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Abstract 

 

Post-Traumatic Stress Disorder (PTSD) is a complex multifactorial mental health 

condition characterized by a range of symptoms, including intrusive thoughts, 

nightmares, hypervigilance, and emotional distress, significantly affecting an individual's 

quality of life. While PTSD is relatively common, with a prevalence ranging from 6% to 

10%, it varies depending on the population and specific traumatic events experienced. 

However, the exact pathogenesis of PTSD remains unclear, and accurate diagnosis can 

be challenging due to the possibility of inaccuracies in reporting symptoms. Furthermore, 

preventive therapies for PTSD development are limited. This study aimed to bridge these 

gaps by conducting an integrative bioinformatics analysis that explores the molecular 

mechanisms, identifies diagnostic markers, and discovers therapeutic targets for PTSD. 

The analysis utilized mRNA microarray data from the GEO database, specifically the 

GSE860 dataset including only full PTSD patients and full healthy controls. Through this 

analysis, 418 differentially expressed genes (DEGs) were identified. Gene Ontology 

(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were 

performed to gain insights into the biological processes and significant pathways 

associated with PTSD. Subsequently, a protein-protein interaction (PPI) network was 

constructed, leading to the identification of 14 hub genes and three key modules. 

Notably, all 14 hub genes, including NUP153, NUP50, NUP160, UBE2N, SP100, BIRC3, 

SMC4, YWHAZ, RB1, SUMO1, CDKN1B, CASP3, MAP2K4, and NBN, were found to 

be underexpressed in PTSD patients. The in-silico validation of these hub genes was 

performed using expression profiles and reference datasets, in addition to the 

Comparative Toxicogenomics Database (CTD). Functional enrichment analysis 

revealed the significant roles of the key genes in various biological processes, including 

cytokine signaling in the immune system, cell cycle regulation, and apoptosis-related 

processes such as DNA damage response and oxidative damage response. Moreover, 
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44 microRNAs (miRNAs) and 13 key transcription factors (TFs) targeting these hub 

genes were identified. Furthermore, computational drug repurposing analysis yielded 25 

potential therapeutic compounds. Five of the findings, namely MAP2K4, NUP153, NFKB, 

hsa-mir-212-3p, and hsa-mir-199b-3p, were validated as PTSD biomarkers using the 

PTSD Biomarker Database (PTSDDB). This comprehensive bioinformatics analysis 

offers valuable insights into the mechanism of PTSD, potential biomarkers for clinical 

treatment, and the discovery of drug targets. The findings contribute to our 

understanding of PTSD and hold promise for further advancements in diagnosis and 

therapeutic interventions.  
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Introduction  

Post-Traumatic Stress Disorder (PTSD) is a chronic and multifactorial psychological 

disorder that can occur in individuals who have experienced or witnessed a traumatic 

event with a prevalence that is estimated to be around 6-10% in the general population, 

and as high as 35% among individuals with a history of significant trauma (Núñez-Rios 

et al., 2022). According to American Psychiatric Association (APA), PTSD symptoms can 

be categorized into four main symptom clusters: intrusive re-experiencing of the 

traumatic event, avoidance of trauma-related cues, negative alterations in mood and 

cognition, and hyperarousal symptoms (American Psychiatric Association, 2017). 

Intrusive re-experiencing involves distressing memories, flashbacks, or nightmares 

related to the traumatic event. Avoidance behaviors may manifest as efforts to avoid any 

reminder of the trauma including thoughts, feelings, or situations. Negative alterations in 

mood and cognition can lead to persistent negative beliefs, distorted thoughts, emotional 

numbness, and loss of interest in previously enjoyed activities. Hyperarousal symptoms 

include irritability, difficulty sleeping, hypervigilance, and exaggerated startle responses. 

These symptoms can significantly impair social relationships, work performance, and 

overall quality of life (Brewin et al., 2017). 

PTSD stands out from other mental disorders due to its distinctive requirement of 

exposure to a traumatic event as a prerequisite for its development. These events can 

vary widely and may include experiences such as war, natural disasters, physical or 

sexual assault, or serious accidents. The severity and nature of the trauma can have a 

significant impact on the development and course of PTSD symptoms. Notably, 

individuals who have experienced prolonged exposure to combat situations or survived 

life-threatening earthquakes may be particularly vulnerable to developing PTSD (Bryant 

et al., 2009; Norris et al., 1999). 

The diagnosis of PTSD requires a thorough assessment of an individual's symptoms, 

history, and background. The Diagnostic and Statistical Manual of Mental Disorders 

(DSM-5), published by APA, states that individuals must have been exposed to a 

traumatic event and exhibit specific symptoms that last for at least one month and 

significantly impact their functioning and well-being. Evaluating symptoms at multiple 

time points, such as one month and four months, helps ensure that the symptoms are 

persistent and not temporary reactions to the trauma (American Psychiatric Association, 

2017). The assessment typically includes a detailed assessment of the individual's 

trauma history, current symptoms, and their impact on daily functioning. Clinicians may 

use validated assessment tools, such as the Clinician-Administered PTSD Scale (CAPS) 

or the PTSD Checklist for DSM-5 (PCL-5), to aid in the diagnostic process (Blevins et 

al., 2015). 
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While 60-90% of people experience at least one traumatic event in their lifetime, not all 

of them develop PTSD, highlighting the concept of resilience (Benjet et al., 2016; 

Broekman et al., 2007). The variability in individuals' response to trauma reveals the 

involvement of underlying biological mechanisms that contribute to the risk of developing 

PTSD (Wolf et al., 2018). 

Numerous studies have been conducted to better understand the causes, risk factors, 

and effective treatment approaches for PTSD. Research suggests that the development 

of PTSD is influenced by a complex interplay of genetic and environmental factors. 

Research has shown that genetic factors contribute to individual differences in 

vulnerability to PTSD, with certain genes involved in stress response and fear regulation 

playing a significant role (Almli et al., 2014; Binder et al., 2008). Variations in genes 

related to stress response systems, such as the hypothalamic-pituitary-adrenal axis and 

neurotransmitter pathways involved in fear and anxiety, may directly influence an 

individual's susceptibility to PTSD (Logue et al., 2015; Nievergelt et al., 2018). Heritability 

estimates for PTSD range from approximately 30% to 40%, suggesting a significant 

genetic component in its development (Smoller et al., 2019). 

However, it is important to note that genetic factors alone do not determine the 

occurrence of PTSD. Additionally, environmental factors, including early life experiences, 

trauma severity, and social support, also contribute to its development. As well as, 

epigenetic mechanisms, such as DNA methylation and histone modifications, may play 

a role in how PTSD affects physiological responses by altering gene expression (Mehta 

et al., 2013; Yehuda et al., 2016). 

The management of PTSD requires a comprehensive approach that includes both 

pharmacological and psychotherapeutic interventions. Currently, selective serotonin 

reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs), 

are commonly used medications for PTSD, targeting symptoms such as anxiety, 

depression, and sleep disturbances. In addition, psychological treatments such as 

cognitive-behavioral therapy (CBT) and eye movement desensitization and reprocessing 

(EMDR) have shown efficacy in reducing PTSD symptoms and enhancing overall 

psychological well-being (Stein et al., 2006). 

Current research indicates that the development of PTSD is linked to the autonomic 

nervous system, hypothalamic-pituitary-adrenal axis, neural circuits, and immune 

system. Despite advancements, the precise pathogenesis of PTSD remains 

incompletely understood. Therefore, there is a growing need to delve deeper into 

identifying the causal factors, molecular mechanisms, and pathways involved in PTSD 

Fortunately, advancements in high-throughput technology, such as microarrays and 

next-generation sequencing, along with the application of bioinformatics analysis, have 

greatly facilitated the evaluation of genomic, transcriptomic, epigenomic, and proteomic 
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alterations in both central and peripheral tissues of individuals with PTSD, as well as 

animal models of the disorder and have enabled the identification of numerous genes 

and pathways that are associated with the development and progression of PTSD (Bian 

et al., 2019; Núñez-Rios et al., 2022). 

In this study, an integrative bioinformatics approach was employed to analyze mRNA 

microarray data from PTSD patients sourced from the GEO database. The primary 

objectives were to explore hub genes, elucidate molecular mechanisms, identify 

potential diagnostic biomarkers, and uncover therapeutic targets for PTSD. The analysis 

successfully identified DEGs, with a particular focus on 14 hub genes. To gain insights 

into the GO and KEGG pathway enrichment analyses were conducted. Additionally, the 

study predicted and verified the regulatory network involving miRNAs and key TFs 

associated with PTSD and their influence on the hub genes. Computational drug 

repurposing analysis was also performed to investigate potential therapeutic 

compounds. Furthermore, the study examined PTSD biomarkers using the PTSDDB to 

enhance understanding in this area. Overall, this bioinformatics study provides valuable 

insights into the pathogenesis of PTSD, potential biomarkers for clinical treatment, and 

drug target discovery, with implications for diagnosis and therapies.  
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The Concise Diagram of Research Flowchart  
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Materials and Methods  

1. The Subjects:  

This study involved individuals who experienced a traumatic event and were immediately 

admitted to the emergency room (ER). These individuals were assessed for acute or 

chronic PTSD according to the DSM IV1 diagnostic criteria at two subsequent follow-up 

points, one month and four months later. Additionally, individuals who did not meet any 

DSM IV1 diagnostic criteria during these two time points were also included in the 

study.Therefore, the samples in this study are subdivided into two groups: 

1- Subjects with full consistent PTSD at month 1 and month 4. 

2- Subjects that hadn’t met any PTSD criterion at any time. 

The exclusion criteria of this study was subjects that had head injury, burn injury or 
serious physical injury, had current or lifetime history of alcohol or illicit drugs abuse, had 
past or present psychiatric diagnoses other than depressive or anxiety disorders, or had 
medical or neurological illness that could confound the assessments (Segman et al., 
2005). 

A clear representation of the data pertaining to the subjects was provided (Table_1), 

including:  

M1 PTSD: Clinical diagnosis 1 month after the trauma (Y: full-blown acute PTSD,  
N: No diagnostic criteria for PTSD). 
M4 PTSD: Clinical diagnosis 4 month after the trauma (Y: full-blown chronic PTSD,  
N: No diagnostic criteria for PTSD). 
M4 IES_Intrusion, M4 IES_Avoidance, M4 IES_Arousal: Impact of event scale for the 
mentioned symptoms 4 months after the trauma. 
M4 IES_Total: Total score for impact of event scale 4 months after the trauma.   
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Table_1: Subjects Characteristics 

Subject # 
M1 

PTSD 

M4 

PTSD 
Gender Age 

M4 IES_ 

intrusion 

M4 IES_ 

avoidance 

M4 IES_ 

arousal 

M4 

IES_ 

total 

Comorbid 

Psychiatric 

Diagnoses 

Trauma 

Severity 

PTSD 

Status 

1P Y Y F 56 33 17 24 74  20 

Full 

consis-

tent PTSD 

at 1 and 4 

months 

2P Y Y M 36 15 14 15 44  15 

3P Y Y F 21.5 15 18 21 54  13 

4P Y Y M 21 35 34 27 96  22 

5P Y Y M 43 19 20 23 62  12 

6P Y Y M 21 35 18 33 86 

Depression/ 

OCD/Body 

Dysmorphic 

Disorder 

26 

7P Y Y F 25 29 19 17 65 Depression 15 

8P Y Y F 46 35 16 35 86  28 

14C N N M 31 1 1 3 5  19  

No 

PTSD 

criter-

ion met 

at any 

time 

15C N N F 22 0 0 1 1  9 

16C N N M 25 3 0 4 7  23 

17C N N F 20 3 5 5 13  10 

18C N N M 23 0 0 0 0  10 

19C N N F 24 2 11 0 13  9 
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2. Microarray Data Acquisition:  

GEO stands for Gene Expression Omnibus (https://www.ncbi.nlm.nih.gov/geo/) is an 

international public genomics database for high-throughput gene expression data, chips, 

microarrays and RNA methylation profiling managed by the National Center of 

Biotechnology Information (NCBI) (Barrett et al., 2013). 

