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Abstract.
BACKGROUND: Elevated Anoctamin 7 (ANO7) expression is associated with poor survival in prostate cancer patients.
OBJECTIVE: The aim was to discover proteins that interact with ANO7 to understand its functions and regulatory mechanisms.
METHODS: The proximity-dependent biotin identification (BioID) method was utilized. ANO7 fused to biotin ligase was tran-
siently transfected into LNCaP cells, and the biotinylated proteins were collected and analysed by mass spectrometry. Four identi-
fied proteins were stained with dual fluorescent immunostaining and visualized using Stimulated emission depletion microscopy
(STED).
RESULTS: After bioinformatic filtering steps, 64 potentially ANO7-interacting proteins were identified and analysed with the
GO enrichment analysis tool. One of the most prominently enriched cellular components was cellular vesicle. Co-localization
was showed for staphylococcal nuclease and tudor domain containing 1 (SND1), heat shock protein family A (Hsp70) mem-
ber 1A (HSPA1A), adaptor related protein complex 2 subunit beta 1 (AP2B1) and coatomer protein complex subunit gamma 2
(COPG2).
CONCLUSIONS: This is the first study in which ANO7 interacting proteins have been identified. Although further studies
are needed, the findings reported here expand our understanding of the role and regulation of ANO7 in prostate cancer cells.
Furthermore, these results are likely to introduce new targets for the novel cancer therapies.
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1. Introduction

Prostate cancer (PrCa) is the most common cancer
in men, and heritable factors account for 57% of the
risk [1]. Although there are many well-characterized
pathways involved in PrCa progression, new biomark-
ers able to predict aggressive disease outcome are
needed. In our recent study, we linked the ANO7 gene
to the development of aggressive PrCa [2]. Our data
showed that high ANO7 expression predicts poor pa-
tient survival and that certain recurrent ANO7 single-
nucleotide polymorphisms (SNPs) are associated with
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both prostate cancer susceptibility and the risk of ag-
gressive PrCa [2]. Moreover, since ANO7 expression
is prostate tissue-specific [3,4], ANO7 is a compelling
target for novel PrCa therapies.

Of interest, we recently showed that one of the
SNPs predisposing to aggressive PrCa clearly asso-
ciates with favourable response to the first-line doc-
etaxel chemotherapy for metastatic castration-resistant
PrCa (mCRPC) [5]. Together these findings strongly
suggest that ANO7 possesses a functional role in
PrCa progression. However, more detailed studies are
needed to investigate the role of ANO7 in normal vs.
cancerous prostate.

Certain Anoctamin protein family members have
been associated with various cancer types [6]. For
example, ANO6 has membrane scramblase function
and its activity is required for cell death in ep-
ithelial cells and macrophages [7]. Additionally, ex-
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pression of alternative transcript of ANO6 predicts
poor survival of breast cancer patients [8]. Moreover,
ANO1 is upregulated in prostate cancer and has been
linked to PrCa tumorigenesis [9]. The Anoctamin 7
(ANO7) gene encodes two isoforms: a long form that
consists of 25 exons (ENST00000274979.12) and a
short form (ANO7S) containing the first four exons
(ENST00000402530.7). The protein product of the
long form (ANO7L) localizes in the plasma membrane
(PM) [3,10], endoplasmic reticulum (ER) [11] or Golgi
apparatus [10]. The structure of ANO7L is unknown,
but based on its primary structure, ANO7L is pre-
dicted to have eight membrane spanning regions, and
its N- and C-terminal regions are predicted to reside
inside the cell [12]. The ANO7L is suggested to act as
a calcium-activated chloride ion channel [13,14] or a
membrane scramblase [15].

