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Summary

Purpose: Matrix metalloproteinases (MMPs) is a super-
family of proteins involved in angiogenesis and metastatic
tissue invasion in many cancers. Overexpression of MMP-
9 has been detected in significant proportions of laryngeal
squamous cell carcinomas (LSCCs), but its prognostic im-
pact remains unclear. In this study we performed a digital
image analysis for analyzing MMP-9 protein expression in
a series of LSCCs correlating them with clinicopathological
factors.

Methods: MMP-9 protein expression level was determined
immunohistochemically in 30 tissue sections surgically de-
rived from patients (21 male and 9 female) with LSCC. Us-
ing digital image analysis, we measured their correspond-

ing protein expression levels (staining intensity/S.I. range
values 0-255).

Introduction

Squamous cell carcinomas (SCCs) are the ma-
jor category of epithelial malignancies that arise in
larynx (LSCCs) [1]. During carcinogenesis, normal
squamous epithelia accumulate a variety of genetic
alterations as a result of viral infections or exposure
to carcinogens such as tobacco and alcohol [2,3]. Hy-
perplasia, dysplasia, carcinoma in situ and finally in-
vasive carcinoma occur as progressive stages in this
process [4,5]. Deregulated pathways - including sig-
naling transduction to nucleus mediated by growth
factor receptors, neo-angiogenesis or tissue metas-
tasis - affect the progression of the disease, modify-
ing also the response level to specific novel targeted

Results: Moderate and high MMP-9 protein expression
levels (grouping as 2+/3+ overexpression) were detected in
19/30 (63.3%) cases. Statistical significance was observed
correlating stage with SI (p=0.02), whereas a borderline as-
sociation with differentiation grade of the examined tum-
ors was also registered (p=0.05). Interestingly, high levels
of MMP-9 expression were observed in cases that demon-
strated a significant level of inflammatory (predominantly
lymphocytic) infiltration.

Conclusion: MMP-9 protein overactivation is a frequent
and significant genetic event in LSCC, correlating with its
biological behavior (increased TNM stage). MMP-9 seems
to mediate an epithelial-stromal intra-reaction correlating
also with induction of specific inflammation pathways.

Key words: digital image analysis, larynx, matrix metal-
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therapeutic agents, such as monoclonal antibodies
in these patients [6-9]. Recently published studies
have shown that specific protein families such as
MMPs influence epithelial-stromal intra-reaction
promoting metastatic tissue invasion and angiogen-
esis in cancers, including LSSCs [10-12].

MMP family is involved in normal embryonic de-
velopment, reproduction, and tissue remodelling [13].
MMPs are secreted as inactive proproteins which are
activated when cleaved by extracellular proteinases
[14]. Due to their enzymatic activity, type IV and V col-
lagens are degraded [15]. MMP-9 - a 92kDa enzyme
- acts as gelatinase - specifically type IV collagenase -
mediating also tumor invasion, angiogenesis, carcino-
genesis and apoptosis [16-18].
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Table 1. Clinicopathological data and MMP-9 ITHC analysis

MMP-9 expression*

Variables No Low Moderate/High
Cases: N=30 0) (1+) (2+/3+) p-value
(N=0) (N=11) (N=19)

Gender (mean age 63.3+4.96 yrs) NS
Male (mean age 67 yrs) 6/11 15/19
Female (mean age 58 yrs) 5/11 4/19

Stage 0.02
I-1I 2/11 1/19
III 8/11 2/19
v 1/11 16/19

Grade 0.05
1 3/11 4/19
2 6/11 5/19
3 2/11 10/19

Anatomic origin NS
Glottis 7/11 8/19
Subglottis 4/11 11/19

*Based on image analysis (value range at RGB protocol: 0-255) the groups demonstrate the corresponding staining intensity values:
Score 0: >159, Score 1+: 132-149, Score 2+: 115-129, Score 3+: 81-112

NS: non significant, yrs:years

In the current study we digitally analyzed (com-
puterized image analysis/CIA) MMP-9 protein ex-
pression levels in a series of LSCCs correlating them
with clinicopathological data.

