
  

Supplementary Information 
Additional file 2: Supplementary Materials for: Single-cell analysis of immune and stroma cell 

remodeling in clear cell renal cell carcinoma primary tumors and bone metastatic lesions. This file 

includes Supplementary Figures: Fig. S1-S7 
 
 
Fig S1. Overview of immune and stromal cell landscape in ccRCC bone metastasis. 

Fig S2. Distinct tumor-associated macrophage subpopulations in ccRCC bone metastasis. 
Fig S3. Sustained T cells dysfunction in ccRCC primary and bone metastatic tumors. 

Fig S4. Dysfunctional T cells correlate with Macro-2. 

Fig S5. Changes of stromal cell subpopulations in the ccRCC bone metastasis.  

Fig S6. Tumor cells heterogeneity within human ccRCC bone metastasis.  

Fig S7. Tumor associated MSCs source to bone remodeling of ccRCC bone metastasis. 
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Fig S1. Overview of immune and stromal cell landscape in ccRCC bone metastasis. 

A. Similar to Figure 1B, the sagittal T1 MRI imaging of the thoracic spine is shown for patient BM2. 

B. Joint UMAP embedding showing cells from different sample fractions. 

C. Seurat integration of scRNA-seq samples of all bone marrow samples (Healthy, Benign, Involved, 

Distal and Bone Met), visualized using a common UMAP embedding color coded by the cell type.  

D.  Integrative analysis of scRNA-seq samples visualized using a common UMAP embedding for cell 

sample fractions (ccRCC primary and ccRCC Bone Met tumors). 

E. UMAP visualization showing expression of selected marker genes. 

F. InferCNV analysis showing pronounced patients specific CNV pattern taking proximal tube cells as 

control (see method). 

G. Comparison of relative cell abundance of major cell clusters between Bone Met (n=9) and different 

control fractions (Healthy n=12, Benign n=7, Involved n=4, Distal n=4). Statistics are accessed with two-

sided Wilcoxon rank sum test (*p<0.05, ***p<0.001, Additional file 1: Table S3). For box plots, center 

line represents the median and box limits represent upper and lower quartiles, and whiskers depicts 1.5 × 

the interquartile range (IQR). 

H. Boxplot showing inter-individual gene expression distances (based on Pearson correlation) within 

Healthy, Benign, Distal, Involved and Tumor fractions. Significance was assessed using two-sided 

Wilcoxon rank sum test and BH multiple testing correction (***p<0.001, **** p<0.0001). 
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Fig S2. Distinct tumor-associated macrophage subpopulations in ccRCC bone metastasis. 

A. UMAP embedding demonstrating myeloid cell subpopulations from different sample conditions. 

B. Violin plot showing representative marker gene expression of myeloid subpopulations. 

C. Scaled average expression of Macrophage markers and M2 signature gene expression shown as 

heatmap for macrophage subpopulations. 

D. Barplot illustrating the relative cell proportion of myeloid subsets in each individual patient samples. 

E. IL10 expression on joint UMAP embedding. 

F. Heatmap shows an overview of genes (rows) differentially expressed between myeloid subpopulations. 

G.  Enriched GO terms (y-axis) of top 300 upregulated genes in Macro-2 comparing ccRCC Bone Met 

versus ccRCC Primary tumors. The x axis shows the fraction of expressed genes from a GO term that 

were part of the program. Dot size indicates the number of such genes, and the color shows adjusted p-

value (BH adjustment). 
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Fig S3. Sustained T cells dysfunction in ccRCC primary and bone metastatic tumors.  

A. Dot plots showing representative marker gene expression across different T cell subsets. The color 

represents scaled average expression of marker genes in each cell type, and the size indicates the 

proportion of cells expressing marker genes. 

B. Violin plot showing selected gene expression in NK1 and NK2. 

C. Violin plot showing selected gene expression for three CTLs subpopulations. 

D. Boxplots showing the proportions of T cell subsets divided by the total T cells across Bone Met (n=9) 

and different control fractions (Healthy n=12, Benign n=7, Involved n=4, Distal n=4). Statistics are 

accessed with two-sided Wilcoxon rank sum test and BH multiple testing correction. (*p<0.05, 

***p<0.001, Additional file 1: Table S3). 

E. Barplot illustrating the relative cell proportion of T cell subsets in each individual patient samples. 

F. Gating strategy applied for flow cytometry of PDCD1+CD8+ T cells for Bone Met (top) and Distal 

(bottom) BM tissue. 

G. Boxplot showing the percent of PDCD1+CD8+ T cells in Distal (n=4) and Bone Met (n=4) tissue by 

flow cytometry. Statistical significance determined using two-sided t-test (*p<0.05). 

H. UMAP joint embedding of T and NK cell populations from ccRCC Bone Met and ccRCC primary 

tumors. 

I. Boxplot showing exhaustion score in CTL-3 across RCC Bone Met (n=9) with RCC Primary (n=14) 

and adjacent normal tissue (n=9). Significance was assessed using two-sided Wilcoxon rank sum test 

(*p<0.05, **p<0.01). 

