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Abstract

In order to detect molecular markers for the epidermal growth factor inhibitor 4-(3-chloro-benzyl)-
6,7-dimethoxy-quinazoline (tyrphostin), we investigated the Kkinetics of p120-catenin and perip-
lakin in the human buccal mucosa squamous cancer cell line BICR 10 treated with 3 nM tyrphostin.
Growth of BICR 10 cells was inhibited by treatment with tyrphostin. Although changes were not
observed in the expression of EGFR and p120-catenin, expression of Akt, Src and periplakin in
BICR 10 treated with 3 nM tyrphostin tended to decrease. In addition, phosphorylation of EGFR,
Akt and Src was inhibited by treatment with tyrphostin. On immunocytochemical staining, immu-
noreactions with phosphorylated EGFR, phosphorylated Akt and phosphorylated p120-catenin
were weak in BICR 10 treated with tyrphostin. There was a slight immunocy to chemical reaction
to periplakin in BICR 10 cells induced by tyrphostin. In conclusion, the decrease in phosphoryla-
tion in EGFR and p120-catenin by tyrphostin, following the decrease in Src or Akt phosphorylation,
may inhibit expression of several growth factors associated with the proliferation and migration
of cancer cells.
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1. Introduction
Epidermal growth factor receptor (EGFR) is a receptor-type protein for tyrosine kinase [1], and EGFR signaling
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controls intercellular processes including growth, differentiation or migration in epithelial cells. EGFR is colo-
calized with E-cadherin [2] in the cell membrane area of polarized cells [3]-[5]. Numerous studies have revealed
that adhesion by E-cadherin are inhibited by EGFR activation [6] [7], and that tyrosine phosphorylation of the
E-cadherin and catenin families reduce cell-cell adhesion [8]. On the other hand, one of the earliest molecular
events resulting from engagement of E-cadherin is the rapid and sustained activation of the MAPK cascade
though EGFR [3], E-cadherin-catenin complexes also induce EGFR tyrosine phosphorylation [5]. E-Cadherin is
involved in Ca®*-dependent cell-cell adhesion, while the catenin family is connected to the cytoplasmic domain
of cadherins via cytoplasmic a-actin, and plays an important role in intercellular adhesion. In particular, S-cate-
nin binds to E-cadherin and links the cadherin complex to the actin cytoskeleton through a-catenin [9]. P120-
catenin binds to cadherin and regulates surface levels of E-cadherin by modulating cadherin turnover [10]. As a
result of the formation of the cadherin-catenin cell-cell adhesion complex, epithelial cells form layers of con-
tiguous cells crucial to maintaining epithelial tissue structure. In cancer cells, p120-cateninis phosphorylated by
the EGF-EGFR complex, and phosphorylation of p120-catenin disrupts adherens junction formation and regula-
tion of E- and P-cadherin stability [11]. This likely requires altered kinetics of phosphorylated p120-catenin.

Periplakin is a 195-kDa protein that belongs to the plakin family of cytoskeletal linker proteins and is gener-
ally localized to the cell membrane of normal stratified squamous epithelia [12]. In addition, periplakin is local-
ized at the cell-cell boundaries of normal epithelial squamous cells in neonatal foreskin, adult breast, oral muco-
sa and esophageal mucosa, thus suggesting that periplakin is associated with desmosome junctions [12] and
functions as a linker of intercellular cytoskeleton and cell-cell junctions [13] [14]. In esophageal dysplasia and
cancer tissues, periplakin is localized in not only cell boundaries, but also in the cytoplasm. As the expression of
periplakin decreases in esophageal cancer tissue [15], recent studies have focused on the relationship between
expression of periplakin and malignancy in epithelial tissues.

