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ABSTRACT 
 
Background 
Coronary heart disease develops when one’s arteries fill with plaque, causing decreased blood 
flow.  Many people are at risk of this disease, including those of older age, those who smoke, or 
those with major mental health disorders. Additionally, anxiety disorders are caused by 
prolonged stress or worry. This research is important because coronary heart disease is the 
leading cause of death in the world; one study shows that it affects 126 million people globally. 
In addition, up to 33.7% of the population have been affected with some type of anxiety disorder 
in their lifetime. The goal of my research is to find genes or pathways that are common between 
people with both coronary heart disease and generalized anxiety disorder as potential targets for 
treatment.  
 
Methods 
NCBI’s bioinformatics tool, GEO2R was used to analyze two datasets, one for coronary heart 
disease (GSE20686) and one for generalized anxiety disorder (GSE61672). I then downloaded 
the full table to find the top 30 differentially expressed genes using p-value. I then used SRplot to 
further analyze the gene samples using GO and KEGG analysis. 
 
Results 
The results by the analysis of GEO2R showed differentially expressed genes for each of the 
samples; red dots represented highly expressed genes, while blue dots represented lowly 
expressed genes. SR Plot was used to identify statistically significant genes and pathways of each 
of the two datasets. 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE20686
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE61672
https://docs.google.com/spreadsheets/u/0/d/1fJMUU5VEAwGjwgRA8CROqPccWeTNiJ6vkMee3zbo3o0/edit


 

 
Discussion 
Further research on the identified genes and pathways showed that the most significant shared 
genes between the two diseases included ‘DCX2’ and ‘PLCL1’ and the most significant 
pathways included ‘Cytokine-cytokine receptor interaction’ and ‘beta-cantenin interaction’. 
 
INTRODUCTION 
 
Coronary heart disease is the most common heart disease in the United States (1). In addition, 
heart disease is the leading cause of death in the United States (2). This shows how impactful 
coronary heart disease is to American health. In addition, mental health issues are also very 
prevalent in the United States, causing anxiety and mood disorders. For example, up to 33.7% of 
the population have been affected with some type of anxiety disorder in their lifetime (3).  
 
Coronary heart disease is when one’s arteries in the heart get filled with plaque, causing 
decreased circulation of blood to and from the heart (1). This causes certain cardiac functions to 
fail, resulting in CHD which could lead to death. Anxiety disorders are common mental health 
issues that affect many Americans, causing heightened stress and worry (4). It is known that 
anxiety can lead to stress on the heart (5).  
 

Coronary heart disease is prevalent in the U.S. and the leading cause of death (6). In addition, 
people experiencing mental health disorders, such as anxiety, are at risk for increased heart rate, 
lower blood flow in the heart, and other cardiac problems, leading to damage to the arteries (1). 
This means that mental health issues can lead to increased risk of coronary heart disease, causing 
it to pose a threat to even more people.  
 
There are many studies about the genetic expression of coronary heart disease. For instance, 
there are many datasets of gene samples that are expressed in coronary heart disease (for 
example: GSE179789), showing how prevalent bioinformatic studies are for this disease. 
 
It is challenging to find genetic studies about anxiety disorder because it is a mental disease, and 
therefore people assume that there isn’t a specific genetic cause that may lead to this. As a result, 
there aren’t many bioinformatic studies about anxiety disorders. 
 
The scientific question being investigated is if there is a correlation or a gene that is highly 
expressed in both coronary heart disease and anxiety disorder. The goal of my research is to find 
genes or pathways that are common between people with both coronary heart disease and anxiety 
disorder as potential targets for treatment. My hypothesis is that there are genes that are highly 
expressed in patients of both coronary heart disease and generalized anxiety disorder.  

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE179789


 

 
This research is important because coronary heart disease (or ischemic heart disease) is the 
leading cause of death in both America and the world; one study shows that it affects 126 million 
people globally (6). If there was a gene that was discovered that is highly expressed in both CHD 
and anxiety, then this will lead to an increased understanding of both diseases.  

