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ABSTRACT

Aims: To investigate the potential mechanisms of fatty acid metabolism (FAM)-related genes in
IgA nephropathy (IgAN) and to explore its immune cell infiltration characteristic.

Methods: Datasets for IgAN and FAM-related genes were obtained from GEO and MSigDB
database, respectively. We employed differential expression analysis and WGCNA to identify
common genes. GO and KEGG analyses were performed to compare the differences between
IgAN and control groups. Furthermore, LASSO logistic regression was applied to develop a
predictive model based on FAM-related genes. The efficacy of this prognostic model was evaluated
using ROC analysis. The infiltration of immune cells and immune-related functions were assessed
with CIBERSORT tool. Finally, the identified key genes were validated in blood samples from IgAN
and control patients, as well as in human mesangial cells (HMCs) following Gd-IgA stimulation
using Real-time PCR.

Results: A total of 12 hub genes linked to FAM were identified in patients with IgAN. A predictive
model consisting of four genes was conducted through COX and LASSO regression analysis,
revealing AUC values that indicate a relatively strong diagnostic capability. Immune infiltration
analysis indicated that various immune cells have significant associations with IgAN. Additionally,
Real-time PCR assays confirmed that the expression levels of hub genes were markedly reduced
in IgAN patients and in Gd-IgA treated HMCs compared to controls.

Conclusion: This study employed bioinformatics methods to unveiled the immune cell infiltration
associated with IgAN and to explore the potential genetic connection between FAM and IgAN.
This could aid in predicting the risk of IgAN and enhance both diagnosis and prognosis of this
condition.
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Introduction production and storage, cell membrane proliferation, and the
generation of signaling molecules[5]. There is growing interest
in FA metabolism regarding tumor development, disease pro-
gression, and resistance associated with obesity [6]. Furthermore,
FA metabolism is vital for the adaptive immune response, espe-
cially in T cells and macrophages. As we known, an important

aspect in the pathogenesis of IgAN is the enhanced influx of

IgA nephropathy (IgAN) is the most prevalent form of pri-
mary glomerulonephritis (GN) worldwide and is a significant
contributor to end-stage renal disease (ESRD)[1]. In Southeast
Asia, IgAN accounts for 30-50% of diagnoses from renal
biopsies, indicating its high prevalence in this region[2].
Within Asian countries, the incidence rates are comparatively

higher in China and Japan [3, 4]. To facilitate rapid prognos-
tic assessment and evaluate progression risk, employing less
invasive methods such as blood-based biomarkers is pre-
ferred over renal biopsy in clinical settings.

Fatty acid (FA) metabolism, which encompasses both cata-
bolic and anabolic process, plays a crucial role in energy

leukocytes, including the monocyte and macrophage lineage,
into the glomerulus[7]. In IgAN, monocytes/macrophages and T
cells infiltrate the glomerulus and/or interstitial compartments
are involved in mesangial proliferation and the development of
glomerulus [8, 9], with the degree of infiltration reflecting the
severity of renal histological damage and the degree of
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proteinuria [9-11]. A study showed that continuous or recurrent
glomerular leukocyte infiltration was associated with therapeu-
tic resistance[12]. The kidneys exhibit the highest basal energy
demands among organs, primarily due to their reliance on
mitochondrial B-oxidation of FAs. FA metabolites produced by
gut bacteria have been found to have a substantial impact on
the immunity. Therefore, a systematic understanding of the bio-
logical role of FA metabolism will provide in-depth insights into
the causes of immune dysfunction in IgAN. Further exploration
of the link between FA metabolism-related genes and IgAN is
warranted.

Bioinformatics analysis serves as a robust method for pre-
dicting molecular pathways and gene interactions [13-15].
Recently, microarray and bioinformatic techniques have been
extensively employed to identify candidate biomarker genes
and enhance the understanding of the molecular pathogene-
sis in various diseases, although research specifically focused
on IgAN remains limited [16-19]. In 2022, Wu et al. identified
a five-gene set (DUSP1, FOS, JUN, EGR1, and FOSB) selected
through support vector machine (SVM), least absolute shrink-
age and selection operator (LASSO), and partial least square
discriminant analysis (PLS-DA)[16]. Additionally, weighed gene
co-expression network analysis (WGCNA) and differential
expression gene (DEG) analysis pinpointed DUSP1 and FOSB
as potential targets for intervention and treatment of IgAN [19].

