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Introduction

Pheochromocytoma (PCC) and paraganglioma (PGL), 
collectively known as PPGL, are rare neuroendocrine 
tumors mainly secreting catecholamine hormones. PPGL is 
one of the common causes of secondary hypertension. Data 
show that the incidence of PPGL is 0.01–0.03%. In general 
hypertensive outpatients, the rate of PPGL is 0.2–0.6%, 

and about 5% of patients with adrenal accidental tumors are 
eventually diagnosed with PPGL (1,2). Studies have shown 
that about 15–17% of PPGL metastasize, and the treatment 
options for PPGL after metastasis are limited; the 5-year 
survival rate is less than 50%, which is the main cause of 
death (3,4). Current study has shown that it is difficult to 
determine whether PPGL is metastatic by preoperative 
biochemical tests and previous pathological results (5). The 
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pathogenesis of PPGL remains unclear, but studies have 
shown that PPGL has a strong genetic background. More 
than 20 PPGL susceptibility genes have been reported, 
and about 50% of patients have germline or system gene 
mutations (6,7). The adrenal pheochromocytoma score 
(PASS) and adrenal pheochromocytoma and paraganglioma 
grading system (GAPP) are commonly used to evaluate 
the malignant biological characteristics of PPGL (8). 
However, due to the differences between individuals and 
the heterogeneity of PPGL, there are also great differences 
in the changes of pathogenic genes. Depending on the score 
results and the prognostic information of patients, it can be 
impossible to accurately evaluate the disease progression, 
and it is also impossible to conduct in-depth research on 
the pathogenic causes and find more effective intervention 
measures. In addition, PPGL is a neuroendocrine disease 
that secretes a large amount of catecholamines, and whether 
its pathogenesis involves immunity is still unclear.

In recent years, microarray analysis and sequencing 
technology has become a powerful tool for screening 
pathogenic genes, and can be used to identify biomarkers 
with diagnost ic  and therapeut ic  va lue.  Based on 
bioinformatics, it has been found that KCNQ1 and SCN2A 
are abnormally methylated genes in PPGL (9). Combined 
liquid chromatography-tandem mass spectrometry (LC/
MS-MS) analysis revealed that COX4I2 and PLAT proteins 
were highly correlated with PPGL blood supply (10). 
The Gene Expression Omnibus (GEO) databases provide 
a wealth of microarray and next-generation sequencing 

data for human diseases. Exploring specific differentially 
expressed genes (DEGs) associated with the pathogenesis 
of PPGL is helpful to better understand the development 
of PPGL. There was study that have explored the gene 
aberration of PPGL, and the results showed that PPGL 
with the low programmed death ligand 1 (PD-L1), without 
microsatellite instability (11). According to genomics 
analysis for PPGL, there are several common mutated genes 
such as FGFR1, NF1, PTEN and so on, but in this study do 
not have explore the relation between genes mutations and 
immune microenvironment. In the same year, the study of 
Chen et al. revealed association between regulated immune 
microenvironment genes and PGGL progression (12). 
Here, in this study based on public databases, core DEGs 
were screened by bioinformatics analysis to explore their 
possible molecular mechanisms and potential therapeutic 
drugs, in order to provide a new perspective for the 
prevention and treatment of PPGL. The following article 
was presented in accordance with the STARD reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-800/rc).

Methods

Data acquisition and processing 

A normal and an adrenal pheochromocytoma cell data set 
was download from the GEO database (https://www.ncbi.
nlm.nih.gov/geo/). Finally, GSE19422 (including 84 PPGL 
and 6 normal adrenal tissue transcriptome datasets) and 
GSE60459-GPL13607 (including 9 benign PPGL and 3 
normal adrenal tissue transcriptome datasets) were included 
in the subsequent study. Then, the Immunology Database 
and Analysis Portal Database (ImmPort; https://www.
immport.org/home) was used to download the immune-
related genes (IRGs), which contained a total of 2,498 
IRGs in 17 immunological categories. The “limma” data 
set was adopted in the R software (The R Foundation of 
Statistical Computing, Vienna, Austria) for normalization 
of data, and according to the |logFC| >1 and adjusted 
P value <0.05. Then, the “ggplot2” package was used to 
construct the volcano map of the DEGs, and the “pheatmap” 
package was used to visualize the top 50 DEGs. Finally, 
the “VennDiagram” package was used to pair the dataset 
and overlap the IRGs that were considered the IRGs of 
PPGL. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).
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Protein-protein interaction (PPI) network construction 
and search for core genes 

