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Abstract: Several diseases have been linked to the dysfunction of anoctamins. Anoctamins play a wide range of 
physiological roles, including cell proliferation, migration, epithelial secretion, and calcium-activated chloride chan-
nel activity. However, the function of anoctamin 10 (ANO10) in breast cancer is still unclear. ANO10 was highly ex-
pressed in bone marrow, blood, skin, adipose tissue, thyroid gland and salivary gland, while ANO10 was expressed 
at low levels in liver and skeletal muscle. Compared to benign breast lesions, the protein level of ANO10 was lower 
in malignant breast tumors. However, breast cancer patients with low ANO10 expression have favorable survival 
outcomes. ANO10 was negatively correlated with the infiltration of memory CD4 T cells, naïve B cells, CD8 T cells, 
chemokines and chemokine receptors. Furthermore, the ANO10 low expression group was more sensitive to certain 
chemotherapy drugs, including bleomycin, doxorubicin, gemcitabine, mitomycin and etoposide. Altogether, ANO10 
is a potential biomarker that can effectively predict the prognosis of breast cancer. Our findings highlight the promis-
ing prognostic value and therapeutic target of ANO10 in breast cancer.
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Introduction

Globally, breast cancer (BC) is the most com-
mon malignant cancer among women and 
poses a major burden on the health of the 
world’s population [1]. Despite substantial 
improvements in diagnosis and treatment, the 
currently existing therapies remain unsatisfac-
tory for improving the therapeutic efficacy of 
BC, especially triple-negative breast cancer 
(TNBC) [2, 3]. Previous genomic discoveries 
have led to the identification of four molecular 
intrinsic subtypes of BC (Luminal A, Luminal  
B, HER2-enriched and Basal-like), which are 
associated with different clinical outcomes  
and treatment selection [4, 5]. Beyond that, 
although most BCs are curable with current 
treatment options if detected early enough, 
approximately 20% of patients will have early 
relapses within 10 years [6]. In general, bio-
markers are objective measures of a biological 
system’s current condition, assisting in identify-

ing the progression and therapy responses of 
BC [7, 8]. Prognostic biomarkers can be used to 
identify which patients will benefit from specific 
therapies [9]. Additionally, an increasing num-
ber of BC patients are seeking personalized or 
unique treatments, which facilitate the deve- 
lopment of novel biomarkers for early diagno-
sis, treatment and prognostic assessment of 
BC [10, 11]. In recent years, significant prog-
ress has been made in the field of biomarkers 
in BC. Several multigene indicators, such as 
MammaPrint and Oncotype DX, have been used 
to predict prognosis and benefit from chemo-
therapy in BC patients [12, 13].

In recent years, cancer immunotherapies have 
achieved remarkable success and have be- 
come the fourth bell mode following surgery, 
chemotherapy and radiotherapy [14, 15]. In the 
past, BC was considered a low immunogenic 
cancer due to a low tumor mutational burden 
and a limited ability to form tumor neoantigens 
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and, therefore, was not appropriate for immu-
notherapies [16]. However, increasing evidence 
suggests a strong connection between BC and 
the immune system [17]. According to large 
clinical studies, immune checkpoint inhibitors 
(ICIs), such as pembrolizumab and atezolizum-
ab, are efficacious for early-stage or metasta- 
tic TNBC [18, 19]. However, individual respons-
es to ICIs vary greatly in terms of both efficacy 
and toxicity for BC patients. Moreover, several 
anti-tumor immune therapies for BC are still in 
their early clinical phases of development. 
Therefore, identifying, validating, and utilizing 
reliable biomarkers of response to immuno-
therapies are warranted.

The anoctamin family (also known as TMEM16) 
includes 10 transmembrane proteins (ANO1-
10), which have been linked to various diseas-
es and cancer [20]. Human anoctamin proteins 
were reported to have multiple functions, 
including calcium-activated chloride channel 
activity and phospholipid scrambling activity 
[21, 22]. It has been shown that anoctamins 
play a significant role in a variety of physiologi-
cal processes including ciliogenesis [23], cell 
cycle progression [24], inflammatory response 
[25], esophageal epithelial proliferation [26] 
and osteoclast differentiation [27]. However, 
the function of ANO8 and ANO10 remains not 
to be fully elucidated. Researchers have found 
that ANO10 exhibits both calcium-dependent 
chloride channel activity and phospholipid 
scrambling activities [28, 29]. ANO10 scram-
bling activity has been linked to lipid metabo-
lism in the endoplasmic reticulum membrane 
[30]. ANO10 mutation leads to neurological 
defects and abrogated ion transport [31, 32]. 
However, to date, the role of ANO10 in BC and 
antitumor immunity remains obscure.

