IEHARENEE R BT
MERMZERIR : EIERT
MERRREF

IEH 2 RlE B 09 i R A B 2% 7 3 Rl 5 A M
B RS A B Rl R B BT BB R 2 $54E -
i — e AR E P 3 (amelogenin) HY
FHET o ERhRERE A 2R B Y R 1 B
EOBENEBEEBE R KL L2 —K
B o T e R B T A VR A R A i B A A
JERE FeliF BRI iR LA E U TR
12 o fEIEW FRBERBCaTET - FRBEIBEER
HENE P TR (PMCA) - %553 (calbindin)
A 38 i R A L B 43 W TSI P Bt A G R R B -
ELAE 25 R8BI B 2G $5 L IR > A Z Wi B
BE o SR o kel A R S AN B R B
LB o Ry 1 — 25 06 e 3o il T R0 17 20 R R R
H T 15E B 75 b 3t A5 A 3 67 4% i B 12 o Ay 22
B ARWHFCHIH R A AL Bk o AR {1 R A
H g B s B > 2% B A TR I 1] By e 328 2 el M
A A RBE T RR ~ AR S Bl T B R B S
FIVZEHL - FIIF] von Kossa YJFrgeth > AR
Fir A5 35 il A e o8 1A S5 8 1 B RO B 5 o TR 3R
M A A T 45 H 325 el 0T YR 988 19 3 A B e B PR (DU
& Al A [E] A 43 9 i HA RS B 0 S Rl REATT L - FRATMTAY
ift 7% S i el T e 98 o T L 90 BB T R 5 1 Y
B HRENREHS -

bEnpEs
Brermt

ISSN 1560-1587

FRE(C' =ZMfE? Z|RE® Pinkney

H. Gilchrist* Baldev Singh*

James L. Borke *

1 BTARZAYREER

2 SRR e B b (AR
5T

3 EIEEEANE RS TEER

4 Department of Oral Biology and Maxillofacial
Patholoay, Medical College of Georgia, Auqusta,
Georgia, USA.

RS « TRERAE, SR, SRT

B4& A% : Dr. James L. Borke

B : Medical College of Georgia,
School of Dentistry Augusta,
Georgia 30912-1129, USA

BB : (706) 721-2032

BH: (706) 721-6252

ZXHH  REA+HELRE—B
BEZTE - REATOFABR+—H

85



86

Taiwan J Oral Med Health Sci 2005; 21:85-94
Printed in Taiwan, All rights reserved

Calcium Transport Protein and Amelogenin Expres-
sion in Ameloblastoma: Relationship to Normal
Amelogenesis

Jung-Ren Chen!, Shun-Te Huang?, Yueh Huang?, Pinkney H. Gilchrist*, Baldev Singh*,
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! Department of Biological Science and Technology, I-Shou University, Kaohsiung,
Taiwan

? Graduate Institute of Oral Health Science, College of Dental Medicine,
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The progressive maturation of the ameloblast epithelium, formation of enamel matrix, and the
mineralization of that matrix characterize normal amelogenesis. This process is regulated, in part,
by the amelogenins. The expression by ameloblasts of amelogenin proteins as well as calcium
transport proteins parallels matrix formation and mineralization. Odontogenic tumors reproduce, to
varying degrees, the morphological and inductive relationships found among various parts of normal
tooth germ. In normal amelogenesis, amelogenin, plasma membrane Ca**-pump (PMCA ), and
calbindin-28KDa ( calbindin ) proteins are minimally expressed in presecretory ameloblasts, but
progressively increase in expression later as the enamel matrix forms and begins to mineralize.
Ameloblastomas, however, do not form matrix or mineralize. In the present study, we demonstrate
by immunohistochemistry, that amelogenin, PMCA and calbindin proteins are all expressed in the
ameloblast-like palisading peripheral epithelial cells of ten cases of ameloblastoma. In serial sections
processed by the von Kossa technique, we also found diffuse calcium in all tumors studied. Our

study suggests that ameloblastomas recapitulate a stage of differentiation beyond the presecretory
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stage and that the mechanisms of extracellular matrix formation and mineralization associated with

normal amelogenesis may be uncoupled in ameloblastomas.
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Introduction

In normal oral epithelium, ameloblasts are
largely responsible for the formation of enamel.
In this process, ameloblasts lay down an enamel
matrix followed by mineralization of the ma-
trix through the massive influx of large quanti-
ties of calcium and phosphate.

