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Abstract Tenascin-C (TN-C) is an extracellular matrix
glycoprotein upregulated in various pathological pro-
cesses. In this study, we investigated its distribution in
dysplasia and carcinoma of the human larynx using im-
munohistochemistry and in situ hybridization (ISH) tech-
niques. In all cancer tissues, TN-C immunostaining was
markedly increased in the stroma, especially around the
cancer cell nests. In addition, cytoplasmic staining of
cancer cells was also observed in 62.5% of the invasive
cases, the cells being distributed in the periphery of the
nests adjacent to the stroma. TN-C mRNA signals in
cancer cells were detected in all six cases examined by
ISH. Furthermore, in vitro evaluation of the roles of TN-
C demonstrated an increase in the proliferating cell frac-
tion in a dose-dependent manner. In a wound closure as-
say, the addition of TN-C promoted migration. We con-
clude that TN-C secreted by cancer cells may be in-
volved in their proliferation and migration in an auto-
crine fashion.
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Introduction

Many immunohistochemical studies have demonstrated
that tenascin-C (TN-C) is upregulated in cancer tissues.
Although it has been considered that stromal cells are the
major cellular origin of TN-C, recent ISH studies have
demonstrated that epithelial cancer components can aso
act as a source [14, 19, 20]. During embryogenesis, epi-
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thelial expression of TN-C becomes apparent in a variety
of tissues [10, 18], this being closely associated with cell
proliferation and migration. Neoplastic epithelial cells
might therefore be expected to exhibit reactivated TN-C
expression, and immunohistochemistry has shown squa-
mous cell cancers to bind anti TN-C antibody frequently
in the cytoplasmic compartment [15, 17]. In this study,
we examined dysplasias and squamous cell carcinomas of
human larynx by means of immunohistochemistry using
anti-TN-C antibody and in situ hybridization (ISH) using
digoxigenin-labeled cRNA probes for TN-C mRNA.

In addition, since in vitro studies have demonstrated
that TN-C may promote mitogenesis and migration of
some [2, 3, 6, 7], but not all cell lines in culture [4, 12,
16], we investigated its effects on proliferation and mi-
gration of epithelial cells of the human laryngeal cancer
cell line HEp-2 in vitro.

Materials and methods

Thirty-eight cases of human laryngeal cancer (6 of carcinomain
situ, 32 invasive cases) and five dysplastic lesions were investigat-
ed. Of the invasive cancer samples, 26 were obtained by means of
biopsy, and 6 were surgically resected, including 5 after preopera-
tive irradiation. Three normal tissue specimens were also obtained
from autopsy cases. Archival samples were fixed with 10% forma-
lin and routinely embedded in paraffin. For 1SH, six freshly ob-
tained samples were immediately fixed in 4% paraformaldehyde
in 0.1 M phosphate buffer (PB), pH 7.4, at 4°C overnight; after
being rinsed in PB, they were embedded in paraffin. All blocks
were sectioned at 4 um and placed on silane-coated glass slides
(Dako Japan, Kyoto, Japan). Histological diagnosis was carried
out using sections stained with hematoxylin and eosin.

The primary antibody for human TN-C, RCB1, was as previ-
ously described [9]. After deparaffinization with xylene and rehy-
dration through graded ethanols, the sections were equilibrated in
distilled water, and incubated in 0.4% pepsin (1:60,000 Sigma) in
0.01 N HCI for 20 min at 37°C to retrieve the antigens. The sec-
tions were incubated in 0.3% H,O, in methanol for 15 min to
block endogenous peroxidase activity. All sections were treated
with super block solution (Scytek Laboratories, Logan, Utah) be-
fore incubation with TN-C antibody (0.1 pg/ml) overnight at 4°C.
After washing, a commercially available LSAB kit (Scytek) and
diaminobenzidine (DAB)/H,0, solution were used to demonstrate



antibody binding. Light counterstaining with hematoxylin was
performed to aid orientation.

For ISH, human TN-C cDNAs were a generous gift from Dr.
L. Zardi (Genoa, Italy). Preparation of digoxigenin-labeled TN-C
cRNA probes and performance of |SH were achieved using previ-
ously described methods [9, 20]. ISH signals were detected im-
munohistochemically with alkaline-phosphatase-conjugated anti-
DIG antibody, with visualization by incubation in a nitrotetrazoli-
um/5-bromo-4-chloro-3-indolyl phosphate solution. The sections
were counterstained with 0.1% nuclear fast red in 5% aluminum
sulfate solution and air-dried before mounting.

TN-C was purified from culture supernatant of U251 MG hu-
man glioma cells U-251 MG by ammonium sulfate precipitation,
Sephacryl S-500 gel filtration, and Mono Q ion-exchange chroma-
tography as previously described [1].

