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BACKGROUND: Ameloblastoma is the most common

clinically-significant epithelial odontogenic tumor, and is

considered a benign but locally-aggressive tumor of the

craniofacial region. Osteonectin ⁄ secreted protein acidic

and rich in cysteine (SPARC) is induced in response to a

number of biological processes such as tumor growth and

metastasis, whereas matrix metalloproteinases (MMPs)

degrade the extracellular matrix and participate in vari-

ous biological processes including tumor invasion and

metastasis. We hypothesize that SPARC acts with MMPs

for the local invasiveness of ameloblastoma. The aim of

this study was to examine the association of SPARC with

MMP-1, MMP-2, and MMP-9 in ameloblastoma.

METHOD: Immunohistochemical expression of SPARC,

MMP-1, MMP-2, and MMP-9 as well as co-expression of

SPARC and MMP-9 were examined in a cohort of 23

cases of ameloblastoma.

RESULTS: SPARC, MMP-1, -2, and -9 were detected in

the cytoplasm of the ameloblastic-like columnar cells and

stellate-reticulum-like cells as well as in the stromal tis-

sues of fibroblasts and endothelial cells of our cohort of

ameloblastoma patients. Furthermore, co-expression of

SPARC and MMP-9 were found in 23 cases of amelo-

blastoma. This may be the first study to demonstrate

that the expression level of SPARC was statistically cor-

related with MMP-9 but not with MMP-1 or -2 in amelo-

blastoma.

CONCLUSION: Our results suggest a putative associa-

tion between SPARC and MMPs (especially MMP-9) in

ameloblastoma to regulate tumor invasion.
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Introduction

Ameloblastoma is an epithelial odontogenic neoplasm
that constitutes approximately 10% of all odontogenic
jawbone tumors (1). It usually occurs in young adults;
males and females are equally affected (2). Becelli et al.
(3) reported that 35% of ameloblastoma patients are
asymptomatic. Although ameloblastoma is usually
regarded as a benign tumor, it may be locally aggressive,
with a relatively high recurrence rate, causing significant
morbidity and occasionally even death. Further, amelo-
blastoma can exhibit an invasive growth pattern in
cancellous bone, with small tumor nests at a maximum
of 5 mm from the gross disease (4). To the best of our
knowledge, the details of the oncogenesis, cytodifferen-
tiation, and progression of ameloblastoma are yet to be
fully elucidated.

Matrix metalloproteinases (MMPs), collectively
called matrixins, are proteinases that participate in
extracellular cellular matrix (ECM) degradation (5).
Activated MMPs are generally present in greater
amounts in and around malignant tissues than in
normal, benign, or premalignant tissues, with the
highest expression occurring in areas of active invasion
at the tumor–stroma interface (6).

MMP-1 (collagenase-1), one of the interstitial colla-
genases, is scarcely detected in healthy skin; however, it
is expressed by basal keratinocytes in cutaneous wounds
(7). Moreover, MMP-1 is commonly expressed in
different types of carcinomas, including oral squamous
cell carcinoma (8). Originally characterized as type IV
collagenases, MMP-2 and -9 are essential proteases for
basement membrane-invasive events. MMP-2, produced
by mesenchymal cells, and MMP-9, secreted by inflam-
matory cells (macrophages and neutrophils), are now
regarded as key regulators of pathological angiogenesis
(9).

Osteonectin ⁄ secreted protein acidic and rich in cyste-
ine (SPARC), first described by Termine et al. (10), is a
major non-collagenous constituent of bovine and
human bone. Expression of SPARC is generally high
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during embryogenesis and markedly reduced or absent
during normal post-natal life; however, expression
occurs in response to inflammation, tissue injury, tumor
growth and metastasis (11). A connection between
SPARC expression and the development of various
cancers has been described (12); furthermore, SPARC
expression has been found to be correlated with MMP-2
and -9 activity in melanoma cells (13).

