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Supplemental Methods 
 

The segmentation pipeline is available on nf-co.re/imcyto 

Please see the documentation in nf-co.re/imcyto/docs for details on how to install, 

run and modify the pipeline and interpret the results. 

 
Expert gating of clusters 

Some clusters were found to be a mixture of cells, therefore some manual gating 

was done as follows. 

Cluster 21 was split in a macrophage cluster “21A” for events with CD206>=0.5, or 

CD68 >= 0.5. Remaining cells were annotated tumour cluster “21B”. 

Cluster 5 was split into three: macrophages “05A” for F4/80 >= 0.5, dendritic cells 

“05B” for CD11c >=0.6, and remaining cells were annotated tumour cluster “05C”. 

Cluster 29 was split into epithelium “29A”, for EPCAM >= 0.7 and remaining cells as 

endothelium “29B”. 

Cluster 15 was split into a small subset of NK cells “15A” with NKp46 >= 1.5, pS6<= 

0.1 and Foxp3 <=0.2. Remaining cells were annotated tumour cluster “15B”. 

 

Assignment of metaclusters 

Metaclusters were assigned by merging clusters from similar cell types. 

“Epithelium”; EpCAM+ epithelium clusters 29A, 18 

"Fibroblasts”; aSMA+ fibroblast clusters 24, 28 

“Lymphocytes”; B, T and NK cell clusters 06, 09, 25, 15A 

“Myeloid: dendritic cells”; DC clusters 27, 03, 05B 

“Myeloid: macrophages”; macrophage clusters 26, 11, 21A, 08, 05A, 23 

“Myeloid: macrophages Type 1”; macrophage cluster 11 

“Myeloid: macrophages Type 2”; macrophage clusters 05A, 08, 26 

“Myeloid: neutrophils”; Ly6G+ neutrophil clusters 16, 20, 30 

“Normal”; normal lung clusters 04, 12  

“Tumour”; tumour cell clusters 02, 10, 22, 01, 05C, 15B, 17, 21B 

“Vessels”; endothelium clusters 14, 29B, 07, 19, 13   
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Supplemental Table and Figure legends 
 

Supplemental Table 1. Metal-conjugated antibody panel.  
List of the 27 antibodies used and which metals they were conjugated to. Reactivity, 

indicating the species to which the antibody is reactive to; source; the company 

where the antibody was purchased, alongside the catalogue number; metal,  the 

isotope to which the antibody was conjugated, note: antibodies purchased from 

Fluidigm, were bought in pre-conjugated format, antibodies from other suppliers 

were bought in a purified format and conjugated in house; clone, the antibody clone 

in case of a monoclonal; purpose, whether the marker is used to define cell lineages 

or characterises a phenotype of the cell; cell type/phenotype, type of cell this marker 

is typically expressed on or functional meaning of the marker; used for clustering, 

whether this marker was selected for Phenograph clustering.  

 
Supplemental Table 2. Multiple linear regression analysis to rank changes in 
expression between treatment groups.  
Treatment group was one-hot encoded with “Vehicle” as 0 and “MRTX1257” as 1, to 

be the numeric predictor variable, and mean expression of each marker per cell was 

used as independent variables to model using multiple linear regression. Data in the 

table was sorted by size of the coefficient estimate, to rank the markers by 

magnitude of changes in expression; negative values indicate a decrease and 

positive values an increase in expression as a consequence of MRTX1257 

treatment.  

 

Supplemental Figure 1. Representative false colour images of markers used in 
the antibody panel. 
a. Mouse spleen and lung tumour tissue stained with fluorophore and metal 

conjugated antibodies. Images generated with either a Zeiss Upright 710 microscope 

with 20x objective lens or Hyperion Imaging Mass Cytometer.  

b. Lung tumour tissue stained with metal-conjugated antibodies. Markers are 

grouped according to cell type, and each group contains a merged image showing 

co-expression of markers.  
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Each marker is shown overlaid onto a nuclear marker (blue). Images were cropped, 

filtered with median filter, false coloured and individually scaled for visualisation in 

Fiji. 

 
Supplemental Figure 2. Lung tumour growth is inhibited following KRAS G12C 
inhibitor treatment. 
MicroCT analysis before and after 7 days of vehicle or MRTX1257 treatment in mice. 

Each dot or triangle represents the volume change of an individual tumour between 

the two time points; 6 tumours from 5 vehicle treated mice, and 9 tumours from 2 

MRTX1257 treated mice. Significance: p = 0.0048 by a two-sided Mann-Whitney 

test. 

