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Abstract Aquaporin1 (AQP1) is a water channel protein

that facilitates water flux across cell membranes. It is

widely expressed in epithelial and endothelial cells in

several tissues. AQP1 is also associated with angiogenesis,

cell migration and metastasis in some human malignancies.

In this study the immunohistochemical expression of AQP1

in 203 invasive breast carcinomas with long-term follow up

was investigated. AQP1 expression was demonstrated in 11

tumours (5.4%) and showed highly significant correlation

with high tumour grade, medullary-like histology, ‘‘triple-

negativity’’, cytokeratin 14 and smooth muscle actin

expression. In univariate analysis, AQP1 was significantly

associated with poor prognosis. In multivariate analysis,

AQP1 expression proved to be an independent prognostic

marker if stratified by age, tumour size, lymph node status,

histological grade, ER status and CMF therapy. Our results

strongly suggest that AQP1 expression is a new charac-

teristic feature of a particularly aggressive subgroup of

basal-like breast carcinomas.

Keywords Aquaporin � AQP1 � Breast carcinoma �
Prognosis

Introduction

Aquaporins (AQPs) belong to the major intrinsic protein

(MIP) family of small, transmembrane, channel-forming

glycoproteins that facilitate rapid water transport and, in

the subgroup of aquaglyceroporins, the transport of small

solutes such as glycerol, across biological membranes.

Since the identification of AQP1 on the cell membranes of

erythrocytes in 1988 by Agre and collegues [1], 13 mem-

bers of the AQP family have been identified in humans to

date. AQPs are expressed in many epithelia and endothelia

in fluid transporting tissues, such as kidney tubules and

exocrine gland epithelia, where their role is well under-

stood. However, they are also highly expressed in cell

types not directly involved in fluid fluxes, such as epider-

mis, fat-tissue, urinary bladder cells and astroglia [2, 3].

This has raised the question whether AQPs facilitate an

additional function(s) other than water transport.

Recently the interest in the AQP family has increased, as

several studies suggested a role for AQPs in various dis-

eases [4]. AQP expression has been reported in a variety of

human malignancies, e.g. tumours of the brain, prostate,

breast, ovary, colon and lung. AQP expression has been

proposed as a diagnostic and/or prognostic parameter [5];

The identification of AQP1 as an early response gene to

mitogens [6] as well as the demonstration of AQP1 in
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tumour microvessels indicate that aquaporins may be

involved both in tumour growth and angiogenesis. This is

further supported by the finding of a reduced tumour

growth and angiogenesis in AQP1-deficient mice [7].

Moreover, AQP1 expression could be associated with

increased migration and metastatic potential of tumour cell

in vitro, suggesting a novel function for AQP expression in

high grade tumours [5].

The aim of the present study was to elucidate possible

associations of AQP1 expression in breast carcinomas

with tumour characteristics and survival of women suf-

fering from sporadic breast cancer. For this purpose,

AQP1 expression was immunohistochemically determined

in a series of 203 well-characterised invasive breast car-

cinomas with long-term clinical follow-up. The data

obtained were compared with a broad range of clinico-

pathological parameters, including overall survival of

patients.

Materials and methods

Patients and tumours

The present study was based on a consecutive series of 203

cases of primary breast carcinomas with long-term clinical

follow-up, presenting between 1989 and 1993, which were

diagnosed at the Institute of Pathology and Neuropathology

and operated with curative intent at the Clinic of Obstetrics

and Gynaecology of the University Hospital of Essen,

Germany. Patients were treated without exception in a

uniform way according to standard protocols. Patients’

clinical history and tumour characteristics were obtained

from the pathology database. Tumour type, TNM-staging

and grading were reassessed according to the WHO-Clas-

sification of Tumours of the Breast 2003 [8] and the 6th

edition of the TNM Classification System 2002 [9].

Grading was performed according to the criteria of Elston

and Ellis [10]. The Nottingham Prognostic Index (NPI) was

calculated by using the following equation: NPI = 0.2

tumour size (cm) ? grade (1–3) ? lymph node score

(1–3). Three prognostic groups were defined using the

following cut-off score values: good (\3.41), moderate

(3.41–5.4) and poor ([5.4) [11].

