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Supplementary Table 1: Overview of MELC panel design with included markers for the respective cell 
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Supplementary Table 2: Overview of technical components of the Toponome Image Cycler Mm3 and 
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Suppl. Figure 1: IF overlays of the designed panel. (A) MELC IF overlays of immune markers. IF overlay 
of CD3 (Cyan), B220 (Yellow), CD68 (Magenta), and DAPI (Blue) shown for a representative acquired FOV 
(Upper panel) and a selected ROI (Lower panel) in mouse lung. Besides overlays of the FOV and the ROIs, 
single marker images of additional immune markers are depicted in greyscale. Arrow heads highlight 
examples for CD3+ CD4+ T helper cells (Blue), CD3+ CD8a+ T cytotox. cells (Green), CD68+ CD11c+ 
myeloid cells (Orange) partly expressing MHCII, and cells of the B lineage (Pink) expressing different 
levels and combinations of B220, Kappa, and IRF4. (B) MELC IF overlays of endothelial markers. IF overlay 
of EMCN (Yellow), CD31 (Magenta), and DAPI (Blue) shown for a representative acquired FOV (Upper 
panel) and two selected ROIs (Middle and lower panel) in mouse lung. Besides overlays of the FOV and 
the ROIs, single marker images of additional endothelial markers are depicted in greyscale. (C) MELC IF 
overlays of epithelial markers. IF overlay of EpCAM (Yellow), CD44 (Magenta), CD138 (Cyan), and DAPI 
(Blue) shown for a representative acquired FOV (Upper panel) and one selected ROI (Lower panel) in 
mouse lung. (A-C) Scale bar represents 200 µm in overview images and 20 µ in ROIs. Nuclei staining 
refers to either DAPI or sytox green. EMCN: endomucin; IF: immunofluorescence; MELC: multi epitope 
ligand cartography; ROI: region of interest; SMA: smooth muscle actin; VIM: vimentin.  



 

Suppl. Figure 2: Experimental workflow and spatial analyses approaches. (A) Schematic of the 
experimental set-up of the IL-33 systemic inflammation model and the MELC experiments. In short, 12-
14-week-old GATA3eGFP reporter mice were i.p. injected with 300 ng IL-33 on up to 3 consecutive days. 



24 h after the last dose, organs were harvested and processed for cyclic IF (MELC). In each MELC 
experiment, three FOVs were acquired, each measuring 665 x 665 µm. Purple box marks ROI shown in 
(B). (B) Analysis of the data comprised different spatial approaches on different scales including niche 
analysis (I), coenrichment analysis (II), minimum distances (III), and CIN analysis (IV). ROI: region of 
interest; MELC: multi epitope ligand cartography; CIN: cells in neighborhood.   



 

Suppl. Figure 3: Visual validation of annotated B cells & plasma cells using IF overlays and single 
marker stainings. Centroids of annotated cells are visualized as dots in xy-space (Magenta), each dot 
representing one cell. IF stainings of MHCII (Upper panel; Yellow), B220 (Upper panel; Cyan), or Kappa 
(Lower panel; Yellow) and CD45 (Lower panel; Cyan) are shown with nuclei stain (Blue) and cell centroids 
are superimposed (Magenta). Single marker images of B220, MHCII, kappa, CD45, and nuclei are shown 
for one representative FOV and a zoomed-in ROI in greyscale. Arrows tips (Orange) highlight identified 
annotated cells in all depicted ROI images. Scale bar represents 200 µm in FOV and 20 µm in ROI. FOV: 
field of view; ROI: region of interest.  

  



 

Suppl. Figure 4: Visual validation of annotated myeloid cells using IF overlays and single marker 
stainings. Centroids of annotated cells are visualized as dots in xy-space (Magenta), each dot 
representing one cell. IF stainings of CD68 (Upper panel; Yellow), CD45 (Upper panel; Cyan), or MHCII 
(Lower panel; Yellow) and CD11c (Lower panel; Cyan) are shown with nuclei stain (Blue) and cell centroids 
are superimposed (Magenta). Single marker images of CD68, MHCII, CD11c, CD45, and nuclei are shown 
for one representative FOV and a zoomed-in ROI in greyscale. Arrow tips (Orange) highlight identified 
annotated cells in all depicted ROI images. Scale bar represents 200 µm in FOV and 20 µm in ROI. FOV: 
field of view; ROI: region of interest.  

