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Histon deacetilaze (HDAC) predstavljaju klju¢ne epigeneticke regulatore koji kontroliSu ekspresiju gena, proliferaciju i diferenci-
jaciju éelija, a njihova poremecena aktivnost usko je povezana sa nastankom i progresijom brojnih vrsta karcinoma. Medu ¢lanovi-
ma HDAC porodice, HDAC3 i HDACG izdvajaju se kao posebno znacajne terapijske mete zbog svojih specifi¢nih bioloskih funkcija i
uloge u razlicitim oboljenjima. U ovom radu primenjen je integrisani racunarski pristup koji kombinuje masinsko ucenje (ML) u pro-
gramskom jeziku Python, molekulsko dokovanje koriS¢enjem GOLD 2022.3.0 paketa i kvantnohemijske proracune u programskom
paketu Gaussian 09 kako bi se identifikovale strukturne karakteristike odgovorne za inhibitornu aktivnost prema HDAC3 i HDAC6.
U ovom istrazivanju ispitivana su jedinjenja koja su deo ChEMBL baze podataka. Razvijeni ML modeli pokazali su izuzetne predik-
tivne performanse, pri Cemu su vrednosti tacnosti, preciznosti, osetljivosti i F1-mere bile gotovo jednake 1,0 za HDAC3 i priblizno
0,98 za HDACS, Sto ukazuje na njihovu visoku robusnost i pouzdanost. Utvrdeno je da se vrednosti metrika ne menjaju znacajno za
proces unakrsne-validacije, kao ni sa promenom hiperparametra (do 0.05). Analiza znacaja deskriptora, potkrepljena rezultatima
molekulskog dokovanja i kvantnohemijskih simulacija, otkrila je razlicite odnose izmedu strukture i aktivnosti za ove dve izoforme.
Manji supstituenti sa izraZzenim elektronski privlacnim efektom u blizini regiona za vezivanje Zn?* jona doprinose vecoj inhibitornoj
aktivnosti prema HDAC3, dok glomaznije i hidrofobnije grupe favorizuju vezivanje za HDAC®, pruzajuéi vredne smernice za razvoj
izoformno selektivnih inhibitora. Dobijeni rezultati potvrduju da integracija savremenih racunarskih metoda predstavlja efikasan
pristup za racionalni dizajn novih selektivnih HDAC inhibitora i razvoj buducih epigenetickih terapija.
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Histone deacetylases (HDACs) are essential epigenetic regulators that modulate gene expression, cell proliferation, and differ-
entiation, and their dysregulation has been implicated in the development and progression of numerous cancers. Among the HDAC
family, HDAC3 and HDAC6 have emerged as particularly attractive therapeutic targets owing to their distinct biological functions
and disease relevance. In this study, an integrated computational framework combining machine learning (ML) within Python lan-
guage, molecular docking using GOLD 2022.3.0 package, and quantum chemical calculations utilized by Gaussian 09 was employed
to identify the structural determinants governing inhibitory activity toward HDAC3 and HDACS. In this research, the molecules which
are part of ChEMBL database were examined. The developed ML models demonstrated excellent predictive performance, achieving
accuracy, precision, recall, and F1-score values approaching 1.0 for HDAC3 and approximately 0.98 for HDACS, indicating high
robustness and predictive reliability. It was found that metrics’ values do not change significantly for cross-validation and when val-
ues of hyperparameters were changes (less then 0.05). Feature importance analysis, supported by molecular docking and quantum
chemical simulations, revealed distinct structure-activity relationships between the two isoforms. Smaller electron-withdrawing
substituents located near the Zn?*-binding region were found to enhance HDAC3 inhibition, whereas bulkier hydrophobic groups
favored HDACG binding, providing valuable insights into isoform-selective inhibition. These findings demonstrate the potential of
integrated computational approaches to guide the rational design of selective HDAC inhibitors for future epigenetic therapies.
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