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ARTICLE INFO ABSTRACT

/;iﬂf;_aivsﬁf;t;ﬂ-‘~W‘“A7WW o 6bjectives: Oral squamous cell carcinoma (OSCC) is the most common epithelial malignant neoplasm

Received 7 June 2017 affecting the oral cavity. OSCC can mimic oral lesions of inflammatory origin with benign features, often

’2{5‘;“’6‘1 'g re}"os,e? form leading to delay in diagnosis and treatment. Early detection is important to greatly increase the chances
ovember

of a successful treatment. The present study reports a proteomic analysis of a gingival oral squamous cell
carcinoma (G-OSCC) and an epulis.
Materials and methods: Normal mucosae tissue, G-OSCC tissue, and epulis tissue as a comparative sample
of benign nature were collected and immediately frozen in liquid nitrogen. Tissue-extracted proteins
Biomarkers were separated by two-dimensional gel electrophoresis and subjected to image analysis. Proteins that
Proteomic analysis showed a significant difference in the expression level in the G-OSCC tissue were identified by the nano-
Oral squamous cell carcinoma ESI-HPLC-MS/MS experiment and database searchi.
Results and conclusion: The proteomic analysis of G-OSCC tissue enabled the identification of proteins
that are potentially related to the disease; these proteins can be considered as signature molecules for
diagnostic and prognostic tumor markers.
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1. Introduction

The majority of cancers in the oral cavity are oral squamous
cell carcinomas (OSCC) [1], a multifactorial disease that arises
from the stratified squamous epithelium lining the oral mucosa
[2-4]. The tumor originates by morphological cell transformation,
often through clinically benign precancerous lesions and develops
according to their potential of neoplastic transformation [5-9]. Gin-
gival oral squamous cell carcinoma (G-0SCC), classified as a subset
of OSCC, is a relatively rare malignant carcinoma of the oral cav-
ity, representing less than 10% of diagnosed intraoral carcinomas.
The etiology of OSCC remains unknown, but it is established that
the disease is associated with a variety of risk factors, in partic-
ular smoking and heavy alcohol use [10]. OSCC involves a series
of mutations that result in the selective growth of mutated cells
replacing normal cells in a specific region [ 11]. Because of its close
proximity to the teeth and periodontium, G-QSCC can mimic other
tooth-related lesions, especially those of inflammatory origin. Clin-
ical presentation of G-OSCC can be quite variable, and hence, it is
misdiagnosed as benign tumor or as inflammatory response. At
present, diagnosis of oral cancer is mainly based on clinical oral
examination. Histopathology is an adjuvant technique in identi-
fying oral tumor or malignant transformation of oral lesions. The
conventional diagnostic methods alone are, however, not sufficient
to support early diagnosis of the disease and differential diagnosis
with respect to benign tumors [12,13]. The majority (two-thirds)
of OSCCs are diagnosed at an advanced stage [14] when progno-
sis is fairly poor, and the overall 5-year relative survival rate of
oral and pharyngeal cancer patients is approximately 59% [15].
Delay in diagnosis can still be considered a major cause of the high
morbidity and mortality of OSCC patients. Current standards-of-
care (surgery and/or radiotherapy) often end-up with devastating
consequences on the appearance and function of affected organs,
thereby causing a marked detriment on the quality of life even in
successfully treated patients. The molecular mechanism underly-
ing the pathogenesis of OSCC is relatively poorly understood and
represents a topic of significant importance. A better understand-
ing of the molecular mechanisms involved in the pathogenesis and
progression of the disease is a key to the development of more effec-
tive tools to improve early diagnosis oforal cancer, better prognosis,
and quality of life of the patients. Discovering new reliable mark-
ers for OSCC and developing new diagnostic tools for its early and
easy detection is thus a relevant issue in the field of oral pathology
research.

Weinberger et al. analyzed molecular differences in protein
expression among tumors that arise from different sites of the head
and neck region, and they found considerable molecular diversity
between different squamous cell carcinomas (SCCs) [16]. In the
present study, a proteomic analysis was conducted to analyze the
cellular protein profile of a case of G-0SCC and to identify poten-
tial sighature molecules. Healthy tissue and non-neoplastic epulis
tissue were taken as samples for comparison.

