
O R I G I N A L  R E S E A R C H

Bioinformatics Analysis Reveals CDK1 and 
DLGAP5 as Key Modulators of Tumor Immune 
Cell Infiltration in Hepatocellular Carcinoma
Jiajing Li1, Qi Liu2, Ting Zhang2, Qian Du3

1The Diagnostics Laboratory, Affiliated Hospital to Zunyi Medical University, Zunyi, Guizhou, 563000, People’s Republic of China; 2Affiliated Hospital 
to Zunyi Medical University, Zunyi, Guizhou, 563000, People’s Republic of China; 3Department of Endoscopy and Digestive System, Guizhou 
Provincial People’s Hospital, Guiyang, Guizhou, 550002, People’s Republic of China

Correspondence: Qian Du, Email DuqianL5@163.com 

Introduction: Hepatocellular carcinoma (HCC), a prevalent and aggressive form of cancer, poses significant challenges due to its 
limited therapeutic options. This study aims to leverage multi-omics data from liver cancer to identify potential therapeutic targets for 
HCC.
Methods: We employed an integrative approach by analyzing various omics datasets related to liver cancer. Through comprehensive 
data mining and analysis, we identified key genes that are significantly associated with HCC. To gain insights into their biological roles 
and underlying mechanisms, we constructed gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
networks. Specifically, we focused on genes that exhibited high expression levels in HCC and were correlated with poor patient 
prognosis. Among these, CDK1 and DLGAP5 emerged as promising candidates and were further investigated for their potential 
involvement in tumor immune cell infiltration and HCC progression.
Results: Our analysis revealed that CDK1 and DLGAP5 are highly expressed in HCC tissues compared to normal liver tissues, and 
their elevated expression is associated with unfavorable clinical outcomes. Furthermore, through GO and KEGG pathway analyses, we 
found that these genes are implicated in critical biological processes and signaling pathways relevant to HCC pathogenesis. Notably, 
CDK1 and DLGAP5 were shown to be associated with tumor immune cell infiltration, suggesting their potential role in modulating the 
tumor microenvironment and promoting HCC progression.
Discussion: These findings provide valuable insights into the development of novel therapeutic approaches for HCC.
Keywords: Hepatocellular carcinoma, bioinformatics analysis, DLGAP5, CDK1, immune cell infiltration

Introduction
Hepatocellular carcinoma (HCC) is major global health concern, with rising incidence rates and limited treatment 
options. Despite advances in surgical resection, liver transplantation, and targeted therapies, the prognosis for HCC 
patients remains unsatisfactory.1,2 Therefore, there is an urgent need to identify novel therapeutic targets and develop 
innovative treatment strategies for this aggressive malignancy.3 In recent years, bioinformatics analysis has emerged as 
powerful tools in cancer research,4–6 enabling the identification of potential therapeutic targets and the discovery of novel 
treatment approaches.

HCC is a complex disease driven by genetic and epigenetic alterations, dysregulated signaling pathways, and intricate 
interactions between tumor cells and the tumor microenvironment.7–9 A previous study indicated regorafenib’s potential 
role in immune checkpoint blockade10 and Tyrosine kinase inhibitors (TKIs) in immunotherapy for hepatocellular 
carcinoma.11 The traditional “one gene, one drug” paradigm in drug discovery and development has proven to be 
insufficient in effectively targeting the heterogeneity and complexity of HCC.12,13 Therefore, there is a growing interest 
in adopting a systems biology approach that integrates multiomics data and network pharmacological analysis to identify 
key molecular drivers and potential therapeutic targets for HCC.

A comprehensive approach of bioinformatics analysis was conducted to find potential therapeutic targets and drug 
candidates for HCC. CDK1, on the other hand, is a key regulator of cell cycle progression and is known to be 
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overexpressed in many cancer types. Inhibition of CDK1 activity has been shown to induce cell cycle arrest, making it 
a promising target for anticancer therapy.14,15 DLGAP5, a member of the DLGAP family of proteins, has been implicated 
in the regulation of cell adhesion and cytoskeletal dynamics, processes that are often disrupted in cancer cells.16,17 

However, the precise role of CDK1 and DLGAP5in HCC progression remains poorly understood, making it an attractive 
target for further investigation.