In this study, we systematically investigated  
the multiple roles of ANO10 in BC. To this end, 
the expression of ANO10 was analyzed in The 
Cancer Genome Atlas (TCGA) database and 
paraffin tissue sections from BC patients. The 
prognostic value of ANO10 in predicting BC 
patient was also determined. Furthermore, we 
then assessed the prognostic value of ANO10 
in BC. Our analyses revealed a potential rela-
tionship between ANO10 and immune cell infil-
tration in BC. The ANO10 genomic alterations in 
BC and the effect of ANO10 on drug sensitivity 
were further determined. Overall, our study pro-

vides crucial insight into the roles of ANO10 
and highlights the multifaceted function of 
ANO10 in BC.

Materials and methods

Data collection and preprocessing

Expression data from the GTEx database 
(https://www.gtexportal.org/home) were used 
to analyze the expression of ANO10 in normal 
human tissues. The expression of ANO10 in  
31 human normal tissues was extracted via a 
Perl script. The RNA-seq data of TCGA pan- 
cancer were accessed using the UCSC Xena 
browser (https://xena.ucsc.edu/). Statistical 
comparisons of ANO10 in pan-cancer were  
performed by the Mann Whitney U test. TCGA 
breast cancer (BRCA) expression data and  
clinical data were obtained from the TCGA  
data portal (https://www.cancer.gov/tcga). 
TCGA BRCA patients were divided into high 
expression and low expression groups based 
on the median expression of ANO10. The 
UALCAN tool (http://ualcan.path.uab.edu) was 
applied to investigate the expression of ANO10 
in different BC subtypes [33].

Survival analysis of ANO10 in BC

An evaluation of the prognostic value of ANO- 
10 on survival in BC patients was conducted 
using the Kaplan-Meier Plotter database (www.
kmplot.com) [34]. We investigated the associa-
tion of ANO10 expression with overall survival 
(OS) in different BC subtypes. The optimized 
cut-off values were determined by auto-select 
best cut-off value. In addition, survival analysis 
of ANO10 in Gene Expression Omnibus (GEO) 
datasets was also evaluated via the Progno- 
Scan tool (http://dna00.bio.kyutech.ac.jp/Prog- 
noScan/) [35]. 

Genomic alterations of ANO10 in BC

We analyzed the genomic profiles of ANO10 in 
BC using the cBioPortal database (http://www.
cbioportal.org/) [36]. The dataset of breast 
invasive carcinoma (TCGA, Firehose Legacy) 
was included for our analysis. ANO10 genetic 
alterations in the TCGA-BRCA dataset were 
summarized in the “OncoPrint” module. The  
co-occurrence analysis of ANO10 mutations 
was performed with the “Comparison/Suvival” 
module.
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Analysis of differentially expressed genes 
(DEGs)

The expression data of TCGA-BRCA were used 
to identify DEGs between the high-ANO10 
expression subgroup and the low-ANO10 
expression subgroup with “limma” R package 
[37]. The DEGs were defined as those with 
|log2 (FC)| > 1 and an adjusted P-value < 0.05.

Enrichment analysis

Gene Ontology (GO) and Kyoto Encyclopedia  
of Genes and Genomes (KEGG) pathway analy-
ses were conducted on DEGs. We used the R 
software package “ClusterProfilter” for enrich-
ment analysis [38]. In multiple GSEA plot analy-
sis, MSigDB category (h.all.v7.5.1.symbols.gmt 
and c2.cp.kegg.v7.4.symbols.gmt) was set as 
the reference gene set, which was achieved 
with the R packages “enrichplot” and “cluster-
Profiler”. Only the top 8 terms are presented 
here. Statistical significance was determined 
by a P-value < 0.05 and a q-value < 0.25.

Immune infiltration analysis and TISIDB data-
base

In this study, we investigated the association  
of the expression level of ANO10 with the infil-
tration levels of immune cells with the CIBE- 
RSORT and ESTIMATE algorithms [39, 40]. 
Spearman’s correlation test was used to deter-
mine the correlation between ANO10 expres-
sion and immune checkpoint genes in BC. The 
correlations between ANO10 expression and 
different BC subtypes, chemokine receptors 
and chemokines were analyzed using TISIDB 
(http://cis.hku.bhk/TISIDB/) [41].