2. Materials and methods
2.1, Case report

A 58-year-old female patient reported at the Maxillofacial
Unit of the Medical School of the University of Bari (Italy).
Intraoral examination revealed the presence of reddish gingival
growth at right lower first and second molars measuring approx-
imately 0.5cm, grade Il mobility in the 47 tooth, recession of
the marginal gingiva in the region, and generalized chronic peri-
odontitis. Extraoral examination revealed a palpable, nontender,
mobile, submandibular lymph node on the right side. On the

basis of the above findings, the buccal growth was provisionally
diagnosed as an inflammatory/reactive gingival growth and api-
cal periodontitis. Information related to age and gender, smoking,
alcohol consumption, clinical aspect of the lesions, and sites of oral
involvement were collected. Histopathological analysis of biopsy
specimen revealed a malignant neoplasia of epithelial origin, which
is characterized by invasive proliferation of nests and cords of neo-
plastic epithelial cells. Based on histological grading, the tumor was
categorized as a well-differentiated G-OSCC.

A case (55-year-old female) of epulis is also included. Epulis is
present as a sessile formation on the upper right mucosa gingiva
near the front of the mouth between the canine teeth and the first
premolar. Its histology is related to fibrosing granulation tissue,
firm and rubbery, and pale pink in color.

Sections of the normal buccal mucosa obtained from the two
patients were used as the control tissue,

2.2. Reagents

Immobiline  Drystrip (pH 3-10 and 4-7, 13cm),
DryStrip, cover fluid, immobilized pH gradient (IPG)
buffer, 3-[(3-cholamidopropyl} dimethylammonio]-1-
propanesulfonate  (CHAPS), bromophenol biue, agarose,
acrylamide, tris-base, glycine, sodium dodecyl sulfate (SDS),
N.N.N',N'-tetramethylethylenediamine (TEMED), Coomassie Bril-
liant Blue R-250, dithiothreitol (DTT), iodoacetamide, acetic acid,
and trifluoroacetic acid were purchased from GE Healthcare (Upp-
sala, Sweden). Sequencing grade-modified trypsin was purchased
from Promega (Madison, WI, USA). The remaining chemicals were
of analytical grade. All buffers were prepared with Milli-Q water.

2.3. Tissue collection

Normal mucosae tissue, G-OSCC tissue, and epulis tissue were
collected with informed consent from the patients at the Max-
illofacial Unit of the Medical School of the University of Bari.
Inflammatory tissues were sampled from the central part of the
inflammatory zane. Cancer samples were abtained from the “core”
part of the tumor to avoid the adjacent noncancerous tissue by a
standard mapping biopsy strategy. Small fractions of mucosal tis-
sues were carefully removed from the pathological samples. For
normal tissue, samples of surface epithelium were obtained selec-
tively by dissection with special care for minimal contamination
of nonepithelial cells, All the samples were immediately frozen
in liquid nitrogen and stored in a deep freezer (—80°C) for pro-
teomic analyses. The study was approved by the university ethics
committee.

2.4. Sample preparation for proteomic analysis

Proteins were extracted following the protocol reported by
Zhang [17]. Briefly, tissue samples of normal, non-neoplastic, and
malignant tissues (~200mg) were ground in small pieces in a
mortar with liquid nitrogen, collected in tubes, and homogenized
in 2mL fresh lysis buffer composed of 7M urea, 2M thiourea,
40 mM Tris, 4% (w/v) CHAPS, 100 mM DTT, 0.5 mM phenylmethane-
sulfonyl fluoride (PMSF), 0.5 mM ethylenediaminetetraacetic acid
(EDTA), 1% TritonX-100, and 5% IPG buffer. Tissue lysate was fur-
ther disrupted with an ultrasonic homogenizer and centrifuged at
12,000 x g for 10 min at +4 °C. Supernatant was precipitated by the
addition of cold acetone (dilution ratio 1:12, v/v) and incubated at
—20°C overnight. After centrifugation at 14,000 x g for 15min at
+4°C, the pellet was resuspended in rehydration buffer. The con-
centration of the protein extracts was determined by the modified
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Bradford method (DC Protein Assay; Bio-Rad, Hercules, CA, USA)
[18]. Protein samples were stored at —80°C.

