
Abstract Matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMPs) play an impor-
tant role in tumor invasion and metastasis. There have
been only a few studies on the protein expression of
MMPs and TIMPs in thyroid carcinomas. Therefore, we
investigated the protein expression of MMP-2, MMP-9,
TIMP-1 and TIMP-2 in 86 papillary thyroid carcinomas
using immunohistochemistry, semiquantitative scoring
morphometry of immunohistochemistry, gelatin zymo-
graphy, and western blotting. We also examined the cor-
relations between the immunohistochemical scores and
several clinicopathological parameters. The immunore-
activities of MMP-2, MMP-9, TIMP-1, and TIMP-2
were largely located in the tumor cells or non-tumor fol-
licular cells and to a much lesser extent in the fibroblasts
and endothelial cells in the tumor and non-tumor re-
gions. Compared with non-tumor regions, these four pro-
teins tended to be overexpressed in the tumor cells; the
overexpression was found in 64 of 86 (74%), 80 of 86
(93%), 79 of 86 (92%), and 64 of 86 (74%) cases for
MMP-2, MMP-9, TIMP-1, and TIMP-2, respectively.
Gelatin zymography showed distinct bands of MMP-2
and MMP-9 in tumor extracts but vague bands in non-tu-
mor extracts. Western blotting revealed the specific
bands of MMP-2 and MMP-9 in both tumor and non-tu-
mor extracts. Morphometric scoring revealed that high
expression of these proteins significantly correlated with
large tumor size, presence of lymph node metastasis,
high clinical stage, high intrathyroidal invasion, and high
vascular invasion. These data suggest that MMP-2,
MMP-9, TIMP-1, and TIMP-2 proteins and activities are
increased in tumors cells of papillary thyroid carcinomas

and that they play an important role in the invasion and
metastasis of papillary thyroid carcinomas.
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Introduction

Matrix metalloproteinases (MMPs) are secreted protein-
ases required for extracelluler matrix degradation in tu-
mor invasion and are generally classified into some dif-
ferent families of closely related members, such as colla-
genases, gelatinases, and stromelysins [24]. MMP-2
(72 kDa type IV collagenases, gelatinase A) and MMP-9
(92 kDa type IV collagenases, gelatinase B) are critical
factors in basement membrane degradation [22]. There-
fore, these MMPs may participate in the various steps of
tumor invasion, metastasis, and progression in several
carcinomas [5, 27]. Their activities are controlled
through distinct mechanisms, and their expressions are
regulated at the level of gene expression during proen-
zyme activation by proteolysis and during binding of the
proenzymes or active enzymes to specific inhibitors,
such as tissue inhibitors of metalloproteinases (TIMPs)
[2, 30]. The latent forms of MMP-2 (proMMP-2) and
MMP-9 (proMMP-9) bind to TIMP-2 and TIMP-1, re-
spectively. Membrane type of MMPs (MT-MMPs) pres-
ent on tumor cell surfaces is thought to play a crucial
role in the invasive phenotype of carcinomas. It has been
reported that activation of MMP-2 correlates with MT1-
MMP expression [39]. It has been shown in vitro that
MT1-MMP might be associated with TIMP-2, both act-
ing together as receptors for proMMP-2 and leading to
cleavage of the zymogens [41]. MMP-9 is not activated
by MT-MMPs, but is activated by plasmin, stromelysin-1
(MMP-3), and MMP-2 [15].

Papillary carcinoma of the thyroid are generally asso-
ciated with slow growth and good prognosis. However,
some cases show a relatively early recurrence, severe in-
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vasion, or multiple lymph node metastasis, though their
tumor size is small. It would be important to identify the
characteristics of thyroid carcinoma which have such a
high risk for invasion and metastasis. Only a few studies
are available about the expression and activation of
MMP-2 and MMP-9 in normal and malignant thyroid
tissues. The first report by Campo et al. [8], who used
immunohistochemistry, found that the amount of MMP-2
correlates with the transformation to a malignant pheno-
type. Some studies showed that mRNA levels of MMPs
and TIMPs were present mainly in normal thyrocytes
and thyroid carcinoma cell lines, while others reported
that mRNA levels were determined in thyroid-derived fi-
broblasts [4, 20, 42]. Nakamura et al. [26] reported that
overexpression of proMMP-2 mRNA and MT-1MMP
mRNA in the thyroid carcinoma cells but not in the stro-
mal cells were important in the malignant behavior using
in situ zymography. However, to the best of our knowl-
edge, there have been no comprehensive studies on the
protein expression using a large number of cases in thy-
roid carcinoma.

