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Abstract

Odontogenic cysts have in common an origin from the tissues of tooth formation,
with the majority of them occurring within the jaws. Despite considerable effects, little
1s known about the biological processes governing the initiation and growth of these
lesions, particularly those of ’developmental’ origin, i.e. odontogenic keratocysts, le-
sions are the most difficult to treat surgically and quite often recur. The proposed
histogenic differences and the clinically more aggressive nature of odontogenic
keratocyst (OKC) in comparison with that of other odontogenic cysts has prompted
studies aimed at characterizing possible differences between their fluid aspirates, con-
nective tissue walls, and epithelial linings. In the light of recent developments and cur-
rent opinion, this paper intended to review a variety of research interests which have
concentrated on, or related to, cell kinetics and differentiation of the OKC epithelium.
Such studies have provided a great deal of useful information, and at the same time,
raised new questions with respect to our present understanding of this clinically impor-
tant entity.
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Gorlin syndrome and putative increased risk of

The proliferation of odontogenic epithelial rem-
nants within the jaws to form cysts and tumors is
a relatively common event. The term odontogenic
keratocyst (OKC) was first introduced by
Philipsen (1956) to describe a
odontogenic cysts which shows a characteristic
histological appearance”. Unlike other cyst types,
OKC appears to express an intrinsic higher

group of

growth potential®”. Its propensity to recur fol-

lowing surgical treatment, relationship to the

neoplastic change in comparison to other cyst
types places the OKC in an unique position within
the spectrum of odontogenic lesions. Indeed, it has
been suggested that the odontogenic keratocyst
should be regarded as a benign neoplasm®® and
active mural growth of the OKC lining epithelium
could be one of the main factors contributing to
the development and enlargement of this cyst
type. The present paper is to put together an over-
view of the recent advances in respect of epithelial
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cell proliferation and / or differentiation in OKC
and their clinical / biological implications.

. Clinicopathological and embryological
background of OKC

The OKC 1s of particular interest because it is
clinically more aggressive and tends to recur after
surgery. Figures for the incidence of recurrence in
various reported series have varied from 2.5 to
62% (Table 1)”™ ® The reason for this great
variation is partly dependent upon the varied na-
ture of the cases published. For example, some se-
ries include cysts from patients with the Gorlin
syndrome and others exclude them and other im-
portant variables include the duration of the
follow-up periods and the methods of treatment
employed. Although some studies have pointed to
possible histological differences between recurrent

919 others have failed to

and non-recurrent OKCs
identify them'" ™. As a consequence, increasing
stress 1s being placed upon the method of clinical
management as the main explanation of recur-
rence. The wall of OKC is very thin and fragile
and the cyst is consequently often removed in
fragments. Such fragmentation increases the risk
of portions of the epithelial lining and / or satel-
lite cysts being left behind, so increasing the risk
of recurrence™ . Although OKC most commonly
occurs as a single lesion in the jaw of an otherwise
healthy person, about 4-5% of all OKC patients
have multiple cysts with other features of the so

78.60.19.18 The condition is

called ’Gorlin syndrome
an autosomal dominant disorder in which multi-
ple basal cell carcinomas of skin, skeletal abnor-

malities and other neoplasms may develop™ '™ .

The three kinds of odontogenic epithelial resi-
dues, thought to give rise to OKC, dentigerous
cyst and radicular cyst, are the remnants of dental
lamina (glands of Serres), reduced enamel epithe-
lium and the epithelial rests of Malassez respec-
tively (Table?2). The further
differentiation and proliferation of these epithe-
lial cells during formation of a cyst may differ
and lead to differences in epithelial expression and

