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Objective: ClC-5 channel is co-localized with the V-ATPase in subapical endosomes of renal proximal
tubule and α-intercalated cells.  ClC-5 may play a crucial role in regulating both endocytosis and
sorting of the acid transporters.  This study aimed to elucidate the involvement of ClC-5 in urinary
acidification in response to chronic acid loading via intracellular vesicle trafficking of the V-ATPase
and NHE3.
Materials and Methods: Mouse kidney homogenates were prepared from the cortex and medulla to
obtain fractions enriched for plasma membrane (P1) and endosomal membrane (P2) using differential
centrifugation under conditions with or without NH4Cl-induced acidosis.  The protein abundances of
transporters were assessed by Western blot and immunohistochemistry.
Results: The protein abundance of NHE3 in P1 was increased after acid loading, whereas that of V-
ATPase showed no change.  ClC-5 protein abundance was relatively decreased in P1 and increased in
P2 after acid loading.  The co-immunoprecipitation experiments showed that V-ATPase, but not
NHE3, was co-localized with ClC-5 in the vesicle.
Conclusion: ClC-5 is implicated in stimulating endocytosis in association with the V-ATPase co-
localized in endosomes in response to acid load.  In contrast, NHE3 sorting induced by acidosis might
be regulated in a ClC-5-independent trafficking manner in the mouse kidney.

Key words: ClC-5 chloride channel, vacuolar H+-ATPase, NHE3, sorting, trafficking, acidosis,
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Introduction

lC-5, a member of the ClC chloride (Cl-) channel
family, is predominantly expressed and co-localized

with the vacuolar H+-ATPase (V-ATPase) in subapical
endosomal membranes in the renal proximal tubule
and α-intercalated cells (IC).1-3  ClC-5 is a molecule
responsible for Dent's disease, a hereditary disease
associated with inactivating mutations in the ClC-5 gene

(Clcn5).4,5  The symptoms of this disease are replicated
in Clcn5-deficient mice,6,7 and disruption of ClC-5 has
been shown to impair acidification of endosomes and
greatly reduce apical proximal tubular endocytosis.  Given
that endosomal acidification is required for the normal
recycling of plasma membrane proteins,8,9 disrupted
proximal tubular reabsorption in Dent's disease might be
due to defective endocytosis of luminal low-molecular-
weight proteins, and/or defective endosomal recycling
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of plasma membrane transporters responsible for sodium-
coupled reabsorption of solutes such as glucose, amino
acids, and phosphate.  In ClC-5 knockout (KO) mice,
both receptor-mediated endocytosis and fluid-phase
endocytosis are affected, and internalization of apical
transporters such as NaPi-2 and Na+/H+ exchanger isoform
3 (NHE3) is slowed.6  Mice lacking the ClC-5 Cl- channel
also show reduced surface expression of NHE3 in
proximal tubules. Furthermore, a recent study has
demonstrated a potential role of both cystic fibrosis
transmembrane conductance regulator (CFTR) and ClC-
5 in modulating V-ATPase function in plasma membrane
of kidney proximal tubule.10  However, the molecular
basis underlying these changes in transporter sorting
associated with renal acid secretion remains unclear.  In
this study, we investigated the mechanisms by which
ClC-5 is involved in urinary acidification in response to
chronic acid loading via V-ATPase and NHE3
intracellular vesicle trafficking in the mouse kidney.