In this study, since there are no reports on the lo-
calization of ANO7S, we chose to elucidate solely the
interacting partners of the ANO7L protein and deter-
mine the cellular components and processes in which
ANO7L is involved. To identify ANO7-interacting
proteins, we used the well-established BioID
method [16,17]. We chose this method since the strong
hydrophobicity of ANO7 and its membrane integra-
tion are likely to introduce severe methodological ob-
stacles in the use of traditional co-purification meth-
ods. The BioID method allows recognition of protein-
protein interactions without a need to purify the in-
tact protein-protein complexes [16]. In more detail,
the biotin ligase (BirA∗) is fused to the bait-protein.
The fusion protein (in our case ANO7L-BirA∗) in-
troduces a biotin label to proteins residing in close
(less than 10 nm) proximity of the fusion protein bait.
Subsequently, all biotin-labelled proteins are collected
with streptavidin-coated beads and analysed with LCI-
MS/MS (liquid chromatography-tandem mass spec-
trometry). This method allows effective identification
of proteins from complex biological mixtures. We per-
formed the bioinformatic functional enrichment analy-
sis for the identified proteins with Gene Ontology (GO)
knowledgebase (http://geneontology.org/). The most
prominent GO terms identified were related to cellu-
lar vesicles. For further validation we selected five pro-
teins having high enrichment scores. To visualize the
co-localization of selected proteins and ANO7, we per-
formed dual immunofluorescence analysis of ANO7
and the endogenous proteins of interest. The imag-
ing was done with super-resolution stimulated emis-
sion depletion (STED) microscope, which is able to
separate signals 20 nm apart allowing visualization of
protein-protein interactions.

2. Materials and methods

2.1. Plasmids

The pcDNA3.1 MCS-BirA(R118G)-HA plasmid
was provided by Professor Johanna Ivaska (University
of Turku, Turku, Finland) and was originally a gift
from Kyle Roux (Addgene plasmid #36047; http://n2t.
net/addgene:36047; RRID:Addgene_36047) (Addgene,
Watertown, MA, USA). ANO7 was PCR-amplified
from the pNGEP-L plasmid (a gift from Professor
Karl Kunzelmann, University of Regensburg, Regens-
burg, Germany). This construct carries the variant al-
lele rs7590653 (NC_000002.12:g.241223944G > A),
which causes the E912K amino acid change. The
cloning primers used were BirA (R118G) HA_ANO7_
FRW_1: GTCTGCAGAATTCATGCGAATGGCTG
and BirA (R118G)-HA_ANO7L_REV_1: GATGTTC-
GAATTCCTGCTGCAGCTG. The final ANO7L-
BirA∗-HA construct and empty BirA∗-HA vector were
transformed into MAX Efficiency DH5α competent
cells (Thermo Fisher Scientific, Waltham, MA, USA),
and the insert was verified by Sanger sequencing. Since
LNCaP cell line express relatively low levels of en-
dogenous ANO7 we chose to overexpress ANO7 car-
rying C-terminal V5-His-identification tags (also a gift
from Professor Karl Kunzelmann) to carry out the co-
localization analyses.

2.2. Cell lines

The LNCaP cell line endogenously expressing
ANO7 mRNA [3,18] was used in all experiments. The
cell line was authenticated using PCR-single-locus-
technology by Eurofins Genomics Europe Applied Ge-
nomics (Ebersberg, Germany). The cells were cultured
in RPMI-1640 medium (Lonza, Basel, Switzerland)
with inactivated 10% foetal bovine serum, 100 U/ml
penicillin, 0.1 mg/mL streptomycin and 2 mM ultra-
glutamine in 5% CO2 at +37◦C.

2.3. Transient transfection and biotin administration

To isolate biotinylated proteins, two 10 cm Petri
dishes were plated with 1.5 million cells in parallel.
Sterile glass cover slips were included and processed
for immunofluorescence and biotin detection as de-
scribed below. For dual immunofluorescence detec-
tion, the cells were plated on sterile glass coverslips
coated with poly-L-lysine (Sigma-Aldrich, St. Louis,
MI, USA) in 6-well plates (100,000 cells/well).
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One day after plating, the cells were transiently
transfected using the Lipofectamine 3000 reagent
(Thermo Fisher Scientific, Waltham, MA, USA) ac-
cording to Thermo Fisher’s optimized protocol for
LNCaP cells. Twenty-four hours after transfection,
50 µM biotin was added to the cells, which were fur-
ther cultured for 24 h before analysis.

