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Abstract : Anaplastic thyroid cancer (ATC) is known to be a highly malignant
cancer of the thyroid with a high mortality rate. In a previous study, we used real-
time cell analysis (RTCA) to analyze cell migration and invasion of oral squamous
cell carcinomas (OSCCs) of the tongue and floor of the mouth. In the present
study, we investigated cell migration and invasion of ATC using RTCA, as well as
their association with periostin, matrix metalloproteinases (MMPs), and integrins.
Experiments were performed on TCO-1 and HTC/ C3 cells, which are human ATC
cell lines. OSCC cell lines were used for comparison. Using the cell analysis
system, cell migration was assessed on fibronectin-coated CIM-Plates, whereas inva-
sion was assessed on fibronectin- and matrigel-coated CIM-Plates. SCC-4 cells
exhibited high cell migration and invasion activity compared with other OSCC
cell lines. TCO-1 cells exhibited equivalent cell invasion but stronger migration
than SCC-4 cells. Although TCO-1 cells had strong invasive activity, they did not
express MMP-9, unlike SCC-4 cells. Conversely, periostin expression was high in
TCO-1 cells. Therefore, periostin expression appears to be associated with the cell
migration and invasion activity of ATC. The RTCA system will be useful for the
analysis of the metastatic characteristics of ATC in head and neck cancer.

Key words : anaplastic thyroid cancer, migration, invasion, periostin, real-time cell
analyzer

Introduction

Anaplastic thyroid cancer (ATC) is a rare and highly malignant cancer of the thyroid with
a high mortality rate”. Only a very small percentage of patients undergo surgical intervention

for ATC?. Treatment of ATC is very difficult and the survival rate is the lowest for those with

)

head and neck cancer?. Epithelial-mesenchymal transition is typical of dedifferentiated cancers

such as ATC, and is associated with high invasion and dissemination potential®.
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The xCELLigence real-time cell analysis (RTCA) system (SCRUM Inc., Tokyo, Japan) was
developed for evaluation of cell migration and invasion in vitro®. This system uses impedance
detection to produce a cell index for the continuous monitoring of cell viability, migration,
and invasion®. Previously, we reported on the migration and invasion of oral squamous
cell carcinomas (OSCCs) using the RTCA system”. That study indicated that SCC-4 cells
(tongue cell line) in particular exhibit strong cell migration and invasion in association with
the expression of matrix metalloproteinase (MMP)-9%. MMPs are a family of zinc-dependent
proteinases, and activated MMPs degrade many extracellular matrix (ECM) and basement
membrane components”®. MMPs play a role in cancer proliferation and metastasis because
of their role in ECM degradation, cellular migration, tissue remodeling, and angiogenesis”. In
particular, MMP-2 and MMP-9 are closely associated with tumor invasion and metastasis in a

102) - MMP-7 also has an important role in the metastasis of ATC'.

variety of human tumors
Tissue-specific inhibitors of metalloproteinases (TIMPs) are tissue-specific endogenous inhibitors
of metalloproteinases, including the MMPs. There are four homologous members of the TIMP
family: TIMP-1, TIMP-2, TIMP-3, and TIMP-4'Y. TIMPs tightly control MMP activity in a 1 :
1 ratio™. TIMP-1, TIMP-2, and TIMP-4 are soluble, whereas TIMP-3 is closely associated with
the ECM. Generally, all TIMPs are capable of inhibiting all known MMPs ; however, TIMP-2,
TIMP-3 and TIMP-4 are capable of interaction with pro-MMP-2'4 1.

Humans integrins have 18- and eight AS-subunits that combine to give 24 different of3
heterodimers'”.  «af8 Integrin heterodimers are transmembrane heterodimer receptors that
interact with the ECM. Integrins coordinate the interaction of a cell with the ECM by
associating on the cell membrane with other proteins and by signaling to modify the expression

of molecules such as matrix-modifying proteolytic enzymes .

Thus, integrins permit dynamic
bidirectional transmembrane signaling that is essential in cell adhesion, migration, differentiation,
and survival.

Periostin was originally identified as an 8ll-amino acid protein secreted by osteoblasts. It
shares structural homology with insect fasciclin I and can bind heparin and support the adhesion
of osteoblasts'. Periostin is a modular glycoprotein frequently observed to be a major

constituent of the extracellular milieu of desmoplastic malignant tumors .