4-(3-Chloro-benzyl)-6,7-dimethoxy-quinazoline,which is also known as tyrphostin 1478 (tyrphostin), is cur-
rently being used to inhibit EGFR tyrosine Kinase activity and has been tested as an anti-cancer drug in vitro and
in preclinical models. It has shown anti-proliferative activity in human cancer cells [16] [17]. Accordingly, inhi-
bition of EGFR activity promotes the effects of p120-catenin and periplakin kinetics and cancer cell malignancy.
However, there is little information on the role of phosphorylation of p120-catenin, or on the kinetics of peripla-
kin and carcinogenesis in primary oral cells.

In this study, we used molecular biological and immunocytochemical techniques to investigate the kinetics of
p120-catenin and periplakin in the human buccal mucosa squamous cancer cell line BICR 10 treated with tyr-
phostin in order to detect the relationship between p120-catenin phosphorylation, expression of periplakin and
malignancy in a primary human buccal mucosa squamous cancer cell line.

2. Materials and Methods
2.1. Cell Culture

BICR 10 [18] is a primary human buccal mucosa squamous cancer cell line and was obtained from the Health
Protection Agency, UK. It was cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 2
mM L-glutamine, 100 pug/mL streptomycin, 100 1U/mL penicillin, 0.4 ng/mL hydrocortisone and 10% FBS in a
humidified atmosphere containing 5% CO, in air at 37°C. In this experiment, BICR 10 was initially cultured in
serum-free DMEM mixture for one day. Subsequently, BICR 10 was cultured in DMEM supplemented with 10
ng/mL human recombinant EGF (Peprotech, London, UK) and 1, 2 or 3 nM tyrphostin (Merck Millipore,
Darmstadt, Germany) for one hour. Controls were treated identically without tyrphostin.

2.2. Cultured Cell Growth Assay

BICR 10 cell growth was evaluated by measuring the expression of calceinusing Cell Counting Kit-F
(DOJINDO, Kumamoto, Japan). BICR 10 cells were seeded at a density of 1000 cells/well in 96-well plates, and
were incubated with EGF and 3 nM tyrphostin in DMEM. After the experiment, treated cells were reacted with
counting solution/PBS for one hour. Student’s paired-sample t-test was used to analyze the data, and signifi-
cance was defined as p < 0.05.

2.3. Western Blot Analyses

After treated cells were washed with 1 mM NasVO, and 50 mM NaF included in PBS for 5 min, protein samples
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from stimulated BICR 10 cells in 25 cm? tissue culture flasks were solubilized in SDS-PAGE sample buffer.
Protein concentrations were determined by the BAC method, and equal amounts of protein samples were frac-
tionated and then transferred electrophoretically onto a membrane [19]. After blocking with 1% bovine serum
albumin (BSA) at 4°C overnight, the resulting membrane was incubated with antibody against EGFR, Akt, Src
or pl20-catenin, as well as their phosphorylated forms, or against periplakin (Table 1), respectively, followed
by labeling by the streptavidin-biotin method [20]. Expressed bands were then visualized by subsequent expo-
sure of the membranes on X-ray film, as described previously [21]. Western blot analysis confirmed the molecu-
lar size of proteins, the specificity of antibodies, and the expression of each protein.

2.4. Immunocytochemical Analyses

BICR 10 cells were seeded at a density of 1000 cells/well in chamber-slides, and were incubated with EGF and
3 nM tyrphostin in DMEM. After the experiment, cells were fixed with acetone-ethanol for 60 min. Non-spe-
cific reactions were blocked with PBS containing 1% BSA. Treated cells were incubated with the previously
described antibody (Table 1), followed by RITC-conjugated anti-immunoglobulins (DAKO A/S, Kyoto, Japan)
for non-phosphorylated compounds or by FITC-conjugated anti-immunoglobulins (DAKO A/S) for phosphory-
lated compounds. For immunocytochemical staining for periplakin, treated cells were incubated with anti-pe-
riplakin antibody, followed by FITC-conjugated anti-immunoglobulins (DAKO A/S, Japan). All images were
then observed using an all-in-one fluorescent microscopy system (BZ-9000; Keyence Japan, Osaka, Japan).
Samples incubated with PBS instead of primary antibody were used as negative controls.

