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Identification of matrix metalloproteinase-9 as
an independent prognostic marker in laryngeal and
hypopharyngeal cancer with opposite correlations to

adhesion/growth-regulatory galectins-1 and -7
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Abstract. The enzymatic activity of matrix metallopro-
teinase-9 (MMP-9) suggests that its presence in hypopha-
ryngeal and laryngeal squamous cell carcinomas (HSCCs,
LSCCs) could have prognostic value. We tested this hypo-
thesis by quantitative morphometric analysis of immuno-
histochemical staining in histological sections of 73 stage IV
HSCCs and 45 LSCCs (30 cases of stage I/II, 15 cases of
stage IV). As compared to tumour-free epithelium an increase
for the labelling index in LSCCs reached statistical signi-
ficance (p=0.04). Specimens of Reinke's edema were strongly
higher in this parameter compared to tumour-free tissue
area (p=0.000001), underscoring an association between the
level of MMP-9 expression and inflammation. Focusing on
patients' recurrence status we identified thresholds for the
labelling index of 10% for HSCCs and 18% for LSCCs, both
indicating rapid recurrence and dismal prognosis unless
surpassed. When relating data for MMP-9 to those for three
adhesion/growth-regulatory galectins, a positive correlation
with galectin-7 expression was detected in LSCCs. This
finding suggests a possible potential role of this endogenous
lectin as inducer of MMP-9 gene expression in situ. Of note,
galectin-1 expression was negatively correlated with MMP-9
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and that of galectin-3, a substrate of MMP-9, not related. In
conclusion our study delineated a prognostic role of MMP-9
immunodetection in high-stage HSCCs and in LSCCs when
separating patients by a distinct threshold for the labelling
index. Moreover, it indicated associations between MMP-9
and multifunctional galectins-1 and -7 in situ.

Introduction

Promotion of invasion of tumour cells into parenchymal
tissue and of angiogenesis are hallmarks of consequences
of the activity of matrix metalloproteinases (MMPs) (1-3).
To gauge their potential as predictors for a certain clinical
course systematic monitoring of their expression is a reaso-
nable step. Focusing on MMP-9 (92 kDa gelatinase B,
type IV collagenase) and head and neck cancer, the current
status of respective research intimates its potential to serve
as prognostic marker, although clear-cut relations were not
apparent in each study setting (4-12). Moreover, this enzyme's
expression in squamous cell carcinoma of skin and oesophagus
was associated with elevated degree of inflammation when
stromal or with depth of invasion, respectively (13-15). To
clarify the value of MMP-9 immunodetection for prognostic
assessments a salient factor is the analysis of a sufficiently
large cohort of clinical specimens. Our series of material
from 73 patients of stage IV hypopharyngeal squamous
cell carcinoma (HSCC) clearly met this requirement. We
added to this study part a total of 45 specimens of laryngeal
squamous cell carcinoma (LSCC) from 30 stage I/II and 15
stage IV patients. This panel enabled setting the MMP-9
staining profiles of H/LSCCs in relation to clinical parameters,
with all specimens thus deliberately processed under identical
conditions. Experimentally, all immunohistochemical staining
patterns were subjected to quantitative morphometry. We
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recorded the signal intensity and the immunostained area
in each case. These data were then analyzed following a
discrimination-based approach with the aim to identify thres-
hold values with optimal capacity to separate groups of
patients with prognostic relevance retrospectively (16). Thus,
we applied quantitative immunohistochemistry together with
systematic group building to pinpoint, if possible, discri-
minatory parameters.