Drug sensitivity analysis

We used the R package “pRRophetic” to predict 
chemotherapy sensitivity in BC based on the 
largest pharmacogenomics database Geno- 
mics of Drug Sensitivity in Cancer (GDSC) [42]. 
To predict the relationship between ANO10 and 
sensitivity to drugs, we adopted regression 
methods to estimate the IC50 for each chemo-
therapeutic drug.

RT-qPCR

Human mammary epithelial cells MCF-10A 
were cultured in basal medium supplemented 

with a mammary epithelial growth kit. HCC1937 
or MCF-7 cells were cultured in RPMI-1640 
media (GIBCO) supplemented with 10% fetal 
bovine serum (FBS). SKBR3 cells were grown  
in DMEM (GIBCO) medium supplemented with 
10% FBS. Total RNA was extracted from cells 
with an RNA-Quick Purification Kit (Yishan 
Biotechnology Co., Ltd.). Reverse-transcription 
(RT) was performed using Thermo Scienti- 
fic RevertAid Reverse Transcriptase (Thermo 
Fisher Scientific, Waltham, MA, USA). Quan- 
titative RT-PCR was performed using a Roche 
LightCycler 96 with the Universal SYBR Green 
Fast qPCR Mix (Abclonal, Woburn, MA, USA). 
The primers sequences used in this study  
were as follows: Human ANO10 forward, 
CGTCTGGCATCGTGATTCAG; Human ANO10 
reverse, GCAAACCGAGTGTACCAGGT; Human 
GAPDH forward, GGAGCGAGATCCCTCCAAAAT; 
Human GAPDH reverse, GGCTGTTGTCATACTT- 
CTCATGG; GAPDH was used as an internal 
endogenous control. 

Immunohistochemical staining (IHC) and 
analysis

The study on human subjects was approved by 
the Ethics Committee of Chaohu Hospital of 
Anhui Medical University (KYXM-202212-011). 
The benign breast tissue from 12 patients  
and 40 patients with malignant breast adeno-
carcinoma tissue at Chaohu Hospital, Anhui 
Medical University from January, 2017 to 
October, 2022 were retrieved for the present 
study. These patients did not receive radiother-
apy or chemotherapy before surgery. The 10% 
formalin-fixed paraffin-embedded breast tis- 
sue specimens were obtained and pathologi-
cally diagnosed by a clinical pathologist at 
Chaohu Hospital. The tissue sections were 
deparaffinized in xylene, and rehydrated in a 
descending alcohol series. Hydrogen peroxide 
(3%) was used to quench endogenous peroxide 
activity for 15 minutes. The sections were 
blocked with 10% normal goat serum for 40 
min at room temperature, and then incubated 
overnight at 4°C with an anti-ANO10 antibody 
(1:400 dilution, Proteintech). The following day 
the tissue sections were incubated with bioti-
nylated anti-rabbit secondary antibody at room 
temperature for 1 h. Detection of the signal 
was performed using a DAB kit after washing. 
The scoring of ANO10 immunoreactive staining 
was used as described previously [43]. In this 
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study, we defined cases with IHC scores less 
than or equal to 5 as low ANO10 staining, IHC 
scores equal to 6 as moderate ANO10 stain- 
ing and those with score equal to 7 as strong 
ANO10 staining. Cases with strong ANO10 
staining were classified as the high ANO10 
expression group, while others were classified 
as the low ANO10 expression group.

Statistical analysis

Bioinformatics analysis and plots were gener-
ated using software R (version 4.1.2, Vienna, 
Austria). Student’s t-tests were used to com-
pare two groups. For multiple comparisons, 
one-way ANOVA followed by Tukey test was 
adopted. The relative mRNA level of ANO10 
was calculated using the (2-ΔΔCt) method. Other 
statistical methods are described above.

Results

Expression levels of ANO10 in normal tissues 
and cancer

We first investigated the global expression of 
ANO10 in human normal tissues using the 
GTEX dataset. As shown in Figure 1A, ANO10 
was highly expressed in the bone marrow, 
blood, skin, adipose tissue, thyroid gland and 
salivary gland, while ANO10 was expressed at 
low levels in liver and skeletal muscle. In addi-
tion, ANO10 expression was higher in adipose 
tissue, blood vessel and brain in females than 
in males. However, a higher level of ANO10 in 
thyroid gland was observed in males than in 
females (Figure 1B). We then explored the 
mRNA level of ANO10 in pan-cancer using the 
TCGA database. We found that ANO10 mRNA 
was differentially expressed in 15 cancer typ- 
es. As demonstrated in Figure 1C, ANO10 
expression was significantly higher in cholan-
giocarcinoma (CHOL), kidney chromophobe 
(KICH), liver hepatocellular carcinoma (LIHC) 
and pheochromocytoma and paraganglioma 
(PCPG). In contrast, ANO10 mRNA was signifi-
cantly downregulated in breast invasive carci-
noma (BRCA), cervical squamous cell carcino-
ma and endocervical adenocarcinoma (CESC), 
colon adenocarcinoma (COAD), head and neck 
squamous cell carcinoma (HNSC), kidney renal 
clear cell carcinoma (KIRC), kidney renal papil-
lary cell carcinoma (KIRP), lung adenocarcino-
ma (LUAD), lung squamous cell carcinoma 
(LUSC), prostate adenocarcinoma (PRAD), rec-