METHODS 

Data Collection and Analysis of GEO2R Data  
 
A summary of the method steps and the bioinformatics tools and databases used in this study are 
summarized in Figure 1. In this study, a dataset was searched and collected from the National 
Center for Biotechnology Informatics (NCBI) (7) for using the keywords “coronary heart disease 
microarray”. A set was selected with 393 samples called “Whole Blood Cell Gene Expression 
Profiling in Patients with Coronary Artery Disease (Homo sapiens)” (GEO2R accession number: 
GSE20686).  
 
Then the dataset was defined or categorized into groups: control, intermediate, and case; 
however, only control v.s. case was compared. After designation of the groups, the no-code 
GEO2R bioinformatics tool that uses R programming language was used to analyze the samples 
and produce a venn diagram and volcano plot.  
 
Another dataset was searched for with the keywords “generalized anxiety disorder microarray” 
from NCBI’s database. A set was selected with 546 samples called “Blood gene expression 
profiles associated with symptoms of generalized anxiety disorder” (GEO2R accession number: 
GSE61672). This was also analyzed using GEO2R in order to produce a venn diagram and  
volcano plot. 

Identification of the Top Differentially Expressed Genes 
 
Then, the entire spreadsheet of all of the gene samples of the dataset was downloaded for both 
diseases. To identify the top 30 significant differentially expressed genes of the CHD dataset, 
statistical analysis was applied. This process used p-value to prioritize the most important genes 
based on their differential expression across samples. The same process was used to identify the 
top 30 significant differentially expressed genes of the GAD dataset using p-value. 

Data Analysis Using SRPlot, KEGG, and GO Bioinformatics Tools 
 
Then SRPlot bioinformatics tool and database was utilized to analyze the functions of these top 
genes to find statistically significant genes and pathways for both diseases. SR Plot is an online 
bioinformatics tool used to produce graphs and visuals showing GO and KEGG pathway 
analysis for any list of genes. (8). KEGG (Kyoto Encyclopedia of Genes and Genomes) analysis 
is defined as analysis of complex gene functions (9) while GO (Gene Ontology) analysis is an 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE20686
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE61672
https://docs.google.com/spreadsheets/d/1fJMUU5VEAwGjwgRA8CROqPccWeTNiJ6vkMee3zbo3o0/edit?gid=0#gid=0


 

analysis of biological processes, cellular components, and molecular functions (10). Graphs 
produced showing GO analysis included a bar graph showing the enrichment score of the three 
different gene ontologies and a dot plot showing significant pathways based on p-value. Graphs 
produced showing KEGG analysis included a CNET plot showing genes and their associated 

pathways and an EMAPplot also showing significant pathways. Figure 1 presents an overview of 
the methods, procedures, and bioinformatics tools and databases applied throughout this study.  
 

 
 



 

Figure 1: Research Methodology: Research method workflow adopted in this study, starting 
from data collection to differential gene expression analysis, and final functional and biological 
analysis of key genes and pathways. The bioinformatics tools and databases used at each stage 
were NCBI GEO for gene expression datasets, GEO2R for differential analysis and SR Plot for 
functional analysis via GO and KEGG bioinformatics databases.  
 
RESULTS 
 
Gene Expression Analysis Using GEO 2R and Statistics  
We first used NCBI’S GEO2R to analyze the gene samples and identify differentially expressed 
genes of each dataset. There were both upregulated and downregulated genes in both of the 
datasets (Figure 2). In the volcano plots, red dots represent highly expressed genes, whereas the 
blue dots represent lowly expressed genes. The black dots represent genes that were not 
expressed at all  (Figures 2A and 2C). The venn diagram of the coronary heart disease dataset 
showed that there were 9288 total genes. The venn diagram of generalized anxiety disorder 
showed that there were 12510 total genes. The venn diagram of the coronary heart disease 
dataset showed that there were 35727 differentially expressed genes that overlapped. The venn 
diagram of generalized anxiety disorder showed that there were 93 differentially expressed genes 
that overlapped  (Figures 2B and 2D). To statistically narrow down the differentially expressed 
genes (DEGs) to identify the top 30 DEGs for both datasets, we used p-value with a cut off of 
<0.05 (full table of the top 30 DEGs). 
 
