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Abstract

Background
Classic Hodgkin lymphoma (CHL) is the most common HL in the modern society. Although the treatment
of cHL has made great progress, its molecular mechanisms have yet to be deciphered.

Objectives
The purpose of this study is to �nd out the crucial potential genes and pathways associated with cHL.

Methods
We downloaded the cHL microarray dataset (GSE12453) from Gene Expression Omnibus (GEO) database
and to identify the differentially expressed genes (DEGs) between cHL samples and normal samples
through the limma package in R. Then, gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of DEGs were carried out. Finally, we constructed the
protein-protein interaction network to screen out the hub genes using Search Tool for the Retrieval of
Interacting Genes (STRING) database.

Results
We screened out 788 DEGs in the cHL dataset, such as BATF3, IER3, RAB13 and FCRL2. GO functional
enrichment analysis indicated that the DEGs were related with regulation of lymphocyte activation,
secretory granule lumen and chemokine activity. KEGG pathway analysis showed that the genes enriched
in Prion disease, Complement and coagulation cascades and Parkinson disease Coronavirus disease-
COVID-19 pathway. Protein-protein interaction network construction identi�ed 10 hub genes (IL6, ITGAM,
CD86, FN1, MMP9, CXCL10, CCL5, CD19, IFNG, SELL, UBB) in the network.

Conclusions
In the present investigation, we identi�ed several pathways and hub genes related to the occurrence and
development of cHL, which may provide an important basis for further research and novel therapeutic
targets and prognostic indicators for cHL.

Background
Hodgkin lymphoma (HL) is a unique lymphoid neoplasm that accounts for 10% of all diagnosed
lymphomas and has an increasing incidence in the world (1). CHL, the most common malignancy in
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children and adolescents is a major type of HL and represents about 95% of all cases of HL (2, 3).
According to the World Health Organization (WHO), cHL is divided into four types: lymphocyte-rich,
lymphocyte depleted, nodular sclerosis and mixed cellularity. In histopathology, cHL is characterized by
speci�c large atypical cells, Hodgkin Reed-Sternberg (HRS) cells, which are often surrounded by abundant
reactive in�ammatory immune cells including T cells, B cells, macrophages, plasma cells, eosinophils,
and additional immune cells (4). Although many patients with cHL can be cured through radiotherapy
and chemotherapy, a considerable number of patients have progressed and became di�cult to treat, that
is relapsed or refractory cHL (5, 6). Programmed death-ligand (PD-L)1and PD-L2 are often overexpressed
in HRS cells and the tumor microenvironment, due to the genetic ampli�cation at chromosome 9p24.1 (7,
8). In recent years, the results of a number of clinical trials have con�rmed that PD-1/PD-L1 inhibitors
have shown high e�cacy in cHL patients (9). Despite the clear e�cacy of PD-1/PD-L1 inhibitors, some
patients will experience accelerated tumor progression and adverse reactions after treatment. The
ultimate reason for the unsatisfactory therapeutic effect is our ambiguity about the molecular
mechanism of tumors and the ambiguity of the mechanism of immunotherapies. In order to have a
deeper and more comprehensive understanding of the molecular mechanism of the pathogenesis of cHL,
in the current study, we screened out the pathways and hub genes involved cHL, which provided further
understanding the molecular mechanism and a new idea for the treatment cHL in the future.

Materials And Methods

Dataset preparation and DEGs identi�cation
We downloaded the microarray dataset (GSE12453) from GEO (http://www.ncbi.nlm.nih.gov/geo/)
database. The dataset of GSE12453 contains 25 normal B cells samples, 12 cHL samples and 30 other
types of lymphoma samples. In the current study, normal B cells and cHL samples were used for further
analysis. The GSE12453 dataset was based on GPL570 platforms (HG-U133_Plus_2; Affymetrix Human
Genome U133 Plus 2.0 Array). The affy package was utilized to preprocess and normalize the raw data
under the R environment (version 4.0.5). Through the preprocessing of the R package, the GSE312887
sample did not meet the requirements and excluded from the following analysis. In this study, the limma
package was applied to screen out DEGs in cHL (10) and the cut-off criteria was set as adjusted P < 0.05
and |logFC|> 3.