3. Results

3.1. Cell Culture and Growth of BICR 10 Cells

BICR 10 cells appeare dirregularly shaped in culture (Figure 1(A), arrowheads). Anti-human cytokeratinanti body
(KL-1) reacted in cytoplasm of BICR 10 (Figure 1(C) and Figure 1(D)). Expression of calcein was directly corre-
lated with tyrphostin treatment (Figure 2). Expression of calceindecreased in BICR 10 cells treated with tyrphostin.

3.2. Western Blot Profiles

Expression of periplakin and EGFR, Akt, Src and p120-catenin as their phosphorylated proteins were investi-
gated by performing Western blot analyses, as shown in Figure 3. Although changes were not observed in the
expression of EGFR and p120-catenin, the expression of Akt, Src and periplakin in BICR 10 treated with 3 nM
tyrphostin tended to decrease (brackets). There was inhibition in the phosphorylation of EGFR, Akt and Src, as
well as inhibition in protein kinase activity. In addition, the phosphorylation of p120-catenin was inhibited.

3.3. Immunocytochemical Observations

Immunocyto chemical staining was performed for protein localization (Figures 4-8). EGFR was localized in the

Table 1. The list of antibodies used.

Clone Cytology Blotting
P120-catenin Clone98 1:50 1:100
Phospho-p120-catenin (pY228) Clone21a 1:50 1:100
EGFR 15F8 1:50 1:100
Phospho-EGFR (pY1068) 1H12 1:50 1:100
c-Src B-12 1:10 1:50
Phospho-c-Src (pY418) Src [pY418] 1:100 1:400
Akt #9272 1:100 1:400
Phospho-Akt (pS473) #9271 1:100 1:200
Periplakin AE11 1:200 1:400

()
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Cytoke€ratin

Figure 1. Phase microscopy (A); staining by DAPI (B) and expression of cyto-
keratin (C) and (D) in BICR10. Although irregularly shaped BICR 10 cells were
partially observed (A; arrowheads), pavement-shaped BICR 10 cells grew in
culture. Strong reactions for KL-1 are seen in the cytoplasm of BICR 10.
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Figure 2. Effects of 3 nM tyrphostin on growth of
BICR10. Calcein content in BICR10 measured at O.D.
540 nm. Tyrphostin inhibits growth of BICR10.

cell membrane and was diffusely present in the cellular plasma. In addition, immunoreactions for phosphory-
lated EGFR were weak in BICR 10 treated with tyrphostin (Figure 4). Akt (Figure 5) and Src (Figure 6) were
localized in the cellular plasma. Treatment with tyrphostin decreased immunocytoreactions against phosphory-
lated Akt. P120-catenin stained along the cell membrane (Figure 7, arrowheads). Weak immunocytoreactions
against phosphorylated p120-catenin were observed in BICR 10 treated with tyrphostin (Figure 7, arrow). Pe-
riplakin was mainly localized along the cell membrane (Figure 8, arrowhead), and partly in the cellular plasma

()



I. Tamura et al.

EGFR P-EGFR
> " »—
Akt P-Akt
] o on
.
Src P-Src
T - Y » ' .
e N~
p120 P-p120
o i
v el e
S 9 L
Periplakin Actin

0 1 2 3 0 1 2 3
Tyrophostin (nM) Tyrophostin (nM)

Figure 3. Expression of periplakin, EGFR, Akt, Src and p120-catenin and phos-
phorylation of EGFR, Akt, Src and p120-catenin using Western blot analyses. In
BICR10 treated with tyrphostin, expression of Akt, Src and periplakin were in-
hibited. Although changes were not observed in the expression of EGFR and
p120-catenin, the phosphorylation of EGFR, Akt and Src and p120-catenin
tended to decrease.
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Figure 4. Expression of EGFR (200x). Scale bar is 50 um. Immunocytochemical
reactions to EGFR or phosphorylated EGFR were diffuse. By treating with tyr-
phostin, BICR10 decreased the phosphorylation of EGFR. Both BICR10 cells
showed no changes in expression of EGFR.
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(Figure 8, arrow). There was a slight immunocytochemical reaction against periplakin in BICR 10 cells induced
with tyrphostin.