The laryngeal cancer cell line, HEp-2, was maintained in Dul-
becco’s modified Eagle’'s medium (DMEM, Nissui, Tokyo, Japan)
supplemented with 10% fetal calf serum (FCS, Gibco-BRL, Grand
Island, N.Y.) at 37°C under a 5% CO, atmosphere. For BrdU in-
corporation assays, the cells were grown on fibronectin-coated
culture dlides (Becton Dickinson, Bedford, Mass.), washed, and
incubated in DMEM with 0.1% FCS for 24 h. Then, TN-C was
added into the medium at a final concentration of 10 pg/ml or
20 pg/ml. After incubation for 12 h, the cells were labeled with 8-
bromodeoxyuridine (BrdU 10 pg/ml) for 2 h. Cells were fixed
with 70% ethanol at —20°C for 30 min and treated with 1 N HCI
solution at room temperature for 20 min. Labeled nuclei were de-
tected with monoclonal anti-BrdU antibody (DAKO Japan, Kyoto,
Japan) and secondary anti-mouse 1gG antibody conjugated with
peroxidase (MBL, Nagoya, Japan), followed by color develop-
ment in DAB/H,0, solution. The nuclei were lightly counter-
stained by methylgreen. The percentage of nuclei that were la-
beled was used as a cell-proliferation index. The given values are
the means of 16 determinations from four individual experiments.

Wound migration assays were performed by the method of
Chung et a. [3]. Cells (1x106) were plated into each well of fibro-
nectin-coated 12-well plates, and grown to confluence. Twenty
four hours before the assay, the cells were washed and incubated
in DMEM with 0.1% FCS. The confluent monolayers were

Fig. 1 Localization of tenas-
cin-C (TN-C) protein (a—d) and
its transcripts (€) in normal and
neoplastic lesions of the larynx.
a TN-C isimmuno-labeled in a
thin layer beneath normal mu-
cosal epithelium. b TN-C label-
ing under the epithelial layer is
broader and moreintensein a
dysplastic case. ¢ TN-C immu-
nostaining is broader and more
intense in a carcinomain situ,
but cytoplasmic staining of the
epithelial cellsis not apparent.
d Prominent deposition of TN-
Cinthe stromaof an invasive
cancer, especidly around the
cancer nests. The cytoplasm of
the cancer cellsis positively la-
beled, in the basal layers of the
intraepithelial lesions projected
into the subepithelial connec-
tive tissues. e In situ hybridiza-
tion (ISH) for TN-C mRNA.
Note the signalsin cell in the
peripheral zone adjacent to the
stroma. Bar 100 pm
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scraped with a micropipette tip, washed, and examined on films
under a phase-contrast microscope. TN-C was then added into the
medium at a final concentration of 20 pg/ml. Twelve hours later,
the same scraped areas were examined again. Cell migration was
determined by measuring the distance between the wound edgesin
the photographs at 0 h and 12 h. The values are the means for 15
or more fields from three independent cultures.

Results

In normal laryngeal tissues, TN-C was immuno-labeled
in athin layer beneath the mucosal epithelia (Fig. 18). In
dysplastic lesions, TN-C labeling under the epithelial
layer became broader and more intense (Fig. 1b). This
was even more prominent in carcinoma in situ (CIS)
(Fig. 1c), dthough cytoplasmic staining of cancer cells
was not observed. In invasive cancer tissues, al cases
showed marked deposition of TN-C in the stroma (Fig.
1d), particularly around the cancer nests. In addition, cy-
toplasmic staining of the cancer cells was observed in 20
of 32 cases (62.5%), usualy in cells distributed in the
basal layer of the intragpithelial lesions projecting into
the subepithelial connective tissues and in the periphery
of the invasive nests. ISH demonstrated cancer cell ex-
pression of TN-C mRNA in al of the six cases examined
(Fig. 1e). The labeled cells were located in the periphera
zone adjacent to the stroma, as noted for cytoplasmic im-
muno-|abeling.

Thus, cancer cells of laryngeal squamous cell carcino-
mas were found to produce and secrete TN-C frequently,
in association with invasion into the subepithelial con-
nective tissues.
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Fig. 2 8-Bromodeoxyuridine

(BrdU) incorporation into HEp- - 4%

2 cells after addition of tenas- .
¢in-C (TN-C) into the medium.
HEp-2 cells were incubated in .
Dulbecco’s modified Eagle's &
medium (DMEM) with 0.1%
FCSfor 24 h, and then incubat- ‘
ed without a and with 10 pg/ml

b and 20 pg/ml c TN-Cin
DMEM with 0.1% fetal calf se-
rum (FCS). d A positive con-
trol incubated with medium
supplemented with 10% FCS.
Bar 50 pm - .