 

A. ​ ​ ​ ​ ​ ​ ​ B. 

              
 
C.​ ​ ​ ​ ​ ​ ​ D.  

https://docs.google.com/spreadsheets/u/0/d/1fJMUU5VEAwGjwgRA8CROqPccWeTNiJ6vkMee3zbo3o0/edit


 

                      
 

Figure 2 (A, B, D and D) Differentially Expressed Genes. Volcano plot shows genes that are 
expressed differently between control and case patients, while venn diagram shows the total 
number of genes from this study and any genes that are expressed differently between control 
and anxiety samples. In the volcano plots, Figures 2A and 2C, red represents up regulated genes 
while blue shows down regulated genes.  In the venn diagrams, Figures 2B and 2D, the number 
on the bottom shows the number of genes that are not up/downregulated whereas the number 
inside the oval shows the number of up/down regulated genes.  
 
Functional Analysis of Top DEGs using KEGG Analysis 
 
We used the enrichment tool, SR Plot, to determine the potential functions of the genes using 
KEGG analysis. From the KEGG results (Figure 3C)  the pathway ‘Cytokine-cytokine receptor 
interaction’ was identified for the CHD dataset, and the pathway ‘Nucleocytoplasmic transport’ 
was identified for the GAD dataset (Figure 3D). KEGG analysis also showed that the genes that 
stood out from the CHD dataset were ‘PPP1R17’, ‘HSPB1’, ‘DCX2’, ‘CD40’, and ‘CD27’; the 
genes that stood out from the GAD dataset were ‘PLCL1’, ‘PEX7’, ‘KMT2C’, ‘ID02’, 
‘ATP6V1E1’, ‘NMD3’, ‘NCBP2’, and ‘XPOT’ (Figure 3A and 3B).  
 
A.​ ​ ​ ​ ​ ​          B. 



 

           
 
C. ​ ​ ​ ​ ​ ​      D. 

 
Figure 3: CNET plot showing genes and their associated pathways and EMAPplot showing 
pathway data:   
Figure 3A shows the genes and pathways analysis of the gene samples of coronary heart disease 
(CHD). The most statistically significant genes are those shown in red and they are ‘PPP1R17’, 
‘HSPB1’, ‘DCX2’, ‘CD40’, and ‘CD27’. Figure 3B shows the genes and pathways analysis of 
generalized anxiety disorder (GAD). The most statistically significant genes are those shown in 
red and they are ‘PLCL1’, ‘PEX7’, ‘KMT2C’, ‘ID02’, ‘ATP6V1E1’, ‘NMD3’, ‘NCBP2’, and 
‘XPOT’. 
In figures 3C and 3D, the most significant pathways are those indicated in red and the lines 
indicate their possible connection in these figures. Figure 4A shows the pathway analysis of the 
gene samples of coronary heart disease (CHD) based on p-value. The most significant pathway 
shown is ‘Cytokine-cytokine receptor interaction’. Figure 4B shows the pathway analysis of the 
gene samples of generalized anxiety disorder (GAD) based on p-value. The most significant 
pathway shown is ‘Nucleocytoplasmic transport’. 
 
Functional Analysis of Top DEGs using GO Analysis 
 



 

SR Plot bioinformatics tool was used to determine the potential functions of the top 30 genes for 
both the CHD and GAD dataset using Gene Ontology term analysis. For the CHD dataset, the 
most enriched ontology terms were under the Biological Process (BP in orange color). 
Specifically, the term that was  most enriched was the ‘positive regulation of endothelial cell 
apoptotic process’ (Figure 5A). Meanwhile, under the cellular component (CC in green color) 
GO term, the most enriched term for our top 30 DEGs was ‘external side of plasma membrane’. 
Under the molecular function gene ontology term (MF in blue color),  ‘beta-catenin binding’ 
were most enriched (Figure 5A). On the other hand, for the GAD dataset, the most enriched 
Biological Process GO terms from our top 30 DEGs were ‘RNA splicing via transesterification 
reaction with bulged adenosine as nucleophile’, ‘spliceosomal complex’under Cellular 
Component (CC), and ‘enzyme inhibitor activity’ under Molecular Function (MF) (Figure 5B).  
 