2.5. Two-dimensional electrophoresis (2-DE)

2-DE was carried out with Amersham Biosystems IPGphor IEF
and Ettan Daltsix electrophoresis units according to the protocol
previously described [19]. Briefly, 250 p.g of tissue-extracted pro-
teins were solubilized in IPG strip rehydration buffer (8 M urea,
2% (wfv) CHAPS, 0.5% IPG buffer, 2% {w/v) DTT, and trace of bro-
mophenol blue) and loaded on 13-cm IPG strips that provided
linear pH gradients 3-10 and 4-7. The first pH gradient is suited
for an overview pattern of total cell extracts; the second is used
to zoom the specific region of the gel (Fig. 1). Isoelectric focus-
ing was carried out at 20°C by using Ettan Isoelectric Focusing
System (GE Healthcare) for a total of 70kVh. After focusing, the
IPG strips were equilibrated for 12 min in the equilibration buffer
(50 mM Tris/HCl pH 8.8, 6 M urea, 30% (v/v) glycerol, 2% (w/v), SDS)
confaining 1% DTT and for 10 min in the same equilibration buffer
containing 2.5% iodoacetamide and 0.05% bromophenol blue. For
the second dimension, homogeneous SDS-12.5% polyacrylamide
electrophoresis gels were used. Electrophoresis was carried out in
a Laemmli system [20] at constant current of 15 mAjgel at 10°C.
Molecular weight markers and pl standards were from Bio-Rad.
The gels were stained using Coomassie Blue Colloidal dye (Sigma-
Aldrich, St. Louis, MO, USA), which enabled quantification of protein
staining intensities, allowing quantitative comparison of protein
expression levels between the samples.

2.6. Image analysis

Stained gels were scanned with an image scanner (GE Health-
care} at 300dpi resolution to acquire the gel images that were
analyzed using Image-Master 2D Platinum v.6 software (GE Health-
care), which allows quantitative comparison of spot intensity.
Relative spot volume (% vol.), i.e., digitized staining intensity inte-
grated over the area of the individual spot divided by the sum of
volumes of all spots in the gel and multiplied by 100, was used for
spot quantification [21]. The match ID number was used to identify
all spots in a match. Spots that were present in all the gels of the
three classes of surgical specimens and that showed differences in
their relative volume >1.7 fold or <—1.7 fold with respect to con-
trol samples and with p <0.05, using the two-tailed Student ¢ test,
were selected for further mass spectrometric analyses (Table 1).

2.7. Protein analysis by nano-ESI-HPLC-MS/MS experiments and
database searching

Spots of interest were excised from the 2-DE gels, and in-gel
tryptic digestion was carried out following the procedure already
described [19].

The obtained tryptic peptides were analyzed by nano-ESI-HPLC-
MS/MS using a Q-Exactive™ mass spectrometer (Thermo Fisher
Scientific, Waltham, MA, USA) interfaced with an UltiMate 3000
RSLCnano LC system (Thermo Fisher Scientific).

Peptide mixtures were concentrated and desalted on a trap-
ping precolumn (Acclaim PepMap C18, 300 p.m x 5 mm nanoViper,
5 um, 100 A; Thermo Fisher Scientific), using 0.05% formic acid and
2% acetonitrile at a flow rate of 10 pi/min.

The peptide separation was performed at 35°C using a C18
column (Acclaim Easy Spray PepMap RSLC C18, 75 pmx 15¢cm
nanoViper, 3 um, 100 A; Thermo Fisher Scientific)with 0.1% formic
acid (HCOOH) as eluent A and 80% acetonitrile in 0.08% HCOOH as
eluent B, and a linear gradient was established from 4% to 50% B
over 30 min, maintained for 6 min, from 50% to 90% B over 1 min,
maintained for 10 min before column re-equilibration to 4% B.

