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Abstract 

Oral squamous cell carcinoma (OSCC) is a serious health problem in many countries. Several drugs 
have been used to treat head and neck and oral cavity cancers. However, the success rate has not been 
impressive because of the heterogeneity of cancerous cells, resulting in differential responsiveness to 
chemotherapy. Two distinct phenotypes of OSCC cells, the CLS-354/WT and CLS-354/DX cells, have 
been used as in vitro cell models for this study. CLS-354/DX cells were more aggressive than CLS-
354/WT cells, supported by the observation that CLS-354/DX cells can undergo epithelial-mesenchymal 
transition (EMT), grow anchorage-independently, and increase invasiveness. We investigated the 
preliminary redox status of these 2 cell lines, including levels of reactive oxygen species (ROS) and 
cellular antioxidants, using flow cytometry analysis and ABTS+ free radical scavenging assay, 
respectively. A 7-fold decrease in ROS level was detected in CLS-354/DX cells, comparing with CLS-
354/WT cells, while antioxidant capacity was not different from that of CLS-354/WT cells. Hydrogen 
peroxide, a ROS modulating agent, could induce ROS levels, and caused cell death in CLS-354/WT 
greater than that of CLS-354/DX cells. Of note, hydrogen peroxide-induced cytotoxicity could be rescued 
by N-acetyl cysteine, confirming ROS-mediated cytotoxicity in both cell lines. ROS-sensitive mitogen-
activated protein kinases (MAPKs) were observed using immunoblot assay. The expressions of p-JNK1/2 
and p-p38 MAPK in CLS-354/DX cells were absent, while these expressions were abundantly detected in 
CLS-354/WT cells. This suggests that lower ROS levels, with the concomitant reduction of JNK and p38 
MAPK activation in CLS-354/DX cells, are associated with cancer cell aggressiveness. These findings 
provide significant evidence of the resistance to ROS-modulating agents in aggressive OSCC cells. 
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Introduction 

Oral cancer is a subtype of head and neck cancer, which is any cancerous tissue growth located in 
the oral cavity, and 90 % of cases of this cancer involve oral squamous cell carcinoma (OSCC) [1]. Oral 
cancer is the tenth most common cancer worldwide, and is one of the top cancer types showing rising 
mortality rates in many Asian countries [2]. Most patients with OSCC presented pathologic evidence of 
lymph node metastasis, and a 5-year survival rate is less than 50 % [3]. Oral cancer death often results 
from local recurrence of regional or systemic metastasis and resistance to therapy [4]. 

Cellular redox status, a net balance between reduced and oxidized states, is one of the most 
commonly investigated cellular contexts in the subpopulation of tumor cells, because of a wide range of 
biological impacts [5]. Reactive oxygen species (ROS), chemically-reactive molecules containing 
oxygen, act as a secondary messenger, mediating multiple signaling pathways, and play an important role 
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in maintaining cellular redox homeostasis [6]. Changes in intracellular ROS levels contribute to a variety 
of different cellular responses. For instance, high ROS levels can activate cell proliferation, 
carcinogenesis, and apoptosis [5], whereas low levels of ROS are required for quiescence and self-
renewal [7]. The difference in redox status is associated with aggressiveness of cancer cells and confers 
drug resistance. More reduced intracellular redox states have been shown to sustain invasive properties 
and aggressiveness of cancer cells [8,9]. In head and neck squamous carcinoma cells, low ROS levels are 
used to maintain stemness properties and drug resistance [10]. These collected data indicate that the 
reduction of ROS may be associated with aggressiveness. A subset of cancer cells with lower ROS levels 
could be a potential target for more effective therapies. 

