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Single-cell transcriptomics of the
mouse kidney reveals potential
cellular targets of kidney disease

Jihwan Park,'* Rojesh Shrestha,'* Chengxiang Qiu,' Ayano Kondo,' Shizheng Huang,"
Max Werth,” Mingyao Li,* Jonathan Barasch,” Katalin Susztak't

Our understanding of kidney disease pathogenesis is limited by an incomplete molecular
characterization of the cell types responsible for the organ’s multiple homeostatic functions.
To help fill this knowledge gap, we characterized 57,979 cells from healthy mouse kidneys

by using unbiased single-cell RNA sequencing. On the basis of gene expression patterns, we
infer that inherited kidney diseases that arise from distinct genetic mutations but share

the same phenotypic manifestation originate from the same differentiated cell type. We also
found that the collecting duct in kidneys of adult mice generates a spectrum of cell types
through a newly identified transitional cell. Computational cell trajectory analysis and in vivo
lineage tracing revealed that intercalated cells and principal cells undergo transitions mediated
by the Notch signaling pathway. In mouse and human kidney disease, these transitions were
shifted toward a principal cell fate and were associated with metabolic acidosis.

principal cell types (PCs) may persist in the adult
collecting duct and respond to external stimuli
(18, 19), but definition of these plastic cells is
lacking.

Fourth, current models of kidney disease can-
not distinguish primary cell autonomous re-
sponses from secondary cell nonautonomous
responses. Single cell-specific gene expression
profiles, in contrast, may help identify the read-
out of disease-associated gene mutations in
each cell

Single-cell profiling and unbiased
clustering of mouse kidney cells

‘We first cataloged mouse kidney cell types in
an unbiased manner by using droplet-based
single-cell RNA sequencing (20). We isolated
and sequenced a total of 57,979 cells from whole
kidney cell suspensions derived from seven healthy
male mice (one kidney per mouse). Using strin-
gent quality controls (20), we further analyzed
43,745 cells. Clustering analysis identified 16 dis-
tinet cell clusters consisting of as few as 24 cells
to as many as 26,482 cells per cluster (the clus-
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OP date DIBUN |[DICRE |D3BUN |D3CRE |Single cell DI14BUNDI4CRE
2019/3/26|mild-(1-1) 107 0.6 2019/3/26(POD1) 2
2019/3/26|mild (1-2) 86 04 33|<0.2 2019/3/28(POD3) 3
2019/3/26|mild (1-3) 104 0.9 49/<0.2 2019/4/8 (POD14] 8 42|<0.2
99| 0.633333 41 0.2
2019/3/26|severe-(1-4 124 1 2019/3/26(POD1) 1
2019/3/26|severe (1-5 140 16 140 1.12019/4/8 (POD14] 9 73|<0.2
2019/3/26]severe (1-6 133 0.7 71 0.412019/3/28(POD3) 4
132.333 1.1] 105.5 0.75
OP date DI1BUN |[DICRE |D3BUN |D3CRE |Single cell
2019/4/1|severe (2-1 140 12 2019/4/2(POD1) 5 59 0.3
2019/4/1|severe (2-2 140 14 140 0.912019/4/4(POD3) 7
2019/4/8|severe (2-3 139 11 99 0.412019/4/23 (POD]4 12
139.667| 1.233333] 119.5 0.65|preserved kidneys
2019/4/2|mild (2-4) 79 0.3 36(<0.2 2019/4/16 (POD{ 10 32|<0.2
2019/4/3|mild (2-5) 55/<0.2 2019/4/4(POD1) 6
2019/4/20|mild (2-6) 69 0.3 53|<0.2 2019/4/23 (POD3] 11
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