This study aimed to determine whether the FAM pathway
could be serve as a prognostic indicator for patients with IgAN.
To achieve this, we leveraged extensive public resources and
bioinformatics techniques to identify 12 hub genes associated
with FAM and IgAN through differential analysis and WGCNA.
We further examined the biological processes and pathways via
Gene Ontology (GO) and Gene Set Enrichment Analysis (GSEA).
Individualized FAM-derived profiles were established using logis-
tic regression analyses to assess the overall prognostic signifi-
cance for IgAN patients. Additionally, we explored immune
infiltration in these samples and the relationships between var-
ious immune factors and the identified hub genes. Subsequently,
in vitro experiments were conducted using peripheral blood
from IgAN patients and healthy controls, along with HMCs
treated with Gd-IgA to stimulate IgAN in vitro. This study unrav-
eled the immune regulatory mechanisms involved in the pro-
gression of IgAN and identified 4 hub genes, which may serve
as potential biomarkers for noninvasive diagnosis, while validat-
ing the prognostic significance of IgAN patient signature across
different therapeutic strategies.

Methods
Data collection and acquisition

Gene expression data of IgAN patients were obtained from
the NCBI Gene Expression Omnibus public database (GEO,
www.ncbi.nlm.nih.gov/geo/). The GSE93798 dataset, compris-
ing 22 healthy control samples and 20 IgAN kidney tissue
samples, was chosen. Probes were converted to gene sym-
bols according to the GPL22945 platform (Affymetrix Human
Genome U133 Plus 2.0 Array). The GSE37460 dataset, anno-
tated by GPL14663 (Affymetrix GeneChip Human Genome

HG-U133A Custom CDF) and GPL11670 (Affymetrix Human
Genome U133 Plus 2.0 Array), included 27 IgAN samples and
27 healthy control samples. Datasets GSE141295 and
GSE104948 were utilized as verification sets. All data were
publicly accessible.

Data processing and differential expression analysis

We utilized two microarray datasets, GSE93798 and GSE37460,
normalizing their expression matrices and annotating the
probes using the respective annotation files. Batch correction
for the datasets was performed using the ComBat algorithm
of R software’s ‘SVA’ package. Following ID conversion, differ-
ential expression analysis between IgAN and healthy control
samples was performed using the ‘limma’ package in R soft-
ware. Genes with a p-value < 0.01 and |log,FC| > 2.0 were
classified as differentially expressed genes (DEGs). Heat maps
and volcano plots of these DEGs were generated using the
‘pheatmap’ and ‘ggplot2’ packages.

Weighted correlation network analysis (WGCNA)

WGCNA was performed in accordance with established
methods in the literature[20]. This analysis was conducted on
the differential genes identified in GSE93798 and GSE37460.
We calculated the Median Absolute Deviation (MAD) for each
gene, discarding the top 50% of genes with the least MAD.
The relationships between modules and traits were estab-
lished through Pearson’s correlation test. Gene significance
(GS) was represented by the correlation coefficient between
gene expression and phenotype, representing the relation-
ship between genes and phenotypes, which were retained
for further analysis [21].

Fatty acid metabolism-related genes (FAM)

We obtained two sets of fatty acid metabolism-related gene
from the Molecular Signatures Database v7.5.1 (MSigDB;
www.gsea-msigdb.org), which included the Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway database (Pathway:
hsa00071) and the Reactome database (R-HSA-8978868),
detained in Supplementary 1.

Identification of hub genes

We identified 12 overlapping hub genes associated with
both fatty acid metabolism and IgAN (FAM-IgAN). The inter-
section of DEGs, genes derived from WGCNA, and genes
from the fatty acid metabolism gene sets was determined
using the ‘VennDiagram’ package in R software.

Functional enrichment, pathway analysis of hub genes

Gene Ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses
were performed using the ‘clusterProfiler’ R package, with an
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adjusted p-value<0.05 set as the threshold. The functions of
each hub genes were elucidated using Gene Set Enrichment
Analysis (GSEA). IgAN patients were differentiated into two
groups (low expression group and high expression group)
based on the median hub gene expression levels. We calcu-
lated the consistency p-value for each gene set, with p-values
less than 0.05 considered significantly enriched. All analyses
were conducted using the ‘clusterProfiler’ package in R
software.

Construction of the fatty acid metabolism-related risk
signature

To identify diagnostic markers for IgAN, we applied the least
absolute shrinkage and selection operator (LASSO) regression
via the ‘gimnet’ package, using a regression penalty score of
0.0368. Then risk score for the predictive model was calcu-
lated. The diagnostic accuracy was measured using receiver
operating characteristic curves (ROCs) and the area under
the ROC curve (R package: survivalROC).

