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Abstract
This study aimed to determine the whole gene expression profiles and to ascertain potential biomarkers for 22 oral squamous cell
carcinoma (OSCC) among Thai patients using the Illumina Human HT-12, V4.0 Expression BeadChip array. Result indicated
2,724 differential expressed genes composed of 1,560 up-regulated and 1,164 down-regulated genes (unpaired t-test, p-value
<0.05; fold change ≥2.0 and ≤2.0). The top 9 up-regulated genes were validated in 39 OSCC cases using TaqMan real-time
quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) assay. Among these, the up-regulation of peptidase
inhibitor 3 (PI3) and keratin 17 (KRT17) genes was harbored in all 39 OSCC patients (100%). Likewise, statistical analysis
indicated that gene expression in 8 selective genes including keratin 16 (KRT16), keratin 14 (KRT14), keratinocyte
differentiation-associated protein (KRTDAP), keratin 6B (KRT6B), PI3, S100 calcium binding protein A7 (S100A7), stratifin
(SFN) and keratin 5 (KRT5) was significantly associated with well differentiated OSCC (p-value <0.05). Moreover, high level of
KRT17 protein was significantly associated with well differentiated OSCC compared to moderately OSCC (p-value = 0.041).
Notably, using nested-PCR analysis indicated all OSCC cases in this study were HPV-free. Especially, KRTDAP, PI3, SFN
mRNA expression were first reported among patients with OSCC. Conclusion, the whole transcript expression study and
TaqMan real-time qRT-PCR assay were relevant regarding the increase in gene expression in OSCC. In addition, the up-
regulation of PI3 and KRT17 might constitute potential candidate molecular biomarkers to diagnose patients with OSCC.
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Background

Oral cancer is one of the most prevalent cancers in the world
with approximately 300,000 new diagnosis and 145,000
deaths annually [1]. Among them, oral squamous cell carci-
noma (OSCC) represents the highest frequency, more than
90% of oral cancers [2]. OSCC is characterized by an invasive
growth pattern, frequent cervical lymph-node metastasis and
high recurrence rate. The 5-year survival rate of OSCC is

about 63.2 and has not significantly changed over the past
20 years [3]. The development of OSCC is a multi-step pro-
cess caused by the accumulation of many genetic changes.
Therefore, understanding the absolute molecular alterations
leading to improved molecular measurements would result
in earlier diagnosis, treatment and prognosis of patients with
OSCC. Determining diagnostic markers of OSCC is very im-
portant in providing diagnosis and treatment plans of individ-
ual patients. The first step to explore those candidates is to
determine which genes are frequently and strongly expressed
in the primary sites of OSCC by complementary DNA micro-
arrays allowing investigation of the whole gene expression
profile simultaneously. Studies of gene expression in OSCC
using microarray were reported in several ethnic groups such
as Americans, Japanese, Chinese and Indian [4–7], but has yet
to be investigated among Thai patients.

The aim of this study was to determine the level of whole
transcript expression in Thai OSCC using the Illumina Human
HT-12, V4.0 Expression BeadChip array, followed by
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validation of the selective 9 up-regulated genes using Taqman
real-time quantitative reverse transcriptase PCR (qRT-PCR)
assay. These gene expressions may be evaluated as potential
biomarkers for OSCC.

Materials and Methods

Tissue Sample Collection

Thirty-nine cases of fresh frozen tissues of OSCC and their
corresponding normal oral tissues were collected from pa-
tients undergoing surgery at the Ear, Nose and Throat Unit
at Rajvithi Hospital. Patients had not received previous radio-
therapy or radiation before collecting the tissues. After resec-
tion, all specimens were frozen in liquid nitrogen at -80oC
before DNA and RNA extraction. The available information
of individual patients included sex, age at diagnosis, risk be-
haviors, stage of tumor, lymph node metastasis and grade of
tumor was shown in Table 1. Each section of tissue sample
was stained with hematoxylin and eosin to verify pathological
status by a pathologist. Tumor classification was staged
according to the Tumor-Node-Metastasis classification
system of the American Joint Committee on Cancer
(AJCC) [8].

