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Summary

Metalloproteinases, especially metalloproteinase-2 (MMP-2), are known for their role in the degradation of the extracellular
matrix. Nevertheless, a thorough understanding of MMP-2 expression in neoplastic lesions of the uterine cervix has yet to be accom-
plished. This study aimed to analyze the MMP-2 expression in cervical intraepithelial neoplasia III (CIN3) and in cervical squamous
cell carcinoma, in tumor cells and adjacent stromal cells. MMP-2 expression was assessed by an immunohistochemical technique.
MMP-2 expression was greater in the stromal cells of invasive carcinomas than in CIN3 (p < 0.0001). MMP-2 expression in stromal
cells correlates with the clinical stage, gradually increasing as the tumor progresses (p = 0.04). This study corroborates that stromal
cells play an important role in tumor invasion and progression, mediated by the progressive enhancement of MMP-2 expression from
CIN3 to advanced invasive tumor. The intense MMP-2 expression most probably is associated with poor tumor prognosis.
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Introduction

Cervical carcinoma is the second most common neo-
plasia in women worldwide, corresponding annually to
16% of all cases of tumors in women [1]. Over the last
ten years, many studies have demonstrated the unequivo-
cal association between the human papilloma virus
(HPV) and cervical carcinoma. The histological appear-
ance of CIN3 is characterized by both cellular atypia and
structural disorganization restricted to the squamous
epithelium and limited by the basement membrane. For the
occurrence of both invasion and tumor metastasis, degra-
dation of the basement membrane and the extracellular
matrix (ECM) must occur, since these structures act as a
physical barrier to cell migration [3]. Such events suggest
that during the progression of CIN, local phenomena occur
that would result in the formation of genetically-modified
cell clones capable of producing substances that would
permit degradation of the basement membrane and initiate
evolvement to invasive carcinoma [4].

ECM degradation is mediated by families of extracel-
lular proteinases including serine proteases, cysteine pro-
teases and matrix metalloproteinases (MMPs), which
play a key role in the evolution of human malignant neo-
plasias through an increase in proteolysis mediated by
these proteins [3, 5, 6]. The MMP family is composed of
20 zinc- and calcium-dependent proteolytic enzymes,
subdivided into collagenases, gelatinases, elastases,

stromelysins and MMPs according to the specificity of
the substrate and the homology of domains [5, 7]. MMPs
may be produced by malignant epithelium and by adja-
cent stroma, suggesting an important role of cell-to-cell
interaction [8]. ECM degradation by MMPs would facil-
itate tumor invasion and progression of the cancer [5].
MMP-2 is a gelatinase and its potential to degrade type
IV collagen in the ECM has been shown to be of great
importance in facilitating stromal and vascular invasion
by tumor cells [9]. In vitro studies have identified the
cell-mediated MMP-2 activation mechanism [10]. 

Studies on several tissues such as those from the colon,
pancreas, prostate, bladder and breast [11-15] have
shown an increase in MMP-2 expression in human tumor
cells and its relationship with an increase in metastases
resulting from its ability to remodel ECM and degrade
the basement membrane. Some studies on the uterine
cervix [16, 17] have described MMP-2 expression in CIN
lesions and in invasive carcinoma. Nevertheless, the sig-
nificance of MMP-2 expression in cervical neoplastic
lesions and its relationship with the processes of invasion
and metastasis still remain to be established.

Therefore, the aim of this study was to evaluate varia-
tions in MMP-2 expression in tumor cells and in the cells
of adjacent stroma, comparing cases of CIN3 with cases
of invasive squamous cell carcinoma of the cervix. It was
hoped that findings would contribute towards improving
the current understanding of the role of MMP-2 protein
in the invasive process of squamous cell carcinoma of the
cervix. From a clinical viewpoint, it is also interesting to
consider whether MMP-2 expression plays a role as a
possible prognostic marker of invasion and metastasis. Revised manuscript accepted for publication September 24, 2007
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Materials and Methods

Samples

Following a review of clinical records, two groups were
selected consisting of 45 women with a diagnosis of CIN3 and
45 with a diagnosis of invasive squamous carcinoma, all cases
diagnosed by biopsy. Selection of cases for this study was carried
out sequentially from January 2004 until the present  among
women receiving care at the Oncology Department of the
Unicamp. The biopsy samples were reviewed for confirmation of
diagnosis and those women with no other associated histological
diagnosis and whose paraffin blocks contained sufficient mater-
ial for immunohistochemical assays were included in this study. 

