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Useful markers showing biological aggressiveness of head and neck squamous cell carcinoma (HNSCC) are
needed to predict the outcome of the disease. MMP-2 is associated with aggressive behavior of several solid
cancers. In this study, the clinical significance of tumor tissue and circulating immunoreactive proteins for
MMP-2 and TIMP-2 was assessed in HNSCC. The study group consisted of 74 patients with HNSCC and 44
healthy controls. Expression of MMP-2 and TIMP-2 was examined in paraffin-embedded tumor sections by
immunohistochemical methods using specific antibodies. The pretreatment serum levels of MMP-2, TIMP-2 and
MMP-2:TIMP-2 complex were quantitatively measured by ELISA assay. The results were compared with the
clinicopathological factors of the disease and the patients’ outcome. Immunohistochemical overexpression of
MMP-2 in tumor was found to be prognostic for shortened survival in HNSCC, the 5-year cumulative relapse-free
survival being 42% in patients with high positivity for MMP-2 in tumor vs 61% in cases with a negative or only
weakly MMP-2-positive tumor (P¼ 0.045). Tissue MMP-2 positivity was also strongly connected with later lymph
node or hematogenic relapses and associated to the cause-specific survival (P¼ 0.055). Similarly, the 5-year
cause-specific survival was significantly poorer in patients with extensive positive immunostaining for tumor
TIMP-2 than in those with a TIMP-2-negative tumor (40 vs 64%, P¼ 0.038). Patients with a TIMP-2-positive tumor
also had an unfavorable 5-year relapse-free survival rate (43 vs 60%, respectively, P¼ 0.071). Additionally, the
overexpression of TIMP-2 was a powerful predictor of later lymph node or hematogenous metastases in
HNSCC. Serum levels of MMP-2, TIMP-2 or MMP-2:TIMP-2 complex failed to associate with the clinical behavior
of HNSCC in this material. The results of this study provide evidence that MMP-2 and TIMP-2 immunoreactive
protein in tumor tissue of HNSCC patients, but not when assayed from preoperative serum samples, are
prognostic in estimation of the aggressive clinical course of HNSCC.
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Head and neck cancers consist of a heterogenous
group of neoplasias, 90% of which are squamous
cell carcinomas (head and neck squamous cell
carcinoma (HNSCC)). The occurrence of HNSCC
correlates most closely with the use of tobacco as
well as with alcohol consumption.1 The most

commonly used indicators include the clinical stage
of the disease at the time of diagnosis, especially the
number of lymph node metastases.2 New prognostic
markers have been searched in order to better
identify patient groups in need of more aggressive
treatments. Although experimental studies have
discovered some biological markers, only some of
them have so far been tested as clinical markers in
HNSCC and none of them are accepted widely as
parameters in clinical decision making.

Matrix metalloproteinases are a family of zinc- or
calcium-dependent endopeptidases. These enzymes
are associated with proteolytic degradation of the
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extracellular matrix.3 The role of matrix metallopro-
teinases in tumor invasion and metastatic process
has been confirmed. The degradation of ECM by
matrix metalloproteinases is a critical process in the
progression of malignant tumors, because degrada-
tion of ECM is required in tumor angiogenesis, as
well as in tumor invasion and metastasis. Gelati-
nases are thought to be key enzymes as they degrade
some main components of ECM.4–6 Matrix metallo-
proteinases are secreted as latent proenzymes. Their
secretion is regulated at transcriptional level and
their proteolytic activity is further controlled by
activation and inhibition.

Tissue inhibitors of matrix metalloproteinases
(TIMPs) are known to have various physiological
functions. They are capable of inhibiting the activity
of MMPs and they can form complexes with either
latent or activated enzymes. In addition to their
inhibitory role, TIMPs can also take part in the
activation of MMPs.7 The TIMPs also seem to have
antiangiogenic activity and they are able to act as
growth factors.8 It is fairly uncertain whether TIMPs
have a protecting role in cancer cell growth and
invasion or whether they contribute to the process of
formation of metastases.

