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ANO1 inhibits cardiac fibrosis after 
myocardial infraction via TGF-β/
smad3 pathway
Yao Gao, Yan Mei Zhang, Li Jun Qian   , Ming Chu, Jian Hong & Di Xu

As a newly identified factor in calcium-activated chloride channel, ANO1 participates in various 
physiological processes like proliferation and differentiation, and expresses in human cardiac 
fibroblasts. In this experiment, we investigated the function of ANO1 in cardiac fibrosis after 
myocardial infraction (MI) with methods of Western blotting, Quantitative real-time PCR (qRT-PCR), 
metabolic reduction of 3-(4,5-dimethylthiozol-2-yl)-2, 5-diphenyltetrazo-lium bromide (MTT), 
immunofluorescence and confocal imaging, and Masson’s trichrome staining. The results showed that 
the expression of ANO1 significantly increased in neonatal rats’ cardiac fibroblasts after hypoxia and 
in cardiac tissues after MI. After ANO1 over-expression, cardiac fibrosis was reduced in vitro and in 
vivo. Moreover, the expression of TGF-β and p-smad3 declined after ANO1over-expression in cardiac 
fiborblasts. In conclusion, ANO1 inhibits cardiac fibrosis after MI via TGF-β/smad3 pathway in rats.

Myocardial infarction(MI) is a leading cause of death worldwide1. Although percutaneous coronary intervention 
(PCI) has evidently improved the survival, post-MI heart failure still occurs after various adverse cardiac remod-
eling, including cardiac fibrosis, cardiomyocyte apoptosis, inflammatory reaction, etc2. Cardiac fibrosis, charac-
terized by an excessive accumulation of extracellular matrix (ECM), is a process underlying cardiac remodeling 
post-MI3. Myocardium consists of cardiac fibroblasts (CFs), cardiomyocytes, smooth muscle cells, and endothe-
lial cells. Cardiac fibroblasts, making up more than 90% of the non-myocytes, play a major role in normal cardiac 
function and cardiac fibrosis4–6. In typical cardiac fibrosis, exessive proliferation of fibroblasts and deposition of 
extracellular matrix (ECM) proteins are stimulated by cardiac fibroblasts in the myocardium7–9. Cardiac fibrosis 
is a common pathological hallmark of many heart diseases including acute and chronic cardiovascular disorders, 
and contributes to systolic and diastolic dysfunction in many cases10. However, effective therapies for cardiac 
fibrosis remain undeveloped.

Calcium-activated Chloride Channels (CaCCs) in almost all tissues regulate smooth muscle excitability, epi-
thelial fluid secretion, signal transduction, nociception, cell proliferation and other physiological processes11, 12. 
In 2008, three research groups identify that ANO1 (anoctamin-1, also known as Transmembrane protein 16A 
(TMEM16A) (Oral cancer overexpressed 2 (ORAOV2), discovered on gastroin- testinal stromal tumor 1 (DOG1)
or tumor-amplified and overexpressed sequence 2 (TAOS2))located on human chromosome 11q13 is a key con-
stituent of CaCCs13–15. The anoctamin family has 10 members including ANO1-10 (TMEM16A-K). Ano1 gene 
contains 26 exons encoding a 960 amino acid protein that is composed of eight transmembrane domains (TMs) 
and one pore-loop between TM5 and TM6, and ANO1 follows the biophysical properties of CaCCs including 
motility, attachment, and cell proliferation13, 16, 17. ANO1 is also involved in tumorigenesis, like gastrointestinal 
stromal tumors, oral cancers, head and neck squamous cell carcinomas, breast cancers, prostate cancers, and glio-
blastomas17–23. Antoun EI Chemaly and his colleagues verifies the presence of ANO1 in human atria fibroblasts24.

