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BACKGROUND: A structural interaction of the oncofe-
tal large tenascin-C splice variants (Tn-C,) and the y2-
chain of laminin-5 (Ln-5/y2) was recently demonstrated in
oral squamous cell carcinoma (OSCC). In situ different
patterns of co-localization and co-deposition of both
proteins could be detected. Especially the co-localization
in re-established basement membrane (BM) structures
seemed to be biologically meaningful within the process
of tumour progression.

METHODS: The amount of Tn-C, incorporated in reor-
ganized OSCC BM structures at the tumour margins was
investigated by a laser scanning microscopy-based quan-
titative co-localization analysis.

RESULTS: In the BM of normal oral mucosa no Tn-C_
could be detected. In dysplastic and neoplastic oral
mucosa a distinct co-localization of Tn-C and Ln-5/y2 in
the BM region could be observed. The extent of Tn-C_
arrangement into reorganized BM structures correlated
with malignancy grade.

CONCLUSIONS: The results suggest at first, a modula-
tion of carcinomatous BM structures by the inclusion of
oncofetal matrix proteins during tumour progression and
secondly, the BM incorporation of the adhesion-modula-
ting molecule Tn-C, as a pre-invasive structural phe-
nomenon in OSCC.
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Introduction

Changes in the composition of the extracellular matrix
(ECM) influence invasion and metastasis as important
processes during carcinoma progression. In oral squa-
mous cell carcinoma (OSCC) invasion-associated alter-
ations in the structural composition of basement
membranes (BM) and changes in the qualitative protein
content have been described. Only little is known about
the quantitative variations of BM proteins. Among the
investigated BM-related molecules, Tn-C; and Ln-5
seem to play a certain role in OSCC.

Laminins (Ln) are heterotrimeric glycoproteins of the
ECM consisting of an a-, - and y-chain. Sixteen distinct
Ln isoforms have been described with different tissue-
and development-specific functions (1-4). Ln-5 (a383vy2)
is a constituent of the epithelial adhesion complex and
connects the BM with the hemidesmosome of the cell
(5, 6). It is unique among the Lns as it contains the
B3- and y2-chains (5, 7-10). In OSCC, Ln-5 shows an
increased cytoplasmic accumulation, a deposition in the
stroma close to budding tumour cells and is diminished
in the BM at the deep invasive margins. The accumu-
lated y2-chain has been suggested to induce cancer
cell migration (3, 11, 12). So an Ln-5-guided tumour
invasion has been suggested (13). The Ln-5 content in
OSCC BM was recently quantified by confocal immu-
nofluorescence imaging indicating a grading-dependent
decrease of Ln-5 in the invasive front, whereas in re-
established BM structures nearly normal Ln-5 levels
could be found (14).

The extracellular glycoprotein Tn-C is composed of
six disulphide-linked subunits. Isoforms are generated
by alternative splicing within nine fibronectin type 111
homology repeats of the primary Tn-C mRNA, called
domains Al-A4, B, ADI1/2, C and D (15). The two
main, quantitative important, variants arise by complete



inclusion or omission of the whole alternatively spliced
region and are known as the small and the large isoform
(further abbreviated Tn-Cg and Tn-Cp). In contrast to
physiological adult tissues, where expression of Tn-Cp
only rarely occurs, high expression levels can be detected
in embryogenesis and during several processes of ECM
remodelling including tumour progression (16-18). In
OSCC, Tn-C;, mRNA has been specifically detected in
carcinoma cells at the site of tumour invasion and the
protein is deposited in the carcinoma stroma possibly
contributing to enhanced tumour cell migration (17, 19).

