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Film in situ zymography is a newly developed tech-
nique for detecting in situ gelatinolytic activity. Us-
ing the film in situ zymography method to stamp
preparations, we evaluated the gelatinolytic activity
in early stage cervical neoplasia and invasive squa-
mous cell carcinoma. To determine the sensitivity
of film in situ zymography for detecting gelatinase
expression, slides made from stamps of 50 speci-
mens resected from the uterine cervix, including
early invasive carcinoma (FIGO Ia1 and Ib1) and
cervical intraepithelial neoplasia (CIN) were exam-
ined by film in situ zymography. The specimens
were also examined immunohistochemically with
regard to mitotic activity and gelatinase expression.
Gelatinolytic activity was subdivided into two pat-
terns, the homogeneous pattern and the heteroge-
neous pattern. The homogeneous pattern consisted
of circumscribed areas around atypical cell clusters;
these areas were composed of homogenously di-
gested full-thickness collagen, whereas the hetero-
geneous pattern consisted of spottily digested areas
of superficial collagen around atypical cell clusters.
All invasive carcinomas (8/8 cases) and carcinoma
in situ (14/14 cases) were positive for gelatinolytic
activity, and 33.3%(5/15 cases) of the specimens of
CIN-1, CIN-2, and severe dysplasia were also posi-
tive. All invasive carcinomas and 6 of 14 carcinoma
in situ (43%) showed homogenous pattern, and the
other positive specimens showed heterogenous pat-
tern. The MIB-1 index was 33.8% in invasive carci-
noma, increasing stepwise from dysplasia to carci-

noma. Matrix metalloproteinase-2 immunostaining
was positive in 4 of 8 cases of invasive carcinoma
and generally stained the stromal area around the
tumor nest. These results indicated thatmatrixmet-
alloproteinases are functionally activated even in
carcinoma in situ and in cervical intraepithelial
neoplasia of the uterine cervix not showing invasive
growth histologically. Film in situ zymography can
detect with sensitivity the invasive potential of car-
cinoma in situ and cervical intraepithelial neopla-
sia. An analysis combining cytological examination
and film in situ zymography is a potentially useful
tool for estimating invasive activity.
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Squamous cell carcinoma of the uterine cervix is a
common female genital neoplasm, and because of
screening and early detection of premalignant le-
sions, the incidence of this carcinoma has been
decreasing. On the other hand, the occurrence of
the disease in young patients has increased recently
because of changes in sexual habits, and some of
these cases may need to be followed for a long time
without radical surgery. To control this carcinoma
over a long time period, it is important to estimate
risks of recurrence and metastatic and invasive po-
tential, even in premalignant and early-stage
lesions.
Matrix metalloproteinases, a family of zinc- and

calcium-dependent enzymes, have the ability to de-
grade components of the extracellular matrix, such
as collagen, gelatin, fibronectin, laminin, and pro-
teoglycan. They are considered to be important key
enzymes in the initiation of invasion andmetastasis
(1–3). Expression of matrix metalloproteinases has
recently been reported in many kinds of carcino-
mas, including gynecologic ones (4–12).
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Expression of matrix metalloproteinases in carci-
noma has been studied mainly by immunohisto-
chemical staining, in situ hybridization, and zy-
mography (8–13). Although these methods allow us
to determine whether or not these gelatinolytic en-
zymes are expressed in the target tissue, they do not
enable us to localize the activity of the matrix met-
alloproteinases. Film in situ zymography (FIZ) is a
newly developed technique that can easily detect in
situ gelatinolytic activity, and recent studies have
demonstrated that the FIZ technique can detect
active expression of matrix metalloproteinases in
various kinds of carcinoma tissue (5, 14–16).

We used FIZ to determine the gelatinolytic activ-
ity in stamp preparations made from material re-
sected from the uterine cervix. We also examined
the in situ activity of matrix metalloproteinases in
early stage cervical neoplasia and invasive squa-
mous carcinoma.

MATERIALS AND METHODS

Samples
Uterine cervix material was obtained from 50

women who underwent conization (Elecrosurgical
Unit Model MGI, Honest Medical Co., Tokyo, Ja-
pan) at the Department of Gynecology at the Uni-
versity Hospital of Tsukuba and at the Tsukuba
Medical Center Hospital, between July 2000 and
August 2001. The patients’ ages ranged from 18 to
56 years (average, 38 y). After gently wiping the
blood and cervical mucus from the specimens, the
conization samples were cut in the area that looked
most intensively affected on macroscopic examina-
tion, and the cut surface was stamped onto a film
with a cross-linked gelatin layer. Desquamated cells
and tiny tissue fragments on the cut surface—in-
cluding atypical cells and tumor cell clusters—at-
tached themselves to the film, remaining in their
relative places. The basic scheme of the study is
summarized in Figure 1.