In addition to histomorphology, immunophenotype

profiles were also used for the definitive diagnosis of var-

ious subtypes of breast carcinoma. Basal-like carcinomas

were primarily classified on the basis of their characteristic

morphology and expression of the basal cell marker cyto-

keratin 14 (CK14) or smooth-muscle actin, irrespective of

the expression of hormone receptors or HER2 in the

first instance. Morphologically, most of these tumours

revealed medullary-like histology including syncytial

growth pattern, geographical necrosis, acellular areas,

pronounced lymphoplasmacytic infiltrates, high mitotic

count, high nuclear polymorphism and the absence of

tubule formation [16]. The majority of tumours had a

triple-negative immunophenotype (estrogen-receptor-neg-

ative, progesterone receptor-negative and HER-2 negative)

as described by Laakso et al. [13], Banerjee et al. [14] and

Rakha et al. [15], as well.

Survival data were obtained from the local municipal

registry; the median follow-up period of patients still alive

was 123 months (range 80–155 months). Patients with

small carcinomas (pT1mic/pT1a), primary distant metas-

tases, bilateral carcinomas, concurrent malignant tumours,

or non-tumour related death were excluded from the study.

Prognostic factors were analysed according to recent rec-

ommendations from McShane and co-workers [12] for

tumour marker prognostic studies.

The study was strictly performed according to the

Declaration of Helsinki and approved by the local Ethics

Committee of the University Hospital of Essen.

Tissue microarray construction

Routinely formalin-fixed and paraffin-embedded tumour

tissue blocks were retrieved from the files of the Institute

of Pathology and Neuropathology (University Hospital of

Essen, Germany) and processed using tissue microarray

(TMA) technology. In short: one tumour tissue core with

a diameter of 3 mm was extracted from each donor block

using a skin biopsy punch (PFM, Cologne, Germany) and

brought into recipient blocks (n = 14), each containing a

maximum of 22 tumour samples. One tissue core of

normal thyroid and liver tissue in preset positions in each

block served as control tissue and helped with the

orientation.

Immunohistochemistry and scoring

Sections of 5 lm thickness of TMA were cut and mounted

on SuperFrost� Plus slides (Menzel, Braunschweig, Ger-

many). Following individually optimised heat-based

antigen retrieval for each antibody, each set of 14 glass

slides comprising the TMAs was immunostained with

commercially available antibodies. The following anti-

bodies were used: anti-ER [clone SP1, DCS (Hamburg,

Germany), dilution 1:300, antigen retrieval: 30 min 95�C

water bath, citrate buffer, pH 6.0], anti-cytokeratin 14

(CK14) [clone LL002, DCS (Hamburg, Germany), dilu-

tion 1:400, antigen retrieval: 20 min 95�C water bath,

citrate buffer, pH 6.0], anti-smooth muscle actin (SMA)

[clone 1A4, DakoCytomation (Glostrup, Denmark), dilu-

tion 1:500, without antigen retrieval], anti-HER2/neu
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[HercepTest Kit K5207, DakoCytomation (Glostrup,

Denmark), 40 min 95�C water bath in HercepTest buffer]

and anti-AQP1 [clone B-11, Santa Cruz Biotechnology,

Inc., Santa Cruz, CA, USA) dilution 1:1000, antigen

retrieval: 30 min 95�C water bath, citrate buffer, pH 6.0].

Automated immunohistochemistry was performed using

the Dako Autostainer Plus System (DakoCytomation,

Carpinteria, CA, USA) with the anti-mouse IgG EnVision

Plus detection kit (DakoCytomation, Carpinteria, CA,

USA) for secondary and tertiary immunoreactions. Reac-

tion products were developed with diamino-benzidine

(DAB), according to general protocols. Positive and neg-

ative control sections were included in each run, which

showed appropriate results.

Stained sections were independently reviewed by FO

and AB in a blind fashion, not knowing the results of any

of the investigated tumour characteristics and survival data

excluding the apparent histological tumour type and grade.

