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Receptor-mediated endocytosis in the kidney is an important 
mechanism to internalize lipoproteins, hormones, enzymes, 
or drugs from the tubular lumen. This internalization may be 
of advantage, if it leads to the recovery of substances which 
have “escaped” the glomerular filtration barrier and could 
still be useful. Internalization, however, may be of disadvan-
tage, if nephrotoxic proteins—like in diabetic nephropathy 
or metabolic syndrome-related nephropathy, are internalized 
instead of being excreted [1].

Receptor-mediated endocytosis is accomplished by mega-
lin, a fast-recycling receptor that binds and internalizes a 
variety of ligands. The ligands need to be separated from 
megalin within the endosomes by v-ATPases. Here the so-
called prorenin receptor (ATP6ap2) joins the game.

In the present study, Figueiredo et al. [2] investigated the 
role of ATP6ap2 in receptor-mediated endocytosis in the 
proximal tubule. Using two different models, the authors 
showed that depletion of ATP6ap2 resulted in proteinuria 
and increased urinary excretion of three megalin ligands. 
Using transferrin and dextran-FITC as indicators, a specific 
defect in receptor-mediated endocytosis was confirmed, 
whereas fluid phase endocytosis remained unaffected.

ATP6ap2 depleted rats, and mice exhibited decreased 
protein expression of subunits of v-ATPases as well as a 
mild increase in the number of autophagosomal vacuoles in 
the kidney. These observations fit well to the known role of 
ATP6ap2 as an assembly factor for v-ATPases [3] and for a 
role of ATP6ap2/v-ATPases in autophagy [4, 5]. A change 
in the activity of the major regulator of autophagy, mTOR, 
was not observed. However, this finding is not unexpected, 
since Kissing et al. also discovered mTORC1-independent 

accumulation of autophagosomes after disruption of 
ATP6ap2 in hepatocyte [6]. The increase in autophagic 
vacuoles may represent congestion due to the lack of pH-
dependent degradation of the autophagosome content.

The authors were well aware of the known severe devel-
opmental defects, and the general organ dysfunctions due 
to lack of v-ATPase activity disturbed wnt pathways and 
autophagosome dysfunction (for review, see Peters [7]). 
Therefore, more specific approaches were chosen to exclude 
secondary effects as much as possible. First, doxycycline-
inducible systems were used in adult rats and mice, allow-
ing regular embryonic and postnatal development prior to 
ATP6ap2 depletion. Second, the mouse model was specific 
for kidney epithelial cells, thereby excluding deleterious 
effects of ATP6ap2 depletion in other cell types including 
podocytes [4, 5]. Third, severe renal pathology and renal or 
systemic acidosis could be prevented by using a low-dose 
doxycycline regime. Finally, in the rat, a shRNA-mediated 
reduction of ATP6ap2 expression was chosen to avoid a 
complete deletion (per cell). Despite these precautions, a 
mild increase in dysfunctional autophagosomes was seen. 
This may be attributed to the fact that the downregulation 
of ATP6ap2 was still too strong (90% reduction of ATP6ap2 
expression). Nevertheless, taken together, the data allow 
well the conclusion that ATP6ap2 is essential for receptor-
mediated endocytosis in the proximal tubules.

Interestingly, also renin is a ligand of megalin [8]. Thus, 
although supraphysiological concentrations of (pro)renin are 
needed to bind the (pro)renin receptor (about 100-fold higher 
than found even under pathological conditions), these two 
proteins meet again unexpectedly. The (pro)renin receptor was 
shown to be involved in the megalin-mediated uptake of renin 
and other components of the RAS in cell cultures in vitro. 
[9]. The present study now provides a good argument that 
this may happen also in vivo, providing another argument for 
renin uptake as a source for local RAS activity in the kidney.

