
Abstract. Laryngeal carcinoma is a malignancy of the
respiratory tract with a significantly higher male to female
ratio, suggesting involvement of gender-depended factors
in the pathogenesis. Estrogen influences the pathological
processes of hormone-dependent cancers, such as breast,
prostate and ovarian cancers, through its receptors, estrogen
receptor-· (ER-·) and -ß (ER-ß). While ER-· promotes cell
proliferation, recent studies indicate that ER-ß is protective
against carcinoma progression into an invasive state. How-
ever, it is unclear whether ER-ß plays a role in laryngeal
cancer. In the present study we examined the expression of
ER-ß in 80 invasive human squamous laryngeal carcinomas
by immunohistochemistry and correlated ER-ß expression
with markers of epithelial-mesenchymal transition (EMT).
ER-ß was expressed in 83% of tumour specimens where it
was localized in the nuclei of tumour cells. The expression of
ER-ß correlated positively with the maintenance of E-
cadherin and ß-catenin at cell junctions and negatively with
the loss of E-cadherin, nuclear translocation of ß-catenin and
increased TNM stage. We concluded that estrogen receptor-ß
expression is documented in laryngeal cancer indicating a
possible role in the pathogenesis of this malignancy. It is
suggested that ER-ß could protect tumour cells from
acquiring aggressive EMT features such as E-cadherin
downregulation and nuclear ß-catenin activation.

Introduction

Laryngeal carcinoma represents the second most frequent
malignancy of the respiratory apparatus, secondary to
pulmonary carcinoma with a 7:1 male to female ratio (1). It
is interesting that the difference in susceptibility to laryngeal
cancer based on gender has remained unchanged through
the years in spite of the increasing tobacco and alcohol con-
sumption among women (2), suggesting the involvement of
gender-dependent factors in the pathogenesis. Sex hormones
like estrogens play significant roles in the pathogenesis of
several malignancies including mammary carcinomas (3).
The larynx represents another site in the body, which is
influenced by sex hormones during puberty (4), suggesting
that these hormones could also be involved in the patho-
genesis of laryngeal cancer.

Estrogens are steroids functioning through nuclear
receptors, which act as ligand dependent transcription factors
(5,6). Prior to ligand binding, the estrogen receptors (ER) are
kept inactive in the cytoplasm through association with heat
shock proteins precluding them from DNA binding. Ligand
binding releases the inhibitory heat shock proteins, and the
receptor rapidly translocates to the nucleus, where it binds
DNA as a homodimer on estrogen responsive elements within
the regulatory regions of target genes that are implicated in
the regulation of the cell cycle, cell adhesion and differen-
tiation (7-9).

Estrogen plays a paradoxical role in human cancer as a
promoter of carcinoma progression in some cases and an
inhibitor of cancer cell invasion in others (6,10,11). This may
be explained by recent findings indicating that the estrogen
receptors (ER), ER-· and ER-ß, have opposite effects in
the pathogenesis of cancer (7,8). Functional studies have
indicated that in breast and gynaecological cancer cells,
activation of ER-· is associated with tumour cell proliferation
and growth (12). In contrast, expression of ER-ß promotes
apoptosis, suppresses malignant transformation and inhibits
tumour cell growth (13). Thus, ER-· acts as a tumour
promoter and ER-ß as a tumour suppressor. This concept is
in agreement with clinical evaluations showing that ER-ß
expression in breast, ovarian and colon tumours is associated
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with better prognosis (14-16). The role of ER-ß in laryngeal
cancer is unknown.

The epithelial-mesenchymal transition (EMT) is an
essential process for normal development and is implicated
in carcinoma progression into an invasive state (17). EMT
can be induced by cytokines, such as Wnt and TGF-ß (18)
and is characterized by loss of E-cadherin at cell junctions,
nuclear translocation of ß-catenin and transcription factors
like SNAIL1 and SMADs (19), increased expression of
vimentin and other mesenchymal markers (20), cellular
elongation and enhanced migratory capacity (17). Down-
regulation of E-cadherin and nuclear activation of ß-catenin
represent key molecular events in the progression of several
human malignancies (21,22), including laryngeal cancer
(23,24). ER-· is implicated in the loss of E-cadherin in
tumour cells while ER-ß inhibits downregulation of E-cadherin
induced by ER-· (25).

