4J/2Rvz
http://paperpile.com/b/VQVa4J/2Rvz
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/CzvHn
http://paperpile.com/b/VQVa4J/y13bO
http://paperpile.com/b/VQVa4J/y13bO
http://paperpile.com/b/VQVa4J/y13bO
http://paperpile.com/b/VQVa4J/y13bO
http://paperpile.com/b/VQVa4J/y13bO
http://paperpile.com/b/VQVa4J/y13bO
https://doi.org/10.1107/s0108767308090429
http://paperpile.com/b/VQVa4J/hItY4
http://paperpile.com/b/VQVa4J/hItY4


 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                568 

 

Regeneration of Bony Defects after Periapical Surgery: A Report of Two Cases.‖ Case Reports in 

Dentistry 2019 (January): 7046203. 

Mathew, M. G., S. R. Samuel, A. J. Soni, and K. B. Roopa. 2020. ―Evaluation of Adhesion of 

Streptococcus Mutans, Plaque Accumulation on Zirconia and Stainless Steel Crowns, and 

Surrounding Gingival Inflammation in Primary ….‖ Clinical Oral Investigations. 

https://link.springer.com/article/10.1007/s00784-020-03204-9. 

Mehta, Meenu, Deeksha, Devesh Tewari, Gaurav Gupta, Rajendra Awasthi, Harjeet Singh, Parijat 

Pandey, et al. 2019. ―Oligonucleotide Therapy: An Emerging Focus Area for Drug Delivery in 

Chronic Inflammatory Respiratory Diseases.‖ Chemico-Biological Interactions 308 (August):            

206–15. 

Mering, Christian von, Martijn Huynen, Daniel Jaeggi, Steffen Schmidt, Peer Bork, and Berend Snel. 

2003. ―STRING: A Database of Predicted Functional Associations between Proteins.‖ Nucleic Acids 

Research 31 (1): 258–61. 

Moorehead, Amy, Raphael Hanna, Delia Heroux, Helen Neighbour, Andrew Sandford, Gail M. 

Gauvreau, Doron D. Sommer, Judah A. Denburg, and Loubna Akhabir. 2020. ―A Thymic Stromal 

Lymphopoietin Polymorphism May Provide Protection from Asthma by Altering Gene Expression.‖ 

Clinical and Experimental Allergy: Journal of the British Society for Allergy and Clinical 

Immunology 50 (4): 471–78. 

Mostafa, Mahmoud M., Christopher F. Rider, Suharsh Shah, Suzanne L. Traves, Paul M. K. Gordon, 

Anna Miller-Larsson, Richard Leigh, and Robert Newton. 2019. ―Glucocorticoid-Driven 

Transcriptomes in Human Airway Epithelial Cells: Commonalities, Differences and Functional 

Insight from Cell Lines and Primary Cells.‖ BMC Medical Genomics 12 (1): 1–21. 

Murata, Ariana, and Patrick M. Ling. 2012. ―Asthma Diagnosis and Management.‖ Emergency 

Medicine Clinics of North America 30 (2): 203–22. 

Muthukrishnan, Sivaprakash, Haribabu Krishnaswamy, Sathish Thanikodi, Dinesh Sundaresan, and 

Vijayan Venkatraman. 2020. ―Support Vector Machine for Modelling and Simulation of Heat 

Exchangers.‖ Thermal Science 24 (1 Part B): 499–503. 

O’Connell, Edward J. 2002. ―Efficacy of Budesonide in Moderate to Severe Asthma.‖ Clinical 

Therapeutics. https://doi.org/10.1016/s0149-2918(02)80005-4. 

O'Connell, E. J. (2003). Review of the unique properties of budesonide. Clinical therapeutics, 25, 

C42-C60..‖ Clinical Therapeutics. 

Papi, Alberto, Christopher Brightling, Søren E. Pedersen, and Helen K. Reddel. 2018. ―Asthma.‖ The 

Lancet. https://doi.org/10.1016/s0140-6736(17)33311-1. 

Pathan, Mohashin, Shivakumar Keerthikumar, Ching-Seng Ang, Lahiru Gangoda, Camelia Y. J. 

Quek, Nicholas A. Williamson, Dmitri Mouradov, et al. 2015. ―FunRich: An Open Access 

Standalone Functional Enrichment and Interaction Network Analysis Tool.‖ PROTEOMICS. 

https://doi.org/10.1002/pmic.201400515. 

