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Abstract
Objective: This study aimed to link expression patterns of AQP1, AQP5, Bcl-2 and p16 to clinicopathological
characteristics of oro-hypopharyngeal squamous cell carcinomas.

Methods: Immunohistochemical expression of AQP1, AQP5, Bcl-2 and p16 was investigated in 107 consecutive
oro-hypopharyngeal squamous cell carcinoma cases. Molecular interrelationship and correlations with
clinicopathological parameters and survival were computed.

Results: AQP1 was expressed exclusively by a subgroup of basaloid-like squamous cell carcinomas. AQP5
was detected in 25.2 per cent of the samples, showing significant association with the absence of p16 and Bcl-2
(p= 0.018; p= 0.010). In multivariate analysis, overexpression of p16 was significantly correlated with
favourable overall survival (p= 0.014).

Conclusion: AQP5 defined a subset of patients with Bcl-2-negative and p16-negative tumours with a poor
clinical outcome. AQP1 was found to be a marker of a subgroup of aggressive basaloid-like squamous cell
carcinomas. These findings suggest that AQP1 and AQP5 are interesting candidates for further studies on risk
group classification and personalised treatment of oro-hypopharyngeal squamous cell carcinomas.

Key words: Aquaporin 1; Aquaporin 5; Bcl2-Antagonist Of Cell Death Protein; P16 Protein, Human; Squamous
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Introduction
Aquaporins are a group of cell membrane proteins that
form water channels, with some isoforms having
diverse additional functions. AQP1 and AQP5 (aqua-
porins 1 and 5) harbour signalling properties that are
of special interest in the study of neoplastic diseases.
AQP1 plays a role both in cell cycle control and angio-
genesis.1,2 Recently, our group described AQP1 as a
novel biomarker for a particularly aggressive subgroup
of basal-like breast carcinomas.3 AQP5 is related to
malignant transformation and promotes cell growth.4,5

Ectopic expression of both aquaporins has been asso-
ciated with various cancers.6–9 Aquaporins have been
extensively studied in salivary glands, and in the
mucosa of upper gastrointestinal and respiratory
tracts.10–12

Aquaporins can be co-expressed with other mole-
cules that play a crucial role in tumour biology. For
example, Bcl-2 (B-cell lymphoma 2), which acts as

an anti-apoptotic and anti-proliferative molecule, is
co-expressed with AQP1 in nasal polyps and with
AQP8 (aquaporin 8) in cervical carcinoma.13,14 We
recently showed that Bcl-2 is also significantly co-
expressed with p16 (cyclin-dependent kinase inhibitor)
in oropharyngeal cancer.15 In fact, p16 is utilised as a
surrogate marker for high-risk human papillomavirus
(HPV) infection in this type of cancer.16–18

The present study aimed to elucidate the frequency
and localisation of AQP1 and AQP5 expression in squa-
mous cell carcinoma (SCC) of the oro-hypopharynx,
explore their possible interaction with the expression
of Bcl-2 and p16, and determine their impact on sur-
vival. Furthermore, promoter regions of BCL2 and
AQP5 carry functional regulatory promoter polymorph-
isms that have been associated with respective expres-
sions.15,19 We investigated the putative impact of these
functional polymorphisms on Bcl-2 and AQP5 expres-
sion in oro-hypopharyngeal SCC.

Accepted for publication 13 November 2014

The Journal of Laryngology & Otology (2015), 129, 580–586. MAIN ARTICLE
©JLO (1984) Limited, 2015
doi:10.1017/S002221511500119X

https://doi.org/10.1017/S002221511500119X Published online by Cambridge University Press

https://doi.org/10.1017/S002221511500119X


Materials and methods

Patients

The study cohort consisted of 107 Caucasian patients
with oro-hypopharyngeal SCC who were diagnosed
and treated at the West German Cancer Centre,
Essen. Clinicopathological data were extracted from
the patients’ files or collected by telephone interviews.
The study was strictly performed according to the
Declaration of Helsinki and approved by the local
Ethics Committee of the University Hospital Essen.