Discordant cases were discussed using a multi-headed

microscope until agreement was achieved. AQP1, ER, PR,

CK14 and SMA reactions were scored positive, if[10% of

tumour cells showed any staining; for AQP1 only mem-

branous, for ER expression only nuclear, for CK14 and

SMA only cytoplasmic reactions were regarded as positive.

HER2/neu expression was assessed according to the

DAKO-score. A moderate or strong complete membranous

staining of [10% of tumour cells (DAKO-score 3?) was

interpreted as HER2/neu overexpression. ‘‘Triple-Nega-

tivity’’ was defined as the absence of ER and PR expression

as well as HER2/neu overexpression. For statistical anal-

ysis, staining results were classified as negative or positive

according to the respective cut-off values.

Statistical analysis

Statistical analysis was performed using SPSS 14.0 (SPSS,

Chicago, USA). Descriptive statistics for continuous mea-

sures are given as the mean and/or median with minimum

and maximum values and standard deviation, for discrete

data frequency counts and percentages are tabulated. The

Pearson’s v2-test and the Fisher exact test, if appropriate,

were used to compare AQP1 expression with clinical and

pathological findings. Correlation between parameters was

analysed by the Pearson’s pair-wise correlation matrix. The

prognostic value of all parameters was studied in univariate

analysis. Survival probabilities were estimated by the

Kaplan–Meier method; differences assessed by the log-

rank test (Mantel–Cox method). Multivariate analysis was

used to determine the independent prognostic value of

selected variables using Cox’s proportional hazards linear

regression model with backward stepwise regression. All

test were two-tailed with a confidence interval of 95%,

significance was defined at p \ 0.05.

Results

AQP1 expression in carcinomas and tumour-adjacent

normal-appearing breast tissues

AQP1 expression was detected in 11 cases (5.4%) of the

present series of invasive breast carcinomas, all of them

represented basal-like carcinomas with characteristic

morphological and immunophenotypic features as descri-

bed previously. In large tumour cells, immunostaining was

predominantly membranous; however, in the majority of

positive cases a less intense cytoplasmic staining could

also be demonstrated (Fig. 1). In smaller immunoreactive

tumour cells, membranous and cytoplasmic staining could

not be distinctly distinguished by light microscopy. In

some of the positive cases, the intensity of immunostaining

was more pronounced at the tumour invasion front (Fig. 2).

Adjacent to geographical necrosis, the AQP1 immuno-

staining was usually decreased. A strong AQP1 expression

could be observed in the (myo-)fibroblastic cells of the

tumour stroma in 21 (10.3%) invasive carcinomas, the

tumour cells of which were uniformly AQP1 negative.

Interestingly the tumour stroma of AQP1 positive cases did

not show any significant AQP1 expression. A weak stain-

ing of the specialized periductal or intralobular stroma was

only noticed in single cases of postmenopausal breast

tissue.

Adjacent to carcinomas, there was a strong membranous

reaction with an admixture of cytoplasmic staining in all

myoepithelial cells of normal lobules and ducts (Fig. 3), in

endothelial cells of capillary and venous blood vessels

(Fig. 4), smooth muscle cells and the perineural sheets of

peripheral nerve fibres. Only a minor portion of luminal

epithelial cells in normal lobules revealed strong AQP1

expression (Fig. 3). Occasionally, in areas with ductal

Fig. 1 AQP1 positive breast carcinoma with strong membranous

staining
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hyperplasia, a cytokeratin 5/6-like mosaic pattern of AQP1

staining was noticed. As a general rule, endothelial cells of

small arteries and lymphatic vessels were not stained by

anti-AQP1. Smooth muscle cells, even the myocytes of

arterial vessel walls, displayed a diffuse granular cyto-

plasmic staining without membranous staining. No positive

nuclear immunoreaction was observed.

