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VRK1 is a synthetic lethal kinase target in VRK2-low brain cancer

VRK2-deficient cell lines are sensitive to VRK1 loss
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Shields, J. A. et al. Cancer Res. 82, 4044- 4057 (2022). VRK?2 expression

VRK1 inhibition in VRK2-low cells causes aberrant nuclear envelope with blebbing, lobulation and micronucleation. VRK1 knockdown
leads to cell cycle arrest, accumulation of DNA damage, and cell death

~66% of malignant brain tumors have low VRK2 expression due to promoter methylation (TCGA), and most neuroblastomas are VRK2 low
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A covalent modality targeting VKR1 Cys50 and Cys68 can
provide a strategy for achieving selective inhibition
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Attwood, M.M. et al. Nature Reviews Drug Discovery 20, 839-861 (2021).

Challenges of traditional active site reversible inhibitors

1. Sequence identity (57%) between the catalytic domains
of VRK1 and VRK2

2. Highly conserved kinase architecture
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Workflow for identification and characterization of covalent

VRK1 inhibitors
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Covalent inhibitors of kinase activity display time-dependent
potency increases

MoA study via TR-FRET assay
Reversible vs. Irreversible inhibitors
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(A) Incubation of a reversible VRK1 inhibitor shows minimal change in IC, values, indicating time-independent inhibition.
(B) In contrast, a covalent cysteine-targeting inhibitor exhibits a time-dependent leftward shift in IC,,, consistent with irreversible binding

kinetics.
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Cys50 is confirmed as major covalent labeling site
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C50A/S mutant blocked ~ 95% 1:1 labeling
Similar results for similar results obtained for multiple compounds identified %’// TANGO .
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Covalent inhibitor engagement at an allosteric site in VRK1

Before adding TNG-0784293

N-lobe T : N Y550

AMP-PNP
(modeled)

After modification by TNG-0784293,
the F23 interaction network has been rearranged

C-lobe A~

The covalent inhibitor TNG-0784293 shown as dots; cysteine residues for

binding are colored in magenta;

Cys50 and the modeled ATP analog AMP-PNP are displayed as sticks. %’/, TANGO
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Chemoproteomic prioritization and evaluation of covalent-

allosteric targeting of VRK1

CONFIDENTIAL

Trypsin + Asp-N Target peptide

| Enzyme | # | Sequence

VGLPIGQGGFGC®(+BPI)IYLA

DAPC®®(+BPI)VVK
Cpd
RIHCL: :
METLS : :
31 apTCs
' * SARRE?
WEACE: LsKe
LONP2 _?CTU R\h2
SPNSD
¢4
sgcd ]
: PDazP1
VRK1-C50 peptide L MEN1
= ~50% occupancy : RINI
© 2 5 5
= e
—. achs} T @Down
(S reeg Not sig
(e T VO O VRS A . S A IS N A
- ®Up
a0
S ]
1
04
-50 -25 5 25 50
log2 (FoldChange)

VRK1 is ranked among the top differentially enriched proteins based on chemoproteomic profiling,

GeneName logFC
METL9
SCC4 -1.18

VRK1 -1.01
scc4 -0.92
R3HCL -0.90)
PXL2B -0.88
UBP39 -0.87,
LONP2 -0.83
QCR9 -0.83
UVRAG -0.76
PSD11 -0.74
SPN90 -0.73
GCP2 -0.73
LENGS -0.73
RNF8 -0.71
SETD2 -0.64
CTL1 -0.64
RPGF1 -0.61
ZSWMs -0.60)
IPRI -0.60)
PACE1 -0.59
PACE1 -0.59

<+ \/RK1

highlighting its ligandability. TNG-0784293 and U251MG cell line were used for the assay
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Determination of key kinetic parameters for binding (K;) and

reactivity (k

inact)

Time- and concentration-dependent inhibition of VRK1 by selected covalent inhibitors
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at 100 uM compound concentration as example
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The IC., potency is driven by warhead reactivity (k;,...) hot
binding (K:)
TNG-0784293 Covalent inhibitors (acrylamide)
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Covalent-allosteric efforts paused due to very weak K.

Comparing VRK1 and EGFR covalent inhibitors Summary

* Potency of covalent molecules are

100 mainly driven by k.

inact
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MS-based profiling for covalent and paralog-selective kinase
inhibitor discovery

TOC Graphic Summary
& * Using a focused covalent library, intact protein MS, and
p ’_ : cellular cysteine mapping, we identified compounds that
8 &f - selectively engaged VRK1 Cys50.
{?", e Mutagenesis studies (C50A, C68A, and double mutant)

were instrumental in validating Cys50 as the primary
VRK1 labeling site.

e Cys50 provides a selectivity handle over the VRK2

| VRK1 , paralog, which lacks a cysteine at the analogous site.
/ \ e Mass spectrometry-based profiling was demonstrated
Covalent Library Screen Mechanism of Action Study  to inform on compound VRK1 engagement properties.

VKRT * \VRK1 program is available for partnering.
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