Gillan et al discussed
that periostin functions as a ligand for avfB; and ovfBs integrins to support the adhesion and
migration of ovarian epithelial cells'?.

In the present study we investigated cell migration and invasion using the RTCA system and
their association with MMPs, TIMPs, integrins, and periostin in ATC compared with OSCCs of

the tongue and floor of the mouth.
Materials and methods

Cell lines and reagents

All cell lines used in the present study were provided by the Health Science Research
Resources Bank (Osaka, Japan). TCO-1 (JCRB0239) cells were established from a human
non-differentiated thyroid cancer®, whereas HTC/C3 (JCRB0164) cells are a human thyroid
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carcinoma cell line?”. T.T (JCRB0262) cells are a human squamous cell carcinoma (SCC)

cell line derived from esophageal cancer, KD (JCRB9103) cells are human fibroblasts of the
lip?, and SCC-4 (JCRB9118) and SAS (JCRB0260) cells were established from a poorly
differentiated OSCC in the tongue. HO-l-u-1 (JCRB0828) cells were established from a poorly
differentiated OSCC in the floor of the mouth?.

Cell culture

TCO-1, HTC/C3, and KD cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM), whereas SAS, HO-l-u-1, and T.T cells were cultured in 45% DMEM +45% Ham’s
F12 medium (DMEM/F12). SCC-4 cells are considered undifferentiated cancer cells and
were cultured under the same conditions in DMEM /F12 with 0.4 pg/ml hydrocortisone. All
cell lines were cultured at 37°C in humidified 5% CO, and 95% air, and each medium was
supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 pg/ml
streptomycin. The medium was changed every 3 days.

RTCA
RTCA was used in the present study to evaluate the migration and invasion of head and

neck cancer cell lines>?.

Migration was analyzed on a CIM-Plate 16 that was coated with
fibronectin (20 mg/ml), whereas invasion was assessed using a CIM-Plate 16 coated with
matrigel (1 :80; BD Biosciences, Erembodegem, Belgium) and fibronectin (20 mg/ml). In both
cases, cells from each cell line (TCO-1 and SCC-4 cells, 1.6x10° cells/well ; HTC/C3, SAS,
HO-l-u-1, TT and KD cells, 3.2x10° cells / well) were seeded in the upper chamber of a CIM-
Plate 16 in 100 ul medium without FBS. The upper chamber was then placed on the lower
chamber of the CIM-Plate 16, which contained growth medium supplemented with 10% FBS as

an attractant.

RNA isolation and quantitative real-time RT-PCR (qPCR)

In the present study, gPCR was used to quantify mRNA levels of MMP-2, MMP-7, MMP-
9, MMP-14, TIMP-1, TIMP-2, TIMP-3, TIMP-4, a; integrin (ITGAI), ITGAV, ITGBS5, and
periostin in OSCCs. Total RNA was extracted using NucleoSpin RNA II (MACHEREY-
NAGEL, Duren, Germany), and reverse transcription of total RNA was performed using
PrimeScript RT Master Mix from TaKaRa Bio (Shiga, Japan). The cDNAs were amplified
using primers designed with ProbeFiber software (Roche Applied Science, Mannheim, Germany).
Table 1 shows the primers used, the Roche Universal ProbeLibrary Probe numbers, and
accession numbers. Amplification was performed with a LightCycler (Roche) using LightCycler
TagMan Master mix (Roche). The PCR reaction parameters were as follows: 95°C for 10 min,
followed by 45 cycles (except for 18s, for which 25 cycles were performed) of 95°C for 10,
60°C for 30s, and 72°C for 1s. Fluorescence data were analyzed with LightCycler software
(Roche). The mRNA levels of target genes were compared with those of 18s TRNA as a
standard, and relative expression ratios were calculated® .
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Table 1. Nucleotide sequences of the primers used for polymerase chain reaction

Gene Sequence Accession number Probe number

S i 5'- tcatgtag-3'

MMP-2 ens.e pnmer. gagegegcaggicaletas AY7381171 #58
Antisense primer 5'-ggctggatgagatcttgetg-3'

MMP7 Sens.e primer. 5'-gctgacatcatgattggettt-3' NM. 0024233 ¥
Antisense primer 5'-tctectecgagacctgtee-3'
Sense primer 5'-gaaccaatctcaccgacagg-3'

