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or multicystic ameloblastoma, unicystic ameloblastoma,
and peripheral ameloblastoma.4 The latest classifica-
tion of the World Health Organization5 considers
desmoplastic ameloblastoma to be a variant with spe-
cific clinical, radiographic, and histological features.
Among the intraosseus types, unicystic ameloblas-
tomas show a more favorable biological behavior
than the solid type.6 Adenomatoid odontogenic
tumors (AOTs) have been shown to be the third most
frequent odontogenic tumor.3,7 These tumors are
characterized by a slow and progressive growth,
showing a favorable prognosis in most cases.5

Extracellular matrix (ECM) proteins have been
demonstrated to play an important role in epithelial–
mesenchymal interactions in odontogenic tumors.8,9

Many types of cells are unable to proliferate in the
absence of an anchor to an extracellular substrate.10

This binding to EMC proteins is mediated by integrins,
including in tumors,11 and studies have demonstrated a
correlation between the expression of integrins and the
biological behavior of some tumors.12-14

Introduction

Odontogenic tumors comprise a complex
group of lesions characterized by diverse bio-
logical behaviors and histological types that

present, as observed for odontogenesis, various
inductive interactions between the epithelium and
the ectomesenchyme.1

Ameloblastomas are the most common epithelial
odontogenic tumors2 and the second most frequent
neoplasms among odontogenic tumors.3 Based on
clinical behavior, histopathology, and prognosis, three
types of ameloblastomas can be distinguished—solid

The expression of integrins α2β1, α3β1, and α5β1 in
30 ameloblastomas (20 solid and 10 unicystic tumors),
12 adenomatoid odontogenic tumors (AOTs), and 5
human tooth germs in different stages of odontogenesis
was analyzed. The distribution, location, pattern, and
intensity of immunohistochemical expression were evalu-
ated. Intensity was analyzed using scores (0 = absence,
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in the immunoexpression of the integrins was observed
between solid and unicystic ameloblastomas. When these
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neoplastic transformation in odontogenic tissues.
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Integrins are transmembrane receptors formed
by the noncovalent association of two glycoprotein
subunits (an α subunit and a β subunit), which
modulate cell–cell and cell–matrix binding and have
been implicated in the growth, adhesion, migration,
proliferation, apoptosis, and morphology of cells.15,16

The objective of the present study was to analyze
the immunohistochemical expression of integrins
α2β1, α3β1, and α5β1 in ameloblastomas, AOTs,
and human tooth germs to better understand the
role of these integrins in cellular events and in the
cell–matrix interaction in odontogenic tumors and
during odontogenesis.

Material and Methods

The following cases were selected: 30 ameloblastomas
(20 solid and 10 unicystic tumors) and 12 AOTs
obtained from the archives of the Laboratory of Oral
Pathology, Dental School, Federal University of Rio
Grande do Norte (UFRN) and 5 fetal tooth germs in
different stages of odontogenesis (one in the dental
lamina stage, two in the bud stage, one in the cap stage,
and one in the late bell stage in which the initial stages
of dentin deposition is observed) obtained from the
archives of Laboratório de Patologia e Citopatologia
Ltda., Aracaju, Sergipe, Brazil. Among the 20 solid
ameloblastoma cases, the predominant histological
types were the plexiform type in 6 cases, the follicular
type in 4 cases, the basal cell type in 1 case, the desmo-
plastic type in 1 case, and cases concomitantly exhibit-
ing more than one histological pattern: follicular and
acanthomatous (3 cases), desmoplastic and plexiform
(1 case), desmoplastic and follicular (1 case), follicular
and granular (1 case), plexiform and follicular (1 case),
and 1 case showing a combination of the plexiform,
acanthomatous, and basal cell patterns. The unicystic
ameloblastoma cases were selected according to the
criteria proposed by Philipsen and Reichart.4 The pres-
ent study was approved by the Research Ethics
Committee of UFRN.

The paraffin-embedded specimens were cut into
3-μm-thick sections, and the sections were submitted
to immunohistochemistry by the streptavidin–biotin–
peroxidase method optimized with the Dako CSA
system (catalyzed signal amplification system for mouse
primary antibodies) and incubated with the follow-
ing primary antibodies for 60 minutes: anti-α2β1
integrin (clone BHA2,1, Chemicon, Temeluca, Calif;
diluted 1:1000 in Tris–HCl), anti-α3β1 integrin (clone
M-KD102, Chemicon; diluted 1:500 in Tris–HCl),

and anti-α5β1 integrin (clone JBS5, Chemicon; diluted
1:1000 in Tris–HCl).

