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[Abstract] Background and Obijective: Ezrin and inducible nitric oxide synthase
(iNOS) may play an important role in regulating tumor proliferation, invasion,
and metastasis. This study was to investigate the expression of Ezrin and iNOS

and their correlation to malignant proliferation of salivary gland pleomorphic
adenoma (PA). Methods: Expressions of Ezrin, iNOS and nuclear Ki-67
antigen were detected by immunohistochemistry in common type (n=40), active
type (n=25) and malignant (n=11) pleomorphic adenoma. Results:
Expressions of Ezrin, iNOS in common type, active type and malignant
pleomorphic adenoma were gradually increased (P<0.05). There was a
significant positive correlation between the expression of Ezrin and iNOS (P<O.
05). Ki-67 proliferation index (Ki-67 Pl) was increased with the increasing
of Ezrin and iINOS expressions (P<0.05). Conclusion: Overexpression of
Ezrin and iINOS may promote proliferation and malignant transformation of
salivary gland pleomorphic adenoma.
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Pleomorphic adenoma (PA) or known as mixed tumor is the most
common tumor of salivary gland, which takes up 50% of reported
epithelial salivary tumors. The tumor cells frequently invade membrane
and surrounding salivary tissues. They have a tendency of recurrence
after surgery and can undergo malignant transformation. It is considered
as a borderline tumor with properties between malignancy and benignity.
The Ki-67 nuclear antigen is used to determine the activeness of cell
proliferation and is an indicator for growth status of benign and malignant
tissues. Proliferating cell nuclear antigen (PCNA) can more directly reflect
the proliferative status of cells.” Ezrin protein is a member with the most
representativeness in the ERM family of membrane —cytoskeleton cross —
linker protein  (Ezrin/Radixin/Moesin) and it is closely related to
proliferation, metastasis, and prognosis of the tumor.2~* Inducible nitric
oxide synthase (INOS) and its product, NO, play an important role in
proliferation, angiogenesis, and prognosis of the tumor.5¢ Ezrin protein
and iINOS are highly expressed in many types of human tumors.® This
research used immunohistochemical analysis to measure the expressions
of Ezrin protein, INOS, and Ki—-67 nuclear antigen in normal, active, and
malignant type of PA, so as to investigate the role of Ezrin protein and
iNOS in the proliferation and malignant transformation of PA.
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Materials and Methods

Clinical data. Tissue samples of PA,which were
surgically removed and embedded in paraffin blocks
for storage in the Pathology Department,  were
obtained from the Otolaryngology Department in the
Second Affiliated Hospital of Sun Yet-Sun University
from January 1998 to December 2007. There were 40
cases of normal type, 25 cases of active type, and
11 cases of malignant type (which  were
pathologically diagnosed as “cancer in PA”). All
lesions were located in parotid glands,  salivary
glands, and minor salivary glands of the upper
palate. The ages of patients were between 17- and
83-year-old, with a medium age of 42.5-year-old.
There were 35 males and 41 females. All cases of
normal and active PA were diagnosed for the first
time and they did not receive any anti —tumor
treatment.  All malignant cases of PA were derived
from benign tumors.

The pathological diagnoses of benign and
malignant PA were based on the new classification
for otolaryngological tumors after detailed observation
and description.  For the standard to determine the
type of PA, please refer to Table 1.78 In this research,
carcinosarcoma (or known as true malignant PA) and
metastatic PA were not included in 11 cases of
malignant PA. All samples were confirmed by
pathologists in our hospital and conformed to original
diagnoses.

Test agents. Rat anti —human monoclonal
antibody of Ezrin and Rabbit anti—human monoclonal
antibody of INOS were the products of US NeoMaker
Company and purchased from Jingmei
Bioengineering Company. The rat anti —human
monoclonal antibody of Ki-67 nuclear antigen, SP
immunohistochemical test kit, DAB colorization Kkit,
and hematoxylin stain were the products of US Sigma
Company and were purchased from Zhongshan
Goldenbridge Biotechnology Co., Ltd.

