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THE ASSOCIATION BETWEEN EXPRESSION OF KI-67 AND
MMP-7 PROTEINS AND LYMPH NODE METASTASIS
IN MALIGNANT SALIVARY GLAND TUMORS
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ABSTRACT

Aim of the work: To analyze the expression of both Ki-67 and MMP-7 proteins in malignant
salivary gland tumors by immunohistochemistery and correlate the results with lymph node
metastasis and some clinical parameters including sex, site and type of the tumor.

Material and Methods: The study was retrospectively designed. Thirty formalin fixed paraffin
embedded blocks of different malignant salivary gland tumors were stained immunohistochemically
for both Ki-67 and MMP-7. Immunostainig was evaluated and results were analyzed statistically in
relation to lymph node metastasis and some clinical parameters as sex, site and type of the tumor.
P Value < 0.05 was considered significant.

Results: High Ki-67 (P=0.0001) and MMP-7 expression (P=0.0001) was associated with
lymph node metastasis. Ki-67 and MMP-7 immunostaining was not affected by either sex or site of
the tumor but there was high association with type of the tumor.

Conclusion: MMPs and Ki-67 may have prognostic impact in malignant salivary gland tumors
and can be used in molecular targeted therapy.
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INTRODUCTION about 25-35%. Other types include adenoid cystic
Malignant Salivary gland tumors (MSGTS) in carcinoma (A?C),acmlc cell carcinoma, carcinoma

ex-pleomorphic adenoma, polymorphous low
head and neck account for nearly 2% to 4% of all
oral cancers (incidence of 1-2 per100,000). MSGTs
are more prevalent in major salivary glands,
particularly the parotid (20%-25%) (A.L.D. Kruse

etal,2010).

grade adenocarcinoma (PLGA) and some newly
discovered salivary gland tumors (P.C. Anila,2014).

Risk factors for MSGTs include cigarette
smoking, viral infections, rubber manufacturing
workers and genes while ionizing radiation is

Mucoepidermpoid carcinoma is the most among the well-established risk factors for MSGTs
common type of salivary gland cancer representing  (A. Rousseau and C. Badoual, 2011).

* Lecturer of Oral and Maxillofacial Pathology, Faculty of Dentistry, Minia University.
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Malignant salivary gland tumors are rare and
show complex histopathological pattern. Thus, there
is a problem in predicting their clinical course by
means of their recurrence, metastasis and survival
rate.

It’s important to predict the proliferating activi-
ties in tumors to predict their biological behavior
(A. Abdel Aziz and M.M. Amin, 2012). Ki-67, one
of proliferating markers, has been considered to be
a potent tool for making an easy and quick evalua-
tion of the growth fraction. The expression of Ki-67
varies in means of intensity throughout the different
stages of cell cycle. Ki-67 antigen, which may be
detected in all stages of cell cycle except GO, is as-
sociated with tumor proliferation, invasiveness, and
ultimately prognosis (O.M. Wahba et al, 2013). So,
Ki-67 has been used to determine the proliferation
rate of many tumors and predict their biological be-
havior (A. Abdel Aziz and M.M. Amin, 2012).

Matrix metalloproteinases (MMPs), a group of
zinc dependent neutral endopeptidases, have the
ability to degrade ECM components, including
collagens, elastin, proteoglycans, laminin, and
fibronectin in addition to nonmatrix proteins as
growth factors, cytokines, chemokines, and their
receptors. Thus, they have a role in regulating cell
growth and inflammation (S. De and J.E. Fenton,
2005).

Physiologically, MMPs have a key role in
conditions depending on degradation of ECM
like
morphogenesis (H. Nagase and J.F. Jr Woessner,
1999). Depending on their function, the gene family
can be divided into the subgroups of collagenases,

angiogenesis, tissue repair, and tissue

gelatinases, stromelysin, matrilysins, membrane-
type MMPs, and other MMPs (R. Visse and H.
Nagase, 2003).

Matrilysin-1 (MMP-7) is primarily expressed by
glandular epithelial cells in the endometrium, small
intestine, breast, pancreas, liver, prostate, dermis,
bronchus, and by epithelial tumors of the gastroin-

Enas Alaa El-Din Abd El-Aziz

testinal tract, prostate, and breast (P. Vihinen et al,
2005; U.K. Saarialho-Kere et al, 1995).