Relationship between AQP1 expression and established

clinico-pathological parameters

Frequency distribution of established clinico-pathological

parameters and their relation to AQP1 expression is sum-

marized in Table 1. The mean age of the patients was

53 years (range 26–85 years.) The majority of tumours

(73.4%) were invasive ductal carcinomas and 18.2% were

of invasive lobular type; all other tumour types were rare

(\4%). Three-quarters of the carcinomas were [16 mm

and 53.2% had lymph node metastases at the time of

diagnosis. 87% of the tumours were classified as grade 2 or

grade 3; the Nottingham-Prognostic index showed a well

balanced distribution of its categories ranging from 26 to

38%. About 70% of carcinomas were ER-positive and 90%

HER2 negative. The CK14-positive basal-like immuno-

phenotype was present in 18 (8.9%) of the cases.

All AQP1 positive invasive carcinomas were of ductal

type, estrogen receptor negative and HER2/neu negative.

All markers and marker combinations—CK14, SMA, tri-

ple-negativity and medullary-like histology—were highly

significantly related to AQP1 expression (Pearson’s v2

ranged from 2.173 to 5.869, p \ 0.000 for each). Eight of

the 11 AQP1 positive cases showed co-expression of

CK14, but all AQP1 positive cases revealed a positive

immunostaining with at least one of the other investigated

basal-like markers, as well.

AQP1 expression showed significant direct correlation

with tumour grade (Pearson’s r = 0.139, p = 0.049),

medullary-like histology (Pearson’s r = 0.327, p \ 0.000),

triple-negativity (Pearson’s r = 0.443; p \ 0.000), CK14

and SMA expression (Pearson’s r = 0.538 and 0.364,

respectively, p \ 0.000 for both), whereas, it had highly

significant negative correlation with ER status (Pearson’s

r = -0.378, p \ 0.000).

Uni- and multivariate long-term survival analysis

The possible impact of patients, tumour variables and

treatment modalities was investigated by univariate anal-

ysis with respect to overall survival (Table 2). The highest

prognostic value was associated with the NPI, followed by

Fig. 2 Increased AQP1 staining at the tumour invasion front

Fig. 3 AQP1 expression in the terminal ductulo-lobular unit is

detected in myoepithelial cells, capillary endothelial cells and a few

luminal epithelial cells

Fig. 4 AQP1 antibody stains perineural sheets (PN) as well as

capillary (C) and venous (V) endothelial cells, but not the endothelia

of arterioles (A) and lymphatic vessels (L). Only the muscle cells of

arterioles show a weak granular cytoplasmic staining pattern
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Table 1 Frequency and distribution of AQP1 expression in association with established clinico-pathological parameters, investigational

molecular markers and therapy

All patients n (%) AQP1 positive n (%) AQP1 negative n (%)

Number of patients 203 (100) 11 (5.4) 92 (94.6)

Age 26–53 85 (41.9) 4 (4.7) 81 (95.3)

54–85 118 (58.1) 7 (5.9) 111 (94.1)

Tumour type Ductal 149 (73.4) 11 (7.4) 138 (92.6)

Lobular 37 (18.2) 0 (0) 37 (100)

Mucinous 5 (2.5) 0 (0) 5 (100)

Apocrine 8 (3.9) 0 (0) 8 (100)

Tubular 1 (0.5) 0 (0) 1 (100)

Micropapillary 1 (0.5) 0 (0) 1 (100)

Glycogen-rich 1 (0.5) 0 (0) 1 (100)

Neuroendocrine 1 (0.5) 0 (0) 1 (100)

Tumour size B15 mm 50 (24.6) 2 (4.0) 48 (96.0)

[15 mm 153 (75.4) 9 (5.9) 144 (94.1)

Lymph node status Negative 95 (46.8) 6 (6.3) 89 (93.7)

Positive 108 (53.2) 5 (4.6) 103 (95.4)

Histological grade 1 24 (11.8) 0 (0) 24 (100)

2 87 (42.9) 3 (3.4) 84 (96.6)

3 92 (45.3) 8 (8.7) 84 (91.3)

NPI Good (B3.4) 76 (37.6) 2 (2.6) 74 (97.4)

Moderate (3.41–5.4) 73 (36.1) 4 (5.6) 69 (94.5)

Poor ([5.4) 53 (26.2) 5 (9.4) 8 (90.6)

