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Summary. Calcifying odontogenic cysts (COC)
were immunohistochemically described using dif-
ferent keratin proteins and involucrin as well as
histopathology. The cystic lining epithelium was
composed of calcifying, keratinizing, squamous,
and columnar epithelial cells, and included calci-
fied masses of irregular shape and various size as
well as ghost cells. Calcifying epithelium gave neg-
ative or only trace staining for keratins detected
with low molecular keratin (PKK1), but were regu-
larly positive with high molecular keratin (KL1)
and polyclonal antibody for keratin (TK). They
were occasionally positive for involucrin. The cells
located in the periphery of the calcified masses had
a particular abundance of high molecular weight
and total keratins (KL1 and TK). Calcified bodies
and ghost cells were devoid of any immunoreactivi-
ty. Squamous epithelium was relatively similar to
that of normal squamous cell epithelium in the
oral mucosa. It were most commonly found in col-
umnar cystic epithelial cells which displayed in-
tense staining with all immunoreagents. It is postu-
lated that such epithelial cells may have a strong
potentiality to transform into ghost cells or to un-
dergo metaplasia. They may develop altered syn-
thesis of homogenous acellular materials and final-
ly become transformed into calcifying epithelium
containing dystrophic calcified masses.
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Introduction

Calcifying odontogenic cyst (COC), first reported
by Gorlin et al. (1962; 1964) is composed of odon-
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togenic epithelium containing ““ ghost cells” which
is the most characteristic phenomenon of keratini-
zation in epithelial cells derived from odontogenic
epithelium (Gorlin et al. 1962, 1964; Gold 1963;
Abrams and Howell 1968 ; Komiya et al. 1969 ; Fe-
jerskov and Krogh 1972; Eda et al. 1971, 1974;
Chen and Miller 1975; Regezi et al. 1975; Sapp
and Gardner 1977; Farman et al. 1978; Vuletin
et al. 1978 ; Donath and Kleinhans et al. 1979; An-
neroth and Hansen 1982). Calcification occurs in
ghost cells or independently in dystrophic materi-
als. It is also seen to those ghost cells occasionally
found in ameloblastoma, calcifying epithelial
odontogenic tumour (CEOT), and odontoma
(Pflager 1956; Forest and Mercier 1967 ; Fejerskov
and Krogh 1972; Levy 1973; Osborne et al. 1974;
Sedano 1975; Sapp 1977; Farman et al. 1978 ; Vu-
letin et al. 1978 ; Praetorius et al. 1981 ; Fukushima
1983; Kerebel and Kerebel 1985). The clinical re-
views and histological analysis in COC have been
well described (Freedman et al. 1975; Lello and
Makak 1986), and histologic features of COC have
been described in detail, mainly in terms of their
keratinizing or calcifying epithelium. While the
COC which is a non-neoplastic cystic lesion is re-
lated to the category of benign odontogenic tu-
mours by the classification of the World Health
Organization (Pindborg et al. 1971). It has recently
been pointed out and reevaluated that COC has
two cystic entities, and a neoplasm termed ““ Den-
tinogenic ghost cell tumour” (Praetorius et al.
1981; Ellis et al. 1986; Tajima et al. 1986).

No description of the immunohistochemical
properties or enzyme histochemistry of the particu-
lar epithelial cells of COC has been made except
for SH protein histochemistry in calcified material
(Eda et al. 1971, 1974). The purpose of the present
study was to examine the immunohistochemical
expression of keratin and involucrin, both of which
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are markers of keratinization. Their concentration
indicates the degree of keratinization in cystic epi-
thelial cells showing a wide variation in their histol-
ogy. The observed patterns were compared with
those of squamous cell epithelium and lesions in
oral mucosa and other odontogenic epithelial le-
sions (Mori et al. 1985; 1988; Nakai and Mori
1986; Sumitomo et al. 1986).

Materials and methods

A 14-year-old male patient presented with radiopaque mass
and impacted upper left canine by radiogram. The crown of
an impacted canine was attached to the radiopaque focus.
Under general anesthesia, the radiopaque mass and impacted
canine was removed, providing material for examination
(Case 1).

A 25-year-old female complained of pain in the lower left
wisdom tooth area. Clinical examination showed that wisdom
tooth was only partially developed, with half of its crown ap-
pearing above the gingiva which showed slight inflammation.
By radiography, the areas normally occupied by wisdom teeth,
displayed cystic radiolucency with a clearly defined margin con-
taining a small amount of fine radiopaque materials (Case 2
— providing material from two cysts).

