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ABSTRACT Objective: Anoctamin 7 (ANO7) is a calcium2+-dependent chloride ion channel protein. Its expression is restricted to prostate 

epithelial cells. The exact function is unknown. This study aimed to analyze ANO7 expression and its clinical significance in prostate 

cancer (PCa).

Methods: ANO7 expression was assessed by immunohistochemistry in 17,747 clinical PCa specimens.

Results: ANO7 was strongly expressed in normal prostate glandular cells but often less abundant in cancer cells. ANO7 staining 

was interpretable in 13,594 cancer tissues and considered strong in 34.4%, moderate in 48.7%, weak in 9.3%, and negative in 7.6%. 

Reduced staining was tightly linked to adverse tumor features [high classical and quantitative Gleason grade, lymph node metastasis, 

advanced tumor stage, high Ki67 labeling index, positive surgical margin, and early biochemical recurrence (P < 0.0001 each)]. The 

univariate Cox hazard ratio for prostate-specific antigen (PSA) recurrence after prostatectomy in patients with negative vs. strong 

ANO7 expression was 2.98 (95% confidence interval 2.61–3.38). The prognostic impact was independent of established pre- or 

postoperatively available parameters (P < 0.0001). Analysis of annotated molecular data showed that low ANO7 expression was 

linked to TMPRSS2:ERG fusions (P < 0.0001), elevated androgen receptor expression (P < 0.0001), as well as presence of 9 of 11 

chromosomal deletions (P < 0.05 each). A particularly strong association of low ANO7 expression with phosphatase and tensin 

homolog (PTEN) deletion may indicate a functional relationship with the PTEN/AKT pathway.

Conclusions: These data identify reduced ANO7 protein expression as a strong and independent predictor of poor prognosis in PCa. 

ANO7 measurement, either alone or in combination, might provide clinically useful prognostic information in PCa.
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Introduction

With an estimated 1.3 million new cases worldwide in 2018, 

prostate cancer (PCa) is the most common cancer in men. 

Despite a rather indolent clinical course of most PCa, this 

disease still represents the third most common cause of can-

cer-related death1. Treatment options vary from radical sur-

gery to active surveillance and are chosen based on the per-

ceived cancer aggressiveness. Gleason grade and tumor extent 

on biopsies, preoperative prostate-specific antigen (PSA), and 

clinical stage are currently the established pretreatment para-

meters. Although these data are statistically powerful, they do 

not always allow optimal treatment decisions in retrospect. 

Thus it is hoped that new molecular biomarkers will enable a 

precise prediction of PCa aggressiveness.

Anoctamins are a family of at least 10 calcium2+-depend-

ent chloride ion channels with physiological roles in epithelial 

and other cell types2. Anoctamin 7 (ANO7) is of particular 
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interest for PCa biology. It was originally termed NGEP (new 

gene expressed in prostate), as its expression is virtually 

restricted to prostate epithelial cells3. Early immunohisto-

chemical studies revealed that ANO7 is a transmembrane cell 

junction protein strongly expressed at the apical pole and on 

lateral surfaces of the epithelial cells of prostate glands4, but 

its exact function is still unknown. ANO7 resides at 2q37, 

a genomic region that has been associated with PCa risk 

before5. Immunohistochemical analyses on 120–160 samples 

of normal and cancerous prostate tissues found that ANO7 

expression is retained during PCa development but decreases 

with progression to high Gleason grade6,7, suggesting a role 

of ANO7 loss for PCa biology. In conflict with these data, a 

recent analysis of ANO7 messenger RNA (mRNA) expression 

from 289 PCa patients included in The Cancer Genome Atlas 

project8 suggested that increased ANO7 expression might 

indicate poor patient outcome9.

These contradictory findings prompted us to evaluate the 

potential prognostic impact of ANO7 expression in PCa by 

using our tissue microarray (TMA) comprising tumor sam-

ples from more than 17,000 individual patients.

