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Abstract

Background: Autosomal dominant polycystic kidney disease (ADPKD) is a ciliopathy characterized by abnormal tubular epithelial
proliferation and fluid secretion. Anoctamin 1 (ANO1) is a calcium-dependent chloride channel. However, how ANO1 contributes to
ADPKD is largely unexplored. Methods: Kidney tissues from ADPKD patients, Pkd 1% mice model, WT9-7 human PKDI+/~ cells,
and 3D culture models in vitro were used. Localization of ANOI and cilium length were investigated by confocal immunofluorescence.
Results: We found that ANO1 was consistently upregulated in human and mouse PKD kidneys. Intriguingly, ANO1 located in a vesicle-

like pattern at the ciliary base but not on the ciliary surface. ANOI deficiency enhanced ciliogenesis and the ciliary dosage of polycystin-2
in human PKD cells, and reduced cyst formation in 3D culture models. Moreover, inhibition of ANO1 abolished the activation of STAT3
and ERK pathways in PKD cells. Conclusions: Our data indicate ANOL is a negative regulator for both cilia length and cilia trafficking
of polycystin-2 and provide mechanistic insights regarding the therapeutic potential of ANO1 pathway in ADPKD treatment.
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1. Introduction

Autosomal dominant polycystic kidney disease
(ADPKD) is the most common hereditary kidney disease
and is a leading cause of end-stage kidney disease with an
incidence of 1 in 1000 individuals [1]. ADPKD is mainly
caused by mutations in PKD! (encoding polycystin 1,
PC1) or PKD2 (encoding polycystin 2, PC2) gene, and in
GANAB (glucosidase ii alpha subunit), DNAJB11, ALG9,
or IFT140 for the rest 10% [2]. PC1 and PC2 are located
in the primary cilium. Proper targeting of polycystins
to the ciliary surface is critical for polycystin function
[3,4]. ADPKD is considered a cilia-related disease [5].
According to one of the theories in ADPKD, the complex
of PC1/PC2 acts as a mechanical sensor on the ciliary
surface of epithelial cells lining renal tubules to regulate
the proper response to intra-tubular liquid flow through
triggering a Ca?* influx [6,7].

Renal cysts form when the level of functional PC1 or
PC2 drops below a critical threshold, with the primary cil-
ium of renal epithelial cells as a major functional site [8].
Accumulating evidence in human genetics and hypomor-
phic rodent models also showed that the severity of ADPKD
is negatively correlated with the dosage of functional poly-
cystins [9—12]. Besides, ADPKD is characterized by aber-
rant proliferation of tubular epithelial cells, which is accom-
panied by activation of multiple cell proliferation signaling

pathways such as STAT3 and ERK pathways [11,12].

Anoctamin 1 (ANOL1) is a newly identified calcium-
dependent chloride channel, which has recently been shown
to be implicated in cystic fluid secretion in vitro [13—
15]. Inhibition of ANOI, either pharmacological or geneti-
cal, effectively suppressed cystogenesis in Pkdl~/~ condi-
tional knockout mice [16]. It has been reported that ANO1
is required for ciliogenesis or maintenance of primary cilia
[17,18]. The correlation between ANOI1 and human PKD,
as well as the molecular mechanism underlying pro-cystic
action of ANOI, is poorly understood. Here, we discovered
that ANOL is abnormally upregulated in cystic lining cells
in human and mouse PKD kidneys, and also in mouse PKD
models. We further revealed the subcellular localization of
ANOL in the context of cilia and its important role in regu-
lating ciliogenesis and polycystin trafficking. ANO1 inhi-
bition effectively suppressed both cystogenesis in vitro cys-
togenesis model and dysregulated proliferative pathways in
human PKD cells.

2. Materials and Methods
2.1 Human Samples

Kidney specimens of seven patients (four males, three
females; 57.7 + 9.1 years of age (mean £ s.d.); four
ADPKD patients and three renal cell carcinoma patients
with relatively normal renal tissue) were obtained from
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Changzheng Hospital, Shanghai, China. Three patients
were receiving hemodialysis at the time of nephrectomy,
thus representing rather late stages of ADPKD. Collection
and analysis of tissue samples were approved by the local
ethics committee. This study was conducted in accordance
with the Declaration of Helsinki.

