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Machine learning combined with bioinformatics to explore biomarkers
associated with systemic lupus erythematosus diagnosis
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Abstract Objective To predict and screen potential biomarkers of systemic lupus eythematosus
(SLE) based on machine learning algorithms and structural biology, and to reveal their
mechanisms of action and to provide new targets for disease diagnosis and treatment. Methods
Four machine learning algorithms, Random Forest (RF), eXtreme Gradient Boosting (XGBoost),
Support Vector Machine (SVM), Least Absolute Shrinkage and Selection Operator (LASSO),
were used to analyze the gene expression data of SLE patients in GEO (datasets: GSE121239 and
GSE11907) to analyze the gene expression data of SLE patients and screen key markers.
Peripheral blood single nucleated cells (PBMCs) from SLE patients were collected and RT-gPCR
was used to detect differential gene expression levels. Subsequently, GSEA enrichment analysis
was used to identify biomarker-related pathways. CIBERSORT immune infiltration analysis and
protein interactions network were applied to calculate the sample immune cell infiltration
abundance. Single-cell data were analyzed for gene expression specificity in immune cells.
Interaction relationships in combination with AlphaFold3 (AF3) were predicted. Results Multiple
algorithms were screened together to identify the unique marker gene HERC5, and expression
analysis of multiple datasets showed that HERC5 was highly expressed in SLE compared to the
normal group (P < 0.05), and RT-gPCR verified the same trend (P=0.006 2). Functional
enrichment analysis identified the major pathway promoted by HERCS5 in SLE as the IFN receptor
signalling pathway (P < 0.05). Immune infiltration analysis showed that HERC5 was closely
associated with immune cells (Neutrophils: r = 0.39, P < 0.05; Memory B cells: r = 0.33, P < 0.05;
Activated dendritic cell: r = 0.52, P < 0.05). Most HERC5-related interacting proteins were
associated with SLE, and potential transcription factors of HERCS and its related genes were also
significantly associated with immune responses. Conclusion The HERC5 gene is an important

biomarker for SLE, which upregulates the IFN pathway to promote SLE progression and provides



a new target for SLE diagnosis and treatment.
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LkitERE . FTE S RIES (43100 #H47. Fra gt o s 454, P<
0.05 NZEFA G222 SR RISt o Hrisid R 155 ggplot2 £.(3.5.1 i) Al GraphPad

Prism (10.1.2 i) #EATEE /T 44k .

2 8%
2.1 ETHBEILERE SLE EVirED

RF 7)#fr: {E GSE121239 1 GSE11907 #4737 A FH] RF SLy% it S0 ik [T ) B 4 7y
B, FiFkH (GSE121239 fifiik 115 4; GSE11907 ik 41 4~) confirmed % [X1E Ny SLE %
FEA bR &Y, AL AUC 208 1.000; XGBoost 43#f7: it XGBoost it i 4> Hidhs 4 1
BN FBHHEHAT ISR S, Fiick b B m oTsR R HT 15 ROARZLEEDY, B3 AUC ¥4
1.000; SVM Z7p#fr: 1E SVM Jpbfrt, HeTJE RIRRITA B I Zroy FE Y, 3 50 AN Hiedle 2k
() FEIE R HEAT VR4, B8 AUC #50 1.0005; LASSO 43#1: I LASSO [l YA A5 A4 Xof i 4
B AT RHEIL$E, TRk S SLE B M CHIRBEFER, GSE121239 Al GSE11907

) AUC 4374 1.000 1 0.990. W& 1, 2.



Bl 1 PUApLES % S BRI RIESR AUC
Fig.1 Validation set AUC of four machine learning algorithms
A: Validation set AUC of RF, LASSO, SVM and XGBoost (GSE121239); B: Validation set AUC

of RF, LASSO, SVM and XGBoost (GSE11907).



& 2 T LA % S BIRE5E SLE BEYtrEY)
Fig.2 Four Machine Learning Algorithms Identify SLE Biomarkers
A: Results of genetic importance analysis of RF algorithm; B: Ranking of gene importance scores
for the XGBoost algorithm; C: Results of SVM genetic screening; D: Results of LASSO algorithm

gene screening.
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Fig. 3 Intersection genes of GSE121239 and GSE11907 datasets
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#£F GSE121239 F1 GSE11907 ¥ 73 #raR W], AHEL T IEHFEAS, HERCS 7 SLE ik 3%
mRiE (E4AL 4B) o AR SLE S8 A e I A1 i PBMCs, 1) ik H R i 22 57
F:[A HERC5 K H RT-qPCR SEEATRNIE, S5 R EIR, SR IAALL, HERCS 7£ SLE
BEThREEE (K40 .