The aim of this study was to investigate the expres-
sion of MMP-2, MMP-9, TIMP-1, and TIMP-2 immuno-
reactive proteins in thyroid papillary carcinoma and to
examine their clinicopathological correlations, such as
invasive propensity and metastatic potential. We exam-
ined the existence and localization of these MMPs and
TIMPs at the protein level and also observed the produc-
tion and activation level of these enzymes in thyroid
papillary carcinoma. The results suggest that overexpres-
sion and activation of these proteinases and their inhibi-
tors in the thyroid tumor tissue play an important role in
invasive and metastatic behavior in thyroid carcinomas.

Materials and methods

Tissue specimens and clinical data

Surgically resected cases (86) of papillary thyroid carcinoma were
used. After the surgical resection, the tumor specimen was imme-
diately divided into two parts in each case. One part was fixed in
neutral buffered 10% formalin and embedded in paraffin, and an-
other part was snap frozen in liquid nitrogen and stored at –80°C
until use. As a control, three non-tumor thyroid tissues were ob-
tained from the three thyroid tumor cases.

The age of the subjects ranged from 25 years to 83 years, with
an average of 54 years. The male to female ratio was 14 to 72. The
histology of the thyroid carcinomas was of ordinary type in 78
(91%) cases, of follicular variant in 6 (7%) cases, of oxyphilic

variant in 1 (1%) case, and of encapsuled variant in 1 (1%) case.
There were no cases of tall cell variant. The number of tumors per
case is one in 55 (62%) cases, two in 30 (35%) cases, and three in
3 (3%) cases. Multiple serial sections of 3-µm thickness were ob-
tained from each specimen. Two of them were stained with hema-
toxylin and eosin and with elastic van Gieson for assessment of
vascular invasion. The rest were subjected to immunohistochemi-
cal staining.

Immunohistochemistry

Sections were immunohistochemically stained for MMP-2, MMP-
9, TIMP-1, and TIMP-2 using the standard avidin-biotin-peroxi-
dase complex (ABC) method. In brief, the sections were processed
to unmask antigens by means of microwave oven heating in
10 nm/l citric acid buffer (pH 6.0) and subsequent detergent treat-
ment using polyoxyethylene sorbitan monolaurate (Tween 20) for
30 min. The sections were then treated with normal serum for
20 min, followed by the application (4 C overnight) of primary
monoclonal antibodies against MMP-2 [clone 42–5D11, class im-
munoglobulin (Ig) G/κ, dilution 1:1000], MMP-9 (clone 56–2A4,
class IgGl/κ, diluton 1:800), TIMP-1 (clone 147–6DI1, class
IgGl/κ, dilution 1:100), or TIMP-2 (clone 67–4Hl1, class IgGl/κ,
dilution 1:800; Fuji Chemicals, Toyama, Japan). The sections
were then treated with biotinylated secondary antibodies (Vector
Lab, Burlingame, Calif.), and then with the ABC (Vectastein ABC
kit, Vector Lab) for 1 h each. The reaction products were devel-
oped in 3.3′-diaminobenzidine tetrahydrochloride solution con-
taining 0.03% H2O2. Nuclei were lightly counterstained with he-
matoxylin. No staining was obtained when nonimmune serum or
phosphate-buffered saline (PBS) was used instead of the primary
antibodies.

Semiquantitative scoring of immunohistochemistry

We used a semiquantitative scoring system to evaluate the results,
as previously reported [13, 14, 37]. As shown in Table 1, immuno-
reactivity was assessed by the percentage of positive cells and in-
tensity of staining, each being scored from 0 to +3. The scoring
was done in thyroid tumor tissue and in the surrounding non-tu-
mor thyroid. The former was categorized as “tumor score” and the
latter as “non-tumor score”. The final score was “tumor score” mi-
nus “non-tumor score”.