Functional Enrichment Analysis Of Degs
To further explore the biological function of DEGs, GO and KEGG pathway enrichment analyses were
performed using the clusterPro�ler package in R. The GO terms were divided into biological processes
(BP), cellular component (CC) and molecular function (MF) ontologies, shown in the Fig. 2. Among the BP
ontology, the results showed that the DEGs mainly enriched inneutrophil activation, neutrophil mediated
immunity and neutrophil degranulation. Among the CC ontology, the genes were correlated with secretory
granule lumen, cytoplasmic vesicle lumen and collagen-containing extracellular matrix. Among the MF
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ontology, the results were involved in chemokine activity, chemokine receptor binding and CCR chemokine
receptor binding. As for the pathways, KEGG pathway analysis results indicated that DEGs are mainly
focused on the pathways concentrated in Prion disease, Complement and coagulation cascades and
Viral protein interaction with cytokine and cytokine receptor. In addition, we also found that the DEGs
were enriched in the pathway of Coronavirus disease-COVID-19, which ravaged the world in just six
months and had a profound impact on the world.

Ppi Network Construction And Identi�cation Of Hub Genes
To identify the hub genes that play an important role in cHL, the online Search Tool for the Retrieval of
Interacting Genes (STRING database, Version 11.0; http://string-db.org/) was used to build protein‐protein
interaction (PPI) network and a combined score of not < 0.7 was considered signi�cant (13). Cytoscape
software (version 3.7.1; http://cytoscape.org/) was applied to visualize the PPI network (14, 15). The
CytoHubba, Cytoscape plug‐in, was utilized to analyze the hub genes through node degree in the network,
and the top 10 genes with most interactions were informally referred to as hub genes.

Validation Of Hub Genes
To verify the hub genes obtained from PPI network, we used the online database, the Cancer Cell Line
Encyclopedia Cancer Cell Line Encyclopedia (CCLE), which contains mRNA expression levels in robust
multichip average log2 of various cancer cell lines, to analyze transcription levels of the10 hub genes in
cHL cell lines (16, 17).

Results
Identi�cation of DEGs

To identify DEGs between Hodgkin lymphoma and normal samples, the GSE12453 dataset was obtained
from NCBI GEO datasets and the Limma package was applied to analyze the DEGs. The results showed
that a total of 788 DEGs were screened out, in which 462 genes were upregulated and 326 genes were
downregulated. As is shown in Fig.1, of which the volcano plot indicates all the genes and the heatmap
shows the 100 most changed genes. 

Functional enrichment analysis of DEGs

To further explore the biological function of DEGs, GO and KEGG pathway enrichment analyses were
performed using the clusterPro�ler package in R. The GO terms were divided into biological processes
(BP), cellular component (CC) and molecular function (MF) ontologies, shown in the Fig. 2. Among the BP
ontology, the results showed that the DEGs mainly enriched inneutrophil activation, neutrophil mediated
immunity and neutrophil degranulation. Among the CC ontology, the genes were correlated with secretory
granule lumen, cytoplasmic vesicle lumen and collagen-containing extracellular matrix. Among the MF
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ontology, the results were involved in chemokine activity, chemokine receptor binding and CCR chemokine
receptor binding. As for the pathways, KEGG pathway analysis results indicated that DEGs are mainly
focused on the pathways concentrated in Prion disease, Complement and coagulation cascades and
Viral protein interaction with cytokine and cytokine receptor. In addition, we also found that the DEGs
were enriched in the pathway of Coronavirus disease-COVID-19, which ravaged the world in just six
months and had a profound impact on the world. 

