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Background: E-cadherin and B-catenin are molecules that mediate cell-cell adhesion in nor-
mal epithelium. Aberrant expression of these adhesion molecules results in the loss of inter-
cellular adhesion, with possible cell transformation and tumour progression. We determined
the role of E-cadherin and B-catenin in the pathogenesis of sinonasal inverted papilloma

Methods: We determined the expression of E-cadherin and B-catenin by immunohisto-
chemistry in paraffin-embedded tissue of 21 subjects with nasal polyps, 56 with IPs, 7 IPs
with dysplasia and 18 IPs with squamous cell carcinoma (SCC). The clinicopathological
variables of the IPs with SCC correlated with the degree of expression of E-cadherin and

Results: The degree of expression of E-cadherin and B-catenin in the cell membrane was
significantly lower in IPs with SCC than in nasal polyps and IPs. The degree of expression
of B-catenin was significantly lower in IPs with SCC with a malignant proportion > 50%
compared to a malignant proportion < 50%. However, there was no significant associa-
tion between the degree of expression of E-cadherin and B-catenin and clinicopathological
variables, such as age, gender, T stage, tumour differentiation, or SCC type (metachronous
vs. synchronous). In addition, there was no significant relationship between recurrence or
survival rate in IPs with SCC and the degree of expression of E-cadherin or B-catenin in the

Conclusion: Decreased expression of E-cadherin and B-catenin in the cell membrane may
be associated with carcinogenesis of IPs and help predict malignant transformation in sino-
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SUMMARY
(IP) and its malignant transformation.
B-catenin.
cell membrane or nuclear B-catenin.
nasal IPs.
genesis
INTRODUCTION

E-cadherin and B-catenin are cell membrane-associated pro-
teins involved in cell-cell adhesion. The E-cadherin-catenin
complex plays a crucial role in epithelial cell-cell adhesion and
in the maintenance of tissue architecture . Loss of expression
or function of the cadherin/catenin complex results in loss
of intercellular adhesion, with possible cell transformation
and tumour progression . In recent years, there have been
many reports suggesting that modulation of this complex by
different mechanisms is an important step in the initiation
and progression of human epithelial cancers “*. The loss of
E-cadherin expression has been shown to promote the transi-

*Received for publication: September 14, 2010; accepted: March 27, 2011

tion of well-differentiated adenomas to invasive B-cell carcino-
mas in a transgenic mouse model ©. Decreased expression of
E-cadherin in lung, prostate, and oesophageal cancers is also
associated with poor clinical prognosis 719,

Inverted papillomas (IPs) are primarily benign epithelial
tumours of the nasal cavities and paranasal sinuses. IPs are
characterized by a tendency to recur, a destructive capac-
ity, and the potential for malignant transformation V. The
incidence of malignant changes in individual series of IPs has
ranged anywhere from 1% - 53% (219, Although many stud-
ies have been performed on IPs, the mechanisms of malignant
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transformation have not been fully described. The predictive
factors for malignant transformation of IPs would benefit
clinicians in managing IPs. However, clinical or pathological
factors do not appear to be sufficient in predicting malignant
associations or transformation of IPs. Moreover, little is
known about the relationship between the mechanism of IP
transformation and the expression of cell adhesion molecules,
such as E-cadherin and B-catenin in this process, although
altered expression of E-cadherin and B-catenin is associated
with carcinogenesis and progression of various human malig-
nancies +19_ In the current study, we compared the difference
in expression of E-cadherin and B-catenin in nasal polyps
(NPs), IPs, IPs with dysplasia, and IPs with squamous cell
carcinoma (SCC), and analyzed the correlation between the
expression of E-cadherin and B-catenin and clinicopathological
parameters of IPs with SCC.

PATIENTS AND METHODS

Patients and surgical specimens

All specimens were harvested from patients treated in the
Otorhinolaryngology Department of Chungnam National
University Hospital between March 1990 and March 2010. All
tissues were fixed in 10% neutral buffered formalin, embedded
in paraffin, and routinely processed for histological examina-
tion. One hundred two paraffin-embedded tissue sections,
including 21 cases with NPs and 56 with IPs, 7 IPs with dyspla-
sia and 18 IPs with SCC, were obtained from the Department
of Pathology. Nasal polyp samples were obtained from
patients with chronic rhinosinusitis to serve as controls. Local
Institutional Review Board approval was obtained for this
study. The average age of patients with NPs (12 males and 9
females) was 41.8 years (range, 10 - 86 years). The average age
of patients with IPs (47 males and 9 females) was 51.3 years
(range, 16 - 80 years). The average age of patients with IPs
with dysplasia (6 males and 1 female) was 58.6 years (range,
32-81 years). The average age of patients with IPs with SCC
(15 males and 3 females) was 59.3 years (range, 42 - 86 years).
Of the patients with IPs with SCC, 4, 3, 8, and 3 patients were
T1, T2, T3, and T4, respectively; 3 and 15 patients had well
differentiated and moderately differentiated tumours, while no
patients had poorly differentiated tumours. When the percent-
age of the malignant area within the entire tumour was esti-
mated on representative tissue section slides, 11 patients had
tumours with a malignant proportion > 50% and 7 patients
had tumours with a malignant proportion < 50%.

