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Immunogenic subtype
The immunogenic class shares many of the characteristics of the pan-
creatic progenitor class, but is associated with evidence of a significant 
immune infiltrate. Associated immune gene programmes included  
B cell signalling pathways, antigen presentation, CD4+ T cell, CD8+ T 
cell and Toll-like receptor signalling pathways (Extended Data Fig. 10 
and Supplementary Table 16). Enrichment analysis identified upreg-
ulated expression of genes associated with nine different immune 
cell types and/or phenotypes24 (Fig. 3a). The predominant expres-
sion profiles were those related to infiltrating B and T cells, with both 

cytotoxic (CD8+) and regulatory T cells (CD4+CD25+FOXP3+ Tregs). 
Upregulation of CTLA4 and PD1 acquired tumour immune suppres-
sion pathways in the immunogenic subtype inferred therapeutic oppor-
tunities with novel immune modulators (Fig. 3c).

Immune mechanisms in pancreatic cancer
To better define candidate molecular mechanisms active in the tumour 
microenvironment, we correlated enrichment of expression patterns 
that characterize specific immune cell populations with each gene pro-
gramme (Fig. 3a and Supplementary Tables 15, 16 and 18). Of all gene 

Figure 2 | Molecular characterization of the squamous class. a, Boxplot 
of PDAC squamous class signature scores generated using pan-cancer 
12 expression data and stratified by class. b, Mutual exclusivity plot of a 
mutated gene sub-network identified by HotNet2. c, Boxplot of TAp63 and 
TP63∆N expression levels stratified by class. d, Heatmap of differentially 

methylated genes. e, Hypermethylation of GATA6 is associated with 
the concordant down regulation of GATA6 gene expression. Pearson 
correlation and adjusted P values are as indicated. In a and c the boxplots 
are annotated by a Kruskall–Wallis P value.
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Figure 3 | Immune pathways in PDAC. a, Heatmap showing enrichment 
of immune cell/phenotype gene signatures in PDAC (top panel). Heatmap 
showing correlation of immune cell/phenotype gene signatures with the 
identified PDAC GPs (bottom panel). Numbers in cells represent −log10 of 
correlation significance. b, Boxplot of GP module eigengene (ME) scores 
(a measure of sample gene programme relatedness) stratified by class and 

showing GP class associations. c, Boxplot of PD1 (also known as PDCD1) 
and CTLA4 gene signature scores stratified by class. d, e, Kaplan–Meier 
analysis comparing survival of patients having either high or low immune 
cell/phenotype signature scores. In b and c, the boxplots are annotated by a 
Kruskall–Wallis P value.
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