I. Immune suppressive gene expression in Tregs shown as violin plot. 

For box plots, center line represents the median and box limits represent upper and lower quartiles, and 

whiskers depicts 1.5 × the interquartile range (IQR). 
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Fig S4. Dysfunctional T cells correlate with Macro-2. 

A. Scatter plot showing the correlation between Macro-2 abundance and Treg abundance. Each dot 

represents a sample. Pearson linear correlation estimate, and p-values are shown. The error band indicates 

95% confidence interval. 

B. Bubble heatmap showing expression of ligand (left: myeloid cell) and receptor (right: T cell subsets) 

pairs. Dot size indicates expression ratio, colored represents average gene expression. 

C. Barplot showing relative mRNA expression (log fold change) of CCL18 in TREM2+ SPP1+ 

macrophages by RT-qPCR. Data are expressed using the 2−∆∆Ct method. Gene expression levels were 

normalized to the Benign control.  

D. Gating strategy for enrichment for CCR8+ Tregs in Bone Met patients. Labels above the flow plots 

refer to the parent population in the percentages are of the parent gate. 

E. Schematic illustration of immunosuppressive microenvironment featuring increased tumor-associated 

macrophages (TAM) with distinct transcriptional states, exhausted CD8+ T cells, and Tregs. 
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Fig S5. Changes of stromal cell subpopulations in the ccRCC bone metastasis. 

A. Selected stroma marker gene expression on joint UMAP embedding. 

B. Dot plots showing marker gene expression across different pericytes subpopulations. 

C. Shifts in the stroma cell populations visualized as cell density on the joint UMAP embedding. Average 

density of Benign and Bone Met samples are shown, Brighter colors correspond to denser regions. 

D. Boxplot representing the proportion of stroma cell subsets in Bone Met (n=9) and Benign (n=9) 

fraction. Significance was assessed using two-sided Wilcoxon rank sum test (*p<0.05, **p<0.01). 

E. Barplot illustrating the relative cell proportion of MSC-1 and MSC-2 in each individual patient 

samples.  

F. Enriched GO terms (y-axis) of top 300 upregulated genes in MSC-1 and MSC-2 comparing Bone Met 

versus Benign condition. The x axis shows the fraction of expressed genes from a GO term that were part 

of the program. Dot size indicates the number of such genes, and the color shows adjusted p-value (BH 

adjustment). 

G. Boxplot representing Macro-2 signature gene expression in TCGA KIRC tumor (n=533) and adjacent 

normal (n=73) bulk RNA samples. Statistics are accessed with two-sided Wilcoxon rank sum test. 

H. Similar with Fig. 4J, Kaplan–Meier curves showing ccRCC samples with higher MSC-2 signature 

gene expression have worse progression-free survival (n=435) in TCGA KIRC data. P value was 

evaluated using Log-rank test. Bootstrap resampling was performed on signature genes and p-value was 

calculated using the 95% reproducibility power p-value (see Methods). 

For box plots, center line represents the median and box limits represent upper and lower quartiles, and 

whiskers depicts 1.5 × the interquartile range (IQR). 
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Fig S6. Tumor cells heterogeneity within human ccRCC bone metastasis 

A. Integrative analysis of scRNA-seq samples from adjacent normal kidney tissue and Bone Met tumors, 

visualized using a common UMAP embedding (top). UMAP visualization of representative marker gene 

expression in adjacent normal kidney tissue and Bone Met tumors (bottom). 

B. Heatmap showing differential expressed genes comparing proximal tubule of the normal adjacent 

kidney tissue, primary ccRCC tumor and the ccRCC bone metastatic tumor.  

C. Expression distance comparing proximal tubule of the normal adjacent kidney tissue, ccRCC primary 

tumor and the ccRCC Bone Met. Significance was assessed using two-sided Wilcoxon rank sum test 

(****p<0.0001). 

D. Enriched GO terms (y-axis) of top 300 upregulated genes in ccRCC Bone Met tumor cells. The x axis 

shows the fraction of expressed genes from a GO term that were part of the program. Dot size indicates 

the number of such genes, and the color shows adjusted p-value (BH adjustment). 
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Fig S7. Tumor associated MSCs source to bone remodeling of ccRCC bone metastasis 

A. Table displaying the number of interactions between the different subpopulations present in human 

ccRCC bone metastasis tumors (Additional file 1: Table S6). 

B. Bubble heatmap showing expression of ligand (left: myeloid cell subsets) and receptor (right: stromal 

subsets) pairs in different myeloid and stromal subsets. Dot size indicates expression ratio, colored 

represents average gene expression. 

C. UMAP visualization of OPG and RANKL expression on stroma cells. 

D. Boxplot representing RANKL expression in human ccRCC bone metastasis TME. Average gene 

expression was used, each dot represents a sample. Significance was assessed using a two-sided Wilcoxon 

rank sum test. 

E. Immunostaining in tissue from bone metastatic ccRCC stained for RANKL, MSC-2 specific marker 

CD90 and DAPI. 

F. UMAP embedding showing the major cell types within primary ccRCC patients (left) and RANK 

expression (right) from two independent scRNA-seq datasets.   

G.  Violin plot showing expression of differential expressed genes between Tumor and Benign condition 

in osteoclast (left) and osteoblast (right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