& 4 HERCS £ SLE FREEN
Fig. 4 Expression of HERC5 in SLE

A, B: HERCS is highly expressed in SLE (GSE121239 and GSE11907); C: mRNA expression of

HERCS5 in PBMCs; #P<<0.01vs Health control group.
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NI DIRFUR A R N S e I O R, B % HERCS 5 42 21 IR HEAT 43 4T
4508 HERCS &5 SLE B3 iRk M S e 40 B R 28 2 T A AE AR DG . HERCS 5 b4
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Jf1 (r=0.52, P < 0.05) &4 f¥)i2 i & .25 IEAH G, T 58 S NK 41/ (r=-0.20, P < 0.05),
CD8 T 4iffd (r=-0.25, P <0.05) fI¥I4h B 4Hfi (r=-0.29, P <0.05) Z54fMIR i 2 &3 7

xR (E5) o XKW HERCS 5 e iR IE 1k R R A B Rk

& 5 HERC5 54 & 40 fu A >tk

Fig. 5 The correlation between HERC5 and immune cell

2.4 HERCS5 @84t

N TR FEA bR EY) HERCS £ SLE HHIMEFIHLE], @i GSEA MR AT INERE
TIHERAE SLE B T BRI B (FPUR(E 5@ NES: 2.359 833, P <0.001; T4
Beta {5 ‘il NES: 2.808 159, P < 0.001) , ##/x HERCS Al Agidid iz TH F 15 Sk
BOE Rt SLE FIRAEKRE (K 6) .
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Fig. 6 Correlation analysis of HERCS5 and interferon signaling pathway
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5T GeneMANIA “F-&, #& PPl W%, FIH cytoHubba i dE1T 40 #r, HERCS 5%
Fh G M R EA S8 4 (DDX58. PPM1B. FLNB. UBA7. IRF3. IFIT1. ISG15. EIF4G3.
EIF4G2. EIF4AE3. EIF4E2. HASPIN. UBE2L6. SIRT7. HERC6. TTK. UBE2N. MAP3K14.
NOP16 1 AC098582.1) fEEMI EAE (B 7A) o #T STRING V-4 1 PPI W4 #) 5 B,
HERCS 4355 UBE2L6. MX1. 1SG15. EIF2AK2. MX2. TRIM25. STAT1. IRF3. ARIH1
AUIFITL FAEMEAER (B 7B) o BiJE¥ STRING F1 GeneMANIA BUAZSEHE ALK, A8

HERC5 5 1SG15. IRF3. UBE2L6 fl1 IFITL G HAEH % Z (K 7C. 7D) .
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Fig. 7 PPI network diagram of HERC5
A: Core genes derived from the GeneMANIA platform; B: Core genes derived from the STRING
platform; C: GeneMANIA and STRING intersection target Venn diagrams; D: Core target genes

associated with HERCS5.

2.6 HERC5 58 E H &5 Tl

FIF AF3 % HERCS 5 ISG15. IRF3. UBE2L6 Al IFITL {18 (AR A& /AT T .
Tt R ok, HERCS 5 UBE2L6 [ ipTM 1B 0.83, FEIH 45 & A 5 E R &,
$&7~ HERCS fl et 2 51z #ihigia kK EEZ/EMH; HERC5 5 1SG15 1 ipTM {4 0.55,
24 X I pLDDT s, RUZAN IR W RE T IRE S @B MR, MK T,
HERCS5 5 IRF3 Al IFIT1 ) ipTM {4 o8 0.29 A1 0.21, A5 EERAR, AIRERZE SR A
. IR TIN5 s PyMOL RIRRAL #E— D IRAIE [ R BE S, & XS T 5EPE (&1 8) o $2
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& 8 HERC5 5k &E H T4k
Fig. 8 Visualization of HERC5 with key proteins
A: Visualization of HERC5 with UBE2L6; B: Visualization of HERC5 with 1SG15; C:

Visualization of HERC5 with IRF3; D: Visualization of HERC5 with IFIT1.
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