tum adenocarcinoma (READ) and thyroid carci-
noma (THCA).

Protein level of ANO10 in human breast cancer

By immunohistochemistry staining, low expres-
sion of ANO10 was observed in human breast 
cancer compared with benign breast lesions 
that showed moderate and strong staining 
(Figure 2A). IHC staining of ANO10 protein 
expression in BC was scored as strong staining 
(5/40), moderate staining (20/40) and low 
staining (15/40). In contrast, IHC staining of 
ANO10 protein expression in benign breast 
lesions was scored as strong staining (9/12), 
moderate staining (3/12) and low staining 
(0/12) (Figure 2B and 2C). Based on the IHC 
score as indicated before, we classified ANO10 
expression into low expression and high expres-
sion groups (Table 1). The expression of ANO10 
was obviously different between BC and benign 
breast lesions. The protein level of ANO10 was 
significantly lower in BC tissues (P < 0.001). 
However, the protein level of ANO10 was not 
significantly different with regard to age, tumor 
size, lymph node metastasis, Ki67 expression 
and clinical stage.

The mRNA expression and genetic alteration 
of ANO10 in the TCGA-BRCA cohort 

We next focused on the role of ANO10 in BC. As 
demonstrated in Figure 3A, compared to nor-
mal breast tissues, the expression of ANO10 
was lower in BC subtypes, especially in TNBC. 
The low expression of ANO10 was significantly 
associated with a high disease stage (Figure 
3B). At the genome scale, the ANO10 gene was 
altered in 53 BC patients, which comprised 
only 5% across 1098 samples. The most fre-
quent alterations of the ANO10 gene in BC were 
low mRNA, high mRNA and deep deletion 
(Figure 3C and 3D). Intriguingly, the co-occur-
rence of TP53 and OBSCN alterations was 
observed in the ANO10 alteration group (Fig- 
ure 3E). The results of RT-qPCR demonstrated 
that ANO10 mRNA was lower in BC cells 
(HCC1937, MCF7 and SKBR3) than in normal 
MCF-10A mammary epithelial cells (Figure 3F).

Survival analysis of ANO10 in breast cancer

To evaluate the prognostic value of ANO10 in 
BC, we assessed the associations of ANO10 
with clinical survival outcomes with the Kaplan-
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Figure 1. The mRNA level of ANO10 in normal tissues and cancer. A. The mRNA level of ANO10 in normal tissues 
from Genotype Tissue-Expression (GTEX) data. B. The ANO10 expression abundances of various tissues in males 
and females. ***, P < 0.001. C. Comparison of the mRNA level of ANO10 in 33 TCGA cancers and GTEX normal 
tissues. The red column represents the cancer samples, and the blue column represents the normal samples. ns, 
P ≥ 0.05; *, P < 0.05; **, P < 0.01; and ***, P < 0.001.
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Meier plotter online tool. We found that BC 
patients with low ANO10 expression had a 
favorable OS (Figure 4A). Regarding the prog-
nostic value of ANO10 in different BC subtyp- 
es, our results demonstrated that lower expres-
sion in Luminal B, HER2-enriched and Basal 
subtype patients had a better OS compared  
to those with a higher level of ANO10 (Figure 
4C-E). A similar result was also observed for 
distant metastasis-free survival (DMFS) in the 
basal subtype (Figure 4F). However, ANO10 did 
not show prognostic value for long-term surviv-
al in luminal a patients (Figure 4B). In addition, 
the prognostic value of ANO10 in BC was also 
verified in GEO datasets (GSE4922, GSE1379 
and GSE1456, Figure 4G-I).