Pawlik, Andrzej, Marzenna Plucinska, Mikołaj Kopec, Daniel Głabowski, Michał Czerewaty, and 

Krzysztof Safranow. 2017. ―MMP1 and MMP3 Gene Polymorphisms in Patients with Acute 

Coronary Syndromes.‖ IUBMB Life 69 (11): 850–55. 

Pc, J., T. Marimuthu, and P. Devadoss. 2018. ―Prevalence and Measurement of Anterior Loop of the 

Mandibular Canal Using CBCT: A Cross Sectional Study.‖ Clinical Implant Dentistry and Related 

Research. https://europepmc.org/article/med/29624863. 

http://paperpile.com/b/VQVa4J/hItY4
http://paperpile.com/b/VQVa4J/hItY4
http://paperpile.com/b/VQVa4J/hItY4
http://paperpile.com/b/VQVa4J/hItY4
http://paperpile.com/b/VQVa4J/mLqRs
http://paperpile.com/b/VQVa4J/mLqRs
http://paperpile.com/b/VQVa4J/mLqRs
http://paperpile.com/b/VQVa4J/mLqRs
http://paperpile.com/b/VQVa4J/mLqRs
http://paperpile.com/b/VQVa4J/mLqRs
https://link.springer.com/article/10.1007/s00784-020-03204-9
https://link.springer.com/article/10.1007/s00784-020-03204-9
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/YeBxr
http://paperpile.com/b/VQVa4J/uAVY
http://paperpile.com/b/VQVa4J/uAVY
http://paperpile.com/b/VQVa4J/uAVY
http://paperpile.com/b/VQVa4J/uAVY
http://paperpile.com/b/VQVa4J/uAVY
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/FqHb
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/sRFy
http://paperpile.com/b/VQVa4J/bwDr
http://paperpile.com/b/VQVa4J/bwDr
http://paperpile.com/b/VQVa4J/bwDr
http://paperpile.com/b/VQVa4J/bwDr
http://paperpile.com/b/VQVa4J/Zi9ky
http://paperpile.com/b/VQVa4J/Zi9ky
http://paperpile.com/b/VQVa4J/Zi9ky
http://paperpile.com/b/VQVa4J/Zi9ky
http://paperpile.com/b/VQVa4J/Zi9ky
http://paperpile.com/b/VQVa4J/beWd
http://paperpile.com/b/VQVa4J/beWd
http://paperpile.com/b/VQVa4J/beWd
http://paperpile.com/b/VQVa4J/beWd
http://dx.doi.org/10.1016/s0149-2918(02)80005-4
http://dx.doi.org/10.1016/s0149-2918(02)80005-4
http://paperpile.com/b/VQVa4J/dvd5
http://paperpile.com/b/VQVa4J/dvd5
http://paperpile.com/b/VQVa4J/dvd5
http://paperpile.com/b/VQVa4J/FCss
http://paperpile.com/b/VQVa4J/FCss
http://paperpile.com/b/VQVa4J/FCss
http://paperpile.com/b/VQVa4J/FCss
http://dx.doi.org/10.1016/s0140-6736(17)33311-1
http://dx.doi.org/10.1016/s0140-6736(17)33311-1
http://paperpile.com/b/VQVa4J/MIqD
http://paperpile.com/b/VQVa4J/MIqD
http://paperpile.com/b/VQVa4J/MIqD
http://paperpile.com/b/VQVa4J/MIqD
http://paperpile.com/b/VQVa4J/MIqD
http://paperpile.com/b/VQVa4J/MIqD
http://dx.doi.org/10.1002/pmic.201400515
http://dx.doi.org/10.1002/pmic.201400515
http://paperpile.com/b/VQVa4J/gwIF
http://paperpile.com/b/VQVa4J/gwIF
http://paperpile.com/b/VQVa4J/gwIF
http://paperpile.com/b/VQVa4J/gwIF
http://paperpile.com/b/VQVa4J/gwIF
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow
http://paperpile.com/b/VQVa4J/XMNow


 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                569 

 

Quirt, Jaclyn, Kyla J. Hildebrand, Jorge Mazza, Francisco Noya, and Harold Kim. 2018. ―Asthma.‖ 

Allergy, Asthma, and Clinical Immunology: Official Journal of the Canadian Society of Allergy and 

Clinical Immunology 14 (2): 1–16. 

Ramadurai, Neeraja, Deepa Gurunathan, A. Victor Samuel, Emg Subramanian, and Steven J. L. 

Rodrigues. 2019. ―Effectiveness of 2% Articaine as an Anesthetic Agent in Children: Randomized 

Controlled Trial.‖ Clinical Oral Investigations 23 (9): 3543–50. 

