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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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Figl. Optimization process of compound 32 (GLPG3970)
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Salt-inducible kinases (SIKs) SIK1, SIK2, and SIK3 are serine/threonine kinases that constitute a
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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 asTNFaThe 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. TNFaDual 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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Figure 2. Structures of selected small-molecule SIK inhibitors described in the literature and of GLPG3970 (32}.4’5'“_:“

Table 1. Reported SIK Inhibitory Activity of Compounds

from Figure 2

ICSI} or R:U l'I.N[

Compound SIK1 SIK2 SIK3
HG-9-91-01 (1)"° 250 67 430
ARN-3236 (2)>'%17 216 <1 6.6
YKL-05-099 (3)* 10 40 30
MRIAQ (4)"* 55 48 22
SK-124 (5)" 6.5 0.4 1.2
JRD-SIK1/2i-4 (6)™ 3.1 1.9 7
GLPG3312 (7)"* 2.0 0.7 0.6
GLPG3970 (32) 282.8 7.8 3.8
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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.

Table 2. Compounds in Cocrystal Structure and Early Structure—Activity Relationship
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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.
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sp|Q9Y2K2 | SIK3_HUMAN MAAARASGAGGAAGAGTGGAGPAGRLLPPPAPGSPAAPAAVSPAAGQPRPPAPASRGPMP 60
Sp|QYHOKL |SIK2_HUMAN === —m——mmmmmm e e MVMADGPRHLQORGP 14
SpIP5T059SIKL_HUMAN —~  —==——mm—mmmmm o e MV IMSEFSADPAGOGQGQQKP 21
*
sp|Q9Y2K2 | STK3_HUMAN ARIGYYEIDRTI( VKRATHLVTKAKY. DKTQLDEENLKKIFREVQIMKML 120
sp|Q9HOK1 | STK2 HUMAN VRVGFYDIEGTL( VKLGRHRITKTEV DKSQLDAVNLEKIYREVQIMKML 74
sp|P57059|SIK1 HUMAN LRVGFYDIERTLGKGNFAVVKLARERVTKTQV DKTRLDSSNLEKIYREVQLMKLL 81
*:ﬁ:*:k: *:*k*ﬁkik*k " * :lﬁ::ki***k*k::t* k*:*k:hi*i:**:i
sp|Q9Y2K2 | SIK3 HUMAN CHPHIIRLYQVMETERMIYLVTEYASGGEIFDHLVAHGRMAEKEARRKFKQIVTAVYFCH 180
sp|Q9HOKL | STK2_HUMAN DHPHITKLYQVMETKSMLYLVTEYAKNGE IFDY LANHGRLNESEARRKFWQILSAVDYCH 134
sp|P57059|SIK1_HUMAN NHPHIIKLYQVMETKDMLYIVTEFAKNGEMEDY LTSNGHLSENEARKKFWQILSAVEYCH 141
*****:**t****: t:t:i**:*-.i*:**:*‘ :*:: *.***:** *i::** :*i
sp|Q9Y2K2 | SIK3 HUMAN CRNIVHRDLKAZNLLLDANLNIKI FSNLFTPGQLLKTWCGSPPYARPELFEGKEYD 240
sp|Q9HOK1 | STK2 HUMAN GRKIVHRDLKAENLLLONNMNIKT FGNFFKSGELLATWCGSPPYAAPEVFEGQQYE 194
sp|P57059|SIK1_ HUMAN DHHIVHRDLKTENLLLOGNMDIKL )¢ -FGNFYKSGEPLSTWCGSPPYAAPEVFEGKEYE 201
::*t*tt*t:t*k**t t::*t:kt*t*'*::. k: * *ﬂ*x*tﬂ***t*:*tt::*:
sp|Q9Y2K2 | SIK3_HUMAN GPKVDIWSLGVVLYVLVCGALPEFDGSTLQNLRARVLSGKFRIPFFMSTECEHLIRHMLVL 300
sp|Q9HOK1 | SIK2 HUMAN GPQLDIWSMGVVLYVLVCGALPFDGPTLPILRQRVLEGRFRI PYFMSEDCEHLIRRMLVL 254
sp|P57059|SIK1_HUMAN GPQLDIWSLGVVLYVLVCGSLPFDGPNLPTLRQRVLEGRFRI PFFMSQDCESLIRRMLVY 261

