IMMUNOHISTOCHEMICAL DETERMINATION OF
TUMOR-ASSOCIATED ANTIGENS IN
AMELOBLASTOMA AND ODONTOGENIC CYSTS

B.K.H. Moghadam'., L Yazdiz., B. Barkcr3., C. Cob’ and C. G. Cumming5

(1) Department of Diagnostic Sciences, Schaol of Dentistry, University of Misscur - Kansas City, USA (2) Department of Oral
Pathology. School of Dentat Medicine, Tehran University of Medical Sciences, Tehran, Iran (3) Department of oral pathology
University of Misseur - Kansas City, USA (4) Department of Oral Biology and Periadantics, University of Misseur - Kansas City
USA (5) Department of Diagnostic Sciences, University of Misseur - Kansas city, USA

Abstract —  Transforming growth factor alpha (TGF.a),
parathyroid hormone-like proteins (PTHLP} and oncogene p53
preteins have all been demonstrated in a variety of human
fumors amld have been implicated as causes of tumor eell
agpressiveness. The present study determined the existence of
these peptides  and  their immunohistochemical profiles in
ameloblustomas. Odontogenic keratocysts and dentigerous cysts
were included for comparison. Formalin fived paraffin embedded
sections of 22 ameloblustom as, 18 odontogenic keratocysts and
17 dentigerous cysts were examined immunohistockemically.
Results showed that 14/22 ameloblastomas demonstrated a very
strong positive staining for TGF-« in apprexmately 95% of the
ameloblasts.  Staining  intensity in the remainder of the
ameloblastomas was moderate in 2/22, weak in 1/22 samples and
was focal in distribution in 5/22 sections. Immunoreactivity Jor
PTHLP was demonstrated in 20/22 ameloblastomas with variable
levels of staining intensity ranging from very srong in 922, to
moderate in 5/22 and weak in 3/22 specimens. The most intense
staining for both antigens was demonstrated at the peripheral
margins of invading tuwmor cells. The staining intensity in the
majority of odontogenic cysts was weak or absent. Occasional
Jfecal staining with approximately 5% cell positivity and variable
staining intensity was found in some specimens. Positive
immunoreactivity for p53 oncogene was not demonstrated in any
odontogenic lesion types examined in this study. In conclusion,
the apparent in situ immunolocalization of TGF-a and PTHLP
in ameloblast tumor cells indicates that these peptides were
produced locally in ameloblastomas. Secondly, their expression
were independent of ameloblastoma sub-types and were not
altered by fixation methods used to process the formalin fixed
puraffin embedded sections. Finally, the original assumptions
that ameloblastomas are henign but locally aggressive turors was
supported in this study by showing that these tumors lack p53
oncogene proteins which are indicative of potential malignancies.
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INTRODUCTION

Ameloblasioma is a benign, locally invasive odonto-
genic neoplasm with several morphological variants (1,2).
The origin and the exact molecular mechanisms involved
i the pathogenesis of the tumor remains unclear. One
theory is that the neoplasm may originate from
immature epithelial cells of a growing enamel Organ
which fails to develop into terminally differentiated

ameloblasts (1,2). Other speculated sources of origin
include remnants of the enamel organ, the epithelium
lining of an odontogenic cyst, and the epithelium of the
fetal oral mucosa (2). ‘

Studies on the pattern of normal tooth morpho-
genesis have shown that some growth promoting agents
such as transforming growth factor alpha (TFG-x) are
required for the initial development and completion of
tooth buds in vitro (3). TGF« is a member of a growih
factor family which is synthesized by embryonic cells (4).
TGF-« synthesis is vpregulated in many human solid
tumors (4} including oral squamous cell carcinoma
(SCC) (4-8). TGF= is also over produced in sites of
acute and chronic inflammation and in cutaneous wound
healing (9).

Other factors such as parathyroid hormone-like
proteins (PTHLP) (10-14) and activation of p53 (15,16)
cncogenes may also alter the process of normal cell
growth and development, and may play an important
role in the initiation and promotion of tumor cells.