Pinheiro et al. (14) showed that MMP-1, -2, and -9
when expressed in ameloblastoma might digest the bone
matrix and release mitogenic factors, which could
increase tumor cell proliferation. SPARC has been
shown to induce MMP-9 expression in macrophag-
es ⁄monocytes in the tumor microenvironment (15), and
Arnold et al. (16) suggested that MMP activity in the
tumor microenvironment might be related to various
factors including ECM deposition, presence of other
proteases and cytokines, and the production of MMP,
as well as SPARC activity. Therefore, gaining an
understanding of the interaction of SPARC and MMPs
in ameloblastoma may enhance our knowledge of the
locally-aggressive behavior of this odontogenic tumor.
The aim of this study is to investigate the association of
SPARC with MMP-1, -2, and -9 in a cohort of
ameloblastoma patients.

Materials and methods
Sample collection
The records of a total of 23 patients (15 males; eight
females) with ameloblastoma were retrieved from Ka-
ohsiung Medical University (2002–2006) with an
approved IRB (98-IRB-141), of which the mean age
was 38.2 years (range, 13–62 years). All patients had
primary lesions and underwent total surgical excision.
The detailed clinical and histological data of these 23
patients are shown in Table 1. Twenty-two cases
occurred in the mandible and only one case was found
in the maxilla. In seven cases (30.4%), local recurrence
was found on regular follow-up. Seven cases were of a
pure plexiform type, while ten cases were of a pure
follicular type; the remaining six cases were of hybrid
histological subtypes. The surgical specimens were fixed
in 10% buffered formalin embedded in paraffin. Four-
micrometer-thick tissue sections were prepared for
immunohistochemical analysis and hematoxylin and
eosin staining. The histological diagnosis of ameloblas-
toma was rendered in accordance with the World Health
Organization (WHO) guidelines for the histological
typing of odontogenic tumors (17).

Semi-quantitative immunohistochemistry
Following tissue sectioning, staining was performed
using a standard avidin-biotin peroxidase complex
(ABC) method (18). Rabbit monoclonal antibodies
against human MMP-1 (Cat. No. ab52631) and rabbit
polyclonal antibodies against human MMP-2 (Cat. No.
ab52756) and MMP-9 (Cat. No. ab38898) proteins were
obtained from Abcam Corporation, Cambridge, UK,
the specificities of which have been established
in previous studies (14). Rabbit polyclonal antibody

(Calbiochem-Novabiochem International, Cambridge,
MA, USA; Cat. No.499255) was used for the identifica-
tion of SPARC protein. Tissue sections were mounted on
gelatin-chrome alum-coated slides; following deparaffi-
nization in xylene (twice) and rehydration in a decreas-
ing-concentration ethanol series (absolute, 95%, 70%
and 30% ethanol, and then water), tissue sections were
microwave-treated three times (5 min each time) in a
citrate buffer (10 mM; pH 6.0) in order to retrieve
antigenicity. Endogenous peroxidase activity was
blocked with 3% H2O2 in methanol for 60 min. Prior
to immunohistochemical staining, a 10% solution of
normal rabbit serum was applied for 60 min to tissue
sections in order to inhibit non-specific staining; these
sections were subsequently incubated with antibodies
against MMP-1, -2, -9 (1:100 each) and SPARC (1:1000)
overnight at 4�C. After subsequent rinsing with TBS
(three times, 10 min each), the tissue sections were then
incubated for 60 min at room temperature with biotin-
conjugated goat anti-rabbit IgG (Vector, Burlingame,
CA, USA; 1:100), following which all sections were again
washed with Tris-buffered saline (TBS; three times,
10 min each) and then incubated with an avidin–biotin
complex conjugated to horseradish peroxidase (Dako,
Santa Barbara, CA, USA) for a further 60 min. After
washing with TBS (three times, 10 min each), peroxidase
binding was visualized as a brown reaction product
via a benzidine reaction. The sections were then
counterstained with Mayer’s hematoxylin. Each set of

Table 1 Clinical and histological data of the 23 ameloblastoma
patients in this study

