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INTRODUCTION RESULTS RESULTS CONT.
Mutations in the estrogen receptor gene (ESR1), particularly Y537S and D538G, are key :
drivers of resistance in estrogen receptor-positive (ER+) metastatic breast cancer (MBC) 30 4 R ] PR I Er variant y, AAG (Endoxifen -> 4-OHT), kcal/mol
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e Molecular Dynamics (MD) Simulations: . ) ‘ ) 150000 Non-equilibrium switching calculations using Chemistry42 Alchemistry module show minimal differences in
o WT D538G, Y537S, and dual mutants simulated 30 - e ettt . b e - ER variant r binding free energy (AAG) between 4-OHT and Z-Endox across all receptor variants.
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Transcriptomic Analyses PC1 PC2 PC3 statistically significant — see red points, figure 2, y-axis between 15-30).
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= Drug-treated breast cancer cells the overlap and similarities in the conformational space sampled. The figure focuses on relationships involving the presence of Endoxifen. observed.
¢ (2)-Endoxifen (n=27) third principal component (PC3): PC1 vs. PC3, PC2 vs. PC3, and PC3 vs. PCT o Differences between calculated AAG and experimental Ki likely reflect indirect
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e Differential Expression & Enrichment Analysis:
o |dentified gene sets, pathways, and transcription factors altered by ESR1 mutation and treatment.

e Metadynamics:

o Analyses performed using limma (for DE analysis) and gseapy (for enrichment). o Mutations partially shift the receptor towards active states, but a fraction of
antagonist-compatible conformations persists, explaining the sustained
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Figure 1. A computational framework for systematic analysis of ERa mutations and their impact on small molc)acule
binding and receptor dynamics. The left panel highlights key components of the system under investigation: (a : : : : : : : ut
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and (b) the small molecule selective estrogen receptor modulators (SERMs) under study, including (Z)-endoxifen and oftcide f? ureus) Tt revea)lled hiinalin yathwa o affooted b pboth diseasegand treatrgnent Notably. sovaral
4-hydroxytamoxifen, with their chemical structures shown. The central panel illustrates the ERa ligand-binding , , , H 9 nif | . %’ dg FDRg P dy | 0 8’5 b iated in ESRT Y o At Th tics | funded this stud
domain. The right panel details the methodological approach, consisting of three stages: (1) Unbiased molecular Figure 3. Free Energy Surfaces (FES) for (A) WT, (B) YS37S, and (C) D538G Simulations. The two axes, CV1 and pathways \ﬂ/ere 3'%”' icant ylenr:jcbe Z( dcor;ectg pl_vc?' ue < 0.05) with genes uEpzrlggu ate |nd M mutant 0sSa lherapeutics Inc. funde IS Study. .
dynamics (MD) simulations to investigate local conformational changes in the mutant ligand-protein systems; (2) CV2, represent the root-mean-square deviation (RMSD) of the H12 helix and the H11/H12 loop compared to their tumhors/ce S an ownre(?u ate 3|' ( )(ien E%XF'“en (including eftrogecr; responlse, iE tazrget,dan ’ ye ta:ggft ' e Insilico Medicine team conducted the insilico modeling work .
Alchemistry (a module of the Al-driven platform Chemistry42) to compute the relative binding free energy active and inactive conformations. In each plot, the lowest energy region (population A) shows the most stable pathways), or vice versa downregulated in mutant samples and upregulated by (Z)-endoxifen (including the Hart | aborat t Duke Uni it ducted the in vitro studi
differences between (Z)-endoxifen and 4-hydroxytamoxifen in both wild-type and mutant ERa variants; and (3) structure. For the WT (A), this minimum corresponds to the inactive conformation, while for Y537S (B) and D538G oxidative phosphorylation and p53 signaling pathways). * Hartman Laboratory at buke University condaucte € In VItro studies.
Metadynamics simulations to enable enhanced sampling of large-scale conformational transitions, including the (C), it corresponds to the active conformation.
critical repositioning and stabilization of the H12 helix and the H11-H12 loop. These integrative computational
strategies collectively provide deeper insights into the structural and thermodynamic impacts of ERa mutations on This presentation is the intellectual property of the author/presenter. Contact them at steven.quay@atossainc.com for permission to reprint and/or distribute.

receptor function and antagonist binding.
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