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Abstract. To elucidate the genetic events that occur during the 
development of OSCC, the present study established a model of 
oral malignancy using a mouse oral squamous cell carcinoma 
(OSCC) Sq‑1979 cell line. Sq‑1979 cells were implanted into 
syngeneic C3H mice. Subsequently, 233 cells and metastatic 
sub‑clones (L cells) from primary OSCC, as well as the metas-
tasized lymph node tissues of Sq‑1979‑implanted mice were 
established. Compared with parental Sq‑1979 and 233 cells, 
the majority of L cells exhibited a higher proliferation rate and 
transplantability, and conferred a lower survival rate on the 
implanted mice. To investigate the genetic background of L 
cells, preferentially expressed genes in L cells were identified by 
cDNA microarray and reverse transcription‑polymerase chain 
reaction analyses. The expression of FYN‑binding protein (Fyb), 
solute carrier family 16 member 13 (Slc16a13), keratin 7, trans-
membrane portion 173 and Slc44a3 mRNAs was significantly 
elevated in L cells compared with that in Sq1979 and 233 cells. 
The mRNA expression was also evaluated in human OSCC and 
leukoplakia (LP) tissues. Among the 5 aforementioned mRNAs, 
the expression of FYB and SLC16A13 was significantly higher 
in OSCC than in LP tissues. Furthermore, the expression of 

SLC16A13 mRNA was significantly elevated in highly inva-
sive OSCCs, which were classified as grades 3 and 4 by the 
Yamamoto‑Kohama (YK) classification of invasion, compared 
with those in lower grades (YK‑1 and ‑2). The model proposed 
in the present study could thus describe essential marker genes 
for the diagnosis of oral malignancies.

Introduction

Oral squamous cell carcinoma (OSCC) is an aggressive type of 
cancer that can exhibit a variable degree of malignant behavior. 
Although advances have been made in conventional treatment, 
the mortality rate caused by OSCC has not markedly improved 
for the past several decades (1), and the biological characteristics 
of OSCCs are not yet well understood. The poor prognosis of 
patients with OSCC has now been attributed to recurrence, 
cervical lymph node metastasis, and resistance to radiotherapy 
and chemotherapy (2). An adapter‑based differential display 
method was previously employed to elucidate the wide range 
of genetic events occurring during OSCC development from 
pre‑cancerous leukoplakia (LP) (3). A comprehensive gene 
expression profile was also generated to discriminate between 
LPs and OSCCs (4). Following therapy, metastasis has proven 
to be a main cause of local relapse in patients with OSCC. 
Of the conventional staging and grading systems that are used 
for the assessment of OSCC tissues, the Yamamoto‑Kohama 
(YK) mode of invasion (5) system can be largely associated 
with prognosis, particularly with regard to lymph node 
metastases (6,7). The YK mode of invasion was devised from 
the grading of the mode of invasion originally described by 
Jacobson et al  (8); in this histological grading, grade 4 is 
sub‑classified into grades 4C and D, whereas evaluation of 
other grades is the same as defined by Jacobson's classifier (8). 
Using primary OSCCs, molecular events associated with the 

Gene expression analyses associated with malignant phenotypes of  
metastatic sub‑clones derived from a mouse oral 

squamous cell carcinoma Sq‑1979 cell line
MITSUTAKA ADACHI1,2,  MASAKO MIZUNO‑KAMIYA1,3,  EIJI TAKAYAMA1,  HARUMI KAWAKI1,  

TOSHIHIRO INAGAKI1,4,  SHIGEKI SUMI1,2,  MASAYUKI MOTOHASHI2,  YASUNORI MURAMATSU2,  
SHIN‑ICHIRO SUMITOMO2,  MICHIO SHIKIMORI5,  YUTAKA YAMAZAKI6  and  NOBUO KONDOH1

Departments of 1Oral Biochemistry and 2Oral and Maxillofacial Surgery, Asahi University School of Dentistry;  
3Chemistry Laboratory, Department of Management and Information Studies, Asahi University School of Business Administration, 
Mizuho, Gifu 501‑0296; 4Department of Oral and Maxillofacial Surgery, Division of Reparative and Regenerative Medicine, 