Of note, these panels of specimens have previously been
studied with respect to an emerging class of adhesion/
growth-regulatory effectors, i.e. galectins (17-19). Further
insights into the signature of marker presence will thus be
gained for the same cases. In detail, galectins-1 and -7 had
been characterized as predictors of recurrence in LSCCs
and HSCCs, respectively, whereas galectin-3 was found to
be upregulated without predictive potential (20-23). What's
more and intriguing, there are even indications for a direct
connection between galectins and MMP-9: galectin-3 is
a substrate of this enzyme, which removes the lectin's
collagenous-like section and hereby impairs its tendency
for pentamerization without harming its lectin activity (24),
and galectin-7, also known as p53-induced gene 1, induces
MMP-9 gene expression in the human diffuse large B cell
line Ocy-2 by virtue of binding cell surface glycans (25).
Availability of these data sets afforded the opportunity to
figure out any statistical associations between the expression
levels of MMP-9 and these galectins in clinical material.
In sum, our report will answer the following questions: i)
will the level of MMP-9-dependent staining be elevated
in HSCCs and/or LSCCs? ii) will there be statistical signi-
ficance for a disease-associated change? iii) will processing
of the quantitative data using a discrimination-based approach
spot thresholds separating groups of patients with prognostic
relevance? and iv) will there be correlations between the
staining profiles of MMP-9 and galectins-1,-3 and -7?

Materials and methods

Patient characteristics. Material from a total of 118 cases
was studied (73 patients with stage IV HSCC and 45 patients
with LSCC distributed over stages I, II and IV who under-
went surgery aimed at curative tumour resection; see Table I
for clinical data). The individual cases were compiled by
retrospective review from the records of the ENT Department
of the Hopital Claude Huriez (Lille, France), covering the
period from January 1989 to December 2001. The description
of the tumour status was based on the histological stage
of tumour differentiation, criteria defined in (26), and the
TNM classification (27). Detailed information in all cases
was available on extent of surgical resection, response to
treatment at the primary tumour site and follow-up data up to
the last contact with the patient, when the status of the disease
was assessed. Patients suffering from SCCs localised at other
sites of the head and neck area were deliberately excluded
from this study. To compare MMP-9 expression features
measured in carcinoma tissue with that in tumour-free tissue
areas and benign lesions, we additionally analyzed 10 cases
of tumour-free epithelium in the vicinity of the laryngeal and
hypopharyngeal carcinomas and 25 benign lesions of vocal
folds (i.e. Reinke's edema).
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Table I. Clinical data.

Variable

High-
stage

Low-
stage

High-
stage

HSCCs LSCCs LSCCs

Age (years)
Range
Average 55

Sex (cases)
Male 73
Female

Site (cases)
Supraglottic area
Glottic area
Supraglottic and glottic areas
Subglottic and glottic areas
Piriform sinus 60
Postcricoid area 12
Posterior wall 1

Histological grade (cases)
Well differentiated 38
Moderately differentiated 23
Poorly differentiated 12

Stage (cases)
I
II
v 73

Tumour treatment (cases)
Co, laser cordectomy
Frontolateral laryngectomy
Vertical partial laryngectomy
Supracricoid partial laryngectomy
Supraglottic laryngectomy
Total laryngectomy
Partial pharyngolaryngectomy 9
Total pharyngolaryngectomy 50
Circular pharyngolaryngectomy 6

oo

Esopharyngolaryngectomy

Treatment of the neck (cases)
Functional neck dissection
Radical neck dissection

Recurrence (cases)
Local recurrence 14
Distant recurrence 8

Follow-up
Range (months)
Average (months) 37

40-78 36-88

57

30

25

27

23

19

2-122  2-130

43

43-78
57

15

15

12

23

5-74
30
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Western blot. Protein extracts from cell pellets of the murine
SCC-VII squamous cell carcinoma line and human laryngeal,
hypopharyngeal and oropharyngeal squamous cell carcinomas
(10 cases) were processed using standard electroblotting and
chemiluminescence protocols for MMP-9 immunodetection
with the commercial primary antibody (please see below) as
previously described (23).

