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Abstract: Objective To explore the key genes of polycystic ovary syndrome (PCOS) based on bioinformatics and machine learning
methods, and to validate them at the clinical level. At the same time, traditional Chinese medicine that regulates related genes will be
screened. Methods A total of four datasets were obtained using GEO database, and Limma and weighted gene co-expression network
analysis (WGCNA) analysis methods were used to analyze the differentially expressed genes between PCOS group and healthy control
group. Functional enrichment and cellular immune infiltration analysis were performed on them. Apply machine learning algorithms
to obtain key genes for PCOS, draw a nomograph, and establish an receiver operator characteristic (ROC) curve to evaluate the ability,
specificity, and sensitivity of the nomograph in identifying PCOS with each key gene. Collect peripheral blood mononuclear cells from
clinical PCOS patients to clinically validate the expression levels of key genes and PCOS recognition. Predict potential Chinese herbal
medicines that regulate PCOS through the COREMININE database and the ancient and modern medical case cloud platform, and
analyze their four properties, five flavors, meridian tropism, and efficacy. Results A total of 42 samples are obtained from four
datasets, including 21 samples from the PCOS group and 21 samples from the healthy control group. A total of 127 differentially
expressed genes are obtained. Gene ontology (GO) analysis showed that the differentially expressed genes are related to adrenomedullin
receptor signaling processes, intercellular bridging, steroid binding, etc. Kyoto encyclopedia of genes and genomes (KEGG) analysis
showed that the differentially expressed genes are related to nuclear factor-kB (NF-kB) mediated tumor necrosis factor-o (TNF-a)
signaling, angiogenesis, interleukin-2 (IL-2)-signal transducer and activator of transcription 5 (STATS5) signaling, etc. Further cellular
immune infiltration reveals an increase in levels of gamma delta T cells, monocytes, and activated mast cells in the PCOS group, while
levels of plasma cells, CD4 naive T cells, and activated natural killer (NK) cells decreased. Logistic least absolute shrinkage and
selection operator (LASSO)-Cox proportional-hazards model (COX) regression screening of 11 key genes, including AK4, DEPP1,
DUOX2, FGG, GAREMI1, PLOD2, SLC41A2, SPIN4, THNSL1, TMEM187, ZNF443, PCOS the expression levels of key genes in
the group are lower than those in the control group (P < 0.05), and the area under urve (AUC) for identifying PCOS by a single key
gene is 0.76—0.90, while the AUC for identifying PCOS by nomograph is 0.98. Clinical data validation includs 12 cases in the PCOS
group and 12 cases in the healthy control group. The expression levels of AK4, ZNF443, DUOX2, DEPPI1, FGG, SLC41A42, SPIN4,
and TMEM187 in the PCOS group are lower than those in the healthy control group (P < 0.05). Nomogram validation is used to verify
the recognition of PCOS, with an AUC of 1. It is predicted that there will be 85 traditional Chinese medicines related to differential
genes. The four ¢i of traditional Chinese medicine are mainly cold, warmth, and calmness, while the five flavors are mainly bitterness,
sweetness, and spicy. The meridian tropism is mainly liver, lung, and stomach, and the efficacy is mainly to heat-clearing, detoxify,
and qi-regulating. Conclusion AK4, DEPP1, DUOX2, FGG, GAREM1, PLOD2, SLC41A2, SPIN4, THNSL1, TMEM187, ZNF443
may be potential key biomarker for identifying PCOS and providing new ideas for the diagnosis and treatment of PCOS through the
prediction of potential therapeutic herbs.

Key words: polycystic ovary syndrome; bioinformatics; machine learning; clinical validation; traditional Chinese medicine prediction;
AK4; ZNF443; DUOX2; DEPP1; FGG; SLC41A2; SPIN4; TMEM187
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A-box plot before batch removal; B-box plot after batch removal; C-UMAP plot before batch removal; D-UMAP plot after batch removal.
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Fig. 1

Box plots and UMAP plots before and after multi-dataset integration
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Fig.3 Co-expressed gene modules analyzed by WGCNA
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Fig. 4 Characteristics of PCOS related modules
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Fig. 6 Enrichment analysis of GO function (A) and KEGG pathway (B)
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