The formation of enamel occurs in stages
with changes in both protein composition and
mineral content occurring at each stage ‘1.
The amelogenins represent over 90% of the
enamel extracellular matrix proteins. Extracel-
lular proteolytic processing of amelogenins has
been shown to be associated with the change
in protein composition of the matrix observed
at each stage ‘*. Amelogenins are proteins of
22-30 KDa that have a composition rich in
proline, glutamine and histidine residues *’.
They are the primary constituent of the enamel
matrix, and are presumed to play a major role
in mineralization and the overall structural or-
ganization of enamel®. In the mineralization
process, amelogenins are believed to regulate
the size and morphology of the developing
enamel crystals ). The presence of
amelogenin mRNA and protein has been dem-
onstrated in presecretory ameloblasts of the rat
incisor, but increased amelogenin expression
parallels enamel formation and increases greatly
in abundance during the later stages of enamel
formation ).

In addition to the control of matrix forma-
tion and mineralization exerted by amelogenin,

the control of the mineralization process in-

volves the regulated transport of calcium ions
across the ameloblast epithelial cell layer .
The mechanism responsible for regulated cal-
cium movement into the enamel matrix may
involve two calcium transport proteins, the
plasma membrane Ca**-pump (PMCA ) and
vitamin D-dependent calbindin-28kDa
(calbindin), both of which are expressed by
normal ameloblasts. PMCA and calbindin are
expressed in ameloblasts at the onset of
mineralization, and are known to transport large
amounts of calcium in other tissues”’. While
both PMCA and calbindin are expressed in
many cell types, in the enamel organ, calbindin
is expressed exclusively by ameloblasts ®,

Ameloblastomas are benign soft tumors
displaying characteristics of the primitive enamel
organ‘®). Ameloblastomas differ from amelo-
blasts in that they are unable to form enamel
matrix, and they do not mineralize ('*!'"), In
our study, we use immunohistochemistry to
determine if the expression of amelogenin,
PMCA and calbindin in ameloblastomas mim-
ics their expression in the presecretory or ma-
turing enamel organ.
Materials and Methods

Ten odontogenic conventional (solid)
ameloblastoma specimens were selected from
paraffin embedded specimens in the tissue ar-
chives of the Oral Biology and Maxillofacial
Pathology Department at the Medical College
of Georgia. Sagittal sections of normal rat man-
dibles showing the progression of enamel for-

mation and the stages of differentiation of



ameloblasts were also processed along with
the ameloblastoma tissues for comparison of
stages and as a positive control for immunohis-
tochemical and von Kossa staining. Tissue
blocks were sectioned (5 g m) and stained
for immunohistochemistry using the avidin-bi-
otin-peroxidase technique of Hsu et al ('?),
Briefly, tissue sections on glass slides were
deparaffinized in limonene and rehydrated
through a graded series of ethanol to water.
Sections were covered with a 3% hydrogen
peroxide solution to quench endogenous per-
oxidase activity followed by a 10 mg/ml solu-
tion of bovine serum albumin in phosphate buff-
ered saline (PBS) to block non-specific in-
teraction of the antibodies with tissue proteins.
Monoclonal antibody SF10 specific for multiple
isoforms of the plasma membrane Ca*™-pump
(PMCA ) at a dilution of 1:750 and mono-
clonal antibody CL300 specific for calbindin-
28kDa at a dilution of 1:1000 were used to
detect the calcium transport proteins 13,
Polyclonal anti-amelogenin antibody prepared
against the full-length recombinant M179
mouse amelogenin and which cross-reacts with
all known amelogenin isoforms, was used at a
dilution of 1:750 to detect amelogenin protein
expression. The binding of the specific anti-
bodies was detected by incubating the sections
with biotinylated horse anti-mouse Ig second-
ary antibody (for PMCA and calbindin ) or
biotinylated goat anti-rabbit Ig secondary anti-
body (for amelogenin). After washing in

PBS, the sections were incubated in an avidin-
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biotin-peroxidase complex solution. The pro-
teins were visualized as a brown precipitate
over the sites of peroxidase-conjugated anti-
body binding when exposed to diaminobenzidine
tetrahydrochloride in the presence of H202.

Rat mandibles and ameloblastomas were
also processed for calcium localization by the
von Kossa technique''*’. With this technique,
tissue sections are exposed to sunlight in the
presence of 1% silver nitrate. The calcium
salts precipitate with the silver nitrate to form
a brown-black reaction product, which is fixed
in sodium thiosulfate and visualized on the
sections.

