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N Protein Kinases

...2% of eukaryotic genes and more than 500
protein kinases are predicted based on the

human genome sequencing...

...Up to 30% of all human proteins may be modified
by kinase activity, and kinases are known to regulate

the majority of cellular pathways, especially those

involved in signal transduction...

https://www.youtube.com/watch?v=L61Gp_d7evo

Shen et al., Biochim. Biophys. Acta, 2005, 1754, 65-78; Manning et al, Science, 2002, 298, 1912-1934;
Wang, Zorn, Kuriyan. Methods Enzymol, 2014, 548, 23-67; Modi & Dunbrack Jr. Proc. Natl. Acad. Sci. USA, 2019, 116, 6818-6827. 2



Regulation of cell signaling by Protein GOF

GRUP DE QUIMICA

Kinases through phosphorylation

Nobel Prize in Physiology or Medicine (1992)
"for their discoveries concerning reversible protein phosphorylation
as a biological regulatory mechanism®
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https://www.nobelprize.org/prizes/medicine/1992/summary/; Manning et al, Science, 2002, 298, 1912-1934. 3
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GRUP DE QUIMICA
FARMACEUTICA

Protein kinase active site

Structure of a typical protein kinase domain
displaying ATP binding site and conserved
elements around it

Wang, Zorn, Kuriyan. Methods Enzymol, 2014, 548, 23-67; Modi & Dunbrack Jr. Proc. Natl. Acad. Sci. USA, 2019, 116, 6818-6827; Dar & Shokat, Annu. Rev. Biochem., 2011, 80, 769-795 4
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https://www.youtube.com/watch?v=WQUG2i8XFWE 5



IQS Timeline: Key events in the development GOF

N

e L] L L] e |
of protein kinase inhibitors AN TR
CH;
PDO805Y is shown to reverse the /©/
phenotype of RAS-transformed cell lines by HN Imatinib (BCR-ABL inhibitor)
preventing the activation of MKK1 by RAF. _CHs
‘ | o |/\N
Src kinase The first nanomolar inhibitors of receptor N\)
———— Pharmaceutical protein tyrosine kinases are developed.
The first oncogene § | Isoquinoline companies start to I Gleevec (CGP57148, STI- Gleevec is approved
isshowntobea sulphonamides are shown | | develop inhibitors of Cytokine-synthesis anti-inflammatory drugs | | 571) enters human clinical for clinical use in the
protein kinase. to inhibit protein kinases. protein tyrosine kinases. | | are shown to inhibit p38 MAPK. trials for the treatment of CML. | | United States.

Tumour-promoting Staurosporine is shown Three-dimensional structure of the first § | The first protein-kinase inhibitor | | Rapamycin is approved
phorbol esters are to be a nanomolar protein kinase is determined (PKA). (fasudil, HA1077) is approved for clinical use as an
shown to activate PKC. inhibitor of PKC. in Japan for the treatment of immunosuppressant in
The immunosuppressant cyclosporinis | | cerebral vasospasm. the United States.
shown to inhibit a protein phosphatase
(PP2B).

|
The immunosuppressant rapamycin is
shown to inhibit a protein kinase (Tor).

CML, chronic myelogenous leukaemia; EGF, epidermal growth factor; MAPK, mitogen-activated protein kinase; MKK1, mitogen-activated protein kinase kinase 1;
PKA, protein kinase A; PKC, protein kinase C; Tor, target of rapamycin.

Cohen, Nat. Rev. Drug Discov., 2002, 1, 309-315. 6
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nilotinib

- nDFG_inn/ | "DFG_out"' Phe \

& Type | kinase inhibitor Type Il kinase inhibitor Asp
Asp (active conformation of the kinase) (inactive conformation of the kinase)

Gly
Phe
Wang, Zorn, Kuriyan. Methods Enzymol, 2014, 548, 23-67; Serafim et al. J. Med. Chem., 2022, 65, 1132-1170. 7



|QS Types of Kinase Inhibitors: Allosteric GOF
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SH3
domain

—~\_/ Novartis receives FDA Breakthrough
< AN " Therapy designations for

=, » investigational STAMP inhibitor
SH2 domain,, %) w A asciminib (ABLOO1) in chronic
). - myeloid leukemia

HO

P

>3,
- nilotinib

Asciminib

Myristoyl
group

Abelson leukemia virus tyrosine kinase (c-Abl)

Nagar et al. Cell, 2003, 112, 859-871; Wylie et al, Nature 2017,543, 733-737; Schoepfer et al. J. Med. Chem. 2018, 61, 8120-8135; https://www.novartis.com/news/media-releases/novartis-
receives-fda-breakthrough-therapy-designations-investigational-stamp-inhibitor-asciminib-abl001-chronic-myeloid-leukemia



1IQS Types of Kinase Inhibitors: Covalent GOF
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- kon (k1) mact (kz)
General two-step mechanism of irreversible- “o koﬂ(k ) . krev(k )

and reversible-covalent protein binding E

UNIVERSITAT RAMON LLULL

Afatinib
(EGFR inhibitor)
-non-small cell lung cancer

Aactivation loop

{A-loop)

Location of cysteine residues in close
proximity to the kinase active site.

