Multiome single-cell genomics profiling identifies epigenetic, transcriptional, and cellular
compositional shifts in clear cell renal cell carcinomas
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Background
• Sporadic Clear cell renal cell
carcinoma (ccRCC) is the most
common type of kidney cancer,
representing 70% of all renal cell
carcinoma cases.
• Molecularly is characterized by
alterations in the short arm of
chromosome 3, in particular
alterations in the VHL gene.
• Other alterations confer unique
characteristics for prognosis.
• Using samples from the
Dartmouth Renal cancer tumor
biobank, we aim to characterize
epigenetic, transcriptional, and
compositional shifts in patients
with different stages and survival

Findings
Figure 1. Uniform Manifold Approximation Projection (UMAP) of normal adjacent and tumor cells organized Figure 2. Differences in cell composition using
using a weighted nearest neighbor analysis integrating snRNA-seq and snATAC-seq
Compositional Data Analysis (CODA) between
normal adjacent and tumor cells
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Figure 3. Transcriptional and compositional shifts (A) UMAP
replotting after filtering (B) Cluster independent gene expression
(C) compositional shifts adjusted per sample and group, and (D)
gene expression shifts (right) between normal adjacent and tumor
cells
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Summary of Findings

Data and Methods
• Samples were collected between 1994 and
2009.
• Tumors were split for pathology and biobank
at the time of collection.
• Biobanked samples were mechanically and
enzymatically disassociated at the time of
collection, and stored at -80 Celsius until
processing
• Cell were revived with rapid thawing, debris
and non-viable cells were removed
• 10Xmultiome protocol was used to measure
single-nuclei RNA-seq and ATAC-seq
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57 ccRCC tumors + 6
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• After quality control, 85,771 high-quality cell samples were analyzed (79,804 from tumors).

10X multiome libraries
and sequencing

• Relative compositional shifts were observed with an increased proportion in the tumors vs. normal adjacent in immune cells (22 vs.
15%), descending and ascending thin limbs (36 vs. 23%, and 2 vs. ~0%), fibroblasts (22 vs. 15%) pericytes (13 vs. 5%) and T cells
(7 vs. 1.8%).
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• The normal-adjacent samples had more endothelial cells (15 vs. 20 %), principal, proximal tubule, and thick ascending limb. 37%
of all the cells captured in the tumor were aneuploid, most of them from descending thin limb (19,172 or 24% of all the cells
captured).
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A subpopulation of aneuploid descending thin limb cells (14%) and ascending thick limb (9.8%) was present in the normaladjacent tumor that requires further investigation.

• Coordinated alterations in gene expression and chromatin accessibility programs were observed in all the kidney epithelial,
endothelial, and fibroblast components. After adjusting for sample cell compositions, we calculated gene programs. Among them,
the top program showed 125 genes altered related to chromatin binding and organization, 2-oxoglutarate, and dioxygenase activity
that require further exploration.

Discussion and Future Directions
• In this analysis of historical samples, we were able to recapitulate distributional shifts with alterations in the cell composition of the
samples, additional analysis are ongoing.
• Here the predominant tumor cells were the descending thin limb, aneuploid descending thin limb cells were captured in both the
tumor and the normal-adjacent samples. Altered programs were observed related to aneuploid cells.
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