
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202307.00720

Network Pharmacology-Based Investigation into
the Mechanism of Action of Budesonide in IgA
Nephropathy: Postprint
Authors: Zhang Kang, Zhao Tingting, Zhang Bo, Gao Mengqi, Li Yuxi, Wang
Shaopeng, Zhao Wenjing, Zhao Wenjing

Date: 2023-07-28T00:00:00+00:00

Abstract
Background: IgA nephropathy is the most common primary glomerulonephri-
tis in China and worldwide, with 25%~30% of patients progressing to end-stage
renal disease within 20 years of diagnosis. Currently, there is no effective and
safe treatment regimen specifically for IgA nephropathy. In recent years, re-
search on new drugs for IgA nephropathy has advanced rapidly, among which
targeted delayed-release budesonide capsules represent the world’s first etiolog-
ical treatment drug for IgA nephropathy.

Objective: To investigate the mechanism of action of corticosteroid budesonide
enteric-coated capsules in the treatment of IgA nephropathy based on network
pharmacology.

Methods: The targets of budesonide were screened through the Chemical Book
platform; and the targets related to IgA nephropathy were obtained using the
GeneCards and CTD databases. The common budesonide-IgAN targets were
obtained by intersection using a Venn diagram. A protein-protein interaction
(PPI) network was constructed, and Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) enrichment analyses were performed on
the intersection targets.

Results: A total of 242 budesonide action targets, 1,443 IgA nephropathy can-
didate targets, and 146 intersection targets were screened. The PPI network
identified 15 core targets: interleukin-6 (IL-6), tumor necrosis factor (TNF),
interleukin-10 (IL-10), vascular endothelial growth factor A (VEGFA), epider-
mal growth factor receptor (EGFR), interleukin-1B (IL-1B), interleukin-4 (IL-
4), interleukin-8 (CXCL8), Jun proto-oncogene (JUN), interleukin-13 (IL-13),
interleukin-2 (IL-2), C-C motif chemokine ligand 2 (CCL2), Toll-like receptor 4
(TLR4), colony stimulating factor 2 (CSF2), and albumin (ALB). Enrichment
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analysis yielded 1,646 GO enrichment results and 174 KEGG signaling path-
ways. Biological process (BP) mainly involved positive regulation of phosphory-
lation, inflammatory response, positive regulation of cell motility, etc.; cellular
component (CC) mainly involved cytoplasmic vesicle lumen, vesicle lumen, se-
cretory granule lumen, etc.; molecular function (MF) mainly involved signaling
receptor activator activity, signaling receptor regulator activity, receptor lig-
and activity, etc. KEGG signaling pathways mainly involved the interleukin-17
signaling pathway, cytokine-cytokine receptor interaction, pathways in cancer,
tumor necrosis factor signaling pathway, etc.

Conclusion: This study preliminarily validates that budesonide can treat
IgA nephropathy through multiple signaling pathways, including the cytokine-
cytokine receptor interaction pathway, interleukin-17 signaling pathway, path-
ways in cancer, and tumor necrosis factor signaling pathway, via targets such as
IL-6, TNF, IL-10, VEGFA, and EGFR, providing a theoretical basis for further
research and clinical practice of budesonide.
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Abstract

Background: IgA nephropathy (IgAN) is the most common primary glomeru-
lonephritis in China and worldwide, with approximately 25%-30% of patients
progressing to end-stage renal disease within 20 years after diagnosis. Currently,
there is no effective and safe treatment specifically for IgAN. In recent years,
research on new drugs for IgAN has progressed rapidly, among which the tar-
geted delayed-release budesonide capsule represents the first etiologic treatment
drug for IgAN globally.
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Objective: To investigate the mechanism of corticosteroid budesonide enteric-
coated capsules in the treatment of IgAN based on network pharmacology.

Methods: The Chemical Book platform was used to screen the targets of
budesonide, while GeneCards and CTD databases were utilized to obtain IgAN-
related targets. The intersection of budesonide and IgAN targets was identified
through a Venn diagram. A protein-protein interaction (PPI) network was
constructed, and gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were performed on the intersecting tar-
gets.