Antigen retrieval was carried out in 0.5% pepsin,
pH 1.8, at 37°C for 30 minutes. Before incubation
with the primary antibodies, the sections were incu-
bated with 1% bovine serum albumin and 5% fetal
bovine serum in Tris–HCl, pH 7.4, for 60 minutes to
block reactions with nonspecific tissue proteins. After
incubation with the primary antibodies, the speci-
mens were washed twice in 1% Tween 20 solution for
5 minutes each. Next, the sections were incubated for
15 minutes with the sequential reagents of the Dako
CSA kit, with the specimens being washed twice in
1% Tween 20 solution between steps. The reaction
was developed using diaminobenzidine (Sigma, St.
Louis, Mo) as the chromogen, and the sections were
counterstained with Mayer’s hematoxylin. Specimens
in which the primary antibody was replaced with 1%
bovine serum albumin in Tris–HCl were used as neg-
ative controls.

For immunohistochemical analysis, the distribu-
tion, location, pattern, and intensity of immunohisto-
chemical staining were evaluated. Staining intensity
was analyzed by selecting a cut-off value per specimen
for each marker and scored on a scale from 0 to 2,
where 0 = absence of staining, 1 = weak staining, and
2 = strong staining, because of which nonparametric
tests were performed. To compare independent
groups the Kruskal–Wallis test was applied, followed
by Dunn’s multiple comparison posttest, because the
first test showed a significant difference. In addition,
the comparison between the two clinicopathologic
types of ameloblastoma (solid and unicystic) was done
by means of the Mann–Whitney test. The level of sig-
nificance was established at 95% (P < .05).

Results

In solid ameloblastomas, immunohistochemical
staining was observed at the intercellular contacts
and at the connective tissue interface. Staining was
diffuse for integrins α2β1 and α5β1 (Figure 1) and
focal for integrin α3β1 (Figure 2), with the observa-
tion of a linear and granular expression pattern. In
the plexiform type, immunohistochemical staining
was more evident in epithelial sheets and cords
where the cells were loosely arranged, resembling
the stellate reticulum of the enamel organ. In follic-
ular ameloblastomas, the central and peripheral
cells of the follicles were equally immunoreactive,
with a strong tendency toward the focal expression
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of integrin α3β1 being observed in this pattern.
Acanthomatous ameloblastomas showed strong
immunoreactivity mainly to integrin α5β1 in cells
undergoing squamous metaplasia (Figure 3). The
desmoplastic and basal cell patterns exhibited pre-
dominantly strong staining both at intercellular con-
tacts and at the epithelial–mesenchymal interface.
Strong immunoreactivity to integrins α2β1 and
α5β1 and weak reactivity to integrin α3β1 were
observed in one tumor of the granular cell type, with
the immunohistochemical staining being more evi-
dent in cuboidal cells at the periphery of epithelial
nests and scarce in central granular cells. Analyzing
solid ameloblastomas in general, no significant dif-
ference in staining intensity was observed among the
integrins studied (Tables 1 and 2).

In unicystic ameloblastomas, immunohisto-
chemical staining occurred in a diffuse manner at
the epithelial–connective tissue interface and at
intercellular contacts in all layers of the epithelial
component, with a linear and granular expression
pattern for integrins α2β1 and α5β1 (Figure 4) and
a focal and granular pattern for integrin α3β1. In
these ameloblastomas, a significant difference in the
intensity of immunohistochemical expression was
observed between integrins α3β1 and α5β1, with
stronger staining being detected for the latter
(Tables 1 and 2).

No significant difference in the intensity of inte-
grin expression was observed between solid and uni-
cystic ameloblastomas (Table 3).

In AOT specimens, immunohistochemical stain-
ing tended to show a focal distribution for integrins
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Figure 1. Diffuse labeling for integrin α2β1 in the central and
peripheral cells of the follicles in solid ameloblastoma (strepta-
vidin–biotin, magnification ×400).

Figure 2. Focal labeling for integrin α3β1 in the follicular type
of ameloblastoma (streptavidin–biotin, magnification ×400).