Immunohistochemical analysis

Ninety blocks of paraffin-embedded material were cut into 5-
μm thick sections using a microtome. Sections were deparaf-
finized in xylol and gradually rehydrated in an ethanol series. Fol-
lowing gradual hydration, nonspecific sites were blocked with a
10% hydrogen peroxide solution, after which antigen recovery
was performed by immersion in a pH 8.9 buffer for 30 min at a
temperature of 95°C. Next, the slides were incubated with primary
monoclonal antibodies (matrix metalloproteinase 2, clone 17B11,
code NCL-MMP2-507, Novocastra Laboratories, Newcastle, UK)
in a chamber at 37°C for 30 min, and then incubated overnight.
On the following day, the material was washed with PBS, and the
LSAB peroxidase kit (LSAB/HRP, code K0690-1, Dakocytoma-
tion, Carpinteria, CA, USA) was used to detect the antigen-anti-
body reaction. After washing, the immunocomplex containing
peroxidase was detected using 3,3-diaminobenzidine-HCL chro-

mogen followed by hematoxylin counterstaining. For each reac-
tion, a positive control was also evaluated, as recommended by the
manufacturer. Negative controls were always evaluated and con-
sisted of the same case as the positive control with the exclusion
of the primary antibody in the reaction.

For each case, “hot-spot” reaction areas were selected and
five photographs were taken that included the areas of epithe-
lial-stromal transition. Photographs were taken at high magnifi-
cation (400x) using a digital camera (Nikon, Coolpix, model
995). Images were transferred to a computer and analyzed using
an imaging analyzer software package (Imagelab, 2000). 

The final score was calculated by adding together the points
received for intensity and percentage of staining. For evaluation
of the percentage of positive cells, more than 1,000 tumor cells
and more than 1,000 stromal cells were counted for each case.
Stromal fibroblasts and inflammatory cells were considered
stromal cells. Cases were grouped according to positivity and
the score was classified as follows: (1) 0-10% stained cells, (2)
11-50% stained cells and (3) 51-100% stained cells. Semiquan-
titative evaluation of the slide took the intensity of staining and
the percentage of positive cells into consideration. The intensity
of staining in the tumor and stromal cells was evaluated as
follows: (0) no staining, (1) weak staining, (2) moderate stain-
ing; and (3) intense staining. 

Statistics

The software program used for the statistical analysis of
MMP-2 was EPI-INFO. The association between the categori-
cal variables was analyzed using Fisher’s exact test and the
magnitude of the association was calculated using the odds
ratios (OR) and their respective 95% confidence intervals (CI).

Figure 1. A) Weak expression of MMP-2 by tumor cells in
CIN3 and a few positive stromal cells. B) Intense expression
of MMP-2 by tumor cells in invasive squamous carcinoma in
the  epithelial-stromal transition and  intense expression of the
stromal cells (400x).
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Results

Immunohistochemical reaction for MMP-2 was
observed in the cytoplasm of tumor and stromal cells in
the two study groups (Figures 1A-1B). Staining was also
observed in some cases in the endothelial and glandular
cells, although these were excluded from the analyses. 

MMP-2 was found to be intensely positive in the
stroma (score > 5) in 2% (1/45) of cases of CIN3 and in
40% (18/45) of cases of invasive carcinoma. With respect
to the tumor cells, intense MMP-2 staining was found in
18% of cases (8/45) and in 24% (11/45) of cases, respec-
tively, of CIN3 and invasive carcinoma. Expression of
MMP-2 was greater in the stromal cells of cases of inva-
sive carcinoma compared to cases of CIN3, and this dif-
ference was statistically significant (p < 0.0001).
However, no statistically significant difference was found
in MMP-2 expression in tumor cells between cases of
CIN3 and invasive carcinoma (p = 0.9423) (Table 1). 

With respect to CIN3, MMP-2 expression was signifi-
cantly greater in epithelial tumor cells compared to
stromal cells (p = 0.05), whereas in the cases of invasive
carcinoma no statistically significant difference was
found in MMP-2 expression between epithelial tumor
cells and stromal cells (p = 0.08) (Table 2).

In accordance with the FIGO classification criteria for
staging, 18 tumors were classified as Stages I-II, 26 as
Stages III-IV and one case could not be classified due to
the early death of the patient. A greater frequency of
MMP-2 positivity with a score > 3 was found in the
stromal cells in Stages III-IV compared to Stages I-II,
and this difference was statistically significant (p = 0.04).
No association was found between MMP-2 expression in
tumor cells and staging (Table 3).

Discussion

Up to the present time, we have been able to evaluate
MMP-2 expression in 45 cases of CIN3 and in 45 cases
of invasive squamous cell carcinoma of the cervix, using
immunohistochemistry to compare the localization of
protein expression in both the neoplastic epithelial cells
and in the adjacent stromal cells. Our results suggest that
MMP-2 expression in stromal cells is greater in cases of
invasive carcinoma compared to cases of CIN3, and that
it is also greater in more advanced stages of invasive car-
cinoma. Intense MMP-2 expression was more frequent in
epithelial tumor cells than in stromal cells in cases of
CIN3. In cases of invasive carcinoma, expression of
MMP-2 was similar in both stromal and tumor cells. 