Results: A total of 242 targets for budesonide, 1,443 candidate targets for
IgAN, and 146 intersecting targets were identified. The PPI network revealed
15 core targets: interleukin-6 (IL-6), tumor necrosis factor (TNF), interleukin-10
(IL-10), vascular endothelial growth factor A (VEGFA), epidermal growth fac-
tor receptor (EGFR), interleukin-1B (IL-1B), interleukin-4 (IL-4), interleukin-8
(CXCL8), Jun proto-oncogene (JUN), interleukin-13 (IL-13), interleukin-2 (IL-
2), chemokine ligand 2 (CCL2), toll-like receptor 4 (TLR4), colony-stimulating
factor 2 (CSF2), and albumin (ALB). Enrichment analysis revealed 1,646 GO en-
richment results and 174 KEGG signaling pathways. Biological processes (BP)
mainly involved positive regulation of phosphorylation, inflammatory response,
and positive regulation of cell movement. Cellular components (CC) primarily
involved cytoplasmic vesicle lumen, vesicle lumen, and secretory granule lumen.
Molecular functions (MF) mainly involved signaling receptor activator activity,
signaling receptor regulator activity, and receptor ligand activity. KEGG signal-
ing pathways primarily included the interleukin-17 signaling pathway, cytokine-
cytokine receptor interaction, pathways in cancer, and tumor necrosis factor
signaling pathway.

Conclusion: This study provides preliminary verification that budesonide can
treat IgAN by targeting IL-6, TNF, IL-10, VEGFA, EGFR, and other molecules
through multiple signaling pathways including cytokine-cytokine receptor inter-
action, interleukin-17 signaling pathway, pathways in cancer, and tumor necrosis
factor signaling pathway, providing a theoretical basis for further research and
clinical practice of budesonide.

Keywords: Budesonide; Glomerulonephritis, IgA; IgA nephropathy; Network
pharmacology; Signaling pathway

Introduction
IgA nephropathy (IgAN) is a common primary glomerulonephritis worldwide,
accounting for 52.66% of primary glomerulonephritis cases in China. Approxi-
mately 25%-30% of IgAN patients progress to end-stage renal disease within 20
years of diagnosis, imposing a heavy burden on families and national healthcare
systems. Currently, there is no effective and safe treatment specifically for IgAN.
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The 2021 KDIGO guidelines recommend that the treatment of IgAN should fo-
cus on optimized supportive therapy, including blood pressure management,
use of maximum tolerated doses of renin-angiotensin system inhibitors (RASI),
and lifestyle modifications. For patients who remain at risk of disease progres-
sion after at least 90 days of optimized supportive therapy, a 6-month course of
corticosteroid therapy may be considered. However, the long-term efficacy and
safety of glucocorticoids remain controversial. The STOP-IgAN study demon-
strated that intensified immunosuppressive therapy did not slow the decline in
estimated glomerular filtration rate (eGFR) in high-risk IgAN patients and was
associated with significantly increased adverse effects. The TESTING study
showed that full-dose steroid therapy significantly reduced proteinuria and de-
creased renal failure events by 63% in IgAN patients, but the risk of serious
adverse events increased 4.63-fold.

In recent years, research on new drugs for IgAN has progressed rapidly, with
targeted delayed-release budesonide capsules emerging as the world’s first etio-
logic treatment for IgAN. In October 2022, the Phase III NefIgArd clinical trial
of budesonide enteric-coated capsules published results demonstrating signifi-
cant advantages in reducing proteinuria, stable renal function, and no serious
adverse events, although the mechanism of action in IgAN remains incompletely
understood. This study employs network pharmacology methods to explore the
therapeutic targets of budesonide in IgAN, conducting drug-disease target in-
teraction analysis and gene ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses to provide a theoretical basis for
the clinical application of budesonide in IgAN treatment.

Methods
1.1 Acquisition of Basic Budesonide Information

Basic information about budesonide, including its molecular formula
and structural formula, was obtained from the Chemical Book platform
(https://www.ChemicalBook.com/).