After stamping had been performed, the remain-
ing material was fixed in 10% buffered formalin and
embedded in paraffin. Histological sections of the
cut surface were stained with hematoxylin and eo-
sin (WAKO Pure Chemical Industries, Ltd., Osaka,
Japan). The histological diagnosis was made by two
pathologists (TI and MN) according to the WHO
classification. We further subdivided cervical intra-
epithelial neoplasia (CIN) Grade 3 into carcinoma
in situ and severe dysplasia. The 50 sections were
diagnosed thus: invasive squamous cell carcinoma
(5 cases of FIGO Ia1 and 3 cases of FIGO Ib1),
carcinoma in situ (14 cases), severe dysplasia (5
cases), CIN-2 (5 cases), CIN-1 (5 cases), and nontu-
morous lesion (13 cases). Serial sections of the cut

surface were prepared for immunostaining for
MIB-1 and matrix metalloproteinase-2.

Film In Situ Zymography
FIZ is a newly developed technique for detecting

gelatinolytic activity in situ. The film used in this
study has a cross-linked gelatin layer containing
dye emulsion coated on a polyethylene terephtha-
late base film. The gelatin layer is 7 �m thick. The
emulsion has no effect on the property of gelatin as
a protease substrate but adds a pink color to the
layer. The stamped film was incubated at 37° C for
6 hours in a chamber at 100% humidity. After the
incubation, the film was stained with hematoxylin
(WAKO Pure Chemical Industries, Ltd.). The gelatin
on the film appears pale pink because it contains
dye emulsion, and gelatinolytic activity can there-
fore be detected by the presence of decolorized
areas. Positive findings of gelatinolytic activity were
subdivided into two patterns, the homogeneous
pattern and the heterogeneous pattern (Figs. 2, 3).
The homogeneous pattern indicates strong gelati-
nolysis, with homogeneous and zonal digestion of
circumscribed areas around atypical cell clusters.
The heterogeneous pattern indicates weak gelati-

FIGURE 1. Method of film in situ zymography.
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nolysis, with spotty and scattered digestion around
atypical cell clusters.

The specificity of FIZ was confirmed by treating
the film with 1,10-phenanthroline at 100 mmol/L,
which suppresses matrix metalloproteinase activity
(16; Fig. 4). For the confirmation of FIZ specificity,
the levels of active matrix metalloproteinase-2 and
matrix metalloproteinase-9 were also examined by
gelatin zymography (data not shown).

Immunohistochemical Analysis
To characterize the proliferative activity of the

lesions and examine the expression of matrix
metalloproteinase-2 protein, Ki-67 and matrix
metalloproteinase-2 were immunostained on
formalin-fixed, paraffin-embedded tissues by the
streptavidin-biotin-peroxidase method (13, 17–19;
Fig. 5). We used mouse monoclonal antibody MIB1
(Immunotech Co., Marseilles, France) at a 1:50 di-
lution to detect Ki67, and mouse monoclonal anti-
body against matrix metalloproteinase-2 (Fuji Fine
chemical, Toyama, Japan; Clone F-68) at a 1:250

dilution. After heat treatment, nonspecific IgG
binding and endogenous peroxidase activity were
suppressed with 5% normal bovine serum and 0.3%
hydrogen peroxidase, respectively. For calculation
of the MIB-1 index (average number of stained cells
per 100 cells counted), stained cells were counted in
three different random areas.

Statistical Analysis
Fisher’s exact test and Student’s t test were used

for the statistical analysis.

RESULTS

Film In Situ Zymography
Representative results of the homogeneous pat-

tern and the heterogeneous pattern activity are
shown in Figures 2 and 3, and results of FIZ and the
immunohistchemistry are summarized in Table 1.
All of the cytological diagnoses were histologically
confirmed. Eight of 8 invasive carcinoma (100%)

FIGURE 3. Gelatinolytic activity on film in situ zymography:
homogenous pattern. Stamp preparation of carcinoma in situ
specimens were subjected to film in situ zymography (A) or H & E
staining (B). (A: original magnification, 40�, B: original magnification,
100�). Notice the homogenous pattern with coronal decolored
background around the cancer nest. Normal squamous cells were also
stamped on the upper part of the film, and no decolored patterns were
seen.

