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Abstract: Salivary gland tumors comprise a significant proportion of oral tumors. Maspin is a non-inhibitory serine
protease inhibitor (serpin). It is supposed to suppress tumor-induced angiogenesis, tumor cell motility, invasion and
metastasis. Objectives: To evaluate salivary gland tumors clinically, investigate the immunoexpression of maspin in
mucoepidermoid and adenocystic carcinoma of the salivary gland tumors and to detect the correlation of maspin expression
with biological behavior of these tumors.Materials and methods: Fourteen cases of malignant salivary gland tumors were
retrieved from the Oral Pathology files of Faculty of Dentistry, Alexandria University, Egypt. The study included eight
cases of mucoepidermoid carcinoma, six cases of adenoid cystic carcinoma. Two specimens of normal salivary tissue were
taken as control.Results: The difference in mean optical density of maspin expression between low-grade and high-grade
MEC was calculated. Optical density was higher in low-grade type compared to the high grade one with a significant
difference (P< 0.05).Moreover, the results of this study showed difference between the MOD of adenoid cystic carcinoma
subtypes, with the solid subtype expressing the lowest percentage. Conclusion: Maspin protein is overexpressed in low
grade malignant salivary gland tumors, and decrease as the histological malignancy rises so it can be used as prognostic
marker in salivary gland carcinoma. In addition, maspin could serve as a therapeutic target in salivary gland tumors
including recombinant protein or gene therapy.
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1. Introduction

Salivary gland tumors comprise a significant proportion
of oral tumors and are the next most common tumors of the
mouth after squamous cell carcinoma (1). They represent
less than 1% of all tumors, and 3-5% of all head and neck
tumors (2-4), with an overall global incidence of 0.4-13.5
cases per 100.000 populations. The World Health
Organization (WHO) lists twenty four malignant tumors,
with a wide spectrum of biological behavior, and variable
responsiveness to systemic therapies (5, 6).

Knowledge about the biological changes occurring
during tumor initiation and progression is the basis for
prevention, prediction of prognosis of the adequate therapy
of malignant tumors. (7)

Progression of neoplastic diseases requires the
acquisition of certain properties that promote tumor
aggressiveness. Proteases and protease inhibitors are
known to play important roles in tumor invasion and

metastasis. Two classes of proteases have been extensively
studied in breast and other cancers: serine proteases (such
as plasminogen activator) and their inhibitors (PAI 1 & PAI
2) and metalloproteases (such as collagenases) and their
inhibitors (TIMP 1 and TIMP 2). (8, 9)

Maspin (mammary serine protease inhibitor) is a
member of the serine protease inhibitor superfamily.
Maspin gene (located in the serpin cluster on chromosome
18921.3 g23) was first identified by subtractive
hybridization as candidate tumor suppressor gene which
may play a role in human breast cancer development. (10,
11) Several reports show that maspin expression is down
regulated in breast, prostate and gastric cancers, (12, 13)
but over expressed in pancreatic, lung, thyroid and
endometrial cancers,(14,15) suggesting that maspin may
play different functions in different cell types. Further
studies suggest that the tumor suppressor activity of maspin
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depends on its involvement in the stimulation of the
adhesion to the extracellular matrix or triggering the
extracellular matrix mediated pathways that negatively
regulate tumor migration and invasion.(16,17) Some
investigators suggest that the induction of apoptosis and the
inhibition of angiogenesis may represent other important
mechanisms by  which maspin inhibits  tumor
progression.(18,19) As the mechanism of regulation of
maspin expression is not well differentiated, it was shown
that p53 may regulate maspin expression by direct binding
to maspin promotor.(20) Promotor hypermethylation of the
maspin gene leading to gene silencing, was identified in
several human cancers, including breast, thyroid, skin and
colon.(21) It was found that overexpression of maspin in
some cancers (ovarian and pancreatic) may result from
promoter demethylation, suggesting that methylation and
demethylation may regulate maspin expression.(22, 23)

Because maspin is expressed in the epithelium of other
glandular tumors, it is possible that it participates in salivary
gland biology as well. Only few reports of maspin
expression in malignant salivary gland tumors were
published (24), so, the aim of this research was to evaluate
salivary gland tumors clinically, to investigate the
immunoexpression of maspin inmucoepidermoid and
adenocystic carcinoma salivary gland tumors and to detect
the correlation of maspin expression with biological behavior
of these tumors.