Transforming growth factor beta (TGF-β) is a cytokine regulating cell apoptosis, proliferation, and ECM 
production25–27. In mammals, there are three types of TGF-β: TGF-β1, TGF-β2, and TGF-β3. TGF-βbound to 
receptors of TGF-βphosphorylate downstream targets of Smad (homologues of mothers against decapentaplegic 
in Drosophila and sma-2, -3, and -4 in Caenorhabditis elegans) protein 2 and 3 at serine residues28, 29. In 2009, 
M.A.Olman announced that TGF- β/Smad3 pathway induces myofibroblasts expression and enhances deposition 
of extracellular matrix proteins such as collagen I and III via Smad3 activation30.
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Based on these findings, we propose that ANO1 takes part in the process of cardiac fibrosis via TGF-β/Smad3 
signaling pathway.

Materials and Methods
Antibodies.  Primary antibodies: TMEM16A antibody (Santa Cruz Biotechnology, Inc., Texas, USA), 
α-smooth muscle actin (α-SMA) antibody and TGF-β1 antibody (Epitomics, Inc., California, USA), Smad3 
antibody and Smad3 (phospho S423+S425) antibody (Abcam, Inc., Cambridge,UK), Vimentin antibody(Ab-
cam, Inc., Cambridge,UK), and Collagen I antibody (wanleibio co.,ltd, Shenyang, China), and Gapdh antibody 
(HuaAnBiotech, Inc., Hangzhou, China).

Secondary antibodies: horseradish peroxidase-conjugated rabbit-anti-goat IgG antibody (HuaAnBiotech, 
Inc., Hangzhou, China), peroxidase-conjugated affinipure goat anti-rabbit IgG (H+L) (Jackson ImmunoResearch 
Laboratories, Inc., PA, USA), Alexa Fluor ®488-conjugated affinipure goat anti-rabbit lgG (H+L), CyTM 
3-conjugated affinipure goat anti- mouse++ lgG (H+L), and Alexa Fluor ®488-conjugated affinipure donkey 
anti-goat++ lgG (H+L) (Jackson ImmunoResearch Laboratories, Inc., PA, USA).

Cardiac fibroblast isolation and culture.  Neonatal rat cardiac fibroblasts were isolated from 1–3-day-old 
Sprague–Dawley rats (Nanjing Medical University Laboratory Animal Center, Nanjing, China) as previously 
described31. Cardiac fibroblasts were cultured in 10-cm FALCON polystyrene dishes (Corning, NY, USA) at 37 °C 
with 5% CO2, supplemented with High Glucose Dulbecco’s Modified Eagle’s Medium (DMEM, GIBCO, Inc., 
USA), 10% fetal calf serum (PAA, Dartmouth, MA), and antibiotics (penicillin and streptomycinat). The third 
passage cardiac fibroblasts were used in the following experiments.

Cardiac fibroblasts hypoxia.  After serum starvation, cardiac fibroblasts were incubatedin a GENbag anaer 
(bioMerieux® sa, Marcy I’Etoile, France) at 37 °C with 5% CO2, 1% O2 and 94% N2 for 6, 8, 10, 16, and 24 hours.

Cardiac fibroblast transfection.  The adenovirus vector with green fluorescent protein (GFP) labeled 
with Ano1 gene (Ad-ANO1-GFP) to up-regulate ANO1 expression, was constructed by Shanghai Jikai Gene 
Technology Co., Ltd. As a negative control (NC), adenovirus vector labeled with green fluorescence protein 
(Ad-GFP) was to figure out the optimal transfection concentration for this study. The optimal efficiency of 
infection was determined by the rate of GFP expression and the cell viability. Briefly, reconstructed adenovirus 
(stored at −80 °C) with an original concentration of 6*1010 plaque-forming units/ml (PFU/ml) was diluted for 
50 times in enhanced infection solution (stored at −20 °C). Ad-GFP of different concentration (5*106 PFU/ml, 
5*107 PFU/ml, and 5*108 PFU/ml) was respectively transferred into cardiac fibroblasts within the third gener-
ation in DMEM without serum. After adenovirus transfection (24 hours), the cardiac fibroblasts were cultured 
for 24 hours with complete medium. Then the cell growth and green fluorescence protein (GFP) expression were 
observed with inversion fluorescence microscope. We chose the best multiplicity of infection according to the 
rate of GFP expression and the cell viability. The optimal transfection concentration was determined and used in 
the following experiments.

