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Abstract

Role of metalloproteases and adhesion molecules has been studied in cancer and metastases; tyrosine kinase
receptors (TKRs) and mucins are related to their expression.

Objective: To investigate the effects of MUC1/c-Met, and their participation in metastatic mechanism in head and
neck carcinoma cell lines.

Materials and methods: Lines Cal27 and A253 from squamous cell carcinoma and submaxillary gland
carcinoma were treated with SU11274 (c-Met inhibitor) and GO-201 (MUC1 inhibitor) and evaluated by western blot
and immunocytochemistry with anti-claudin 1, 3, and 9, integrin-αVβ1, E-cadherin, MMP2, MMP9, TIMP1 and
TIMP2 after inhibition. MMPs’ activity was assessed by zymography.

Results: Claudins were atypically located in the cytoplasm and nucleus and their expression is differentially
modified. Migration and invasion rate were affected by inhibition. MMP9 activity was affected.

Conclusion: Our results suggest that the role of regulating MUC1 and c-Met is related to invasion mechanisms
by dysregulation of claudins and MMPs activity.

Keywords: Head and neck carcinoma; Invasion; c-Met; MUC1;
Claudins

Introduction
Head and neck cancers are a group of neoplasms that start within

the mouth, nose, throat, larynx, sinuses, or salivary glands. Of them,
oral squamous cell carcinoma (OSCC) is the most frequent accounting
for approximately 95% [1]. OSCC is usually diagnosed at a late stage of
the disease with locally invasive tumor and regional lymph node
metastasis [2]. Salivary gland malignancies comprise 3 to 6% of all
head and neck cancers [3]. These neoplasms have varying histology
and diverse biologic behaviors that impose a significant challenge on
the management of malignancies overall [2].

There are many molecules implicated in cancer development, such
as tyrosine kinase receptors (TKRs), adhesion molecules, growth
factors, and mucins. c-Met, a transmembrane TKR, is activated upon
the binding of the hepatocyte growth factor via phosphorylation of its
tyrosine kinase domain [4], resulting in cell motility and proliferation.
This activation also promotes tumor progression, invasion, and
metastasis in cancer patients [5,6]; its correlation with poor prognosis
has been reported in lung, breast, and head and neck cancers [7-14].

Likewise, mucins (high molecular weight glycoproteins) are implicated
in cancer progression. MUC1 for example is a prognostic indicator in
gastric and colorectal cancer and a marker of progression and
metastasis [6]. Inhibition of MUC1 affects its oligomerization domain
and signaling in prostate cancer, lung adenocarcinoma, and breast
cancer [15-17]. Interaction of MUC1/c-Met has been associated with
high motility and invasion in pancreatic adenocarcinoma [18].
Although, this relation has been studied in several carcinomas, the
effect on adhesion molecules and metalloproteinases is yet poorly
understood.

Loss of cell–cell adhesion is one of the steps in the progression to
metastasis. At least three main families of tight junction proteins have
been associated with this process: occludin, claudin, and junction
adhesion (TJ) molecules [19]. Some TJ proteins are involved in the
regulation of cell proliferation and several claudins exhibit abnormal
expression in human cancers [20]. Understanding the processes by
which tumor cells invade and metastasize to distant sites is one of the
great challenges in cancer research, as metastatic spread is responsible
for 90% of cancer-related mortality [21]. One mechanism occurs
through their ability to recruit signaling proteins; it has been shown
that stimulation by growth factors (epidermal growth factor and
transforming growth factor-β) and β-catenin/Tcf signaling regulate the
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expression of various claudins [22]. Alteration of tight junctions and,
therefore, the expression and localization of claudins are related to the
malignant cell transformation. Loss of claudins and other TJs has been
interpreted as a depleting mechanism for cell adhesion and plays a
significant role in metastasis progression [22]. E-cadherin expression
or its cell surface localization is often lost in advanced tumors and to a
higher incidence of metastasis and tumor recurrence. The loss of E-
cadherin and the resulting suppression or weakening of cell–cell
adhesion has been regarded as a crucial step in the epithelial–
mesenchymal transition (EMT) process [23]. EMT is the coordinated
destabilization of cell–cell contacts, and the acquisition of a more
migratory and invasive mesenchymal phenotype, with the
corresponding changes in gene expression patterns, are some relevant
events in the metastatic spread of tumor cells [21]. Moreover, the
spread of malignant tumors requires degradation or breakdown of the
extracellular matrix and connective tissue surrounding tumor cells
[24]. For this step, matrix metalloproteinases (MMPs) involved in
degradation of various components of the extracellular matrix are
required. Some studies have suggested a major role for MMP2 and 9 in
the digestion of basement membrane, as an important mechanism for
invasion and metastasis in some cancers [25].