The dataset used in this research, namely GSE860, consists of normalized mRNA 

microarray expression profiling data obtained from peripheral mononuclear blood cells 

(PMBC) of 33 individuals diagnosed with post-traumatic stress disorder (PTSD). The 

data was sourced from the GEO database. 

However, it is important to note that only individuals who met the criteria for full PTSD 

diagnosis at both the 1-month and 4-month follow-up assessments, as well as individuals 

who did not receive a PTSD diagnosis at any time point, were included in this study. 

Consequently, the study sample size consists of 8 PTSD subjects (11 PMBC samples: 

6 ER and 5 M4) and 6 control subjects (9 PMBC samples: 5 ER and 4 M4). 

3. Identification of Differentially Expressed Genes:  

DEGs were determined using GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/) an 

online analytical tool available at GEO that uses the GEOquery and limma R packages 

from the Bioconductor project. 

The GEOquery R package is utilized to extract GEO data and convert it into R data 

structures, allowing for further analysis using other R packages. Among these packages, 

limma (Linear Models for Microarray Analysis) has gained popularity as a powerful 

statistical tool for identifying genes that are differentially expressed. (Barrett et al., 2013) 

The analysis was made based on the following parameters; multiple testing correction is 

the Benjamini and Hochberg False Discovery Rate (FDR), Significance level cut-off P < 

0.05, and |Log2 Fold Change (FC)| >0.2.  

4. Functional Annotation of DEGs by GO and KEGG Pathway Enrichment 

Analysis: 

Functional annotation of genes that exhibit differential expression is an essential and 

crucial step in analyzing microarray data. The Database for Annotation, Visualization 

and Integrated Discovery DAVID (https://david.ncifcrf.gov/home.jsp) was used to 

functionally categorize the significant DEGs, as the functionality provided by DAVID 

accelerates the analysis of genome-scale datasets by facilitating the transition from data 

collection to biological meaning (Dennis et al., 2003). 

Gene Ontology (GO) covers three main aspects of biology: Biological Process (BP), 

Cellular Component (CC), and Molecular Function (MF), while Kyoto Encyclopedia of 

Genes and Genomes (KEGG) is used to understand the relevant signaling pathways. 

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/geo2r/
https://david.ncifcrf.gov/home.jsp
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In order to obtain GO and KEGG enrichment analysis of the significant DEGs, DAVID 

was used with P-value>0.05.  

5. PPI Network Construction & Analysis: 

STRING Search Tool for Retrieval of Interacting Genes/Proteins (https://string-db.org/) 

is a comprehensive database that provides predicted functional associations between 

proteins used to explore protein interactions, pathways, and functional relationships (von 

Mering et al., 2003). 

The PPI network of the identified DEGs was built by considering only interactions with a 

minimum required interaction score of 0.9, indicating the highest level of confidence in 

the interactions included in the network. 

6. PPI Network Module Analysis & Hub Genes Selection:  

The analysis results of the PPI network were loaded into Cytoscape software (version 

3.9.1) for visual adjustment. Cytoscape, an open-source software project, facilitates the 

integration of biomolecular interaction networks with high-throughput expression data 

and other molecular states, providing a unified conceptual framework (Shannon et al., 

2003). 

The Cytoscape plugin CytoHubba was used to calculate the connectivity scores and 

identify the intersections among the first 30 genes. Since a single algorithm sometimes 

produces false positives, a four-fold algorithm was adopted, combining two local-based 

algorithms (MCC and Degree) and two global-based algorithms (Stress and Radiality). 

To identify the central hub genes, a Venn diagram was generated using Venny 2.1, 

(https://bioinfogp.cnb.csic.es/tools/venny/), overlapping the first 30 genes obtained from 

the four aforementioned methods. 

Then, the Molecular Complex Detection (MCODE) plug-in within Cytoscape, which 

enables the clustering of a given network based on topology to discover densely 

connected regions, was applied for further analysis. 

7. Validation of Hub Genes:  

Due to the absence of a dedicated gene expression database for PTSD, it was necessary 

to employ multiple databases and methodologies to validate the identified hub genes. 

First, CTD, Comparative Toxicogenomics Database (https://ctdbase.org/) a robust 

database that provides manually curated information about chemical–gene/protein 

interactions, chemical–disease and gene–disease relationships was used to confirm the 

association between the hub genes and PTSD (Davis et al., 2021). 

https://string-db.org/
https://bioinfogp.cnb.csic.es/tools/venny/)
https://ctdbase.org/
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Subsequently, GEO Profiles (https://www.ncbi.nlm.nih.gov/geoprofiles) was used to 

search for expression profiles related to chronic stress. A dataset with the title “Chronic 

stress effect on peripheral blood monocytes” GDS3383 was queried. 

Finally, I referred to  PTSD Blood Transcriptome Mega-Analysis which incorporates five 

independent PTSD blood transcriptome studies covering seven types of traumas in 229 

PTSD and 311 comparison individuals (Breen et al., 2018). 

8. Hub Genes Expression Profiles: 

After intersection of four CytoHubba algorithms, extracting the top 3 most significant 

clusters, then finally validate the results in-silico by querying CTD and retrieving 

expression profiles of chronic stress patients from GEO Profile database and referring 

to five independent PTSD blood transcriptome studies, the final set of key genes could 

be identified. 

The Hub genes expression profiles were generated by using ExpressAnalyst 

(https://www.expressanalyst.ca/) ; a unified platform for gene expression analysis. 

9. Hub Genes Functional Enrichment Analysis:  

At first, the STRING database was used to visualize the PPI of the hub genes. 

The first analysis was performed by Metascape (http://metascape.org/), a gene function 

annotation tool used to apply bioinformatics methods to batch analysis of genes and 

proteins. It was used to conduct the functional and pathway enrichment analysis of the 

selected hub genes (Y. Zhou et al., 2019). 

The DAVID database was used to generate a functional annotation clustering of the 14 

hub genes based on the associated biological processes and pathways. It categorized 

genes based on their functional annotations which facilitate the identification of biological 

themes and enriched functional categories which provide a valuable feature for the 

analysis and interpretation of hub genes. 

10. Prediction of Target miRNAs:  

The prediction of miRNAs targeting the hub genes was performed using miRNet 

(https://www.mirnet.ca/), an open-source online platform created to help understanding 

microRNA (miRNA) functions by integrating users' data with existing knowledge through 

network-based visual analytics (Chang et al., 2020). 

To verify the differential expression of miRNAs in PTSD and healthy patients, a list of 

miRNAs previously validated in two studies was extracted from Pubmed (Martin et al., 

2017; Snijders et al., 2019). This step aimed to assess the expression patterns of these 

miRNAs in the context of PTSD. 

https://www.ncbi.nlm.nih.gov/geoprofiles
https://www.expressanalyst.ca/ExpressAnalyst/home.xhtml
http://metascape.org/gp/index.html#/main/step1
https://www.mirnet.ca/
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11. Prediction of Target Transcription Factors (TFs):  

To enhance our understanding of the hub genes,further investigation was conducted to 

explore the molecular mechanisms that regulate their expression. 

The Transcriptional Regulatory Relationships Unraveled by Sentence Based Text Mining 

(TRRUST) database (https://www.grnpedia.org/trrust/)  -a manually curated database of 

human transcriptional regulatory networks- was used through miRNET to predict the TFs 

that regulate the identified hub genes (H. Han et al., 2015). 

To validate the differential expression of the identified TFs in individuals with PTSD 

compared to healthy individuals, I conducted an extensive review of multiple studies, in 

addition to the findings of this study (Breen et al., 2015, 2019; Seah et al., 2022). 

Finally, a functional and pathway enrichment analysis was performed for a total of 26 

genes including hub genes and key TFs by Metascape. 

12. Text Mining Analysis of Hub Genes, Key TFs, and Pathways in PTSD: 

Text mining was conducted using Coremine Medical (https://coremine.com/medical/), 

the world's most advanced medical information retrieval platform, to investigate the 

association between hub genes, key TFs, and the main enriched pathways in the context 

of PTSD.  

13. Analysis of FDA-Approved Medications and Intersections with PTSD-

Associated Pathways: 

According to the US Food and Drug Administration FDA 

(https://www.accessdata.fda.gov/), Sertraline and Paroxetine Hydrochloride are the only 

two medications that are FDA-approved in PTSD.  

CTD (https://ctdbase.org/) was used to study the chemical-gene and chemical-pathway 

interactions of these medications in purpose of evaluating and comparing the results with 

our findings. 

14. Computational Drug Repurposing for PTSD Treatment: 

The goal of computational drug repurposing is to predict enriched drug target genes  and 

explore potential therapeutic options for hub genes and key TFs. This approach enabled 

the identification of potential therapeutic options and the exploration of gene-drug 

interactions for further analysis and consideration. 

WebGestalt (https://www.webgestalt.org/) , also known as the WEB-based GEne SeT 

AnaLysis Toolkit, is a popular tool used for gene set enrichment analysis. It enables 

users to gain biological insights from their genes of interest by employing three main 

https://www.grnpedia.org/trrust/
https://coremine.com/medical/
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=medguide.page
https://ctdbase.org/
https://www.webgestalt.org/
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methods: Over Representation Analysis (ORA), Gene Set Enrichment Analysis (GSEA), 

and Network Topology-based Analysis (NTA) (Liao et al., 2019). 

The analysis involved utilizing a recommended functional database, DrugBank, in 

conjunction with WebGestalt.  

A second drug repurposing analysis was performed utilizing the Drug-Gene Interaction 

Database DGIdb (https://www.dgidb.org/) to identify druggable gene targets with the aim 

of exploring their potential as therapeutic options for pharmacological treatments. 

DGIdb analyzes and examines interactions between drugs and genes. It assigns an 

interaction score to each gene-drug pair. This scoring system aids in identifying and 

prioritizing gene-drug interactions for further investigation and analysis (Freshour et al., 

2021). 

15. Intersection analysis of PTSD-associated Biomarkers with the 

Identified Hub Genes, Key TFs, and miRNAs in the Present Study through 

PTSD Biomarker Database:  

The PTSD Biomarker Database PTSDDB (https://ptsd.scai.fraunhofer.de/) is a 

comprehensive database that presents an overview of physiological markers 

investigated as potential biomarkers in the current PTSD research. Its purpose is to 

facilitate quick exploration and comparison of findings for researchers. The database 

currently includes more than 900 biomarkers along with relevant information from 109 

original articles published between 1997 and 2017. The curated content is accompanied 

by a web application featuring interactive visualizations, allowing researchers to examine 

biomarker knowledge in PTSD. These visualizations encompass clinical study metadata, 

biomarker findings, experimental methods, and more. By compiling results from 

biomarker studies, the database offers insights into the level of evidence supporting 

individual biomarkers and functional categories. This resource represents the initial effort 

to gather and organize biomarker data and metadata in the field of PTSD, providing a 

comprehensive database that can support future analysis and research in this area 

(Domingo-Fernández et al., 2019). 

Initially, PTSDDB was used to extract the 10 most frequently observed biomarkers in 

PTSD. Furthermore, PTSDDB provides an examination of PTSD biomarkers in different 

biofluids separately. Consequently, I specifically retrieved PTSD biomarkers associated 

with PMBCs since my study focuses on mRNA microarray expression profiling data from 

PMBC samples. 

As a final step, an intersection analysis was conducted between the identified hub genes, 

key TFs, and miRNAs associated with PTSD in my study, and the content available in 

PTSDDB. 

https://www.dgidb.org/
https://ptsd.scai.fraunhofer.de/
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Results 

1. Identification of Differentially Expressed Genes (DEGs): 

The analysis was conducted using specific parameters, including the Benjamini and 

Hochberg False Discovery Rate (FDR) for multiple testing correction, a significance level 

cut-off of P < 0.05, and a threshold of |Log2 Fold Change (FC)| > 0.2. As a result, a total 

of 418 genes were identified as differentially expressed genes (DEGs), with 372 genes 

being upregulated and 46 genes being downregulated in the control group compared to 

the PTSD group. 