MMP-7 has the ability to activate antibacterial
peptides. So, it plays a role in intestinal mucosal de-
fense (C.L. Wilson et al, 1999). Besides ECM com-
ponents, MMP-7 is known to degrade cell surface
molecules such as Fas-ligand, pro-tumor necrosis
factor (TNF)-a, and E-cadherin (R. Visse and H.
Nagase, 2003).

The purpose of this study is to correlate the
clinical data of patients with MSGTs regarding
lymph node metastasis with the expression of Ki-67
and MMP-7 proteins using immunohistochemistry.

MATERIAL AND METHODS

Ragents

1- Primary Antibodies: the antibodies used in
this study were a mouse monoclonal antibody
MMP-7 (Santa Cruz Biotechnology Inc., CA)
and mouse monoclonal antibody Ki-67(clone
MIB-1,1S626, Ready to use, Dako, Denmark).

2- Secondry antibody: Envision FlexL / HRP goat
secondary antibody molecules (DM822, Dako,
Denmark) were used.

3- Detection system: Dako Envision ™ Flex detec-
tion system was used for immune-detection.

METHODS

Specimens selection:

Thirty formalin fixed and paraffin-embedded
specimens of malignant salivary gland tumors were
collected from the archives of Oral and Maxillofacial
Pathology Department, Faculty of Dentistry, Minia
University and Clinical Pathology Department of
The National Institute of Cancer, Minia.

Clinical records for the patients were reviewed
and information regarding site, sex, age, lymph
node metastasis and clinical stage was collected.
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Each case was coded and patient’s name was not
shown for ethical reasons.

4 um thick sections were cut and mounted on
glass slides; sections were stained with haematoxylin
and eosin stain and examined by light microscope.
According to the histopathological criteria and
based on WHO, slides were classified into different
types of malignant salivary gland tumors.

Immunohistochemistry:

For all specimens, 4um sections were cut and
mounted on positively charged glass slides. The
cutting sections were de-waxed in xylene, and
rehydrated in graded alcohol.

Blocking of endogenous peroxidase activity
was done by applying of 3% hydrogen peroxide
for 5 minutes at room temperature, then the slides
were washed by phosphate buffer solution. For
antigen retrieval, we used Envision™ FLEX Target
Retrieval solution, high pH (pH 9) (Dako, Denmark)
with concentration 1:50 using distilled water for
staining procedure. Using a heater, we preheated the
solution to 65° C and then the slides were immersed
and incubated for 20 minutes at 97°C.

Two primary antibodies were used, flex mono-
clonal mouse anti-human ready to use Ki-67 anti-
body (Ready to use, Dako, Denmark) and mono-
clonal mouse anti-human MMP-7 primary antibody
(Santa Cruz Biotechnology Inc., CA) with a dilu-
tion 1/100.

The slides were incubated at 4°C overnight.
Next day, the slides were incubated with secondary
antibody (HRP) for 20 minutes. A 3-3 ,diaminoben-
zidine tetrahydrochloride hydrate substrate (Dako,
Denmark) was used to visualize the reaction.

Finally, the sections were counterstained with
Mayer’s hematoxylin. All steps were performed
according to manufacture instruction guide.

Proper positive and negative controls were used.
Tonsil tissue and breast cancer tissue served as
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positive control for Ki-67 and MMP-7, respectively
(according to manufacture recommendation), while
negative controls were obtained by omission of the
primary antibodies, which were substituted with 1%
phosphate buffered saline (PBS).

Evaluation

For immunostaining analysis, the slides were ex-
amined with a light microscope (Leica, Germany).
Tissue sections were scanned at X100 magnification
for the highest immunopositive areas, five micro-
scopic fields for each case were selected at a magni-
fication of X400. Photomicrographs were captured
using a digital camera mounted on the light micro-
scope.

Semiquantitative Evaluation of MMP-7 Staining.

