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Abstract: Pancreatic cancer (PC) has one of the worst survival rates of all cancers. Anoctamin (ANO) inlcudes a fam-
ily of Ca%*-activated CI' channels (CaCCs) that participate in tumorigenesis and progression. However, the exact role
of ANO5 in PC has not yet been clarified. Our previous study showed that ANO5 is highly expressed in the epithelial
cells of the digestive tract, but there have been no reports of ANO5 expression in normal pancreatic tissue and in
PC tissue. In the present study, we investigated the expression of ANO5 in normal pancreatic tissues and PC tissues
using immunohistochemistry. The results indicated that ANO5 expression was significantly elevated in PC tissues
compared with normal pancreatic tissues. Next, we investigated the expression of ANO5 in pancreatic ductal epi-
thelial cells and PC cells using western blotting and quantitative real-time reverse transcription polymerase chain
reaction (RT-qPCR). The results indicated that ANO5 expression was significantly elevated in PC cells compared with
pancreatic ductal epithelial cells. The impact of siRNA-mediated ANO5 knockdown on PC cell proliferation and mi-
gration was detected using CCK-8 assays and scratch experiments. The results indicated that ANO5 siRNA reduced
the proliferation and migration of PC cells. Collectively, the results suggest that downregulation of ANO5 inhibits the
proliferation and migration of PC cells. Therefore, ANO5 is potentially a novel therapeutic target for PC treatment.
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Introduction

Pancreatic cancer (PC) is an aggressive and
highly metastatic malignancy that results in a
high mortality rate and is a serious threat to
human health worldwide. The incidence and
death rates of PC have been increasing in
recent years [18]. Recently, investigation of ion
channel dysfunction has become an emerging
field in cancer research, and the relationship
between ion channels and tumors has attract-
ed increasing attention. Differential expression
of multiple classes of ion channels has been
reported for different cancer tissues. Calcium-
activated chloride channels of the ANO (alias
TMEM16) protein family have been reported to
be abnormally expressed in several cancers
and to play a role in cancer development and
progression [2, 6, 7, 10, 13, 20]. One study has
shown that exogenous expression of ANO9 in
PANC-1 cells significantly increases cell prolif-

eration in cell cultures and in mice [7]. Inhibition
of ANO1 expression suppresses growth and
invasion in human colorectal cancer cells and
in human lung cancer [6, 20]. A mutation in
ANO5, a member of the anoctamin family, has
been reported to be closely related to muscular
dystrophy [16, 22, 23], and some patients with
ANO5 mutations suffer from upper gastrointes-
tinal tract syndromes such as dysphagia [25].
In a previous study, we found that ANO5 is wide-
ly expressed in epithelial cells of the gastroin-
testinal tract [19]. Recently, Chang et al. report-
ed that ANO5 regulates cell migration and
invasion in thyroid cancer [1]. However, the role
of ANO5 in pancreatic cancer remains unknown.

In this study, we found that ANO5 expression
was highly upregulated in human pancreatic
cancer tissues, and ANO5 expression upregula-
tion was confirmed in two types of human pan-
creatic cancer cell lines at the mRNA and pro-
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tein levels. Using siRNA to knock down ANO5
expression, we found that, surprisingly, inhibi-
tion of ANO5 could influence the migration and
proliferation of PDAC cells.

Materials and methods
Pancreatic tissues and cells

Human pancreatic cancer tissue microarrays
were purchased from Xi'an Alena Biotechnology
Co., Ltd. of China. In the tissue microarrays,
there are pancreatic cancer samples and nor-
mal pancreatic tissue samples adjacent to car-
cinoma tissue, including 36 cancer samples
and 4 normal samples. The human PC cell lines
HPAC, BxPC-3, and PANC-1 and HEK293 cells
were obtained from the American Type Culture
Collection (ATCC, USA), and the human pancre-
atic ductal epithelial cell line HPDEG-C7 was
purchased from the cell bank of the Chinese
Academy of Sciences (Shanghai, China).

Chemicals and reagents

The ANO5 antibodies 0r39268 and ab1816-
63 were obtained from Biorbyt Ltd. (Biorbyt,
Cambridge, UK) and Abcam (Abcam, Cambridge,
UK), respectively. ANO5 siRNA (sc-97047) and
negative control siRNA (sc-37007) were pur-
chased from Santa Cruz Biotechnology (Santa
Cruz Biotechnology, Dallas, USA), vimentin anti-
body (ab92547) was obtained from Abcam
(Abcam, Cambridge, UK).