Assessment of immune cell subtype distribution

CIBERSORT was utilized to convert a normalized gene expres-
sion matrix into the proportions of 22 different immune cell
types through a deconvolution algorithm. In this study,
CIBERSORT was applied to determine the immune cell com-
position in samples from patients with IgAN and healthy
controls.

Analysis of correlations and differences in
immune-infiltrated cells

The relationships between the expression levels of hub genes
and immune cell infiltration were determined using Pearson
correlation coefficients (r) greater than 0.4 with a significance
level of p<0.05. The Pearson correlation coefficients were
obtained from the data filtered by CIBERSORT, with p values
below 0.05.

HMC culture and treatment

Human mesangial cells (HMCs) were obtained from Pricella
(CP-H067, Shanghai, China) and cultured in RPMI-1640 sup-
plemented with 10% FBS, 100 U/mL penicillin, and 100 mg/ml
streptomycin. An in vitro model of IgAN was established by
treating HMCs with extracted Gd-IlgA1 as previously
described[17]. HMCs were cultured in a serum-free medium
and treated with 1mg/ml Gd-IgA1 for 24 h once they reached
70-80% confluence.

Human subjects

The study included 25 patients diagnosed with IgAN through
biopsy, who were recruited from Xinhua Hospital, Shanghai
Jiaotong University School of Medicine, Shanghai, China,
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between July 2021 and July 2023. Healthy controls (n=25)
were selected from age-match normal individuals who
underwent regular health examinations.

RNA extraction and real-time PCR

Total RNA was extracted from peripheral blood and HMCs
using Trizol reagent (Tiangen Biotech, Beijing, China). cDNA
synthesis was performed using cDNA synthesis kit (HiScript |l
Q RT SuperMix for qPCR, Vazyme, China) following standard
protocols. The resulting cDNA was analyzed using an ABI ViiA
7 real-time polymerase chain reaction system to detect
MRNA expression for RT-PCR. All primers were synthesized by
Sangon Biotech (Sangon, Shanghai, China). The relative
mMRNA expression levels were calculated using the 225¢
method, involving three replicates, with GAPDH as the inter-
nal control. A summary of all primers is provided in
Supplementary 2.

Statistical analysis

All statistical analyses were performed in R software. The
t-test and Mann-Whitney U-test were chosen based on the
normality of the data distribution. Both COX and LASSO
regression analyses were utilized to assess the diagnostic sig-
nificance of the predictive mode, with p<0.05 considered
statistically significant.

Results

Identification of hub genes related to IgAN and fatty acid
metabolism

The integrated datasets from GSE93798 and GSE37460 com-
prised 40 healthy control samples and 47 samples from IgAN
patients. We standardized the initial expression data from
two datasets and subsequently compared the gene expres-
sion levels between IgAN patient samples and those from
healthy control group (Figure 1(A)). A total of 561 differen-
tially expressed genes (DEGs) were identified, including 259
were upregulated and 302 downregulated genes, with a sig-
nificance threshold of 1.5-fold change (p<0.05). The volcano
plot in Figure 1(B) shows the expression profiles of all DEGs
across the two datasets, while the heatmap displays the top
30 DEGs (Figure 1(Q)).

Next, we employed a weighed gene co-expression net-
work (WGCNA) using the expression profiles of 11629 genes
and 96 samples from GSE93798 and GSE37460 to construct a
co-expression network. A soft threshold power of 5 was
applied, resulting in a scale independence of 0.93 and an
average connectivity of 24.28 (Figure 2(A,B)). We further visu-
alized the gene network through a heatmap and metamod-
ules, with the grey module representing genes that did not
fit into any specific module (Figure 2(C,D)). Figure 2(E) illus-
trates the correlations between the modules and clinical
traits, showing that the turquoise module displaying the
strongest positive correlation with IgAN (r=-0.65, p=1.0e-12).
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Figure 1. Differentially expressed genes between IgAN and healthy control samples. (A) a density map was utilized to eliminate batch effect. (B) a volcano
plot illustrates the DEGs between the two groups, with red genes indicating high expression in IgAN, green genes showing low expression, and gray genes
reflecting no significant changes. (C) a heat map displays the top 30 transcriptome expressions of DEGs between the two groups. Datasets from GSE93798

and GSE37460.