Mass spectra were acquired in the m/z range of 350-1600. Data
acquisition was performed in a data-dependent Full MS/ddMS?2,
enabling the acquisition of MS/MS spectra for the 10 most intense
precursor ions (top 10) with a dynamic exclusion of 30 s. Resolution
was set to 70.000 for MS spectra acquisition and 17.500 for MS/MS
spectra acquisition.

Proteomic analysis was performed using Thermo Proteome
Discoverer™ platform (version 2.1.0.81; Thermo Fisher Scientific),
interfaced with the SEQUEST HT Search Engine server (University
of Washington, USA) used for protein identification. The param-
eters used for the database searches were as follows: Swiss-Prot
human protein database (v2016-04-13) and a contaminant protein
database (Contaminantcombinedcontaminant_finalfasta, provided
by the manufacturer), trypsin as proteolytic enzyme, up to two
missed cleavage, carbamidomethyl as fixed modification for cys-
teine residues, oxidation of methionine residues and formation of
pyroglutamic acid of N-terminal glutamine residues as dynamic
modification, 20 ppm mass tolerance for precursor ion and 0.02 Da
mass tolerance for MS/MS fragments. Results were filtered for high
confident peptides and proteins (False Discovery Rate, 0.01%).

3. Results and discussion

3.1. 2-DE und duta unulyses

Differential 2-DE analysis of the proteome of G-QSCC tissue sam-
ples was performed. Healthy mucosa and a clinically benign epulis
lesion were used as control and comparative samples, respectively.
Fig. TAand Bshow the representative 2-DE gels of the three samples
in the pH range 3-10 and 4-7.

Proteamic maps of control, epulis, and G-OSCC samples showed
several hundreds of well-resolved protein spots distributed over a
wide range of pl values and molecular masses. The overall position
and the number of protein spots observed was practically similar
in the 2-DE maps of the control (507 +24), epulis (489 +32), and
G-0SCC samples (481 4+37).

The percentage of matches between gels from the same class and
from the three different classes was similar (around 68%) without
statistically significant differences between the classes. To reduce
the possibility of false positives, only the protein spots systemat-
ically present in all the gels of each class were considered in the
analysis (Fig. 2).

Image analysis led to highlight spots whose relative volume var-
ied in the 2-DE maps obtained from the analysis of the proteomes
extracted from G-OSCC or epulis tissues compared to the control
sample. These spots contained differentially expressed proteins
that could be related to the pathologic conditions.

In particular, proteins present in 23 spots were overexpressed
in the G-OSCC sample (in comparison to the control sample) and 9
of those were also overexpressed in the epulis sample. Moreover,
proteins present in 8 spots were underexpressed in the G-0SCC
sample and one of those spots was also present in lower amount
in the epulis sample with respect to the control sample. Only spot
556 and spot 999, containing vimentin and keratin 13, respectively,
exhibited opposite trend in the expression level in the two samples.
These results confirmed that epulis tissue showed a lower number
of alterations in protein expression level compared to the G-OSCC.

3.2. Protein identification

Protein spots showing significant differences in their volumes in
G-0OSCC and epulis tissue samples, as compared to normal tissue,
were excised from the gels and analyzed by nano-ESI-HPLC-MS/MS
experiments. These experiments resulted in the identification of
31 proteins whose expression level was changed in the G-0SCC
sample. The expression level of 11 of these proteins was also altered
in the epulis sample.



Table 1
Proteins differentially expressed in G-0SCC and epulis tissue compared to control tissues. Proteins are listed according to their spot match [dentification numbers (ID) as referred in Fig, 1.

ig.