potential for

Table 1. Recurrence of the odontogenic keratocyst

Authors (Year) hi(;’sgsf 13:5:?;21'3‘5
Pindborg & Hansen (1963) 16 62
Hansen (1967) 52 52
Toller (1967) 59 ol
Busch (1969) 35 2.9
Cernea et al (1969) 28 18
Panders & Hadders (1969) 22 14
Rud & Pindborg (1969) 21 33
Browne (1970) 85 25
Ebling et al (1971) 24 38
Stoelinga (1971) 54 9.3
Rayne (1971) 42 23.8
Donoff et al (1972) 13 15.4
Klammt (1972) 32 21.9
Machtens et al (1972) 44 59.1
Payne (1972) 20 45
Rittersma (1972) 48 31.3
Toller (1972) 55 50.9
Mclvor (1972) 43 5
Radden & Reade (1973) 25 48
Borg et al (1974) 25 24
Forssel et al (1974) 38 28.9
Butz (1975) 38 10.5
Eversole et al (1975) 70 18.6
Brannon (1976) 283 12
Donatsky et al (1976) 88 29.5
Shear (1976) 38 10.5
Hodgkinson et al (1978) 79 36.7
Vedtofte & Pratorius (1979) 75 50.7
Forssel (1980) 121 40.5
Anniko et al (1981) 14 50
Voorsmit et al (1981) 52(Gp 1) 14
Voorsmit et al (1981) 40(Gp 2) 2.5
Choung et al (1982) 23 17.4
Farmand & Makek (1983) 21 38.1
Reff & Donath (1983) 158 12
Ahlfors et al (1984) 116 25.8
Reff-Eberwein et al (1985) 82 56
Niemeyer et al (1985) 64 36
Zachariades et al (1985) 16 25
Partridge & Towers (1987) 45 27
Forssel et al (1988) 75 43
Kondell & Wiberg (1988) 29 24
Stoelinga & Bronkhorst (1988) 27 10

Data adapted from references® ™ ®

biological behavior among different cyst types.
There 1s a strong support for the concept that the
epithelium of OKC arises from the dental lamina

' The evidence in support of

and its residues® ™
such a concept has arisen from several sources in-

cluding the natural process of degeneration of the
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Table 2. The embryological derivation of the epithelium in odontogenic cysts

Epithelial residue

Embryological origin

Odontogenic cyst

Remnants of dental lamina
(glands of Serres)
Reduced enamel epithelium Enamel organ

Epithelial rests of Malassez

Dental Lamina

Epithelial root sheath of Hertwig

Odontogenic keratocyst

Dentigerous cyst

Radicular cyst

.20 changes in

remnants of the dental lamina
epithelial residues in the walls of odontogenic cyst
s and the relationship between the pattern of
proliferation of the dental lamina and the inci-

dence of OKC in different parts of the jaw”.

. Cell proliferation in the epithelial linings of
OKC
Cell proliferation is one of the most fundamen-
tal biological processes. There can be little dispute
over the importance of assessing cellular prolif-
eration in the study of many biological and patho-
logical conditions. identifiable
cellular changes can be used to pinpoint cell pro-
mitoses can be

A variety of
liferation. In simple terms,
counted, the incorporation of nucleotides into
newly synthesized DNA during the S phase can be
identified, and the varying levels of structural or
functional moieties associated with different as-
pects of the cell cycle can be assayed.

A. Mitoses

The mitotic phase of the cell cycle is the only
part that can be recognized by simple morphologi-
cal examination. Early histological studies have
shown that mitotic figures, usually of normal ap-
pearance, are a prominent feature of OKC
epithelium?***. Main? showed that the number
of mitotic figures per centimeter length of base-
ment membrane in OKC linings ranged from 0 to
19 with a mean of 8.0. This figure was similar to
that in the ameloblastoma (7.0) and in dental
lamina (8.4), but higher than that in non-
odontogenic cysts (2.3) and radicular cysts (4.5).
Browne® also quantified the number of mitoses in
OKC linings of a larger series. The number of

mitotic figures per 1,500 cells varied from 0 to 5
with a mean of 0.74, which corresponded to a
mean figure of 3.9 per centimeter length of base-
ment membrane. The apparent discrepancy be-
tween the two studies may be partly due to the
different size of the sample used. As mitoses only
represents the shortest phase of the cell cycle®”, its
index may not be sensitive enough to reflect the
cellular activity in the non-neoplastic lesion like
OKC.