The third generation of cardiac fibroblasts were randomly divided into three groups and transfected with 
Ad-GFP or Ad-ANO1-GFP using the optimal transfection concentration: a. control group; b. Ad-GFP group; c. 
Ad-ANO1-GFP group.

Animal model of MI and gene transfer in vivo.  C57Bl/6J male mice, age of 8–10 weeks, were used for 
the experiments. Mice were divided into four groups by random: sham, MI, Ad-GFP+MI and Ad-ANO1+MI. 
The left anterior descending coronary artery (LAD) was ligated to induce MI32. Briefly, mice were anesthetized 
with 1% sodium pentobarbital and then intubated and ventilated during the operative process. The LAD was 
ligated about 2mmfrom the tip of the left auricle with 7–0 silk suture in MI group. The same procedure was 
performed in sham group without the ligation of the suture under the LAD.MI was confirmed by the elevation 
of S-T segment on an electrocardiogram. Mice in Ad-GFP+MI and Ad-ANO1+MI were given intramyocardial 
injection of 45 ul Ad-GFP or Ad- Ano1 (1*1010 pfu/ml) into the left ventricular wall bordering the infarction zone 
via a 30-gauge Hamilton needle, while mice in the sham and MI group received the same amount of saline. The 
animals were sacrificed 1 week after surgery for further analysis.

The research was approved by the ethical committee of Nanjing Medical University and all animal exper-
iments were performed in compliance with the guidelines on humane use and care of laboratory animals for 
biomedical research published by National Institutes of Health (No. 85-23, revised 1996).

Masson’s trichrome staining.  The hearts were collected, fixed in 4% buffered formalin, embedded in par-
affin, and cut into 5-um sections. Masson’s trichrome staining was performed to analyze fibrosis according to 
previously described methods33.

Western blotting.  Cardiac fibroblasts were collected in cold buffer and the protein extracts were obtained 
as previously described31. The left ventricular tissues were lysed using RIPA buffer containing a protease inhibitor 
cocktail. The lysates were centrifuged at 12,000 g for 20 min (4 °C) and the supernatants were collected. Equal 
amounts of protein (30 μg) was separated by 10% SDS-PAGE and transferred to Polyvinylidene Fluoride (PVDF) 
membranes(Millipore, Inc., Massachusetts, USA). The membranes were incubated in 5% Bull Serum Albumin 
(BSA) at room temperature for 1 hour, and then incubated with the following primary antibodies: TMEM16A, 
α-SMA, TGF-β1, Smad3, Smad3 (phospho S423+425), Collagen I, and GAPDH antibodies at 4 °C for 12 hours. 
Next, we used peroxidase-conjugated goat anti-rabbit IgG and anti-mouse IgG secondary antibody to incubate 
the PVDF membranes at 4 °C for 2.5 h, and usedan hypersensitive chemiluminescence kit (wanleibio co.,ltd, 
Shenyang, China) to detect the expression of these proteins.
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Quantitative real-time PCR (qRT-PCR).  Total RNA was extracted from PA samples with 
TRIzol Reagent (life technologies,USA).Gene-specific primers were used to amplify Tmem16a 
(5_-GAAAACCATCAACTCGGTTCTGC-3_ and 5_-GTCGAATAGGTGTTGCTTCTCC-3_) and GAPDH 
(5_-GGCCTTCCGTGTTCC-3_ and 5_-CGCCTGCTTCACCACCTTC-3_). The extracted RNA was 
reverse-transcribed into cDNA with the PrimeScript™ RT Master Mix (TaKara), and qRT-PCR was carried out 
using the SYBR Premix Ex Taq™ II (TaKara), with GAPDH (KGDN20-R)as the internal control. All the qRT-PCR 
analyses were performed on an Applied Biosystems StepOnePlus Real-Time PCR System, according to the pro-
tocol provided by the manufacturer.