Co-expression and functional enrichment 
analysis of ANO10 

We next screened the genes coexpressed with 
ANO10. As the circle map shows, ABHD5, APEH, 
SPCS1, CYB561D2, PSMD6 and ZDHHC3 were 

positively regulated, while PTBP2, ATXN7L2, 
ILF3, PRR3 and PRPF38B were negatively re- 
gulated (Supplementary Figure 1). We per-
formed differentially expressed gene analysis 
and found that ACSM1, AKR1D1, TYRP1, etc., 
were downregulated in the ANO10 low expres-
sion group, and APOA2, CKM, COL9A1, etc., 
were upregulated in the ANO10 low expression 
group (Figure 5A and Supplementary Table 1). 
We then performed functional enrichment  
analysis using the differentially expressed 
ANO10-related genes, including 67 upregulat-
ed genes and 623 downregulated genes. The 
results of GO analysis revealed that DEGs were 
mainly associated with extracellular structure 
organization and negative regulation of lipase 
activity in the BP category, associated with 
endoplasmic reticulum lumen in the CC ca- 
tegory, and related to oxidoreductase activity 
and DNA-binding transcription activator activity 
in the MF category (Figure 5B and 5C). The 
KEGG pathway results showed that the DEGs 
were involved in neuroactive ligand-receptor 

Figure 2. The protein level of ANO10 in human breast cancer detected by IHC. A. Representative pictures of immu-
nohistochemical ANO10 staining patterns in human breast samples (100× magnification and 200× magnification). 
B. Relative proportion of ANO10 IHC staining in breast cancer and benign breast lesions. C. The pie chart depicts 
ANO10 to be underexpressed in 87.5% of BC cases compared with 25% with underexpression in benign breast le-
sions. BC, breast cancer; BBL, benign breast lesions.

http://www.ajcr.us/files/ajcr0148975suppltab1.xlsx
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interactions, retinol metabolism and cytokine-
cytokine receptor interactions (Figure 5D). We 
also conducted single-gene GSEA of ANO10  
in BC. As shown in Figure 5E and 5F, ANO10 
was mainly enriched in fatty acid metabo- 
lism and oxidative phosphorylation in the 
HALLMARK signature. In addition, ANO10 pri-
marily contributed to lysosomes, metabolism of 
xenobiotics, and spliceosomes in the KEGG sig-
nature. GSEA enrichment analysis of GO terms 
in ANO10 was shown in Supplementary Table 2.

Correlation between ANO10 and immune cells 
infiltration

We evaluated the associations of ANO10 
immune cell infiltration with the CIBERSORT 
and ESTIMATE algorithms. We found that the 
low expression of ANO10 was significantly  
related to a high Immunescore and ESTIM- 
ATE score in BC (Figure 6A). The results of 
CIBERSORT algorithms further demonstrated 
that the expression of ANO10 was negatively 
correlated with the infiltration of memory CD4 T 

cells, naïve B cells and CD8 T cells. A positive 
relationship was observed between ANO10 
expression and M2 macrophages and resting 
mast cells (Figure 6B and 6C). At the same 
time, ANO10 expression was negatively corre-
lated with immune checkpoint genes, including 
PDCD1, TMIGD2, and TNFSF14 (Figure 6D). 
Thorsson et al. developed a pancancer classifi-
cation that identifies six immune subtypes in 
TCGA pancancer [44]. Our results indicated 
that ANO10 expression was lowest in C2 (IFN-γ 
dominant) and highest in C4 (lymphocyte de- 
pleted) immune cell subtypes (Supplementary 
Figure 2).

Correlation between ANO10 expression and 
chemokines or chemokine receptors

The inflammatory response is modulated by 
multiple chemokines, which play an essential 
role in regulating immune cell infiltration. In this 
study, we investigated the relationship between 
ANO10 expression and chemokines using the 
TISIDB database. Chemokines such as CCL5, 

Table 1. Clinicopathological features of patients correlated with ANO10 expression detected by im-
munohistochemistry

Clinicopathological features n
ANO10 expression

P-value
Low expression (%) High expression (%)

Age at diagnosis 0.308
    ≤ 50 16 3 (18.8) 13 (18.8)
    > 50 24 22 (91.7) 2 (8.3)
Histological type < 0.001a

    BC 40 35 (87.5) 5 (12.5)
    Benign breast lesions 12 3 (25.0) 9 (75.0)
Tumor size 0.537b

    ≤ 2 cm 15 12 (80.0) 3 (20.0)
    > 2 cm 25 23 (92.0) 2 (8.0)
LN metastasis 0.810
    YES 22 20 (90.9) 2 (9.1)
    NO 18 15 (83.3) 3 (16.)
Ki67 expression 0.206
    ≤ 14% 5 3 (60.0) 2 (40.0)
    > 14% 35 32 (91.4) 3 (8.6)
Clinical stage 0.258c

