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Introduction. Spleen tyrosine kinase (Syk) is a non-receptor tyrosine kinase expressed in 

various immune cells that plays a critical role in inflammatory responses [1]. Its hyperactivation is 

implicated in a broad spectrum of diseases, including autoimmune, allergic, and autoinflammatory 

conditions, as well as certain cancers and cardiovascular diseases, making Syk an attractive 

therapeutic target [2, 3]. Immune thrombocytopenia (ITP), a rare autoimmune disorder, represents a 

significant unmet medical need for effective Syk inhibitors. While several treatment options exist for 

ITP, Syk inhibition offers a promising approach for long-term disease management [4]. However, the 

development of potent and safe Syk inhibitors faces challenges ranging from avoiding off-target 

effects to limited clinical efficacy [5]. Fostamatinib, the only drug currently approved for ITP 

treatment from Syk inhibitors class, has encountered limitations due to safety concerns and a lack of 

robust efficacy data [6]. In this regard, search for an optimal Syk inhibitors is still underway [7]. 

 

Main part. The application of computational methods and machine learning is transforming 

biomedical research and drug development [8]. Two primary approaches for identification of 

promising compounds are screening existing drug-like databases and de novo design of molecules 

with desired properties [9]. Available data on Syk inhibitors supports the use of computational 

methods for developing novel compounds. Previous studies have applied virtual screening with 

pharmacophore modeling  [10], molecular docking [11] and machine learning approaches [12] to 

identify potential inhibitors. However, generative de novo design for Syk inhibitors remains 

unexplored. Inspired by the success of RL-based methodologies, this study presents an approach to 

the design of new Syk inhibitors by enhancing the FREED++ deep reinforcement learning model, 

demonstrating how generative algorithms can be tailored for targeted drug discovery. 

Our computational workflow comprises several key steps. Initially, we compiled a database 

of known Syk inhibitors. Using this data, we developed a QSAR model employing a stacking 

ensemble of machine learning algorithms to predict the biological activities of Syk inhibitors. 

Subsequently, we utilized the FREED++ generative model, which leverages reinforcement learning, 

to design novel inhibitors.  To explicitly take into account the target properties of Syk inhibitors we 

adapted the reward function of FREED++ with our QSAR model, advancing the capabilities of the 

original generative approach. Finally, we applied stringent drug-likeness criteria and high predicted 

potency thresholds to select the most promising generated molecules. From over 78,000 generated 

molecules, 139 compounds met stringent drug-likeness criteria and exhibited high predicted potency. 

These novel candidates displayed favorable molecular properties and structural novelty compared to 

known Syk inhibitors, suggesting potential for improved efficacy and reduced side effects. 

 

Conclusion. In this study, we successfully applied a novel approach combining deep 

reinforcement learning with QSAR predictive model to design new potential Syk inhibitors. We 

obtained a set of 139 promising candidate molecules with high predicted activity and favorable drug-

like properties. Moreover, our approach establishes a versatile framework for accelerated drug 

discovery, particularly valuable for rare disease therapeutics development. 

 

References: 

1.  Zhou Y, Zhang Y, Yu W, et al (2023) Immunomodulatory role of spleen tyrosine kinase in chronic 

inflammatory and autoimmune diseases. Immun Inflamm Dis 11:. 

https://doi.org/10.1002/IID3.934 



2.  Dummer W, Markovtsov V V., Tong S, Masuda E (2020) Clinical Trial to Evaluate an Approved 

ITP Therapy Targeting Spleen Tyrosine Kinase (SYK) for Prevention and Treatment of COVID-

19 Related Complications. Blood 136:35. https://doi.org/10.1182/BLOOD-2020-141045 

3.  Liu D, Mamorska-Dyga A (2017) Syk inhibitors in clinical development for hematological 

malignancies. J Hematol Oncol 10:. https://doi.org/10.1186/S13045-017-0512-1 

4.  Liu X guang, Hou Y, Hou M (2023) How we treat primary immune thrombocytopenia in adults. 

Journal of Hematology & Oncology 2023 16:1 16:1–20. https://doi.org/10.1186/S13045-023-

01401-Z 

5.  Loos NHC, Sparidans RW, Heydari P, et al (2024) The ABCB1 and ABCG2 efflux transporters 

limit brain disposition of the SYK inhibitors entospletinib and lanraplenib. Toxicol Appl 

Pharmacol 485:116911. https://doi.org/10.1016/J.TAAP.2024.116911 

6.  Britto J, Holbrook A, Sun H, et al (2024) Thrombopoietin Receptor Agonists and Other Second-

Line Therapies for Immune Thrombocytopenia: A Narrative Review with a Focus on Drug Access 

in Canada. Clinical and Investigative Medicine 47:13–22. https://doi.org/10.3138/CIM-2024-

2569/ASSET/IMAGES/SMALL/CIM-2024-2569-F01.GIF 

7.  Wang Z, Qu S, Yuan J, et al (2023) Review and prospects of targeted therapies for Spleen tyrosine 

kinase (SYK). Bioorg Med Chem 96:117514. https://doi.org/10.1016/J.BMC.2023.117514 

8.  Gangwal A, Lavecchia A (2024) Unlocking the potential of generative AI in drug discovery. Drug 

Discov Today 103992. https://doi.org/10.1016/J.DRUDIS.2024.103992 

9.  Sadybekov A V., Katritch V (2023) Computational approaches streamlining drug discovery. 

Nature 2023 616:7958 616:673–685. https://doi.org/10.1038/s41586-023-05905-z 

10.  Xie HZ, Li LL, Ren JX, et al (2009) Pharmacophore modeling study based on known Spleen 

tyrosine kinase inhibitors together with virtual screening for identifying novel inhibitors. Bioorg 

Med Chem Lett 19:1944–1949. https://doi.org/10.1016/J.BMCL.2009.02.049 

11.  Wang X, Guo J, Ning Z, Wu X (2018) Discovery of a Natural Syk Inhibitor from Chinese 

Medicine through a Docking-Based Virtual Screening and Biological Assay Study. Molecules 

2018, Vol 23, Page 3114 23:3114. https://doi.org/10.3390/MOLECULES23123114 

12.  Li BK, Cong Y, Yang XG, et al (2013) In silico prediction of spleen tyrosine kinase inhibitors 

using machine learning approaches and an optimized molecular descriptor subset generated by 

recursive feature elimination method. Comput Biol Med 43:395–404. 

https://doi.org/10.1016/J.COMPBIOMED.2013.01.015 

  

 