MTT assay for cell viability.  Cell viability was evaluated using a colorimetric method based on the met-
abolic reduction of 3-(4, 5-dimethylthiozol-2-yl)-2, 5-diphenyltetrazo-lium bromide (MTT) dye to formazan, 
as previously described31. Briefly, cardiac fibroblasts were plated onto 96-multiwell plates, 8,000 cells per well. 
Another 24 hours later, cells cultured under hypoxic conditions at the point of 6, 8, 10, 16 and 24 hours were 
rinsed with phosphate buffer saline (PBS), and then MTT was added. Then, 4 hours later, dimethyl sulfoxide 
(DMSO, Sigma-Aldrich, Inc., USA) was added to educe the resulting formazan, and cells were incubated for 
15 min at 37. At last, the absorbance of each solution was measured at 570 nm.

Immunofluorescence.  The cardiac tissues in different groups were prepared into frozen sections for immu-
nofluorescence analysis. The 4.5-um frozen section and cardiac fibroblasts were fixed for 20 min in 4% paraform-
aldehyde (PFA) at room temperature. After fixation, they were blocked with 5% bovine serum albumin (BSA) in 
Tris Buffered Saline With Tween (TBST) for 1 h, and then incubated with appropriate primary antibodies at 4 °C 
over night and incubated with second antibodies (Alexa Fluor ®488-conjugated affinipure goat anti-rabbit lgG 
(H+L), CyTM 3-conjugated affinipure donkey anti-goat++ lgG (H+L), and Alexa Fluor ®488-conjugated affini-
pure donkey anti-goat++ lgG (H+L) (Jackson ImmunoResearch Laboratories, Inc., PA, USA)) for 1 hour at room 
temperature. After that, sections and cells were stained with 1.5 μM 2-(4-Amidinophenyl)-6-indolecarbamidine 
dihydrochloride (DAPI; Sigma, St. Louis, Missouri, USA) for 10 min. The image analysis of frozen sections was 
performed using a software program (Olympus, Japan). Protein localization of cells was observed and captured 
with a laser scanning confocal microscope (LSM5, Zeiss, Jena, Thuringia, Germany).

Figure 1.  Expression of ANO1 in myocardial cell and cardiac fibroblasts by qRT-PCR (A), western bloting 
(B,C), and immunofluorescent confocal microscopic analysis (D). (A) qRT-PCR showed the relative mRNA 
level of Ano1 in myocardial cell and cardiac fibroblasts. (B,C) Western blotting demonstrated the expression of 
ANO1 protein in myocardial cell and cardiac fibroblasts. (D) Immunoflurescent confocal microscopy showed 
ANO1 protein expression profiles, cardiac fibroblasts were identified by vitemtin staining (red), ANO1 protein 
was green staining, and nuclei were identified by DAPI staining (blue). MC as myocardial cell, CF as cardiac 
fibroblasts. *p < 0.05, **p < 0.01.
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Statistical analysis.  Statistics were performed using GraphPad Prism software (GraphPad Software, Inc., 
CA, USA). All data was analyzed by SPSS 17.0 software (SPSS Inc, Chicago, Illinois, 2008). All experiments 
were repeated with at least three batches of cardiac fibroblasts, and qualitatively similar data were obtained in all 
repetitions. Data were tested with Analysis of Variance (ANOVA) or t-test, with P < 0.05 considered significant.

Results
Evidence of ANO1 in the neonatal rat cardiac fibroblasts.  Cardiac fibroblasts and myocardial cells 
of neonatal rats were isolated to detect Ano1 mRNA and protein expression. The expression of Ano1 mRNA in 
cardiac fibroblasts was detected by qRT-PCR analysis (Fig. 1A) and ANO1 protein by western blotting analy-
sis (Fig. 1B,C), which were significantly higher than those in myocardial cells. Furthermore we stained cardiac 
fibroblasts (red), ANO1 protein (green), and nucleus (blue) by immunofluorescent confocal microscopic analysis 
(Fig. 1D). These results demonstrated ANO1 protein existed in the cardiac fibroblasts of neonatal rats and the 
expression was higher than that in myocardial cells.