This study was approved by the Ethics Committees of
Rajvithi Hospital (053/2557), the Faculty of Dentistry and
Faculty of Pharmacy, Mahidol University Institutional
Review Board (MU-DT/PY-IRB 2012-064.3012) and
Faculty of Tropical Medicine, Mahidol University (MUTM
2016-056-02), Thailand. All patients were informed and gave
written informed consent.

RNA Extraction

Total RNA was extracted from each tissue sample using
TRIzol® reagent (Invitrogen, Carlsbad, CA, USA) following
manufacturer instructions. Contamination of genomic DNA in
RNA samples were eliminated using DNase I, RNase-free
(Thermo Fisher Scientific, IL, USA) according to manufactur-
er instructions. After that, DNase-treated RNA samples were
cleaned using RNeasy® MinElute™ Cleanup Kit (Qiagen,
Germany). The first step for quality and quantity of RNA
was determined at absorbance 260 and 280 nm by
NanoDropTM 1000 (Thermo Fisher Scientific, MA, USA).
RNA with 260/280 ratios in the range between 1.8 and 2.1
were used in this study. To confirm the quality of RNA
samples, concentration and integrity of RNA was
accessed by BioAnalyzer 2100 Agilent with the
Agilent RNA 6000 Nano Kit (Agilent Technologies,
CA, USA). Quality was evaluated using the RNA
Integrity Number (RIN) value that determined for intact
18S and 28S ribosomal peaks. The RNA samples with

18S and 28S ribosomal peaks and RIN between 7 and
10 were used in the microarray experiments.

Microarray Analysis

Whole transcript expression levels of approximately 47,000
target genes were determined using the high-throughput
Illumina HumanHT-12, V4.0 Expression BeadChip array.
Total RNA from 22 OSCC tissue samples and their corre-
sponding normal oral tissues were used for microarray analy-
sis assays. High quality total RNA was used to generate
cDNA. Amplification and labeling of complementary RNA
with biotin was performed using the Illumina® TotalPrep™
RNA Amplification Kit (Ambion, TX, USA). Labeled cRNA
was hybridized to HumanHT-12, V4 BeadChip arrays
(Illumina Inc., CA, USA) followed by staining with
streptavidin-Cy3 (Amersham Biosciences, NJ, USA) to visu-
alize. The arrays were washed using Illumina high-stringency
wash buffer for 30 min at 55oC followed by scanning

Table 1 Clinicopathologic features of the 39 OSCC samples

Clinical characteristic Number(%)

Age, years (median, range)

≤ 50 9 (23.1%)

> 50 30 (76.9%)

Sex

Female 17 (43.6%)

Male 22 (56.4%)

Histological grade

Well differentiated 28 (71.8%)

Moderately differentiated 11 (28.2%)

TMN stage

II + III 5 (12.8%)

IV 34 (87.2%)

Lymph node metastasis

No 9 (23.1%)

Yes 30 (76.9%)

Smoking

No 12 (30.8%)

Yes 27 (69.2%)

Alcohol consumption

No 18 (46.2%)

Yes 21 (53.8%)

Betel nut chewing

No 29 (74.4%)

Yes 10 (25.6%)

HPV

No 39 (100.0%)

Yes 0 (0%)
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according to standard Illumina protocols. The arrays were
scanned using iScan systems. The Bead Array Reader was
analyzed using GenomeStudio Software (Illumina Inc.,
CA, USA).