4. Discussion

It has been revealed that activation, over expression or mutation of EGFR is related to cancer progression and
poor prognosis [22]. In addition, inhibition of EGFR functions, such as autophosphorylation or signal transduc-
tion, affects cancer cell growth, infiltration and metastasis [23]-[26], and represents an attractive method for
cancer therapy, with preclinical utility being confirmed in combination with chemotherapy and radiotherapy
[27]. Accordingly, it is important to establish molecular markers for therapeutic effects and prognosis in cancer.

It has been confirmed that epithelial mesenchymal transition (EMT) reflects the characteristics of cancer and

Control Tyrphostin

Figure 5. Expression of Akt (200><) Scale bar is 50 um. Expression and
phosphorylation of Akt decreased by treatment with tyrphostin.

Control Tyrphostm

Figure 6. Expression of c-Src (200x). Scale bar is 50 um. Although the ex-
pression of c-Src decreased with tyrphostin treatment, clear changes were not
observed with regard to phosphorylation of c-Src on immunocytochemical
staining.

Control Tyrphostin

Figure 7. Expression of p120 catenin (200x). Scale bar is 50 um. Anti-p120-
catenin antibody reacted along the cell membrane (arrowheads). Although
both BICR10s showed no changes in expression of p120-catenin, BICR10
treated with tyrphostin decreased the phosphorylation of p120-catenin (ar-
row).
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Figure 8. Expression of periplakin (200x). Scale bar is 50 um. On immuno-
cytochemical staining, expression of periplakin showed no changes with tyr-
phostin treatment.

is related to cancer malignancy [28] [29]. As EMT is determined by the kinetics of adhesion molecules and
skeletal proteins, it is likely that investigation into the kinetics of adhesion molecules such as p120-catenin and
periplakin in cancer cells treated with tyrphostin are available to diagnosis the pharmacological effects of tyr-
phostin.

For these concepts, we investigated the kinetics of Akt and Src, which are known to be downstream molecules
of EGFR-related signal transduction, and the kinetics of p120-catenin and periplakin, which control scancerous
infiltration and metastasis, during cultivation with tyrphostin in DMEM.

Generally, inhibition of EGFR by chemical compounds other than anti EGFR anti body leads to EGFR de-
phosphorylation [28]. As the reaction of tyrphostin with BCIR 10was similar, BCIR 10 was characterized as be-
ing sensitive to tyrphostin. In addition, inhibition of EGFR activity by tyrphostin in BCIR 10 induced the de-
phosphorylation of Akt or Src downstream of EGFR transduction. These data reveal that signal transduction for
survival of BCIR 10 is also EGFR-dependent. Furthermore, EGFR, Akt [30] and Src [31] are over expressed in
a subset of breast cancer, which have enhanced EGFR-dependent signaling and carcinogenesis relative to other
breast cancer cells that do not over express any proteins. There were no changes in the expression of EGFR, and
expression of Akt or Src tended to decrease in BCIR 10 treated with 3 nM tyrphostin. These results indicate that
inhibition of EGFR is not related to expression of EGFR, and that it induces low expression of Akt and Src.
However, expression of periplakin, which tended to decrease after treatment with tyrphostin, may affect Akt and
Src signaling.

