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Objective and study design. The morphological distinction between incipient dentigerous cyst (IDC) and enlarged
pericoronal dental follicle (EDF) remains one of the most controversial questions in the literature. The objective of this
study was to analyze the immunohistochemistry expression of alfa2beta1, alfa3beta1, and alfa5beta1 in 23 cases of
EDFs and 21 cases of IDCs.
Results. All integrins were immunopositive in the cases studied. A significant difference was detected regarding
alfa2beta1 integrin (P � .0001) in which a higher expression was present in IDCs. Moreover, statistical difference was
also found between basal and suprabasal cell layer in cystic epithelium (P � .0034). The alfa3beta1 integrin expression
showed significant difference (P � .013) between EDF and IDC with a tendency of more pronounced staining in IDC.
Conclusions. These results corroborate the possibility of histopathological distinction between EDF and IDC in which
squamous metaplasia of reduced enamel epithelium to stratified epithelium would be the first event of cystic

transformation. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;104:e29-e34)
The dental follicle (DF) or dental sac is an ectomesen-
chymal condensation that surrounds the crown of an
unerupted tooth and is responsible for the orientation of
tooth eruption. Its epithelial wall is formed by the
reduced epithelium of the enamel organ, which consists
of a single layer of cuboidal cells.1 This epithelium can
give rise to some diseases such as odontogenic cysts
and tumors, including dentigerous cysts. The dentiger-
ous cyst consist of a developing follicular cyst that
surrounds the crown of an unerupted tooth to which it
adheres at the height of the cementoenamel junction.2

Controversies exist in the literature regarding the
establishment of criteria for the conclusive diagnosis of
incipient dentigerous cysts (IDC) or enlarged dental
follicles (EDF). Some studies have indicated that a
conclusive diagnosis of a dentigerous cyst can only be
made based on the identification of a pathological cav-
ity between the dental crown and ectomesenchymal
portion during surgery, emphasizing that histopatholog-
ical analysis is not able to distinguish between IDC and
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EDF.3,4 Other investigators have emphasized that the
distinction between these 2 entities can be made using
criteria identified by the pathologist, which are mainly
based on the type of epithelium present in the speci-
men, with the presence of a reduced enamel epithelium
being indicative of DF epithelium. In the case of den-
tigerous cysts, squamous metaplasia of the reduced
enamel epithelium appears to be the main feature, with
the identification of a mainly continuous and thin epi-
thelium in the specimen.5,6

Integrins are a family of heterodimers with an impor-
tant function in different biological activities, mediating
cell-cell and cell-extracellular matrix interactions. Accord-
ing to Decline and Rousselle7 and DeHart et al.,8 integrins
are involved in epithelial cell differentiation, a fact that
indicates their use as additional differential markers in
the distinction between IDC and EDF.

The objective of the present study was to compare
the immunohistochemical expression of �2�1, �3�1,
and �5�1 integrins (ligands with higher affinity for
collagen IV, laminin, and fibronectin, respectively) be-
tween IDC and EDF in order to provide additional data
for the histopathological differentiation of these 2 en-
tities.

MATERIAL AND METHODS
In the present descriptive study, the immunohisto-

chemical expression of �2�1, �3�1, and �5�1 integrins

was analyzed in 21 cases of IDC and 23 cases of EDF,
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using as an inclusion criterion the diagnostic hypothesis
of dentigerous cyst or DF as stated in the clinical chart
sent by the dental surgeon for morphological examina-
tion. The surgeon had this doubt when in the radio-
graphic examination the space between the crown and
the border of the pericoronal radiolucency did not ex-
ceed 2.5 mm. The following histopathological inclu-
sion criteria were applied: for dentigerous cysts, the
observation of a thin stratified squamous epithelial lin-
ing the cystic cavity, exhibiting areas of continuity and
arranged throughout a connective capsule of variable
density; for DF, observation of a thin and discontinuous
simple cuboidal reduced enamel epithelium, in addition
to loose fibrous connective tissue.

The paraffin-embedded material was cut into 3-�m
thick sections and the specimens were mounted on
previously cleaned glass slides with organosilane (3-
aminopropyltriethoxy-silano [Sigma Chemical Co, St
Louis, MO]) as adhesive. The specimens were analyzed
by a streptavidin-biotin immunohistochemical method
(SABC, streptavidin biotin complex) using the cata-
lyzed signal amplification system and anti-integrin
�2�1, �3�1, and �5�1 antibodies (Table I).

