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Abstract Squamous cell carcinoma (SCC) of the oral
cavity is an extremely invasive tumour of stratified
squamous epithelium that spreads throughout degradation
of the basement membrane (BM) and extra-cellular
matrix. Oral verrucous carcinoma (VC) is a rare low-
grade variant of oral SCC that penetrates into the
subepithelial connective tissue. It also has a different
clinical behaviour from classical oral SCC. We investigat-
ed the immunohistochemical expression of laminin,
laminin-5, collagen IV and fibronectin in VC, severe
epithelial dysplasia (SED) and SCC in order to analyse if
the patter of these molecules expression contributes to the
differences in the biological behaviour of these diseases.
The staining pattern of laminin was less intensive in SCC
compared with SED and VC, and collagen IV expression
was increased in VC compared with SED. Discontinuities
of laminin, collagen IV and fibronectin were more evident
in SED than in VC. This study indicates that VC has a
biological behaviour different from SED or SCC, observ-
able by immunohistochemistry in the BM zone.
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Introduction

Verrucous carcinoma (VC) of the oral mucosa is an
uncommon rare low-grade variant of squamous cell
carcinoma (SCC) [14, 31], comprising approximately 2–
10% of all primary invasive oral carcinomas [14, 18, 19,
25, 30]. Most affected patients are elderly males, there is a
close relationship with tobacco use [6, 18], and lymph node
involvement and distant metastases are rare [14]. VC is
histologically characterised by parakeratotic and non-
dysplastic epithelium, with a high order of epithelial
differentiation and only slight mitotic activity and pleomor-
phism; broad bulbous epithelial ridges push into the
connective tissue but the basement membrane (BM) is
uninterrupted [9, 31, 32].

In contrast, SCC can invade and cross tissue barriers,
and BM loss is a clear hallmark of invasion [1–5, 16, 17].
The tumour cells attach and proteolyse components of the
BM and then migrate through [3, 4, 10, 17, 29]. Thus, the
BM is a barrier for tumour invasion, and its destruction is
the first stage of invasion [4, 25, 30].

While there are several studies analysing the expression
of the BM component of SCC, there are only few recent
reports on BM in VC [9, 13, 15], although focal destruction
has been noted in one older study [23].

The treatment of oral VC remains controversial; when
achievable, most investigators have supported surgical
excision as the treatment of choice [11, 14, 19, 33], mainly
based on effectiveness of control and not on the potential
risk of transforming VC, which can sometimes contain
elements of SCC [14].
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We have therefore examined the immunohistochemical
expression of four BM proteins in VC, SCC and in severe
epithelial dysplasia (SED), also known as carcinoma in situ
or atypical hyperplasia. To the best of our knowledge, these
proteins have never been studied in the BM of VC.

Methods

Forty oral biopsy specimens were retrospectively selected
from the files of the Biomedical Sciences and Human
Oncology, Oral Medicine Section, at the University of
Turin, Italy. All the cases were collected from biopsy take
between 1993 and 2000.

Haematoxylin and eosin sections of each specimen were
evaluated by light microscopy and blindly re-examined by
an expert oral pathologist. The study included 20 cases of
oral VC, ten cases of invasive well differentiated SCC and
ten cases of SED. The grade of epithelial dysplasia and the
degree of differentiation of SCC were determined according
to standard criteria [21, 27, 28, 31].

Antibodies

Monoclonal antibodies (MAbs) directed against human
fibronectin (clone NCL-FIB 568; Novocastra Laboratories
LTD), type IV collagen (clone CIV22; Immunotech, West-
brook, USA), human laminin-5 (γ2; clone D4B5; Chem-
icon International) and rabbit polyclonal antibodies to
laminin (cod. 2233PLA, distributed by TEMA Research
S.r.l., Italy) were used. The MAbs against fibronectin and
laminin-5 were diluted 1:200 for 60 min at 26°C, whereas
the MAbs against type IV collagen and the polyclonal
antibodies to laminin were diluted 1:20 and 1:600,
respectively, for 60 min at 26°C.

Immunohistochemistry

Four-micrometer-thick sections were mounted on glass
slides covered with Vectabond™ bonding agent (Vector
Laboratories, Burlingame, CA, USA; SP-1800); all the
specimens were deparaffinised and rehydrated, and then the
tissue sections were immersed in 3% H2O2 for 8 min in
order to block endogenous peroxidase activity. For optimal
antigen retrieval, the sections were heated with pressure
cooker for microwave (15 min at 608 W and then 15 min at
304 W; for fibronectin and type IV collagen) or digested
with pepsin 0.4% (lab Vision Corporation) for 60 min at
37°C (for laminin and laminin-5). After washing in
phosphate buffered saline (PBS, Oxid), the specimens were
incubated with the primary antibodies and washed in PBS,
and then we used a Universal DAKO Labelled
Streptavidin-Biotin® 2 System, Horseradish Peroxidase

(DAKO LSAB® 2 System, HRP; Dako Chem MateTM).
The first incubation was with a biotinylated link antibody
(containing anti-rabbit and anti-mouse immunoglobulins)
for 12 min and then with peroxidase-labelled streptavidin
also for 12 min. Staining was completed after an incubation
with the substrate chromogen (DAB: 3,3 diaminobenzidine;
Zymed Laboratories) for 6 min; the result was a brown-
coloured precipitate at the antigen site. All the sections
were counterstained, dehydrated, cleared and mounted.