Mitogen-activated protein kinase (MAPK) signaling pathways are an evolutionary-conserved 
mechanism of signal transduction in cells involving cell proliferation and apoptosis. Extracellular signal-
regulated kinase 1/2 (ERK1/2), c-Jun N-Terminal kinase (JNK), and p38 are responsible for each of the 
signaling transductions [11]. Among these, JNK1/2 and p38 MAPK are very sensitive to oxidative stress 
induced by ROS [12]. Activation of p38 MAPK with high ROS level is associated with apoptosis 
induction and attenuation of carcinogenesis [13]. Meanwhile, more aggressive cancer cells have a 
cytoprotective mechanism through down-regulation of ROS-p38 MAPK signaling [7]. Cisplatin, an ROS-
generating anti-cancer drug, requires p38 MAPK or JNK activation for apoptosis induction [14,15]. 
Hence, alteration of intracellular ROS in cancer cells may affect the activation of MAPK proteins. 

Evidence revealing the association of redox status and the aggressiveness of OSCC cells has not yet 
been documented. In this study, ROS levels, and the response to ROS-modulating agents, have been 
performed in 2 cell lines of OSCC; CLS-354/WT (a less aggressive phenotype) and CLS-354/DX (a more 
aggressive phenotype). We found that the 2 cell lines had different ROS levels, by which CLS-354/DX 

cells had lower ROS levels and was resistant to hydrogen peroxide-induced toxicity. The reduction of 
ROS in CLS-354/DX cells was concomitant with decreased phosphorylation of JNK and p38 MAPK. 
Thus, lower ROS levels might be a mechanism of drug resistance in OSCC cells. 
 
Materials and methods 

Chemicals and reagents 
2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), camptothecin 

(CPT), dimethyl sulfoxide (DMSO), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), and N-acetyl-cysteine (NAC) were purchased from Sigma-Aldrich Corp., (St. Louis, MO, USA). 
Fetal bovine serum (FBS) was obtained from Biochrom GmbH (Berlin, Germany). RPMI-1640, 
phosphate buffer saline (PBS), and penicillin/streptomycin were purchased from PAA Laboratories 
GmbH (Pasching, Austria). 2',7'-dichlorodihydrofluorescein diacetate (H2DCFDA), 0.25 % trypsin-
EDTA, and stable L-glutamine were purchased from Gibco, Life Technologies (Carlsbad, CA, USA). 
Becto agar was purchased from BD Biosciences (San Jose, CA, USA). ECL Plus Western blotting 
Detection Reagent was purchased from Amersham Biosciences Corp., (Piscataway, NJ, USA). 
Antibodies for vimentin, E-cadherin, MAPKs, and β-actin, and HRP-linked secondary antibodies, were 
purchased from Cell Signaling Technology, Inc., (Danvers, MA, USA). 
 

Cell culture 
The fibroblast-like phenotype of the human mouth carcinoma cell line, CLS-354/DX, and the 

epithelium-like phenotype, CLS-354/WT (passage number 35 - 45) were used as in vitro cell models for 
this study. These 2 cell lines were established from the original human mouth carcinoma cell line CLS-
354 (Cell Line Service, Germany) [16]. CLS-354/WT and CLS-354/DX cells were cultured in RPMI-
1640 medium supplemented with 10 % fetal bovine serum (FBS), 1 % penicillin/streptomycin, and 2 mM 
stable L-glutamine. For EMT study, less-transformed, epithelium-like (EPI) cells and more-transformed, 
fibroblast-like (FIB) cells (gifts from Assoc. Prof. Dr. Walee Chamulitrat, University Heidelberg 
Hospital, Heidelberg, Germany) were cultured in complete DMEM medium. All cell lines were 
maintained in an atmosphere of 95 % humidity and 5 % CO2 at 37 °C. 
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Anchorage-independent growth assay 
CLS-354/WT and CLS-354/DX cells were tested for anchorage-independent growth using the 

method described previously [17]. Briefly, a 0.33 %-agarose mixture containing cells was overlaid onto 
the prepared 0.5 %-agar bottom layer. Cells were plated at a density of 7.1×103 cells/cm2. Agar plates 
were kept in a 5 %-CO2 incubator at 37 °C and were fed with RPMI-1640/10 % FBS every 5 days. 
Colonies (> 20 cells/colony) were counted in the third week after plating under a phase-contrast 
microscope. The number of colonies was normalized to a % based on the total number of seeded cells as 
percent efficiency. 
 