Our group has previously described an interaction of
Tn-Cy, and Ln-5 in OSCC in vitro and in situ. Ln-5 and
Tn-Cp show a similar pattern of distribution in the
process of malignant progression in OSCC. Moreover,
they functionally interact during the formation of an
invasion-promoting extracellular tumour microenviron-
ment. In situ different patterns of co-localization and
co-deposition of both proteins could be detected by
immunofluorescence double labelling and confocal laser
scanning microscopy (CLSM; 20, 21). Especially dot-
like co-depositions of Ln-5/y2-chain and Tn-Cp in the
ECM near ruptured BM and ribbon-like co-localization
of both proteins in re-established BM structures seemed
to be biologically meaningful within the process of
tumour progression. Carter et al. reported on the
regular formation of BM structures containing collagen
type IV in OSCC (22). Ln-5 is the main protein of the
anchoring filaments of BM and can be considered as a
characteristic constituent even of reorganized BM
structures occurring in OSCC (5, 6). Because Tn-C is
known to modulate cellular adhesion to matrix proteins
(16, 18), knowledge on the dynamic of Tn-Cy inclusion
into re-established OSCC BM structures may contribute
to the understanding of OSCC invasion and progres-
sion. Therefore, we have investigated the amount of BM
included Tn-Cy in pre-malignant oral lesions as well as
in oral carcinomas of different malignancy grade by
CLSM-based quantitative co-localization analysis. Be-
cause Ln-5 is a main constituent of BM, the co-
localization with Tn-Cy represents the extent of Tn-Cy,
that is involved in structural composition of reorganized
OSCC BM.

Material and methods

Tissue material

For immunofluorescence double labelling and co-local-
ization analysis, 38 surgical OSCC specimens of differ-
ent malignancy grade (14 x G1, 18 x G2, 6 x G3) and
18 specimens of normal, hyperplastic or dysplastic oral
mucosa were available. The tissue specimens used in this
study were derived from the Clinic of Maxillofacial
Surgery of the Friedrich Schiller University of Jena.
Ethical approval was obtained from the Local Research
Ethic Committee. Fresh tissue blocks (4 X 4 X 4 mm)
were shock frozen in isopropanol, cooled by liquid
nitrogen and stored at a temperature of —75°C. Histo-
pathological diagnosis was carried out on H&E-stained
serial sections basing on the WHO classification of oral
tumours and validated in the corresponding paraffin-
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embedded tissue (23, 24). Cryostat sections of the frozen
tissue samples were fixed in ice-cooled acetone for
15 min and subjected to immunofluorescence double
labelling.

Double immunofluorescence labelling

To analyze the co-localization of Tn-Cp and the
v2-chain of Ln-5 in situ, an immunofluorescence double
labelling procedure using two monoclonal antibodies
was performed. In a first step, 6 pm cryostat sections
were incubated with the D4B5-antibody recognizing the
v2-chain of Ln-5 (mouse-IgG,, dilution 1:100; Chem-
icon International Inc., Temecula, CA, USA; 25). For
detection of this primary antibody a Cy3-conjugated
goat-antimouse immunoglobulin (Dianova, Hamburg,
Germany) was applied. After thorough rinsing, sections
were incubated with the biotinylated BC-3 antibody
against Tn-C splicing variants containing domain B
(mouse-IgG,, dilution 1:500; source: L. Zardi and
L. Borsi, Genoa, Italy; 26). The biotinylation of this
antibody was undergone using the Animal Research Kit
(DakoCytomation, Hamburg, Germany) following the
manufacturer’s instructions. Immunofluorescence detec-
tion of Tn-Cy, was possible after subsequent incubation
with FITC-conjugated streptavidin (DakoCytomation).
To ensure reproducible and comparable staining results
for quantitative co-localization analysis, the procedure
was performed in a standardized way for all surgical
specimens.

Immunofluorescence was analyzed by CLSM using a
Zeiss microscope (LSM 510; Zeiss, Jena, Germany). An
argon (488 nm) and a HeNe (543 nm) laser were
combined with the light filters BP 505-530 and LP 560
(Zeiss). Multitrack detection of the fluorescence emis-
sion of both fluorochromes led to a two-channel image:
channel 1 represented fluorescence of Cy3 (red) and
channel 2 represented fluorescence of FITC (green; 27).
By combining the pixel information of channels 1 and 2
it was possible to detect the overlapping Cy3 and FITC
fluorescence signals: pixels with the information of both
immunofluorescences (Cy3 and FITC) indicated a
co-localization of the stained proteins (Ln-5 and Tn-
Cp) which was displayed by a virtually generated colour
(yellow). In contrast, co-deposition of both molecules
led to separate fluorescence colour products. The double
immunofluorescence labelling procedure including spe-
cificity controls has been recently described (21).