This scoring system was adopted because the immunoreactivi-
ties were heterogeneous in distribution and intensity in both the
tumor and non-tumor region in a given case. Therefore, we evalu-
ated, simultaneously, the percentage and intensity of immunoreac-
tivities in a given tumor and non-tumor region. In addition, the im-
munoreactivities in non-tumor regions varied from case to case;
they were heterogeneous in the distribution and intensity among
different cases. This may be because all samples did not have
equal status of antigenic expression, probably due to different fix-
ation time and/or different prefixation intervals. Therefore, we ex-
amined the percentage and intensity of immunoreactivities in the
non-tumor regions, and used them in non-tumor regions as inter-
nal controls, so that we utilized the final score (tumor score minus
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Table 1 Semiquantitative scor-
ing of matrix metalloprotein-
ases (MMPs) and tissue inhibi-
tors of metalloproteinases
(TIMPs) used in the present
study

Extent score Intensity score

1. Evaluation of immunohistochemistry
0: 0% 0: no immunoreaction
+1: 1–33% positive +1: mild immunoreaction
+2: 34–66% positive +2: moderate immunoreaction
+3: 67–100% positive +3: severe immunoreaction

2. Tumor score = extent score + intensity score in tumor
Non-tumor score = extent score + intensity score in non-tumor

3. Final score = tumor score–non-tumor score



non-tumor score) as described above in order to avoid these arti-
facts. We believe that this scoring system reflects more exactly the
antigenic expression than do other simple methods. In fact, we
used this scoring system in previous papers [13, 14, 37].

Gelatin zymography for MMP-2 and MMP-9

The proenzyme and activated forms of MMP-2 and MMP-9 were
detected using gelatin zymography in 15 fresh samples of papil-
lary carcinoma and three controls. Tissue samples were cut into
small pieces, homogenized at 4 C with a homogenizer in Tris buff-
er (50 mM tris HCl, pH 7.5, 75 mM NaCl), and centifuged at
5000×g for 20 min. The supernatant was aliquoted, and the protein
content was determined using the method of Bradford [6]; Bio-
Rad reagents (Bio-Rad Laboratories, Hercules, Calif.) were used,
and bovine serum albumin was used as the standard. Tissue ex-
tracts (containing 50 µg protein) were electrophoresed on 7% sodi-
um dodecyl sulfate (SDS)-polyacrylamide gels containing gelatin
(2 mg/ml) (DIFCO Lab., Detroit, Mich.) as described previously
[29]. After electrophoresis, the gels were rinsed twice in 2.5% Tri-
ton X-100 and incubated at 37 C for 20 h in 0.2 M NaCl, 5 mM
CaCl2, and 50 mM Tris-HCl buffer (pH 7.6) containing 0.02%
Briji-35 (Sigma Chemical Co., St.Louis, Mo.). The gels were
stained with 0.25% Coomassie blue and destained in 25% metha-
nol and 10% acetic acid in H2O.

Western blotting

The 15 tumor samples and three control samples were used. Pro-
tein loads of 20 µg were applied onto a 10% polyacrylamide gel.
The proteins were then transferred to a nitrocellulose membrane
(Amersham, San Diego, Calif.). The membrane was blocked with
blocking solution (2.5% nonfat milk in PBS) for 20 min at room
temperature and then incubated with 5 µg/ml of antibody in the
blocking solution. The antibodies to MMPs were the same as
those used in the immunohistochemistry. After extensive washing
with T-PBS (0.05% Tween20-PBS), the membrane was reprobed
with antimouse IgG (class IgG/Fab′, dilution 1:1000, MBL, 
Nagoya, Japan) conjugated with horseradish peroxidase in block-
ing solution for 2 h. Detection of signals was performed using an
enhanced chemiluminescent technique using an ECL kit (Amers-
ham, Bucks, UK).