Materials and Methods

Antibodies
The anti-peptide antibodies (SS55, SS56) were
generated against a synthetic peptide (CC54:
CKHIAQMANQDPDSILFN) corresponding to 17 amino
acids at the COOH-terminal of ClC-5 as previously
described.2  In addition, affinity-purified rabbit polyclonal
antibodies were raised against synthetic peptides
with the following sequences: anti-ClC-5, (C)
KHIAQMANQDPDSILFN (residues 730−746 in the
C - t e r m i n a l  i n t r a c e l l u l a r  r e g i o n ) ,  a n d  ( C )
REKSRDRDRHREITNK (residues 24−39 in the N-
terminal intracellular region) anti-syntaxin 12
MSYGPLDMYRNPGPSG(C) (residues 1−16 in the N-
terminal intracellular region).  The following commercial
antibodies were used: rabbit anti-rat NHE3 polyclonal
antibody (SPC-400; StressMarq Biosciences, Victoria,
BC, Canada), mouse monoclonal anti-V-ATPase
antibody (B1/2) (sc-55544; Santa Cruz Biotechnology,
CA, USA), Alexa 594-conjugated anti-rabbit antibody
(Jackson ImmunoResearch Laboratories, Bar Harbor,
ME, USA).

Animals
All animal experiments were conducted in compliance
with the National Institutes of Health guidelines.  The
study protocol was approved by the Animal
Experimentation and Ethics Committee of the Kitasato
University School of Medicine (Approval No. 2015-011,
2016-024).  Experiments were performed using male

Jcl:ICR mice aged 10 weeks old, which were placed in
metabolic cages and given water and food ad libitum.
Mice were placed in metabolic cages for 5 days before
acid load.  Experimental mice were given 0.28 M NH4Cl
in drinking water (tap water with 0.5% sucrose), while
controls were given regular tap water for 6 days.  Urine
was collected under mineral oil for pH measurements
with a Metrohm 691 pH meter during acid loading.  Urine
samples were collected daily for net acid excretion from
day 0.

Membrane preparation and fractionation
Crude membrane fractions were prepared from mouse
kidneys.  The cortex and medulla of the kidney were
excised, minced finely, and homogenized in an
isolation buffer (0.3 M sucrose, 5 mM Tris /HCl, 2 mM
ethylenediaminetetraacetic acid (EDTA), pH 7.2)
containing protease inhibitors (Pierce Protease Inhibitor
Tablets 88266; Thermo Fisher Scientific, USA) with 12
strokes of a motor-driven Teflon-glass homogenizer at
1,250 rpm.  Homogenates were centrifuged at 4,000 g
for 15 minutes at 4℃ to remove nuclei, mitochondria, and
any remaining large cellular fragments.  The supernatant
was rehomogenized and centrifuged at 17,000 g (TOMY
GRX-220; Tomy Seiko, Tokyo) for 30 minutes at 4℃.
The resulting pellet was resuspended as a plasma
membrane-enriched (P1) fraction, and the supernatant
was further centrifuged at 100,000 g (OptimaTM LE-80K;
Beckman Coulter, Palo Alto, CA, USA) for 60 minutes
at 4℃.  The pellet was resuspended in phosphate buffered
saline (PBS) as an intracellular endosomal vesicle-
enriched (P2) fraction.  Protein concentration was
determined using the Bradford method or BCA protein
assay.

Immunoprecipitation of ClC-5-containing membrane
fractions
For co-immunoprecipitation experiments, anti-ClC-5
antibody or control IgG was bound and cross-linked to
Dynabeads Protein G (Invitrogen Life Technologies, NY,
USA) according to the manufacturer's instructions.  P1 and
P2 membrane fractions from mouse kidney homogenates
were resuspended in an incubation buffer containing PBS,
with 0.5% TritonX-100 or 1% CHAPS at a final protein
concentration of 0.5 mg/ml and incubated at 4℃ with
gentle mixing.  The membrane fractions were centrifuged
at 100,000 g for 60 minutes at 4℃ and the resulting
supernatant was incubated with the antibody-conjugated
Dynabeads Protein G with gentle mixing.  After washing
four times, the beads were mixed with 50μl of sodium
dodecyl sulfate (SDS) sample buffer (2% SDS, 3.3%
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glycerol, 125 mM Tris/HCl, pH 7.4) and heated at 60℃
for 15 minutes to solubilize the proteins.  The beads were
then removed magnetically, and the remaining sample
buffer was used for immunoblotting to detect ClC-5 and
H+-ATPase.  The only difference in the treatment of the
controls was the substitution of the anti-ClC-5 antibody
with control IgG.