Quantitative co-localization analysis

For quantitative analysis of fluorescence immunola-
belled Ln-5 (red), Tn-Cy (green) as well as co-localiza-
tion of both molecules (yellow) in the BM region, the
quantification tool of the Lsm sio Software Rel. 3.2
(Zeiss) was used. Inside the invasive area of one tumour
section per case, five representative regions were chosen
and each of them an image was generated by LSM using
standardized conditions (magnification: 20x; image-size:
230 x 230 pm, A = 52 900 pm? constant LSM set-
tings). Further, three arbitrary selected re-established
BM regions within each of the five images were marked
using a standardized ellipsoid drawing tool (defined
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area: A = mab = 542.36 ym” a and b represent the
large and the small half-axis of the ellipse, an example is
illustrated in Fig. le). By software-based calculative
analysis the number of red (channel 1, Ln-5), green
(channel 2, Tn-C;) and yellow (channel 3, co-localiza-
tion of both) pixels inside the defined areas of the
drawing tools was calculated resulting in 15 pixel
informations per channel for each tumour section.
Averaging of these data led to a valid median value

representing the amount of the immunofluorescence-
labelled structures (Ln-5, Tn-Cy. and co-localization of
both) in the BM regions of interest in each section.

Statistics

The correlation of the median of the number of co-
localized pixels (yellow) with the histological grade
(Bryne invasive front grading) was evaluated according
to Kruskall-Wallis. A P-value of <0.05 was regarded to

Figure 1

Immunofluorescence double labelling of Tn-Cy, (green, clone BC-3) and Ln-5/y2 (red, clone D4B5) for laser scanning microscopy-based

co-localization analysis. In normal oral mucosa (a) no Tn-Cp is detectable and the basement membrane (BM) shows a continuous fluorescence
immunostaining for Ln-5/y2, whereas hyperplastic oral mucosa exhibits extracellular-deposited Tn-C; exclusively in the subepithelial connective
tissue (b). In dysplastic oral mucosa low levels of Tn-Cy. could also be detected in the BM region indicated by the yellow colour (c). Furthermore,
there is a significant increase of co-localized Tn-Cy and Ln-5/y2 (yellow colour) in BM from G1 to G3 carcinomas [G1 (d), G2 (e), G3 (f)] indicating
an increase of Tn-Cy incorporation into reorganized BM structures with rising malignancy grade. Scaling of all images: 0.45 x 0.45 pm.
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be statistically significant. The analysis was performed
using the spss software (Microsoft, San Antonio, CA,
USA).

Results

Tn-Cy in the BM region of normal, hyperplastic and
dysplastic oral mucosa

After double immunolabelling of Tn-C; and the
v2-chain of Ln-5, the BM region of normal oral mucosa
showed no co-localization of both proteins indicating
that there is no Tn-Cp arrangement in these areas
(Fig. 1a). In hyperplastic oral mucosa regularly a
subepithelial Tn-C;-deposition can be observed but
there was only a very low detection level of co-
localization in the BM (Fig. 1b). In the stage of
dysplasia a distinct extracellular deposition of Tn-Cy,
as well as occasional ribbon-like co-localization patterns
in the ruptured BM could be revealed (Fig. 1c).

Co-localization of Tn-Cy, and the Ln-5/y2-chain in the
BM region of OSCC

Basement membrane regions of OSCCs exhibited a
linear ribbon-like co-localization pattern of Tn-Cp and
the y2-chain of Ln-5. These reorganized BM occurred
particularly around larger tumour cell clusters within
the invasive front of the carcinomas. The extent of
co-localization (yellow colour) revealed the Tn-Cp
exclusively rearranged into the BM. At the site of
carcinoma cells, a linear immunostaining for Ln-5 was
detectable (red colour). In the extracelular matrix
opposite to the carcinoma cells, Tn-C; depositions
(green colour) occurred and sometimes revealed a
fibrillar staining pattern (Fig. 1d—f).