There is a growing amount of clinical data
showing that expression of gelatinases as well as
tissue inhibitors of gelatinases is associated with
clinical course in some solid cancers. Overexpres-
sion of cancer tissue MMP-2 has been linked with
tumor invasion, metastasis and poor survival in
many tumor types including some preliminary
studies in HNSCC.9–18 Only few studies have tried
to evaluate whether TIMP-2 could serve as a
prognostic indicator for survival in HNSCC.18 We
have previously demonstrated that MMP-9 and
TIMP-1 immunoreactive proteins in both tumor
tissue and serum are associated with shortened
relapse-free and cause-specific survival in HNSCC
patients.19–21 In this study, the expression of MMP-2
and TIMP-2 in tumor tissue was studied and
compared to the circulating level of these markers
in HNSCC patients to explore their role in the
estimation of prognosis of HNSCC patients.

Materials and methods

Patients

The study series included 74 patients referred to
Oulu University Hospital for treatment of a primary
squamous cell head and neck carcinoma between
the years 1994 and 1996. The patients were
recruited consecutively to the study and they were
followed for a minimum of 5 years. Serum samples
were taken during the first visit to the hospital
before the therapy. Serum samples collected in tubes
with no additives were stored frozen in �701C until
used for the study. Immunostaining of the paraffin-
embedded tissue samples was performed for cases
where a representative amount of tissue was avail-

able, in 72 cases for MMP-2 and 70 cases for TIMP-2.
There were pretreatment serum samples from 68
cases for TIMP-2 and MMP-2:TIMP-2 complex
ELISA analyses, whereas the number of available
serum samples for MMP-2 analyses was 65. The
study protocol was approved by the Ethical Com-
mittee of Oulu University in March 1994, and
renewed by the Ethical Committee of Oulu Uni-
versity Hospital in July, 2002. For control values,
serum samples were taken from 44 healthy volun-
teers (27 female, 17 male), without a history of a
known malignant disease or recent surgery.

The mean age of the patients was 64 years
(minimum 28 years and maximum 88 years). The
stage of the disease, tumor size and lymph node
involvement was determined according to the
International Union Against Cancer TNM classifica-
tion.22 The histological grade of the tumors was
reviewed and classified according to the World
Health Organization Classification of head and neck
tumors.23

The treatment was carried out according to the
local protocol according to the stage of the tumor. A
total of 23 patients were radically operated and
received 50–60Gy postoperative radiotherapy. In
all, 15 patients received preoperative radiotherapy
(50Gy) treatment before the surgical operation. A
total of 18 were treated only by a radical surgical
operation, and nine received only radiotherapy (50–
64Gy). No patients received any adjuvant che-
motherapy. Two of the patients had an advanced
carcinoma and received only palliative treatment.

ELISA Assays for MMP-2, TIMP-2 and MMP-2:TIMP-2
Complex

ELISA assays were performed on eight-well EIA
microtiter plates (Corning, NY, USA) using the
standard protocols.24 Polyclonal chicken antibody
was used as a second antibody. OPD solution
(P-1526, Sigma, Germany) was used to visualize
the peroxidase label. The color formation was mea-
sured on 492nm. Between each step of the proce-
dure the wells were thoroughly washed with 0.05%
Tween-phosphate-buffered saline. The sensitivity
of the assays was 0.37ng/ml for MMP-2, 2 ng/ml
for TIMP-2 and 2ng/ml for the MMP-2:TIMP-2
complex. The detection of the samples took place
on the linear area of the standard curve of each
analysis.

For the quantification of the MMP-2:TIMP-2
complex, the plate was coated with a commercial
monoclonal anti-TIMP-2 antibody (code T2-101;
SBA Sciences, Oulu, Finland). The bound complex
was detected with a polyclonal anti-MMP-2 anti-
body (code DB-202; SBA Sciences, Oulu, Finland).
When measuring the total TIMP-2 (free and com-
plexed with MMP-2), monoclonal anti-TIMP-2 anti-
body was used (code T2-101; SBA Sciences; Oulu,
Finland) for coating the microtiter plates before
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adding the samples and standards and the bound
proteins were detected with a polyclonal anti-TIMP-
2 antibody (code DB-205; SBA Sciences, Oulu,
Finland) as described above. Serum MMP-2 con-
centration was determined by using human MMP-2
ELISA (code RPN2617, Amersham) according to the
manufacturer’s instructions. This assay recognizes
the precursor of MMP-2 (proMMP-2), that is, free
pro-MMP-2 and that complexed with TIMP-2, but
not the active form of MMP-2.