We identified 203 genes with high connectivity within the
clinically relevant module as hub genes based on a cutoff
criterion (JMM| > 0.8) (Figure 2(F)). In addition, Venn analysis
was applied to identify overlapping genes among the 561
DEGs, 203 turquoise module genes, and 193 genes related to
FAM from Reactome and KEGG databases, resulting in the
identification of 12 hub genes for further investigation
(Figure 3(A)).

Biological processes and pathways enriched for hub genes

GO and KEGG enrichment analyses were performed on the
12 hub genes to assess their biological functions. The KEGG
pathway analysis showed significant enrichment of the hub
genes in metabolic pathways, fatty acid degradation, PPAR
signaling pathway, fatty acid metabolism pathway, and per-
oxisomal processes (Figure 3(B)). The GO analysis suggested
that the shared genes are likely involved in fatty acid cata-
bolic processes, monocarboxylic acid catabolic processes,
organic acid catabolic processes, fatty acid metabolic

processes and small molecule catabolic processes (Figure
3(Q)). To further explore the interactions among these hub
genes, we conducted a protein-protein interaction (PPI) anal-
ysis using the STRING platform, with results depicted in
Figure 3(D). Boxplots showed that these 12 hub genes were
expressed at lower levels in IgAN patients compared to those
in the non-diseased (ND) group (Figure 3(E)).

Construction of a FAM-IgAN-related gene predictive model

To establish a gene prognostic signature based on the 12
overlapping genes, we employed COX regression analysis. 5 of
12 genes (ACADM, SLC22A5, CYP4A11, DPEP1, ACAT1) showed
statistical significance (p<0.05) and were retained for further
exploration. Subsequently, LASSO regression analysis identified
4 out of the 5 genes as optional candidates for the predictive
model based on the optimum A value (Figure 4(AB)). The 4
FAM-related genes selected were DPEP1, ACADM, CYP4A11
and SLC22A5. Utilizing these genes, a risk-score model was
developed using the follow algorithm: RiskScore=-0.0180*DPE
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Figure 2. WGCNA analysis of differentially expressed genes. (A) a cluster dendrogram representing 96 kidney tissue samples, including 47 IgAN samples and 49
healthy control samples, along with the corresponding mean connectivity values at various soft threshold powers. (B) a cluster dendrogram of the genes.
(C) Correlations between module eigengenes and clinical traits of IgAN. (D) a cluster dendrogram of differentially expressed genes to identify the clinically signifi-
cant modules associated with IgAN. (E) Relationships between different modules and clinical traits, where red represents positive correlation and blue indicates
negative correlation. (F) Correlation of module membership and gene significance within the turquoise module. Datasets from GSE93798 and GSE37460.

P1-0.773*ACADM-0.211*CYP4A11-0.510*SLC22A5. Based on the expression levels of the four candidate genes compared to
median risk score, IgAN patients were categorized into high- those in the low-risk group. The Kaplan-Meier survival analysis
risk and low-risk groups (Figure 4(C)). As shown in Figure 4(C), exhibited a notable difference between the two risk groups,
patients classified in the high-risk group exhibited higher with patients in the low-risk category demonstrating better
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(D) a PPI network of the 12 hub genes constructed using STRING. (E) Expression levels of the 12 hub genes in kidney tissue samples from IgAN and control
groups. Datasets from GSE93798 and GSE37460.
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overall survival compared to their high-risk counterparts
(Figure 4(D)). When comparing risk scores between the IgAN
group and healthy controls, we observed that the risk score in
the IgAN cohort was significantly lower than that in the

control group (Figure 4(E)). ROC analysis indicated that the
predictive model based on these four genes exhibited strong
diagnostic performance, as all AUC values exceeded 0.85
(Figure 5(A)). Further validation of the model was conducted
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using two additional datasets, GSE141295 and GSE104948,
both of which displayed relatively higher AUCs (Figure 5(B,C)).
To identify the potential biological functions associated with
the IgAN risk score, Gene Set Enrichment Analysis (GSEA) of
IgAN-FAM-related genes indicated significant connections to
the PPAR signaling pathway, peroxisome, oxidative phosphory-
lation, and fatty acid metabolism (Figure 6(A-D)).

