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[Abstract] Objective To identify potential biomarkers of atrial fibrillation (AF) using bioinformatics, machine
learning (ML) and experimental methods. Methods AF transcriptomic data were obtained from the GEO and MSigDB
databases to screen for differentially expressed genes (DEGs) and inflammation-related gene sets (IRGs). The overlap
between DEGs and IRGs was used to identify the DE-IRGs set. Two machine learning algorithms were used to filter AF-
related DE-IRGs. Twelve male SD rats were randomly divided into a control group and an AF group. Rats received
acetylcholine (66 pg/mL) and calcium chloride (10 mg/kg) via tail vein injection for five consecutive weeks to establish the
AF model. Morphological characteristics of atrial myocytes were assessed with HE staining, while RT-qPCR and
immunohistochemistry (IHC) were used to measure changes in mRNA and protein levels. Results In the training set,
119 DEGs were identified, with IRGs showing the highest correlation with two co-expression modules (r = 0.60 and 0.56,
P < 0.0001). The intersection of DEGs and IRGs yielded nine DE-IRGs. The SVM-RFE and RF algorithms identified 5-
hydroxytryptamine receptor 2B gene (HTR2B), latent-transforming growth factor beta-binding protein 2 gene (LTBP2),
matrix remodeling associated protein 5 gene ( MXRA5), and transforming growth factor B-induced protein gene (TGFBI)
as highly expressed in both the training and test sets in AF groups with high diagnostic efficacy (AUC > 0.77). The
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electrocardiogram limb leads of AF rats showed numerous f-waves. HE staining revealed disorganized atrial myocyte

arrangement and inflammatory cell infiltration in the AF group. The TUNEL fluorescence assay showed an apoptosis rate
of (55.34 + 4.29)% in the AF group, compared to (8.69 * 3.12)% in the control group (P = 0.000 1). There were statistically
significant differences in the relative expression levels of LTBP2 and TGFBI between the AF group (4.97 + 4.20, 2.62 +
1.85) and the control group (1.12 + 0.21, 1.18 + 0.77) (P = 0.0137, P = 0.0444). IHC revealed positive rates of LTBP2 and
TGEFBI proteins in the AF group of (36.50 + 1.31)% and (27.39 + 4.57)%, respectively, compared to (22.95 + 2.62)% and
(18.26 * 3.70)% in the control group (P = 0.0008, P = 0.0485). Conclusion The characteristic genes LTBP2 and TGFBI
are highly expressed in AF and serve as valuable diagnostic biomarkers.
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Table 1 PCR primers for genes expression

Gene name Primer Primer sequences from 5’ to 3’
LTBP2 Forward AGCACCAACCACTGTATCAAAC
Reverse CTCATCGGGAATGACCTCCTC
TGFBI Forward TACAGCACGGTATGCAAGCC
Reverse GCAACCGATCTAGCTCACAGAG
HTR2B Forward TGATTTGCTGGTTGGATTGTTTG
Reverse ATGGATGCGGTTGAAAAGAGAA
MXRAS5 Forward CATCCCCGATGGAGCTTTAAG
Reverse TCAATGTGCAGCCTCATTAAGTT
GAPDH Forward GGAGCGAGATCCCTCCAAAAT
Reverse GGCTGTTGTCATACTTCTCATGG

LTBP2: latent-transforming growth factor beta-binding protein 2 gene;
TGEFBI: transforming growth factor B-induced protein gene; HTR2B: 5-
hydroxytryptamine receptor 2B gene; MXRA5: matrix remodeling
associated protein 5 gene.
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Fig 1 Feature genes screen by machine learning

A, Feature gene selection using the SVM-RFE algorithm. B, Feature gene selection using the RF algorithm. C, Venn diagram showing the intersection of feature genes

selected by SVM-RFE and RF algorithms.
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Fig 2 Diagnostic performance of the four feature genes in the training and validation sets

AF: atrial fibrillation; SR: sinoatrial rhythm. GSE115574: AF group n = 28, SR group n = 31; GSE41177: AF group n = 32, SR group n=6. P <0.001,” P <0.01,

"P<0.05.
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fluorescent labeling detection in the two groups. D, Comparison of apoptosis percentages between the two groups (1 = 6 per group).
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Fig 5 Feature genes expression verification by the RT-qPCR and immunohistochemistry

AF: atrial fibrillation. A, Feature genes transcription detected with the RT-qPCR. B, Protein levels of feature genes verified by the immunohistochemistry. n = 6 per

group. " P<0.05,” P<0.01,”" P<0.001, vs control.
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