Immunohistochemical Staining of MMP-2 and TIMP-2
and Evaluation of the Immunostaining

Paraffin-embedded sections (4 mm) from the primary
tumors of head and neck carcinomas were stained
using the avidin–biotin–immunoperoxidase techni-
que. Paraffin sections were incubated at 371C
for at least 4 h, dewaxed (Histo-Clears, National
Diagnostic, Atlanta, GA, USA) and hydrated. For
MMP-2 immunostaining the slides were treated
with 0.4% pepsin (Sigma, St Louis, MO, USA) at
371C for 20min. Endogenous peroxidase activity
was blocked by incubating the slides in 3% hydro-
gen peroxidase/methanol for 10min, and nonspeci-
fic binding was blocked with 10% goat serum for
15min. A mouse monoclonal antibody for MMP-2,
7.2 mg/ml (CA-4001; Diabor Ltd, Oulu, Finland) and
TIMP-2, 20.0 mg/ml (R&D Systems, Minneapolis,
MN, USA) were used as primary antibodies. The
primary antibodies in 0.01M phosphate buffer,
0.9% NaCl (pH 7.5) were mixed with Antibody
Diluents (Dako, Glostrup, Denmark) in TIMP-2
stainings and in MMP-2 stainings the antibodies
were mixed with 1% bovine serum albumin. The
specimens were incubated with primary antibody
for 60min at room temperature in a humidified
atmosphere in MMP-2 staining, and the incubation
time for specimens in TIMP-2 staining was 12h.
The immunohistochemical staining was continued
according to the manufacturer’s protocol using
Histostain-bulk kits (Zymed, San Francisco, CA,
USA) that uses a biotinylated antimouse IgG as a
second antibody and a streptavidin conjugate as a
linkage protein. The final reaction was visualized by
using an aminoethyl carbazol substrate kit (AEC-
kits, Zymed, San Francisco, CA, USA); in TIMP-2
immunostaining the antibody reaction was visua-
lized by using a fresh substrate solution containing
romulin aminoethyl carbazol (Romulin AEC-Chromo-
gen, Biocare Medical, Walnut Creek, CA, USA) and
the sections were counterstained with hematoxylin,
dehydrated and mounted glycerol-vinyl-alcohol
(GVA mounts; Zymed) in MMP-2 stainings and
(Histomounts, National Diagnostics, New Jersey,
USA) with ksylen in the TIMP-2 stainings. Each
set of staining always included a separate known
positive control and a negative control, where the
primary antibody for MMP-2 or TIMP-2 was
replaced with mouse nonimmuno IgG.

The slides were analyzed by two independent
observers blinded from clinical data and the
immunoreactivity in the malignant cells in each
section was graded from 0 to 3 according to the
extent of positive staining. The case was considered
positive when 41% of the tumor cells showed
a positive staining. Weak positivity was marked as
þ (25% or less of the tumor cells staining positive)
and moderate positivity was marked as þ þ (26–50%
of tumor cells staining positive). Cases showing a
positive staining in more than 50% of the tumor
cells were considered to be extensively positive for
MMP-2 or TIMP-2 (þ þ þ ).

Statistical Analysis

All statistical analyses were performed by using the
SPSS software system (SPSS for Windows, version
11.0, Chicago, IL, USA). The correlations of tumor
stage, TNM classification, histological grade and the
primary anatomical site were analyzed separately
according to the MMP-2 or TIMP-2 immunoreacti-
vity and to the corresponding immunoreactive
protein levels measured by ELISA. The statistical
significance of these correlations was determined
with Fisher’s exact test. To compare the difference of
the means between groups, the Mann–Whitney U-
test was used. The cause-specific and relapse-free
survival rates were analyzed using the Kaplan-Meier
method, and the statistical differences in survival
among subgroups were compared by a log-rank and
Breslow test.25 The cause-specific survival was
defined as the time from the date of diagnosis to
the date of death due to head and neck carcinoma.
The cases were censored on the date of the last
control or at the time of death to another disease.
Similarly, the relapse-free survival was calculated
from the date of diagnosis to the date of relapse, and
the case was censored at the time of the last follow-
up visit.