Fig. 3 Mitogenic activity of p<0.001
HEp-2 cells treated with tenas- 18 !
cin-C (TN-C) as assessed by 8- p<0.001  p<0.001 T
bromodeoxyuridine (BrdU) in- ‘ I '
corporation assay. Thepercent- 16 1 |
ages of labeled nuclei to total 2
nuclei are shown. The values T 44 . T
are the means of 16 determina- S
tions from four individual ex- ° L
periments. The differencesare § 12 -
significant (P<0.001) ©
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Laryngeal cancer cells, HEp-2, were chosen to clarify
roles of TN-C in vitro, because of their lack of produc-
tion of TN-C and fibronectin [11]. In preliminary stud-
ies, we used culture plates and slides without fibronectin
coating. However, addition of TN-C into the medium in-
duced rounding of the cells and detachment from the
substratum, due to the counter-adhesive effects of TN-C.
On fibronectin, the cells remained adherent after the TN-
C treatment. Addition of TN-C induced increased cell
proliferation in a dose-dependent manner. The number of
nuclei labeled during a 2-h incubation with BrdU was
13.5+0.8% and 16.4+1.2% in the medium with 10 pg/ml
and 20 pg/ml, respectively, of TN-C, while the figure in
medium without TN-C was 9.2+0.7% (Fig. 2 and Fig. 3).

Inin vitro wound closure assay, the migrated distance
was 69.4+16.1 um in the medium with 20 pg/ml TN-C,
while in the medium without TN-C it was 53.0+14.2 ym

Fig. 4 The effects of tenascin-C (TN-C) on HEp-2 cell migration
tested in an in vitro wound closure assay. No TN-C a or 20 pg/ml
b TN-C were added after wounding. Photographs taken at 12 h af -
ter wounding were overlayed on photographs at 0 h. White lines
indicate starting positions, and black lines are migrating fronts
12 h thereafter. Bar 100 um
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Fig. 5 Quantitative analysis of the wound closure assay. Cell mi-
gration was determined by measuring the distance between the
wound edges in the photographs at 0 h and 12 h. The value are the
means of 15 or more fields from three independent cultures. There
is a significant difference (P<0.007) between with or without ten-
ascin-C (TN-C)

(Fig. 4 and Fig. 5). The 31% increase was statistically
significant (P<0.007).

Discussion

The present investigation showed that 62.5% of laryn-
geal carcinomas exhibited cytoplasmic staining. Previous
immunohistochemical studies have demonstrated cyto-
plasmic staining of the tumor cells by anti-TN-C anti-
body in squamous cell carcinomas from various organs
and tissues [15, 17]. The findings suggest that cancer
cells themselves can produce and secrete TN-C. Indeed,
our ISH showed cancer cell expression of TN-C mRNA
in all six cases examined.

A recent ISH study on skin wound healing demonstrat-
ed TN-C mRNA in basal cells of the sheets of migrating
keratinocytes 2—4 days after wounding, and in basally lo-
cated keratinocytes of the neo-epidermis after 7 days [13].
It is considered that TN-C may facilitate keratinocyte mi-
gration by weakening the adhesion to fibronectin and oth-
er extracellular matrix proteins, alowing subsequent clos-
ing of the wound. During chick feather morphogenesis,
TN mRNA is detected initialy in the overlying epithelial
cells, budding into the dermis, and then in the underlying
mesenchyme [18]. We have also found that TN mRNA is
expressed in the epithelial cells of mouse mammary buds
on the 14th to 15th day of gestation [10]. In these process-
es, the epithelial cells extend their structures into the mes-
enchymal tissues, accompanied by cell proliferation.
Thus, TN-C can be assumed to be closely linked to cell
proliferation and migration in vivo.

Previous in vitro studies, however, have provided con-
troversia results regarding the roles of TN-C in cell pro-
liferation and migration. One study using NIH 3T3 cells
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demonstrated inhibition of cell proliferation on addition
of TN-C [4], whereas another showed a promotive effect
on the proliferation of the same cells [6]. Mammary tu-
mor cells attached to TN-coated substrates and showed an
increase in proliferation [2]. In contrast, TN-C addition
inhibited proliferation of the mouse epidermal cell line
Pam 212 [6]. More recently, it was demonstrated that TN-
C has mitogenic activity in endothelial cells [3]. A simi-
larly unclear situation also exists for cell migration. TN-C
in the substratum stimulates migration of neural crest
cells [7], but inhibits that of oligodendrocyte precursor
cells [12]. When added to the medium, it inhibits meso-
dermal cell migration [16], while promoting endothelial
cell migration [3]. In this study, we demonstrated promo-
tive effects of addition of TN-C on both cell proliferation
and migration of neoplastic epithelial cells cultured on fi-
bronectin-coated substratum. TN-C and fibronectin are
co-expressed in cancer tissues, such as breast and colon
cancers [8, 20] and, in laryngeal cancer, fibronectin and
TN-C are densely deposited in the basement membrane
zone and in the stroma (data not shown). TN-C in tumor
matrices, in collaboration with fibronectin, may provide a
positive stimulus to proliferation and migration of cancer
cells. In support of this conclusion, it has been reported
that TN-C enhances migration of glioma cells on afibro-
nectin-coated substratum [5].

In conclusion, the present study provided evidence
that TN-C produced and secreted by cancer cells could
be involved in intraepithelial extension and invasion into
the subepithelial connective tissues, by enhancing mitot-
ic activity and migration of cancer cells themselves.
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