Immunohistochemistry

Tumour tissue blocks were retrieved from the files of
the Institute of Pathology at the University Hospital
Essen, and tissue microarray blocks were constructed
from them for further investigations. In addition to
the prognostic cohort, seven basaloid-type SCCs were
retrieved from the pathology archives for detailed ana-
lysis of AQP1 expression within this subgroup.
Paraffin sections (4 μm thick)were serially cut from the

tissue microarray blocks and mounted on SuperFrost®

Plus slides (Menzel, Braunschweig, Germany). After
heat-based antigen retrieval, the serial sections were
immunostained and visualised for AQP1, Bcl-2 and
p16, as previously described.3,15 Immunohistochemical
expression of AQP5 was studied using a mouse
monoclonal anti-AQP5 antibody (G-19; Santa Cruz
Biotechnology, Dallas, Texas, USA) at a dilution of
1:1000. Antigen retrieval was performed in a 95 °C
water bath in citrate buffer pH 6.0 for 30 minutes.
Secondary immunohistochemical reactionwas performed
by the avidin-biotin-peroxidase technique (Dako Lsab
Kit; DakoCytomation, Glostrup, Denmark). This was fol-
lowed by chromogen detection with diaminobenzidine.

Immunohistochemical staining evaluation

Stained sections were reviewed by one of the authors
(AB). Bcl-2 and p16 were classified as previously
described.15 AQP1 is constitutionally expressed in
capillary endothelial cells; squamous epithelium of the
oro-hypopharynx is completely negative. Tumours, if
positive, showed a strong membranous reaction in over
30 per cent of the tumour cells (Figures 1a and b).
AQP5 showed a weak, fine vesicular positive reaction
in the cytoplasm of normal epithelial cells within the
stratum spinosum. Tumour tissues without any staining
reaction were classified as negative. Those with a weak-
to-moderate fine vesicular intracytoplasmic staining in
10–30 per cent of the cells were graded as 1+.
Tumour tissues with moderate-to-strong vesicular intra-
cytoplasmic reactions were graded as 2+ (Figure 2 a–c).
For further statistical analysis, grades 1+ and 2+ were
combined and classified as positive.

BCL2 -938C>G and AQP5 -1364A>C genotype
determination

The DNAwas extracted from routinely processed paraf-
fin-embedded tissue samples. Dewaxing and isolation

of genomic DNAwere performed using a commercially
available kit (QIAamp DNA FFPE Tissue Kit; Qiagen,
Hilden, Germany) following the manufacturer’s
instructions. AQP5 and BCL2 genotypes were obtained
by pyrosequencing, as previously described.19–21

Statistics

Kaplan–Meier survival plots and the log-rank test
were used to retrospectively evaluate the relationship
between the expression of AQP5, Bcl-2 and p16, and
outcome (from the time of primary diagnosis until
death). The effects of age, gender, histological
tumour grade, cancer stage (according to the
American Joint Committee on Cancer classification
system), regular alcohol intake, smoking and p16
expression on clinical outcome were analysed using
univariate and backward-stepwise multiple Cox regres-
sion analyses. Hazard ratios and 95 per cent confidence
intervals (CIs) were calculated from the Cox regression
model. Contingency tables and chi-square tests were
used to compare categorical variables. Control for

FIG. 1

Photomicrographs of AQP1 immunohistochemical staining pattern,
showing strong membranous expression in around (a) 30 per cent
and (b) 70 per cent of tumour cells in basaloid-type squamous cell
carcinomas. (Anti-AQP1 immunohistochemical staining reaction;

×40 in part a and ×100 in part b).
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deviation from the Hardy–Weinberg equilibrium
was conducted using a publically available Hardy–
Weinberg equilibrium calculator.22 Differences were
regarded as significant at p< 0.05. All statistical ana-
lyses were conducted using SPSS software, version

17.0 (SPSS, Chicago, Illinois, USA), or GraphPad
Prism software, version 4.0 (GraphPad Software, La
Jolla, California, USA).

Results
Table I shows the clinicopathological characteristics of
the 107 patients in the study cohort. The cohort was
representative compared to published demographic data
in relation to mean age and frequencies of gender,
tumour grade, cancer stage, and alcohol and nicotine
intake.23,24 Immunohistochemistry of AQP1, AQP5
and Bcl-2 could be conducted for the complete cohort.
Analysis of p16 was available for only 105 patients
because of tissue quantity limitations in 2 samples.

