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            Abstract
Human papillomavirus (HPV)-negative head and neck squamous cell carcinomas (HNSCCs) are deadly and common cancers. Recent genomic studies implicate multiple genetic pathways, including cell signaling, cell cycle and immune evasion, in their development. Here we analyze public data sets and uncover a previously unappreciated role of epigenome deregulation in the genesis of 13% of HPV-negative HNSCCs. Specifically, we identify novel recurrent mutations encoding p.Lys36Met (K36M) alterations in multiple H3 histone genes. histones. We further validate the presence of these alterations in multiple independent HNSCC data sets and show that, along with previously described NSD1 mutations, they correspond to a specific DNA methylation cluster. The K36M substitution and NSD1 defects converge on altering methylation of histone H3 at K36 (H3K36), subsequently blocking cellular differentiation and promoting oncogenesis. Our data further indicate limited redundancy for NSD family members in HPV-negative HNSCCs and suggest a potential role for impaired H3K36 methylation in their development. Further investigation of drugs targeting chromatin regulators is warranted in HPV-negative HNSCCs driven by aberrant H3K36 methylation.
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                    Figure 1: H3K36M and NSD1 alterations define a specific HNSCC subgroup.[image: ]


Figure 2: Schematic representation of the anatomical locations of NSD1 and H3K36M alterations in HNSCCs.[image: ]


Figure 3: Representative immunohistochemical staining of H3K36M, NSD1, H3K36me2 and H3K36me3 in H3K36M or NSD1-mutant or wild-type HNSCCs.[image: ]


Figure 4: H3K36M and NSD1 alterations decrease levels of H3K36me2 in HNSCC.[image: ]
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Integrated supplementary information

Supplementary Figure 1 TCGA data set on HNSCCs reanalyzed in this study.
Summary of the TCGA dataset on HNSCCs re-analyzed in this study and the respective numbers of samples available within each.


Supplementary Figure 2 The methylation-defined H3 K36 subgroup consists of samples carrying damaging NSD1 or H3 K36M alterations.
(a) Our analysis reveals that the H3K36 methylation cluster (Fig. 1) is comprised of 61 samples. Ten samples carry H3K36M alterations, while 51 samples have NSD1 alterations, with one carrying both. One sample had no available genomic/transcriptome data. (b) H3K36M alteraions are observed in a wide array of histone H3 genes, supporting the dominant nature of this K-to-M substitution as reported32. (c) Samples in the H3K36 cluster are enriched for nonsense (in red) NSD1 mutations. Missense mutations (in green) are often observed near or at the functional SET domain.


Supplementary Figure 3 IGV screenshots of complex genomic events in NSD1 using RNA-seq data.
(a) A focal deletion of a set of 10 exons in sample BA-4074. (b) Near absent expression of NSD1 in sample CN-4731. (c) Aberrant NSD1 splicing, possibly due to a translocation in sample D6-6823. (d) A Focal deletion of a set of 14 exons in sample UF-A7JH


Supplementary Figure 4 Heat map showing hierarchical clustering of HNSCC samples based on DNA methylation and genetic alterations in other genes associated with HNSSC.
(Top) Previous 4-class, expression-based classification (Atypical (black), Classical (red), Mesenchymal (green), Basal (blue)). (Middle) Other genes involved in the H3K36 methylation pathways are infrequently mutated in HNSCC and do not vary within HPV- HNSCC subgroups. (Bottom) Only TP53, CASP8, NSD1 and H3K36M vary significantly among HPV- HNSCC subgroups. For color coding of methylation groups and anatomical locations, please see Figure 1.


Supplementary Figure 5 Mean sample methylation levels of HNSCC.
Mean sample methylation levels of HNSCC subgroups showing that NSD1 and H3K36M alterations are similarly associated with a DNA hypomethylated phenotype compared to the other four methylation clusters identified in HNSCCs.


Supplementary Figure 6 Global DNA methylation, NSD1 expression level and the types of mutations in the H3 K36M cluster.
(a,b) Samples with NSD1 mutations outside the H3K36M cluster (grey bars) show higher global DNA methylation levels (a) and higher NSD1 gene expression levels (b) compared to samples in the H3K36 cluster (blue bars). (c) Samples in the H3K36 cluster frequently carry NSD1 truncating (nonsense and frameshift) mutations compared to NSD1 mutated samples in the other HNSCC subgroups.


Supplementary Figure 7 Mean somatic mutations per sample of HNSCC subgroups.
Mean somatic mutations per sample of HNSCC subgroups showing that NSD1 mutant samples have higher somatic mutation count than H3K36M samples or other HNSCC subgroups.


Supplementary Figure 8 NSD1 but not H3 K36M mutant samples have smoking-induced somatic mutation signatures.
(a) In NSD1 samples, similar to lung adenocarcinoma (LUAD) and lung squamous cell carcinomas (LUSC), a large proportion of somatic mutations is accounted by the smoking-associated signature S4 (red). In comparison, other HNSCC samples (left) have much less smoking-induced somatic mutations. (b) Unsupervised clustering of mutation frequencies groups NSD1, but not H3K36M, with lung cancers, suggesting the mutational spectrum in NSD1 samples is associated with smoking. (c) A five-signature model identifies UV exposure (S1), Temozolomide (S2) and smoking (S4) as major mutation generation processes.


Supplementary Figure 9 Kaplanâ€“Meier curve for HNSCC patients, grouped by DNA-methylation-defined molecular subgroups.

Supplementary Figure 10 Anatomical distribution of HNSCC samples relative to K36M and NSD1 alterations.
Anatomical distribution of HNSCC samples showing that H3K36M samples are exclusively found in the oral cavity whereas the majority of NSD1 mutated samples are found in the larynx and oral cavity.


Supplementary Figure 11 NSD1 and NSD2 expression in the H3K36 cluster and other HNSCC subgroups
(a) Samples in the H3K36 cluster show lower NSD1 expression levels. (b) NSD2 levels are uniform among al HNSCC subgroups.


Supplementary Figure 12 RNA-expression clustering of HNSCC samples.
Similar to our findings using DNA methylation, we observe a group of samples enriched in NSD1/H3K36M alterations (H3K36 cluster) and another enriched for HPV+ HNSCC. For color coding of methylation groups and anatomical locations, please see Figure 1.


Supplementary Figure 13 Gene ontology enrichment analysis on H3K36-specific differentially expressed genes.
Differential expression analysis performed on H3K36 samples versus all other HNSCCs tumors, controlling for anatomical location.


Supplementary Figure 14 Western blots for H3 K36M and NSD1 in HNSSC cell lines.
Full length immunoblots including molecular weights that were used in Figure 4.
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