2.4. Cell lysis and purification of the
proximity-labelled biotinylated proteins

Twenty-four hours after biotin treatment, the cells
were rinsed twice with cold PBS, and 800 µl of lysis
buffer (50 mM Tris (pH 7.5), 150 mM NaCl, 0.2% SDS
(w/v), 5 mM EDTA, 1% Triton X-100, 0.5% deoxy-
cholate (w/v), 20 mM NaF, 1 mM DTT and protease in-
hibitors) was added to the cells. Subsequently, the cells
were scraped with a rubber policeman, and the cell sus-
pension was transferred into a 1.5 ml Eppendorf tube.
The cells were rotated for 30 minutes at +4◦C. Five
hundred microliters of 50 mM Tris-HCl (pH 7.5) was
added, and the lysates were sonicated with a Sonopuls
ultrasonic homogenizer (Bandelin, Berlin, Germany)
for 2 minutes per sample (2 s pulses with 0.5 s breaks,
50% amplitude). The cell lysates were centrifuged at
12,000 ×g for 15 minutes at +4◦C, and the super-
natant was collected into a new tube. The pelleted cel-
lular debris was resuspended in Laemmli lysis buffer
for Western blot analysis. Streptavidin beads (My-
One Streptavidin C1 Dynabeads, 10 mg/ml, Invitro-
gen, Carlsbad, CA, USA) were added to the super-
natant (200 µl/sample), and the samples were incu-
bated with rotation overnight at +4◦C. The next day,
the beads were washed three times with 1 ml of RT
washing buffer (1% Triton X-100, 0.2% SDS (w/v),
0.2% deoxycholate (w/v), 1 mM EDTA, 150 mM NaCl
and 10 mM Tris-HCL (pH 7.5)). The proteins were
then eluted into 100 µl of 50 mM Tris-HCl. Twenty
percent of the bead volume was mixed with Laemmli
buffer and prepared for Western blot analysis. The re-
maining beads were dried, frozen and sent to the Turku
Proteomics Facility (Turku Bioscience Centre, Turku,
Finland) for LC-ESI-MS/MS analysis. Five replicates
of LNCaP cells at passage numbers 11, 13 and 18 after
thawing were processed.

2.5. Western and streptavidin blotting

For Western blot analysis, the resuspended pellets
and eluates from the protein purification step were run
on 10% SDS-PAGE gels, and the proteins were trans-

ferred onto an Immuno-Blot R© PVDF Membrane (Bio-
Rad, CA, USA). Biotinylated proteins were detected
according to the methods of Roux et al. [16]. For HA
tag staining, we used a rabbit anti-HA tag primary an-
tibody (H6908, Sigma-Aldrich, St. Louis, MI, USA) in
5% BSA-TBST and a HRP-conjugated anti-rabbit IgG
secondary antibody (sc-2054, Santa Cruz Biotechnol-
ogy, Dallas, TX, USA) in 5% BSA-TBST.

2.6. Identification of interacting proteins by
LC-ESI-MS/MS

The samples were digested on beads and dissolved
in 0.1% formic acid. Then, the samples were anal-
ysed with an LC-ESI-MS/MS nanoflow HPLC system
(Easy-nLC 1200, Thermo Fisher Scientific, Waltham,
MA, USA) coupled to a Q Exactive mass spectrom-
eter (Thermo Fisher Scientific, Waltham, MA, USA)
equipped with a nanoelectrospray ionization source.
Peptides were first loaded on a trapping column and
subsequently separated inline on a 15 cm C18 col-
umn (75 µm × 15 cm, ReproSil-Pur, 5 µm, 200
Å C18-AQ, Dr. Maisch HPLC GmbH, Ammerbuch-
Entringen, Germany). The mobile phases were wa-
ter with 0.1% formic acid (solvent A) or acetoni-
trile/water (80:20 v/v) with 0.1% formic acid (solvent
B). A 20 min linear gradient from 8% to 43% B was
used. PAGE-MS data were acquired automatically with
Thermo Xcalibur 4.0 software (Thermo Fisher Scien-
tific, Waltham, MA, USA). An information-dependent
acquisition method consisted of an Orbitrap MS sur-
vey scan with a mass range of 300–2000 m/z followed
by HCD fragmentation for the 10 most intense peptide
ions.

