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[ Abstract] Objective To identify potential biomarkers associated with LN, with the goal of improving
early diagnosis, disease monitoring, and the development of more precise treatment strategies. Methods  Gene
expression data were downloaded from the Gene Expression Omnibus ( GEO) database for datasets GSE22221,
GSE112943, GSE99967, and GSE32591. Intersecting genes were obtained through the application of weighted
gene co—expression network analysis (WGCNA) and linear models for microarray data ( LIMMA ). Subsequently,

biological function and pathway analyses were conducted on these intersecting genes using Gene Ontology (GO) and
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the Kyoto Encyclopedia of Genes and Genomes (KEGG). Next, protein—protein interaction (PPI) network analysis
was performed, and hub genes highly associated with LN were identified using the CytoHubba algorithm, support
vector machine (SVM), and random forest (RF) methods. Receiver operating characteristic (ROC) analysis was
performed, and three potential biomarkers were validated using the GSE72798 dataset. Results  The green—yellow
module (P =7.4e—40) and the cyan module (P = 1.5e—14) were identified through WGCNA analysis. A total of 193
differentially expressed genes were identified using LIMMA, with 113 intersecting genes related to LN being
identified. GO and KEGG analyses indicated that these genes were mainly enriched in viral or bacterial defense,
type I interferon signaling pathway, neutrophil-mediated immunity, and Toll-like receptor signaling. MX1, I1FI44,
and STAT1 were identified as hub genes using CytoHubba, SVM, and RF methods, with AUC values of 0.874,
0.879, and 0.833, respectively. Validation using the GSE72798 dataset demonstrated that the expression of MX1,
IF144, and STAT1 was significantly higher in LN patients compared to healthy individuals ( P < 0.001 for all) .
Conclusion MX1, IFI44,

biomarkers and potential therapeutic targets for LN.

and STATI play crucial roles in the pathogenesis of LN and may serve as important

[ Key words] Lupus nephritis; Systemic lupus erythematosus; Biomarker; Hub genes; Type I interferon
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Fig. 1 Overall research design
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Tab.1 Experimental dataset information

FERS R TG LN&H (n) E#AN(n) s /A AR
GSE22221 GPL10558 15 25 I Morris A C, et alt'?!
GSE112943 GPL10558 14 7 PIIEZS KoW C, etal'®
GSE99967 GPL21970 29 17 PIEA Wither J E, et al!'¥
GSE32591 GPL14663 64 29 pIEA Berthier C C, et all'¥
GSE72798 GPL570 30 10 ISk Ducreux J, etall'?
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Tab. 2 Differential genes between normal group and LN patients

ZE5rAE N

LR IFI27, IFI44L, IFI44, MXI, LTF, RSAD2, CDI163, HERC5, PLSCRI, OAS3, IFIT3, OASI, OAS2, IFI6,
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Tab.3 GO enrichment analysis of intersection genes

ONTOLOGY ID filiid P
BP GO:0051607 defense response to virus 0.000
G0:0060337 type I interferon signaling pathway 0.000
GO0:0042742 defense response to bacterium 0.000
G0:0019221 cytokine-mediated signaling pathway 0.000
G0:0002221 pattern recognition receptor signaling pathway 0.000
G0:0039529 RIG-I signaling pathway 0.000
G0:0002446 neutrophil mediated immunity 0.000
G0:0002709 toll-like receptor signaling pathway 0.000
G0:0002709 regulation of T cell mediated immunity 0.002
CC GO0:0042581 specific granule 0.000
GO0:0034774 secretory granule lumen 0.000
G0:0060205 cytoplasmic vesicle lumen 0.000
GO0:0005766 primary lysosome 0.000
GO0:0045335 phagocytic vesicle 0.001
MF G0:0003725 double-stranded RNA binding 0.000
GO0:0008301 DNA binding 0.006
G0:0004518 nuclease activity 0.008
GO0:0042379 chemokine receptor binding 0.009
GO:0019207 kinase regulator activity 0.015

*4 XEEF KEGG ESBHAH
Tab. 4 KEGG pathway analysis of intersection genes

D Eiiipus P

hsa05164 Influenza A 0.000
hsa05171 COVID-19 0.000
hsa04621 NOD-like receptor signaling pathway 0.000
hsa04622 RIG-I-like receptor signaling pathway  0.000
hsa05150 Staphylococcus aureus infection 0.001
hsa05322 Systemic lupus erythematosus 0.002
hsa04657 IL-17 signaling pathway 0.004
hsa04623 Cytosolic DNA-sensing pathway 0.016
hsa04610 Complement signaling pathway 0.022
hsa04217 Necroptosis 0.025
hsa04620 Toll-like receptor signaling pathway 0.037
hsa04613 Neutrophil extracellular trap formation  0.044

SAMD9. ZCCHC2, CEACAMI., RTP4. MYOF,
XAF1, STATI. OAS2, IFITM3. IFI44. EIF2AK2,
ANXA3, FUT4, IFIT2., TYMS., RAPGEFS,
RNASE2, CTSG. SLPIFl LAP3, W4b, i@id RF
Bk, BT S6e MEFAAHEENZKNE, 1
f& . IFIHI, MXI, CDC20, RNASEI, LTF,
EIF2AK2, RNASE2., TRIM22, IFI44, HMGB2,
HERC5, OAS2, PLSCRI1, TPX2., MPO, IFIT3,

ELANE. GINS2, OAS3. IFI6, DEFA4, OASI,
IFI27. RRM2., HERC6. STIL. LXN. GBPI,
GINS3, SCARB2, FAR2, DDX58, PRCI, TOP2A,
RAPGEF5, ARG1. CEACAMI, TCN2, IFI44L,
TGFBR3, MX2. IFITMI, NUSAPI, CDKNIC,
OLRI. MMP8, MS4A4A. CTSG. RIN2, SP100.
FAM46A, SLPI. STATI, IRF7. SAMD9#I
TRIM21.

ZEA VL L 3RO RRY SR, IRt S BE 4
B, #7334 HEA EESWIE I LN HEY
VRO, A& IFI44. MXI R0 STATI, WK 5.
2.6 FRAEEREIES T

T B UEAR AT B2 T I T T Y 3 S O A
FEH IFI44, MXI R0 STATI (ERYE, & Scil it
B e R 28 (ROC) 1950 HT, &R TFI44,
MX1 1 STATI 7£ LN B2 Wr M il 5 LRI R
W% HIEE J1, H AUC{E 4> 514 0.874. 0.879
F10.833, XK 3 AEKAE LN B AT 35 1)
ZWiER M . Rt — L IR e R, R
TANEEE S GSET2798, 45 BIR, 7E LN ¥
SfdRExtBAZ ), IFI44, MX1 1 STATI {E 1K
AP AT R EA G IEE L, Hrp LN &
HFIE N w TR AR (P<0.001), WLIE 6,
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