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CyberAnalysis of the molecular design and optimization of the SIK2/3 inhibitor 

GLPG3970 developed by Galapagos 

Salt-inducible kinases (SIKs) have three subtypes, SIK1, SIK2, and SIK3, and belong to the adenosine 

monophosphate-activated protein kinase (AMPK) family of serine/threonine kinases. They are ubiquitously 

expressed in humans. Under normal circumstances, SIK1 responds to high salt or adrenocorticotropic 

hormone stimulation to regulate adrenal cortical function, SIK2 participates in cell metabolism, controls 

insulin signaling and gluconeogenesis, and SIK3 coordinates with the mTOR complex to promote cancer. 

SIK inhibition represents a new therapeutic approach to regulate proinflammatory and immunomodulatory 

pathways and has the potential to treat inflammatory diseases. Galapagos disclosed the discovery and 

optimization process of the SIK2/3 dual inhibitor GLPG3970. Through high-throughput screening and 

structure-activity relationship studies, researchers discovered the SIK2/3 dual inhibitor GLPG3970 

(compound 32), which has SIK1 selectivity and improved CYP time-dependent inhibition properties. This 

article sorts out the design strategy and optimization route of compound 32 (GLPG3970), which can provide 

valuable experience for the structural optimization of similar projects. 

Pharmacodia CyberSAR system provides in-depth analysis of SIK2 target molecules. The system displays 

active molecules related to the target through clustered structure views and original structure views, and 

presents potential hits in the form of a timeline during the R&D stage. In addition, CyberSAR also provides 

visual analysis of indications and experimental designs to help R&D personnel quickly obtain target 

structure information and open up research ideas. Although CyberSAR has not been used in the initial 

development of molecules, it shows great application potential in analyzing and optimizing drug molecules. 
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Fig1. Optimization process of compound 32 (GLPG3970) 

 

Salt-inducible kinases (SIKs) SIK1, SIK2, and SIK3 are serine/threonine kinases that constitute a subfamily 

of the AMP-activated protein kinase (AMPK) family of protein kinases. Inhibition of SIKs in stimulated 

innate immune cells and mouse models is associated with a dual mechanism of action, including a reduction 

in proinflammatory cytokines and an increase in immunomodulatory cytokine production, suggesting its 

potential for treating inflammatory diseases. 

SIKs control the regulation of macrophage polarization. Pharmacological inhibition of SIKs can induce a 

macrophage phenotype characterized by the secretion of high levels of anti-inflammatory cytokines such as 

interleukin-10 and very low levels of pro-inflammatory cytokines such asTNFαThe researchers found that 

inhibition of SIK2 and SIK3 during macrophage differentiation greatly enhanced IL-10 production 

compared with inhibition in mature macrophages, highlighting the indispensable role of SIK2 and SIK3 in 

innate immunity. 

Recently, JMC reported that Galapagos discovered a SIK2/3 dual inhibitor GLPG3970 (compound 32) with 

SIK1 selectivity through high-throughput screening and structure-activity relationship studies, which 

improved the CYP time-dependent inhibition properties and was effective in regulating pro-inflammatory 
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cytokines.TNFαDual activity with respect to the immunomodulatory cytokine IL-10 was demonstrated in 

vitro in human primary bone marrow cells and human whole blood and in vivo in mice stimulated with 

lipopolysaccharide, and showed dose-dependent activity in disease-relevant mouse pharmacological models. 

The design and optimization process is summarized as follows: 

Hit Discovery: 

Compared with SIK full inhibitors, SIK2/3 dual inhibitors can achieve better safety and reduce 

cardiovascular side effects by improving the selectivity for SIK1 while maintaining ideal activity on the 

immune system. There have been some reports of SIK kinase inhibitors in the literature, such as Fig.2and 

Table 1, but improving the selectivity for other kinases and SIK isoforms becomes the key to developing 

new SIK inhibitors. 
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Through high-throughput screening, the researchers discovered that the 4-(5-substituted 

benzimidazole)benzoyl structure has SIK kinase inhibitory activity and obtained the co-crystal structure of 

compound 8 and SIK3. 

 

Sequence analysis of the three subtypes of SIK showed that there was a high degree of similarity between 

the three subtypes, with only five non-conserved amino acid residues in the ATP binding site. The 

researchers used molecular simulation to predict the effects of different residues on SIK selectivity.  



6/19 

 

 

 

Previous structure-activity relationship studies have shown that alkylpyridine The methoxy groups on the 

azole and benzene rings are crucial for maintaining high SIK activity. The amino acid residues near the 

dimethoxybenzamide group of compound 8 are very similar in different isoforms.PyrazoleThe surrounding 

amino acid residues differ between SIK isoforms. Therefore, the researchers hypothesized that introducing 

different substituents at the 5-position of benzimidazole would improve selectivity for 

SIK1.PyrazoleCompound 10 was obtained by replacing it with the non-aromatic group morpholine. 