MMP-9 . . NM_004994.2 #6
Antisense primer 5'-gccacccgagtgtaaccata-3'
Sense primer 5'-ccctggatececctacag-3'

MMP-14 . . AY795074.1 #56
Antisense primer 5'-caaccaagaactggaaggaaa-3'
Sense primer 5'-cctccaacgggagtectt-3'

TIMP-1 . . AY932824.1 #73
Antisense primer 5'-cagagctgcagagcaacaag-3'
Sense primer 5'-gaagagcctgaaccacaggt-3'

TIMP-2 . . NM_003255.4 #43
Antisense primer 5'-cggggaggagatgtagcac-3'

TIMP-3 Sens.e primer. 5'-gctggaggtcaacaagtacca-3' NM._000362.4 462
Antisense primer 5'-cacagccccgtgtacatct-3'
S i 5'ttggt tct-3'

TIMP-4 ens.e pnmer. gelgcagagegaaagic NM_003256.3 #5
Antisense primer 5'-ggtactgtgtagcaggtggtga-3'
Sense primer 5'-aattggctctagtcaccattgtt-3'

ITGAI . . NM_181501.1 #14
Antisense primer 5'-caaatgaagctgctgactggt-3'
S i 5'- tggatttcttcgtg-3'

ITGAV ens.e pr1mer. gecelsatticiics’s NM_002210.3 #64
Antisense primer 5'-gaggacctgcecteette-3'
S i 5'- ttt ttt -3

ITGB5 ens.e pnmer' segagtiigeanagiiicagas NM_002213.3 #81
Antisense primer 5'-tgtgcgtggagataggcttt-3'

L Sense primer 5'-caccaaggtcaccaaattcat-3'

Periostin . . NM_001135934.1 #9
Antisense primer 5'-ttectcacgggtgtgtcte-3'
Sense primer 5'-gcaattattccccatgaacg-3'

18s X03205.1 #48

Antisense primer

5'-gggacttaatcaacgcaage-3'

Statistical analysis

RTCA data were analyzed with the Bonferroni test following one-way analysis of variance
(ANOVA)*> 2,
examined using box plots and compared using the Kruskal-Wallis test.

significant.

Results

The migratory response of head and neck cancer cell lines was evaluated using RTCA as
an alternative non-invasive and label-free approach for continuous monitoring of cell migration
on a cell culture level (Fig. 1A).

RTCA data are expressed as the mean+SD. Data for mRNA expression were
P < 0.05 was considered

The migratory response of TCO-1 cells increased quickly,
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Fig. 1. (A) Migration and (B) invasion activity of HO-l-u-1 (red),
SAS (blue), SCC-4 (green), TCO-1 (light blue), HTC/
C3 (bluish green), T.T (orange), and KD (purple) cells as
determined using real-time cell analysis (RTCA). Cells were
resuspended in their respective growth medium and seeded
into the wells of a CIM-Plate 16 for RTCA. Changes in
impedance resulting from cells that had migrated to the
bottom side of the membranes were recorded every 15 min
and monitored over a total of 48h. Data are the mean=+SD
of seven to 12 wells. ** P < 0.01 compared with SAS cells;
#P < 0.05, ##P < 0.01 compared with TCO-1 cells.

lasting for approximately 6 hours, at which point the cell index for TCO-1 cells was higher than
that recorded for SAS and HO-l-u-1 cells. Although the migratory response of HTC/C3 cells
increased quickly too, there was little growth in the increased migratory response of HTC/C3
cells. The migratory response of T.T and KD cells increased slightly and slowly over a period of
48h (Fig. 1A).

The invasion responses of cells were similar to their migratory responses, except for TCO-
1 and HTC/C3 cells, which clearly exhibited weaker and later invasion responses compared
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Fig. 2. (A) Matrix metalloproteinase-2 (MMP-2), (B) MMP-7, (C) MMP-9, and (D) MMP-14 mRNA expression
in HO-1-u-1, SAS, SCC-4, TCO-1, HTC/C3, T.T, and KD cells relative to HO-1-u-1 cells, as determined using
quantitative real-time polymerase chain reaction (n = 3-6). Boxes indicate the interquartile range, horizontal
lines indicate median values, and whiskers indicate minimum and maximum values. #P < 0.05, ##P <0.01
compared with HO-1-u-1 cells.

with migratory responses (Fig. 1B). The order of the migratory activity of cells as determined
by RTCA was TCO-1>SCC-4 >SAS >HO-1-u-1 > HTC/C3>T.T=KD cells. However, the
order of the invasion activity, as determined by RTCA, was SCC-4 =TCO-1 >SAS =HO-1-u-1 >
HTC/C3>T.T >KD cells.