B. Autoradiography

Further evidence of a greater epithelial activity
in OKC linings was produced by Toller”, who esti-
mated tritiated thymidine uptake in explants of
cyst wall by autoradiography. The method in-
volved in vitro incubation of a fresh piece of cyst
wall in tissue culture medium containing tritiated
thymidine. The mean labelling indices, expressed
as the mean percentage of labeled cells per 1,000
unlabeled basal cells, were 13.0% for a series of 6
OKC, which was approximately seven times
greater than that for non-keratinizing jaws cysts
(1.7%, n=5). Using a similar method, Scharfetter
et al demonstrated that the mean labelling index
(% of labeled cells in 770 cells counted per repre-
sentative area) was higher in OKC (10.89%) than
in radicular cyst (0.77%)®. However, possibly due
to the technical limitations, namely requirement
of fresh
autoradiography, both studies had only investi-

tissue, in vitro incubation and

gated a limited number of cases.
C. Flow cytometry

Flow cytometric analysis of DNA cellular con-
tent and cell cycle distribution has been shown to
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be a good parameter reflecting cellular pro-
liferation®. However, there has been only one
study, to date, which relates to OKC. Using tech-
niques that allow cytometry to be performed on
paraffin tissue, High et al compared the DNA con-
tent of cells from ordinary OKC and one case
which underwent epithelial dysplasia and malig-
nant transformation®™. The DNA distribution in
control OKC had a major peak representing cells
in the GO/G1 phase (i.e. diploid; 2N) and a small,
less well defined peak representing cells that were
tetraploid (4N), i.e. cells that had passed through
S-phase and were in G2 or mitosis. By contrast,
the OKC with epithelial dysplasia had a large ad-
ditional peak representing an aneupoid G0/G1 cell
component as did the subsequent carcinoma. It is
tempting to speculate that the presence of
aneuploidy in an OKC may predict its future bio-
logical behavior with respect to malignant trans-
formation. However, flow cytometry technique
requires to disrupt tissue specimens so that the
spatial relation of cellular subpopulations is lost.
In the present example, the cell suspension of OKC
may contain a mixture of its lining epithelium as
well as fibrous tissue components. Studies of
larger series in conjunction with analysis of more
specific cellular populations are required to ascer-
tain the clinical implications of DNA cell cycle
distribution of OKC epithelium.

D. Immunocytochemical labelling of PCNA and
Ki67

Immunocytochemical methods of assessing cell
proliferation have particular advantages over
other techniques because of the maintenance of
cellular and tissue architecture, the relative sim-
plicity of the methodology and the rapidity of re-
sults. Over the years, many antibodies have been
raised to the gene products or the relevant pro-
teins associated with the cell cycle. Amongst those
monoclonal antibodies to proliferating cell nu-
clear antigen (PCNA) and Ki67 are probably the
most widely applied®*,

Using quantitative techniques based on a

combination of TV image analysis for
histomorphometric measurement of basement
membrane and manual counting of PCNA and
Ki67 immunostained cells, Li et al investigated
the proliferative activity in the epithelial linings

and / or sub-types of

27)-29)

of various major-

odontogenic jaw cysts . The results demon-
strated that OKC linings exhibited a significantly
higher level of labelling with a predominantly
suprabasal location of positive cells in compari-
son to dentigerous and radicular cyst linings (Fig.
1, 2). Comparison of different subtypes of OKC
linings indicated an increased number of cells ex-
pressing Ki67 in Gorlin syndrome related OKC
than in those of solitary (non-recurrent) and re-
current lesions. Interestingly, no significant dif-
ference was found between recurrent and non-

recurrent OKC (Fig. 3)%.

The consistent higher level of PCNA and Ki67
labelling in the epithelial linings of OKC supports
the hypothesis that active cell division of the lin-
ing epithelium or mural growth is more impor-
tant in the pathogenesis of OKC than other types
of odontogenic cyst. The characteristic predomi-
nant suprabasal location of the proliferating cells
in OKC linings, in contrast to that in dentigerous
and radicular cysts, suggests that a unique cellu-
lar proliferation and/or differentiation process
occurs within this cyst type. It is proposed that
the basal cells within OKC lining epithelium
might have entered, at least to some extent, the
pathway toward ameloblast differentiation possi-
bly due to the inductive influences of underlying
connective tissue wall®*. This could explain the
apparent low proliferating activity of the basal
layer cells in OKC linings and may reflect its pro-
posed embryological origin, e.g. remnants of den-
tal lamina. These epithelial remnants are formed
at an early stage of tooth development prior to
histomorphogenesis of the enamel organ and may
thus retain the potential for further differentia-
tion/proliferation during the formation of OKCs.

