RITHVIK LAL

GEORGIA

Using Bioinformatics to Uncover the Gene Expression of Genes in Affected and non
Affected Patients with Cystic Fibrosis

ABSTRACT

Background

Cystic fibrosis (CF) is a genetic disorder caused by mutations in the CFTR gene, leading to the
production of thick, sticky mucus that primarily affects the lungs and digestive system. This
results in chronic respiratory infections, difficulty breathing, digestive issues, and reduced life
expectancy. While treatments like CFTR modulators have improved outcomes, challenges
remain, including limited access to therapies, progressive lung damage, and the lack of
treatments for rare mutations. Researchers aim to better understand CFTR gene expression to
develop targeted therapies, explore gene-editing technologies, and personalize treatments,
ultimately improving quality of life and reducing the burden of this disease.

Methods

Bioinformatics tools and databases were used to analyze MRSA data. Data was collected from
the National Center for Biotechnology Information. Gene Expression Omnibus (GEO), which
included 2 groups, affected and non affected. Differentially expressed genes (DEGs) were
identified by removing data with a p-value higher than 2.20e-12. The top 50 DEGs were
analyzed using ShinyGO, which incorporated KEGG.

Results

The original total number of genes was 18331, which was then analyzed down to the top 50
DEG?’s, with major expression across the group. The use of ShinyGO showed 2 key pathways:
Cell adhesion Molecules, and Asthma which showed key genes such as MHC, NLGN4Y,
MHC-2, which are associated with inflammation and immune responses.



Conclusion

The study finds genes that could be markers of cystic fibrosis in patients and indicate
inflammation and immune deficiencies, These genes can be later tested in laboratories to find
possible therapies for CF
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INTRODUCTION

Cystic Fibrosis is an autosomal recessive disorder that targets the CFTR protein causing the build
up of Air Surface Liquid (ASL). These fluids, also called secretions, are usually thin and slippery
to protect the body's internal tubes and ducts and make them smooth pathways, But in people
with CF, a changed gene causes the secretions to become sticky and thick. This causes the
blocking of pathways to locations such as the lungs, digestive tract, and other organs (/)

What can be done to curve the significant abnormalities when it comes to CFTR. Understanding
the Gene in the long arm of chromosome 7. (1) The gene mutation that causes CF has been
discovered but currently researchers must identify ways of affecting said gene. Since 2012,
recent approaches have enabled the identification of small molecules targeting either the CFTR
protein directly or its key processing steps, giving rise to novel promising therapeutic tools yet
there is nothing concrete.(2)

The disease is genetic in nature and is most commonly found in the caucasian race more than any
other race, and remains one of the most common life-shortening disorders in the white
population, with an estimated median survival age of 33.4 years in the US. There is no cure but
options may become more available due to continued study of the disorder. (2)

It occurs due to a mutation in the long arm of Chromosome 7 and focuses on cells that produce
mucus and sweat in the body. This causes issues with a protein called CFTR.(/)

Patients with the same CFTR mutation can exhibit vastly different disease severities. This
variability may be influenced by modifier genes, epigenetics, and environmental factors, which
are not fully understood.

The goal of this research is to use bioinformatics to identify and expand the knowledge of cystic
fibrosis (CF). Specifically, we used NCBI GEO, ShinyGo, KEGG, and GO bioinformatics
tools.NCBI GEO2R is an interactive online tool provided by the National Center for
Biotechnology Information that allows users to compare two or more groups of samples in a
Gene Expression Omnibus (GEO) dataset to identify differentially expressed genes. In addition,



ShinyGo, KEGG, and GO bioinformatics tools were used to further analyze the results obtained
from GEO2R. ShinyGo is an online platform for statistical and graphical visualization of
biological data, helping to explore patterns, correlations, and trends in high-throughput data.

KEGG (Kyoto Encyclopedia of Genes and Genomes) is a comprehensive database that integrates
genomic, chemical, and systemic functional information, enabling the understanding of
high-level functions and utilities of biological systems, such as pathways and networks (14).GO
(Gene Ontology) is a framework for the standardized representation of gene and gene product
attributes across species and databases, providing a structured vocabulary for biological
processes, cellular components, and molecular functions (15).These bioinformatics tools together
allowed for a comprehensive analysis and interpretation of the datasets, contributing to the
expansion of our understanding of CF-related genetic and molecular mechanisms.