The association of IgAN risk score with immune infiltration
in IgAN

Regarding the association of IgAN risk scores with immune
cell infiltration, we utilized the CIBERSORT algorithm to esti-
mate the proportions of 22 immune cells types in 47 IgAN
samples and 49 healthy controls, The results indicated a sig-
nificant difference in immune cell composition between
IgAN and control groups (Figure 7(A)). The box plot further
showed that native B cells, resting CD4 memory T cells,
resting NK cells, and neutrophils were significantly decreased
in IgAN samples, whereas plasma cells, CD8T cells, activated
NK cells, monocytes and M1 macrophages were significantly
increased (p<0.01) (Figure 7(B)). To assess the involvement
of feature genes in immune homeostasis, we utilized a heat
map to illustrate the correlations between feature genes
and immune cells (Figure 8(A)). We further analyzed the
relationship between IgAN risk score and infiltrating
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immune cells using Pearson correlation coefficients (Figure
8(B)). The findings indicated that a higher risk score cor-
related negatively with B cells (p=3.7e-6, r=0.45), resting
CD4 memory T cells (p=7.0e-9, r=0.55), and neutrophils
(p=1.8e-3, r=0.31). Conversely, a higher risk score was pos-
itively correlated with CD8T cells (p=1.8e-3, r=0.31) and
activated NK cells (p=3.1e-4, r=0.36). These findings sug-
gest that feature genes may have a role in immune regula-
tion in the context of IgAN.

Levels of DPEP1, ACADM, CYP4A11 and SLC22A5 were
decreased expression in IgAN patients and HMCs

To further substantiate the bioinformatics analysis findings,
we initially examined peripheral blood from IgAN patients
and healthy controls. As depicted in Figure 9(A), the expres-
sion levels of DPEP1, ACADM, CYP4A11 and SLC22A5 were
significantly lower in IgAN sample (n=25) compared to the
healthy controls (n=25). Subsequently, we stimulated HMCs
with Gd-IgA1 to establish an in vitro model of IgAN. Following
Gd-IgA1 treatment, we observed a significant decrease in the
expression levels of DPEP1, ACADM, CYP4A11 and SLC22A5
in HMCs relative to the control group (Figure 9(B)). Taken
together, these findings indicate that DPEP1, ACADM,
CYP4A11 and SLC22A5 may play crucial roles in the patho-
genesis of IgAN.
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Discussion

The pathogenesis of IgAN is a type of glomerulonephritis
influenced by various factors, both environmental and
genetic. While the precise mechanisms underlying IgAN
remain unclear, atypical fatty acid metabolism, particularly
fatty acid oxidation, acts as a crucial role in its pathogene-
sis[17]. In this study, we integrated and analyzed gene
expression profiles from 47 IgAN samples and 49 healthy
controls across two datasets using bioinformatics techniques.
12 genes associated with both IgAN and fatty acid metabo-
lism (FAM) were identified. Functional enrichment analysis of
GO terms showed that these genes participate in biological
process related to small molecule metabolism and fatty acid
metabolism. KEGG pathway analysis indicated that key genes
were significantly enriched in metabolic pathways, processes
related to fatty acid metabolism, the PPAR signaling pathway,
and peroxisomes. Several critical proteins that regulate the
PPAR signaling pathway and peroxisomes are closely associ-
ated with the progression of IgAN [17, 22]. Jing et. at sug-
gested that PPAR agonist can reduce the inflammatory
response in activated tubular epithelial cells in IgAN[23].
Both the GO term analyses and KEGG pathway results imply

that the differentially expressed fatty acid metabolism-related
genes (DE-FAMs) or the key IgAN-associated FAM genes iden-
tified in this study may play a role in the progression of IgAN.

Subsequently, we constructed a COX regression model
focused on these genes and generated a ROC curve. From
the twelve genes analyzed, four were selected for the con-
struction of diagnostic model: DPEP1, CYP4A11, SLC22A5 and
ACADM, all of which may play a role in the onset and pro-
gression of IgAN. Dipeptidase-1 (DPEP1) serves as a signifi-
cant neutrophil adhesion receptor, predominantly found in
proximal tubular cells and peritubular capillaries of the kid-
ney[24]. It is involved in the hydrolysis of various dipeptides
and is also associated with the renal metabolism of glutathi-
one and leukotrienes [24]. Arthur Lau and colleagues identi-
fied DPEP1 as a principal leukocyte adhesion receptor in the
kidney, contributing to the severity of acute kidney injury
(AKI). In addition, DPEP1 has been suggested as a potential
novel marker associated with focal segmental glomeruloscle-
rosis (FSGS) [25]. Medium-chain acyl-CoA dehydrogenase
(ACADM) facilitates the initial step of B-oxidation, crucial for
the degradation of medium-chain fatty acids within mito-
chondria[26], mutations in this gene lead to one of the most
common mitochondrial fatty acids [-oxidation disorders.
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Alteration of ACADM expression have been observed in indi-
viduals with cardiovascular, metabolic, and nonalcoholic fatty
liver diseases[27, 28]. While the specific molecular mecha-
nisms underlying the low expression of ACADM in kidney

