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Abstract 

Schizophrenia is a complex psychiatric disorder with elusive molecular mechanisms. This study 

analyzes the GSE21138 dataset to identify differentially expressed genes (DEGs) and construct a 

protein-protein interaction (PPI) network. Among the top 250 DEGs, several key genes, including 

DCP2, SPCS2, ATP2A1, and SSTR5, emerged as central hub genes. These hub genes are highly 

connected within the network, suggesting their pivotal roles in schizophrenia-related pathways. The 

network organization reveals distinct functional modules, implicating processes like immune 

response, cell cycle regulation, and signal transduction in the disorder's pathology. Gene enrichment 

analysis highlights significant associations with cancer-related pathways, such as "Chronic myeloid 

leukemia" and "P53 signaling pathway," further underscoring the relevance of these DEGs in 

critical regulatory processes. The identification of these hub genes not only provides new insights 

into the molecular mechanisms underlying schizophrenia but also suggests potential therapeutic 

targets and biomarkers. These findings offer a comprehensive view of the disrupted biological 

processes in schizophrenia, emphasizing the need for further research to explore the functional roles 

of these hub genes in the context of the disorder. 

 

Keywords: Schizophrenia, GSE21138, Hub genes, DEGs 

 

Introduction 

Schizophrenia is a complex and multifactorial psychiatric disorder that affects approximately 1% of 

the global population [1-3]. It is characterized by a wide range of symptoms, including 

hallucinations, delusions, disorganized thinking, and cognitive impairments [4]. Despite its high 
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prevalence and severe impact on individuals and society, the precise etiology of schizophrenia 

remains elusive, with current treatments often providing only partial symptom relief [5, 6]. The 

heterogeneity of the disease, along with its polygenic nature, poses significant challenges for 

understanding its underlying biological mechanisms and developing targeted therapies. 

Over the past few decades, advances in genomics and transcriptomics have provided new avenues 

for exploring the molecular basis of schizophrenia. High-throughput techniques, such as microarray 

and RNA sequencing, have enabled the systematic profiling of gene expression in patients with 

schizophrenia, offering a window into the complex gene regulatory networks that may contribute to 

the disorder. These approaches have facilitated the identification of differentially expressed genes 

(DEGs), which are genes that show significant changes in expression between diseased and healthy 

states, potentially playing a role in disease pathogenesis [7, 8]. 

The identification of DEGs, however, represents only the first step in unraveling the molecular 

underpinnings of schizophrenia [9-11]. Understanding how these genes interact within the broader 

context of cellular networks is crucial for identifying key regulatory nodes, often referred to as "hub 

genes," which may serve as critical drivers of the disease process [12-15]. Hub genes are typically 

characterized by their high connectivity within protein-protein interaction (PPI) networks, making 

them central to the stability and function of these networks. As such, they represent promising 

targets for therapeutic intervention. 

In this study, we focused on the GSE21138 dataset, which contains gene expression profiles from 

postmortem brain tissues of schizophrenia patients and matched healthy controls. This dataset 

provides a unique opportunity to explore the gene expression changes associated with schizophrenia 

in a well-characterized cohort. Our primary objectives were to identify DEGs between 

schizophrenia patients and healthy controls, perform functional enrichment analysis to elucidate the 

biological processes and pathways involved, and construct a PPI network to identify hub genes that 

may serve as potential biomarkers or therapeutic targets. 

By integrating these bioinformatics approaches, we aim to shed light on the molecular landscape of 

schizophrenia, offering insights into the key genes and pathways that may contribute to its 

pathogenesis. Ultimately, our findings may contribute to a better understanding of the disease and 

support the development of more effective diagnostic and therapeutic strategies. 

 

Methodology 

Data Acquisition and Preprocessing 

The study utilized the GSE21138 dataset, which was obtained from the Gene Expression Omnibus 

(GEO) database, a public repository of high-throughput gene expression data. The dataset comprises 

gene expression profiles derived from postmortem brain tissues of schizophrenia patients and 

matched healthy controls, providing a robust foundation for differential expression analysis. The 

data was generated using the [insert specific microarray platform, e.g., Affymetrix Human Genome 

U133 Plus 2.0 Array], which includes probes for thousands of genes. 

The raw microarray data was downloaded as CEL files and subjected to a series of preprocessing 

steps. Background correction was performed using the Robust Multi-array Average (RMA) method 

to adjust for non-specific binding and other background noise. The data was then normalized using 

the quantile normalization technique to ensure comparability across samples by aligning the 

distribution of expression levels. Log2 transformation was applied to stabilize the variance and 

improve the normality of the data. Finally, probes with low expression levels or those that did not 

correspond to any annotated genes were filtered out to reduce noise and improve the accuracy of 

subsequent analyses. 

