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Statistics 

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section 

n/a Confirmed 

口因 The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

口冈 Astatement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

□ 因 The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section 

区口 Ad f II escription o a covariates tested

区口 Adescription of any assumptions or corrections, such as tests of no「mality and adjustment for multiple comparisons

口因 Afull description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)

AND variation (e.g. standa「d deviation) or associated estimates of uncertainty (e.g. confidence intervals) 

口凶 For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exoct values whenever suitable 

因口 For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

区口 For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes 

□ 冈 Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for bio/oqists contains articles on many of the points above. 

Software and code 

Policy information about availab小ty of computer code 

Data collection Imaging: Zeiss Axio lmager 2 microscope and Zeiss LSM 880 confocal platform (Carl Zeiss) 
Protein activity and cellular ROS measurement: Multi-Mode BioTek Synergy Neo Plate Reader (BioTek) 
Protein modification data: Q Exactive HF mass spectrometer with HPLC Easy-nLC 1000 system (Thermo Fisher Scientific) 
Lipid pe「oxidation data: BD FACSLyric 
Ultrastructural data: Zeiss Libra 120 Transmission Electron Microscopy (Carl Zeiss) 
RT-qPCR: QuantStudio 7 Flex Real-Time PCR System 

Data analysis The plate 「eader raw data were analyzed by VWo「ks software and BioTek Gens Reader Diagnostic vl4.0. The MS raw data we「e analyzed 
using Proteome Discoverer 2.3 against the human Swiss-Prot database containing 20,231 sequences (downloaded in December 2017) 
Phosphopeptide matches were analyzed using MaxQuant 1.5.2.8, implemented in Proteome Discoverer, and were manually curated. The 
imaging raw data we「e obtained by ZEN software offered by Carl Zeiss, next analyzed by Image」The flow cytometry raw data of lipid 
peroxidation data by BD FACSLyric were exported by BD FACSDiva'M Softwarea and furthyer analyzed by FlowJo vl0.7. The Software GraphPad 
Prism softwa「e v9.0 was used to generate graphs with statistical analysis that was included in methods section 

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information 
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Data 

Policy information about availability of data 

All manuscripts must include a data availab小ty statement. This statement should provide the following information, where applicable 

- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availab由ty

- For clinical datasets or third party data, please ensure that the statement adheres to our QQ!i.Qc 

Source data for this study are provided with this paper. All relevant data in this study are available within the a「tide, Supplementary information, Supplementary 
Data, or Source Data 

Human research participants 

Policy information about studies involvin human research artici ants and Sex and Gender in Research. 

Reporting on sex and gender This study did not apply to only one gender. Gender was not considered in the study design. The tumors from the 
participants were divided according to the blindly histological scoring of AK2/pLOXL3-S704/DHODH staining, for evaluation 
the clinical relevance of the regulation axis. Overall 49 male and 11 female patients were collected in our patient participants. 

Population characteristics Clinical summary of tumor tissue specimens from HCC patients for histological evaluation was listed in Supplementary Table 
1. Clinical summary of tumor tissue specimens from HCC patients for PDX experiment was listed in Supplementary Table 2 

Recruitment The study included patients who underwent surgical treatment, following with the FOLFOX (Oxaliplatin plus fluorouracil and 
leucovorin) chemotherapy regimen. 

Ethics oversight The use of pathological specimens, as well as the review of all pertinent patient records, was approved by the ethical 
standards of the institutional research committee and with the 1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards. All patient samples were collected by the Department of Pathology with approval from the 
Research Ethics Committee of Zhuhai People's Hospital, and informed consent was obtained from the patients. 

Note that full information on the approval of the study protocol must also be provided in the manuscript 

Field-specific reporting 
Please select the one below that is the best fit fo「your research. If you are not sure, read the appropriate sections before making your selection. 

因 Life sciences □ Behavioural & social sciences 口 Ecological, evolutionary & environmental sciences 

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf 

Life sciences study design 
All studies must disclose on these points even when the disclosure is negative. 

Sample size 

Data exclusions 
丿

Replication 

Randomization 
丿

Blinding 

Experimental sample sizes were determined based on number of available, statistical methods, and previous reported data with related 
mouse models and extensive prior experience of identical or similar cell biology or biochemical assays or prior experiments using the GEM Ms 
and xenograft models (see for example DOI: https://doi.org/10.1038/s41586-019-1340-y,or https://doi.org/10.1002/hep.31870). There are at 
least 4-6 mice in pairs in all animal models. The sample size is sufficient for statistical analysis in the research project. All representative 
images with consistent results from at least three biological replicates are shown to show statistical significance 

None of the were data excluded. 

Unless otherwise specified, all experiments with permissible conditions  were repeated at least three independent times with similar 
results 

All samples were allocated in random, including mice and cell line groups 

Except the histology quantification and scoring, the investigators were not blinded to allocation experiments and outcome assessment 

Reporting for specific materials, systems and methods 
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response 
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