1.2 Screening and Standardization of Budesonide Targets

Budesonide-related genes were retrieved from the GeneCards human gene
database (https://www.genecards.org/) using the keyword “Budesonide” with
data updated until March 2023. Relevant targets were further supplemented
using the DrugBank database (https://www.drugbank.ca) and the Thera-
peutic Target Database (TTD, https://db.idrblab.net/ttd/). The predicted
drug target information was standardized against the UniProt database
(https://www.uniprot.org/) to identify the primary targets of budesonide.
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1.3 Acquisition of IgAN-Related Target Genes

IgAN-related genes were obtained from GeneCards and the Comparative
Toxicogenomics Database (CTD, http://ctdbase.org/) using the keyword “IgA
nephropathy.” In GeneCards, when the number of target genes is large, those
with Score values greater than the median can be considered potential disease
targets. In this study, the median Score values obtained from GeneCards were
34.0 and 810.67, respectively. Since the number of targets was moderate, no
screening was performed and all targets were included. The maximum Score
was 73.96 and the minimum was 0.26. Relevant targets from the CTD database
were used to supplement the dataset, and the results from both databases were
intersected using a Venn diagram to obtain the final IgAN target list.

1.4 Identification of Budesonide-IgAN Intersection Targets

Budesonide-related targets and IgAN targets were imported into the Venny
2.1.0 website (https://bioinfogp.cnb.csic.es/tools/venny/index.html) to identify
common targets through Venn diagram intersection analysis.

1.5 Construction of Drug-Disease Target Network

Budesonide and the budesonide-IgAN common target genes were imported into
Cytoscape 3.9.1 software to construct a drug-disease target network diagram.
In this network, “nodes” represented drug components and their targets, while
“edges” represented interactions between nodes.

1.6 Protein-Protein Interaction (PPI) Network Construction

The intersecting target genes were input into the STRING database
(https://string-db.org/) to construct a PPI network. The results were
imported into Cytoscape 3.9.1 software, and the CytoNCA plugin was used
to calculate the degree and betweenness centrality of each node. Targets with
degree values greater than or equal to the median were defined as key targets.

1.7 GO and KEGG Pathway Enrichment Analysis

The common target genes were subjected to GO and KEGG enrichment analysis
using the Metascape database (https://metascape.org). GO enrichment analysis
included three components: biological process (BP), cellular component (CC),
and molecular function (MF). The screening parameters were set as follows:
Min Overlap = 3, P Value Cutoff = 0.01, and Min Enrichment = 1.5. The
visualization of analysis results was performed using the Bioinformatics platform
(http://www.bioinformatics.com.cn/).
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Results
2.1 Screening of Budesonide and IgAN-Related Targets

The basic information of budesonide is shown in Figure 1 [Figure 1: see original
paper]. A total of 242 budesonide targets and 1,443 IgAN-related genes were ob-
tained. Through Venn diagram intersection analysis, 146 common budesonide-
IgAN target genes were identified, accounting for approximately 9.5% of the
total targets (Figure 2 [Figure 2: see original paper]).

2.2 Network Analysis of Budesonide-IgAN Common Target Genes

A “drug-disease target” network diagram was constructed using budesonide and
the 146 common budesonide-IgAN target genes. The central orange node repre-
sented budesonide, while the 146 surrounding green nodes represented potential
therapeutic targets of budesonide for IgAN, with 146 edges indicating interac-
tions between budesonide and IgAN (Figure 3 [Figure 3: see original paper]).

