Cell Reports Medicine, Volume 5

Supplemental information

In vivo vulnerabilities to GPX4 and HDAC
inhibitors in drug-persistent versus drug-resistant

BRAFV®°°F Jung adenocarcinoma

Marie-Julie Nokin, Elodie Darbo, Elodie Richard, Sonia San José, Sergio de Hita, Valérie
Prouzet-Mauleon, Béatrice Turcq, Laura Gerardellii, Rebekah Crake, Valérie
Velasco, Benjamin Koopmansch, Frederic Lambert, Jenny Y. Xue, Ben Sang, Julie
Horne, Eric Ziemons, Alberto Villanueva, Arnaud Blomme, Michael Herfs, Didier
Cataldo, Olivier Calvayrac, Paolo Porporato, Ernest Nadal, Piro Lito, Pasi A.
Janne, Biagio Ricciuti, Mark M. Awad, Chiara Ambrogio, David Santamaria, and Bolero
Consortium



Supplemental information

V600E

In vivo vulnerabilities to GPX4 and HDAC inhibitors in drug-persistent versus drug-resistant BRAF lung

adenocarcinoma

Marie-Julie Nokin, Elodie Darbo, Elodie Richard, Sonia San José, Sergio de Hita, Valérie Prouzet-Mauleon,
Béatrice Turcq, Laura Gerardelli, Rebekah Crake, Valérie Velasco, Benjamin Koopmansch, Frederic Lambert,
Jenny Y Xue, Ben Sang, Julie Horne, Eric Ziemons, Alberto Villanueva, Arnaud Blomme, Michael Herfs, Didier
Cataldo, Olivier Calvayrac, Paolo Porporato, Ernest Nadal, Piro Lito, Pasi A. Janne, Biagio Ricciuti, Mark

Awad, Chiara Ambrogio & David Santamaria



Dabrafenib

Trametinib

1C50 IC50
100 -~ HCC364 2684 100 — -~ HCC364 3.093
-% 1D-PDX 0.937 -% 1D-PDX 0.043
—— 1E-PDX 0.006
£ =
2 B
2 50+ — 2 50+ — —— e = = = — — =
g Ny T ° 53
c\° °\° L) A 4
| [
O_mmmm O_WFWMmmmm
0.1 1 10 100 1000 10000 100000 0.01 0.1 1 10 100 1000 10000
nM nM
C 100 —
= HCC364 PAR -DT
» 27 I HCC364 PAR +DT °
®
o
O 60
a [
o
Q.
5 404
S °
X ®
20
o ghl ﬁl ¥
24h 48h 72h
D DTP vs Parental DTEP vs Parental DTEP vs DTP
0.8 0.0 Josmwrs T
go7| - NES: 3.57 gos| - NES: 2.37 2 o
I %] FDR < 0.0001 go+ | .. FDR<0.001 ¢
g g : §oalf \ g
g g £ 041 . 13 | N ‘g’a:
iR =l ] 0.2
23 & So £41 NES:-268 :
£5 m 5. &5 FDR < 0.0001 <
=] wv
s I 0L il HHIHI 1A
3
DTEP DTEP DTP
gor g gos| 7T NES: 2.42
g fo | | §e B ._FDR<0.0001
<)) £ 04 €03 < £ "
I go.s E ) y Eu.z J
2 gL NES:-31 §°* NES:-2.57 S gm -
S ©97 FDR<0.0001 “*"| FDR <0.0001 ~— En
T[T uwwu T, 0010
DTEP PAR DTEP DTP
g P Y — A guel S~ NES: 1.88
3 el ™ f Toxl “._ FDR<0.0001
a g 02 | §0)5 » 8025
% = §*’-3 / go.zo \ ! E’““'
N\ Y 0.151
&3 §° NES:-27 , | N NES:-17 §oiol |
T ¢ %% FDR<0.0001 ) & 225/ FDR 0.0001 ~rt oo
) 5 :

uwmum|||H|u|||m|wm||| i, oL

DTEP PAR DTEP DTP

nked)
nked)

Figure S1: Characterization of HCC364 DTP and DTEP states following D/T treatment, related to Figures 1, 2
and 4. A, B. Cell viability assessment by MTT assay of HCC364, 1D- and 1E-PDX cells treated with serial dilutions of
dabrafenib (A) and trametinib (B) for 72 hr. IC50 values are indicated for each condition. n = 3 biological replicates. C.