We used HNSCC A253 and Cal27 cell lines in this study to
understand changes during pharmacologic treatment with inhibitors of
the functional activity of MUC1 and c-Met. A253 has been used in
xerographs as a well-differentiated squamous cell carcinoma line and
with characteristics of therapy resistance [26] and Cal27, which has a
G3 differentiation grade. These cell lines differ in their morphological,
immunogenicity, growth, and resistance to cytotoxic drugs
characteristics. In addition, because of their proven invasive capacity
[27,28], they were used in our study to assess the invasion and
migration, as well as the expression of MUC1 and c-Met-mediated
adhesion molecules. According to our knowledge this is the first report
using these inhibitors on Cal27 and A253, both sourced from head and
neck neoplasms.

Methods

Chemicals and antibodies
Trypsin-EDTA, DMEM, McCoy medium, SU11274 (c-Met

inhibitor), and GO-201 (MUC1 inhibitor) were purchased from
Sigma-Aldrich (St Louis, MO, USA); fetal bovine serum (FBS) was
purchased from Byproductos (Guadalajara, Jalisco, MEX); 3-(4, 5-
dimethyl-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) from Roche
(Roche Diagnostics Inc., USA). Antibodies: IgG rabbit polyclonal anti-
MMP2, MMP9, TIMP1, TIMP2, Cldn1, Cldn3, E-cadherin, integrin-
αVβ1, and IgG mouse monoclonal anti-Cldn9 were purchased from
Genetex (Concord, CA, USA); IgG rabbit polyclonal anti-p-Met Y1234
and anti-MUC1 from Abcam (Cambridge, MA. USA), and IgG mouse
monoclonal anti-βactin antibody from Santa Cruz Biotechnology
(Dallas, Texas, USA).

Cell culture and treatment
Human head and neck cancer cell lines: CAL 27 cells (squamous cell

carcinoma of tongue, differentiation grade-G3, ATTC CRL-2095) were
established from a lesion of the middle of the tongue [25] and A253
cells were from a submaxillary salivary gland carcinoma (ATCC
HTB-41). The cells were grown in DMEM and McCoy medium,
respectively, and supplemented with 10% fetal bovine serum, penicillin

G (60 mg/L), and streptomycin (100 mg/L) at 37℃ in a humidified
atmosphere of 5% CO2.

Cell viability assay (MTT)
An amount of 2 × 103 cells was seeded in 96-well chambers until a

confluence of 80%. The cells were treated with SU11274 (c-Met
inhibitor) and GO-201 (MUC1 inhibitor) at concentrations of 1-100
µM for 24 h. After that time, 10 µL of MTT was added to each well and
incubated for 4 h at 37℃ in a humid atmosphere. Subsequently, 100 µL
of solubilizing solution was added and, after 24 h, cell viability was
evaluated in an ELISA microplate reader with a reference of 550-600
nm.

Immunocytochemistry
In a Nunc™ Lab-Tek™ II Chamber Slide™ System, cells were seeded

and treated with pharmacological inhibitors at a concentration of 10
μM. Cells were fixed with formalin. After blocking with 5% bovine
serum albumin for 1 h, cells were incubated with anti claudins-1, 3,
and 9, metalloproteinases 2 and 9, and E-cadherin (Genetex Concord,
CA, USA) (1:100) overnight at 4℃. They were then incubated with the
Multilink secondary antibodies system (Dako, Denmark A/S, Glostrup
Denmark) for 1 h at room temperature, mounted, and visualized with
an Olympus microscope DX40.

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
immunoblotting
The preparation of cell lysates was performed with total extracts

prepared using CelLytic MT obtained from Sigma-Aldrich (St Louis,
MO, USA) according to manufacturer's instructions. Samples were
applied to SDS-PAGE and blotted onto a PVDF membrane. Following
the transfer, the membranes were blocked with 5% bovine serum
albumin for 1 h at room temperature, then incubated with each
primary antibody (1:500 dilution) at 4°C overnight, followed by
incubation with an HRP-conjugated IgG secondary antibody (1:1000
dilution) at room temperature for 1 h. Membranes were visualized
using the enhanced chemiluminescent (ECL) detection method (ECL
Plus Western Blotting Detection System; Amersham Biosciences,
Foster City, CA, USA) according to manufacturer’s instructions and
finally, exposed to film. The film was scanned for densitometric
analysis using my Image Analysis Software (Thermo Fisher Scientific
Inc. Wyman Street, Waltham, MA USA) and values were normalized to
the densitometric values of actin in each sample. Fold change in
protein amount was calculated for the experimental sets and compared
to the control.