Results

Patterns of Expression of the Immunoreactive Protein
of MMP-2 and TIMP-2 in Squamous Cell Carcinoma
of Head and Neck

Paraffin-embedded tissue sections were available for
MMP-2 immunostaining in 72 cases. Of 72 primary
HNSCC tumors, 64 (89%) showed positive staining
of MMP-2 immunoreactive protein. In 48 (67%)
cases, the staining was moderate or extensive (more
than 25% of tumor cells positive) (Table 1), whereas
weak positivity was observed in 16/72 (22%)
patients (þ ; 25% or less of the tumor cells staining
positive). Overexpression of the TIMP-2 immuno-
reactive protein was found in 46 (66%) of the 70
cases (Table 1). Extensive positive staining for
TIMP-2 (þ þ þ ;450% of the tumor cells appearing
as positive) was found in 10 out of 70 cases
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(14%), moderate positivity (þ þ ; 26–50% of
the tumor cells staining positive) was found in
15 cases (21%) and weak positivity (þ ; 25% or
less of the tumor cells staining positive) in 21
cases (30%). The staining was negative in 34%
(24/70) of the cases. The positive immunoreaction
was seen as a diffuse staining localized in the
cancer cell cytoplasm with both of the antibodies
(Figure 1).

Lack of Association of Tumor Immunoreactive Protein
of MMP-2 and TIMP-2 with Clinical Prognostic
Parameters

We could not find any correlation between the
overexpression of MMP-2 or TIMP-2 immunoreac-
tive proteins and the stage of the disease or with the
TNM or histological grade of the tumor. Neither was
there any correlation between patients’ age or sex or
the anatomical site of the tumor and the positive
immunoreaction for MMP-2 or TIMP-2 in the
primary tumor (Table 1). No statistical differences
were found with MMP-2 or TIMP-2 immunohisto-
chemical staining among the patients in different
treatment groups.

MMP-2 and TIMP-2 Serum Levels

The pretreatment serum sample for ELISA analyses
was available from 68 patients with the exception of
the MMP-2 analysis, where the serum sample was
available from 65 patients. The minimum, maxi-
mum and mean levels of immunoreactive proteins
are listed in Table 2. The serum levels of the MMP-2:
TIMP-2 complex were significantly higher in the
healthy controls than in HNSCC patients (Po0.001,
Mann–Whitney test) (Table 2). Also, there was a
trend that the mean values of serum MMP-2
immunoreactive protein in healthy controls were
higher when compared to those of HNSCC patients.
This difference did not quite reach statistical
significance (P¼ 0.09, Mann–Whitney test). How-
ever, no statistical difference was found in TIMP-2
serum levels between HNSCC patients and healthy
controls (P¼ 0.9, Mann-Whitney test).

No correlation was observed between serum levels
of MMP-2, TIMP-2 and MMP-2:TIMP-2 complex and
traditional clinicopathological factors. However,
there was a tendency indicating that higher levels
of TIMP-2 and MMP-2:TIMP-2 complex were asso-
ciated with higher age groups in HNSCC patients.
We could not detect differences in survival among

Table 1 Tissue MMP-2 and TIMP-2 in different subgroups of head and neck carcinoma

Patient characteristics n MMP-2 ++/+++ n (%) P n TIMP-2 + /++/+++ n (%) P

All patients 74
Subsets 72 48 (67) 70 46 (66)

Sex
Male 48 34 (71) 0.30 48 32 (67) 0.31
Female 24 14 (58) 22 14 (64)

Age (years)
28–50 9 6 (67) 0.45 10 8 (80) 0.61
51–65 27 20 (74) 27 18 (67)
66–75 26 17 (65) 24 16 (67)
76–88 10 8 (80) 9 4 (45)