Immunohistochemistry. Specimens were routinely fixed for
24 h in 4% formaldehyde, dehydrated and embedded in
paraffin. The immunohistochemical processing with inherent
specificity controls had previously been standardised to allow
direct comparisons, starting from 5 pgm-thick sections mounted
on silane-coated glass slides (20-23). Briefly, dewaxed tissue
sections were first subjected to a microwave step in 0.01 M
citrate buffer (pH 6.0) for 2 x 5 min at 900 W. The sections
were then incubated with a solution of 0.4% hydrogen
peroxide for 5 min to block endogenous peroxidase activity,
carefully rinsed in phosphate-buffered saline (PBS; 0.04 M
Na,HPO, and 0.01 M KH,PO, containing 0.12 M NaCl,
pH 7.4) and successively exposed for a period of 20 min
each to solutions containing avidin (0.1 mg/ml in PBS)
and biotin (0.1 mg/ml in PBS) to saturate endogenous
biotin in order to avoid false-positive staining reactions. After
thorough rinsing with PBS to remove reagents, the sections
were incubated for 20 min with a solution of 0.5% casein
in PBS to ensure saturation of sites with binding capacity
to (glyco)proteins and then sequentially exposed at room
temperature i) to the specific primary antibody (please see
below); ii) to the corresponding biotinylated secondary
antibody (polyclonal goat anti-rabbit IgG antibody); and
iii) to the avidin-biotin-peroxidase complex (ABC kit). The
antigen-dependent presence of labelled peroxidase in the
sections was visualized by incubation with the chromogenic
substrate mix containing diaminobenzidine and H,O,. After
careful rinsing, the sections were counterstained with luxol
fast blue and mounted with a synthetic medium. For control
to rigorously exclude antigen-independent staining (e.g.
by binding of the high-mannose-type glycan chains of the
glycoprotein horseradish peroxidase to mannose-specific
lectins in the sections) the incubation step with the primary
antibody was either omitted or replaced by incubation with
non-immune antiserum. In all tested cases these controls
were negative (data not shown). The biotinylated secondary
antibody and the ABC kit came from DakoCytomation
(Glostrup, Denmark), and the rabbit polyclonal anti-MMP-9
antibody from Chemicon (Temecula, CA, USA). The data
on galectin expression profiles, using non-cross-reactive
antibodies against the human proteins after purification and
quality controls under identical conditions, have previously
been published (20-23).

Computer-assisted microscopy. Having completed staining,
its distribution and intensity were quantitatively determined
by a computer-assisted KS 400 imaging system (Carl
Zeiss Vision, Hallbergmoos, Germany), as detailed previously
(20). For each case we scanned 15 fields corresponding to
surface areas ranging from 60,000 to 120,000 p#m?. This mor-
phometric analysis computed the following two parameters:
i) the labelling index (LI), i.e. the percentage of positive
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Figure 1. Western blot of an extract from the murine SCC-VII squamous
cell carcinoma line revealing the typical band for an active form of MMP-9
at 86 kDa and the concentration dependence.

tissue area after processing with the given marker; and ii) the
mean optical density (MOD), i.e. the mean staining intensity
of the positive area.

Data analysis. The numerical values obtained for inde-
pendent groups were compared using the non-parametric
Mann-Whitney U (two groups) or Kruskall-Wallis tests
(more than two groups). In the case of significant Kruskall-
Wallis tests, group pairs were compared by means of the
appropriate post-hoc (Dunn) procedure in order to avoid
multiple comparison effects. Standard survival-time analyses
followed the Kaplan-Meier procedure and the Gehan's
generalized Wilcoxon test. As previously described (21), the
quest for threshold values enabling to separate groups of
patients with very different clinical courses such as patients
with/without recurrence after a period of 24 months post-
surgery was based on a discrimination-based technique
using the Gini Index (such as in the decision tree approach).
This method aims to systematically test different threshold
values applied on a certain parameter in order to identify the
one with the best discriminatory power between the two
groups of patients of interest (20,21). Correlation between
numerical variables was analyzed by means of the non-
parametric Spearman correlation test. All the statistical analyses
were performed with the Statistica software (Statsoft, Tulsa,
AZ,USA).