Institute of Medical Science, Mie University Graduate School of Medicine, Tsu, Mie 514‑8507; 5Dentistry and 
Oral Maxillofacial Surgery Unit, Hokuriku Central Hospital of Japan Mutual Aid Association of Public School Teachers, 

Oyabe, Toyama 932‑8503; 6Department of Gerontology, Division of Oral Health Science, Graduate School of 
Dental Medicine, Hokkaido University, Sapporo, Hokkaido 060‑8586, Japan

Received September 1, 2016;  Accepted October 3, 2017

DOI: 10.3892/ol.2017.7648

Correspondence to: Professor Nobuo Kondoh, Department of Oral 
Biochemistry, Asahi University School of Dentistry, 1851 Hozumi, 
Mizuho, Gifu 501‑0296, Japan
E‑mail: nkondoh@dent.asahi‑u.ac.jp

Key words: oral squamous cell carcinoma, Sq1979 cells, C3H/HeN 
mice, reverse transcription‑quantitative polymerase chain reaction, 
FYN‑binding protein, solute carrier family 16 member 13

https://www.spandidos-publications.com/10.3892/ol.2017.7648
https://www.spandidos-publications.com/10.3892/ol.2017.7648
https://www.spandidos-publications.com/10.3892/ol.2017.7648


ADACHI et al:  GENE EXPRESSION ANALYSES OF A MOUSE OSCC CELL LINE 3351

YK mode of invasion were evaluated previously and prediction 
models for the invasion status were constructed (9).

Clinical specimens generally originate from different 
genetic backgrounds, which may have considerable influence 
on the variation of gene effects. Consequently, there is little 
opportunity to directly compare primary and metastatic OSCC 
specimens from the same patient. As an alternative approach 
to elucidate genetic events intimately associated with the meta-
static potentials of OSCC cells, the establishment of metastatic 
sub‑clones (L cells) was attempted from the primary mouse 
OSCC Sq‑1979 cell line in the present study. Next, compre-
hensive gene expression was compared between Sq‑1979 
and L cells to identify differentially expressed mRNAs. Our 
previous studies demonstrated that the expression of certain 
mRNAs, such as keratin1 and transglutaminase 3, exhibit 
continual changes from pre‑cancerous to cancerous tissues 
and to further malignant OSCCs (4,9). In the present study, 
it was revealed that the expression of certain marker mRNAs 
could be an index for evaluating the histological grading of 
precancerous and OSCC tissues obtained from patients.

Materials and methods

Experimental animals. Male, 5‑week‑old, 160 C3H/HeN 
mice were purchased from Chubu Kagaku Shizai Co., Ltd. 
(Nagoya, Japan) and mice were housed one per cage in a room 
at 22‑23˚C under standard atmospheric pressure with a 12 h 
light/dark cycle with ad libitum access to Oriental MF solid 
chow (Oriental Yeast Co., Tokyo, Japan) and water; the domes-
tication was continued for 2 weeks before the start of each 
experiment. The present study was approved by the Animal 
Ethics Committee of Asahi University (Mizuho, Gifu, Japan).

Cells and establishment of sub‑clones. The C3H mouse OSCC 
Sq1979 cell line was obtained from the Riken BioResource 
Center (Ibaraki, Japan). Cells were grown at 37˚C in 5% CO2 
in Eagle's minimum essential medium (E‑MEM; Wako Pure 
Chemical Industries, Ltd., Osaka, Japan) supplemented with 
10% fetal bovine serum (FBS; Nichirei Biosciences, Inc., 
Tokyo, Japan) and 1% penicillin/streptomycin (10,000 U/ml 
penicillin, 10,000 µg/ml streptomycin; Gibco; Thermo Fisher 
Scientific Inc., Waltham, MA, USA). A total of 1x107 Sq‑1979 
cells were suspended in 0.1 ml saline, then subcutaneously 
injected into the posterior neck area of five 7‑week‑old male 
C3H/HeN mice. After 3  months, metastasized regional 
lymph nodes were dissected into E‑MEM supplemented with 
10% FBS and minced to isolate attached cells. Next, metas-
tasized sub‑clones, termed L2‑3, L3‑5, L5‑11, L6‑8 and L6‑9 
cells, were isolated by a limiting serial‑dilution method, as 
described previously (10). Using the same procedure, for later 
experiments, 233‑1 and 233‑11 independent cell clones were 
isolated from primary OSCC tissues of Sq‑1979‑implanted 
mice.