Correlations between immunohistological scores 
and clinicopathological parameters

Immunohistochemical results were correlated with tumor size,
lymph node metastasis, distant metastasis, clinical stages, intrathy-
roidal invasion, vascular invasion, and presence of satellite tu-
mors. The tumor size was categorized into four groups according
to the pTNM system [32]. Clinical stage was determined with the
use of the International Union Against Cancer (UICC) system
[32]. Intrathyroidal invasion was subjectively classified into none,
mild, moderate, and severe, depending on the morphologic inva-
sive features. Vascular invasion means both lymphatic and venous
invasion and was subjectively categorized as none, mild, moder-
ate, and severe, according to the density of the vascular lumina-
containing tumor cells. Satellite tumors imply daughter tumors re-
mote from main tumors and are considered to be due to lymphatic
spreads.

Statistical analysis

Scores were expressed as mean±SD. Spearman rank correlation
test, analysis of variance (ANOVA) test, and Mann-Whitney’s U
test were employed with a significant level of P<0.05.

Results

Immunohistochemistry

In the tumor regions, the number of positive immunore-
activities (tumor score >0) was 81 of 86 (94%), 71 of 86
(83%), 81 of 86 (94%), and 81 of 86 (94%) cases for
MMP-2, MMP-9, TIMP-1, and TIMP-2, respectively
(Table 2). MMP-2 (Fig. 1a, b), MMP-9 (Fig. 1c), TIMP-
1 (Fig. 1d), and TIMP-2 (Fig. 1e) were expressed in the
tumor cell cytoplasm with a homogeneous or granular
pattern. Endothelial cells and fibroblasts in the tumor
stroma were occasionally positive for the four proteins,
although the stromal expressions were much lower than
those in the tumor cells. 

In the non-tumor regions, the number of positive im-
munoreactivities (non-tumor score >0) was 78 of 86
(91%), 53 of 86 (42%), 75 of 86 (87%), and 78 of 86
(91%) cases for MMP-2, MMP-9, TIMP-1, and TIMP-2,
respectively (Table 2). The four proteins were expressed
mainly in the follicular cells and to a much lesser extent
in the fibroblasts and endothelial cells in the stroma. The
expressions in the tumor regions tended to be higher than
in non-tumor regions (Fig. 1a and Table 2). That is, the
final scores were 0 or more in 64 of 86 (74%), 80 of 86
(93%), 79 of 86 (92%), and 64 of 86 (74%) cases for
MMP-2, MMP-9, TIMP-1, and TIMP-2, respectively
(Table 2).

Gelatin zymography

The MMP-2 active form, proMMP-2, MMP-9 active
form, and proMMP-9 showed four major and clear pro-
teolytic bands at 62 kDa, 72 kDa, 82 kDa, and 92 kDa,
respectively, in the gelatin gels from the tissues homoge-
nates from tumor tissues, and two unclear bands from the
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Table 2 The number (%) of cases. MMP matrix metalloprotein-
ase; TIMP tissue inhibitors of metalloproteinase

Scores MMP-2 MMP-9 TIMP-1 TIMP-2

Tumor score
0 5 (6%) 15 (17%) 5 (6%) 5 (6%)
1–2 22 (26%) 22 (26%) 13 (15%) 14 (16%)
3–4 27 (31%) 22 (26%) 30 (35%) 39 (45%)
5–6 32 (37%) 27 (31%) 38 (44%) 28 (33%)

Non tumor score
0 8 (9%) 33 (38%) 11 (13%) 8 (9%)
1–2 28 (33%) 42 (49%) 50 (58%) 29 (34%)
3–4 30 (35%) 9 (10%) 18 (21%) 33 (38%)
5–6 20 (23%) 2 (2%) 7 (8%) 16 (19%)