Case No. Gender Age Location Histology subtypes

1a Male 59 Mandible Follicular ⁄
Plexiform

2 Female 13 Mandible Plexiform
3 Male 14 Mandible Follicular ⁄

Acanthomatous
4a Male 61 Mandible Follicular
5a Male 61 Mandible Follicular
6 Male 36 Mandible Follicular
7 Male 62 Mandible Follicular
8 Female 22 Mandible Plexiform
9 Male 32 Mandible Follicular ⁄

Acanthomatous
10 Male 16 Mandible Plexiform
11 Female 16 Mandible Plexiform ⁄

Acanthomatous
12 Female 39 Mandible Follicular
13 Female 23 Mandible Plexiform ⁄

Acanthomatous
14 Male 56 Mandible Follicular
15a Male 59 Mandible Plexiform ⁄

Acanthomatous
16 Female 24 Mandible Follicular
17 Female 27 Mandible Plexiform
18 Male 23 Mandible Plexiform
19a Male 55 Mandible Follicular
20a Male 60 Maxilla Plexiform
21 Male 16 Mandible Follicular
22 Female 59 Mandible Plexiform
23 Male 46 Mandible Follicular

aLocal recurrence.
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experiments included a human oral squamous-cell
carcinoma specimen known to express MMP-1, -2, -9
and SPARC, which served as a positive control and
ensured the reproducibility of the staining process; a
negative control in which the primary antibody step was
omitted was also included in each set of experiments.
Tissue sections were analysed using a Nikon Eclipse
E600 microscope (Nikon, Lewisville, TX, USA).
The immunostained sections were compared with the

corresponding hematoxylin and eosin-stained sections in
order to establish a topographic relationship between
positive-stained areas and histopathological diagnoses.
The percentage (P) of positive-stained tumor cells was
determined semi-quantitatively by assessing the entire
tumor section, and each section was assigned to one of
the following categories: 0 (0–4%), 1 (5–24%), 2 (25–
49%), 3 (50–74%), or 4 (75–100%). The intensity (I) of
immunostaining was determined as 0 (negative), 1 (light
yellow), 2 (yellow-brown), or 3 (dark brown). Staining
intensity was judged relative to unstained tumor cells of
the sample. Finally, an immunoscore was calculated by
multiplying the percentage of positive cells (P) by the
staining intensity score (I), as proposed by Krajewska
et al. (19). The immunoscores for SPARC and the
MMPs were then evaluated and classified into four
groups: (+) score 0–2, (++) score 3–5, (+++) score
6–8, and (++++) score 9–12, scored by the first two
authors independently. When there was disagreement
between the scores assigned by the evaluators, a
consensus was reached by discussion. Interobserver
agreement was evaluated using kappa statistics (20)
and assessed according to the calculated kappa value: a
kappa value of less than 0.40 was considered as showing
poor agreement; one of 0.40–0.59, fair agreement; one of
0.60–0.74, good agreement; and one of 0.75–1.00,
excellent agreement.

Statistical analyses
Statistical analyses were performed using JUMP 7.0

software (SAS Institute Inc, Cary, NC, USA). The
statistical significance of differences in immunoscore
between SPARC, MMP-1, -2 and, -9 were analyzed by
Pearson’s v2-test. The immunoscores of these four
proteins with recurrence were also compared using
Pearson’s v2-test. P-values lower than 0.05 were consid-
ered to indicate statistical significance.