2.2 Animals

Animal experiments were approved by the local in-
stitutional review board for the care of animals and were
performed in accordance with National Institutes of Health
guidelines. PKDIRRC mice (provided by Dr. Peter Harris)
were housed on a 12:12-h light—dark cycle under constant
temperature (24 & 1.1 °C) in standard cages, fed with a stan-
dard diet, and had free access to tap water in Mayo Clinic
experimental animal center.

2.3 Cell Culture

Madin-Darby canine kidney (MDCK) cells, inner-
medullary collecting duct (IMCD?3) cells, PKDI*/~cells
and GANAB cells (from the lab of Dr. Peter Harris) were
grown on glass coverslips in DMEM (Dulbecco’s Modified
Eagle Medium) supplemented with 10% fetal bovine serum
at 37 °C in a humidified incubator containing 5% COx until
full confluence. Cells were subjected to serum starvation to
induce cilia growth. The medium was supplemented with
forskolin and either Tinh16-A01 (5 M) or Tannic acid (5
M) as ANOI inhibitors. The medium was changed every
24-48 h.

To knock down ANOI1, RCTE or GANAB cells
were transfected with 50 nM siRNA using Lipofectamine
RNAIMAX (No. 13778075, Invitrogen, Carlsbad, USA)
following the manufacturer’s instructions. siRNA se-
quences targeting human ANO1 are as follows: siRNA1,5’-
GAAGCAACACCTATTCGACCTG -3’; and siRNA2:5'-
TCCGTAACTTGCCCATTCCTC -3'.

Lentivirus system was used to construct stabilized
Anol knock-down MDCK cell lines. Short hairpin RNA
(shRNA)-expressing lentivirus constructs were generated
using pLV-RNAI vector (Biosettia, San Diego, CA, USA.
The following shRNA sequence was used to target Ca-
nis lupus ANOI1: 5’- CCTTCAACGTCAGCGACTT -3'.
The scrambled shRNA sequence used is 5'- CCTAAGGT-
TAAGTCGCCCTCG -3'.

2.4 Immunohistochemistry

Kidneys were fixed in 10% neutral-buffered forma-
lin and were paraffin embedded. For immunohistologi-
cal analyses, we used 4 pm paraffin kidney sections with
heat-induced antigen retrieval, as described elsewhere [19].
Kidney sections were blocked with 5% BSA for 1 h at
room temperature, followed by incubation with mouse
monoclonal human anti- ANO1 (ab190721, Abcam, USA)
1:500 dilution overnight at 4 °C. The negative control sec-
tions were stained by using IgG. The HRP-conjugated sec-

ondary antibodies (1:1000 dilution) were purchased from
KPL Inc. (Gaithersburg, MD, USA). Peroxidase substrates
were diaminobenzidine (DAB) (Vector Laboratories Inc.,
Burlingame, CA, USA). The nuclei were counter-stained
with hematoxylin (Vector Laboratories Inc.) for 2 min, and
then were mounted, which were further analyzed by Axio-
plan microscope and AxioVision Rel.4.6. software (Zeiss,
Jena, Germany). A minimum of 10 views per slide were
captured and analyzed.

2.5 Confocal Immunofluorescence

Cells were cultured in DMEM/F-12 containing 10%
FBS on glass coverslips and were starved when reaching
70% confluence. After 24-48 h, slides were fixed with
ice-cold methanol or paraformaldehyde for 10 min, then
were permeabilized and immune-stained with appropriate
antibodies. For immunofluorescent staining, anti-ANO1
(diluted 1:500), anti-acetylated a-tubulin (diluted 1:1000,
T7451, Sigma), anti-tubulin-detyrosinated (diluted 1:1000,
AB3201, Sigma) and PC2 antibodies (diluted 1:200, pro-
vided by the Baltimore Polycystic Kidney Disease (PKD)
Research and Clinical Core Center) were used. Binding
of the primary antibody was visualized by incubation with
secondary donkey anti-mouse antibodies conjugated with
AlexaFluor 488 or 555 (1:1000 for each, Molecular Probes,
Invitrogen, Darmstadt, Germany). IgG was used as neg-
ative controls. Confocal experiments were carried out on
a Bio-Rad MRC-1024 laser scanning confocal microscope
(Bio-Rad Laboratories, Hercules, CA, USA).