Immunohistochemical staining

We used xylene and graded alcohols (ZSGB-
BIO, Beijing, China) to dewax and rehydrate
the samples. Subsequently, citrate salt buffer
(pH 6.0) was used to treat the samples in the
microwave for 15 min for antigen retrieval, and
then 3% hydrogen peroxide (ZSGB-BIO, Beijing,
China) was used to block endogenous peroxi-
dase activity for 15 min. Before the samples
were incubated with ANO5 antibody at 4°C
overnight, the samples were blocked with 5%
donkey blood serum (Jackson, West Grove,
USA) in phosphate-buffered saline (PBS) for 1 h
at room temperature. Then, the samples were
incubated with secondary horseradish peroxi-
dase (HRP)-conjugated antibodies (ZSGB-BIO,
Beijing, China) for 1 h at room temperature.
Next, diaminobenzidine (DAB) and hematoxylin
(ZSGB-BIO, Beijing, China) were used for stain-
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ing and counterstaining, respectively. Following
dehydration with graded alcohols and xylene,
the slides were sealed with coverslips and neu-
tral gum.

Western blotting

Total protein was isolated from cells using RIPA
(radioimmunoprecipitation) buffer (Beyotime
Bio, Shanghai, China) containing a protease
inhibitor cocktail and PMSF. The cell suspen-
sion was centrifuged at 12,000 x g for 30 min,
and the supernatant fractions were collected.
Protein concentrations were measured with a
Pierce™ BCA protein assay kit according to the
manufacturer’s instructions (Thermo Scientific,
Waltham, USA). Equal amounts of protein were
loaded and separated on 8% polyacrylamide
gels and then transferred onto nitrocellulo-
se filter (NC) membranes (Millipore, Massa-
chusetts, USA). The membranes were incubat-
ed with 5% milk for 1 h at room temperature,
and the primary ANO5 antibody (1:1000),
vimentin antibody (1:1000) was used to incu-
bate the membranes at 4°C overnight. The
membranes were subsequently incubated with
secondary goat anti-rabbit 1gG HRP-conjugat-
ed antibodies (1:1000; LI-COR Biosciences,
Nebraska, USA) for 1 h at room temperature.
Protein bands were visualized using a chemilu-
minescence detection system (Odyssey® two-
color infrared fluorescence imaging system;
LI-COR Biosciences, Nebraska, USA). The pro-
tein levels were normalized to GAPDH levels
and quantified using Image) software (NIH,
USA).

RNA isolation and RT-gPCR

Total RNA was isolated from cells using
TRIzol reagent (Invitrogen, California, USA).
The RNA concentration was measured using
a NanoDrop® ND-2000 spectrophotometer
(Thermo Scientific, Waltham, USA). cDNA was
synthesized with a RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, Waltham,
USA). RT-gPCR primers for ANO5 (forward, 5’-3’:
CGAGATGGGATTAGGCAAATTG; reverse, 5-3:
AAACTCTTTTCTTCTTTCCGCC) were synthesized
by Sangon Biotech (Shanghai, China). RT-qPCR
was conducted using an Mx3000p RT-PCR
detection system and TransStart Top Green
gPCR SuperMix (Transgen Biotech, China). The
relative gene expression levels were normal-
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Figure 1. Immunohistochemical staining of ANO5 in normal pancreas and in pancreatic adenocarcinoma (PDAC)
tissue. (A) ANO5 in normal pancreatic tissue, (B) ANO5 in PDAC tissue, and (C) Negative control PDAC tissue. Bars,

100 pm.

ized to glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) levels.

siRNA-mediated ANO5 knockdown in PANC-1
cells

ANO5 siRNA (sc-97047) and negative control
siRNA (sc-37007) were purchased from Santa
Cruz Biotechnology. For PANC-1 cell transfec-
tion, PANC-1 cells were seeded into 6-well
plates and transfected with ANO5 siRNA
(50 nM) or negative control siRNA using
Lipofectamine 2000 (Invitrogen, Chicago, USA).
After 48 h of transfection, mRNA and protein
were extracted from the PANC-1 cells. RT-gPCR
and western blotting were used to confirm the
efficiency of ANO5 knockdown.

Cell proliferation

Before transfection with ANO5 siRNA (50 nM)
or negative control siRNA using Lipofectamine
2000, PANC-1 cells (1 x 10°%) were seeded in a
12-well plate in 1 ml of DMEM containing 10%
FBS and incubated at 37°C in 5% CO, for 24 h.
At 24, 48 and 72 h after transfection, cell
growth was measured using a CCK-8 cell viabil-
ity assay (Beyotime Bio, Shanghai, China)
according to the manufacturer’s instructions.