In conclusion, the integration of bioinformatics analysis offers a systematic and comprehensive approach to identify 
potential therapeutic targets and develop innovative treatment strategies for HCC. Our study provides valuable insights 
into the dysregulated pathways and potential therapeutic interventions in HCC. Identification of CDK1-DLGAP5-tumor 
immune cell infiltration axis as promising therapy strategy opens up new avenues in the management of HCC, 
highlighting its role as a novel therapy strategy.

Research Data and Bioinformatics Methods
Source of Data
Login the GEO database (https://www.ncbi.nlm.nih.Gov/geo), search for the keyword “HCC”, restrict the organization 
source to “Homo sapiens”, and research type to “Expression Teaching by array HCC”. Select five datasets: GSE101685, 
GSE46408, GSE146049, GSE115018, and GSE50579 for analysis. The GSE101685 dataset is based on the GPL570 
platform and contains gene expression information from 24 hCC tissues of different stages and 8 normal liver tissues; 
The GSE46408 dataset is based on the GPL4133 platform and contains gene expression information of 6 cases of 
primary hepatocellular carcinoma and 6 corresponding non tumor liver parenchymal cells; The GSE146049 dataset is 
based on the GPL10558 platform and contains gene expression information from 5 hCC tissues and 5 normal liver 
tissues; The GSE115018 dataset is based on the GPL20115 platform and contains gene expression information from 
12 hCC tissues and 12 adjacent tissues; The GSE50579 dataset is based on the GPL14500 platform and contains gene 
expression information for the control group (normal liver tissue (NL), n=10) and HCC tissue (n=67).

Screening of Differential Gene
Grouping HCC tissue and normal tissue in each dataset, with |LogFC|>0.6 and corrected P<0.05 as the screening criteria, 
obtaining differentially expressed genes, and intersecting the obtained data with a Venn map.

Enrichment Analysis of GO and KEGG Signaling Pathways
Utilizing the DAVID database (https://david.ncifcrf.gov/) to perform GO and KEGG enrichment analysis on the 
differentially expressed genes selected. GO analysis includes the biological processes, cellular components, and mole
cular functions involved in the genes, and screen the results of the analysis with a P<0.05 limitation.

Construction of PPI Protein Network and Screening of Hub Genes
Using String (https://cn.string-db.org) build a protein database for protein interaction analysis and obtain a protein 
interaction relationship tree. Using Cyto-scape software for network graph visualization, genes are scored using the 
Degree algorithm and plotted based on their scores. The top 12 genes with the highest scores are selected as key 
genes.

Expression Analysis of Key Genes in HCC and CHOL
Using GEPIA to analyze the expression level of key genes and further verify the expression differences of 12 key genes 
in HCC and CHOL tissue and normal tissue.

Survival Analysis of Hub Genes
Using GEPIA (http://gepia.cancer-pku.cn/) online tool to analyze the relationship between selected key genes and HCC 
survival rate.
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Protein Expression Validation
Search for protein immunohistochemistry experiments of CDK1 and DLGAP5 proteins in normal liver tissue and HCC 
in the Human Protein Atlas database (http://www.proteinatlas.org/), and compare and analyze them.

Animal Model
All experiments were approved by the Institute of Animal Care and Use Committee of the Affiliated Hospital of Zunyi 
Medical University. The Chinese National Guidelines (GB/T 35892–2018) were followed for the welfare of the 
laboratory animals. Guiding Opinions on Treating Experimental Animals Well (Guokefacaizi [2006] No. 398), 
Experimental animals (C57BL/6, 6-8-week, male) were purchased (from the Beijing HFK, China). Mice in the model 
group were administered with diethylnitrosamine (DEN) at a dose of 2 mg/kg via intraperitoneal injection on day 14 of 
birth. Two weeks after the DEN administration, the mice were further treated with carbon tetrachloride (CCl4) at 
a concentration of 20% and a dose of 5 mL/kg via intraperitoneal injection, twice weekly for a total of 16 weeks. At 
the end of the 20-week modeling period, the mice were sacrificed, and liver tissues were collected for further analysis.

Real-Time Quantitative PCR (qPCR)
Real-time qPCR was performed to detected the expression of CDK1 and DLGAP5 in HCC mice model.

Expression Analysis of CDK1 and DLGAP5 in Different Conditions
Utilizing UALCAN (https://ualcan.path.uab.edu/) online website to analyze the expression of CDK1 and DLGAP5 in 
various tumors, HCC patients of different ages, weights, races, genders, HCC stages, and TP53 mutations, as well as their 
methylation levels in normal tissues and HCC.