Immunoprecipitation of ClC-5-containing vesicles
Whole kidneys were homogenized in an isolation buffer
(0.32 M sucrose, 5 mM Hepes-NaOH, pH 7.4) and
centrifuged at 800 g for 10 minutes.  The resulting
supernatant was centrifuged at 17,000 g for 30 minutes.
The resulting supernatant containing vesicle fraction was
filtered through a 0.45μm pore size filter (Millipore,
Billerica, MA, USA).  The sample was incubated with
magnetic beads bound to anti ClC-5 antibody and PBS
with 0.05% BSA overnight at 4℃.  After washing 6
times with PBS containing 0.05% BSA and 2 times with
PBS, the beads were eluted in SDS sample buffer.

Electrophoresis and immunoblotting
The samples were loaded at 5−10μg/lane onto a 5−
20% SDS-polyacrylamide gel and run on a minigel
system, and proteins were electrophoretically transferred
to a polyvinylidene difluoride (PVDF) membrane.  After
blocking with 5% nonfat milk and Tris-buffered saline
with Tween 20 (TBS-T) (150 mM NaCl, 0.2% Tween
20, 20 mM Tris/HCl, pH 7.5) for 1 hour at room
temperature, the membranes were incubated in 1% nonfat
milk with TBS-T and primary antibodies overnight at
4℃.  After washing for 1 hour with TBS-T, the membrane
was incubated with horseradish-peroxidase-conjugated
secondary antibodies in 1% nonfat milk with TBS-T for
1 hour at room temperature.  After washing with TBS-T
for 1 hour, blots were visualized by enhanced
chemiluminescence procedure (Nacalai Tesque Co.,
Kyoto).  The intensity of the western blot signals was
quantified by densitometry.

Immunohistochemistry
Animals were anesthetized intraperitoneally with
pentobarbital (35 mg/kg body weight).  Mouse kidneys
were perfusion-fixed with PLP fixative containing 2%
paraformaldehyde, 75 mM lysine, and 10 mM sodium
periodate in phosphate buffer (pH 7.4), followed by
postfixation in the same fixative for an additional 4 hour
at 4℃, and cryoprotection in 20% sucrose in phosphate
buffer.  After freezing in liquid nitrogen, the blocks were
cut into 10-μm sections and mounted on silane coated
slides and then stained with antibodies.  The primary
antibody was visualized with a secondary antibody (Alexa
Fluor 594-conjugated anti-rabbit antibody diluted 1 : 500)
(Life Technologies Corporation, Carlsbad, CA, USA)
and nuclei were counterstained with 4', 6-diamidino-2-
phenylindole (DAPI).  The fluorescence signal of labeled
specimens was observed first with a Zeiss Axivert
microscope and then analyzed by a laser confocal
microscope (Zeiss LSM 710; Germany).  Digitized
images were produced with the Zen software package
(version 2012).

Statistical analysis
Results are presented as mean ± SE.  Statistical analyses
were performed with unpaired Student's t-test.  P < 0.05
was considered statistically significant.

Results

Animal experiments
The experimental and control groups were comparable
with respect to weight gain during the study.  Mice given
NH4Cl in drinking water developed metabolic acidosis
within 2 days of acid intake (Table 1).