Although recurrence could be due to incomplete
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Fig. 1 PCNA (a, b, c) and Ki67 (d, e, f) expression by odontogenic keratocysts (a, d, x400), dentigerous (b, x300; e,
x600) and radicular cysts (¢, x300; f, x600). OKC linings show a predominantly suprabasal cell labelling pattern
in contrast to the linings of dentigerous and radicular cysts.
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Fig. 2 Histograms showing PCNA, Ki67 and p53 positive cell counts (a) and the percentage of their positive cells in
basal cell layers {(b) within the epithelial linings of OKC, dentigerous cyst (DC) and radicular cyst (RC). Note
the consistently higher labelling (a) and the predominant suprabasal location of the three markers in OKCs.
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Fig. 3 Histogram showing differences of Ki67 and pb3

positive cell counts between solitary, recurrent
and Gorlin syndrome associated OKC epithelium.

removal it is also possible that there are intrinsic
differences between recurrent and non-recurrent
lesions”'”. The demonstration of a similar Ki67
labelling index in the linings of recurrent and non-
recurrent OKC (Fig. 3) indicates that recurrence is
not associated with a subgroup of lesions showing
increased proliferation, supporting the concept
that inappropriate surgery of the original cyst is
the most plausible reason for recurrence®™. The
heightened proliferative activity of Gorlin syn-
drome related OKC could reflect the underlying
genetic abnormalities in this group of individuals,
as it has been recently demonstrated that this syn-
drome is caused by mutations in a tumor
suppressor gene on chromosome 9, which plays an
important role in normal development and in the
growth control of precursor cells for basal cell
carcinomas and other tumors®™.

IV. Expression of the pb3 tumor suppressor
gene in OKC epithelium

The preceding section have stated that the level

of epithelial cell proliferation in odontogenic

cysts 1s highest in OKCs. The distribution of

proliferating cells within OKC epithelium is pre-
dominantly suprabasal in sharp contrast to that
in other cyst types. These qualitative and quanti-
tative differences in proliferative activity suggest
that control of the cell cycle may be abnormal in
OKC. The p53 gene product is thought to control
cell growth, with its wild-type form arresting the
cell cycle at the G1 phase and its mutant forms
promoting cell proliferation and/or malignant

transformation®”®

. It 1s therefore interesting to
determine whether abnormalities of pb3 gene are

associated with the development of OKCs.

The possible involvement of pd3 gene in the
growth and regulation of OKCs has been sug-
gested by immunocytochemical demonstration of
p53 protein overexpression by the OKC linings
(Fig. 4)®™ . The only quantitative study of p53
immunoreactivity demonstrated a significantly
higher level of p53 labelling and a predominantly
suprabasal reactivity in OKC linings as compared
to that in dentigerous and radicular cysts
(Fig. 2)*®, which significantly correlated with
Ki67 labelling within the same series of cyst cases
(Fig. 5). Interestingly, p53 expression was not fur-
ther increased in the Gorlin syndrome associated
OKC linings, which contrasts with the increased
Ki67 labelling in this subgroup of lesions (Fig. 3).

Unless molecular analysis of the p53 gene is per-

formed, however, it 1s unknown whether the in-
creased p53 labelling in OKC epithelium indicates

i Ny > =3
Fig. 4 pb53 immunoreactivity (monoclonal antibody
BP53-12) in OKC lining epithelium (x400).
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Fig. b Scatterplot showing the relationship between p53
and Ki67 positive cell counts in different types of
odontogenic cysts (n=26), excluding Gorlin syn-
drome associated OKCs (r=0.55; P<0.01).

mutation of the p53 gene or overexpression of the
wild-type product due to stabilization by other
gene products, e.g. cdc2 protein kinase®™ or the
mdm2 gene product®. Thus, Li et al further exam-
ined the status of the pd3 gene in the
immunopositive OKC cases using the technique of
combined polymerase chain reaction and single-
stranded (PCR-
SSCP) and subsequent DNA direct sequencing® .
The results indicated that DNA extracted from
OKC, including Gorlin syndrome associated le-
sions, harbored no mutations within exons 5-9,
which covers the reported ’hot spot’ regions
(codons 151-164, 171-181, 213-223, 234-258 and 270
-286) of p53 mutations in various human tumors
(Fig. 6).