Based on the dominant male-female incidence ratio of
laryngeal carcinoma, the fact that larynx is a target organ for
estrogen and the protective role of ER-ß in breast and ovarian
cancer, we hypothesized that ER-ß signalling could play a
protective role in laryngeal carcinomas. The expression of
ER-ß was studied by immunohistochemistry in a series of
80 invasive human laryngeal squamous cell carcinomas and
correlated with the invasive properties of the tumours, as
measured by the expression and localization of EMT markers
and TNM stage classification.

Materials and methods

Tissue specimens. The study was performed in accordance
with the institutional ethical guidelines and has been approved
by the Committee on Research and Ethics and the Scientific
Committee of the University Hospital of Patras, Greece.
Formalin-fixed, paraffin-embedded tissue samples from 80
primary human invasive squamous laryngeal carcinomas
were obtained from the Department of Pathology, Agios
Andreas General Hospital, Patras, Greece. Adjacent non-
neoplastic laryngeal tissue was used as control. Our material
was randomly selected from 80 patients (2 women and 78
men). Ages ranged from 40 to 86 years, with an average age
of 60 years. The WHO classification (26) of tumours was
used to determine the histological grade: 20/80 tumours
(25%) were classified as grade I, 31/80 (37.3%) as grade II and
29/80 (36.2%) as grade III. Twenty-eight out of 80 (35%)
tumours were stage I, 20/80 (25%) stage II, 13/80 (15.7%)
stage III and 19/80 (22.9%) stage IV A according to TNM
staging.

Immunohistochemistry. Representative 4-μm tissue sections
were dewaxed in xylene and rehydrated in graded ethanols.
Antigen retrieval was enhanced by microwaving the slides
in 0.01 M citrate buffer (pH 6.0). Endogenous peroxidase
activity was quenched by treatment with 1% hydrogen
peroxide for 25 min, followed by incubation with protein
blocking solution. Sections were subsequently incubated
with anti-ER-ß (rabbit polyclonal, Biogenex, prediluted),
for 1 h in room temperature and mouse anti-ß-catenin (BD
Biosciences, CA, USA, dilution 1:2000), mouse anti-E-
cadherin (BD Biosciences, dilution 1:2000) and vimentin

(Novocastra, UK, dilution 1:120) overnight at 4˚C. Bound
primary antibody was detected using the biotin-streptavidin-
peroxidase method (Envision Detection Kit, Dako, Hamburg,
Germany) and visualized using diaminobenzidine as the
chromogen. Slides were counterstained with haematoxylin,
dehydrated and mounted. For negative controls, blocking
solution was added instead of the primary antibody. As
positive controls, human prostate carcinoma tissue was used.

Immunohistochemical evaluation. All slides were assessed by
one pathologist (H.P.) and one investigator (A.G.) indepen-
dently and blinded to the case. For the nuclear expression of
ER-ß both intensity of staining and percentage of positive
cells were taken into account and the following scoring
system was used: 0, no staining or weak staining in <10% of
tumour cells; 1, weak staining in 10-40% of tumour cells or
moderate staining in <40% of tumour cells; 2, weak staining
in >70% of cells, moderate staining in 40-70% of tumour
cells or strong staining in 10-40% of tumour cells; and 3,
moderate staining in >70% or strong staining in >40% of
tumour cells. Cases with score 0 were considered negative
and cases with scores 1, 2 or 3 were considered positive.
Cytoplasmic staining of ß-catenin as well as membranous
staining of ß-catenin was homogeneously distributed among
tumour cells and it was scored based on the intensity of
staining as follows; score 0, negative staining; 1, weak
staining; 2, moderate staining; and 3, strong staining. In all
cases negative staining corresponds to complete absence of
staining, strong corresponds to staining that can be easily
recognized with light microscope at magnification (x4),
weak corresponds to staining that can be recognized only
at magnification (x20) and moderate is the staining with
intensity values intermediate of weak and strong. Nuclear
expression of ß-catenin, cytoplasmic expression of vimentin
and membranous expression of E-cadherin showed no signi-
ficant variations in intensity of staining and the following
scoring system was applied based on the percentage of positive
cells: score 0, staining in <10% of tumour cells; 1, staining
in 10-40% of tumour cells; score 2, staining in 40-70% of
tumour cells; and score 3, staining in >70% of tumour cells.
Cases with score 0 were considered negative and cases with
scores 1, 2 or 3 were considered positive. In case of cyto-
plasmic ß-catenin increased cytoplasmic expression was
defined as score >1 since in adjacent non-neoplastic laryngeal
mucosa expression of cytoplasmic ß-catenin had a score 1. In
case of membranous ß-catenin and membranous E-cadherin
decreased membranous expression was defined as score <3
since adjacent non-neoplastic laryngeal mucosa had a score
3 for membranous localization of both proteins.

