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Supplementary Figure 1

(A) Immunohistochemical staining for the proliferation marker Ki67 in all three lung carcinoid
cases analyzed in the study. (B) H&E staining of the tumor necrosis in patient 3, magnified
areas show (1) necrotic, and (2) vital tumor tissue. (C) Scatterplots of selected quality
parameters of all single-cell transcriptomes prior to filtering, red dashed lines indicate cut-off
values for filtering. (D) Violin plots of selected quality parameters of all single-cell
transcriptomes prior to filtering, grouped by patient and tissue type. (E) UMAPs of all single-
cell transcriptomes after filtering, colored by gene expression of selected canonical markers
for epithelial (EPCAM), immune (PTPRC), and stromal cells (PECAM1, ACTA2).
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(A) UMAPs based on the top 10 principal components of all epithelial single-cell

transcriptomes, split by tissue type, color-coded by cluster (resolution = 2), cluster number

indicated. (B) Relative size of clusters in normal and tumor tissue samples, respectively, for

clusters numbers see (A). (C-F) Epithelial cell clusters overrepresented in tumor tissue

samples were assigned as tumor cell clusters and subset. (C) UMAP of tumor cell clusters,

color-coded by cluster (resolution = 1), cluster number indicated. (D) Differentially expressed

genes in tumor cell clusters for each patient separately, for cluster numbers see (C). (E)

UMAPSs of tumor cell clusters, colored by number of genes per cell and number of reads per

cell. (F) Proportion of tumor epithelial cells in different cell cycle phases, grouped by clusters,

for cluster numbers see (C).
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Cell type gene signatures (Travaglini et al. 2020)
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Cell type gene signatures (Vieira Braga et al. 2019)

Supplementary Figure 3
(A+B) Mean module scores of cell type gene signatures according to (A) Travaglini et al. and

(B) Vieira Braga et al. in epithelial, immune and stromal cell clusters as annotated manually.
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(A) Proportions of lymphoid and myeloid cell types per patient in normal tissue samples. (B+C)
Differentially expressed genes of (B) lymphoid and (C) myeloid cell types, top 10 genes

showed per cell type. (D) Differentially expressed genes of monocyte-derived myeloid cell

clusters, top 10 genes showed per cell cluster, black arrowheads indicate genes mentioned in

the main text. (E) ssGSEA enrichment scores in 75 lung carcinoids analyzed by bulk gene

expression profiling grouped by histological subtype, two-sided t-test statistics. Kaplan-Meier

overall survival curves of 76 lung carcinoid patients grouped by ssGSEA enrichment scores,

log-rank statistics.
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Supplementary Figure 5

(A) Lung carcinoid single-cell gene expression data was projected into a lung adenocarcinoma
reference dataset (https://doi.org/10.1038/s41388-021-02054-3) using the “ingest” function of
the Scanpy toolkit to transfer cell type labels and UMAP coordinates from the reference dataset
to the lung carcinoid dataset. (B-C) UMAPs and proportion of cell types of (B) immune and (C)
stromal single-cell transcriptomes of the lung carcinoid dataset, UMAP coordinates computed
from lung adenocarcinoma reference dataset, color-coded by cell type as transferred from lung
adenocarcinoma reference dataset. Functional annotation of selected cell clusters indicated in
brackets, for further characterization of cell clusters, see https://doi.org/10.1038/s41388-021-
02054-3.
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(A) Proportions of endothelial and fibroblastic/smooth muscle cell types per patient in normal

tissue samples. (B+C) Immunohistochemical staining for (B) the endothelial marker ERG and

(C) the tumor-associated endothelial marker INSR. (D) Differentially expressed genes of

endothelial cell types, top 10 genes showed per cell type, black arrowheads indicate genes

mentioned in the main text. (E+F) ssGSEA enrichment scores of (E) marker genes of

myofibroblast cluster 1 and (F) pericyte marker genes in 75 lung carcinoids analyzed by bulk

gene expression profiling grouped by histological subtype, two-sided t-test statistics. Kaplan-

Meier overall survival curves of 76 lung carcinoid patients grouped by ssGSEA enrichment

scores, log-rank statistics.
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Supplementary Figure 7

(A+B) Correlation of the number of potential cell-cell interactions, computed using the
CellPhoneDB algorithm, with (A) the mean number of mMRNA counts per cell type, and with (B)

the total number of cells per cell type, Pearson’s correlation statistics.
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