Invasion assay 
Cell invasion assay was determined using the Cell Invasion Assay Kit (ECM550, Chemicon, USA) 

according to the manufacturer’s instructions. Briefly, cell suspensions of CLS-354/WT or CLS-354/DX at 
a density of 5×105 cells/ml were seeded in serum-free RPMI-1640 into the upper chamber and allowed to 
invade towards media containing 10 % FBS as a chemo-attractant in the lower chamber for 24 h in a CO2 
incubator. After incubation, invasive cells on the lower surface of the membrane were stained with 
staining solution for 20 min. The invasive cells were then photographed using an inverted microscope, 
with at least 3 random views. To quantitate the invasive cells, the stained invasive cells on the lower 
surface of the membrane were dissolved with 10 % acetic acid. The absorbance of the solution was 
determined at 560 nm. 
 

Detection of intracellular ROS 
CLS-354/WT and CLS-354/DX cells were seeded in 6-well plate (4.2×104 cells/cm2) and allowed to 

grow for 48 h. For the analysis of hydrogen peroxide (H2O2)-induced ROS, cells were treated with H2O2 
(400 µM) or in combination with N-acetyl cysteine (NAC) (5 mM) for 24 h. Treated cells were then 
harvested, washed with PBS, and incubated in PBS containing 10 µM H2DCFDA for 30 min at 37 °C in 
dark conditions. After incubation, cells were washed, re-suspended with PBS, and subjected to a flow 
cytometer for analysis of ROS production. The mean fluorescence intensity (MFI) of the green 
fluorescence (FL1) obtained from 20,000 cells was quantitated using CellQuest™ Pro software (BD 
Biosciences, San Jose, CA, USA). 
 

Measurement of total antioxidant capacity  
The cellular total antioxidant capacity was performed by using ABTS cation radical (ABTS• +) 

scavenging assay. Cells were harvested and lysed in sonication buffer (150 mM Tris-HCl, pH 7.8, 10 mM 
PMSF, 0.2 mM Na3VO4, 0.01 M NaF, 0.014 mM chymostatin, 99.3 KU/ml aprotinin, and 0.01 mg/ml 
pepstatin A) using a sonicator. Bradford’s reagent kit was used to measure protein concentration of the 
cell lysates. The cell lysates of 0.5 mg/ml protein were mixed with working ABTS• + solution and 
incubated in dark conditions for 3 min. Then, the absorbance was read at 734 nm using a microplate 
reader. The standard curve was linear, using Trolox between 6.25 - 250 µM. The unit of cellular total 
antioxidant capacity was defined as Trolox equivalent antioxidant capacity (TEAC) per 1 mg protein. 
 

Cytotoxicity test  
 CLS-354/WT and CLS-354/DX cells were seeded into the 96-well plates at a density of 4.7×104 

cells/cm2 and allowed to grow for 48 h. The cells were then treated with various concentrations of H2O2 
(0 - 1000 µM) with or without NAC (0.6 - 10 mM) for 24 h at 37 °C in a humidified 5 % CO2 
atmosphere. After treatment, spent media were removed and replaced with complete medium overnight. 
Cell viability was performed by MTT assay, based on the conversion of MTT to formazan crystals by 
mitochondrial dehydrogenases from viable cells. MTT was dissolved in cultured medium to obtain a final 
concentration of 0.5 mg/ml and added into each well. After incubation at 37 °C in CO2 incubator for 3 h, 
formazan crystals were dissolved with DMSO. Absorbance was detected at 560 nm, with subtraction of 
background at 670 nm, by using a microplate reader. The percentage of cell viability (%) was calculated 
using the following equation; 
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[(Abs treated sample / Abs untreated sample) 100].              (1) 
 
Western blot analysis 
CLS-354/WT and CLS-354/DX cells were cultured in a complete medium at ~80 % confluence. 