Quantification of the Tn-C; extent arrangement in
reorganized BM in OSCC

The amount of Tn-Cy included in the BM of OSCCs
exhibiting different grades of malignancy as well as of
normal, hyperplastic and dysplastic oral mucosa was
determined by CLSM-based co-localization analysis,
resulting in the total number of co-localized yellow
pixels, and was correlated with the malignancy grade.
The pixel intensity for Ln-5/y2 alone was separately
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assessed. The results are given in Table 1 showing the
median of all medians of the sections per group. To give
an impression of the variation within each group the
minimum and maximum values of that medians are also
presented. Whereas the amount of Ln-5/y2 showed no
significant differences within hyperplastic, dysplastic
and re-established carcinomatous BM, Tn-Cy incorpor-
ation revealed a statistically significant increase with
raising malignancy grade. The medians of co-localized
pixels in normal and hyperplastic oral mucosa were very
low (7.62 and 45.39). Compared with that, dysplastic
mucosa showed higher levels of co-localized (yellow)
pixels (161.02 pixels). In OSCC, the amount of co-locali-
zed pixels (yellow) depended on the malignancy grade.
Morphologically, in well-differentiated G1 carcinomas,
BM exhibited only a strait and discontinuous co-
localization line of Tn-Cy and Ln-5/y2 within the BM,
whereas in moderately differentiated carcinomas (G2) a
continuous and stronger co-localization pattern was
detectable. Carcinomas that are poorly differentiated
(G3) showed a wide ribbon of the co-localized proteins
(Fig. 1d-f). CLSM-based quantitative co-localization
analysis of well (G1) and moderately (G2) differentiated
carcinomas led to medians of 3208 and 5063.3 yellow
pixels, respectively. Poorly differentiated carcinomas
(G3) revealed a median of 6505.7 co-localized (yellow)
pixels. The increase of co-localized pixels in BM
structures significantly correlated with an increasing
malignancy grade (grade 1 vs. grade 3, P = 0.003).
Differences in the median of co-localized pixels between
histological grades 1 and 2 (P = 0.005), as well as 1 and
3 (P =0.002) were statistically significant whereas
medians between grades 2 and 3 showed no statistical
significance (P = 0.689; Table 1).

Discussion

During tumour invasion, the large unspliced variant of
Tn-Cy and the y2-chain of Ln-5 take part in the process
of ECM reorganization. An increased expression of
both proteins in the surrounding of OSCC cells in vitro
and in situ has been shown by several authors (13, 17,
19, 28-30). The interaction and complex formation of
Tn-C, and Ln-5/y2 in fibroblast/OSCC co-cultures as

Table 1 Results of confocal laser scanning microscopy (CLSM)-based quantitative analysis of Tn-C; and Ln-5 co-localization (yellow pixels) and
Ln-5 (red pixels) in basement membrane structures of normal, hyperplastic and dysplastic oral mucosa as well as oral squamous cell carcinomas of

different malignancy grade

Medians of
Co-localized co-localized
pixels pixels

Cases Grading (median = SD) (maximum)
6 Normal 0.5+ 24 7
6 Hyperplastic 7 £ 42.6 97
6 Dysplastic 117 £ 109.5 343
14 Gl 184.5 £ 78.7% *** 381
18 G2 318.5 £+ 94.6% ** 452
6 G3 412.5 & T2k ok 472

Medians of Medians of Medians of
co-localized Ln-5 (red) Ln-5 (red)
pixels Ln-5 (red) pixels pixels pixels
(minimum) (median = SD) (maximum) (minimum)

0 410.5 + 110.8 616 303

0 276 + 89.2 490 254

42 287.5 +£ 111.4 484 178

75 288 + 69.2 461 86

56 269.5 £ 129.8 661 34
264 307.5 £ 95 452 237

Values are presented as medians of all medians of the sections per group. Furthermore, the variation within each group is represented by the

maximum and minimum values of that medians.
*P = 0.005, **P = 0.689, ***P = 0.003.
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well as different co-localization and co-deposition pat-
terns in situ in dependence on localization within the
tumour have been recently described by our group
(20, 21). Carter et al. reported on an invasion-associated
formation of reorganized BM structures in OSCC (22).
Because Ln-5 is the main protein of the anchoring
filaments of BM and realizes its connection to the
hemidesmosome of the cell it can be considered as a
characteristic constituent even of reorganized BM
structures occurring in OSCC (5, 6).