Anatomical diagnosis
Oral cavity 32 21 (66) 0.61 31 21 (68) 0.78
Larynx 25 17 (68) 25 17 (68)
Pharynx 9 5 (56) 8 4 (50)
Others 6 5 (83) 4 4 (100)

Grade
Grade 1 15 11 (73) 0.76 14 10 (71) 0.66
Grade 2 45 30 (67) 46 29 (63)
Grade 3 12 7 (58) 10 7 (70)

TNM classification
T1–2 38 24 (63) 0.62 37 21 (57) 0.26
T3–4 34 24 (71) 33 25 (76)
N0 42 30 (71) 0.33 38 24 (63) 0.71
N+ 30 18 (60) 32 22 (69)

Stage
I 10 8 (80) 0.54 10 8 (80) 0.23
II 15 9 (60) 14 6 (43)
III 22 14 (64) 22 14 (64)
IV 25 17 (68) 24 18 (75)
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HNSCC patients when analyzing patients in groups
according to different cutoff values of the serum
immunoreactive protein levels.

Comparison Between the MMP-2 or TIMP-2
Expression and the Corresponding Circulating
Immunoreactive Protein

There was no significant correlation between the
amount of MMP-2 and TIMP-2 immunohistochemi-
cal staining. Furthermore, there was no correlation
between the tumor expression of TIMP-2 and the
serum levels of TIMP-2 immunoreactive protein.
Accordingly, no association was found between the
TIMP-2 or MMP-2 overexpression in tumor tissue
and the serum values of MMP-2 or MMP-2:TIMP-2
complex.

MMP-2 as a Prognostic Factor

When comparing the relapses (local, lymph node,
hematogenous), it was found that the MMP-2 over-
expression was significantly higher in the primary
tumor of patients facing later lymph node or
hematogenous metastases compared with those

Figure 1 Cytoplasmic immunostaining of matrix metalloproteinase-2 (MMP-2) and tissue inhibitor of matrix metalloproteinase 2 (TIMP-2)
in head and neck squamous cell carcinoma. The immunostaining procedure was performed as described using an anti-MMP-2 and
anti-TIMP-2 monoclonal antibodies. (a) Tumor with a positive immunostaining for MMP-2. (b) Tumor with a negative immunostaining
for MMP-2. (c) Tumor positive for TIMP-2. (d) Tumor negative for TIMP-2.

Table 2 Serum level (ng/ml) of MMP-2 and TIMP-2 immuno-
reactive protein in head and neck squamous cell carcinoma
patients and in healthy controls

ng/ml

n Min. Max. Mean P

MMP-2
HNSCC 65 666 2371 1312 0.09
Control 44 983 1939 1381

TIMP-2
HNSCC 68 149 597 323 0.9
Control 44 253 458 321

MMP-2:TIMP-2 complex
HNSCC 68 214 1196 532 o0.001
Control 44 465 887 627
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having a local relapse or no relapses at all (P¼ 0.048)
(Figure 2a). Particularly later lymph node relapses
were indicated by MMP-2 overexpression, 84% of
cases with later lymph node relapses having a tumor
with extensive or moderate MMP-2 positivity. A
statistically significant correlation was found be-
tween MMP-2 immunoreactive protein overexpres-
sion and relapse-free survival. The cumulative 5-
year relapse-free survival rate for the patients with
negative or weak positivity for MMP-2 was 61%, as
opposed to 42% for those with moderate or
extensive staining of MMP-2 (P¼ 0.045, in Breslow
analysis) (Figure 3a). Patients with a MMP-2
negative or only weakly stained tumor survived
longer than those with a tumor showing a moderate
or extensive MMP-2 staining. The Kaplan–Meier
analysis showed that the cause-specific cumulative

survival of the patients with negative or weak
immunostaining was 66% after 5 years of follow-
up, whereas the survival was only 46% among

Figure 2 First site of relapse according the MMP-2 (a) and TIMP-2
(b) immunoreactive protein levels in primary tumor tissue.