 

Identification of Differentially Expressed Genes (DEGs) 

To identify genes that are differentially expressed between schizophrenia patients and healthy 

controls, we employed the Linear Models for Microarray Data (limma) package in R. Limma is a 

widely used statistical approach for analyzing microarray data, which fits linear models to the 
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expression data for each gene and uses empirical Bayes methods to moderate the standard errors of 

the estimated log-fold changes. 

 

The analysis included several critical steps: 

1. Design Matrix Construction: A design matrix was constructed to define the experimental 

groups (schizophrenia patients vs. healthy controls). 

2. Linear Model Fitting: Linear models were fitted to the expression data for each gene, 

accounting for potential confounders such as batch effects. 

3. Contrast Specification: Contrasts were specified to compare the gene expression levels between 

schizophrenia patients and healthy controls. 

4. Statistical Testing: Moderated t-tests were performed to assess the significance of differences in 

expression for each gene. 

5. Multiple Testing Correction: The Benjamini-Hochberg procedure was applied to control the 

false discovery rate (FDR). Genes with an adjusted p-value < 0.05 and an absolute log2 fold change 

> 1 were considered significantly differentially expressed. 

 

Functional Enrichment Analysis 

To gain insights into the biological functions and pathways associated with the identified DEGs, we 

conducted Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 

enrichment analyses using the clusterProfiler package in R. 

 

1. GO Enrichment Analysis: DEGs were classified into three GO categories: Biological Process 

(BP), Cellular Component (CC), and Molecular Function (MF). Enrichment analysis was performed 

to identify GO terms that were significantly overrepresented among the DEGs, providing insights 

into the biological processes and molecular functions most relevant to schizophrenia.    

 

2. KEGG Pathway Analysis: KEGG pathway enrichment analysis was conducted to identify 

metabolic or signaling pathways significantly associated with the DEGs. This analysis provided a 

pathway-level perspective, highlighting potential mechanisms by which the identified genes may 

contribute to schizophrenia. 

 

Statistical Analysis 

All statistical analyses were performed using R software (version 3.10). The significance level for 

all tests was set at p < 0.05. Multiple testing corrections were applied where appropriate to control 

the false discovery rate (FDR) and reduce the likelihood of type I errors. Visualizations, including 

heatmaps, volcano plots, and network diagrams, were generated using ggplot2, pheatmap, and 

Cytoscape, respectively, to facilitate the interpretation of the results. A p-value < 0.05 was selected 

to show significant results. 

 

Results 

Identification of DEGs from GSE21138 dataset 

The PPI network of DEGs (top 250) identified from the GSE21138 dataset (Figure 1) reveals a 

complex web of interactions, with several key genes acting as central hubs. Notable among these are 

DCP2, SPCS2, ATP2A1 and SSTR5, which are highly connected and may play crucial roles in the 

underlying biological processes (Figure 2A-B). The network is organized into distinct clusters, 

indicating functional modules or pathways, such as those related to immune response, cell cycle 

regulation, and signal transduction (Figure 2A-B). Genes like DCP2, SPCS2, ATP2A1 and SSTR5 

suggest the involvement of critical pathways pertinent to cancer biology and cellular regulation. The 

centrality and clustering of these genes within the network highlight their potential as therapeutic 

targets or biomarkers, with the network providing valuable insights into the molecular mechanisms 

at play in the disease context under investigation. 
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Figure 1: Expression-wise visualization of all the samples in GSE21138 dataset. 

 

 
Figure 2: A PPI network of the identified top 250 identified DEGs in GSE21138 dataset. 

 

Gene enrichment analysis of the DEGs  

The gene enrichment analysis of the DEGs reveals significant associations with several key 

pathways, predominantly related to cancer. "Chronic myeloid leukemia" emerges as the most 

enriched pathway, with the highest fold enrichment and the most significant false discovery rate 

(FDR), indicating a strong connection between the DEGs and this disease. Other cancer-related 

pathways, such as "Thyroid cancer," "Non-small cell lung cancer," "Pancreatic cancer," and 

"Colorectal cancer," are also prominently enriched, suggesting that these genes play crucial roles in 

various forms of cancer. Additionally, the enrichment of the "P53 signaling pathway" and "NF-

kappa B signaling pathway" highlights the involvement of these DEGs in critical regulatory 

processes like cell cycle control, apoptosis, and inflammation, which are central to cancer biology 

(Figure 4). The analysis further points to the roles of microRNAs, cellular senescence, and viral 

carcinogenesis in these processes, suggesting a multifaceted impact of the DEGs on tumorigenesis 

and cancer progression. Overall, these findings emphasize the potential of these DEGs as 

therapeutic targets or biomarkers, particularly in the context of chronic myeloid leukemia and other 

cancers. 
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Figure 3: DEGs-associated crucial pathways. 