Ramesh, Asha, Sheeja Varghese, Nadathur D. Jayakumar, and Sankari Malaiappan. 2018. 

―Comparative Estimation of Sulfiredoxin Levels between Chronic Periodontitis and Healthy Patients 

- A Case-Control Study.‖ Journal of Periodontology 89 (10): 1241–48. 

Ruan, Xiao-Gang, Jin-Lian Wang, and Jian-Geng Li. 2006. ―A Network Partition Algorithm for 

Mining Gene Functional Modules of Colon Cancer from DNA Microarray Data.‖ Genomics, 

Proteomics & Bioinformatics. https://doi.org/10.1016/s1672-0229(07)60005-9. 

Samuel, Melvin S., Jayanta Bhattacharya, Sankalp Raj, Needhidasan Santhanam, Hemant Singh, and 

N. D. Pradeep Singh. 2019. ―Efficient Removal of Chromium (VI) from Aqueous Solution Using 

Chitosan Grafted Graphene Oxide (CS-GO) Nanocomposite.‖ International Journal of Biological 

Macromolecules 121 (January): 285–92. 

Samuel, Srinivasan Raj, Shashidhar Acharya, and Jeevika Chandrasekar Rao. 2020. ―School 

Interventions-Based Prevention of Early-Childhood Caries among 3-5-Year-Old Children from Very 

Low Socioeconomic Status: Two-Year Randomized Trial.‖ Journal of Public Health Dentistry 80 

(1): 51–60. 

Sathish, T., and S. Karthick. 2020. ―Wear Behaviour Analysis on Aluminium Alloy 7050 with 

Reinforced SiC through Taguchi Approach.‖ Journal of Japan Research Institute for Advanced 

Copper-Base Materials and Technologies 9 (3): 3481–87. 

Sharma, Parvarish, Meenu Mehta, Daljeet Singh Dhanjal, Simran Kaur, Gaurav Gupta, Harjeet 

Singh, Lakshmi Thangavelu, et al. 2019. ―Emerging Trends in the Novel Drug Delivery Approaches 

for the Treatment of Lung Cancer.‖ Chemico-Biological Interactions 309 (August): 108720. 

Sridharan, Gokul, Pratibha Ramani, Sangeeta Patankar, and Rajagopalan Vijayaraghavan. 2019. 

―Evaluation of Salivary Metabolomics in Oral Leukoplakia and Oral Squamous Cell Carcinoma.‖ 

Journal of Oral Pathology & Medicine: Official Publication of the International Association of Oral 

Pathologists and the American Academy of Oral Pathology 48 (4): 299–306. 

S., Udhaya Kumar, Bithia Rajan, Thirumal Kumar D., Anu Preethi V., Taghreed Abunada, Salma 

Younes, Sarah Okashah, Selvarajan Ethiraj, George Priya Doss C., and Hatem Zayed. 2020. 

―Involvement of Essential Signaling Cascades and Analysis of Gene Networks in Diabesity.‖ Genes. 

https://doi.org/10.3390/genes11111256. 

Udhaya Kumar, S., D. Thirumal Kumar, R. Siva, C. George Priya Doss, Salma Younes, Nadin 

Younes, Mariem Sidenna, and Hatem Zayed. 2020. ―Dysregulation of Signaling Pathways Due to 

Differentially Expressed Genes From the B-Cell Transcriptomes of Systemic Lupus Erythematosus 

Patients – A Bioinformatics Approach.‖ Frontiers in Bioengineering and Biotechnology 8. 

https://doi.org/10.3389/fbioe.2020.00276. 

Vandenbroucke, R. E., E. Dejonckheere, and C. Libert. 2011. ―A Therapeutic Role for Matrix 

Metalloproteinase Inhibitors in Lung Diseases?‖ The European Respiratory Journal: Official Journal 

of the European Society for Clinical Respiratory Physiology 38 (5): 1200–1214. 