Adherence junction molecules and related glycoproteins are involved in not only cell adhesion, and but also
signal transduction [21] [32]. These proteins are regulated by receptor tyrosine kinases [11] [32], and p120-cate-
ninis strongly expressed by general potentially malignant oral cells and is phosphorylated at the 228th tyrosine
[33]. As the phosphorylation of p120-catenin was inhibited by tyrphostin on Western blotting analysis, it may be
useful as a biomarker of treatment effects on EGFR inhibitor.

5. Conclusion

In conclusion, the decrease in phosphorylation of EGFR and p120-catenin by tyrphostin, following the decrease
in Src or Akt phosphorylation, may inhibit expression of several growth factors associated with the proliferation
and migration of cancer cells.

Acknowledgements

This study was performed using the Morphological Research Facilities, Low Temperature Facilities, Photo-
graph-Processing Facilities, Analytical Instrument Facilities and Dental Bioscience Facilities | of the Institute of
Dental Research, Osaka Dental University.

References

[1] O-Charoenrat, P., Modjtahedi, H., Evans, P.R., Court, W.J., Box, G.M. and Eccles, S.A. (2000) Epidermal Growth
Factor-Like Ligands Differentially Up-Regulate Matrix Metalloproteinase 9 in Head and Neck Squamous Carcinoma

Cells. Cancer Research, 60, 1121-1128.



I. Tamura et al.

(2]
(3]

(4]
(5]
(6]

(7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Chothia, C. and Jones, E.Y. (1997) The Molecular Structure of Cell Adhesion Molecules. Annual Review of Biochemi-
stry, 66, 823-862. http://dx.doi.org/10.1146/annurev.biochem.66.1.823

Pece, S. and Gutkind, J.S. (2000) Signaling from E-Cadherins to the MAPK Pathway by the Recruitment and Activa-
tion of Epidermal Growth Factor Receptors upon Cell-Cell Contact Formation. The Journal of Biological Chemistry,
275, 41227-41233. http://dx.doi.org/10.1074/jbc.M006578200

Dumstrei, K., Wang, F., Shy, D., Tepass, U. and Hartenstein, V. (2002) Interaction between EGFR Signaling and DE-
Cadherin during Nervous System Morphogenesis. Development, 129, 3983-3994.

Chaiken, M.F., Hein, P.W., Stewart, J.C., Brackenbury, R. and Kinch, M.S. (2003) E-Cadherin Binding Modulates
EGF Receptor Activation. Cell Communication and Adhesion, 10, 105-118. http://dx.doi.org/10.1080/cac.10.2.105.118

Qian, X., Karpova, T., Sheppard, A.M., McNally, J. and Lowy, D.R. (2004) E-Cadherin-Mediated Adhesion Inhibits
Ligand-Dependent Activation of Diverse Receptor Tyrosine Kinases. EMBO Journal, 23, 1739-1748.
http://dx.doi.org/10.1038/sj.emboj.7600136

Takahashi, K. and Suzuki, K. (1996) Density-Dependent Inhibition of Growth Involves Prevention of EGF Receptor
Activation by E-Cadherin-Mediated Cell-Cell Adhesion. Experimental Cell Research, 226, 214-222.
http://dx.doi.org/10.1006/excr.1996.0221

Lilien, J., Balsamo, J., Arregui, C. and Xu, G. (2002) Turn-Off, Drop-Out: Functional State Switching of Cadherins.
Developmental Dynamics, 224, 18-29. http://dx.doi.org/10.1002/dvdy.10087

Yamada, S., Pokutta, S., Drees, F., Weis, W.Il. and Nelson, W.J. (2005) Deconstructing the Cadherin-Catenin-Actin
Complex. Cell, 123, 889-901. http://dx.doi.org/10.1016/j.cell.2005.09.020

Wildenberg, G.A., Dohn, M.R., Carnahan, R.H., Davis, M.A., Lobdell, N.A., Settleman, J. and Reynolds, A.B. (2006)
P120-Catenin and p190RhoGAP Regulate Cell-Cell Adhesion by Coordinating Antagonism between Rac and Rho.
Cell, 127, 1027-1039. http://dx.doi.org/10.1016/j.cell.2006.09.046

