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Abstract

Purpose: Maspin is a member of serpin (serine protease inhibitor) family, and is known to have tumor-suppressor function. 
Maspin has been reported to play a critical role in processes relevant to tumor growth and metastasis such as cell invasion, 
angiogenesis, and apoptosis. The aim of this study is to evaluate immunohistochemical expression of maspin and its correlation 
to histologic grade of salivary mucoepidermoid carcinoma. 
Materials and Methods: A total of 22 formalin-fixed, paraffin-embedded specimens of mucoepidermoid carcinoma were 
prepared for immunohistochemical staining with maspin antibodies. Maspin immunoreactivity was evaluated by calculating 
the proportion of positively-stained tumor cells present in 5 high-power fields.
Results: All cases were expressed maspin with variable cellular localization. No significant correlation was found between 
maspin expression and clinicopathologic features such as patient’s age, gender, tumor site, clinical stage and lymph node 
metastasis (p> 0.05), whereas maspin expression showed a statistically significant correlation with grade of tumors classified 
in regard to Auclair system (p= 0.011), compared to that evaluated by Brandwein system (p= 0.155).
Conclusion: Salivary mucoepidermoid carcinoma showed maspin immunoreactivity with variable levels and cellular 
localization. Maspin is a valuable biomarker to predict the prognosis of salivary mucoepidermoid carcinoma.
   
Keywords: Maspin, Mucoepidermoid carcinoma, Auclair system, Brandwein system

Abbreviations: MEC: Mucoepidermoid Carcinoma; RCL: 
Reactive Central Loop; IHC: Immunohistochemistry.

Introduction

Mucoepidermoid carcinoma (MEC) is the most common 
malignancy of salivary gland origin, accounting for 30% 
of these neoplasms [1].  It is characterized by diverse 
histomorphological features and biological behavior of 
prognosis correlated with histologic grade [2,3].  Hence, 

grading methods for MEC are based on different parameters, 
by which tumors are stratified into low, intermediate, and 
high grades [4]. Although the grading systems of MEC are 
enigmatic, time-consuming, and somewhat have complex 
criteria, they often seem to be prognostically effective and 
display reproducibility among pathologists [5-8]. However, 
the most popular grading schemes which are used to predict 
the biologic behavior of MEC are: The Auclair system [9], and 
that proposed by Brandwein, et al. [10].
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Maspin is a 42-KDa protein which belongs to the large 
superfamily referred to as serine protease inhibitors (serpin), 
including a group of proteins with different biological 
activities [11,12]. Despite that the molecular mechanism of 
maspin is still unclear, its functional domain is thought to 
be located at reactive central loop (RCL); which is an active 
site moiety for maspin gene [13]. Moreover, RCL appears to 
mediate interaction to a cell surface receptor that enhances 
cell adhesion to type I collagen and fibronectin. Hence, maspin 
may increase cell-cell adhesion, subsequently prevent tumor 
invasion and metastasis [14]. In addition, maspin inhibits 
in vivo, neoplasm-associated angiogenesis [15,16]. Maspin 
expression has been demonstrated in different cell types, 
and appeared to be down-regulated in breast, prostate, 
and gastric cancers [17-19]. On the other hand, maspin 
was over-expressed in pancreatic, gallbladder and thyroid 
cancers [20-22]. These controversial views are attributed 
to the subcellular localization of maspin in different cancer 
cells (nuclear, cytoplasmic, or pan-cellular expression); via 
interaction with extracellular matrix (ECM) components, or 
due to epigenetic modifications [23-25]. The purpose of this 
study is to evaluate the immunohistochemical expression of 
maspin and its correlation with histologic grade of salivary 
MEC categorized by Auclair and Brandwein systems.

Materials and Methods

A total of 22 formalin fixed, paraffin-embedded MEC 
specimens were collected from the archives of the Department 
of Oral Diagnosis/ College of Dentistry/ Baghdad University 
and Department of specialized surgery in Al-Shaheed Ghazi 
Hospital in Baghdad. Clinical information concerning the age, 
gender, and site of tumor and lymph node metastasis was 
obtained from patients’ medical records, during the period 
from 2009 to 2017. For all specimens, 4µm thick sections 
were prepared and stained with hematoxylin and eosin 
(H&E) stain to confirm the diagnosis. The tumor histologic 
grade in this study was evaluated according to criteria of 
Auclair and Brandwein systems that are published in The 
WHO classification of tumors.