Materials and methods

Patients

The 17,747 patients had prostatectomy between 1992 and 

2015 (Department of Urology and the Martini Clinic at the 

University Medical Center Hamburg-Eppendorf). PSA recur-

rence was defined as the time point when postoperative PSA 

was at least 0.2 ng/mL and increasing at subsequent meas-

urements. Supplementary Table S1 summarizes the patient 

characteristics on the TMA. Quantitative Gleason grading 

supplemented classical Gleason categories10. The TMA was 

produced with a single 0.6-mm core taken from a tumor-con-

taining tissue block from each patient11. The attached molecu-

lar database included data on Ki67 labeling index (Ki67LI)12, 

erythroblast transformation-specific-related gene (ERG) 

protein expression, and ERG rearrangement analysis by flu-

orescence in situ hybridization (FISH)13,14, as well as dele-

tion status of 3p13 [forkhead box protein F1 (FOXP1)]15, 

5q21 [chromodomain-helicase-DNA-binding protein 1 

(CHD1)]16, 6q15 [mitogen-activated protein kinase kinase 

kinase 7 (MAP3K7)]17, 8p2118, 10q23 [phosphatase and ten-

sin homolog (PTEN)]19, 12p1320, 12q2421, 13q1422, 16q2423, 

17p1324, and 18q2125. Archived diagnostic leftover tissues were 

used in accordance with the local laws (HmbKHG, §12,1) and 

approved by the local ethics committee (Ethics commission 

Hamburg, WF-049/09). All work has been carried out in com-

pliance with the Helsinki Declaration.

Immunohistochemistry

Freshly cut TMA sections were stained on one day and in 

one experiment. Slides were deparaffinized and exposed to 

heat-induced antigen retrieval for 5 min at 121 °C in pH 7.8 

Tris-EDTA buffer. Primary antibody specific for ANO7 (rab-

bit polyclonal antibody, Sigma-Aldrich, St. Louis, MO, USA, 

HPA035730; dilution 1:900) was applied at 37 °C for 60 min. 

Bound antibody was then visualized using the EnVision Kit 

(Dako, Glostrup, Denmark) according to the manufacturer’s 

directions. All tissues were analyzed by one trained patholo-

gist. Anti-ANO7 showed cytoplasmic staining and the staining 

intensity (0, 1+, 2+, 3+) as well as the percentage of stained 

cells were recorded for each tissue spot. A final score was 

built from these two parameters as follows: lack of any stain-

ing (intensity 0) was considered “negative”, 1+ staining in ≤ 

70% of tumor cells or 2+ staining in ≤ 30% of tumor cells was 

considered “weak”, 1+ staining in > 70% of tumor cells or 2+ 

staining in > 30% but ≤ 70% of tumor cells or 3+ staining in ≤ 

30% of tumor cells was considered “moderate”, and 2+ stain-

ing in > 70% of tumor cells or 3+ staining in > 30% of tumor 

cells was considered “strong”.

Statistics

Contingency tables and χ² tests were used to examine associ-

ations between molecular and histopathological tumor para-

meters. Kaplan–Meier survival curves were calculated, and the 

log-rank test was applied to detect differences between groups. 

Cox proportional hazards regression analysis was performed 

to test for independence between pathological, molecular, and 

clinical variables. Calculations were done with JMP 12 (SAS, 

Cary, NC, USA). All conducted analyses are referred to the 

overall P values.

