












in thousands of single cells. Science 361:
1380–1385, 2018

23. Wu H, Malone AF, Donnelly EL, Kirita Y,
UchimuraK, RamakrishnanSM,et al.: Single-cell
transcriptomics of a human kidney allograft bi-
opsy specimen defines a diverse inflammatory
response. J Am Soc Nephrol 29: 2069–2080,
2018

24. Karaiskos N, Rahmatollahi M, Boltengagen
A, Liu H, Hoehne M, Rinschen M, et al.: A
single-cell transcriptome atlas of the mouse
glomerulus. JAmSocNephrol29: 2060–2068,
2018

25. Han, X,Wang, R, Zhou, Y, Fei, L, Sun, H, Lai, S,
et al.: Mapping the mouse cell atlas by mi-
crowell-seq. Cell 172: 1091–1107.e17, 2018

26. Tabula Muris Consortium; Overall coordina-
tion; Logistical coordination; Organ collec-
tion and processing; Library preparation and
sequencing; Computational data analysis;
Cell type annotation; Writing group; Sup-
plemental text writing group; Principal in-
vestigators: Single-cell transcriptomics of 20
mouse organs creates a TabulaMuris.Nature
562: 367–372, 2018

27. Maunsbach AB: Observations on the seg-
mentation of the proximal tubule in the rat
kidney. Comparison of results from phase
contrast, fluorescence and electron micros-
copy. J Ultrastruct Res 16: 239–258, 1966

28. Woodhall PB, Tisher CC, Simonton CA,
Robinson RR: Relationship between para-
aminohippurate secretion and cellular mor-
phology in rabbit proximal tubules. J Clin
Invest 61: 1320–1329, 1978

29. Kriz W: Structural organization of the renal
medulla: Comparative and functional aspects.
Am J Physiol 241: R3–R16, 1981

30. Burg MB: Thick ascending limb of Henle’s
loop. Kidney Int 22: 454–464, 1982

31. Knepper MA, Kim GH, Fernández-Llama P,
Ecelbarger CA: Regulation of thick ascend-
ing limb transport by vasopressin. J Am Soc
Nephrol 10: 628–634, 1999

32. Dimke H, Schnermann J: Axial and cellular
heterogeneity in electrolyte transport path-
ways along the thick ascending limb. Acta
Physiol (Oxf) 223: e13057, 2018

33. Briggs JP, Schnermann JB: Whys and
wherefores of juxtaglomerular apparatus
function. Kidney Int 49: 1724–1726, 1996

34. Peti-Peterdi J,Morishima S, Bell PD,Okada Y:
Two-photon excitation fluorescence imaging
of the living juxtaglomerular apparatus.Am
J Physiol Renal Physiol 283: F197–F201,
2002

35. Razga Z, Nyengaard JR: The effect of an-
giotensin II on the number of macula densa
cells through the AT1 receptor. Nephron
Physiol 112: 37–43, 2009

36. McCormick JA, EllisonDH: Distal convoluted
tubule. Compr Physiol 5: 45–98, 2015

37. Bachmann S, BostanjogloM, Schmitt R, Ellison
DH: Sodium transport-related proteins in the
mammalian distal nephron - distribution, on-
togeny and functional aspects. Anat Embryol
(Berl) 200: 447–468, 1999

38. Biner HL, Arpin-Bott MP, Loffing J, Wang X,
KnepperM, Hebert SC, et al.: Human cortical
distal nephron: Distribution of electrolyte
and water transport pathways. J Am Soc
Nephrol 13: 836–847, 2002

39. Morel F, Chabardès D, Imbert M: Functional
segmentation of the rabbit distal tubule by
microdetermination of hormone-dependent
adenylate cyclase activity. Kidney Int 9:
264–277, 1976

40. Loffing J, Loffing-Cueni D, Macher A, Hebert
SC, Olson B, KnepperMA, et al.: Localization
of epithelial sodium channel and aquaporin-
2 in rabbit kidney cortex. Am J Physiol Renal
Physiol 278: F530–F539, 2000

41. Loffing J, Pietri L, Aregger F, Bloch-Faure M,
Ziegler U, Meneton P, et al.: Differential
subcellular localization of ENaC subunits in
mouse kidney in response to high- and low-
Na diets. Am J Physiol Renal Physiol 279:
F252–F258, 2000

42. Obermüller N, Bernstein P, Velázquez H, Reilly
R, Moser D, Ellison DH, et al.: Expression of
the thiazide-sensitive Na-Cl cotransporter in
rat and human kidney. Am J Physiol 269:
F900–F910, 1995

43. Kaissling B, Bachmann S, Kriz W: Structural
adaptation of the distal convoluted tubule
to prolonged furosemide treatment. Am J
Physiol 248: F374–F381, 1985

44. Saritas, T, Puelles, VG, Su, XT, McCormick,
JA,Welling, PA, Ellison, DH: Optical clearing
in the kidney reveals potassium-mediated tu-
bule remodeling. Cell Rep 25: 2668–2675.e3,
2018

45. Wang F, Lu X, Peng K, Fang H, Zhou L, Su J,
et al.: Antidiuretic action of collecting duct
(Pro)Renin receptor downstream of vasopres-
sin and PGE2 receptor EP4. J AmSocNephrol
27: 3022–3034, 2016