Our results are in agreement with those of Davidson et
al. [18], who studied a smaller number of cases and
reported higher MMP-2 positivity in stromal cells adja-
cent to invasive carcinoma compared to cases of CIN. In
the same study, no differences were found in MMP-2
expression in tumor cells between cases of CIN and inva-
sive carcinoma. In addition, the authors quantified
mRNA for MMP-2 in stromal and tumor cells, observing
a greater amount of mRNA in tumor cells compared to
stromal cells. These investigators hypothesized that
tumor cells would be responsible for synthesizing MMP-
2, while stroma cells would activate it, which would
justify the intense stromal staining for MMP-2.

The importance of stromal cells in defining the role of
MMP-2 has also been described in cases of non-small
cell lung cancer and rectal cancer [19, 20]. Other studies
have suggested that tumor cells may be responsible for
inducing the production of proteolytic enzymes in neigh-
boring stromal cells [16, 21, 22]. A study carried out by
Sun et al. suggests that the presence of ECM metallopro-
teinase inducers (EMMPRIN) in tumor cells promotes
latent MMP-2 production by fibroblasts [21]. The findings
published by Sier et al. complement these observations,
reporting that after being produced by the fibroblasts,
MMP-2 would be activated on the surface of tumor cells
in the tumor-stromal interface [22]. Irrespective of the
localization of MMP-2 expression and activation, the
above-mentioned investigators agree that the increase in
MMP-2 expression is associated with a poorer prognosis
in patients due to greater aggressivity of the tumor [19-22].

The presence of MMP-2 does not necessarily imply
that there will be proteolytic activity, since the enzyme
may be in its latent or active form, which cannot be dif-

Table 1. — Comparison of MMP-2 protein expression (score)
between the cases of CIN3 and invasive squamous carcinoma
for stromal and tumor cells.

Score Stromal cells Tumor cells

CIN 3 Invasive CI 95% CIN 3 Invasive CI 95%

1-2 10 6 Reference 8 14 Reference 
3-4 34 21 1.03 (0.33-3.25) 29 20 0.39 (0.14-1.11)
5-6 1 18 30.00 (3.15-285.71) 8 11 0.79 (0.22-2.77)
p* < 0.0001 0.1524
* Fisher’s exact test (score 1-2; score 3-4; score 5-6).

Table 2. — Comparison of MMP-2 protein expression (score)
between stromal and tumor cells in CIN3 and invasive squa-
mous carcinoma.

Score Stromal cells Tumor cells

CIN 3 Invasive CI 95% CIN 3 Invasive CI 95%

1-2 10 8 Reference 6 14 Reference 
3-4 34 29 1.07 (0.37-3.06) 21 20 0.41 (0.13-1.27)
5-6 1 8 10.00 (1.03-97.5) 18 11 0.26 (0.08-0.88)
p* 0.05 0.09
* Fisher’s exact test (score 1-2; score 3-4; score 5-6).

Table 3. — MMP-2 expression (score) in stromal and epithelial
tumor cells according to the clinical stage of invasive squamous
carcinoma.

Score Stromal cells Tumor cells

Stage CI 95% Stage CI 95%

I-II III-IV I-II III-IV
1-3 12 10 Reference 12 12 Reference 
4-6 6 18 3.60 (1.03-12.54) 6 14 2.33 (0.67-8.12)
p* 0.0403 0.1791
* Fisher’s exact test (score 1-2; score 3-4; score 5-6).
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ferentiated by immunohistochemistry. It is known that
MT1-MMP (MMP-14) and TIMP-2 are necessary to acti-
vate MMP-2 [6]. Furthermore, in its active form, it may
be inhibited by the presence of TIMP and RECK (rever-
sion-inducing cysteine-rich protein with Kazal motifs)
[23]. Thus, there are many possible control mechanisms
in tissues, triggered by these proteins that try to reduce
the process of degradation of the ECM that would lead to
tumor invasion.

In an attempt to understand how the organism loses its
ability to self-regulate for this protein, Smola-Hess et al.
[23] recently demonstrated that the E7 protein from HPV
type 16 was associated with an increase in MT1-MMP
(MMP-14) expression in keratinocytes and consequently
with an increase in MMP-2 activation. On the other hand,
the E7 protein derived from HPV 1 was not able to
induce MT-1 MMP expression. This result may explain
the participation of high-risk HPV types in the imbalance
of MMP-2 protein found in tumor invasion. 

Conclusion

This study corroborates that stromal cells play an
important role in tumor invasion and progression, medi-
ated by the progressive enhancement of MMP-2 expres-
sion from CIN 3 to early invasive tumor, and from this
stage to advanced invasive carcinoma. Intense MMP-2
expression most probably is associated with poor tumor
prognosis. 
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