A volcano plot was generated to visualize DEGs by displaying statistical significance (-

log10 P value) versus magnitude of change (log2 fold change) where highlighted genes 

are significantly differentially expressed at a default adjusted p-value cutoff of 0.05 (red 

= upregulated, blue = downregulated) (Figure_1). 

In addition to the volcano plot, a Uniform Manifold Approximation and Projection (UMAP) 

can be generated through GEO2R in order to visualize how samples are related to each 

other, where the number of nearest neighbors used in the calculation is 9 (Figure_2).  
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Figure_1: Volcano Plot of DEGs.  

 

 

Figure_2: UMAP Plot.  
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2. Functional Annotation of DEGs by GO and KEGG Pathway Enrichment 

Analysis: 

DAVID was employed to conduct GO and KEGG enrichment analysis of the significant 

DEGs with a significance threshold of P-value<0.05 (Table_2). 

The analysis showed that these DEGs were mainly involved in many biologic processes 

associated with mRNA maturation and Transcription including; RNA splicing, mRNA 

processing, mRNA splicing via spliceosome, DNA-templated transcription, positive 

regulation of transcription by RNA polymerase II, negative regulation of transcription by 

RNA polymerase II, negative regulation of DNA-templated transcription, regulation of 

transcription by RNA polymerase II. In addition, several biologic processes related to cell 

cycle regulation were highlighted including DNA damage response, cell division, 

regulation of cell cycle, and apoptotic process. 

The screened DEGs were mainly located in nucleus, nucleoplasm, cytosol, cytoplasm, 

intracellular membrane-bounded organelle, nucleolus, endoplasmic reticulum, and Golgi 

apparatus. 

With regards to molecular functions, the DEGs were enriched in binding of several 

molecular compounds and enzymes including; protein, RNA, DNA, ATP, cadherin, 

chromatin, zinc ion, protein kinase, and identical protein. 

Finally, the analysis of KEGG pathways indicated that the pathways associated with 

DEGs were Platinum drug resistance, spliceosome, nucleocytoplasmic transport, 

apoptosis, cell cycle, TNF signaling pathway, Ubiquitin mediated proteolysis, 

transcriptional misregulation in cancer, and viral carcinogenesis.  
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Table_2: Gene Ontology and KEGG Pathways Analysis of DEGs Associated 

with PTSD.  

Category Term 
Gene 

Count 
P-Value 

Biological Process 

GOTERM_BP_DIRECT RNA splicing 18 1.82E-07 

GOTERM_BP_DIRECT mRNA processing 15 6.19E-05 

GOTERM_BP_DIRECT cellular response to DNA damage stimulus 15 6.83E-04 

GOTERM_BP_DIRECT mRNA splicing, via spliceosome 12 1.26E-03 

GOTERM_BP_DIRECT chromatin remodeling 11 2.01E-03 

GOTERM_BP_DIRECT cell division 17 2.03E-03 

GOTERM_BP_DIRECT transcription, DNA-templated 12 2.65E-03 

GOTERM_BP_DIRECT protein transport 18 3.28E-03 

GOTERM_BP_DIRECT 
positive regulation of transcription from RNA polymerase II 

promoter 
36 5.34E-03 

GOTERM_BP_DIRECT regulation of cell cycle 14 7.19E-03 

GOTERM_BP_DIRECT apoptotic process 21 8.86E-03 

GOTERM_BP_DIRECT 
negative regulation of transcription from RNA polymerase II 

promoter 
29 1.27E-02 

GOTERM_BP_DIRECT negative regulation of transcription, DNA-templated 20 1.35E-02 

GOTERM_BP_DIRECT regulation of transcription from RNA polymerase II promoter 44 2.41E-02 

Cell Component 

GOTERM_CC_DIRECT nucleus 183 4.67E-18 

GOTERM_CC_DIRECT nucleoplasm 139 1.03E-17 

GOTERM_CC_DIRECT cytosol 166 4.97E-15 

GOTERM_CC_DIRECT cytoplasm 132 7.25E-05 

GOTERM_CC_DIRECT intracellular membrane-bounded organelle 32 1.16E-03 

GOTERM_CC_DIRECT nucleolus 41 1.45E-03 

GOTERM_CC_DIRECT endoplasmic reticulum 30 2.88E-02 

GOTERM_CC_DIRECT Golgi apparatus 30 2.99E-02 

Molecular Function 



Identification of Key Genes and Pathways Associated with Post-Traumatic Stress Disorder 

 

 

25 

 

GOTERM_MF_DIRECT protein binding 304 1.85E-14 

GOTERM_MF_DIRECT RNA binding 57 4.26E-07 

GOTERM_MF_DIRECT DNA binding 45 2.50E-04 

GOTERM_MF_DIRECT ATP binding 49 4.61E-04 

GOTERM_MF_DIRECT ATPase activity 17 1.28E-03 

GOTERM_MF_DIRECT cadherin binding 15 3.01E-03 

GOTERM_MF_DIRECT chromatin binding 19 3.94E-03 

GOTERM_MF_DIRECT zinc ion binding 27 1.61E-02 

GOTERM_MF_DIRECT protein kinase binding 18 1.85E-02 

GOTERM_MF_DIRECT identical protein binding 44 3.93E-02 

KEGG Pathways 

KEGG_PATHWAY Platinum drug resistance 9 1.69E-04 

KEGG_PATHWAY Spliceosome 11 1.31E-03 

KEGG_PATHWAY Nucleocytoplasmic transport 9 2.33E-03 

KEGG_PATHWAY Apoptosis 10 2.74E-03 

KEGG_PATHWAY Apoptosis - multiple species 5 4.79E-03 

KEGG_PATHWAY Cell cycle 9 6.28E-03 

KEGG_PATHWAY TNF signaling pathway 8 1.08E-02 

KEGG_PATHWAY Ubiquitin mediated proteolysis 9 1.20E-02 

KEGG_PATHWAY Transcriptional misregulation in cancer 10 2.45E-02 

KEGG_PATHWAY Viral carcinogenesis 10 3.34E-02 

3. PPI Network Construction: 

With defining the minimum required interaction score as the highest confidence 0.9, a 

gene network that contains; 382 nodes, 145 edges, 0.759 as average node degree, 

0.238 as average local clustering coefficient, and 0.000448 as PPI enrichment P-values 

was built by STRING. 

The expected number of edges is 109. However, the constructed network has more 

interactions than expected which means that the screened proteins have more 

interactions among themselves than what would be expected for a random set of proteins 

of the same size and degree distribution drawn from the genome. This indicated that the 

proteins are at least partially biologically connected as a group (Figure_3). 



Identification of Key Genes and Pathways Associated with Post-Traumatic Stress Disorder 

 

 

26 

 

The functional enrichment analysis of the PPI network showed that the highlighted 

pathways are apoptosis, spliceosome, and Platinum drug resistance. 

Figure_3: The DEGs Protein-Protein Interaction (PPI) Network by STRING 

Database.  
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4. PPI Network Module Analysis & Hub Genes Selection:    

The CytoHubba plugin was employed to calculate connectivity scores and determine 

the common genes among the top 30 genes with a combination of four algorithms (MCC, 

Degree, Stress, and Radiality) (Table_3) (Figure_4). 

All 4 methods identified 14 common central hub genes among the top 30 hub genes: 

NUP153, NUP50, NUP160, UBE2N, SP100, BIRC3, SMC4, YWHAZ, RB1, SUMO1, 

CDKN1B, CASP3, MAP2K4, NBN. On the other hand, 7 genes (PIK3C2A, PIK3R2, 

SACM1L, PIKFYVE, INPP5F, WAPAL, CDC5L, SRSF11) were identified by 3 of the 4 

algorithms, and 8 genes (PIK3C2A, PIK3R2, SACM1L, PIKFYVE, INPP5F, WAPAL, 

CDC5L, SRSF11) were identified by 2 of the 4 algorithms (Figure_5). 

A total of 3 significant modules were defined from the PPI network using the plugin 

MCODE with a criterion of selection as follows: degree cut-off = 2, node score cut-

off = 0.2, k-score = 2, and Max depth = 100 (Table_4) (Figure_6). 

To ensure the presence of the 14 defined hub genes in the most significant modules, an 

overlap analysis was conducted. The intersection revealed five genes: NUP153, NUP50, 

NUP160, SP100, and SMC4 (Figure_7).  
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Table_3: The Top 30 Hub Genes Rank in CytoHubba by 4 Different Methods. 

 

Local-Based Methods Global-Based Methods 

MCC Degree Stress Rdiality 

PIK3C2A UBE2N RB1 CDKN1B 

PIK3R2 NUP153 CDKN1B RB1 

SACM1L YWHAZ SP100 CDC16 

PIKFYVE RB1 UBE2N SP100 

INPP5F SUMO1 CDC16 CASP3 

NUP153 PIK3C2A CASP3 YWHAZ 

NUP50 CDKN1B MAD2L1 E2F5 

NIPBL CASP3 NUP153 CUL4A 

RAD21 SP100 YWHAZ CUL4B 

PDS5A PIK3R2 SMC4 MAD2L1 

NUP160 NUP50 CUL4A NUP153 

UBE2N SACM1L CUL4B BIRC3 

SP100 NIPBL SUMO1 BCL2L1 

BIRC3 BIRC3 BIRC3 SUMO1 

SMC4 CDC5L NUP50 UBE2N 

HSPA13 SRSF11 HSPA13 NUP50 

YWHAZ RAD21 RNF2 BIRC2 

RB1 PDS5A BIRC2 NUP160 

SUMO1 SMC4 KPNA2 ATF2 

WAPAL PIKFYVE MAP2K4 NFYB 

CDKN1B INPP5F PRKDC ELF1 

CASP3 NUP160 NIPBL PRKDC 

MAP2K4 HSPA13 NUP160 MAP3K5 

CDC5L MAP2K4 MAP3K5 RNF2 

SRSF11 NBN BCL2L1 RAD17 

CUL4A SEC23A NBN ATR 

CUL4B WAPAL ATF2 NBN 

BIRC2 SCFD1 RAD21 MAP2K4 

RAD17 KPNA2 PDS5A DFFA 

NBN PICALM YAF2 SMC4 
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Figure_4: Hub Gene Networks Identified from the PPI Network Using (A) 

MCC Algorithm; (B) Degree Algorithm; (C) Stress Algorithm; and (D) 

Radiality Algorithm of the Cytoscape Plug-in CytoHubba. 



Identification of Key Genes and Pathways Associated with Post-Traumatic Stress Disorder 

 

 

30 

 

 

Figure_5: The Venn Diagram of the Top 30 Genes in 4 Classification 

Methods of CytoHubba. 

Table_4: The Top 3 Clusters Identified by MCODE 

Cluster # Score Nodes Edges Genes 

Cluster 1 5 5 10 SACM1L, PIK3R2, INPP5F, PIKFYVE, PIK3C2A 

Cluster 2 4.5 5 9 HSPA13, NUP50, NUP160, NUP153, SP100 

Cluster 3 4.5 5 9 NIPBL, SMC4, WAPAL, PDS5A, RAD21 
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Figure_6: The Three Most Important Modules Generated by MCODE; (A) 

Cluster 1, (B) Cluster 2, (C) Cluster 3.

 

Figure_7: Intersection of the Hub Genes Identified through CytoHubba and 

MCODE Top 3 Clusters Genes. 
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5. Validation of Hub Genes:  

The CTD intersection analysis between hub genes and PTSD showed that all 14 hub 

genes exhibit inferred association with PTSD (Table_5) (Figure_8). 

The dataset GDS3383 titled "Chronic Stress Effect on Peripheral Blood Monocytes" in 

GEO Profiles was queried, and the expression of five hub genes (NUP50, NUP160, 

CASP3, SMC4, and MAP2K4) was validated. These genes were found to be 

overexpressed in normal patients compared to chronic stress patients (Figure_9 (A)-

(E)). 

Analysis of PTSD Blood Transcriptome Mega-Analysis which incorporates five 

independent PTSD blood transcriptome studies revealed that six out of the 14 identified 

hub genes exhibited differential expression; NUP153, SP100.YWHAZ, MAP2K4, 

CDKN1B, and NBN (Table_6). 