Determination of Selective Gene Expression Using Taqman
Real-Time qRT-PCR

Total RNA from 39 OSCC tissues and their corresponding
normal oral tissues were extracted using TRIzol® reagent
(Invitrogen, Carlsbad, CA, USA) following manufacturer in-
structions. Then total RNA was reversed transcribed into
cDNA using SuperScript® VILO™ cDNA Synthesis Kit
(Invitrogen, Carlsbad, CA, USA) following manufacturer pro-
tocol. To validate RNA expression and explore the potential

biomarkers for Thai OSCC, the top 9 up-regulated genes in-
cluding 5 genes in the keratin family: keretin 5 (KRT5),
keretin 6B (KRT6B), keretin 14 (KRT14), keretin 16
(KRT16 ) and keret in 17 (KRT17 ) ) , kera t inocyte
differentiation-associated protein (KRTDAP), peptidase inhib-
itor 3 (PI3), S100 calcium binding protein A7 (S100A7) and
stratifin (SFN) were further analyzed among cDNA of 39
patients with OSCC by Taqman real-time qRT-PCR assay.
Taqman real-time qRT-PCR was performed on the
LightCycler® 480 real-time PCR (Roche Diagnostics,
Mannheim, Germany) using Roche LightCycler® 480
Probes Master (Roche Diagnost ics, Mannheim,
Germany) according to manufacturer instructions. Each
reaction contained 1x Roche Lightcycler TaqMan master
mix, specific primer and fluorescently-tagged probe for

Table 2 Primer and Taqman probe sequences of targeted genes validation

Gene symbol Gene description Sequence
(5′→ 3′)

Product size
(bp)

PI3 Elafin or Peptidase inhibitor 3 Forward CAGTCTCCACTAAGCCTGGC 300

Reverse GTGGATGAGAGAGGCAGCTC

Probe HEX-ATCTTGATCCGGTGCGCCATG-BBQ

KRT17 Keratin 17 Forward CGGAGACAGAGAACCGCTAC 251

Reverse CACAATGGTACGCACCTGAC

Probe HEX–AGGATGCCCACCTGACTCAG
TACAA–BBQ

KRT16 Keratin 16 Forward AGGGCCAGAGCTCCTAGAAC 153

Reverse GCTTTATTAGCCCACCACCA

Probe HEX–CCAGCTATCTCCCCTGCTCCTCT–BBQ

KRT5 Keratin 5 Forward GTGAGTACCAGGAGCTCATGAA 139

Reverse ACTGCTTGTGACAACAGAGATG

Probe YAK–ATCTCCACGTCCAGGGCCAGCTT–BBQ

KRT14 Keratin 14 Forward GGCCTGCTGAGATCAAAGAC 261

Reverse GGCTCTCAATCTGCATCTCC

Probe YAK–CACAGTGGACAATGCCAATGTCCT–BBQ

KRT6B Keratin 6B Forward GGTGGAGGACCTCAAGAACA 296

Reverse TCTCCTCATATTGGGCCTTG

Probe HEX–AGGATGTGGATGCTGCCTACATGA–BBQ

KRTDAP Keratinocyte differentiation-associated protein Forward CTTTAACACCCCGTTCCTGA 191

Reverse CTTCCAGTGGAGGTCATGGT

Probe HEX–TCCTTTCCTCAACTGGGATGCCT–BBQ

S100A7 S100 calcium binding protein A7 Forward CTGCTGACGATGATGAAGGA 148

Reverse CTCCCAGCAAGGACAGAAAC

Probe HEX-AGGGCACAAATTACCTCGCCGAT-BBQ

SFN Stratifin Forward CAGGCTACTTCTCCCCTCCT 181

Reverse TCAATCTCGGTCTTGCACTG

Probe HEX-TGGCTGAGAACTGGACAGTGGCA-BBQ

GAPDH a Glyceraldehyde-3-phosphate dehydrogenase Forward GAAGGCTGGGGCTCATTT 138

Reverse CAGGAGGCATTGCTGATGAT

Probe 6FAM–CATGTTCGTCATGGGTGTGAACC–BBQ

aGAPDH primers were added as internal controls to correct for the differences in different cells
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each selective gene was shown in Table 2. The
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene was quantified as the endogenous normalization
control. Each case was performed in duplicate.