Apoptosis quantification by flow cytometry of HCC364 cells treated with 250/5 nM dabrafenib/trametinib for 24, 48
and 72 hr. n = 3 biological replicates. D. Enrichment scores of GSEA in DTP vs Parental, DTEP vs Parental and DTEP
vs DTP using the drug tolerance signature and the E2F targets and cell cycle checkpoints gene sets. n = 1 biological

replicate. All data are shown as the mean values + SEM.
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Figure S2: Clonogenic assay following Crispr/Cas9 knock-out of GPX4 and SLC7A11 in DTEP and D/T

resistant HCC364 cells, related to Figures 3 and 5. Clonogenic assay of the indicated HCC364 cell line variants

cultured with 250/5 nM dabrafenib/trametinib and 1pg/ml doxycycline to induce Crispr/Cas9 mediated knock-out of

GPX4 or SLC7A11. An sgRNA targeting LacZ was used as control. Data are shown as the mean values + SEM. n =3

biological replicates.
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Figure S3: Rescue experiment of RSL3-treated HCC364 DTEPs upon co-incubation with ferroptosis inhibitors,
related to Figure 3. A. Intracellular peroxidized lipids content in parental, DTP and DTEP HCC364 cells treated with
500 nM Erastin or 50 nM RSL3 in presence of 10 uM Trolox for 72 hr. Data are shown as the mean values + SEM. n =
3 biological replicates. B, C. Cell viability assessment by MTT assay of parental and DTEP HCC364 cells treated with
500 nM Erastin (B) or 50 nM RSL3 (B) in presence of 10 uM Trolox, 200 nM Ferrostatin, 100 nM Liproxstatin, 1 pM
Deferoxamine for 72 hr. Data are normalized to untreated cells and shown as the mean values + SEM. Data were

analysed using two-way ANOVA followed by Tukey’s multiple comparisons post-test. n = 3 biological replicates.
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Figure S4: Treatment combinations of the GPX4 inhibitor RSL3 and statins in HCC364 and PDX-derived cell

line 1D, related to Figure 3. A. Cell viability assessment by MTT assay of parental and DTEP HCC364 cells treated



with serial dilutions of the indicated drugs for 72 hr. n = 3 biological replicates. B. Sensitivity matrix comparing
parental and DTEP HCC364 cells after 72 hr in presence of the indicated concentrations of RSL3 and Lovastatin. n =3
biological replicates. C. Cell viability assessment by MTT assay of parental and DTEP HCC364 and 1D-PDX cells
treated with serial dilutions of Lovastatin (upper panels) or RSL3 (lower panels) for 72 hr after a pretreatment (72 hr)
with RSL3 1 nM or Lovastatin 1 uM, respectively. n = 3 biological replicates. All data are shown as the mean values +

SEM of one representative experiment.
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Figure S5: PDX-derived cell line 1D DTP & DTEPs are sensitive to ferroptosis triggers, related to Figure 4. A.
Cell viability assessment by MTT assay of parental (PAR), DTP and DTEP 1D cells treated with serial dilutions of
Erastin for 72 hr. Data are shown as the mean values + SEM. IC50 values + SD are indicated for each condition. n =3
biological replicates. B. Cell viability assessment by MTT assay of parental and DTEP 1D cells treated with 500 nM
Erastin in presence of 10 uM Trolox, 200 nM Ferrostatin, 100 nM Liproxstatin, 1 tM Deferoxamine, 200 nM selenium
(Se) or 2.5 mM N-acetyl-cysteine (NAC) for 72 hr. Data are normalized to untreated cells and shown as the mean
values £ SEM. Data were analysed using two-way ANOVA followed by Tukey’s multiple comparisons post-test. n =3
biological replicates. C-E. Intracellular ROS level (C), peroxidized lipids content (D) and iron level (E) in parental,
DTP and DTEP 1D cells. Data were analysed using one-way ANOVA followed by Dunnett’s multiple comparisons

post-test and are shown as the mean values + SEM. n = 4 biological replicates.
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Figure S6: An acquired NRAS2'* mutation drives D/T resistance in DFCI471 cells, related to Figure 5. A.

Growth curves of DFCI471 cells in presence of 1 pM dabrafenib. Data are shown as the mean values + SEM of one

representative experiment. n = 3 biological replicates. B. Clonogenic assay of DFCI471 cells cultured with 1 pM

dabrafenib. Data are shown as the mean values + SEM. n = 3 biological replicates. C. Immunoblot of phospho-