Data files were searched for protein identifica-
tion using Proteome Discoverer 2.2 software (Thermo
Fisher Scientific, Waltham, MA, USA) connected to an
in-house server running Mascot 2.6.1 software (Matrix
Science) against the SwissProt (SwissProt_2018_4)
protein sequence database with the taxonomy filter
‘homo sapiens’. The following database search param-
eters were used: Enzyme, Trypsin; Static modifica-
tions, Carbamidomethyl (C); Variable modifications,
Oxidation (M); Biotin-tyramide (Y), Acetyl (Protein
N-term); Peptide Mass Tolerance, ± 5 ppm; Fragment
Mass Tolerance, ± 0.02 Da; Max Missed Cleavages, 2;
Instrument type, ESI-TRAP) Methionine oxidation is
a common modification during sample processing and
is therefore normally included in the search parame-
ters. Data were filtered by peptide spectrum matches
per protein (PSM) (minimal number of PSMs: 2). The
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Fig. 1. Proteins selected for validation. A schematic diagram showing a brief description of how proteins were selected for the final analysis.
Eighty-three proteins were unique to the ANOL construct and not found in Bir∗-HA controls. After filtering against the CRAPome database and
a known BioID background, 64 proteins remained. Among the 15 proteins detected in at least 2 replicates, those with vesicle-related functions
were selected for validation with co-localization analysis (5 proteins).

required number of PSMs was set to two to reduce
false positive identifications. Percolator was applied
for statistical evaluation and rescoring of the search
results.

2.7. Enrichment analyses

The process of LC-ESI-MS/MS result filtration is
presented in Fig. 1. Eighty-three proteins uniquely
identified with the ANO7 construct but not with the
control construct were filtered against the list of the
known BioID background proteins and CRAPome
database version 1.0 (https://www.crapome.org/) to fil-
ter out contaminants. Proteins with average spectral
counts > 20 or those that were identified in > 50%
of screens in the database were excluded from the
list. The remaining 64 proteins were analysed with the
Gene Ontology (GO) ‘cellular component’ enrichment
tool. A false discovery rate (FDR) < 0.05 indicated
statistical significance.

2.8. Immunofluorescence and detection of
biotinylated proteins

Biotinylated proteins were detected according to
the methods of Roux et al. [16] using a streptavidin-
Alexa FluorTM 488 conjugate (S32354, Thermo Fisher
Scientific, Waltham, MA, USA). Bir*A fusion pro-
teins were detected with anti-HA tag antibody (H6908,
Sigma-Aldrich, St. Louis, MI, USA) and anti-rabbit
IgG secondary antibody conjugated to Alexa Fluor
568 (A-11036, Thermo Fisher Scientific, Waltham,
MA, USA). The cells were visualized with the Nikon
Eclipse Ni-U upright fluorescence microscope (Nikon
Instruments, Inc. Shinagawa, Tokyo, Japan).

For co-localization analyses, the cells were washed
2 times with PBS, fixed with 4% PFA-PBS and perme-
abilized with 0.4% Triton X-100 in PBS. After perme-
abilization, the cells were washed three times with PBS
and incubated with primary antibodies overnight at
+4◦C. The following primary and secondary antibod-
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ies were used: anti-COPG2 (Novus Biologicals, Col-
orado, USA NBP2-55178), anti-HSPA1A (ab79852),
anti-AP2B1 (ab220778), anti-SND1 (Abcam ab65078,
Boston, USA), anti-XRCC5 (Abcam ab80592, Boston,
USA), anti-6 × His tag (Abcam ab18184), anti-HA
tag (Abcam ab130275), (Abcam, Boston, USA), STAR
RED anti-rabbit IgG (Abberior 2-0012-011-9), and
STAR 580 anti-mouse IgG (Abberior 2-0002-005-1)
(Abberior Instruments GmbH, Göttingen, Germany).
The coverslips were mounted with Mount Solid An-
tifade (Abberior Instruments GmbH, Göttingen, Ger-
many) and dried overnight. The stained cells were
visualized by STED super-resolution microscope al-
lowing the separation of proteins at the distance of
20 nm. Co-localization and fluorescence intensity pro-
files were analysed with ImageJ (NIH, version 18.0).

