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Objective. We performed an immunohistochemical study in a series of ameloblastomas with different histology to
explore the existence of a correlation between CD10 immunoreactivity in peritumoral stromal cells and the type of
ameloblastoma with a high risk of local recurrence.
Study design. A total of 45 ameloblastomas (18 unicystic [UA], 4 peripheral [PA], 23 solid/multicystic [SA]) were
evaluated. Cases showing immunoreactivity for CD10 in � and �10% of stromal cells around tumoral epithelial
islands, were considered, respectively, negative and positive. Correlations between stromal CD10 expression and
histopathologic types with low and high risk of recurrence were evaluated by statistical analysis.
Results. SA cases showed a significantly higher percentage of stromal CD10-positive cells than the UA and PA
variants. A strong intensity of immunostaining was observed only in SA.
Conclusions. Our results suggest that CD10 expression might be associated with stromal invasion in ameloblastoma

variants with a high risk of recurrences. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;105:206-9)
CD10 is a 90- to 110-kd cell surface zinc-dependent
metalloprotease glycoprotein with endopeptidase activ-
ity and is present on the surface of many cell types,1-3

including lymphoid precursor cells, germinal center B
lymphocytes, and some epithelial cells; it cleaves and
inactivates neuropeptides and peptide hormones at the
amino terminus to hydrophobic residues within the
peptides sequences,3,5-7 thereby decreasing the cellular
response to local peptide hormones.8 CD10 has also
been called neutral endopeptidase, enkephalinase, ne-
prilysin, and common acute lymphoblastic leukemia
antigen (CALLA).4,9 CD10 is widely distributed and
has been found in the kidney, liver, small intestine,
placenta, choroid plexus, brain, gonads, adrenal cortex,
and leukocytes6; it has also has been demonstrated in
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the stromal cells of normal bone marrow and endome-
trium, myoepithelial cells of the breast and salivary
glands, and in the alveolar epithelial cells in the
lungs.4,8 CD10 may play specific roles in the control of
cell growth and differentiation of both hematopoietic
and epithelial systems.10 CD10 has also been shown to
be present in renal cell carcinoma, transitional cell
carcinoma, prostatic adenocarcinoma, endometrial stro-
mal sarcoma, rhabdomyosarcoma, pancreatic adenocar-
cinoma, schwannoma, malignant melanoma, psammo-
matoid ossifying fibromas, meningiomas, perivascular
epithelioid cell tumor of the oral mucosa, and endome-
trial stromal sarcoma.11-15 CD10 may represent a reli-
able marker for identifying and isolating apoptosing T
cells in vitro and ex vivo and possibly suggests novel
functions for surface CD10 in the apoptotic process of
lymphoid cells.16,17 CD10 is known also to be useful
for the categorization of acute leukemias and the sub-
classification of malignant lymphomas.4 CD10 is ex-
pressed by prostatic stromal and epithelial cells and it is
thought to have a key role in the growth of androgen
independent prostate cancer.5

Contrasting results have been recently published on
the role of CD10 as a prognostic indicator. In primary
intestinal lymphomas, a trend for a longer overall sur-
vival was found in the CD10� group compared with
the CD10� group.18 In childhood acute lymphoblastic
leukemia, CD10 constitutes a favorable prognostic
marker.17 Patients with lung cancer with CD10� cells
had a 5-year survival, significantly better than those
with CD10� cells.19 In diffuse large B-cell lymphoma,

CD10 expression was closely associated with improved
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survival.20 On the contrary, in diffuse large B-cell
lymphoma, Xu et al.21 reported that cases with a
CD10� phenotype may be associated with an unfavor-
able clinical course and showed a significantly lower
rate of complete remission, and in patients reported by
Uherova et al.,22 the CD10� group displayed a shorter
overall survival. In breast carcinoma the patients with
CD10� stromal cells had a shorter metastasis-free in-
terval.1

The aim of the present study was an immunohisto-
chemical evaluation of CD10 expression in the peritu-
moral stromal cells of ameloblastoma variants with a
low and high risk of recurrences, to explore the poten-
tial usefulness of CD10 as a biologic indicator.