    I+II 31 26 (86.7) 5 (16.1)
    III+IV 9 9 (100.0) 0 (0.0)
For comparison of ANO10 protein expression associated with age, histological type, tumor size, lymph node metastasis, Ki67 
expression, and clinical stage, Fisher’s exact test and continuous modified chi-square test were applied. BC, breast cancer; n, 
number of cases; LN, lymph node. aHistological types comparison (BC vs. Benign breast lesions). bTumor size comparison (≤ 2 
cm vs. > 2 cm, BC cohort). cClinical stage comparison (I+II vs. III+IV, BC cohort).

http://www.ajcr.us/files/ajcr0148975suppltab2.xlsx


ANO10 is a potential prognostic biomarker of breast cancer

1852 Am J Cancer Res 2023;13(5):1845-1862

CCL13, CCL19, CX3CL1, CXCL1, CXCL2, CXCL3 
and CXCL5 were negatively correlated with 

ANO10 expression in BC. In addition, ANO10 
was also found to be negatively correlated with 

Figure 3. The mRNA expression and genetic alteration of ANO10 in the TCGA-BRCA cohort. A. The transcriptional 
levels of ANO10 in different BC subtypes. B. The protein level of ANO10 in different stages based on TCGA data. C. 
OncoPrint visual summary of ANO10 alterations in the TCGA-BRCA cohort. Five types of genetic alterations were 
defined: missense mutation (unknown significance), amplification, deep deletion, mRNA high and mRNA low. D. 
Comprehensive view of the alteration frequency of ANO10 based on TCGA-BRCA mutation data. E. Analysis of gene 
mutation cooccurrence comparing the altered group and unaltered group of the ANO10 gene. F. The mRNA levels of 
ANO10 in BC cell lines HCC1937, MCF-7 and SKBR3 compared with normal mammary epithelial cells MCF-10A by 
qRT-PCR. *P < 0.05, **P < 0.01, ***P < 0.001.
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chemokine receptors such as CCR2, CCR4, 
CCR5, CCR6, CCR7, CXCR3, CXCR5 and CXCR6 
(Figure 7).

Drug sensitivity analysis of ANO10 in BC

We further explored the underlying chemical 
compounds sensitive to BC patients with low 
expression of ANO10 using the GDSC data-
base. The ANO10 low expression group was 
more sensitive to certain chemotherapy drugs, 
including bleomycin, doxorubicin, gemcitabine, 
mitomycin and etoposide (Figure 8A-E). Low 
expression of ANO10 was also more sensitive 
to certain small molecule inhibitors, such as 

sunitinib, BMS-754807, Lisitinib and GSK10- 
70916 (Figure 8F-I).

Conclusion

ANO10 is a potential biomarker that can effec-
tively predict the prognosis of BC. ANO10 is 
expressed at low levels in BC, especially in 
TNBC. Low expression of ANO10 was associat-
ed with a favorable survival outcome of BC. In 
addition, low expression of ANO10 was nega-
tively correlated with the infiltration of CD8 T 
cells, chemokines and chemokine receptors. 
Our findings highlight the promising prognostic 
value and therapeutic target of ANO10 in BC.

Figure 4. Kaplan-Meier survival curves comparing the high and low expression levels of ANO10. A-E. Kaplan-Meier 
curves for OS in BC, luminal A subtype of BC, luminal B subtype of BC, HER2 enrichment subtype of BC and basal-
like subtype of BC. F. Kaplan-Meier curves for DMFS in the basal-like subtype of BC. G-I. Survival analysis comparing 
the high to low expression of ANO10 in BC. Data were obtained from the GSE4922, GSE1379 and GSE1456 datas-
ets. DFS, disease-free survival; RFS, recurrence-free survival; DSS, disease-specific survival.
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Discussion