Statistical analysis. Statistical analysis was performed with
the SPSS for Windows, release 15.0 (SPSS Inc., Chicago,
IL, USA). Correlations of protein expression levels with
clinicopathological parameters were analyzed with the non-
parametric Kruskal-Wallis or Mann-Whitney tests for ordinal
data and ¯2 test for nominal data. Correlations between
expression of proteins (immunohistochemical scores) were
evaluated by the Spearman rank-order correlation coefficient.
Parametric tests were performed with correction for ties. The
significance level was defined as p<0.05.
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Results

Expression of E-cadherin, ß-catenin and vimentin in laryn-
geal carcinoma. Expression of E-cadherin was evaluated
in 80 laryngeal carcinomas and adjacent normal tissue.
Normal epithelial cells of adjacent non-neoplastic tissue
showed continuous membranous staining (score 3). Reduced
expression of E-cadherin (score <3) was detected in 59
of 80 tumours (73.8%) examined. Cytoplasmic expression
of E-cadherin was detected in 15% of the cases. Immuno-
histochemical analysis of ß-catenin protein expression in 80
laryngeal carcinomas revealed nuclear localization (score
>0), cytoplasmic pooling (score >1) or diminished membrane
expression (score <3) of ß-catenin in 41.2, 76.2 and 77.5%,
of cases, respectively. Adjacent normal mucosa showed
strong membranous (score 3) or weak cytoplasmic (score 1)
ß-catenin localization. Finally, expression of vimentin was

evaluated in 80 laryngeal carcinomas and adjacent non-
neoplastic tissue. Normal epithelial cells of adjacent non-
neoplastic tissue showed negative staining for vimentin.
Expression of vimentin was detected in 35 of 80 tumours
(45.8%) examined and vimentin immunoreactivity was
confined to the cytoplasm of cancer cells. In 22.9% of cases
vimentin expression was weak while moderate and strong
immunostaining was found in 14.5 and 4.8% of tumours,
respectively (Fig. 1).

Estrogen receptor-ß is overexpressed in laryngeal
carcinomas. Expression of ER-ß was evaluated in 80
laryngeal carcinomas and adjacent non-neoplastic laryngeal
tissue. Normal epithelial cells of adjacent non-neoplastic
tissue showed negative staining for ER-ß. Expression of
ER-ß was detected in 67 of 80 tumours (83.8%) examined
and ER-ß immunoreactivity was confined to the nucleus of
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Figure 1. Adjacent non-neoplastic laryngeal mucosa: membranous staining of E-cadherin (A) (x200), ß-catenin (C) (x400) and negative immunostaining for
vimentin in the epithelial component (E) (x200). Laryngeal squamous carcinoma: loss of membranous E-cadherin (B) (x200), cytoplasmic and nuclear staining
for ß-catenin (D), cytoplasmic staining for vimentin (F) (x400).
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cancer cells (Fig. 2). A few tumours showed weak cyto-
plasmic staining of ER-ß. In 15% of cases ER-ß expression
was weak while moderate and strong immunostaining was
found in 27.5 and 41.2% of tumours, respectively. Statistical
analysis showed a reverse correlation between ER-ß expression
and TNM stage (p=0.021) (Table I).

Expression of estrogen receptor-ß correlates positively with
the maintenance of E-cadherin and ß-catenin in the
membrane and negatively with activation of ß-catenin. In the
80 cases of laryngeal carcinomas examined in the present
study, expression of ER-ß was correlated significantly with
membranous ß-catenin staining (r=0.299, p=0.007) while
nuclear accumulation of ß-catenin was negatively correlated
with ER-ß expression (r=-0.328, p=0.003). Moreover, there
was a positive correlation between the expression of ER-ß

and the expression of E-cadherin in cell membrane (r=0.312,
p=0.005) and finally no correlation was reported between
ER-ß and vimentin expression.