Gelatin zymography
MMP2 and MMP9 gelatinase activities were determined by gelatin

zymography. Briefly, Cal27 and A253 cells were treated with
concentrations of 10 μM of SU11274 and GO-201 for 24 h.

Then, the medium was collected and mixed with nonreducing
sample buffer, and resolved by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS/PAGE) in the presence of 1
mg/mL gelatin.

The resulting gel was washed in 10 mM Tris (pH 8.0) containing
2.5% Triton X-100, and incubated overnight in a reaction buffer at
37°C; staining with Coomassie brilliant blue and destaining until
gelatinases were identifiable as clear bands.
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Cell invasion assay
The cell invasion capabilities of cell lines were determined using an

EMC invasion assay (Merck Millipore, Darmstadt, Germany). In total,
3 × 105 cells were seeded onto the top of each of the inserts in
serumfree medium with and without inhibitors as control. An equal
volume of the same medium containing 10% FBS was placed in the
lower chamber (the well beneath the filter) to act as a chemo-
attractant. The assay plate was incubated at 37˚C for 24 h. Cells/media
were removed from the top side of the insert, and the invasion
chamber was placed into a clean well containing cell detachment
solution. After 30 min, cells were dislodged from the underside, tilting
the invasion chamber and incubating with CyQuant GR dye with lysis
buffer. Finally, we read with a fluorescent plate reader using a 480/520
nm filter.

Cell migration assay
Cal27 and A253 cells were seeded into 6-well plates and incubated

until confluence. To perform wound-healing assays, cell monolayers
were manually wounded by scraping with pipette tips. After different
treatments, the cells were permitted to migrate into the denuded areas
and photographed immediately after wounding (0 h) and at 6, 12, or
24 h after wounding with and without treatment. The distance between
the two edges of a denuded area was quantified in triplicate and
repeated independently thrice. Migration is represented as the
percentage of cell migration and was plotted on a graph.

Statistics
Results are presented as means ± SD. Differences between groups

were analyzed with a one-way analysis of variance, and corrections for

multiple comparisons were made using Tukey's multiple comparison
test. Comparisons between two groups were made using the Student's t
test. Significant differences were assumed at P<0.05.

Results

Inhibition of MUC1 and c-Met
Cal27 and A253 cells were treated with 0-100 μM of SU11274 and

GO201 for 24 h and the growth-inhibitory effects were measured. As
shown in figure 1, the maximum inhibitory effect was observed at 10
μM. Then, cells were treated with SU11274 and GO201 for 24 h and
the inhibition of MUC1 and c-Met was observed by western blot. Cells
treated with SU11274 reduced the phosphorylation status of c-Met in
P-Y1234 as observed in figure 2A. As shown in figure 2B, cells treated
with GO201 reduced the expression of MUC1CT after treatment with
10 μM.

Effect of c-Met and MUC1 on junction molecules
After treatment with 10 μM of SU11274 and GO201 for 24 h, we

performed immunocytochemistry and western blot to investigate
localization pattern and expression of claudin-1, claudin-3, claudin-9,
E-cadherin, and integrin αVβ1. As shown in figure 3, we observed in
control, mislocation of claudin-1, claudin-3, claudin-9 in both cell
lines and mislocation of integrin-αVβ1 only in A253 to the cytoplasm
and nucleus.

However, no changes of localization were observed after treatment
with MUC1 and c-Met inhibitors (Figure 3). As shown by western blot
in figure 4, altered expression of adhesion molecules was observed for
claudin-1, 3, 9 and E-cadherin after treatment.

Figure 1: Cell viability at 24 h inhibition in Cal27 (A) and A253 (B). Cells were treated with SU11274 and GO201 and absorbance was
measured in the presence of 0-100 µM for 24 h (*P<0.05). The maximum inhibitory effect was observed at 10 μM in both cell lines.
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Figure 2: c-Met and MUC1 expression after 24 h inhibition. Cells
were treated with 10 µM SU11274 and GO201 and incubated with
anti-Met, p-Met Y1349, and anti-MUC1-CT. As shown in (A), after
treatment with SU11274, reduction of phosphorylation was
observed. (B) MUC1 expression was reduced after GO201
treatment.