3. Results

3.1. Validation of the expression and functionality of
the ANO7-BirA∗-HA and BirA∗-HA fusion
proteins

To confirm that biotin ligase was able to biotinylate
proteins fused to ANO7, we performed dual staining
of overexpressed ANO7L-BirA∗-HA and biotinylated
proteins in LNCaP cells. ANO7L-BirA∗-HA was lo-
calized close to the membrane and biotinylated pro-
teins detected with Alexa Fluor 488-conjugated strep-
tavidin co-localized with ANO7L-BirA∗-HA (Fig. 2a).
In contrast, the Bir∗A-HA produced from the empty
vector was distributed evenly inside the cells. In West-
ern blot analyses, the ANO7L-BirA∗-HA protein prod-
uct migrated at 150 kDa, while the calculated size of
the fusion protein was 141 kDa. The difference be-
tween the expected and detected protein sizes is most
likely because of post-translational glycosylation of
ANO7L -BirA∗-HA [12]. Expression of both ANO7L-
BirA∗-HA and BirA∗-HA increased the abundance of
biotinylated proteins in the total lysates of transfected
cells compared to those of untransfected cells demon-
strating the functional activity of the cloned biotin lig-
ase (BirA∗-HA).

3.2. Identification of interacting proteins

Mass spectrometry analysis detected 442 proteins
(Supporting Information Table 1). At least two unique
peptides mapped to the protein were required for iden-
tification. Eighty-three interactions were unique to

ANO7L-Bir∗-HA, 67 interactions were observed with
only BirA∗-HA and 292 interactions were found with
both constructs. After filtering against common BioID
background proteins [14] and likely contaminants
listed in the CRAPome database (https://www.crapome.
org/), 64 proteins that were detected as interacting
uniquely with ANO7 remained. Fifteen of these pro-
teins were detected in at least two replicates.

3.3. Vesicular and nuclear proteins are enriched
among the ANO7 interacting proteins

GO cellular component analysis for the filtered
64 protein interactions showed strong enrichment in
the ‘vesicles’ (fold enrichment 2.54, FDR 9.26E-06)
and ‘extracellular exosomes’ (fold enrichment 3.77,
FDR 2.57E-07) GO terms. According to the analy-
sis, 6 of the 15 proteins detected in at least two repli-
cates (HSPA1A, AP2B1, COPG2, HNRNPL, SND1,
XRCC5) were associated with vesicles. HSPA1A,
XRCC5 and SND1 were also associated with extra-
cellular exosomes. Additionally, among other enriched
pathways with a fold enrichment > 2 and an FDR
value < 1E-04 were the ‘site of DNA damage’ and
‘chromosome’ (fold enrichment 28.78, FDR 1.15E-06
and fold enrichment 5.5, FDR 2.67E-07, respectively)
GO terms, in which one (XRCC5) and four (BANF1,
LLPH, GAR1, XRCC5) of the proteins, respectively,
were detected in at least two replicates by LCI-MS/MS
analysis. The GO term ‘Arp2/3 protein complex’ had a
fold enrichment of> 100 and FDR 1.72E-05, but none
of the proteins involved were among those detected in
at least two replicates. Interestingly, eleven of the pro-
teins detected in at least two replicates were enriched in
the ‘nuclear lumen’ (fold enrichment 2.37, FDR 5.51E-
05) GO term. The cellular components with a fold en-
richment > 2 and FDR < 1E-04 are listed in Table 1.
The complete list of the statistically significantly en-
riched cellular components are presented in Supporting
Information Table 2.

3.4. Co-localization analysis of ANO7 and the
interacting proteins

The putative interactions between ANO7 and the
identified binding partners were visualized with dual
immunofluorescence and STED microscopy. ANO7
was detected with anti-HA or anti-His following trans-
fection of LNCaP cells with ANO7L-BirA∗-HA or
ANO7 with C-terminal His-tag, while the putative en-
dogenous ANO7 interacting proteins were detected
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Fig. 2. Biotinylation of proteins in ANO7L-Bir∗-HA-transfected LNCaP cells. A. Immunohistochemical staining of HA-tagged ANO7L-Bir∗

(red) and biotinylated proteins with Alexa Fluor 488-tagged streptavidin (green) and nuclear staining with DAPI (blue). B. The insoluble cell
lysate fraction is on the left side, and streptavidin bead pull-down samples are on the right side. The control lane contains untransfected LNCaP
cells treated with biotin. Expression of the fusion proteins was detected with anti-HA, biotinylated proteins were detected with streptavidin-HRP,
and total protein were detected with Ponceau S staining. The staining was visualized with Nikon Eclipse Ni-U upright fluorescence microscope
(Nikon Instruments, Inc. Shinagawa, Tokyo, Japan).