Table_5: Hub Genes with Inferred Association to PTSD   

Gene Inference Score 

CASP3 52.44 

CDKN1B 10.04 

RB1 6.97 

NUP50 6.86 

SMC4 6.16 

YWHAZ 6.11 

NUP160 2.43 

SP100 2.37 

NUP153 2.33 

UBE2N 2.3 

SUMO1 2.24 

NBN 2.23 

MAP2K4 2.12 

BIRC3 1.74 
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Figure_8: The Venn Diagram of Hub Genes and PTSD-Inferred Genes 

Generated by CTD. 
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Figure_9: The Expression Profiles of 5 Hub Genes (A-E: NUP50, NUP160, 

CASP3, SMC4, and MAP2K4) Extracted from GEO Profile (GDS3383).  



Identification of Key Genes and Pathways Associated with Post-Traumatic Stress Disorder 

 

 

35 

 

Table_6: Differentially Expressed Genes (P<0.05) in Independent PTSD 

Blood Transcriptome Studies. 

Gene Log Fold-change P-Value Study 

NUP153 -0.3 0.017 Segman (emergency room trauma) 

SP100 -0.1 0.03368 Breen (combat trauma) 

YWHAZ 0.0944 0.0457 Tylee (combat trauma) 

CDKN1B 0.23 0.021 Segman (emergency room trauma) 

MAP2K4 -0.21 0.0058 Mehta (interpersonal traumas) 

NBN 0.12 0.0107 Neylan (assault trauma) 

6. Hub Genes Expression Profiles:  

The expression profiles of the 14 key genes were visualized using violin plots, with the control 

group represented by the orange violin and the PTSD group represented by the blue violin 

(Figure_10 (A)-(M)) (Table_7). 
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Figure_10: Expression Profiles of the 14 Hub Genes Generated by Express 

Analyst; The Orange Violin Represents the Control Group While the Blue 

Violin Represents the PTSD Group.  
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 Table_7: The Hub Genes Associated with PTSD 

Gene Symbol Gene Title 
Log2 

(fold change) 
-Log10 (Pvalue) 

NUP50 Nucleoporin 50 0.683 5.073 

NUP153 Nucleoporin 153 0.754 5.209 

NUP160 Nucleoporin 160 0.452 3.634 

UBE2N Ubiquitin Conjugating Enzyme E2 N 0.486 2.956 

SP100 SP100 Nuclear Antigen 0.513 3.941 

BIRC3 Baculoviral IAP Repeat Containing 3 0.71 2.94 

SMC4 Structural Maintenance of Chromosomes 4 0.578 3.29 

YWHAZ 
Tyrosine 3-Monooxygenase/Tryptophan 5-Monooxygenase Activation 

Protein Zeta 
0.525 3.085 

RB1 RB Transcriptional Corepressor 1 0.693 3.312 

SUMO1 Small Ubiquitin-Like Modifier 1 0.556 3.256 

CDKN1B Cyclin Dependent Kinase Inhibitor 1B 0.608 3.05 

CASP3 Caspase 3 0.456 3.213 

MAP2K4 Mitogen-Activated Protein Kinase Kinase 4 0.423 3.602 

NBN Nibrin 0.431 3.244 

7. Hub Genes Functional Enrichment Analysis:  

The STRING database was used to visualize the PPI of the hub genes with setting the 

minimum required interaction score as the medium confidence 0.4 (Figure_11_A) and 

k-mean clustering was also applied dividing the genes into 3 clusters (Figure_11_B). 

The functional enrichment analysis by Metascape showed that the key genes mainly 

contribute to Cytokine signaling in the immune system (CASP3, CDKN1B, NUP50, 

YWHAZ, NUP160, SP100, NUP153, UBE2N, SUMO1,MAP2K4, BIRC3), Toll Like 

Receptor 3 (TLR3) Cascade (CDKN1B, UBE2N, MAP2K4, BIRC3), cell cycle (CASP3, 

CDKN1B, RB1, NUP50, SMC4,YWHAZ, NUP160, NUP153, UBE2N, SUMO1, NBN, 

MAP2K4), and numerous apoptosis-related processes including oxidative damage 

response (CASP3, CDKN1B, YWHAZ, SP100, UBE2N, MAP2K4, BIRC3) and DNA 

damage response (CASP3, CDKN1B, RB1, SMC4, YWHAZ, SP100, SUMO1, NBN, 

MAP2K4, BIRC3) (Figure_12) (Figure_13). 

While the functional annotation Clustering by DAVID revealed that the key genes are 

associated with regulation of cell cycle, apoptosis, viral carcinogenesis, and several viral 
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infections such as Hepatitis B, Hepatitis C, Human Papilloma Virus and Epstein-Barr 

infections. 

The figure displays the annotation cluster, accompanied by an enrichment score of 2.4 

where the positive corresponding is denoted by the green squares, whereas the negative 

corresponding is represented by the dark ones (Figure_14). 

 

 

Figure_11: The 14 Key Genes Associated with PTSD Network Generated 

by STRING. 

Figure_12: Bar Graph of Enriched Pathways and Biological Processes of 

the 14 Hub Genes Identified by CytoHubba, Colored by P-values.
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Figure_13: Network of Enriched Pathways and Biological Processes of the 

14 Hub Genes: (A) Colored by Cluster ID, Where Nodes That Share the 

Same Cluster ID Are Typically Close To Each Other; (B) Colored by p-

value, Where Terms Containing More Genes Tend to Have a More 

Significant P-Value. 

 

Figure_14: 2D View Functional Annotation Clustering Heatmap of Hub 

Genes Associated with PTSD Generated by DAVID.  
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8. Prediction of Target miRNA:  

The hub genes were uploaded into miRNet and a total of 865 miRNAs were obtained 

with 1613 edges (Figure_15). 

The overlap between the 865 miRNAs from miRNet and the 82 miRNAs from PubMed 

revealed that 44 miRNAs identified in this study have previously been confirmed to 

exhibit differential expression in individuals with PTSD. Out of these, 23 miRNAS were 

found to be downregulated, while 21 were upregulated in PTSD patients (Table_8). 

 

Figure_15: miRNA-Hub Gene Regulatory Network Extracted from 

miRNet; Purple Circles Represent Hub Genes while PinkSquares Represent 

miRNAs.  
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Table_8: The 44 Differentially Expressed miRNAs in PTSD Patients. 

Downregulated miRNAs Upregulated miRNAs 

miRNAs Target Hub Genes Log2 FC miRNAs Target Hub Genes Log2 FC 

hsa-mir-146a-5p 
BIRC3/NUP160/NUP160/NUP1

53 
-2.04 hsa-mir-23a-3p 

NUP153/MAP2K4/NUP50/RB1

/CASP3 
0.15 

hsa-mir-708-5p YWHAZ -1.27 hsa-mir-151a-3p BIRC3 0.15 

hsa-mir-490-5p YWHAZ -1.27 hsa-mir-145-3p SMC4 0.22 

hsa-mir-628-5p BIRC3/NUP153 -1.27 hsa-mir-130a-3p 
BIRC3/NUP160NUP160/CDKN1

B/SMC4/NUP153/RB1 
0.22 

hsa-mir-641 BIRC3 -1.27 hsa-mir-20a-5p 
RB1/YWHAZ/BIRC3/CDKN1B/S

MC4 
0.39 

hsa-mir-675-5p RB1 -1.27 hsa-mir-302a-5p NUP50/CASP3 0.41 

hsa-mir-504-5p SUMO1 -1.27 hsa-mir-212-3p 
RB1/NUP50/NUP160/NUP160/

SP100/CDKN1B 
0.41 

hsa-mir-455-5p CDKN1B -0.82 hsa-mir-19a-3p NUP50/CDKN1B/CASP3 0.43 

hsa-mir-335-5p RB1/YWHAZ -0.75 hsa-mir-127-3p MAP2K4 0.8 

hsa-mir-340-5p NUP50/NBN -0.75 hsa-mir-20b-5p RB1/YWHAZ/CDKN1B 0.8 

hsa-mir-210-3p 
BIRC3/NUP160/NUP160/NBN/

SMC4/RB1/UBE2N 
-0.74 hsa-mir-199a-3p YWHAZ 0.8 

hsa-mir-31-5p CDKN1B -0.57 hsa-mir-181c-5p NUP50/NBN/NUP153 0.8 

hsa-mir-199b-3p YWHAZ -0.51 hsa-mir-143-3p NUP153 0.8 

hsa-mir-18a-3p CDKN1B/SMC4 -0.51 hsa-mir-132-3p NBN/RB1/NUP50 0.8 

hsa-mir-148a-5p CDKN1B -0.51 hsa-mir-3200-3p CASP3 0.91 

hsa-mir-335-3p CDKN1B/YWHAZ/SP100/CASP3 -0.45 hsa-mir-148a-3p CDKN1B/NUP153/RB1 1.25 

hsa-mir-3175 CDKN1B/SUMO1/YWHAZ -0.38 hsa-mir-128-3p 
CASP3/UBE2N/YWHAZ/BIRC3/

MAP2K4/NBN/SMC4 
1.55 

hsa-mir-214-3p BIRC3/SP100 -0.36 hsa-mir-222-3p CDKN1B/UBE2N/BIRC3/CASP3 2.06 

hsa-mir-34a-5p 

BIRC3/CASP3/CDKN1B/NUP16

0/NUP160/NUP50/NBN/SMC4

/NUP153/YWHAZ/UBE2N 

-0.24 hsa-mir-101-3p 

BIRC3/NUP160/NUP160/NUP5

0/SMC4/CASP3/YWHAZ/UBE2

N 

2.1202 

hsa-mir-221-5p CDKN1B/NUP50/YWHAZ -0.21 hsa-mir-138-5p CASP3/SP100/SUMO1 2.29 

hsa-mir-183-5p NBN -0.21 hsa-mir-146b-5p NUP153 2.29 

hsa-mir-15b-3p NUP50 −1.5629    

hsa-mir-125b-5p NBN/CDKN1B −1.6985    
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9. Prediction of Target Transcription Factors (TFs):  

Using TRRUST through miRNet, a total of 49 transcription factors (gTFs) targeting 8 of 

the hub genes were extracted, and multiple networks depicting their relationships were 

generated. However, the biggest network with 43 TFs and 5 hub genes was visualized 

(Figure_16). 

The verification results determine that 10 TFs were differentially expressed, and these 

TFs target 6 of the Hub genes (CASP3, BIRC3, SUMO1, CDKN1B, RB1, SP100). Among 

these TFs, NFKB, TP53, RELA, HDAC1, STAT5A, and FOXO1 were found to be 

downregulated, whereas PML, IRF1, SP1, and E2F1 were upregulated (Figure_17). 

Besides the previously validated 10 TFs, three more TFs were identified and found to be 

undepressed in PTSD patients in GSE860 dataset: DEK, NFYB, RB1 with 0.396, 0.501, 

0.693 log(fc) respectively (Figure_18). 

In total, 13 key TFs which target 6 were identified on the basis of TRRUST and then 

verified by GSE860 dataset and 3 previous studies (Table_9). 

The analysis showed that key TFs participate in main pathways associated with PTSD 

hub genes including: Cytokine Signaling in Immune system (NFKB1, TP53, RELA, 

STAT5A, PML, IRF9, FOXO1), cell cycle (TP53, HDAC1, E2F1, RB1), Cellular 

responses to stress (NFKB1, TP53, RELA, SP1, E2F1, NFYB, RB1), and Toll Like 

Receptor 3 (TLR3) Cascade (NFKB1, TP53, RELA) (Figure_19).  
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Figure_16: The Network of 5 Hub Genes and the TFs Targeting Hub Genes 

gTF: The dark Green Circles Represents Hub Genes, while the Light Green 

Triangles Represents gTFs 

 

Figure_17: The Network of Verified TFs with Targeted Hub Genes by 

Previous Studies; The Purple Circle Represents Hub Genes and The Blue 

Triangles Represent TFs. 
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Figure_18: The Expression Levels (P < 0.05) of Verified TFs in GSE860: (A) 

DEK, (B) NFYB, (C) RB1, (D) TFs Regulatory Network. 

