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            Abstract
Mutations in epigenetic pathways are common oncogenic drivers. Histones, the fundamental substrates for chromatin-modifying and remodelling enzymes, are mutated in tumours including gliomas, sarcomas, head and neck cancers, and carcinosarcomas. Classical ‘oncohistone’ mutations occur in the N-terminal tail of histone H3 and affect the function of polycomb repressor complexes 1 and 2 (PRC1 and PRC2). However, the prevalence and function of histone mutations in other tumour contexts is unknown. Here we show that somatic histone mutations occur in approximately 4% (at a conservative estimate) of diverse tumour types and in crucial regions of histone proteins. Mutations occur in all four core histones, in both the N-terminal tails and globular histone fold domains, and at or near residues that contain important post-translational modifications. Many globular domain mutations are homologous to yeast mutants that abrogate the need for SWI/SNF function, occur in the key regulatory ‘acidic patch’ of histones H2A and H2B, or are predicted to disrupt the H2B–H4 interface. The histone mutation dataset and the hypotheses presented here on the effect of the mutations on important chromatin functions should serve as a resource and starting point for the chromatin and cancer biology fields in exploring an expanding role of histone mutations in cancer.
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                    Fig. 1: Histones as signal integrators and cancer driver genes.[image: ]


Fig. 2: Cancer-associated histone mutations occur at sites of known PTMs and in both tail and globular domains.[image: ]


Fig. 3: Hypothesis generating classes of histone mutations.[image: ]


Fig. 4: A model for the effect of oncohistones on the chromatin polymer.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Sample characteristics.
One sample per patient in which TMB ≤ 10 mutations per Mb is shown, except in c, in which all samples are represented regardless of the TMB. a, Tumour allele frequency distribution for 1,452 out of 1,921 tumours in which allele frequency is available based on publicly available data. b, Detailed tumour allele frequency distribution for the four most frequency mutated residues. Blue bars represent the median. c, TMB distribution. d, Tumour type distribution. For display purposes, the main cancer types are used in place of detailed cancer type. e, f, Oncoprint of the distribution of histone mutations between core families on a per patient level for all TMB values (e) and for TMB ≤ 10 mutations per Mb (f). For display purposes, H2A variants and H3.5 are not shown.


Extended Data Fig. 2 Validation of TMB ≤ 10 as an analysis threshold.
a, For known oncohistones, the number of mutations captured reaches a plateau at a TMB of greater than 10 mutations per Mb. b, c, Histogram plot of H3 mutation distribution on a per patient level without a TMB threshold (b) and with a TMB ≤ 10 threshold (c) shows enrichment of known oncohistones as well as additional mutations compared to background.


Extended Data Fig. 3 Heat map of histone H3 mutations with individual residue labels.
Colour intensity indicates normalized mutation count (number of mutations at residue/number of samples per cancer type). Red labels indicate positions of known oncohistones. Per patient data with all TMB values plotted. The numbers of tumours sequenced are indicated following the tumour type label.


Extended Data Fig. 4 Heat map of histone H4 mutations with individual residue labels.
Colour intensity indicates normalized mutation count (number of mutations at residue/number of samples per cancer type). Per patient data with all TMB values plotted. The numbers of tumours sequenced are indicated following the tumour type label.


Extended Data Fig. 5 Heat map of histone H2A mutations with individual residue labels.
Colour intensity indicates normalized mutation count (number of mutations at residue/number of samples per cancer type). Per patient data with all TMB values plotted. The numbers of tumours sequenced are indicated following the tumour type label.


Extended Data Fig. 6 Heat map of histone H2B mutations with individual residue labels.
Colour intensity indicates normalized mutation count (number of mutations at residue/number of samples per cancer type). Per patient data with all TMB values plotted. The numbers of tumours sequenced are indicated following the tumour type label.


Extended Data Fig. 7 Histogram showing mutational frequency from the dataset in histones across all cancers.
One tumour per patient in which a TMB ≤ 10 mutations per Mb is shown. Boxes in the amino acid sequence show the globular domains of each histone. Amino acids with known post-translational modifications are marked in red, and the type of modification is shown by the bars below the histogram.


Extended Data Fig. 8 Proximity heat map showing distances between the most frequently mutated residues in the nucleosome structure.
Samples with TMB ≤ 10 mutations per Mb and mutation counts ≥2.5-fold the median number of mutations per residue for the histone family are displayed. Plotted residues are shown on the axes. Numbers within the grid indicate distance in angstroms between α-carbons. PDB code 1KX5.


Extended Data Fig. 9 Proximity heat map showing distances between the most frequently mutated residues (horizontal axis) and sites of known PTMs (vertical axis).
Per patient data at TMB ≤ 10 mutations per Mb is shown for samples with mutation counts ≥2.5-fold the median mutations per residue for the histone family.


Extended Data Fig. 10 Frequently mutated residues converge in three-dimensional space.
Examples of residues with α-carbons within 11.4 Å that are mutated ≥2.5-fold over the median counts per residue for each histone family, when a TMB ≤ 10 mutations per Mb threshold is applied. Residues of interest are mapped on the nucleosome structure (PDB code 1KX5).
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Reporting Summary

Supplementary Table 1
This file contains all histone mutations.


Supplementary Table 2
This file contains histone mutations on a per patient basis.


Supplementary Table 3
This file contains histone mutations on a per patient basis where TMB ≤ 10 mutations/Mb.
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This file contains histone mutations on a per patient basis where TMB ≤ 2 mutations/Mb.
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This file contains the list of histone genes used to query tumor mutation databases.
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