Immunohistochemistry

All immunohistochemical staining was carried out on forma-
lin-fixed, paraffin-embedded tissue. Sequential tissue sections
were cut using a microtome, and set at a thickness of 3 um.
The tissue sections on the micro-slides were deparaffinized with
xylene, hydrated in serial dilutions of alcohol, then retrieval of
antigen was conducted using EnVision target retrieval high
pH solution in a Dako PTLink machine (Dako, Glostrup,
Denmark) for 30 minutes at 97°C. Subsequent procedures
were conducted at room temperature. Endogenous activities
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of peroxidase were suppressed by 3% H,O, in methanol for 10
minutes, and 20 minutes of serum-free protein block solution
(Dako, Carpenteria, CA, USA) treatment eliminated back-
ground staining. The sections were then incubated with prima-
ry antibodies for 30 minutes. A mouse monoclonal antibody
against human E-cadherin (1:100; Novocastra, Newcastle,
UK) and a mouse monoclonal antibody against human - cat-
enin (1:200; BD Biosciences, NJ, USA) were used. After wash-
ing slides with TBS, further incubation was performed with
EnVision anti-mouse (Dako) polymer for 30 minutes. After
rinsing, the chromogen was developed for 5 minutes. The slides
were counterstained with Mayer’s hematoxylin, dehydrated,
and mounted with Canada balsam.

Evaluation of immunohistochemical staining

The internal positive controls for E-cadherin and B-catenin
consisted of epithelial cells in the NPs. Only membranous
staining by E-cadherin and B-catenin (of any intensity) was
evaluated for statistical analysis. The percentage of immuno-
reactive cells was estimated in 10 random 400(x) microscopic
fields. The tissue sections were categorized as 3+, 2+, 1+, 0,
when over 75%, 50 - 75%, 10 - 50%, and < 10% of the epithe-
lial or tumour cells were positive for immunostaining, respec-
tively. The degree of expression was considered to exhibit ‘high
expression (3+ and 2+)” if greater than 50% of the epithelial
or tumour cells were positive and ‘low expression (1+ and 0)’
if less than 50% of the tumour cells were positive for mem-
branous staining, as described previously ©. For reaching a
more precise judgment of positive expression, two pathologists
blinded to the stage and patient profiles reviewed the immuno-
histochemically-stained sections.

Statistical analysis

SPSS version 14.0 software (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. The significance of E-cadherin
and B-catenin immunoreactivity in the two groups or with dif-
ferent variables was determined using Fisher’s exact test and
Spearman correlation coefficient. Survival rates were calculat-
ed by Kaplan-Meier and log-rank tests. A p-value < 0.05 was
considered statistically significant.

RESULTS

E-cadherin expression

E-cadherin immunoreactivity in all 21 NPs and in the majority
of IPs was shown to have a membranous pattern (Figure 1). All
NPs were 3+; low expression was noted in 7 IPs (1+), and high
expression in 49 cases (2+, 7; and 3+, 42). In the 7 IPs with dys-
plasia, low expression was observed in 3 (1+) and high expres-
sion in 4 (2+). In the 18 IPs with SCC, low expression was
observed in 14 (0, 7; 1+, 7), and high expression in 4 (2+). The
percentage of tumours with positive E-cadherin staining was
significantly lower in IPs with dysplasia and IPs with SCC than
in NPs (p < 0.05; Table 1); however, there was no significant
difference between IPs and NPs (p = 0.180). When compared
with IPs, the percentage of tumours with positive E-cadherin
staining was significantly lower in IPs with SCC than IPs (p <
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Table 1. E-cadherin immunoreactivity of the cell membrane in nasal polyps, inverted papillomas, inverted papillomas with dysplasia, and inverted papillomas

with squamous cell carcinoma.