Results

A total of 67.6% of 17,747 tumor samples were interpretable 

in the TMA analysis. Reasons for non-informative cases (n = 

4,153; 32.4%) included lack of tissue samples or absence of 

unequivocal cancer tissue in the TMA spot.
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ANO7 expression in normal and cancerous 
prostate tissues

In normal prostate glands, luminal and basal cells stained 

moderately to strongly positive for ANO7. In PCa, cytoplasmic 

staining was considered strong in 34.4%, moderate in 48.7%, 

weak in 9.3%, and negative in 7.6% of 13,594 interpretable 

tumors. Representative images of ANO7 staining are given in 

Figure 1. Lost or reduced ANO7 staining showed significant 

associations with adverse tumor features. Low ANO7 expres-

sion was linked to advanced tumor stage (P < 0.0001), high 

classical and quantitative Gleason grade (P < 0.0001 each), 

presence of lymph node metastasis (P < 0.0001), high preoper-

ative PSA level (P < 0.0001), and positive surgical margin (P < 

0.0001; Table 1). Low ANO7 staining was also strongly linked 

to early biochemical recurrence (P < 0.0001, Figure 2A).

ANO7, TMPRSS2:ERG fusion status, and 
androgen receptor expression

Data from 5656 tumors with ERG FISH and immunohis-

tochemistry (IHC) were available and showed concordant 

results in 95.5% of cancers. Strong ANO7 staining was less 

prevalent in cancers harboring TMPRSS2:ERG rearrange-

ments (24%) and ERG expression (25%) than in cancer lack-

ing ERG fusions (43%) or ERG expression (45%, P < 0.0001 

each, Supplementary Figure S1). This observation prompted 

us to determine whether associations between ANO7 expres-

sion and tumor phenotype were dependent on the ERG sta-

tus. Separate analyses of ERG-negative and -positive cancers 

showed, however, that similarly strong associations with unfa-

vorable tumor type (Supplementary Tables S2 and S3) and 

patient outcome (P < 0.0001 each; Figure 2B, 2C) were seen 

in both subsets. Low ANO7 staining was also linked to high 

androgen receptor (AR) expression. This was seen in all can-

cers (P < 0.0001) and in ERG-negative cancers (P = 0.0002) 

but was not significant in ERG-positive cancers (Figure 3).

Associations with chromosomal deletions  
and Ki67 labeling index

For 9 of 11 analyzed chromosomal regions, ANO7 stain-

ing was weaker and more often negative in cases of deletion 

(Supplementary Figure S2A). In ERG-negative and ERG-

positive cancers, a statistically significant difference was still 

seen for 5 of 11 and 8 of 11 analyzed deletions (P < 0.05 each, 

Supplementary Figure S2B, S2C). A particularly strong asso-

ciation was found between reduced ANO7 staining and the 

presence of PTEN (10q23) deletions, which was highly signifi-

cant in all cancers as well as in ERG-negative and ERG-positive 

cancers (P < 0.0001 each). Reduced or lost ANO7 staining was 

significantly linked to increased cell proliferation as measured 

by Ki67LI (P < 0.0001; Figure 4). However, this association did 

not hold true in subsets of cancers with identical Gleason score.

Multivariable analysis

The potential importance of ANO7 staining was analyzed in 

four different scenarios (Table 2, Supplementary Table S4). 

Scenario 1 evaluated all postoperatively available parameters 

including pathological tumor (pT), pathological lymph node 

(pN), surgical margin status, preoperative PSA value, and 

Gleason grade obtained on the prostatectomy specimen. In 

scenario 2, all postoperatively available parameters except pN 

were included. The rationale for this approach was that the 

indication and extent of lymph node dissection is not stand-

ardized in the surgical therapy of PCa and may introduce a 

bias toward high-grade cancers. Two additional scenarios 

were to model the preoperative situation as much as possible. 

Scenario 3 included ANO7 expression, preoperative PSA, clin-

ical tumor stage (cT stage), and Gleason grade obtained on 

the prostatectomy specimen. As postoperative determination 

of a tumor’s Gleason grade is superior to the preoperatively 

determined Gleason grade (subjected to sampling errors and 

consequently under grading in more than one third of cases), 

this parameter was replaced by the preoperative Gleason 

grade obtained on the original biopsy in scenario 4. All these 

analyses identified ANO7 as a strong independent prognos-

tic feature in the entire cohort and also in the subgroups of 

ERG-negative and -positive cancers (P < 0.0001 each). The 

striking prognostic role of ANO7 loss is also demonstrated 

by its prognostic relevance in multiple subgroups of cancers 

with identical traditional (3+4, 4+3, ≥ 8; P < 0.0005 each; 

