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Summary. Recently, regional changes of cytokeratin pat-
terns in human normal non-keratinized or keratinized
oral mucosa have been demonstrated and the expression
of individual cytokeratin polypeptides in lesions of oral
mucosa has been compared with that of normal tissues.
In particular, the presence of cytokeratin 19 in the supra-
basal cell layers of oral epithelia has been shown to be
strongly correlated with premalignancy. In the present
study, we describe the results of an immunohistochemi-
cal investigation performed using a monoclonal anti-
body specific for cytokeratin 1 on normal oral mucosa
and benign or malignant oral lesions. We show the dif-
ferent distribution of this polypeptide in non-neoplastic
lesions from different sites of oral mucosa and describe
the presence of cytokeratin 19. Our results are in agree-
ment with the data obtained previously. In the malignant
cases we demonstrate that the distribution of the two
cytokeratins is characterized by complementary pat-
terns.
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noma

Introduction

Cytokeratins represent a multigene family of intermedi-
ate filament proteins which are expressed in epithelial
cells and tissues (Franke et al. 1981; Lazarides 1982;
" Moll et al. 1982). Biochemical, immunological and mo-
lecular biology studies (Fuchs et al. 1981; Eichner et al.
1984; Steinert et al. 1985) indicate that these polypep-
tides can be divided into two subfamilies: acidic cytoker-
atins (type I) and basic cytokeratins (type II).
Normally each acidic cytokeratin is co-expressed
with a basic one which is specific, thus forming a ““kera-
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tin pair”. Individual polypeptides, as well as pairs of
polypeptides, are specific for different epithelial types
and can be used as markers of the differentiation pro-
grammes of epithelia (Quinlan et al. 1985; Sun et al.
1985; Fuchs et al. 1987). From this point of view, the
study of the epithelium lining the oral cavity, composed
of keratinizing and non-keratinizing regions, has been
important in describing cytokeratin expression in strati-
fied squamous epithelia. Several biochemical and immu-
nohistochemical investigations have shown regional
changes in the cytokeratin pattern, (Ouhayoun et al.
1985; Reibel et al. 1985; Clausen et al. 1986; Morgan
et al. 1987a, b; Ermich et al. 1988; Bosch et al. 1989).
Furthermore, it has been demonstrated that the dorsal
surface of the tongue can be divided into at least three
compartments that undergo ““oesophageal”’, ““skin’’ and
““hair”-type differentiation (Dhouailly et al. 1989).

In pathological modifications of oral epithelium
many papers describe immunohistochemical patterns
obtained employing poly- or monoclonal antibodies spe-
cific for cytokeratins (Loning et al. 1980; Nakai and
Mori 1986; Vigneswaran et al. 1989). Recent findings
indicate that the expression of cytokeratin 19 in the su-
prabasal cell layers of oral epithelia is strongly correlated
with premalignancy (Lindberg and Rheinwald 1989) or
with a hyperproliferative state associated with chronic
inflammation (Bosch et al. 1989).

In the present study, we report the results of an im-
munohistochemical investigation performed using a
monoclonal antibody specific for cytokeratin 1 (a
marker of epidermal differentiation). The analysis has
been performed on sections from human normal oral
mucosa and from benign or malignant oral lesions. We
also employed a monoclonal antibody recognizing cy-
tokeratin 19 and suggest that the expression patterns
of both these cytokeratins may help to understand some
of the mechanisms associated with the neoplastic trans-
formation and the biological behaviour of tumours.
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Table 1. Summary of investigated pathological cases

Location Diagnosis Total
Type of mucosa Leukoplakia Leukoplakia with Squamous Squamous cell
(no. of cases) mild to severe papilloma carcinoma
dysplasia
I (26) Buccal mucosa 4 — — 4
Vestibular mucosa 4 3 9
Floor of the mouth 2 - 1 3
Pilastrum - - 1 2
Soft palate 1 3 - 5
Uvula — 2 — 2
Ventral tongue — — 1 1
I (10) Gingiva 2 1 2 5
Hard palate - 1 1 3
Retromolar pad - - 2 2
1 (5) Dorsal tongue 1 2 1 5
Total 14 9 12 41
no. of cases

Materials and methods

Normal human tissues used for the characterization of monoclonal
antibody SK1 were collected from surgery or autopsy. Biopsies
of normal oral epithelium, representing both non-keratinizing and
keratinizing mucosa, were obtained from healthy donors. Speci-
mens of oral lesions were collected from the files of the Department
of Pathology, University of Siena, Italy.