ER Negative 58 (28.6) 11 (19.0) 47 (81.0)

Positive 145 (71.4) 0 (0) 145 (100)

PR Negative 78 (40.6) 10 (12.8) 68 (87.2)

Positive 114 (59.4) 1 (0.9) 113 (99.1)

HER2/neu Negative 181 (89.6) 11 (6.1) 170 (93.9)

Positive (3?) 21 (10.4) 0 (0) 21 (100)

CK14 Negative 185 (91.1) 3 (1.6) 182 (98.4)

Positive 18 (8.9) 8 (44.4) 10 (55.6)

SMA Negative 189 (93.1) 6 (3.2) 183 (96.8)

(Smooth-muscle actin) Positive 14 (6.9) 5 (35.7) 9 (64.3)

Triple-negativity Non triple-negative 157 (77.7) 1 (0.6) 156 (99.4)

(ER-, PR- HER2-) Triple negative 45 (22.3) 10 (22.2) 35 (77.8)

Medullary-like histology Negative 193 (95.1) 7 (3.6) 186 (96.4)

Positive 10 (4.9) 4 (40.0) 6 (60.0)

Surgery Breast conserving 38 (18.7) 3 (7.9) 35 (92.1)

Ablative 165 (81.3) 8 (4.8) 157 (95.2)

Tamoxifen No 140 (69.0) 9 (6.4) 131 (93.6)

Yes 63 (31.0) 2 (3.2) 61 (96.8)

CMF No 140 (69.0) 9 (6.4) 131 (93.6)

Yes 63 (31.0) 2 (3.2) 61 (96.8)

Tamoxifen ? CMF No 194 (95.6) 11 (5.7) 183 (94.3)

Yes 9 (4.4) 0 (0) 9 (4.7)

Radiation No 156 (76.8) 8 (5.1) 148 (94.9)

Yes 47 (23.2) 3 (6.4) 44 (93.6)
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lymph node status, and histopathological grade. AQP1

expression was also highly significantly associated with a

shorter cancer-specific survival (log rank chi-square =

15.400; p \ 0.000; Fig. 5). All other established prognostic

markers, such as age, tumour size, ER status, as well as

markers of basal-like carcinomas were significantly associ-

ated with overall survival as well, whereas, tumour type and

HER2 status did not achieve significance. Of the treatment

modalities used, only adjuvant CMF therapy revealed a

significant association with overall survival in the univariate

analysis (log rank chi-square = 3.959; p \ 0.047).

In the multivariate Cox regression analysis (Table 3),

including all cases (Model 1, n = 203), lymph node status

and age were independent prognostic markers. AQP1

expression achieved high independent prognostic signifi-

cance after further stratification of data and exclusion of the

other basal-like markers (medullary-like histology, CK14

and SMA; Model 2). In the high grade subgroup, (Model 3,

n = 92, data not shown), including age, pT, pN, ER,

medullary-like histology, CK14, SMA, AQP1 and CMF

therapy, only the presence of lymph node metastases

(p = 0.005) and AQP1 expression (p = 0.030) were

independent predictors of poor survival. In the ER negative

subgroup, (Model 4, n = 58, data not shown), including

age, pT, pN, grade, medullary-like histology, CK14,

SMA, AQP1 and CMF therapy, only age (p = 0.032),

CMF therapy (p = 0.008) and AQP1 expression

(p = 0.016) were independent prognostic factors. In the

subgroup of nodal-negative patients (Model 5, n = 95),

age (p = 0.025) and AQP1 expression (p = 0.001) were

the only independent prognostic markers, whereas, in

the nodal-positive subgroup (Model 6; n = 108), only

CK14 expression (p = 0.010) predicted poor outcome

independently.

Discussion

The present study demonstrated that AQP1 expression is

significantly associated with the basal-like phenotype of

breast carcinomas and poor survival of the patients. In

multivariate analysis, AQP1 expression proved to be the

strongest marker of poor prognosis among all other basal-

like parameters (CK14, SMA, triple negativity for ER, PR

and Her2neu, as well as medullary like histology) studied:

AQP1 achieved a high independent level of significance for

the total cohort of patients studied after the exclusion of the

other basal-like markers from the analysis. In the subgroup

analysis, AQP1 expression was a highly significant inde-

pendent marker of poor prognosis in the high-grade,

ER-negative and nodal-negative subgroups of patients

(Table 3).