Expression of MMP, TIMP, ITG, and periostin mRNAs is shown in Figs. 2-5, respectively.
The level of each mRNA in HO-1-u-1 cells was set at 100%. In KD cells, MMP-2 mRNA
expression was 36.74-fold greater than that in HO-l-u-1 cells (P=0.067; Fig. 2A). In SAS,
SCC-4, and HTC/C3 cells, MMP-7 mRNA levels were 2.67-fold (P =0.0081), 13.81-fold
(P = 0.012), and 3.00-fold (P=0.036) higher than in HO-l-u-1 cells, respectively (Fig. 2B). In
contrast, MMP-7 mRNA levels were very low in TCO-1, TT, and KD cells. MMP-9 mRNA
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Fig. 3. (A) Tissue-specific inhibitor of metalloproteinase-1 (TIMP-1), (B) TIMP-2, (C) TIMP-3, and (D) TIMP-4
mRNA expression in HO-1-u-1, SAS, SCC-4, TCO-1, HTC/C3, T.T, and KD cells relative to HO-1-u-1 cells,
as determined using quantitative real-time polymerase chain reaction (n=4-6). Boxes indicate the interquartile
range, horizontal lines indicate median values, and whiskers indicate minimum and maximum values. #P < 0.05,
##P < 0.01 compared with HO-1-u-1 cells.

levels in SCC-4 cells were 13.16-fold (P=0.020) and 3.96-fold (P=0.014) higher than in
HO-1-u-1 and TCO-1 cells, respectively (Fig. 2C). In contrast, MMP-9 mRNA expression was
not detected in HTC/C3 and KD cellss. MMP-14 mRNA levels in HTC/C3, TCO-1, T'T, and
KD cells were 0.40-fold (P = 0.023), 0.10-fold (P = 0.0081), 0.062-fold (P = 0.037), and 0.14-fold
(P =0.012) lower than in HO-l-u-1 cells, respectively (Fig. 2D). TIMP-I1 and TIMP-2 mRNA
levels in T.T cells were 0.14-fold (P = 0.014) and 0.18-fold (P = 0.037) higher than in HO-l-u-1
cells, respectively (Fig. 3A, B), whereas TIMP-3 mRNA levels in SAS and SCC-4 cells were
2.27-fold (P=0.014) and 716-fold (P=0.012) higher than in HO-1-u-1 cells, respectively
(Fig. 3C). TIMP-3 mRNA levels in T.T and KD cells were 0.14-fold (P=0.0081) and 0.44-fold
(P=0.0081) lower than in HO-l-u-1 cells, respectively (Fig. 3C). TIMP-4 mRNA levels in
TCO-1 cells were 5.70-fold (P = 0.0081) higher than in HO-1-u-1 cells (Fig. 3D).
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Fig. 4. (A) ITGAl, (B) ITGAV, and (C) ITGB5 mRNA expression in HO-1-u-1, SAS, SCC-4, TCO-1, HTC/C3,
T.T, and KD cells relative to HO-1-u-1 cells, as determined using quantitative real-time polymerase chain
reaction (n = 5-6). Boxes indicate the interquartile range, horizontal lines indicate median values, and whiskers
indicate minimum and maximum values. #P < 0.05, ##P < 0.01 compared with HO-1-u-1 cells.

Compared with levels in HO-I-u-1 cells, ITGAI mRNA levels were 3.75-fold (P=0.028) and
3.01fold (P=0.053) higher in SCC-4 and TCO-1 cells, respectively (Fig. 4A), and 0.09-fold
(P = 0.052) lower in T.T cells. Conversely, ITGAV mRNA levels were 1.73-fold (P = 0.080)
higher in T.T than HO-I-u-1 cells (Fig. 4B), and 0.14-fold (P=0.0081) lower in KD than
HO-1-u-1 cells. Compared with HO-I-u-1 cells, ITGB5 mRNA levels were 0.52-fold (P=
0.075) and 0.086-fold (P = 0.0081) lower in SAS and KD cells, respectively (Fig. 4C). Periostin
mRNA levels were markedly higher in TCO-1 than in HO-l-u-1 cells (563-fold ; P = 0.0081 ; Fig.
5).