Experimental procedures. All samples were
fixated in 4% paraformaldehyde and embedded in

paraffin blocks, before they were sequentially cut into
slides with the thickness of 4 m. They were then
adhered to pre —treated glass slides. The SP
immunohistochemical analysis was performed by
following procedures provide in the test kit to
determine the expressions of Ezrin protein, iNOS, and
Ki =67 nuclear antigen in normal, active, and
malignant PA. Citrate buffer was added and these
samples were heated in microwave for antigen repair
for 17 min. DAB colorization was then performed and
these samples were stained by hematoxylin,
dehydrated and sealed. PBS was used to replace
primary antibodies for negative control.  Slides with
known positive expressions of Ezrin protein, iNOS,
and Ki -67 nuclear antigen were used as positive
control.

Deterimation of results. Ezrin protein and iNOS
were primarily expressed in cytoplasm of tumor cells
and were presented in brownish yellow or brownish
granules. In normal cells, they were occasionally
expressed, but primarily in the cell membrane. The
evaluation criteria were based on the rate of positive
tumor cells and the intensity of stain (For each
specimen, ten randomly selected viewfields under
400x magnification was observed and at least 1,000
cells were counted). Based on the classification
standard by Mathew,® these samples were grouped
accordingly: negative (-) for non —expression;
positive (+ ) for < 50% of cells with positive
expression or light stain; strong positive (++) for =
50% of cells with positive expression and deep stain.
The stain to indicate positive expression of Ki -67
nuclear antigen could be observed in nucleus, while
it could also exist in cytoplasm of some tumor cells,
where the nucleus was in brown or both the nucleus
and cytoplasm were brown. The negative result was
identified when only cytoplasm but not the nucleus
was stained or when both nucleus and cytoplasm
were not stained.  Under microscopy with 400x
magnification, 100 cells were counted in each
viewfield out of all 10 randomly selected fields. Ki—-67
Pl = total number of positive cells / 1,000 x 100%.

Statistical analysis. SPSS13.0 software was used

Table 1 The classification standard of pleomorphic adenoma

Growth pattern Peplos invasion

Tumor constituent

Heteromorphism Nuclear phase

Common type One centre -
slow
Active type Multicentre +

fast

Less cells - Without karyokinesis
regular
More cells + With karyokinesis

irregular higher karyoplasmic ratio
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for statistical analysis. The?-—test was performed to
analyze the intergroup variation in the expressions of
Ezrin protein and INOS. The comparison of Ki-67 PI
between groups was performed using variance
analysis and the LSD -t —-test. P < 0.05 indicated
statistically significant.

Results

Expressions of Ezrin protein and iNOS in benign
and malignant PA and their correlations. The positive
expressions of Ezrin protein and iNOS were primarily
in the cytoplasm of tumor cells and they were in
brownish yellow or brown (Fig. 1). In 40 cases of
normal PA, there were 23 cases with positive
expression of Ezrin protein (57.5%) and 20 cases
with positive expression of iINOS (50%). In 25 cases
of active PA, there were 18 cases with positive
expression of Ezrin protein (72.0%) and 18 cases
with positive expression of INOS (72.0% ). In 11
cases of malignant PA, there were 11 cases with

positive expression of Ezrin protein (100%) and there
were 10 cases with positive expression of iINOS
(90.9% ). As cell proliferation became active and
malignancy of tumor worsened, the rate of positive
expression of Ezrin protein and iINOS gradually
increased and its intensity amplified. Most malignant
PA had strong positive expression of Ezrin protein
and iNOS. The expressions of Ezrin protein and iNOS
were much higher in malignant PA than in normal
and active PA, and were higher in active PA than in
normal PA (Table 2). The variations had statistical
significance (Ezrin protein: x® = 10.6, P = 0.005;
iNOS:x? = 8.231, P =0.016). In 76 cases of benign
and malignant PA, 44 cases were reported to have
positive expressions of Ezrin protein and iNOS
(54.0%), while 20 cases had no Ezrin protein and
iINOS (26.3%). There were 11 cases with positive
expression of Ezrin protein and negative expression
of INOS (14.5%). Analyzed by the x®-test, the
expressions of Ezrin protein and iINOS in benign and
malignant PA were positively correlated (x? = 35.62,