Proliferation properties. To examine the cell proliferation rate 
in vitro, 2x104 cells were seeded into each well of a 6‑well 
plate. Doubling times (DTs) were calculated by counting 
cell numbers using a Burker‑Turk hemocytometer after 
24, 48, 72 and 96 h. To evaluate the in vivo proliferation of 
OSCC cells, 1x106‑1x107  cells suspended in 0.1 ml saline 

were injected subcutaneously into the lateroabdominal area 
of 5 male, 6‑week‑old, C3H/HeN mice. The tumor volume 
was measured using a digital caliper, and calculated as 
follows: Tumor volume=(major axis) x (minor axis)2 x 0.52, as 
described previously (11). Tumor DT estimates used the first 
and last available tumor volumes (Vo and Vi), the time interval 
Ti (in days) between the two exams, and the following formula: 
DT=log2 Ti/(logVi ‑ logVo), as described previously (12).

Transplantability. To examine the transplantability, 1x104, 
1x105, 1x106 or 1x107 Sq‑1979, Sq‑1979‑1, 23‑1, 233‑11, L2‑3, 
L3‑5, L5‑11, L6‑8 and L6‑9 cells were injected subcutaneously 
into the lateroabdominal area of male, 6‑week‑old, C3H/HeN 
mice (n=5 per experiment). After 1 month, mice bearing tumors 
(>4 mm) were counted as positive animals. Transplantability 
was defined as: Transplantability=positive animals/total 
animals x100.

Survival rates. To examine survival rates, 1x106 Sq‑1979‑1, 
23‑1, 233‑11, L2‑3, L3‑5, L5‑11, L6‑8 and L6‑9 cells were 
injected subcutaneously into the lateroabdominal area of 
male, 6‑week‑old, C3H/HeN mice (n=5 per experiment). 
5 PBS‑injected mice were observed as controls. The survival 
time (days) was determined. Mice were considered to have 
survived until they failed to eat or drink for 24 h, or until 
tumors reached a maximum volume of 3510 mm3 at which 
they interfered with locomotion to eat or drink, at which point 
they were euthanized by cervical dislocation, in accordance 
with guidelines set out by Workman et al (13).

RNA extraction and microarray analysis. RNA extraction was 
performed using ISOGEN (Nippon Gene Co., Ltd., Tokyo, 
Japan), according to the manufacturer's protocols. Total RNA 
was extracted from Sq‑1979 and L5‑11 cells. cDNA microarray 
analysis was performed (Oncomics, Nagoya, Japan) using 
the Superscript G3 mouse GE Microarray 60K kit (Agilent 
Technologies, Inc., Santa Clara, CA, USA). To ensure the reli-
ability of the data, genes were considered to be differentially 
expressed using the following threshold criteria: P<0.001 
(using Student's t‑test) and fold‑change >2.0.

CDNA samples of precancerous and OSCC tissues. cDNA 
samples from 18 patients with OSCC (median age, 65 years; 
7 male, 11 female; age range, 38‑91 years) and 18 patients 
with LP (median age, 72 years; age range, 57‑98 years) were 
incorporated into the present study. Tissue samples that had 
been surgically resected in the Dental Hospital of Hokkaido 
University (Sapporo, Hokkaido, Japan) between February 
1998 and April 2004, and cDNA synthesis had already been 
performed, as described previously (9). All procedures were 
undertaken after written informed consent had been obtained 
from each patient, and the study adhered to the ethical guide-
lines of the dental hospital of the Hokkaido University School of 
Dentistry (Sapporo, Japan). The present study was also approved 
by the Ethics Committee of Asahi University (no. 27007).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Whole‑cell RNA extraction and quantitative PCR 
was performed as previously described (4). Primer sequences 
were designed by Primer Express software (version 2; Applied 
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Biosystems; Thermo Fisher Scientific, Inc.). The primers used 
are summarized in Table I. Each expression level of mRNA 
was normalized to ribosomal protein S5 (RPS5).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. A Mann‑Whitney U test or Student's t‑test (for 
microarray analysis) was applied to determine the significance 
of differences between two groups using Excel Statistics (2008; 
version 1) (SSRI Inc., Tokyo, Japan). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Proliferation properties of Sq‑1979‑derived sub‑clones. To 
evaluate the proliferation properties of OSCC sub‑clones, DTs 
in vitro and in vivo were compared. As shown in Table II, the 
DTs of tumor volume for Sq‑1979 and 233 cells had a mean 
value of 14.7 and 14.8 days, respectively, whereas that of L cells 
was significantly shorter, at 8.3 days. The in vitro population 
DT of Sq‑1979 and 233 cells was a mean of 11.4 and 14.4 h, 
respectively, which was shorter than in vivo and similar to that 
of L cells (mean, 14.4 h). These results indicated that L cells 
have a specific property that is advantageous for in vivo cell 
proliferation.

