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  Abstract 

 We investigated the gene and protein expressions of V-type ATPase protein subunit C1 (ATP6V1C1) 
in cases of oral squamous cell carcinoma (OSCC) and contralateral normal mucosa in smokers, 
nonsmokers and former smokers. Subjects were separated into fi ve groups of 15: group 1, smok-
ers with OSCC; group 2, normal contralateral mucosa of OSCC patients; group 3, chronic smokers; 
group 4, former smokers who had stopped smoking 1 year earlier; group 5, individuals who had 
never smoked. Exfoliative cytology specimens from oral mucosa of smokers, former smokers and 
nonsmokers showed normal gene and protein expression. We found signifi cantly greater gene 
expression in the OSCC group than in the nonsmoker groups. No difference in gene expression 
was observed between normal contralateral mucosa and nonsmoker groups, smoker and non-
smoker groups or former smoker and nonsmoker groups. We observed intense immunostaining 
for ATP6V1C1 protein in all cases of OSCC and weak or no staining in smoker, former smoker 
and nonsmoker groups. Signifi cantly greater expression of ATP6V1C1 protein was observed in 
the OSCC group compared to the other groups, which supports the role of ATP6V1C1 in effecting 
changes associated with oral cancer. Analysis of the mucosae of chronic smokers, former smokers 
and the normal contralateral mucosa of patients with OSCC showed unaltered ATP6V1C1 gene 
and protein expression. Early stages of carcinogenesis, represented by altered epithelium of chronic 
smokers, had neither gene nor protein alterations as seen in OSCC. Therefore, we infer that the 
changes in ATP6V1C1 occur during later stages of carcinogenesis. Our preliminary study provides 
a basis for future studies of using ATP6V1C1 levels for detecting early stage OSCC.  

  Key words:   ATP6V1C1  ,   gene expression  ,   immunocytochemistry  ,   oral cancer  ,   polymerase chain 
reaction  ,   smoking  ,   squamous cell carcinoma   

cell growth and increased proliferative activity are 
observed in smokers, even in the absence of clinical 
lesions (Fontes et   al. 2008). 

 Exfoliative cytology is a useful tool for early 
detection and monitoring of cellular changes (Fontes 
et   al. 2008); it is a simple and noninvasive technique 
for obtaining samples for gene expression studies 
(Reboiras-L ó pez et   al. 2012). We investigated the 
gene expression levels of tumor markers in cytology 
samples to detect molecular changes before altera-
tions occurred in cell morphology (P é rez-Say á ns 
et   al. 2010a). Cells of the superfi cial epithelial lay-
ers contain information about the changes that 
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 Oral squamous cell carcinoma (OSCC) is the most 
common malignancy of the oral cavity (Lambert 
et   al. 2011). Cigarette smoking is a major risk factor 
for the development of OSCC (Winn 2010, Scully 
et   al. 2000). Changes in the control mechanisms of 
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of Science and Technology, UNESP-Univ Estadual 
Paulista. Informed consent was obtained from each 
participant. All patients were given extra- and 
intraoral clinical examinations prior to sampling. 

 Our samples consisted of oral mucosa cytology 
smears obtained from men recruited from the Oral 
Medicine, Oral Surgery and Implantology Unit of 
the Faculty of Medicine and Dentistry, University 
of Santiago de Compostela; the Smoking Cessa-
tion Program of the Heart Institute, University of 
S ã o Paulo School of Medicine; and the Oral Medi-
cine outpatient clinic of the Institute of Science 
and Technology, UNESP. Subjects were divided 
into fi ve groups of 15: OSSC group, smokers with 
OSCC; normal contralateral mucosa group, contral-
ateral normal mucosa of OSCC patients; smoker 
group, chronic smokers who consumed 20 or more 
cigarettes/day; former smoker group, former smok-
ers who had stopped smoking 1 year earlier; and 
nonsmoker group, individuals who never smoked 
(nonsmokers). All patients in the OSCC group were 
also chronic smokers, who consumed at least 20 
cigarettes/day. The following data were collected 
for the OSCC group: age, gender and tumor site; 
the other groups were age ( �    3 years) and gender 
matched. The inclusion criteria for smoker, former 
smoker and nonsmoker groups were as described 
previously by Lima et   al, (2010): male individuals 
with no history of oral malignancy, no visible abnor-
mal clinical signs at the sample sites, and consump-
tion of less than 20 g of alcohol/week. All patients 
in the OSCC group had drinking habits.   