Supplementary Figure S3A) and quantitative Gleason grade 

(3 of 7 groups, Supplementary Figure S3B–S3H). A striking 

prognostic impact of ANO7 loss was also seen in the subset of 

982 PTEN-deleted cancers (P = 0.0033; Figure 2E).

Discussion

The present data identify reduced ANO7 expression as a strong 

and independent predictor of poor patient prognosis in PCa.
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ANO7 was strongly expressed in normal prostate glands 

in our study. This fits well to earlier studies reporting 100% 

positivity in 10–44 samples of normal or benign prostate 

tissues6,7,26. Only a few studies had analyzed ANO7 expression 

in PCa before. Das et al.6 reported 91% positive PCa in a cohort 

of 126 patients. In two subsequent studies, Mohsenzadegan 

A
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D E

C

Figure 1 Examples of anoctamin 7 (ANO7) staining: (A) ANO7 staining of cancerous (1) and normal prostate gland (2) in a single tissue 
microarray (TMA) spot. (B–E) cancer spots with (B) lack of staining, (C) weak staining, (D) moderate staining, and (E) strong staining. Spot size 
0.6 mm at 100× and 400× of origin.
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Table 1 ANO7 expression and prostate cancer phenotype

Parameter n Fraction of ANO7 expression (%) P

Negative Weak Moderate Strong

All cancers 13,594 7.6 9.3 48.7 34.4

Tumor stage < 0.0001

 pT2 8889 5.5 7.0 47.4 40.2

 pT3a 2984 9.8 11.0 52.1 27.1

 pT3b-pT4 1668 14.5 18.5 49.6 17.3

Gleason grade < 0.0001

 ≤ 3+3 2730 4.9 5.6 46.2 43.3

 3+4 7372 5.3 7.7 49.8 37.3

 3+4 Tert.5 614 7.5 12.2 47.4 32.9

 4+3 1292 14.5 12.8 49.6 23.1

 4+3 Tert.5 898 13.0 18.3 50.8 17.9

 ≥ 4+4 591 24.0 18.8 44.8 12.4

Quantitative Gleason grade

 ≤ 3+3 2730 4.9 5.6 46.2 43.3 < 0.0001

 3+4 ≤ 5% 1927 3.9 5.3 46.4 44.4

 3+4 (6%–10%) 1845 4.3 6.0 50.4 39.3

 3+4 (11%–20%) 1614 4.8 7.7 51.4 36.1

 3+4 (21%–30%) 813 6.8 11.6 51.4 30.3

 3+4 (31%–49%) 663 8.9 8.9 53.4 28.8

 3+4 Tert.5 614 7.5 12.2 47.4 32.9

 4+3 (50%–60%) 556 9.9 10.4 50.0 29.7

 4+3 Tert.5 898 13.0 18.3 50.8 17.9

 4+3 ≥ 61% 559 17.4 12.9 50.8 19.0

 ≥ 4+4 511 23.3 17.0 46.8 12.9

Lymph node metastasis < 0.0001

 N0 8150 7.9 9.7 48.9 33.4

 N+ 864 17.4 19.9 45.7 17.0

Preoperative PSA level (ng/mL) < 0.0001

 < 4 1657 8.8 8.6 49.3 33.3

 4–10 8140 6.3 8.3 48.2 37.2

 10–20 2817 8.9 10.7 49.7 30.6

 > 20 898 12.6 15.0 48.6 23.8

Surgical margin < 0.0001

 Negative 10,922 6.9 8.5 48.5 36.0

 Positive 2624 10.1 12.5 49.4 28.0

ANO7, anoctamin 7; PSA, prostate-specific antigen.
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et al.7,26 analyzed 123–152 PCa and also reported reduced 

expression in a fraction of cancers as compared to normal 

epithelial cells. Overall, these data strongly suggest that ANO7 

expression can be reduced or lost during PCa development or 

progression.