2. Material and Methods

2.1. Tissue Samples

Fourteen casesof malignant salivary gland tumors were
retrieved from the Oral Pathology files of Faculty of
Dentistry, Alexandria University, Egypt during the period
from 2007- 2013. The study included eight cases of
mucoepidermoid carcinoma, six cases of adenoid cystic
carcinoma. Two specimens of normal salivary tissue are
taken as control.

2.2. Methods

Clinical data were collected from the files of the
departments of Maxillofacial and Plastic surgery and Oral
Pathology at the faculty of dentistry, Alexandria University.
Data included:Age and sex of the patient,Location of the
tumor, its recurrence, lymph node involvement and its
distance metastases.

Histopathological examination using haematoxylin and
eosin stain was used to confirm diagnosis.

For immunohistochemical analysis: all lesions were
sectioned at 5 pm for immunohistochemical staining.
Maspin immunohistochemical staining was performed
using the universal ABC, peroxidase kit (ultra vision
detection system, Anti polyvalent, ready to use, LAB
VISION, USA, cat.1767). All the slides were
deparaffinized using xylene and then rehydrated in
decreasing concentrations of ethanol. Antigen retrieval

using microwave heating (three times of 10 min; 10mM
citrate buffer, pH 6.0) after inhibition of endogenous
peroxidase activity (0.3 hydrogen peroxidase for 15 min).
The slides were incubated overnight with the primary
antibody at room temperature, and then washed using
phosphate buffered solution (PBS) and then incubated with
secondary antibody for 15 min followed by PBS. Finally
the detection of bound antibody was accomplished using
the ABC reagent for 20 min then washed with PBS. A 0.1%
solution of diaminobenzidine (DAB) was used for 5 min as
a chromagen. The slides were counterstained with Mayer's
hematoxylin for 5 10 min.

2.3. Immunohistochemical Interpretation

Immunohistological sections were examined by the
image analyzer computer system using the software Leica
Qwin 500.

The intensity of immunostaining of maspin was
calculated in terms of mean area percent (MA %) and mean
optical density (MOD)(Fig.1, 2)

The clinical data was statistically estimated using the
student's t test and Chi-square test.

A p value less than 0.01 was considered highly
significant. The experimental values are given as a mean
value = SD (standard deviation).

3. Results
3.1. Clinical Results

Fourteen patients with malignantsalivary gland tumors
were included in this study. Among those 14 cases, 9
(64.29%) were femalesand 5 (35.7%) were males. Patient’s
age ranged between 26 and 82 years with a mean age 42.5
years.

The anatomical distribution of the recorded cases
showed that the most common site of occurrence was the
parotid salivary gland; 8 cases (57.14%) followed by the
palatal minor salivary gland(42.8%).

3.2. Histopathological Results

In the current research, the two grades of
mucoepidermoid carcinoma (MEC) were included, low
grade mucoepidermoid carcinoma (4 cases) and the high
grade one. (4cases).

Six histological patterns of AdCC were included in this
study, the cribriform,tubular-trabecularand thesolid form
(2cases each).

3.3. Immunohistochemical Results

Positive expression of the maspin protein was observed
in the control group. (Fig.3)

Of all tumors analyzed (n=14), 85.7% showed positive
maspin expression (n=12), while 14.3% (n=2) were
negative.