Figure 3. Strong immunoreactivity to integrin α5β1 in cells
undergoing squamous metaplasia in acanthomatous ameloblas-
tomas (streptavidin–biotin, magnification ×400).

Figure 4. Diffuse immunohistochemical labeling for integrin
α2β1 detected at the epithelial–connective tissue interface and
in the intercellular contacts in all layers of the epithelial com-
ponent of unicystic ameloblastoma (streptavidin–biotin, magni-
fication ×400).
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α2β1 and α3β1 (Figure 5) and a diffuse distribution for
integrin α5β1 (Figure 6). In solid areas and cords,
staining was observed at intercellular contacts, con-
ferring a reticular pattern. In duct-like structures,
granular or linear expression was observed at the
luminal pole of cells in some areas and a tendency

toward bipolar expression in others. In these tumors,
the immunostaining intensity did not differ signifi-
cantly among the integrins studied (Tables 1 and 2).

No immunohistochemical expression of integrin
α3β1 was observed in tooth germs. Expression of
integrin α2β1 was only detected in the late bell
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Table 1. Distribution and Variation in the Intensity of the Immunohistochemical
Expression of Integrins in the Cases Studied

Tissue Integrin n Median Minimum Maximum

Solid ameloblastoma α2β1 20 1.50 1.00 2.00
α3β1 20 1.00 0.00 2.00
α5β1 20 2.00 1.00 2.00

Unicystic ameloblastoma α2β1 10 2.00 1.00 2.00
α3β1 10 1.00 1.00 2.00
α5β1 10 2.00 1.00 2.00

Adenomatoid odontogenic tumor α2β1 12 1.00 1.00 1.00
α3β1 12 1.00 0.00 1.00
α5β1 12 1.00 1.00 2.00

Tooth germs α2β1 5 0.00 0.00 1.00
α3β1 5 0.00 0.00 0.00
α5β1 5 1.00 1.00 2.00

Table 2. Nonparametric Analysis of the Differences Observed Among the Integrins Studied

Tissue Integrin n Mean of Ranks Sum of Ranks Kruskal–Wallis KW P value

Solid ameloblastoma α2β1 20 31.75 635.0 4.216 .1215
α3β1 20 25.05 501.0
α5β1 20 34.70 694.0

Unicystic ameloblastoma α2β1 10 17.50a,b 175.0 8.136 .0171
α3β1 10 10.00a 100.0
α5β1 10 19.00b 190.0

Adenomatoid odontogenic tumor α2β1 12 18.00 216.0 4.595 .1005
α3β1 12 16.58 199.0
α5β1 12 20.92 251.0

Tooth germs α2β1 5 6.30a 31.50 11.089 .0039
α3β1 5 5.00a 25.00
α5β1 5 12.70b 63.50

Note: KW and P values for the Kruskal–Wallis test. Letters “a” and “b” express the results obtained with Dunn’s posttest, considering
P = .05.

Table 3. Immunoexpression of Integrins in the Different Types of Ameloblastoma

Integrin Ameloblastoma n Mean of Ranks Sum of Ranks Mann–Whitney U P value

α2β1 Solid 20 14.5 290.0 80.0 .3840
Unicystic 10 17.5 175.0

α3β1 Solid 20 15.8 316.0 94.0 .8049
Unicystic 10 14.9 149.0

α5β1 Solid 20 14.5 290.0 80.0 .3818
Unicystic 10 17.5 175.0

Note: Nonparametric Mann–Whitney test.
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stage, with the observation of granular staining in
the dentin layer being formed. Expression of inte-
grin α5β1 was detected in all tooth germs. In the
dental lamina stage, focal and granular staining was
observed in some central epithelial cells (Figure 7).
In the bud stage, granular and focal immunostaining
was detected in the central cells of the epithelial
component and in some condensed ectomesenchy-
mal cells. In the cap stage, granular and diffuse
staining was noted in the central cells of the enamel
organ, at the interface with the basement membrane
of the inner epithelium, and in some condensed
ectomesenchymal cells. In the late bell stage, a gran-
ular and diffuse expression pattern was observed in
the cells of the inner epithelium (calcification area),
stellate reticulum, outer epithelium, dentin layer,

and dental papilla (Figure 8). Comparison of the
immunostaining intensity in this group showed a
significant difference between integrins α2β1 and
α3β1 and integrin α5β1, which exhibited a more
intense staining (Tables 1 and 2).