Immunostained cells were analyzed regarding the
presence or absence, intensity, and pattern of distribu-
tion of staining. Labeling intensity was scored from 0 to
2, where 0 � absent, 1 � discrete, and 2 � intense
labeling. This intensity was evaluated in a general

Fig. 1. Diffuse and granular distribution of �2�1 integrin at
intercellular contacts in the epithelial-connective tissue inter-
face in EDF (SABC, �200).

Table I. Antibodies used
Specificity Clone Antige

�2�1 integrin* BHA2,1 Pepsin 0.5
�3�1 integrin M-KD102 Pepsin 0.5
�5�1 integrin FBS5 Pepsin 0.5

*Integrins were from Chemicon International, Temeluca, CA.
manner in the specimen, and also at specific sites in-
cluding the epithelial-connective tissue interface, inter-
cellular contacts, and islands of odontogenic epithe-
lium. The discrete labeling corresponded to that where
visual verification was present but barely evident for
the tonality of the coloration, and the opposite was
considered for the intense labeling. In IDC, the inter-
cellular contacts were evaluated separately in the basal
and suprabasal layers because of the presence of strat-
ification in this epithelium, in contrast to DF where the
epithelium consists of a single cell layer. With respect
to the pattern of distribution, focal staining was defined
when detected in groups of cells irrespective of their
number, whereas a diffuse pattern was established in
the case of homogeneous cell labeling throughout the
specimen. The samples were analyzed by a single ob-
server under a Leica ATC 2000 light microscope (Wet-
zlar, Germany) at �400 magnification at 2 different
time points.

The study was approved by the Research Ethics
Committee of the Federal University of Rio Grande do
Norte.

RESULTS
All cases analyzed were immunopositive for �2�1,

�3�1, and �5�1 integrins; however, some peculiarities
were observed for each integrin. Discrete staining for
�2�1 integrin was observed in 20 (86.96%) EDF cases,
showing a diffuse distribution at intercellular contacts
and at the epithelial-connective tissue interface in all

Fig. 2. Diffuse and granular distribution of �2�1 integrin in
IDC (SABC, �200).
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cases (Fig. 1). Eighteen of the EDF cases studied pre-
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sented islands of odontogenic epithelium scattered
throughout the specimen, with 15 (83.33%) of them
showing discrete labeling for �2�1, whereas intense
labeling was observed in 3 (16.67%).

In contrast, in IDC �2�1 integrin exhibited intense
labeling in 14 (66.67%) of 21 cases, with a diffuse
distribution similar to that noted in DF being observed
in all cases (Fig. 2). In addition, labeling tended to be
more intense in basal cells of the epithelial wall com-
pared to suprabasal cells. Only 8 (38.10%) IDC cases
presented islands of odontogenic epithelium where
staining for this integrin was discrete.

With respect to �3�1 integrin, discrete staining was
observed in most EDF cases (86.96%), showing a pre-
dominantly focal distribution (82.6%) and epithelial cells
with granular cytoplasm (Fig. 3). Islands of odontogenic
epithelium were identified in 17 cases, 15 of them
(88.24%) showing discrete staining for this integrin.

In IDC, expression of �3�1 integrin was discrete in
11 cases (52.28%), showing a diffuse pattern in all

Fig. 3. Discrete staining of �3�1 integrin in EDF (SABC,
�200).

Fig. 4. Immunoexpression discret for �3�1 integrin with a
diffuse pattern of distribution and granular aspect at intercel-
lular contacts and at the epithelial-connective tissue interface
in IDC (SABC, �200).
cases, both at intercellular contacts and at the epithelial-
connective tissue interface (Fig. 4). No difference in the
expression of �3�1 integrin was observed between
basal and suprabasal cells of the epithelial wall. Islands
of odontogenic epithelium were observed in only 8
(38.10%) of the 21 cases, with 6 (75%) of them pre-
senting discrete staining and 2 (25%) presenting intense
staining for this integrin. There was a significant dif-
ference in the labeling pattern when comparing EDF
and IDC (P � .0001).

Staining for �5�1 was intense in 20 (86.96%) of the
EDF cases analyzed (Fig. 5), with the distribution pat-
tern being diffuse in all cases, both at intercellular
contacts and at the epithelial-connective tissue inter-
face. Islands of odontogenic epithelium were observed
in 16 (69.57%) cases; 14 (87.5%) of them showing

Fig. 5. Intense staining for �5�1 integrin was in EDF (SABC,
�200).