I T * B T I I I

sp|Q9Y2K2 | SIK3_HUMAN
sp|Q9HOK1 | SIK2_HUMAN
sp|P57059|SIK1_HUMAN

DPNKRLSMEQICKHKW 316
DPSKRLTIAQIKEHKW 270
DPARRITIAQIRQHRW 277

Figure 3. Sequence alignment between the kinase domain of SIK3 (top), SIK2 (middle), and SIK1 (bottom). The residues that form the different
binding site regions are highlighted in different colors: P-loop in green, catalytic center in orange, hinge in red, bottom part in blue, and DFG motif

in yellow. Additionally, non-conserved residues in these regions are indicated in black bold, showing the high similarity between the binding sites of
isoforms.
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Figure 4. X-ray structure of SIK3 in complex with 8 (PDB: 80OKU). Non-conserved residues between SIK1, SIK2, and SIK3 that are located close
to the binding site are displayed in sticks.

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.

Table 3. Matched Pairs SAR on Bottom Part”

R1 ‘a?"’}‘:“"‘x »

_N
(LA ﬁ
7\ R

SN2

O hs
Compound R: R: Rs SiKi 'cé‘l’kgm sika | CYP TOI
11 o/\l Me -CHx-CF3 314 56.8 4.7 ND
12 K/N;’i CHF> | Cyclopropyl | 63.1 15.8 6.0 ND
13 F"x . Me | -CH>-CF3 169.2 | 22.7 3.2 Yes
14 - L N. . | CHFz | Cyclopropyl | 27.0 57 1.7 ND
15 SN Me | -CHs-CF; 699.8 | 35.5 10.9 ND
16 l"“‘“»/ CHF: | Cyclopropyl | 82.5 54 3.1 Yes

“Abbreviations: ND, not determined; TDI, time-dependent inhibition.

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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Table 4. SAR Exploration in Position 7 of the Imidazo[1,2-a]pyridine Scaffold®

R
oy
_1_. )'I
ot
Ii¢--NIH
b
|Csn, nM
Compound R SIKd SIK2 SIK3 CYP TDI
a
17 fl‘r:""-] 44,9 59 14 ND
N,
(’\.‘_/"'\.Hf'\-\]
18 LA 61,1 53 19 ND
i
19 1 16,8 2,6 1.7 ND
20 - 112.8 10.1 44 Yes
LY
0 Wy
21 \—’q{:i_ 10,0 26.4 1.5 ND
H
=M
22 M- 386 2.3 248 ND
H
o
23 4 N 2402 48,3 a6 ND
H
o t
24 S 183.7 54,8 14,1 ND
o
i
25 [T 79.7 14,1 4.2 Yes
o J
.
! 8=
26 o0 515 43 1.7 Mo
- O,
27 ryr B.1 1.6 0.8 Yes
e

“Abbreviations: NI, not determined; TD, time-dependent inhibition.

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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Table 5. Bottom Part Exploration with Ether Substitution in Position 7 of the Imidazo[1,2-a]pyridine Scaffold

SRRer.

1Csa, NM

Compound R SIK1 SIK2 SIK3 CLogP
N
28 ~0 i =2,633 1559 58.2 341
]
! E
CL:
29 K= K B66,7 113.8 56.8 36
° b
)
30 -—cﬁﬁn | =3, 763 2408 1164 34
+] \_\_\,F

31 -o% 1,639 52,2 1.7 33
b

32 o E N'-" 282.8 7.8 3.8 3.6

DLI"'(I'

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.