The comparison with clinical data in 13,594 successfully 

analyzed patients identifies reduced ANO7 as one of the 

strongest prognostic molecular features in PCa. This is not 

only demonstrated by the independent prognostic value of 

ANO7 staining in all applied models but also by its retained 

prognostic impact in cancers with comparable traditional 

or quantitative Gleason grade. In our patient cohort, where 

Gleason grading has been very thoroughly performed, most 

prognostic molecular parameters lose their prognostic role 

in cancers with homogeneous morphology27-29. A strong 

prognostic role of ANO7 loss in PCa is also in line with 

earlier data from Mohsenzadegan et al.7,26 who reported 

an inverse correlation between ANO7 staining intensity 

and tumor stage or Gleason score. We cannot explain why 

a recent meta-analysis of ANO7 mRNA expression data on 
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Figure 2 Association between anoctamin 7 (ANO7) expression and biochemical recurrence in (A) all cancers, (B) the erythroblast transfor-
mation-specific-related gene (ERG)-negative subset, (C) the ERG-positive subset, (D) phosphatase and tensin homolog (PTEN) normal cancers, 
and (E) PTEN-deleted cancers.
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289 tumors obtained from The Cancer Genome Atlas pro-

ject database8 found a correlation between increased ANO7 

expression and early biochemical relapse9. It cannot be 

excluded that mRNA expression does not always translate 

in immunohistochemically detectable ANO7 protein, and 

that true differences exist between the prognostic value of 

ANO7 mRNA and protein analysis. Alternatively, technical 

issues such as a variable contamination with ANO7-positive 

normal glandular cells or ANO7-negative stromal cells, a 

possible selection bias for larger advanced cancers that can 

be more easily used for next-generation sequencing, or the 

comparatively low number of patients may account for these 

discrepant findings.

The reduction of ANO7 expression from well-differenti-

ated to poorly differentiated prostate cells may suggest its total 

expression loss in aggressive PCa. This indicates that ANO7 

could be a surrogate of molecular driver of tumor aggression 

in PCa that is yet to be discovered. The physiologic function of 

ANO7 is not sufficiently known. A Medline search on March 

28, 2019 identified fewer than 20 publications on ANO7 or 

NGEP. Being an ion channel protein, ANO7 may influence 

levels and compartmentalization of intracellular calcium30. 

Intracellular calcium levels can affect the activity of genes that 

are relevant for cancer development and progression30. Ion 

channel proteins with a well-accepted role in cancer biology, 

for example, include potassium channels, Cl− channels, and 
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Table 2 Hazard ratios (95% confidence intervals) for biochemical relapse after prostatectomy for established risk factors and ANO7 
expression

Model Analyzable (n) Scenario 4 Scenario 3 Scenario 2 Scenario 1

Variable 9527 11,032 11,213 7214

Gleason grade 
biopsy

3+4 vs. ≤ 3+3 1.8 (1.6–2.0), P < 0.0001

4+3 vs. ≤ 3+3 3.0 (2.7–3.4), P < 0.0001

≥ 4+4 vs. ≤ 3+3 3.9 (3.4–4.4), P < 0.0001

cT stage T2a vs. T1c 1.3 (1.1–1.4), P < 0.0001 1.3 (1.1–1.4), P < 0.0001

T2b vs. T1c 1.9 (1.6–2.1), P < 0.0001 1.7 (1.5–1.9), P < 0.0001

T2c vs. T1c 1.9 (1.5–2.4), P < 0.0001 1.9 (1.5–2.4), P < 0.0001

T3a vs. T1c 1.3 (1.0–1.7), P = 0.0464 1.5 (1.2–2.0), P = 0.0011

Preoperative 
PSA level

4–10 vs. < 4 1.6 (1.3–1.9), P < 0.0001 1.4 (1.2–1.7), P < 0.0001 1.3 (1.1–1.5), P = 0.0008