The concept of basal-like carcinoma (BLBC) of the

breast forming a distinct molecular subtype of invasive

breast cancer with aggressive biological behaviour has only

recently emerged [17, 18]. BLBCs constitute 2–18% of all

breast cancer [15] and are characterised by high histolog-

ical grade, lack of hormone receptors and HER2 expression

[13, 19] and show some characteristics of normal breast

basal/myoepithelial cells [20]. In the present study, the

Table 2 Association between the clinicopathological prognostic

parameters and overall survival in univariate analysis

Log rank p

Age 5.511 0.019

Tumour type 2.888 NS

Tumour size 8.321 0.004

Lymph node status 28.626 0.000

Histological grade 16.389 0.000

NPI-Group 46.675 0.000

ER 8.023 0.005

HER2/neu 0.055 NS

Triple negativity 12.706 0.000

Medullary-like histology 10.465 0.001

CK14 9.454 0.002

SMA 4.872 0.027

AQP1 15.400 0.000

Surgical treatment 2.776 NS

Tamoxifen 3.959 NS

CMF 4.090 0.047

Radiation 1.892 NS

NS not significant

Fig. 5 Cumulative survival of patients with sporadic invasive breast

cancer in correlation to AQP1 expression (Kaplan–Meier analysis, log

rank test, p = 0.000)
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Table 3 Multivariate cox regression analysis of breast cancer specific survival (only representative stratifications shown)

Death

Hazard ratio 95% CI p

Model 1 (all cases; n = 203)

Age [ 54 1.777 1.066–2.962 0.028

Tumour size [ 15 mm 1.630 0.898–2.959 NS

Lymph node positive 2.880 1.619–5.125 0.000

Histological grade (G2) 0.601 0.221–1.635 NS

Histological grade (G3) 0.795 0.496–1.275 NS

ER negative 0.675 0.398–1.146 NS

Medullary-like histology 1.534 0.668–3.521 NS

CK14 positive 1.068 0.322–3.544 NS

SMA positive 1.062 0.376–2.996 NS

AQP1 positive 2.854 0.952–8.557 0.061

CMF 1.092 0.630–1.893 NS

Model 2 (all cases; CK14, SMA and medullary-like histology excluded)

Age [ 54 1.771 1.064–2.947 0.028

Tumour size [ 15 mm 1.679 0.929–3.035 NS

Lymph node positive 2.893 1.634–5.112 0.000

Histological grade (G2) 0.591 0.218–1.604 NS

Histological grade (G3) 0.767 0.482–1.219 NS

ER negative 0.632 0.383–1.043 NS

AQP1 positive 3.423 1.557–7.523 0.002

CMF 1.062 0.618–1.823 NS

Model 5 (node-negative subgroup, n = 95)

Age [ 54 3.244 1.156–9.103 0.025

Tumour size [ 15 mm 1.435 0.521–3.953 NS

Histological grade (G2) 0.796 0.216–2.941 NS

Histological grade (G3) 0.750 0.250–2.249 NS

ER negative 0.553 0.187–1.634 NS

Medullary-like histology 2.188 0.509–9.420 NS

CK14 positive 0.531 0.083–3.387 NS

SMA positive 0.161 0.012–2.100 NS

AQP1 positive 15.721 3.221–76.721 0.001

CMF 1.877 0.214–16.495 NS

Model 6 (node-positive subgroup, n = 108)