Search for protein immunohistochemistry experiments of DLGAP5 and CDK1 proteins in normal liver tissue and 
liver cancer in the Human Protein Atlas database (https://www.proteinatlas.org/), and compare and analyze them. In 
addition, by exploring the immunofluorescence and expression of DLGAP5 and CDK1 in the cell cycle, we aim to 
understand their distribution in cells and expression at each stage of the cell cycle.

Correlation Analysis of Tumor Immune Cells
Tumor Immune Single Cell Center 2 (TISCH2) is an online database (http://tisch.comp-genomics.org) Integrating single- 
cell transcriptome spectra of approximately 2 million cells from 76 high-quality cancer datasets. We explored the 
immune related molecular mechanisms underlying the prognostic characteristics of TME in HCC through the TISCH2 
database. At the same time, we used the TIMER2.0 database (http://timer.cistrome.org/) to analyze the correlation 
between DLGAP5 and CDK1 with tumor immune cell infiltration online and selected the tumor type as LIHC. The 
immune cells involved include CD8+T cells, CD4+T cells, B cells, neutrophils, macrophages, and dendritic cells.

Results
Identification of Key Genes in Hepatocellular Carcinoma
To more comprehensively determine the gene expression profile and identify key genes associated with the occurrence 
and development of Hepatocellular Carcinoma, we performed a comprehensive analysis of the publicly available 
genomic data generated from liver tissue from human with primary HCC, NASH or HBV driven HCC in the GEO 
database (Supporting Table S1). Both upregulated and downregulated genes were identified by differentially expressed 
gene (DEG) analysis in each comparative group (Figure 1A–E). Total 100 genes with consistent pattern changes across 
five databases were discovered by intersection analysis (Figure 1F), detail information in Supporting Table S2.

The underlying mechanisms of action of these common crossover genes GO enrichment analysis revealed that the 
main biological processes (BP) mainly include cell division, cell cycle, negative regulation of growth DNA repair 
signaling pathway, etc. Cellular components (CC) mainly involve nucleus, cytoplasm, cytosol, nucleoplasm, and 
centrosome. Molecular functions (MF) involved in protein binding, DNA binding (Figure 1G); KEGG pathway analysis 
showed that the cross-targets mainly involved mineral absorption, cell cycle, oocyte meiosis and p53 signaling pathway 
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Figure 1 Identification of key genes in Hepatocellular carcinoma. (A–E) Volcano plot of DGEs in GSE46408, GSE146049, GSE115018, GSE50579 and GSE101685 datasets, 
the red dots represent up-regulated genes, the green dots represent down-regulated genes, and the grey dots represent genes with no significant difference in expression. 
For a–e, the screening criteria are set to P < 0.05, |log2FC| ≥0.6. (F) Venn diagram demonstrates the intersection of DGEs and positively correlated module genes of HCC in 
five GSEs data sets. (G and H) GO and KEGG pathway enrichment analysis of 100 DGEs, biological processes (BP) enrichment analysis (red bars); cellular components (CC) 
enrichment analysis (Orange bars); and molecular functions (MF) enrichment analysis (black bars). (I) PPI of 100 pivotal genes. (J) Visualized PPI analysis of the pivotal genes.
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(Figure 1H). Subsequently, we queried and screened the interaction relationships between indicated target proteins by the 
STRING online database to obtain a protein interaction network (Figure 1I). Besides, we visualized PPI analysis of the 
pivotal genes by the Cytoscape (Figure 1J) and obtained a core target interaction network consisting of 12 core genes 
(Supporting Table S3): Aspm, Ccnb2, Cdk1, Cdkn3, Dlgap5, Dtl, Hmmr, Nusap1, Pbk, Racgap1, Top2a and Zwint. Taken 
together, our joint analysis reveals key genomic alterations in HCC.

Expression of Key Genes in HCC from TCGA
Through the analysis of the GSE dataset, we identified a set of DEGs that exhibited significant differential expression in 
HCC. To further confirm the importance of these indicated genes, a total of 12 DEGs were screened according to stromal 
scores in HCC from TCGA dataset, which show the same expression patterns as in the GSE database (Figure 2). To 
substantiate the significance of the identified genes, we investigated their expression in Cholangiocarcinoma (CHOL) 
from TCGA. The study revealed a high expression level of these genes in CHOL (Supporting Figure S1), providing 
additional evidence for the accuracy of our screening results and suggesting their crucial roles in liver tumorigenesis, 
which strengthen the reliability of GEO data.

