
Abstract. Approximately 310,000 new cases of oral and
pharynx cancer account for a major cause of neoplasm
related morbidity and mortality world-wide. Unfortunately,
the survival rate has not improved significantly in the last
decade. The vast majority of head and neck cancer is squamous
cell carcinoma. The major adhesion-proteins involved in the
development and maintenance of all solid tissue are the
Cadherins. Cadherins are the transmembrane components of
the adherent junction with interaction with plakoglobin and
ß-catenin. Downregulation of Cadherins and catenins is
frequently observed in many types of human cancer. Sulindac
sulfone is one of the new therapeutic apoptotic agents that
show promise in the treatment of cancer. In this study, we
incubated sulindac sulfone with a head and neck cancer cell
line and investigated the outcome of E-Cadherin. Immuno-
histochemical and Western blot analyses were then performed,
with different concentrations of sulindac sulfone (100, 200,
400, 600, and 800 μMol) for 48 h. At 400 μMol of sulindac
sulfone a decrease of 21% was observed; at 600 μMol, 44%
decrease of ß-catenin concentration was seen, and incubation
with 800 μMol resulted in 73% reduction of secreted ß-catenin.
Incubation with sulindac sulfone seemed to stop proliferation;
however, with respect to the controls, there was no increased
reduction of the total protein. Sulindac sulfone resulted in an
increase of E-Cadherin content in the head and neck squamous
cell cancer cell line after 48 h of incubation; however, the
reactivity was restricted to the adherent junctions. At increasing
concentrations of sulindac sulfone, intercellular E-Cadherin
immunostaining intensifyied. ELISA also depicted significant
rising levels of E-Cadherin. Sulindac sulfone contributes to the
inactivation of cGMP phospho-diesterase. Thus, the accum-
ulation of cellular cGMP and protein kinase G is induced. The

following degradation of the phosphorylated ß-catenin and
the dissociation from the Cadherin-catenin complex releases
E-Cadherin. This may also contribute to growth inhibition
and co-ordinate with apoptosis induction. It is not really clear
as to, which pathway results in the elevation of the E-Cadherin
proteins. However, in epithelial cancer cells, the Cadherin-
catenin complex serves as a target for the chemopreventive
agent, sulindac sulfone.

Introduction

Head and neck squamous cell cancer (HNSCC). Approx-
imately 310,000 new cases of oral and pharynx cancer account
for a major cause of neoplasm related morbidity and mortality
world-wide (1). In the United States, the 40,100 new cases
and around 12,000 cancer deaths caused by head and neck
cancer annually, are evidence for a serious public health
problem (2). Unfortunately, the survival rate has not improved
significantly in the last decades (3). The development of
recurrence and metastasis plus the incidence of second
primary tumors result in the poor survival rate (3). It has
been postulated that head and neck cancer are the result of
the amassing of genetic and tissue damage caused by
carcinogens (4). The management of the disease requires
multimodal therapy including surgery, chemoradiation or the
combination of these treatment strategies (3). The vast
majority of head and neck cancer is squamous cell carcinoma
(HNSCC) (1).

E-Cadherin. Cell-cell adhesion is established by different
types of molecules. The major proteins involved in the
development and maintenance of all solid tissue are Cadherins
(5). Cadherins are the transmembrane components of the
adherent junction with interaction with plakoglobin and ß-
catenin. Within the Cadherins, E-Cadherin is found in the
polarized epithelial cell junctions (6). Most of the dynamic
adhesive interactions between cells are regulated by the
Cadherins and catenins (7). Intracellularly, the activation of the
Rho family GTPase and the function of tyrosine kinase
signalling are modulated by the Cadherins (6). The inside-out
signalling is determined by the GTPase to the Cadherins and
outside-in signalling is initiated by the Cadherins (8).
Steinberg and Takeichi reported that the level of Cadherin
expression influences the strength of adhesion between the
cells of different types of tissue (9). Cell adhesion and the
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state of adherent junctions, which is established by the
Cadherins, can be affected by many different cellular processes,
e.g. by growth factors or apoptotic factors. Downregulation
of Cadherins and catenins is frequently observed in many
types of human cancer (10).

Sulindac sulfone. Sulindac sulfone is one of the new therapeutic
apoptotic agents that show promise in the treatment of cancer.
The development of this agent demonstrated that it had a new
mechanism of action involving the induction of apoptosis
selectively in precancerous and malignant tissue (11). A new
category of targeted anti-cancer agents has been introduced:
selective apoptotic antineoplastic drugs (SAANDs) (11).
Different mechanisms that activate protein kinase G (PKG)
lead to multiple downstream effects that cumulate in prog-
rammed cell death or apoptosis. Sulindac sulfone increases the
cellular concentration of cGMP and, thus, activation of PKG
is induced (12).