Oral lesions include 41 biopsies obtained from non-neoplastic
and neoplastic lesions subdivided according to a topographic crite-
rion. The cases were chosen to represent each type of oral mucosa.
We have used the subdivision suggested by Schroeder (1981), which
presents three different types: type I, lining mucosa (cheek, buccal
and vestibular mucosa, soft palate, floor of the mouth, uvula, pilas-
trumy); type II, masticatory mucosa (gingiva, hard palate, retromo-
lar pad); type 111, specialized mucosa (dorsal tongue).

All samples were immediately fixed overnight at room temper-
ature in a 4% formaldehyhde-buffered solution and then embedded
in paraffin. Serial sections (4-5 pm) for each case were stained
by haematoxylin and eosin for histopathological reassessment. Fur-
ther sections were employed for immunohistochemical investiga-
tion.

A cytoskeletal extract from human foot sole epidermis was
used as immunogen for the production of the monoclonal antibody
SK1. Immunization of Balb/c mice and cell fusion conditions were
as previously described (Cianfriglia et al. 1983). Supernatants col-
lected from hybridoma cultures were screened both by immunohis-
tochemistry and also by immunoblotting, as well be discussed in
detail later. Monoclonal A53-B/A2 specific for human cytokeratin
19 (a gift from Dr. M. Kasper, Gorlitz, GDR), was also employed
(Kasper et al. 1987).

Immunohistochemical staining was performed using the immu-
noperoxidase technique with avidin biotin complex method accord-
ing to the manufacturer’s instructions (Vector Labs, Burlingame,
Calif., USA). Briefly, the procedure was as follows. Sections were
deparaffinized with xylene, followed by absolute ethanol; endoge-
nous peroxidase activity was blocked using 3% (v/v) hydrogen
peroxide in H,O for 5 min and non-specific staining with normal
horse serum for 20 min at room temperature. Incubations with
monoclonal antibodies were performed for 60 min at room temper-
ature, using hybridoma supernatants. After washes with phos-
phate-buffered saline (PBS), sections were incubated with biotiny-
lated anti-mouse immunoglobulins, washed again and incubated
with avidin-biotin-peroxidase complex. Finally, enzymatic activity
was detected with 3-amino-9-ethylcarbazole; in some cases, sec-

tions were weakly counterstained with Mayer’s haematoxylin. Be-
fore immunostaining with A53-B/A2, tissue sections underwent en-
zymatic treatment as described in the study of Battifora and Ko-
pinski (1986). Negative controls were performed substituting pri-
mary antibodies with a monoclonal antibody specific for an antigen
which is absent from the tissue under study.

For immunoblotting extracts from human cultured keratino-
cytes were separated by 7% sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (Laemmli 1970) and transferred to nitro-
cellulose by electroblotting (Towbin et al. 1979). Blots were first
stained with Ponceau red, then destained with PBS; unreactive
sites were blocked by 3% bovine serum albumin in PBS. The nitro-
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Fig. 1a, b. Immunoblotting using monoclonal antibody SK1:
a 7% SDS-PAGE of an extract from human cultured keratinocytes
(dots indicate molecular weight markers 94, 68 and 43 kDa);
b corresponding immunoblotting showing the specificity of the
antibody for a polypeptide (68 kDa), slightly visible on the gel



Fig. 2a, b. Immunoperoxidase staining using SK1. In human
normal epidermis (a) and gingival epithelium, type II oral mucosa
(b) the staining is specific for suprabasal layers. The irregular posi-

Table 2. Staining results with monoclonal antibodies SK1 and A53-
B/A2 on different types of human normal oral mucosa