Detection of HPV

DNA was extracted using DNeasy Blood & Tissue Kit
(Qiagen® GmbH, Hilden, Germany) according to the manu-
facturer protocol. The quality and quantity of DNA was de-
termined at absorbance 260 and 280 nm by NanoDropTM
1000 (Thermo Fisher Scientific, MA, USA). Detection of
HPV was performed using nested PCR amplification of a
conserved viral L1 gene using MY09 and MY11 and
HPV1003 and HPV1004 primers as previously published
[9]. The amplification of GAPDH gene was examined for
internal quality control in all samples. DNA extracted from
Hela cells was used as a positive control. All amplified PCR
products were resolved by 1% agarose gel electrophoresis
stained with RedSafe (iNtRON Biotechnology Inc., South
Korea).

Immunohistochemistry Analysis for Keratin 17 Expression

Immunohistochemistry assay was performed on a 4 µm thick
section from formalin-fixed paraffin-embedded tissue. The
sections were deparaffinized, rehydrated, endogenous peroxi-
dase blocked and antigen was retrieved in microwave with
10 mM citrate buffer pH 6.0 for 15 min followed by treating
with 5% bovine serum albumin (Sigma-Aldrich, MO, USA)
for 30 min. Then sections were incubated with mouse mono-
clonal antibody (clone E3) against cytokeratin 17 (CK17)
(Dako Denmark A/S, Glostrup, Denmark) at 1:100 dilution
for 2 h at room temperature and visualized using labeled poly-
mer (Dako Envision System, Dako Corporation, CA, USA).
Negative controls were created by substituting PBS for prima-
ry antibody. Microscopic examination was performed by a
board certified oral pathologist (SP). The CK17 or KRT17
expression was determined based on the percentage of golden
brown staining in cytoplasm of cells, regarding the staining
intensity. The scoring was divided into low level (1–
25% tumor cell positivity) and high level (≥26% tumor
cell positivity).

Microarray Data and Statistical Analysis

All microarray data were analyzed using GeneSpring GX
Software (Agilent Technologies, CA, USA). The first step
data were normalized and then the expression profiles of
OSCC tissues and their corresponding normal oral tissues
were performed using the unpaired t-test. Genes with a fold
change ≥ 2.0 and ≤ 2.0 (p-value < 0.05) were considered sig-
nificant. Unsupervised hierarchical clustering analysis was

performed to assess correlations between the two groups of
samples. The available information of individual patients was
analyzed using the Statistical Package for the Social Sciences,
Version 14.5 Software (SPSS Inc., IL, USA). The two-sided
Pearson chi-square and Fisher’s exact test and Odds Ratio
were used to analyze the differences in the more than 10 fold
up-regulations and clinical characteristics of patients. The re-
lationship between immunohistochemical scoring and
clinopathologic features of patients was evaluated using two-
tailed Pearson chi-square. A p-value of < 0.05 was considered
statistically significant.

Results

Identification of Expressed Genes Related to OSCC

Gene expression levels in OSCC cases were analyzed in
compar i son wi th the i r pa i red normal con t ro l .
Approximately 2,724 genes were differently expressed
in OSCC. A fold change of ≥ 2.0 (p-value < 0.05) was
observed in 1,560 genes and a fold change of ≤ 2.0 (p-
value < 0.05) was detected in 1,164 genes. From the
unsupervised hierarchical clustering analysis with 10
fold change (p-value < 0.05), the heat map represented
41 genes up-regulated and 130 genes down-regulated
in OSCC when compared with the paired normal con-
trol (Fig. 1). Among these, KRT16 was the highest up-
regulated at 26.47 fold change whereas Myosin, heavy
chain 2 (MYH2) was the highest down-regulated at
-93.36 fold change. The top 20 up- and down-
regulated genes in OSCC are shown in Table 3.

