
selection of the appropriate animalmodel
significantly influencing overall success. A
better understanding of similarities and
differences of cellular crosstalk between
kidney cells in animal models therefore is
also crucial for selecting the right model
system to study effects of compounds
under development on dysregulated
molecular processes. Raghubar et al.8

used spatial transcriptomics to compare
receptor ligand interactions between hu-
man and mouse kidney tissues. They
highlight significant changes in expres-
sion of genes being linked to energy
production and metabolic processes
when comparing data across the 2 species.

Results from scRNA-seq studies in
addition also hold the potential to pro-
vide input for organ-on-a-chip experi-
ments that still pose an efficient way to
investigate novel compounds regarding
toxicity and impact on kidney cell types
ex vivo.9 In light of all these new findings
from the data-driven studies in animal
models as well as in human samples,
however, optimal setup and fine tuning
of kidney-on-a-chip experiments might
be even harder than initially anticipated.

Overall, these are exciting times for
the field of nephrology with the new
technologies opening doors to get a
better understanding of disease patho-
physiology and structure-function re-
lationships. Because of the number of
highly specialized cell types within the
kidney, nephrology may be one of the
medical fields profiting the most. We can
at this point only speculate whether this
is causally linked to the overproportional
rise in impact factors of major nephro-
logical journals as compared with other
areas of medicine. Nephrological re-
searchers in any case nowadays have a
number of tools at hand and data avail-
able to derive hypotheses on new bio-
markers, affected molecular pathways,
or novel treatment options. Pathologists
in addition are expected to benefit from
these new technologies and will be sup-
ported in the assessment of a kidney bi-
opsy specimen.

The study by Stefansson et al. on the
association of kidney cell–cell crosstalk
with hyperfiltration along with the
other discussed studies represents the
beginning of a new era in

understanding the impact of cell–cell
interactions on disease development
and progression on a systematic level in
nephrology.
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Urinary single-cell
transcriptomics: a promising
noninvasive method for
assessing acute kidney injury
Sho Hasegawa1,2

Noninvasive methods for obtaining intrarenal information are required
to understand the mechanism of acute kidney injury (AKI). Klocke et al.
explored the feasibility of using urinary single-cell RNA sequencing in
assessing human AKI. Urine samples from patients with AKI included
tubular epithelial cells with injury-related dedifferentiation and adaptive
phenotypes, which could reflect kidney tissue damage. Thus, urinary
single-cell RNA sequencing would provide new insights into human AKI,
leading to the identification of novel biomarkers and therapeutic targets.
Kidney International (2022) 102, 1219–1221; https://doi.org/10.1016/j.kint.2022.09.006
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see clinical investigation on page 1359

A cute kidney injury (AKI) is a
major health issue with no
effective targeted therapies. AKI

survivors are prone to chronic kidney
disease (CKD), increasing the risk for
renal replacement therapy, cardiovas-
cular events, and high mortality.1 The
mechanism of the AKI-to-CKD transi-
tion has not been fully elucidated partly

1Division of Chronic Kidney Disease Pathophysi-
ology, the University of Tokyo Graduate School of
Medicine, Tokyo, Japan; and 2Division of
Nephrology and Endocrinology, the University of
Tokyo Graduate School of Medicine, Tokyo, Japan

Correspondence: Sho Hasegawa, Division of
Chronic Kidney Disease Pathophysiology, the
University of Tokyo Graduate School of Medicine,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan.
E-mail: hasesho.jpn@gmail.com

commenta ry

Kidney International (2022) 102, 1209–1221 1219

http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref8
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref8
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref8
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref8
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref8
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9
https://doi.org/10.1016/j.kint.2022.09.006
https://www.kidney-international.org/article/S0085-2538(22)00688-3/fulltext
http://crossmark.crossref.org/dialog/?doi=10.1016/j.kint.2022.09.006&domain=pdf
mailto:hasesho.jpn@gmail.com


because it is difficult to obtain the
intrarenal information during AKI.
Although kidney biopsy is critical for
the precise diagnosis of kidney disease,
it is not feasible for patients with AKI
because major bleeding complication
risk is extremely high in patients with
AKI compared with patients with
normal kidney functions.2 Therefore, it
has been attempted to use noninvasive
urinary information in the diagnosis of
AKI. Urinary biomarkers such as liver-
type fatty acid binding protein,
neutrophil gelatinase–associated lip-
ocalin, and kidney injury molecule 1 are
known to reflect AKI prognosis to some
extent.3 However, these urinary bio-
markers cannot explicitly reflect what is
occurring in the kidney tissue of pa-
tients with AKI.