Generation of polyclonal and monoclonal antibodies
against ClC5
Two types of affinity-purified polyclonal antibodies, C1
Ab and N1 Ab, were prepared against synthetic peptides
corresponding to the C- and N-terminal intracellular

Table 1.  Mouse body weight and urinary pH before and after NH4Cl loading

Control NH4Cl Control NH4Cl Control NH4Cl
(Day 0) (Day 0) (Day 2) (Day 2) (Day 6) (Day 6)
(n = 13) (n = 14) (n = 13) (n = 14) (n = 6) (n = 6)

Body weight (g) 32.9 ± 2.4 33.4 ± 2.2 32.6 ± 2.2 32.8 ± 2.3 32.7 ± 2.3 33.2 ± 2.5
Urine pH NA NA   6.3 ± 0.7     5.3 ± 1.6*   6.5 ± 0.2     5.3 ± 0.1*

Values are mean ± SE
*P < 0.05, compared to corresponding control value
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Figure 3.  Subcellular localization of ClC-5 in mouse kidney by confocal
laser microscope

Immunostaining by N1 Ab against ClC-5 showed that ClC-5 was strictly
localized in the proximal tubule cells (PT) and subpopulation of cortical
collecting duct (CCD) cells (arrowheads).  Nuclei stain blue with DAPI.

Figure 1.  Properties of polyclonal antibodies against ClC-5

Both N1 Ab and C1 Ab recognized a single band of −80 kDa in the protein co-immunoprecipitated with N1 Ab.
A: Immunoblot of the co-immunoprecipitation experiment using N1 and C1 Abs, showing a single band comparative with
ClC-5.  B: The band corresponding to −80kDa was detected by N1 Ab in the co-immunoprecipitation experiment using the
rat monoclonal antibodies (SS55, SS56).  C: Immunoblotting using membrane fraction co-immunoprecipitated with C1 and
N1 Abs binds to a single expected band (−80 kDa), but C1 Ab recognizes the multiple peptides. (200μg/each lane)

Figure 2.  Expression and localization
of ClC-5 in mouse kidney

Immunoblots demonstrating the
expression of  ClC-5 in plasma
membrane (P1 fraction) and endosome
vesicles (P2 fraction) separately
f rac t ionated  us ing  d i f fe rent ia l
centrifugation. Immunoblot using N1Ab
demonstrating the expression of ClC-5
in the P1- and P2-fractions.  P1, a
fraction enriched for plasma membrane
(17,000 g pellet); P2, a fraction enriched
for endosome vesicles (100,000 g pellet);
S, 100,000 g supernatant. (5μg/each
lane)
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Figure 4.  Immunoblot for ClC-5, NHE3, and V-ATPase in the mouse kidney homogenates with or without acidosis

Typical blots from 3 pairs of mice given either regular water (c) or NH4Cl (a) are shown.  A: The homogenates prepared from cortex and
medulla were probed with each specific Abs against ClC-5, NHE3, and V-ATPase after 6 days of acid loading.

Densitometric quantification of ClC-5 (B), NHE3 (C), V-ATPase (B1/2) (D), STX12 (E), actin (F).  The expression of NHE3, V-
ATPase (B1/2), and ClC-5 did not differ between the cortex and medulla each condition.  An amount of actin protein did not differ each
condition.  Data are presented as mean ± SE (n = 3).

Figure 5.  Immunoblot for ClC-5, NHE3, and V-ATPase in P1 fractions of mouse kidney with or without acidosis

The experiments were performed as described in Figure 4A, expect that P1 fractions were probed with each specific Ab against ClC-5,
NHE3, and V-ATPase.  Typical blots from 3 pairs of mice given either regular water (c) or NH4Cl (a) are shown (A).

Densitometric quantification of ClC-5 (B), NHE3 (C), V-ATPase (B1/2) (D), STX12 (E). ClC-5 protein abundance was decreased by
15% in P1 fractions.  An amount of NHE3 was increased by 120% (cortex) and 88% (medulla) in P1 fractions, while STX12 showed no
change. Data are presented as mean ± SE (n = 3).  *P < 0.05 compared with control (unpaired Student's t test).