FIGURE 2. Gelatinolytic activity on film in situ zymography:
heterogenous pattern. Stamp preparation of severe dysplasia specimens
were subjected to film in situ zymography (A) or H & E staining (B).
Heterogenous pattern in film in situ zymography (A) and H & E
staining of the serial section (B) (A: original magnification, 40�, B:
original magnification, 100�) Note the different gelatinolytic patterns
around the atypical cell cluster. The heterogenous pattern shows paler,
decolored background.
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and 14 of 14 carcinoma in situ (100%) were positive
on FIZ. Five of 15 dysplastic lesions (CIN-1, CIN-2,
and severe dysplasia; 33%) and 3 of 13 nontumor-
ous lesions (23%) were also positive for FIZ. There
were significant differences between the positive
scores in carcinoma and CINs and nontumorous
lesions (P � .01). Of the dysplastic lesions, 5 of 10
CIN-2 and severe dysplasia were positive for FIZ
(50%), but no CIN-1 (0 of 5) showed a positive
reaction.

The pattern of positive reactions for FIZ differed
according to the pathological diagnosis. Eight of 8
invasive carcinoma (100%) and 6 of 14 carcinoma in
situ (43%) showed the homogeneous pattern, and
the other positive specimens showed the heteroge-
neous pattern. These results indicate that almost
half of the carcinoma in situ (43%) showed the
same homogeneous pattern as invasive carcinoma.
The heterogeneous pattern was observed in 13
specimens. Even in nontumorous epithelium, the
heterogeneous pattern in three specimens was de-
tected in areas in which large numbers of inflam-
matory cells had accumulated. The gelatinolytic ac-
tivity was seen to increase according to the
malignant progression of the lesions.

Immunohistochemical Analysis
The results of the immunohistochemical analyses

for matrix metalloproteinase-2 and MIB-1 are sum-
marized also in Table 1. MMP-2–positive cells were
detected in 4 of 8 invasive carcinoma (50%; Fig. 5)
and none of the other lesions. Matrix
metalloproteinase-2 was mainly expressed in the
stromal area just around the cancer nest, and the
cancer cells were not stained. All cases positive for
matrix metalloproteinase-2 immunostaining were
cases with the homogeneous patterns in FIZ. In the
positive cases, positive staining for matrix
metalloproteinase-2 appeared more strongly at the
side nearer to the cancer nest than it did at the
distant side. The density of the stained fibroblast
around the cancer nests was higher than that of
those distant from the nest. The MIB-1 indexes
were 7.0 in CIN1 and CIN2, 17.6 in severe dysplasia
and carcinoma in situ, and 33.8 in invasive carci-
noma. The index increased gradually in a stepwise
progression from CIN to invasive carcinoma. The
mean MIB-1 index was 39.1 in the 4 matrix metal-
loproteinase-2–positive cases and 7.8 in the 46 ma-
trix metalloproteinase-2–negative cases.

DISCUSSION

Recently, FIZ has been reported to be an easy and
useful technique for detecting matrix metallopro-
teinase activity in various types of carcinomas. Sev-
eral other methods, such as zymography and
Northern blot hybridization of matrix metallopro-
teinases, can be used to examine the function and
expression of matrix metalloproteinases in tissues.
However, these methods cannot give exact infor-
mation on the types of cells that express matrix
metalloproteinases. In situ hybridization of matrix
metalloproteinases is another useful way of detect-
ing expression of matrix metalloproteinases in tis-
sues and cells, but it does not give any information
about the functional activity of matrix metallopro-

FIGURE 4. Inhibition of in situ gelatinolytic activity by 1.10-
phenanthroline and detection of matrix metalloproteinase expression
by film in situ zymography. The cancer cell clusters of invasive cervical
cancer shows the homogenous gelatinolytic activity (A) and no
gelatinolysis on the FIZ film treated by matrix metalloproteinase
inhibitor, 1.10-phenanphenanthroline (B). (A, B: original magnification,
40�; C: hematoxylin-eosin staining, original magnification, 40�)
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teinases. Therefore, FIZ is a very useful method of
detecting the activity of matrix metalloproteinases
in a short time but also of identifying the types of
cells that express activated matrix metalloprotein-
ases. To apply FIZ to cytologic specimens, we chose
stamp specimens of the uterine cervix for the fol-
lowing reasons: (1) the sampling procedure is very
simple and easy; (2) the cytological and morpho-
logical criteria of the dysplastic cells and cancer
cells have been established; and (3) all tissue sam-
ples resected can be subjected to routine histolog-

ical diagnosis, and the results from the cytological
specimens can be compared with those from the
histological specimens. Our findings can be put
easily to practical use for estimating the malignancy
of cervical specimens.