I S

[

i\

Crystal structure of wild-type EGFR in complex with afatinib

Chaikuad et al., Angew. Chem. Int. Ed., 2018, 57, 4372-4385; Solca et al., J. Pharmacol. Exp. Ther., 2012, 343, 342-350; Hillebrand et al. J. Med. Chem. 2024, 67, 10, 7668—-7758 9



IS Protein kinases are important GOF
therapeutic targets of drugs

There are 88 FDA-approved small
molecule protein kinase inhibitors (May 2025)

- Oncology

- Immune system

- Inflammation

- Degenerative disease

Roskoski Jr. Pharmacol. Res., 2025, 107723; http://www.brimr.org/PKl/PKls.htm 10
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Edwards et al., Nature, 2011, 470, 163-165




I0S Unexplored Kinome is an Opportunity GOF

...to address unmet medical needs in cancer, metabolism, inflammation and other diseases. GRUP DE QUIMICA
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“Dark Side of the Kinome”
L * ~50 % of the kinome is still considered as chemically under or unexplored,

_: . \ & meaning a lack of elaborate drug discovery activity or having only very
'“ —~ N\ A promiscuous and poorly characterized ligands.
| S L4 ) ' ® ., :;
N o® - o . .
*%ee " = : * Only 25% of the kinome is covered by the currently approved PKls.
e 3
“ .. .~ " .. .}.. X
% o, ®¢ " - ljterature shows a strong genetic links of many other kinases to diseases.

 Wide avenue for medicinal chemistry and chemical biology exploration in

= ¢ s, 3 the kinase field (potential new drug targets).
s S . o? i } VopBen et al. J. Med. Chem. 2024, 67, 19, 17919-17928; Koch, S.; Bajorath, J. RSC Med. Chem. 2025, 10.1039.D5MD00306G

...Chemical probes for target (in)validation of protein kinases are needed!!!

& ' Attwood et al. Nat. Rev. Drug Discov., 2021, 20, 839-861; Axtman Biochim Biophys Acta Gen Subj., 2021, 130014; 12
@ ¢ i Serafim et al. J. Med. Chem., 2022, 65, 1132-1170.



FARMACEUTICA

|QS Chemical Probes and Target Validation GQF

Function and role in disease understood
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Protein annotation inequality impedes biomedical progress
13

Kustatscher. Nat. Methods, 2022, 19, 774-779.
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What is a Chemical Probe???

@ Whyisitsouseful??? (&)

©

14



IQS Chemical Probe GQF

GRUP DE QUIMICA

UNIVERSITAT RAMON LLULL FARMACEUTICA

...is defined as a highly selective small-molecule modulator of a protein’s function that allows
the user to answers mechanistic and phenotypic questions about its molecular target...

It is used to interrogate and establish possible correlations between specific chemical target
modulation and the resulting phenotype (biological tractability) in a relevant biological system.

A High-Quality Chemical Probe must meet the following criteria:

* Biochemical Potency: <100 nM (at the K, of ATP)

e Cellular target engagement: <1 uM

e Selectivity: >30-fold versus a broad panel of kinases (with exception of closely related paralogues)
* Negative control: >100-fold weaker on kinase target

* Freely available

Arroswsmith et al., Nat Chem Biol, 2015, 11, 536-541; Serafim et al. J. Med. Chem., 2022, 65, 1132-1170; Serafim et al. Curr. Res. Chem. Biol. 2023, 3, 100040;
Hartung et al. J. Med. Chem. 2023, 66, 14, 9297-9312; Serafim & Gehringer ACS Pharmacol. Transl. Sci. 2025, 8, 8, 2401-2414 15



|QS Chemical Probes as powerfull and valuable GQF
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tools in drug discovery

) ...chemical probes comprise the most impactful of all classes of
Chemical probes to biomedical reagents, as judged by citations and usage.

inform target selection

...open access to high-quality chemical probes
can inform initial target selection.