Figure 3 Survival analysis (Kaplan–Meier) for patients with
HNSCC according to overexpression of tumor tissue MMP-2 (a
and b) and TIMP-2 (c) immunoreactive protein. (a) Relapse-free
survival (b) cause-specific survival and (c) cause-specific survival.
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the patients presenting with moderate or exten-
sive immunostaining (P¼ 0.055, Breslow analysis)
(Figure 3b).

TIMP-2 as a Prognostic Factor

Analogous to findings with MMP-2, also TIMP-2
was very strong indicator of later lymph node or
hematogenous metastases. In all, 88% of local
relapses appeared in cases with a TIMP-2-negative
primary tumor, whereas 70% of cases with later
lymph node or hematogenous metastases had strong
positivity in TIMP-2 immunostaining (P¼ 0.01,
Fisher’s exact test) (Figure 2b).

The survival analysis showed a statistically sig-
nificant correlation between tumor immunoreactive
protein expression of TIMP-2 and cause-specific
survival. The Kaplan–Meier analysis showed that
cumulative survival of patients with a TIMP-2-
negative tumor was 64% after 5 years of follow-up,
whereas the cumulative survival for patients with a
TIMP-2-positive tumor was 47%. Furthermore we
noticed that the cumulative 5-year survival rate was
the lowest among patients with a tumor showing
extensive TIMP-2 immunostaining (40%) (Figure
3c). This remarkable difference was also statistically
significant (P¼ 0.038, Breslow analysis). Positive
TIMP-2 immunostaining also associated with short-
er relapse-free survival, but the difference did not
quite reach statistical significance in the log-rank
analysis (P¼ 0.071). The cumulative 5-year relapse-
free survival rate was 60% in patients presenting
with a negative staining for TIMP-2, whereas in
patients with a positive TIMP-2 immunoreaction in
the primary tumor the rate was only 43%.

Discussion

Increased proteolytic activity is essential for the
growth of tumor cells and their dissemination.
There is a growing amount of clinical evidence that
MMP-2 cascade promotes tumor cell invasion and
the process of metastasis formation in several tumor
types. MMP-2 has also been correlated to the clinical
aggressiveness in some cancer types.9–11 HNSCC
tumors have the capacity to invade adjacent tissues
and metastasize locoregionally. Moreover, hemato-
genic relapses are possible, but more uncommon
compared to some other solid tumors. Among
HNSCC patients the major cause of death is
expressly the locoregional recurrence, and the
prognosis depends mostly on the stage of the tumor.2

However, the prognosis may also fluctuate greatly in
each stage group, indicating that there is variation in
biological behavior among this tumor group.

In this study we demonstrate that tumor tissue
MMP-2 and TIMP-2 immunoreactivity associate
with the biological aggressiveness of the HNSCC
tumors and the clinical course of these diseases. The
analyses in this study showed that 70% of the

patients with later lymph node or hematogenic
relapses had extensively positive TIMP-2 immuno-
staining in the primary tumor, indicating that
more aggressive relapses were linked with TIMP-2
positivity. This correlation could be clinically
noteworthy and it was statistically significant.
Interestingly, MMP-2 overexpression was also sig-
nificantly linked with aggressive relapses, particu-
larly with the occurrence of later lymph node
metastasis.

In the present study, it was also found that high
expression of MMP-2 and TIMP-2 in tumor tissue
predicts poor survival, supporting the theory that
these markers could be linked with more aggressive
behavior of the tumor. The MMP-2 immunoreactive
protein associates highly with poor relapse-free
survival as well as with cause-specific survival, 5-
year cumulative survival rates being 42 and 46% in
patients with tumors presenting with an overexpres-
sion of MMP-2, when they were 61 and 66% in
patients with low positivity of MMP-2 immuno-
reactive protein. Similarly, only 40% of the patients
with an extensive TIMP-2-positive tumor survived
for 5 years after the diagnosis of HNSCC, whereas in
patients with a TIMP-2-negative tumor a 64% cause-
specific 5-year survival rate was observed. Accord-
ingly, a difference in relapse-free survival was
observed between patient groups presenting with
positive or negative TIMP-2 immunoreactivity in the
primary tumor. Our results are supported by some
previous studies which have shown that high
expression or activity of MMP-2 or TIMP-2 are
linked with poorer survival in HNSCC.16–18,26–28