Antibodies prepared against PMCA
(5F10) and calbindin (CL300) were ob-
tained from Sigma, St. Louis, MO. Antibody
M179 specific for amelogenin was a gift from
Dr. Alan Fincham at USC in Los Angeles. Re-
agents for the avidin-biotin-peroxidase proce-
dure were obtained from Vector Inc.,
Burlingame, CA. All other reagents were ob-
tained from Sigma, and were of the highest
quality available.

Results

Longitudinal sections of normal rat man-
dibles were examined for the presence of
PMCA, calbindin, amelogenin, and calcium for
comparison to 10 cases of conventional ( solid )
ameloblastoma.

Figure 1A shows the progressive expres-
sion (++ to ++++) of PMCA in the plasma
membranes of the secretory ameloblasts of rat

incisor enamel organ by immunohistochemistry.
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Figure 2A shows similar positive immunohis-
tochemical localization of calbindin (++++)
in the secretory ameloblasts of the rat incisor
enamel organ, but in the cytoplasm of these
cells. Figure 3A also shows progressive ex-
pression (++) of amelogenin in the enamel
matrix and ameloblast cells of rat incisor enamel
organ beginning beyond the presecretory stage.

Localization of calcium deposition was
also studied in normal rat mandibles using the

von Kossa technique ('* >, Enamel and

dentin in the rat mandibles were both found to
stain intensely with the von Kossa technique.
Figure 4A shows the localization of calcium
( black-brown ) in the rat mandible after stain-
ing by the von Kossa technique. This figure
shows positive ++++ histochemical localization
of calcium in secretory ameloblasts, the site of
forming enamel and in dentin.

In all ameloblastoma tumors examined,
both stellate reticulum-like cells and rounded

columnar cells show positive immunoreactivity

Fig 1A.Section of rat mandible showing the onset of

expression and the progressive immunohis-
tochemical localization of PMCA in the secre-

tory ameloblasts of the rat incisor enamel organ.
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Fig 2A.Section of rat mandible showing immunohis-

tochemical localization of calbindin in the secre-

tory ameloblasts of the rat incisor enamel organ.

Fig 3A.Section of rat mandible showing expression of
amelogenin in the enamel matrix and ameloblast

cells of the rat incisor enamel organ.
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Fig 4A Section of rat mandible showing secretory amelo-

4A ameloblasts

blasts and odontoblasts of the rat mandible af-
ter staining by the von Kossa technique. Cal-
cium localization appears as a black-brown

precipitate.



with specific antibodies to all PMCA, calbindin,
and amelogenin proteins. For these tumor
sections, staining intensity ranged from ++ to
++++. Figure 1B shows positive (++++) im-
munohistochemical staining for PMCA in a
representative section of an ameloblastoma
suggesting differentiation beyond the
presecretory stage in which PMCA protein is
not expressed (!>, Figure 2B also shows posi-
tive immunohistochemical staining for calbindin

(+++)in a representative section of an amelo-

blastoma also suggestive of differentiation be-
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yond the presecretory stage.
The presence of two Ca** transport
PMCA and calbindin in

ameloblastomas, although present in a wide

proteins,

range of tissues, is significant because these
proteins are found together in normal amelo-
blasts and other Ca** transport tissues in large
abundance, and yet ameloblastomas also do not
mineralize.

Figure 3B shows positive (++) immu-

noreactivity with an antibody to amelogenin in

a representative section of ameloblastoma also

Fig lB.Hlstologlcal section of a representative amelo-
blastoma showing positive immunohistochemi-
cal localization of PMCA, suggestive of enamel

organ differentiation beyond the presecretory

Fig 3B. Histological section of a representative amelo-
blastoma showing positive immunoreactivity
for amelogenin and suggesting ameloblast-like

differentiation beyond the presecretory stage.

Fig 2B.Histological section of a representative amelo-

blastoma showing positive immunohistochemi-
cal localization of calbindin, suggestive of enamel
organ differentiation beyond the presecretory

stage.

Fig 4B.Representative section of an ameloblastoma
stained by the von Kossa technique and show-

ing weak staining for calcium.
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suggesting differentiation beyond the
presecretory stage. Localization of amelogenin,
a major protein in the enamel matrix is inter-
esting because ameoblastomas also do not pro-
duce an extracellular matrix .