Table 2 Expressions of Ezrin,iNOS and nuclear Ki-67 antigen in 76 cases of benign and malignant pleomorphic adenoma

Ti Ezrin iNOS Ki-67 PI
issue Cases _

+ - + - (x£s)
Common type 40 23 17 20 20 23.775+5.886
Active type 25 18 18 7 56.560+9.566
Malignant 11 11 10 1 95.727+4.982

Figure 1 Expressions of Ezrin and iNOS in the cytoplasm of common type, active type and malignant pleomorphic adenoma cells
(DAB x400)

A-C: Expression of Ezrin was gradually increased in common type, active type and malignant pleomorphic adenoma. D-F: Expression of iNOS

was gradually increased in common type, active type and malignant pleomorphic adenoma.
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r= 0.685, P< 0.001).

Expression of Ki—-67 nuclear antigen in benign
and malignant PA. Positive expression of Ki —67
nuclear antigen primarily showed brownish yellow or
brown color in nucleus (Fig. 2). Ki-67 Pl was
gradually increased in the order of normal, active,
and malignant type of PA (Table 2). The variations in
Ki -67 Pl among the three groups had statistical
significance (F-value = 477.65, P < 0.001).

Expressions of Ezrin protein and iNOS in benign
and malignant PA and their relationships to Ki-67 PI.
In 76 cases of benign and malignant PA, the Ki-67

Pls in the cases with negative and positive
expression of Ezrin protein were 26.625 13.256 and
52.923 26.856, respectively, and the variation
between the two had statistical significance (¢ =
5.713, P < 0.001). The Ki-67 Pls in the cases with
negative and positive expression of INOS were
28.286 16.182 and 54.292 27.338, respectively, and
the variation between the two had statistical
significance (1= 5.209, P< 0.001). It suggested that in
benign and malignant PA, patients with high
expressions of Ezrin protein and iNOS also had a
high level of Ki-67 PI.

Figure 2 Expression of Ki-67 in common type, active type and malignant pleomorphic adenoma (DAB x400)

Discussion

Active proliferation of tumor cells is an important
aspect for kinetic study of tumor growth.  The
measurement of proliferative activities in cells can
determine the malignancy and biological properties of
the tumor. Currently, there are many methods to
measure the activities of tumor proliferation, and the
measurement of Ki —-67 nuclear antigen is one of
them. Ki-67 is a non-histone nuclear antigen. The
gene is located on 10g5 of human chromosome.
Except in G, phase, it is expressed in all phases of
cell cycle and it reaches the peak during M phase. It
participates in mitosis. Its expression level is closely
related to activeness of cell proliferation, and thus, its
measurement can reflect the status of tumor
proliferation. It is regarded as a reliable indicator for
assessing malignant proliferation of tumor cells.'
Katori et al.” found that Ki-67 was more strongly
expressed in PA and adenocarcinoma than in
sialadenitis, and they believed the high expression of
Ki—-67 could be an important reference index for early
carcinogenesis of PA. In this research, by measuring
the expressions of Ki-67 in normal, active, and
malignant PA, we found that Ki-67 Pl was gradually
increased in the order from normal, active, to

malignant PA, along with the increase in expressive
activities of Ki —-67 nuclear antigen.  This result
suggests that there is a variation in proliferation
between normal PA and active PA. Additionally,
during the malignant transformation of PA, this
proliferative property became stronger in tumor cells,
in which it finally attained the state of infinite growth.
This suggests that Ki —67 is closely related to
malignant transformation of PA. The expression level
of Ki—-67 was increased as the proliferative activities
increased. Ki—67 nuclear antigen could be used as a
reliable marker for evaluating malignant proliferation
of PA.