2.6 Real-Time PCR

Total RNA was isolated from PKDI®RC mouse,
human kidney samples, transfected MDCK cells and
PKDI*/~ cells. The synthesis of ¢cDNA was per-
formed routinely by using the M-MLV Reverse Tran-
scription system (Invitrogen Life Technologies, Darm-
stadt, Germany). Real-time RT-PCR was performed
in a plate reader Light Cycler 480 by using a SYBR
Green 1 (BioRad, USA) and a specific primer. The
housekeeping gene GAPDH served as an internal con-
trol to estimate the relative quantity of mRNA ex-
pression and correct for differences in sample content.
The following are primers used in this study: Human
ANOI1 primer sequences Forward, CAGCATGGAGAT-
GTGTGACC,; Reverse, CATCTGTTTCCGCTTCCAGT;
Mouse ANOI1 primer sequences Forward, GAAGCAA-
CACCTATTCGACCTG; Reverse, TCCGTAACTTGCC-
CATTCCTC; Canis lupus ANOI primer sequences For-
ward, AAAAGCAAAGAGAAGCGCCG; Reverse, GC-
CATGGCTGTCTTAACCCT.
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2.7 D Laser Scanning Confocal Immunofluorescence

Three-dimensional — structured illumination mi-
croscopy was performed using a standard protocol in our
lab. Briefly, an ELYRA Super-resolution Microscopy
system (Zeiss) equipped with an alpha ‘Plan-Apochromat’
100 /1.46 Oil DIC oil immersion objective and an An-
doriXon 885 EMCCD camera was used to capture raw
images. Sections were acquired at 0.125-mm z-steps.
Color channels were aligned using alignment parameters
from control measurements with 0.5-mm diameter multi-
spectral fluorescent beads (Zeiss). Structured illumination
reconstruction and image processing were performed with
the ZEN software package (Zeiss). Final image processing
was performed by using Adobe Photoshop.

2.8 Western Blot Analysis

Protein was extracted by using the ProteoPrep® Total
Extraction Sample Kit (Sigma, USA), and was measured
with a BCA protein assay kit (Pierce, USA). Protein sam-
ple (60 pg) was loaded for acrylamide gel electrophore-
sis (SDS-PAGE, resolving gel concentration was 12%) and
transferred to nitrocellulose membranes at 100 Volts for 2
h. The membrane was blocked by 5% non-fat milk for
1 h at room temperature. The membrane was probed at
4 °C over night with eight different primary antibodies:
mouse anti-human ANOI1 (diluted, 1:1000), rabbit anti-
human PKD?2 (1:1000, 07-488, Sigma), mouse anti-human
ERK1/2 (1:2000, 4696#, Cell Signaling Technology), rab-
bit anti-human phospho-ERK1/2 (1:1000, 4376#, Cell Sig-
naling Technology), rabbit anti-human STAT3 (1:1000,
12640#, Cell Signaling Technology), mouse anti-human
phosphor-STAT3 (1:1000, 5726#, Cell Signaling Technol-
ogy), mouse anti-human GAPDH (1:2000, 91153#, Sigma)
and rabbit anti-mouse GAPDH (1:2000, 2118#, Cell Sig-
naling Technology). After washing with PBS, the mem-
brane was incubated with the corresponding HRP-labelled
secondary antibody for 2 h at room temperature. Signals
were developed by using the SuperSignal West Femto Lu-
minol Enhanced ECL detection kit (Thermo Scientific). Vi-
sualization of protein bands was performed by using the
ChemiDoc XRS imaging system (No.1708265, Bio-Rad,
CA, USA). Band intensities were quantified by using Im-
ageJ (National Institutes of Health, Washington D.C. USA).

2.9 D Collagen Gel Culture Assays

Cells were cultured with serum-free defined medium
containing DMEM-F12 and insulin (5 pg/mL), transfer-
rin (5 pg/mL), and selenium (ITS, Sigma, 5 ng/mL), peni-
cillin, Streptomycin, and epidermal growth factor (Sigma,
25 ng/mL) to generate cysts. When reaching confluence,
cells were trypsinized and 4000 cells suspended in 0.4 mL
of ice-cold Minimum Essential Medium (MEM) contain-
ing collagen type I 2.9 mg/mL (BD Biosciences), 10 mM
HEPES, 27 mM NaHCO3, penicillin, and Streptomycin.
The cell suspension was placed onto one well of a 24-
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well plate. When the collagen was solidified, 1 mL of cell
medium including 10 muM Forskolin was added to each
well, and plates were maintained at 37 °C in a 5% COy hu-
midified atmosphere. After 2 weeks of treatment, cultured
cysts were imaged under bright field illumination using the
Nikon dissecting scope. Cyst diameters (with diameter >50
uM) were measured by using MetaMorph software (Molec-
ular Devices, USA). At least 3 wells per group were mea-
sured.