An 11-year-old female patient presented with a cystic lesion
of lower right incisor. The X-ray picture revealed an odontoma-
like radiopaque mass with a cystic lesion and also an impacted
lower right canine. The mesial side of the impacted tooth was
attached to the radiopaque mass. Under general anaesthesia,
the cystic lesion including odontoma-like mass was removed

Table 1. Immunohistochemical staining method (Indirect Method)

Y. Yamamoto et al.: Keratin and Involucrin in COC

as well as the impacted lower right canine. The pathological
diagnosis was keratinizing and calcifying odontogenic cyst and
a complex odontoma (Case 3).

Materials obtained from surgery were fixed in 10% forma-
lin for 24 h. Serial 4 um paraffin sections were made for histo-
logical examination by H & E, PAS, and immunohistochemical
detection of keratins and involucrin. The details of methods
have been shown in Table 1.

Results

A section of case 1 showed numerous irregular cal-
cified masses and ghost cells in the cystic lining
epitheium (Fig. 1A, 2A). The cystic wall was com-
posed of 2 or 3 layers of keratinized squamous epi-
thelium (Fig. 5A) and simple epithelium consisting
of columnar and high columnar cells (Fig. 6 A, E).
The cystic lining in case 2 showed squamous cell
epithelium with great atrophy and containing
ghost cells. It was mainly composed of the inten-
sely keratinized squamous epithelium (Fig. 3A, C)
of two types: one strongly stained with haematoxy-
lin and another refractory. The pathological fea-
tures in bilateral wisdom teeth of the other cyst
were almost the same. Some of the ghost cells re-
vealed calcification. Inflammatory responses were
dominant. Case 3 material revealed keratinizing
and calcifying epithelium containing various

1 Deparaffinization and protease digestion (PKK1 only): 0.01% trypsin/phosphate buffer saline (pH 7.6) solution, 37° C, 15 min

2 Inactivation of endogenous peroxidase activity: 0.3% H,0, containing/methanol solution 30 min

3 Back ground blocking TK: normal goat serum, 1/20, 30 min
KL1 & PKK1: normal rabbit serum, 1/20, 30 min

Involucrin: normal goat serum, 1/20, 30 min
4 1st layer and 5 2nd layer

Antibodies (1st layer) Immunogen Source 2nd layer Source
Polyclonal anti-human stratum corneum Dakopatts HRP-labelled Jimro
keratin antiserum of the sole of human foot Denmark anti-rabbit IgG-Goat Japan
(TK: 41-65 kDa) 1/40, 1 h Copenhagen IgG F(ab)' 1/20 30 h Takasaki
Monoclonal KL1 keratin human keratinized Immunotech HRP-labelled Dakopatts
(55-57 kDa) 1/50, 1 h squamous epithelium France anti-mouse IgG- Denmark
Marseilles Rabbit IgG 1/20 30 h Copenhagen
Monoclonal PKK1 keratin pig kidney Labsystem HRP-labelled Dakopatts
(44, 46, 52, 54 kDa) epithelia Finland anti-mouse IgG- Denmark
1/80, 1 h cell line Helsinki rabbit IgG 1/20 30 h Copenhagen
Involucrin Immuno kit the cross-linked envelope Biomedical HRP-labelled Biomedical
1h synthesized by mature cells Technology anti-rabbit 1gG- Technology
of human stratified Cambridge Goat IgG 30 h Cambridge
squamous epithelium USA USA

6 Visualization of peroxidase activity: 0.02% diaminobenzidine hydrochloride (DAB)/0.05 M Tris buffer solution (pH 7.6) contain-

ing 0.005% H,0,
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Fig. 1 A—C. Calcifying cystic epithelium in COC (Case 1). x 32.
A H & E staining. Typical calcifying odontogenic cyst (COC).
There are large numbers of ghost cells, irregular shaped calci-
fied masses, and basal epithelial cells with dark staining. B
PKK1 staining. The epithelial cells within cyst wall are almost
negative but show some traces of staining. ¢ KL1 staining.
Reaction product is mainly shown to epithelial components
in peripheral bands around calcified masses and ghost cells.
Basal located cells are slight