 
Supplemental Figure 3. Schematic of the imcyto pipeline  

(https://github.com/nf-core/imcyto or https://nf-co.re/imcyto). Raw data in the form of 

mcd/ome.tiff/txt files are taken as input alongside a metadata.csv file. The 

metadata.csv file contains a metal panel list with a Boolean tag (as shown) to 

determine which path each marker follows. Input data are converted into individual 

tiff images by imctools, matched against the metadata.csv and sorted into the 

desired path: either full_stack or ilastik_stack. Images to be used for Ilastik based 

image segmentation go down the ilastik_stack path to be preprocessed/filtered and 

undergo Ilastik pixel classification. Output probability maps are used to generate 

single cell masks in the segmentation step. The skip_ilastik parameter can be used 

to skip the Ilastik pixel classification altogether.  Images in the full_stack path are 

minimally preprocessed and used in to extract single cell expression data from in the 

segmentation step. A single cell mask and csv file containing measured data are 

output at the end of the pipeline, to be used for further single cell analysis. 

The key provided shows the input/outputs, process and decision steps in the flow 

diagram. Additionally, the process steps are colour coded by software used (blue-

imctools, green-CellProfiler, red-Ilastik). The dashed arrow shows the workflow if 

skip_ilastik parameter is used. 
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Supplemental Figure 4. Separation of clusters, metaclusters and ROIs by 
treatment  
a. Counts of cells within the individual clusters and metaclusters, coloured by 

treatment. 

b. Counts of cells within the metaclusters, coloured by treatment. 

c. Principal component analysis using the average of each marker per ROI as input 

variables, coloured by treatment as indicated in the legend. 

d. X-Y plots of the tissues coloured by metacluster. Each cell in the dataset is plotted 

as a dot using its x and y coordinates in the ROIs and coloured by the metacluster it 

was assigned to. 

 

Supplemental Figure 5. Detailed characterisation of macrophages and T cells 
a. uMAP of macrophage metacluster, coloured by cluster, treatment, domain, and 

the expression of individual markers that were selected for the generation of these 

uMAPs. Type 1 macrophages, largely made up of cluster 11, are characterised by 

high CD68+ CD11c+ expression, as well as PD-L1 and pS6 positivity, and mainly 

reside at the tumour edge (normal and interface domain) and do not change much 

upon treatment with MRTX1257. The Type 2 macrophages, a merge of clusters 05A, 

08, and 26, is characterised by F4/80 and CD206 expression. This population is 

much increased in size upon treatment, predominates the tumour domain, and 

dramatically changes phenotype with upregulation of F4/80, CD206, MHC-II, CD86 

and PD-L1, indicating maturation into antigen presenting cells. 

b. Visualisation of cell outlines of CD4+ T cells (cluster 6), CD8+ T cells (cluster 25) 

and CD103+ DCs (cluster 3), to demonstrate the frequent occurrence in the close 

proximity of CD68+ Type 1 macrophages (cluster 11).   

c. Visualisation of cell outlines of fibroblast metacluster, to demonstrate the frequent 

occurrence in the close proximity of Type 2 macrophages.  

d. X-Y plots of tissues with T cells; CD4+ T cells (cluster 6) and CD8+ T cells (cluster 

25) both highlighted in yellow dots, all other cells are shown in black.  

e. uMAP of T cells, coloured by cluster, treatment, domain, and the expression of 

individual markers that were selected for the generation of these uMAPs. The red 

dashed circle highlights a few rare gamma-delta T cells. 
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Supplemental Figure 6. Neighbourhood analysis for metaclusters, visualised in 
three different ways 
a. Heatmap showing the enrichment score for all metaclusters; default output from 

the neighbouRhood script 15. 

b. Enrichment score as obtained from the neighbouRhood analysis visualised as bar 

graphs, with enrichment score on the y-axis. The enrichment score counts the 

number of images for which the enrichment was found to be significant. With six 

images in each treatment group, that means that the scale goes from -6 

(“avoidance”) to +6 “enrichment”. 

c. “Log2FC enrichment” is the log-2 fold change of the CT value for the frequency at 

which cell B is found in the neighbourhood of cell A, relative to the permutation test 

(see Methods section). Filled circles represent images for which the enrichment was 

statistically significant (p<0.01), while open circles indicate non-significance. Inf: 

where CT-real = 0 and CT-perm >0, leading to an infinitely low Log2FC value, we 

placed the dots at the bottom of the plot to include them in the visualisation. 

 

Supplemental data 3D plot. Interactive visualisation of metacluster distribution 
across domains 

The proportions of the cell type within the normal, tumour and interface domains are 

used to position the metaclusters along the three axes of an interactive 3D plot, 

using the Plotly R Graphing Library. The data for the Vehicle and MRTX1257 treated 

samples are connected with a line to emphasise the magnitude of changes in tissue 

distribution as a response to treatment.  The html file to load the 3D plot can be 

downloaded from https://hdl.handle.net/10779/crick.c.5270621.  

 

 

 

 

 

 

 

 