MEK1/2, -ERK1/2 and -AKT in DFCI471 cells cultured in presence of 1uM dabrafenib (D) for 48 hr. HSP90 was used



as a loading control. n = 2 biological replicates. D. Quantitative RT-PCR analysis of relative MAPK pathway target
genes (DUSP4, DUSP6, ETV4, ETVS5, SPRY2, PHLDA1) mRNA levels in DFCI471 cells cultured in presence of 1uM
dabrafenib (+D) for 48 hr. Data are shown as the mean values + SEM. n = 3 biological replicates. E. Immunoblot of
NRAS in DFCI471 upon NRAS shRNAs (shNRAS #1 and #2) mediated knock-down. n = 2 biological replicates. F
and G. Quantitative RT-PCR analysis of relative NRAS, KRAS and HRAS mRNA levels (F) and of relative MAPK
pathway target genes (DUSP4, DUSP6, ETV4, ETVS, SPRY2, PHLDA1) mRNA levels (G) in NRAS knock-down
DFCI471 cells. Data are shown as the mean values = SEM. n = 3 biological replicates. H. Cell viability assessment by
MTT assay of DFCI471 cells upon NRAS shRNAs (shNRAS #1 and #2) mediated knock-down treated with serial

dilutions of Dabrafenib for 72 hr. Data are shown as the mean values + SEM. n = 3 biological replicates.
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Figure S7: Acquired mutations resulting in MAPK reactivation drive D/T resistance in HCC364 cells, related to
Figure 5. A. Cell viability assessment by MTT assay of HCC364 and HCC364™*" cells treated with serial dilutions of
dabrafenib or trametinib for 72 hr. IC50 values are indicated for each condition. n = 3 biological replicates. B.
Clonogenic assay of HCC364 and HCC364™**® cells treated with 250 nM dabrafenib, 5 nM trametinib or 250/5 nM
dabrafenib/trametinib. Data are shown as the mean values + SEM. n = 2 biological replicates. C. Growth curves of
HCC364 and HCC364™*3 cells in presence of 250/5 nM dabrafenib/trametinib (+DT). Data are shown as the mean
values = SEM of one representative experiment. n = 3 biological replicates. D. Immunoblot of NRAS, phospho-

MEK /2, -ERK1/2 and -AKT in HCC364 and HCC364"**® cells cultured in presence of 250/5 nM D/T (DT) for 48 hr.
HSP90 was used as a loading control. n = 2 biological replicates. E. Quantitative RT-PCR analysis of relative MAPK
pathway target genes (DUSP4, DUSP6, ETV4, ETV5, SPRY2, PHLDA1) mRNA levels in HCC364 and HCC364"**%
cells cultured in presence of 250/5 nM D/T for 48 hr. Data were analysed using one-way ANOVA followed by Tukey’s
multiple comparisons post-test and are shown as the mean values + SEM. n = 3 biological replicates. F. HCC364"°"™**
were derived spontaneously from HCC364-DTEPs after continuous D/T (250/5 nM) treatment for 70 weeks. Growth
curves of parental, DTEP and EGFRa HCC364 cells in presence of 250/5 nM D/T. EGFRa cells undergone a drug
holiday for 3 weeks and were rechallenged with D/T to confirm the genetic adaptation of these cells to the treatment
(EGFRa + drug hol +DT). Data are shown as the mean values + SEM of one representative experiment. n = 3 biological
replicates. G. Immunoblot of phospho-EGFR in parental, DTEP and EGFRa HCC364 cells. HSP90 was used as a
loading control. n = 3 biological replicates. H. Quantitative RT-PCR analysis of relative MAPK pathway target genes
(DUSP4, DUSP6, ETV4, ETVS, SPRY2, PHLDA1) mRNA levels in parental, DTEP and EGFRa HCC364 cells. Data
are shown as the mean values + SEM. n = 3 biological replicates. I. Intracellular ROS level in HCC364 and
HCC364™"*S cells cultured in presence of 250/5 nM D/T (+DT) for 72 hr. Data were analysed using two-way ANOVA
followed by Tukey’s multiple comparisons post-test and are shown as the mean values + SEM. n = 4 biological

replicates.
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Figure S8: D/T resistant PDX-derived cell line 1E are insensitive to ferroptosis triggers and sensitive to HDAC
inhibition, related to Figure 6. A, B. Cell viability assessment by MTT assay of 1E and 1E-R cells treated with serial
dilutions of RSL3 (A) and Erastin (B) for 72 hr. n = 3 biological replicates. C, D. Cell viability assessment by MTT
assay of 1E and 1E-R cells treated with serial dilutions of vorinostat (C) and panobinostat (D) in presence of 2.5 mM