Transplantability and survival rates. As shown in Table III, 
when 1x105 cells were inoculated into mice, the transplantability 
of the majority of L cells, including L3‑5, L5‑11 and L6‑9 
cells, ranged between 20 and 100%; however, with the 
exception of 233‑11 cells, parental cells and non‑metastasized 
sub‑clones, including Sq‑1979, Sq‑1979‑1 and 233‑1 cells, 
were not transplantable, even though mice were inoculated 
with the same number of cells. When mice were inoculated 
with 1x106  cells, all the cell types exhibited substantial 
transplantability of >60%. These results demonstrated that the 

majority of L cells exhibited markedly higher transplantability 
than parental Sq‑1979 cells and the non‑metastatic sub‑clones, 
including Sq‑1979‑1 and 233‑11 cells.

The present study also examined the mean survival time 
of tumor‑burdened mice. As shown in Table IV, mice trans-
planted with L5‑11 and L6‑9 cells exhibited significantly 

Table I. Polymerase chain reaction primers used in this experiment.

Symbol	 Forward (5'‑3')	 Reverse (5'‑3')

Mouse
  Krt7	 AACAGCCGCTCCCTGGACTTG	 GGTCATCCCCGTGCTTCCC
  Slc16a13	 GGCTTCCTCAACCCTGGTAGTCC	 GCCGATACTCTCGATCATCTGCAC
  Slc44a3	 ATGGATCGTCGGAGAAACCGTAC	 CCCTATCTCACAATGGGCTGGAG
  Fyb	 AAGTTGCAGGACAAAGCTCGCCT	 TCCTCGTAGGTAGGTTTCGCTGCC
  Tmem173	 CCTCCGTACTGTCCCAAGAGCCA	 CCAACCATTGAAGGAAGGCTCAG
  Rps5	 AGAAGACTCAACACGCATTGGGC	 GCACTCAGCGATGGTCTTGATGT
Human
  KRT7	 GACATCTTTGAGGCCCAGATTGC	 CTGTGCGGCGGTTAATTTCATC
  SLC16A13	 TCCTGGATCGCCTCCATAGGAATC	 AGGAAGTAGCAAAAGAGGCGAGCA
  SLC44A3	 TTTGGCTATGACAGCTTTGGCAA	 TGCGGTTGAGCTGCGTACCTTT
  FYB	 CAGGAAGATCCACTAAAGGAGGCC	 CCCCGTGTTATATTTCGCCATGAG
  TMEM173	 AAGGGAATTTCAACGTGGCCAT	 ATATACAGCCGCTGGCTCACTGC
  RPS5	 GAGCGCCTCACTAACTCCATGATGA 	 CACTGTTGATGATGGCGTTCACCA 

Krt7, keratin7; Slc16a13, solute carrier family 16 member 13; Fyb, FYN‑binding protein; Tmem173, transmembrane protein 173; RPS5, 
ribosomal protein S5.

Table II. Growth properties of Sq1979 cells and the sub‑clones.