A. ​ ​ ​ ​ ​ ​      B. 

​  
 
C. ​ ​ ​ ​ ​ ​ ​ D. 

​ ​  
Figure 4: Enrichment score of three different gene ontologies (BP, CC, MF) and 
Enrichment Analysis for Cellular Component Gene Ontology: 
In Figure 5A, showing the three ontologies of coronary heart disease (CHD), the enrichment 
score indicates that the three most prominent pathways (higher score than 2) were ‘positive 



 

regulation of endothelial cell apoptotic process’, ‘external side of plasma membrane’, and 
‘beta-catenin binding’. In Figure 5B, showing the three ontologies of generalized anxiety 
disorder (GAD), the enrichment score indicates that the three most prominent pathways (higher 
score than 2) were ‘RNA splicing, via transesterification reaction with bulged adenosine as 
nucleophile’, ‘spliceosomal complex’, and ‘enzyme inhibitor activity’.  
In Figure 5C, GO analysis was based on p-value of coronary heart disease (CHD), and the most 
statistically significant pathway was ‘external side of plasma membrane’. In Figure 5D, GO 
analysis was based on p-value of generalized anxiety disorder (GAD), and the most statistically 
significant pathway was ‘spliceosomal complex’.  

DISCUSSION 

The main goal of the research study was to find a correlation in gene samples of coronary heart 
disease (CHD) and generalized anxiety disorder (GAD) to find common differentially expressed 
genes between the two. There were two datasets being studied: one for coronary heart disease 

(GSE20686) and one for generalized anxiety disorder (GSE61672). As shown in Figure 2A and 
2C, red dots represent highly expressed genes, and blue dots represent lowly expressed genes. 
The volcano plot of the coronary heart disease (CHD) data set showed a lot more differentially 
expressed genes (red and blue dots) than the generalized anxiety disorder (GAD) dataset (Figures 
2A and 2C). There were 35727 up/downregulated genes in the CHD dataset, whereas the GAD 
dataset only had 93 up/downregulated genes (Figures 2B and 2D).  
 
GO analysis showed that the statistically significant pathways of the CHD dataset were ‘positive 
regulation of endothelial cell apoptotic process’, ‘external side of plasma membrane’, and 
‘beta-catenin binding’ (Figure 4A). A significant pathway found in the KEGG analysis was 
‘cytokine-cytokine interaction (Figure 4C). In addition, statistically significant genes shown from 
KEGG analysis included PPP1R17, HSPB1, DCX2, CD40, and CD27 (Figure 3A). GO analysis 
showed that the statistically significant pathways of the GAD dataset were ‘RNA splicing, via 
transesterification reaction with bulged adenosine as nucleophile’, ‘spliceosomal complex’, and 
‘enzyme inhibitor activity’ (Figure 4B).  A significant pathway found in the KEGG analysis was 
‘Nucleocytoplasmic transport’ (Figure 4D). In addition, statistically significant genes shown 
from KEGG analysis included ‘PLCL1’, ‘PEX7’, ‘KMT2C’, ‘ID02’, ‘ATP6V1E1’, ‘NMD3’, 
‘NCBP2’, and ‘XPOT’ (Figure 3B). After researching each of the significant pathways and 
genes, ones that are connected directly to CHD or GAD are shown in the table below in Table 1.  
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE20686
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE61672


 

Table 1: Summary of Identified Key Genes and Pathways Between CHD and GAD  
 

The main pathways that were connected to coronary heart disease in the GO and KEGG analysis 
were Cytokine-cytokine receptor, External side of plasma membrane and Beta-catenin binding 
and the main genes were DCX2 and CD27. The main pathway connected to generalized anxiety 

disorder in the GO and KEGG analysis was Nucleocytoplasmic transport and the main genes 
were PLCL1 and NCBP2.  

