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Abstract. The current standard for the diagnosis of oral
squamous cell carcinoma (OSCC) is based on the histo-
logic examination of hematoxylin and eosin-stained
sections; however, the discrimination among normal tissue,
pre-cancerous lesions and cancerous lesions can be diffi-
cult. The aim of the present study was to identify proteins
with diagnostic significance in differentiating or predicting
oral mucosal carcinogenesis. Proteomic profiling based
on the laser capture microdissection of formalin-fixed,
paraffin-embedded samples was performed, followed by
liquid chromatography-tandem mass spectrometry (LC/MS)
analysis. Immunohistochemistry (IHC) was used to evaluate
the results. IHC of cytokeratins (CKs) was performed in
neck dissection treatment cases. The accuracy rate and 95%
confidence intervals (CIs) were used to evaluate the value of
CKs as biomarkers of OSCC. A lymph node metastasis mouse
model was used to validate the selected biomarkers. Among
the proteins identified using LC/MS, several CKs exhibited
significant differential expression patterns between the
cancerous and para-cancerous tissues. The THC results showed
that negative staining of CK4 and CK10/13 distinguished
cancerous from para-cancerous tissues with an accuracy of
90% (95% CI,0.68-0.99) and 75% (95% CI,0.51-0.91), respec-
tively. Furthermore, the positive staining of CK14 and CK17
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clearly distinguished cancerous from para-cancerous lesions
with an accuracy of 100% (95% CI, 83-100%) and 90% (95%
CI, 0.68-0.99), respectively. There was also CK14-positive
staining in micro-metastases of lymph nodes in the clinical
samples and in an animal model.

Introduction

Oral cancer is a serious and increasingly prevalent disease
in several regions worldwide. Oral and pharyngeal cancer,
grouped together, constitute the sixth most common type of
cancer globally. The estimated annual incidence is ~275,000
for oral cancer, and two thirds of these cases occur in devel-
oping countries (1). In China, ~8/100,000 of the population
experience oral cancer per year according to the World Health
Organization (2). Of these tumors, >90% are oral squamous
cell carcinoma (OSCC). Despite advances in diagnosis and
treatment, the 5-year survival rate of patients with OSCC is
no more than 50% (3). In the late stages of tongue cancer, the
S5-year survival rate has markedly decreased to 5% [National
Cancer Institute's Surveillance, Epidemiology, and End Results
program (2003-2009)] (https://seer.cancer.gov/archive/csr).

The histologic examination of routine hematoxylin and
eosin (H&E)-stained sections is the current standard used in
the diagnosis of OSCC; however, the discrimination of normal
tissue, pre-cancerous lesions, cancerous lesions, and micro-
metastasis in lymph nodes based on H&E-stained sections of
the oral epithelium can be difficult (4,5). It is well established
that the development of oral cancer consists of two steps,
the initial presence of a precursor lesion and its subsequent
development into cancer (6). Although certain morphological
changes may underlie the process of pre-cancerous lesions
developing into cancer and thus provide certain clues for
assessing the risk of malignancy of lesions, pathological deci-
sions based on such observations can be subjective and even
controversial. For example, opinions vary among pathologists
regarding the interpretation of the extent of dysplasia in the
same lesion. Therefore, the identification of relatively objec-
tive biomarkers that can be used to identify oral malignancy
or micrometastasis in lymph nodes will benefit the evaluation
and diagnosis of patients with OSCC (7).
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To identify proteins capable of differentiating OSCC
tissues from para-cancerous tissues in the same patient, the
present study performed assays directly on diseased tissues
using stringent protocols and a well-designed workflow. First,
a vast archive of biopsied and excised specimens, which had
been processed for histological diagnosis, formalin-fixed, and
paraffin-embedded (FFPE), were accessed. These specimens
represent a unique source of morphologically defined and
disease-specific samples, containing substantial protein infor-
mation and the accompanying patient clinical information,
and have already been applied in the assessment of novel and
classical biomarkers (8-10).