Age [ 54 1.207 0.570–2.555 NS

Tumour size [ 15 mm 1.691 0.783–3.652 NS

Histological grade (G2) 0.000 0.000–1.755E274 NS

Histological grade (G3) 0.754 0.438–1.301 NS

ER negative 0.852 0.448–1.621 NS

Medullary-like histology 0.566 0.163–1.970 NS

CK14 positive 7.892 1.625–38.321 0.010

SMA positive 1.470 0.430–5.025 NS

AQP1 positive 0.650 0.160–2.643 NS

CMF 0.696 0.347–1.397 NS

NS not significant
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immunophenotypic identification of malignant basal-like

epithelial cells relied on the detection of CK14 positivity, a

type I cytokeratin which usually forms a heterotetramer

with keratin 5, a type II keratin. Together, they form the

cytoskeleton of normal basal epithelial and myoepithelial

cells. CK14 has also been used as a marker of basal

mammary epithelial cells with in vivo regenerative ability

in searching for mammary gland progenitor and stem cells

[21] Further, basal-like carcinomas consistently overex-

press EGFR, show the highest proliferation rates, and are

associated with poor clinical outcomes [22]. In addition,

they have also been described as the prevalent subtype in

BRCA1-related breast carcinomas [23, 24].

Despite the increasing number of publications focusing

on the morphological and immunohistochemical charac-

terization of this entity, there is no international consensus

yet on the complement of biomarkers or pathologic fea-

tures that precisely defines BLBC. Furthermore, there is a

growing body of evidence indicating that BLBCs are het-

erogeneous and encompass tumours with distinct biological

and morphological characteristics [16].

According to our results, AQP1 expression apparently

represents a novel biomarker for a particularly aggressive

subgroup of breast carcinomas with basal-like phenotype.

AQP1 was only detected in a subset (73%) of CK14

positive BLBCs, especially in the subgroups of patients

with high grade and nodal negative carcinomas, who

experienced particularly short overall survival.

In the literature, the prognostic significance of basal-like

features is still controversial discussed and decreased

overall survival can only be predicted if the tumour relapses

within the first 5 years of follow-up [25]. In our cohort, not

influenced by modern chemotherapy regiments, all of the

tested basal like parameters were significantly associated

with decreased overall survival in univariate analyses,

indicating a very aggressive behaviour of BLBC’s. More-

over, there is seemingly a paradoxical dissociation between

biological aggressiveness and chemosensitivity in BLBC.

In spite of the low differentiation grade of the tumours,

BLBCs seem to be more responsive to neoadjuvant anth-

racyclin-based chemotherapy than other ductal carcinomas

with luminal subtypes [26].

Due to the time period (1989–1993) of the present ser-

ies, our results were not influenced by data of patients

treated with such adjuvant chemotherapy regime. In our

cohort studied, only CMF treatment was associated with

poor overall survival in univariate analysis, which might be

a consequence of the application of adjuvant chemotherapy

only in high risk cases. AQP1 expression was not corre-

lated with any of the therapy modalities.

Nevertheless, our results might have been slightly biased

by the complete lack of salivary gland-like, metaplastic and

myoepithelial carcinomas within this series, which are

supposed to represent a part of the BLBC spectrum [16,

27–31], although some of these rather rare carcinoma types

are associated with a more favourable prognosis [8].

It has been recently proposed that BLBC is endowed

with stem/progenitor cell features. It has been suggested

that a CK5/14-positive breast progenitor cell able to dif-

ferentiate into both luminal and myoepithelial cells of the

normal breast would be the initially transformed cell in

basal-phenotype breast cancer [32, 33]. Most recent

experimental results confirmed that BLBCs indeed express

high levels of stem cell regulatory genes, i. e. CD133,

Bmi1 and SLUG [34], the latter correlating with the

acquisition of a migrant phenotype in a variety of cell types

[35] and particularly metastatic breast cancer [36]. AQP1

expression has also been found to increase tumour cell

migration and spread in melanoma and breast cancer cell

lines in vivo, suggesting a novel function of AQP1 in high-

grade tumours [5]. The histological counterpart of these

particularly aggressive tumour cells may be the ones

exhibiting the undifferentiated basal/stem cell-like pheno-

type in a subgroup of BLBCs.

The biological process of epithelial differentiation may

reflect the ductal or basal-phenotype tumour origin. In

keeping with the concept of breast carcinogenesis from a

putative cancer stem cell, ductal carcinomas would arise

from cancer stem/progenitor cells, which have retained

their capacity to differentiate, whereas, basal-like breast

carcinomas may represent tumours in which the lineage

commitment process of stem cells has been arrested [37].