METHODS
A total of 45 ameloblastoma variants were evaluated:

18 ameloblastoma unicystic type (UA), 4 ameloblas-
toma extraosseous/peripheral type (PA), and 23 amelo-
blastoma solid/multicystic type (SA).23

Immunostaining was performed with monoclonal an-
tibodies directed against CD10 (Novocastra Laborato-
ries Ltd, Newcastle upon Tyne, UK). One block of each
tumor was selected for immunohistochemical analysis.
All pathologic diagnoses were confirmed reviewing
hematoxylin and eosin stained section. For immuno-
staining, sections were deparaffinized in xylene and
dehydrated in an alcohol series. Immunostaining for
CD10 required pretreatment with 1 mM EDTA (at pH
8.0) for 20 minutes at 250 W in a microwave oven.
Section were incubated with anti-CD10 monoclonal
antibody (dilution 1:25) for 1 hour at 37°C in a moist
chamber, followed by incubation with biotinylated an-
timouse immunoglobulin (Ig)G/antirabbit IgG (1:200;
Vector Laboratories, Wiesbaden, Germany) and avidin
biotin complex (ABC) alkaline phosphatase reagent,
each for 30 minutes at room temperature. Between
steps the sections were washed in tris buffered saline
(TBS). The immunoreactions were visualized with the
ABC method applying a vectastain ABC alkaline
phosphatase staining (Camon, Wiesbaden, Germany)
or an Ultratech HRP streptavidin-Biotein universal
detection system (Immunotech, Marseilles, France).
Fast Red and 3,3-diaminobenzidine-tetrahydrochlo-
ride (DAB) respectively served as chromogens.
Brown staining of the cell membrane or cytoplasm
was considered positive.

Evaluation of the staining for CD10
The CD10-immunostained stromal cells around the

ameloblastomas were evaluated in 10 HPF in each case
and expressed as percentage. The count was performed

by 2 investigators simultaneously, using a double-
headed light microscope. Both had to agree on the
count of the positive cells.

Also, the intensity of staining was recorded as weak,
moderate, or strong. The UA, PA, and SA were subdi-
vided into 2 groups according to the cutoff previously
indicated for stromal cells in breast carcinoma1: when
stromal cells positive for CD10 were �10%, the spec-
imen was considered to be CD10 positive; when the
positivity of stromal cells was �10%, the specimen
was classified as CD10 negative.

Statistical analysis
Correlations between stromal cell immunoreactivity

and intensity staining for CD10 and the histopathologic
features were evaluated using the chi-square test, and a
P value less than .05 was considered significant. For
this purpose, UA and PA cases were grouped together
as low-risk ameloblastomas and compared to SA con-
sidered ameloblastomas with high-risk of recurrence.
Differences of mean expression in the 2 risk groups
were also evaluated by nonparametric test (Kruskal-
Wallis).

RESULTS
In ameloblastomas, CD10-positive stromal cells

were distributed around the epithelial cells with a dif-
ferent pattern of staining among variants with different
risk of recurrences (Table I). In UA and PA, which
belong to the low-risk group, a stromal positivity in
�10% of cells was observed in 5 of 22 cases (Fig. 1).
SA cases, instead, showed a significantly higher mean
percentage of CD10-positive stromal cells compared
with UA and PA cases considered together (mean,
19.60 versus 9.09, respectively; Kruskal-Wallis test:
P � .00081). In SA, the staining was particularly found
in the areas of the stromal cells close to epithelial cells
(Fig. 2). CD10 was considered positive in 14 of 23 SA.
SA cases tended to have a stromal cell positivity for

Table I. CD10 expression in peritumoral stromal cells
in the 3 ameloblastoma variants (UA, PA, and SA)
CD10 immunoreactivity

in stromal cells UA PA SA

Percentage of positive
cells (mean � SD)

9.05 � 7.71 9.25 � 4.03 19.60 � 13.93

Intensity of staining
Weak 15 3 10
Moderate 3 1 7
Strong 0 0 6

No. cases with CD10
expression �10%
of cells

4/18 1/4 14/23
CD10 � 10% and a moderate and strong degree of
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staining more frequently compared to UA and PA cases
(chi-square test: P � .0231 and P � .010, respectively).
CD10 immunoreactivity was found also in epithelial
cells (both peripheral and central cells) in all amelo-
blastoma variants without significant differences.