Double immunohistochemistry
Double immunohistochemistry with SPARC and
MMP-9 antibodies was performed using the EnVision
Doublestain System kit (Dako) according to the man-
ufacturer’s instructions in order to examine the co-
expression of these two proteins in ameloblatoma
specimens. In brief, slides were incubated overnight at
4�C with anti-SPARC antibody (1:1000) after antigen
retrieval and then incubated with labeled polymer-HRP-
anti-mouse and anti-rabbit antibodies for 30 min at
room temperature. Peroxidase activity was detected with
the enzyme substrate 3,3¢-diaminobenzidine tetrachlo-
ride. After quenching the enzyme reaction, slides were
incubated in double stain block at room temperature for

5 min to block endogenous phosphatase. The slides were
then incubated overnight at 4�C with anti-MMP-9
antibody (1:100). After washing, slides were incubated
with labeled polymer-alkaline phosphatase anti-mouse
and anti-rabbit antibody for 30 min at room tempera-
ture. Fast Red chromogen substrate solution was used
to visualize anti-MMP-9 antibody. The sections were
then counterstained with Mayer’s hematoxylin.

Results

Interobserver agreement between the two observers was
excellent for the assessment of immunoscores, with a
kappa value of 0.92. The immunohistochemical expres-
sion scores for each case of ameloblastoma are summa-
rized in Table 2. All ameloblastoma samples showed
expression of MMP-1, -2 and -9 and SPARC with
different intensities; these proteins (MMP-1, -2, -9 and
SPARC) were mostly located in the cytoplasm of the
ameloblastic-like columnar cells and stellate-reticulum-
like cells, as well as in the stromal tissues of fibroblasts
and endothelial cells. Furthermore, co-expression of
SPARC and MMP-9 proteins was noted in the cyto-
plasm of the ameloblastic-like columnar cells and
stellate-reticulum-like cells, also in the stromal tissues
of fibroblasts and endothelial cells.

SPARC expression was found to be correlated signif-
icantly with MMP-9 expression (Table 3) but not with
MMP-1 and -2. Recurrence was not statistically signif-
icant in terms of the immunohistochemical expression of

Table 2 Immunoscores of SPARC, MMP-1, 2 and 9 for the 23
ameloblastoma patients in this study

Case no.

Immunoscores

SPARC MMP-1 MMP-2 MMP-9

1a ++ ++ ++ +++
2 +++ ++ ++++ ++++
3 + ++ + ++
4a ++++ ++ ++ ++++
5a +++ ++ ++++ ++++
6 +++ ++ + +++
7a +++ ++ ++ ++++
8 +++ +++ +++ ++++
9 +++ ++ ++ ++++

10 ++ +++ ++ +++
11 ++++ +++ ++++ ++++
12 ++++ + + ++++
13 ++++ + ++ ++++
14 +++ + ++ ++++
15a ++ ++ ++ ++
16 +++ ++ + ++++
17 +++ + +++ ++++
18 ++++ +++ + ++++
19a ++++ + + ++++
20a +++ + ++ ++++
21 ++++ ++ +++ ++++
22 ++++ ++ ++ ++++
23 ++++ ++ ++ ++++

SPARC, secreted protein acidic and rich in cysteine; MMPs, Matrix
metalloproteinases; +, score 0–2; ++, score 3–5; +++, score 6–8;
++++, score 9–12.
aLocal recurrence.
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MMP-1, -2, -9 and SPARC. Representative samples of
MMP-9 and SPARC stainings are shown in Figs 1 and
2, whereas representative sample of co-expression of
SPARC and MMP-9 proteins is shown in Fig. 3.

Discussion

The ECM acts as a protective barrier for blocking tumor
invasion and metastasis, and degradation of the ECM
is a critical step in the process of cancer cell invasion
and metastasis. A number of proteins including ECM-
degrading enzymes, growth factors, cytokines and

Table 3 P-value for Pearson’s v2-test to identify associations between
the immunoscores of SPARC, MMP-1, -2 and -9 in this study

SPARC MMP-1 MMP-2 MMP-9

SPARC 0.8122 0.5984 0.0003*
MMP-1 0.8122 0.8374 0.5062
MMP-2 0.5984 0.8374 0.8644
MMP-9 0.0003* 0.5062 0.8644

SPARC, secreted protein acidic and rich in cysteine; MMPs, matrix
metalloproteinases.
*Statistical significance (P < 0.05).