Biological Target
Function - (in)Validation

» Gf

Arroswsmith et al., Nat Chem Biol, 2015, 11, 536-541; Serafim et al. J. Med. Chem., 2022, 65, 1132-1170; Serafim et al. Curr. Res. Chem. Biol. 2023, 3, 100040;
Hartung et al. J. Med. Chem. 2023, 66, 14, 9297-9312; Serafim & Gehringer ACS Pharmacol. Transl. Sci. 2025, 8, 8, 2401-2414 16

Chemical Probes for
Protein Kmases -




|QS High-Quality Chemical Probes used GOF
Fe— for Target Validation of Protein Kinases AR

SGC-AAKL-1 f AAK1 and BIKE/BMP2K

\| ! Lexmon
H O \N ”.‘l”
SN N H AAK1: K, = 9.1 nM

jharma
oo O AAK1: IC., = 240 nM (nanoBRET)
BIKE: K;=17 nM
s . Atypical

Lexicon Pharmaceuticals Announces Topline Results from Phase 2b

PROGRESS Study Evaluating Pilavapadin (LX9211) in Adults with Diabetic
Peripheral Neuropathic Pain

March 3, 2025

Filgvapadin achieved meaningful pain reduction versus placebo and was wel-folerated i the 10 mg dose, meeting the Company's
objectives for the study

AAK1. BMP2K @
P

Pilavapadin/LX9211 (Lexicon)
Clinical phase 2b
Diabetic Peripheral Neuropathic Pain

PDB code: 5130
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at 1 pM concentration and tested against :
over 400 wild-type human kinases I
1

Agajanian et al., Cell Rep., 2019, 26, 79-93; Wells et al., ACS Med. Chem. Lett., 2020, 11, 340-345; Luo et al., J. Med. Chem. 2022, 65, 6, 4457-4480; 17

https://investors.lexpharma.com/news-releases/news-release-details/lexicon-pharmaceuticals-announces-topline-results-phase-2b



|QS High-Quality Chemical Probes used GOF

e for Target Validation of Protein Kin ases
YAV SE S R

H I N

Identified by DEL screening (~7.7 billion cmpds) R I P K 1 (\/[ 2 /\/©
‘NH
@ Q m RIPK1: 1G5 = 1.3 nM

GSKA481 U937 cell: IC;, = 10 nM Eclltasertlb/SAR443122 (Sanofi)

Clinical phase 2
Moderate to Severe Ulcerative Colitis

https://clinicaltrials.gov/study/NCT05588843

G

GSKO095 (GlaxoSmithKline)
Clinical phase 1/2 — discontinued

Pancreatic ductal adenocarcinoma
https://www.clinicaltrials.gov/study/NCT03681951
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Remarkable selectivity: no off-targets :
at 10 pM in two large kinase assay panels PDB code: 5HX6 :
(318 kinases and 456 kinases) !

Harris et al. J. Med. Chem. 2016, 59, 5, 2163—-2178; Harris et al. J. Med. Chem. 2017, 60, 4, 1247-1261 18
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for Target (In)validation of Protein Kinases  “&s

SGC-CK2-1
new probe ...Is exquisitely selective CK 2
ANH for CK2a and CK2a’ at 1 uM

1IQS High-Quality Chemical Probes used GOF

...unlike many previous studies demonstrated, selective CK2 inhibition was not able

to generate broadly antiproliferative effect...

...Of the 140 cancer cell lines tested, SGC-CK2-1 only inhibited cell

COESEC D
oarks | ks ] pis | cus proliferation below 500 nM in one cell line (U-937)...
€2
']" ...binds 28 human
N kinases at 1 uM Maybe CK2 is not really important in oncology, but now, using

this chemical probe, this kinase could be better

AN
|
RN AN J RN
, O\(L\;\VTI /k '/J\m investigated in other fields!!!
H

N\
N

Silmitasertib

old probe
Licciardello & Workman. Trends Pharmacol. Sci., 2021, 42, 313-315; Wells et al., Cell Chem. Biol. 2021, 28, 546-558 19



(@S High-Quality Chemical Probes used GOF

- for Target (In)validation of Protein Kinases %
] ; CITK
...There are many in vivo and in vitro genetic studies suggesting CITK inhibition as a
HN HN
promising strategy for the treatment of different kinds of cancers...
NH, NH;
HelLa Viability Assay 164h
) [ | - Hela cells did not demonstrate antiproliferative effect
A S\ TN i X
| P N. 3 o - No effect below 1 uM in a panel of 60 different tumor cell
N N N gao- lines.
H H £ "
C3TD879 C3TD879-N 2w fatintin
(Probe) (Negative control) F @ Steurceporiie Structural features of CITK other than its
In a panel of 373 human kinases and follow- _:g: e catalytic function may play a more important
up biochemical dose-response assays, PP cstcomponaon role in cancer cell growth!!!

only 2 off-targets with ICy, <1 uM.