	 Doubling time
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cells	 In vivo, days	 In vitro, h

Original cells
  Sq‑1979	 20.1±9.8	 10.1±0.2
Sub‑clones
  Sq‑1979‑1	 11.6±7.3a	 11.0±3.3
  Sq‑1979‑2	 14.8	 11.8±1.0
  Sq‑1979‑3	 12.3	 11.6±0.8
Primary tumors
  233‑1	 12.0±5.8 	 12.7±0.5
  233‑11	 17.5±6.9	 16.0 ±4.8
Lymph node metastases
  L2‑3	 8.3±5.6b	 12.1±0.3a

  L3‑5	 8.1±3.5b	 11.6±1.1a

  L5‑11	 7.3±5.7b	 15.4±1.2a

  L6‑8	 4.4±0.8b	 14.1±0.4a

  L6‑9	 5.6±1.7b	 18.6±2.5a 

n=3 (except for Sq1979‑2 and ‑3, where n=1). Data are presented 
as the mean ± standard deviation. aP<0.05; bP<0.01 vs. Sq1979 cells 
(Mann‑Whitney U test).

https://www.spandidos-publications.com/10.3892/ol.2017.7648
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shorter survival times than those transplanted with Sq1979‑1, 
233‑1, L2‑3 and L3‑5. The mice transplanted with L6‑8 cells 
also exhibited shorter survival times. These results indicated 
that the majority of L cells possess highly malignant and 
advanced phenotypes compared with parental Sq‑1979 cells 
and their non‑metastatic sub‑clones.

Isolation of mRNAs predominantly expressed in L cells. To 
clarify the identity of expressed genes associated with the malig-
nant phenotypes of L cells, comprehensive gene expression of 
L5‑11 and Sq‑1979‑1 cells was compared using microarray 
analysis. Of the 60 mRNAs more predominantly expressed in 
L5‑11 cells (≥3‑fold) than in Sq‑1979‑1 cells (data not shown), 
the expression among Sq‑1979, 233 and L cells was further 
verified using RT‑PCR analysis. Consequently, 5 mRNAs were 
focused on, including keratin 7 (Krt7), FYN binding protein 
(Fyb), solute carrier family 16 member 13 (Slc16a13), trans-
membrane protein 173 (Tmem173) and solute carrier family 44 
member 3 (Slc44a3) mRNA. As shown in Fig. 1, the expression 

of Krt7 mRNA was markedly lower in Sq‑1979‑1, ‑2, ‑3, 233‑1 
and ‑11 cells compared with in any other L cells, including L2‑3, 

Table IV. Survival rates of tumor‑transplanted mice.

Cells	 Mean survival time ± SD, days

Sq‑1979‑1	 138±39
233‑1	 146±24
L2‑3	   99±18
L3‑5	 113±25
L5‑11	   81±8a

L6‑8	 57
L6‑9	   60±4b 

n=5 (except for L6‑8, where n=1). aP<0.05, bP<0.01 vs. Sq1979‑1 
(Mann‑Whitney U test). Control (untransplanted) mice survived >1 
year (data not shown). SD, standard deviation.

Table III. Transplantability of oral squamous cell carcinoma 
cells.

	 Transplantability, %
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cells/body	 104	 105	 106	 107

Sq‑1979	 NP	 0	   88	 98
Sq‑1979‑1	 NP	 0	 100	 92
233‑1	 NP	 0	   60	 88
233‑11	 NP	 20	 100	 100
L2‑3	 0	 0	   83	 NP
L3‑5	 0	 20	   79	 NP
L5‑11	 40	 100	 100	 NP
L6‑8	 NP	 NP	 100	 NP
L6‑9	 100	 80	 100	 NP 

Cells were injected subcutaneously into mice (n>5). The mice bearing 
tumor nodules larger than 4 mm were designated as positive animals. 
NP, not performed.

Table V. Clinicopathological features of 18 leukoplakia 
patients.

Characteristic	 Patients, n

Total	 18
Site
  Tongue	 8
  Gingiva	 5
  Buccal mucosa	 3
  Other	 2
Histology
  Hyperplasia	 3
  Mild dysplasia	 3
  Moderate dysplasia	 3
  Severe dysplasia	 6
  Unclassified	 3

Table VI. Clinicopathological features of 18 patients with oral 
squamous cell carcinoma.