2.3 PPI Network Analysis

The 146 common budesonide-IgAN target genes were input into the STRING
database to construct a PPI network. After applying screening criteria, the
network contained 143 nodes and 1,022 edges (Figure 4 [Figure 4: see origi-
nal paper]). The results were imported into Cytoscape 3.9.1 software, and the
CytoNCA plugin was used to calculate the degree and betweenness centrality
of each node. Targets with degree values greater than or equal to the me-
dian were screened, yielding 15 key target genes: interleukin-6 (IL-6), tumor
necrosis factor (TNF), interleukin-10 (IL-10), vascular endothelial growth fac-
tor A (VEGFA), epidermal growth factor receptor (EGFR), interleukin-1B (IL-
1B), interleukin-4 (IL-4), interleukin-8 (CXCL8), Jun proto-oncogene (JUN),
interleukin-13 (IL-13), interleukin-2 (IL-2), chemokine ligand 2 (CCL2), toll-
like receptor 4 (TLR4), colony-stimulating factor 2 (CSF2), and albumin (ALB)
(Figure 5 [Figure 5: see original paper], Table 1 ).

2.4 GO Enrichment Analysis

The 146 intersecting target genes were subjected to GO functional enrichment
analysis using the Metascape database, yielding 1,646 biological processes (BP),
62 cellular components (CC), and 127 molecular functions (MF). The BP terms
mainly involved inflammatory response, positive regulation of phosphorylation,
and positive regulation of cell motility. The CC terms primarily involved vesicle
lumen, cytoplasmic vesicle lumen, and secretory granule lumen. The MF terms
mainly involved signaling receptor activator activity, signaling receptor regula-
tor activity, and receptor ligand activity. The top 20 enrichment results were
visualized as bubble plots using the Bioinformatics platform, where dot size rep-
resented gene count and color corresponded to P-value (Figures 6-8 [Figure 6:
see original paper][Figure 7: see original paper][Figure 8: see original paper]).
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2.5 KEGG Signaling Pathway Enrichment Analysis

The 146 intersecting target genes were analyzed for KEGG pathway enrich-
ment using the Metascape database, identifying 174 signaling pathways. A
histogram of the top 20 signaling pathways was generated (Figure 9 [Figure
9: see original paper]), with the y-axis showing pathway names and the x-axis
showing the number of genes enriched in each pathway. Different colors rep-
resented different P-values, with redder colors indicating smaller P-values and
more significant enrichment, suggesting stronger association with the disease.
The pathways with prominent enrichment included cytokine-cytokine receptor
interaction, interleukin-17 signaling pathway, pathways in cancer, and tumor
necrosis factor signaling pathway.

Discussion
The production of galactose-deficient IgA1 (Gd-IgA1) molecules due to mucosal
immune deficiency plays a crucial role in the pathogenesis of IgAN. Therefore,
identifying novel therapeutic strategies targeting the underlying cause repre-
sents a current research priority in IgAN. In recent years, the intestinal mucosal
immune system, as the most extensive and important component of the mucosal
immune system, has received increasing attention for its role in the development
and progression of IgAN. The intestinal mucosal immune system possesses the
body’s most extensive mucosa-associated lymphoid tissue—gut-associated lym-
phoid tissue (GALT)—which influences both local intestinal and systemic im-
munity. Peyer’s patches serve as the primary sites for antigen sampling and
immune induction in GALT and represent the main source of IgA1 molecules in
humans, providing a microenvironment that promotes B cell differentiation into
IgA-secreting plasma cells. The mislocalization and migration of B cells that
have differentiated into IgA plasma cells to systemic sites may lead to excessive
circulating Gd-IgA1, potentially representing the fundamental basis and origin
of IgAN. Budesonide enteric-coated capsules, as a targeted intestinal-release
glucocorticoid, have demonstrated unique advantages in IgAN treatment by de-
livering the drug specifically to mucosal B cells in the terminal ileum, thereby
reducing upstream production of Gd-IgA1 that triggers IgAN.