Ogawa M. et al.
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regions of ClC-5, respectively.  As shown in Figure 1A,
N1 Ab recognized a single band of approximately 80
kDa in the protein co-immunoprecipitated with C1 and
N1 Abs.  In addition, the band corresponding to
approximately 80 kDa was also detected by N1 Ab in the
co-immunoprecipitation experiment using monoclonal
antibodies (SS55, SS56) (Figure 1B).  C1 Ab recognized
multiple bands in the protein co-immunoprecipitated with
C1 Ab, whereas N1 Ab only recognized a single band
which was expected (−80 kDa) (Figure 1C).

Expression and localization of ClC-5 in the mouse kidney
As shown in Figure 2, N1 Ab recognized a band of
approximately 80 kDa in both P1 and P2 fractions.
Immunostaining of the mouse kidney with N1 Ab showed
that ClC-5 was strictly localized in proximal tubule cells
and a subpopulation of cortical collecting duct (CCD)
cells, with features that are consistent with those of the
SS53 monoclonal antibody (another clone of ClC-5 Ab)
(Figure 3).2

Immunoblotting for ClC-5, NHE3, and V-ATPase in
mouse kidney homogenates with or without acidosis
To confirm whether renal adaptation to acidosis was
related to changes in the production of transporter proteins
involved in urinary acidification, immunoblotting was

performed using mouse kidney homogenates (Figure 4A).
Densitometric quantification of the bands revealed the
expression of NHE3, V-ATPase (B1/2), and ClC-5 did not
differ between each sample from the cortex and medulla
with or without acidosis (Figure 4B-E).  An amount of
actin protein did not differ each condition (Figure 4F).

Immunoblot for ClC-5, NHE3, and V-ATPase in P1
fractions of mouse kidney with or without acidosis
As shown in Figure 5, ClC-5 protein abundance was
decreased by 15% in P1 fractions after 6 days of acid
loading.  Conversely, NHE3 protein abundance was
increased by 120% (cortex) and 88% (medulla) in P1
fractions, while STX12, an indicator of endosomal
proteins, showed no change.  These findings are in line
with previous reports showing the specific sorting of
NHE3 to the plasma membrane.11  Although V-ATPase
(B1/2) protein abundance in both cortex and medulla P1
fractions showed almost no change in response to acid
loading, immunohistochemically, its subcellular
localization was predominant in the subapical membrane
region (data not shown).

Immunoblotting for ClC-5, NHE3, and V-ATPase in P2
fractions of mouse kidney with or without acidosis
ClC-5 protein abundance was decreased by 15% in the

Figure 6.  Immunoblot for ClC-5, NHE3, and V-ATPase in P2 fractions of mouse kidney with or without acidosis

The experiments were performed as described in Figure 4A, expect that P2 membrane fractions were probed with each specific Abs
against ClC-5, NHE3, and V-ATPase.  Typical blots from 3 pairs of mice given either regular water (c) or NH4Cl (a) are shown (A).

Densitometric quantification of ClC-5 (B), NHE3 (C), V-ATPase (B1/2) (D), STX12 (E).  ClC-5 protein abundance was increased by
40% in the medulla P2 fraction.  An amount of NHE3 was increased in the medulla P2 fraction.  In both cortex and medulla P2 fractions,
the expression of V-ATPase (B1/2) showed no change, as did STX12.  Data are presented as mean ± SE (n = 3).  *P < 0.05 compared
with control (unpaired Student's t test).

ClC-5 vesicle H+-ATPase/NHE3 in mouse kidney
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cortex P1 fraction (Figure 5) and increased by 40% in the

medulla P2 fraction (Figure 6), suggesting that the
induction of ClC-5 internalization might have occurred
in parallel with adaptation to acidosis.  In addition, NHE3
protein abundance was increased only in the medulla P2
fraction after acid loading (154%).  The precise
mechanism underlying this is unclear.  In both the cortex
and medulla P2 fractions, the V-ATPase (B1/2) protein
abundance showed no change, as did STX12.