Results

Detection of MMP-9 by Western blotting. Prior to starting
immunohistochemical processing we challenged the quality
of the antibody by a control in Western blots to verify its
specificity, the absence of cross-reactivity and, crucial for
quantitative morphometry, the concentration dependence in
antigen detection. Using increasing protein quantities of
extracts from the murine SCC-VII squamous cell carcinoma
cell line, a characteristic band of 86 kDa for an active MMP-9
form was detected, no evidence for cross-reactivity seen and
increasing signal intensity measured in titrations (Fig. 1).
Additionally, we processed extracts from 5 laryngeal and hypo-
pharyngeal squamous cell carcinomas, invariably visualizing
an active form of MMP-9 at Mr 67 kDa (data not shown).
These results established a firm basis to proceed to immuno-
histochemical monitoring, starting with the comparison of
staining profiles of tumour-free controls, benign lesions and
carcinomas.

Quantitative morphometry of MMP-9-dependent staining.
The morphological examination of the hypopharyngeal tissue
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Figure 2. Quantitative determination (by computer-assisted microscopy) of the intensity of MMP-9-dependent immunohistochemical staining (MOD: mean
optical density) (A) and the percentage of MMP-9-immunopositive tissue area (LI: labelling index) (B) in a series of 10 cases of tumour-free epithelium (T-F E)
compared with 73 specimens of hypopharyngeal stage IV carcinoma (Hypo_CA) (A and B). Examples of staining profiles for a case of tumour-free
hypopharyngeal epithelium (T-F E) (C) and of hypopharyngeal carcinoma (D), respectively. (C and D) Magnification x320.
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Figure 3. Quantitative determination (by computer-assisted microscopy) of the intensity of MMP-9-dependent immunohistochemical staining (MOD) (B) and
the percentage of MMP-9-immunopositive tissue area (LI) (A) in a series of 10 cases of tumour-free epithelium (T-F E), 25 cases of benign lesions of vocal
folds (Infla_Lar) and 45 cases of laryngeal carcinomas (CA) (A and B). Examples of staining profiles for a case from each group, i.e. tumour-free laryngeal
epithelium (T-F E) (C), benign lesion of the vocal fold (D) and laryngeal carcinoma (E). (C-E) Magnification x320.

specimens consisting of 10 cases of peritumoural epithelia  carcinomas (CA) provided no clear evidence for significant
with no sign of malignancy (T-F E) and 73 cases of stage IV differences (Fig. 2). In histological detail, tumour-free hypo-
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Figure 4. Remission and survival curves in hypopharyngeal (A and B) and laryngeal (C and D) tumours for the two groups of patients identified on the
basis of the LI parameter and the thresholds given in each panel (A and C). Patients with/without tumour recurrences are defined by black dots/crosses;
deceased/living patients are indicated by dots/crosses (B and D). The p-values were computed using the Gehan's generalized Wilcoxon test.

pharyngeal epithelium presented a weak MMP-9-dependent
immunostaining in both nuclear and cytoplasmic compart-
ments in all layers. In contrast, sections of hypopharyngeal
carcinomas documented MMP-9 presence mostly located
in the cytoplasm.

Studying laryngeal specimens (i.e. 10 cases of peri-
tumoural epithelia with no sign of malignancy, 25 cases
of Reinke's edema (inflammatory larynx, Infl_Lar) and 45
carcinomas) in the same manner came up with a significant
increase in the labelling index (post-hoc test; p=0.04) (Fig. 3).
A dramatic enhancement relative to the controls was seen
in inflammation (post-hoc test; p=0.000001) (Fig. 3). With
respect to location, the immunolabelling was mostly cyto-
plasmic and concerned all layers of the epithelium in tumour-
free epithelium and in specimens of Reinke's edema, whereas
additional nuclear positivity was frequent in the carcinoma
specimens (Fig. 3). Having herewith defined MMP-9 presence
in quantitative terms and on the cellular level, the relations
to clinical parameters were addressed next.