A

B

Figure 1 Representative sample (case 5) of the immunohistochemical
expression of matrix metalloproteinase-9 (MMP-9) (A, ·100; B, ·400)
in ameloblastoma. Insect rectangle indicates area shown in (B); MMP-
9 proteins are also present in the stromal region (B, arrow) (avidin–
biotin peroxidase complex staining).

A

B

Figure 2 Representative sample (case 5) of the immunohistochemical
expression of secreted protein acidic and rich in cysteine (SPARC) (A,
·100; B, ·400) in ameloblastoma. Insect rectangle indicates area shown
in (B); SPARC proteins are also present in the stromal region (B,
arrow). Positive staining of the endothelial cell was around capillary
(B, arrowhead) (avidin–biotin peroxidase complex staining).
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proteins related to ECM are involved in the process of
cancer cells crossing tissue boundaries.
Matrix metalloproteinases are ECM-degrading

enzymes and play important roles in tumor invasion
and metastasis (21). Where MMPs and tissue inhibitors
of metalloproteinases (TIMPs) are imbalanced is where
pathological conditions occur, such as rheumatoid
arthritis (22), periodontal disease (23) and tumor inva-
sion (24). Recently, correlation of MMPs with survival
rate in cases of oral cancer has also been reported (25,
26).
Matrix metalloproteinase-1 is one of the three mam-

malian collagenases (MMP-1, -8, and -13) and belongs
to the group of interstitial collagenases, which can
degrade fibrillar collagens I, II, III, VII and X, gelatin,
and proteoglycan core protein (27). The MMP subfam-
ily of gelatinae, which includes gelatinae-A (MMP-2)
and gelatinae-B (MMP-9), can cleave collagen IV and
the structural components of basement membranes as a
preface to invasion. Abnormal expression of MMP-1, -2
and -9 has been found to be correlated with aggressive-
ness in many tumors (28, 29). In the current study,
co-expression of SPARC and MMP-9 were also noted in
the cytoplasm of the ameloblastic-like columnar cells
and stellate-reticulum-like cells as well as in the stromal

tissues of fibroblasts and endothelial cells of our cohort
of ameloblastoma patients. In addition, not only MMP-
9 but also MMP-1 and -2 were found to be expressed in
the stromal and tumor cells of ameloblastoma tissues.
This finding is consistent with the results of Pinheiro
et al. (14) but contrasts with those of Kumamoto et al.
(30). The production of MMPs by tumor cells might
constitute a �pre-invasive niche’ (31), which are related
to the invasiveness of the ameloblastoma. This hypoth-
esis is also supported by silver-stained nucleolar orga-
nizer region staining results (14), which suggest that
ameloblastoma cells synthesize soluble growth factors
and cytokines that construct a microenvironment for
neoplastic projection infiltrating into the jawbone.

Proteins related to the ECM, such as SPARC, have
been identified as being involved in the regulation of
embryogenesis (32) and cancer cell progression (12).
Furthermore, it has been reported that, during normal
tooth development, SPARC was not expressed in
ameloblasts as well as in inner and outer enamel
epithelium, cells of the stratum reticulare and stratum
intermedium but SPARC was expressed in odonto-
blasts and cementoblasts (33). Therefore, we regard
that normal tooth buds need not necessary to be
included in the current study and SPARC expression in

A

B C

Figure 3 Representative sample (case 5) of the ameloblastoma showing co-expression of secreted protein acidic and rich in cysteine (SPARC) and
matrix metalloproteinase-9 (MMP-9) in the tumor island as well as stromal region (light blue arrows) (A, ·400). Control stainings of MMP-9
(B, ·200) & SPARC (C, ·200).

SPARC and MMPs in ameloblastoma

Shen et al.

246

J Oral Pathol Med



ameloblastoma is an overt pathologic phenomenon. The
current study, to the best of our knowledge, may be the
first to identify the expression of SPARC in amelo-
blastoma tissues.