Images were then transferred to the computer
system for analysis. Immunoreactivity of MMP-7
was evaluated using index of positivity (IP) obtained
by multiplication of the intensity of cytoplasmic
staining (0 =no staining, 1 = mild, 2 = moderate, and
3 = strong cytoplasmic staining) by the percentage
of positively stained cells.

Evaluation of Ki-67 Staining

Ki-67 immunoreactivity was evaluated using
area fraction (percentage of immunopositive area
to the total area of the microscope field). This was
carried out using image analysis software (Image J,
1.41a, NIH, USA).

Statistical Analysis

The data was stored and analyzed and graph-
ics were done by The Statistical Program SPSS
for Windows version 22. Student t-test was used to
compare between two means. Anova test was used
for comparison of more than two means. Pearson
correlation analysis was used to describe the associ-
ation between numerical variables. The results were
considered significant for p < 0.05.
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RESULTS

The study subjects consisted of 30 blocks of 11
men and 19 women with mean age at time of diag-
nosis of 57 (range, 27-88 years). A total of 12 cases
of malignant pleomorphic adenoma, 7 cases of ad-
enoid cystic carcinoma (ACC) and 11 of mucoepi-
dermoid carcinoma (MEC) were identified.

Of the 30 cases, 4 (13.33%) had tumors catego-
rized as clinical stage I, 10 (33.33%) had stage II tu-
mors, 9 (30%) had stage I1I tumors, and 7 (23.34%)
had stage IV tumors. 16 cases showed lymph
node metastasis (confirmed radiographically and
pathologically).

Positive Ki-67 and MMP-7 expression was
found in all cases examined in the present study.
Positive cases showed homogenous and brownish
immunostaining of tumor cells.

Ki-67 immunostaining:

The immunostaining was mainly nuclear (Fig.1).
The highest staining intensity was observed with
sections of adenoid cystic carcinoma (22.58+0.48).
The epidermoid cells of mucoepidermoid carcino-
ma showed Ki-67 staining while mucous cells were
not stained (21.53+1.52). Cases of malignant pleo-
morphic adenoma showed the least Ki-67 expres-
sion (18.01+0.30) (Data shown in table 1).
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MMP-7 immunostaining

The staining pattern was, in general, cytoplasmic
and varied from weak to strong (Fig. 2). The IP
of MMP-7 ranged from O to 300. The strongest
staining was observed with cases of adenoid cystic
carcinoma (276.86%8.25).

Cases of malignant pleomorphic adenoma
showed MMP-7 expression in the epithelial and duc-
tal cells (Fig. 2C) with a mean of IP of 207.25+8.91.
The epidermoid cells of MEC showed MMP-7
staining (Fig. 2B) with a mean of 253.18+12.62.
Mucous and clear cells were not stained. All cases
of ACC exhibited moderate/severe MMP-7 expres-

sion (Fig. 2A) (Data shown in table 2).

Statistical results:

Pearson correlation test showed a positive
correlation between Ki-67 and MMP-7 expression
(p value = 0.0001) (fig. 3).

The relationship between Ki-67 and MMp-7
expression and lymph node metastasis was statis-
tically significant (table 1, 2). No significant rela-
tion was found between Ki and MMP-7 expression
and either sex or site of malignant salivary gland
tumors. Conversely, the expression of both mark-
ers was related significantly to the type of the tumor
(table 1, 2).

Fig. (1): Ki-67 expression in malignant salivary gland tumors. A. Adenoid cystic carcinoma. B. Mucoepidermoid carcinoma. C.
Malignant Pleomorphic adenoma (Immunostaining, 400X)
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Fig . (2): MMP-7 immunostaining in malignant salivary gland tumors. A. Adenoid cystic carcinoma. B. Mucoepidermoid carcinoma.