Fig. 6. Intense labeling for �5�1 with a diffuse and granular
distribution pattern in IDC (SABC, �200).
intense labeling.



OOOOE
e32 Godoy et al. December 2007
Intense labeling for �5�1 was observed in 18
(85.72%) of the IDC cases (Fig. 6). In all cases, the
distribution pattern was diffuse and no difference in the
expression pattern was observed between basal and
suprabasal cells of the epithelial border. In addition,
islands of odontogenic epithelium were identified in 12
(57.14%) cases, 10 (83.33%) showing intense labeling
for integrin �5�1.

Comparison of the overall expression of �2�1, �3�1,
and �5�1 integrins between EDF and IDC revealed a
significant difference for �2�1 (P � .0001) and �3�1

(P � .013), while no difference was observed for �5�1

integrin (P � .05). The expression of ta2b1 and a3b1
integrins had always presented a trend to be more
intense in IDC than in EDF. Furthermore, separate
comparison by Dunn’s multiple comparison post-test
showed a significant difference between the expression
pattern of these integrins for each entity. For EDF, a
significant difference was observed between �2�1 and
�5�1 integrins and between �3�1 and �5�1 integrins. In
contrast, in IDC a significant difference was observed
when comparing the results between all integrins, i.e.,
between �2�1 and �3�1, between �2�1 and �5�1, and
between �3�1 and �5�1.

The method used for the determination of the inten-
sity of expression of �2�1, �3�1, and �5�1 integrins at
the intercellular contacts was different for each entity.
In the case of EDF, the intensity of expression is
reported as a single value because of the presence of a
single epithelial cell layer and was similar to the overall
expression of integrins in this epithelium. In contrast, in
IDC the labeling intensity at the intercellular contacts
was subdivided into 2 groups: cells of the basal layer
and cells of the suprabasal layer. We opted for this type
of assessment because of the stratification of the epi-
thelium in IDC. In the case of �2�1 integrin, there was
a significant difference in expression between basal and
suprabasal cells (P � .0034), while no difference was
observed for �3�1 or �5�1 integrin (P � .05).

DISCUSSION
In view of the controversies that exist in the literature

regarding the histopathological distinction between
EDF and IDC, the present study compared the immu-
nohistochemical expression of �2�1, �3�1, and �5�1

integrins between EDF and IDC to determine whether
the expression of these integrins may help distinguish
between these 2 entities.

In the present study, all cases of DF and IDC were
positive for the integrins analyzed, showing a granular
expression pattern preferentially located in the cyto-
plasm and, in most cases, close to the cytoplasmic cell
membrane. This type of pericellular expression has also

been identified by Jensen and Wheelock9 in epidermal
keratinocytes, supporting the view of the importance of
integrins in cell-cell and cell-extracellular matrix adhe-
sion through the basement membrane. Modolo et al.10

also observed positive staining for integrins in dental
germ, dental lamina, and oral mucosal epithelium, dem-
onstrating the importance of integrins for the architec-
tural maintenance of different types of epithelium.

In the present study, the staining pattern for �2�1

integrin differed between DF and IDC, with this stain-
ing being more discrete in DF both in cells of the
reduced enamel epithelium and in islands of odonto-
genic epithelium if present in the specimen. In contrast,
predominantly intense staining was observed in IDC,
especially in cells of the basal layer of the cystic epi-
thelial wall. These findings agree with Bennett et al.,11

who reported that the �2 subunit is expressed in larger
amounts in proliferating cells. This fact explains the
tendency toward a more significant expression in basal
cells of the cystic epithelium since, although not a
marked feature of this epithelium, these cells show
constant proliferative activity in the epithelial wall, in
contrast to cells of the reduced enamel epithelium,
which tend to be quiescent. This fact was confirmed in
the present study by the demonstration of a significant
difference in the expression of �2�1 integrin at the
epithelial-connective tissue interface between DF and
IDC (P � .0001).

Nishimura et al.12 reported that the integrin �2 sub-
unit plays an effective role in the stratification of squa-
mous epithelia, including the epithelium of cystic le-
sions. The authors observed that �2 integrin was more
expressed on basal cells of the epithelial wall of den-
tigerous cysts and odontogenic keratocysts, and sug-
gested that the reduction of expression in subsequent
layers is a result of a decrease in cell-cell adhesion and
favors the desquamation of more superficial cells. Sim-
ilar findings were obtained in the present investigation
showing a significantly more intense expression of
�2�1 integrin in basal cells compared with suprabasal
cells in the epithelium of IDC.