Table 1
Results of the GO cellular component enrichment analysis (fold en-
richment > 2 and FDR < 1E-04)

GO cellular component Fold FDR
enrichment

Protein-containing complex 2.43 2.18E-08
Membrane-enclosed lumen 2.37 2.56E-07
Extracellular exosome 3.77 2.57E-07
Chromosome 5.5 2.67E-07
Extracellular organelle 3.72 2.67E-07
Intracellular organelle lumen 2.37 2.77E-07
Extracellular vesicle 3.73 2.82E-07
Organelle lumen 2.37 3.02E-07
Site of DNA damage 28.78 1.15E-06
Intracellular non-membrane-bounded 2.49 2.60E-06
organelle
Non-membrane-bounded organelle 2.48 2.60E-06
Vesicle 2.54 9.26E-06
Nuclear chromosome, telomeric region 19.19 1.14E-05
Arp2/3 protein complex > 100 1.72E-05
Chromosomal part 4.91 2.74E-05
Nucleoplasm 2.53 4.86E-05
Nucleoplasm part 4.35 4.88E-05
Chromosome, telomeric region 14.59 5.39E-05
Nuclear lumen 2.37 5.51E-05

FDR = false discovery rate.

with their respective polyclonal antibodies. ANO7L-
BirA∗-HA was used to verify the results obtained by
LCI-MS/MS analysis, while ANO7L-V5-His was used
to verify that the observed interactions were not due to
the proteins interacting with the biotin ligase. ANO7L-
BirA∗-HA and His-tagged ANO7 both localised to
plasma membrane in bright spotted structures (Fig. 3).
No nuclear staining was observed.

Since ANO7 is predicted to be localized in mem-
brane structures, we chose to validate the five puta-
tive binding partners that, according to GO enrich-
ment analysis, are associated with vesicle structures
and were uniquely detected with ANO7-BirA∗-HA
in at least two replicate experiments: HSPA1A (heat
shock protein family A [Hsp70] member 1A), SND1
(staphylococcal nuclease and tudor domain containing
1), AP2B1 (Adaptor Related Protein Complex 2 Sub-
unit Beta 1), COPG2 (Coatomer subunit gamma-2) and
XRCC5 (X-Ray Repair Cross-Complementing Protein
5).

Both AP2B1 and HSPA1A formed bright spots at
the plasma membrane, and their co-localization with
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Fig. 3. Co-localization of ANO7 and the identified interaction partners. Double staining of ANO7L-BirA∗-HA, BirA∗-HA or His-tagged ANO7
shown in green and the interaction partners (AP2B1/COPG2/HSPA1A/SND1) shown in red. Co-localization was visualized with the fluorescence
intensity profiles below the microscope figures. The intensity profile allows visualisation of the intensity of red and green staining along the
line added into the immunofluorescence figure. In the microscope figures, yellow spots indicate co-localization, which are also indicated by
overlapping peaks in the signal intensity curves. A. AP2B1. B. COPG2. C. HSPA1A. D. SND1.
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ANO7 was partial. COPG2 staining showed granular
structures in the cytosol, likely in the Golgi appara-
tus, and COPG2 was partly co-localized with ANO7.
SND1 once again co-localized to the cell surface with
ANO7, but in a more diffuse manner than ANO7
(Fig. 3). We did not detect XRCC5 in the cytoplasm
with the antibody used in this work; thus, XRCC5 did
not co-localize with ANO7.

The localization of all the ANO7-interacting pro-
teins was similar between ANO7L-BirA∗-HA and
BirA∗-HA constructs, indicating that the overexpres-
sion of ANO7 does not affect the localization of these
proteins.

4. Discussion

Based on our previous data, the ANO7 gene is a
promising new biomarker for PrCa since changes in
its gene expression predicts disease aggressiveness [2].
We have also reported two ANO7 SNPs which are
linked to the aggressive progression of PrCa [2]. These
findings prompted us to study ANO7-interacting pro-
teins to obtain insights into the regulatory milieu of
ANO7 in the prostate and its functions in the develop-
ment of PrCa.

In this study, we used a proximity-dependent la-
belling technique (BioID) for identifying the ANO7
protein interactions. The BioID method recognizes not
only the strong direct interactions but also weak and
transient interactions or parts of protein complexes that
are closer than 10 nm to the studied fusion protein [19].