Inevitably, investigations based on FFPE tissues must
account for the loss of protein in FFPE samples, as the process
of fixation and long duration of storage may induce degrada-
tion and alteration of proteins in FFPE tissues. Therefore, the
present study used a commercially available protein extraction
kit, which enabled the extraction of as many protein/peptides
as possible from relatively newly-preserved FFPE tissues
(within 6 months). Mass spectrometry technologies have been
widely used for biomarker screening in human diseases (11).
Another important technical aspect in the biomarker identifi-
cation process in the present study was the use of laser capture
microdissection (LCM), which allows the identification and
capture of targeted cells from complex clinical specimens
without interference from the tumor stroma (12). Using LCM,
oral cancer cells, pre-cancerous cells, and normal mucosal
epithelial cells were obtained from FFPE specimens derived
from the same individual, on which proteomic analysis using
liquid chromatography-tandem mass spectrometry (LC/MS)
was performed. This facilitated the high-throughput proteomic
analysis of differentially expressed proteins (10).

The approach used in the present study to quantify
proteome changes in oral cancer tissues allowed for the high-
throughput and unbiased identification of novel proteomic
changes in OSCC. This LCM-FFPE-proteomic and LC/MS
analysis approach, followed by IHC validation in formalin-
fixed tissues, serves as a reliable platform for the identification
of diagnostic biomarkers for OSCC.

Materials and methods

Clinical samples and histological analysis. Archived FFPE
tissue samples, which had been pathologically diagnosed
within the prior 6 months, were classified into two groups:
Group 1 consisted of three paired tissue samples. Each paired
sample was derived from the same individual and consisted
of OSCC lesions and their corresponding adjacent normal
mucosal lesions. H&E staining was used to determine the
tumor tissue boundaries. The distance from the normal tissues
to cancerous tissues was ~1-2 mm.

Group 2 also consisted of three paired cases (leukoplakia
carcinogenesis tissue), and each was derived from the same
individual, including paired normal oral mucosa, oral leuko-
plakia with mild-moderate dysplasia, and OSCC lesions.
H&E staining was used to determine the boundaries of the
tumor tissues or leukoplakia with mild-moderate dysplastic
tissues. The distance from the normal tissues to leukoplakia
with mild-moderate dysplasia tissues, or leukoplakia with
mild-moderate dysplasia tissues to cancerous tissues was also
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~1-2 mm. For cytokeratin (CK) immunohistochemistry (IHC)
analysis and validation, three groups of samples were used:
Group 1: 20 FFPE specimens diagnosed as OSCC within the
most recent 5 years, which included normal, pre-cancerous,
and cancerous areas; Group 2: 20 neck dissection specimens
with lymph node micro-metastases; and Group 3:10 samples
diagnosed with non-metastatic lymph nodes.

The histological analysis and diagnosis were performed by
a pathologist (Dr Ning Geng) and then confirmed by a second
pathologist (Dr Yu Chen) of the State Key Laboratory of Oral
Diseases, National Clinical Research Center for Oral Diseases,
West China Hospital of Stomatology (Sichuan, China).
All tissue samples were obtained from the Oral Pathology
Archives of West China Hospital of Stomatology, and were
fixed and paraffin-embedded using standard procedures. The
Institutional Review Board of the West China College of
Stomatology, Sichuan University approved the protocol.

LCM using FFPE sections. The FFPE oral cancer tissue
sections (5-uM thick) on Arcturus® PEN membrane glass
slides (Thermo Fisher Scientific, Inc., Waltham, MA, USA)
were deparaffinized in xylene, hydrated and stained in
hematoxylin, followed by dehydration. For LCM, the stained
uncovered Arcturus® PEN membrane glass slides were air
dried and ~10,000 cells were captured onto CapSure® HS LCM
caps (Thermo Fisher Scientific, Inc.) using an ArcturusXT™
microdissection system (Thermo Fisher Scientific, Inc.). The
caps were transferred to a 0.5-ml sterile Eppendorf tube for
protein extraction.