Co-localization of ClC-5 with the V-ATPase (B1/2) in
intracellular vesicles
To characterize the molecular mechanism by which
adaptation to acidosis induces an interaction between
ClC-5-containing vesicle trafficking and NHE3 and/or
V-ATPase sorting, we examined whether or not ClC-5
was co-localized with these transporters in intracellular
vesicles (Figure 7).  Co-immunoprecipitation experiments
revealed co-localization of ClC-5 only with the V-ATPase
(B1/2) in the complex containing vesicle-associated
membrane proteins such as VAMP-2 and VAMP-3.
Therefore, adaptation to chronic acid loading might be
diversely regulated, i.e., in both ClC-5-dependent/

independent manners in association with the sorting of
transporters such as NHE3 and the V-ATPase in the
kidney.

Discussion

In this study, we demonstrated the interrelationship
between ClC-5-containing vesicle trafficking and NHE3
and V-ATPase sorting in response to chronic acidosis in
the mouse kidney.  Induction of metabolic acidosis has
been known to produce a profound change in the sorting
of transporters such as NHE3 and the V-ATPase during
adaptation to acidosis in renal tubular cells.11-14  However,
the underlying mechanism of the interaction between
ClC-5 and acid-base homeostasis remains unknown.
Previous studies had demonstrated that ClC-5 plays a
crucial role in endocytosis by facilitating the acidification
of endosomes in cooperation with the co-localized V-
ATPase.1-3  In addition, ClC-5 KO mice show a marked
reduction in the apical expression of NHE3, NaPi2a, and
megalin in the proximal tubule.6,7  And male patients
with Dent's disease commonly have urinary acidification
defects that can be detected by an NH4Cl load.15

Furthermore, in proximal tubules and intercalated cells
in several patients with Dent's disease, the V-ATPase
appeared on the basolateral membrane rather than in the
normal brush border location.16  These observations
suggested that ClC-5, NHE3, and V-ATPase might be
localized in a common compartment, and ClC-5 might
regulate NHE3 and/or V-ATPase trafficking.  Therefore,
we examined whether or not ClC-5 was actually involved
in urinary acidification in coordination with NHE3 and/
or V-ATPase sorting, under the pathophysiological
condition of augmented renal acid secretion.

We first designed an experimental condition to
evaluate renal adaptation to chronic acidosis based on
previous studies.  In rats with chronic metabolic acidosis
induced by NH4Cl load, acidosis was almost completely
corrected after 14 days.  The effect of acidosis on NHE3
protein abundance was noted after 3 days and became
significant at 7 and 14 days in the kidney.11  Similarly,
chronic metabolic acidosis has been shown to affect H+

secretion via the V-ATPase in intercalated cells.13,14,17

Accordingly, we administered a 6-day NH4Cl load to
mice, which was considered sufficient to enhance renal
acid secretion, and examined the adaptive compensation
mechanism.  As expected, mice given NH4Cl, in their
drinking water, developed metabolic acidosis within 2
days of acid intake (Table 1).

We subsequently examined whether or not this
adaptation was related to changes in the production of

Figure 7.  Co-localization of ClC-5 with the V-ATPase
(B1/2) in intracellular vesicles

Immunoprecipitation (IP) of ClC-5 was performed with
mouse kidney vesicle fraction.  Immunoprecipitated
complexes were separated by SDS/PAGE under non-
reducing condition, followed by immunoblot (IB) analysis
with antibodies for the proteins indicated on the left.

Ogawa M. et al.
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transporter proteins using crude homogenates of mouse
kidney cortex and medulla.  As a result, no difference
was observed in the expression of NHE3, V-ATPase
(B1/2), or ClC-5 with or without acidosis (Figure 4),
suggesting that adaptation to metabolic acidosis is
unrelated to changes in transporter protein production,
and that changes in the protein abundance of each
transporter in subcellular fractions might reflect the
modulation of endosomal vesicle sorting in response to
acid load.