  



 

Suppl. Figure 5: Visual validation of annotated T cell subsets using IF overlays and single marker 
stainings. (A) Visual validation of annotated T cytotoxic cells using IF overlays and single marker 
stainings. Centroids of annotated cells are visualized as dots in xy-space (Magenta), each dot 
representing one cell, and overlayed with CD8a (Yellow), CD3 (Cyan), and nuclei stain (Blue) in the upper 
left image. Single marker images of CD8a, CD3, nuclei, and CD45 of the same tissue region are depicted 
in greyscale. Arrows tips (Orange) highlight ILC2s in all depicted images. Scale bar represents 20 µm. (B) 
Visual validation of annotated T helper cells using IF overlays and single marker stainings. Centroids of 
annotated cells are visualized as dots in xy-space (Magenta), each dot representing one cell, and 
overlayed with CD4 (Yellow), CD3 (Cyan), and nuclei stain (Blue) in the upper left image. Single marker 
images of CD4, CD3, nuclei, and CD45 of the same tissue region are depicted in greyscale. (A) and (B) 
Arrows tips (Orange) highlight identified annotated cells in all depicted images. Scale bar represents 
20 µm.   



 



Suppl. Figure 6: Visual validation of NK cells/ILC1s and ILC3s. (A) Visual validation of cells of the 
NK cells/ILC1 cluster using IF overlays and single marker stainings of ILC inclusion and exclusion markers. 
Centroids of annotated NK cells/ILC1 (Magenta) are visualized as dots in xy-space, each dot representing 
one NK cells/ILC1, and overlayed with NK1.1 (Yellow), CD45 (Cyan), and nuclei stain (Blue) in the upper 
left image. Single marker images of NK1.1, CD45, EOMES, TBET, NKp46, CD127, CD90.2, Ki67, B220, 
CD11c, CD3, CD4, CD8a, and nuclei stain of the same tissue region are depicted in greyscale. (B) Visual 
validation of ILC3s using IF overlays and single marker stainings of ILC inclusion and exclusion markers. 
Centroids of annotated ILC3s (Magenta) are visualized as dots in xy-space, each dot representing one 
ILC3, and overlayed with  (Yellow), CD45 (Cyan), and nuclei stain (Blue) in the upper left image. 

stain of the same tissue region are depicted in greyscale. (A) and (B) Arrows tips (Orange) highlight 
annotated cells in all depicted images. Scale bar represents 20 µm. 

  



 

Suppl. Figure 7: Visual validation of endothelial subpopulations. (A) Visual validation of annotated 
blood endothelial cells using IF overlays and single marker stainings. Centroids of annotated blood 



endothelial cells (Magenta) are visualized as dots in xy-space, each dot representing one cell, and 
overlayed with CD31 (Upper panel; Yellow), EMCN (Upper panel; Cyan), or LYVE1 (Lower panel; yellow), 
CD200 (Lower panel; Cyan) together with the nuclei stain (Blue). Single marker images of CD31, EMCN, 
LYVE1, CD200, and nuclei stain of the same tissue region are depicted in greyscale for one representative 
FOVs and one zoomed-in ROIs marked by white dotted box. (B) Visual validation of annotated 
lymphatics using IF overlays and single marker stainings. Centroids of annotated lymphatics (Magenta) 
are visualized as dots in xy-space, each dot representing one cell, and overlayed with LYVE1 (yellow), 
CD90.2 (Cyan) together with the nuclei stain (Blue). Single marker images of LYVE1, CD90.2, and nuclei 
stain of the same tissue region are depicted in greyscale for one representative FOVs and two zoomed-
in ROIs marked by white dotted box. (A) and (B) Arrows tips (Orange) highlight annotated cells in all 
depicted images. Scale bar represents 200µm in FOVs, and 20 µm in depicted ROIs. EMCN: endomucin; 
FOV: field of view; ROI: region of interest. 

  



 

Suppl. Figure 8: Marker profiles of all annotated cell types within AL3. Dot plot showing the marker 
profiles of all annotated cell types of AL3 in the mouse lung dataset. The size of the dots in the dot plot 
correlates with the percentage of cells expressing the respective marker, while the color represents the 
average expression level of the respective marker by the cluster. AL: annotation level.  

  



 

Suppl. Figure 9: Quantification of total counts of NK cells/ILC1s and ILC3s in mouse lung FOVs 
across conditions. (A) Box plots showing the total count of annotated NK cells/ILC1s per analyzed FOV 
across conditions. (B) Box plots showing the total count of annotated ILC3s per analyzed FOV across 
conditions. (C) Box plot depicting the frequency of ILC subtypes within the immune compartment per 
FOV for IL-33 day 3 (D3).  (D) Box plot depicting the frequency of ILC subtypes within the ILC 
compartment per FOV for IL-33 day 3 (D3). (A-D) FOV = analyzed fields of view; n = 9 for each condition; 
each dot represents one analyzed FOV. For statistical analysis, Kruskal-Wallis-test was used to check for 
significance between tested groups and effect size, Dunn’s test was used as post-hoc test for pairwise 
comparison. Asterisks mark significance levels.  