Protein extraction from captured cells derived from FFPE
tissues. The protein lysates were prepared according to
the manufacturer's protocol (Liquid Tissue kit; Expression
Pathology, Inc., Gaithersburg, MD, USA). The procured cells
(~10,000 cells for each set of tissues) were suspended in 20 ul
of proprietary Liquid Tissue buffer (Expression Pathology,
Inc.) and heated at 95°C for 90 min. Following cooling for
2 min on ice, 1 ul of trypsin reagent was added and incubated
at 37°C for 1 h with vigorous shaking for 1 min at 20 min
intervals. The samples were then incubated at 37°C for 18 h
followed by heating at 95°C for 5 min, and then stored at -20°C
prior to use for LC/MS analysis.

Proteomic analysis by LC/MS. The FFPE-extracted samples
were processed, quantified, and analyzed in a Thermo LTQ
7000 high-performance liquid chromatography (HPLC)-mass
spectrophotometer (LTQ; Thermo Fisher Scientific, Inc.).
Protein separation was performed on a Thermo Scientific
Surveyor HPLC system with Hypersil GOLD columns
(Thermo Fisher Scientific, Inc.). The spectra were searched
against the NCBI Protein Bank human protein database
(https://www.ncbi.nlm.nih.gov/protein/) from the European
Bioinformatics Institute using SEQUEST 3.2 (Thermo Fisher
Scientific, Inc.). The results were further filtered using software
developed in-house to determine unique peptides and proteins,
which has a predicted error of <1.5%.

IHC analysis. Archived FFPE tissue blocks from the
Department of Oral Pathology, West China College of
Stomatology, Sichuan University were used for histopathologic
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Figure 1. Proteomic profiling based on LCM and LC/MS analyses of clinical FFPE tissues. (A) Schematic illustrating the workflow of LCM-LC/MS analyses
of clinical FFPE tissues. The steps are as follows: (a) AOI selected according to the staining; (b) AOI cut by UV and followed by IR fusion; (c) targeted AOI
separated by the cup; (d) protein extraction; (e) proteins digested via liquid enzyme digestion; (f) digested peptides identified via LC-MS/MS. Representative
images (x4) of the microdissection of the oral mucosal epithelium by LCM in FFPE sections showing (B) AOI, (C) normal, (D) Dys and (E) OSCC tissues.
FFPE, formalin-fixed, and paraffin-embedded; LCM, laser capture microdissection; LC/MS, liquid chromatography-tandem mass spectrometry; AOI, area of

interest; Dys, dysplasia; OSCC, oral squamous cell carcinoma.

and immunohistochemical analysis. EnVision/HRP, a two-step
[HC staining technique, was used for IHC staining (EnVision
Detection system, Peroxidase/DAB, rabbit/mouse; code
no. 500750; Gene Tech Co., Ltd., Shanghai, China). Sections
(4-uM) were prepared from the FFPE blocks on adhesive glass
slides. Antigen retrieval was achieved by boiling the sections in
0.01 M citrate buffer (pH 6.0) in a high-pressure cooker for 3 min.
Primary antibodies used in this procedure were as follows: CK4
(rabbit monoclonal; 1:200; cat. no. M07410; Boster Biological
Technology, Pleasanton CA, USA); CK14 (rabbit monoclonal;
1:200; cat. no. ZA-0540; ZSGB-BIO, Beijing, China); CK10/13
(mouse monoclonal; 1:30; cat. no. ZM-0314; ZSGB-BIO); CK17
(rabbit monoclonal; 1:200; cat. no. ZA-0551; ZSGB-BIO);
and Pan CK (mouse monoclonal; 1:200; cat. no. ZM-0069;
ZSGB-BIO). Duplicate sections were incubated overnight in
4°C with primary antibody.

Lymph node metastasis mouse model. Female BALB/c-nu/nu
nude mice (5-6 weeks old) weighing 18-20 g (n=6) were used in
the present study. Six mice were housed in a specific pathogen
free class laboratory animal room, which was maintained

at 22+2°C on a regular light-dark cycle. All animals were
provided with food and water ad libitum. The use of animals
in the experiments was approved by the State Key Laboratory
of Oral Diseases Research Ethics Committee.