Interestingly, in those studies the prognostic role of
both MMP-2 and TIMP-2 has been evaluated, and in
each individual study either one of them has been
found to be linked with prognosis in most cases.
Actually, these studies have revealed somewhat
conflicting results as to which one, MMP-2 or
TIMP-2, is most important as a prognostic marker.
In our present study we are able to show in same
patient material that both of these immunoreactive
proteins in tumor tissue are prognostic indicators for
survival. In line with our study, Yoshizaki et al18

have reported that both MMP-2 and TIMP-2 are poor
indicators in tongue SCC. Moreover, our results
indicating more aggressive relapses linked with
TIMP-2 expression are in line with Katayma
et al,27 who have earlier reported that patients who
developed regional lymph node and/or distant
metastasis showed significantly higher scores in
the expression of TIMP-2. Nevertheless, they found
no correlation between later relapses and MMP-2
expression. Interestingly, in our study, we could not
detect a significant correlation between the level of
positivity with MMP-2 and TIMP-2 antibody stain-
ing and the traditional clinical or histopathological
prognostic factors at the time of diagnosis. The lack
of this correlation and the fact that MMP-2 and
TIMP-2 are linked with later aggressive behavior of
the disease support in particular the essential role of
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these markers as indicators of unfavorable clinical
course. These data contradict some previous results
but are in line with those of Katayama et al27 as well
as with very recent results by Liu et al.28

In this study, we could not detect a correlation
between the pretreatment circulating level of TIMP-
2, MMP-2:TIMP-2 complex or MMP-2 and the tumor
tissue expression of immunoreactive proteins of
MMP-2 and TIMP-2. Furthermore, no correlation
was noticed between circulating levels of these
immunoreactive proteins and relapse-free or cause-
specific survival. In the present study the mean
levels of MMP-2:TIMP-2 complex were lower in
HNSCC patients than in the serum of healthy
controls. The same trend was observed in the level
of circulating MMP-2 values. Moreover, the mean
values of TIMP-2 serum levels were found to be
nearly equal in HNSCC patients and healthy con-
trols. Our data are supported by two previous
studies, where no differences were found between
serum MMP-2 levels in HNSCC patients and healthy
controls.29,30 These data are also partly in line with a
previous study by Ylisirniö et al, who reported that
levels of TIMP-2 and MMP-2:TIMP-2 complex were
higher among healthy controls compared with lung
cancer patients, and no correlation with survival
was observed.23 On the contrary, postoperative
serum MMP-2 has been previously reported to
correlate with poor prognosis in breast cancer as
well as to predict a recurrence of urothelial and
colorectal carcinoma.31–33 Also serum MMP-2 has
been reported with advanced stage in some type of
cancers.34,35 Circulating TIMP-2 levels have been
found to be very variable among cancer patients, and
there is no clear consensus of its prognostic value in
general.

It is known that many different types of tissues
express continuously MMP-2, and it takes part in
many physiologic tissue-remodeling processes.
Moreover, unlike MMP-9, MMP-2 activity has only
modest regulation at transcriptional level; most of
the regulation occurs at post-transcriptional level
and during activation and inactivation of the
enzyme.3 It is also possible that the MMP-2 derived
from tumor is not reflected in the serum in equal
ratio. It is not clear why the results concerning the
prognostic effect of circulating MMP-2 and TIMP-2
are so contradictory and unclear. One possible
explanation is that the type of measured MMP-2
differs in each individual assay. In our study the
assay recognizes the free pro-MMP-2 and that
complexed with TIMP-2. This is in harmony with
the immunostaining method we have used. Addi-
tionally, when the serum sample has been taken,
there could be critical issues concerning differencies
in the sample handling procedures that might
modify the levels of circulating immunoreactive
proteins.