 Exfoliative cytology 

 For exfoliative cytology, we collected cells by rotat-
ing a brush ten complete turns at each sampling 
location. For qPCR evaluation, cells were collected 
from all groups using an Orcellex Brush   ®    (Rovers 
Medical Devices, Oss, The Netherlands). Samples 
were transported in DNase-, RNase- and pyrogen-
free tubes containing 2 ml RPMI (Microvet, Madrid, 
Spain) protected from light and stored in the dark 
at 2 –   10 °  C (P é rez-Say á ns et   al. 2010a). 

 Smears were prepared on silanized glass slides 
for immunohistochemical evaluation. Exfoliated 
cells were collected from the tumor site in the OSCC 
group and from normal mucosa contralateral to the 
OSCC tumor in the normal contralateral mucosa 
group. In the smoker, former smoker and non-
smoker groups, cells were obtained from sites that 
corresponded to the OSCC sites. No mouthwash 
was used before samples were collected (Fontes 
et   al. 2008). Smears from all groups except OSCC 
were prepared on silanized glass slides and stained 

occurred during the cell maturation process prior 
to desquamation (Fontes et   al. 2008). 

 Carcinogenesis is accompanied by metabolic 
disorders, acidifi cation of the extracellular envi-
ronment and intracellular alkalization (Martinez-
Zaguilan et   al. 1993, Cardone et   al. 2005). Increased 
intracellular pH accompanies increased DNA syn-
thesis, which potentially produces neoplastic cells 
(Reshkin et   al. 2000). 

 The vacuolar type H �  ATPase (V-ATPases) is an 
ATP-driven enzyme that transforms the energy of 
ATP hydrolysis to active transport of H �  (Beyen-
bach et   al. 2006). Cellular acidosis and the regulation 
of pH is controlled mainly by V-ATPases (P é rez-
Say á ns et   al. 2009a); the V-type ATPase protein sub-
unit C1 (ATP6V1C1) participates in pH regulation 
(Otero-Rey et   al. 2008). Therefore, ATP6V1C1 con-
trols the protein complex assembly that regulates 
V-ATPases (Inoue et   al. 2005). Otero-Rey et   al. (2008) 
reported high expression of the ATP6V1C1 gene in 
OSCC biopsy samples, which suggests that this pro-
tein may be involved in malignant transformation. 
These investigators suggested that ATP6V1C1 par-
ticipates in V-ATPase modifi cation (Otero-Rey et   al. 
2008). P é rez-Say á ns et   al. (2010a) reported overex-
pression of this gene in exfoliative cytology samples 
of OSCC. 

 When a tissue is exposed to a carcinogen, it 
may exhibit changes associated with the exposure 
to its full extent, a phenomenon known as fi eld can-
cerization. In other words, all exposed tissue may 
undergo carcinogenesis (Kaufmann et   al. 2010, 
Braakhuis et   al. 2005). Smoking tobacco is the most 
common carcinogen for development of oral cancer 
(Baric et   al. 1982). 

 Although investigations of the role of tobacco in 
oral carcinogenesis using oral cytological samples 
have been reported (Fontes et   al. 2008, Pavanello 
et   al. 2006), reports of molecular evaluation of 
patients are scarce. Therefore, we investigated the 
gene and protein expressions of ATP6V1C1 in oral 
carcinogenesis using samples of oral mucosa of 
patients with OSCC, their contralateral mucosa, 
and mucosae of smokers, nonsmokers and former 
smokers. We hypothesized that during early stages 
of carcinogenesis and during fi eld cancerization, 
changes in ATP6V1C1 gene and protein expression 
may be observed.  