Methods

Patients/Tissue samples

For the purposes of this study we used 30 forma-
lin-fixed and paraffin-embedded archival tissue sam-
ples of histologically confirmed LSCCs. The local ethics
committee of the Medical School, University of Patras,
gave permission to use these tissues for research pur-
poses, conforming to the ethical guidelines of the
“World Medical Association Declaration of Helsinki
- Ethical Principles for Medical Research Involving
Human Subjects” adopted by the 18th WMA General
Assembly, Helsinki, Finland, June 1964, as revised in
Tokyo 2004. All of the specimens derived from local or
extended laryngeal surgical resections. All correspond-
ing Hematoxylin and Eosin (H&E)-stained slides were
reviewed by two pathologists for the confirmation of
diagnosis and classification according to World Health
Organization (WHO 2000) grading and staging criteria.
The tissue samples came from 21 male and 9 female
(mean age: 63.3+1.90) patients.

Immunohistochemistry (IHC)

IHC for MMP-9 antigen was carried out on 4 pm
serial sections of the corresponding tissue blocks.
Ready-to-use rabbit polyclonal anti-MMP-9 (clone

JBUON 2013; 18(4): 978

A0150, DAKO Corp, Denmark) was applied in the corre-
sponding slides (dilution 1:70). Slides were deparaffin-
ised and rehydrated. Following incubation with the
secondary antibody for 15 min, diaminobenzidine-tet-
rahydrocloride-DAB (0.03%) containing 0.1% hydrogen
peroxide was applied as a chromogen and incubated
for 5 min. Slides were counterstained, dehydrated and
cover-slipped. The IHC protocol was performed via an
automated staining system (I 6000 - Biogenex, San
Ramon, CA, USA). Diffuse cytoplasmic/perinuclear and
focally dense nuclear staining pattern was observed in
epithelial/stromal cells regarding MMP-9 expression.
Inflammatory infiltration was also detected in stromal
and peritumoral areas in conventional H&E staining
and also in the corresponding immunostained slides.
For negative control slides, the primary antibody was
omitted. Breast cancer epithelial and stromal tissue
sections expressing MMP-9 protein and normal-ap-
pearing laryngeal epithelia were used as control stain-
ing pattern. Protein expression levels were evaluated
quantitatively using an image analysis macro.

Computerized image analysis assay (CIA)

MMP-9 protein expression levels were evaluated
quantitatively by estimating SI levels. CIA was per-
formed using a semi-automated system (Microscope
CX-31, Olympus, Menville, NY, USA, Windows XP/
NIS-Elements Software AR v3.0, Nikon Corp, Tokyo,
Japan). Areas of interest were identified (10 optical
fields per slide at 200x magnification) and filed in a
digital base. A macro was implemented for measuring
the amount of MMP-9 protein expression. Grouping
the extracted staining intensity values (value range at
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RGB protocol: 0-255; values increasing to 255 corre-
lated with loss of expression, whereas values decreas-
ing to O demonstrate overexpression of the molecule),
we considered complete absence of stain regarding
MMP-9 as O score (identified only in negative control
immunostained slides), moderate expression levels as
1+, whereas moderate/strong expression validated as
2+/3+ score.

Statistics

Several variables were examined including gen-
der, stage, anatomic origin, and grade. Chi square test
for categorical data and Fisher’s exact test for categori-
cal data with limited number of frequencies were used.
The significance level was set at p=0.05. The SPSS v11
(SPPS Inc, Chicago, IL, USA) statistical package was
used to analyze the data.

Results

Diffuse cytoplasmic/perinuclear and focally
dense nuclear staining pattern of MMP-9 expres-
sion was observed in epithelial and stromal cells

in all cases (Figure 1). Among them, 19 (63.3%)
cases overexpressed the protein (2+/3+ catego-
ries), whereas the rest demonstrated low levels
of expression (1+ category; Figure 2). Statistical
significance was observed correlating stage with
SI levels (p=0.02), whereas a borderline associa-
tion with grade of differentiation of the examined
tumors was also registered (p=0.05). Concerning
the other examined parameters (gender, anatomic
origin of the neoplasm), no statistical significance
was noted. In fact, MMP-9 overexpression was
identified in cancerous tissues with an aggressive
phenotype (increased stage). Interestingly, high
levels of MMP-9 expression were also observed
in cases with a significant level of inflammatory
(predominantly lymphocytic) infiltration. This
type of reaction was detected in stromal and peri-
tumoral areas of the corresponding cases, enhanc-
ing the connection between MMPs enzymatic ac-
tivity and mechanisms that induced lymphocytic
production and tumor penetration.