E-cadherin expression

Low High
Group pl-value p2-value
0 1+ 2+ 3+
NP (n =21) 21
IP (n = 56) 7 7 42 0.180
IP with dysplasia 3 4 0.011* 0.073
(n=7)
IP with SCC (n = 18) 7 7 4 0.000* 0.000*

NP, nasal polyp; IP, inverted papilloma; SCC, squamous cell carcinoma. pl-value: compared with nasal polyp group, p2-value: compared with

inverted papilloma group. *p < 0.05 between the two categories for a given variable.

0.001). In IPs with dysplasia, the degree of E-cadherin expres-
sion was lower compared with IPs, but there was no statistically
significant difference (p = 0.073; Table 1).

Beta-catenin expression

Beta-catenin immunoreactivity in all 21 NPs and the major-
ity of IPs also exhibited a membranous pattern (Figure 2).
In a manner similar to E-cadherin staining, the membranous
expression of B-catenin was graded as high or low. All NPs
were 3+. In the 56 patients with IPs, low expression was noted
in 1 (1+), and high expression in 55 (2+, 3; 3+, 52). In the 7
patients with IPs with dysplasia, low expression was observed
in 2 (1+), and high expression in 5 (2+). In the 18 patients with
IPs with SCC, low expression was observed in 10 (0, 3; 1+,
7), and high expression in 8 (2+). Of the 18 patients with IPs
with SCC, 12 had nuclear B-catenin staining (Figure 3). The
percentage of tumours with positive B-catenin staining was
significantly lower in IPs with SCC than in NPs (p < 0.001;
Table 2); however, there was no significant difference between
IPs and NPs (p = 1.000). In the IPs with dysplasia, the degree
of membranous B-catenin expression was lower compared to
NPs, but there was no statistically significant difference (p =
0.056). When compared with IPs, the percentage of tumours
with positive B-catenin staining was significantly lower in IPs
with dysplasia and IPs with SCC than IPs (p < 0.05; Table 2).

Correlation of E-cadherin and B-catenin expression with clinico-
pathologic parameters in inverted papillomas with squamous cell
carcinoma

Nine of 10 tumours with low expression of B-catenin had a
malignant proportion > 50%, while only 1 of 8 tumours with
high expression of B-catenin had a malignant proportion
< 50%. This showed statistically significant difference (p =
0.003; Table 3). However, there was no relationship between
the degree of expression of B-catenin and age, gender, tumour
stage, tumour differentiation, or SCC type (metachronous vs.
synchronous). No significant association existed between the

degree of expression of E-cadherin and the clinicopathological
variables (Table 3).

Relationship between the expression of E-cadherin and B-catenin
and recurrence or survival in patients with inverted papillomas
with squamous cell carcinoma

In patients with IPs with SCC, the follow-up period ranged
from 2 - 212 months, with a mean of 74.6 months. During
the follow-up, 2 patients (22.2%) presented with recurrences
and/or metastases. These 2 patients died of disease at 2 and 5
months after primary surgery. The remaining 16 patients were
alive without disease. Therefore, the locoregional control rate
and disease-specific 5-year survival rate for all 18 patients with
IPs with SCC were 88.9% and 88.5%, respectively. Regarding
the relationship between the recurrence or disease-specific
survival rates and clinicopathological variables, there were
no statistically significant differences in age, gender, tumour
stage, tumour differentiation, the degree of malignant propor-
tion, and the degree of expression of E-cadherin or B-catenin in
the cell membrane and nuclear B-catenin (data not shown).

DISCUSSION

Inverted papillomas are of epithelial origin and character-
ized by a hyperplastic epithelium with an endophytic type of
growth, while the basement membrane is intact and morpho-
logically normal 17, Inverted papillomas have the potential
for malignant transformation. Initially, the nasal columnar
(respiratory) epithelium changes into transitional (cuboidal)
epithelium, followed by squamous metaplasia. Once epithelial
dysplasia is established, carcinoma in situ and invasive SCC
may follow ¥, Although many studies have been performed
on IPs, the factors and mechanisms responsible for malignant
transformation are not fully understood.

An intact E-cadherin-catenin complex is required for mainte-
nance of normal intercellular adhesion. E-cadherin, localized
to the zonula adherens, complexed with - and y-catenin. Beta-
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Table 2. B-catenin immunoreactivity of the cell membrane in nasal polyps, inverted papillomas, inverted papillomas with dysplasia, and inverted papil-

lomas with squamous cell carcinoma.

