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            Abstract
Acquired drug resistance prevents cancer therapies from achieving stable and complete responses1. Emerging evidence implicates a key role for non-mutational drug resistance mechanisms underlying the survival of residual cancer â€˜persisterâ€™ cells2,3,4. The persister cell pool constitutes a reservoir from which drug-resistant tumours may emerge. Targeting persister cells therefore presents a therapeutic opportunity to impede tumour relapse5. We previously found that cancer cells in a high mesenchymal therapy-resistant cell state are dependent on the lipid hydroperoxidase GPX4 for survival6. Here we show that a similar therapy-resistant cell state underlies the behaviour of persister cells derived from a wide range of cancers and drug treatments. Consequently, we demonstrate that persister cells acquire a dependency on GPX4. Loss of GPX4 function results in selective persister cell ferroptotic death in vitro and prevents tumour relapse in mice. These findings suggest that targeting of GPX4 may represent a therapeutic strategy to prevent acquired drug resistance.
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                    Figure 1: Small-molecule screen in drug-tolerant persister cells.[image: ]


Figure 2: Persister cells are vulnerable to GPX4 inhibition.[image: ]


Figure 3: GPX4 inhibition causes ferroptosis in persister cells.[image: ]


Figure 4: Persister cells have a disabled antioxidant program and depend on GPX4 in vivo.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Additional data demonstrating persister cell ferroptosis sensitivity.
a, A375 melanoma persister cells are reversibly drug-resistant. Scale bars, 400â€‰Î¼m. b, Global antioxidant gene expression is downregulated in BT474 persister cells. P value calculated using a two-tailed Wilcoxon signed-rank test. c, d, MCF10A parental cells (c) and BT474 persister cells derived from carboplatin and paclitaxel (d) were treated with RSL3 or ML210 for 3 days. e, f, BT474 persister cells (e) or parental cells (f) were treated with erastin for 5 days. g, Western blot demonstrating GPX4 knockout in two distinct A375 clones (clone 1, KO1; clone 2, KO2). For gel source data, see Supplementary Fig. 1. h, BT474 parental cells co-treated with 2â€‰Î¼M lapatinib and RSL3 or ML210 for 3 days. Data are means and s.d. from 3 (c) or 2 (dâ€“h) biologically independent samples. c, NS, not significant (Pâ€‰>â€‰0.05); two-tailed t-test. All data are representative of two separate experiments.

                          Source data
                        


Extended Data Figure 2 Additional data demonstrating that GPX4 inhibition causes ferroptosis in persister cells.
a, b, A375 persister cells were treated with RSL3 (a) or ML210 (b) and ferroptosis rescue compounds for 3 days. c, PC9 persister cells were treated with RSL3 or ML210 and ferroptosis rescue compounds for 3 days. d, Relative concentration of total labile iron in BT474 parental and persister cells. Data are means and s.d. from 2 biologically independent samples. All data are representative of two separate experiments.

                          Source data
                        


Extended Data Figure 3 Additional data demonstrating that persister cells have a disabled antioxidant program and depend on GPX4 in vivo.
a, Reduced glutathione (GSH) and reduced plus oxidized glutathione (GSH + GSSG) levels in BT474 cells. bâ€“d, Fractional viability of BT474 persister cells treated with RSL3 and antioxidant compounds (b), endogenous ROS-generating compound DMNQ (c), or the SOD1 inhibitor LCS-1 (d) for 3 days. e, ROS levels (DCF staining) in BT474 cells treated with ML210 for 1â€‰h. f, BT474 persister cells were co-treated with ALDH inhibitor disulfiram and ferrostatin-1 for 3 days. g, Tumour volume measurements for the full time course of the experiment presented in Fig. 4d. Ferrostatin-1 was withdrawn on day 10. See Source Data for individual data points. h, Untreated A375 GPX4 wild-type or GPX4 knockout clone 1 tumour formation without ferrostatin-1 dosing. See Source Data for individual data points. i, ROS levels (DCF staining) in cells regrown without lapatinib for 15 days from BT474 persister cells and then treated with 1â€‰Î¼M RSL3 for 1â€‰h. j, Persister cell GPX4 dependence model. Data are means and s.d. from three (a, e, i) or two (bâ€“d, f) biologically independent samples or four (g) or five (h) animals. *Pâ€‰<â€‰0.05; **Pâ€‰<â€‰0.01; ***Pâ€‰<â€‰0.001; ****Pâ€‰<â€‰0.0001; NS, not significant (Pâ€‰>â€‰0.05); two-tailed t-tests. All data are representative of two separate experiments.
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Extended Data Table 1 Expression of epithelialâ€“mesenchymal transition and stem markersFull size table


Extended Data Table 2 Expression of NRF2 target genesFull size table
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During cancer treatment, tumours can become drug-resistant. In addition, so-called persister cells can emerge and form a reservoir from which resistant cancer cells can originate. Persister cells are no longer sensitive to some drugs, but Michael McManus and colleagues now report that they exist in a mesenchymal state in which they are selectively sensitive to the inhibition of the lipid hydroperoxidase GPX4. Targeting GPX4 could therefore represent a new therapeutic avenue to potentially prevent drug resistance.
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