Figure 3: Immunoexpression pattern of junctional proteins
(claudin-1, claudin-3, claudin-9, E-cadherin, and integrin αVβ1) in
Cal27 (A) and A253 (B) cells. Mislocalization of claudins to nucleus
in both cell lines is evident. Nuclear positivity of integrin-αVβ1 is
observed only in A253.

Figure 4: GO201 and SU11274 induced altered expression of
junctional proteins. (A) Total cell lysate was immunoblotted with
anti claudin-1, claudin-3, claudin-9, E-cadherin, and integrin αVβ1.
(B) The relative expression levels of these proteins were represented
to values at 24 h of treatment (10 μM) (*P<0.01). As stated in
Results, the expression of adhesion molecules is differentially
modified with the pharmacological inhibitors in both cell lines.

Metalloproteases expression and activity
We found that expression of MMP-2 was not affected by the

pharmacological treatment and TIMP1 increased after GO201 and
SU11243 (Figures 5A and 5B). Expression of MMP-9 was lower after
treatment in Cal27 and no change occurred in A253 cells (Figures 5D
and 5E). To investigate the mechanisms of MUC1 and c-Met
regulating metalloproteases activity in oral cancer cells, we performed
gelatin zymography. Our result showed that activity of MMP-2 was not
affected after treatment of cells (Figure 5C). MMP-9 activity was lower
after treatment of cell lines with both inhibitors (Figure 5F).

Effects of migration and invasion on Cal27 and A253 cells
A wound healing assay was used to investigate the effects on cell

migration. After treatment with 10 μM SU11274 and GO201 for 24 h,
compared to the control group, migration rate was lower in treated
cells. Our results suggest that MUC1 and c-Met play a role in the
inhibition of cell migration in vitro (Figure 6D).

The EMC assay was performed to determine the invasion rate in
head and neck carcinoma cells. Our findings show that migration rate
was inhibited significantly as well as the invasion of Cal27 and A253
cells (Figure 6E).

Discussion
This study was undertaken to elucidate the biological significance of

TJs and MMPs expression and activity in head and neck carcinoma
cells through MUC1 and c-Met inhibition. A253 and Cal27 cell lines
were selected for their different anatomical localization, differentiation
degree of the primary tumor, and their proven invasive capacity
[26-29].
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Figure 5: Effect of inhibitors on metalloprotease activity. After
treatment with 10 μM of SU11274 and GO201, total cell lysate was
immunoblotted with MMP2 and TIMP1 (A), MMP9 and TIMP2
(D). The relative expression levels of these proteins were
represented by densitometry for values at 24 h of treatment (B, E).
MMP2 and MMP9 activity was measured by zymography and
differences are shown in graphs (C, F), we observed diminution of
MMP9 (*P<0.01) but not for MMP2 after inhibition.

Figure 6: Wound healing assay. (A) Schematics of the overall
procedure. (B, C) Photographs of the cultures taken at 0 h
(immediately after scratching) and at the indicated time intervals,
shows wound closure after GO-201 and SU11274 inhibition. (D)
The decreased abilities of migration in Cal-27 and A253 cells are
represented by histograms. (E) GO-201 and SU11274 inhibits
decreased migration and invasion of Cal-27 and A253 cells. Relative
Fluorescence Units (RFU) showed significant differences in both
cell lines after 24 h treatment. All experiments were carried out
thrice. Histograms represent means ± SD. *P<0.05.

The pharmacological inhibitor, SU11274 and GO201, has been used
to assess the functional activity of c-Met and MUC-1 respectively, in
different types of cell lines [30-32]. In our cell lines we observed
inhibition in the proliferation rate of Cal27 and A253 cells. Early
research identified predominantly claudins as suppressors in human
malignancies and it is known that their increased expression leads to
drug resistance in colon cancer [33]. Some studies have determined
that distribution of claudins, such as claudin-1, in the nucleus and

cytosol is related to the up-regulation of transformation and cell
proliferation in several cancers [34-36].

The western blot results revealed a differential expression of TJs,
which was modified by the use of pharmacological inhibitors. The
expression pattern of claudins is highly tissue-specific, and most tissues
express multiple claudins. Differential expression of various claudin
family members in cancer can potentially be used to confirm the
histologic identity of certain types of cancer and exclude others [22];
furthermore, recent studies have identified several growth factors,
cytokines, and transcription factors that affect expression of claudins.