10–20 vs. < 4 2.4 (2.0–2.8), P < 0.0001 2.0 (1.7–2.4), P < 0.0001 1.7 (1.4–2.0), P < 0.0001

> 20 vs. < 4 3.8 (3.1–4.6), P < 0.0001 2.9 (2.4–3.4), P < 0.0001 2.0 (1.7–2.4), P < 0.0001

ANO7 
expression

Moderate vs. strong 1.3 (1.2–1.5), P < 0.0001 1.2 (1.1–1.3), P  = 0.000 1.1 (1.0–1.2), P = 0.0373 1.1 (1.0–1.2), P = 0.0645

Weak vs. strong 1.8 (1.6–2.1), P < 0.0001 1.5 (1.3–1.8), P < 0.0001 1.3 (1.1–1.5), P = 0.0003 1.3 (1.4–1.6), P = 0.0003

Negative vs. strong 2.0 (1.7–2.3), P < 0.0001 1.6 (1.4–1.9), P < 0.0001 1.5 (1.3–1.7), P < 0.0001 1.4 (1.2–1.7), P < 0.0001

Gleason grade 
prostatectomy

3+4 vs. ≤ 3+3 2.9 (2.5–3.3), P < 0.0001 2.3 (2.0–2.7), P < 0.0001 2.1 (1.7–2.7), P < 0.0001

4+3 vs. ≤ 3+3 7.3 (6.2–8.6), P < 0.0001 4.9 (4.1–5.8), P < 0.0001 4.3 (3.4–5.4), P < 0.0001

3+4 Tert. 5 vs. ≤ 3+3 5.2 (4.1–6.6), P < 0.0001 3.5 (2.8–4.4), P < 0.0001 3.2 (2.4–4.2), P < 0.0001

4+3 Tert. 5 vs. ≤ 3+3 11.3 (9.4–13.5), P < 0.0001 6.1 (5.1–7.4), P < 0.0001 5.1 (4.0–6.5), P < 0.0001

≥ 4+4 vs. ≤ 3+3 14.0 (11.7–16.9), P < 0.0001 6.8 (5.6–8.3), P < 0.0001 5.5 (4.3–7.1), P < 0.0001

pT stage T3a vs. T2 2.0 (1.8–2.2), P < 0.0001 2.0 (1.8–2.2), P < 0.0001

T3b-4 vs. T2 3.3 (2.9–3.7), P < 0.0001 2.9 (2.5–3.3), P < 0.0001

Resection 
margin status

R1 vs. R0 1.4 (1.3–1.5), P < 0.0001 1.2 (1.1–1.4), P < 0.0001

Nodal stage N+ vs. N0 1.5 (1.3–1.7), P < 0.0001

ANO7, anoctamin 7; cT, clinical tumor; pT, pathological tumor. 

Na+ channels31,32. Some other anoctamins have been earlier 

linked to cancer biology. For example, anoctamin 1 is particu-

larly expressed in gastrointestinal stromal tumors and head 

and neck squamous cell carcinomas, where it contributes to 

cell proliferation, poor prognosis, and metastasis33,34. A splice 

variant of anoctamin 6 has been associated with poor progno-

sis in breast cancer35.

It is also possible that the striking prognostic impact of 

ANO7 loss is not related to its – so far unknown – function. 

We had recently found a strong link between reduced cellu-

lar expression of PSA and poor PCa prognosis36. PSA and 

ANO7 share a complete specificity for prostate epithelial cells 

and the very high level of expression in these cells. Although 

some authors have speculated on a possible cancer preventive 

role of PSA, this has never been proven37. The main physio-

logical role of PSA is semen liquidification. The prognostic 

impact of reduced PSA was very strong, comparable to the 

role of ANO7 loss, and also found in PTEN-deleted cancers. 