Cell migration assay

PANC-1 cells were seeded in a 6-well plate (1 x
10° cells) and incubated at 37°C in 5% CO, for
24 h. A scratch was made using a 1 ml pipette
tip before the cells were transfected with ANO5
siRNA. Images were captured at O h, 24 h and
48 h after transfection under an inverted micro-
scope. Imagel) software was used to calculate
the area of the scratch. Then, the percentage of
wound closure was calculated and compared
with that of the negative control group.
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Statistical analysis

The data are presented as the mean + SD.
Comparisons between two groups were ana-
lyzed with ANOVA test using GraphPad Prism 5
software (GraphPad Software, USA). P < 0.05
was considered significant. All experiments
were repeated at least three times.

Results

The expression of ANO5 in human pancreatic
cancer and normal human pancreatic tissues

Rabbit polyclonal anti-ANO5 antibodies were
used to detect the expression of ANO5 in nor-
mal human pancreatic tissues and PC tissues.
ANO5 was not expressed in normal pancreatic
tissue adjacent to carcinoma tissue, but ANO5
was expressed in PC tissues positively (Figure
1).

Approximately 66.7% of the samples were posi-
tive for ANO5 (24/36). This result suggests that
ANO5 may be involved in the development of
tumors.

The expression of ANO5 in human pancreatic
cancer cells

Furthermore, we examined the expression of
ANOb5 in normal human pancreatic duct epithe-
lial cells and pancreatic adenocarcinoma
(HPAC) cells. The results of western blotting
showed that the expression of ANO5 protein in
HPAC cells was significantly increased com-
pared with that in normal human pancreatic
duct epithelial cells (HEK293 cells were used
as positive controls) (Figure 2). Upon detection
of ANO5 protein expression in the three types
of pancreatic cancer cells, we found that ANO5
protein expression was different among the
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Figure 2. Representative western blotting images showing expression of ANO5 in HPAC cells and HPDEG-C7 cells
and densitometry analyses of the blots. P < 0.001 compared with HPAC cells.
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three cancer cell types and that the ANO5 pro-
tein expression was highest in the PANC-1 cells
(Figure 3). The ANO5 mRNA expression results
were consistent with those for ANO5 protein
expression.

Effect of ANO5 siRNA on the proliferation and
migration of PANC-1 cells

To determine whether downregulation of ANO5

changes the biologic properties of PANC-1
cells, ANO5 siRNA (50 nM) was used to knock
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Figure 3. Expression of ANO5 in BxPC-3 cells,
HPAC cells, and PANC-1 cells. A. Representative
western blot images showing the expression of
ANO5 protein in BxPC-3 cells, HPAC cells, and
PANC-1 cells and densitometry analyses of the
blots. B. RT-qPCR results showing the expres-
sion of ANO5 mRNA in BxPC-3 cells, HPAC cells,
and PANC-1 cells.

down ANO5 expression. The results showed
that there was a significant downregulation of
ANOS protein expression in PANC-1 cells trans-
fected with ANO5 siRNA, but not in PANC-1
cells transfected with control siRNA (Figure 4).
This finding suggests that ANO5 siRNA can
effectively silence the expression of the ANO5
gene in PANC-1 cells.

We examined whether ANO5 plays a role in the
proliferation and migration of PANC-1 cells. We
used a scratch assay (wound healing assay)

Int J Clin Exp Pathol 2019;12(12):4263-4270
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Figure 4. Representative western blotting images of ANO5 protein expression after inhibition with ANO5 siRNA in
PANC-1 cells and densitometry analyses of the blots. MOCK: blank control group, NC: negative control group, ANO5
siRNA: ANO5 siRNA group. ““P < 0.001 compared with negative control group.
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Figure 5. Representative microscopic images showing the effect of ANO5 siRNA on the migration of PANC-1 cells
and semiquantitative image analysis. MOCK: blank control group, NC: negative control group, ANO5 siRNA: ANO5

ok

SiRNA group.

and a cholecystokinin-8 (CCK-8) assay to mea-
sure the effect of ANO5 siRNA on PANC-1 cell
migration and proliferation, respectively. The
scratch assay showed that, unlike treatment
with control siRNA, treatment with ANO5 siRNA
(50 nM) inhibited wound closure (as assess-
ed based on the scratch gap) and therefore
the migration of PANC-1 cells. As shown in
Figure 5, control-siRNA-treated PANC-1 cells
migrated into the gap formed by the scratch
made in the cell monolayer and covered
54.90% of the gap surface area 24 h after
transfection and 96.44% of the gap area 48 h
after transfection. In contrast, PANC-1 cells
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P < 0.001 compared with negative control group.

transfected with ANO5 siRNA migrated much
more slowly than siRNA-control-treated PANC-1
cells, filling up only 17.74% and 23.86% of the
gap after 24 h and 48 h, respectively (compari-
son with negative control group, P < 0.001).