In previous experiments, we reported that, in different
head and neck cancer cell lines, ß-catenin was degraded by
sulindac sulfone (Naim et al, unpublished data). Different
authors reported that the degradation of ß-catenin and the
activation of JUN kinase (JNK) trigger apoptosis by different
routes (11-13). In this study, we incubated sulindac sulfone
with the head and neck cancer cell line, 14C, and investigated
the outcome of E-Cadherin by means of ELISA and immuno-
histochemistry. 

Materials and methods

Cell culture. The different UMSCC cell lines are well-
described human HNSCC cell lines obtained from Dr TE.
Carey (The University of Michigan, Ann Arbor, Michigan,
USA). Cell cultures were carried out in Falcon petri dishes
at 37˚C in a 5% CO2 fully humidified atmosphere using
Dulbecco's modified minimum essential medium (DMEM)
(Fisher Scientific Co., Pittsburgh, PA, USA) supplemented
with 10% fetal calf serum (FCS) and antibiotics [Life
Technologies, Inc. (Gibco BRL), Gaithersburg, MD, USA]. 

Characterisation of the cell lines (immunohistochemistry).
Immunohistochemical analysis was performed using a mono-
clonal mouse anti-human antibody directed against ß-catenin
(E-Cadherin: C19220, Transduction Laboratories, Lexington,
KY). Immunostaining was performed using the alkaline-
phosphatase-anti-alkaline phosphatase method (APAAP).
Four-μm sections were cut consecutively from formalin-
fixed and paraffin-embedded tissue samples, mounted on
poly-L-lysin coated slides and dried overnight at 37˚C.
Paraffin sections were dewaxed by xylene, rehydrated with
graded concentrations of ethanol, and finally washed in Tris-
buffer (pH 7.2) for 10 min. A microwave pre-treatment was
required for 15 min at 600 W using citrate buffer for E-
Cadherin. An automated staining system, Dako TechMate
500 (Dako, Hamburg, Germany), was used for the final steps.
Sections were incubated with the primary antibody solution
for 25 min at room temperature, using a working dilution of the
antibody 1:300 for E-Cadherin. Slides were rinsed once in
buffer (Buffer kit, Dako). Immunoreaction was demonstrated
with the Dako ChemMate detection kit (APAAP, mouse, code

no. K5000, Dako), according to the manufacturer's instructions.
Sections were incubated with the chromogen alkaline-
phosphatase substrate (Neufuchsin, Dako) for 20 min at room
temperature. Finally, sections were counterstained by
Mayer's-hematoxylin for 3 min, dehydrated in graded ethanol,
and coverslipped. Negative controls used all reagents except
the primary antibody.

The results of the immunohistochemically obtained rates
of expression were analysed semiquantitatively. The stain
intensity was noted as follows: strong reactivity, >80% of the
epithelium cells were positive; moderate reactivity, 50-80%
reactive; weak reactivity, <50% reactive; and no positive
cells. Western blot analysis was performed as described by
Knipp et al (14).

E-Cadherin-ELISA principle. Secreted E-Cadherin was
measured in the supernatant of the cell lines using an ELISA
technique (R&D Systems, Wiesbaden, Germany). Cell culture
supernatants were collected in sterile test tubes and stored at
-20˚C until used. Then, E-Cadherin concentrations were
determined by ELISA (R&D Systems). The system used a
solid-phase monoclonal antibody and an enzyme-linked
polyclonal antibody raised against E-Cadherin. The specificity
of anti-human E-Cadherin antibodies used in the ELISA kit
were examined by sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) followed by Western blotting.
According to the manufacturer's instructions, 100 μl of super-
natant were used for each ELISA assay. All analyses and
calibrations were carried out in duplicate. The calibrations on
each microtiter plate included E-Cadherin standards provided
in the kit. Optical density was determined using a microplate
reader at a wavelength of 450 nm. Wavelength correction was
set to 540 nm and concentrations were reported as μg/ml. After
8, 24, and 48 h of incubation with 0, 100, 200, 400, 600, and
800 μMol sulindac sulfone, the expression of the E-Cadherin
protein in the supernants of the treated and untreated culture
cells was analyzed. Controls were performed using DMS
without sulindac sulfone during incubation.

Results

Immunohistochemistry. The immunohistochemical studies
against E-Cadherin showed increased reactivity with rising
concentrations of sulindac sulfone. The controls showed less
reactivity. The immunostaining was localized in the mural parts
of the cells (Fig. 1A-D).

Eight, 24, and 48 h of incubation with sulindac sulfone. E-
Cadherin levels were at 0.000371 μg/ml after 8 h of
incubation with 100 μMol sulindac sulfone. After 48 h, the
average level of E-Cadherin was measured at 0.000427 μg/
ml. This showed an increase of 13.11%. Sulindac sulfone
(200 μMol) resulted in an increase of 16.41%, and 400 μMol
showed 21.17% raising of E-Cadherin. After 48 h, treated
cells with 600 and 800 μMol sulindac sulfone expressed
29.51% and 32.22% increase of E-Cadherin, respectively
(Fig. 4C).