Tumor promoting factors, such as hepatocyte growth factor and
epidermal growth factor, have been shown to decrease the expression
of claudin-7, and to increase the expression of claudin-1, 3, and 4 in
lung cancer [22]. In turn, claudin-1 is down-regulated in basal breast
cancer [33], whereas it is up-regulated in colon carcinoma [34] and
melanoma [37]. Otherwise, nuclear localization of several junction
proteins (β-catenin, ZOs) is known to be correlated with oncogenic
transformation and cell proliferation [33,34]. Our data demonstrated
that claudin-1, 3, and 9, in human cancer cell lines, were frequently
mislocalized from membrane to the cytoplasm and nucleus. A
proposed mechanism of claudin mislocalization is β-catenin, a
component of TJs with well-characterized dual role in cell adhesion
(membrane) and in signal transduction (cytoplasmic and nuclear)
leading to epithelial cell transformation [38]. Moreover, it seems that
this altered location has antiapoptotic effects. Nuclear/cytoplasmic
shuttling of signaling proteins, including extracellular signal-regulated
kinases, mitogen-activated protein kinase and SMAD3, has been
characterized as nuclear translocation signal [34]. In the same way, we
found that integrin αVβ1 was mislocated to the nucleus in A253 but
not in Cal27 cell line. There are few reports on the altered location of
integrin αvβ1 to the nucleus associated with cancer. It has been
proposed that this location could promote expression of the c-myc
protein, ERK1/2 MAPK, and Ras/Akt [39].

The aggressiveness of tumor cells is dependent on their capability to
degrade and remodel the extracellular matrix by activating certain
proteases, including plasminogen activator and MMPs [40,41]. Among
extracellular remodeling enzymes, tumor cell gelatinase activities of
MMP2 and MMP9 are especially relevant [42]. In our experimental
setting, gelatinase MMP-9 activity was affected in carcinoma cell lines
after 24 h of treatment. The endogenous inhibitor of MMP9, TIMP2
[43], binds it to MMP9 and keeps it inactive [43]. We found that
TIMP2 expression increases after treatment with SU11274 and GO201,
suggesting a crosstalk regulation between c-Met and MUC1. MMPs
are tightly regulated at transcriptional and post-transcriptional levels
by several cytokines and growth factors and are controlled at the
protein level via their activators, inhibitors, and cell-surface proteins
[44]. It has been demonstrated that MUC1-CT physically occupies the
MMP promoter. The presence of MUC1-CT in the transcriptional
complex AP1 regulates the expression of metalloproteases and their
tissular inhibitors [18].

Zimography results revealed decreased activity of MMP-9, which
could increase the invasive and metastatic potential in cell carcinoma
via extracellular matrix degradation. In many tumor types, MUC1
expression correlates with aggressive, metastatic disease, poor response
to therapy, and poor survival [18]. Our results indicated that MUC1
expression in cancer cells might be associated with an invasive
phenotype and cancer growth as has been reported in in vivo studies
evaluating MUC1 and MUC4 [45]. In our study, proliferation rate was
affected by GO201 and c-Met inhibition. By EMC invasion assay and
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wound healing assay, we demonstrated that, after MUC1 and c-Met
inhibition, invasive and motility activities of Cal27 and A253 decreased
markedly, suggesting that they might have potential to accelerate
progression. It has been reported that MUC1 expression correlates
with the adhesion and invasion of MDA-MB-231 cells and suppressing
MMP2 and MMP9 [39]. In contrast, our study shows low activity of
MMP9 only in cells treated with GO201 but not with SU11274. High
MUC1 expression is associated with vascular invasion in oral
squamous cell carcinoma and MUC1 represents a useful biomarker to
identify occult lymph node metastases in oral squamous cell
carcinoma [46,47]. Our study proved a critical role of MUC1 and c-
Met in induced invasion of Cal27 and A253 cells, suggesting that
MUC1 and c-Met could become a potential target for studying tumor
metastases in two types of head and neck carcinomas.

Conclusion
We have shown that MUC1 and c-Met activate proteolytic networks

in carcinoma cells and contribute, thereby, to their invasive behavior.
We also found mislocation of claudins and integrin αVβ1. However,
further studies are needed to elucidate whether MUC1 and c-Met also
contribute to the metastasis-promoting activity through other
regulator models.
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