Taken together, these evidences suggest that the
epithelial linings of OKC express higher levels of
po3 protein than other cyst types, which appears
to correlate with cell proliferation. However,
overexpression of pb3 by OKC epithelium is not
due to mutation of the p53 gene, but presumably

conformation polymorphism

(c)

Control | Sample
G AT C|G A T C

Fig. 6 Molecular analysis of pb3 gene using PCR ampli-
fication of specific exons (a), single strand con-
formation polymorphism (SSCP) screening of
the PCR products (b) and subsequent DNA se-
quence confirmation (c). Agarose gel electropho-
resis (a) of PCR products obtained with DNA
extracted from normal control cell line (lanes 1-
4) and an OKC specimen (lanes 5-8). The ampli-
fied fragments of pb3 gene include exons § (lanes
1,5), 6 (Janes 2, 6), 7 (lanes 3, 7) and 8,79 (lanes
4, 8). The molecular size marker (lane M) is Hae
Ill-digested ¢ X174 replicative form DNA; SSCP
gels (b) of PCR products (lanes 1-4, solitary
OKC; lanes 5-8, recurrent OKC; lanes 7-10, Gorlin
syndrome OKC) show similar banding patterns
(arrow) with reference to normal control (lane
11) for exon 6 and exon 7 of pb3 gene; Sequencing
ge! (¢) shows that DN A sequences of part of exon
8 obtained with DN A extracts from a Gorlin syn-
drome associated OKC sample (Sample) are
identical to the banding patterns of normal con-
trol (Control).
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reflects overproduction and/or stabilization of
normal pd3 protein. It has been hypothesized by
some authors that a high proliferation rate may
result in detectable concentrations of wild-type
p53 protein in cells® ., This is supported by the
experimental finding of detectable levels of wild-
type po3 protein in phytohaemagglutinin stimu-
lated, rapidly proliferating lymphocytes®™ and by
the occurrence of sporadic p53 positive cells in thy-
mus and reactive lymphoid tissues™. It is, there-
fore, reasonable to believe that the overexpression
of p53 by OKC epithelium may represent a ’feed-
back’ response to its high proliferative activity,
rather than the cause of its intrinsic growth poten-
tial. Furthermore, the heightened proliferation in
Gorlin syndrome associated OKC, which is not as-
sociated with alterations of p53 immunoreactivity
and gene status, is probably related to abnormali-
ties of the Gorlin syndrome gene locus mapped to

L 41)

chromosome 9q22.3-q31*

V. Epithelial differentiation marker -
cytokeratins in OKC linings

Cytokeratins are epithelial-specific intermedi-
ate filament proteins, made up of at least 20 dif-
ferent polypeptides in human epithelia . The
functions of these proteins inside cells are not as
yet completely understood. However, because of
their differentiation-related expression patterns,
they provide useful molecular markers for cell
identification and differentiation” . Unfortu-
nately, the accumulated data so far do not appear
to demonstrate consistent differences in keratin
expression between types of odontogenic cysts™.

It appears that the major keratins consistently
detected in odontogenic epithelium are keratins
13, 14, and 19 Keratins 13 and 14 are known to
be associated with noncornified and all stratified
epithelia respectively, whereas keratin 19 is a
major component in many simple epithelia as well
as being present in basal cells of stratifying
epithelia®. This unusual combination of keratin
expression may provide a potentially useful

marker for the identification of odontogenic

epithelium™.

Two research groups have consistently showed
that OKC express keratins
cornified epithelium (keratins 1, 10
trast two other groups have reported negative re-

characteristic of

)45),46) . By con-

sults when using the same monoclonal anti-
bodies™® . Matthews et al ascribed the conflict-
ing results to differences in the sensitivities of the
immunocytochemical techniques used®. In an at-
tempt to examine possible changes in keratin ex-
pression that may accompany the development of
OKC, one research group also indicated greater
expression of keratins 1/10/11, 13, and 16 by OKC
epithelium compared with the remnants of the
dental lamina from which these lesions are be-
lieved to arise™ . Confirmation of these possible
changes in keratin profiles associated with the
transition of odontogenic epithelial remnants to
their respective pathological lesions must await
quantitative immunocytochemical studies and
biochemical characterization of the keratins pre-

sent.

