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NEDD4-2-dependent control of NaC homeostasis and renal disease
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NEDD4-2 is a ubiquitin ligase that catalyses the ubiquitina-
tion of specific membrane proteins to promote their endo-
cytosis and turnover1,2. The best known target of NEDD4-2
is the amiloride-sensitive epithelial NaC channel (ENaC).
ENaC is comprised of three subunits (a, b and g) and plays
a critical role in NaC homeostasis in multiple organs
including the kidney, lung and distal colon by transporting
NaC from the lumen across the plasma membrane into lin-
ing epithelial cells2–4. By controlling the transport of NaC

from the extracellular fluid, ENaC plays an important role
in maintaining fluid volume in the lung, as well as blood
pressure in the renal and cardiovascular systems. Indeed,
increased ENaC activity caused by gain of function muta-
tions which inhibit NEDD4-2 binding cause Liddle’s syn-
drome, an inherited form of salt-sensitive hypertension.

All three ENaC subunits consist of two transmembrane
domains between cytosolic N-and C-termini (Figure 1). These
subunits undergo proteolytic processing and glycosylation to
generate the mature form of ENaC. In response to high cyto-
solic NaC, PPxY motifs located within the C-termini of ENaC
bind to WW domains of NEDD4-2 to facilitate their ubiquiti-
nation. The physiological importance of NEDD4-2-dependent
regulation of ENaC is evident from knockout (KO) studies
showing that global deficiency of Nedd4-2 results in perinatal
lethality due to respiratory distress and increased ENaC expres-
sion in the lung5. In addition, Nedd4-2-deficiency has been
linked to salt-sensitive hypertension in different mouse KO
lines4.

Our recent results show that both global and kidney-tubule
specific Nedd4-2 KO in mice cause progressive kidney disease,
largely due to increased retention of functional ENaC at the
apical membrane in the tubular epithelia6. In global Nedd4-2
knockout mice that survive birth, kidney damage characterised
by cortical cysts, cellular debris, mesenchymal infiltration and
fibrosis becomes apparent within a few days after birth, and
progresses with time until the animals die from respiratory dis-
tress at three weeks of age. A kidney-tubule specific Nedd4-2
KO mouse model was then generated (Nedd4-2Ksp1.3), where
Nedd4-2 is deleted in renal epithelial cells, enabling further
investigation of the kidney pathology in older animals. We
found that these KO mice also develop kidney pathology with a

slightly delayed onset (about 20 days) and by six months of
age, display hydronephrosis, polydipsia and polyuria. As
expected, these mice also exhibit high blood pressure on a stan-
dard salt diet, as well as an increase in blood NaC concentra-
tion, decreased serum KC and low aldosterone levels. This
discovery that Nedd4-2-defiency causes a phenotype similar to
chronic kidney disease (CKD), suggests that human Nedd4-2
(NEDD4L) variants linked to familial hypertension may also
contribute to kidney disease.

In Nedd4-2Ksp1.3 animals the expression of the mature,
active forms of all three ENaC subunits is increased6.
Importantly, the administration of amiloride to these mice
reduces the renal damage, suggesting that the elevated levels
of active ENaC are, at least in part, responsible for
the observed kidney disease. In contrast, although we also
observe an increase in the levels of the NaCCl¡ cotrans-
porter (NCC) protein, treatment of mice with an inhibitor
of NCC (hydrochlorothiazide) does not ameliorate the kid-
ney disease, suggesting that ENaC, and not NCC, is the
major contributor to the pathology6.

Our data suggest that in addition to hypertension caused
by an upregulation of mature membrane-localized ENaC
(and also elevated NCC expression7), the increased NaC

reabsorption via ENaC in mice lacking Nedd4-2 also causes
progressive kidney injury6. However, the mechanism by
which this elevated NaC reabsorption in renal tubules
causes cell death and kidney damage remains to be fully
understood. NEDD4-2 has been shown to interact with and
regulate a number of other membrane proteins, including
ion channels and transporters. Although amiloride feeding
experiments suggest that increased ENaC expression and
activity are the primary drivers of the kidney disease, it is
possible that other NEDD4-2 substrates contribute to ele-
ments of the pathology. Hence, further exploration into the
mechanisms of the renal disease in Nedd4-2-deficient ani-
mals and its potential clinical significance is warranted. Our
kidney tubule-specific Nedd4-2 KO mouse may provide a
useful model for better understanding the molecular basis
of CKD-like diseases and to evaluate the extent to which
lowering NaC intake or reabsorption can reduce renal
injury.
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Figure 1. Model of ENaC maturation and regulation by NEDD4-2. Immature ENaC subunits undergo processing to mature forms by proteolytic cleavage and glycosylation
(purple dots: processed N-glycans). Under high cytosolic NaC conditions, PPxY (PY) motifs on ENaC subunits bind to WW domains of NEDD4-2. This results in ubiquitina-
tion of ENaC and subsequent removal from the membrane. In Nedd4-2 KO mice, mature ENaC is retained on the membrane leading to increased NaC reabsorption and
ultimately resulting in hypertension and kidney disease.
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