After 48 h, the cells were harvested and lysed in sonication buffer containing protease inhibitors by using 
a sonicator. Cell lysates containing equal amount of protein (30 µg) were then prepared in Laemmli 
sample buffer. The protein samples were separated in a 10 % SDS-PAGE gel and transferred onto a 
PVDF membrane. The membrane was blocked with 5 % non-fat dry milk, washed with TBTS, and 
probed with primary antibodies against vimentin (1:2500), E-cadherin (1:5000), phospho-ERK1/2 
(1:1000), phospho-JNK1/2 (1:1000), phospho-p38 (1:1000), total ERK1/2 (1:1000), total JNK (1:500), 
total p38 (1:1000), and β-actin (1:5000) at 4 °C overnight. The blots were probed with secondary anti-
rabbit antibody (1:5000) at RT for 1 h. Subsequently, the membranes were washed, and proteins were 
visualized using an ECL Western blot detection system. 
 

Statistical analysis 
All experiments were performed at least 3-independent times. The results were expressed as the 

mean ± standard error of mean (SEM). Statistical analysis was determined by Student t-test or one-way 
ANOVA, followed by multiple comparison tests using GraphPad Prism 6 (GraphPad Software Inc., La 
Jolla, CA, USA). Differences of p < 0.05 were considered significant. 
 
Results and discussion 

EMT-like phenotype, anchorage-independent growth, and invasiveness of CLS-354/DX cells 
CLS-354 cells are human oral squamous cell carcinoma (OSCC), originally characterized as an 

epithelial cell type. In this study, some cells at passage number 27 spontaneously exhibited a fibroblast-
like morphology (elongated shape) after several subcultures, resulting in the appearance of 2 distinct 
phenotypes an epithelium-like phenotype, CLS-354/WT, and a fibroblast-like phenotype, CLS-354/DX 

(Figure 1A). These 2 phenotypes of the cells were separated using differential trypsinization, by which 
CLS-354/DX cells were more easily detached than CLS-354/WT cells [16]. The morphology of CLS-
354/DX cells was stable upon culturing in a complete RPMI-1640 with 10 % FBS. These cells did not 
reverse back to an epithelium-like appearance. 

To confirm the acquisition of epithelial-mesenchymal transition (EMT), we further studied the 
expression of EMT-related proteins, including E-cadherin and vimentin in CLS-354/DX cells. In addition, 
epithelium-like transformed human gingival keratinocytes (EPI cells) and fibroblast-like transformed 
human gingival keratinocytes (FIB cells) were used as positive controls for partial EMT- and EMT-like 
cells, respectively. As shown in Figure 1B, E-cadherin (a marker protein of an epithelial cell) was 
strongly expressed in CLS-354/WT cells, similar to that of EPI cells, but not in CLS-354/DX and FIB 
cells. Conversely, vimentin (a marker protein of a mesenchymal cell) was highly expressed in CLS-
354/DX cells, approximately equal to that of FIB cells. CLS-354/WT and EPI cells partially expressed 
vimentin, suggesting a partial EMT-like phenotype. The expression of these 2 proteins indicates that 
CLS-354/DX cells acquired EMT properties, while partial acquisition of EMT phenotype was observed in 
CLS-354/WT cells. This phenomenon has been linked to the EMT process, which is a biological process 
allowing a polarized epithelial cell to undergo multiple changes towards mesenchymal cells [18]. Cancer 
cells that undergo EMT lose their adherent properties, and can be easily detached from the extracellular 
matrix compartment [19].  
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Figure 1 The acquisition of EMT in CLS-354/DX cells. (A) The cell morphology of CLS-354/WT and 
CLS-354/DX under a phase contrast microscope (100 magnification). (B) E-cadherin and vimentin 
expression by Western blot in EPI, FIB, CLS-354/WT, and CLS-354/DX cells (C) Colony formation in 
semi-solid agar of CLS-354/WT (left) and CLS-354/DX cells (right). (D) The efficiency of anchorage-
independent growth (AIG) was determined by the normalization of the number of colonies to the total 
number of seeded cells. Data were expressed as mean ± SEM (n = 4). (E) Invasion ability and (F) 
quantitative analysis of the relative invasion of CLS-354/WT and CLS-354/DX cells. Data were 
expressed as mean ± SEM (n = 5); * p < 0.005 vs. CLS-354/WT. 
 