The strong reaction of OKC lining for keratin
16 | which has been associated with high
proliferative activity, is in accord with the known
high proliferative potential of these lesions. The
demonstration that keratin 13, a marker for dif-
ferentiating prickle cells of stratified squamous
epithelium, is expressed only by the superficial
and basal layers of OKC epithelium but is absent
in suprabasal cell layer®™ provides further evidence
to indicate an unique epithelial cell organization
within OKC epithelium.

VI. Other studies related to the growth of OKC
A. Enzyme histochemistry

Enzyme histochemical studies on odontogenic
cysts have provided somewhat varying results,
probably due to the different techniques used. In

90 and quantitative®™

general, both qualitative
studies have demonstrated that OKC epithelium

exhibits high levels of oxidative enzymes whereas
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linings of other cyst types show only weak activ-
ity. Thus high levels of oxidative enzymes were
found throughout the whole length of OKC epithe-
lium, with the basal cells®® or the basal cells plus
the granular layer®™ being particularly prominent.
The non-keratinizing cyst epithelia (radicular and
/or dentigerous cyst) showed uneven and consis-
tently weaker oxidative activities. Furthermore,
the in situ enzyme kinetic study of Mason & Mat-
thews™ demonstrated that OKC epithelial linings
contained a significantly higher level of G6PDH
and a lower level of LDH than radicular cyst lin-
ings. These findings suggest that the epithelial lin-
ings of OKC are metabolically more active, which
is consistent with their higher level of mitotic and
synthetic activity compared to other cyst types.
The higher level of LDH in radicular cyst epithe-
lium may reflect the anaerobic nature of these in-
flammatory lesions which may be associated with

extensive tissue necrosis®™.

B. Growth factors and EGF/TGF-« receptor
Growth factors are small polypeptides that pro-
mote cell proliferation and metabolism through
interaction with specific cell membrane-bound re-
ceptors and tend to act locally in a paracrine or
autocrine fashion™. Members of the EGF family
[e.g. epidermal growth factor (EGF) and trans-
forming growth factor - alpha (TGF-« )] and
their common (EGF

thought to have a role in modulating cell growth
t54>'55).

receptor receptor) are
and cell interaction during tooth developmen
In view of the developmental origin of OKC and
its possible pathogenic links to the cellular and
molecular events occurred during normal
odontogenesis, a series of studies has been under-
taken to characterize the immunocytochemical
location and differential expression of EGF,
TGF-a and EGF receptor in different types of
odontogenic cysts (Fig. 7)**. Quantification of
epithelial staining for EGF and TGF-a by meas-
uring absorbance readings using TV image analy-
sis showed that staining intensity of TGF-a« was
consistently higher than that of EGF (Fig. 7, 8).

Similar weak or negative EGF reactivity in

conjunction with consistent positive TGF- ¢ stain-
ing has been reported in various human normal
tissues®™ and tumors®. Thus, odontogenic cyst lin-
ings are similar to other tissues in that TGF- «
appears to be the major player in the potential
autocrine loop for stimulation of the EGF recep-
tor. Furthermore, in comparison to other cyst
types, a significantly higher level of coexpression
of TGF-a and EGF receptor was detected in OKC
epithelium (Fig. 7), suggesting that growth factor
and receptor interaction (via autocrine and/or
paracrine pathways) could contribute to the cell
proliferation and/or differentiation in this cyst
type. That such a relationship may exist was also

suggested by the significantly higher levels of TG
F- o« detected in Gorlin syndrome-OKC compared

Fig. 7 Staining of OKC lining epithelium for EGF
(a, x400), TGF-a (b, x300) and EGF receptor
(c, x300).
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Fig. 8 Histogram showing TGF-a and EGF absorbance
readings of the epithelial linings of odontogenic
cysts measured by TV image analysis.

with solitary OKC (Fig. 8), as it is known that
syndrome cysts exhibit higher mitotic®® and
Ki67* labelling indices.