2.10 Statistical Analyses

All data examined are presented as means &= SE. Com-
parisons between two groups were conducted using a two-
tailed #-test when the data were normally distributed. p val-
ues of less than 0.05 were considered statistically signifi-
cant. All analyses were carried out using GraphPad Prism
software (GraphPad Software, USA), and all graphs were
generated with the same software.

3. Results

3.1 ANOI is Upregulated in Mouse and Human ADPKD
Kidneys

To understand the transcriptional control of Ano/ gene
in kidneys, the renal expression of ANO1 was measured in
hypomorphic PKD17¢RC mice. In young 1-month-old mice
without cysts, there is no difference in the expression of
Anol between WT and Pkd 1®“RC mice. Intriguingly, Anol
expression was significantly upregulated in adult Pkd 1R¢/RC€
mice after cystogenesis is initiated (Fig. 1 A).

To examine if ANOI upregulation is relevant in
ADPKD, we analyzed ANOI expression levels in human
ADPKD kidneys (Fig. 1B). Western blotting analysis in-
dicated that ANO1 was significantly upregulated almost 5
folds in human ADPKD kidneys as compared with nor-
mal controls (Fig. 1C,D). Immunohistochemical staining
revealed strong staining of ANO1 in lining cells of cystic
renal tubules, but not in normal tubules or glomeruli, of kid-
neys from ADPKD patients as compared with those from
normal kidneys (Fig. 1E).

3.2 ANOI Locates to Vesicles at the Ciliary Base but not
Cilia Proper

We then assessed the subcellular localization of ANO1
in human renal collecting tubule epithelial (RCTE) cells by
confocal immunofluorescence. As shown in Fig. 2A, con-
tradictory to the assumption that ANO1 acts as a sensory re-
ceptor on the ciliary surface, ANO1 signal was only found
at the ciliary base of RCTE cells. PKD1 deficiency did not
change the localization of ANOI1 (Fig. 2A). Moreover, we
found that the intensity of ANOI1 staining in the primary
cilium of human PKDI+/~ cells was stronger than that in
RCTE cells (Fig. 2B). Super-resolution 3D structured illu-
mination (SIM) microscopy analysis revealed that ANOI
was located to a subset of vesicles at the ciliary base in
RCTE cells (Fig. 2C).
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Fig. 1. ANO1 is up-regulated in mouse and human ADPKD kidneys. (A) Quantitative PCR analysis of ANO1 expression in kidney
tissues of PKDI*® mice with different ages (1, 3, 5, 18 months). (B) Quantitative PCR analysis of ANO1 expression in human normal
control and ADPKD patients renal tissues. (C,D) Western blotting analysis of ANO1 expression in human normal control and ADPKD
patients renal tissues and was further quantified. (E) Immunohistochemistry analysis of ANOI (in brown) expression in human normal
control (N1, N2, N3) and ADPKD patients (A1, A2, A3) renal tissues. IgG served as a negative control for staining. Scale bars, 200 pm.

On representative result from three independent experiments was shown. *p < 0.05. **p < 0.01.

3.3 Knockdown of ANO1 Promotes Cilia Length and the
Ciliary Dosage of Polycystin 2

To investigate the role of ANOI1 in the context of cilia,
we used siRNA to knock down the expression of ANO! in
WT9-7 human PKDI*/~ cells [20]. Contrary to previous
discoveries that ANO1 deficiency reduces cilia length in
IMCD?3 cells [17], knock-down of ANOI in human PKD
cells did not affect ciliogenesis, but instead caused a sub-

tle increase in the cilium length (Fig. 3). Intriguingly,
ANOIL deficiency significantly increased the ciliary dosage
of polycystin 2. The effect of ANO1 on polycystin 2 ex-
pression was further studied by using ANO1 specific in-
hibitor Tinh16-A01 in a ADPKD cell line. The expres-
sion of polycystin 2 (PC2) was not affected by Tinh16-A01
(Supplementary Fig. 1).
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Fig. 2. ANO1 is localized in primary cilia. (A,B) Immunofluorescence staining for ANO1 and Glu-tubulin was performed on RCTE

and ADPKD cells (PKDI%/~ cells) and further quantitative analyzed by confocal microscopy. IgG was used as a negative control for

staining on RCTE and PKDI*/~ cells. Scale bars, 10 um. (C) Super-resolution 3D structured illumination microscopy analysis of

ANOI1 in RCTE cells. On representative result from three independent experiments was shown.