CDK1and DLGAP5 is Highly Expressed and Associated with Poor Prognosis in HCC
To further investigate the significance and identify the most crucial genes in HCC, we utilized RNA-Seq data from the 
TCGA database to analyze these DEGs expression levels in HCC samples along with survival analysis. Kaplan–Meier 
survival analysis demonstrated that high expression levels of Aspm, Ccnb2, Cdk1, Cdkn3, Dlgap5, Dtl, Hmmr, Nusap1, 
Pbk, Racgap1, Top2a and Zwint were significantly associated with poor overall survival in HCC patients, among them, 
CDK1 and DLGAP5 are the most significant (Figure 3A). Therefore, we focused on CDK1 and DLGAP5 to reveal its 
important role in HCC.

Next, we validated the protein expression levels of CDK1 and DLGAP5 in HCC tissues using protein expression 
databases Human Protein Atlas. Our analysis revealed a significant upregulation of CDK1 and DLGAP5 expression in 
HCC tissues compared to normal liver tissues (Figure 3B). Additionally, CDK1 and DLGAP5 expressions were also 
significantly overexpressed in HCC mice model (Figure 3C). More importantly, these two genes were also significantly 
changed under the treatment of sorafenib, suggesting that they also play an important role in patients with HCC and 
sorafenib tolerance (Figure 3D). These findings suggested that CDK1 and DLGAP5 may play crucial roles in HCC 
progression and serve as potential prognostic indicators.

CDK1 and DLGAP5 are Influenced by Individual Cancer Types, Patient 
Characteristics, and TP53 Mutation Status
Subsequently, we conducted a correlation and expression pattern in different tumors analysis of these two genes, and the 
results suggest CDK1/DLGAP5 can be used as dual targets for treatment (Supporting Figure S2A and B). The above 
results indicated the expression of CDK1 and DLGAP5 may play a crucial role in the development and progression of 
HCC. Understanding the factors that influence their expression, such as individual cancer type, patient characteristics 
(age, weight, gender, race), and TP53 mutation status, can provide valuable insights into disease mechanisms and 
potential therapeutic targets. Expression of CDK1 and DLGAP5 in LICH based on individual cancer, patient’s age, 
patient’s weight, patient’s gender, patient’s race, and TP53 mutation status were conducted. The expression patterns of 
CDK1 and DLGAP5 in LICH are influenced by individual cancer types, patient characteristics, and TP53 mutation status 
(Figure 4A and B).

Additionally, investigating the RNA expression of CDK1 and DLGAP5 at different periods and times during the cell 
cycle can shed light on their regulatory roles in cell division and proliferation. RNA expression of CDK1 and DLGAP5 
in different periods of the cell cycle (G1, S, G2/M). Furthermore, their expression levels vary across different periods of 
the cell cycle (Supporting Figure S2C). These findings contribute to our understanding of HCC biology and may aid in 
the development of personalized treatment strategies targeting CDK1 and DLGAP5.
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Figure 2 Expression of key genes in HCC from TCGA. mRNA expression analysis of Aspm, Ccnb2, Cdk1, Cdkn3, Dlgap5, Dtl, Hmmr, Nusap1, Pbk, Racgap1, Top2a, Zwint in 
LICH from TCGA. Red represents tumor tissue, and gray represents normal tissue. *P<0.01.
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Figure 3 CDK1 and DLGAP5 is highly expressed and associated with poor survival. (A) Survival analyses of Aspm, Ccnb2, Cdk1, Cdkn3, Dlgap5, Dtl, Hmmr, Nusap1, Pbk, 
Racgap1, Top2a, Zwint in LICH from TCGA, Red: high-expression group; blue: low-expression group. p value was log-ranked. Auto-selected best cutoffs were used. (B) 
Immunohistochemical staining of CDK1 and DLGAP5 in normal liver tissue and HCC tissue. (C) Relative mRNA expression levels of CDK1 and DLGAP5 in control and HCC 
samples from CCl4+DEN treated mice. (D) Relative mRNA expression levels of CDK1 and DLGAP5 in hepG2 cells exposure to no sorafenib and 20% O2 with the presence 
of 6 µM sorafenib from GSE62813 datasets. ***P<0.001.
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CDK1 and DLGAP5 is Associated with Tumor Immune Cell Infiltration
Next, we aim to find out the mechanisms by which CDK1 and DLGAP5 potentially regulate the occurrence of HCC. 
Understanding the interaction between tumor immune cells and key genes involved in cancer progression is crucial for 
improving cancer treatment strategies. To explore whether these two genes are related to tumor immunity in the 
development of HCC. In this study, we conducted a correlation analysis to explore the relationship between CDK1 
and DLGAP5 in tumor immune cells.