Table_9: Key Transcriptional Factors of Hub Genes. 

 Key TFs Description Genes 

1 NFKB1 Nuclear Factor Kappa B Subunit 1 BIRC3/CASP3 

2 TP53 Tumor Protein p53 CASP3/CDKN1B/RB1 

3 RELA RELA proto-oncogene, NF-kB subunit BIRC3/CASP3 

4 HDAC1 Histone Deacetylase 1 BIRC3 

5 STAT5A Signal Transducer and Activator of Transcription 5A SUMO1 

6 PML PML Nuclear Body Scaffold CASP3 

7 IRF9 Interferon Regulatory Factor 9 CDKN1B/SP100 

8 FOXO1 Forkhead Box O1 CDKN1B 

9 SP1 Sp1 Transcription Factor CASP3/CDKN1B 
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10 E2F1 E2F Transcription Factor 1 RB1 

11 DEK DEK Proto-Oncogene BIRC3 

12 NFYB Nuclear Transcription Factor Y Subunit Beta CDKN1B 

13 RB1 RB Transcriptional Corepressor 1 RB1 

Figure_19: Bar Graph of Enriched Pathways and Biological Processes of 

The Hub Genes and Key TFs Colored by P-values. 

10. Text Mining Analysis of Hub Genes, Key TFs, and Pathways in PTSD:  

Coremine Medical was utilized through two steps to investigate the relationship 

between hub genes, key TFs, and the main enriched pathways associated with PTSD. 

In the first step, the search terms "post-traumatic stress disorder," "immune response", 

"apoptosis", "cell cycle", and "hub gene symbols" were used. The analysis revealed that 

PTSD is directly correlated with three hub genes: CASP3, YWHAZ, and RB1. 

Furthermore, a total of 13 hub genes were found to be associated with the three 

pathways,except NUP160 was specifically linked to the apoptotic process and cell cycle 

(Figure_20). 

While in the second step, a new analysis was conducted using the search terms "post-

traumatic stress disorder," "immune response," "apoptotic process," "cell cycle," and 

"gene symbols of key TFs." All of the key TFs examined were found to be related to the 

three pathways, except for DEK, which was specifically associated with the apoptotic 

process and cell cycle. On the other hand, PTSD was linked directly to six key TFs: 

NFKB1, HDAC1, STAT5A, TP53, RB1, and RELA (Figure_21). 
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By performing these analyses, valuable insights were obtained regarding the 

relationships among hub genes, TFs, and the pathways involved in PTSD. This 

information contributes to a deeper understanding of the molecular mechanisms 

underlying PTSD and provides potential targets for further research and therapeutic 

interventions. 

 

Figure_20: Linear Association among Hub Genes and The Main Enriched 

Pathways in PTSD Using Coremine Medical, The Thicker the Line, the 

Closer the Connection. 
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Figure_21: Linear Association among Key TFs and The Main Enriched 

Pathways in PTSD Using Coremine Medical, The Thicker the Line, the 

Closer the Connection. 

11. Analysis of FDA-Approved Medications and Intersections with PTSD-

Associated Pathways:  

Regarding chemical-gene interaction, CTD analysis showed that Sertraline is associated 

with 127 genes while Paroxetine interacts with 50 genes. The intersection of these genes 

with Hub genes and key TFs associated with PTSD showed that Sertraline and 

Paroxetine increase activity of CASP3 protein while only Sertraline results in increased 

expression of NFKB1 mRNA (Figure_22). 

On the other hand, the chemical-pathway interaction analysis clarified that Sertraline and 

Paroxetine are associated with 24 enriched pathways related to PTSD Hub Genes 

(Table_10). 
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Figure_22: Venn Diagram of Hub genes and Key TFs associated with 

PTSD, Sertraline-associated genes, and Paroxetine-associated genes. 

Table_10: The Mutual Enriched Pathways of Hub Genes, Sertraline, and 

Paroxetine. 

Pathway ID Enriched Pathways 
Sertraline P-

Value 

Paroxetine P-

Value 

REACT:R-HSA-1280215 Cytokine Signaling in Immune system 4.71E-23 1.18E-12 

KEGG:hsa04110 Cell Cycle 9.23E-07 - 

REACT:R-HSA-2262752 Cellular responses to stress 5.99E-14 9.31E-06 

KEGG:hsa05203 Viral carcinogenesis 5.91E-12 2.70E-06 

KEGG:hsa05222 Small cell lung cancer 9.14E-08 - 

KEGG:hsa05161 Hepatitis B 7.37E-22 3.54E-12 

REACT:R-HSA-2559583 Cellular Senescence 2.50E-09 - 

KEGG:hsa05169 Epstein-Barr virus infection 6.14E-18 - 

REACT:R-HSA-3371453 Regulation of HSF1-mediated heat shock response 3.04E-08 - 

KEGG:hsa04210 Apoptosis 1.58E-29 1.64E-10 

REACT:R-HSA-3371556 Cellular response to heat stress 1.29E-07 - 

REACT:R-HSA-168164 Toll Like Receptor 3 (TLR3) Cascade 8.64E-21 8.06E-08 

KEGG:hsa04668 TNF signaling pathway 7.15E-26 3.41E-13 
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KEGG:hsa05014 Amyotrophic lateral sclerosis 2.28E-07 - 

KEGG:hsa04350 TGF-beta signaling pathway 1.20E-12 - 

REACT:R-HSA-166016 Toll Like Receptor 4 (TLR4) Cascade 2.96E-19 2.69E-07 

KEGG:hsa05160 Hepatitis C 2.03E-12 6.69E-09 

REACT:R-HSA-449147 Signaling by Interleukins 8.50E-26 1.17E-14 

KEGG:hsa05200 Pathways in cancer 7.78E-15 4.30E-13 

REACT:R-HSA-5357801 Programmed Cell Death 4.02E-07 - 

KEGG:hsa05132 Salmonella infection 2.96E-09 2.43E-06 

12. Computational Drug Repurposing for PTSD Treatment:  

The first analysis involved utilizing DrugBank as a functional database in conjunction 

with WebGestalt. After submitting 27 genes including 14 Hub genes (NUP50. NUP153, 

NUP160, UBE2N, SP100, BIRC3, SMC4, YWHAZ, RB1, SUMO1, CDKN1B, CASP3, 

MAP2K4, NBN)  and 12 key TFs (NFKB1, TP53, RELA, HDAC1, STAT5A, PML, IRF9, 

FOXO1, SP1, E2F1, DEK, NFYB), considering the significance level of P value < 0.05, 

and Over Representation Analysis (ORA)  as the method of Interest, WebGestalt gene-

drug analysis predicted ten existing drugs (Figure_23) (Table_11). 

The second analysis was performed by DGIdb through several steps. 

Initially, hub genes and key TFs were categorized to indicate their druggability potential; 

11 genes came out to be druggable genomes while 12 genes are clinically actionable 

(Table_12). 

Then, a drug repurposing analysis was conducted for the 26 genes (hub genes and key 

TFs) identified in PTSD. DGIbd analyzed drug-gene interactions and assigned an 

interaction score for each pair of gene-drug pairs. After applying a query score threshold 

of 5, the filtration results stated that 5 genes CASP3, NFKB1, TP53, RELA, HDAC1 are 

the final druggable target with 32 potential compounds/drugs (Table_13). 

After manual study and analysis, a total of 15 final potential drugs were listed based on 

the enriched pathways associated with the genes including ; Cytokine Signaling in 

Immune system (CAPS3, NFKB1, TP53, RELA), cell cycle (HDAC1, TP53), Toll Like 

Receptor 3 (TLR3) Cascade ( NFKB1, RELA, TP53), and Cellular Responses to Stress 

(NKB1, RELA, TP53) (Table_13). 
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Figure_23: Bar Chart of Enriched Drugs and Potential Therapeutic Options 

for Hub Genes and Key TFs Associated with PTSD: A DrugBank-based 

Analysis Using WebGestalt. 

Table_11: Table of Enriched Drugs and Potential Therapeutic Options for 

Hub Genes and Key TFs Associated with PTSD: A DrugBank-based Analysis 

Using WebGestalt. 
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Table_12: Categorization of Hub Genes and Key TFs Generated by DGIdb. 
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Table_13: Table of Potential Drugs Targeting CASP3, NFKB1, TP53, RELA, 

and HDAC1 (QueryScore>=5).  
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Table_14: Table of Final Potential Drugs for PTSD Generated by DGIdb. 

Drug Gene Query Score Interaction Score 

PHATHALIMIDE CASP3 8.61 3.75 

KOBOPHENOL A CASP3 8.61 3.75 

DIOSMETIN NFKB1/RELA 5.74 0.46 

KAEMPFERIDE NFKB1/RELA 5.74 0.46 

CHRYSOERIOL NFKB1/RELA 5.74 0.46 

DHMEQ NFKB1 8.61 0.69 

 RELA 8.61 1.21 

TAMARIXETIN NFKB1 5.74 0.46 

 RELA 5.74 0.81 

ISORHAMNETIN NFKB1 5.74 0.46 

 RELA 5.74 0.81 

SORBINIL NFKB1 5.74 0.46 

 RELA 5.74 0.81 

QUERCETAGETIN NFKB1 5.74 0.46 

 RELA 5.74 0.81 

ANDROGRAPHOLIDE NFKB1 8.61 0.69 

 RELA 5.74 0.81 

ATRACTYLENOLIDE I TP53 8.61 0.33 

MULBERROFURAN H RELA 8.61 2.42 

VORINOSTAT HDAC1 5.61 0.57 

TUBASTATIN A HDAC2 8.61 2.63 

I. Potential Drugs for PTSD predicted by WebGestalt-DrugBank:  

1. Glycyrrhizic acid (Antagonist of CASP3 and Translocation Inhibitor of NFKB1): 

 An Anti-inflammatory, anti-ulcer, anti-allergic, antioxidant, anti-tumor, anti-diabetic and 

hepatoprotective. 

Glycyrrhizin treatment in rats with PTSD showed significant improvements in anxiety and 

fear memory, as well as restoration of disrupted circadian rhythm in serotonin and 

Tryptophan Hydroxylase 2 (TPH2) (Lai et al., 2020). 

2. Arsenic trioxide (Associated with HDAC1 and PML):  

A chemotherapeutic agent used in the treatment of refractory or relapsed acute 

promyelocytic leukemia in patients with prior retinoid and anthracycline chemotherapy. 

3. Acetylsalicylic Acid (TP53 Inducer and NFKB1 Inhibitor): 
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A salicylate used to treat pain, fever, inflammation, migraines, and reducing the risk of 

major adverse cardiovascular events. Aspirin use, particularly current, long-term, and 

low-dose, is associated with a decreased risk of depression, anxiety, and stress-related 

disorders following cancer diagnosis (Hu et al., 2020). 

4. Vorinostat (HDAC Inhibitor):  

a histone deacetylase (HDAC) inhibitor that induces cell apoptosis. it is used to treat 

cutaneous manifestations in patients with cutaneous T-cell lymphoma (CTCL) who have 

not responded to other therapies, and it has demonstrated effectiveness as an inhibitor 

of human papillomavirus (HPV)-18 DNA amplification (Banerjee et al., 2018). 

A new approach for treating anxiety and fear-related disorders such as PTSD involves 

combining cognitive behavioral therapy (CBT) with cognitive enhancers. This strategy 

aims to target and enhance the learning mechanisms underlying CBT, particularly 

extinction-based exposure therapy, in order to overcome learning deficits and promote 

long-term fear inhibition for relapse prevention. Recent preclinical studies have shown 

that increasing histone acetylation, either through genetic or pharmacological inhibition 

of histone deacetylases (HDACs), or by targeting histone acetyltransferases (HATs), can 

enhance fear extinction and generate long-lasting extinction memory. These effects are 

mediated by molecular mechanisms and pathways involving brain-derived neurotrophic 

factor (BDNF) and N-methyl-D-aspartate (NMDA) receptor signaling.This presents a 

clear recommendation for a new therapeutic approach in treating PTSD by enhancing 

the process of fear extinction (Matsumoto et al., 2013; Whittle & Singewald, 2014). 