Since the basal-like phenotype is overrepresented in

patients with BRCA1 mutations, the association and pos-

sible biological significance of AQP1 and BRCA1 has to

be further elucidated in hereditary breast cancer cases [23].

Regarding tissue- and cell-type-specific distribution of

AQP1 in tumour-adjacent normal-appearing breast tissues,

AQP1 was mainly located in myoepithelial cells of ducts

and lobules, endothelial cells of capillary and venous blood

vessels, but not in arteries and lymphatics, smooth muscle

cells of vessel walls and perineurial sheets of peripheral

nerve fibres. The presence of a few luminal epithelial cells

in normal lobules expressing AQP1 may indicate that

AQP1 expression is a further characteristic of a postulated

CK14 positive progenitor cell in the breast.

Although not studied systematically, the consistent

finding of exclusive AQP1 expression only in capillary and

venous endothelial cells, but not in arterial and lymphatic

endothelial cells indicate a biological and functional dif-

ference in these endothelial compartments. Like other basal

and myoepithelial markers, AQP1 antibodies may prove to

be helpful in the differential diagnosis of benign, pre-

neoplastic and pre-invasive breast lesions in routine

pathology but the staining patterns in these lesions remain

to be studied in detail [38].
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AQP1 expression and distribution in normal and various

human tumour TMAs by immunohistochemistry have been

recently described by Mobasheri and co-workers [3], who

suggested that AQP1 could be considered as a marker of

microvasculature; its increased expression in some human

adenocarcinomas may thus be due to angiogenesis. Addi-

tionally, Endo et al. [39] described a heterogeneous

expression of AQP1 in tumour cells and their vasculature in

xenotransplanted mammary carcinomas and glioblastomas

in vivo. These results together with findings of an increased

migration and metastatic potential of AQP1-expressing

cancer cell lines indicate an important role of AQP1 in

tumour spread of some highly aggressive human cancers [5].

AQP1-dependent cell migration was shown to be related to

polarized expression of ion transporters and AQP1 at the

leading edge of migrating cells. Their parallel activity cre-

ates an osmotic gradient, which drives the influx of water

across the cell membrane. The increased local hydrostatic

pressure results in membrane protrusions (lamellipodia),

which in turn create place for actin depolymerisation. The

coexpression of AQP1, SMA and CK14 may support the

importance of a cross-talk of AQP1, contractile filaments and

cytoskeleton filaments for cell remodelling in cell migration.

Thus, manipulation of the expression or function of tumour

AQPs may alter their invasiveness and metastatic potential

[40]. The expression of AQP1 in breast carcinomas may

provide a therapeutic target both as a cell surface marker and

for functional intervention. Inhibition of AQP1 expression,

for example by siRNA, or AQP1 function (with a blocking

antibody or a small inhibitory molecule) may result in a

reduced invasive potential of breast carcinoma cells [7, 41].

Another potential way to interfere with AQP1-induced

tumour growth and spread seems to be the inhibition of

angiogenesis. Studies based on acetazolamide and topira-

mate (carbonic anhydrase inhibitors reducing cancer

invasiveness in vitro), indicated a significant correlation

between angiogenesis inhibition and suppression of AQP1

gene in an experimental mouse model of Lewis lung car-

cinoma [42, 43]. These studies associated the decreased

AQP1 expression induced by these drugs with the reduc-

tion of tumour metastases, probably due to the reduction of

the number of microvessels.

Detection of new biomarkers for an effective targeted

anti-tumour therapy is an outstanding challenge in breast

cancer research particularly for the relatively small subset of

hormone- and HER2 negative breast carcinomas with poor

clinical outcome despite initial chemosensitivity to anthra-

cyclin-based neoadjuvant chemotherapy. Most of these

carcinomas exhibit a basal-like phenotype. This work pro-

vides evidence for the first time in a clinico-pathological

setting that AQP1 may identify a small subset of patients

with poorer-prognosis basal-like breast carcinomas—find-

ings which should be further explored and verified.
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