A subepithelial, ribbon-like immunostaining for Tn-C
in hyperplastic and mild dysplastic oral mucosa was
recently demonstrated (28). Hidkkinen et al. described an
immunostaining for Tn-Cy, in the subepithelial connect-
ive tissue of oral mucosa using the antibody BC-2
against the A1/A4 splicing domains of the molecule (26,
31). In contrast, in our present study using the antibody
BC-3 against the B domain-containing Tn-C variants in
normal oral mucosa nearly no subepithelial deposits of
Tn-Cy, could be observed. This discrepancy may be
explained by a differential expression of splicing
domains. Indeed, B and/or D domain-containing Tn-C
was suggested as a predictor for invasion in breast
cancer (32).

Description of an increased expression of Tn-C in
oral carcinoma in situ led to the suggestion that it
might play an important role in early stages of OSCC
tumour progression (29). We previously observed a
ribbon-like co-localization pattern of Tn-C; and Ln-5/
v2 in reorganized OSCC BM structures not occurring
in normal oral mucosa (21). To our knowledge,
informations on quantitative changes in BM incor-
porated Tn-C; during carcinoma development are not
available as yet.

Applying a CLSM-based quantification of protein
co-localization, we are able to assess the relative amount
of interacting BM proteins. The double immunofluo-
rescence labelling with Ln-5/y2 enables the detection of
Tn-Cp exclusively incorporated in the reorganized BM
that can be therefore quantitatively evaluated. Because
of the relatively constant amount of Ln-5/y2 in the
scanned reorganized BM structures, an increased
co-localization indeed represents an increased incorpor-
ation of Tn-Cy in the re-established OSCC BM struc-
tures. Our findings of comparable Ln-5/y2 levels in
hyperplastic, dysplastic and in re-established carcino-
matous BM supports the findings of Haas et al.
reporting on nearly ‘normal’ Ln-5/y2 values in re-
established BM in more central tumour parts (14). In
this study, for the quantification of Ln-5, the antibody
GB3 was used that recognizes the y2-chain only assem-
bled with the other chains into the Ln-5 heterotrimer
(33). In contrast, the antibody D4B5, used in our study,
binds to all y2-chains independent on its association
with other Ln chains and therefore represents the
whole amount of y2-chain in the re-established BM
(34). Differences in the detection level of Ln-5
between both studies therefore depend on variations in
Ln-5 chain assembly within OSCC BM structures. As
also shown for normal colonic mucosa, colonic adeno-
mas and carcinomas with different antibodies against
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the a3-, B3- and y2-chains (35), the y2-chain at all
showed the lowest variations in the BM staining
intensity between different parts of the lesion and is
therefore a good marker for reorganized BM structure
decoration.

However, our results indicate that reorganized BM
are not normal ones but differ in the content of
oncofetal matrix protein variants. This structural phe-
nomenon is suggested to represent a specialized form of
an OSCC BM whose occurrence, in quality and quan-
tity, depends on the localization within the tumour as
well as on its biological behaviour. The results of the
present study clearly evidence for the first time the
existence of a correlation between the extent of Tn-Cj -
Ln-5/y2 co-localisation in re-established BM structures
and malignancy grade in OSCC. Because the malig-
nancy grade represents tumour cell dedifferentiation and
the invasive pattern, the increased amount of Tn-Cp
should be relevant for the biological behaviour of the
tumour.

Broll et al. also reported on a discontinuous tenascin
immunostaining close to the BM in highly differentiated
tumours of the oesophagus, small intestine and colorec-
tum using an antibody against all tenascin-C variants.
But, in contrast to our results for OSCC, any correlation
of tenascin deposition patterns to the malignancy grade
could not be established (36). This indicates that espe-
cially Tn-Cy must play a major role during the invasion-
associated reorganization of OSCC BM. It is known that
the large, unspliced form of Tn-C is a cell adhesion-
modulating molecule that is particularly expressed in the
ECM during the processes of tissue remodelling (36, 37).
It shows a high sensitivity for matrix degradation
enzymes contributing to higher level of ECM flexibility
(38). Because the reorganization of BM in invasive
OSCC was suggested as a preservative for normal
function of squamous epithelia, our results indicate that
the arrangement of Tn-Cy into the BM is a step to higher
flexibility of that specialized ECM structure and is
supposed to be a presupposition for BM disintegration
during OSCC growth and invasion (22).
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