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Abstract

As an essential target for endocrine therapy of breast cancer, estrogen receptor (ERa) subtypes
may be candidates for drug discovery against breast cancer if the compounds can antagonize ER
activity. This study initially preprocesses the data, including determining the K value of K-means
clustering using the elbow method and silhouette coefficient, conducting clustering, and visualiz-
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ing the results with Andrews curves. Then, variance filtering and random forest methods are used to
rank the molecular descriptors in terms of importance. Pearson correlation analysis is further ap-
plied to the initially screened variables, resulting in 20 molecular descriptors that have the most
significant and independent impacts on biological activity. Subsequently, a quantitative prediction
model for ER bioactivity of compounds is built based on the Light-GBM algorithm. The dataset is
divided into a training set and a test set at a ratio of 4:1. The model performance on the test set
shows an MSE of 0.468, RMSE of 0.684, MAE of 0.499, and R-square of 0.788. This model exhibits
high prediction accuracy, which can accelerate the development of new drugs and contribute to
the research on the occurrence and development mechanisms of breast cancer.
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Figure 1. Elbow rule determines the number of clusters
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Figure 2. The contour coefficient determines the number of clusters
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Figure 3. Diagram of Andrews curve
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Figure 4. Schematic diagram of the random forest model
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Table 1. The importance of the twenty groups of variables corresponding to the two methods
= 1. AR EE NN TEEEHFRT 20 4

J5 i i BEBLARMR %
A Variable Importance Variable Importance
1 WPATH 1.000000 MDEC-23 1.000
2 fragC 0.143560 Lipoaffinitylndex 0.362
3 ATSp5 0.037091 maxHsOH 0.269
4 ATSp4d 0.034041 minsssN 0.203
5 ATSp3 0.026320 C1SP2 0.188
6 ATSp2 0.012247 maxssO 0.183
7 ATSpl 0.008582 minHsOH 0.164
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8 ECCEN 0.005179 BCUTc-1l 0.131
9 VABC 0.000248 nC 0.114
10 MW 0.000241 minHBInt5 0.087
11 TopoPSA 0.000038 minsOH 0.082
12 Zagreb 0.000033 nHBAcc 0.073
13 AMR 0.000019 MLogP 0.073
14 CrippenMR 0.000019 VC-5 0.066
15 ETA_Eta R 0.000011 TopoPSA 0.058
16 SHBa 0.000009 MLFER_A 0.053
17 apol 0.000007 SHsOH 0.052
18 suml 0.000007 MDEO-12 0.052
19 nBonds2 0.000007 MDEC-33 0.041
20 nAtom 0.000006 ATSc3 0.038
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Figure 5. Correlation heat map of the main molecular descriptors
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Figure 6. Test set prediction effect of quantitative prediction model based on Light-GBM
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Table 2. Predicted values for 50 compounds in the test table “ERa_activity.xIsx”
F= 2. MikE “ERa_activity.xIsx” H 50 FiL A48 FUME

SMILES 1IC50_nM pIC50
COclec(0OC)cc(\C=C\c2ccc(OS(=0)(=0)... 44.92620055  7.347500309
OC(=0)\C=C\clcce(cecl)C2=C(CCOc3ccccc23)cdcecc(O)ccd 17.94817113  7.745979798
COclccc2C(=C(CCOc2c1)c3cec(0)ce3)cdccc(\C=C\C(=0)O)cc4 13.34744841  7.874601749
OC(=0)\C=C\clcce(cecl)C2=C(CCOc3cc(F)cce23)cacec(O)ccd 6.277348282  8.202223775
OC(=0)\C=C\clcce(ccl)C2=C(CCSc3cc(F)cece23)cdcec(O)ccd 11.86434769  7.925756135
CC(=0)\C=C\clcce(ccl)C2=C(CCOc3cc(F)ccec23)cdccc(O)ccs 47.24507998  7.325643411
Oclcce(cel)C2=C(c3ccc(\C=C\c4ccceeed)ce3)c5eee(F)ecc50CC2 15.60204214  7.806818553
Oclccee(cel)C2=C(c3ccc(\C=C\C(=0)c4ccceed)cce3)chbecec(F)ec50CC2 28.2700538 7.548673365
OC(=0)\C=C\C=C\clccc(cecl)C2=C(CCOc3cc(F)cce23)cdccec(O)ccd 20.00278735  7.698909482
CCN(CC)C(=0)\C=C\clcce(cel)C2=C(CCOc3cc(F)cee23)cacec(O)ccd 38.47472579  7.414824467
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