46. Trepiccione F, Capasso G, Nielsen S,
Christensen BM: Evaluation of cellular plas-
ticity in the collecting duct during recovery
from lithium-induced nephrogenic diabetes
insipidus. Am J Physiol Renal Physiol 305:
F919–F929, 2013

47. Guo Q, Wang Y, Tripathi P, Manda KR,
Mukherjee M, Chaklader M, et al.: Adam10
mediates the choice between principal cells
and intercalated cells in the kidney. J Am Soc
Nephrol 26: 149–159, 2015

48. Werth M, Schmidt-Ott KM, Leete T, Qiu A,
Hinze C, Viltard M, et al.: Transcription factor

TFCP2L1 patterns cells in the mouse kidney
collecting ducts. eLife 6: e24265, 2017

49. Kim WY, Nam SA, Choi A, Kim YM, Park SH,
Kim YK, et al.: Aquaporin 2-labeled cells
differentiate to intercalated cells in response
to potassium depletion. Histochem Cell Biol
145: 17–24, 2016

50. Mukherjee M, deRiso J, Otterpohl K,
Ratnayake I, Kota D, Ahrenkiel P, et al.: En-
dogenous notch signaling in adult kidneys
maintains segment-specific epithelial cell
types of the distal tubules and collecting
ducts to ensure water homeostasis. J Am Soc
Nephrol 30: 110–126, 2019

51. Blomqvist SR, Vidarsson H, Fitzgerald S,
Johansson BR, Ollerstam A, Brown R, et al.:
Distal renal tubular acidosis in mice that lack
the forkhead transcription factor Foxi1. J Clin
Invest 113: 1560–1570, 2004

52. Christensen BM, Marples D, Kim YH, Wang
W, Frøkiaer J, Nielsen S: Changes in cellular
composition of kidney collecting duct cells in
rats with lithium-induced NDI. Am J Physiol
Cell Physiol 286: C952–C964, 2004

53. JeongHW, Jeon US, Koo BK, KimWY, Im SK,
Shin J, et al.: Inactivation of Notch signaling
in the renal collecting duct causes nephro-
genic diabetes insipidus inmice. J Clin Invest
119: 3290–3300, 2009

54. Wu H, Chen L, Zhou Q, Zhang X, Berger S, Bi
J, et al.: Aqp2-expressing cells give rise to
renal intercalated cells. J Am Soc Nephrol
24: 243–252, 2013

55. Alper SL, Natale J, Gluck S, Lodish HF, Brown
D: Subtypes of intercalated cells in rat kidney
collecting duct defined by antibodies
against erythroid band 3 and renal vacu-
olar H1-ATPase. Proc Natl Acad Sci U S A
86: 5429–5433, 1989

56. Kim J, Kim YH, Cha JH, Tisher CC, Madsen
KM: Intercalated cell subtypes in connecting
tubule and cortical collecting duct of rat and
mouse. J Am Soc Nephrol 10: 1–12, 1999

57. Madsen KM, Tisher CC: Structural-functional
relationships along the distal nephron. Am J
Physiol 250: F1–F15, 1986

58. Clark JZ, Chen L, Chou CL, Jung HJ, Lee JW,
Knepper MA: Representation and relative
abundance of cell-type selective markers in
whole-kidney RNA-Seq data. Kidney Int 95:
787–796, 2019

59. Sperber I: Zoologiska Bidrag fran Uppsala. In
Studies on the Mammalian kidney, Vol 22,
1944, pp. 249–432

60. Jung HJ, Raghuram V, Lee JW, Knepper
MA: Genome-Wide mapping of DNA
accessibility and binding sites for CREB
and C/EBPb in vasopressin-sensitive col-
lecting duct cells. J Am Soc Nephrol 29:
1490–1500, 2018

1364 JASN JASN 30: 1358–1364, 2019

REVIEW www.jasn.org



Erratum

CORRECTION

Lihe Chen, Jevin Z. Clark, Jonathan W. Nelson, Brigitte
Kaissling, DavidH. Ellison, andMark A. Knepper: Renal-Tubule
Epithelial Cell Nomenclature for Single-Cell RNA-Sequencing
Studies. J Am Soc Nephrol 30: 1358–1364, 2019.

F igure 1 of our ar t i c l e in the August i s sue of
JASN lacked a numerical label indicating the position
of the thick ascending limb of Henle in short-looped
nephrons. The corrected figure is provided below and
at https://hpcwebapps.cit.nih.gov/ESBL/Database/
RECOn/.

Figure 1. Renal tubule cell nomenclature. The scheme shows the connection of both a short-looped nephron and a long-looped
nephron to the collecting duct system. The numbers point to different renal tubule segments and the cell types that they contain are listed
on the right of the scheme. Dashed lines indicate regional boundaries. The corticomedullary junction is defined by the arcuate arteries
(not shown in this diagram). The division between the outer stripe and inner stripe of the outer medulla is defined by the transitions from
PSTs to DTLs of the loops of Henle. The junction between the outer medulla and inner medulla is defined by the transitions from the
ascending thin limbs (ATL) of Henle of the long-loop nephrons to the MTALs of the loops of Henle. The division between the cortical
labyrinth and cortical medullary rays is indicated but not labeled. Drawing is on the basis of the original Renal Commission of the
International Union of Physiologic Sciences publication.
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