Although the SIK inhibitory activity was reduced by 25 times, it showed a certain selectivity for SIK1 and 

was further developed and optimized as a Hit compound. 
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SARexplore: 

Based on the structure of compound 10, the researchers optimized the structure by skeleton transition, 

replacement of the morpholine functional group and modification of the benzamide group to improve the 

inhibitory activity of SIK and the selectivity of SIK1. 

Among them, compound 10 obtained the imidazopyridine compound 11 through skeleton transition, and the 

inhibitory activity of SIK2/3 and the selectivity of SIK1 were improved. The structure of the bottom of the 

molecule was optimized, and one of the methoxy groups was replaced by difluoromethoxy, and the 

trifluoroethyl was replaced by cyclopropyl to obtain compound 12, which further improved the activity 

against SIK2 and SIK1. The morpholine of compounds 11 and 12 was replaced by other amino groups, such 

as difluoroazetidinyl and N-methylpiperazine, showing enhanced SIK2 inhibitory activity. The activity was 

better after the bottom of the molecule was transformed into difluoromethoxy and cyclopropyl substitutions. 

However, compound 16 was terminated due to positive results in the CYP TDI test. 

 

The methyl group on the piperazine ring of compound 16 was replaced by acetyl (17) and hydroxyethyl (18), 

and the kinase inhibitory activity was comparable. When the amine was replaced by a 

dimethylamino-substituted piperidine, the SIK2/3 inhibitory activity was maintained, but the SIK1 

selectivity was reduced. When the piperidine was replaced by an azetidine, the SIK1 selectivity was 

maintained, indicating that this site was crucial for SIK1 selectivity. For example, compounds 21 and 22 did 

not show SIK1 selectivity, while compounds 23 and 24 were able to maintain SIK1 selectivity, but SIK2 

activity was reduced. 
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Replacing the amino substituent with a 2-morpholinoethyl substituted amino group can show strong SIK2/3 

activity and certain SIK1 selectivity. Compound 26 obtained by replacing the nitrogen atom in the linker 

with oxygen shows nanomolar SIK2/3 inhibitory activity and 10-fold/30-fold SIK1 selectivity. If 

morpholine is replaced with tetrahydrofuran, the SIK1 selectivity is reduced. 

Considering the performance of compounds 25, 26 and 27 in the CYP TDI test, the researchers modified the 

benzamide group based on the structure of compound 26. Replacing the benzene ring with a pyridine ring 

(compounds 28-30) was not conducive to activity, and the meta position of the benzene ring of compound 

26 was annulated with an amide to form a cyclic lactam to obtain compound 31, which has good kinase 

inhibitory activity and SIK1 selectivity, while the cyclopropyl group of compound 31 was replaced by a 

trifluoroethyl group to obtain compound 32 (GLPG3920), which showed nanomolar SIK2/3 inhibitory 

activity and 36-fold/74-fold SIK1 selectivity, and was negative in the CYP TDI test. 
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Combined with the results of molecular simulation, compound 32 binds to the ATP site, similar to the active 

conformation of compound 8, and can be classified as a type 1 kinase inhibitor. The morpholine ring of 

compound 32 forms a hydrogen bond interaction with Tyr144, which does not exist in SIK1, explaining the 

reason for the selectivity. 
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Fig6. Optimization process of compound 32 (GLPG3920) 

Biological activity test: 

Compound 32 was screened for enzyme inhibitory activity against 372 kinases at a drug concentration of 

1uM. Except for SIKs, the compound only showed more than 50% inhibitory activity against 3 kinases, 

namely RIPK2, ABL1 and MKNK2, with IC50 of 78.4nM, 1095nM, and 1074nM, respectively. It showed 

about 10-fold/20-fold selectivity against RIPK2. Because RIPK2 has been used as a target for drug 

development for inflammatory diseases, the researchers no longer considered the impact of RIPK2. 
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Compound 32 showed IC50 of more than 17500nM, 254nM and 79nM for SIK1/2/3, respectively, in the 

NanoBRET binding assay of HEK293 cells, confirming at the cellular level that the compound has potent 

SIK2/3 binding activity and SIK1 selectivity. 

 

Compound 32 was able to induce the nuclear translocation of CRTC3 in U2OS cells in a dose-dependent 

manner with an EC50 of 1703 nM. Its anti-inflammatory and immunomodulatory activities were detected 

using human primary myeloid cells and whole blood stimulated with LPS. In monocytes stimulated with 

LPS, 32 inhibitedTNFαThe IC50 values of IL-12 and IL-12 were 231nM and 67nM, respectively, in 

monocyte-derived macrophages, 32 inhibitingTNFαThe IC50 of the compound was 365nM, and the 

production of IL-10 was promoted in a dose-dependent manner.TNFαThe IC50 of inhibition was 1000nM, 

with a dose-dependent increase in IL-10. 

