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Abstract 
Extracellular matrix (ECM) components are critical for all aspects of cell proliferation, adhesion, 
and morphological alteration. Recent progress has yielded multiple molecular drugs that specifi-
cally target gene products which are expressed at high levels in tumor cells. We investigated 
whether the sensitivity of tumor cells to molecular target drugs could be altered when cells were 
cultured on surfaces with various coating conditions such as lysine, laminin, Matrigel, collagen 
type I, and human fibronectin (HFN). This study evaluates the IC50 values of imatinib in oral 
squamous cell carcinoma (OSCC) cell lines when cells are cultured on plates coated with ECM 
components such as collagen type I and HFN. Four OSCC cell lines—SQUU-A, SQUU-B, SAS, and NA— 
are used. Cell proliferation was assessed using WST-8 reagent. Collagen type I and HFN signifi-
cantly enhanced OSCC cell proliferation compared with control. Imatinib cytotoxicity was demon-
strated following culture of OSCCs in culture plates coated with collagen type I or HFN. However, 
there were no significant changes in imatinib IC50 values between collagen type I and HFN. These 
results indicate that some molecular target drugs exhibit cancer cell cytotoxicity without being in-
fluenced by cell environment factors such as the ECM. These results may aid in the search for mo-
lecular target drugs to apply in the clinical chemotherapy of OSCC. 
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1. Introduction 
Oral squamous cell carcinoma (OSCC) currently is treated largely by surgery and/or irradiation, although few 
unequivocal controlled trials of treatment modalities have been conducted. Photodynamic and chemotherapy 
have occasional applications, and there is an increased use of chemotherapy, [1] [2] including targeted therapy. 
Chemotherapy has been used in the treatment of malignant tumors for many years. Anti-cancer drugs exhibit 
many mechanisms of action, including DNA synthesis antagonism and cell division disruption, but most require 
that the tumor cells are actively dividing. However, this targeting of actively-dividing cells by anti-cancer drugs 
leads to undesirable side effects. The resolution or minimization of these side effects would be of great clinical 
benefit [3]. Recently, various gene products associated with carcinogenesis and malignant transformation have 
been elucidated and molecular target-based medicine has been pursued. Molecular target drugs are developed 
following identification of gene products which are expressed at high levels in specific tumor cells. These mo-
lecular target drugs effectively induce selective toxicity in cancer cells, and are therefore expected to possess 
fewer side effects than conventional chemotherapeutic agents [4]. The molecular target drug imatinib is origi-
nally designed as a therapeutic for chronic myeloid leukemia (CML). Imatinib acts by inhibiting cell prolifera-
tion through targeting of Bcr-Abl tyrosine kinase (TK). Additionally, imatinib also inhibits TK receptors such as 
platelet-derived growth factor (PDGF), vascular endothelial growth factor, and KIT, and functions against ga-
strointestinal stromal tumors, Philadelphia chromosome-positive acute lymphocytic leukemia, and myelodys-
plastic/myeloproliferative diseases associated with platelet-derived growth factor receptor (PDGFR) gene re- 
arrangements [5]-[9]. Molecular target drugs bind specifically to molecules present on tumor cells, so they do 
not show effective drug action when these receptors are altered, obscured, or absent. Therefore, the local envi-
ronment may affect the susceptibility of tumor cells to molecular target drugs by influencing receptor molecule 
expression levels. The extracellular matrix (ECM) provides critical support for the vascular endothelium. The 
ECM also provides a scaffold essential for maintaining the vascular organization primarily through adhesive in-
teractions with integrins on the endothelial cell surface [10]. The establishment of fibrin-rich clots in wound 
spaces forms a provisional ECM, and clotting is accompanied by the activation of platelets, neutrophils, and 
macrophages. These cells ultimately resolve wounds by promoting the synthesis, remodeling, and contraction of 
the matrix [11]. Additionally, these cells communicate with each other largely through the secretion of soluble 
factors. Fibroblasts are stimulated by PDGF ligands, which are released as a bolus by activated platelets [12]. 
Furthermore, integrin-mediated adhesion influences cell survival and may prevent programmed cell death [13]. 

We investigated whether the cytotoxic activity of imatinib could be influenced by culture vessel coating con-
ditions. We calculated IC50 values following the addition of various concentrations of imatinib to OSCC cultures 
under collagen type I or human fibronectin (HFN) coating conditions. 