Out of the total 8 cases of mucoepidermoid carcinoma,
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6case (75%) were positive for maspin. Four cases were of
the low-grade type and two case of the high-grade type.
Low-grade MEC expressed intense nuclear and
cytoplasmic immunoreactivity in the intermediate cells and
epidermoid cells, whereas membranous immunoreactions
were noted in the mucous-secreting cells (Figs. 4-5). While
the high-grade MEC showed maspin immunopositivity
particularly in the anaplastic epidermoid cells, some of
these cells showed only cytoplasmic reaction, and others
showed both nuclear and cytoplasmic immunosignals(Figs.
6,7).

The MOD was higher in low-grade type compared to the
high grade one. There was significant difference (P < 0.05)
was found (Table 1,). While MA% was higher in high-
grade compared to low-grade. (Table 2)

Table (1). Different in optical Density of Maspin Immunoexpression
between Low grade and High grades Mucoepidermoid Carcinoma.

Low grade High grade T p
MEC) MEC
Mean + SD 38.28 £0.12 33.14£0.11 454317 <0.001

Maspin expression was evident in all the examined cases
of AdCC. In the cribriform pattern, positive immunosignals
was detected in almost all the malignant cells. Only few
cells were negative (Fig. 8). Meanwhile in tubular -
trabecular patterns, intense nuclear and cytoplasmic
staining was detected in the ductal epithelial and
myoepithelial cells (Figs.9, 10). In the solid pattern of
AdCC the maspin expression was focally positive in
basaloid tumor cells of some nests (Fig.11), and the other
nests were completely negative

The MOD and MA% were highest in tubular-trabecular
type, followed by cribriform type; the lowest MOD and
MAY% were recorded in the solid AdCCs.

The mean optical density of maspin immune expression
was higher in low grade malignant tumors compared to
high grade tumors. Using student’s t- test, but the difference
in MOD between these two groups did not reach a
significant value, (Table 3).

Table (3). Different in Mean Optical Density of Maspinlmmuno-expression
Between Low and High Grade Malignant Salivary Tumors.

t: Student’s t-test
*; statistically significant

Table (2). Different in Area percent of Maspin Immunoexpression between
Low grade and High grade Mucoepidermoid Carcinoma.

High grade Low grade ¢
tumors tumors P
Mean + SD 26.55 £16.02 32.83 £ 6.64 0.897 0.387

Low grade High grade
MEC ) MEC p
Mean + SD 8.276 £1.1 26.501£9.52  4.2485™  <0.001

t: Student’s t-test **: highly statistically significant

Fig. (1). Area percent (blue binary color).

t: Student’s t-test

No significant differences were found between maspin
immunoreactivity and age, sex as well as site. On the other
hand, there were no cases presented with lymph node
metastasis.
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Fig. (2). Optical density (OD) (blue binary color).
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Fig. (3). Normal salivary gland tissue showing positive expression of  Fig. (4). Low-grade mucoepidermoid carcinoma showing positive
maspin in the ductal epithelium and myoepithelial cells lining periphery. (x — maspin immunoreactivity in the intermediate cells. The mucous secreting
400) cells exhibited membranous reaction. (x 100)

Fig. (5). Higher magnification of the previous case revealing intense  Fig. (6). High-grade of mucoepidermoid carcinoma showing nuclear

maspin immunoreaction. (x 200) and cytoplasmic maspin immunoexpression in the anaplastic epidermoid
cells within central spaces. Negative immunosinglas to maspin are also
noted in some cells. (x 400)

Fig. (7). Cribriform pattern of adenoid cystic carcinoma exhibiting maspin  Fig. (8). Higher magnification of previous case notice only few cells are
immunopostitivity in almost all the malignant basaloid tumors cells. (x  negative. (x 400)
100)
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Fig. (9). Trabecular pattern of adenoid cystic carcinoma revealing an

intense maspin immunosignals in the malignant basaloid cells. (x 100)