We utilized the GSE166635 dataset, which provides single-cell transcriptomic data, our analysis revealed the 
distribution of CDK1 and DLGAP5 in different TME cell types at single-cell resolution. The cells with significant 

Figure 4 CDK1 and DLGAP5 are influenced by individual cancer types, patient characteristics, and TP53 mutation status. (A and B) The relative expression of CDK1 and 
DLGAP5 in LIHC based on individual cancer type, age, weight, gender, race and TP53 mutation status from TCGA.
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expression of the prognostic genes, indicated by the red box, suggest the presence of a potential correlation between 
CDK1 and DLGAP5 in specific tumor immune cell populations (Figure 5A). Conversely, the cells with trace expression 
of the prognostic genes, indicated by the green box, might represent cells where CDK1 and DLGAP5 are not 
significantly expressed. Specifically, we investigated the distribution of these prognostic genes across different types 
of tumor microenvironment (TME) cells, and found that CDK1 and DLGAP5 are associated with tumor immune cell 
infiltration (Figure 5B). Taken together, these data indicated that CDK1 and DLGAP5 may promote HCC through tumor 
immune cell infiltration.

Figure 5 The expression of among CDK1 and DLGAP5 is associated with tumor immune cell infiltration. (A) The distribution of 2 prognostic genes in different TME cell 
types was explored with single-cell resolution in the GSE166635 dataset. The red box indicates the cells with significant expression of the prognostic genes, while the green 
box indicates the cells with trace expression of the prognostic genes. (B) Correlation analysis of CDK1 and DLGAP5 in tumor immune cells.
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Discussion
The identification of novel drug candidate target genes is paramount to advancing effective therapeutic strategies for 
hepatocellular carcinoma (HCC), an aggressive malignancy with limited treatment options.18 Firstly, we identified the 
gene expression profile in HCC. Additionally, of which, CDK1 and DLGAP5 were highly expressed and associated with 
poor prognosis. Lastly, the mechanism of CDK1 and DLGAP5 were found to be associated with tumor immune cell 
infiltration. These findings provide valuable insights into the development of novel therapeutic approaches for HCC 
(Figure 6).

HCC is characterized by its aggressive nature and limited treatment options, making it one of the leading causes of 
cancer-related deaths worldwide.19,20 Multi-omics bioinformatics analysis has revolutionized the landscape of cancer 
research by offering a comprehensive understanding of the molecular underpinnings of tumor diseases.21–23 To address 
this critical need, we employed bioinformatics analysis and identify CDK1 and DLGAP5 as potential targets.

Previous study indicated that CDK1 involved in cell proliferation,24 epigenetic regulation,25 gastrointestinal stromal 
tumor26 and mitochondrial metabolism.27 Our findings suggest that CDK1 and DLGAP5 are key genes that are highly 
expressed in HCC and are associated with poor patient prognosis. The association of these genes with tumor immune cell 
infiltration highlights their potential role in the tumor microenvironment, which has become an important focus in cancer 
research.28,29 This finding underscores the importance of targeting these genes not only for direct antitumor effects but 
also for modulating the immune response against HCC.

In conclusion, our study presents a novel strategy for identifying potential therapeutic targets for HCC. The 
integration of bioinformatics approaches offers a holistic view of the molecular landscape of HCC and paves the way 
for the development of targeted therapies. Future research should focus on validating these findings in experimental 
models and clinical trials to confirm their therapeutic potential.
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Figure 6 Key Modulators role of CDK1 and DLGAP5 in Hepatocellular Carcinoma. DLGAP5 and CDK1 were highly expressed in HCC and associated with poor prognosis. 
CDK1 and DLGAP5 are influenced by individual cancer types, patient characteristics, and TP53 mutation status. CDK1 and DLGAP5 is associated with tumor immune cell 
infiltration.
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