We then examined the involvement of ClC-5 in NHE3
and/or V-ATPase sorting during adaptation to chronic
acidosis by assessing the protein abundance of each
transporter using Western blot and immunohistochemistry.
As shown in Figure 5, 6 days of acid loading resulted in
an increase in NHE3 protein abundance in both cortex
and medulla P1 fractions, suggesting that acid load
induces the sorting of NHE3 to the apical plasma
membrane both in the proximal tubules and thick
ascending limb as previously reported.11  In contrast, a
slight increase in NHE3 protein abundance was observed
only in the medulla P2 fraction.  The precise mechanism
for this is unclear.

V-ATPase (B1/2) protein abundance in P1 and P2
fractions prepared from the cortex and medulla showed
almost no change in response to acid loading (Figures 5, 6).
These findings possibly reflect the following two
mechanisms, based on the adaptive response of the V-
ATPase to chronic acidosis.  The first is the up-regulation
of acid secretion due to subtype transformation from
the β-IC to the α-phenotype.17  In this situation, the
number of β-IC was reduced by metabolic acidosis,
whereas the number of α-IC increased.  However, the
total number of IC remained the same, suggesting a
change in intracellular localization of V-ATPase.  Thus,
total protein abundance of V-ATPase did not change at
all.  Furthermore, it is an adaptive activation of the V-
ATPase itself via acid-sensing signal transduction in the
plasma membrane of IC.18-20

ClC-5 protein abundance was relatively decreased by
15% in P1 fractions and increased by 40% in P2 fractions
following chronic acid loading (Figures 4, 5).  These
findings suggest that NH4Cl load might stimulate the
internalization of ClC-5 during the process of endocytosis
in parallel with adaptation to acidosis.

To characterize the molecular mechanism underlying
the interaction of ClC-5 trafficking and NHE3 and/or V-
ATPase sorting, we examined whether or not ClC-5 was
co-localized with either one of the transporters.  The
results of co-immunoprecipitation experiments with ClC-
5 showed that V-ATPase, but not NHE3, was co-localized

with ClC-5 in the complex containing vesicle-associated
membrane proteins such as VAMP2 and VAMP3.
Therefore, ClC-5 might play a pivotal role in stimulating
endocytosis in association with the V-ATPase in response
to acid load, while acidosis-induced NHE3 sorting might
be regulated in a ClC-5-independent manner.

Recent clinical studies have provided a new insight
into the additional clinical implications of renal acid-
base sensing.  The development of metabolic acidosis is
associated with progressive loss of kidney function in
chronic kidney disease (CKD), an additional and
independent risk factor for morbidity and mortality.21

Other clinical studies in cohorts of patients with stage
2−3 CKD, and studies using animal models, suggested
that acidosis promotes further progression of renal
insufficiency.22,23  However, which processes in the
progression of CKD are stimulated by acidosis,24,25 and
how alkali supplementation slows disease progression,
have yet to be established.  Moreover, the question
remains as to why chronic acidosis, in the setting of
inborn forms of renal tubular acidosis, does not lead to
renal insufficiency.  It is suggested that acidosis alone is
not a necessary and sufficient condition for the
progression of renal dysfunction.

Dent's disease is associated with inactivating
mutations of the ClC-5 gene, and while the condition is
often complicated with progressive renal insufficiency,
the pathophysiological mechanism of this has not been
clarified.  The identification of cellular adaptation
mechanisms to acidosis via ClC-5 subcellular vesicle
trafficking may shed light on why acidosis promotes the
progression of renal insufficiency.

In conclusion, we surmise that ClC-5 diversely
contributes to adaptation to chronic metabolic acidosis
by recruiting NHE3 and the V-ATPase to the plasma
membrane.  However, factors directly associated with
the modulation of ClC-5 in the kidney remain unknown.
Elucidation of the roles of ClC-5 in adaptation to acidosis
might provide a novel insight into the prevention of
progression of renal dysfunction.
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