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VRK1 emerges as a novel synthetic lethal target in 

TANDEM, Tango’s proprietary cancer dependency map
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VRK2-methylated glioblastoma and neuroblastoma 

cell lines are sensitive to VRK1 loss
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• ~ 60% of brain tumors have low VRK2 expression due to aberrant promoter methylation

• VRK1 is a potential synthetic lethal target in VRK2-methylated brain cancer



VRK1 is a mitotic kinase with roles in transcription 

factor regulation and DNA damage response 

Campillo-Marcos et al, 2018

Nuclear Envelope Formation

Campillo-Marcos et al, 2021

VRK1 substrates VRK2 substrates

Monslave et al, 2018

VRK1 and VRK2 are paralogs with some overlapping roles



VRK1 is synthetic lethal with VRK2, and the 

lethality is dependent on VRK1 kinase activity

VRK1 

knockdown in 

HAP1 isogenic 

cell line pair

Rescue 

experiments in 

HAP1 VRK2null 

cell line

K71M - kinase dead mutant 

K178E - kinase inactive mutant



VRK1 

knockdown 

in GBM cell 

line panel 

(in vitro)

VRK2-methylated glioblastoma cell lines are 

sensitive to VRK1 knockdown in vitro and in vivo

*VRK1 knockdown and VRK2 rescue validated 

by immunoblotting (in vitro and in vivo)

VRK1 

knockdown 

in GBM 

isogenic 

cell lines

(in vivo) U251MG 

Dox-inducible 

VRK1 knockdown*

VRK2 

low

VRK2 

high

-dox

+dox

0 20 40 60

0

500

1000

1500

2000

U251MG VRK2 low

Days post treatment

T
u

m
o

r 
v

o
lu

m
e

 (
m

m
3
) Saline

(p.o., QD x 36 d)

Doxycycline
(25 mg/kg, p.o., QD x 60)

Treatment
stopped in
5 animals

Saline
(p.o., QD x 14 d)

32%
regression

0 10 20 30

0

500

1000

1500

2000

U251MG VRK2 high

Days post treatment

T
u

m
o

r 
v

o
lu

m
e

 (
m

m
3
)

Saline
(p.o., QD x 24)

Doxycycline
(25 mg/kg, p.o., QD x 24)

0.0

0.2

0.4

0.6

0.8

1.0

C
o

lo
n

y
 F

o
rm

in
g

F
ra

c
ti

o
n VRK2

methylated

VRK2
unmethylated

**



Phospho Proteomics 

VRK2 low vs VRK2 high

Total Proteomics 

VRK2 low vs VRK2 high

Accumulation of proteins and phospho-proteins 

involved in G2/M arrest and DNA repair pathways
-L

O
G

1
0
(q

-v
a
lu

e
)

LOG Fold Change

-L
O

G
1
0
(q

-v
a
lu

e
)

LOG Fold Change



▪ VRK1 is synthetic lethal in VRK2-methylated glioblastoma and VRK1 kinase 

activity is necessary for the synthetic lethal interaction

▪ VRK1 knockdown in a VRK2-methylated glioblastoma cell line results in 

G2/M arrest and subsequent DNA damage 

▪ These results suggest that inhibiting VRK1 kinase activity could be a viable 

treatment for VRK2-methylated glioblastoma

Summary
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