AQP1 expression

AQP1 was detected in only 1 of 107 tumours within the
prognostic group (0.9 per cent), but this specimen
showed a very strong staining of more than 70 per cent
of the neoplastic cells. The sample belonged to a 75-
year-old male suffering from a basaloid-type SCC
(International Classification of Diseases for Oncology
code 8083/3) of the vallecula and tongue root
(Figure 1b). The patient had cancer stage 3, with a high
histological malignancy grade (grade 3), 80 per cent
Ki67-positive proliferation fraction, and strong expres-
sion of Bcl-2 and p16, but not AQP5. A polymerase
chain reaction based HPV test showed a negative result.
To investigate whether AQP1 expression is a par-

ticular feature of basaloid-type SCC, we retrieved an
additional seven basaloid-type SCCs from the oro-
hypopharynx (without clinical follow up). A further

FIG. 2

Photomicrographs of AQP5 immunohistochemical staining pattern,
showing: (a) negative control section of a squamous cell carcinoma
(SCC) sample (no staining; ×100), (b) weak-to-moderate fine ves-
icular positivity within the cytoplasm of SCC cells (graded as
1+) (anti-AQP5 antibody; ×200), and (c) moderate-to-strong intra-
cytoplasmic vesicular staining in more than 30 per cent of SCC cells

(graded as 2+) (anti-AQP5 antibody; ×200).

TABLE I

CLINICOPATHOLOGICAL CHARACTERISTICS AT
PRIMARY DIAGNOSIS

Variable Value

Age (mean± SD; years) 58.5± 10.4
Male gender (n (%)) 82 (76.6)
FU durn (median (range); months) 47 (43–124)
Smoking
– Number (%) of smokers 92 (86.0)
– Pack years (median (range)) 40 (10–160)
Alcohol drinkers (n (%)) 77 (72.0)
Primary therapy (n (%))
– Surgery± RT/RCT 36 (33.6)
– Primary RT/RCT± salvage surgery 69 (64.5)
– Others∗ 2 (1.9)
Cancer (AJCC) stage (n (%))
– I–III 25 (23.4)
– IVA 69 (64.5)
– IVB+ IVC 13 (12.1)
Tumour grade (n (%))
– 1 6 (5.6)
– 2 68 (63.6)
– 3 33 (30.8)

Total n= 107. ∗Radiotherapy (or radiochemotherapy) plus
surgery (German-Austrian-Swiss Research Group on
Maxillofacial Tumours (‘DÖSAG’) scheme) or palliative chemo-
therapy. SD= standard deviation; FU durn= follow-up duration;
RT= radiotherapy; RCT= radiochemotherapy; AJCC=
American Joint Committee on Cancer
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two tumours showed AQP1 positivity in at least 30 per
cent of tumour cells. All tumours were strongly positive
for Bcl-2 and had a Ki67-positive proliferation fraction
of over 80 per cent. p16 was positive only in one add-
itional tumour (AQP1-negative). AQP5 was weakly
positive in two tumours, both of which were negative
for AQP1 (Table II). All tumours were HPV-negative
in polymerase chain reaction based tests.

AQP5, Bcl-2 and p16 expression

AQP5 was detected in 27 samples (25.2 per cent), Bcl-2
was positive for 28 probes (26.2 per cent) and p16
showed overexpression in 20 cases (19.0 per cent).
AQP5 expression was significantly associated with the
absence of Bcl-2 and p16 expression (p= 0.010 and
p= 0.018, respectively). Co-expression with Bcl-2 was
detectable in only two cases (1.9 per cent) and co-expres-
sion with p16 was detectable in only one case (0.9 per
cent). However, p16 and Bcl-2 were significantly co-
expressed in this study cohort (p< 0.001) (Table III).

AQP5 and Bcl-2 expression and promoter
polymorphisms

The AQP5 -1364A>C genotype was obtainable for 100
samples (93 per cent) and the BCL2 -938C>A genotype
was obtainable for 104 samples (97 per cent). The AQP5
-1364A>C genotype distribution of samples with posi-
tive AQP5 expression was 15 AA, 10 AC and 0 CC,
with a C allele frequency of 20 per cent; this was not sig-
nificantly different from the distribution of AQP5-

negative samples (44 AA, 27 AC and 4 CC, with a C
allele frequency of 23 per cent; p= 0.492).
Bcl-2 expression was significantly associated with