In the present study, we aimed to uncover  
the potential for ANO10 to be utilized as a prog-
nostic biomarker in BC. First, we revealed the 
expression patterns of ANO10 in human nor-
mal tissues and malignant tumors. We found 
that ANO10 had a high abundance in human 
bone marrow, thyroid gland and adipose tissue. 
ANO10 expression sites are closely related to 
its physiological functions. ANO1 and ANO10 
were reported to modulate iodide uptake into 
thyroid cells via a Na+/I- symporter [45]. Tsuji  
et al. found that ANO10 rearranges phosphati-
dylserine in the endoplasmic reticulum mem-
brane and nuclear membrane [30]. Further 
analysis revealed that ANO10 was abnormally 
expressed in a variety of human cancers. To 
date, the anoctamin protein family has rarely 
been investigated in cancer. The majority of 
research in the field of the anoctamin protein 
family in cancer has focused on the ANO1 pro-
tein. Functional experiments confirmed that 
ANO1 served as a tumor oncogene in human 
gastric cancer and lung cancer [46, 47]. To our 
knowledge, our study is the first to investigate 
the role of ANO10 in cancer. Our analysis of the 
RNA-seq data from TCGA demonstrated that 
ANO10 mRNA was significantly expressed at 
low levels in most common cancers, which indi-
cated that ANO10 is a promising biomarker for 
cancer.

In the present study, we first detected the pro-
tein level of ANO10 in BC tissues using IHC 
staining. Our results demonstrated that lower 
ANO10 expression was found in BC tissues 
than in benign breast lesions, indicating that 
low ANO10 expression may be an important 
event in BC tumorigenesis. However, ANO10 
was not correlated with age, tumor size, lymph 
node metastasis or stage, which contradicted 
the TCGA data analysis. The reasons may be 
due to the small sample size, and larger datas-
ets are needed for future evaluations. We next 
explored the predictive biomarker role of 
ANO10 in BC. RT-qPCR experiments demon-
strated that ANO10 was downregulated in BC 

cell lines. From the TCGA data, we found that 
ANO10 was expressed at low levels in the TNBC 
subtype and that lower ANO10 levels present-
ed a higher tumor stage, suggesting that 
reduced ANO10 expression correlated with 
tumor progression. Regarding the ANO10 
genomic alterations in BC, low mRNA and deep 
deletion were the most common mutation 
types. A previous study reported that muta-
tions in the ANO10 gene could cause certain 
diseases or genetic disorders, such as autoso-
mal recessive cerebellar ataxia type 3 [32].  
In addition, we found cooccurrence of TP53 
alterations with ANO10 alterations. TP53 is the 
most frequently mutated gene in BC, especially 
in HER2-positive and TNBC [48]. The above 
findings indicated that the tumorigenesis of 
TNBC might be accompanied by mutant ANO10. 
Our Kaplan-Meier survival analysis revealed 
that low ANO10 expression could predict a ben-
eficial survival outcome, indicating that ANO10 
was a favorable prognostic factor in BC. These 
results might be interpreted from the point  
view of immune equilibrium. The low expres-
sion of ANO10 may be accompanied by a higher 
level of immune cell infiltration in the tumor 
microenvironment. Immune tumor cell infiltra-
tion in tumors was correlated with good progno-
sis for patients [49].

To better elucidate the biological function of 
ANO10 in BC, we performed GO and KEGG 
analyses using coexpressed genes of ANO10. 
The results of the functional analysis of ANO- 
10 revealed that ANO10 was involved in the 
regulation of lipase activity, extracellular struc-
ture organization and membrane-related func-
tion. ANO10 was reported to rearrange phos-
phatidylserine of the endoplasmic reticulum 
and nuclear membrane in the presence of cal-
cium [30]. ANO10 was also found to correlate 
with the microtubules of assembling spindles 
and chromosome segregation [50]. By analyz-
ing KEGG pathways, we found that ANO10 par-
ticipated in cytokine-cytokine receptor interac-
tions, indicating that ANO10 might be involved 
in the regulation of the tumor microenviron-
ment. Furthermore, our study demonstrated 