Because no significant difference in the inten-
sity of the immunohistochemical expression of the
integrins studied was observed between solid and
unicystic ameloblastomas (Table 3), these two clinical–
pathological types were pooled into a single group
for comparison with AOTs and tooth germs, which
revealed a significant difference for all the inte-
grins studied. A difference was observed between
ameloblastomas and AOTs and between ameloblas-
tomas and tooth germs for integrin α2β1, which
showed a stronger immunostaining in ameloblastomas;
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Figure 5. Focal immunoreactivity for integrin α3β1 in the inter-
cellular contacts of adenomatoid odontogenic tumor (streptavidin–
biotin, magnification ×400).

Figure 6. Diffuse labeling for integrin α5β1 in adenomatoid
odontogenic tumor (streptavidin–biotin, magnification ×400).

Figure 8. Expression pattern for integrin α5β1 in late bell stage
human tooth germs (streptavidin–biotin, magnification ×400).

Figure 7. Immunopositivity, focal and granular, for integrin α5β1
in dental lamina of human tooth germs (streptavidin–biotin,
magnification ×400).
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between ameloblastomas and tooth germs and between
AOTs and tooth germs for integrin α3β1, whose
expression was stronger in tumors; and between
ameloblastomas and AOTs for integrin α5β1, which
exhibited a stronger staining in ameloblastomas
(Tables 4 and 5).

Discussion

The binding of cells to ECM proteins mediated by
integrins can lead to changes in the cytoplasmic
domains of these proteins, which are associated with
different postbinding events such as cell differentia-
tion, migration, proliferation, and gene induction.17

Various inductive interactions between the epithe-
lium and the ectomesenchyme have been shown to
occur both during odontogenesis and in odonto-
genic tumors,1 and studies have demonstrated a cor-
relation between the expression of integrins and the
biological behavior of some tumors.12-14 In view of
these findings, we investigated the expression of

integrins α2β1, α3β1, and α5β1, known ligands for
ECM proteins (collagen, laminin, and fibronectin),
in ameloblastomas and AOTs, two odontogenic
tumors presenting different biological behaviors,4,6

and in tooth germs in different stages of odontogen-
esis. Among ameloblastomas, integrin expression
was compared between the solid and unicystic types
because they are clinical types of the same tumor
but with different biological behaviors.6 In view of
the diversity and functional versatility of inte-
grins15,16 and the lack of studies on these receptors
in odontogenic tumors, immunohistochemical stain-
ing for these molecules was analyzed in the present
study in terms of location, distribution, expression
pattern, and intensity to better understand the role
of integrins in these tumors.

Focal distribution of integrin α3β1, an impor-
tant receptor for laminin,18 was observed in the two
clinical–radiographic types of ameloblastoma (solid
and unicystic). This finding agrees with the study of
Souza et al,19 who demonstrated discontinuous
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Table 4. Distribution and Variation in the Intensity of the Immunohistochemical Expression of Integrins
in Ameloblastomas, Adenomatoid Odontogenic Tumors (AOTs), and Tooth Germs

Integrin Tissue n Median Minimum Maximum

α2β1 Ameloblastoma 30 2.00 1.00 2.00
AOT 12 1.00 1.00 1.00
Tooth germs 5 0.00 0.00 1.00

α3β1 Ameloblastoma 30 1.00 0.00 2.00
AOT 12 1.00 0.00 1.00
Tooth germs 5 0.00 0.00 0.00

α5β1 Ameloblastoma 30 2.00 1.00 2.00
AOT 12 1.00 1.00 2.00
Tooth germs 5 1.00 1.00 2.00

Table 5. Nonparametric Analysis of the Differences Observed in Immunoexpression of Integrins in
Ameloblastomas, Adenomatoid Odontogenic Tumors (AOT), and Tooth Germs

Integrin Tissue n Mean of Ranks Sum of Ranks Kruskal–Wallis KW P value

α2β1 Ameloblastoma 30 29.68a 890.0 21.648 <.0001
AOT 12 17.50b 210.0
Tooth germs 5 5.50b,c 27.5

α3β1 Ameloblastoma 30 28.18a 845.0 20.281 <.0001
AOT 12 21.87a 262.0
Tooth germs 5 4.00b 20.0