 Material and methods  

 Patients and samples 

 Our study was approved by the Research Ethics 
Committees of both Galicia, Spain and the Institute 
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used for detection. The cDNA 2  μ l/20  μ l reaction 
was used for each case. As a negative control, all 
reagents were added to the last wells of the plates 
except cDNA and the wells were sealed with optical 
adhesive (Invitrogen). Subsequently, the plate was 
placed in a 7500 Real-Time PCR system (Applied 
Biosystems, Barcelona, Spain) and the following 
cycling parameters were used: 50 °  C for 2 min, fol-
lowed by initial denaturation at 95 °  C for 10 min 
and 40 cycles of 95 °  C for 15 sec and 60 °  C for 60 sec. 
After the end of the last cycle, dissociation curve 
analysis was performed and no bimodal curve or 
amplifi cation of abnormal signals was observed. 
Nonconforming samples were discarded. The 2  - Δ  Δ  CT  
method was used to measure the relative changes in 
gene expression from the qPCR experiment (Livak 
et   al. 2001).   

 Immunocytochemical and 

immunohistochemical analysis 

 The slides, previously fi xed by alcohol spray, were 
processed initially by 0.5% Triton X incubation. 
Epitope retrieval was performed by incubating the 
slides in Target Retrieval Solution, pH 9 (Dako, 
Glostrup, Denmark) in a water bath for 40 min at 
95 °  C under 2 atm in a Pascal electric pressure cooker 
(Biocare Medical, Concord, CA) to achieve better 
staining and clearer background. Endogenous per-
oxidase was blocked by incubating the slides with 
peroxidase-blocking reagent (Dako) for 5 min. The 
specimens then were incubated with the primary 
antibody, V-ATPase C1 (clone H-300; Santa Cruz Bio-
technology, Santa Cruz, CA) diluted 1:50, for 60 min 
at room temperature. The reaction was developed 
using the EnVision/DAB system (Dako) and the 
specimens were counterstained with hematoxylin. 

 The immunostained specimens were examined 
using a light microscope at 400 x. The presence of 
brown staining in cells was the criterion for positive 
staining. Smears and sections were analyzed com-
pletely over the entire slides for each case. Immu-
nostaining intensity was classifi ed as: 1, negative; 2, 
weakly positive; 3, moderately positive; 4) strongly 
positive. 

 Thyroid cancer smears and 3  μ m sections were 
used as positive controls (Berglund et   al. 2008). 
Sections processed as described above without the 
primary antibody served as negative controls.   

 Statistical analysis 

 Statistical analysis of data was performed using 
GraphPad Prism software 5.03. The associations 
between expression levels of genes and clinical 
information were determined using the Pearson 

with anti-ATP6V1C1 antibody (Santa Cruz Biotech-
nology, Heidelberg, Germany). OSCC smears were 
inadequate for evaluation; therefore, OSCC lesion 
fragments were embedded in paraffi n and 3  μ m 
sections were placed on silanized glass slides for 
staining using the anti-ATP6V1C1 antibody.   

 Real-time quantitative reverse transcriptase-

polymerase chain reaction (qPCR) 

