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The significance of maintaining intracellular homeostasis cannot
be overestimated. When challenged with hypotonicity, cells
counteract the initial swelling by releasing osmolytes: K1, Cl2,
and other organic anions in order to restore volume. This
mechanism is widely known as the regulatory volume decrease.1

Volume-regulatedanioncurrents (VRACs)werefirstdescribed in
1988,2 andtheir electrophysiologicpropertieshavebeenexamined
in a variety of cell types.3,4 However, the molecular identity of
VRACs remained enigmatic for a long time until the leucine-rich
repeat–containing 8memberA channel (LRRC8A; also known as
SWELL1) was identified in 2014.5,6 LRRC8A can itself form
functional hexamers, or it may assemble in herteromers with
other members, including LRRC8B, LRRC8C, LRRC8D, and
LRRC8E, to produce anion-conducting channels with unique
biophysical properties. The leucine-rich repeat is largely respon-
sible for the heterotetramer-specific differences in the physiologic
functions of LRRC8/VRAC channels, including permeability and
gating. LRRC8-mediated VRACs are activated not by a direct
stretch of the plasma membrane but rather, by reductions in the
intracellular ionic power due to osmotically driven water influx.7

The kidneys are essentialfor tight regulation of water and
electrolytes in the body. As a result, kidney cells are commonly
exposed toabroadrangeof extracellularosmolarities.Variations
in transmembrane osmotic gradients would lead to activation of
the LRRC8-mediated currents; the highest magnitude would be
anticipated in the hypertonicmedullary regions. These were the
expectations. Using newly created transgenic LRRC8 reporter
models, the study by Lopez-Cayuqueo et al.8 provides the first
direct evidence of site-specific expression of distinct LRRC8
members in renal tissue andmore importantly, investigated the
consequences of cell-specific LRRC8 deletion on renal function
(Figure 1). It was found that LRRC8A was uniformly expressed
in renal cells, whereas other subunits were localized in distinct
cell populations. LRRC8C was restricted to vascular endothe-
lium, LRRC8E was found exclusively in intercalated cells of the
collecting duct, and LRRC8B/LRRC8D resided on the baso-
lateral membrane of proximal tubule cells. These strikingly
selective localizations of LRRC8 would be in line with region-
specific functions aswell as distinct osmotic gradients existing in
the different regions of the kidney. However, this is where the
clever experiments and results reported overturned our
preconceived expectations.

LRRC8A and LRRC8D deletion led to dysfunction and
structural damage along the proximal tubule, whereas no
adverse phenotype was evident with LRRC8A deletion in the
distal segments. Furthermore, the severity of proximal tubule
injury exhibited a positive correlation with the magnitude of
LRRC8 deletion using different promoters. The authors
reported that LRRC8A deletion correlates with intracellular
accumulation of VRAC-permeable organic anions, including
taurine, myo-inositol, gluconate, and lactate, which could
partially account for the observed cortical damage. Interestingly,
LRRC8Adeficiency causedmetabolic acidosis, pointing to a role
in bicarbonate transport that can also occur through the VRAC
channel.9 Considering that proximal tubule reabsorption occurs
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in an isosmotic manner, it is unlikely that LRRC8 is activated in
response to decreased intracellular osmolarity. Future studies
are charged with solving the mystery of LRRC8 stimulation
in the proximal tubule in the absence of apparent osmotic
stimuli.

The specific expression of the LRRC8E isoform localized to
the basolateral membrane of intercalated cells indicates
fundamentally differentmechanisms of cell volume regulation
in principal and intercalated cells. The latter type seems to be
highly vulnerable to acute perturbations in luminal/interstitial
osmolarity due to low water permeability and lack of
aquaporins type 2, 3, and 4 (AQP2/AQP3/AQP4) water
channels in contrast to their expression in principal cells.10 At
the same time, deletion of LRRC8E does not provoke
structural and functional defects in intercalated cells, arguing
that this is an adaptive mechanism that is not essential for
baseline homeostasis. Further studies are required to reveal
the role of LRRC8E-mediated anion flux in adaptation of
intercalated cells to osmotic stress.

In summary, the article by Lopez-Cayuqueo et al.8 represents
a breakthrough moment of pure scientific excitement. The
osmo-activated LRRC8 channels are perfectly suited to serve an
essential role inmaintaining cellular homeostasis/volume in the
face of rapidly changing transport rates along the renal tubule.
Before this study, it seemed that the only rather humdrum
question was the relative contribution of different members of
the LRRC8 family. Instead, we have learned that LRRC8 is
critical for the function of proximal tubule, where no osmotic

gradients exist. In contrast, deletion of LRRC8 members does
not interfere with normal operations in the distal tubule, where
osmotically driven cell volume increases and decreases are
common. Solving one puzzle generatedmanymore to decipher.
Although wemay have been deceived in our expectations, these
unexpected findings open a new exciting area for future kidney
physiology research. How and why are LRRC8s activated in the
absence of osmotic gradients? Why is their function so crucial
for the survivability of proximal tubule cells? Can we use
stimulation of LRRC8 as a novel renoprotective strategy during
pronounced injury of the proximal tubule that occurs during
ischemia/hypoxic states, diabetic nephropathy, and CKD? We
look forward to the next installments and answers in the future
issues of JASN.
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Figure 1. Site-specific expression of osmo-activated LRRC8 in the kidney. A VRAC is formed by LRRC8 subunits containing leucine-
rich repeat (LRR), which determines pore properties and gating of the heterotetrameric channel. LRRC8/VRAC mediates passive efflux of
Cl2 ions, bicarbonate (HCO3

2), and small organic osmolytes, including amino acids, sorbitol, taurine, etc. LRRC8 composition is uniquely
region specific in the kidney. Proximal tubule cells are the central hub responsible for VRAC renal function, presumably mediated by
LRRC8A/D and LRRC8A/B/D channels.
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