Matrix metalloproteinases are involved in not
only cancer invasion but also in extracellular matrix
turnover activities such as degradation, inflamma-
tion, tissue remodeling, and differentiation. In par-
ticular, it has been reported that matrix
metalloproteinase-9 is induced in chronic and se-

FIGURE 5. Immunohistochemical staining of matrix metalloproteinase-2 and MIB-1 in invasive cervical carcinoma. (A, B: original magnification,
100�). Paraffin sections were immunostained with monoclonal antibodies against matrix metalloproteinase-2 (A) and Ki-67 (B). Note that MIB-1
protein was localized in the nuclei of the nonkeratinizing cancer cells, whereas matrix metalloproteinase-2 protein was observed diffusely in
surrounding stromal tissues. This case showed the homogenous pattern in film in situ zymography.
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vere inflammation and might play an important
role in tissue remodeling (20–22). These reports
suggest that cases that show chronic inflammation
also have a positive reaction to matrix
metalloproteinase-9 expression. Because the
conization materials examined in this study usually
included inflammatory changes, we suspect that
the gelatinolytic activity in the three cases of non-
tumorous lesions was caused by matrix
metalloproteinase-9. Histologically, these heteroge-
neous pattern–positive nontumorous cases showed
senile colpitis and bacterial vaginalis. Reports of the
expression of matrix metalloproteinases in atypical
epithelial cells of preinvasive lesions (CIN) have
been inconsistent. For example, Davidson et al. (13)
indicated that an intense signal of matrix
metalloproteinase-2 mRNA was uniformly absent
from CIN, but Mattila et al. (11) demonstrated a
positive immunohistochemical reaction against
matrix metalloproteinase-2 in CIN lesions. In this
study, we demonstrated that not only invasive car-
cinoma, but also carcinoma in situ and dysplastic
lesions, showed gelatinolytic activity. It is addition-
ally very interesting that 6 of 14 specimens of car-
cinoma in situ (43%) showed high gelatinase activ-
ity in a homogeneous pattern, mimicking the eight
invasive carcinomas. Although the specific type of
matrix metalloproteinase that is responsible for the
high gelatinolytic activity cannot be confirmed,
these findings might indicate that some carcinoma
in situ specimens have latent invasive characteris-
tics similar to those of invasive carcinoma. We re-
viewed the morphological findings of carcinoma in
situ, but these latent invasive carcinoma in situ can-
not be discriminated from real carcinoma in situ by
cytological and histological findings. Furthermore,
the proliferative activity indicated by the MIB-1 index
was correlated with the gelatinolytic activity showed
in FIZ and the immunohistochemistry.

Immunohistochemical staining of matrix
metalloproteinase-2 showed a positive reaction
mainly on the cancer stroma in some invasive
cases. The sensitivity is lower than that from the FIZ
data, and the results did not correlate with the
gelatinolytic activity examined by FIZ. However, as
matrix metalloproteinase-2 is activated by the

membrane-type matrix metalloproteinase on the
tumor surface and secreted around the tumor cells
nests, the discrepancy in present study results can
be explained by two possibilities: (1) we mainly
detected inactivated matrix metalloproteinase-2
protein in the cancer stroma by immnohistochem-
istry and the results did not correlate with matrix
metalloproteinase-2 activity and (2) the gelatino-
lytic activity detected by FIZ is not due to matrix
metalloproteinase-2 but other types of gelatinase.
The mechanism of the activation of matrix metal-
loproteinases in carcinoma in situ needs to be fur-
ther examined in regard to the roles of tissue inhib-
itor metalloproteinase-2 and membrane type 1
matrix metalloproteinase (2, 7–13).

In summary, FIZ demonstrated that dysplastic
cells of CIN definitively showed gelatinolytic activ-
ity but at a lower grade than cells from carcinoma
in situ or invasive carcinoma. Furthermore, in some
cases of carcinoma in situ, tumor cells appear to
have a latently invasive character similar to invasive
carcinoma. This FIZ method using cytological spec-
imens is very easy and sensitive, so it will prove very
useful for characterizing the invasive potential of
CIN and carcinoma in situ. It might be possible to
apply this method for taking swab smears in
screening for the invasive potential of suspect
lesions.
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