HSC-3 cells were purchased from the Cell Bank of Japanese
Collection of Research Bioresource (JCRB; Shinjuku, Japan).
This cell was cultured in DMEM (Sigma-Aldrich; Merck
KGaA) with 10% fetal bovine serum (FBS) in a humidified
atmosphere with 5% CO,. The cells were collected separately
in the logarithmic phase, washed twice in 1X PBS, and added
to fresh medium without serum, cells were counted and the
cell concentration was adjusted to 2x107 cells/ml. On the
inside of the oral buccal mucosa of the nude mice, the cells
were inoculated in a 50-ul cell suspension (1x10° cells/ mouse).
The mice were sacrificed at 45 days and the neck lymph nodes
were collected, for the production of paraffinized sections for
H&E staining and immunohistochemical staining.

Statistical analysis. The statistical analysis was conducted
using SPSS version 19 (IBM Corp., Armonk, NY, USA). The
rate of accuracy and 95% confidence intervals (Cls) were used
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Table I. Representative proteins identified using liquid chromatography-tandem mass spectrometry analysis.

Classification

Representative proteins

Cell structure
Cytoskeletal proteins
Desmosomal proteins

Membrane-related proteins Annexin I, Annexin A2

Cell differentiation

CK16,CK6,CK14,CK17,CK1, Actin, Tubulin, Plectin-1
Desmoplakin, Plakophilin, Desmoglein

Involucrin, Small proline-rich protein 1B, Small proline-rich protein 1A, Small

proline-rich protein 3, Cornifin A, Cornifin B

Cell metabolism

Pyruvate kinase 3, Glyceraldehyde-3-phosphate dehydrogenase, ATP synthase, Enolase,

Tyr3/TrpS-mono-oxygenase activation protein, Calgranulin B, Calgranulin A.

Cell-cycle regulation
Cell damage and repair
Genetic regulation
Signaling pathway
Transportation

Eukaryotic translation elongation factor 1

Heat shock protein 27, Heat shock protein 70, Heat shock protein 90.

H4 histone family, MYC promoter-binding protein

Calmodulin-like 3, S100 Calcium-binding protein A8, S100 Calcium-binding protein A9

Serum albumin precursor

CK, cytokeratin.

to evaluate the effects of CKs in differentiating OSCC from
para-cancerous tissues, and the 95% CI of was performed by
using Bootstrap test.

Results

Proteomic profiling based on LCM of FFPE tissues repre-
sents a reliable approach for biomarker identification. In the
present study, the Arcturus LCM platform was used, which
features three functions: Cut, capture, and the combination of
the two. During the procedure, the platform was used together
with CapSure® HS LCM caps. An elevated ring surrounds the
cap, and the captured cells adhere to this. Proteins extracted
from these FFPE samples are amenable to LC/MS analysis.
The detailed experimental procedures are shown in Fig. 1A.
For the FFPE samples, ~10,000-20,000 (two caps) cells were
obtained from each type of tissue, although in one case of
mucosal epithelial cells, 6,000-10,000 cells were obtained.
The prepared OSCC tissues/cells micro-dissected for further
analysis using LCM are shown in Fig. 1B-E.

Detection of differentially expressed proteins between OSCC
tissues and tumor-adjacent normal tissues. To obtain insights
into the proteins distinctively expressed in OSCC tissues and
adjacent normal tissues, paired OSCC and para-cancerous
normal mucosal tissues were analyzed. Each paired sample was
derived from the same individual, and the group consisted of
three paired tissue samples (Fig. 2A). The LC/MS proteomics
platform used in this analysis enabled the identification of
143 total proteins in OSCC tumor tissues and 133 adjacent
normal tissues, representing a diverse array of molecular func-
tions, including cytoskeleton proteins; a membrane protein;
desmosomal proteins; and proteins involved in cell differentia-
tion, cell metabolism, cell-cycle regulation, cell damage and
repair, genetic regulation, a signaling pathway, and transporta-
tion (Table I). Among these, 82 proteins were shared across

normal and OSCC tissues (Fig. 2B), whereas tumor-adjacent
tissues exhibited high levels of CK4, 13 and 10.