Thr142

Figure §. Representative frame from molecular d ics simulations of pound 32 (orange sticks) in SIK3 (shown in white ribbons and gray
carbons). The moroholine rine is facine Tvrl44. present in SIK3 and SIK2. H-bond interactions are hichlichted in vellow.
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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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Figure 6. Kinome tree of 32 at 1 uM.
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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.

Table 6. Activity of 32 in Target-Based and Phenotypic Cellular Assays

Target-Based Cellular Assays

Assay Model IC:5/EC;5 (nM)
NanoBRET assay (HEK293 cells) SIK1 =17,500
SIK2 254
SIK3 79
CRTC3 translocation assay (U208 cells) 1,703

Phenotypic Cellular and Whole Blood Assays

Assay Model Trigger/Time Cytokine Inhibition 1C,; (nM)“ Maximum Fold Change Increase of IL-10"
Human monocytes LP5/4 h THFa: 231 (."\jl 13.8 £ 1.9 (4)
Human monocytes LP5/20 h IL-12: 67 (5) ND
Human monocyte-derived macrophages LP5/20 h TNFur: 365 (6) ND
LP5/2 h ND 27 =04 (5)
Human whele blood LPS/2 h TMNFar: 1,000 (52) 5.83 + 032 (52)

“Number of replicates/donors for each readout indicated in parentheses. “Compared with LPS stimulation with no compound treatment at the

same time point. Abbreviations: I1L-12, interleukin-12; ND, not determined; U205, human bone osteosarcoma cells.

Compound 32 was able to induce the nuclear translocation of CRTC3 in U20S 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 inhibitedTNFaThe 1C50 values of IL-12 and I1L-12 were 231nM and 67nM,

respectively, in monocyte-derived macrophages, 32 inhibitingTNFaThe IC50 of the compound was 365nM,

and the production of IL-10 was promoted in a dose-dependent manner. TNFaThe 1C50 of inhibition was

1000nM, with a dose-dependent increase in IL-10.
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Figure 7. Representative graphs for inhibition of TNFa and induction of IL-10 by 32 in LPS-stimulated human monocytes (A), human monocyte-
differentiated macrophages (B}, and human whole blood (C). Data are represented as mean values of percentage of inhibition of TNFa and fold

change increase of IL-10 levels. Abbreviations: IL, interleukin; LPS, lipopolysaccharide; TNFa, tumor necrosis factor alpha.

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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Table 7. Pharmacokinetic Properties of 327

Strain

Doses (mg/kg)

CLs (L/h/kg)

CL, (L/h/kg)*

V,, (L/kg)

Half life, iv (h)
Halflife, po (h)
AUC, , iv (ng-h/mL)
AUC, ., po (ng-h/mL)
F (%)

Spedies

Mouse Rat Dog
CD1 Sprague—Dawley  Beagle
L iv/5 po 1 iv/5 po 1 iv/5 po
248" 1.89 (21) 0.767 (26)
557 7.64 1.57
1.51 2.82 (27) 189 (22)
0.555 142 (8.1) 428 (11)
1.28 (34) 361 (31) 4.63 (26)
402 759 (21) 897 (7.0)
1,380 (54) 2,120 (45) 1,840 (33)
68.7 55.9 41.0

“Mean values; % coefficient of variation indicated in parentheses.
By . . c . .
ssuming blood-to-plasma ratio equals 1. “Fraction unbound in
plasma is 0.445, 0.246, and 0.507 in mouse, rat, and dog, respectively.
Abbreviations: CL, blood clearance; CL,, unbound plasma clearance;
V.., apparent volume of distribution at steady state.

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. TNFaThe 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.

