


Nature Metabolism

Article https://doi.org/10.1038/s42255-026-01514-y

Extended Data Fig. 7 | Lipid droplet biology accelerates luSCC progression. 
 a, Western blot and b, quantification of cytoplasmic and nuclear cleaved SREPB2 
in luSCC cell line SKMES1 after treatment with lung fibroblast secretome (red, 
western blot from one biological experiment). c, LuSCC (SKMES1) spheroid 
invasion + lung fibroblast secretome +/- 5 µM atorvastatin (two-sided Mann 
Whitney U, n = 15 replicates, 3 lung fibroblast secretomes, boxplots: minimum to 
maximum values (error bars), box: 25th and 75th percentiles; line: median).  
d, Mean tumour volume luSCC (n = 8), luSCC + lung fibroblasts (n = 7), luSCC + 
lung fibroblasts + atorvastatin (n = 8). (two-sided linear mixed-effects model, 
p- values for treatment × time interaction shown) e, Kaplan-Meier of survival of 
NSG mice subcutaneously injected with lung SCC cell line SKMES1 treated with 

atorvastatin (20 mg/kg) (broken line, n = 8) (two-sided Mantel Cox test). 
 f, Correlation between hypoxia gene expression signature and fibroblast 
signature in the LUSC TCGA dataset (two-sided Pearson correlation, n = 553)  
g, and the TRACERx cohort (two-sided Pearson correlation, n = 290). h, Kaplan-
Meier survival in TRACERx luSCC by fibroblast signature relative to the median 
(two-sided log-rank test, p = 0.0013, n = 295). i, Kaplan-Meier survival in LUSC 
TCGA by PNPLA2 (ATGL) relative expression to the median (two-sided log-rank 
test, p = 0.0018, n = 501). j, Kaplan-Meier survival in TRACERx luSCC by PNPLA2 
(ATGL) relative expression to the median (two-sided log-rank test, p = 0.034, 
n = 295).
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Triglyceride and cholesterol biology in lung SCC 
tumours. a, Spatial distribution of deconvoluted cell type signatures in 
human lung SCC sample, each spot represents pie chart displaying proportion 
of each signature represented by colours. b, COL1A1 (left, fibroblast), and 
c, MYL9 (right, smooth muscle) stromal gene expression in luSCC spatial 
transcriptomics, colour: gene expression (low: blue, red: high). d, Spatial 
distribution of deconvoluted cell type signatures in second human lung SCC 
sample, each spot represents pie chart displaying proportion of each signature 
represented by colours. e, Heatmap showing overlap between deconvoluted 
cell type signatures and gene expression-based clusters (f) representing distinct 
spatial transcriptional signatures in lung SCC spatial transcriptomics (colours 
represent distinct clusters). g, Spatial transcriptional expression of epithelial 
cell signatures (left) and spatial fibroblast signature (right) second lung SCC 
tumour, colour: proportion of each spot represented by signature (blue: low, 
red: high). h, Spatial distribution of triglyceride catabolism and cholesterol 
synthesis (i) gene signatures in second lung SCC sample, colour: proportion of 

each spot represented by signature (blue: low, red: high). j, Spatial distribution 
of lipid droplet PLIN gene signature score in lung SCC tumours, colour: signature 
expression (low: blue, red: high). k, Spatial distribution and quantification (l) of 
S1P signalling gene signature in tumour (red) and stromal (blue) compartments 
of second lung SCC tumour (two-sided Mann Whitney U). m, Spatial distribution 
of S1P and n, pleural signatures in first lung SCC tumour. o, Quantification of 
S1P gene signature in tumour compartment and adjacent tissue of first lung SCC 
tumour (two-sided Mann Whitney U). p, Immunofluorescence quantification 
of alpha smooth muscle actin (αSMA) in lung fibroblasts co-cultured with lung 
SCC cell lines (two-sided Mann Whitney U, n = 5 biological replicates, ns: non-
significant). q, Representative immunofluorescence images of αSMA (green) 
in control (left) and co-cultured (right) lung fibroblasts (representative image 
from n = 5 biologically independent wells; 122 fields per well analysed, scale: 
25 µm). Boxplots: minimum to maximum values (error bars), box: 25th and 75th 
percentiles; line: median value.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Fibroblast heterogeneity in lung SCC. a, UMAP plot of 
single cell RNA sequencing dataset (GSE148071) of lung SCC tumours. b, Dot 
plot of fibroblast marker genes showing enrichment of fibroblasts in cluster 
5. c, UMAP plot of fibroblasts (cluster 5) subclustered into distinct fibroblast 
populations. d, Dot plot of the expression of top seven marker genes for each 
fibroblast cluster, size of dot represents percent of cells gene expressed in, 

colour represents expression level (white: low, red: high). e, Expression of each 
fibroblast clusters marker gene signature in spatial transcriptomics lung SCC 
tumour fibroblast regions (colour represents expression levels, black: low, 
yellow: high). f, Expression of each fibroblast clusters marker gene signature 
in second spatial transcriptomics lung SCC tumour fibroblast regions (colour 
represents expression levels, black: low, yellow: high).
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Extended Data Fig. 10 | See next page for caption.
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Extended Data Fig. 10 | Lipid metabolism and fibroblast heterogeneity 
in human cSCC. a, Biological pathways significantly downregulated with 
progression from UV damaged skin to cSCC, red bars: lipid metabolism 
pathways. b, Single sample gene set enrichment analysis (ssGSEA) score of lipid 
metabolism genes in ultraviolet radiation (UV) exposed skin, actinic keratosis 
(in situ cSCC), and cutaneous SCC (cSCC) samples (GSE84293, two-sided Mann 
Whitney U, n = 7 skin, n = 10 actinic keratoses, n = 9 cSCC), boxplots: minimum to 
maximum values (error bars), box: 25th and 75th percentiles, line: median. 
 c, UMAP plot of cSCC single cell RNA sequencing dataset (GSE218170) containing 
cSCC tumours, premalignancy (Bowen’s disease) and normal skin. d, Dot plot of 
fibroblast marker genes showing enrichment of fibroblasts in cluster 2, 5 and 8. 

e, UMAP plot of fibroblasts (cluster 2, 5, 8) subclustered into distinct fibroblast 
populations. f, Bar plot displaying the frequency of each fibroblast population in 
cSCC tumour, premalignancy (pre) and normal skin. g, Dot plot of the expression 
of top six marker genes for each fibroblast cluster, size of dot represents percent 
of cells gene expressed in, colour represents expression level (white: low, red: 
high). h, Expression of each fibroblast clusters marker gene signature in spatial 
transcriptomics cSCC tumour fibroblast regions (colour represents expression 
levels, black: low, yellow: high). i, Expression of each fibroblast clusters marker 
gene signature in second spatial transcriptomics cSCC tumour fibroblast regions 
(colour represents expression levels, black: low, yellow: high).
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