 All samples were processed at the Laboratory of 
Molecular Biology, Hospital Clinico Universitario 
de Santiago de Compostela, Spain. Total RNA was 
extracted using a Trizol kit (Ambion Inc., Carlsbad, 
CA) as recommended by the manufacturer, then re-
suspended in 20  μ l RNA storage buffer (Ambion 
Inc., Carlsbad, CA). One microliter of RNA was 
used to measure the absorbance at 260 (A260) and 
280 (A280) nm using the NanoDrop 1000 spectro-
photometer for each sample (Thermo Scientifi c, 
Wilmington, DE). The RNA concentration was 
estimated by multiplying by 40 the value of A260 
(ng/ml). The purity, which indicates the quality of 
RNA, was assessed by the A260/A280 and A260/
A230 ratios, where A260/A280 ratios between 1.8 
and 2.0 and A260/A230 ratios close to 1.7 suggest 
RNA free of contamination. An appropriate blank 
solution was used to zero the spectrophotometer. 
Integrity was checked by electrophoresis using 1% 
agarose gel (Invitrogen, Carlsbad, CA), staining by 
ethidium bromide and visualization on a transil-
luminator. Only intact and good quality RNA was 
used; nonconforming samples were discarded. 

 One microgram of the extracted total RNA was 
treated with DNase I (Ambion Inc.) and transcribed 
into complementary DNA (cDNA) using the Super-
Script  ®   III First-Strand Synthesis SuperMix for 
qPCR Kit (Invitrogen), according to the instructions 
provided by the manufacturer. 

 The primer sequences, which were specifi c for 
humans, were confi rmed by the NCBI/Gene Bank 
website. There are primers information in Table 1. 
The reference gene qPCR primer sequences used 
were described by Rentoft et   al. (2010): ACTB, 
OAZ1, GAPDH, RPL27, HPRT1, TUBA6. The prim-
ers were tested in all cases and the results were 
analyzed by RefFinder that integrates computer 
programs geNorm, Normfi nder, BestKeeper and 
the comparative Ct method. GAPDH was selected 
as the reference gene. 

 The qPCR method was used to measure the 
amount of cDNA during the exponential phase of 
the amplifi cation reaction. The SYBR  ®   Green fl uo-
rophore (Platinum  ®   SYBR  ®   Green qPCR SuperMix-
UDG; Applied Biosystems, Framingham, MA) was 
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correlation coeffi cients. The signifi cant difference 
between two groups was determined using Stu-
dent’s t test; values for  p     �    0.05 were considered 
statistically signifi cant.    

 Results 

 The mean age of the subjects was 58    �    12.65 years 
(range: 45 –   80) in the OSCC group, 56.2    �    12.82 
years (range: 42 –   79) in the normal contralateral 
mucosa group, 56.5    �    12.81 years (range: 44 –   81) in 
the smoker group, 56.5    �    13.06 years (range: 44 –   81) 
in the former smoker group, and 57    �    13.42 years 
(range: 45 –   81) in the nonsmoker group. All patients 
in the OSCC group were alcohol drinkers and in the 
other groups, consumption was less than 20 g of 
alcohol/week. The site affected most commonly by 
OSCC was the fl oor of the mouth (50%). Differences 
between gene expression and clinical fi ndings, age 
and tumor site in the OSCC group were not statisti-
cally signifi cant. 

 The expression of ATP6V1C1 in exfoliated oral 
mucosa cells was measured by qPCR and normal-
ized results are given in Fig. 1. We found signifi -
cantly greater gene expression in the OSCC group 
than in the nonsmoker groups ( p     �    0.0026), No dif-
ference was observed in gene expression between 
normal contralateral mucosa and nonsmoker 
groups, smoker and nonsmoker groups, or former 
smokers and nonsmoker groups. 

 Figure 2 illustrates the results of immuno-
histochemical staining using the anti-ATP6V1C1 

  Fig. 1.     Normalized results of relative expression levels of ATP6V1C1.  * Difference statistically signifi cant.  

  Fig. 2.     Immunocytochemical and immunohistochemical 

staining patterns. A) Negative cytologic sample pattern in 

nonsmoker group. 400  � . B) Positive cytologic sample 

pattern, in smoker group. 400  � . C) Positive staining in 

OSCC samples. 400  � .  
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antibody. All OSCC cases were strongly positive. 
Staining was predominantly cytoplasmic, although 
perinuclear and nuclear expression was observed 
in many samples. Staining was observed rarely in 
the smoker group; no staining was observed in the 
former smoker and nonsmoker groups.   