 

Suppl. Figure 10: Cellular niche composition. (A) Stacked bar plot depicting the identified niches and 
their composition of AL1 cell types. (B) ILC2 frequency across tissue niches. Each dot represents one 
acquired FOV. For statistical analysis, Kruskal-Wallis-test was used to check for significance between 
tested groups and effect size, Dunn’s test was used as post-hoc test for pairwise comparison. Asterisk 
marks significance level. N of analyzed FOVs: 35. FOV: fields of view. (C) Stacked bar plot depicting the 
niche abundance per acquired FOV. Each bar represents one acquired FOV. FOV: field of view. (D) ILC2 
frequency across tissue niches and conditions. Each dot represents one acquired FOV. For statistical 



analysis, Kruskal-Wallis-test was used to check for significance between tested groups and effect size, 
Dunn’s test was used as post-hoc test for pairwise comparison. Asterisk marks significance level. N of 
analyzed FOVs: 9 for CTRL, D1, and D2; 8 for D3. FOV: fields of view.   



 

Suppl. Figure 11: Cellular composition of AL3 cell types across niches and conditions. Stacked bar 
plot depicting the identified niches and their composition of AL3 cell types for each condition. Each bar 
represents one acquired FOV. FOV: field of view. 

  



 

Suppl. Figure 12: Cellular composition within Mixed Myeloid/LEC niche and Blood endothelial 
niche across conditions. (A) Cellular abundance of B cells & Plasma cells, myeloid cells, NK cells/ILC1s, 
blood vessels, and LYVE1 CD31 vessels within the blood endothelial niche across conditions. (B) Cellular 
abundance of myeloid cells and lymphatics within the mixed myeloid/LEC niche across conditions. (C) 
Cellular abundance of myeloid cells, blood vessels, and NK cells/ILC1s within the Mixed BPC/BEC niche 
across conditions. (A-C) Each dot represents one acquired FOV. For statistical analysis, Kruskal-Wallis-
test was used to check for significance between tested groups and effect size, Dunn’s test was used as 
post-hoc test for pairwise comparison. Asterisk marks significance level. N of analyzed FOVs: 9 for CTRL, 
D1, and D2; 8 for D3. FOV: fields of view. 

  



 



Suppl. Figure 13: Coenrichment analysis of ILC2s. (A) Bar plot showing the results of the 
coenrichment analysis of ILC2s, myeloid cells, and lymphatics with ILC2s across conditions. Each bar 
represents one analyzed FOV. Asterisks mark p-value lower than 0.05. (B) High resolution of zoomed-in 
exemplary ROI showing identified GATA3eGFP+ CD127+ CD90.2+ LIN-ILC2 (Orange arrow heads) in 
direct contact with a CD45+ CD11c+ SiglecF+ CD68+ CD44+ activated alveolar macrophage (Pink 
arrowhead). Arrow heads marking ILC2 (Orange) and activated alveolar macrophage (Pink) are 
superimposed on IF greyscale images of diverse myeloid markers. (C) High resolution of zoomed-in 
exemplary ROI showing identified GATA3eGFP+ CD127+ CD90.2+ LIN- ILC2 (Orange arrow heads) co-
expressing ICOS and/or MHCII, and/or KLRG1 and are in direct contact with CD45+ CD11c+ CD68+/- 
myeloid cell (Pink arrowhead). Arrow heads marking ILC2 (Orange) and myeloid cells (Pink) are 
superimposed on IF overlay and single marker images of diverse markers. (D) Box plots depicting the 
minimal distances of the identified immune cell types to lymphatics as reference cells across conditions. 
Number represents the median minimum distance for the respective cell type in µm.   



 



Suppl. Figure 14: NK cells/ILC1s localize in niches with B cells & plasma cells and blood vessels. 
(A) Heatmap showing the results of the neighborhood coenrichment analysis of NK cells/ILC1s with all 
annotated cell types from AL3 across analyzed conditions as z-scores. Each column represents one 
analyzed FOV. (B) Bar plot showing the results of the coenrichment analysis of NK cells/ILC1s, B cells & 
plasma cells, and blood vessels with NK cells/ILC1s across conditions. Each bar represents one analyzed 
FOV. Asterisks mark p-value lower than 0.05. (C) Box plots depicting the minimal distances of the 
identified immune cell types to blood vessels as reference cells under healthy conditions (Top), and D3 
(Bottom). Each dot represents one cell. Number represents the median minimum distance for the 
respective cell type in µm. (D) Box plots depicting the minimal distances of the identified immune cell 
types to blood vessels as reference cells across conditions. Each dot represents one acquired FOV. 
Number represents the median minimum distance for the respective cell type in µm. (E) Box plots 
showing the result of the CIN analysis with the frequency of NK cells/ILC1s, B cells & plasma cells, and 
blood vessels in a 10 µm radius around NK cells/ILC1s, B cells & plasma cells, and blood vessels used as 
reference cells. Each dot represents one acquired FOV. (D-E) For statistical analysis, Kruskal-Wallis-test 
was used to check for significance between tested groups and effect size, Dunn’s test was used as post-
hoc test for pairwise comparison. Asterisk marks significance level. N of analyzed FOVs: 9 for CTRL, D1, 
and D2; 8 for D3. FOV: fields of view. 

 