Maw et al. J. Med. Chem. 2024, 67, 2631-2666; Serafim & Gehringer ACS Pharmacol. Transl. Sci. 2025, 8, 8, 2401-2414.

20
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Years * Pr E bes.org

https://www.chemicalprobes.org/

"ea‘“"o@ ABOUT A  BROWSE A  INFORMATION CENTRE A  NEWS RESOURCES A  SERF susmit Q| SILOGIN
Prisibes.org

< Information about Rating System >

Increasing the quality and robustness of
biomedical research using chemical probes.

INFORMATION CENTRE | susmirproBes SERP TEAM

COMPOUNDS TARGETS 21



IOS opnMe is an Open Innovation portal providing access to the GQF

Boehringer Ingelheim molecule library for sharing and

. collaboration to benefit drug discove
m Boehringer J Y
1]

Ingelheim https://www.opnme.com/

%2 bv
opnlMe Boehringer Ingelheim

Discoverus v Order Molecules » Collaborate withus ~ PostDoc Grants

Free online seminar , bitor targeting the ) REGISTER TODAY -3
September 25 ' i

\We are
open science

opnMe® is the open science portal of
Boehringer Ingelheim.

Foster your research with free molecules, get research funding for
collaborative proposals, and join us as PostDoc talent. 22




IQ The Probe Miner: Objective Assessment of Chemical Probes is a community GQF
resource for the evaluation of chemical probes based on large-scale, GRUP DE QUIMICA
publicly available, medicinal chemistry data.

om0 https://probeminer.icr.ac.uk/#/

.@ Probe Miner A HOME ABOUT TUTORIAL DCWNLOAD LIMITATIONS FAQ CONTACT

Chemical Probes Objective Assessment Resource

@ 2]

Q Search targets & setect from st

Search targets (example: PARP1, PIK3CA) Q

*required field

\. i
o P \/:N ~
I C R The Institute of rowereaty o spring - ==
Cancer Research % @ N-.;% ACCIO [ Governe o coshryn
_ % @ ,( CANCER Y
canSAR %  RESEARCH 23



N Vaccinia-related kinases 1 and 2 GQF
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(VRK1 and VRK2)

- VRK1 is overexpressed in various solid tumors and has been linked to a

poor prognosis in patients with breast cancer and glioma.

* implicated in the DNA damage response and genome instability

(phosphorylation of p53 and H2AX)

- VRK2 biological role is less clear, but studies has also been demonstrated

to phosphorylate p53 and its apoptosis downregulation effect.

Ben et al. Pathol. - Res. Pract. 2018, 214, 112-118; Fournier et al. Cancer Res. 2006, 66, 7095-7102; Valbuena et al. Cell. Signal. 2011, 23, 1267, 24
Salzano et al., Epigenetics 2015, 10, 373; Monsalve et al., Cell Death Dis. 2013, 4, e513.



1IQS Screening of chemical libraries GOF
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; BI-D1870
The first X-ray crystal of a Promiscuous p90 RSK inhibitor
VRKl/lIgand CompleX!!! (PDB: 5 UVF) Couiago et al. Sci. Rep., 2017, 7, 7501 25



IQS Optimization of the dihydropteridinone scaffold (GQF
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\ _
| Os N XN OH R2 propargyl! group directed into the
O N XN OH T j|\/\/)\ space between the hinge region and
v N N N F
. H

the kinase P-Loop.
E N N F Cmpd 2 B
1 VRK1 K; = 31.5 nM

,,,,,

VRK1 : 2 (PDB ID 6CNX)

|
\

j F D VRK1 : 2 (PDB ID 6CNX)
O N Ay /©:OH
|

iN N/)\N F

H

BI-D1870

>40 cmpds synthesized
and

9 X-ray co-crystal structures

Gama et al. J. Med. Chem. 2024, 67, 11, 8609-8629 26
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Optimization of the dihydropteridinone scaffold (GQF

VN
R4
TN
sUew
AN /
N~ N Y
H N
BI-D1870

g

&

QO

Aided by an in silico approach we replaced the difluorophenol

A CFARMACEUTICA
Canonical binding mode of BI-D1873
and VRK1 (PDB: 5UVF) O N~
| N Cmpd 24
Gatekeeper ) /)\

M121) _ aC CTSNTN / VRK1 K, = 17.9 nM

Hinge region 4

I~

“"‘ |

P-Loop ’

R133 _

S136

P-Loop
...presence of a structural water mediating
extensive hydrogen bond...

moiety 5,000 different commercially available R3 moieties...