 * Jörg Peters 
 joerg.peters@med.uni-greifswald.de

1 Institute of Physiology, University Medicine of Greifswald, 
Friedrich-Ludwig-Jahn-Str. 15a, 17475 Greifswald, 
Germany

Pflügers Archiv - European Journal of Physiology (2021) 473:1173–1174

http://orcid.org/0000-0003-0840-5697
http://crossmark.crossref.org/dialog/?doi=10.1007/s00424-021-02597-0&domain=pdf


1 3

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kukida M, Sawada H, Daugherty A, Lu HS (2020) Megalin: a 
bridge connecting kidney, the renin-angiotensin system, and 
atherosclerosis. Pharmacol Res 151:104537. https:// doi. org/ 10. 
1016/j. phrs. 2019. 104537

 2. Figueiredo M, Daryadel A, Sihn G, Müller DN, Popova E, 
Rouselle A, Nguyen G, Bader M, Carsten A, Wagner P (2021) 
The (pro)renin receptor (ATP6ap2) facilitates receptor-medi-
ated endocytosis and lysosomal function in the renal proximal 
tubule. Pflugers Arch - Eur J Physiol. https:// doi. org/ 10. 1007/ 
s00424- 021- 02598-z

 3. Guida MC, Hermle T, Graham LA, Hauser V, Ryan M, Ste-
vens TH, Simons M (2018) ATP6AP2 functions as a V-ATPase 

assembly factor in the endoplasmic reticulum. Mol Biol Cell 
29:2156–2164. https:// doi. org/ 10. 1091/ mbc. E18- 04- 0234

 4. Kinouchi K, Ichihara A, Sano M, Sun-Wada GH, Wada Y, 
Kurauchi-Mito A, Bokuda K, Narita T, Oshima Y, Sakoda M, 
Tamai Y, Sato H, Fukuda K, Itoh H (2010) The (pro)renin recep-
tor/ATP6AP2 is essential for vacuolar H+-ATPase assembly in 
murine cardiomyocytes. Circ Res 107:30–34. https:// doi. org/ 10. 
1161/ circr esaha. 110. 224667

 5. Riediger F, Quack I, Qadri F, Hartleben B, Park JK, Potthoff SA, 
Sohn D, Sihn G, Rousselle A, Fokuhl V, Maschke U, Purfurst B, 
Schneider W, Rump LC, Luft FC, Dechend R, Bader M, Huber 
TB, Nguyen G, Muller DN (2011) Prorenin receptor is essential 
for podocyte autophagy and survival. J Am Soc Nephrol 22:2193–
2202. https:// doi. org/ 10. 1681/ asn. 20110 20200

 6. Kissing S, Rudnik S, Damme M, Lullmann-Rauch R, Ichihara 
A, Kornak U, Eskelinen EL, Jabs S, Heeren J, De Brabander JK, 
Haas A, Saftig P (2017) Disruption of the vacuolar-type H+-
ATPase complex in liver causes MTORC1-independent accumu-
lation of autophagic vacuoles and lysosomes. Autophagy https:// 
doi. org/ 10. 1080/ 15548 627. 2017. 12802 16

 7. Peters J (2017) The (pro)renin receptor and its interaction partners. 
Pflugers Arch. https:// doi. org/ 10. 1007/ s00424- 017- 2005-z

 8. Sun Y, Goes Martini A, Janssen MJ, Garrelds IM, Masereeuw R, 
Lu X, Danser AHJ (2020) Megalin: a novel endocytic receptor for 
prorenin and renin. Hypertension 75:1242–1250. https:// doi. org/ 
10. 1161/ hyper tensi onaha. 120. 14845

 9. Sun Y, Lu X, Danser AHJ (2020) Megalin: a novel determinant of 
renin-angiotensin system activity in the kidney? Curr Hypertens 
Rep 22:30. https:// doi. org/ 10. 1007/ s11906- 020- 01037-1

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Pflügers Archiv - European Journal of Physiology (2021) 473:1173–11741174

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.phrs.2019.104537
https://doi.org/10.1016/j.phrs.2019.104537
https://doi.org/10.1007/s00424-021-02598-z
https://doi.org/10.1007/s00424-021-02598-z
https://doi.org/10.1091/mbc.E18-04-0234
https://doi.org/10.1161/circresaha.110.224667
https://doi.org/10.1161/circresaha.110.224667
https://doi.org/10.1681/asn.2011020200
https://doi.org/10.1080/15548627.2017.1280216
https://doi.org/10.1080/15548627.2017.1280216
https://doi.org/10.1007/s00424-017-2005-z
https://doi.org/10.1161/hypertensionaha.120.14845
https://doi.org/10.1161/hypertensionaha.120.14845
https://doi.org/10.1007/s11906-020-01037-1

	“Nomen not est omen”: the (pro)renin receptor and receptor-mediated endocytosis in the proximal tubule—a new (pro)renin-independent role forATP6ap2
	References