The total protein content decreased by ~9.85% after 48 h
of incubation with 100 μMol sulindac sulfone. Sulindac
sulfone (800 μMol) resulted in a decrease of the total protein
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content by 44.09% (Fig. 4A and B). In regard to the total
protein levels, E-Cadherin increased after incubation with
100 μMol sulindac sulfone by ~29.41%. Incubation for 48 h
with 800 μMol sulindac sulfone resulted in an increase of
36.51% (regarding total protein content). These results were
significant (p<0.05) (Fig. 4D).

Western blot analysis for E-Cadherin after incubation with
sulindac sulfone verified the increase of the E-Cadherin content
in the UM-SCC 14C cell line (Fig. 2).

Discussion

In different tissues, Cadherins form a calcium dependent cell-
cell-adhesion complex called adherent junction. Different
authors reported that the expression of E-Cadherin was
reduced in several epithelial tumors (3,4,15). It was stated
that cancer cells that have infiltrated the stroma, reduced the
expression of E-Cadherin and accumulated ß-catenin (15). In

breast, stomach, and prostate carcinomas, the reduced
expression of E-Cadherin was associated with high frequency
of metastasis and poor prognosis (3,4). However, in ovarian
cancer development, Reddy et al showed that E-Cadherin
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Figure 1. (A,B) Positive immunohistochemical reactivity against E-Cadherin (X40 and X20) after incubation with 600 μMol sulindac sulfone for 48 h, (C) 
faint reactivity against E-Cadherin (X40; 100 μMol sulindac sulfone for 48 h), (D) 

Figure 2. Western blot analysis for E-Cadherin.

Figure 3. Different mechanisms for the degradation of ß-catenin resulting in
apoptosis.
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expression was uniquely elevated in 86.5% of benign, border-
line, and malignant ovarian carcinomas irrespective of the
degree of differentiation, whereas normal ovarian samples did
not express E-Cadherin (16). Bulkholm et al also showed
‘re-expression’ of E-Cadherin in breast cancer metastasis; they
deduced that this was most likely necessary for the tumor cells'
capacity of attaching themselves to other organs (17), but the
mechanism involved in this process is still unclear.

In our experiment we illustrated that in the untreated
cells (controls) of the cancer cell line, 14C, the immunohisto-
chemical reactivity against E-Cadherin was faint to moderate.
The immunostaining was localized at the cellular membrane
and no intracellular reactivity was detected. The incubated
cells showed remarkable increased expression of E-Cadherin,
however, the reactivity was restricted to the adherent junctions.
At increasing concentrations of sulindac sulfone, inter-cellular
E-Cadherin immunostaining intensified (Fig. 1A-C). The
ELISA also depicted significant rising levels of E-Cadherin.

Cell-cell adhesion plays a critical role in the development
and maintenance of epithelial tissue integrity and function.
During cancer progression, disturbance of intercellular
adhesion contributes to malignant progression, invasion, and
metastasis. The Cadherin-catenin interaction guarantees the
integrity of tissue. The level of Cadherin expression influences
the strength of adhesion. In this study, we showed that
decreased levels of E-Cadherin in the cancer cell line, 14C,
were elevated after treatment with different levels of sulindac
sulfone, which is reported to inhibit growth and to induce
apoptosis (13). Sulindac sulfone, is not an NSAID (non-
steroidal anti-inflammatory drug) because it lacks the hallmark
cyclooxygenase inhibitory activities of NSAIDs (18).

Furthermore, the mechanism of sulindac sulfone-induced
apoptosis is independent of Bcl-2, p53, and cell cycle arrest
(19,20). Sulindac sulfone contributes to the inactivation of
cGMP phosphodiesterase (PDE). Thus, the accumulation of
cellular cGMP and protein kinase G (PKG) is induced (21).
The following degradation of the phosphory-lated ß-catenin
and the dissociation from the Cadherin-catenin complex
releases E-Cadherin (23). The effect appears to require non-
selective rather than selective PDE5 inhibitors. Other effects
of the sulindac sulfone-induced PKG phosphorylation may
also contribute to growth inhibition and coord-inate with
apoptosis induction (24). However, it is still not totally clear
as to which pathway results in the elevation of the E-
Cadherin proteins. There has been no involvement of
cGMP PDE, PKG, and E-Cadherin in one distinct pathway.
The increased levels of E-Cadherin are rather the effect of the
degradation of ß-catenin (Fig. 3).

In summary, this study contributes to the hypothesis that
in epithelial cancer cells, the Cadherin-catenin complex
serves as a target for the chemopreventive agent, sulindac
sulfone. It is necessary to establish additional studies conc-
erning the distinct molecular-biological effect of sulindac
sulfone on the adherent junctions. As chemoprevention,
this might be one solution for loco-regional control of head
and neck cancer, which limits the survival rate of the
patients.
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Figure 4. (A) Content of the total protein after incubation with sulindac sulfone,  (B) percental decrease of the total protein after incubation with sulindac
sulfone [μmol],  (C) increase of E-Cadherin levels after incubation with sulindac sulfone, (D) percentage of E-Cadherin in regard of the total protein after
incubation with sulindac sulfone.
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