Supplementary materials:

The detailed process of Machine Learning-based algorithms

A comprehensive machine learning framework was established to identify DEP-associated diagnostic biomarkers for PCa. The analysis was conducted using R software (v4.5.0). 

Data Preprocessing and Partitioning:
The expression profiles of the candidate DEP-PCa targets from the integrated training cohort (GSE46602, GSE55945, GSE69223, GSE71016) were used as features. To ensure comparability across features, the expression value of each gene was standardized using normalization algorithm. The remaining datasets (GSE32571, GSE62872, GSE79021) were strictly reserved as independent validation cohorts to assess the final model's generalizability.

Model Training and Tuning:
A total of 113 classification models were constructed using 11 classical ML algorithms—including Lasso, SVM, RF, glmBoost, Stepglm, Ridge, Enet, GBM, LDA, XGBoost, and NaiveBayes—combined with different preprocessing wrappers. A fixed random seed (set.seed(123)) was applied throughout to ensure reproducibility. Model hyperparameters were optimized via stratified 5-fold cross-validation on the training set. Performance was evaluated using the mean ROC–AUC, accuracy, and F1-score. Among all models, the glmBoost + RF ensemble demonstrated superior and consistent performance (AUC > 0.90) across both cross-validation and independent validation cohorts, and was therefore selected as the final model for downstream analysis.

Ensemble Construction and Core Gene Identification:
High-confidence models (cross-validation AUC > 0.9) were integrated into a stacked ensemble learner. The process for distilling the five core genes from the 113 models was as follows: 1) For each model, the top N most important features were selected based on the model's native importance metric (e.g., Gini index for tree-based models, absolute coefficient for linear models). 2) The selection frequency of each of the 9 candidate genes across all 113 models was computed. The five genes with the highest selection frequency (TRPM8, CTSB, CA14, GSTM2, and MYLK) were identified as the core regulators for DEP-induced PCa. This frequency-based approach ensures a stable and consensus-driven feature selection.

Model Interpretability and Validation:
To address model opacity, a SHAP (SHapley Additive exPlanations) framework was implemented on the final ensemble model to quantify the marginal contribution of each feature to individual predictions. The stability of the top models was assessed by reporting their performance (AUC, F1-score) as mean ± standard deviation across the three independent validation cohorts. Additionally, to quantify the reliability of the model discrimination ability, 95% confidence intervals (95% CI) for the AUC and F1-score metrics were calculated using the bootstrap method with 2,000 resamples on the independent validation cohorts. Furthermore, DeLong's test was employed to statistically compare the AUCs of the top-performing models, ensuring that performance differences were not due to random chance.

	Table S1. Summary of GEO datasets used in this study.

	Dataset Accession
	Platform
	Data Type
	Sample Size (Tumor/Normal)
	Primary Preprocessing Steps

	GSE46602
	GPL570 
	Human
	50 (36/14)
	RMA background correction, quantile normalization, log2 transformation

	GSE55945
	GPL570
	Human
	21 (13/8)
	Background correction, quantile normalization, log2 transformation

	GSE69223
	GPL570
	Human
	30 (15/15)
	Background correction, quantile normalization, log2 transformation

	GSE71016
	GPL16699
	Human
	95 (48/47)
	RMA background correction, quantile normalization, log2 transformation

	GSE32571
	GPL6947
	Human
	98 (59/39)
	RMA background correction, quantile normalization, log2 transformation

	GSE62872
	GPL19370
	Human
	424 (264/160)
	Background correction, quantile normalization, log2 transformation

	GSE79021
	GPL19370
	Human
	202 (153/49)
	Background correction, quantile normalization, log2 transformation

	Note: All analyses were performed using R (v4.5.0).




	Table S2. Molecular Docking Parameters and Results.

	Target
	PDB ID
	Grid Center (x, y, z)
	Grid Size (x, y, z)
	Mean ΔG± SD (kcal/mol)
	Key Binding Site Residues

	MYLK
	2cqv
	23.927, -1.118, 15.623
	19, 19, 19
	-7.2 ± 0.8
	GLN:17:A, LYS:18:A, ARG:20:A, VAL:98:A, ASP:102:A, PRO:103:A, PRO:104:A, ALA:105:A

	TRPM8
	9b6i
	204.458, 174.175, 160.820
	34, 26, 35
	-5.9 ±0.5
	ALA:162:A, LYS:163:A, PHE:165:A, LEU:167:A, TYR:201:A, GLU:204:A, VAL:205:A, ASP:208:A, LEU:488:D, GLU:489:D, LEU:492:D, ARG:595:D

	CA14
	5cjf
	69.509, 35.672, 1.280
	19, 19, 19
	-6.8 ±1.4
	TRP:5:A, TYR:7:A, ASN:62:A, HIS:64:A, HIS:94:A, HIS:96:A, GLU:106:A, HIS:119:A, LEU:141:A, VAL:143:A, TRP:209:A

	CTSB
	8he9
	-7.299, 11.793, 15.566
	19, 19, 19
	-5.5 ±0.3
	GLN:23:A, GLY:24:A, CYS:26:A, GLY:27:A, CYS:29:A, TRP:30:A, HIS:110:A, HIS:111:A, GLY:198:A, HIS:199:A, TRP:221:A

	GSTM2
	1hna
	-11.510, 20.193, 12.263
	19, 19, 19
	-5.1 ±0.4
	ILE:98:A, LEU:99:A, GLN:102:A, ASP:105:A, SER:106:A, GLN:109:A, ALA:129:A, GLU:132:A, MET:133:A, TYR:137:A, GLN:139:A, PHE:140:A




	Table S3. The information of core packages.
	
	

	Package
	Version
	Purpose

	caret
	7.0-1
	Machine Learning Framework

	glmnet
	4.1-8
	Regularized Regression (Lasso, Ridge)

	xgboost
	1.7.7.1
	Gradient Boosting Machine

	randomForest
	4.7-1.2
	Random Forest Algorithm

	sva
	3.46.0
	Surrogate Variable Analysis (Batch Correction)

	limma
	3.54.0
	Differential Expression Analysis

	clusterProfiler
	4.16.0
	Functional Enrichment Analysis

	WGCNA
	1.72-5
	Weighted Gene Co-expression Network Analysis




	Table S4. The ROC value (95% CI) of core target.

	Gene
	AUC
	CI_lower
	CI_upper
	Sensitivity
	Specificity

	TRPM8
	0.742878401360544
	0.673024622927788
	0.812732179793301
	0.625
	0.785714285714286

	CTSB
	0.776785714285714
	0.711832222282431
	0.841739206288997
	0.741071428571429
	0.714285714285714

	GSTM2
	0.766050170068027
	0.701531201546362
	0.830569138589693
	0.5
	0.904761904761905

	CA14
	0.754411139455782
	0.68598030237454
	0.822841976537025
	0.678571428571429
	0.761904761904762

	MYLK
	0.763446003401361
	0.696268344238755
	0.830623662563966
	0.758928571428571
	0.69047619047619









Figure S1: Defining DEP-PCa Associated Targets.
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