Figure 4B is a representative section of
an ameloblastoma stained for Ca** using the
von Kossa technique. The diffuse positive
staining suggests that despite the presence of
Ca**, mineralization of this tumor has not
occurred.

Discussion

The continuously erupting rat incisor rep-
resents a unique model for the study of
amelogenesis. Sectioning of the rat mandible
in the sagittal plane yields specimens for his-
tology and immunohistochemistry demonstrat-
ing presecretory, secretory, transitional and
maturation ameloblasts in a single section. In
our previous work, we have used this model to
place in a temporal relationship the onset of
expression of the calcium transport proteins
( calbindin and PMCA ), the formation of enamel
extracellular matrix, and the mineralization of
that matrix, all of which increase greatly after
the presecretory phase of amelogenesis. In
our present study, we have used this model to
compare the characteristics of the ameloblasts
during normal amelogenesis with the amelo-
blast-like characteristics manifest in human
ameloblastomas.

Amelogenins are the major proteins in the
enamel extracellular matrix. These consist of

a heterogeneous group of alternatively spliced

forms derived from multiple exons ('). The
complexity of the matrix is increased by the
presence of other proteins in low abundance
and multiple degredative pathways increasing
still further the heterogeneity. Amelogenin
processing, and interaction of the various
amelogenin products with the immediately sur-
rounding mineral environment are key to the
regulation of formation of the large apatite crys-
tals of the enamel ®). Recent studies by
Snead et al. (1992 ) suggest that amelo-
blastoma cells contain antisense mRNA, pre-
sumably transcribed from the opposite strand
of an amelogenin gene. Antisense RNA has
the ability to bind to the sense strand of the
mRNA preventing it from being translated to
protein. This may account for the inability of
these tumors to produce matrix. In our study,
however, we show that amelogenin-specific
antibody binds to the cytoplasm of the palisad-
ing epithelial cells of the ameloblastomas as well
as to the cytoplasm of normal ameloblasts in
the rat mandible. This suggests that some
matrix protein may be formed but that it can-
not be processed or released appropriately to
promote mineralization.

To remain viable, Ca** transport tissues
such as the ameloblast epithelium must main-
tain an intracellular Ca** concentration of ~
10M while moving large amounts of Ca**
across the cell’®’. This is accomplished through
the action of calcium binding proteins such as
calbindin, which may act as Ca** shuttles to

transport Ca** across the cytoplasm. Also



necessary in these tissues are Ca** efflux
mechanisms capable of moving the Ca** out of
the cell against steep concentration and elec-
trical gradients in a vectorial manner. In the
ameloblast, this may be accomplished at least
in part through the actions of PMCA.

In the odontogenic epithelium of rats and
humans, calbindin is localized exclusively in
ameloblasts of the enamel organ‘®. PMCA is
also present at high levels in these cells (!*,
The onset of expression of these proteins in
the rat incisor enamel organ corresponds to the
transition between presecretory and secretory
ameloblasts, the first detection of matrix
formation, and the onset of mineralization‘'*’.
Both of calbindin and PMCA were detected in
the ten ameloblastoma tissues examined.

The von Kossa technique is used for the
localization of calcium in tissue sections. Depo-
sition of a brown-black precipitate after using
this procedure localizes the distribution of cal-
cium in a manner roughly proportional to the
amount of calcium present. Our rat mandible
sections showed high concentrations of pre-
cipitate in areas of bone, dentin, and enamel.
We also found diffuse precipitate deposition
corresponding to calcium localization in and
around the ameloblastoma tumors in all cases
examined. Negative control sections did not
show this deposition. Concentration of cal-
cium in the microenvironment near the miner-
alization front of normal enamel is a necessary
prelude to mineral deposition and crystal for-

mation ‘®. Our observation of calcium trans-
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port proteins and diffuse calcium distribution
surrounding ameloblastoma cells suggests that
ameloblastomas retain the mechanisms neces-
sary for the delivery of calcium. Our study
also suggests that the delivered calcium finds
either no matrix or an unsuitable matrix on
which to form crystals.

Taken together, our studies suggest that
the calcium transport mechanism may be suf-
ficiently developed in palisading epithelial cells
in ameloblastoma tumors to deliver calcium to
the microenvironment surrounding the cells.
Our findings also suggest that the absence of a
suitable matrix is the primary reason that
ameloblastomas do not calcify.
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