Mariner, D.J., Davis, M.A. and Reynolds, A.B. (2004) EGFR Signaling to p120-Catenin through Phosphorylation at
Y228. Journal of Cell Science, 117, 1339-1350. http://dx.doi.org/10.1242/jcs.01001

Ruhrberg, C., Hajibagheri, M.A.N., Parry, D.A.D. and Watt, F.M. (1997) Periplakin, a Novel Component of Cornified
Envelopes and Desmosomes That Belongs to the Plakin Family and Froms Complexes with Envoplakin. The Journal
of Cell Biology, 139, 1835-1849. http://dx.doi.org/10.1083/jcb.139.7.1835

Sonnenberg, A. and Liem, R.K.H. (2007) Plakins in Development and Disease. Experimental Cell Research, 313,
2189-2203. http://dx.doi.org/10.1016/j.yexcr.2007.03.039

Boczonadi, V., Mclnroy, L. and Mattd, A. (2007) Cytolinker Cross-Talk: Periplakin N-Terminus Interacts with Plec-
tin to Regulate Keratin Organization and Epithelial Migration. Experimental Cell Research, 313, 3579-3591.
http://dx.doi.org/10.1016/j.yexcr.2007.07.005

Nishimori, T., Tomonaga, T., Matsushita, K., Oh-Ishi, M., Kodera, Y., Maeda, T., Nomura, F., Matsubara, H., Shimada,
H. and Ochiai, T. (2006) Proteomic Analysis of Primary Esophageal Squamous Cell Carcinoma Reveals Downregula-
tion of a Cell Adhesion Protein, Periplakin. Proteomics, 6, 1011-1018. http://dx.doi.org/10.1002/pmic.200500262

Lee, M.F., Chan, C.Y., Hung, H.C., Chou, I.T., Yee, A.S. and Huang, C.Y. (2013) N-Acetylcysteine (NAC) Inhibits
Cell Growth by Mediating the EGFR/Akt/HMG Box-Containing Protein 1 (HBP1) Signaling Pathway in Invasive Oral
Cancer. Oral Oncology, 49, 129-135. http://dx.doi.org/10.1016/j.oraloncology.2012.08.003

Lauand, C., Teixeira, P.R., Cortez, B.A., de Oliveira Niero, E.L. and Santelli, G.M.M. (2013) Independent of ErbB1
Gene Copy Number, EGF Stimulates Migration but Is Not Associated with Cell Proliferation in Non-Small Cell Lung
Cancer. Cancer Cell International, 13, 38-52. http://dx.doi.org/10.1186/1475-2867-13-38

Edington, K.G., Loughran, O.P., Berry, 1.J. and Parkinson, E.K. (1995) Cellular Immortality: A Late Event in the Pro-
gression of Human Squamous Cell Carcinoma of the Head and Neck Associated with p53 Alteration and a High Fre-
quency of Allele Loss. Molecular Carcinogenesis, 13, 254-265. http://dx.doi.org/10.1002/mc.2940130408

Towbin, H., Staehelin, T. and Gordon, J. (1979) Electrophoretic Transfer of Proteins from Polyacrylamide Gels to Ni-
trocellulose Sheets: Procedure and Some Applications. Proceedings of the National Academy of Sciences of the United
States of America, 76, 4350-4354. http://dx.doi.org/10.1073/pnas.76.9.4350

Shi, Z.R., Itzkowitz, S.H. and Kim, Y.S. (1988) A Comparison of Three Immunoperoxidase Techniques for Antigen
Detection in Colorectal Carcinoma Tissues. Journal of Histochemistry & Cytochemistry, 36, 317-322.
http://dx.doi.org/10.1177/36.3.3278057