PTHLP is a protein with potent parathyroid
hormone-like bioactivity found in many fetal and adult
tissues and is produced by both normal and malignant
keratinocytes (10-14). A higher level of PTHLP is
expressed by a wide range of squamous cells carcinomas
including oral SCC (11,14). Increased expression of p53
proteins has been demonstrated in oral SCC (15,16) and
in some ocdontogenic keralocysts with a recurrent
teadency (17).

In addition to their effects on tumor cell prolifera-
tion, TGF-a (4,18) and PTHLP (10-12,14) possess a
potent osteolytic capabilities causing bone metastasis and
hypercalcemia in many malignancies. Ameloblastomas
and odontogenic cysts both are harbored within the bone
and grow by inducing resorption and erosion in invalved
bone tissues. This homing property of odontogenic
fesions requires an active production and elaboration of
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a variety of growth stmulating factors and
boneresorbing agents. TGF-x and PTHLP synthesis is
fairly common in solid tumors (4,14) and is especially
increased in ectodermally derived tumors (4,14).

The purpose of the present study was to determine
whether or not these proteins were produced locally by
ameloblastomas or odontogenic cysts. The endogenous
production and the precise cellular focalization of these
proteins and of p53 was determined immunchisto-
chemically in paraffin-embedded sections obtained from
these lesions.

MATERIALS AND METHOD

Five micron sequential sections from twenty-two
ameloblastomas, eighteen odontogenic keratocysts, and
seventeen dentigerous cysts were examined immuno-
histochemically. Ameloblastoma samples included were
representative of all ameloblastoma subtypes with
variable sizes. They were from both maxillary and
mandibular regions of different patient age and sex
groups, odontogenic cysts also had variable representives
regarding their sizes, involvement sites and patient
sources.

The following three primary monoclonal antibodies
- were used in this study: anti-TGF-« (Ab-2), anti-PTHLP
(Ab-1), and anti-p53 oncogenes (Ab-6). Antibodies were
‘obtained from Oncogene Science Inc. (Cambridge,

Massachusetts, USA). Each section was deparaffinized -

by heating for 24 hours at 56°C and subsequently
immersing in xylenes and graded alcohol changes two
times each at 10 minute intervals. The deparaffinized
sections were then sequentially treated first with 0.1%
hydrogen peroxide to suppress endogenous peroxidase
activity, next with 0.05% Saponin {Sigma), and finaily
with a protein blocking agent (10% normal goat serumy}
to reduce nonspecific background stainirig. Incubation
period for each layer was twenty minutes.

The initial step of immunohistochemical staining
involved incubation of sections with 1:10 dilution of each
primary monoclonal antibody overnight in a humidified
chamber. The next step invovied incubation of sections
first with multilink biotinylated secondary antibodies and
then with peroxidase conjugated streptavidin lable (Bio
Genex Supersensitive Multilink Kit, San Ramon,
California, USA) for twenty minutes each. Between each
step sections were washed in two changes of
phosphate-buffered saline (PBS; PH 7.2) for five
minutes. Staining was accomplished by incubating the
sections with AEC chromogen for five to ten minutes.
Following a five-minute washing in distilled water, the
sections were counlerstained with hematoxylin and
mounted for microscopic examination.

Controls

Parallel control sections were processed with each
batch of tissues. Sections of normal skin served as
positive tissue control for expression of TGF-a (4-8) and
PTHLP (11,14) and oral SCC used for expression of
P33 (15,16). The nuclear binding of p53 proteins in oral
SCC sections also served as a control for specific
cytoplasmic staining of TGF« and PTHLP. Negative
controls were non- immune sera and PBS in place of
primary antibodies.

The intensity of the staining was assessed by using a
semiquantitative scoring in each exampie. no staining (-},
weak staining (+), moderate staining (+2), and highly
strong staining (+3). Cell counts perforrned using an
eyepiece graticle (x 10 occular and x 40 objective) in five
randomly selected views in each section.