Plasma collection for exposure,
TNFa and IL-10 levels
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LPS + 32 (5 mg/kg po)
LPS + 32 (10 malkg po)
LPS + 32 (30 malkg po)
LPS + 32 (60 mg/kg po)

Figure 8. Plasma levels of TNFa and IL-10 after oral administration of 32 and in vivo LPS challenge in mice. (A) Study schematic illustrating
administration of 32 (n = 6 mice/group) followed by administration of LPS before collecting plasma for exposure of 32 and cytokine levels. Data
are presented as mean value levels of TNFa (B) and IL-10 (C) £ SEM for each group. Statistical analysis of plasma TNFa levels versus LPS +
vehicle was performed with a Kruskal—Wallis and Dunn’s post-test: *p < 0.05; ***p < 0.001. Statistical significance of plasma IL-10 levels was
calculated using ANOVA and Dunnett’s multiple comparison test: *¥*p < 0.001. Exposure—response curves for TNFa (D) and IL-10 (E) are
shown using mean values for concentrations (ng/mL) and cytokine levels (+SEM). Abbreviations: ANOVA, analysis of variance; IL-10,

interleukin-10.
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Table 8. Plasma Exposure of 32 and Levels of TNFa and IL-10 in LPS Challenge in Mice”

compound 32 dose Cph:nn at .75 h [:rl.M} THNFa [pgme) % inhibition TNFa vs LPS + wehicle

1 mg/kg po
3 mg/kg po
5 mg/kg po
10 mg/kg po
30 mg/kg po
60 mg/kg po

128 + 21
705 + 63
1,216 + 107
1,719 + 136
13,871 + 1,235
17,578 + 1,126

1,981 + 426
1,328 + 220
821 + 96
562 + 107
438 + 30
473+ 23

“Mean values with standard error of mean (SEM).

M +12
6} +6
TTx3
BS+3
88 +1

B7 + 1

IL-10 (pg/mL)

1,217 + 149
1,856 + 116
3,596 + 618
5814 + 767
9,198 + 997
14457 + 616

fold-induction IL-10 vs LPS + vehicle

1.3 £ 02
Jox02
38+ 07
6.2 + 0.8
9.8 + 1.1
153 £ 0.7

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.
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Figure 9. Activity of compound 32 in the D88-induced colitis model. (A) Schematic setup of the mouse D35-induced colitis model. {B) Activity of
32 on the AUC of DAL score {compaosite score of body weight loss, stool consistency, and fecal blood ). Diata are presented as mean values + SEM
{m = 10 mice/group ). Statistical analysis of Log(Y) AUC DAT data transformation without SHAM — vehicle gronp was calculated wsing cne-way
ANOVA and Dunnett’s post-test analysis vs 85 4% disease vehicle group: ."p < ODL; *p < 005; **p < 0.01; ***p < 0.001. (C) -'\"TE‘"'-'I af 32
on MCHI score {mouse colitis histology index, a compesite histological score of sight sabscores following the published methodology). Data are
presented 2s mean vahses + SEM (n = 10 mice/group ). Statistical analysis was performed with a one-way ANOVA without SHAM — vehicle group
and Dhmnett’s post hoc multiple comparison test vs D55 4% disease wehicle group: ‘".u < 0.001; *p < 005; **p « 0.01; ***p < 0001 (D)
Bepresentative images (scale 100 gm) of PAS-stained (and hematoaylin counter-stained) colonic tissues collected at study termination from each
treatment group: “SHAM — wehicle”™, “DES 4% disease — wehicle”, and “[)85 4% disease — compound 327 treated with 3, 10, and 30 mg/kg (hid.
pa). [E) Plasma exposure of compound 32 in the mouse D35-induced colitis model on day % (n = 2 or 3 mice/time paint between 0 and 6 h). The
carve of the second daily dose was extrapaolated and indicated by 2 dashed line for each groop. Abbreviations: ANOVA, analysis of warance; AUC,
area under the carve; D35, dextran sulfate sodium; DAL disease activity index; MCHI, mowse colitis histology index; PAS, periodic acid—Schif;
SEM, standard error of the mean.