The identification of �3�1 integrin in all cases ana-
lyzed in the present study agrees with the findings of
DeHart et al.,8 who pointed out the importance of the
interaction between �3�1 integrin and laminin-5 in
basement membranes, which favors adhesion of epithe-
lial cells to this membrane as well as cell-cell adhesion,
with the consequent organization and remodeling of
different types of epithelial cells. Comparison of the
overall labeling intensity of �3�1 integrin between DF
and IDC revealed a significant difference between these
2 entities despite the predominantly discrete staining
pattern in the 2 groups. This finding agrees with Nish-
imura et al.12 who emphasized the importance of �3�1
integrin for the stratification of cystic epithelia analyzed
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in that study, a fact explaining the tendency toward
higher expression of �3�1 integrin in IDC compared to
DF. The same was demonstrated in the present study by
the significant difference in �3�1 expression at the
epithelial-connective tissue interface between DF and
IDC.

Hemler and Rutishauser13 and Dyce et al.14 reported
the production and activation of some metalloprotein-
ases mediated by �3�1 integrin, a process that would
also explain the more intense expression of this integrin
in IDC compared to DF in view of the importance of
some metalloproteinases in bone matrix degradation
and consequent cystic expansion.

A significant difference was observed in the distri-
bution pattern of �3�1 integrin between DF and IDC,
with the pattern being predominantly focal in the first
group and diffuse in the second group in all cases. This
finding can be explained by the reports of DeHart et al.8

They demonstrated the importance of �3�1 integrin in
the structural organization of pavement epithelia such
as that found in IDC in the present study, in which this
integrin is necessary for cell-cell and cell-extracellular
matrix adhesion, therefore exhibiting a diffuse staining
pattern in these lesions. On the other hand, the weak
adhesion of reduced enamel epithelial cells to underly-
ing connective tissue in DF reported by Stanley et al.15

may be a possible explanation for the focal staining
observed for �3�1 integrin in these lesions. This fact
explains the observation that this epithelium was absent
or showed large areas of discontinuity in DF specimens
since studies by Hemler and Rutishauser13 and Darri-
bere and Schwarzbauer16 have demonstrated the impor-
tance of binding of �3�1 integrin to laminin-5 for the
organization of epithelial cells in the basement mem-
brane.

According to Su et al.17, �5�1 integrin plays an
important role in cellular differentiation, a fact con-
firmed in the present study showing intense staining in
cells of the reduced enamel epithelium of DF and in
cells of the stratified pavement epithelium of IDC.
These cells are characterized by well-established dif-
ferentiation, a fact explaining the high expression of
�5�1 integrin. However, these results disagree with the
findings of Kosmehl et al.,18 who observed discontin-
uous staining for �5�1 integrin at the epithelial-base-
ment membrane interface in normal oral mucosa and a
more intense staining in poorly differentiated epider-
moid carcinoma. According to these authors, expres-
sion of �5�1 integrin tended to be higher in more
undifferentiated cells.

According to Labat-Robert,19 the expression of �5�1

integrin inactivates genes responsible for cell prolifer-
ation, thus favoring the control of tissue growth. This

fact might explain the intense expression of �5�1 inte-
grin both in the reduced enamel epithelium of DF and
in the stratified pavement epithelium of dentigerous
cysts, even at the epithelial-connective tissue interface
where no significant difference in the intensity of ex-
pression between DF and IDC was observed. These
findings support the importance of the interaction be-
tween �5�1 integrin and fibronectin, a protein abun-
dantly present in the underlying basement membrane,
for the control of cell proliferation.

The results regarding the expression of �2�1, �3�1,
and �5�1 integrins in DF and IDC suggest that squa-
mous metaplasia is indeed the first visible sign of cystic
transformation of DF, since significant differences in
the integrin expression pattern were observed between
the 2 entities. These findings agree with Eisenberg,20

who reported the possibility of histopathological dis-
tinction between DF and IDC. However, caution should
be taken before a conclusive diagnosis is made, with
clinical and surgical information being highly impor-
tant. In this respect, Katchburian and Arana21 reported
that cells of the reduced enamel epithelium fuse with
basal cells of the oral mucosal epithelium during the
normal process of tooth eruption, a fact that might
confuse the pathologist when identifying areas of strat-
ified pavement epithelium in semi-impacted DF speci-
mens. Therefore, the criteria reported for the distinction
between DF and IDC are only valid for fully impacted
teeth.
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