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Background

Methods
Spatial gene expression data from human tumors were collected from various publications [3-21]. Gene expression was 

normalized to mean of 30,000 counts per spot per sample and using SCTransform within each sample to allow for 

comparison of gene expression across and within samples. Spots were clustered using Louvain clustering. Clusters were 

assigned as stromal or epithelial based on enrichment of a stromal gene signature [22]. The degree of CD8 exclusion was 

measured using the log2 ratio of average expression of a CD8 signature [23] in stromal vs. epithelial spots for each sample 

(Figure 1). Samples with mean CD8 signature scores in the lowest 20th percentile were removed prior to subsequent 

analysis. Ligand-receptor (LR) interaction analysis was performed using COMMOT [24]. LR co-expression is defined as the 

sum of signaling received across spots for each sample and for each LR pair from CellChatDB, CellTalkDB, and custom-

defined DDR1-collagen interactions (Figure 2). 

Results

 

Discoidin domain receptor 1 (DDR1) is overexpressed in many cancers and is a potential therapeutic target. DDR1 is 

implicated in immune exclusion and collagen alignment in in vivo models [1] and is associated with immune exclusion across 

human tumors based on analysis of H&E and multiplex immunofluorescence images, and bulk gene expression [2]. The 

emergence of spatial transcriptomics technology has enabled highly-multiplexed or whole-transcriptome spatially-resolved 

biomarker analysis. Here, we compiled and harmonized Visium spatial gene expression data (10x Genomics) from 224 

human tumors across 14 tumor types and investigated the relationships between DDR1, DDR1-collagen co-expression, and 

immune exclusion.. 
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Figure 1. Spatial quantification plots of CD8 signature expression and DDR1 
expression in a lung neuroendocrine tumor. A) CD8 signature expression is higher 
in the stroma in this sample, indicating that this sample is immune excluded.  B) 
DDR1 expression quantified across indications.  C.) CD8 exclusion score 
quantified across indications.

Figure 2: Spatial analysis of stroma-epithelium distribution, DDR1 and COL1A1 expression, and 
DDR1-COL1A1 co-expression in a lung neuroendocrine tumor sample. DDR1-COL1A1 co-
expression is highest at the stroma-epithelium interface.

Figure 3: Association between DDR1 gene expression and CD8 exclusion score. Correlation and p-values 
given for all samples and indications with sample size greater than or equal to 10 .

Figure 4. Association between DDR1-collagen co-expression and CD8 exclusion score.  A). Scatterplots for 
all DDR1 and collagen co-expression versus immune exclusion score shown with correlation and p-values.  
B) Heatmap of correlation between DDR1 and collagen co-expression with CD8 exclusion score. Red 
represents positive correlation, and blue represents negative correlation. * signifies statistical 
significance (p-value < 0.05).

• High DDR1 expression is associated with CD8 exclusion across the full 
dataset of 14 tumor types (r=0.27, p = 0.0006), with strongest 
association in hormone receptor positive breast cancer (r = 0.67, p = 
0.0003) and non-small cell lung cancer (r = 0.58, p = 0.007) (Figure 3).

• DDR1-collagen interactions are significantly associated with CD8 
exclusion for most collagen types evaluated (I, II, III, IV, V, VIII, XI) across 
tumor types and within tumor types including breast and gastric cancers 
(Figure 4). 

• DDR1-collagen interactions are enriched among the top LR pathways 
associated with immune exclusion. (Figure 5)

Figure 5. Top Ranked Ligand-Receptor Interactions and Pathways Associated with Immune Exclusion
A) Top 25 Pathways Associated with Immune Exclusion Based on Differential Co-Expression Analysis. 
B) Hypergeometric Plot Showing the Enrichment of DDR1 and Collagen Interactions in the Ranked List of 
Immune Excluded Ligand-Receptor Interactions.

A Rank Pathway
1 EPHA
2 WNT
3 CDH
4 GDF
5 ncWNT
6 DDR1/2:Collagen
7 EPHB
8 PSAP
9 HSPG

10 GRN
11 BMP
12 LAMININ
13 AGRN
14 BSP

15 DESMOSOME
16 ENHO
17 MK
18 ACTIVIN
19 JAM
20 OCLN
21 COLLAGEN
22 GALANIN
23 NOTCH
24 CD46
25 SPP1
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Enrichment of DDR1-Collagen interactions in the ranked list of LR interactions enriched in 
CD8 excluded samples.

Core Enrichment: COL3A1-DDR1, COL1A1_COL1A2-DDR1, COL5A2-DDR1, COL1A1-
DDR1, COL4A1-DDR1, COL4A1_COL4A2_COL4A3_COL4A4-DDR1

NES: 1.85, p-value: 0.00077

Conclusions
We developed a pipeline to quantify spatially-resolved gene expression across various human tumors. DDR1 mRNA and DDR1-collagen co-

expression are correlated with the degree of CD8 exclusion with varying strength of associations across tumor types. These insights are valuable for 

better understanding the biology of DDR1 in the tumor microenvironment.
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