remain unclear, numerous studies indicated that the inhibi-
tion of fatty acid oxidation plays a critical role in organs
fibrosis and cancer progression. The SLC22 transporter family,
which includes multiple members expressed in the kidney,
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liver, heart and other tissues, SLC22A5, also known as OCTN2.
This transporter is responsible for high-affinity carnitine
uptake in tissues[29], with significant expression in the kid-
ney as well as some in the intestine and placenta. SLC22A5 is
linked to various conditions, including primary carnitine defi-
ciency, inflammatory bowel disease (IBD), diabetes, and
asthma(30].

CYP4A, part of the CYP4 enzyme family, is involved in
metabolizing medium- and long-chain fatty acids, such as
arachidonic acid and palmitate. Specifically, CYP4A11 metab-
olizes endobiotics and catalyzes the w-hydroxylation of fatty
acids in human liver and kidney tissues[31]. However, research
on the roles of DPEP1, ACADM, CYP4A11 and SLC22A5 in the
progression of IgAN is limited, necessitating further investiga-
tion into their potential contributions to the pathogenesis of
IgAN. These four distinct genes are associated with
B-oxidation, immunity, and energy metabolism, which may
offer new strategies for preventing the progression of IgAN
to chronic kidney disease.

The histological features of IgAN are diverse and reflect
the spectrum observed in other forms of immune
complex-mediated proliferative glomerulonephritis[32]. The
human immune system comprises a complex network of
both innate and adaptive immunity that can affect IgAN. This
study preliminarily explored the potential immune relation-
ships in IgAN by utilizing the CIBERSORT algorithm to assess
immune cell infiltration in the glomerular tissue of IgAN

patients. We identified several immune cells types that may
be linked to prognosis in IgAN, predominantly B cells, T cells,
NK cells, dendritic cells, and neutrophils. Our findings sug-
gest that CD8 T cells, CD4 T cells and NK cells in the kidneys
of IgAN patients could exacerbate disease progression.
Recent research indicates that T cells and their cytokines are
involved in the posttranslational modification of the IgA1
hinge region [33, 34]. For instance, Peng et al. demonstrated
a correlation between Th cell dysregulation and proteinuria
in IgAN[35]. This suggest that T cells in the kidneys of IgAN
patients may contribute to disease advancement. Furthermore,
chronic inflammation leading to fibrosis is a common patho-
logical alteration in IgAN and is closely correlated with prog-
nosis[36]. Chronic inflammation is characterized by the
infiltration of leukocytes, including neutrophils and macro-
phages. However, recruitment of leukocytes can also underlie
organ dysfunction in inflammatory responses, for example,
during most forms of autoimmune disease[37]. Leukocyte
recruitment in the kidney has been observed in glomerular
capillaries and in interstitial peritubular capillaries. In addi-
tion, chronic inflammation also involves nearly all immune
cell types, such as Th cell, regulatory T cells, and B lympho-
cytes [36, 38]. Research has indicated that the infiltration of
immune cells in IgAN could lead to increased glomerular
permeability, tubulointerstitial inflammation, and interactions
that result in renal failure. The kidneys exhibit the highest
basal energy demands among organs, primarily due to their
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reliance on mitochondrial 3-oxidation of FAs. The inappropri-
ate buildup of free FAs triggers abnormality in lipid metabo-
lism[39]. Excess lipids causes damage to the kidneys,
associated with the promotion of an inflammatory response,
as well as be considered to be a major cause of renal fibrosis
[40, 41]. The recovery of normal FA metabolism has become
a promising path for preventing renal fibrosis.

However, this study has several limitations that need to
be addressed. Firstly, the dataset’s sample size was relatively
limited, and our results should be confirmed in a larger
cohort. Secondly, factors such as age, sex, medication, and
comorbidities of the patients were not taken into account in
this analysis. Finally, the specific role of the four newly iden-
tified hub genes in IgAN remain unclear, necessitating fur-
ther experimental and clinical investigations.

Conclusion

In summary, abnormal immune cell infiltration is likely
involved in IgAN. We identified twelve hub genes associated
with fatty acid metabolism in relation to IgAN. Furthermore,
these hub genes are linked to various immune factors, sug-
gesting that immune responses play a significant role in
IgAN associated with irregular fatty acid metabolism.
Nonetheless, additional research is required to determine
their precise functions.
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