Key Genes 
linked to CHD 

Key Pathways 
linked to CHD  

Key Genes 
linked to GAD  

Key Pathways 
linked to GAD  

Overall Key 
Genes/Pathways 
that show a 
connection 
between CHD and 
GAD  

DCX2 is a gene 
that is 
responsible for 
producing the 
protein, 
doublecortin, 
which plays a 
role in brain 
development 
(11) 

Cytokine- 
cytokine 
receptor 
interaction is a 
biological 
process of 
cytokines 
signalling 
target cells in 
an immune 
reaction (12) 

PLCL1 is a 
protein coding 
gene (16) 

Nucleocytoplasmic 
transport is a 
biological process 
that regulates 
movement between 
the nucleus and 
cytoplasm (18) 

 

Cytokine-cytokine 
receptor interaction 
 

CD27 is a gene 
that plays an 
important role in 
the immune 
system (13) 

External side of 
plasma 
membrane acts 
as a barrier/ a 
communication 
mechanism(14)  

NCBP2 is a 

gene that binds 

mRNA 

molecules (17) 

 DCX2 

 Beta-catenin 
binding is a 
signalling Wnt 
pathway that 
regulates 
stability (15) 

  PLCL1 
 

    Beta-catenin 
binding 



 

One pathway that is connected to both diseases is Cytokine-cytokine receptor, which is a 
biological process for producing a type of protein, called doublecortin, that is crucial in 
neurological functions and brain development (11). There have been studies showing how this 
process is a factor in cardiac diseases such as CHD (19). However, there have also been studies 
showing how this connects to anxiety disorders due to its prevalence to brain functions (11).  
Another pathway that is connected to both is Beta-catenin binding, which is a signalling pathway 
that regulates stability and homeostasis (15). Similarly, there is evidence showing how this may 
impact cardiac issues, as it has an important role in maintaining heart stability (15). Furthermore, 
there have also been studies showing how this biological process is linked to mental disorders, 
such as GAD (20).  
One gene that connects both of the diseases is DCX2, which is responsible for producing a 
protein that is important for brain functions (11). This gene came from the CHD dataset as 
statistically significant; however, there have been studies showing its correlation to anxiety, as it 
is a gene that affects the brain (21).  
Another gene that is connected to both of the diseases is PLCL1, which is a protein-coding gene. 
This gene, however, came from the GAD dataset as statistically significant and has had studies 
connecting it to coronary heart disease (22). 
These shared pathways and genes for coronary heart disease and generalized anxiety disorder 
show a correlation between these two diseases and demonstrate how they are connected to one 
another.  
 
There have been many bioinformatic studies done on coronary heart disease due to its prevalence 
in health in both the country and the world, as it is the leading cause of death globally (6). 
However, since anxiety is a mental disease, there are less bioinformatic studies investigating gene 
explanations for this disease. Additionally, there are very few studies done investigating the 
correlation between the two of these diseases. 
 

Coronary heart disease is the most common heart disease in the United States (1). In addition, 
heart disease is the leading cause of death in the United States (2). This shows how impactful 
coronary heart disease is to American health. In addition, mental health issues are also very 
prevalent in the United States, causing anxiety and mood disorders (4). People experiencing 
these mental health disorders, such as anxiety or depression, are at risk for increased heart rate, 
lower blood flow in the heart, and other cardiac problems, leading to damage to the arteries (5). 
This means that mental health issues can lead to increased risk of coronary heart disease. If we 
can find a correlation between these two diseases, it can lead to a better understanding and can 
help many people.  

 
Since the gene sample datasets used in this experiment were  by other scientists, one limitation in 
this experiment is that the genes discovered would need to be further tested in a lab or clinical 



 

setting in order to confirm the findings of this experiment as the original human samples were not 
produced in this experiment. 
 
Further research on this topic may include studies of patients with both diseases (one dataset) to 
find highly expressed genes present in people with both coronary heart disease and anxiety; this 
would further validate the findings of this study.  
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