In the drug interaction and in vitro safety test, compound 32 has an 1C50 of >33uM for CYP2C19 and
CYP2C9 in human liver microsomes, and an 1C50 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 1C50 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.
Table 9 . DDI and In Vitro Safety Properties of 32

CYP450: ICy (wM) in HLMs »33: 2C19, 2C9
>100: 3A4, 2D6, 1A2

CYP3A4 HLM-TDI midazolam/
testosterone: [Cgy (uM) initial, change

(fold shift) >33, no shift/>100, no shift
CYP3A4 mENA induction at 10 gM in <2-fold

hepatocytes: fold increase vs vehicle, % <20%

increase vs rifampici.n
hERG: IC:; (M) (manual patch clamp 153

assay)
Genotoxicity Ames/micronucleus +/— 59 Negative /negative

“Abbreviations: HLM, human liver microsome; TDI, time-dependent
inhibition.

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 inhibitTNFaThe 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 inhibitorsHere 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

Pharmacodia Global

CyberX- . ) .
J\\ CYBER Home ysAR CyberX-Discovery CyberX-Virtual Library Bustonibad

\) Pharmacodia Al Services

SIK2 Q Target @ Draw Structure

Target Keyword Search“SIK2"

SIK2 (Serine/threonine-protein kinase SIK2 | Homo sapiens)
SIK-1 (Serine/threonine-protein kinase SIK1 | Homo sapiens)
SIK-1 (Serine/threonine-protein kinase SIK1 | Mus musculus)
SIK-3 (Serine/threonine-protein kinase SIK3 | Homo sapiens)
SIP2-28 (Calcium and integrin-binding protein 1 | Homo sapiens)
CyberX-SAR B (

SIR2 (NAD-dependent histone deacetylase SIR2 | Saccharomyces cerevisiae S2...
SIR2 (NAD-dependent deacetylase sirtuin 2 | Homo sapiens)

SIR2 (NAD-dependent protein deacetylase sirtuin-2 | Rattus norvegicus)

SIR2 (NAD-dependent protein deacetylase sirtuin-2 | Mus musculus)

SIR2L3 (NAD-dependent deacetylase sirtuin 3 | Homo sapiens)

o 7 OTCOTS TSI SIS SPaTeS W
o //:\\\\\\/ bioactive compounds based on Cyber Al (- AiGomputation )
[N Al Computatio .
,—\\\\ )@ mined ta molecules and 2
W
\)® proprietary

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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CyberX-Discovery CyberX-Virtual Library Customized
y Real-base ound Services & |

CYBER Home

Pharmacodio Al

Al-d e P

Home > Target Overview > Target Detall

SIK2 : Serine/threonine-protein kinase SIK2 (Homo sapiens)

Structure Info Assay Data

Indication

ChemSpace 4.14%
Bioassay
SAR Doc
1) 95.86%

%5 Target Landscape

@ Pharmacology ([l ADME B Activity (@ AUC (@l Clb Clu @ F BB cso @ nH I <1
Assay Data 580 items = E Sort  Default Page Size
Hesperadin Preclinical GLPG-3970 Phase 2 Clinical GLPG-3970 Phase 2 Clinical

° )
® g

OH
8]
o on N
A HN \]J-'
NH N ] NJ
H
g / OH
0// ﬁo O s}
H N

AUC =402 ng*h/mL AUC = 759 ng”h/mL AUC = 897 ng™h/mL
mouse AUGO-es, Iv (ng-h/mL) Tma/kg rat AUCO—es, Iv (ng-h/mL) Tma/kg however, AUCO-e=, iv (ng-h/mL) Tma/kg
10.1021/jm8011036 & 10.1021/acs jmedchem. 3c02246 & 10.1021/acs.jmedchem. 3c02246 &
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GLPG-3870 Phase 2 Clinical