In recent studies using mouse AKI
models, many important findings were
obtained through single-cell tran-
scriptomics of kidney tissues. Single-cell
RNA sequencing (scRNA-seq) of mouse
AKI tissues demonstrated that repairing
processes of injured proximal tubular
cells are heterogeneous. Although most
tubular cells are fully regenerated after
injury, some injured cells fall into
failed-repair states.4 These failed-repair
tubular cells are considered to be
involved in inflammation and fibrosis
in kidney tissues, leading to CKD pro-
gression.5 Thus, the assessment of het-
erogeneous tubular cell states is critical
for understanding the mechanism of
the AKI-to-CKD transition.

The examination of urine sediments
is a well-established practice in daily
clinical settings. Although most cells in
the urine are shed from urinary tracts,
kidney parenchymal cells also exist in
the urine sediments especially from
damaged kidneys.6 However, the
assessment of urine sediments is
currently based on morphologic obser-
vations, which cannot analyze the het-
erogeneity of tubular epithelial cell
states.

To address this issue, Klocke et al.7

explored the feasibility of using urinary
scRNA-seq in assessing human AKI.
They analyzed 42,608 single-cell tran-
scriptomes of 40 urine samples from

32 patients with AKI. Although healthy
control urinary cells in the previous
study6 consisted almost entirely of
urogenital tract cells, urine samples
from patients with AKI included kid-
ney parenchymal cells and immune
cells as well as urogenital tract cells,
enabling the analysis of damaged
tubular epithelial cells. In the focused
analysis of kidney parenchymal cells,
most tubular epithelial cells from urine
samples of patients with AKI did not
express characteristic segment markers,
and instead showed injury-related
dedifferentiation and adaptive pheno-
types. To what extent these urinary
cells reflect kidney pathophysiology
was investigated by mapping the uri-
nary single-cell data onto the reference
atlas constructed from single-cell data
of human AKI postmortem biopsy
samples.8 The analysis showed that
urinary tubular cells with injury-
related transcriptomes share similar
characteristics with injury-related
tubular cells from biopsy samples.
However, the urinary tubular cells were
biased toward medullary and distal
nephron segments, suggesting that cells

located in the distal part are more
prone to final urinary excretion
compared with proximal tubular cells.
Although the urinary adaptive cell
states resemble the repairing process of
proximal tubular cells in mouse AKI
models, these cells were not derived
from proximal tubules but from the
thick ascending limb according to their
time course analysis (Figure 1). This
result might be due to the compara-
tively low abundance of proximal
tubular cells in the urinary samples.
Finally, the alteration of urinary
tubular epithelial cell abundance and
cell-type proportions was analyzed
over time after AKI. The urinary cell
abundance was the highest during days
6–10 after AKI. Also, tubular cells with
injury, inflammation and tissue rear-
rangement markers and with oxidative
stress markers were especially increased
during days 6–10. These results
demonstrate the temporal shifts in the
urinary cell signature after AKI. Thus,
the authors concluded that urinary
scRNA-seq provides noninvasive, un-
precedented insights into cellular pro-
cesses underlying AKI.

TAL

Urinary injured tubular
epithelial cells are 

mostly derived from TAL

PT
(most-injured

area)

Figure 1 | The origin of tubular epithelial cells in the urine of patients with acute
kidney injury. Urine samples from patients with acute kidney injury included tubular
epithelial cells with injury-related dedifferentiation and adaptive phenotypes. However,
these cells were mostly derived from the thick ascending limb (TAL), not from proximal
tubules (PT). Future studies are needed to confirm whether urinary injured cell states
originated from distal segments really reflect intrarenal information including damaged PT.
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The most important finding of this
study is that urine samples from patients
with AKI include tubular epithelial cells
with injury-related transcriptomes.
Analysis of time-dependent changes in
the urinary adaptive cell states would
provide a better understanding of the
human AKI-to-CKD transition, leading
to the identification of critical bio-
markers or therapeutic targets. Espe-
cially, future clinical investigations may
align longitudinal urinary scRNA-seq
with clinical situations in which AKI is
expected to occur, such as cardiac sur-
gery, anticancer drug therapy, and kid-
ney transplantation. Correlation analysis
of single-cell transcriptomes with patient
outcome may identify novel cell types/
states or cell type–specific markers that
could facilitate prognosis and guide dis-
ease management. However, some issues
remain to be addressed before urinary
scRNA-seq can be widely used in clinical
settings.

First, the tubular epithelial cells in
urine samples were biased toward
medullary and distal nephron segments.
Many preclinical studies showed that
damage to proximal tubular cells plays a
crucial role in the AKI-to-CKD transi-
tion.4 Proximal tubular cells are prone
to acute environmental change such as
ischemia and toxic substances because
they are highly energy-demanding due
to the need for reabsorption of glucose
and sodium to maintain homeostasis of
body fluids.9 However, in the present
study, proximal tubular cells were rarely
detected in urine samples probably due
to the anatomical location. The pseudo-
time trajectory analysis showed that
urinary injured cell states were mostly
derived from the thick ascending limb
(Figure 1). Thus, it is important to
confirm whether urinary injured cell
states originated from distal segments
really reflect the intrarenal information
including damaged proximal tubular
cells. Ideally, urinary scRNA-seq data
should be compared with kidney tissue
data from the same patients. However,
as it is difficult in a clinical setting,
more urine samples from patients with

AKI should be collected and cautiously
compared with clinical manifestation in
future studies, which would unravel the
clinical significance of urinary injured
cell states.