Quantification of Selective Genes Using Taqman Real-
Time qRT-PCR

Quantitative real-time reverse transcriptase polymerase chain
reaction was performed using Taqman probes to validate the
finding of top 9 up-regulated genes in microarray analysis.
Among 39 OSCC cases, the frequency of up-regulation in 9
selective genes varied from 92.31 to 100% of cases (Fig. 2).
Among these, all 39 cases (100%) harbored PI3 and KRT17
gene up-regulations.

HPV Detection

Nested PCR examination using 2 primer sets specific for L1
region of HPV showed negative among all 39 DNA samples
extracted from OSCC tissues whereas that of DNA extracted
from Hela cells was positive (Fig. 3a). All OSCC DNA was
positive for GAPDH prior HPV detection (Fig. 3b).
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Keratin 17 Protein Expression Using
Immunohistochemistry

Protein expression of KRT17 or cytokeratin 17 was further
validated in 39 OSCC tissues and their corresponding normal
tissues using immunohistochemical staining. The result dem-
onstrated positive golden brown staining in cellular cytoplasm
in all OSCC specimens (100%), whereas no staining was de-
tected in their corresponding normal oral tissues (Fig. 4).
Among 28 well differentiated OSCC, 20 cases (71.4%) had
high expression and 8 cases (2.86%) had low expression. The
expression of KRT17 in 11 moderately differentiated OSCC
was high in 4 cases (36.4%) and low in 7 cases (63.6%). The
high expression level of KRT17 was significantly correlated
with well differentiated OSCC (p-value = 0.041).

The Association Between the Selective Genes
Expression with Clinicopathologic Data of Patients
with OSCC

Pearson’s chi-square, Fisher’s exact test and relative risk anal-
ysis were performed to evaluate the correlation of more than
10 fold up-regulated genes with clinicopathologic data of pa-
tients with primary OSCC including patient’s grade of tumor,
stage of tumor and lymph node involvement status. A p-value
of less than 0.05 was considered significant. The more than 10
fold up-regulations of 8 selective genes, KRT16, KRT14,
KRTDAP, KRT6B, PI3, S100A7, SFN and KRT5, were signif-
icantly associated with a well differentiated type of histologi-
cal grade (p-value = 0.012, 0.005, 0.002, 0.024, 0.009, 0.008,
0.002 and < 0.001 respectively) (Table 4).

Conclusion

The development of OSCC was associated with various envi-
ronmental factors such as tobacco smoking, alcohol drinking,
betel nut chewing and HPV infection. In this study, no HPV
infection was detected in this group of patients. HPV preva-
lence in this study was similar to the related study conducted
by Nopmaneepaisarn and colleagues [10]. Under consider-
ation of patient’s characteristics, most OSCC cases in this
study comprised elderly patients with at least one of either risk
factor; smoking, drinking or betel nut chewing. Currently, the
microarray technique was used to analyze whole gene expres-
sions in several human cancers such as lung cancer [11],

�Fig. 1 Hierarchical clustering analysis. The gene expression profile of 22
OSCC cases and their corresponding normal oral tissues revealed 41 up-
regulated and 130 down-regulated geneswith fold change at cut off ≥ 10 (p-
value < 0.05). Columns represent OSCC samples (Tumor) and their
corresponding normal oral tissues (Normal), and rows represent the 171
genes that were up-regulated (red) and down-regulated (green) in OSCC
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ovarian cancer [12], cholangiocarcinoma [13], breast cancer
[14] and oral cancer [4–7]. Studies of gene expression profiles
in OSCC using the microarray technique were reported in
several ethnic groups. In the present study, the whole tran-
script expression level among Thai patients with OSCC as
compared with paired normal tissues exhibited 1,560 up-
regulated and 1,164 down-regulated genes, which was higher

than those reported among American [4], Japanese [5],
Chinese [6] and Indian [7] populations. This may have been
due to improvements in the design technology of the exon
array with a greater number of probe sets as part of the new
database resulting in higher resolution. Notably, some of the
top 20 up-regulated genes in this study were found in related
studies in OSCC for several ethnic groups, including KRT17

