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head and neck cancer defined in the Cancer Genome Atlas (TCGA) 
pan-cancer studies18, which was the reason we termed them squamous 
(Fig. 2a). As in these other cancer types, the pancreatic squamous sub-
type was associated with mutations in TP53 (P = 0.01) and KDM6A 
(P = 0.02), which interacts with ASCOM complex constituents MLL2 
and MLL3 (Figs 1a and 2b). Although previous immunohistochemical 
studies have identified increased TP63 expression in adenosquamous 
pancreatic tumours19, RNA-seq identified high TP63∆N expression 
and its target genes as a key feature (Fig. 2c). TP63∆N, in the presence 
of TP53 mutation, is known to regulate epithelial cell plasticity, tum-
origenicity and epithelial to mesenchymal transition in a variety of 
solid tumours20. Squamous tumours were enriched for activated α6β1 
and α6β4 integrin signalling, and activated EGF signalling, (Extended 
Data Fig. 6 and Supplementary Table 16). The squamous subtype is 
associated with hypermethylation and concordant downregulation of 
genes that govern pancreatic endodermal cell-fate determination (for 
example, PDX1, MNX1, GATA6, HNF1B) leading to a complete loss of 
endodermal identity (Fig. 2d, e and Supplementary Table 17).

Pancreatic progenitor subtype
Transcriptional networks containing transcription factors PDX1, 
MNX1, HNF4G, HNF4A, HNF1B, HNF1A, FOXA2, FOXA3 and HES1 
primarily define the pancreatic progenitor class (Extended Data Fig. 7).  
These transcription factors are pivotal for pancreatic endoderm cell-fate 
determination towards a pancreatic lineage and are linked to maturity 
onset diabetes of the young (MODY). PDX1, in particular, is critical 
for pancreas development with ductal, exocrine and endocrine cells all 
derived from embryonic progenitor cells that express PDX1 (ref. 21). 
Gene programmes regulating fatty acid oxidation, steroid hormone 
biosynthesis, drug metabolism and O-linked glycosylation of mucins 
also define pancreatic progenitor tumours. Importantly, apomucins 
MUC5AC and MUC1, but not MUC2 or MUC6, are preferentially 
co-expressed in pancreatic progenitor tumours. The expression of 
these apomucins defines the pancreatobiliary subtype of IPMN and 
is consistent with PDAC-associated IPMN clustering within this class 
(Supplementary Tables 14–16). TGFBR2 inactivating mutations were 
also enriched in this subtype (P = 0.029).

ADEX subtype
The ADEX class is defined by transcriptional networks that are impor-
tant in later stages of pancreatic development and differentiation, and 
is a subclass of pancreatic progenitor tumours. Transcriptional net-
works that characterize both exocrine and endocrine lineages at later 
stages are upregulated, rather than one or the other as is the case in 
normal pancreas development. The key networks identified include 
upregulation of: (i) transcription factors NR5A2, MIST1 (also known as 
BHLHA15A) and RBPJL and their downstream targets that are impor-
tant in acinar cell differentiation and pancreatitis/regeneration22,23; 
and (ii) genes associated with endocrine differentiation and MODY 
(including INS, NEUROD1, NKX2-2 and MAFA (Extended Data  
Fig. 8 and Supplementary Table 16)). Importantly, several patient- 
derived pancreatic cancer cell lines were enriched with gene pro-
grammes associated with the ADEX class. Moreover, these cell lines 
expressed multiple genes associated with terminally differentiated 
pancreatic tissues, including AMY2B, PRSS1, PRSS3, CEL and INS. In 
addition, the methylation pattern of ADEX tumours was distinct from 
normal pancreas and clustered with other PCs (Extended Data Fig. 9).
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Figure 1 | Molecular classes and transcriptional networks defining 
PDAC. a, Unsupervised analysis of RNA-seq identified 4 PDAC classes: 
squamous (blue); ADEX (abnormally differentiated endocrine exocrine; 
brown); pancreatic progenitor (yellow); and immunogenic (red). 
*P < 0.05, Fisher’s exact test. b, Heatmap of gene programmes significantly 
enriched in PDAC. Black dot denotes transcriptional networks showing 
highest significance for an individual class. c, Kaplan–Meier analysis of 
patient survival stratified by class.
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