ANO1 expression increased cardiac fibrosis after hypoxia.  Our previous study31 demonstrates 
that hypoxia promotes the proliferation of cardiac fibroblasts and their offspring myofibroblasts. In this study, 
MTT analysis verified that cell viability at the point of 6, 8, 10, 16, and 24 hour increased gradually after hypoxia 

Figure 2.  ANO1 expression and indicators expressions of cardiac fibrosis after hypoxia in cardiac fibroblasts. 
(A) MTT analysis showed cell viability growed gradually at 6, 8, 10, 16, and 24 hours after hypoxia. (B and C) 
a-SMA expression was gradually increased at 6, 8, 10, 16, and 24 hours after hypoxia compared to untreated 
group, and peaked at 24 hours by western blotting analysis. (D) Ano1 mRNA expression in cardiac fibroblasts at 
6, 8, 10, 16, and 24 hours after hypoxia by qRT-PCR. (E and F) ANO1 protein expression in cardiac fibroblasts at 
6, 8, 10, 16, and 24 hours after hypoxia by western blotting analysis. *p < 0.05, **p < 0.01.

Figure 3.  ANO1 is expressed in mouse myocardium and increased in infarcted zone post MI. (A) Protein 
extracts were prepared for immunoblot analysis against ANO1. The blots against GAPDH served as loading 
controls. (B) Quantitative analysis of ANO1. ∗p < 0.05 versus sham. n = 6 per group.
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(Fig. 2A). According to western blotting analysis, compared to untreated group, the level of a-SMA (marker of 
myofibroblasts) at the point of 6, 8, 10, 16, and 24 hourincreased gradually after hypoxia and peaked at the point 
of 24 hour (Fig. 2B,C). These results demonstrated that cardiac fibroblast activated after hypoxia (e.g. fibroblasts 
proliferation) developed into myofibroblasts and set off cardiac fibrosis. Then we detected Ano1 mRNA and pro-
tein expression in cardiac fibroblasts 6, 8, 10, 16, and 24 hours after hypoxia by qRT-PCR (Fig. 2D), and western 
blotting (Fig. 2E,F). The expression of Ano1 mRNA and protein increased as hypoxia went on in the first 24 hours, 
and peaked16 hours after hypoxia. These results suggest that ANO1 participates in cardiac fibrosis after cardiac 
fibroblasts hypoxia.

Expression of ANO1 increased in myocardial infraction (MI) mice.  Western Blot was used to eval-
uate the expression of ANO1 in MI mice. ANO1 increased more significantly in MI group compared with the 
sham group (Fig. 3A,B).

Overexpression of ANO1 reduced the indicators of cardiac fibrosis after hypoxia.  To investi-
gate the function of ANO1 in cardiac fibroblasts, we transduced adenovirus-encoding Ano1 (Ad-GFP-ANO1) 
or GFP (Ad-GFP) into cardiac fibroblasts. According to qRT-PCR (Fig. 4A) and western blotting, Ano1 mRNA 
and protein expression increased dramatically in Ano1 over-expression group compared with negative control 
group (Fig. 4B,C), respectively. These results proved that ANO1 expression model was well constructed. Secondly, 
cell viability decresed in overexpression ANO1 + hypoxia 16 hours (overexpression H) group compared with 
overexpression ANO1 (overexpression) group and negative control (NC) + hypoxia 16 hours (NC H) group 
(Fig. 4D). This result demonstrated that ANO1 over-expression inhibited the proliferation of cardiac fibroblasts 
after hypoxia. Thirdly, according to Western blotting, a-SMA (Fig. 4E,F) and collagen I (Fig. 4G,H) protein levels 
were reduced in over-expression H group compared with over-expression group and NC H group. We summa-
rized that the over-expression of ANO1 inhibited cardiac fibrosis after hypoxia.