The proteins detected in the normal oral squamous
epithelium included CK12 and cornulin, also known as tumor-
related protein, which is a cytoplasmic protein considered to
be involved in epidermal differentiation and the epithelial
immune response. Several studies have shown that its down-
regulation is linked to tumor progression (13,14). The proteins
expressed uniquely in normal tissues indicated that their
biological functions may include maintaining normal epithe-
lial differentiation and suppressing tumors.

Proteins differentially expressed in normal, pre-cancerous,
and cancerous oral mucosal epithelial tissues may be effec-
tive biomarkers for OSCC diagnosis. To obtain insights into
the proteins differentially expressed at different stages of oral
carcinogenesis, including normal epithelium, pre-cancerous
tissues (OLK), and OSCC tissues, paired normal oral mucosa
and oral leukoplakia with mild-moderate dysplasia were
included in the analysis. A total of 53 proteins were expressed
in all three tissue sets, including CKs and desmosomal proteins
(Fig. 2C; Table I). Notably, CK4 was the most abundant in
normal tissues, and its expression level was significantly
lower in the OLK and OSCC tissues. By contrast, the protein
expression levels of CK6, 14, 16 and 17; desmoplakin; actin y1;
eukaryotic translation elongation factor 1; and H4 histone
were found to be higher in the tumor samples than in the OLK
samples, and their levels continually decreased from the OLK
samples to the normal samples. This shift in the distribution
pattern may be indicative of the importance of these proteins
in oral carcinogenesis.

A total of 13 proteins were found to be expressed at high
levels specifically in OSCC and OLK tissues. The majority
of CKs, including CK3, 5, 6, 14 and 16, had higher expres-
sion scores in OSCC tissues than in adjacent OLK tissues or
normal tissues. Notably, the expression of CK17 was 10-fold
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Figure 2. Panoramic view of H&E staining and protein expression in clinical samples analyzed with LC/MS. (A) Representative H&E staining images
of adjacent N, T, and/or K regions in six cases used for LC/MS analysis. Group 1 cases are on the left; Group 2 cases are on the right. Scale bar, 2 mm.
(B) LC/MS analysis of proteins shared by OSCC tissues and adjacent normal surrounding mucosa tissues. y-axis represents the relative level of the proteins.
(C) LC/MS analysis of proteins shared by OSCC (CA), pre-cancerous lesions (OLK) and normal (NM) tissues. y-axis represents the relative level of the
proteins. H&E, hematoxylin and eosin; LC/MS, liquid chromatography-tandem mass spectrometry; OSCC, oral squamous cell carcinoma; N, normal; T,
tumor; K, pre-cancerous lesions.
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Figure 3. Immunohistochemistry analysis of the identified proteins in clinical tissues. (A) Representative images of CK4, CK10/13, CK14 and CK17 immu-
nostaining of OSCC tissues accompanied by those of adjacent normal/pre-cancerous lesions. The regions were identified by the pathologist: Adjacent normal
regions are shown in blue circles, pre-cancerous lesions are shown in green circles and OSCC regions are shown in red circle. Scale bar, 2,000 pzm (left panels),
1,000 ym (middle panels) and 250 pm (right panels). (B) Semi-quantitative scores of CK-positive staining in OSCC tissues and adjacent normal tissues of
20 cases. OSCC, oral squamous cell carcinoma; H&E, hematoxylin and eosin; CK, cytokeratin.

higher in the OSCC tissues than in the normal tissues. In addi-
tion, a group of proteins was detected only in OSCC tissues,
including myosin and CK18. Certain proteins were detected
preferentially in normal tissues, including CKS5. Of note, this
pattern was in accordance with the previous analysis of OSCC
tissues and tumor-adjacent normal tissues.