Immunohistochemical evaluation

The intensity and distribution of immunoreactions were
examined on the BM of the VC and SED and on the
remaining BM and around the cancer cell nests of the
SCC. The staining pattern of the four antibodies was
evaluated semi quantitatively and graded as follow: +++,
continuous linear staining, definitely coloured; ++, linear
staining, moderate coloured; +, weak staining; +/−, very
weak staining; −, negative staining. The term “discontin-
uous” (for VC and SED) was used to indicate a
fragmented and not always linear staining along the
BM, whereas the term “variable” (for the SCC) indicated
different staining intensity in the BM in different fields
of the same case or destroyed BM in some areas. The
distribution of extra-cellular matrix is the around blood
vessels, submucosal salivary glands, nerves and fascicles
of muscle; these structures were used as internal positive
controls.

Statistical analyses

The results were statistically compared using the Fisher’s
exact test for qualitative variables and the Mann–Whitney
test for the quantitative data. p values less than 0.05 were
taken as significant. All analyses were performed using
SPSS® software.

Results

The mean age of the unrelated 40 patients (20 men and 20
women) was 67.65 years. The mean for SED was
66.3 years; mean for VC was 65.75 years; and mean for
SCC was 70.9 years.

Immunohistochemical findings

In Table 1 and Fig. 1 are summarised and showed the
immunohistochemical findings. The staining pattern of
laminin was less defined in SCC compared with SED (p=
0.041) and VC (p=0.017). Although staining appeared less
intensive in SED than VC, the difference was not
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statistically significant. BM laminin staining was more
discontinuous in SED than VC (p=0.002), and similar
results were found for type IV collagen (p=0.025) and
fibronectin (p=0.03).

Type IV collagen stained more strongly and was more
defined in VC than in SED (p=0.048), while, between VC
and SCC and between SCC and SED, the stain intensity

was approximately the same. The variability of stain
intensity in BM of SCC is due to a weak or moderate
positivity alternates with no stain; probably, the areas with
the stain were near the foci of true invasion, in which there
was no collagen IV.

Fibronectin staining patterns were similar for all the
different lesions, with considerable negative staining in the

Laminin Type IV collagen Fibronectin Laminin-5

SED + disc. + +/- disc. ++

SED +/− disc. +/− disc. − +++

SED + disc. + disc. − +++ (bc)

SED + disc. ++ +/− disc. +++

SED +++ +/− +/− disc. (w) ++

SED +++ + disc. − ++

SED ++ disc. + disc. + (w) ++

SED ++ disc. +/− − +++

SED +++ + − +++

SED ++ disc. +/− disc. +/− +++ (bc)

VC ++ +/− disc. − +++

VC ++ ++ +/− +++

VC +++ +++ − +++

VC + +++ +/− +++

VC +++ ++ − (w) +++

VC + +/− − +++

VC + ++ +/− +++

VC ++ + − +++

VC +/− disc. ++ ++ +

VC ++ + +/− +++

VC +/− disc. +/− − +++

VC ++ ++ +/− ++

VC +++ ++ + +++

VC + + − +

VC ++ +/− +/− +++

VC + + disc. +/− +++

VC + ++ ++ (w) +++ (bc)

VC +++ +++ − +++

VC +++ + + v. from + to +++

VC +++ + − +++

SCC v. from 0 to + v. from 0 to ++ − (y) +++ (@)

SCC v. from 0 to + v. from 0 to +++ − (y) v. from 0 to +++ (@)

SCC − v. from 0 to +/− − (y) +++ (@)

SCC − v. from 0 to ++ − (y) v. from 0 to ++

SCC − v. from 0 to +/− − v. from 0 to ++

SCC v. from 0 to + v. from 0 to +++ v. from 0 to + v. from 0 to +++

SCC v. from 0 to ++ v. from 0 to ++ + ++ (@)

SCC v. from 0 to + v. from 0 to +/− − +++ (@)

SCC v. from 0 to + v. from 0 to ++ v. from 0 to +/− +++ (@)

SCC v. from 0 to ++ v. from 0 to + v. da 0 a ++ (y) v. from 0 to ++

Table 1 Staining pattern of
laminin, laminin-5, type IV col-
lagen and fibronectin in severe
epithelial dysplasia (n=10), ver-
rucous carcinoma (n=20) and
squamous cell carcinoma (n=
10)

disc. discontinuous, v. variable,
− no staining, (w) positive
staining in and between the
basal cells and peri-tumoral
stroma, (y) positive staining in
the stroma, (bc) positive staining
in the basal cells, (@) stromal
network in the areas of invasion
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BM zone. However, the expression of fibronectin was
significantly increased in the stromal tissue of 50% of the
SCC but only in 10% of cases of VC. Moreover, in some
VC and SED, there was localization in and between basal
layer cells.