ANO1 alleviated fibrosis after MI.  To reveal the role of TMEM16A in fibrosis after MI, Ad-GFP or 
Ad-ANO1 was injected into the left ventricular (LV) wall immediately after MI. Western blot showed the protein 
of ANO1 increased significantly in mice with Ad-ANO1 compared to mice with Ad-GFP, which confirms the suc-
cessful gene transfer (Fig. 5A,B). We examined myocardial fibrosis using Masson’s Trichrome staining. Obvious 
fibrosis was observed in the infarcted margin (Fig. 5C). Fibrosis decreased significantly in the Ad-ANO1 group 
compared with MI and Ad-GFP group (Fig. 5D,E).

ANO1 inhibited myofibroblast differentiation in vivo.  Myofibroblast is responsible for interstitial 
matrix and consequent left ventricle (LV) deformation caused with fibrosis. We evaluated the effect of ANO1 on 
cardiac myofibroblast differentiation in MI modle. Western blot showed ANO1 reduced the expression of a-SMA 
significantly (Fig. 6A,B). Immunofluorescence analysis also revealed that ANO1 reduced the number of a-SMA 
and vimentin positive staining cells in the bordering zone (Fig. 6C,D).

Figure 4.  Overexpression of ANO1 reduced the indicators of cardiac fibrosis after hypoxia. (A) Ano1 mRNA 
was dramatically increased in ANO1 overexpression group comparing to negative control (NC) group by 
qRT-PCR. (B and C) ANO1 protein expression were dramatically increased in ANO1 overexpression group 
comparing to NC group by western blotting assay. (D) MTT analysis showed that cell viability elevated in 
overexpression ANO1 + hypoxia 16 hours (overexpression H) group comparing to overexpression ANO1 (over 
H) group and negative control (NC) + hypoxia 10 hours (NC H) group. (E and F) Expression of a-SMA protein 
was reduced in overexpression H group comparing to overexpression group and NC H group by western 
blotting. (G and H) Expression of collagen I protein was reduced in overexpression H group comparing to 
overexpression group and NC H group by western blotting. *p < 0.05, **p < 0.01.
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ANO1 inhibits cardiac fibrosis via TGF-β/smad3 pathway.  To understand how ANO1 regulated 
cardiac fibrosis in cardiac fibroblasts, we detected the expression of fibrosis in cardiac fibroblasts infected with 
Ad-GFP-ANO1. According to western blotting analysis, protein levels at the point of 6, 8, 10, 16, and 24 hours 
after hypoxia, TGF-β (Fig. 7A,B) and p-smad3 (Fig. 7C,D) increased gradually and peaked at 16 and 24 hours 
compared to untreated group. The protein expression of TGF-β and p-smad3 were consistent with ANO1 
and fibrosis indicators expression after hypoxia above. Moreover, after the transfection of cardiac fibroblasts 
with Ad-ANO1-GFP and their 16 hours exposure to hypoxia, we found that TGF-β (Fig. 7E,F) and p-samd3 
(Fig. 7G,H) protein levels decreased in group of over-expression H group compared with over-expression group 
or negative control(NC) H group by western blotting. These data indicate that ANO1 inhibits cardiac fibrosis via 
deregulating TGF-β/smad3 pathway.

Discussion
ANO1 acts as a mediator of Cl− secretion in secretory epithelia, a heat sensor in neurons, a controler of smooth 
muscle tone, and a trigger in tumorigenesis. Since ANO1 was first confirmed as a molecular basis of CaCCs in 
2008, it has been repeatedly found in proliferating cells. However, in our experiment, we show for the first time 
that ANO1 exists in rat cardiac fibroblasts and maneovers cardiac fibrosis after cell hypoxia or MI via TGF-β/
smad3 pathway, and that ANO1 over-expression in cardiac fibroblasts or other heart tissues promotes cardiac 
fibrosis. All together, ANO1 is a potential therapeutic target in cardiac fibrosis after MI. Nevertheless, considering 
TGF-β/smad3 pathway in fibrosis, we cannot detect other fibrosis signaling pathway. Furthermore, we cannot 
study the effect of ANO1 knockdown on fibrosis. Further experiments are needed to clarify these points.