The role of TIMP-2 in the process of tumor growth
and invasion is somewhat unclear. Traditionally
TIMP-2 has been supposed to suppress tumor

invasion and metastatic cascade by inhibiting
MMP-2.7–8 However, in the process of cell-mediated
MMP-2 activation, TIMP-2 has been shown to have a
crucial role together with MT1-MMP.36 Actually,
TIMP-2 binding to pro-MMP-2 is mandatory for MT-
MMP binding and activation of pro-MMP-2. On the
other hand, it has been shown that TIMP-2 stimu-
lates normal and malignant cell growth in vitro and
there is some evidence that this process is mediated
by escalating the quantity of tyrosin phosphoryla-
tion and the activity of MAP kinase.37 Additionally,
there are data supporting the notion that TIMP-2
could bind to the cell surface with high affinity,
supporting the idea that TIMP-2 could work as a
ligand equally to some growth factors and cyto-
kines.38 Separately from these roles of TIMP-2, it
also seems to have antiapoptotic as well as anti-
angiogenic activity.7–8 As a matter of fact, the current
literature indicates that the role of TIMP-2 in cancer
cell growth and progression is extremely complex
and may even differ between different cell types.

In conclusion, in the present study we found the
tumor tissue expression of MMP-2 and TIMP-2 to be
an indicator of unfavorable prognosis in HNSCC
patients. However, the expression of MMP-2 and
TIMP-2 immunoreactive protein did not correlate
with the other clinical prognostic factors like the
stage of the disease, the TNM status or the
histological grade of the tumor, suggesting that
MMP-2 and TIMP-2 could be independent from
these factors. The pretreatment circulating levels of
MMP-2, TIMP-2 and MMP-2:TIMP-2 complex did
not, however, emerge as having any prognostic role
in this study indicating that tumor tissue immunor-
eactive protein is more valuable as a prognostic
factor. Supplementary studies are obviously needed
to establish the role of MMP-2 and TIMP-2 as
immunohistochemical markers in clinical use.
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Matrix metalloproteinase-2 immunoreactive protein: a
marker of aggressiveness in breast carcinoma. Cancer
1998;83:1153–1162.

11 Kallakury BV, Karikehalli S, Haholu A, et al. Increased
expression of matrix metalloproteinases 2 and 9 and
tissue inhibitors of metalloproteinases 1 and 2 corre-
late with poor prognostic variables in renal cell
carcinoma. Clin Cancer Res 2001;7:3113–3119.

12 Kawamata H, Uchida D, Hamano H, et al. Active-
MMP2 in cancer cell nests of oral cancer patients:
correlation with lymph node metastasis. Int J Oncol
1998;13:699–704.

13 Kurahara S, Shinohara M, Ikebe T, et al. Expression of
MMPs, MT-MMP, and TIMPs in squamous cell
carcinoma of the oral cavity: correlations with tumor
invasion and metastasis. Head Neck 1999;21:627–638.

14 O-charoenrat P, Rhys-Evans PH, Eccles SA. Expression
of matrix metalloproteinases and their inhibitors
correlates with invasion and metastasis in squamous
cell carcinoma of the head and neck. Arch Otolaryngol
Head Neck Surg 2001;127:813–820.

15 Hong SD, Hong SP, Lee JI, et al. Expression of matrix
metalloproteinase-2 and -9 in oral squamous cell
carcinomas with regard to the metastatic potential.
Oral Oncol 2000;36:207–213.

16 Yorioka CW, Coletta RD, Alves F, et al. Matrix
metalloproteinase-2 and -9 activities correlate with
the disease-free survival of oral squamous cell carci-
noma patients. Int J Oncol 2002;20:189–194.

17 Ondruschka C, Buhtz P, Motsch C, et al. Prognostic
value of MMP-2, -9 and TIMP-1, -2 immunoreactive
protein at the invasive front in advanced head and
neck squamous cell carcinomas. Pathol Res Pract
2002;198:509–515.

18 Yoshizaki T, Maruyama Y, Sato H, et al. Expression of
tissue inhibitor of matrix metalloproteinase-2 corre-
lates with activation of matrix metalloproteinase-2 and
predicts poor prognosis in tongue squamous cell
carcinoma. Int J Cancer 2001;95:44–50.
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