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Team introduces new approach in cancer
therapy with innovative mechanism-of-action
for ferroptosis induction

June 28 2023

FSP1 condensates in green induced by icFSP1 surrounding a blue nucleus.
Credit: Toshitaka Nakamura

A team of researchers led by Dr. Marcus Conrad from Helmholtz
Munich has discovered a novel anti-cancer drug called icFSP1, which
sensitizes cancer cells to ferroptosis. The results of this research are
published in Nature.
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Ferroptosis is characterized by the iron-dependent oxidative destruction
of cellular membranes, which is counteracted by ferroptosis suppressor
protein-1 (FSP1), one of the guardians of ferroptosis. Although FSP1
has been considered as an attractive drug target for cancer therapy, in
vivo efficacious FSP1 inhibitors have been lacking. To this end, the
team carefully evaluated hits from a screen of approximately 10,000
small molecule compounds, and identified icFSP1 as a new in vivo
effective drug.

Importantly, the team uncovered the mechanism-of-action of icFSP1,
which is based on triggering phase separation of FSP1, a physical
phenomenon in cells similar to the separation of oil and water. In fact,
icFSP1 strongly inhibited tumor growth in vivo with distinct condensates
of FSP1 in tumor tissue, thus proposing a new concept to combat tumors
by promoting phase separation of FSP1 and ferroptosis.

icFSP1 is an in vivo applicable FSP1 inhibitor

Resistance to chemotherapy or metastasis is an important clinical
problem in cancer. Notably, during de-differentiation or metabolic
rewiring, certain malignant cancer cells acquire an intrinsic vulnerability
to ferroptosis. Therefore, targeting ferroptosis has shown great promise
as an approach to cancer therapy. In 2019, a team of researchers working
with Marcus Conrad, Director of the Institute of Metabolism and Cell
Death at Helmholtz Munich, had already identified the first
FSP1-specific inhibitor, known as iFSP1.

"However, this compound is not suitable for in vivo use and exhibits off-
target effects at high concentrations,”" Conrad explained. To identify in
vivo active ferroptosis inducers targeting FSP1, the team performed a
screening campaign in cells, followed by DMPK ("drug metabolism and
pharmacokinetics") validation studies. These efforts eventually led to the
identification of icFSP1 as a novel class of compounds that sensitize
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many human cancer cells to ferroptosis and attenuate tumor growth in

VI1VO.

120

FSP1-HA

b | entivirus

-~ Pfal Gpx4*© + FSP1-HA

-»- Pfal Gpxd"T + FSP1-HA
- +Lip-1 (0.5 uM)

‘= +Lip-1 (0.5 uM)

10

0.1

0.01

o (=] o o
(=2} =} @

(pajeaiiun s ‘o)
Aungen (180

(kDa)

140
L 25
TAM-inducible MEFs (Pfat)

1B: HA |

(FSP1)

1B: GPx4 | (N

TAM

1B: VCP --_100

I
o
o~

~o0
2 _LX

N
H

=
)4
QN
icFSP1

N,

icFSP1 (M)

Pfal Gpx4<© + FSP1-HA

f

Pfal Gpx4K© + FSP1-HA

HT-1080

0.0029

P=

b b
<] (<]

“Ardiaoar°Adiaos

]
IS

— DMSO

T
[=]
w

60 1
0
0

o
=]
=}

8pOoLU O} Pazi|BLIoN

0.0003

0.0002 P

T T
(=] o
=] ©o

1004P
40
20

(%) ssesjad HAT

0
C11-BODIPY (FITC-A)

[=]
O
e
| ©
L
g3E-
g 0
ES
£
g
= =
odf oS
Z +
®
2 N
T T T T 0
=] o o o =R
o (=] © [+l
=
(payeasun sA ‘o5)
Aungeia g0

icFSP1 (uM)

Pfal Gpx4K© + FSP1-HA

(°*Boy) pajeos-oyny

DMSO
icFSP1
+ Lip-1

icFSP1

(<o>g:zg 0:910d
2-<HO>¥:02 0:91)0d
L-(Ov:zg 0:8L-d)ad
L-((0)s:gz 0:91)3d

 (O2)¥:0z"1:81-d)3d

)G:02 0:81)3d
)5:02 0:84)3d
((o)g:02” 1:8L)3d
£-(<HO>¥:02 L'81)3d
2-(<HO>¥:02 " L:gL)3d
L-(<HO>7:02 L:8L)3d
(02)9:zz" 1:81-d)ad
1-(0)s:2e 0:81)3ad
L-{(0)s:2z 0:81)ad
(<0>9:zg" L:8Had
2-{<0>9:zz 0:81)ad
LI-(<0>9:g2 0:81)3d
(<o>g:gL 0:8L)3d
(<0>1:8170:91)3d

I (<HO>G:2g L:8L-d)3d

L-(<0>g:8} 0:9L-d)3d
21-(<0>5:02 0:91-d)3d
L-(<0>5:02"0:94-d)3d
2-<HO>G:zg LigL)3d
L-(<HO>G:gg L:gL)3d
(<0>9:22 0:9L-d)3d
2-<0>F:0270:91-d)3d
L-(<0>#:0270:94-d)3d
gi-(<0g>5:22 0:91-d)ad

 pi-(<0zg>G:ge 0:94-d)Ad

£-(<0g>g:2g 0:91-d)ad
2-(<0g>5'2z 0:91-d)3d
L-(<0g>g:2g 0:91-d)ad
(<HOO>t:02 0:91-d)ad
PI-(<0E>1:02 0:91-d)ad
2-(<0e>r:02 0:94-d)ad
L-(<0E>1:0g 0:94-d)ad
(<HO>¥:02 0:81)3d
(<fetlox0'0>giel 0:9L-d)3d
(<HO>0:6"1:81)3d
(<{plox0o>0:670:81)3d
(<{z}ox0>0:270:91-d)ad
(<{stox0>0:570:91-d)3d
(<{g}oxo>g71:g1)3d

Nature

1t:

th GPX4 inhibition. Cred

1S 1n synergy wi

icFSP1 induces ferroptos

10.1038/s41586-023-06255-6

(2023). DOI

icFSP1 triggers phase separation of FSP1

By investigating the underlying mechanism-of-action (MoA) of icFSP1
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1n detail, the team further showed that icFSP1 does not inhibit FSP1
enzyme activity directly, but rather triggers the subcellular relocalization

of FSP1 in a process known as phase separation. These results are in
contrast to the MoA of the first FSP1 inhibitor iFSP1.

Toshitaka Nakamura, lead author of the study, further explains that
"iIcFSP1-induced FSP1 condensations require distinct structural
components and N-terminal myristoylation," as demonstrated by using
recombinant FSP1 proteins as well as different cell lines and tumor
samples.

Breakthrough: Linking ferroptosis and phase
separation

Ferroptosis has attracted overwhelming interest in many fields including
cancer, neurodegenerative diseases, and ischemia/reperfusion injury
similar to the process of phase separation, a fundamental physical
phenomenon underlying signal transduction and basic biology related to
multiple diseases. This study unravels for the first time a link between
ferroptosis and phase separation.

"Our study will therefore serve as a good model for the further
development of innovative therapeutic approaches in certain diseases,
including cancer, in which ferroptosis/phase separation plays an
important role," explains Conrad, providing a promising outlook for the
future.

More information: Toshitaka Nakamura et al, Phase separation of
FSP1 promotes ferroptosis, Nature (2023). DOL:
10.1038/s41586-023-06255-6
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