High SPARC expression levels indicate poorer prog-
noses in some tumors, for example, those of the colon,
lung, esophagus and pancreas (12); in contrast, SPARC
expression in neuroblastoma inhibits angiogenesis and
impairs tumor growth (34). Thus, the differing influence
of SPARC in different tumors reflects that the function of
SPARCmaybe tissue-specific.Moreover, we investigated
the relationship between the presence of SPARC and
MMP-1,-2 and -9 in this odontogenic tumor, and our
results showed that SPARC expression is significantly
associated withMMP-9 expression in ameloblastoma but
not with MMP-1 and -2. These findings may be inter-
preted as being suggestive of participation of SPARC in
ECM turnover in the ameloblastoma microenvironment;
moreover, SPARC may interact with MMPs (probably
chiefly MMP-9) to induce a cascade of neoplastic cells to
invade the pericellular microenviroment. This notion has
been supported by other studies that have reported the
association of SPARC expression and MMPs induction.
For instance, Tremble et al. (35) reported that SPARC
induced MMP-1, -3 and -9 in rabbit fibroblasts; Shank-
avaram et al. (36) indicated that, in human monocytes,
SPARC affected the expression of MMP-1 and -9; Gilles
et al. (37) found that MMP-2 was induced by recombi-
nant-SPARC in an invasive cell line but not in a non-
invasive cell line; and Kunigal et al. (38) observed that
SPARC increased MMP-9 expression level in glioblas-
toma cell lines. In addition, based on the results of a
previous study (39), MMPs are a potential cofactor of
SPARC due to the fact that, first, SPARCwas cleaved by
various MMPs, and second, SPARC expression was
associated with expression of MMP-1 and -2 in tumor
tissue specimens. Thus, in line with these aforementioned
studies, our findings imply that, possibly in association
withMMPs, participation of SPARC in the proteolysis of
the ECM may be one of the factors contributing to the
locally-aggressive behavior of ameloblastoma.

Angiogenesis is a critical factor for the invasion of
solid tumors. Immunohistochemical detection of VEGF
(40) and MMP-9 (14) has been reported in ameloblas-
toma, and the roles of VEGF in angiogenesis include
augmentation of the initiation of angiogenesis and
increasing vascular permeability (41). Kato et al. (42)
reported that VEGF increased the SPARC level in
human vascular endothelial cells. MMP-9 regulates the
vascular architecture for stabilization of the vessel (43);
furthermore, MMP-9 recruits the endothelial stem cells
in the bone marrow (44). Some bioactive SPARC
fragments could stimulate angiogenesis (45). In the
present study, SPARC was expressed not only by tumor
cells but also by fibroblasts and endothelial cells within
the stroma. Therefore, we hypothesized that MMP-9
and SPARC contribute to the growth of blood vessels
required in the local invasiveness of ameloblastoma. The
putative pathways by which SPARC, MMP-9 and
VEGF are associated in ameloblastomas were depicted
in Fig. 4. On the other hand, SPARC has been detected

in the Golgi apparatus in cultured cells (46). Hence, we
hypothesized that the cytoplasmic SPARC staining
noted in the current study possibly occurred within the
secretory vesicles of cells.

Gelatin zymography can be utilized to identify the
latent or active form of MMP-9, and Western blotting
used to show whether or not SPARC has cleaved. Ikebe
et al. (47) confirmed that the immunohistochemical
reactivity of MMP-9 in frozen tissue is the same as that
of the active form using gelatin zymography; therefore,
in this study, immunohistochemical demonstration of
paraffin-embedded tissues was used to investigate
MMPs and SPARC expression in order to observe the
localization of these proteases and SPARC in amelo-
blastoma. Nevertheless, the activity of MMP-9 and that
of the cleaved and full-length SPARC cannot be
discriminated by immunohistochemistry.

In conclusion, our results suggest a putative associ-
ation between SPARC and MMPs (especially MMP-9)
in ameloblastoma. Future work is needed in order to
elucidate the exact mechanism of the interaction
between SPARC and MMPs that modulates ECM and
tissue homeostasis.
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