Gama et al. J. Med. Chem. 2024, 67, 11, 8609-8629 27



Cmpd 36 has improved selectivity profile
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Kinome-wide Selectivity Profile for Selected VRK1 Inhibitors

Entry S

BI-D1870 1 0.114
OIA ‘\iﬁm 2 0.163
NiN o 3 0.028
v 0.031

8 0.044

11 0.075

N on 23 0.125
pesSes 24 0.119
Z 35 0.025
36 0.024

38 0.032

39 0.038

“Defined as the fraction of kinases tested having <50% residual
activity.

1.0 uM across 320 human kinases (ProQinase)

GQF
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/
N
0 F

—_—

7/

Cmpd 36

OH VRK1 K, =37.9 nM
VRK2 IC., = >3.5 uM*

F *accurate K, determination not possible

Residual
activity:
® >50% N & \
@ <50% & R\ 3 TKL
} STE /
%
2.0 & /-u% CK1; (K, = 8.3 nM)
CHRe &“3 SN _o 2 o 8 o CKI1 (K =7.5nM)
P ~9, CK1, CK1
g o CK1
¥eah Vo Nt g _
B g & 37 VRK1 (K =37.9nM)
%Ooé ogo /% 2 Q 7/<-r-‘
€ e NS
Atyppal Protein © > ” Ad \ ‘ o
Kinases 095’f” ';,N‘. ‘ \ A
S i 7 VRN ROCK2 (K, = 850 nM)
o) j & N
Brd == § \Q
PDHK ’T, CAMK Qﬁ E
P:g - . RSK4 (K, = 1.3 uM)
= RSK2 (K = 1.4 uM)

Gama et al. J. Med. Chem. 2024, 67, 11, 8609-8629 28



IQS Cmpd 36 engages with VRK1 Nl CmPd3e GQF
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in live, intact human cells OINJ\AN J@EOH FARMACEUTICA
S

Ligand binding-induced
luminescence in HEK293 cells

UNIVERSITAT RAMON LLULL

A Split VRK1 strategy B
4000

3500
N-VRK1 C-VRK1
(1-64) (65-364)
2500
‘ _ O 2000
Ligand _ 1500
N-Luc C-Luc 1000
500
Luminescence 0

Split Kinase Lyn VRKA1 VRK1 none

Split kinase/split luciferase Challenge Dasatinib 36 VRK-N DMSO
complementation strategy for VRK1

cellular target engagement in live cell

w
o
o
o

Luminescence (RLU)

Light emission by HEK293 cells cotransfected with plasmids encoding N and C-terminal
VRK1/Luciferase fragments and treated with 36, VRK-N (negative control) or dasatinib
(positive control). Compounds were added at 30 uM final concentration.

Gama et al. J. Med. Chem. 2024, 67, 11, 8609-8629 29



IQS Cmpd 36 has improved in vitro PK properties compared to BI-D1870 GQF

FC.F QUIMICA

BI-D1870 Cmpd 36 A ACEUTICA
Aqueous kinetic solubility (uM)  <1.6 31.0+19.1 N\O Cmpd 36 no significant inhibition in

cytochrome P450 isoforms

F
O~__N N OH
Metabolic stability in liver J\i f/)\ (1A2, 2C9, 2C19, 2D6, and 3A)
' ITI N H F at 10 uM.

human microsomes (t, , min) 32.2+6.1 > 145

Cmpd 36 triggered cell cycle arrest and genoma instability

RPE1 p53+'+ RPE1 p53+l+
bl mock (DMSO) 6 (6 uM)
® 08 P Rpr— DAP! PCNT DAPI PCNT
© | Bl GO0-G1 —
Q o —
v 0.6- 03 s pEi
: - H2Ax — - -
:.9., 0.4 - B G2-M P.S139 -— -—
O - P
' 0 1.5 3 6 15 30 pM
0.0- TT——— aTUB MERGE  aTUB MERGE
03150 315uM
VRK-N 36 36 (24h) Microscopy images showing 36-
36 reduced the levels of induced multipolar spindles and

36 triggered p53-proficient
cells arrested in the
GO/G1 phase after 24 h.

phosphorylated histone H2AX ensuing chromosome segregation
in a dose-dependent manner defects in mitotic cells

30

Gama et al. J. Med. Chem. 2024, 67, 11, 8609-8629
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Take home message!!!

ongf VRK1
5‘, inhibitor

cell cycle arrest  genome instability
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Thank You!!l

Moltes Gracies!!!
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X @ramserafim

“ @ramserafim.bsky.social
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