Our hypothesis is that there will be a significant difference in gene expression when we compare
healthy and infected samples. Advancements in CF treatment have significantly increased life
expectancy, which was once only a few years post-diagnosis. Continued research can help
further extend and improve the quality of life for patients.

METHODS

Collection of Datasets

GEO2R (www.ncbi.nlm.nih.gov/geo/geo21/) is an online tool designed for comparing and
analyzing gene expression across different sample groups. It shows data as visual data charts
Accessed the NCBI library. I used the GEO database to search for cystic fibrosis microarray data.
I identified a dataset from research on cystic fibrosis that found that CFTR deficiency in cystic
fibrosis disrupts lipid metabolism, promotes chronic oxidative stress, and drives a persistent
pro-inflammatory state in airway epithelial cells. I then processed this GEO dataset for my study.

A

Figure 1: Methods Flow chart. This flow chart shows the methodological approach used in this
research.


http://www.ncbi.nlm.nih.gov/geo/geo2r/

Data Analysis of GEO2R Results

To process the datasets, I first defined or categorized the data into two groups; affected patients
and non-affected patients, and then utilized the no-code GEO2R 'Analyze' tool, which operates
with pre-programmed R scripts. Analysis with this tool generated multiple graphs of gene
expression results which we analyzed. Using the volcano plot, I examined gene expression
differences between the various sample groups. From the Venn diagram results, I evaluated the
number of expressed genes and identified overlapping genes among the different human sample
groups.

Narrowing down the number of differentially expressed genes (DEGs) to top 50

Next, I applied statistical analysis to identify the top 50 most significantly expressed genes from
my samples. I downloaded the top differentially expressed genes (DEGs) data into a Google
Sheet and selected the top 50 DEGs by removing any data with a p-value higher than 2.20e-12.

Further Analysis of Top Differentially Expressed Genes using ShinyGO, KEGG and GO
Bioinformatics tools

To analyze the top 50 identified DEGs and determine the functions and participating key
pathways for key genes, I used the ShinyGo bioinformatics tool. ShinyGO is a online
bioinformatics program that allows for the creation of KEGG pathway visualizations when
imputing large sets of gene data. ShinyGo also generates Gene ontology or GO results to help
determine potential functions of key genes from the top 50 DEGs. Altogether, ShinyGo, the GO
bioinformatics and KEGG databases (7, 14, 15) were used to find out what the top genes
potentially do in patients affected and non-affected with Cystic Fibrosis

RESULTS

Identification of Genes Expressed Differently in the CF Samples

The GEO2R bioinformatics tool was utilized to identify differentially expressed genes (DEGs).
The results were visualized using a volcano plot and a Venn diagram shown in Figure 2. In the
volcano plot comparing affected versus non affected versus. The genes were observed to be
differentially expressed. A portion of the genes were very even, while a slight number displayed
lower expression levels. In the plot, red dots represent highly expressed (upregulated) genes, blue
dots indicate less expressed (downregulated) genes. The venn Diagram produced a total of 7229
genes expressed between each other out of the total of 18331 genes in the data set.
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Figure 2 Volcano diagram and Venn diagram. (A) The volcano map of GSE154802 . (B) The
volcano map of GSE40611. Upregulated genes are colored in red; downregulated genes are
colored in blue. (C) The two datasets showed an overlap of 7229 genes.

Statistical Analysis of (50) Differentially Expressed Genes (DEGs)

To identify the top 50 DEG’s from 18331 total any p-value greater than 2.20e-12 was excluded.
geo2r data .