Immunohistochemistry (IHC) of maspin

Immunohistochemical (IHC) staining for maspin was 
carried out as follows: the tissues were deparaffinized in 
xylene and rehydrated through graded alcohol and washed 
with distilled water. According to the manufacturers’ 
protocol, the slides require no antigen retrieval. To quench 
endogenous peroxidase activity, the slides were immersed in 
3% H2O2 for 20 minutes then washed with phosphate buffer 
saline (PBS). Nonspecific binding was inhibited by treatment 
with protein blocks at room temperature for 10 minutes, 
the sections were incubated with anti-maspin rabbit 

polyclonal antibody (1:100 dilution; Abcam, Cambridge, UK) 
at 37 C° for 3 hours and then incubated overnight at 4C in 
a humidified chamber. Negative control was performed by 
omitting the primary antibody. After washing with PBS, the 
tissue sections were incubated with Secondary-Goat anti-
rabbit HRP (Abcam) for 15 minutes and the slides were then 
washed again in PBS. Subsequently, DAB chromogen was 
applied for antibody staining (brown). The tissues prepared 
were then allowed to react with Mayer’s hematoxylin for 5 
minutes, dehydrated by serial dilution of ascending alcohol 
and then covered with a cover glass.

IHC Scoring and Statistical Analysis 

The degree of IHC staining was evaluated separately by 
two pathologists who were blinded to the clinicopathologic 
information. Maspin immunostaining was scored by 
counting the proportion of positively stained tumor cells 
in 5 microscopic high power fields that reveal higher 
immunopositivity as follows: score 1 (<5% positive cells); 
score 2 (5-50% positive cells); score 3 (>50% positive cells). 
Subsequently, score 1 was negative (cell positivity=0), or 
weak (1-5% positive cell), whereas, scores 2 and 3 showed 
moderate and strong immnoexpression, respectively. A Mann-
Whitney test, Kruskal Wallis test, and Spearman´s correlation 
coefficient test were used to analyze the correlation between 
maspin immunoreactivity and clinicopathologic features. 
These analyses were achieved with the assistance of the 
Statistical program SPPS (Statistical Package for the Social 
Sciences) version 22.0 for Windows (SPSS, Chicago, IL, USA). 
A (P<0.05%) was considered statistically significant in all 
cases.

Results

In this study, the cases were distributed according to 
clinico pathologic features as shown in (Table 1). Regarding 
IHC results, positive maspin expression was observed in 
all cases, with different levels and cellular localization. 
Maspin mainly showed cytoplasmic immunosignaling in 
both normal ductal epithelium (used as a positive control), 
and tumor cells of MEC, although in few instances, maspin 
expression was also localized to the cell membrane, or 
secreted into extracellular spaces (Figures 1A-E). Table 2 
shows the relationship between maspin expression and 
the clinicopathological features of tumor. However, there 
was no significant correlation between maspin expression 
and characteristic parameters as age, gender, site, clinical 
stage and lymph node status (p>0.05). Maspin expression 
was found to be correlated significantly with Auclair system 
(p=0.011), while there was no statistically significant 
relation between maspin expression and Brandwein system 
(p>0.05), (Figure 2).
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Variables Total No. (%)
Age group (years)

<40 5 22.7
>40 17 77.3

Gender
Female 12 54.5

Male 10 45.4
Site

Major 11 50
Minor 11 50

Clinical stage
I 9 40.9
II 7 31.8
III 3 13.6
IV 3 13.6

Lymph node status
-ve 16 72.7
+ve 6 27.3

Auclair grading system
Low grade 15 68.1
High grade 7 31.9

Brandwein grading system
I 6 27.3
II 6 27.3
III 10 45.4

Table 1: Cases distribution according to Clinicopathologic parameters.