Tamura, |., Sakaki, T., Chaqour, B., Howard, P.S., lkeo, T. and Macarak, E.J. (2003) Correlation of P-Cadherin and
[S-Catenin Expression and Phosphorylation with Carcinogenesis in Rat Tongue Cancer Induced with 4-Nitroquinoline
1-Oxide. Oral Oncology, 39, 506-514. http://dx.doi.org/10.1016/S1368-8375(03)00013-7

Fontanini, G., De Laurentiis, M., Silvana Vignati, S., Chine, S., Lucchi, M., Silvestri, V., Mussi, A., De Placido, S.,



http://dx.doi.org/10.1146/annurev.biochem.66.1.823
http://dx.doi.org/10.1074/jbc.M006578200
http://dx.doi.org/10.1080/cac.10.2.105.118
http://dx.doi.org/10.1038/sj.emboj.7600136
http://dx.doi.org/10.1006/excr.1996.0221
http://dx.doi.org/10.1002/dvdy.10087
http://dx.doi.org/10.1016/j.cell.2005.09.020
http://dx.doi.org/10.1016/j.cell.2006.09.046
http://dx.doi.org/10.1242/jcs.01001
http://dx.doi.org/10.1083/jcb.139.7.1835
http://dx.doi.org/10.1016/j.yexcr.2007.03.039
http://dx.doi.org/10.1016/j.yexcr.2007.07.005
http://dx.doi.org/10.1002/pmic.200500262
http://dx.doi.org/10.1016/j.oraloncology.2012.08.003
http://dx.doi.org/10.1186/1475-2867-13-38
http://dx.doi.org/10.1002/mc.2940130408
http://dx.doi.org/10.1073/pnas.76.9.4350
http://dx.doi.org/10.1177/36.3.3278057
http://dx.doi.org/10.1016/S1368-8375(03)00013-7

I. Tamura et al.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Tortora, G., Bianco, A.R., Gullick, W., Angeletti, C.A., Bevilacqua, G. and Ciardiello, F. (1998) Evaluation of Epider-
mal Growth Factor-Related Growth Factors and Receptors and of Neoangiogenesis in Completely Resected Stage
I-11IA Non-Small-Cell Lung Cancer: Amphiregulin and Microvessel Count Are Independent Prognostic Indicators of
Survival. Clinical Cancer Research, 4, 241-249.

Moiseeva, E.P., Heukers, R. and Manson, M.M. (2007) EGFR and Src Are Involved in Indole-3-Carbinol-Induced
Death and Cell Cycle Arrest of Human Breast Cancer Cells. Carcinogenesis, 28, 435-445.
http://dx.doi.org/10.1093/carcin/bgl171

Leu, T.H. and Maa, M.C. (2003) Functional Implication of the Interaction between EGF Receptor and C-Src. Frontiers
in Bioscience, 8, s28-s38. http://dx.doi.org/10.2741/980

Barnes, C.J., Yarmand, R.B., Mandal, M., Yang, Z., Clayman, G.L., Hong, W.K. and Kumar, R. (2003) Suppression of
Epidermal Growth Factor Receptor, Mitogen-Activated Protein Kinase, and Pakl Pathways and Invasiveness of Hu-
man Cutaneous Squamous Cancer Cells by the Tyrosine Kinase Inhibitor ZD1839 (Iressa). Molecular Cancer Thera-
peutics, 2, 345-351.