 

The researchers evaluated the pharmacokinetic properties of compound 32 using male mouse, rat and dog 

models, and administered it intravenously and orally at doses of 1 mg/kg and 5 mg/kg, respectively. In the 

CD1 mouse model, SD rats and beagle dogs administered intravenously after intravenous administration, 

compound 32 showed moderate total plasma clearance and low unbound plasma clearance, large 

steady-state tissue distribution, but the terminal half-life showed differences, with short, moderate and long 

terminal half-lives, respectively. The absolute oral bioavailability of the CD1 mouse model, SD rats and 

beagle dogs administered orally (5 mg/kg dose) after intravenous administration was 68.7%, 55.9% and 

41.0%, respectively. 
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In the in vivo activity test of LPS-stimulated mouse model, compound 32 showed significant effects on the 

cytotoxicity of 10, 30 and 60 mg/kg of 1-hydroxy-1-hydroxy-2-nitropropene.TNFαThe release of IL-10 was 

significantly inhibited in a dose-dependent manner (>85%), with an IC50 of 705nM. At the same time, 

compound 32 showed a dose-dependent promoting effect on the production of IL-10 (>3 times) at a dose of 

3mg/kg or more. 
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In the DSS-induced colitis mouse model, oral administration of compound 32 twice daily (at doses of 3, 10, 

and 30 mg/kg, respectively) significantly reduced the AUC of DAI scores and the histological endpoints 

recorded by MCHI in a dose-dependent manner. Oral administration of compound 32 twice daily (at doses 

of 10 and 30 mg/kg, respectively) significantly inhibited goblet cell loss, reduced inflammatory infiltration, 

reduced crypt density, and reduced mucosal erosion. 

 

In the drug interaction and in vitro safety test, compound 32 has an IC50 of >33uM for CYP2C19 and 

CYP2C9 in human liver microsomes, and an IC50 of >100uM for CYP3A4, CYP2D6 and CYP1A2. 

Combined with previous studies, compound 32 was negative in the CYP3A4 TDI test, and did not show 

obvious induction of CYP3A4 mRNA in human primary hepatocytes. The IC50 for hERG ion channel was 
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15.3uM, and it was also negative in the in vitro genotoxicity test, indicating that compound 32 is suitable for 

further development as a clinical drug candidate. 

 

In conclusion: 

Based on the structural differences between different SIK subtypes provided by the lead compounds and 

cocrystal structure information discovered earlier, the researchers optimized the structure, changed the 

amine substituents, enhanced SIK activity and SIK1 selectivity, and introduced an oxygen-containing linker 

to improve the properties of CYP TDI. At the same time, the researchers significantly improved the activity 

and selectivity by modifying the skeleton and cyclizing the benzamide to a lactam ring, and obtained the 

compound GLPG3970 (32), a potent SIK2/3 dual inhibitor that exhibits high selectivity for SIK1 and other 

kinases. In vitro experiments showed that compound 32 was able to inhibitTNFαThe production of IL-10 

and the release of IL-10 play an immunomodulatory role, which was confirmed by in vivo LPS-stimulated 

mouse experiments. Compound 32 showed good effects in the DSS rat colitis model, indicating that SIK1 

inhibition is not important for the immunomodulation and activity of the IBD model. In summary, 

compound 32 exhibits good pharmacokinetics, ADMET and in vitro safety, supporting its further 

development. 

Source: doi.org/10.1021/acs.jmedchem.3c02246 
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+++++++++++++++++++++++++++++++++++++++++++++++++ +++++++++++++ 

The Pharmacodia-cyber platform integrates drug design ideas and mines active structures reported in 

literature and patents. Through the cyber platform, researchers can quickly and easily obtain target structures 

of interest to develop new ideas.SIK2 inhibitors.  

Here are some examples: 

1. Enter the CyberSAR homepage, in the target drop-down list, enter "SIK2”, select “Associate”SIK2Search 

for "Homo sapiens"SIK2Related target information 

 

2.Select the "Experimental Data" option in the target interface to display the molecules with SIK2-related 

experimental test activity in the literature and patents included in the CyberSAR platform. 
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3.Click on the molecular structure to see further information about the molecule of interest 
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4． Clicking the "Skeleton Similarity" tab can further provide derivative types of the structure, which can be 

downloaded for further molecular evaluation or explore variation by chemists experience 
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Login method 

CyberSAR login URL on computer browser https://cyber.pharmacodia.com/#/homePage, welcome to try it 

out. 

If you need further communication,  
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