Identi�cation and validation of DEGs

To �nd out the hub genes in DEGs, we used STRING database to build PPI network and Cytoscape to
visualize the network. As is shown in the results (Fig.3), we visualized the top 50 genes with the most
node degree in the network. And then, CytoHubba was applied to identify the hub genes and 10 hub
genes (IL6, ITGAM, CD86, FN1, MMP9, CXCL10, CCL5, CD19, IFNG, SELL, UBB) were screened out. As for
the results, most of the hub genes have not been reported in cHL. To validate the signi�cance of the
genes, we downloaded their mRNA expression data in verious cHL cell lines from CCLE database. The
results indicated that IL6, CD86, FN1 and CCL5 were overexpressed in cHL cell lines and ITGAM, MMP9,
CXCL10, CD19, IFNG and SELL underexpressed in cHL cell lines, shown in the Fig.4. 

Discussion
In recent years, the research on the pathogenesis of cHL has made great progress, which provides a basis
for the treatment of cHL (18–21). Many studies have shown that the immune microenvironment
composed of abnormal HRS cells and their surrounding immune cells provides suitable conditions for
tumor development (22–24). In addition, studies also have indicated that the malignant HRS cells have
highly PD-L1 expression on the cell surface, which results in the suppression of immune response (7, 8).
The high expression of PD-L1 in HRS cells and its microenvironment makes the PD-1/PD-L1 signaling
pathway a new target for tumor immunotherapy (25–27). A variety of PD-1/PD-L1 blockers have been
used in clinical trials, and the results have shown that immunotherapies have a good effect on relapsed
or refractory cHL. However, the immunotherapy also has adverse reactions after treatment, due to the
limited understanding of the biology of immune checkpoint bockade in cHL (25, 28, 29). Therefore, in-
depth study of the molecular mechanism of cHL is very necessary. In the current study, we used
bioinformatics methods to analyze the intrinsic pathogenesis of cHL and we got very meaningful results
related to cHL. Firstly, we screened out 788 DEGs closely related to the occurrence and development of
cHL. Secondly, the results of GO analysis suggested that cHL-related genes were enriched in the
proliferation, differentiation and activation of white blood cells, which was consistent with the known
theories. Thirdly, pathway analysis indicated that the development of cHL was related to NF-kappa B
signaling pathway, Complement and coagulation cascades and PD-L1 expression and PD-1 checkpoint
pathway in cancer. Finally, we identi�ed10 hub genes (IL6, ITGAM, CD86, FN1, MMP9, CXCL10, CCL5,
CD19, IFNG, SELL, UBB), which may play a signi�cant role in the cHL.
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In the present study, the results of analysis indicated that leukocyte function, NF-kappa B signaling
pathway and PD-1 checkpoint pathway played a major role in the biological process of cHL, which has
been proven by several existing studies (27, 30, 31). The consistency between our analysis results and
existing research results shows the credibility of our analysis. In addition, for the �rst time, our work
found that the pathway of Coronavirus disease-COVID-19 is related to cHL. Our results indicate that
COVID-19 may affect the occurrence of cHL. Some of the hub genes we screened have been reported to
be related to cHL, and some are the �rst time we have discovered that they play a key role in cHL.

Conclusion
In short, our work not only validated previous studies, but also discovered new pathways and core genes
that may affect cHL, which provides new ideas for future studies of cHL molecular mechanisms and the
search for drug targets.
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Figure 1

The differentially expressed genes of cHL. (A). Volcano plot of the aberrant genes of between the cHL
and normal samples. Red dots indicate signi�cantly upregulated genes. Green dots indicate signi�cantly
downregulated genes. (B). Heat map hierarchical clustering indicates DEGs in GSE12453 datasets. Red
areas indicate upregulated genes while the green areas indicate downregulated genes.
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Figure 2

The top 15 GO and KEGG pathways enrichment analysis of the differentially expressed genes. (A).
Biological process; (B). Cellular component; (C). Molecular function; and (D). KEGG pathways.
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Figure 3

The protein–protein interaction network of the differentially expressed genes. The top 50 genes with the
most node degree in the network visualized with cytoscape software. Node size is proportional to the
degree of node degree.
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Figure 4

Validation of hub genes. The hub genes we imputed into the online database, the Cancer Cell Line
Encyclopedia Cancer Cell Line Encyclopedia to verify the analysis results. The ordinate is the hub genes,
and the abscissa is its mRNA expression.