421

tivity of gingiva may be referred to the parakeratinization, while
the homogeneous positivity of epidermis is characteristic of orthok-
eratinized epithelium (interference-contrast optic). a x 875; b x 350

Table 3. Staining results with monoclonal antibody SK1 on lesions
from different types of human oral mucosa

SK1 AS53-B/A2 Case No Type 1 Type 11 Type 111
B S B S B S B S B S
Type I - —/+ + - Leukoplakia (14 - -/+ - + -+
Type II - + - - Leukoplakia 6 - + - —=/+ = =]+
Type III — + - - with dysplasia
Squamous 9 - - - —=/+ - =]+
B, Basal layer; S, suprabasal layers; —, negative; —/+, weak papilloma
and/or irregular; +, strong and regular Squamous cell
carcinoma
Gl “4) + + ND
G2 (5) — - -
cellulose sheets were incubated with undiluted hybridoma superna- G3 (3) _ — ND
tant and, after washings, incubated with peroxidase-labelled anti-
mouse immunoglobulins. The specificity of SK1 was finally re- B, Basal layer; S, suprabasal layers; ND, not done, case not avail-
vealed using 4-chloro-1-naphtol as substrate. able; —, negative; —/+, weak and/or irregular; +, strong and
regular

Results

In all cases, review of haematoxylin-eosin-stained sec-
tions confirmed the initial diagnosis. In Table 1 we re-
port the distribution of pathological lesions according
to the location and the type of mucosa. Oral lesions
comprised 20 cases of nodular leukoplakia (6 showed
from mild to severe dysplasia), 9 cases of squamous pa-

pilloma and 12 cases of invasive squamous cell carcino-
ma. By the term leukoplakia, according to the definition
given by the WHO Centre (1978), we indicate “a white
patch or plaque which cannot be characterized clinically
or pathologically as any other condition”. The histologi-
cal features are represented by more or less hyperplastic
epithelium with hyper-ortho- and para-keratosis. In the
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Fig. 3a-d. Immunoperoxidase staining using SK1. Leukoplakia:
in type I mucosa SK1 stains suprabasal layers (a) but shows greater
intensity in presence of dysplasia (b). In type II mucosa the staining

chorion we find a chronic, prevalently lymphocytic, in-
flammatory infiltrate. The cases of carcinoma were sub-
divided according to the WHO classification: G1, 4
cases; G2, 5 cases; G3, 3 cases (Wahi et al. 1971). Con-
trol cases do not present any alteration with regard to
the epithelial component.

The result of immunoblotting is shown in Fig. 1.
None of the four major cytokeratin polypeptides ex-
pressed in human cultured keratinocytes (Bowden et al.
1987) is recognized by SK 1. In contrast, the monoclonal
antibody recognizes a polypeptide of 68 kDa quantita-
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of suprabasal layers is more evident in absence of dysplasia (c)
than in presence of dysplasia (d). a-d x 175

tively less present in the extract of keratinocytes. The
immunohistochemical investigation performed on hu-
man normal tissues showed that this antibody stains the
suprabasal layers of human epidermis and keratinized
epithelia (Fig. 2a, b), with different patterns reflecting
the different types of differentiation (ortho-versus para-
keratinization). Other epithelial and non-epithelial tis-
sues were negative. From these data we deduce that SK1
1s specific for cytokeratin 1.

The study carried out on the 6 control cases using
monoclonal SK1 showed an exclusively suprabasal stain-
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Fig. 4a, b. Immunoperoxidase staining using A53-B/A2. The positivity on normal human vestibular mucosa, type I (a) is confined to
the basal layer, whereas it is absent on gingival mucosa, type II (b). a, b x 175

ing. This was particularly intense in type Il (Fig. 2b)
and with some irregularity in type III mucosa. However,
in type I mucosa it was perceivable only occasionally,
in scattered cells (Table 2).