α5β1 Ameloblastoma 30 27.67a 830.0 8.661 .0132
AOT 12 15.92b 191.0
Tooth Germs 5 21.40a,b 107.0

Note: KW and P values for the Kruskal–Wallis test. Letters “a”, “b,” and “c” express the results obtained with Dunn’s posttest, con-
sidering P = .05.
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laminin staining in the basement membrane of
ameloblastomas. Integrin α3β1 plays an important
role in the maintenance and integrity of the base-
ment membrane,20 and focal expression of this inte-
grin by neoplastic ameloblastoma cells may
therefore result in basement membrane defects or
failure in the anchorage of these cells to the base-
ment membrane, thus facilitating cell migration.
However, the possibility that ameloblastoma cells
use another integrin, such as integrin α6β4, for
binding to laminin cannot be ruled out.

In unicystic ameloblastomas, a significant differ-
ence in immunostaining intensity was observed
between integrins α5β1 and α3β1, with the intensity
being stronger for the former. However, no significant
difference in intensity among the integrins studied
was observed for solid ameloblastomas. Integrin α5β1
plays an important role in cell growth, migration, and
tumorigenicity, and its expression inactivates cell pro-
liferation genes such as c-fos, c-jun, and junB, decel-
erating cell growth and reducing tumorigenicity.21

Taking together the staining intensity results obtained
for the two clinical types of ameloblastoma and the
focal expression of integrin α3β1, which, as discussed
earlier, facilitates cell migration and tumor invasive-
ness, we may suggest a compensatory mechanism of
this invasiveness in unicystic ameloblastomas involv-
ing a stronger expression of integrin α5β1, which was
not observed in solid ameloblastomas. This fact might
explain the more favorable biological behavior of uni-
cystic ameloblastomas compared with the solid type.
However, this hypothesis cannot be completely con-
firmed in the present study because no significant dif-
ference in the intensity of integrin staining was
observed between solid and unicystic ameloblastomas
(Table 3).

Some variations in the location and intensity of
immunohistochemical staining were observed among
the different histological types of solid ameloblas-
tomas, which reflect the various functions attributed
to these molecules.15,16

In the acanthomatous type, strong expression of
integrin α5β1 was observed in cells undergoing
squamous metaplasia, which were located in the
center of tumor islands where the amount of ECM
for anchorage of these cells is lower than at the
periphery. Excessive production of this integrin in
such a way that these molecules are not bound to
ECM has been suggested as a mechanism of tumor
suppression and promotion of apoptosis induced by
the p16 gene.22 Studies on ameloblastomas have

shown the absence of staining for cyclin D1 and pro-
tein p27, in addition to the presence of apoptotic
bodies in cells undergoing squamous metaplasia.23,24

Thus, the presence of intensive staining for integrin
α5β1 in the central cells of acanthomatous
ameloblastomas observed in this study suggests a
mechanism of terminal differentiation or apoptosis
of these cells. Supporting this hypothesis, a signifi-
cantly lower recurrence rate has been reported for
acanthomatous ameloblastomas.6

In the present study, strong staining for all the
integrins analyzed was observed in basal cell
ameloblastomas. Studies using cell proliferation
markers have demonstrated a higher proliferative
rate in this histological type,23,25,26 as well as poor
reactivity to apoptosis markers.24 Furthermore, stud-
ies have shown an integrin-mediated signaling pat-
tern in cell cycle promotion and that the interaction
of these molecules with growth factors regulates var-
ious steps during the G1 to S phase transition of the
cell cycle.27 Our findings regarding integrins in basal
cell ameloblastomas suggest an important role of
these molecules in the survival and cell proliferation
of this type of tumor.