B-catenin expression

Low High
Group pl-value p2-value
0 1+ 2+ 3+
NP (n=21) 21
IP (n = 56) 1 3 52 1.000
IP with dysplasia (n = 7) 2 5 0.056 0.030*
IP with SCC (n = 18) 3 7 8 0.000* 0.000*

NP, nasal polyp; IP, inverted papilloma; SCC, squamous cell carcinoma. pl-value: compared with nasal polyp group, p2-value: compared with

inverted papilloma group. *p < 0.05 between the two categories for a given variable.

Table 3. Correlation of E-cadherin and f-catenin expression with clinicopathological parameters in inverted papillomas with squamous cell carcinoma (n = 18).

Variable E- cadherin expression B-catenin expression
Low High p-value Low High p-value
(n=14) (n=4) (n=10) n=29)

Age 1.000 0.321
255 (n=12) 9 3 8 4
<55(n=06) 5 1 2 4

Gender 1.000 0.069
Male (n = 15) 11 4 10 5
Female (n = 3) 3 0 0 3

T stage 1.000 0.630
T1-2(n=7) 6 1 3 4
T3-4(n=11) 8 3 7 4

Histologic grade 1.000 1.000
Well (n = 3) 3 0 2 1
Moderate (n = 15) 11 4 8

Malignant proportion 0.588 0.003*
> 50% (n = 10) 7 3 9 1
<50% (n = 8) 7 1 1

Carcinoma type 0.569 1.000
Synchronous (n=12) 10 2 7 5
Metachronous (n=6) 4 2 3 3

*p < 0.05 between the two categories for a given variable.

and y-catenin in turn bind to a-catenin, which attaches to actin
filaments in the cell cytoskeleton ©. This linkage between trans-
membranous cadherins and actin filaments of the cytoskeleton
is necessary to form strong cell-cell adhesion. E-cadherin is
thought to function as a tumour suppressor because it sup-
presses invasion and metastasis ®. Although, B-catenin is
important in cell adhesion, it is also a molecule that regulates
signal transduction. Beta-catenin interacts with the adenoma-
tous polyposis coli (APC) protein in the cytoplasm. The APC
protein regulates the level of free B-catenin in the cell. Beta-
catenin has the ability to enter the nucleus from the cytoplasm
and interact with transcription factors that are involved in

inhibiting apoptosis and promoting cellular proliferation and
migration, and include the c-myc oncogene and one of the cell
cycle regulators (cyclin D1) ©. This protein complex has been
implicated in carcinogenesis because its expression is frequently
lost in human epithelial cancers -9, Recently, immunohis-
tochemical studies in human cancers have frequently shown
that a proportion of invasive carcinoma and carcinoma in situ
show aberrant levels of E-cadherin and/or catenin expression
in comparison to their related normal tissue 19, Perl et al. ©
also demonstrated that the loss of E-cadherin mediated cell-cell
adhesion is causally involved in the transition from adenoma to
invasive carcinoma. Many reports have shown that a change in
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Figure 1. Expression of E-cadherin in nasal polyps (A), inverted
papillomas (B), inverted papillomas with dysplasia (C), and inverted
papillomas with squamous cell carcinoma (D). (A) Strong and diffuse
staining was found in nasal polyps (grade 3). (B) Abundant expression
was identified in hyperplastic epithelium of inverted papillomas (grade
2). (C) Slightly staining area was shown in inverted papillomas with
dysplasia (grade 1). (D) Scattered staining was shown in malignant
transformation areas of inverted papillomas with squamous cell carci-
noma (grade 0) (original magnification, x 200).

Figure 2. Immunohistochemical stain for B-catenin. (A) Intensive
staining of entire epithelial layer was found in nasal polyps (grade 3).
(B) Moderate-to-high stained epithelium was identified in inverted
papillomas (grade 2). (C) Slightly staining area was shown in inverted
papillomas with dysplasia (grade 1). (D) A little staining area was
found in the epithelial region of inverted papillomas with squamous
cell carcinoma (grade 0) (original magnification, X 200).

Figure 3. Nuclear B-catenin staining in inverted papillomas with squa-

mous cell carcinoma (original magnification, X 400).

E-cadherin expression may be an important step in the develop-
ment and progression of a malignant tumour, such as diffuse
gastric cancer, colorectal cancer, squamous cell carcinoma of
the skin, and lobular breast cancer "°??. However, there have
been no studies assessing the role of E-cadherin and B-catenin
in malignant transformation of sinonasal IPs. Therefore, we
compared the degree of expression of E-cadherin and B-catenin
in NPs, IPs, IPs with dysplasia, and IPs with SCC to identify
the role in malignant transformation of IPs.