3.4 Knock-Down of ANOI Inhibits Cyst Formation in
3D-Culture Models

3D culture with MDCK or IMCD3 cells are classical
in vitro models to study ADPKD [21]. ANOI specific in-
hibitor Tinh16-A01 or Tannic acid was used to treat IMCD3
cells. Tinh16-A01 or Tannic acid significantly inhibited
cyst formation in 3D-cultured IMCD3 cells (Fig. 4A,B).
To further study the functional impact of ANOI1 on re-
nal cyst formation, we established MDCK cell line with
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steady knockdown of Anol gene. As expected, genetic
knockdown of Anol significantly inhibited cyst formation
in MDCK cells (Fig. 4C,D).

3.5 ANOI Inhibition Corrects Abnormal Proliferative
Pathways of ADPKD

We further examined the proliferative pathways ab-
normally upregulated in human PKD cells. GANAB is a

novel ADPKD gene whose mutation compromises the pro-
tein maturity of PKD1 and PKD2 and impairs their ciliary
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Fig. 3. Knockdown of ANO1 increases the cilium length and the expression of polycystin 2 (PC2). Immunofluorescence: nonsense
control (NC) siRNA or siRNA against ANOlwas transfected in human PKDI +/= cells. Immunofluorescence staining for PC2 and
AC-tubulin was performed on RCTE and ADPKD cells (PKD1 +/= cells) and further analyzed by confocal microscopy. Cilia length and

intensity of PC2 were quantified. The knockdown efficiency of siRNA was determined by real-time PCR. On representative result from

three independent experiments was shown. Scale bars, 5 um. **p < 0.01.

localization [22]. As shown in Fig. SA, ANOI inhibition
by Tinh16-A01 subdued phosphorylation of STAT3 and
ERK in human GANAB~/~ renal collecting tubule epithe-
lial (RCTE) cells. Tannic Acid treatment showed similar
effects in a dose-dependent manner in GANAB—/~ RCTE
cells (Fig. 5B). We further examined the effect of ANO1
inhibition in GANAB~/~ cells [21]. Knockdown of ANOI
using two different siRNAs efficiently reduced activation of
STAT3 and ERK pathways in GANAB~/~ cells (Fig. 5C).

4. Discussion

ANOIL drives cyst growth in PKD models but with
poorly understood molecular mechanisms [23]. In the cur-
rent study, we confirmed that ANOI1 is abnormally upreg-

ulated in cyst-lining cells in both human ADPKD kidneys
and hypomorphic Pkd17“RC kidneys. ANOI appears to be
not an initiator of cystogenesis since its expression is not
upregulated in pre-cystic (1 month) kidneys in PkdIR“/RC
mice. Instead, ANO1 expression is upregulated by defec-
tive polycystin signalings during cyst progression.

Although different lines of evidence suggested ANO1
deficiency impairs ciliogenesis, Anol~/~ mice show no
hallmarks of classic ciliopathies, such as cystic disease,
polydactyly, or situs inversus [24-26]. Kidney-specific
knockout of ANO1 also shows no impact on ciliogenesis
[26]. This is in line with our discovery that ANO1 defi-
ciency is not detrimental to ciliogenesis but, instead, may
promote cilia elongation or subdue cilia absorption by un-
clear mechanisms.
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Fig. 4. Knock-down of ANO1 inhibits renal cyst formation in 3D culture models. (A,B) A three-dimensional (3D) culture model of
cyst formation was established using IMCD3 cells which were treated with two different ANOlinhibitors (Tinh16-A01 or Tannic acid).
After 2 weeks of culture, the Surface area of cysts (SA) was measured. Scale bars, 300 um. (C,D) 3D culture model of cyst formation was
established using MDCK cells which were transfected with shRNA against ANO1. Knock down efficiency was measured by RT-PCR
before MDCK cells were planted into the collagen gel. After 2 weeks of culture, the diameter of cysts was measured. On representative

result from three independent experiments was shown. Scale bars, 100 um. *p < 0.05. ***p < 0.01.