 

EMT is often seen in advanced-stage cancer in order to confer aggressive behaviors, such as 
metastasis and chemoresistance [20]. To compare the degree of aggressiveness among CLS-354/WT and 
CLS-354/DX cells, the in vitro anchorage-independent growth ability was carried out by colony 
formation assay in soft agar. As shown in Figure 1C, right, CLS-354/DX cells grew anchorage-
independently, while CLS-354/WT cells was unable to form colonies (Figure 1C, left). The colony-
forming efficiency of CLS-354/DX cells was 0.021 % (Figure 1D). Anchorage-independent growth is a 
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characteristic of cell transformation for detecting the malignant transformation of cells [21]. 
Concomitantly, an increasing number of invaded cells in CLS-354/DX cells through a matrigel-coated 
membrane were observed and photographed (Figure 1E). Quantitative analysis of the relative invasion of 

CLS-354/DX cells was significantly higher than CLS-354/WT cells (Figure 1F). Thus, CLS-354/DX 

cells are capable of gaining aggressiveness, indicating a higher degree of malignancy than CLS-354/WT 
cells. 
 

Lower ROS levels in CLS-354/DX cells 
Changes in ROS levels, either by endogenous cell metabolism or by exogenous oxidants, affect 

cellular redox status [5]. To evaluate preliminary oxidative and antioxidant profiling, intracellular ROS 
and total antioxidant capacity were measured to represent oxidant/antioxidant balance in our cell model. 
The results showed that basal intracellular ROS levels in CLS-354/WT cells were significantly greater 
than that of CLS-354/DX (~7-fold) (Figure 2A). However, these 2 cells showed no difference in total 
antioxidant capacity (Figure 2B). Thus, ROS formation between CLS-354/WT and CLS-354/DX cells 
was distinctly different. It has been suggested that endogenous ROS levels can be modified in different 
degrees of malignancy [8,9]. The elevation or reduction of endogenous ROS levels may be affected by 
the changes in cell metabolism and the modulation of the antioxidant system. For instance, NADPH 
oxidase 1 (NOX1), a major ROS generator in epithelial cells, has been found to be overexpressed in 
cancer cells and involved in increasing ROS formation, leading to the contribution of neoplastic 
formation in epithelial cancer [22]. Defects in antioxidant enzyme systems have been reported in OSCC 
biopsies [23]. On the other hand, advanced malignant cells, such as cancerous stem-like cells, can adapt 
themselves by increasing antioxidant glutathione (GSH) to defend against ROS. The reduction of ROS 
has been suggested to promote cancer cell survival, therapy resistance, and metastatic progression [7]. 
Although antioxidants in our cell model have not yet been fully investigated, measurement of antioxidant 
systems and cancer stem cell markers will be carried out to provide valuable clues in further experiments. 