http://paperpile.com/b/VQVa4J/wJ6o
http://paperpile.com/b/VQVa4J/wJ6o
http://paperpile.com/b/VQVa4J/wJ6o
http://paperpile.com/b/VQVa4J/wJ6o
http://paperpile.com/b/VQVa4J/wJ6o
http://paperpile.com/b/VQVa4J/eOcBk
http://paperpile.com/b/VQVa4J/eOcBk
http://paperpile.com/b/VQVa4J/eOcBk
http://paperpile.com/b/VQVa4J/eOcBk
http://paperpile.com/b/VQVa4J/eOcBk
http://paperpile.com/b/VQVa4J/sM9Xr
http://paperpile.com/b/VQVa4J/sM9Xr
http://paperpile.com/b/VQVa4J/sM9Xr
http://paperpile.com/b/VQVa4J/sM9Xr
http://paperpile.com/b/VQVa4J/sM9Xr
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/cfkh
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/CpTd4
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/cedmS
http://paperpile.com/b/VQVa4J/9BGp9
http://paperpile.com/b/VQVa4J/9BGp9
http://paperpile.com/b/VQVa4J/9BGp9
http://paperpile.com/b/VQVa4J/9BGp9
http://paperpile.com/b/VQVa4J/9BGp9
http://paperpile.com/b/VQVa4J/QBeKX
http://paperpile.com/b/VQVa4J/QBeKX
http://paperpile.com/b/VQVa4J/QBeKX
http://paperpile.com/b/VQVa4J/QBeKX
http://paperpile.com/b/VQVa4J/QBeKX
http://paperpile.com/b/VQVa4J/gsTPf
http://paperpile.com/b/VQVa4J/gsTPf
http://paperpile.com/b/VQVa4J/gsTPf
http://paperpile.com/b/VQVa4J/gsTPf
http://paperpile.com/b/VQVa4J/gsTPf
http://paperpile.com/b/VQVa4J/7tL6
http://paperpile.com/b/VQVa4J/7tL6
http://paperpile.com/b/VQVa4J/7tL6
http://paperpile.com/b/VQVa4J/7tL6
http://paperpile.com/b/VQVa4J/7tL6
http://paperpile.com/b/VQVa4J/7tL6
http://dx.doi.org/10.3390/genes11111256
http://dx.doi.org/10.3390/genes11111256
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/rPqu
http://paperpile.com/b/VQVa4J/eu73
http://paperpile.com/b/VQVa4J/eu73
http://paperpile.com/b/VQVa4J/eu73
http://paperpile.com/b/VQVa4J/eu73
http://paperpile.com/b/VQVa4J/eu73


 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021)        

Received: 15.03.2021 – Accepted: 15.04.2021 

                570 

 

Varghese, Sheeja Saji, Asha Ramesh, and Deepak Nallaswamy Veeraiyan. 2019. ―Blended              

Module-Based Teaching in Biostatistics and Research Methodology: A Retrospective Study with 

Postgraduate Dental Students.‖ Journal of Dental Education 83 (4): 445–50. 

Vaughan, Annalicia, Svetlana Stevanovic, Mohammad Jafari, Branka Miljevic, Zoran Ristovski, 

Rayleen Bowman, Kwun Fong, and Ian Yang. 2017. ―The Effect of Diesel Emission Exposure on 

Intracellular Signaling Pathways of Primary Human Bronchial Epithelial Cells.‖ Airway Cell Biology 

and Immunopathology. https://doi.org/10.1183/1393003.congress-2017.pa4458. 

Venu, Harish, V. Dhana Raju, and Lingesan Subramani. 2019. ―Combined Effect of Influence of 

Nano Additives, Combustion Chamber Geometry and Injection Timing in a DI Diesel Engine Fuelled 

with Ternary (diesel-Biodiesel-Ethanol) Blends.‖ Energy 174 (May): 386–406. 

Venu, Harish, Lingesan Subramani, and V. Dhana Raju. 2019. ―Emission Reduction in a DI Diesel 

Engine Using Exhaust Gas Recirculation (EGR) of Palm Biodiesel Blended with TiO2 Nano 

Additives.‖ Renewable Energy 140 (September): 245–63. 

Vignesh, R., Ditto Sharmin, C. Vishnu Rekha, Sankar Annamalai, and Parisa Norouzi Baghkomeh. 

2019. ―Management of Complicated Crown-Root Fracture by Extra-Oral Fragment Reattachment and 

Intentional Reimplantation with 2 Years Review.‖ Contemporary Clinical Dentistry 10 (2): 397–401. 

Vijayakumar Jain, S., M. R. Muthusekhar, M. F. Baig, P. Senthilnathan, S. Loganathan, P. U. Abdul 

Wahab, M. Madhulakshmi, and Yogaen Vohra. 2019. ―Evaluation of Three-Dimensional Changes in 

Pharyngeal Airway Following Isolated Lefort One Osteotomy for the Correction of Vertical 

Maxillary Excess: A Prospective Study.‖ Journal of Maxillofacial and Oral Surgery 18 (1): 139–46. 