AUC = 1380 ng*h/mL

mouse AUCO—e=, po (ng-h/mL) 5mg/kg

GLPG-3970 Phase 2 Clinical

N
e
M, o~y
H

AUC = 1840 ng*h/mL
dog AUGCO—e=, po (ng-h/mL) Smg/kg

GLPG-3870 Phase 2 Clinical

H,N

/ \

HN

H,N o

AUC = 2120 ng"h/mL

rat AUCO-e2, po (ng-h/mL) 5mg/kg

3.Click on the molecular structure to see further information about the molecule of interest

Pharmacodia Global

CyberX-

EYBER SAR

Pharmacodia Al

Home

Home > Real Structure > Compound detail

Hesperadin

Name And Taxonomy
Scaffold Similarity
Bioisosteric Expansion
Assay Data

Bioassay

SAR Doc

KVIEW Structure Chart @ Structure Search

CyberX-Discovery

Name

Max Phase

Molecular Formula

Synonyms

Molecular

Weight(MW)

H Donors (HED)

H Acceptors (HBA)

LogP

Freely Rotatable

Bonds (FRB)

Polar surface area

(PSA)

CyberX-Virtual Library Customized .

Services # | En

Hesperadin
Preclinical
C29H32N4035
TCMDC-135395

516.67

5.37

90.54
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Target

Labelled Target

Predicted Target AUKBA/| [LTK| |ROS| |[FAKZ| |MELK| |[BRSK2| [FES| |AURKA| TYK2| AAPK1| [FAK1| |KS6A5| KS6A4| |AURKB

Representations

SDF &, Download £ Copy
Canonical SMILES CCS(=0)(=0)NcTeece2e(c1)/C(=Ci/NeTeec(CN3CCCCCa)ce)elcecen 1)C{=0)N2 & Copy
InChl=18/C29H32N4035/c1-2-37(35,36)32-24-15-16-26-25(19-24)27(29(34)31-26)28(22-9-5-3-6-10-22)30-23-13-11- 1 Copy
Standard InChl 21(12-14-23)20-33-17-7-4-8-18-33/n3,5-6,9-16,19,30,32H,2,4,7-8,17-18,20H2,1H3,(H,31,34)/028-27 -
Standard InChl Key GLDSKRNGVVYJAB-DQSJHHFOSA-N 1 Copy
Structural Alerts ~

® CMC Guidelines - Alert Structure Series Videos

O O O O
& d & 2
N ‘:;§,/m ’::},I\H N
H H H H
A T anad XN !
0 0 ] o]
o o H a0 > H o o _z H o o H

Alert Source: MLSMR Alert Source: MLSMR Alert Source: Dundee Alert Source: Dundee

Alert Name: Hetero_hetero Alert Name: Dye 25 Alert Name: stilbene Alert Name: Michael acceptor

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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C)’Sf?fgx' CyberX-Discovery CyberX-Virtual Library Customized

CYBER Home Services D # | En

Pharmacodia Al
Home > Real Structure > Gompound detail
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H
Structure Info O O N
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Scaffold Similarity \
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Real SNUCHUre | oos(0)(-0paT coo2e(e 1VGI=CfNe10oc(GNICOGG... | Capy Scaffold SIUCIUI® 6_¢1nezcceoc2/C1=CiNeTeedGNECCCGC)ee... | Gopy

SAR Doc

Scaffold Similarity Structure Similarity

Similarity : 100% Similarity : 95% Similarity : 94.12% Similarity : 93.83% Similarity : 92.86%
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Gompound Num. : 24 Compound Num. : 36 Compound Num. : 1 Compound Num. : 1 Compound Num. : 1

Login method
CyberSAR login URL on computer browserhttps://cyber.pharmacodia.com/#/homePage, welcome to try it out.

If you need further communication,

For a free trial, Contact Us on

Anil Ranadev Aravind Sachin Marihal Chetan S

+01 9742627845 +91 9619076286 +91 9538033363 +31 7022031061
anil_ranadev@saspinjaracom  aravind p@saspinjaracom  sacin.marihal@saspinjaracom  chetans@saspinjaracom
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