C. Animal models and in vitro culture

The occurrence of odontogenic cysts in animals
1s rare and there is no convincing animal model
that could simulate human situations. Whilst at-
tempts to induce radicular cysts by exposing the
pulp cavity to the oral environment and causing
pulpal necrosis have provided some meaningful
models lesions in
man® % the lesions that have so far been formed

similar to the periapical

in animal experiments to simulate OKC have not
shown any convincing similarity to those occur-

%0 Transplantation of

ring naturally in man
pieces of human OKC walls into nude mice re-
sulted in epithelial proliferation, sometimes with
new cyst formation®. The typical histological fea-
tures of an OKC were retained only when it was
supported by its own fibrous tissue capsule, but
an altered morphology was observed in epithelium

overlying mouse connective tissue. These findings

suggest that epithelial-mesenchymal interactions
are essential for the growth and maintenance of
the characteristic OKC epithelium. Stenman et al
attempted to grow fresh tissue specimens from 3
OKCs, 3 dentigerous cysts and 3 ameloblastomas
in vitro®™. Although none of the dentigerous cysts
grew, all OKCs and ameloblastomas were cul-
tured successfully, leading them to conclude that
the behavior of the OKC is more like that of a neo-
plasm than that of a simple cyst. However, Hume
et al’s recent study found little difference in the
success rate of culturing epithelium from explants
of dentigerous cysts or OKCs™. The contradictory
results between these two studies could be related
to differences in culture conditions/techniques,
but it does indicate that further in vitro experi-
ments, i.e. analysis of growth with different cal-
cium levels and ability to grow with anchorage
independence, are required to establish any differ-
ences/similarities in the growth capacity between
epithelial cells of OKCs and that of other cyst/

tumor types.

VI. Concluding remarks

The classification of odontogenic cysts into two
main groups, developmental and inflammatory,
implies that lesions arise either from disturbances
of normal tooth development or from acquired
factors, such as the presence of inflammation.
Proliferation of the epithelial rests of Malassez
and formation of radicular cysts is known to be
initiated by mediators (e.g. IL-1) released during
local inflammatory and immune responses conse-
quent upon pulpal necrosis of the associated
tooth™. By contrast, little is known about mecha-
nisms underlying the initiation and growth of de-
velopmental cysts, in particular that of OKCs.
Their epithelial origin and pathogenesis remains
speculative. Whilst this review has mainly concen-
trated on various studies of the epithelial compo-
nents of OKC, the possible role of mesenchymal
influences requires further attention. Such recip-
rocal induction of dental mesenchyme is believed
to be crucial for normal odontogenesis and may
play an important role in the maintenance of
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epithelial expression in odontogenic cysts.

Our knowledge of the molecular basis with re-
spect to the development of OKCs is still rudimen-
tary. It is, therefore, crucial to identify genes and
/or their protein products that may have a role in
the pathogenesis of this clinically important le-
sion. Data accumulated so far appear to indicate
that the OKC is independent of mutations in the
p53 gene, although the level of p53 protein expres-
sion is heightened in its epithelium®*". The asso-
clation of OKC with the inherited, autosomal
dominant, Gorlin syndrome may imply patho-
genic links or similarities in developmental path-
ways between isolated and syndrome-associated
cases. Both the basal cell carcinoma and other tu-
mors from patients with Gorlin syndrome showed
loss of heterozygosity in the exact region to which
the Gorlin syndrome gene maps®, suggesting that
tumors are caused by loss of function of the puta-
tive suppressor gene on chromosome 9. However,
whether the abnormality of this gene has a part to
play in the development of OKC both in isolated
cases and in syndrome patients remains to be
clarified. The obvious questions are: 1). Does this
genetic disorder affect OKC lesions from syn-
drome and non-syndrome patients? 2). If so,
which tissue components (epithelial lining or fi-
brous capsule, or both) does it target?

Because of their origin within the jaws, major-
ity of odontogenic keratocysts are well estab-
lished at the time of their diagnosis. It is difficult,
therefore, to obtain information concerning the
early stages of their pathogenic processes using
human surgical material alone. As the suitable
animal model of OKC is currently lacking, further
efforts in this area would provide opportunities to
study in great detail the pathogenesis of early cyst
formation.
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