The Search Tool was used for the Retrieval of Interacting 
Genes/Proteins (STRING) database (https://string-db.org/) to 
construct a protein-protein interaction (PPI) network for IRGs 
of PPGL. The tsv format file adapted to Cytoscape (https://
cytoscape.org/) was downloaded from the STRING database 
and the data was poured into Cytoscape. The cytohubba 
plug-in was then used, which provides analysis algorithms to 
calculate hub genes in PPI network diagrams. Betweenness, 
Bottleneck, Closeness, density of maximum neighbourhood 
component (DMNC), Degree, EcCentricity,  edge 
permeability component (EPC), maximal clique centrality 
(MCC), maximum neighbourhood component (MNC), 
Radiality, and Stress were used to calculate the top 15 core 
genes, and finally, the “UpSetR” package in R language was 
used to find overlapping genes obtained by 11 algorithms as 
core genes.

Diagnostic efficiency of core genes and DEGs enrichment 
analysis 

After obtaining the core genes related to PPGL immunity, 
the author used the “rms” package to construct the receiver 
operating characteristic (ROC) curve. The area under the 
curve (AUC) was considered the efficacy of the core genes 
in diagnosing PPGL, and the 95% confidence interval (CI) 
was obtained. Gene Ontology (GO) enrichment analysis 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis are databases of gene-related functions stored based 
on different classifications. GO and KEGG functional 
enrichment analysis of PPGL immune-related core genes 
using the “ClusterProfiler” package was performed and the 
results using circle charts was visualized.

Immune infiltration analysis 

R language was used to analyze the proportion of immune 
cells between PPGL and normal tissues, and set up 100 
repeated operations to calculate the proportion of 22 kinds 
of immune cells. The normalized expression matrix of 
GSE19422 dataset was imported into the analysis data, and 
a P value 0.05 was considered statistically significant. The 
“ggplot2” in R language was used to construct bar charts to 
evaluate the proportion of immune cells in each sample, and 
correlation charts were constructed to evaluate the correlation 
between immune cells through correlation analysis. Finally, 

whether there was a difference in the proportion of immune 
cells between PPGL and normal tissues was compared.

Potential therapeutic drug prediction 

The Drug-Gene Interaction Database (DGIdb; www.
dgidb.org) is a drug-gene interaction database that 
provides information about the association of genes with 
their known or potential drugs. The core genes related to 
PPGL immunity were imported into the database, and the 
therapeutic drugs related to the core genes related to PPGL 
immunity were obtained and visualized by Cytoscape.

Statistical analysis 

R software (version 3.6.3) was used for statistical analysis of all 
experimental data. The gene expression levels of samples were 
compared by Student’s t-test, and when P <0.05, the difference 
was considered statistically significant, and the difference 
threshold was set as 2 times. In GO and KEGG, q<0.05 was 
considered statistically significant, an AUC of 0.6–0.7 was 
considered low performance, 0.7–0.8 was considered medium 
performance, and >0.8 was considered high performance.

Results

Identification of immune-related DEGs 

By differential expression analysis, 963 significantly up-
regulated and 1,118 significantly down-regulated genes 
were identified from the GSE19422 dataset. Totals of 3,219 
significantly up-regulated and 2,800 significantly down-
regulated genes were identified from GSE60459. The 
intersection of GSE19422 and GSE60459 data sets and 
immune genes was used to finally identify 94 immune-
related DEGs (Figures 1,2).

PPI analysis and key gene screening

The STRING database was used to construct a PPI network 
for IRGs of PPGL. The Cytoscape cytoHubba plugin 
passes the Betweenness, Bottleneck, Closeness, DMNC, 
Degree, EcCentricity, EPC, MCC, MNC, Radiality, and 
Stress algorithms, and identified the top 15 genes, and then 
the common genes in these 11 algorithms were defined 
as the key genes [fibroblast growth factor 2 (FGF2), FYN 
proto-oncogene (FYN), and vascular cell adhesion molecule 
1 (VCAM1)] (Figures 3,4).
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ROC curve analysis 

The FGF2, FYN, and VCAM1 genes were analyzed by 
ROC curve to verify the diagnostic effectiveness of PPGL. 
The greater the AUC value, the stronger the efficacy of the 
biomarker in the diagnosis of PPGL, with better specificity 
and sensitivity. The results showed that FGF2, FYN, and 

VCAM1 had good diagnostic performance in the GSE19422 
and GSE60459 datasets (Figure 5).