5. Andrographolide (NFKB1 Inhibitor):  

A botanic extract from the herb Andrographis Paniculata, exhibits anti-inflammatory, 

anticancer, and hepatoprotective activities. It specifically inhibits the activation of NFKB1 

through covalent modification of a cysteine residue on p50 in endothelial cells (Xia et al., 

2004; Zhai et al., 2014). 

Recent research investigated the potential antidepressant effects of andrographolide in 

mice exposed to chronic unpredictable mild stress (CUMS) (Geng et al., 2019). 

Another study examined the antidepressant effects andrographolide in a zebrafish model 

of chronic unpredictable stress (CUS). The administration of andrographolide as a single 

treatment in the CUS zebrafish resulted in increased locomotion activity and decreased 

cortisol levels, indicating an antidepressant-like effect of the compound (Aldurrah et al., 

2023). 

6. Triflusal (NFKB1 Antagonist):  

A medication related to acetylsalicylic acid with antithrombotic effects used in the 

treatment of thromboembolic diseases.Triflusal has shown potential neuroprotective 

effects by inhibiting inflammatory pathways in rat models with permanent middle cerebral 

artery occlusion (Alvarez-Sabín et al., 2009). 



Identification of Key Genes and Pathways Associated with Post-Traumatic Stress Disorder 

 

 

55 

 

 

7. Pranlukast (NFKB1 Inhibitor):  

A leukotriene receptor antagonist for the treatment of allergic rhinitis and asthma 

symptoms. 

8. Fingolimod (HDAC1 Inhibitor):  

A sphingosine 1-phosphate receptor modulator used to treat patients with the relapsing-

remitting form of multiple sclerosis (MS) and studied to manage lung complications of 

COVID-19.Fingolimod exhibits a protective effect on hippocampal neurons against 

stress-induced damage and mitigates depressive symptoms through the inhibition of 

neuroinflammation (Guo et al., 2020). 

9. Minocycline (CASP3 Negative Modulator): 

A tetracycline analog used to treat a wide variety of infections in the body. Minocycline 

has shown promising results in both preclinical and human studies for the treatment of 

PTSD. In animal models, it was found to alleviate PTSD-like behaviors, reduce pro-

inflammatory cytokine levels, and inhibit NF-κB in the hippocampus. Additionally, in a 

12-week human study, adjunctive minocycline treatment resulted in a reduction in PTSD 

symptoms and improvements in depression symptoms (Gerst et al., 2021; W. Wang et 

al., 2018). 

10. Romidepsin (HDAC1 Antagonist Inhibitor):  

It is used to treat cutaneous T-cell lymphoma.  
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II. Potential Drugs for PTSD predicted by DGIdb:  

1. Phtalamide: a precursor of Thalidomide and other drugs that belong to 

Immunomodulatory Imide Drugs (IMiDs) (Y. J. Jung et al., 2021). Thalidomide is 

an anti-TNF agent that has neuroprotective effects, apparently due to its anti-

apoptotic, anti-oxidant, and anti-inflammatory effects (Palencia et al., 2015). 

A recent study focused on using Thalidomide as a Potential Treatment for 

Comorbid Pain in PTSD since chronic pain is one of the most frequent 

comorbidities for patients with PTSD and higher levels of the proinflammatory 

cytokine tumor necrosis factor α (TNF-α) have been detected in these patients 

(Illouz, 2022). 

2. Kobophenol A: a natural oligomeric stilbenoid isolated from Caragana genus 

and is a tetramer of resveratrol (Gangadevi et al., 2021). Kobophenol A has been 

recognized for its ability to inhibit the activity of acetylcholinesterase; an enzyme 

involved in the breakdown of acetylcholine. This property of kobophenol A is 

significant in the context of neuroprotection, making it a potential candidate for the 

treatment of neurodegenerative diseases such as Alzheimer's disease and 

Parkinson's disease (Lee et al., 2007). 

3. Diosmetin: a naturally occurring O-methylated flavone found in citrus fruits, is the 
aglycone component of diosmin, a flavonoid glycoside. Pharmacologically, 
diosmetin has been shown to possess a range of beneficial effects, including 
anticancer, antimicrobial, antioxidant, estrogenic, and anti-inflammatory activities 
(Patel et al., 2013). 

4. Kaempferide: an O-methylated flavonol that is a derivative of kaempferol. It can 

be found in Kaempferia galanga (aromatic ginger). Kaempferol has been found to 

significantly decrease the level of HMGB1 and inhibit the TLR4/MyD88 

inflammatory pathway at both the transcriptional and translational levels. 

Additionally, numerous studies have provided evidence of the antioxidant and 

anti-inflammatory properties of kaempferol (Hussein et al., 2018; Mahat et al., 

2010). 

Kaempferol exhibits neuroprotective effects, particularly in several 

neurodegenerative diseases like Parkinson's disease, Alzheimer's disease, and 

Huntington's disease. Its beneficial effects contribute to the protection and 

preservation of neuronal health in neuroinflammation conditions by inhibiting 

NKB1 (Yu et al., 2013). 

5. Chrysoeriol: is a 30-O-methoxy flavone, which means that it is a chemically 

derived product of luteolin found in a variety of plant species (Mishra et al., 2003). 

Chrysoeriol ameliorates TLR4-mediated inflammatory responses by inhibiting 
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NFKB1 (Yoon & Park, 2021). In vivo pharmacokinetic studies have demonstrated 

the excellent stability of this compound, indicating its promising potential for the 

prevention or treatment of various diseases. These include cancer, diabetes, 

inflammation, osteoporosis, Parkinson's disease, and cardiovascular diseases 

(Aboulaghras et al., 2022). 

6. DHMEQ: Dehydroxymethylepoxyquinomicin is a potent, selective and irreversible 

NFKB1 inhibitor that distresses its nuclear translocation and shows anti-

inflammatory and anticancer activity (Watanabe et al., 2005). 

7. Tamarixetin: a natural flavonoid derivative of quercetin, with anti-oxidative and 

anti-inflammatory effects. It protects against cardiac hypertrophy (Fan et al., 

2019). Tamarixetin also has been shown to decrease the release of different 

inflammatory cytokines by dendritic cells. Additionally, it enhances the production 

of the anti-inflammatory cytokine interleukin (IL)-10 and specifically boosts the 

population of immune cells that secrete IL-10 (Park et al., 2018). 

8. Isorhamnetin: A monomethoxyflavone derivative of Quercetin that is found in 

many plant species. Many in-vivo studies suggested the anxiolytic effect of 

Quercetin in many anxiety disorders including PTSD (Wróbel-Biedrawa et al., 

2022). 

A study investigating the anxiolytic properties of Quercetin found that its anxiolytic 

effect is mediated through GABAA-ρ receptors. Importantly, the administration of 

quercetin did not induce any hypoactivity or myorelaxation, suggesting that it 

could be developed as an effective anxiolytic drug without any associated side 

effects (J. Jung & Lee, 2014). 

9. Sorbinil: an Aldose reductase inhibitor (ARI) that plays therapeutic role in treating 

diabetes and diabetic complications, decreases AR activity and inhibits polyol 

pathway which  has been linked to the development of secondary diabetic 

complications (Huang et al., 2019). A study suggested that inhibition of aldose 

reductase, which prevents NFB1 activation, may be a useful approach for treating 

vascular inflammation caused by diabetes (Huang et al., 2019). 

10. Quercetagetin: Quercetagetin is a flavonol, a type of flavonoid and a derivative 

of Quercetin. Quercetagetin has antioxidant and antiviral effects.In a cohort 

primarily consisting of male veterans, individuals diagnosed with PTSD had a 

nearly twofold increased risk of developing dementia compared to those without 

PTSD. A history of PTSD may exhibit neurocognitive deficits and increased tau 

deposition in the brain many years after their traumatic experiences (Mohamed et 

al., 2019; Yaffe et al., 2010). Quercetagetin has been shown to effectively inhibit 

tau accumulation and reverse neuroinflammation and cognitive deficits in P301S-
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Tau transgenic mice by prevention of Tau phosphorylation in the hippocampus 

and cortex and inhibition the of NFKB1 activation (Zhong et al., 2023). 

11. Andrographolide: It was among the compounds predicted by WebGestalt too, 

its antidepressant-like effect in PTSD has been explained in page 54. 

12. Atractylenolide I:  a major active component of the Rhizoma of Atractylodes 

Macrocephala Koidz. Atractylenolide I exhibits a diverse array of pharmacological 

activities that include anti-inflammatory properties, anti-tumor effects by 

promoting tumor antigen presentation of both human and mouse colorectal 

cancer (CRC) cells and thereby enhances the cytotoxic response of CD8+ T cells 

(H. Xu et al., 2021). 

On the other hand, Atractylenolide I (AT-I) demonstrates antidepressant-like 

effects in a mouse model of depression induced by chronic unpredictable mild 

stress (CUMS). The molecular mechanism underlying these effects involves the 

inhibition of NLRP3 inflammasome activation, leading to a reduction in the 

production of interleukin-1β (IL-1β). This suggests that the antidepressant 

properties of AT-I may be attributed to its ability to modulate the inflammatory 

response mediated by the NLRP3 inflammasome and IL-1β (Gao et al., 2018). 

13. Mulberrofuran: a 2-arylbenzofuran derivative from the cultivated mulberry tree 

(Nomura et al., 1982). 

PTSD is a significant risk factor for cognitive decline and increased deposition of 

Amyloid β (Aβ) plaques, which resembles the pathological hallmark of Alzheimer's 

disease (Mohamed et al., 2018). It has been predicted that mulberry fruit, due to 

its properties, can potentially prevent the formation of Amyloid β plaques through 

the inhibition of phospho-extracellular signal-regulated protein kinases 1 and 2 (p-

ERK1/2) or the inhibition of β-site amyloid precursor protein cleaving enzyme 1 

(BACE1) in in-vitro models. This suggests that mulberry fruit possesses 

antioxidant properties and has the potential to improve cognitive function, 

enhance the learning process, reduce memory impairment, alleviate Parkinson's 

disease-like behaviors, and exhibit anxiolytic, anti-depressant, and anti-ischemic 

activities (Tam et al., 2021). 

14. Vorinostat: It was among the compounds predicted by WebGestalt too, and its 

participation in PTSD management as a novel approach by enhancing the 

process of fear extinction has been previously elucidated in page 54. 

15.  Tubastatin A: a selective inhibitor of HDAC6 has been found to exhibit a 

neuroprotective effect and has shown therapeutic potential in animal models of 

cognitive and neurodegenerative disorders (Butler et al., 2010). 

In addition, it has shown therapeutic effectiveness in animal models of cognitive 
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and neurodegenerative disorders by decreasing the overall level of Tau protein 

(Selenica et al., 2014). The findings of a  study aimed to assess the neuroactive 

properties of Vorinostat and Tubastatin A in both in vitro and in vivo suggested 

that the newly developed HDAC inhibitors hold promise as potential therapeutics 

for anxiety, depression, and other related psychiatric disorders (Reddy et al., 

2019). 

13. Intersection analysis of PTSD-associated Biomarkers with the 

Identified Hub Genes, Key TFs, and miRNAs in the Present Study through 

PTSD Biomarker Database:  

At first, the 10 most frequently observed biomarkers in PTSD were extracted from 

PTSDDB and they were represented in a bar chart, which provided a clear visualization 

of their relative occurrence across the reported studies. The top ten biomarkers identified 

were BDNF, Cortisol, DHEA-S, FKBP5, NR3C1, IL6, CRP, CRH, Serotonin, and NPY 

(Figure_24). 

In addition, PTSD biomarkers that are linked to PBMCs were retrieved including FKBP5, 

NR3C1, PBMC Ratio, NR3C1-α, miR-125a-5p, miR-296, B-Lymphocytes, 

CD56brightCD16- NK cells, and Monocyte number (Figure_25). 