Discussion

Laryngeal cancer is a malignancy of male prevalence, a fact
reflected in our study where female patients accounted for
just 2.5%. This suggests the involvement of gender-related
factors, such as hormone receptor signalling, in the patho-
genesis of laryngeal carcinoma. Estrogen receptors function
as transcription factors and play a role in the progression of
several human malignancies. Although the expression of
steroid receptors was controversial in laryngeal carcinoma
(27), our results confirmed recent data showing ER-ß
expression in laryngeal cancer (28).
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Table I. Estrogen receptor-ß expression in laryngeal carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Nuclear estrogen receptor-ßa

––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0 1 2 3

––––––– –––––– ––––––– –––––––
N n (%) n (%) n (%) n (%) P-valueb

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Carcinomas
Total 80 13 (16.2) 12 (15) 22 (27.5) 33 (41.2)

Grade 0.142
I 20 3 (15) 2 (10) 5 (25) 10 (50)
II 31 3 (9.7) 5 (16.1) 8 (25.8) 15 (48.4)
III 29 7 (24.1) 5 (17.2) 9 (31) 8 (27.6)

TNM stage 0.021
I 28 1 (3.6) 3 (10.7) 7 (25) 17 (60.7)
II 20 5 (25) 2 (10) 8 (40) 5 (25)
III 13 2 (15.4) 3 (23.1) 2 (15.4) 6 (46.1)
IV 19 5 (26.3) 4 (21.1) 5 (26.3) 5 (26.3)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Correlation with clinicopathological parameters. aER-ß expression was scored as described in Materials and methods. bKruskal-Wallis
or Mann-Whitney test; p<0.05 was considered statistically significant.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Non-neoplastic laryngeal tissue without ER-ß expression (x200) (A). Nuclear expression of ER-ß in laryngeal carcinoma (x400) (B).
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The results from our study showed that the expression of
ER-ß correlated positively with the expression of ß-catenin
in the cell membrane (r=0.299, p=0.007) and negatively
with the translocation of ß-catenin to the nucleus (r=-0.328,
p=0.003). Together with previous studies showing that ERs
can act as co-factors for ß-catenin/LEF transcription factors
(29) and regulate the expression of factors related to the Wnt
pathway (30), this implies crosstalk between ER signalling
and the Wnt/ß-catenin pathway.

Furthermore, our results showed a significant correlation
between the expression of ER-ß and the maintenance of
E-cadherin at the plasma membrane in tumour cells (r=0.312,
p=0.005), similarly to that shown in ovarian carcinoma (31).
Loss of E-cadherin is a characteristic feature in many forms of
human cancer and correlates with tumour cell invasion and
activation of EMT markers. This indicates that ER-ß
signalling might protect against the induction of EMT
during malignant progression into an invasive state. In
support of this, the expression of ER-ß significantly corre-
lated with tumours of early TNM stage (p=0.021) indicating
that ER-ß might be used as a prognostic marker in laryngeal
carcinoma. However, it remains to be studied whether ER-ß
expression also correlates with increased survival. ER-ß may
be implicated in the molecular mechanisms that preserve
E-cadherin and ß-catenin in the membrane, avoiding at the
same time ß-catenin activation in the nucleus, which initiates
a plethora of molecular phenomena related to the enhan-
cement of tumour cell aggressiveness (22). In line with this,
recent studies indicate that an ER-ß agonist upregulates
E-cadherin and attenuates ß-catenin signalling in mammary
epithelial cells (32). A possible favourable prognosis of ER-ß,
similar to breast cancer (14) and ovarian carcinoma (15), due
to a yet unknown protective action of these receptors in
laryngeal carcinoma, have been reported.

The expression of ER-ß did not significantly correlate with
vimentin expression. This may imply that the possible role of
ER-ß during EMT may be more related to the preservation of
epithelial character than to preventing mesenchymal chara-
cteristics, a fact also reflected by the lack of literature showing
correlation between ER-ß and mesenchymal markers.

In conclusion, we documented estrogen receptor-ß‚
expression in laryngeal cancer suggesting a possible role in
the pathogenesis of this malignancy. The expression of ER-ß
correlated with early stage tumours suggesting that ER-ß
could protect tumour cells from acquiring aggressive features
such as E-cadherin downregulation and nuclear ß-catenin
activation. In agreement with these results, ER-ß agonists,
phytoestrogens, have been found to act as chemopreventive
agents in various carcinomas (33,34).
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