2. Materials and Methods 
2.1. Materials 
2.1.1. Cell Line and Cell Culture  
The human OSCC cell lines, SQUU-A, SQUU-B, SAS, and NA were derived from human tongue samples. 
SQUU-A and SQUU-B cell lines were established from local recurrences of an OSCC lesion in the same patient. 
Cervical lymph node metastasis was detected in mice orthotopically implanted with SQUU-B (86.7%), but not 
in those with SQUU-A (0%) [14]. SAS cells were derived from a poorly-differentiated human tongue OSCC le-
sion [15]-[17]. NA cells were derived from a poorly-differentiated tongue carcinoma and produce fibronectin 
[18]. All cell lines were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) (Nacalai Tesque Inc., 
Kyoto, Japan) containing 10% fetal calf serum (Biowest, France) at 37˚C on cell culture plate in a humidified 
atmosphere with 95% air and 5% CO2. 

2.1.2. Reagents 
Imatinib (Focus Biomolecules, Plymouth Meeting, PA, USA) was diluted in 50 mM dimethylsulfoxide (DMSO; 
Sigma-Aldrich Inc., St. Louis, MO, USA) and stored at −20˚C. DMSO was then present at 0.1% in experimental 
samples. Six coating materials were prepared. Type I bovine collagen (Collagen type I) was purchased from 
Thermo Fisher Scientific Inc. (Waltham, MA, USA). HFN and Matrigel were purchased from Corning Inc. 
(Corning, NY, USA). Laminin, Poly-L-Lysine, and Poly-D-Lysine, were purchased from Sigma-Aldrich Inc. (St. 
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Louis, MO, USA). 

2.2. Methods 
2.2.1. Coating Method 
Flat-bottomed untreated 96-well plates were coated with 50 µL/well phosphate-buffered saline (PBS; Gib-
co-BRL, Grand Island, NY) as negative control or 50 µL/well coating material and incubated for 2 h at room 
temperature. After incubation, plates were washed twice with PBS and DMEM was then added [19]. Cell culture 
plates were coated with 5 µg/cm2 collagen type I diluted in 20 mM CH3COOH. Coating concentrations of HFN, 
Laminin, poly-D-Lysine, poly-L-Lysine, and Matrigel were 1 - 5 µg/cm2, 1 - 2 µg/cm2, 2 - 4 µg/cm2, 2 µg/cm2, 
and 50 µg/cm2, respectively, all diluted with dH2O. 

2.2.2. Cell Proliferation Assay 
After plate coating and aspiration of DMEM, OSCC cells were seeded into each well at 5, 10, or 20 × 103 
cells/well/200 µL DMEM). After 24 h incubation at 37˚C and 5% CO2, cells under each culture condition were 
observed using a microscope (EVOS, Thermo Fisher Scientific Inc.). The number of active cells was measured 
using WST-8. Briefly, 20 µL WST-8 dye was added to each well and absorbance at 450/655 nm measured using 
a microplate reader after a 3-h incubation. A blank well containing culture medium alone served as a control in 
all experiments. 

2.2.3. Cytotoxicity Assay 
After coating and initial seeding and culture of OSCC cells, the culture medium was removed and replaced with 
imatinib-containing medium. Following 24 h in a tissue culture incubator, 20 µL/well of WST-8 dye was added 
to each well for 3 h and plates were read at 450 nm/655 nm. The cell survival rate was calculated using the for-
mula below [20]. IC50 values were calculated by linear approximation regression of percent survival versus drug 
concentration. 

( ) ( ) ( )Cell survival rate % a c b c 100= − − ×  

(a = absorbance at each imatinib concentration, b = absorbance at 0 µM of imatinib, c = absorbance of blank) 

2.3. Statistical Analysis 
All experiments were performed in duplicate. The results are expressed as means ± SD (n = 2 − 4). Data were 
evaluated for statistically significant differences using the Bonferroni test for differences between groups. The 
overall significance was determined using a one-way ANOVA (repeated measures). A p-value of < 0.05 was 
considered to be statistically significant. 

3. Results 
3.1. Effect of Coating Condition on OSCC Cell Proliferation 
Coating with collagen type I and HFN significantly enhanced cell proliferation of SQUU-A and SQUU-B cells 
by approximately double when compared with negative control (Figure 1). Meanwhile, SQUU-A and SQUU-B 
cell proliferation on Matrigel, Laminin, poly-L-Lysine, orpoly-D-Lysine coating was nearly equal to control 
(Figure 1(A) and Figure 1(B)). SAS and NA cells proliferated equally well under all coating conditions (Figure 
1(C) and Figure 1(D)). IC50 values for imatinib on Matrigel, Laminin, poly-L-Lysine, and poly-D-Lysine coat-
ings were unable to be evaluated given the poor cell proliferation on these surfaces. Therefore, collagen type I 
and HFN coated plates were used to evaluate IC50 values of imatinib in OSCC cells. 