BCL2 -938C>A genotypes (p= 0.033). Bcl-2 expres-
sion was most frequent in homozygous AA genotype
carriers (positive in 14 samples (43.8 per cent) and

TABLE II

IMMUNOHISTOCHEMICAL PHENOTYPES IN SUBSET OF
EIGHT BASALOID-TYPE SCC SAMPLES

Sample AQP1 AQP5 Bcl-2 p16 Ki67 (%)

1 (Originator) + − + + >80
2 − + + − >80
3 + − + − >80
4 − − + − >80
5 − + + − >80
6 − − + − >80
7 − − + + >80
8 + − + − >80

SCC= squamous cell carcinoma; += positive; −= negative

TABLE III

IMMUNOHISTOCHEMICAL EXPRESSION OF AQP5,
BCL-2 AND P16

Variable 1 Variable 2 p

AQP5 Bcl-2 negative Bcl-2 positive
– Negative 54 (50.5) 26 (24.3)
– Positive 25 (23.3) 2 (1.9) 0.010
AQP5 p16 negative p16 positive
– Negative 59 (56.2) 19 (18.1)
– Positive 26 (24.7) 1 (0.9) 0.018
Bcl-2 p16 negative p16 positive
– Negative 69 (65.7) 9 (8.6)
– Positive 16 (15.2) 11 (10.5) <0.001

Data represent numbers (and percentages)

FIG. 3

Kaplan–Meier survival curves of 107 oro-hypopharyngeal squa-
mous cell carcinoma patients, dependent on (a) AQP5 expression,

(b) Bcl-2 expression and (c) p16 expression.
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negative in 18 samples (56.2 per cent)), intermediate in
heterozygous patients (positive in 10 (20.8 per cent)
and negative in 38 (79.2 per cent)) and rare in homozy-
gous CC genotype carriers (positive in 4 (16.7 per
cent) and negative in 20 (83.3 per cent)).
Genotype distributions were compatible with

Hardy–Weinberg equilibrium, and corresponded to A
allele frequencies of 67.9 per cent in Bcl-2-positive
patients and 48.7 per cent in Bcl-2-negative patients.

Clinical outcome by AQP5, Bcl-2 and p16 expression

Overall survival was analysed in relation to AQP5, Bcl-2
and p16 expression using Kaplan–Meier survival
curves. Overall survival lacked a statistical association
with either AQP5 or Bcl-2 expression (p= 0.393 and
p= 0.397) (Figures 3a and b), but was significantly
related to p16 expression (p= 0.014) (Figure 3c). In
univariate analysis, p16-negative patients had a
higher risk of death than p16-positive patients. The
hazard ratio for p16-negative versus p16-positive
patients in terms of risk of death was 2.61 (95 per
cent CI= 1.19–5.72; p= 0.017) (Table IV). Five-
year survival rates were 69.6 per cent for p16-positive
patients and 41.1 per cent for p16-negative patients.
In multivariable analysis, p16 expression was

revealed to be an independent risk factor for overall sur-
vival in our cohort. Compared to the reference group,
consisting of p16-positive patients, patients without
p16 expression showed a significantly higher risk of
death, with a hazard ratio of 2.75 (95 per cent CI=
1.23–6.17; p= 0.014) (Table IV).

Discussion
Aquaporins play an increasing but not completely
understood role in tumour biology and cancer progres-
sion. In the present study, we investigated the expres-
sion of two emerging aquaporins, AQP1 and AQP5,
in oro-hypopharyngeal carcinoma and explored their
possible co-expression with two other well-known
prognosticators, Bcl-2 and p16, in this type of cancer.

AQP1 was very rarely expressed in our cohort.
Interestingly, the single case of positive AQP1 expres-
sion occurred in a basaloid-type SCC patient. Basaloid-
type SCC is a rare, aggressive, high-grade variant of
SCC, composed of both basaloid and squamous com-
ponents. The suggested precursor is a totipotent primi-
tive cell located in the basal cell layer of the surface
epithelium or in the proximal ducts of minor salivary
glands. As there was only one basaloid-type SCC
case in our follow-up cohort, we analysed seven
additional consecutive basaloid-type SCC samples
from the pathology files. Overall, in eight cases of basa-
loid-type SCC, we were able to identify three (37.5 per
cent) AQP1-positive samples. The restricted expression
of AQP1 only in a subgroup of basaloid-type SCCs and
not in other SCCs in the present study indicates that
AQP1 represents a novel biomarker in an aggressive
subgroup of oro-hypopharyngeal SCCs. Because of
the very low prevalence of basaloid-type SCCs,
larger studies are needed to assess the prognostic
value of AQP1 expression in oro-hypopharyngeal
SCCs. However, the present finding is concordant
with the results of our previous study investigating
breast carcinomas.3 That study showed that AQP1
expression is a novel characteristic feature of a particu-
larly aggressive subgroup of basal-like breast carcin-
omas and represents an independent marker of poor
prognosis in breast cancer.
Bcl-2 and p16 were significantly co-expressed.