Discussion

In the present study, using RTCA we demonstrated that TCO-1 cells (ATC) had very strong
migratory responses compared with OSCC cell lines, and also exhibited a marked increase in the
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Fig. 5. Periostin mRNA expression in HO-1-u-1, SAS,
SCC-4, TCO-1, HTC/C3, T.T, and KD cells
relative to HO-1-u-1 cells, as determined using
quantitative real-time polymerase chain reaction
(n=5-6). Boxes indicate the interquartile range,
horizontal lines indicate median values, and
whiskers indicate minimum and maximum
values. ##P <0.01 compared with HO-1-u-1
cells.

expression of periostin mRNA. Using RTCA, we were able to capture the characteristics of the
different cell lines.

ATC is one of the most malignant human cancers. At the time of diagnosis, 90% of patients
with ATC present with unresectable locally advanced or distant metastatic disease. Therefore, the
median survival of patients with ATC is less than 6 months®. One of the causes of the high
malignancy of ATC is the high migratory activity, as demonstrated by RTCA. We believe that
one of the factors supporting the high migratory activity of TCO-1 cells is periostin. Gillan et al
reported that periostin, by promoting ov/; or ovfs integrin-dependent adhesion and migration
of ovarian epithelial cells, it promotes ip. dissemination'¥. 1In the present study, there was no
increase in oy integrin and Bs integrin mRNA expression in TCO-1 compared with OSCC cell
lines. However, in the present study, periostin to support integrins expressed too much. In
fact, Kyutoku et al reported inhibition of breast cancer progression and metastasis by an anti-
periostin antibody in a murine model®. In recent years, increasing numbers of single center
studies have reported periostin overexpression in various human gastrointestinal carcinoma types
as an independent prognostic factor for predicting decreased overall survival rates following
tumor resection'”. In the present study, the increase in «; integrin in TCO-1 cells was almost
the same as that in SCC-4 cells. It is fasciclin I, not periostin, that interacts with o integrin,
because periostin does not contain an RGD motif'¥.

MMPs and TIMPs play crucial roles in tumor cell invasion and metastasis. MMP-2 expression
is known to be greater in fibroblasts than in cancer cells and it is constitutively expressed in
fibroblasts like a housekeeping gene?”. In the present study, MMP-2 mRNA expression was
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particularly high in the KD cell line, from human fibroblasts of the lip. TIMPs tightly control
MMP activity in a 1 : 1 ratio?”. However, MMP-14 associates with pro-MMP-2 and TIMP-2 at
the cell surface and regulates MMP-2 activation'”. In the present study, mRNA expression of
MMP-14 and TIMP-2 was not increased in KD cells compared with other the other cell lines,
thus indicating that there is not much activated MMP-2 present in KD cells compared with
other cells,. MMP-7 (matrilysin) is the smallest member of the MMP family and is primarily
expressed by mucosal tissue®. In the present study, SCC-4 cells exhibited a marked increase
in MMP-7 mRNA expression. Ahmed et al reported MMP-7 expression primarily in the
invasive portion of the tumor in the case of both oral and cutaneous cancers®. Interestingly,
although TCO-1 cells exhibited invasive activity similar to that of SCC-4 cells, MMP-7 and
MMP-9 mRNA expression was considerably lower in TCO-1 than in SSC-4 cells. TIMP-3 has
the capacity to associate with both pro-MMP-2 and pro-MMP-9?. In the case of all cells, the
mRNA expression of TIMP-3 was very similar to that of MMP-9. High TIMP-4 expression
has been found to be correlated with tumor aggressiveness and to stimulate tumorigenic activity
in several cancers®. In the present study, TIMP-4 mRNA expression was very high in TCO-1
cells (ATC) compared with other cells.

In the present study we used RTCA technology to show the migratory and invasive responses
associated with periostin, integrins, MMPs, and TIMPs in various head and neck cell lines in real
time. We were able to identify the features of each of the cell lines, particularly TCO-1 cells.
The results of the present study show that TCO-1 cells have high migratory and invasive activity,
and high levels of periostin and TIMP-4 expression. We suggest that TIMP-4 and periostin, in

particular, may be potential targets and biomarkers for the treatment of ATC.
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