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? Feature Selection

¥ Forward Selection

* Backward Elimination

> Stepwise Regression

® Penalized Methods
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10 Artificial Neural Networks (ANN)

1 Support Vector Machine (SVM)

2 Decision Tree (DT)

13 Random Forest (RF)
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Numb R R, R, p Ki

er of LIMK?2
compound
Liest 3-chlorobenzene H H 6.67
2 phenyl -3,3- H H 7.41
dimethylcarbamate

3 benzene H CH; 6.63

4 3-fluorobenzene H CH; 6.50

5 3-chlorobenzene H CH; 6.98

6 3-bromobenzene H CH; 6.97

7 3-methoxybenzene H CH; 6.58

8 3-trifluoromethoxybenzene H CH; 6.82

9 benzo [1,3]dioxole H CH; 6.16

10 N,N-dimethylaniline H CH; 6.37

11 N-phenylacetamide H CH; 6.74

12 phenyl -3,3- H CH; 7.92

dimethylcarbamate

13 3-trifluorocarbonbenzene H CH; 6.79

14 3-benzocyanide H CH; 6.57

15 4-chloro-3- H CH; 6.94

trifluorocarbonbenzene

16 3-pyridine H CH; 5.55

17 2-thiophene H CH; 6.73

18 naphthalene H CH; 7.04

19 1,1 -biphenyl H CH; 7.60

20 4-Phenylpyridine H CH; 6.89

214t 1-phenyl-1H-pyrrole H CH; 7.00

2245t 1-phenyl-1H-imidazole H CH; 6.74

23 st 2-methoxy-1,1'-biphenyl H CH; 7.85

24 3-methoxy-1,1'-biphenyl H CH; 8.10

25 st 4-methoxy-1,1'-biphenyl H CH, 7.60

26 benzene H CycPr 6.87

\Ri
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Numb R R, R, p Ki
er of LIMK2
compound
27 3-fluorobenzene H CycPr 7.07
28 3-chlorobenzene H CycPr 7.49
29 3-bromobenzene H CycPr 7.49
30 phenyl -3,3- H CycPr 8.52
dimethylcarbamate
31 1,1 -biphenyl H CycPr 8.00
32 1-phenyl-1H-pyrrole H CycPr 8.00
33 st 2-methoxy-1,1"-biphenyl H CycPr 8.15
34 3-methoxy-1,1'-biphenyl H CycPr 8.30
35 4-methoxy-1,1'-biphenyl H CycPr 7.68
36 3-chlorobenzene H Cl 6.98
37 test 3-bromobenzene H Cl 7.12
38 phenyl -3,3- H Cl 8.05
dimethylcarbamate
39 benzene CH; CH;, 6.97
40 3-methoxybenzene CH; CH; 7.1
41 3-bromobenzene CH; CH; 7.64
42 phenyl -3,3- CH; CH; 7.74
dimethylcarbamate
43 1,1 -biphenyl CH; CH; 7.77
44 4-methoxy-1,1'-biphenyl CH; CH; 7.57

Cycpr=cyclopropyl
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Abstract

Protein kinases, particularly LIM kinase (LIMK), which plays a crucial role in cytoskeletal
regulation and cancer metastasis, have emerged as important therapeutic targets in modern
drug discovery. Considering the significant role of LIMK in cancer cell invasion and
migration, the development of selective LIMK inhibitors represents a promising strategy for
the discovery of novel anticancer therapies. Tetrahydropyridine derivatives, owing to their
structural flexibility and ability to establish diverse molecular interactions, have demonstrated
considerable potential as LIMK inhibitors. However, the experimental determination of the
inhibition constant (Ki) of these compounds is both time-consuming and costly. In the present
study, Quantitative Structure—Activity Relationship (QSAR) modeling combined with
molecular docking was employed as an efficient computational approach for the rapid
prediction of the inhibitory activity of tetrahydropyridine derivatives and for the identification
of potential LIMK inhibitors. The Adaptive Least Absolute Shrinkage and Selection Operator
(ALASSO) was utilized for both molecular descriptor selection and QSAR model
development. By selecting the most informative descriptors and eliminating redundant
variables, ALASSO enabled the construction of a sparse, interpretable, and highly predictive
QSAR model while reducing the risk of overfitting. Application of the ALASSO algorithm
resulted in a final QSAR model containing seven molecular descriptors. The predictive
performance of the model was evaluated using an external test set, leave-one-out (LOO)
cross-validation, and several statistical validation criteria. The model achieved an MSE of
0.10 and an R2 value of 0.87 for the external test set, while the Q2 value obtained from LOO
cross-validation confirmed the robustness and predictive capability of the developed model.
Furthermore, the resulting sparse model, consisting of only seven descriptors, demonstrated
satisfactory predictive accuracy. The obtained R? and Q2 values exceeded the generally
accepted threshold values of 0.60 and 0.50, respectively, indicating that the proposed QSAR
model is statistically reliable and possesses good predictive ability. The developed QSAR
model was subsequently applied to predict the biological activity of newly designed
compounds. The predicted compounds were further evaluated by molecular docking, and the
docking results supported the reliability of the QSAR predictions. Overall, this study
overcomes several limitations of conventional QSAR models and provides an effective
computational framework for the rational design and optimization of novel tetrahydropyridine
derivatives as potent LIMK inhibitors.

Keywords: LIM-kinase (LIMK), Tetrahydropyridine derivatives, Adaptive LASSO
(ALASSO), Cancer, Protein kinase inhibitors
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