NAC for 72 hr. n = 3 biological replicates. All data are shown as the mean values + SEM. IC50 values + SD are
indicated for each condition.
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Figure S9: In vitro & in vivo evaluation of various immune-checkpoint related proteins at the DTEP stage upon
GPX4 inhibition, related to Figure 4. A. Representative PD-L1, PD-L2, VISTA, B7H3, CD47 and CD200
immunostaining in lung sections of mice treated with RSL3 (upper panel). Scale bars represent 50 um. Quantification
of immune checkpoint proteins staining scores (per mice) in 1D tumours from mice treated with vehicle or with RSL3
(lower panel). n =5 or 7 mice per group. B. Quantitative RT-PCR analysis of relative immune checkpoint genes
(PDLI, PDL2, VSIR, B7H3, CD47 and CD200) mRNA levels in DTEP 1D-PDX and HCC364 cells cultured in

presence of RSL3 1 nM for 48 hr. Data are shown as the mean values + SEM. n = 4 biological replicates.
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Figure S10: Evaluation of TFRC & FTHI1 expression in DTEP and acquired resistance settings, related to
Figures 3 and 5. A. Quantitative RT-PCR analysis of relative TFRC and FTHI mRNA levels in parental and DTEP
HCC364, HCC364"F HCC364™**S and DFCI471 cells. Data were analysed using one-way ANOVA followed by

Tukey’s multiple comparisons post-test and are shown as the mean values + SEM. n = 4 biological replicates. B.

Immunoblot of TFRC and FTH1 in parental and DTEP HCC364, HCC364"°™* HCC364™*"® and DFCI471 cells.

Actin was used as a loading control. n = 2 biological replicates.
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Table S1: Primer sequences used for RT-PCR. Related to STAR Methods.

Human gene

Forward primer

Reverse primer

SLC7A11 5'- AGCACATAGCCAATGGTGAC-3’ 5'-GCTGGCTGGTTTTACCTCAA-3’
DUSP4 5’- GGCGGCTATGAGAGGTTTTCC-3’ 5’-TGGTCGTGTAGTGGGGTCC -3’
DUSP6 5’- GAAATGGCGATCAGCAAGACG-¥’ 5’- CGACGACTCGTATAGCTCCTG-3’
ETV4 5’- CAGTGCCTTTACTCCAGTGCC-3’ 5’- CTCAGGAAATTCCGTTGCTCT-3’
ETV5 5’- CAGTCAACTTCAAGAGGCTTGG-3’ 5’- TGCTCATGGCTACAAGACGAC-3’
SPRY?2 5’-CCTACTGTCGTCCCAAGACCT-3’ 5’- GGGGCTCGTGCAGAAGAAT-3’
PHLDAI1 5’- GAAGATGGCCCATTCAAAAGCG-3 5’- GAGGAGGCTAACACGCAGG-3’
TFRC 5’-GGCTACTTGGGCTATTGTAAAGG-3’ 5’-CAGTTTCTCCGACAACTTTCTCT-3’
FTHI 5’-TGAAGCTGCAGAACCAACGAGG-3’ 5’-GCACACTCCATTGCATTCAGCC-3’
NRAS 5’- TGAGAGACCAATACATGAGGACA-3’ | 5°- CCCTGTAGAGGTTAATATCCGCA-3’
KRAS 5’- GGACTGGGGAGGGCTTTCT-3’ 5’- GCCTGTTTTGTGTCTACTGTTCT-3’
HRAS 5’- GACGTGCCTGTTGGACATC-3’ 5’- CTTCACCCGTTTGATCTGCTC-3’
PDLI 5’-TGGCATTTGCTGAACGCATTT-3’ 5’-TGCAGCCAGGTCTAATTGTTTT-3’
PDL2 5’-ATTGCAGCTTCACCAGATAGC-3’ 5’-AAAGTTGCATTCCAGGGTCAC-3’
VSIR (VISTA) | 5’-ACGCCGTATTCCCTGTATGTC-3’ 5’-TTGTAGAAGGTCACATCGTGC-3’
B7H3 5’-TGTCTCATTGCACTGCTGGT-3’ 5’-TGTCTTGGAGCCTTCTCCCT-3’
CD47 5’-AGAAGGTGAAACGATCATCGAGC-3* | 5’-CTCATCCATACCACCGGATCT-3’
CD200 5’-ACGTCTGTTACCAGCATCCTC-3’ 5’-CTTAAAGTCGGTCACAGTCCC-3’

Table S2: sgRNA sequences for CRISPR/Cas9 editing. Related to STAR Methods

Human gene

Forward primer

Reverse primer

GPX4

5’-CACCGTTTCCGCCAAGGACATCGAC-3’

5’-AAACGTCGATGTCCTTGGCGGAAAC-3’

SLC7A11

5’-CACCGGCAACATAGAATAACCTGAT-3’

5’-AAACATCAGGTTATTCTATGTTGCC-3’

LACZ Ctrl

5’-CACCGAGACGATCCGCTGGCCGTTA-3’

5’-AAACTAACGGCCAGCGGATCGTCTC-3’
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