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[Abstract] Objective To perform quantitative comparative proteomic and metabolomic analy-
ses of sera from patients with minimal change nephropathy (MCN) and idiopathic membranous nephropa-
thy (IMN) in order to identify potential disease-specific serum biomarkers. Methods This study en-
rolled six patients diagnosed with MCN and six patients diagnosed with IMN by renal biopsy between
July 2024 and October 2024 (all aged =18 years). Baseline data were collected and compared between
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the two groups. Serum proteomic quantitative analysis and untargeted metabolomic analysis were con-
ducted using the MCN group as the experimental group and the IMN group as the control group. Differ-
entially expressed proteins and metabolites were screened and systematically analyzed using Kyoto Ency-
clopedia of Genes and Genomes pathway enrichment analysis and protein-protein interaction network to
elucidate the molecular profile differences between the two groups. Results Proteomic analysis identified
140 significantly differentially expressed proteins (120 upregulated and 20 downregulated) , primarily en-
riched in regulation of actin cytoskeleton, amino acid biosynthesis, carbon metabolism, and motor
protein-mediated pathways. Compared with the IMN group, the MCN group showed significant upregu-
lation of phosphoglycerate dehydrogenase, fructose-bisphosphate aldolase A, phosphoribosyl pyrophos-
phate synthetase 2, nicotinamide adenine dinucleotide-dependent isocitrate dehydrogenase 3 alpha sub-
unit, triosephosphate isomerase 1, ribulose-5-phosphate 3-epimerase, and mitochondrial aconitase 2 (all
P<C0.05). Metabolomic analysis identified 72 differentially expressed metabolites (21 upregulated and 51
downregulated) , mainly involving arginine/proline metabolism (most significant difference ), retinol me-
tabolism, pyrimidine metabolism, and steroid hormone biosynthesis. Multi-omics integrative analysis fur-
ther revealed a close association between differentially expressed proteins and citrulline metabolism.
Enzyme-linked immunosorbent assay showed that the levels of phosphoglycerate dehydrogenase,
fructose-bisphosphate aldolase A, triosephosphate isomerase 1, and mitochondrial aconitase 2 were signifi-
cantly higher in the MCN group than in the IMN group [ (37 480+4940) ng/L vs. (22 670+7540) ng/L.,
(49 53048110) ng/L wvs. (34 220414 100) ng/L, (286.69+60.72) ng/L wvs. (199.72469.33) ng/L,
(501.14+136. 43) ng/L wvs. (317.80+102.63) ng/L, respectively; all P<<0.05]. Conclusion Inte-
grated proteomic and metabolomic analyses suggests that MCN exhibits significant energy metabolism re-
programming compared with IMN, and its pathological mechanism potentially closely related to altera-
tions in the citrulline metabolic pathway. This suggests that arginine-citrulline metabolism may be in-
volved in the pathogenesis of MCN. This study provides new molecular insights and potential biomarkers
for the pathogenesis of MCN.
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Tab 1 General data of patients in MCN and IMN groups
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Fig 1 Volcano plot of differentially expressed proteins
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Fig 4 Differential metabolomic analysis of the two groups

4A. Donut chart of the distribution of major metabolite categories;

4B. Principal component analysis score plot of metabolite profiles Quality control samples were used to assess detection stability ; 4C.

Orthogonal partial least squares discriminant analysis score plot of metabolite distribution ;4D. Hierarchical clustering heatmap of dif -

ferentially expressed metabolites between MCN and IMN; 4E. Volcano plot of differential metabolite expression levels between

MCN and IMN
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Fig 5 KEGG pathway enrichment analysis of differentially expressed metabolites
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tially expressed metabolites between MCN and IMN ; 5B. Metabolic pathway enrichment topology bubble plot
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