Ezrin protein is the mostly investigated
cytoskeleton linking protein in the family of ERM
proteins. Its encoding gene is villin2 and is located
between 6025.2 —g26 on the chromosome and is
composed of 585 amino acids. It has three domains:
the o—helix region in the middle, the amino group
terminal in direction of membrane, and the hydroxyl
terminal extending to cytoplasm." Ezrin protein, by
mediating  linkage  between  membrane and
cytoskeleton, participates in the signal transduction
systems for tyrosine kinase receptor, Fas, and Rho. It
plays important roles in  physiopathological
processes, such as mitosis, cell proliferation,
adhesion, and cell migration.2™-" In recent years,
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many researchers found that Ezrin gene is closely
related to many biological properties of tumors such
as growth, proliferation, infiltration, metastasis, and
prognosis.>*'5% Speaking of salivary tumor, Wang et.
al. ' studied adenoid cystic carcinoma of salivary
gland and found that the high expression level of
Ezrin protein might have to do with biological
properties, such as incidence, progression, and
metastasis of the tumor. In this research, the rates of
positive Ezrin protein in normal, active, and malignant
PA were gradually increasing, as well as their
intensities.  This was in accordance to research
results on other human tumors. As the cell
proliferation became active and the malignancy of
tumor worsened the expression of Ezrin protein also
increased. This result suggests that the elevation in
the expression of Ezrin protein is positively correlated
to the activeness in cell proliferation of PA. The effect
of Ezrin protein in the incidence, progression, and
malignant proliferation of PA still requires further
investigation.  Variations in the intensity of positive
expression and rate of positive expression of Ezrin
protein in normal, active, and malignant PA suggest
that some reasons may cause abnormal expression
of Ezrin to lead to the incidence and malignant
transformation of PA.

NO and its primary synthase iINOS play many
roles in the incidence, progression, and metastasis of
tumors at the molecular level, such as inhibition on
apoptosis and promotion on angiogenesis. Many
experiments have proven that the expression of INOS
in tumor of neck and head is significantly increased
to promote proliferation, infiltration, and metastasis of
tumor. Chen et al.,*® from a series of studies on
lingual carcinoma, found that INOS has important
roles in growth, differentiation, lymphatic metastasis,
and angiogenesis of the tumor; in the in witro
environment, they further discovered that silencing of
iINOS gene exerted an inhibitory effect on the
proliferating activities of lingual squamous cell
carcinoma. Brennan et al.” discovered that in PA, the
expression of INOS was much higher than that in
normal salivary tissues. Zhang et al.® in the study on
adenoid cystic carcinoma of salivary gland showed
that high expression of INOS could promote
angiogenesis of tumors and affect its prognosis. This
study, based on histological morphology, classified
PA and found that there was variation in expression

of iINOS in normal, active, and malignant PA. As the
activeness of tumor proliferation of PA increased, the
expression rate of INOS also increased, as well as its
intensity and malignancy. The abnormally high
expression of INOS could achieve certain degrees of
effect in the incidence and malignant transformation
of PA.

In PA tissues, patients with high expressions of
Ezrin protein and iINOS would also have an elevated
level of Ki—67 PI, and the two factors had a synergic
effect. It is suggested that Ezrin and iINOS are closely
related to mitosis and proliferation of PA, as Ki-67 Pl
is increased along with elevation of Ezrin and iNOS.
This further proves that the two have promotional
effects on proliferation of PA, even though its
underlying mechanism  still requires  further
investigation. Glynne et al.?' found that the binding of
iNOS and ERM-binding phosphoprotein-50 (EBP50)
in the epithelial cells controls the synthesis of NO and
affects its biological effect.

PA is a borderline tumor and is a group of
heterogeneous tumors from the biological aspect.
Thus, it is hard to determine its prognosis in clinical
practice.  This research results showed the high
expressions of Ezrin and iNOS, as well as their
imbalance, could be related to proliferation and
malignant transformation of PA. It, at the protein
expression level, supports the classification standard
in the pathological diagnosis of the disease, and to
some degrees, indicates the potential for malignant
transformation in the active type of PA. It also
provides new evidence for further research to unravel
the malignant proliferative mechanism of PA. Ezrin
and INOS could become one of the prognostic
indices for PA in clinical practice. In addition, the
synergic expression of Ezrin protein and iNOS could
promote abnormal proliferation and malignant
transformation by regulating synthesis of NO. The
synergic effect of the two in the incidence and
progression of PA is possible, but its underlying
mechanism requires further study.
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