In duct-like structures of AOTs, expression of
the integrins studied showed a linear or granular
pattern at the luminal pole of cells or even a bipolar
pattern. The presence of these integrins in cells that
surround duct-like structures might be related to the
regulation of cell polarization in these structures
because the participation of β1 integrins in this reg-
ulation has been demonstrated in cell cultures.28 In
addition, expression of these integrins at the luminal
pole of cells that surround these duct-like structures
might be necessary for the activation of ECM pro-
tein synthesis or for anchorage of these cells to
ECM proteins whose secretion by AOT cells, associ-
ated with their retention in the lumen of duct-like
structures, has been demonstrated.29

In tooth germs, integrin α3β1 was not observed
and integrin α2β1 was detected only in the late bell
stage. The weak expression or lack of expression of
integrins α2β1 and α3β1, respectively, during odon-
togenesis might be a necessary mechanism for cell
survival after the degradation of the basement mem-
brane, which is an important event in the differentia-
tion of inner epithelial cells into ameloblasts, as
demonstrated in other studies.30 The results we
obtained for integrin α5β1, the main receptor of
fibronectin, showing a more diffuse distribution in
the cap and bell stages, reflect the important role of
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fibronectin in the events of morphogenesis and dif-
ferentiation during odontogenesis, as described in
other studies.31,32 Furthermore, the wide distribution
of integrin α5β1 during the various stages of odonto-
genesis may facilitate cell migration in a fibronectin-
rich matrix.

The intensity of staining for integrin α2β1 was
significantly stronger in ameloblastomas than in
AOTs or tooth germs (P < .0001). Integrin α2β1 acts
as a receptor for collagen in platelets and epithelial
cells and also activates collagen synthesis and
induces the expression of collagenases and matrix
metalloproteinases (MMPs) 1 and 13.33 MMP-1
binds to domain 1 (domain A) of the α2 subunit of
integrin α2β1, and the association integrin–MMP
locates the activity of ECM degradation in the same
domain that is responsible for the plasma membrane
adhesion, thus promoting cell migration.34 MMP-2
secretion is increased in human cervical tumor cells
through a mechanism mediated by integrin α2β1.35

Furthermore, keratinocytes use this integrin for
migration to collagen I,36 an ECM protein widely
distributed in the stroma of ameloblastomas.9 A
stronger expression of integrin α2β1 in ameloblas-
tomas might therefore be associated with a greater
cell migration in the collagen-rich matrix, or even
with the formation of a complex between this inte-
grin and MMPs whose presence and activity has
been demonstrated in ameloblastomas,37 a fact sug-
gesting an important role of this integrin in the local
invasiveness of these tumors.

The intensity of α3β1 integrin staining did not
differ significantly between ameloblastomas and
AOTs, whereas this integrin was not detected in
tooth germs. Integrin α3β1 has been suggested to
mediate the migration of tumor cells.38 Giannelli
et al39 demonstrated that this integrin is not present
in normal hepatic parenchyma but is abundantly
expressed in primary and metastatic hepatic carci-
nomas, a fact that renders this integrin to be a
potential marker for the development of hepatic car-
cinomas and metastases. Similar results were
obtained in the present study in which this integrin
was detected in neoplastic odontogenic epithelium
but not in tooth germs.

The intensity of α5β1 integrin staining was sig-
nificantly stronger (P < .05) in ameloblastomas than
in AOTs. Integrin α5β1 is widely expressed in tis-
sues involved in the active deposition of pericellular
fibronectin and in matrix remodeling.21 Extensive
expression of fibronectin has been demonstrated
during odontogenesis31,32 and in ameloblastomas.9

Thus, tooth germ cells and ameloblastomas use inte-
grin α5β1 for migration and binding to a matrix rich
in fibronectin. In addition, binding of integrin α5β1
to fibronectin increases the expression and secretion
of MMPs involved in tumor invasion.21 Therefore,
the extensive expression of fibronectin in ameloblas-
tomas demonstrated in another study9 and the
stronger expression of integrin α5β1 in these tumors
than in AOTs suggest the participation of this inte-
grin in the local invasiveness of ameloblastomas,
probably mediated by a mechanism of induction of
MMP synthesis.

In the present study, analyzing the immunohisto-
chemical expression of integrins α2β1, α3β1, and
α5β1 in ameloblastomas and AOTs (odontogenic
tumors) and during the different stages of odontoge-
nesis, important findings were obtained when evalu-
ating the intensity of integrin staining, with the
expression of these molecules tending to be stronger
in ameloblastomas. The lack of detection of integrin
α3β1 in tooth germs and its similar staining intensity
in the odontogenic tumors studied suggest that this
integrin might be used as a possible marker of neo-
plastic transformation in odontogenic tissues. In addi-
tion, blockade of integrins α2β1 and α5β1, which are
more strongly expressed in ameloblastomas, may
become an important strategy in the treatment or
control of the local invasiveness of this tumor.