In this experiment, Ano1 mRNA and protein expressionin cardiac fibroblasts of neonatal rats increased 
after hypoxia. In 2008, three research groups verifies that ANO1 is an essential factor in CaCCs. Some other 
studies demonstrate that Cl− channels regulate the proliferation of many cells34, 35. ANO1 expression is also 

Figure 5.  Overexpression of ANO1 attenuates cardiac fibrosis post-MI. (A)Western blot of ANO1 expression 
levels in Ad-ANO1+MI and Ad-GFP+MI group. The blots of GAPDH serves as loading controls. (B) 
Quantitative analysis of ANO1. (C) Representative Masson’s trichrome staining in sham group and remote 
zone, border zone, infarct zone of MI group. Blue staining indicates connective tissue. Scale bars represent 
20 μm. (D) Representative Masson’s trichrome staining in sham, MI, Ad-ANO1+MI and Ad-GFP+MI. Scale 
bars represent 20 μm. (E) The quantification of fibrosis. *P < 0.05 versus MI or Ad-GFP+MI.**P < 0.01 versus 
sham. n = 6 per group.
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down-regulated in smooth muscle cells isolated from the basilar arteries of hypertensive rats with chronic 
hypoxia36. In contrast, ANO1 expression is up-regulated in pulmonary arterial smooth muscle cells of rats with 
chronic hypoxia37. Therefore, the expression of ANO1 after hypoxia is decided by the type of cells. So one gene 
functions differently in different cell lines. This experiment first found that ANO1 expression increased in cardiac 
fibroblasts after hypoxia. However, what brings this increase and which of ANO1 and cardiac fibrosis comes first 
should be answered by further study. We suggest that ANO1 evokes the protective response to hypoxia and sub-
sequent cardiac fibrosis.

To investigate the role of ANO1 in cardiac fibrosis, we examined the effect of ANO1 over-expression on pro-
liferation and differentiation of rat cardiac fibroblasts. Our data indicated that ANO1 over-expression inhibited 
the proliferation and differentiation of cardiac fibroblasts after cell hypoxia. Other groups have verified that Cl− 
channels including CaCCs which molecular basis is ANO1 regulated cell proliferation and cell cycle progression 
in a variety of cell types34,35. Moreover, ANO1 impedes cell proliferation by arresting the G0/G1 phase of cell 
cycle and reducing cyclin D1 and cyclin E expression36. Our animal experiment showed that over-expression of 
ANO1 largely inhibited cardiac fibrosis after MI. These results suggest that over-expression of ANO1 can improve 
cardiac fibrosis after MI.

However, how ANO1 regulates cardiac fibroblasts differentiation and proliferation remains unanswered. We 
studied the relationship between ANO1 and cardiac fibrosis signaling pathway, and the relationship between 
ANO1 and TGF-β/smad3 pathway. Over-expression ANO1 inhibited TGF-β/smad3 pathway and subsequent 
cardiac fibrosis. Thus, we concluded that ANO1 takes part in cardiac fibrosis, probably through TGF-β/smad3 
pathway. Nevertheless we cannot detect other fibrosis signaling pathway and the effect of ANO1knockdown on 
fibrosis. Further experiments are needed.

Figure 6.  ANO1 inhibited myofibroblast differentiation in vivo. (A) Western blot of a-SMA protein 
expression. GAPDH was used as loading controls. (B) Quantitative analysis of a-SMA. (C)Representative 
immunofluorescence image of a-SMA and vimentin, green, a-SMA; red,vimentin; blue, nuclei. Scale bars 
represent 20 μm. (D) The quantification of number of a-SMA and vimentin positivestaining cells per mm2. 
*p < 0.05 versus MI or Ad-GFP+MI,**p < 0.01 versus sham (n = 6).
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Taken together, our studies show that ANO1 participates in cardiac fibrosis via TGF-β/smad3 pathway. For the 
first time, our data provide a deep insight into the role of ANO1 in MI. This finding helpsdevelop a therapeutic 
target with ANO1 for cardiac remodeling after MI.
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