>

-

Fig. (11). Tumbular pattern of adenoid cystic carcinoma exhibiting strong

maspin immunosignals in the glandular ductal cells. (x 400)

4. Discussion

Salivary gland tumors comprise a significant proportion
of oral tumors and are the next most common tumors of the
mouth after squamous cell carcinoma (25).The World
Health Organization (WHO) listed twenty four malignant
tumors, with a wide spectrum of biological behavior, and
variable responsiveness to systemic therapies (5, 6).In their
report they mentioned that the incidences of salivary gland
tumors are slightly higher in females thanmales (5). This
goes with the results of the present work as well as other
studies (26-28). However, other Asians researchers found
that the incidence of male out-numbered the females (29,
30). They stated that, this may be due to that most females
being confined to their homes and do not come for
treatment. In the present study, the mean age of patients
with malignant tumors was 42.5 years. This goes with the
results of several reports(26,29,31).The vast majority of
salivary gland tumors encountered in the present research
occurred in the major salivary glands( 57.14 %) especially
in the parotid gland. while, 42.8 % of tumors found in the

Fig. (10). Higher magnification of the previous case showing nuclear
and cytoplasmic maspin immunopositivity. (x 400)

Fig. (12). Solid pattern of adenoid cystic carcinoma exhibiting focal
maspin positivity in the malignant tumor cells. (x 100)

minor salivary glands with predominance in the palate. This
is in agreement with Shishhegar et al (29), Oliveira et al
(26), and Li LJ et al (32).In most reports (5, 31, 33),
mucoepidermoid carcinoma was the most common
malignant tumor diagnosed among salivary gland tumors
followed by adenoid cystic carcinoma.However, other
studies reported that adenoid cystic carcinoma are more
common (29, 34), these findings might suggest a
geographic variation in the frequencies of both malignant
tumors.(30).

The clinical importance of maspin in human cancers has
been investigated since its discovery in 1994. (10)
Experimental studies revealed that maspin suppressed
tumor growth, angiogenesis, invasion and metastasis.
(16,17,36,38) Maspin is also involved in the process of cell
apoptosis.(18,22) The exact function of maspin, as a tumor
suppressor is not known. Moreover, its localization in
different cell compartments (cytoplasm, nucleus,
extracellular matrix) suggests that it may be involved in
different biological processes. (37)

Several studies were performed to detect the expression
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of maspin protein in different malignant tumors such as
ovarian carcinoma (38), pulmonary adenocarcinoma (39),
prostate carcinoma (40), oral squamous cell carcinoma (41),
and breast cancer (23) to clarify its role in malignancy.
Most researchers found that the increased maspin
expression does correlate with better prognosis of these
tumors.

However few researches studying maspin expression in
salivary gland tumors have been published (24).

In the current research, the expression of maspin protein
in normal salivary gland tissues and salivary gland tumors
were undergoexamination. The normal control section of
salivary gland tissues revealed positive immunoreactivity to
maspin in the ductal epithelial cells as well as in
myoepithelial cells lining acini periphery. This is in
consistent with the findings of De Lima Navarro et al(24)
and Nakashima et al(42).

The tumor suppressor maspin was expressed in most of
the examined malignant salivary gland tumors where 14.3%
of them were negative to the maspin protein, and 85.7% of
theses tumors showed positive immunosignals to maspin
with different intensities.

All cases of AACC in this research revealed a positive
maspin expression with different degrees of intensity and
location. This was in agreement with the findings of other
studies (24, 42). Controversially, in a study done by Ghazy et
al (43) he found that all cases of solid pattern of AdCC
demonstrated negative immunoreaction. However, in this
research the solid pattern showed focal positivity in the
tumor cells of some nests while others were completely
negative. Moreover, it was demonstrated that the pattern as
well as the intensity of immunostaining (as shown by image
analysis) varied between the histologic subtypes of AdCC.
The solid pattern showed a focal immunoreactivity, lower
MOD and area% than the cribriform or tubular pattern. De
Lima Navarro et al (24) reported that maspin expression in
these tumors coincides with their biological behavior. Much
evidence showed that the histologic subtypes of AdCC are
directly related to prognosis, where the tubular pattern
having the best prognosis and the solid pattern the worst
prognosis (44, 45).