In pathological samples (Table 3), SK stained the su-
prabasal layers in cases of leukoplakia in all types of
mucosa, but in type I mucosa the intensity of the stain-
ing was greater in the presence of dysplasia (Fig. 3a,
b). In contrast, in type II and type IIT mucosa the stain-
ing of suprabasal layers was more intense in the absence
of dysplasia (Fig. 3¢, d).

Squamous papillomas in type I mucosa are SK1-neg-
ative, whereas in the other types of mucosa they show
irregular positivity in suprabasal layers. Among the cases
of squamous cell carcinoma, only well-differentiated
(G1) cases are SK1-positive, while the other cases (G2
and G3), in all types of mucosa, give negative immuno-
staining (not shown).

Using the A53-B/A2 antibody on normal oral muco-
sa we always obtained highly regular staining of the bas-
al layers in the regions of non-keratinized mucosa,
whereas the other types of mucosa were negative (Ta-
ble 2; Fig. 4a, b). With the same antibody the same
staining of basal layers was seen in the cases of leuko-
plakia in the type I mucosa. In the presence of dysplasia,
irregular positivity appeared in suprabasal layers of ty-
pe I mucosa (Fig. 5a, b) and even in basal layers of ty-
pe IT and IIT mucosa (Fig. 5¢). The cases of squamous
papilloma in type I mucosa showed an intense and regu-
lar positivity at the basal level; even the suprabasal
layers were irregularly and weakly stained (Fig. 5d). The
same lesion on type II and type III mucosa was, in con-
trast, totally A53-B/A2-negative (not shown). Well-dif-
ferentiated squamous cell carcinoma is always negative
and the less differentiated types (G2 and G3), particular-
ly in type I mucosa, are highly stained (Table 4; Fig. 5e).

Discussion

It is well known that cytokeratin 1 is expressed in the
keratinized epithelia (Quinlan et al. 1985; Sun et al.
1985) or in those epithelia which keratinize as a result
of vitamin A deficiency (Fuchs and Green 1981). The
expression of cytokeratin 1 is suppressed when retinoic
acid is added to normal epidermal cultures (Kopan et al.
1987; Regnier and Darmon 1989) and reduced in epider-
mal psoriatic cells (Van Neste et al. 1988), and it is clear
that as a marker of a keratinization programme of the
epithelial cell it does not belong exclusively to the epider-
mis. In particular, there is biochemical and immunobhis-
tochemical evidence of the presence of this polypeptide
in differently keratinized regions of the oral mucosa (Ou-
hayoun et al. 1985; Morgan et al. 1987a; Dhouailly
et al. 1989; Reibel et al. 1989).

In all these cases the distribution of cytokeratin 1
is limited to the suprabasal cells. In human oral mucosa
the suprabasal localization and the site-specific distribu-
tion of cytokeratin 1 were confirmed using our mono-
clonal antibody SK1. In fact, only in the keratinized
mucosa of masticatory type (II) and in particular areas
of specialized mucosa of the dorsal tongue (III) did we
detect a strong and regular immunostaining. From the
epidermal point of view, this proves the completion of
the differentiation programme of these oral mucosa re-
gions, in contrast to the regions of non-keratinized mu-
cosa.

Our data indicate that the immunostaining of leuk-
oplakia in type 11, but also in type III oral mucosa, gives
results which are quite similar to those obtained on nor-
mal tissues except in cases with dysplasia. Here the posit-
ivity with SK1 is less intense and more irregular. This
may suggest a decreasing differentiation capacity con-
comitant with epithelial dysplasia. However, surprising-
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Fig. Sa—e. Immunoperoxidase staining using A53-B/A2. In type I
mucosa (soft palate, vestibular mucosa), cases of leukoplakia with
mild (a) and particularly with severe (b) dysplasia show irregular
positivity in basal and suprabasal layers. In type II mucosa (hard
palate) the one case of leukoplakia with dysplasia (¢) shows irregu-

ly, in cases of leukoplakia with dysplasia originating in
non-keratinized mucosa, we find an inverse phenome-
non. There is an increasing positivity of SK1 staining
comparable to that found in keratinized regions. This
may be due to hyperdifferentiative metaplasia associated

lar positivity of basal layer. In squamous papilloma of soft palate
(d) the positivity is evident and regular in basal layers and irregular
in suprabasal layers. In squamous cell carcinoma, G3, of type I
mucosa (vestibular mucosa) neoplastic cells are intensely positive
(e). a—¢ x350;d x88;e x175

with dysplasia in an incompletely keratinized epithelium.
This epithelium, which retains a wider potential, may
keratinize in association with the dysplastic phenome-
non, which itself interferes with the differentiation pro-
gramme. This fact seems to indicate that the differentia-