Expression levels of CK10/13 and 4 or CKI14 and 17 are
potential molecular markers for the extent of the surgical
resection of OSCC. Surgical resection beyond contrast-
enhancing boundaries may represent a promising strategy to
improve outcome and quality of life for patients with OSCC.
Therefore, a specific molecular marker to guide the determina-
tion of surgical margins is urgently required. Using LC/MS
proteomics analysis, the present study found significant differ-
ences in the expression of CK14, CK17, CK10/13 and CK4
in OSCC tissues, compared with that in normal oral tissues/
para-cancerous tissues. To identify molecular markers that
may be used to determine the extent of the surgical resection
of OSCC tissue, IHC of CK 10/13, 4, 14 and 17 was performed
in 20 FFPE OSCC tissue samples. The expression levels of CK
10/13, 4, 14 and 17 in two representative cases are shown in
Fig. 3A. CK4 was detected at high levels in epithelial cell layers
of tumor-adjacent tissues but was not present in OSCC tissues.
CK10/13 showed similar distribution patterns in normal and
OSCC tissues, but they were also expressed in the basal layers
of OSCC tissues. A high level of plasma-positive staining of
CK14 and 17 was observed in OSCC tissues, whereas their
distribution was confined to the basal layer in the adjacent
normal epithelium or in moderate dysplasia. The observation
that CK14 and CK17 made it possible to distinguish between

OSCC tissues and adjacent normal tissues/moderate dysplastic
tissues indicated a shift in intermediate filament protein
expression, which may be a potential diagnostic biomarker for
OSCC.

The relative expression levels were evaluated and analyzed
(Fig. 3B), and the results showed that negative staining of CK4
and CK10/13 clearly distinguished between cancerous tissue
and para-cancerous tissue, with an accuracy of 90% (95% CI,
0.68-0.99) and 75% (95% CI, 0.51-0.91), respectively, whereas
the positive staining of CK14 and CK17 clearly distinguished
between cancerous lesions and para-cancerous lesions with
an accuracy of 100% (95% CI, 83-100%) and 90% (95% ClI,
0.68-0.99), respectively. These results suggested that CK4 and
CK10/13 or CK14 and CK17 may be useful molecular boundary
markers for guidance in the surgical resection of OSCC.

CK14 is a superior predictor of OSCC lymph node micro-
metastases compared with Pan-CK. A previous study
indicated that CK 14 was upregulated in oral cancer tissues (15).
Therefore, the present study further evaluated the potential use
of CK14 for the detection of lymph node metastasis. As shown
in Fig. 4A, CK14 was specifically positive for micrometastasis
in all five cases. Pan-CK, an important predictor of lymph node
metastasis in OSCC, was used as a control. An expanded set
of 20 samples was further examined. The IHC of CK14 was
specifically positive for micrometastasis in all cases and was
more specific than Pan-CK (Fig. 4B). In addition, 10 samples
diagnosed as non-metastatic lymph nodes were examined,
and it was found that seven cases were CK14-positive. One
of the seven CK14-positive cases showed recurrence 1 year
later (Fig. 4C). Collectively, the results from the lymph node
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Figure 4. CK14 immunostaining in lymph nodes of clinical patients. (A) Representative images of CK14 immunostaining in lymph nodes with micro-
metastases from patients with OSCC. Scale bar, 500 y#m (upper panels) and 100 ym (lower panels). (B) Representative images of H&E staining and CK 14 and
Pan-CK immunostaining in lymph nodes diagnosed as non-metastatic from patients with OSCC. Scale bar, 100 ym (left panels), 500 zm (two middle panels)
and 100 pm (right panels). (C) Representative images of CK14 and Pan-CK immunostaining in lymph node tissues from patients with OSCC. The arrows
indicated the staining of CK14 (red) and Pan-CK (blue). Scale bar, 500 ym (upper panels) and 200 ym (lower panels). OSCC, oral squamous cell carcinoma;
H&E, hematoxylin and eosin; CK, cytokeratin.

Figure 5. CK14 immunostaining in lymph nodes from a mouse model. Scale bar, 200 ym (left panels) and 50 ym (right panels). CK, cytokeratin.

metastasis mouse model data were consistent with the clinical ~CK14 as a biomarker for the detection of lymph node micro-
results (Fig. 5). These results indicated the potential value of = metastasis in OSCC.
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Discussion

The discrimination of OSCC tissues from para-cancerous
tissues in H&E sections can be difficult due to the subjectivity
of the microscopic analyses, particularly when the histologic
structure is irregularly distributed. The majority of surgeons
use a 0.5-1 cm empirical boundary to expand the excision of
OSCC (16,17). However, in maxillofacial surgery, this can
lead to the irreversible destruction of the facial appearance,
impacting the quality of life of the patients. Therefore, identi-
fying specific molecular markers to guide the determination of
surgical margins is urgently required (18,19).