 
 

 
 

Figure 2 Intracellular reactive oxygen species (ROS) and total antioxidant levels in CLS-354/WT and 
CLS-354/DX cells. (A) Intracellular ROS of cells was determined by H2DCFDA fluorescent probe and 
analysed by flow cytometric approaches. The fluorescence signal, which was proportional to intracellular 
ROS, was represented as a histogram of ROS (left) and mean florescent intensities (MFI) (right). (B) 
Total antioxidant capacity in cell lysate of CLS-354/WT and CLS-354/DX cells was determined by ABTS 
radical cation decolorization assay. Data were expressed as mean ± SEM from 3-independent 
experiments; *** p < 0.001 vs. CLS-354/WT. 
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Figure 3 Responsiveness to hydrogen peroxide of CLS-354/WT and CLS-354/DX cells. (A) CLS-
354/WT and CLS-354/DX cells were treated with hydrogen peroxide (H2O2; 125−1000 µM). (B) IC50 
values upon H2O2 treatment were determined from the H2O2 response curve. (C) CLS-354/WT cells and 
(D) CLS-354/DX cells were treated with H2O2 (400 µM) in the presence of N-acetyl-cysteine (NAC, 
0.6−10 mM). After 24 h treatment, the cell viability was assessed by MTT assay. (E-F) Intracellular ROS 
levels upon treatment with H2O2 (400 µM) with or without NAC (5 mM) in (E) CLS-354/WT and (F) 
CLS-354/DX cells were determined using flow cytometry analysis. Data are expressed as mean ± SEM 
from at least 3 independent experiments; * p < 0.05, ** p < 0.01, *** p < 0.001 vs. untreated control; ## p 
< 0.01, ### p < 0.001 vs. CLS-354/WT; § p < 0.001vs. H2O2 alone. 
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Lesser responsiveness to ROS-modulating agent in CLS-354/DX cells 
Hydrogen peroxide (H2O2), a potent ROS-modulating agent, was adopted in this cell model. Cell 

viability was determined following H2O2 treatment for 24 h using MTT assay. The results showed that 
H2O2 in concentrations ranging from 250 to1000 µM decreased cell viability in a dose-dependent manner 
in both cell lines (Figure 3A). Notably, CLS-354/DX cells exhibited lower response to H2O2 than that of 
CLS-354/WT cells at 500 and 1000 µM (Figure 3A). The half maximal inhibitory concentrations (IC50) 
upon H2O2 treatment in CLS-354/WT and CLS-354/DX cells were 258.30 ± 7.26 µM and 378.30 ± 13.02 
µM, respectively, which were significantly different (Figure 3B). These data indicate that CLS-354/DX 
cells are more resistant to H2O2-induced cell death than CLS-354/WT cells. 

To confirm the induction of intracellular ROS-mediated cell death upon H2O2 treatment in both cell 
lines, the combined treatment of H2O2 with NAC, a specific ROS scavenger, was then performed. NAC at 
different concentrations, ranging from 0.6 to 10 mM, could improve cell viability in the presence of 
400 µM H2O2 in both cell lines (Figures 3C and 3D). H2O2-induced ROS production in the presence or 
absence of NAC was confirmed again by flow cytometry analysis. ROS production was increased 5.7-
fold and 14-fold in CLS-354/WT and CLS-354/DX cells, respectively. Moreover, 5 mM NAC could 
protect against ROS production (Figures 3E and 3F), indicating the existence of intracellular ROS upon 
H2O2 treatment.  

Anticancer drugs mediate apoptotic cell death in various tumor cells via ROS generation. ROS-
induced apoptosis could be attenuated by using NAC, indicating the role of an ROS-mediated mechanism 
[15]. Differential redox status in gastrointestinal cancer cells [7] and head and neck cancer cells [10] 
affected anticancer drug responsiveness. These cancer cells exhibited lower ROS levels, and they were 
found to be more resistant to anticancer drugs than other cancer cells with high ROS levels [7,10]. Studies 
demonstrated that cancer cells expressing lower ROS levels are more resistant to exogenous pro-oxidant 
compounds [9,24]. Our results suggest that lower basal ROS levels in CLS-354/DX cells are likely to be 
involved in resistance to ROS-modulating agent. The different response mechanisms might be related to 
the difference of a cell’s antioxidative capability, such as intracellular GSH content [7] and antioxidant 
enzyme levels [23], thus requiring further investigation.  
 