Laminin-5 staining patterns were similar for all the
three different lesions. Interestingly, a particularly strong
stromal network was seen at the invading front of SCC.
Laminin-5 antibody marked some cells in the basal
epithelial layer in two specimens of SED and one of
VC. Along the BM, laminin-5 was always linear and
never discontinuous, contrary to the findings with other
antibodies.

Discussion

Extra-cellular matrix (ECM) constitutes an environment of
active structural proteins and influence tumour behaviour
[26]. Degradation of BM occurs when carcinomas start to
invade the stroma, and it has been suggested that this is
essential for metastasis [8]. Loss of the components of
basement membrane is characteristic in malignant lesions; a
possible explanation for this disappearance could be a
failure either in the synthesis, secretion or assembly of
basement membrane components or an active degradation
of BM by tumoral cells. VC has a biological behaviour
different from that of conventional carcinomas, and recent

b

d

f

h

a

c

e

g

Fig. 1 Immunoperoxidase
staining of ESD (a, c, f), VC
(b, d, g) and SCC (e, h). Type
IV collagen stained more
strongly and was more defined
in VC than in ESD (b and a,
respectively). The staining pat-
tern of laminin decreased in
SCC compared with ESD and
VC (e, c and d, respectively).
Laminin-5 staining patterns
were similar for ESD, VC,
SCC (f, g, h). Interestingly, a
particularly strong stromal net-
work was seen at the invading
front of SCC (h). (Original
magnification ×10)
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data suggest that the less aggressive nature may be
connected to its matrix metalloproteinases expression
(MMP) profile [15]. The results of the present study
indicate dissimilar expression of some proteins of the
basement membrane in various conditions. The staining
pattern of basement membrane of the VC was more often
continuous than in the preneoplastic lesion and was always
well expressed, which might explain the low malignant
potential and poor ability to invade surrounding tissues. It
has been reported that VC share many of the losses of
chromosomal regions present in dysplasia and SCC, but
these losses accumulate differently and earlier [22]. This
difference is also supported by the different expression of
laminin-5 in our series, similar to other findings [20, 24].
The finding of laminin-5 expression at sites of severe
dysplasia and microinvasion in vivo, as well as in senescent
keratinocytes and young wound-edge keratinocytes in
culture, already suggested an unexpected connection be-
tween a biological response of normal keratinocytes and
that of keratinocytes in lesions, making the transition from
premalignant dysplasia to invasive carcinoma. The over-
expression of laminin-5 in invasively growing cancer cells
could point to a role for this molecule in establishing focal
adhesion of cancer cells to the ECM during their migration
through surrounding tissues [24]. Normally, constituents of
laminin-5 are expressed in squamous epithelium and are
associated with anchoring filaments. Laminin-5 is an extra-
cellular protein that links the basement membrane via
integrins to hemidesmosomes. However, this interaction is
sensitive to proteolytic cleavage mediated by MMP, which
releases domain III of the laminin-5 γ2 chain and
subsequently leads to cell motility [20]. We might suppose
that laminin-5 is overexpressed only by invasive malignant
cells at the invading front of SCC, supporting this
hypothesis with the results of Garzino-Demo and co-
workers, who showed the increased expression and diffuse
distribution of α6, associates with laminin-5, on the cell
surface of many cancers [7]. Moreover, it is also significant
to consider a possible overexpression of laminin-5 as a
result of fragmentation generated by proteolitic matrix
degradation during invasion.

Also, the overexpression of fibronectin was totally
different in SCC and VC, indicating this molecule as a
marker of tumour invasiveness [8, 12, 26].

Our results indicate that the expression of laminin seems
to decrease in neoplastic lesions, as previously reported [8,
9, 12]. Generally, the samples of laminin and collagen IV
obtained from VC were more clear, continuous and regular
than those obtained from SED. Staining for laminin in VC
did not show the epithelial basement membrane to be thin,
frequently discontinuous and weakly stained as in SCC.

The results of our study indicate that the oral verrucous
carcinoma has a biological behaviour, along the basement

membrane, different from SED or SCC and which could be
more similar to non-malignant hyperplastic lesions. Of
course, future studies, for example on the integrin family,
which mediate the adhesion phenomena for the basement
membrane proteins or on matrix metalloproteinases, which
degrade the ECM, may help us towards a better under-
standing of the behaviour of the basement membrane in
oral neoplastic lesions, including VC, in tumor invasion
and metastasis. Moreover, in order to confirm our results,
further study of the genetic expression of these proteins will
be necessary to fully understand the nature of the difference
between VC and SCC in order to achieve new treatment
strategies and much still remains to be clarified.

However, in conclusion, the BM proteins expression in
VC shows a fully development, more intensive than in
preneoplastic lesion, while it is poorly organized in SCC;
some BM protein, e.g. laminin and type IV collagen, are
good markers for BM integrity; fibronectin and laminin-5
are very interesting protein for their peri-tumoral stromal
distribution and could play an important role in the
mechanism of tumoral infiltration. Further studies about
their role in oral lesions will be needed to confirm and
explain this controversial point.
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