Representative microscopic images of SQUU-A and SQUU-B cells are shown in Figure 2. Collagen type I 
and HFN significantly enhanced cell proliferation compared with negative control in SQUU-A and SQUU-B 
cultures. These results are consistent with of the findings from WST-8 assays depicted in Figure 1(A) and Fig-
ure 1(B). 

3.2. Effect of the Number of Cells Seeded on OSCC Cell Proliferation 
In general, absorbance values obtained following addition of WST-8 dye correlated with the number of cells  
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Figure 1. Effects of coating conditions using components of extracellular matrix (ECM) on cell proliferation. After coating, 
oral squamous cell carcinoma cells were incubated for 24 h. Absorbance values were measured following seeding of OSCCs 
to culture plates coated with various ECM components. Results from SQUU-A (A), SQUU-B (B), SAS (C), and NA (D) 
cells. Data are presented as means ± SD (n = 2).                                                                         
 

 
Figure 2. Microscopic images of SQUU-A and SQUU-B cells in plates coated with different extracellular matrix compo-
nents. Cell proliferation was assessed by microscope after 24 h incubation. Representative images of SQUU-A and SQUU-B 
cells in plates coated with collagen type I and HFN are shown. Microscopic images of SQUU-A cells in plates coated with 
PBS (A), collagen type I (B), and HFN (C) are shown. Microscopic images of SQUU-B cells cultured in plates coated with 
PBS (D), collagen type I (E), and HFN (F). Scale bar: 300 µm.                                                                                                             
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present (Figure 3). In all OSCC cell lines, absorbance values increased as the number of cells seeded increased. 
Furthermore, good cell proliferation was observed in all coating conditions. 

From these results, 10 × 103 cells/well was selected as the optimal number of cells to seed for examination of 
imatinib IC50 values. 

3.3. Examination of Imatinib IC50 Values in OSCC Cells 
IC50 values forimatinib in OSCC cells are presented in Table 1. Cell culture plates without coating were used as 
a control. Absorbance values following treatment with various concentrations of imatinib are shown in Figure 4. 
Absorbance values from OSCC cells treated with imatinib were decreased in a dose-dependent manner. Sup-
pression of SQUU-A and SQUU-B cell proliferation in cultures grown on collagen type I coating and treated 
with imatinib is also depicted in micrographs (Figure 5). This suppression of cell proliferation was observed in 
all OSCC cell types cultured on collagen type I and HFN coatings. However, there was no significant difference 
in imatinib IC50 values between collagen type I and HFN coating. These results suggest that IC50 values were not 
affected by coating condition.  
 
Table 1. Summary of IC50 values in oral squamous cell carcinoma cells under collagen type I or HFN coating condition. Da-
ta are presented as means ± SD (n = 3).                                                                                                             

Cell line Cell culture Collagen type I HFN 

SQUU-A 54.45 ± 2.86 60.01 ± 6.79 70.69 ± 5.16 

SQUU-B 61.53 ± 4.05 57.06 ± 4.89 69.98 ± 7.48 

SAS 51.64 ± 2.25 48.35 ± 3.28 54.18 ± 3.44 

NA 50.49 ± 2.07 56.34 ± 6.67 56.85 ± 2.43 

 

 
Figure 3. Effects of seeding cell number on cell proliferation. After coating, oral squamous cell carcinoma were incubated 
for 24 h on plates coated with collagen type I or HFN. Results from SQUU-A (A), SQUU-B (B), SAS (C), and NA (D) cells 
are shown. Data are presented as means ± SD (n = 2).                                                                                                             
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Figure 4. Absorbance values from WST-8 assay analysis of oral squamous cell carcinoma (OSCC) cells treated with imati-
nib under collagen type I or Human Fibronectin (HFN) coating conditions. OSCCs were incubated for 24 h after treatment 
with imatinib. Absorbance values following treatment of OSCCs with imatinib under collagen type I or HFN coating condi-
tions are shown. Results from SQUU-A (A), SQUU-B (B), SAS (C), and NA (D) cells are shown. Data are presented as 
means ± SD (n = 3).                                                                                                    
 