Table 3 Top 20 up- and down-regulated genes in OSCC (p-value < 0.05)

Gene ID Reference sequence Gene Symbol Gene description Fold change

3868 NM_005557.3 KRT16 Keratin 16 26.47

3872 NM_000422.2 KRT17 Keratin 17 24.99

3861 NM_000526.4 KRT14 Keratin 14 21.78

388533 NM_001244847.1 KRTDAP Keratinocyte differentiation-associated protein 20.74

3854 NM_005555.3 KRT6B Keratin 6B 19.80

5266 NM_002638.3 PI3 Peptidase inhibitor 3 19.54

6278 NM_002963.3 S100A7 S100 calcium binding protein A7 18.89

2810 NM_006142.3 SFN Stratifin 17.67

3852 NM_000424.3 KRT5 Keratin 5 16.69

2706 NM_004004.5 GJB2 Gap junction protein, beta 2 15.73

3853 NM_005554.3 KRT6A Keratin 6A 13.63

6513 NM_006516.2 SLC2A1 Solute carrier family 2 member 1 13.53

1308 NM_000494.3 COL17A1 Collagen type XVII alpha 1 chain 13.39

4312 NM_001145938.1 MMP1 Matrix metallopeptidase 1 13.15

6703 NM_002421.3 SPRR2D Small proline rich protein 2D 12.62

1001 NM_001317195.1 CDH3 Cadherin 3 12.51

4318 NM_004994.2 MMP9 Matrix metallopeptidase 9 12.31

3918 NM_005562.2 LAMC2 Laminin subunit gamma 2 12.05

653499 NM_018891.2 LGALS7B Galectin 7B 11.72

1277 NM_001042507.3 COL1A1 Collagen type I alpha 1 chain 11.52

4620 NM_001100112.1 MYH2 Myosin heavy chain 2 -93.36

4604 NM_001254718.1 MYBPC1 Myosin binding protein C, slow type -84.76

4632 NM_079420.2 MYL1 Myosin light chain 1 -84.11

1158 NM_001824.4 CKM Creatine kinase, M-type -81.89

4625 NM_000257.3 MYH7 Myosin heavy chain 7 -77.22

7125 NM_003279.2 TNNC2 Troponin C2, fast skeletal type -76.62

4151 NM_005368.2 MB Myoglobin -75.60

6588 NM_003063.2 SLN Sarcolipin -74.67

4633 NM_000432.3 MYL2 Myosin light chain 2 -73.89

8557 NM_003673.3 TCAP Titin-cap -73.53

4604 NM_001254718.1 MYBPC1 Myosin binding protein C, slow type -73.18

29895 NM_001324458.1 MYLPF Myosin light chain, phosphorylatable, fast skeletal muscle -71.31

4633 NM_001324459.1 MYL2 Myosin light chain 2 -69.15

2027 NM_000432.3 ENO3 Enolase 3 -65.03

7134 NM_005368.2 TNNC1 Troponin C1, slow skeletal and cardiac type -63.66

7169 NM_203377.1 TPM2 Tropomyosin 2 -62.31

10324 NM_203378.1 KBTBD10 Kelch like family member 41 -61.76

58529 NM_001193503.1 MYOZ1 Myozenin 1 -60.03

9499 NM_001976.4 MYOT Myotilin -58.27

10324 NM_006063.2 KBTBD10 Kelch like family member 41 -56.60
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in American and Chinese [4, 6], KRT16 and KRT6B in
American [4], matrix metallopeptidase 1 gene (MMP1) in
Chinese [6] and cadherin 3 gene (CDH3) in Japanese [5] pop-
ulations. Our data agree with the result from microarray anal-
ysis on keratin subtypes, in which mRNA expression levels of
KRT5, KRT6B, KRT14, KRT16 and KRT17 in OSCC as well
as oral epithelial dysplasia were higher when compared with
normal oral mucosa [15]. While most studies in human can-
cers aimed to find prospective oncogenic biomarkers and con-
firmed the differential expression of a subset of selective
genes using qRT-PCR, our study used the Taqman probe for
real-time qRT-PCR to increase specificity during the hybrid-
ization step in PCR as the primer dimer would be