A wealth of information has been provided by intensive
research efforts in cancer biomarker identification based on
the LCM-FFPE-proteomic analysis. In previous studies that
focused on the utility of proteomic analysis based on FFPE
tissue, it was suggested that this platform was an effective
approach for biomarker identification in cancer. In the present
study, the expression profiles of a large number of proteins
were determined, revealing significant shifts in expression
between normal mucosal epithelial tissues and pre-cancerous
and cancer tissues. A total of 13 proteins were identified with
altered expression levels based on LCM-FFPE-proteomic and
LC/MS analyses. Of these, the expression patterns of CK14,
17, 4 and 10/13 were found to have unique patterns that may
serve as biomarkers for the histologic evaluation of oral mucosa,
particularly when histologic structures are unclear. The results
of the IHC and H&E staining were consistent, and CK14, 17, 4
and 10/13 staining made it possible to distinguish between early
phenotype changes in tumor cells and adjacent cells, which are
difficult to detect by conventional H&E staining.

CKs are often used as a source for the diagnosis/differen-
tial diagnosis of epithelial-derived tumors (20). Several studies
have reported that these expression patterns correlate with
the presence of OSCC and oral epithelial dysplasia. Previous
reports have suggested that the downregulated expression of
CK4 and CK13 in OSCC may cause morphological altera-
tions in oral carcinogenesis and are relevant biomarkers of
OSCC (8,21). The expression patterns of CK13, 4, 14, and
17 during the development of OSCC from oral precancerous
lesions have also been investigated (22-24). The results of the
present study were consistent with reports. In previous studies,
CK14 was often expressed in myoepithelial cells and other
epithelial cells, whereas CK10/13 was mainly expressed in
the stratified squamous epithelium (25,26). The results of the
statistical analysis in the present study confirmed the results
of these previous studies, demonstrating that CK14, 17, 4
and 10/13 staining can distinguish between early phenotypic
changes in tumor cells and adjacent cells, which are difficult
to detect by conventional H&E staining.

H&E staining is the current standard for the diagnosis
of OSCC. However, the discrimination of micrometastasis
in lymph nodes based on H&E-stained sections of OSCC is
difficult. Therefore, the identification of relatively objective
biomarkers that can be used to identify micrometastasis in
Ilymph nodes is likely to benefit patients with OSCC. The
expression of CK14 is altered in several diseases, including
human papillomavirus infections, lichen planus, psoriasis,
inflammation, and metaplasia (27-30). The data from the
clinical samples and a mouse model in the present study
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showed for the first time, to the best of our knowledge, that
CK14 has potential value as a biomarker for the detection of
lymph node micrometastasis in OSCC. Additionally, signals
for CK14 were found in a high proportion of lymph nodes
diagnosed as non-metastatic from patients with OSCC who
developed micro-metastases. One of the CK14-positive cases
showed recurrence 1 year later, which may partly explain the
significant correlations between locoregional recurrence and
the number of resected lymph nodes and lymph node ratio of
patients with oral cavity cancer (31). The number of resected
lymph nodes is a prognosticator of multiple types of cancer,
including vulvar cancer (32), gastric cancer (33) and non-small
cell lung cancer (34). The data in the present study are in agree-
ment with those described previously. Larger investigations
with larger clinical cohorts are required prior to CK14 being
used as a clinical micrometastasis biomarker in the future.

In conclusion, the data obtained in the present study
indicated that the expression levels of CK10/13/4 or CK14/17
may be considered molecular markers to guide the extent of
surgical resection of OSCC. The major finding of the present
study was that CK14 is a superior predictor of lymph node
micro-metastases in OSCC, performing better than Pan-CK.
Taken together, the data obtained indicated that the platform
based on LCM-FFPE-proteomic analysis is an effective
approach for biomarker identification in OSCC.
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