PC2 is localized to the primary cilium of tubular cells
and ciliary exclusion of PC2 promotes renal cystogenesis
in ADPKD model [27]. It has been reported that the length
of PC2-negative cilia is significantly shorter than that of
PC2-positive cilia [28]. We hypothesized that ANOI1 in-
hibits cilium formation through increasing PC2 content in
the primary cilium. Here, we showed that knock-down
of ANOI1 increased the cilia length which was correlated
with increased expression of PC2 in the primary cilium of
ADPKD cells. While ANOI1 inhibited is not decrease ex-
pression of PKD2 in the GANAB cells.

Previous study showed that ANO1 was localized to the
cilia of mature olfactory sensory neurons [29]. In our hand,
we could not detect the ciliary localization for ANO1 even
by using super-resolution SIM microscopy analysis. ANOI
is specifically restricted to a subset of vesicles at the ciliary
base, suggesting that ANOI is not used by renal epithelial
cells as a sensory receptor or chloride channel on the cilia
surface to regulate signal transduction and/or ion exchange
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between renal epithelia and tubular fluids. It is thus interest-
ing how ANOI regulates ion homeostasis and cilia-related
function at the ciliary base in the context of ADPKD. One
plausible mechanism is that ANO1 may regulate the ciliary
import or removal of key molecules involved in cilia for-
mation and function by influencing local ion homeostasis
and/or vesicle dynamics, as is evidenced by upregulation
of PC2 and increased cilia length in ANO1-deficient cells.
ANOLI deficiency may lead to enhanced trafficking of vesi-
cles targeted to cilia. A line of evidence supporting this hy-
pothesis is the electron microscopy study of proximal tubu-
lar cells in Anol~/~ mouse kidneys, which revealed an ac-
cumulation of endosomal vesicles at the apical surface of
renal cells [30]. Considering ANOLI is a calcium-activated
chloride channel, its activity in the subset of ciliary vesicles
could be reciprocally affected by polycystin-mediated cal-
cium signaling in the context of cilia. It is thus intriguing
to study how polycystins and ANO functionally crosstalk
at the molecular level to regulate ion homeostasis at the
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Fig. 5. The effect of ANO1 on cell proliferation signaling pathways of ADPKD. (A) GANAB cells was treated with ANOI1 specific
inhibitor Tinh16-A01.The expression of ANO1 and phosphorylation of STAT3 and ERK in GANAB cells were analyzed by Western
blot and further quantified. (B) GANAB cells was treated with ANO1 specific inhibitor Tannic acid. The expression of ANO1 and
phosphorylation of STAT3 and ERK in GANAB cells were analyzed by Western blot and further quantified. (C) GANAB (an ADPKD
cell line) cells were transfected with nonsense control (NC) siRNA or two different siRNAs against ANO1. The expression of ANO1
and phosphorylation of STAT3 and ERK in GANAB cells were analyzed by Western blot and further quantified. *p < 0.05. **p < 0.01.

ciliary base and determine proper cilia trafficking of key
molecules, as well as the implications in ADPKD.

ADPKD is characterized by activation of multiple
proliferating signaling pathways such as STAT3 and ERK
pathways [31]. It has been reported that ANOI promotes

cyst growth by increasing cystic epithelial cell prolifera-
tion [32]. Thus, we hypothesized that ANO1 promotes
cyst growth by activating STAT3 and ERK proliferating
pathways. We first confirmed ANOI1 inhibitors reduced
cyst size in two 3D culture models. Next, we showed
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that activation of STAT3 and ERK proliferating pathways
in GANAB~/~ cells were dose-dependently inhibited by
two different ANO1 inhibitors. We further knocked down
ANO1 gene in another ADPKD cells and we showed
that phosphorylation of STAT3 and ERK were reduced by
ANOI1 siRNAs. The limitation of this study is that cell pro-
liferation assay was not performed to further show the pro-
proliferative effect of ANOI.

5. Conclusions

Our data indicate ANOI is a negative regulator for
both cilia length and cilia trafficking of polycystin-2 and
provide mechanistic insights regarding the therapeutic po-
tential of ANO1 pathway in ADPKD treatment.
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