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INTRODUCTION & AlM Autoencoder and Feature Selection Performance
The deep autoencoder effectively reduced data dimensionality while preserving biologically
relevant information. UMAP visualization demonstrated clear separation between tumor and
normal samples within the latent feature space. The MI-LASSO pipeline successfully

refined predictive features and selected 50 highly informative genes for downstream
analysis.

Hepatocellular Carcinoma (HCC) is one of the most aggressive and prevalent forms of liver
cancer and accounts for nearly 75-85% of all liver cancer cases worldwide. Despite
advances In surgical resection, liver transplantation, and targeted therapies, the prognosis of . .

HCC patients remains poor because most cases are diagnosed at advanced stages. u
Therefore, the identification of reliable molecular biomarkers is essential for improving 3
early diagnosis, prognosis, and precision treatment strategies. . % ;
Traditional bioinformatics and machine learning approaches often struggle with high- il s '
dimensional transcriptomic data and may fail to capture complex nonlinear interactions | ¢
among genes. Recent advances In deep learning, particularly autoencoder-based SR i 3
dimensionality reduction, provide powerful tools for extracting biologically meaningful

latent features from large-scale gene expression datasets.
The present study aimed to develop an integrative deep and machine learning framework

for the identification of reliable prognostic biomarkers in HCC by analyzing differential

gene expression profiles and extracting highly informative latent features associated with Classification Performance
tumor progression and patient survival.

Cross-validation showed stable and high performance across classifiers (accuracy =
0.969, F1 = 0.97), with RF and SVVM achieving slightly higher AUC (~0.983 and ~0.982).

M ETH OD O LO GY Independent tests showed excellent performance across all classifiers (~1.0), confirming
high feature discriminative powetr.

a b

1.005%
0.9495
0.99
0.985
0.98
0.975
0.97
0.965
AL Precishon o E1 Precision Recall F1
icRegression H RandomFore B RandomForest VM
A
5
=0
- 25
- 20
15

Microarray Data Collection

0.985
0.98
0.975
0.97
§ » Preprocessing II
0.96

cccccc

llllll Accurac

LUracy ALUC
st SWAA W LogisticRegraession

Differential Expression Analysis

MW Logist

Deep Learning

Input x| . 555" " . x Reconstructed output
Functional Enrichment Analysis
Ml + Lasso
IR ivm, e Enric_hment ana_lysis_ revealed involvement i_n metabolic pathyvays, PIBK_/Akt signaling,
| protein processing In the endoplasmic reticulum, fatty acid metabolism, cell cycle
Evaluation Metrices regulation, and viral carcinogenesis.
Enrichment Analysis Protein-Protein Interaction Network o )
Identification of Hub Genes
— ;' o | | W PPI network analysis identified ten key hub genes: HSP90OAB1, TUBA1LB, PKM, H2AZ1,
— : -l m}"‘“ YWHAZ, ACLY, RAN, ILF2, KPNA2, TXNRD1.These genes exhibited strong interaction
o || | - == . =‘Y~_«\jf“m connectivity and significant prognostic relevance.
e | Survival and Therapeutic Significance
Drug & TFs Prediction Survival Analysis

Survival analysis showed that hub genes, were significantly associated with poor
zrom . prognosis (HR > 1.5, p < 0.05), correlating with reduced overall, relapse-free, and
oz ST —— disease-specific survival in HCC.
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ChEAS3 tool identified key regulators of the ten hub gene
Core Gene predictive drug Analysis

Through DGIldb database the drugs screening reveals
RESULTS & DISCUSSION TUBA1B associates with 83 drugs, HSP90AB1 with 46

drugs, PKM with 36, TXNRD1 with 6, and H2AZ1 and

Differential Expression Analysis ACLY with 4,4 drugs, respectively.
A total of 1,380 DEGs were identified between HCC and normal tissues, demonstrating
substantial transcriptomic alterations associated with tumor development. CO N C LU S | O N S

‘ ' WAL ip‘i° This integrative novel framework effectively identifies biologically relevant
il biomarkers, providing insights into HCC mechanisms and potential targets for

precision therapy.

FUTURE WORK
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M. _J— Future works should focus on experimental validation of identified biomarkers using in
log2{old change) " vitro and In vivo studies.
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