Prognostic relevance of MMP-9-dependent parameters.
Based on systematic data processing optimal thresholds
could be defined to separate patient groups according to any
of the two quantitative parameters. In each tumour group,
the labelling index proved valid for classifying patients into
two groups presenting significant differences with respect to

tumour recurrence (Fig. 4A, C and D) and survival (Fig. 4B).
Explicitly, patients suffering from a stage IV hypopharyngeal
carcinoma with a MMP-9 labelling index below 10% were
more likely prone to recurrences and dismal prognoses. Of
note, when confronted with clinical features this parameter
was evidenced as an independent prognostic marker in this
group of stage IV tumours (data not shown). This conclusion
was similarly reached for the group of patients with laryngeal
carcinomas. Low extents of labelling index were associated
with adverse clinical course of the disease. Having indicated
evidence for mutual regulation of MMP-9/galectin activities
in the introduction, the presented data were instrumental in
initiating answers to the question on correlations between the
quantitative parameters of both classes of marker in situ.

Are there correlations of staining parameters between MMP-9
and galectins-1,-3 and -7? The respective data analysis for
the hypopharyngeal carcinomas did not evidence any signi-
ficant correlation. However, the analysis of the data sets for
the laryngeal tumours identified significant correlations, even
with opposing directions for the two homodimeric galectins-1
and -7 (Fig. 5). These latter results exclusively concerned
the labelling index. In detail, a positive correlation associates
high percentages of positive tumour area for MMP-9 and
galectin-7 together, whereas this relation is reversed in the
case of galectin-1.
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Figure 5. Correlations of LI data between MMP-9 and either galectin-7 (A) or galectin-1 (B) in LSCC cases, identifying low- and high-stage tumour cases.

Discussion

This study contributed to clarify the status of immuno-
histochemical monitoring of MMP-9 in stage IV HSCCs
and in LSCCs. A significant increase was only observed for
the labelling index in LSCCs as compared to control. It
should yet be noted that this control was peritumoural tissue
with normal appearance. As observed in basal cell carcinoma
of the skin (28), it cannot definitively be excluded that peri-
tumoural regions harbor above-baseline levels of MMP-9
expression. Of further note, the specimens from patients
with Reinke's edema by far surpassed this level, connecting
MMP-9 to inflammation.

Moving on with processing the quantitative data for
prognostic purpose, efficient thresholds were found for
assigning patients (with each tumour type) to two groups
signifying relapse-free and overall survival. If the labelling
index remained below 10%, then relapse-free survival
was shortened with a dismal prognosis. Although this
result may appear as counter-intuitive, beneficial effects of
MMP-9 should not be overlooked, which e.g. led to restrict
aggressiveness of tumours seen in a model of skin cancer
(29,30). Also sections of node-negative breast cancer cases
had revealed MMP-9 positivity as independent favourable
predictor of overall survival (p=0.03) (31). In clinical terms,
our data intimate that the possibility arises to subdivide
patients of stage IV HSCCs and of LSCCs using the given
threshold for different treatment options.

The comparison between the data sets for MMP-9
presented herein and for galectins-1,-3 and -7 (20-23)
indicated two divergent correlations in the case of LSCCs.
The positive correlation with galectin-7 is in line with its
potential in vitro to promote MMP-9 gene expression in a
lymphoma model (25), whereas a negative association
with no in vitro precedent was disclosed for galectin-1 (32).
Divergence in ligand recognition and disparate signaling
pathways are indeed known even for these two members
of the homodimeric subgroup of galectins (19,33). Already

a slight shift in cell surface glycosylation, e.g. in core
substitutions or sialylation (34,35), can be translated into
distinct effects by different interpretors of the sugar code in
the galectin network (36). Since our work identified uncovered
remarkable associations between MMP9 presence and the
clinical course as well as galectins-1 and -7, it is now tempting
to move on along this line. In fact, another member of the
galectin family, i.e. the tandem-repeat-type galectin-8, appears
to be directly involved in the processing of the MMP-9
precursor proMMP-9 by MMP-3. Whereas galectins-1 and -3
had no influence on MMP-9 production by MMP-3 in
neutrophils, galectin-8 accelerated this process conspicuously
(37). This observation together with the presented clinical
evidence for a correlation between MMP-9 and galectins-1
and -7 give a clear direction for future research toward
extending the insights into the galectin network and its
relationship to MMP-9 in head and neck cancer.
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