Itoh, N., Semba, S., Ito, M., Takeda, H., Kawata, S. and Yamakawa, M. (2002) Phosphorylation of Akt/PKB Is Re-
quired for Suppression of Cancer Cell Apoptosis and Tumor Progression in Human Colorectal Carcinoma. Cancer, 94,
3127-3134. http://dx.doi.org/10.1002/cncr.10591

Basavaraj, C., Sierra, P., Shivu, J., Melarkode, R., Montero, E. and Nair, P. (2010) Nimotuzumab with Chemoradiation
Confers a Survival Advantage in Treatment-Naive Head and Neck Tumors over Expressing EGFR. Cancer Biology &
Therapy, 10, 673-681. http://dx.doi.org/10.4161/cbt.10.7.12793

Maseki, S., ljichi, K., Tanaka, H., Fujii, M., Hasegawa, Y., Ogawa, T., Murakami, S., Kondo, E. and Nakanishi, H.
(2012) Acquisition of EMT Phenotype in the Gefitinib-Resistant Cells of a Head and Neck Squamous Cell Carcinoma
Cell Line through Akt/GSK-3 Snail Signaling Pathway. British Journal of Cancer, 106, 1196-1204.
http://dx.doi.org/10.1038/bjc.2012.24

Black, P.C., Brown, G.A., Inamoto, T., Shrader, M., Arora, A., Radtke, A.O.S., Adam, L., Theodorescu, D., Wu, X.,
Munsell, M.F., Eli, M.B., McConkey, D.J. and Dinney, C.P.N. (2008) Sensitivity to Epidermal Growth Factor Recep-
tor Inhibitor Requires E-Cadherin Expression in Urothelial Carcinoma Cells. Clinical Cancer Research, 14, 1478-1486.
http://dx.doi.org/10.1158/1078-0432.CCR-07-1593

Xu, Z.H., Hang, J.B., Hu, J.A. and Gao, B.L. (2013) RAF1-MEK1-ERK/AKT Axis May Confer NSCLC Cell Lines
Resistance to Erlotinib. International Journal of Clinical and Experimental Pathology, 6, 1493-1504.

Zang, J., Kalyankrishna, S., Wislez, M., Thilaganathan, N., Saigal, B., Wei, W., Ma, L., Wistuba, 1.1, Johnson, F.M.
and Kurie, J.M. (2007) Src-Family Kinases Are Activated in Non-Small Cell Lung Cancer and Promote the Survival of
Epidermal Growth Factor Receptor-Dependent Cell Lines. American Journal of Pathology, 170, 366-376.
http://dx.doi.org/10.2353/ajpath.2007.060706

Lee, C.H., Hung, H.W., Hung, P.H. and Shieh, Y.S. (2010) Epidermal Growth Factor Receptor Regulates S-Catenin
Location, Stability, and Transcriptional Activity in Oral Cancer. Molecular Cancer, 9, 64-75.
http://dx.doi.org/10.1186/1476-4598-9-64

Ma, L.W., Zhou, Z.T., He, Q.B. and Jiang, W.W. (2012) Phosphorylated p120-Catenin Expression Has Predictive

Value for Oral Cancer Progression. Journal of Clinical Pathology, 65, 315-319.
http://dx.doi.org/10.1136/jclinpath-2011-200516



http://dx.doi.org/10.1093/carcin/bgl171
http://dx.doi.org/10.2741/980
http://dx.doi.org/10.1002/cncr.10591
http://dx.doi.org/10.4161/cbt.10.7.12793
http://dx.doi.org/10.1038/bjc.2012.24
http://dx.doi.org/10.1158/1078-0432.CCR-07-1593
http://dx.doi.org/10.2353/ajpath.2007.060706
http://dx.doi.org/10.1186/1476-4598-9-64
http://dx.doi.org/10.1136/jclinpath-2011-200516

	Effects of 4-(3-Chloro-Benzyl)-6,7- Dimethoxy-Quinazoline on Kinetics of P120- Catenin and Periplakin in Human Buccal Mucosa Squamous Carcinoma Cell Line
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. Cultured Cell Growth Assay
	2.3. Western Blot Analyses
	2.4. Immunocytochemical Analyses

	3. Results
	3.1. Cell Culture and Growth of BICR 10 Cells
	3.2. Western Blot Profiles
	3.3. Immunocytochemical Observations

	4. Discussion
	5. Conclusion
	Acknowledgements
	References