This is in line with the previous results of 54 oro-
hypopharyngeal SCC patients and the principle find-
ings in patients suffering from HPV-induced cancer
of the uterine cervix.15,25,26 Recently, p16 has been
found to be a powerful surrogate marker for high-risk
HPV infection, and is a new important outcome param-
eter in oro-hypopharyngeal SCC.17 The findings in the
present cohort support the independent prognostic
value of p16 overexpression. Interestingly, this was
not the case with Bcl-2, although it was significantly
co-expressed. This may be related to the fact that

TABLE IV

FACTORS INFLUENCING RISK OF DEATH, DETERMINED BY UNIVARIATE AND MULTIVARIATE ANALYSES

Variable Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

p16
– Positive 1∗ 1∗
– Negative 2.61 (1.19–5.72) 0.017 2.75 (1.23–6.17) 0.014
Gender
– Female 1∗ 1∗
– Male 2.07 (1.09–4.00) 0.027 2.21 (1.11–4.38) 0.024
Alcohol drinker?
– No 1∗ 1∗
– Yes 1.87 (1.04–3.38) 0.037 0.92 (0.48–1.78) 0.802
Cancer (AJCC) stage
– I–III 1∗ 1∗
– IVA 3.07 (1.44–6.54) 0.004 3.55 (1.54–8.20) 0.003
– IVB+ IVC 5.31 (2.07–13.63) <0.001 5.99 (2.12–16.91) <0.001

∗Reference group. HR= hazard ratio; CI= confidence interval; AJCC=American Joint Committee on Cancer
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Bcl-2 expression is not only linked to p16 expression
but also to genotypes of the regulatory polymorphism
BCL2 -938C>T, which could bias the data. The influ-
ence of p16 polymorphism has not previously been
reported. p16 expression in head and neck SCC
seems to be epigenetically regulated and dependent
on promoter methylation.27

• AQP1 is exclusively expressed in a subgroup
of basaloid-type oro-hypopharyngeal
squamous cell carcinoma (SCC) cases

• AQP5 expression is significantly associated
with the absence of Bcl-2 and p16 expression
in oro-hypopharyngeal SCC

• Bcl-2 and p16 are significantly co-expressed

• Overexpression of p16, but not of Bcl-2 or
AQP5, is linked to better survival

For AQP5, both types of regulatory influence (i.e. pro-
moter polymorphisms and methylation) on expression
have been described.19,28 We investigated the possible
influence of AQP5 promoter polymorphism
1364A>C on AQP5 expression, but AQP5 genotypes
were not associated with immunohistochemical AQP5
expression. AQP5 was not significantly correlated
with patients’ survival either. Of note, AQP5 expres-
sion occurred particularly in Bcl-2-negative and
p16-negative tumours. Therefore, AQP5 may define a
subgroup with poor prognosis within p16-negative
patients, and is therefore a good candidate for further
evaluation both in head and neck cancer and other
cancer entities. This is a significant finding, because,
in contrast to cervical cancer, only a small proportion
(approximately 20 per cent) of oro-hypopharyngeal
SCCs express p16, which is significantly associated
with high-risk HPV infection. Therefore, further inves-
tigation of p16-negative tumours is urgently needed.
Our results suggest that AQP5, which is typically
expressed in p16-negative cases, would be an interest-
ing candidate for such studies.

Conclusion
Although the detailed biological function of AQP1 and
AQP5 and their molecular interactions remain to be
clarified, our findings further support the role of
Bcl-2 and p16 in oro-hypopharyngeal carcinomas,
while also highlighting the potential roles of AQP1
and AQP5 in this type of cancer.
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