amounts of dystrophic calcified materials and dis-
playing severe inflammatory reactions (Fig. 4A).
In general, there were few epithelial cells and
large amounts of irregularly shaped -calcified
masses. Epithelial cells were usually located at the
basal aspects of the cystic wall (Fig. 1A). Basal
epithelial cells were cuboidal in shape, which cells
in upper strata were spindle-shape (Fig. 2A). In
those epithelial structures, there was no reactivity
with PKK 1 monoclonal keratin antibody, whereas
TK and KL1 keratin antibodies did bind (Figs. 1B,
C, 2B, C). Basal and upper epithelial cells indi-
cated similar staining intensities with TK and K11,
which were at a comparatively slight or moderate
level. Calcified bodies were usually surrounded by
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Fig. 2A-C. Calcifying cystic epithelium. Higher magnification
of Fig. 1 (arrow). x140. A H & E staining. The lesion is com-
posed of basal cells (cuboidal shape), ghost cells, and spindle-
shaped (stellete reticum-like) cells. B PKK1 staining. There is
no staining except a few upper epithelial cells with a trace.
C KL1 staining. Calcified masses and ghost cells are negative,
whereas basal and upper epithelial components are slight-to-
moderate. Thin epithelial cells in upper peripheral area are
markedly positive in reaction

thin epithelial cells which showing dark staining
band or eosinophilic in nature (Fig. 4A). A dark
staining band surrounding the calcified bodies was
characterized by strong staining for KL1- and TK-
detectable keratins (Fig. 4B, C). No staining with
PKK1 was found in those materials and cells.
Involucrin was usually absent in this epithelium
and in calcified bodies of COC but some limited
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Fig. 3A-D. Keratinizing epithelium in COC (Case 2). x 80. A, C H & E staining. Many ghost cells and dystrophic calcification
intermingle with keratinized cell residues or bodies. The lesions show chronic inflammatory response. B, D. KL1 staining. Keratinized

bodies show an intense positive reaction

numbers of cells or bodies present in calcified foci
showed conspicuous staining (Fig. 4D).

In the case 2 (Fig. 3A, C), the epithelial cells
gave a negative response to PKK1, KL.1, and TK,
while keratinized bodies sometimes showed a
strongly positive reaction with KL1 and TK
(Fig. 3B, D). Involucrin staining was obtained in
the limited epithelial cells.

In case 1, the epithelium was composed of thin
keratinized cell layer and two or three layers of
epithelial cells (Fig. 5A). No basal cell prolifera-
tion or epithelial hyperplasia were noted. The epi-
thelium showed a reaction negative to PKK1, but
positive staining with KL.1, TK, and involucrin in
superficial keratinized cells (Fig. 5B).

The sections from case 1 showed a simple col-
umnar epithelium. However, higher magnification
of the epithelium revealed that it was composed
of small round or cuboidal cells at the basal aspect
and tall columnar or spindle cells in the upper layer
(Fig. 6 A, E). This epithelium contained an abun-

dance of keratins and involucrin, as evidence by
the intense staining which all the immunoreagents
(Fig. 6B-D, F-H).

These results are summarized in Table 2.

Discussion

Histologically, COC lesions are composed of var-
ious types of cystic lining epithelia and their neo-
plastic variants. Previous investigations have fo-
cussed on the calcifying components including
ghost cells and have not shown specific interest
in other types of lining epithelium. In the present
study, the following three. immunohistochemical
features of calcifying cystic epithelial cells are note-
worthy: (1) all the cells were negative with to
PKK1 keratin antibodies, which detected lower
molecular weight keratin and usually bind only to
basal cells of squamous epithelium; (2) peripheral
cells or peripheral bands (which stain strongly with
haematoxlin) of calcified bodies showed striking
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Fig. 4A-D. Calcifying cystic epithelium with complex odontoma (Case 4). Fig. 4A. H & E staining. Thin epithelium with dark
staining is adjacent to calcified masses. x 160. B KL1 staining. Same area of Fig. 3A. Thin epithelium among calcified body
shows intensely strong reaction, whereas other cystic epithelial staining is trace-to-slight. x160. C TK staining. Marked staining
is observed in thin epithelium included in the massive calcified foct. x 80. D Involucrin staining. A few epithelial cells are positive

to involucrin. x 160

Fig. 5A, B. Squamous epithelium in COC (Case 1). x80. A
H & E staining; B KL1 staining. Positive reaction is limited
to superficial layers