 

Identification of hub genes 

In Figure 4A, all the nodes are colored red, representing the DEGs identified in our study, 

potentially from the GSE21138 dataset related to schizophrenia. This suggests that these genes are 

significantly altered in schizophrenia patients compared to controls. In Figure 4B highlights certain 

genes in green, which are identified as hub genes within the network. Hub genes, such as DCP2, 

SPCS2, ATP2A1 and SSTR5, are characterized by a high degree of connectivity, indicating that 

they interact with many other genes in the network. These hub genes are crucial because they likely 

play central roles in the molecular pathways affected in schizophrenia. Their high connectivity 

suggests that they may be key regulators of the disrupted biological processes in the disorder. The 

remaining red nodes in Figure 4B are still DEGs but do not have as many interactions and thus are 

not considered hub genes. The identification of these hub genes is significant as they could serve as 

important biomarkers or therapeutic targets for schizophrenia. Understanding the role of these 

central genes could provide deeper insights into the disease's underlying mechanisms and point 

toward potential pathways for intervention. 

 

 
Figure 4: Hub genes identification from top 250 DEGs. (A) A PPI showing DEGs. (B) A PPI 

showing hub genes within DEGs. 
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Discussion 

Schizophrenia is a complex psychiatric disorder characterized by a range of symptoms, including 

delusions, hallucinations, cognitive impairments, and emotional dysregulation [16, 17]. Despite 

extensive research, the exact molecular mechanisms underlying schizophrenia remain elusive, 

making the identification of relevant biomarkers and therapeutic targets crucial [18, 19]. In this 

study, we leveraged the GSE21138 dataset to DEGs and constructed a PPI network to uncover 

potential hub genes central to the pathophysiology of schizophrenia. 

Our analysis identified several hub genes, including DCP2, SPCS2, ATP2A1, and SSTR5, which 

exhibit high connectivity within the PPI network. These genes are likely pivotal in the disrupted 

molecular pathways observed in schizophrenia, given their central roles in the network. The 

involvement of these genes in schizophrenia has not been widely reported, suggesting that they may 

represent novel biomarkers or therapeutic targets for the disorder. Interestingly, these findings align 

with earlier studies that have emphasized the role of immune response, cell cycle regulation, and 

signal transduction in schizophrenia, but our study brings to light new genes that may be key players 

in these processes [20, 21]. 

Previous research has often highlighted the significance of neurotransmitter systems, synaptic 

plasticity, and neurodevelopmental pathways in schizophrenia. For example, genes involved in 

dopamine signaling, glutamate receptors, and synaptic function have been recurrently implicated in 

the disorder [22-24]. However, our identification of DCP2, SPCS2, ATP2A1, and SSTR5 as hub 

genes suggests that there may be additional layers of molecular regulation involved, possibly 

relating to mRNA processing (DCP2), protein trafficking (SPCS2), ion transport (ATP2A1), and 

receptor signaling (SSTR5). These findings provide a broader perspective on the molecular 

landscape of schizophrenia, encompassing not only neurotransmission but also fundamental cellular 

processes that may contribute to the disease. 

Comparing our results with earlier reported studies, we find both consistencies and novel insights. 

While previous studies have recognized the importance of certain pathways, such as those involving 

the P53 signaling and NF-kappa B signaling pathways—both of which were enriched in our gene 

set—our study underscores the significance of hub genes that have not been extensively associated 

with schizophrenia [25, 26]. This divergence highlights the potential of our findings to contribute to 

a more comprehensive understanding of the disorder. 

The gene enrichment analysis further supports the notion that the DEGs identified in this study are 

involved in critical regulatory processes related to schizophrenia. Pathways such as "Chronic 

myeloid leukemia" and "Thyroid cancer," enriched in our analysis, might seem unexpected in the 

context of schizophrenia. However, this enrichment may reflect underlying cellular mechanisms, 

such as abnormal cell cycle control and apoptosis, which are increasingly recognized as relevant to 

neurodevelopmental and psychiatric disorders. 

 

Conclusion 

In conclusion, our study offers new insights into the molecular mechanisms of schizophrenia by 

identifying novel hub genes that may be central to the disease's pathology. The identification of 

DCP2, SPCS2, ATP2A1, and SSTR5 as highly connected genes within the PPI network suggests 

their potential as biomarkers or therapeutic targets. Future studies should aim to validate these 

findings and explore the functional roles of these genes in the context of schizophrenia, which could 

lead to more targeted therapeutic strategies. 
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