.
.
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Figure 1. Different MMP-9 protein expression patterns in LSCC cases. Note a diffuse epithelial immunostain-
ing, focally perinuclear/nuclear (a), an epithelial/stromal strong expression (b), a moderate epithelial-strong
stromal expression with elevated inflammatory reaction (c), and a control negative expression (d). Original

magnification 100x, in a,d and 200x in b,c).
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Figure 2. Performance of digital image analysis
protocol for evaluating MMP-9 protein expression in
LSCC cases. Red labeled areas represent diffuse/focal
MMP-9 expression.

Discussion

MMPs act as proteases targeting a variety of
extracellular proteins such as membrane recep-
tors and growth factors [19,20]. Interestingly, a
strong reaction with galectins - especially galec-
tin-7 - has been already identified in situ correlat-
ing also with prognosis in LSCC [21]. Galectins is
a family of adhesion molecules (endogenous lec-
tins) that act as mediators in signaling pathways
regarding epithelial-stromal intra-reaction [22].
In the same study, a negative correlation between
MMP-9 and galectin -1 and -3 was observed, al-
though the latter is a substrate for MMP-9 ac-
tivity. Moreover, a strong correlation between
MMP-9 and fibronectin has been recently detect-
ed [23]. Fibronectin stimulates MMP-9 secretion
inducing cancer cell tissue metastasis and can-
cer growth. This metastatic process seems to be
mediated by the integrin receptor a5p1 involving
activation of multiple signaling pathways and fi-
nally leading to the transactivation of the MMP-9.
Furthermore, co-expression of MMP-9 and CD44
in LSCCs seems to correlate with neck metasta-
sis especially in the supraglottic cases (increased
metastatic lymph node pN+ status) [24].

In the current study we measured MMP-
9 protein expression levels in LSCC cancerous
tissue sections based on a CIA protocol. To our
knowledge this is the second study based on this
procedure regarding this marker evaluation [21].
Using this method we estimated objectively and
accurately the corresponding levels of MMP-9
expression as immunostaining intensity values,
grouping them in subcategories (1+/2+/3+) for
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statistical reasons. We observed a statistical as-
sociation between overall expression and tumor
stage, and also a borderline correlation with the
grade of differentiation. Interestingly, high levels
of MMP-9 expression were detected in cases that
demonstrated a significant level of inflammatory
(predominantly lymphocytic) infiltration. Other
study groups have already identified an increased
degree of inflammation in MMP-9 stromal over
expression in skin carcinomas [25].

In addition, elevated expression of MMP-9
also correlates with the depth of tissue metastat-
ic penetration (invasion) in oesophageal squa-
mous cell carcinomas, evidence of an aggressive
phenotype [26]. Furthermore, the significance of
MMP-9/MMP-2 overexpression in LSCCs includ-
ing different expression patterns of tissue inhibi-
tor of metalloproteinase (TIMP)-1 and -2 in those
tumors is under investigation [27,28]. Based on
these studies, TIMP-1 strong stromal expression
is a frequent event in normal tissues. In contrast,
TIMP-2 diffuse cytoplasmic expression in epithe-
lia and stromal immunolocalization are associat-
ed with advanced stage (stage IV) in LSCCs. An-
other important published observation regarding
the role of MMP-9 in these tumors is related with
angiogenesis and blood vessel density [29]. Over-
expression of the marker in the stroma of the can-
cerous tissues — especially in inflammatory cells
- was strongly correlated with higher density of
blood vessels and also with grade of differentia-
tion, similarly to our analysis.

In conclusion, MMP-9 overexpression seems
to play a critical role in LSCCs aggressive phe-
notype due to advanced stage and grade of differ-
entiation. Because deregulated epithelial/stromal
intra-reaction is involved in the carginogenetic
process and biological behavior of tumors, de-
velopment of MMPs inhibition strategies for dis-
rupting tumor neovascularization and decreasing
tumor tolerance - associated to the induction of
tolerogenic dendritic cells - is a very promising
field of investigation [30]. Concerning targeted
therapeutic strategies in handling LSCCs patients,
upregulation of a recently identified tumor sup-
pressor gene TSLC1 (tumor suppressor in lung
cancer 1) was also correlated with decreased lev-
els of MMP-2 and MMP-9 proteins [31]. In ad-
dition, based on an experimental animal model,
lentivirus-mediated RNA interference can inhibit
invasion and growth of LSCCs by providing MMP-
9 gene silence [32].
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