This study employed network pharmacology methods to explore the mechanism
of budesonide in IgAN treatment. The results indicate that IL-6, TNF, IL-
10, VEGFA, and EGFR occupy central positions among the key therapeutic
targets. IL-6, tumor necrosis factor-𝛼 (TNF-𝛼), and IL-10 are all inflamma-
tory cytokines, with serum levels significantly elevated in IgAN patients. As
a pro-inflammatory cytokine, IL-6 is one of the primary molecules mediating
IgA1 overproduction through adrenal TLR9 activation. IL-6 not only induces
excessive production of Gd-IgA1 but also mediates mesangial cell proliferation
and matrix expansion while promoting inflammatory cell infiltration in the kid-
neys, thereby triggering disease development. Furthermore, clinical studies have
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shown that urinary IL-6 levels are abnormally elevated in IgAN patients and
correlate positively with renal pathological damage, suggesting that IL-6 may
serve as a non-invasive biomarker reflecting renal injury in IgAN. TNF-𝛼 can
induce podocyte apoptosis by binding to TNF-𝛼 receptor 1 (TNFR1) on IgAN
podocytes, thereby triggering proteinuria. IL-10 expression in IgAN kidneys oc-
curs primarily in tubular regions, and as an anti-inflammatory cytokine, IL-10
can inhibit inflammatory responses by reducing IL-1𝛽 synthesis and downregu-
lating TNF synthesis. Additionally, a study in Northwestern Chinese popula-
tions demonstrated that IL-10 is a susceptibility gene for IgAN patients, and
the IL-10 gene G-1082A polymorphism is associated with IgAN progression.

VEGFA is a crucial vascular endothelial growth factor essential for maintain-
ing the survival, differentiation, and structure of glomerular endothelial cells,
mesangial cells, podocytes, and parietal epithelial cells. Increased renal tubular
VEGFA production leads to fibrosis and glomerular lesions. VEGFA is strongly
expressed in parietal epithelial cells, tubular epithelial cells, podocytes, and
mesangial cells of IgAN patients, with urinary VEGFA levels significantly corre-
lating with tubular atrophy/interstitial fibrosis and serving as an independent
prognostic factor for IgAN. EGFR is a multifunctional signal transducer, and
excessive EGFR can activate the PI3K/Akt pathway, increase TGF-$�$1 levels,
promote renal fibrosis, and enhance inflammatory cytokine production.

GO enrichment analysis of key targets revealed that biological processes mainly
involve positive regulation of phosphorylation, inflammatory response, and pos-
itive regulation of cell movement. Cellular components primarily involve cyto-
plasmic vesicle lumen, vesicle lumen, and secretory granule lumen. Molecular
functions mainly involve signaling receptor activator activity, signaling recep-
tor regulator activity, and receptor ligand activity. KEGG enrichment analy-
sis demonstrated that budesonide can regulate IgAN through multiple signal-
ing pathways, among which the cytokine-cytokine receptor interaction pathway
plays a crucial role. Cytokines, as the most active soluble polypeptides in the
body, participate in physiological and pathological states through various mech-
anisms including enzymatic activity, cell membrane permeability, cytoskeletal
protein function, and gene expression. The cytokine-cytokine receptor network
constitutes an essential component of signal transduction and represents a key
target for drug intervention. IgAN is associated with mucosal infections and
often presents with elevated cytokine levels. The cytokine-cytokine receptor in-
teraction pathway in IgAN patients plays an important regulatory role in the
inflammatory process during bacterial infection. IL-6, as a pro-inflammatory fac-
tor, transmits inflammatory signals during infection and promotes immune cell
proliferation and differentiation. In IgAN patients, IL-6 can upregulate galac-
tose deficiency in IgA1 molecules by regulating ST6GALNAC2 and C1GALT1
gene expression and enzyme activity, thereby increasing immune complex forma-
tion and promoting disease progression. Therefore, budesonide’s regulation of
the cytokine-cytokine receptor interaction pathway to inhibit Gd-IgA1 synthesis
represents an important therapeutic mechanism in IgAN.
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In summary, this study preliminarily explored the pharmacological mechanism
of budesonide in IgAN treatment. Budesonide may exert therapeutic effects in
IgAN through IL-6, TNF, IL-10, VEGFA, EGFR, and other targets, acting on
multiple pathways including cytokine-cytokine receptor interaction, interleukin-
17 signaling pathway, pathways in cancer, and tumor necrosis factor signaling
pathway. These findings provide a theoretical basis for further research and
clinical application of budesonide in IgAN, with subsequent validation through
basic experiments warranted.
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