DISCUSSION
Proliferation of stromal cells is commonly seen when

cancer cells invade and metastasize. The invasive and
metastatic potential of several types of neoplastic cells
is regulated by interactions with stromal cells, which
involve stimulatory and inhibitory factors that regulate
such functions as cellular adhesion, migration, and gene
expression.24

CD10 is associated with differentiation and growth
of neoplastic cells,4 and CD10 expression is found to be
increased with the increase of tumor dysplasia.4 Ogawa
et al.,4 in fact, found that there was no expression of
CD10 in the stromal cells of normal colorectal tissue,
while CD10� stromal cells were present adjacent to
tumor cells in 16 of 73 adenomas with mild or moderate
dysplasia, in 12 of 17 adenomas with severe dysplasia,
in 10 of 16 intramucosal carcinomas, and in 50 of 63
invasive carcinomas. Iwaya et al.1 found that there was
no staining in the stromal cells of noninvasive ductal
carcinoma or normal breast tissue, while the frequency
of positive stromal staining increased in cases with
axillary lymph node metastases. Moreover, the stromal
expression of CD10 was strongly associated with ac-
cumulation of p53 and with a large tumor size.4 In the
study of Makretzov et al.,25 stromal CD10 positivity
was associated with epidermal negativity, higher tumor
grade, and decreased survival in breast carcinoma. The
fact that CD10 positive cells are frequently seen at the

Fig. 1. PA: Focal CD10 positivity of the stromal cells, indi-
cated by black arrows (CD10, �200).
invasive front suggests that tumor-stromal interactions
exist between breast neoplastic cells and CD10-positive
stromal cells. Ogawa et al.4 concluded that CD10 ex-
pression seemed to be an integral part of colorectal
carcinogenesis, and that its expression seemed to play a
relevant role in the invasion, probably facilitating me-
tastases. In a study of CD10 in oral squamous cell
carcinoma, it was found that CD10 positivity in stromal
cells was an indicator of worse prognosis; a significant
correlation was found with lymph node metastases,
local recurrences, and histologic grade.26 In the present
study, the SA variant of ameloblastomas associated
with a high risk of recurrence was correlated with a
high immunoreactivity for CD10 of the peritumoral
stromal cells. SA cases were all immunoreactive for
CD10 in the stroma, which exhibited a uniformly
strong and intense positivity in the areas of infiltrating
odontogenic epithelium and a percentage of positive
cells �10% in 60% of the cases. Moreover, CD10
stromal positivity was focally present also in UA and
PA, but in almost 80% of the cases it was below the
cutoff selected for positivity. These data strongly sug-
gest that CD10 expression in the stromal cells is asso-
ciated with local tumor invasion and that the prolifer-
ation of CD10-positive stromal cells is part of the
mechanism of invasive growth in ameloblastoma vari-
ants. CD10 immunostaining may be useful to identify
areas with locally aggressive behavior also in low-risk
ameloblastomas. In our series, however, we could not
correlate CD10 stromal positivity in ameloblastomas
with the real potential of recurrence, as we do not have
follow-up data of our patients. Moreover, all our cases
of UA and PA were removed by tumorectomy, whereas

Fig. 2. SA: CD10 positivity of the stromal component in the
invasive portion of the tumor: positive stromal cells are
indicated by black arrows and epithelial staining is shown by
red arrows (CD10, �160).
SA were removed by partial mandibular resection and
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the type of surgery would have an impact on the risk of
recurrence. Therefore, further investigations are needed
to verify the potential prognostic value of CD10 stro-
mal immunoreactivity in predicting the local aggres-
siveness in this group of benign odontogenic tumors, by
correlating immunostaining results with follow-up data
in larger series.

As an additional finding, we also observed CD10
immunoreactivity in the epithelial cells in a proportion
of cases, without finding differences in the different
types of ameloblastomas. We think this observation
should be further investigated in larger series.
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