Parameters
Maspin* Maspin* Maspin* p-value
Score 1 Score 2 Score 3

Age group (years)
<40 0 3 2 0.13
>40 3 3 8 [NS]

Gender
Male 1 4 5 0.87

Female 2 5 5 [NS]
Site

Major 1 5 5 0.8
Minor 2 4 5 [NS]

Clinical Stage
I-II 1 6 9 0.12

III-IV 3 2 1 [NS]
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Lymph node metastasis
N0 1 6 9

0.3
N1 1 1 1
N2 1 1 1 [NS]

Auclair grading system
Low grade 0 6 9

0.011**

High grade 3 3 1
Brandwein grading system

GI 0 2 4 0.15
GII 0 3 3 [NS]
GIII 3 4 3

Table 2: Distribution of maspin expression scores.

Figure 1: Maspin expression in salivary mucoepidermoid carcinoma. A: normal ductal epithelium in tissue adjacent tumor, 
showing positive maspin immunoreaction (20x); B: low grade MEC showing macrocystic spaces >25% (20x); C: Higher 
magnification of the previous case, revealing high cytoplasmic level of maspin (40x); (D): high grade MEC, cytoplasmic and 
secreted maspin (40x); E: high grade MEC with a solid area showing both nuclear and cytoplasmic pattern of maspin expression 
(40x); F: maspin expression localizes cell membrane (arrow) of mucous-secretory cells (40x). G: small nest of tumor cell 
express maspin in high grade MEC (20x). H: lymph node metastasis of MEC (20x). I: maspin overexpression in lymph node 
associated to MEC (20x).
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Figure 2: Diagram shows maspin scores (median) regarding (A) Auclair; (B) Brandwein system.

Discussion & Conclusion

In the present study, we found no significant correlation 
between maspin immunoreactivity and clinical parameters 
like patient’s age, sex, and tumor location (major & minor 
salivary glands). This finding was in agreement with 
previous studies [26-29]. In addition, no statistically 
significant correlation was found between maspin and both 
clinical stage and lymph node metastasis. This finding was 
in accordance with a previous report achieved by Ghazy, 
et al. [30] who found no significant correlation between 
maspin expression and lymph node involvement and/or 
postoperative metastasis in salivary gland MEC. However, 
this observation disagrees with Schwarz, et al. [31], who 
found that negative expression of maspin protein was 
mainly localized to the nucleus, and that loss of maspin 
was significantly associated with advanced stage and 
lymph node metastasis in common salivary gland tumors. 
These controversial results may be derived from the small 
size sample included in this study. Moreover, the analysis 
of Schwarz, et al. for maspin expression was restricted to 
salivary gland carcinoma types of intermediate malignancy 
grade. Additionally, in the aforementioned studies, authors 
discriminate between nuclear and cytoplasmic maspin 
expression, of which different biologic behavior may be 
observed [30,31]. However, in the present study, we found 
that maspin was expressed with variable levels and cellular 
localization, which is similar to the findings of previous 
reports [30]. To our knowledge, little, if anything is known 
about the relation of maspin expression to salivary MEC 
categorized by Auclair and Brandwein methods. Our results 
indicated that maspin expression was statistically correlated 
with histologic grade of tumors classified according to 
Auclair system compared to that graded by criteria of 
Brandwein system. This finding is in harmony with another 

recent study [32].   Moreover, high grade MEC is usually 
demonstrated low maspin expression which could indicate 
loss of its activity to inhibit tumor invasion, metastasis and 
angiogenesis [33]. Evidence of both nuclear and cytoplasmic 
maspin expressions were detected in low grade MEC. This 
finding denotes that maspin cellular localization has a critical 
role as a tumor suppressor gene [11,34]. Furthermore, the 
relationship of maspin immunoexpression to the tumor grade 
was evaluated in salivary gland malignancies, and it is found 
that maspin is overexpressed in low grade salivary MEC, and 
decreases as the histological malignancy rises regardless 
of the grading system applied. However, this finding was 
coincident with previous results [35]. In conclusion, our 
study showed that maspin is a valuable biomarker to predict 
the tumor aggressiveness in MEC, and its expression was 
significantly correlated with tumor grade, especially when 
tumors are categorized by Auclair system.
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