compromised. In the present study, the top 9 up-regulated
tumor-related genes, including KRT16, KRT14, KRTDAP,
KRT6B, PI3, S100A7, SFN and KRT5 from microarray anal-
ysis were validated by Taqman real-time qRT-PCR. The re-
sults of Taqman qRT-PCR were in total concordance with
those of the microarray. Interestingly, elevated PI3 and
KRT17 expression revealed 100% in all OSCC (39 of 39
cases), while up-regulation in 8 validated genes showed sig-
nificant association with well differentiated OSCC with the
highest association in KRT5 (p < 0.001). Additionally, more
than 10 fold elevated expression in these genes exhibited no
significant association with any risk factors including,
smoking, drinking, and betel nut chewing. Among these,
KRTDAP, PI3, SFNmRNA expression had not been reported
in OSCC cases.

The PI3 (peptidase inhibitor 3 or elafin) gene encoding an
elastase-specific inhibitor, plays a direct role in suppressing
tumors by inhibiting elastase and thus serves as a prognostic
indicator for patients with breast cancer [16]. Moreover, the
overexpression of elafin protein is associated with poor sur-
vival in breast cancer [17]. The previous study using immu-
nohistochemistry found the presence of elafin in head and
neck squamous cell carcinomas and significantly higher
amounts in well differentiated and moderately differentiated
tumors than in poorly differentiated tumors [18]. In this study,
up-regulation of PI3 mRNA expression also significantly

Fig. 4 Immunohistochemical staining of KRT17 (magnification x200). a
Negative staining in corresponding normal tissue. b Positive cytoplasmic
staining score 4 in OSCC tissue

Fig. 3 PCR pattern in 1% agarose gel electrophoresis for HPV detection.
a Nested PCR products of HPV DNA from OSCC patients. b PCR
products of GAPDH gene. Lane M, 100 bp molecular weight marker;
Lane N, Negative control; Lane P, Hela DNA (positive control); Lane 1–
7, Representative OSCC samples

Fig. 2 Frequency of gene expression in OSCC. The mRNAs expression
(KRT17, KRT16, KRT5, KRT14, KRT6B, KRTDAP, PI3, S100A7, and
SFN) in 39 patients with OSCCwere analyzed by Taqman real-time qRT-
PCR using GAPDH mRNA as a control

2321Identification of Novel Candidate Biomarkers for Oral Squamous Cell Carcinoma Based on Whole Gene...
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correlated with patients with well differentiated OSCC and
elevated expression was exhibited in 100% of studied cases
suggesting that it may serve as a diagnostic biomarker for
OSCC. From our knowledge, we here first report the novel
PI3 mRNA expression in all OSCC cases.