Vimentin is an EMT marker. The decreased
expression of vimentin indicated that tumor
cells recovered the characteristics of epithelial
cells, and the ability of tumor cells to migrate
and invade was reduced. The result of western
blotting showed that there was a significant
downregulation of vimentin protein expression
in PANC-1 cells transfected with ANO5 siRNA,

Int J Clin Exp Pathol 2019;12(12):4263-4270
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but not in PANC-1 cells transfected with control
siRNA and blank controls (Figure 6B). These
results indicate that downregulation of ANO5
severely inhibits the migratory activity of PANC-
1 cells.

We further investigated whether downregula-
tion of ANO5 by siRNA inhibited PANC-1 cell pro-
liferation. ANO5 knockdown significantly inhib-
ited the proliferation of PANC-1 cells (Figure
6A). These data suggest that ANO5 regulates
the migration and proliferation of PANC-1 cells.

Discussion

In the present study, we have demonstrated,
for the first time, the expression of ANO5 in
pancreatic cancer tissue and pancreatic can-
cer cells. ANO5 was not distributed in normal
pancreatic tissue, but ANO5 expression was
highly upregulated in human PC tissues and
human PC cell lines. Using siRNA to knock down
ANO5 expression, we found that, surprisingly,
downregulation of ANO5 could influence the
migration and proliferation of PC cells.

The genes of the TMEM16 family, also called
the ANO family, encode 10 transmembrane
proteins with eight hydrophobic helices. The
ANO family comprises 10 members, including
ANOZ1-ANO10 [8]. All members of the ANO fam-

4268

ily have been demonstrated to be Ca?*-activated
CI- channels involved in many physiologic func-
tions [5]. CaCCs play important roles in the cell
secretion process in epithelial cells, including
pancreatic duct epithelial cells [15]. In a previ-
ous study, we found that ANO5 is widely
expressed in epithelial cells of the gastrointes-
tinal tract [19]. In this study, we measured
ANO5 expression in human pancreatic cancer
tissues and normal human pancreatic tissues
and found that ANO5 is not expressed in nor-
mal pancreatic tissues.

Plasma membrane ion channels are involved in
apoptosis, differentiation, proliferation, and
cell migration [3, 9, 12, 24]. Chloride intracel-
lular channel 1 (CLIC1) acts as a putative onco-
gene in pancreatic cancer [11]. CLIC1 can
participate the proliferation, migration, and
invasion of a variety of tumor cells [21, 26].
Inhibition of the CaCC ANO1/TMEM16A sup-
presses tumor growth and invasion in human
lung cancer and human prostate carcinoma [6,
10]. Downregulation of ANO1 significantly inhib-
its cancer cell proliferation, migration, and inva-
sion [4, 14, 17]. ANO9/TMEM16J promotes
tumorigenesis by EGFR and is a novel therapeu-
tic target for pancreatic cancer [7]. The results
of a previous study have shown that ANO1
channels are pivotal in PDAC cell migration but

Int J Clin Exp Pathol 2019;12(12):4263-4270
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do not influence cellular proliferation [2]. ANO5
is downregulated in thyroid cancer, and down-
regulation of ANO5 promotes thyroid cancer
cell migration and invasion [1]. The above
results show that the physiologic function of
ANO family members has been found to vary
among different cancer tissues. In the present
study, ANO5 was not expressed in normal pan-
creatic tissue adjacent to carcinoma tissue, but
the expression of ANO5 was significantly in-
creased in pancreatic tissues and pancreatic
cancer cells. Inhibition of ANO5 by siRNA could
inhibit the proliferation and migration of PANC-
1 cells. Our results suggest that inhibitors of
ANO5 may have therapeutic potential for the
treatment of pancreatic cancer or other can-
cers with high levels of ANO5 expression.

Since ANO5 is less expressed in normal
HPDEC-C7 cells, we have not detected the
effect of ANO5 on normal HPDEC-C7 cells. We
will explore its role in the future.
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