Immune-related DEGs enrichment analysis 

The GO analysis showed that biological processes were 
mainly concentrated in cellular response to amyloid-
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PPI analysis of intersection genes. PPI, protein-protein interaction.
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beta and response to ethanol. Cellular component mainly 
involved postsynaptic density and intracellular component, 
postsynaptic specialization, intracellular component and 
perinuclear endoplasmic reticulum. Integrin binding, growth 
factor receptor binding, and cell adhesion molecule binding 
were closely related to molecular function. The KEGG 
enrichment pathway showed that it was mainly related to 
epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitor resistance and the AGE-RAGE signaling pathway 
in diabetic complications; the nuclear factor kappa-B (NF-
κB) signaling pathway was correlated with T cell receptor 
signaling pathway (Figure 5G,5H).

Immune infiltration analysis 

To explore the level of immune cell infiltration in PPGL 
patients, the abundance analysis of immune cell infiltration 
was performed. The results showed that there were 
different levels of immune cell infiltration in patients with 
PPGL. Mast cell activated was significantly increased in 
patients with PPGL, and was negatively correlated with 
macrophages M2, mast cell resting, and macrophages M1, 
and that they were positively correlated with the level of 
dendritic cells activated (Figure 6).

Drug sensitivity analysis 

To explore potential therapeutic agents related to immunity, 
drug sensitivity prediction was performed. The results 

showed that more than 50 potential therapeutic agents such 
as troglitazone, triamcinolone, and Dasatinib were predicted 
based on the FGF2, FYN, and VCAM1 genes (Figure 7).

Discussion

Studying the difference between diseased tissue and normal 
tissue is one of the avenues of disease research. PPGL is a 
rare endocrine tumor. Due to the relatively small amount 
of clinical data and tissue samples, researchers have limited 
the exploration of PPGL to a certain extent. In this study, 
the author hoped to discover genes and therapeutic targets 
with potential research value by mining the microarray chip 
of PPGL. By taking the intersection of the chip data, 1,105 
DEGs were found, among which 94 were IRGs, accounting 
for about 10% of DEGs. These results indicate that the 
formation of PPGL multiple gene mutations and is related 
to immunity.

3 immune-related DEGs, FGF2, FYN, and VCAM1 
were identified, in this study. FGF2, also known as basic 
fibroblast growth factor (bFGF) (13), is expressed in almost 
all tissues in the human body. The FGF superfamily mainly 
includes the paracrine subfamily, endocrine subfamily, 
intracellular subfamily, and FGF receptor. FGF2 is a 
member of the paracrine subfamily which is mainly involved 
in the regulation of proliferation and differentiation of 
various cells, and it promotes cell migration, division, and 
proliferation in autocrine or paracrine ways when cells are 
damaged (14,15). In general, FGF2 functions by binding to 
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Figure 6 Analysis of immunoinfiltrating cells. (A) Immunoinfiltrating cell analysis of PPGL and healthy controls. (B) Correlation analysis 
of immune infiltrating cells. (C) Differential analysis of immune infiltrating cells. NK, natural killer; PPGL, pheochromocytoma and 
paraganglioma. 

FGFR-1c, FGFR-2C, FGFR-3C, and FGFR-1B to form 
FGF-heparin-FGFR terpolymer complex (16). FGFR/
the FGFR signaling pathway is involved in growth and 
development, wound healing, fibrosis, inflammation, and 
neovascular formation (17). Study has shown that FGF2 
is involved in the regulation of the growth response of the 
compensatory adrenal gland after unilateral adrenalectomy 
in rats (18). In addition, because FGF2 has mitogenic 
effects on cells in the adrenal cortex, it is likely to be a 
mediator of the N-terminal peptide of adrenocorticotropin 
(nPOMC) action involved in the regulation of adrenal 
growth stimulation (19). FYN is a member of the Src kinase 
family, a non-receptor tyrosine kinase family. It plays a key 
role in regulating cell proliferation, differentiation, and other 

biological functions and signal transduction cascades (20). At 
present, most studies on FYN focus on tumors, and FYN 
is involved in the progression and metastasis of pancreatic 
cancer, glioblastoma, and hepatocellular carcinoma (21-23). 
Dysfunction of FYN is associated with neurodegenerative 
diseases such as Parkinson’s disease, Alzheimer’s disease, and 
multiple sclerosis (24). VCAM1 is a surface glycoprotein 
of endothelial cells. Proinflammatory cytokines and 
Toll-like receptor agonists, among others, can promote 
VCAM1 expression (25-27). VCAM1 is expressed by 
macrophages, dendritic cells, and tumor cells under certain 
disease conditions with high inflammatory levels (28,29). 
VCAM1 has been reported to be closely associated with 
the progression of immune diseases and tumors, and is also 

P=0.045
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FYN

FGF2

VCAM1

FGF2

Figure 7 Core gene target drug prediction. FGF2, fibroblast growth factor 2; FYN, FYN proto-oncogene; VCAM1, vascular cell adhesion 
molecule 1.

a biomarker for predicting cardiovascular diseases (30). At 
present, there is no relevant report on FYN and VCAM1 
in PPGL, which suggests that FYN and VCAM1 may steer 
the research direction of PPGL in the future.