Characteristic	 Patients, n

Total	 18
Sex
  Male	 13
  Female	 5
Site
  Tongue	 9
  Gingiva (upper) 	 3
  Gingiva (lower) 	 3
  Buccal mucosa	 2
  Floor of mouth	 1
T classification
  T1	 6
  T2	 5
  T3	 3
  T4	 4
Metastasis
  Negative	 15
  Positive 	 3
Mode of invasion	
  YK‑1	 2
  YK‑2	 7
  YK‑3	 4
  YK‑4C	 2
  YK‑4D	 2
  Unidentified	 1 

T, tumor; YK, Yamamoto‑Kohama.
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3‑5, 5‑11, 6‑8 and 6‑9 cells. The expression of Fyb mRNA was 
also lower in Sq‑1979‑1, ‑2, ‑3, 233‑1 and ‑11 cells compared 
with L cells, including L2‑3, 5‑11, 6‑8 and 6‑9 cells. The expres-
sion of Slc16a13, Temem173 and Slc44a3 mRNA was almost 
undetectable in the three Sq‑1979 sub‑clones and 233‑1 cells, 
whereas the expression was high overall in all 5 L cells. The 
results of the present study demonstrated that the expression 
of Krt7, Fyb, Slc16a13, Temem173 and Slc44a3 mRNAs was 
significantly higher in metastatic sub‑clones, including 5 L cell 
types, than in original Sq‑1979 and primary 233 cells.

Expression of mRNAs in human OSCC and LP tissues. To 
further evaluate the expression of these 5 mRNAs among oral 

malignancies, RT‑PCR analyses using cDNAs derived from 
18 LP (Table V) and 18 OSCC (Table VI) tissues were performed. 
The main clinicopathological characteristics of each patient are 
summarized in the Tables V and VI, respectively. The expres-
sion of FYB and SLC16A13 mRNA was significantly higher in 
OSCCs than in LPs tissues (P<0.03 and P<0.04, respectively) 
(Figs. 2 and 3; Table VII). Furthermore, among the OSCCs, the 
expression of SLC16A13 mRNA was significantly elevated, in 
accordance with the acquisition of invasion status; this expres-
sion was significantly higher in OSCCs of higher YK grades 
(YK3‑4D) than in those of lower grades (YK1 and 2) (P<0.02). 
The level of KRT7, SLC44A3 and TEMEM173 mRNA did not 
differ significantly between human OSCC and LP tissues, nor 

Figure 1. Expression of Fyb, Slc16a13, Krt7, Temem173 and Slc44a3 mRNAs in Sq1979 and the sub‑clones. Relative expression levels, expressed as percentages, 
are in ordinate, and cells are in abscissa. Fyb, FYN‑binding protein; Slc16a13, solute carrier family 16 member 13; Krt7, keratin 7; Temem173, transmembrane 
protein 173.

Figure 2. Expression of FYN‑binding protein mRNA in OSCC and LP tissues. Relative expression levels, expressed as percentages, are in ordinate, and cells 
are in abscissa. The expression levels were compared between (A) LP and OSCC tissues, (B) OSCCs classified as being in lower YK grades and those in the 
higher grades and (C) OSCCs classified as being in lower T grades and those in the higher grades, respectively. The dash denotes the mean level. The results 
are also summarized in Table VII. OSCC, oral squamous cell carcinoma; LP, leukoplakia; YK, Yamamoto‑Kohama; T, tumor.

https://www.spandidos-publications.com/10.3892/ol.2017.7648
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between OSCCs in different YK grades (Table VII). The expres-
sion of none of these 5 mRNAs was regulated in association with 
tumor size (T stage) according to the tumor‑node‑metastasis 
classification of the Union for International Cancer Control (14) 
among OSCC tissues (Table VII).

Discussion

The present study established metastatic sub‑clones (L cells) 
from mouse oral squamous Sq‑1979 cells. The aggressive 
nature of the L cells was demonstrated by their higher 
in vivo proliferation rates and transplantability, and the lower 
survivability of tumor‑burdened mice. Using these models, 
preferentially expressed genes were screened for in L cells, 
and 5 mRNAs, Fyb, Slc16a13, Krt‑7, Temem173 and Slc44a3, 
were isolated.