Enrichment Analysis to Determine Potential Functions of the Identified Genes

Through ShinyGO I identified two pathways, Cell adhesion Molecules and asthma from the
KEGG analysis. Through this I identified the key genes of MHC-2, and NLGN4Y (Figure 3)


https://docs.google.com/spreadsheets/d/1e83Wnqaev405I7BQih5IdyqUem7AvZo0YhlDjTwo5ig/edit?gid=2005782459#gid=2005782459
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FIGURE 3: Key pathway and key genes associated with the top 50 DEGs: Cell
adhesion Molecules. Key genes highlighted in Red: MHC-2, and NLGN4Y
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FIGURE 4: Key pathway and key genes associated with the top 50 DEGs: Asthma.
Key genes highlighted in Red: MHC 11



DISCUSSION

The main goal of the research paper is to identify genes expressed differently in individuals with
cystic fibrosis and without. During which genes related to cell adhesion and Asthma (Figure 3
and 4) both exhibited severe differences compared to each other. The original hypothesis of the
study was that there would be significant differences in expression of genes which was half
proven correct due to the findings showing few gene differences but rather major differences
(Figure 2).

The findings of our the study (7able 1) are backed up by other studies as several discuss CF’s
relation to the epithelial cells (4). First, using ShinyGo functional and enrichment analysis
bioinformatics tool, our study identified cell adhesion molecules and Asthma as the key
pathways associated with the top 50 DEGs identified.



Table 1: Summary of the prevalent genes and enriched pathways found in this analysis

analysis

Key Genes

Key Pathways

Connection to Cystic Fibrosis

MHC-1I

Cell adhesion
Molecules/Asthma

MHC-II molecules are critical for presenting
antigens to CD4+ T cells, facilitating the
adaptive immune response. In CF, chronic
lung infections (e.g., with Pseudomonas
aeruginosa or Staphylococcus aureus) lead to
heightened immune activation. Variations in
MHC-II genes can influence immune response
intensity and may determine susceptibility to
recurrent infections and inflammation in CF
patients.

NLGN4Y

Cell adhesion Molecules

Neuroligins are synaptic adhesion molecules
involved in neural development and function.
While NLGN4Y is not directly implicated in
the pathology of CF, its relevance may emerge
in studying CF-associated comorbidities, such
as cognitive or neurodevelopmental issues
linked to chronic hypoxia or inflammation.
For instance, chronic illness and systemic
inflammation in CF could indirectly affect
neurological development or function, where
molecules like NLGN4Y might play a
modulatory role.

MHC

Asthma

MHC system or an immune-related protein, its
role could involve modulating the immune
response in CF

Cystic fibrosis has been documented to be linked to cell adhesion molecules (/7). Adhesion

molecules are cell surface proteins that are involved in binding cells to one another with an
extracellular matrix (ECM) (16). In layman's terms it acts like molecular glue helping cells stick
to one another. For example, ATS journal noted in a study how the adhesion molecules may be
linked to an increase in inflammation in CF patients (11). The NLGN4Y gene is defined as a key
regulator of cell adhesion and immune response modulation, playing a critical role in cellular
interactions within the extracellular environment (12). It functions by encoding a protein that
facilitates intracellular binding and immune signaling. The connection of NLGN4Y to CF is that

its altered expression may contribute to heightened inflammation and chronic infections seen in

CF patients, particularly in the lungs, by affecting the adhesion properties of epithelial cells and

immune cell interactions (12).




The MHC-2 class molecule facilitates the adaptive immune response by presenting antigens to
T-cells. (Its major connection to CF is that, when patients with CF experience chronic lung
infections (e.g., with Pseudomonas aeruginosa or Staphylococcus aureus), it leads to heightened
immune activation. This persistent immune response can contribute to lung damage and disease
progression. Further research in laboratory settings is needed to fully elucidate this connection.
Asthma was another key pathway identified in our study. Asthma is defined as a chronic
inflammatory airway disease characterized by reversible airway obstruction, bronchial
hyperresponsiveness, and increased mucus production (13). It connects to CF because both
conditions involve airway inflammation, mucus hypersecretion, and immune dysregulation. This
also requires further testing in a laboratory environment.

Conclusion and Future Direction

By studying these key pathways and genes, researchers can uncover potential target pathways for
personalized interventions, such as immunomodulators or anti-inflammatory therapies, to reduce
complications in CF. The identified genes can be tested in the laboratory by scientists in the
laboratory or clinical trials to determine if possible cures can be identified from it.

Limitations
In our case, since we rely on bioinformatics datasets derived from microarray experiments

conducted by other researchers, a key limitation is that the identified genes will require further
investigation in laboratory or clinical settings before progressing toward vaccine development.
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