reactivity with KL.1 and TK immunoreagents
which detected high molecular weight keratin and
wide spetrum keratins respectively; and (3) epithe-
lial cells containing calcified bodies which showed
a tendency toward keratinization, as indicated by
their reaction with KL1 and TK keratins, whereas
both the calcified bodies, irrespective of size or
shape, and ghost cells were negative for keratin
and involucrin, although ultrastructurally, ghost
cells contain abundant of tonofilaments similar to
keratinocytes (Fejerskov and Krogh 1972; Eda
etal. 1974; Chen and Miller 1975; Regezi ct al.
1975; Sapp and Gardner 1977; Vuletin et al. 1978;
Donath et al. 1979; Kerebel and Kerebel 1985).
In the normal process of terminal kertinization,
upper spinous cells in squamous epithelium con-
tain abundant amounts of KL1- and TK-detect-
able keratins, as well as involucrin (Mori et al.
1985; Nakai an Mori 1986; Sumitomo 1986).
From this description, these epithelial cells did not
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Fig. 6 A-H. Columnar Epithelium on COC (Case 1) x 80. A, E H & E staining; B, F PKK1 staining; C, G KL1 staining. Columnar
epithelium in cystic wall strongly reacts to these immunoreagents. D, H Involucrin staining. Reaction product is intensely strong

to upper luminal aspect in cystic cavity

show the regular or normal level of involucrin
staining and it is suggested that the mechanism
of keratinization was not the same as that seen
in normal conditions or other lesions of squamous
epithelium origin. In particular, the antigenecity
of keratin polypeptides in ghost cells may product
other different subclasses of keratins because ghost
cells strongly indicate the tendency of the degener-
ative changes or abnormal squamous metaplstic
feature in lesions.

Comparing the results of keratin immunohisto-
chemistry in calcifying epithelial odontogenic tu-
mour (CEOT) with those of COC, in CEOT,
PKXK1 staining in tumour cells was slightly posi-
tive, while that in COC was almost negative or
very weak; and KL1- and TK-detectable keratins

were nearly the same in the two lesions (Mori et al.
1988). The pattern of keratin distribution in lining
epithelial cells of COC was not strongly different
from that seen in CEOT.

Keratin distribution in squamous epithelium of
COC was relatively similar to that of squamous
cell epithelium in oral mucosa except for the find-
ing of PKK1 keratins. Normal squamous epitheli-
um reveals a regular zonal distribution: basal layer
cells react with PKK1 antibodies; spinous and
granular epithelial cells, with KL1 antibody and
the completely hornified layer, showing orthokera-
tinization, is devoid of reactivity keratins (Mori
et al. 1985; Nakai and Mori 1986). Squamous epi-
thelium in cystic lining of COC may be a result
of metaplasia of odontogenic epithelium.
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Table 2. Immunohistochemical findings in epithelial component
of COC

TK KL1 PKK1!  Involucrin
Calcifying epithelium
Basal and upper +1-+2 +1-4+2 0 0 (or +3)
epithelial cells
Thin epithelial +2-4+3 +3-+4 0-% 0(or +3)
cells
Calcified bodies 0 0 0 0
and ghost cells
Keratinizing epithelium
Epithelial cells 0+ + + 0-+
Keratinized bodies Oor +3 Oor +3 Oor +3 0-+
Squamous epithelium
Upper cells 0 +3-+4 +3-+4 +3
Basal cells 0 +1 +1 0
Columnar epithelium
Upper columnar +4 +4 +4 +4
cells :
Basal cuboidal +4 +4 +4 +3-+4
cells

0: negative; =4 : trace; +1: slight; +2: moderate; + 3: strong,

+4: strongest

The columnar epithelium in the COC lesion
was of particular interest, although cuboidal and
columnar epithelial cells have been noted occasion-
ally in other odontogenic cysts. Immunohisto-
chemically detectable keratins and involucrin were
most specifically expressed in these epithelial cells
which were reactive with all the antibodies used.
Such strong staining for all keratin types and invo-
lucrin in the same epithelial cells has not been re-
ported previously. However, these columnar epi-
thelial cells did not show any signs of keratiniza-
tion from routine histology. The characteristics of
these epithelial cells may suggest that keratinizing
and calcifying odontogenic epithelia seem to arise
from this type of simple odontogenic epithelium
via several types of transformation such as meta-
plasia, leading to focal intense keratinization, and
dystrophic calcification in such epithelial cells in-
cluding neoplastic variants.

Toto et al. (1967) pointed out that the constitu-
tions of amino acid of the keratin-like substances
in odontogenic epithelium apparently differented
from those of keratinized epithelium, however, im-
munohistochemical detection of keratin polypep-
tides in odentogenic epithelium and lesions have
not been carreid out in detail. In conclusion, it
may be thought that the keratin distribution in
odontogenic epithelium and lesions are more char-
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acteristic features in comparison with squamous
epithelium in oral mucosa. Furthermore it is neces-
sary to investigate the immunohistochemistry of
these cystic lining epithelial components of COC
containing irregular calcified bodies and ghost
cells, in order to clarify the histogenesis of COC.
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