Vijayashree Priyadharsini, Jayaseelan. 2019. ―In Silico Validation of the Non-Antibiotic Drugs 

Acetaminophen and Ibuprofen as Antibacterial Agents against Red Complex Pathogens.‖ Journal of 

Periodontology 90 (12): 1441–48. 

Wall, Hilary K., Matthew D. Ritchey, Cathleen Gillespie, John D. Omura, Ahmed Jamal, and Mary 

G. George. 2018. ―Vital Signs: Prevalence of Key Cardiovascular Disease Risk Factors for Million 

Hearts 2022 — United States, 2011–2016.‖ MMWR. Morbidity and Mortality Weekly Report. 

https://doi.org/10.15585/mmwr.mm6735a4. 

―Website.‖ n.d. Accessed March 18, 2021. Healio.com. 2020. Important updates on World Asthma 

Day 2020. [online] Available at: <https://www.healio.com/news/pulmonology/20200505/important-

updates-on-world-asthma-day-2020>  

Yuan, Han‐yan, Ying Tang, You‐xin Liang, Ling Lei, Guo‐bing Xiao, Sheng Wang, and Zhao‐lin 

Xia. 2010. ―Matrix Metalloproteinase‐3 and Vitamin D Receptor Genetic Polymorphisms, and Their 

Interactions with Occupational Exposure in Lumbar Disc Degeneration.‖ Journal of Occupational 

Health. https://doi.org/10.1539/joh.l8149. 

http://paperpile.com/b/VQVa4J/RhuNP
http://paperpile.com/b/VQVa4J/RhuNP
http://paperpile.com/b/VQVa4J/RhuNP
http://paperpile.com/b/VQVa4J/RhuNP
http://paperpile.com/b/VQVa4J/RhuNP
http://paperpile.com/b/VQVa4J/HTEe
http://paperpile.com/b/VQVa4J/HTEe
http://paperpile.com/b/VQVa4J/HTEe
http://paperpile.com/b/VQVa4J/HTEe
http://paperpile.com/b/VQVa4J/HTEe
http://paperpile.com/b/VQVa4J/HTEe
http://dx.doi.org/10.1183/1393003.congress-2017.pa4458
http://dx.doi.org/10.1183/1393003.congress-2017.pa4458
http://paperpile.com/b/VQVa4J/k8k9V
http://paperpile.com/b/VQVa4J/k8k9V
http://paperpile.com/b/VQVa4J/k8k9V
http://paperpile.com/b/VQVa4J/k8k9V
http://paperpile.com/b/VQVa4J/k8k9V
http://paperpile.com/b/VQVa4J/QHPOi
http://paperpile.com/b/VQVa4J/QHPOi
http://paperpile.com/b/VQVa4J/QHPOi
http://paperpile.com/b/VQVa4J/QHPOi
http://paperpile.com/b/VQVa4J/QHPOi
http://paperpile.com/b/VQVa4J/6mPcy
http://paperpile.com/b/VQVa4J/6mPcy
http://paperpile.com/b/VQVa4J/6mPcy
http://paperpile.com/b/VQVa4J/6mPcy
http://paperpile.com/b/VQVa4J/6mPcy
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/xtQ58
http://paperpile.com/b/VQVa4J/hhK69
http://paperpile.com/b/VQVa4J/hhK69
http://paperpile.com/b/VQVa4J/hhK69
http://paperpile.com/b/VQVa4J/hhK69
http://paperpile.com/b/VQVa4J/hhK69
http://paperpile.com/b/VQVa4J/rIQR
http://paperpile.com/b/VQVa4J/rIQR
http://paperpile.com/b/VQVa4J/rIQR
http://paperpile.com/b/VQVa4J/rIQR
http://paperpile.com/b/VQVa4J/rIQR
http://paperpile.com/b/VQVa4J/rIQR
http://dx.doi.org/10.15585/mmwr.mm6735a4
http://dx.doi.org/10.15585/mmwr.mm6735a4
http://paperpile.com/b/VQVa4J/ulkZ
http://paperpile.com/b/VQVa4J/ulkZ
about:blank
about:blank
http://paperpile.com/b/VQVa4J/B0Zz
http://paperpile.com/b/VQVa4J/B0Zz
http://paperpile.com/b/VQVa4J/B0Zz
http://paperpile.com/b/VQVa4J/B0Zz
http://paperpile.com/b/VQVa4J/B0Zz
http://paperpile.com/b/VQVa4J/B0Zz
http://dx.doi.org/10.1539/joh.l8149
http://dx.doi.org/10.1539/joh.l8149