References

1. Neville BW, Damm DD, Allen CM, Bouquot, JE. Oral
and Maxillofacial Pathology. 2nd ed. Philadelphia, PA:
Saunders; 2002.

2. Melrose RJ. Benign epithelial odontogenic tumors.
Semin Diagn Pathol. 1999;16:271-287.

3. Santos JN, Pereira Pinto L, de Figueredo CRLV, de Souza
LB. Odontogenic tumors: analysis of 127 cases. Pesqui
Odontol Bras. 2001;15:308-313.

4. Philipsen HP, Reichart PA. Unicystic ameloblastoma. A
review of 193 cases from the literature. Oral Oncol. 1998;
34:317-325.

5. Barnes L, Eveson JW, Reichart P, Sidransky D. World
Health Organization Classification of Tumours. Pathology
and Genetics of Head and Neck Tumours. Lyon, France:
IARC Press; 2005.

6. Reichart PA, Philipsen HP, Sonner S. Ameloblastoma:
biological profile of 3677 cases. Oral Oncol. 1995;31B:
86-99.

7. Mosqueda-Taylor A, Ledesma-Montes C, Caballero-
Sandoval S, Portilla-Robertson J, Ruiz-Godoy Rivera LM,
Meneses-Garcia A. Odontogenic tumors in Mexico. A
collaborative retrospective study of 349 cases. Oral

284 International Journal of Surgical Pathology / Vol. 16, No. 3, July 2008

 at UNIV FED DO RIO GRANDE DO NOR on June 17, 2016ijs.sagepub.comDownloaded from 

http://ijs.sagepub.com/


Surg Oral Med Oral Pathol Oral Radiol Endod. 1997;48:
672-675.

8. Heikinheimo K, Morgan PR, Happonen RP, Stenman
G, Virtanen I. Distribution of extracellular matrix pro-
teins in odontogenic tumours and developing teeth.
Virchows Arch B Cell Pathol. 1991;61:101-109.

9. Medeiros AMC. Expressão da fibronectina, tenascina e
colágeno I em ameloblastomas e no tumor odontogênico
adenomatóide [Tese, Doutorado em Patologia Oral].
Natal-RN, Brasil: Departamento de Odontologia,
Universidade Federal do Rio Grande do Norte; 2001.

10. Yokosaki Y, Monis H, Chen J, Sheppard D. Differential
effects of the integrins α9β1, αvβ3, and αvβ6 on cell
proliferative response to tenascin. Roles of the β subunit
extracellular and cytoplasmic domains. J Biol Chem.
1996;271:24144-24150.

11. Miles AJ, Knutson JR, Skubitz AP, Furcht LT, Mccarthy
JB, Fields GB. A peptide model of basement membrane
collagen α1 (IV) 531-543 binds the α3β1 integrin. J Biol
Chem. 1995;270:29047-29050.

12. Van Waes C, Surh DM, Chen Z, et al. Increase in
suprabasilar integrin adhesion molecule expression in
human epidermal neoplasms accompanies increased
proliferation occurring with immortalization and tumor
progression. Cancer Res. 1995;55:5434-5444.

13. Franchi A, Santoro R, Paglierani M, Bondi R.
Comparison of integrin α chain expression in benign
and malignant salivary gland tumours. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 1997;83:588-595.

14. Benassi MS, Ragazzini P, Gamberi G, et al. Adhesion
molecules in high-grade soft tissue sarcomas: correlation
to clinical outcome. Eur J Cancer. 1998;34:496-502.

15. Hynes RO. Integrins: a family of cell surface receptors.
Cell. 1987;48:549-554.

16. Hynes RO. Integrins: versatility, modulation, and signal-
ing in cell adhesion. Cell. 1992;69:11-25.

17. Thomas GJ, Jones J, Speight PM. Integrins and oral
cancer. Oral Oncol. 1997;33:381-388.

18. Kreidberg JA. Functions of α3β1 integrin. Curr Opin
Cell Biol. 2000;12:548-555.

19. Souza LB, Sousa CVC, Pereira Pinto L. Estudo mor-
fológico e imuno-histoquímico da membrana basal em
diversos padrões histológicos do ameloblastoma. Rev Pós
Grad. 2001;8:40-45.