Table 4. Staining results with monoclonal antibody A53-B/A2 on
lesions from different types of human oral mucosa

Case No Type 1 Type 11 Type 111

B S B S B S
Leukoplakia 14 + - - - = -
Leukoplakia e + —-/+ -+ - —=/+ =
with dysplasia
Squamous ) + —-/+ - - = -
papilloma
Squamous cell
carcinoma
Gl 4) e - ND
G2 5 —/+ —/+ —/+
G3 3) + —/+ ND
B, Basal layer; S, suprabasal layers; ND, not done, case not avail-
able; —, negative; —/+, weak and/or irregular; +, strong and
regular

tion programme of the cell involved in a pre-neoplastic
phenomenon may be important in conditioning different
intermediate stages of reaction to similar oncogenic stim-
uli, confirming the observation that the behaviour of
oral neoplasms may differ in relation to their location
(Wahi et al. 1971). The different distribution of SK1
positivity on the various types of mucosa, in contrast,
is no longer evident in neoplasia. In all the cases analysed
the maximum intensity is observed in well-differentiating
carcinoma (G1), whereas positivity rapidly disappears
as the malignant grade increases. The results we ob-
tained agree with those described by other authors using
biochemical techniques or different antibodies (Loning
et al. 1980, 1982; Loning and Burkhardt 1982; Morgan
et al. 1987b).

With regard to the data gathered on the presence
of cytokeratin 19 using monoclonal A53-B/A2, previous
studies have shown that this cytokeratin is present in
the basal layers of non-keratinized oral mucosa (Morgan
et al. 1987a; Lindberg and Rheinwald 1989). It is com-
pletely absent in keratinized oral mucosa. Our results
are in accordance with those already reported.

In benign pathology, particularly in leukoplakia
without dysplasia, we could not find any modifications
in immunostaining. The presence of dysplasia in type II
and IIT mucosa regions is, however, characterized by
the appearance of an irregular positivity of basal layers.
In the presence of malignancy, the immunostaining is
increasingly intense in the various grades of carcinoma,
from G1 to G3. In type I mucosa, an increasing positive
staining with SK1 in suprabasal layers is particularly
evident in cases of leukoplakia with severe dysplasia.
These data confirm the finding that the expression of
the cytokeratin 19 is related to pre-neoplastic situations
(Lindberg and Rheinwald 1989). We cannot exclude
that, together with leukoplakia, even inflammation can
be responsible for the positivity of this cytokeratin, as
reported by Bosch et al. (1989). However, we believe
that the expression of cytokeratin 19 reaches the maxi-
mum intensity in association with the highest levels of
dysplasia. Even in some cases of squamous papilloma
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which have their origin in non-keratinized mucosa, we
have also found an increasing presence of cytokeratin
19 detectable in suprabasal layers. Moreover, in cases
of malignancy, cytokeratin 19 seems to correlate with
the differentiation of the tumour as previously reported
(Morgan et al. 1987b).

In conclusion, the immunolocalization of cytokera-
tins 1 and 19 on human oral mucosa allows us to confirm
the topographic differences in oral cavity epithelium. In
any case, we can state that the cytokeratin patterns de-
tected in type II and type III mucosa are substantially
similar to one another and are very different from those
of the type I mucosa. This concerns a different immuno-
staining in the case of dysplasia on leukoplakia. Our
findings also indicate that malignancy is concomitant
with both a progressive disappearance of cytokeratin
1 and a progressive increase of 19.
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