SpotID?  Acces,No.”  Protein name Cov. Pep. MWc [kDa] pl¢ Gene [D Chrom. Score SEQUESTHT Categories Fold change®
Epul G-0SCC

342 P35072 Transitional endoplasmic reticulum ATPase 36.228 32 89.77 526 VCP 9 200.247997 Protein processing-related proteins - +2.17
366 P02679 Fibrinogen gamma chain 27.152 16 51.479 562 FGG 4 106.050870 Blood-borne glycoproteins +3.48 +3.21
433 P20591 Interferon-induced GTP-binding protein Mx1 30.060 23 75.473 583 MX1 21 86.2784166 RNA processing-related proteins - +5.10
450 P11142-1 Heat shock cognate 71 kDa protein 50.309 34 70.854 5.52 HSPAS 11 689.730728 Stress response-related proteins +1.91 +2.29
523 P10809 60 kDa heat shock protein, mitochondrial 57.242 34 61,016 5.87 HSPD1 2 324.829026 Stress response-related proteins - +2.26
549 P0O2675 Fibrinogen-beta chain 32993 14 55.892 827 FGB 4 35.3865270 Blood-borne glycoproteins +10.82  +7.04
556 PO8B670 Vimentin 74463 54 53.619 512 VIM 10 837.002093 Cytoskeleton structural proteins -1.72 +2.09
567 P14868 Aspartate-tRNA ligase, cytoplasmic 47.904 22 571 6.55 DARS 2 91.2859095 RNA processing-related proteins - +2.41
570 23381 Tryptophan-tRNA ligase, cytoplasmic 46.709 19 53.132 6.23  WARS 14 104.466053 Enzyme - +12.42
614 Q8NBS9-1 Thioredoxin domain-containing protein 5 25 9 47.599 5.97 TXNDC5 6 32.0538549 Disulfide isomerase protein - -2.20
628 014745 Na(+)/H(+) exchange regulatory cofactor NHE-RF1 25419 6 38.845 5.77 SLCY9A3RY 17 11.3378964 RNA processing-related proteins - -3.70
631 POBG70 Vimentin 55.794 26 53.619 512 VIM 10 144.882320 Cytoskeleton structural proteins +1.81 2.5
647 POBG70 Vimentin 48498 19 53619 512 VIM 10 69.2934554 Cytoskeleton structural proteins +1.88 +2.10
648 PO8670 Vimentin 43.133 15 53.619 512 VIM 10 43.7957831 Cytoskeleton structural proteins - +2.34
650 POG733-1 Alpha-enolase 75.115 40 47.139 739 ENO1 1 1232.58170 Enzyme — +1.95
692 P68032 Actin, alpha cardiac muscle 1 42971 21 41.992 5.39 ACTC) 15 565.164707 Cytoskeleton structural proteins o +2.38
696 P&0709 Actin, cytoplasmic 1 92 39 41.71 548 ACTB 7 2048.53654 Cytoskeleton structural proteins — +2.68
700 P29508 Serpin B3 72051 42 44.537 6.81 SERPINB3 18 897.259493 Cysteine protease inhibitors - +5.59

P48594 Serpin B4 41538 24 44.825 6.21 SERPINB4 18 320.884156 Cysteine protease inhibitors
767 060218 Aldo-keto reductase family 1 member B10 68.0379 22 35.997 7.84 AKR1B10 7 371.111097 Enzyme - +13.87

P52895 Aldo-keto reductase family 1 member C2 35603 13 36.712 749 AKR1(2 10 68.6859819 Enzyme

P42330 Aldo-keto reductase family 1 member C3 30,650 13 36.83 794 AKRI1C3 10 53.3932135 Enzyme
768 PO7355-2 Isof. 2 of Annexin A2 68.907 44 40.386 8.37 ANXA2 15 852.702513 Ca?*- and phospholipid-binding proteins +2.01

04083 Annexin Al 54335 20 38.69 7.02  ANXA1 9 142.948838 Ca* - and phospholipid-binding proteins
783 1’54920 Alpha-soluble nsf attachment protein 62.712 13 33.211 536 NAPA 19 35.0739455 Protein processing-related proteins - +5.03
820 P48556 265 proteasome non-ATPase regulatory sub. 8 11428 5 39,587 7.68 PSMD8 19 184493819 Component of the 268 proteasome +3.80 +1.70
826 QIY4E8 Ubiquitin carboxy! terminal hydrolase 15 11.519 8 112.348 522 USP15 12 19.6165584 Enzyme - -3.74
833 P11476-1 Ras-related protein Rab-1A 57073 9 22.663 621 RABI1A 2 42.0493917 Protein processing-related proteins - +2.27