In this study, 57.145% of the examined malignant
salivary gland tumors were mucoepidermoid carcinoma,
with equal distribution between low and high grade types.
Intermediate type of mucoepidermoid carcinoma was not
included in the present work. 75% of mucoepidermoid
carcinoma cases exhibited positive maspin
immunoreactivity. This is in accordance with Schwarz et al
(46) and Ghazy et al (43). They reported that 86.7% and
100% of their examined cases of MEC showed positivity to
maspin respectively. However, low grade MEC showed
significantly higher expression of the maspin protein more
than the high grade carcinoma. High grade MEC was
characterized by decreased maspin expression. Loss or
decreased expression of maspin indicates loss of it is role in
inhibition of tumor invasion, metastasis, and angiogenesis
(46).
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Some authors (47-48) found that maspin nuclear staining
was associated with good prognostic factors, whereas,
cytoplasmic staining was associated with poor outcome,
these findings might suggest the critical role played by
mapsin in the biological function of the tumors.

In the present research, the majority of the malignant
tumors expressed cytoplasmic maspin reaction. This
finding denotes that maspin cellular localization has an
influence on its role as tumor suppressor gene (49). Sood et
al (50) demonstrated that mixed nuclear end cytoplasmic
maspin localization in ovarian cancer is indicative of a
more benign lesion than neoplasms with cytoplasmic
expression only.

Regarding patient age, and sex, no significant correlation
was found in the present work or reported in previous
studies (46). On the other hand, the correlation between
maspin expression and the lymph node metastasis cannot
be evaluated due to lack of cases presented in the present
work. Other previous studies had evaluated this correlation,
and their results were conflicting (43, 46).Most hypothesis
suggested that maspin, which inhibits tissue plasminogen
activator, may be a tumor-suppressor factor. Moreover,
Seftor et al(51) reported that maspin protein has the ability
to induce upregulation of some specific integrin levels,
resulting in suppression of an invasive phenotype of the
breast cancer cell line. These results suggested that up
regulation of integrin expression in addition to plasminogen

activator inhibition might be another suppressive
mechanisms against tumor invasion and metastasis
stimulated by maspin (52). Again, similar results

documenting a correlation between the absence of maspin
and poor prognosis have been reported for breast and
prostate cancer (53, 54). Boltze et al (55) reported that
colorectal carcinoma with loss of maspin expression was
associated with shorter survival. However, in contrast to
these observations, studies on ovarian and pancreatic
cancer revealed a significant overexpression of maspin in
the analyzed samples (46, 56). Maspin seems to behave as
an oncogene rather than as a tumor suppressor. Conversely,
an investigation on breast cancer suggests that the treatment
of tumor cells with recombinant maspin will lead to
decrease activation of Ras signaling which is associated
with invasion and metastasis and maspin in turn will lead to
decreased invasion and metastasis (57).

5. Conclusions

Based on the immunohistochemical results of this study,
the following conclusions were obtained:
1-  Highly expression of maspin in low grade malignancy,
whereas progressive loss of maspin is noted as
histological malignancy raise.
Nuclear maspin may play a critical role in tumor
suppression, whereas cytoplasmic maspin localization
is associated with aggressive behavior in salivary
gland carcinomas.
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Recommendations

1-

Further studies with large sample size are required to
clarify the correlation between maspin expression and
salivary gland tumors.

Further studies involving samples with lymph node
metastasis are required to clarify the correlation
between maspin expression and lymph node
metastasis.

Maspin could serve as a therapeutic target in salivary
gland tumors including recombinant protein or gene
therapy.
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