 
Figure 5. Microscopic images of SQUU-A and SQUU-B cells treated with imatinib under collagen type I coating condition. 
Representative images of SQUU-A cells treated with imatinib at 0, 25, and 50 µM under collagen type I conditions are 
shown in (A), (B), and (C), respectively. Representative images of SQUU-B cells treated with imatinib at 0, 25, and 50 µM 
under collagen type I conditions are shown in (D), (E), and (F), respectively. Scale bar: 300 µm.                                  
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4. Discussion 
In this study, we coated tissue culture plates with multiple different ECM components that are associated with 
cell proliferation and cell adhesion and evaluated whether these coatings affected OSCC cell proliferation. We 
also examined the effect of imatinib on OSCC cell proliferation and determined IC50 values for imatinib in 
OSCC cells cultured on plates coated with collagen type I or HFN. 

HFN and collagen type I have important roles in cell proliferation and cell adhesion. HFN is a large glyco-
protein of 210 - 250 kDa that possesses an Arg-Gly-Asp (RGD) peptide sequence. The RGD motif functions in 
cell adhesion and cellular extension by binding to integrins on the cell surface. Humans possess four classes of 
fibronectin: plasma fibronectin, cellular fibronectin, fetal fibronectin, and single-chain fibronectin; with cellular 
fibronectins playing an especially important role in cell adhesion [21]-[24]. Collagen is the most abundant pro-
tein in the human body, accounting for approximately 30% of total body protein. Collagen comprises several-
groups of proteins which are classified according to their structure, though all adopt a triple helix formation. 
There are more than 30 individual forms of collagen, but types I, II, and III account for 80% - 90% of the total. 
Collagen type I exists in the skin, bones, and other connective tissues, where it functions in cell adhesion, proli-
feration, and differentiation [25]-[30]. 

Imatinib inhibits the proliferation of CML cells by inhibiting Bcr-Abl TK function. Imatinib also inhibits oth-
er TK receptors such as PDGF and KIT [5]-[7]. PDGFα-dependent ECM and HGF production in fibroblasts 
promotes remodeling of connective tissue [31]. Additionally, imatinib reduces production of ECM and prevents 
development of experimental dermal fibrosis [32]. Taken together, these reports suggest that ECM components 
can influence the expression of PDGFR. Therefore, the sensitivity of OSCC cells to imatinib may be influenced 
by cell environment factors such as culture plate coating material. 

We found that collagen type I and HFN could effectively promote cell proliferation in OSCC cells, and there 
was no significant difference in IC50 values of imatinib. This is the first report describing dose-dependent imati- 
nib-mediated cytotoxicity in OSCC cells. However, the mechanism underlying this cytotoxicity remains un-
known. We used PCR to determine that PDGFR was present only on SAS cells and KIT was present only on 
SQUU-A cells (data not shown). These results suggest that imatinib promotes OSCC cell toxicity through a 
mechanism other than TK inhibition. There may have been no significant change in imatinib IC50 values be-
tween the different coating conditions because of this as-yet unidentified cytotoxicity mechanism in OSCC cells. 
These results demonstrate that some molecular target drugs exhibit cancer cell cytotoxicity without being influ-
enced by cell environment factors.  

We used WST-8 to evaluate cytotoxicity assay in this study. WST-8 measures the level of formazan pigment 
reduced by dehydrogenase in the mitochondria. The amount of formazan dye generated by active mitochondria 
is proportional to the number of living cells. Other evaluation assays which evaluate cell adhesion, such as the 
CytoSelect™ cell adhesion assay (COSMO BIO Co, Ltd., Tokyo, Japan) or the xCELLigence System (ACEA 
Bioscience Inc., San Diego, CA, USA), may generate different results. 

5. Conclusion 
Collagen type I and HFN significantly enhanced OSCC cell proliferation compared with control. IC50 values 
were calculated when cells were seeded to culture plates coated with collagen type I or HFN at 10 × 103 cells/ 
well. Furthermore, this study was the first to demonstrate imatinib-mediated cytotoxicity in OSCC cells. How-
ever, there were no significant changes in IC50 values between collagen type I and HFN. These results indicated 
that some molecular target drugs exhibited cancer cell cytotoxicity without the influence of cell environment 
factors. In future experiments, we will examine IC50 values for imatinib in OSCCs when combined with other 
anti-cancer agents such as 5-FU, cisplatin, and docetaxel in OSCCs. Furthermore, we will investigate the phar-
macological mechanism underlying imatinib-mediated cytotoxicity in OSCC cells. We hope that these results 
will aid the identification of molecular target drugs for use in OSCC clinical chemotherapy. 
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