Q9HOU4 Ras-related protein Rab-1B 46,766 8 22157 573 RAB1B 11 27.1870555 Protein processing-related proteins

P20340-1 Ras-related protein Rab-6A 36538 7 23578 554 RAB6A 11 243010213 Protein processing-related proteins
877 PO2647 Apolipoprotein A-1 29213 7 30.759 5.76  APOA1 11 16.0012671 Lipid-binding proteins - -2.98
884 Q014569 Fatty acid-binding protein, epidermal 84444 16 15,155 7.01 FABPS 8 907.225996 Lipid-binding proteins - +2.87
890 P69891 Hemoglobin sub, gamma-1 54422 8 16,13 7.2 HBG1 11 107761291 Involved in the oxygen transport +4.45 *1.93
891 PO2042 Hemoglobin sub, delta 46,258 6 16.045 8.05 HBD 11 599919946 Involved in the oxygen transport +5.29 +1.99
933 QIUBG3 Cornulin 48.889 15 53.502 6.1 CRNN 1 91.2721374 Calcium-binding protein - ~10.8
999 P13646 Keratin, type [ cytoskeletal 13 79.039 42 49.557 496 KRT13 17 2575.51624 Cytoskeleton structural proteins +1.95 -1547
1009 P13646 Keratin, type I cytoskeletal 13 75.110 729 49557 496 KRT13 17 2186.22087 Cytoskeleton structural proteins =172  ~60.56

¢ Spot Identification Number,

& Accession Number,

¢ Thepretical molecular weight,

& Theoratical isoelectric point.

“ Fold change in protein expression levels is calculated, for up-regulated protein, as the ratio between the normalized mean volume of each protein spot in the 2-DE maps of G-05CC and epulis tissue cells and for down-regulated
proteins, the normalized mean volume of that protein spot in the 2-DE maps of the control tissue; the negative reciprocal value of this ratio is reported. Only spots exhibiting a fold change = 1.7 or =~1.7 are reported.

¥ The thick horizontal lines indicate no detectable changes in the protein spot volume in epulis with respect to control.
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Fig. 1. (A) Representative 2-DE maps of the total protein extracts from control, epulis, and G-OSCC tissue samples (linear IPG pH 3-10). Protein spots that show different
relative volumes in the G-OSCC and epulis samples compared to the control sample were indicated by match ID number. Proteins present in these spots were identified by
nano-ESI-HPLC-MS/MS analysis and database search and are listed in Table 1. (B) Representative 2-DE maps of the total protein extracts from control, epulis, and G-OSCC
tissue samples (linear IPG pH 4-7). Protein spots that show different relative volumes in the G-OSCC and epulis samples compared to the control sample, were indicated by
match 1D number. Proteins present in these spots were identified by nano-ESI-HPLC-MS/MS analysis and database search and are listed in Table 1.

In particular, fibrinogen gamma chain (spot 366), heat shock
cognate 71kDa (spot 450), fibrinogen beta chain (spot 549), 265
proteasome non-ATPase regulatory protein (spot 820), hemoglobin
subunit gamma 1 (spot 890), and hemoglobin subunit delta (spot
891) were significantly up-regulated in both G-OSCC and epilis
(Table 1).

Notably, proteomic studies of epulis tissues are still scarce;
hence, the present study might provide first insights on this inflam-
matory status also in relation to G-OSCC development.