Of these mRNAs, FYB was significantly elevated in 
aggressive human OSCC tissues compared with that in LPs. 
FYB is an active component of FYN kinase (12). Since FYN 

kinase is known to modulate the epithelial‑mesenchymal 
transition (15) and stimulate proliferation of OSCC cells (16), 
FYB can modulate the progression from dysplasia to inva-
sive OSCC via FYN kinase activity. FYB is expressed in 
T cells, myeloid cells and platelets, in which it regulates 
receptor‑mediated integrin activation and adhesion  (17). 
FYB enhances programmed cell death receptor‑1 expression 
in cluster of differentiation 8‑positive T cells and reduces 
the cytotoxic T lymphocyte cytotoxicity (18). Although the 
manner in which FYB products from OSCC are able to affect 
T lymphocytes is yet to be investigated, FYB may promote 
tumor progression by reducing antitumor immunity in OSCC 
patients.

SLC16A13, encoding a monocarboxylic acid transporter, 
has been identified as a novel candidate gene for type  2 
diabetes, with a possible role in triacylglycerol metabolism (19). 
However, to the best of our knowledge, no previous study has 
reported this gene as being associated with tumor etiology. 
Notably, the present study demonstrated that the expression 

Table VII. Association between clinicopathological factors and mRNA expression among oral squamous cell carcinoma (n=18) 
and leukoplakia (n=18) tissues.

	 P‑value (Mann‑Whitney U test)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 Patients, n	 FYB	 SLC16A13	 TEMEM173	 SLC44A3	 KRT‑7

OSCC/leukoplakia		  <0.03a	 <0.04a	 <1.00	 <0.12	 <0.28
  OSCC	 18
  Leukoplakia	 18
T classification 		  <1.00	 <0.74	 <0.23	 <0.23	 <0.14
  T1‑2	 11
  T3‑4	 7
Mode of invasion		  <0.07	 <0.02a	 <0.25	 <1.00	 <0.17
  YK1‑2	 9
  YK3‑4D	 8

aP<0.05. KRT7, keratin7; SLC16A13, solute carrier family 16 member 13; FYB, FYN‑binding protein; TMEM173, transmembrane protein 173.

Figure 3. Expression of solute carrier family 16 member 13 mRNA in OSCC and LP tissues. Relative expression levels, expressed as percentages, are in 
ordinate, and cells are in abscissa. The expression levels were compared between (A) LP and OSCC tissues, (B) OSCCs classified as being in lower YK grades 
and those in the higher grades, and (C) OSCCs classified as being in lower T grades and those in the higher grades. The dash denotes the mean level. These 
results are also summarized in Table VII. LP, leukoplakia; OSCC, oral squamous cell carcinoma; YK, Yamamoto‑Kohama; T, tumor.
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of SLC16A13 mRNA was significantly higher in OSCCs than 
it was in LPs. Furthermore, the expression of SLC16A13 was 
significantly higher in highly invasive OSCCs classified as 
being of higher YK grades (YK3‑4D) than in those of lower 
grades (YK1 and 2). The comparison between OSCC groups 
using the YK classification almost completely matches the 
comparison made between grades 3‑4 and 1‑2 for the mode of 
invasion described by Jacobson et al (8). Hence, the expression 
of SLC16A13 mRNA in highly invasive OSCCs could also be 
validated by Jacobson's classification. Since mode of invasion 
described by Yamamoto et al (5) and Jacobson et al (8) is 
largely associated with the incidence of lymph node metas-
tasis (5‑7,8), the expression of SLC16A13 mRNA could confer 
important predictive values for metastases and recurrence 
risks for OSCC patients.

In the present study, the expression of KRT7 mRNA 
was not significantly higher in OSCCs than that in LPs; its 
expression is known to be activated in several malignancies, 
including gastric cancer (20), cervical low‑grade squamous 
intraepithelial lesions (21), lung cancer (22), urothelial carci-
noma (23), esophageal carcinoma (24) and other squamous 
cell carcinomas (25).

In conclusion, the present study identified marker genes 
using mouse OSCC sub‑clones originating from regional 
lymph node metastasis. Using the same approach, it may be 
possible to establish variable malignant phenotypes from other 
distal metastases (e.g., of the lung) of primary mouse OSCC 
cells. Such an approach could provide further information on 
the molecular basis of progressive OSCCs.
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