Another group of genes with high elevated expression in
the present study was KRTDAP, S100A7, and SFN, which are
involved in regulating various cell processes. The KRTDAP
gene encodes keratinocyte differentiation-associated protein
(KRTDAP) functions in regulating keratinocyte differentia-
tion and maintaining stratified epithelia [19]. The expression
of the KRTDAP gene is limited to epithelial tissue at a high
level. One related study found that KRTDAP mRNA expres-
sion was up-regulated among patients with human papilloma
virus-positive head and neck squamous cell carcinoma who
did not respond to radiation with or without chemotherapeutic
agents [20]. The S100A7 gene encodes for psoriasin, a
calcium-binding protein, involved in regulatingmany cell pro-
cesses, for example, cell cycle progression and differentiation.
Gene expression levels of S100A7 kept increasing during dif-
ferent stages of malignancy from healthy gingiva, irritation
fibroma and leukoplakia, through OSCC [21]. Elevated
mRNA levels as well as protein expression of S100A7 were
significantly associated with well differentiated OSCC, uter-
ine cervical SCC and lingual SCC [22, 23]. The SFN gene
encodes for stratifin, a tumor suppressor protein 14-3-3 sigma
[24]. Stratifin serves as a negative regulator of cell cycle pro-
gression and reduces cell growth by causing G2 arrest. Down-
regulation of SFN expression was reported in esophageal
squamous cell carcinoma and breast cancer with poor
prognosis [25, 26]. In contrast, increased expression of
the stratifin protein was observed in lung invasive ade-
nocarcinoma with poor outcome [27]. The present study
revealed that up-regulation in mRNA expression of
KRTDAP, S100A7, and SFN were significantly associat-
ed with well-differentiated tumors.

Keratin is a large family of intermediate filament proteins.
Various keratin compositions are expressed depending on ep-
ithelial cell type and differentiated status [15]. The present
study detected mRNA up-regulation in 5 keratin subtypes;
KRT5, KRT6B, KRT14, KRT16, KRT17. Interestingly, both
KRT17 mRNA and KRT17 protein expression was detected
in all OSCC cases. Likewise, high level of KRT17 protein
expression was significantly correlated with well differentiat-
ed OSCC compared to moderately OSCC. Our results was
similar to previous reports indicating that KRT17 mRNA ex-
pression was significantly high among patients with OSCC at
early stages, among negative neck nodes metastasis and
among well differentiated tumors [28] and KRT17 protein
significantly expressed in well differentiated OSCC when
compared with moderately and poorly differentiated OSCC
[29]. Moreover, the high expression of KRT17 mRNA and
its protein have been described as related to poor clinical

outcomes in lung adenocarcinoma [30] and epithelial ovarian
cancer [31]. Furthermore, from our knowledge, this may be
the first report of KRT17 mRNA and KRT17 protein expres-
sion in all OSCC cases. Several lines of evidence indicated up-
regulated expression among the other keratin subtypes in var-
ious tumors but their significance in clinicopathology revealed
conflicts. The increased KRT5 mRNA expression and keratin
5 protein overexpression were significantly correlated with
poor prognosis and disease recurrence of serous ovarian can-
cer [32] while increased expression of KRT5 mRNA was as-
sociated with a low prevalence of lymphovascular invasion
and lymph nodemetastasis in muscle-invasive urothelial blad-
der cancer [33]. High mRNA expression levels ofKRT6Bwas
determined in infiltrating bladder urothelial carcinoma tissues
as well in lung metastasis tissues and correlated with poor
prognosis [34]. The up-regulation ofKRT14mRNA and over-
expression of this protein were presented in OSCCwhen com-
pared with non-tumorous oral epithelial cells [35], while up-
regulations of KRT16 were reported in oral epithelial dyspla-
sia and were significantly associated with OSCC cases [15].

In summary, we first analyzed the genome-wide gene
expression profile of Thai patients with OSCC, using
the Illumina Human HT-12 v4.0 Expression BeadChip
array and validated the 9 up-regulated gene expression
using Taqman real-time qRT-PCR. The result revealed
elevated expression of PI3 and KRT17 might serve as
potential biomarkers to diagnose OSCC among Thai pa-
tients. Likewise, up-regulation of KRTDAP, PI3, SFN
mRNAs among patients with OSCC was first investigat-
ed here. This study focused on investigating whole tran-
scription profile and validation of the candidate gene
expression that might serve as molecular biomarkers
for patients with OSCC. Consequently, the role of these
candidate proteins in OSCC development will be further
studied.
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