Whereas the enrichment of the ANO7 interacting
proteins in Arp2/3 complex and nuclear proteins is a
novel finding, the connection of Anoctamins with vesi-
cles and exosomes has been described earlier [20,21].
Interestingly, Anoctamin family member ANO6 reg-
ulates the formation of a subset of extracellular vesi-
cles (EVs) via phospholipid scrambling [22]. Further-
more, it has been shown that the chemical induction of
giant plasma membrane vesicles (GPMVs) is depen-
dent on ANO6 [23]. ANO7 has also been shown to
act as a scramblase [15], and could thus play a simi-
lar role in vesicle formation as ANO6. ANO7 peptides
have been detected in patient-derived prostasomes, i.e.,
prostate-specific extracellular vesicles (EVs) [24,25],
which further indicates a role of ANO7 in vesicle mat-
uration and/or trafficking. In normal prostate tissue,
the luminal cells of the prostatic ducts secrete prosta-
somes into the seminal plasma, where they play a role
in sperm cell motility and immunosuppression. Dur-

ing cancer progression, the luminal cells lose their po-
larization, and consequently, the prostasomes are se-
creted into stromal tissue, where they can support tu-
mour growth [26,27]. Interestingly, Corcoran et al.
have showed that docetaxel chemotherapy resistance
between cells spreads via exosomes [28]. Accordingly,
reduced exosome maturation in ANO7 mutant PrCa
cells would provide a mechanistic explanation to our
previous finding indicating that a possibly pathogenic
SNP in ANO7 is associated with favourable docetaxel
response in mCRPC patients [5].

Similarly to some other Anoctamin family mem-
bers, ANO7 was demonstrated to interact with proteins
having known functions in vesicle formation. This in-
dicates that the methodology used was able to identify
biologically meaningful protein interactions.

Of the identified protein interactions, COPG2 and
AP2B1 participate in intracellular vesicle traffick-
ing, whereas HSPA1A [29–31], SND1 [29,30] and
XRCC5 [30,32] have been identified in extracellu-
lar vesicles. Four of the ANO7-interacting proteins,
COPG2, AP2B1, HSPA1A and SND1, were shown to
co-localize with ANO7, suggesting their functional in-
teraction. Although XRCC5 was only detected in the
nucleus under these conditions, earlier studies have in-
dicated that XRCC5 can also locate in the cytoplasm
and to play a role in cell adhesion and invasion [33].

COPG2 is a subunit of the COPI coatomer complex
that participates in retrograde transport of intracellu-
lar vesicles from the Golgi to the ER by coating the
vesicles. Remarkably, COPB1 directly interacts with
ANO1 and has been shown to downregulate ANO1 ex-
pression on cell surfaces [34]. ANO7 could also be
regulated by the COPI coatomer complex. AP2B1 to-
gether with three other subunits form the AP2 com-
plex, which mediates endocytosis and regulates recep-
tor trafficking [35]. In addition, AP2B1 has been de-
tected in prostasomes [24].

HSPA1A is a multifunctional chaperone. Interest-
ingly, in prostate cancer, HSPA1A interacts with the
androgen receptor (AR) and regulates its activation [36].
HSPA1A is localized in both the cytosol and the mem-
brane, and membrane-associated HSPA1A expression
has been linked to cancer aggressiveness and resistance
to cancer therapy [37,38]. According to the work of
Dubois et al., HSPA1A is present in the lipid rafts of
prostasomes [24].

SND1 was first identified as a transcription coactiva-
tor [39] but has also been shown to have several func-
tions related to RNA metabolism [40]. The expression
of SND1 is increased in many cancers, including PrCa.
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Similar to HSPA1A, SND1 is associated with develop-
ment of resistance to cancer therapies [41,42].

This is the first study in which ANO7 interactions
have been investigated. ANO7 has been linked to PrCa,
and understanding its role in the development of the
disease may provide new prognostic as well as thera-
peutic targets. ANO7 is expressed almost exclusively
in prostate tissue [3,4], making it a promising target for
PrCa therapy. The ANO7 protein has indicated to be
immunogenic, and ANO7-targeted T cells have been
shown to specifically kill PrCa cells [43]. More studies
are warranted to reveal the wider functions of ANO7.
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