Reduction of MAPK phosphorylation in CLS-354/DX cells 
We determined the expression of phosphorylated MAPK, including p-ERK1/2, p-JNK1/2, p-p38, 

and their total forms, by Western blot. The fully phosphorylated form of MAPKs was shown when the 
cells reached approximately 80 % confluence [25], similar to our observation in Figure 4. We also 
observed a decrease of total forms, especially total-ERK and total-JNK, when fully phosphorylated forms 
were activated in highly confluent conditions. Therefore, expression of phosphorylated MAPKs can be 
compared with endogenous control β-actin rather than total forms. The both cell lines expressed p-
ERK1/2, but with different molecular size (Figure 4, left). A fully phosphorylated ERK in these cells 
may mostly depend on MEK activation. Autocrine-signaling through growth factors would result in 
MEK/ERK activation and cell proliferation [26]. The differential pattern of ERK phosphorylation may be 
due to an ERK1 mutant, which could increase the threonine phosphorylation (ERK1) with an increase in 
its activation [27]. Interestingly, the expressions of p-JNK1/2 and p-p38 in CLS-354/DX cells were low to 
undetectable (Figure 4, middle and right). It is suggested that the phosphorylated JNK1/2 and p38 are 
increased in parallel with high ROS levels. In particular, JNK1/2 and p38 MAPK are redox-sensitive 
kinases, which are responsible for apoptosis activation in cancer cells [12]. Differential intracellular ROS 
levels in cancer cells have been reported to confer p38 MAPK phosphorylation. In more aggressive 
phenotypes of gastric cancer cells, it was reported that the ablation of ROS-p38 MAPK is caused by a 
CD44 variant. This variant in those aggressive cells promoted glutathione (GSH) synthesis via interaction 
with glutamate-cystine transporter xCT. This mechanism contributed to the reduction of ROS levels and, 
consequently, decreased p38 MAPK phosphorylation, a downstream target of ROS [7]. On the other 
hand, high ROS levels observed in tumor cells have been shown to involve apoptosis induction via p38 
MAPK activation in order to inhibit tumor formation and carcinogenesis [13]. Upon treatment with ROS-
modulating compounds, several studies demonstrated that JNK1/2 and p38 MAPK are required for ROS-
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induced apoptosis in oral and laryngeal cancer cells. The abrogation of JNK1/2 and p38 using specific 
inhibitors can protect ROS-mediated apoptosis, indicating their crucial role in ROS response [28,29]. 
Apoptosis-inducing activity of anticancer drug cisplatin also relates with ROS-mediated p38 MAPK and 
JNK activation [14,15]. JNK1/2 and p38 MAPK may likely be key ROS effectors in our cell model. This 
study suggests that lower ROS levels in CLS-354/DX cells are associated with the ablation of JNK1/2 
and p38 MAPK, which might, in part, lead to resistance in ROS-modulating agent-induced cell death. 

 

 
 

Figure 4 Expression of MAPKs in CLS-354/WT and CLS-354/DX cells. The protein expression of                            
p-ERK1/2, p-JNK1/2, p-p38, and their total forms was observed by Western blot. β-actin was detected as 
an internal loading control. The present data was representative of 3-independent experiments. 
 
 
Conclusions 

We have demonstrated that OSCC cells exhibited heterogeneity after several subcultures. Some 
cells had changed to an EMT-derived phenotype (CLS-354/DX) which were more aggressive and had 
much lower levels of ROS than the epithelium-like CLS-354/WT cells. Lower ROS levels in CLS-
354/DX cells conferred ROS-modulating agent resistance, with concomitant loss of JNK1/2 and p38 
activation. These findings are informative of the concept that distinct ROS levels in subpopulations of 
cancer cells affect sensitivity to ROS-modulating compounds in advanced OSCC cells. 
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