Second, urine sample preparation
methods should be improved to
perform large-scale studies. Fresh urine
samples are immediately used in the
current study because cell sorting by the
flow cytometric approach is needed to
obtain viable cells. Because of this
technical limitation, the authors could
not collect urine samples at desired time
points to perform the detailed analysis
of time-dependent urinary changes.
Therefore, establishing the standardized
method for sample preservation is
needed to make the best use of urinary
scRNA-seq in assessing human AKI.

Finally, it should be investigated
whether urine concentrations would
affect cell state and number detected in
the urine, independent of kidney tissue
damage. In the current study, oligo-to-
anuric AKI cases were excluded from
analysis, representing a major limitation
when using urine samples as a diag-
nostic tool. Even if diuresis is preserved,
urine volume and concentration keep
on changing during AKI. In addition,
some patients with AKI would be given
diuretics, which might independently
affect urinary cell state and number. If
urine samples contain very few cells,
rare cell types or states might be un-
detected, biasing the analysis. Thus, it is
important to know the effect of urine
concentrations and use of diuretics on
urinary cell signature of patients with
AKI, considering the clinical application
in the future.

In conclusion, this landmark study
showed the feasibility of using urinary
scRNA-seq in assessing human AKI. As
tubular cells with injury-related tran-
scriptomes are included in urine sam-
ples of patients with AKI, intrarenal
information could be noninvasively
obtained by analyzing these cells.
Although improvement of the method
for urine preservation is required for
performing large-scale studies, urinary

scRNA-seq would provide new insights
into human AKI, leading to the identi-
fication of new biomarkers and thera-
peutic targets in the future.

DISCLOSURE
Division of Chronic Kidney Disease
Pathophysiology, the University of Tokyo
Graduate School of Medicine, is financially
supported by Kyowa Kirin that is not directly
related to this work.

ACKNOWLEDGMENTS
SH is supported by the Japan Society for the
Promotion of Science Grant-in-Aid for Early-
Career Scientists (21K16159), MSD Life
Science Foundation, the Cell Science
Research Foundation, Takeda Science
Foundation, Ono Medical Research
Foundation, the Ichiro Kanehara Foundation,
and Ishibashi-Yukiko Kinenkikin.

REFERENCES
1. Chawla LS, Amdur RL, Amodeo S, et al. The

severity of acute kidney injury predicts
progression to chronic kidney disease. Kidney
Int. 2011;79:1361–1369.

2. Hasegawa S, Okada A, Aso S, et al. Association
between diabetes and major bleeding
complications of renal biopsy. Kidney Int Rep.
2022;7:232–240.

3. Murray PT, Mehta RL, Shaw A, et al. Potential
use of biomarkers in acute kidney injury:
report and summary of recommendations
from the 10th Acute Dialysis Quality Initiative
consensus conference. Kidney Int. 2014;85:
513–521.

4. Kirita Y, Wu H, Uchimura K, et al. Cell
profiling of mouse acute kidney injury
reveals conserved cellular responses to
injury. Proc Natl Acad Sci U S A. 2020;117:
15874–15883.

5. Ide S, Kobayashi Y, Ide K, et al. Ferroptotic
stress promotes the accumulation of pro-
inflammatory proximal tubular cells in
maladaptive renal repair. Elife. 2021;10:
e68603.

6. Abedini A, Zhu YO, Chatterjee S, et al. Urinary
single-cell profiling captures the cellular
diversity of the kidney. J Am Soc Nephrol.
2021;32:614–627.

7. Klocke J, Kim SJ, Skopnik CM, et al. Urinary
single-cell sequencing captures kidney injury
and repair processes in human acute kidney
injury. Kidney Int. 2022;102:1359–1370.

8. Hinze C, Kocks C, Leiz J, et al.
Transcriptomic responses of the human
kidney to acute injury at single cell
resolution. Preprint. bioRxiv. 472619. Posted
December 16, 2021. https://doi.org/10.11
01/2021.12.15.472619

9. Hasegawa S, Inagi R. Organelle stress and
crosstalk in kidney disease. Kidney360. 2020;1:
1157–1164.

commenta ry

Kidney International (2022) 102, 1209–1221 1221

http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref1
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref2
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref3
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref4
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref5
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref6
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref7
https://doi.org/10.1101/2021.12.15.472619
https://doi.org/10.1101/2021.12.15.472619
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9
http://refhub.elsevier.com/S0085-2538(22)00801-8/sref9

	Urinary single-cell transcriptomics: a promising noninvasive method for assessing acute kidney injury
	Acknowledgments
	References