For PSA, we had speculated that a measurable loss of one of 

the most important cellular proteins might represent a subtle 

sign of cellular dedifferentiation. In analogy to the PSA situa-

tion, we consider it possible that ANO7 is another important 
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component of prostate epithelial cells without a cancer-spe-

cific role and that a reduced expression might indicate cellular 

dedifferentiation.

The abundant data available from earlier studies using our 

PCa cohort enabled us to compare ANO7 expression with 

several important molecular features. TMPRSS2:ERG fusions 

occur in about 50% of PCa resulting in permanent overex-

pression of the transcription factor ERG. This overexpression 

modulates the expression of more than 1600 genes but lacks 

prognostic relevance by itself. Our data suggest that loss of 

ANO7 expression is ERG dependent as ANO7 protein levels 

were clearly lower in ERG-positive than in ERG-negative can-

cers. Such inverse associations found by IHC are particularly 

certain to represent true associations. This observation thus 

provides further evidence for the validity of our experimental 

procedures. A mild positive association between immunohis-

tochemically determined parameters could always be due to 

a fraction of samples that are non-reactive to IHC resulting 

in “negative” staining results for all parameters measured. The 

same might hold true also for the inverse association between 

ANO7 expression and AR positivity. That this weak association 

was statistically significant only in the subset of ERG-negative 

cancers might be first of all related to the strong link between 

AR and ERG, which might obscure less strong interactions. 

However, AR does not belong to the more than 100 transcrip-

tion factors that are known to impact ANO7 expression37.

Chromosomal deletions represent the most common recur-

rent genomic alterations in PCa after TMPRSS2:ERG fusions. 

That most deletions were significantly associated with reduced 

ANO7 expression could suggest a role of ANO7 in mechanisms 

regulating genomic instability. Alternatively, these findings 

would also be consistent with the notion of reduced ANO7 

expression representing a dedifferentiation surrogate. The 

particularly low levels of ANO7 expression in PTEN-deleted 

cancers are consistent with a direct or indirect functional inter-

action between ANO7 and the PTEN/AKT pathway. That the 

interaction with PTEN is not responsible for the prognostic 

impact of reduced ANO7 expression is demonstrated by its 

retained prognostic role in PTEN-deleted cancers. This is unu-

sual and further argues for a particularly strong prognostic role 

of ANO7 expression loss in PCa. PTEN deletions are strongly 

linked to poor prognosis in PCa. Many prognostic features fail 

to further stratify patient outcome in molecular subgroups that 

are already defined by PTEN deletion38. Several studies had 

suggested an impact of ANO1 on tumor cell proliferation39-41. 

In our patients, tumor cell proliferation was only marginally 

linked to ANO7 expression and significant associations could 

often not be found in homogeneous subgroups. We consider it 

thus unlikely that ANO7 exerts a potential tumor suppressive 

function through impacting tumor cell proliferation. Thus, we 

favor the notion that ANO7 loss indicates loss of polar orien-

tation in prostate epithelial cells as a form of dedifferentiation.

The strong independent prognostic role found for ANO7 

expression in this study suggests that measuring this protein 

could result in useful prognostic information for PCa patients. 

Further studies using different antibodies and independent 

patient cohorts potentially also including patients treated with 

radiotherapy or radiotherapy and hormonal therapy, as well as 

premalignant prostate conditions, would be helpful to confirm 

the validity of ANO7 as a routine diagnosis marker in prostate 

and potentially even other human cancer types. If immuno-

histochemical analyses are meant to provide clinically relevant 

information to trigger treatment decisions, it will be critical to 

apply highly reproducible assays. The advent of multiplex IHC 

enabling the simultaneous application of multiple antibodies 

and a computerized quantification of individual proteins may 

assist in making this possible.

In summary, reduced ANO7 expression is tightly linked 

to an unfavorable disease course in PCa. The statistical inde-

pendence from pre- and postoperatively available parameters 

argues for a possible diagnostic application of ANO7 measure-

ment, either alone or combined with other parameters.
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