RESULTS
Immunoreactivity of TGF-« and PTHLP

Positive cytoplasmic  staining for TGF-« was
demonstrated in individual ameloblast tumor cells in all
(n=22) ameloblastoma subtypes examined in this study
(Table 1). Immunoreactivity in 14 ameloblastomas was
very strong (+3) and was demonstrated in approximately
95% of ameloblasts distributed throughout the tumor
section. The staining intensity was particularly strong
{+3) at the peripheral margins of the invading strands of
tumor cells (Fig. 1). Ameloblasts in one sample with a
prominent squamous pattern of growth had strong (+3)
positive reaction for TGF-a (Fig. 2). Moderate staining
intensity (+2) was detected in 2 ameloblastomas and
weak staining intensity (+) in one specimen. The
staining distribution in five ameloblastomas was patchy
with a variable staining intensity ranging from strong to
very weak reaction in a given section.

Immunoreactivity for PTHLP was demonstrated in
the cytoplasm of amelobalsts in 20/22 ameloblastomas
examined in this study. The diffuse cytoplasmic staining
for PTHLF (Fig 3, Fig. 4) was detected in
approximately 95% of the ameloblasts of the follicular
and columnar types of ameloblastomas, in most nests of
acanthomatous types and in ameloblasts of mural
ameloblastomas. Nine ameloblastomas stained wvery
strongly (+3), 5 samples demonstrated a moderate level
of staining intensity (-++2) and 3 ameloblastomas bad a
weak staining inensity (+). The staining pattern in three
ameloblastomas was patchy in distribution with some
strong and weak staining of approximately 30% - 50%
ameloblasts distributed across the specimens. Two
samples did not stain.

The staining intensity and distribution of TGF-e and
PTHLP in odontogenic epithelium of dentigerous cysts
and odontogenic keratocytes is summarized in Table 2.
In the majority of these lesions, the odontogenic
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epithelium demonstrated a weak staining for TGF~ and  with approximately 5% of the positive cells and a
PTHLP. Some scctions had occasional patchy staining  variable staining intensity ranging from (+) to (+3).

Table 1. Distribulion and staining intensity of TGF-¢¢, PTHLP and p53 in ameloblastomas (101a] n=22

Number of samples stained Staining intensity Distribution/Positive Cells
TGF-« 14 (+++) Approximately 95%
2 (++) Approximately 95%
N varable (+){+++) Patchy (20-30%)
1 (+) 1005
PTHLP 9 (+++) Approximately 95%
5 (++) Approximately 65%
3 varable (+++),(+) Pachy (30-50%2)
3 (+) 100%
2 didn’t stain
P53 none
Table 2. Distribution and staining intensity of TGF-, PTHLP and p53 in dentigerous and odontogenic
Dentigerous Cysts (Total n=19) Qdontogenic Keratocytes (Total n=18)
Number of samples/staining inteasity and distribution Number of samples/staining intensity and distribution
TGF« 2 {+) (all®) 3 (++)(+++) patchy
13 (+) patchy*" 6 (++) patchy
8 (+) patchy
2 () (an 1 () (al)
PTHLP 4 {+) patchy 2 {+} {all)
13 (4 (I 7 () (al))
p53 None None

* all : represents 1009 of 1he odontogenic epithelial cells
** patchy : represents approximately 5% of the odontogenic epithelial cells

Fig. 1. Ameloblasts at the tumor periphery are strongly positive for TGF-alpha (x 400)
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Fig. 2. Ameloblastoma with squamous pattern of differentiation are positive for TGF-alpha (x 400)

Fig. 3. Immunohistochemical staining of PTHLP at the peripheral margin of an invading island of tumor cells {x 200}



Acta Medica Iranica, Vol 35, Nos 1 & 2 (1997)

Fig. 4. Intense PTHLP reactivity in ameloblasts focated at the border of the tumor (x 200)

Immunoreactivity of p53

Expression of p53 oncogenes was not demonstrated
in any section of odontogenic lesions examined in this
study but was strongly expressed in all oral SCC sammples
examined. {positive control).

Control Sections

The staining pattern of positive tissue controls
treated with anti-p53 antibodies were precisely nuclear
and were detected in all ten samples of oral SCC (s)
examined. These sections had a variable number of p53
positive cells distributed throughout the tumor specimen.
This particular nuclear staining also served as a control
for specific cytoplasmic binding of TGF-« and PTHLP.