Finally, the intersection analysis of PTSDDB content and the present study results 

revealed that MAP2K4, NUP153, NFKB, hsa-mir-212-3p, and hsa-mir-199b-3p are 

among the biomarkers present in the database. In terms of their observed effect, 

MAP2K4, NUP153, and NFKB showed increased upregulation in PTSD patients 

compared to control cases, while hsa-mir-212-3p and hsa-mir-199b-3p exhibited 

downregulation and a decrease in change. (Figure_26).  
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Figure_24: Bar Chart of the Relative Changes for the Most Common 

Biomarkers Collected in PTSD Extracted from PTSDDB. 

 

 

 

Figure_25: Chart of PTSD Markers in PBMC with the Number of Studies in 

which Each Biomarker Was Measured by PTSDDB. 
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Figure_26: Intersection Analysis of PTSD-Associated Biomarkers: Hub 

Genes, Key TFs, and miRNAs in Comparison with PTSDDB: (A) MAP2K4, 

(B) NUP153, (C) miR-199b-3p, (D) NFKB, (E) miR-212-3p, (F) Their 

Observed Change.  
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Discussion 

PTSD is a severe stress and anxiety-related disorder that occurs in response to particular 

traumatic events or experiences. 

Gaining insights into the gene pathways linked to PTSD and their interactions with the 

fear and stress circuitry is crucial for understanding the mechanisms underlying the risk 

and resilience factors associated with this complex disorder. Such understanding paves 

the way for the development of targeted therapeutic interventions aimed at preventing 

the onset of PTSD or reducing its severity. (S. B. Banerjee et al., 2017). 

The analysis of  gene expression in PTSD poses certain difficulties, primarily because 

the molecular events underlying this disorder are believed to occur within the central 

nervous system (CNS). Unfortunately, the availability of postmortem brain tissue from 

individuals affected by PTSD lags behind that of other CNS disorders such as 

Parkinson's and Alzheimer's Disease. Nevertheless, accumulating evidence suggests 

that PTSD is associated with systemic immune and metabolic disruptions resulting from 

stress-induced alterations in the hypothalamic-pituitary-adrenal (HPA) axis. Despite 

these challenges,  comprehensive analyses of gene expression in peripheral blood are 

performed to shed light on the underlying neurobiological mechanisms of PTSD and its 

co-occurring conditions (Guardado et al., 2016; Michopoulos et al., 2016). 

Therefore, in this present study, the primary objective was to identify significant 

contributors and potential molecular mechanisms associated with PTSD and investigate 

novel targets in PTSD pharmacotherapy through bioinformatics analysis. 

Initially, a normalized RNA-seq dataset of PTSD patients was retrieved from the GEO 

database. The analysis started by employing GEO2R which revealed that out of the total 

gene pool, 417 genes exhibited differential expression patterns in response to PTSD. 

Among these genes, 372 were up-regulated, indicating increased expression, while 46 

were down-regulated, suggesting decreased expression, when comparing the PTSD 

group to the control group. 

The DEGs were subjected to functional annotation and KEGG pathway enrichment 

analysis using the DAVID database. The annotation analysis involved categorizing the 

genes into three groups based on Gene Ontology (GO), which includes Biological 

Processes (BP), Cell Component (CC), and Molecular Function (MF).  

The results of the analysis revealed that the majority of DEGs are mainly abandoned in 

the nucleus and cytoplasm, participating in many biological processes related to mRNA 

maturation and transcription, additionally, the genes were found to have functional roles 

in binding processes of many biomolecules, particularly proteins and RNAs. 

Furthermore, the DEGs were involved in a variety of essential pathways in cell cycle, 

cancer, apoptosis, inflammation, and immune response including TNF-signaling 

pathway. 
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These initial findings went along with several previous studies that suggested the strong 

link between PTSD and immune response alteration including high production of pro-

inflammatory cytokines and TNF-a in PBMCs in PTSD patients compared to healthy 

individuals (Gola et al., 2013). 

On the other hand, a reduced level of apoptotic markers in the serum of subjects with 

PTSD was detected  (Mkrtchian et al., 2013) and abnormal apoptosis in specific brain 

regions of animals undergoing single prolonged stress as a model for PTSD (F. Han et 

al., 2013a; Jia et al., 2018; Li et al., 2013).These findings suggest that dysfunction in 

apoptosis may contribute to the observed inflammation pattern commonly seen in 

individuals with PTSD (Mkrtchian et al., 2013). 

The DEGs were analyzed using the STRING database to assess their interaction 

relationships where interactions with a confidence score greater than 0.9 were 

considered significant. The constructed network exhibited a higher number of 

interactions than expected which indicates that these proteins are biologically connected 

as a group, at least to some extent. 

Cytoscape was employed to visually explore the interactive networks, with a cut-off 

criterion of a confidence score greater than 0.4 to determine the significance of the 

interactions. While CytoHubba was used to calculate the connectivity score of the genes 

based on a four-fold algorithm. By intersecting the results, a total of 14 genes were 

identified as common among the four algorithms, with 5 of these genes  

(NUP153, NUP50, NUP160, SP100, and SMC4) appearing in the three most significant 

modules identified by MCODE. 
The 14 candidate hub genes were cross-referenced with data from the Comparative 

Toxicogenomics Database (CTD) and examined in relation to previous studies (Breen et 

al., 2018; Miller et al., 2008). As a result, 10 out of the 14 genes demonstrated differential 

expression in patients with PTSD and chronic stress, indicating their potential 

involvement in the disorder. While all the 14 genes show inferred association to PTSD 

according to CTD, CASP3 and CDKN1B had the highest inferred scores. 

Both CASP3 and CDKN1B are involved in the regulation of apoptosis, but they operate 

through different mechanisms. CDKN1B acts as a negative regulator of the cell cycle by 

inhibiting cyclin-dependent kinases, thereby leading to cell cycle arrest. Dysregulation of 

CDKN1B and the consequent activation of cyclin-dependent kinases have been 

implicated in neuronal apoptosis observed in neurodegenerative diseases (Castedo et 

al., 2002). 

On the other hand, CASP3 functions as a key effector caspase that plays a central role 

in the execution phase of apoptosis. It is involved in various cellular processes, including 

neurogenesis and synaptic activity in the central nervous system. Abnormal regulation 

of CASP3 has been associated with the pathogenesis of chronic neurodegenerative 

diseases (D’Amelio et al., 2010, 2012; Louneva et al., 2008). Therefore, the low 
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expression of CASP3 in PTSD may disrupt apoptotic processes, leading to impaired cell 

death or aberrant cell survival in response to stressors. 

The previous step confirmed that final identified hub genes in the current study are 

NUP150, NUP153, NUP160, UBE2N, SP100, BIRC3, SMC4, YWHAZ, RB1, SUMO1, 

CDKN1B, CASP3, MAP2K4, and NBN, and all hub genes were downregulated in PTSD. 

The hub genes play significant roles in many biological processes starting from protein 

hemostasis, immune system dysregulation, inflammatory response, cellular stress 

response, signal transduction, cell cycle regulation, and apoptosis. 

The  functional analysis of the hub genes that was performed using Metascape  

confirmed this contribution by revealing that 11 of the hub genes (all hub genes except 

RB1, SMC4, NBN) participate in  Cytokine signaling in the immune system while 10 

genes contributed in cell cycle regulation.  

Immune system has been associated with PTSD through several studies and these 

studies were either Focusing on exploring the possibility of an immune-related or 

inflammatory cause for PTSD (Cohen et al., 2011; Pervanidou et al., 2007), or 

suggesting that PTSD contributes to inflammation (Solomon et al., 2017; Toft et al., 

2018).While others propose a bidirectional relationship between PTSD and inflammation 

(Sumner et al., 2018). 

An important example is BIRC3, which is a cell signaling regulator involved in innate 

immune responses specifically in regulation of canonical and non-canonical signaling to 

the inflammatory transcription factor nuclear factor-κB (NF-κB).When NF-κB is activated, 

it not only triggers the expression of inflammatory cytokines, chemokines, and enzymes 

associated with inflammation, but also stimulates the expression of numerous anti-

apoptotic genes (Berthelet & Dubrez, 2013; Estornes & Bertrand, 2015). 

On the other hand, several hub genes are linked to neuronal function and survival. For 

example, YWHAZ has been associated with the regulation of neuronal activity and 

synaptic plasticity. Recent research indicates that a lack of YWHAZ can result in a 

disruption of the normal functioning of dopamine and serotonin in Zebrafish (Antón-

Galindo et al., 2022; Wan et al., 2023). 

A prediction analysis of miRNAs and transcription factors that target the identified hub 

genes was needed to fully understand the regulatory network associated with PTSD, 

including both genetic and epigenetic factors.  

Epigenetics encompasses processes influenced by environmental factors that induce 

long-lasting but reversible changes in gene expression. Environmental influences play a 

significant role in PTSD, leading to epigenetic modifications that alter gene expression. 

miRNAs, as key epigenetic regulators, bind to complementary sequences on mRNA, 

particularly in the 3' UTR region, to suppress translation. This comprehensive approach 

provides insights into the complex mechanisms underlying PTSD (Bartel, 2004). 
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Numerous studies have shown that miRNAs play a crucial role in regulating immune 

system genes, highlighting the tight control exerted by miRNAs on the immune system 

(Bam et al., 2016; J. Zhou et al., 2014). 

Using miRNet, 44 miRNAs were identified as targeting hub genes and differentially 

expressed in PTSD patients. Among them, hsa-mir-222-3p is notably overexpressed in 

PTSD patients. This overexpression leads to the downregulation of its target hub genes 

(CDKN1B, CASP3, BIRC3, and UBE2), resulting in the dysregulation of the biological 

functions and mechanisms associated with these genes, as mentioned previously 

(Snijders et al., 2019). 

In addition to studying epigenetic factors that affect the regulation of hub genes, it was 

crucial to explore and identify the TFs of the hub genes since they are the direct 

regulators and might represent potential therapeutic targets for PTSD. 

Thirteen key TFs were identified and confirmed to exhibit differential expression in PTSD 

patients through the use of TRRUST, miRnet, and comprehensive review of previous 

studies. NFKB, an essential transcription factor identified in our study, plays a critical role 

in immune response regulation and it represents a promising therapeutic target for many 

disorders, including PTSD (Kumar et al., 2004). 

Moreover, text-mining analysis was conducted using Coremine Medical to gather 

additional evidence supporting the association between Hub genes, key TFs, and 

pathways relevant to PTSD. 

One of the main objectives of this study was to gain new insights into the management 

of PTSD. To achieve this, an analysis of currently FDA-approved medications was 

performed. Then it was crucial to predict potential drugs that could be repurposed for 

PTSD treatment using computational drug repurposing methods. 

Using CTD, Chemical-gene and chemical-pathway analyses of Sertraline and 

Paroxetine with hub genes,key TFs, and PTSD pathways revealed their potential to 

increase CASP3 activity, while Sertraline specifically increases NFKB1 expression. In 

addition to their association with many pathways involved in cell cycle regulation and 

apoptosis. 

It is well-established that individuals with PTSD have smaller hippocampal volumes 

compared to those without the disorder. Interestingly, recent studies have highlighted a 

connection between PTSD and endoplasmic reticulum (ER) stress, specifically the 

apoptosis of neuronal cells in the hippocampus, which is a key brain region involved in 

memory and emotional regulation (F. Han et al., 2013b; Mahendra et al., 2017). 

Sertraline impacts the brain by increasing oxidative stress, impairing spatial memory, 

and reducing the expression of the GRP78-Sig1R complex in the hippocampus. This 

complex is important for unfolded protein response (UPR) signaling and promoting cell 

survival during stress. Consequently, the use of sertraline may exacerbate ER stress by 

enhancing oxidative stress, potentially contributing to the increased risk of suicidality 

associated with SSRIs in PTSD patients (Hayashi, 2015; Mahendra & Putra, 2018). 
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These findings highlighted the need to distinguish PTSD pharmacotherapy from 

medications used for other psychological disorders like major depression disorder. This 

emphasizes the importance of identifying novel drugs specifically targeted for PTSD 

treatment which was performed in the current study by computational drug repurposing. 