 Discussion 

 RNA obtained from cytology samples can be used 
to evaluate gene expression in oral mucosal cells 
(Reboiras-L ó pez et   al. 2012). Therefore, patients 
at risk of potentially malignant disorders, such as 
chronic smokers, could be monitored using this 
technique (P é rez-Say á ns et   al. 2009b, 2010b). 

 The ATP6V1C1 gene was expressed strongly in 
OSCC, which suggests that the protein encoded by 
this gene is involved in malignant transformation 
(Otero-Rey et   al. 2008, P é rez-Say á ns et   al. 2010a); 
qPCR and immunohistochemistry revealed over-
expression of ATP6V1C1 in exfoliated OSCC cells 
compared to nonsmokers. 

 The ATP6V1C1 gene encodes the C subunit of 
V-ATPase. The C subunit controls the protein com-
plex assembly, thereby regulating V-ATPases (Inoue 
et   al. 2005). The C subunit participates in enzymatic 
dissociation and reversible silencing activity of 
V-ATPase (Zhang et   al. 2006). V-ATPases participate 
in cell transformation, carcinogenesis and metas-
tasis (P é rez-Say á ns et   al. 2009a). V-ATPases have 
diverse functions in eukaryotic organisms includ-
ing acidifi cation of intracellular compartments 
and exportation of protons across the plasma mem-
brane to the extracellular environment. This affects 
the pH of the tumor microenvironment (P é rez-
Say á ns et   al. 2010a). 

 ATP6V1C1 participates in the control of 
V-ATPases even during early stages of carcinogen-
esis (Otero-Rey et   al. 2008). We found no increased 
expression of the gene or its corresponding protein 
in either normal contralateral mucosa of patients 
with OSCC or mucosa of chronic or former smokers, 
however. Although our sample was small, the qPCR 
technique is suffi ciently sensitive to detect small 
amounts of initial copies of genetic material; therefore, 

it is effective for quantifying expression levels of a 
gene. ATP6V1C1 is a useful marker for OSCC, but 
we were unable to contribute to understanding of 
fi eld cancerization and the damage to the mucosa 
due to chronic tobacco use, because we found no 
changes in the expression of the gene and protein 
in our investigation. ATP6V1C1 protein expres-
sion was strong in all cases of OSCC. Staining was 
predominantly cytoplasmic, although perinuclear 
and nuclear expression also was observed in many 
samples; this observation is consistent with an 
earlier report (Garc í a-Garc í a et   al. 2012). 

 In the smokers group, ATP6V1C1 protein expres-
sion was rarely positive and it was negative in the 
former smoker and nonsmoker groups. Few basal 
and parabasal cells are included in oral cytobrush 
smears; consequently, our fi ndings differ from those 
reported earlier (Garc í a-Garc í a et   al. 2012). These 
investigators reported the protein expression of 
ATP6V1C1 in normal oral mucosa tissue samples 
and observed expression only in the basal and 
intermediate layers of the epithelium; no staining 
was detected in the keratinized superfi cial layer. 

 We hypothesized that changes in ATP6V1C1 
gene and protein expression could be observed dur-
ing early stages of carcinogenesis and during fi eld 
cancerization. Therefore, we analyzed the mucosae 
of chronic smokers, former smokers and the nor-
mal contralateral mucosa of patients with OSCC. 
Although all mucosae without visible alterations 
showed unaltered ATP6V1C1 gene and protein 
expression, altered ATP6V1C1 gene and protein 
expression was detected in the OSCC group. There-
fore, it appears that ATP6V1C1 expression changes 
occur during later stages of carcinogenesis. Despite 
its limitations, our preliminary study provides a 
basis for future studies of using ATP6V1C1 levels 
to detect early stages of OSCC.         
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