Figure 5. Functional enrichment analysis of ANO10 in BC. A. Heatmap of differentially expressed genes between the 
low and high ANO10 expression groups. B, C. GO term enrichment analysis of DEG stratification by ANO10 expres-
sion. D. KEGG term enrichment analysis of DEG stratification by ANO10 expression. E. GSEA of ANO10-mediated 
biological processes in the HALLMARK signature. F. GSEA of ANO10-mediated biological processes in the KEGG 
signature. The curves with different colors indicate the different pathway annotations.
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that ANO10 was associated with the degree of 
immune infiltration in BC. To date, the underly-
ing role of anoctamin in the regulation of the 
immune response remains ill defined. One 
study reported that high ANO1 was significantly 
negatively correlated with immune infiltrate in 
colorectal cancer [51]. A publicly available in- 
dependent study confirmed that ANO1 is nega-
tively correlated with immune infiltration in gas-
trointestinal stromal tumors [52]. Jiraporn et  
al. found that activation of ANO6 was able to 
affect essential macrophage functions, includ-
ing migration, phagocytosis of bacteria and 
bacterial killing [53]. In a previous study, 
Christian et al. reported that ANO10 promoted 
the migration of macrophages and phagocyto-
sis of spirochetes, demonstrating that ANO10 
plays a central role in innate immune defense 
against Borrelia infection [54]. In this study, our 
results indicated that ANO10 was positively 
correlated with the infiltration of M2 macro-
phages and resting mast cells. The results were 
consistent with those previously reported. It 
has been demonstrated that the chemokine/
chemokine receptor system plays a key role in 
the recruitment of immune cells and inflamma-
tion [55]. ANO1-expressing tumor cells promote 
interleukin 1β secretion to activate NFκB sig-
naling in fibroblasts, stimulate production of 
the chemokine CCL1 and thus facilitate metas-
tasis of cancer cells [56]. Our findings revealed 
that ANO10 was negatively correlated with 
some chemokines/chemokine receptors, sug-
gesting that ANO10 might take part in altering 
the tumor microenvironment by affecting the 
secretion of chemokines. It is becoming in- 
creasingly evident that immune checkpoint 
inhibitors (ICIs) are the most effective immuno-
therapeutic approach for treating cancer [16]. 
In this study, we also explored the relationship 
between ANO10 and checkpoint genes. We 
found that low expression of ANO10 was asso-
ciated with high expression of checkpoint 
genes, indicating that low ANO10 expression 
might be an indicator of immune escape and  
is suitable for ICI therapy. To further elucidate 
the immunosuppressive role of low ANO10 

expression, we explored the relationship 
between ANO10 expression and chemokines 
and chemokine receptors in TNBC. Our results 
demonstrated that ANO10 was negatively cor-
related with chemokines and chemokine re- 
ceptors. To date, the regulation of ANO10 in 
chemokines has not been reported in the  
literature. However, knockdown of ANO6 was 
reported to reduce the chemokine-induced 
migration of dendritic cells [57]. We then per-
formed drug sensitivity analysis to identify 
potential target molecular compounds. Our 
results demonstrated that the IC50 of the 
ANO10 low expression group was lower than 
that of the high expression group for some  
chemotherapy drugs, suggesting that patients 
with low expression of ANO10 may benefit from 
chemotherapy. Chemotherapy can stimulate 
immune responses by increasing the antigenic-
ity of cancer cells or enhancing their adjuvant 
properties, which has been defined as a poten-
tial immunogenic cell death mechanism [58, 
59]. Overall, our data revealed that low expres-
sion of ANO10 was more suitable for immuno-
therapy and chemotherapy.

To our knowledge, our study is the first to 
explore the clinical significance of ANO10 in BC 
patients. However, this study still has some 
limitations, and future research needs to 
address these limitations. The sample size is 
relatively small, and further studies need to 
verify our conclusions by expanding the sample 
size in the future. Regarding the role of ANO10 
in immune infiltration, we only performed cor-
relation analyses, and experimental validation 
of the molecular mechanisms underlying these 
correlations is still needed.
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Figure 6. Analysis of the associations of ANO10 with immune cell infiltration. A. The distribution of ImmuneScore, 
StromalScore and ESTIMATEScore in the low and high ANO10 expression subgroups. B. The abundance of each infil-
trating immune cell in the low and high ANO10 expression subgroups. The lines in the boxes are the median values. 
The top and bottom ends of the boxes show the interquartile range of values (*P < 0.05; **P < 0.01, ***P < 0.001). 
C. Lollipop diagrams show the correlation between ANO10 expression and immune cell infiltration. D. Correlations 
of ANO10 expression and immune checkpoint genes.
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Figure 7. Correlation between ANO10 expression and chemokines or chemokine receptors in BC from the TISIDB database. A. Relevance between ANO10 expres-
sion and chemokines in 30 tumors of TCGA database. B-I. Relevance between ANO10 expression and chemokines (CCL5, CCL13, CCL19, CX3CL1, CXCL1, CXCL2, 
CXCL3 and CXCL5) in the TCGA-BRCA dataset. J. Correlation between ANO10 expression and chemokine receptors in 30 tumors from the TCGA database. K-R. 
Relevance between ANO10 expression and chemokine receptors (CCR2, CCR4, CCR5, CCR6, CCR7, CXCR3, CXCR5 and CXCR6).
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Supplementary Figure 1. Co-expressed genes of ANO10 in breast cancer.
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Supplementary Figure 2. The ANO10 expression in different BC subtype defined by Thorsson et al. in TCGA-BRCA 
dataset. 