The first drug repurposing analysis of hub genes and key TFs was conducted using 

WebGestalt through DrugBank as a functional database aiming to predict gene-drug 

interactions. 

Ten potential compounds were identified by WebGestalt. Among these compounds, 

Glycyrrhizic acid, Vorinostat, and Minocycline have undergone preclinical studies to 

assess their efficacy in managing PTSD, suggesting their potential as therapeutic 

options for the condition (Fujita et al., 2012; Gerst et al., 2021; Lai et al., 2020). 

Additionally, Aspirin and Andrographolide have demonstrated antidepressant and 

anxiolytic activity (Aldurrah et al., 2023; Hu et al., 2020). While Triflusal and Fingolimod 

have shown potential neuroprotective effects (Alvarez-Sabín et al., 2009; Guo et al., 

2020). 

Another drug repurposing analysis was conducted using DGIdb, taking into account the 

enrichment pathways associated with the genes under consideration. 

DGIdb was utilized at multiple stages of the analysis. Initially, it was employed to predict 

11 druggable genes. To refine the selection, a querying score threshold of 5 was set, 

followed by manual filtration and analysis. As a result, 15 potential compounds were 

identified based on the enriched pathways associated with the genes, including Cytokine 

Signaling in the Immune System (CASP3, NFKB1, TP53, RELA), Cell Cycle (HDAC1, 

TP53), Toll-Like Receptor 3 (TLR3) Cascade (NFKB1, RELA, TP53), and Cellular 

Responses to Stress (NFKB1, RELA, TP53). 

The identified drugs were classified into two categories based on their origin: synthetic 

compounds and botanical active ingredients. Interestingly, two of the previously 

mentioned compounds, Andrographolide and Vorinostat, were found to intersect with the 

results of this analysis. 

Regarding synthetic compounds, Phtalamide -a precursor of Thalidomide- was 

identified. Further studies should evaluate its potential pharmacology effect in PTSD 

management since Thalidomide has already been shown to effectively reduce the 

proinflammatory cytokine TNF-α, indicating its potential as a treatment for comorbid pain 

in individuals with PTSD (Illouz, 2022). 

Furthermore, Tubastatin A, another inhibitor of HDAC (histone deacetylase), has shown 

to inhibit the accumulation of Tau protein and maintain its neuroprotective properties. 

These results, along with the effectiveness of Vorinostat in treating PTSD, highlight the 

potential of newly developed HDAC inhibitors as promising therapeutic options for 

anxiety, depression, and other psychiatric disorders (Reddy et al., 2019). 
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Among the numerous botanical active ingredients, Kaempferide, Tamarexetin, 

Isorhamnetin, and Quercetagetin have been identified as having potential direct effects 

on PTSD treatment or neuroprotective properties. These findings highlight Ginkgo Biloba 

as a promising treatment option for PTSD, as it contains these compounds or their 

derivatives. Furthermore, Ginkgo extract reduces mitochondrial free radical generation 

associated with PTSD symptoms and demonstrates potential anxiolytic and mild 

antidepressant effects by inhibiting monoamine oxidase A and B in the brain (Aliev et al., 

2020; Singh et al., 2017). 

Interestingly, a significant number of the predicted botanical active compounds are found 

in Ginkgo Biloba, Mulberry, and Glycyrrhiza Glabra. These plants are widely recognized 

as adaptogenic plants due to their remarkable ability to restore and enhance bodily 

functions while fortifying systems that are vulnerable to the effects of stress (Nomura et 

al., 1982; Singh et al., 2017). 

Currently, the management of PTSD involves both pharmaceutical treatment with 

medications like Sertraline and Paroxetine, as well as psychological treatment options 

recommended by the American Psychological Association (APA). These psychological 

treatments include Prolonged Exposure (PE), Cognitive Processing Therapy (CPT), and 

trauma-focused Cognitive Behavioral Therapy (CBT). (Watkins et al., 2018). 

However, exploring alternative approaches for treating PTSD may hold significant 

potential. Six non-pharmacological and non-psychological interventions for PTSD were 

identified as effective including  acupuncture, neurofeedback, aikokeishikankyoto (a 

herbal preparation, somatic experiencing, transcranial magnetic stimulation, and yoga 

as effective interventions (Bisson et al., 2020). 

Another noteworthy approach is music therapy which offers a promising and more 

accessible alternative treatment option for individuals with PTSD. Theoretical and 

empirical evidence indicates that individuals who have experienced trauma and suffer 

from PTSD may benefit from music therapy since It can improve functioning, foster 

resilience, and help individuals recover from trauma (Landis-Shack et al., 2017). 

Additionally, previous studies have shown its effectiveness in treating trauma-exposed 

individuals with PTSD (Dokter, 1998; Heidenreich, 2005; MacIntosh, 2003). 
Despite the evidence from brain imaging studies showing that listening to music can 

impact brain structure and function, the specific molecular mechanisms underlying these 

effects remained unknown. However, a pioneer study recently investigated the impact of 

music on the transcriptome, shedding light on these mechanisms (Kanduri et al., 2015). 
Music therapy has been found to have an impact on epigenetic mechanisms, influencing 

gene expression in a therapeutic manner.Recent studies have shown that music can 

modulate miRNA expression and impact behavior, indicating a connection between 

music and biochemical changes.Furthermore, there is growing evidence of the 

epigenetic foundation of music therapy, with studies highlighting its benefits in various 
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populations, from preterm infants to individuals with Alzheimer's disease (Mastnak, 

2023). 

Two studies conducted an analysis of the impact of listening to music and practicing 

music on the expression of miRNAs. The findings revealed that the miRNAs that 

exhibited differential expression are involved in regulating critical neurological molecular 

and biological functions (P. Nair et al., 2021; P. S. Nair et al., 2019). 

Interestingly, the results from these studies revealed that music has an impact on the 

expression of three miRNAs, which have already been identified and confirmed as 

differentially expressed in individuals with PTSD: hsa-mir-23a-3p, hsa-mir-132-3p, and 

hsa-mir-222-3p. 

This finding establishes a connection between PTSD and music therapy at the epigenetic 

level, highlighting the potential of music therapy as an adjunctive treatment in managing 

PTSD. 

As a final step in my research, I used PTSD Biomarker database to intersect my findings 

with its content and it came out that MAP2K4, NUP153, NFKB, hsa-mir-212-3p, and hsa-

mir-199b-3p are identified as biomarkers. 

The valuable information derived from PTSDDB includes the identification of significant 

biomarkers in various body fluids. This discovery has brought attention to the potential 

of utilizing routine low-cost blood tests, in combination with neuropsychological 

evaluation, for diagnosing PTSD. Clinical interviews and self-report measures have 

proven to be challenging in accurately diagnosing PTSD, as patients may under-report 

or over-report symptoms due to factors such as stigma or compensation-seeking. 

Therefore, the exploration of biomarkers through blood tests offers a promising avenue 

for more objective and reliable PTSD diagnosis, reducing the reliance on subjective self-

reporting methods (M. Xu et al., 2023).          

PTSDDB identified several blood biomarkers, including PBMC Ratio (along with 

separate biomarkers for Monocyte and Leukocyte Count), CRP, Glucose, Cortisol, TG, 

and HDL.These tests are readily accessible, affordable, and widely available in all 

countries, including those with economic challenges. This accessibility facilitates the 

diagnosis and evaluation of PTSD, making it less challenging especially  in low-income 

countries. 

A recent study could define five key biomarkers that differentiate individuals with PTSD 

from the healthy control group: glucose, CRP, HbA1c, WBC, and alkaline phosphatase. 

Glucose and HbA1c levels were higher in the PTSD group, indicating impaired glucose 

metabolism that may lead to pre-diabetes and diabetes. Elevated CRP and WBC levels 

suggest an inflammatory state in individuals with PTSD which goes along with my 

findings in the current study. While alkaline phosphatase levels were lower in the PTSD 

group, contrary to expectations. Lower alkaline phosphatase levels are rare and may be 

associated with mineral deficiencies such as zinc and magnesium that are linked to 

chronic stress and depression (J. Wang et al., 2018; M. Xu et al., 2023). 
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Ultimately, it is essential to address the issue of PTSD in Syria, a country that has 

endured a prolonged decade of conflict characterized by various traumatic events, 

including witnessing physical aggression, violence, clashes, explosions, injured 

individuals, loss of loved ones and then dealing with the aftermath of a devastating 

earthquake. Extensive research indicates that experiencing multiple traumatic events 

significantly heightens the risk of severe and long-lasting PTSD symptoms compared to 

experiencing a single traumatic event (Breslau et al., 1999; Gerber et al., 2018; Suliman 

et al., 2009). 
A population-based survey found that experiencing four or more traumatic events is 

associated with greater functional impairment, earlier onset of PTSD, longer symptom 

duration, higher comorbidity, and other psychological dysfunctions (Karam et al., 2014). 

Nevertheless, concerning managing PTSD from multiple traumas, a recent study 

suggests a focused cognitive treatment approach (Kube et al., 2023). 
Syrian children and adolescents have faced traumatic events and daily hardships that 

greatly impact their psychological well-being. Limited access to mental health care 

services, language barriers, denial, misunderstanding, and stigma surrounding mental 

illness, may have delayed or even hindered their recovery 

(Hassan et al., 2016; Tabur et al., 2019). 
Determining the prevalence of PTSD in Syria is a complex task due to the challenges in 

diagnosis and the diverse Syrian population segments, including residents, expatriates, 

and refugees, each with varying levels of traumatic experiences. However, a meta-

analysis of 26 studies involving 11,400 Syrian children and adolescents revealed a PTSD 

prevalence of 36% among those exposed to the 2011 Syrian war. This estimate is higher 

than rates observed in studies of children and adolescents exposed to other traumatic 

events or conflicts in different regions (Kanan & Leão, 2022). 
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Conclusion 

In conclusion, this research employed an integrative bioinformatics approach to analyze 

a microarray dataset of PTSD patients. The analysis identified 418 DEGs and 

constructed PPI networks, leading to the identification of 14 hub genes using a four-fold 

algorithm method. These hub genes were found to be involved in key pathways 

associated with PTSD, such as cytokine signaling in the immune system, cell cycle 

regulation, and apoptosis-related processes. Additionally, the study predicted 44 

miRNAs and 13 key TFs that were confirmed to regulate the majority of the hub genes 

associated with PTSD. Separate networks were constructed for the interactions between 

miRNAs and hub genes, as well as between key TFs and hub genes. Furthermore, 

computational drug repurposing led to the identification of 25 potential medications. 

Finally, five of the findings identified in this study, including two hub genes, one key TF, 

and two miRNAs, were validated as PTSD biomarkers.  

This study holds important implications for advancing our understanding of the molecular 

foundations of PTSD and identifying potential targets for therapeutic interventions. By 

elucidating the molecular mechanisms and identifying biomarkers, this research 

contributes to the development of improved diagnostic tools and personalized treatment 

approaches. As a final point, it is important to emphasize that the findings of this 

bioinformatics research need to be further validated and experimented in wet lab 

settings. Conducting further wet lab experiments is essential to confirm the reliability and 

accuracy of the results incorporating and will provide a more comprehensive 

understanding of the pathogenesis of PTSD and ensure the robustness of the identified 

biomarkers and therapeutic targets. 

Research Limitations 

Despite the valuable insights gained from this study, it is important to acknowledge 

certain limitations and challenges in PTSD research. Firstly, the availability of large and 

well-characterized datasets specifically focused on PTSD is limited, which resulted in a 

relatively small dataset for analysis. This may restrict the generalizability of the findings 

to a broader population of individuals with PTSD. 

Additionally, the scarcity of gene expression databases specifically dedicated to mental 

disorders, including an absolute lack of a specialized database for PTSD, posed 

challenges in the verification of hub genes. 

Furthermore, the absence of experimental validation represents a limitation in fully 

confirming the identified hub genes, biomarkers, and therapeutic targets. The verification 

of at least the hub genes using RT-qPCR would have been highly beneficial. Therefore, 

future research should prioritize experimental validation to enhance the robustness and 

reliability of the study's outcomes.  
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