In the current study, the degree of expression of E-cadherin
and B-catenin in the cell membrane was significantly lower in

IPs with SCC than that in NPs and IPs. In cases of IPs with
dysplasia, namely the pre-cancerous lesions of IPs, the degree
of expression of E-cadherin and B-catenin appeared to be lower
compared with NPs and IPs. Nuclear B-catenin expression was
positive in 66.7% of IPs with SCC (12 of 18) in our study. The
aberrant localization of B-catenin in the cell nucleus has been
demonstrated in many malignant tumours 2%, The actions of
B-catenin in signaling pathways, in which the most investigated
pathway associated with catenins in humans is the so-called
Whnt signaling pathway, have only been partially clarified ©.
Without Wnt signaling, B-catenin is readily phosphorylated
and eventually degraded . The activation of the Wnt signal-
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ing pathway may block the turnover of uncomplexed B-catenin,
resulting in increased cytoplasmic accumulation. Beta-catenin
may then associate with translocation to the nucleus, and alter
the transcription of target genes 9. Mutations of B-catenin
and/or APC have been reported in the colon 9, anaplastic
thyroid @, hepatocellular cancer ®Y, as well as in malignant
melanoma ®. In many reports, these mutations have been
shown to be accompanied by nuclear localization of B-catenin
(12325 suggesting that similar mechanisms might be responsible
for nuclear B-catenin expression of IPs with SCC detected in
the current study. Thus, the E-cadherin-catenin complex may
play an important role in the development of malignant trans-
formation in IPs. Moreover, these biologic markers, reflecting
malignant transformation of IPs, may be of great help to the
clinician in the management of IPs.

In general, E-cadherin and catenin staining is strong in well
differentiated cancers that maintain cell adhesiveness and are
less invasive, but is reduced in poorly differentiated tumours,
which have lost cell-cell adhesion and show strong invasive
behaviour. There are many reports that show E-cadherin is
associated with tumour cell differentiation and invasiveness in
head and neck and oesophageal cancers @7 2®. Therefore, we
also determined the correlation of E-cadherin and b-catenin
expression with clinicopathological parameters in IPs with
SCC. In the current study, the degree of B-catenin expres-
sion was significantly lower in patients with IPs with SCC
with a malignant proportion > 50% compared to patients
with a malignant proportion < 50%. However, there was no
significant association between the degree of expression of
E-cadherin and B-catenin and clinicopathological variables,
such as age, gender, T stage, tumour differentiation, and SCC
type (metachronous vs. synchronous). Kutrz et al. @ reported
that decreased E-cadherin, but not B-catenin expression, was
associated with vascular invasion and decreased survival in
head and neck SCC. Pukkila et al. ¢ showed that nuclear
B-catenin expression independently predicted short overall
survival in oropharyngeal and hypopharyngeal SCC. In the
current study, there were no statistically significant relation-
ships between recurrence or the survival rate in patients with
IPs with SCC and the degree of expression of E-cadherin or
B-catenin in the cell membrane and nuclear B-catenin. These
results may be attributed to the small number of patients with
IPs with SCC, which has a better prognosis than invasive SCC
of the head and neck.

CONCLUSION

We demonstrated that the degree of expression of E-cadherin
and B-catenin in IPs with SCC was significantly lower than
NPs and IPs. This is the first study to determine the expression
of E-cadherin and B-catenin in NPs, IPs, and IPs with SCC.
Decreased expression of E-cadherin and B-catenin in the cell
membrane may be associated with carcinogenesis of IP and
help predict malignant transformation in sinonasal IP. Further
studies will be necessary to reveal the exact role of E-cadherin
and B-catenin in the malignant transformation of IP.
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The international advanced course in functional and aesthetic rhinosurgery is a continuation of the basic course.
Knowledge about the dynamic pillar function of the septum and its correction by septoplasty is assumed.

The main topics will focus on any kinds of disturbances of form and function like the tension nose, the deviated nose, the
saddle nose and cleft lip noses. We will also have lectures on detailed structural problems such as the nasal valve and
tip deformities. Most items will be highlighted during live surgery, and again we will offer a “hands-on-dissection” course.

Within the Facial Plastic-Reconstructive Course we focus on typical defects after tumor-resection. We will demonstrate
the reconstruction with safe and reliable surgical techniques.

Course fees include food and beverage, course dinner and instruments needed for anatomical dissections.

Information and Registration
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ENT-Department, University of Ulm Fax: 0049 731 500 59509
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