C. Malignant pleomorphic adenoma (Immunostaining, 400 X).

TABLE (1): Relation between Ki-67 expression and clinicopathological characters of MSGTs

Variable No of patients Staining intensity of Ki-67 P value
All cases 30
Type
Malignant pleomorphic adenoma 12 18.01+0.30
Mucoepidermoid carcinoma 11 21.53+1.52 0.0001
Adenoid cystic carcinoma 7 22.58+0.48
Sex
Male 11 20.78+1.96 04
Female 19 20.13+2.48
Site
Major salivary gland 18 19.97+2.45 0.2
Minor salivary gland 12 20.97+1.99
Lymph node metastasis
Present 14 22.56+0.56 0.0001
Absent 16 18.45+1.23

TABLE (2): Relation between MMP-7 IP and clinicopathological characters of MSGTs

Variable No of patients IP of MMP-7 P value
All cases 30
Type
Malignant pleomorphic adenoma 12 207.25+8.91
Mucoepidermoid carcinoma 11 253.18+12.62 0.0001
Adenoid cystic carcinoma 7 276.86+8.25 )
Sex
Male 11 243.91+27.96 0.6
Female 19 238.26+32.59 i
Site
Major salivary gland 18 235.83+31.172 03
Minor salivary gland 12 47.08+28.83 ]
Lymph node metastasis
Present 14 268.92+11.01

0.0001
Absent 16 215.31+16.57
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Fig. (3): Scatter plot diagram showing the correlation between
Ki-67 and MMP-7 expression

DISCUSSION

MMP have prognostic value in different human
malignancies including head and neck squamous
cell carcinoma (P. O-Charoenrat et al, 2002).

The correlation of Ki-67 and MMP-7 expression
with lymph node metastasis in malignant salivary
gland tumors has not been studied before. In the
present study of 30 cases with MSGTs, the staining
pattern of both Ki-67 and MMP-7 was described
and the results were linked to lymph node metastasis
and some clinical parameters.

The index of positivity of MMp-7 was highest in
adenoid cystic carcinoma followed by mucoepide-
moid carcinoma and then malignant pleomorphic
adenoma.

A statistically significant association was found
between MMP-7 expression and lymph node
metastasis. This discovery was consistent with the
report of Shuo et al. (Y. Shuo et al, 2020) which
showed that increased lymph node metastasis was
associated with elevated expression of MMP-7 in
tongue squamous cell carcinoma.

Barros et al found that enhanced expression of
MMP-7 promoted cell proliferation, migration and
invasion (S.S. Barros et al, 2011). Thus, it plays
a role in tumor progression. This may explain the
high MMP-7 IP in adenoid cystic carcinoma which
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is more aggressive than other studied malignant
salivary gland tumors.

Other reports showed that serum levels of MMP-
7 were significantly higher in patients with bladder
cancer with metastatic disease, lymphovascular
involvement, and lymph node metastasis than in
control groups (M. Gunes et al, 2013).

The mechanism of action of MMP-7 includes
indirect destruction of the vital components of the
extracellular matrix by activating other individual
MMPs to promote tumor cell metastasis. MMP-
7 activates gelatinases (MMP-2 and MMP-9) and
enhances MMP-1 activity. Furthermore, it partially
activates pro-MMP-9 (Y. Shuo et al, 2020).

MMP-7 is correlated with tumor-induced neo-
vascularization as the endothelial progenitor bio-
marker, CD34 was discovered in renal cell carci-
noma expressing MMP-7 (Y. Miyata et al, 2006).

These results show that MMP-7 functions as an
oncogene in malignant tumors and could be used as
a therapeutic target.

No significant correlation was found between
MMP-7 IP and either sex or site of the tumor. Similar
results were found in a study which explored the
correlation of MMP-7 in colorectal cancer with
clinical parameters (Z. Bi et al, 2013)

Similarly, results observed with Ki-67 immunos-
taining were correlated with lymph node metastasis
and type of the tumor but not affected with either
sex or site of the tumor. Our results were in ac-
cordance with that study of H. Luukkaa et al. who
found that Ki-67 expression is correlated with prog-
nosis in malignant salivary gland tumors (H. Luuk-
kaa et al, 2006).

Ki-67 expression was significantly related to
MMP-7 expression in our studied cases. That find-
ing is in accordance with that of L Dage et al. who
concluded that MMP-7 overexpression was associ-
ated with tumor proliferation and poor prognosis in
non-small lung cancer (L. Dage et al, 2007).
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RECOMMENDATIONS

The present study showed that MMP-7 may
have a prognostic impact in malignant salivary
gland tumors but the exact mechanism needs to be
elucidated and this may require further studies.
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