Final score
<0 22 (26%) 6 (7%) 7 (8%) 22 (26%)
0 24 (28%) 21 (24%) 16 (19%) 17 (20%)
1–2 28 (33%) 28 (33%) 33 (38%) 32 (37%)
3–4 11 (13%) 27 (31%) 28 (33%) 13 (15%)
5–6 1 (1%) 4 (47%) 2 (2%) 2 (2%)
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Fig. 1 Expression of MMP-2, MMP-9, TIMP-1 and TIMP-2.
a MMP-2 is more predominantly present in the carcinoma cells
(left) than in non-tumor cells (right). MMP-2 (b), MMP-9 (c),
TIMP-1 (d), and TIMP-2 (e) expressions are located in the tu-
mor cell cytoplasm. Immunostaining. a ×100; b ×200; c ×400;
d ×200; e ×200

tissue homogenates from non-tumor tissues (Fig. 2). The
number of samples with enzymatic active bands for
MMP-2 and MMP-9 was 15 of 15 (100%) in tumor tis-
sues and 2 of 3 (66%) in non-tumor tissues. Moreover,
the activity, which was judged from the size of band ar-
ea, was significantly higher in the tumor tissues than in
the non-tumor tissues (P<0.05), and the cases with
strong enzymatic activities of MMP-2 and MMP-9 tend-
ed to show high immunohistochemical scores (data not
shown).

Western blotting

Single bands were found at 72 kDa for MMP-2 and at
92 kDa for MMP-9 in each sample (Fig. 3a, b). Although
MMP-2 and MMP-9 were demonstrated in both tumor
and non-tumor extracts, there was a tendency for the
bands to be larger in tumor extracts than in non-tumor
extracts. The cases positive for MMP-2 and MMP-9 with
western blotting were also positive for them when using
immunohistochemistry.
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Correlations between imunohistochemical scores 
and clinicopathological parameters

The results for the correlation between MMP-2, MMP-9,
TIMP-1, and TIMP-2 scores and clinicopathological data
are shown in Table 3. The MMP-2 high score signifi-
cantly correlated with large tumor size, presence of
lymph node metastasis, high clinical stage, high intrathy-
roidal invasion, and high vascular invasion. MMP-9 high
score significantly correlated with the presence of lymph
node metastasis and high intrathyroidal invasion. TIMP-
1 and TIMP-2 high scores significantly correlated with
large tumor size, high clinical stage, high intrathyroidal
invasion, and high vascular invasion.

Discussion

The present study is the second report of the protein ex-
pression of MMP and TIMP in thyroid carcinoma. The
first report was that of Campo et al. [8], who demonstrated
that MMP-2 protein expression is associated with tumor
invasion and metastasis in thyroid carcinoma. In the pres-
ent study, immunolocalization of MMP-2, MMP-9, TIMP-
1, and TIMP-2 was found largely in the tumor cells and

much less frequently in the fibroblasts and endothelial
cells in the tumor stroma. There has been controversy
about the immunolocalization of TIMPs in non-thyroid
carcinomas. Some reports suggested that tumor cells were
the main source of MMPs and TIMPs, while others
stressed that MMPs and TIMPs were localized in mesen-
chymal cells in the tumor stroma [19, 21, 30, 36, 38]. The
present study suggests that, in thyroid papillary carcino-
mas, the main source of MMP-2, MMP-9, TIMP-1, and
TIMP-2 is the tumor cells rather than stromal mesenchy-
mal cells. Gelatin zymography and western blotting in this
study also support these immunohistochemical findings.

The present study showed that follicular cells and
stromal cells in the non-tumor thyroid are positive for
MMP-2, MMP-9, TIMP-1, and TIMP-2. However, their
expressions were much stronger in follicular cells than in
stromal cells. These findings suggest that follicular cells
in non-tumor thyroid contain MMP-2, MMP-9, TIMP-1,
and TIMP-2 under normal conditions. In the present
study, the immunoreactivities of MMP-2, MMP-9,
TIMP-1, and TIMP-2 were higher in tumor cells than in
follicular cells in non-tumor regions in a majority of
cases, suggesting that follicular cells produce or accumu-
late much more MMP-2, MMP-9, TIMP-1, and TIMP-2
during the carcinogenesis and progression of papillary
thyroid carcinomas. The findings that MMPs and TIMPs
correlated with large tumor size and invasiveness may
support this suggestion.

