








EGI, TGFa and TGF/1 in odontogenic cysts

of EGF was also different from that of TGFa,
being predominantly suprabasal (fig 3).
Absorbance measurements for TGFa and

EGF expression in different cyst linings, deter-
mined by TV image analysis, are summarised
in fig 4, and confirm the subjective assess-
ments. The mean values for TGFa were
significantly higher than those for EGF
(p < 0.004) and TGFa absorbance readings
for all three subgroups of odontogenic kerato-
cyst were significantly higher than for dentiger-
ous cysts (p < 0.05). Radicular cysts showed
great variation in TGFa absorbance and were
only significantly different from the NBCCS
odontogenic keratocyst group (p < 0.02). This
may be partly because of the greater structural
variability of radicular cyst linings (for exam-
ple, intercellular spaces and areas of necrosis)
which will affect readings. There were no
significant differences in EGF absorbance
readings between different cyst types. Within
the odontogenic keratocyst group, the only sig-
nificant difference in TGFa absorbance read-
ings was between NBCCS-related lesions and
solitary cysts (p < 0.05).

EXPRESSION OF TGF3 IN ODONTOGENIC CYSTS
In contrast to TGFa and EGF expression in
odontogenic cysts, the most intense staining of
TGFf was found in the fibrous tissue capsules,
irrespective of cyst type, with the majority of
cyst linings exhibiting patchy weak reactivity
(fig 5). The epithelial staining appeared to be
intercellular and predominantly suprabasal.
Consistent strong TGFf staining was detected
in both cellular (fibroblasts, endothelial and
inflammatory cells) and intercellular (matrix,
intravascular spaces) components of the con-
nective tissue walls in all cyst types. In some
sections, a stronger intercellular reactivity was
found in the peripheral part of the tissue with
reactivity becoming relatively weaker towards
the centre.

Discussion
Our results on control tissues are consistent
with published studies using the same antibod-
ies on paraffin wax sections.1° 32-3 Further-
more, the peptide inhibition studies confirm
the specificity of the staining reactions ob-
tained with all three growth factor antibodies
on both control and odontogenic cyst speci-
mens.
The results show that epithelial linings of all

types of odontogenic cyst express TGFa,
although the intensity of staining varied
between cyst types, with odontogenic kerato-
cyst linings exhibiting more intense reactivity
than those of dentigerous and radicular cysts.
This is consistent with the higher levels of
EGF-R expression," and proliferating cell
nuclear antigen (PCNA) and Ki-67 labelling
indexes24 25 in odontogenic keratocyst epithe-
ium which suggest that these cysts have an
intrinsic growth potential not present in the
other types of odontogenic cysts. It has been
suggested that coexpression of TGFa and
EGF-R in neoplastic cells gives them a growth
advantage over normal cells as antibodies
directed against TGFa or EGF-R antisense

oligonucleotides have been shown to inhibit the
proliferation of several carcinoma cell lines.35.38
The strong TGFa reactivity coincident with
the high levels of EGF-R expression in
odontogenic keratocyst linings suggest that
TGFa may act as an autocrine growth factor to
stimulate cell proliferation or differentiation, or
both, in this cyst type. That such a relation may
exist is also suggested by the significantly
higher levels of TGFa detected in NBCCS-
odontogenic keratocysts compared with soli-
tary odontogenic keratocysts as it is known that
syndrome-related cysts exhibit higher mitotic
and Ki-67 labelling indexes.25 39
Our previous studies have shown that denti-

gerous cyst linings exhibit a high level of
EGF-R expression and that their staining
intensity is similar to that of the odontogenic
keratocyst."3 However, TGFa staining in denti-
gerous cyst linings was patchy and weak and its
absorbance was significantly lower than that of
odontogenic keratocysts (p < 0.05). This dif-
ferential expression of TGFt and its receptor
EGF-R by dentigerous cyst linings may
indicate that paracrine mechanisms of growth
factor control are a more important feature in
this type of developmental cyst. It is interesting
to speculate that this may be directly or
indirectly associated with the apparent indo-
lence of the epithelial linings of this cyst type,
which have significantly lower PCNA and
Ki-67 labelling indexes.'4

In all cyst types, foci of inflammation in the
fibrous capsule were associated with areas of
strong stromal TGFa reactivity (fibroblasts,
inflammatory and endothelial cells) with no
apparent difference in the reactivity of the
overlying cyst lining. Interestingly, previous
studies have shown an inverse relation between
the presence of inflammation and the staining
intensity of adjacent overlying epithelium for
EGF-R." Such differences may reflect
epithelial-mesenchymal interactions and
growth factor/receptor modulation. It is be-
lieved that such processes play an important
role in modulating cell growth and cell interac-
tion during normal odontogenesis as differen-
tial expression of EGF-R and TGFa has been
shown to relate to the stages of tooth develop-
ment in both dental epithelium and dental
mesenchyme." 14 40
EGF immunoreactivity in the epithelial

linings of odontogenic cysts was patchy and
weaker than that for TGFa, with no detectable
differences in staining intensity between cyst
types. This difference in reactivity was also a
feature ofthe staining results on control tissues.
Similar weak or negative EGF reactivity in
conjunction with consistent positive TGFa
staining has been reported in various normal
tissues 4 and tumours,4' including odon-
togenic tumours and oral squamous cell
carcinoma.'3 32 Thus, odontogenic cyst linings
are similar to other tissues in that TGFu seems
to be the key factor in the potential autocrine
loop for stimulation of EGF-R. However, it is
important to realise that differences in staining
intensity obtained with two different antibod-
ies, for the same or different antigens, do not
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necessarily equate with true quantitative differ-
ences in amount of antigen within the section.
Many immunocytochemical studies of

TGFI1 have relied on two rabbit polyclonal
antibodies (anti-CC and anti-LC) directed
against unconjugated peptides corresponding
to the N-terminal 30 amino acids of
TGFPI1.3 44 The antibodies recognise different
epitopes: anti-CC shows predominantly extra-
cellular (mesenchymal) and anti-LC predomi-
nantly intracellular (epithelial) reactivity. The
close correlation of intracellular staining using
anti-LC with in situ localisation of TGFO1
mRNA suggests that anti-LC recognises
TGF3 1 at sites of synthesis (latent or precursor
form of TGFf1) whereas anti-CC may detect
the active form of TGFOi1 which is bound to
extracellular matrix proteins.4" 44 In this study,
the pattern of monoclonal antibody TB2 1
staining resembles that of anti-CC, mainly
showing extracellular and mesenchymal reac-
tivity on both control and odontogenic cyst
specimens. Although the isotype specificity of
TB2 1 is not known, its ability to neutralise the
action of TGF,B1 on the growth of various tar-
get cells in vitro suggests that it reacts with the
active form of TGF1.29 Therefore, our results
may indicate the ubiquitous presence of the
active form of TGFI3 in the fibrous tissue cap-
sules of all odontogenic cyst types. However, it
is not possible to know whether this is because
of locally produced or systemically derived
peptide or a combination of both. Further
studies are required using isotype specific
reagents (antibodies and oligonucleotides/
riboprobes) to characterise the TGF,B detected
and assess the role of active local synthesis.

In conclusion, our results show the presence
and differential expression of TGFa and EGF
in the epithelial linings of odontogenic cysts.
Taken together with our previous data on
EGF-R expression,23 these results suggest that
members of the EGF family (via autocrine or
paracrine, or both, pathways) are important
and play a differential role in the initiation and
growth of odontogenic cysts.
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