20. Di Persio CM, Hodivala-Dilke KM, Jaenish R, Kreidberg
JA, Hynes RO. α3β1 Integrin is required for normal
development of the epidermal basement membrane. J
Cell Biol. 1997;137:729-742.

21. Labat-Robert J. Fibronectin in malignancy. Effect of
aging. Semin Cancer Biol. 2002;12:187-195.

22. Damsky CH, Ilic D. Integrin signaling: it’s where the
action is. Curr Opin Cell Biol. 2002;14:594-602.

23. Kumamoto H, Kimi K, Ooya K. Detection of cell cycle-
related factors in ameloblastomas. J Oral Pathol Med.
2001;30:309-315.

24. Kumamoto H, Kimi K, Ooya K. Immunohistochemical
analysis of apoptosis-related factors (Fas, Fas ligand,
caspase-3 and single-stranded DNA) in ameloblastomas.
J Oral Pathol Med. 2001;30:596-602.

25. Sandra F, Mitsuyasu T, Nakamura N, Shiratsuchi Y, Ohishi
M. Immunohistochemical evaluation of PCNA and Ki-67
in ameloblastoma. Oral Oncol. 2001;37:193-198.

26. Sandra F, Nakamura N, Kanematsu T, Hirata M, Ohishi M.
The role of MDM2 in the proliferative activity of
ameloblastoma. Oral Oncol. 2002;38:153-157.

27. Coppolino MG, Deddhar S. Bi-directional signal trans-
duction by integrin receptors. Int J Biochem Cell Biol.
2000;32:171-188.

28. Okajian GK, Schwimmer R. Regulation of epithelial cell
surface polarity reversal by β1 integrins. J Cell Sci.
1994;107:561-576.

29. Murata M, Cheng J, Horino K, Hara K, Shimokawa H,
Saku T. Enamel proteins and extracellular matrix mole-
cules are co-localized in the pseudocystic stromal space
of adenomatoid odontogenic tumor. J Oral Pathol Med.
2000;29:483-490.

30. Heikinheimo K, Salo T. Expression of basement mem-
brane type IV collagen and type IV collagenases (MMP-2
and MMP-9) in human fetal teeth. J Dent Res. 1995;
74:1226-1234.

31. Thesleff I, Partanen AM, Vainio S. Epithelial-mesenchy-
mal interactions in tooth morphogenesis: the roles of
extracellular matrix, growth factors, and cell surface
receptors. J Craniofac Genet Dev Biol. 1991;11:229-237.

32. Sawada T, Nanci A. Spatial distribution of enamel pro-
teins and fibronectin at early stages of rat incisor tooth
formation. Arch Oral Biol. 1995;40:1029-1038.

33. Nykvist P, Tu H, Ivaska J, Kapyla J, Pihlajaniemi T,
Heino J. Distinct recognition of collagen subtypes by
α1β1 and α2β1 integrins. J Biol Chem. 2000;275:
8255-8261.

34. Brown EJ. Integrin-associated proteins. Curr Opin Cell
Biol. 2002; 14:603-607.

35. Mitra A, Chakrabarti J, Banerji A, Chatterjee A. Binding
of α2 monoclonal antibody to human cervical tumor cell
(SiHa) surface α2β1 integrin modulates MMP-2 activ-
ity. Gynecol Oncol. 2004;94:33-39.

36. O’Toole EA. Extracellular matrix and keratinocyte
migration. Clin Exp Dermatol. 2001;26:525-530.

37. Pinheiro JJ, Freitas VM, Moretti AI, Jorge AG, Jaeger
RG. Local invasiveness of ameloblastoma. Role played
by matrix metalloproteinases and proliferative activity.
Histopathology. 2004;45:65-72.

38. Hemler ME, Rutishauser U. Cell-to-cell contact and
extracellular matrix. Curr Opin Cell Biol. 2000;12:
539-541.

39. Giannelli G, Fransvea E, Marinosci F, et al.
Transforming growth factor-β1 triggers hepatocellular
carcinoma invasiveness via α3β1 integrin. Am J Pathol.
2002;161:183-193.

Integrins in Odontogenic Tumors and Tooth Germs / Sávio de Souza Andrade et al 285

 at UNIV FED DO RIO GRANDE DO NOR on June 17, 2016ijs.sagepub.comDownloaded from 

http://ijs.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