Enrichment analysis of differentially expressed IRGs 
showed that PPGL involved multiple pathways. AGE initiates 
phosphorylation of ERKl/2 and MAPKs by interacting 
with cell-expressed RAGE receptors, which subsequently 
leads to abnormal activation of NF-κB, a major regulatory 
transcription factor of inflammation, which is involved in the 
expression of inflammatory cytokines and is associated with 
the occurrence of diabetes-related complications and a variety 
of chronic diseases. These include cardiovascular diseases, 
neurodegenerative diseases, arthritis, tumors, and their 
complications (31-33). Inflammation and oxidative stress 
are closely related in the pathogenesis of various chronic 
diseases, and the RAGE/MAPK/NF-KB signaling pathway 
is the main signaling pathway regulating inflammation and 
oxidative stress (34). NF-κB has been found to be a nuclear 
B factor binding to immunoglobulin κ site, which is a 
conserved inducible transcription factor family. It plays a key 
role in regulating immune responses, cellular homeostasis, 
and aging (35,36). In the process of atherosclerosis, the 
NF-κB pathway is one of the key signaling pathways. After 

activation, NF-κB can mediate the transcription of various 
genes, and not only release inflammatory cytokines, but 
also regulate cell proliferation, apoptosis, morphogenesis 
and differentiation (37). Blocking the NF-κB pathway can 
induce apoptosis in chromaffin cells, and NF-κB inhibitors 
can treat PPGL (38,39). In addition, T cell receptor (TCR) 
interaction with MHC-antigenic peptide complexes leads to 
molecular and cellular level changes in T cells, and TCR-
mediated T cell activation is also closely related to the NF-
κB pathway (40,41). In addition, a significant increase in 
mast cell activation in PPGL patients was found. These 
findings suggest that the pathogenesis of PPGL is not only 
related to genetics, but also closely related to immunity. It 
is regrettable is that did not have any study investigate these 
immune related genes roles in PPGL. There was only a 
study used bioinformatics to explored the immune related 
genes role in prognosis of PPGL, and the results indicated 
that ADGRE1, CCL18, and LILRA6 have significant 
influence on prognosis of PPGL (12). So it is urgent need 
to further exploration the immune system in PPGL.

Currently, surgery is the preferred treatment for PPGL, 
regardless of benign and malignant pathological results, 
timely removal of the tumor is emphasized. Extrusion 
of the tumor increases the risk of the release of huge 
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quantities of catecholamine, which can increase the risk of 
acute or chronic complications, so the risk of anesthesia 
and surgery is higher (42,43). For malignant PPGL or 
unresectable PPGL, chemotherapy, isotope therapy, and 
molecular targeted drugs are the main treatment methods. 
Cyclophosphamide, vincristine, and dacarbazine (CVD), 
and etoposide and cisplatin (EP) are commonly used 
chemotherapy regiments that are controlled or effective 
in about half of PPGL patients (44,45). PPGL has been 
studied at the molecular level, and the understanding of 
molecular signaling, metabolism, and resistance mechanisms 
suggests that treatment regimens can be optimized for each 
molecular subtype to improve selectivity and effectiveness 
(46,47). In present study, the author predicted more than 
50 drugs based on the specific target genes identified. 
Among them, troglitazone is a drug used to treat diabetes, 
and research has shown that it can inhibit the expression of 
VCAM1 (48). Triamcinolone can inhibit the expression of 
FGF2, and dasatinib can effectively inhibit FYN (49,50). 
This study provides a theoretical basis for the development 
of PPGL-targeted drugs. A shortcoming of this study is that 
not enough PPGL pathological tissues were collected for 
verification.

Conclusions

In summary, 94 immune-related DEGs screened in this 
study are involved in the occurrence and development of 
PPGL, among which FGF2, FYN, and VCAM1 are key 
genes, which may be potential biomarkers and therapeutic 
targets of PPGL.
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