The staining intensity of TGF-« and PTHLP in
normal skin taken from the palm of the hand (positive
control for expression of TGF-« and PTHLP) was
moderate  (+2). The cytoplasmic staining was
demonstrated in all cutaneous keratinocytes throughout
the specimen. Staining was not demonstrated in any
negative control sections treated with non-immune sera
or with PBS in place of primary antibodies.

DISCUSSION

Under normal condition, the process of histogenesis
and morphogenesis of tooth buds follows a complex
pattern of histodifferentiation accomplished in several

steps (19). This process in influoenced by some distinct
molecular  events (19) of which many remain
undetermined to date. Some principle participating
factors include induction of genetic information (19),
epithelial-mesenchymal interactions (19), and the effects
of growth promoting agents such as TGF-x (3,4). These
peptides have been shown to participate in the
regulation of odontogenic cell morphology and
differentiation. In addition, TGF-a has a growth
promoting effect on human solid tumors (4,8) and
causes locat bone resorption thus facilitating penetration
of tumor cells {4,9).

Results of the present study with TGF-« indicate
that the peptide is present in the majority of ameloblasts
in all ameloblastoma subtypes examined. Specially, the
more peripheral ameloblasts stained more strongly (Fig.
1). The wide-spread presence of TGF-« in
ameloblastomas suggests that this peptide is synthesized
endogenously by tumor cells and may contribute to the
proliferation of ameloblasts within an established lesion.
Moreover, TGF-a may initially stimulate the formation
of an early ameloblastoma because it is actively involved
in the development of the enamel organ (3,4). Under
certain abnormal conditions, the TGF-« alone or in
conjunction with other agents can alter the normai
process of odontogenesis and stimulate the formation of
more aggressive ameloblasts  reflective of an
ameloblastoma (4,20).

In this study, the majority of ameloblasts in many
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ameloblastoma samples examined reacted positively for
PTHLP cxpression, indicating that the peptide is
produced in this odontogenic neoplasm (Fig. 3,4). Since
PTHLP has the ability to stimulate the growth capacity
of many tumors (10,14}, it is likely that the peptide may
also  serve 1o modulate  the proliferation of
ameloblastoma tumeor cells. In addition, the potent bone
resorbing effects of PTHLP (10-14) can centribute to
local bone erosion allowing the ameloblastoma tumor
cells to invade aggressively within the surrounding bone.

The jower level of TGF-« and PTHLP detected in
some odontagenic cysts does not exclude a possible role
of these peptide in development of odontogenic cysts.

Amelablasts in all of the ameloblastoma smaples
reacted negatively for expression of p53 oncogene
proteins. Since the over-expression of pS3 proteins have
been found principally in malignant wmors (15,16), their
absence in ameloblastomas support the original concept
that the ameloblastoma is essentially a  benign
odontogenic tumor with a locally invasive pattern (1,2).

The immunoreactivity of p53 was also absent in all
odontogenic cysts examined in this study. These results
are different from those reported in a recent study (17)
showing that 5/12 odontogenic keratocysls were pS3
positive. This study, however, reported that among
different keratacysts removed from the same patient,
some Cysts were p53 positive and some were p53
negative  indicating that keratocyts could behave
differently.

In conclusion, ameloblastomas share some general
characteristics of other human solid tuwmors and
commonly synthesizc TGF-« and PTHLP which may
contribute to their aggressive growth behavior, Secondly,
the immunohistochemical expression of these bioactive
peptides is not a reflection of ameloblastoma subtypes or
other variables such as patient age, sex and the
involvement  site.  Finally, the absence of p53
immunoreactivity in current study indicate that the
aggressive  clinical behavior of ameloblastomas s
unrelated 1o the activation of oncogene proteins. Further
investigations at the molecular levels are required to
evaluate the immediate contribution of TGF-« and
PTHLP to the growth and development of
ameloblastomas  and  odontogenic  cysts.  Such
investigations may help to better predict the behavior of
some recurrent odontogenic lesions and may lead to
some therapeutic applications in addition to the surgical
exisions.
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