MMP-2 and MMP-9 are secreted from cells as latent
zymogen forms, and their activities in the extracellular
environment are controlled by various activators and
TIMPs [2]. In carcinoma tissues, it has been suggested
that the disruption of the balance between MMPs and
TIMPs may be a factor in the progression of tumors to
more malignant phenotypes [2, 11, 17, 30, 33]. TIMP-1
preferentially affects MMP-9, and TIMP-2 affects MMP-
2. Moreover, MMP-2 activation involves interactions
among proMMP-2, MT1-MMP, and TIMP-2, and MMP-
2 is activated by forming a complex of them [9, 26]. In
the present study, gelatin zymography of tumor tissues
showed four distinct bands of proMMP-2, proMMP-9
and active forms of MMP-2 and MMP-9, suggesting that
pro-MMP converts to active forms in thyroid papillary
carcinomas. The present study did not investigate the
molecular mechanism of MMP, TIMP, and MT-MMP.
Further study on the molecular pathology remains to be
clarified in thyroid tumors.

There have been many studies on the role played by
MMP and TIMP [3, 12, 22, 23, 30, 34, 35]. These stud-
ies have shown that high expression of MMP is associat-
ed with high tumor invasion and metastasis and short-
ened survival in non-thyroidal carcinomas [7, 10, 16, 18,
21, 28, 31, 40]. Our findings that high expression of
MMP-2 and MMP-9 in tumor cells was associated with
large tumor size, high stage, high intrathyroidal invasion,
capsular invasion, high vascular invasion, and higher
lymph node metastasis, may indicate that MMP-2 and
MMP-9 play an important role in tumor invasion and
metastasis in papillary thyroid carcinomas.

92
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Fig. 2 Enzymic activity analysis of MMP-2 and MMP-9. Sample
of the homogenates from tumor tissues (T) and non-tumor tissues
(N) were subjected to gelatin zymography. MMP-2 active form,
proMMP-2, MMP-9 active form, and proMMP-9 show four major
clear proteolytic bands at 62 kDa, 68 kDa, 82 kDa and 92 kDa, re-
spectively, in the gelatin gels corresponding to the molecular
weight of MMP-2 and MMP-9. Low levels of both MMP-2 and
MMP-9 activity are found in the non-tumor tissues specimens

72

T T T T T T T N

MMP-2
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MMP-992
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b

Fig. 3 In every tumor sample, there was a band of MMP-2 (a),
MMP-9 (b). Sample of the homogenates from tumor tissues (T)
and non-tumor tissues (N) were subjected to western blotting. The
amount of MMP-2 (a) and MMP-9 (b) is rather high in T and rath-
er low in N. Immunohistochemistry of the same cases showed ex-
pression of these immunoreactive proteins in tumor tissues and
non-tumor tissue
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The present study is the first report of the protein ex-
pression of TIMP in thyroid carcinomas. The present
study demonstrated that TIMP-1 and TIMP-2 were over-
expressed in tumor cells relative to non-tumor thyroid
and that the expressions of TIMP-1 and TIMP2 were as-
sociated with high tumor size and high invasiveness. In
other carcinomas, TIMPs were previously reported to be
associated with low invasiveness and low metastatic po-
tential [1, 25]. However, recent studies have suggested
that TIMPs and active MMPs are associated with the
malignant potential of cancers [2, 19]. Our findings also
suggest that high expression of TIMP-1 and TIMP-2 is
associated with high malignant potential in papillary thy-
roid carcinomas.

Finally, the present study is a kind of immunohisto-
chemical study. However, the present study also em-
ployed the gelatin zymography and western blot analy-
sis, both of which showed increased activity and amount
of MMP-2 and MMP-9 in tumors relative to non-tumor
thyroid. Therefore, the immunohistochemical data of the
present study seem to be valid and strengthened by these
techniques. In summary, the present study of papillary
thyroid carcinoma suggests that MMP-2, MMP-9,
TIMP-1, and TIMP-2 are mainly produced in tumor
cells, that these proteins are increased during carcino-
genesis, and that these four proteins are associated with
high malignant potential.
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