In G-0SCC, a 14-fold increased expression of members of the
Aldo-keto reductase family (AKR), AKR-1-B10, AKR-1-C2, and AKR-
1-C3, was detected. The AKR enzymes reduce a variety of aldehydes
andfor ketones to their corresponding alcohols using NADH or
NADPH [ 22] and are involved inintracellular detoxification and car-
cinogenesis processes [23-26]. Enhanced expression of AKR-1-B10
has been detected in many types of tumors [23,24]. Silencing of the
AKR-1-B10 gene was found to inhibit growth of colorectal cancer
[27] and SCC [28]. AKR-1-C2 appears to be associated with disease
progression in prostate cancer [29].

The expression level of tryptophan-tRNA ligase, cytoplasmic
tryptophan aminoacil t-RNA synthase (WARS), was also signif-
icantly increased (12-fold) in G-OSCC, thus confirming recently
published results that, in addition to its well-characterized angio-
static function in endothelial cells, reported a key role of this protein
in OSCC progression and invasiveness [30].

The large overexpression of the three members of the AKR
family proteins and of WARS in G-0SCC is likely involved in the
development and progression of this oral cancer. As the amount
of these proteins was not altered in the epulis tissue {compared to
the control sample, see Table 1), these proteins could be regarded
as specific biomarkers for monitoring the development of this
tumor. Among the protein processing-related proteins, about five-
fold increase was observed in the expression level of alpha-soluble
NSF attachment protein (a-SNAP) and RAS-related proteins, RAB-
1A, RAB-1B and RAB-6A, in the G-OSCC extract. In recent years,
critical roles of @-SNAP [31] and Rab GTPases [32] in tumor devel-
opment and their recognition as potential therapeutic targets have
emerged.

In particular, a recent proteomic study also identified a Ras-
related protein, Rab-2A isoform (RAB2A), as a signature protein of
0SCC and found the protein to be overexpressed in 0SCC[33]. About
five-fold increase of Serpin B3 and Serpin B4 levels was also found
in the G-0SCC sample. Elevated expression of these serine/cysteine
protease inhibitors is reported to contribute to cancer develop-
ment [34]. G-OSCC tissue extracts showed, however, decrease in
the expression level of proteins like ubiquitin carboxyl-terminal
hydrolase (USP1), apolipoprotein A1 (APOAT), Na'/H" exchange
regulatory cofactor NHE-RF1 (SLC9A3R1), and in particular cornulin
(CRNN) and keratin-type cytoskeletal 13 (CRKT13).
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Fig. 2. Diagram of changes in the expression level of proteins in the G-0SCC tissue extract (positive- or negative-fold changes in their relative spot valume) with respect to

the control sample.

CRNN, which belongs to the protein family forming the cornfield
cell envelope, is an important barrier of the mucosa and skin. It is
a survival factor that participates in the clonogenity of squamous
esophageal epithelial cell line [35].

It has been reported that the expression level of CRNN was
downregulated in some cancers and, in particular, in OSCC [35].
Worth stressing, this protein exhibited an inhibitory function in
regulating cell proliferation probably due to a block in the cell
cycle, thus suggesting that this protein may play a role in 0SCC
progression |36].

Keratins are the intermediate filament-forming proteins of
epithelial cells that have an important role in cell protection from
mechanical and non-mechanical stressors [37,38]. Several stud-
ies have provided evidence for alteration of keratin expression in
squamous tumor tissue of the oral cavity and their involvement
in tumarigenesis regulation, cancer cell invasion, and metasta-
sis [39-43]. These findings suggest that keratins may have a role
as diagnostic tumor markers [44]. The expression levels of CRNN
and CRKT13 were also found to be significantly decreased in
preneoplastic tumors with a high risk of malignant progression
[45].

In conclusion, the present study showed that proteomic analysis
of G-OSCC tissue enabled the identification of putative biomark-
ers such as aldo-keto reductase enzymes (AKR-IBIO, AKR-IC3, and
AKR-1 C2), tryptophan-tRNA ligase cytoplasmic (WARS), cornulins
(CRNN), and keratin type [ cytoskeletal 13 (KRT13) that could be
useful to menitor OSCC development. These results could also be
relevant in developing specific diagnostic tools suitable to discrim-
inate G-OSCC tissues from epulis tissues for the early diagnosis of
this pathology.
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