
Abstract. Background: Matrix metalloproteinases (MMPs),
including membrane-type (MT)-MMPs, correlate with
biological aggressiveness in many carcinomas. However, their
roles in peripheral nerve sheath tumors (PNSTs) have rarely
been investigated. Materials and Methods: In this study, the
immunohistochemical expression of 6 MMPs, their 3 inhibitors
and emmprin, an MMP inducer, was examined in 14
schwannomas, 14 neurofibromas and 12 malignant peripheral
nerve sheath tumors (MPNSTs) in relation to malignant
potentials. Results: Higher expression levels (>3+) of emmprin
and MT1-MMP were noted in 83.3% and 16.7% of MPNSTs,
respectively, versus none in schwannomas and neurofibromas
(p<0.0001). The overall expression rate (1-4+) of MT1-MMP
was 58.3% in MPNSTs versus 7.1% in both schwannomas and
neurofibromas (p=0.0093). Gelatinase A (MMP-2) showed
higher expression levels (>3+) in all the tumors without
significant differencies. Moreover, the expression patterns of
MMP-1 and gelatinase B (MMP-9) could divide PNSTs into
two groups: schwannoma versus neurofibroma/MPNST. Higher
expression levels (>3+) of MMP-9 were observed in 50% of
schwannomas versus none in neurofibromas and MPNSTs,
while those of MMP-1 were found in 35.7% of neurofibromas
and 66.7% of MPNSTs versus none in schwannomas. RECK
was the main inhibitor expressed in these 3 tumors, with no
significant differences. Conclusion: These results suggest that
emmprin and MT1-MMP may be malignant potential-related

proteins in PNSTs, and that MMP-1 and 9 may help
differentiation between schwannoma and neurofibroma,
especially in their plexiform types.

Cancer metastasis continues to be the greatest obstacle for
cancer cure. In metastasis, degradation and the consequent
rearrangement of the extracellular matrix (ECM) by matrix
metalloproteinases (MMPs) are involved in multiple steps,
such as invasion through the stroma at both primary and
metastatic sites, intravasation and extravasation (1). Among
the MMPs, those most frequently involved in human tumor
invasion and metastasis are gelatinase A (MMP-2) and B
(MMP-9) (2, 3). Since the ratio of activated MMP-2 to
proMMP-2 has been shown to correlate with metastasis in
breast and thyroid carcinomas (4), the membrane type
(MT)1-MMP that activates proMMP-2 also appears to be
important (5). The MMPs mainly involved in metastasis are
different in some tumors: e.g. matrilysin (MMP-7) works
predominantly in endometrial carcinomas (6) and MMP-9
in malignant lymphomas (7, 8). These lines of evidence
suggest that it is necessary to know which types of MMP are
predominantly expressed in certain types of tumor and
effectively block them. In this regard, little is known about
MMPs involved in tumorigenesis of peripheral nerve sheath
tumors, including schwannoma, neurofibroma and
malignant peripheral nerve sheath tumor (MPNST).

Emmprin is a transmembrane glycoprotein, which is
frequently expressed on carcinoma cells and stimulates
nearby fibroblasts to produce interstitial collagenase (MMP-
1), MMP-2 and stromelysin (MMP-3) (9). Moreover,
emmprin cDNA-transfected breast cancer cells were
considerably more tumorigenic and invasive than plasmid-
transfected cancer cells when implanted into mice,
indicating a role of emmprin in cancer progression (10). In
vivo, the expression levels of emmprin are up-regulated in
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carcinomas, such as urinary bladder, breast, lung and oral
carcinomas (11-13). Additionally, emmprin up-regulation in
non-epithelial tumors, such as high-grade gliomas and
malignant lymphomas, has been recently reported (14, 15).
However, emmprin expression in sarcomas has rarely been
explored.

In this study, the expressions of MMP-1, -2, -3 and -9 and
MT1- and MT2-MMP, their inhibitors including tissue
inhibitors of matrix metalloproteinases (TIMP)-1 and -2 and
RECK, and emmprin in schwannomas, neurofibromas and
MPNST were investigated. Emmprin and MT1-MMP
expressions were closely associated with the malignant
potential of tumors in these peripheral nerve sheath tumors.
MMP-9 was frequently expressed in schwannomas, whereas
the expression of MMP-1 was associated with neurofibromas
and MPNST.

Materials and Methods

Tumor samples. This study included 14 cases of schwannoma (12
conventional, 2 plexiform; 6 males, 8 females; age range, 25 – 90
[mean = 52.0] years), 14 cases of neurofibroma (10 cutaneous, 4
plexiform; 5 males, 9 females; age range, 6 – 94 [mean = 52.1]
years) and 12 cases of MPNST (7 males, 5 females; age range, 31-83
[mean = 57.3] years), diagnosed at the Department of Pathology,
Fukuoka University, Japan. Each specimen obtained at biopsy or
surgery was fixed in 20% formalin and embedded in paraffin. 

Histological diagnosis of MPNST was made according to the
widely accepted criteria that requires the tumor to conform to one
of the following: i) arises within a peripheral nerve; ii) arises in
transition from a benign or other malignant peripheral nerve
tumor; iii) develops in a patient with NF1 (von Recklinghausen's
disease) and exhibits the same histological features as do a majority
of MPNSTs arising from nerves; or iv) develops in a patient
without NF1, but exhibits the same histological features as most
MPNSTs and shows either or both immunohistochemical and
ultrastructural features of Schwann or perineural cell
differentiation (16).

Immunohistochemistry. The antibodies used in this study included:
monoclonal antibodies (mAb) to human MT1-MMP (Daiichi Fine
Chemical Co., Takaoka, Japan; clone 114-6G6), MT2-MMP
(Daiichi Fine Chemical; clone 162-22G5), MMP-1 (Daiichi Fine
Chemical; clone 41-1E5), MMP-2 (Daiichi Fine Chemical; clone
75-7F7), MMP-3 (Daiichi Fine Chemical; clone 55-2A4), MMP-9
(Daiichi Fine Chemical; clone 56-2A4), TIMP-1 (Daiichi Fine
Chemical; clone 147-6D11), and TIMP-2 (Daiichi Fine Chemical;
clone 67-4H11); and goat polyclonal antibodies to human emmprin
(R & D Systems, Minneapolis, MN, USA) and RECK (Santa Cruz
Biotechnology, Santa Cruz, CA, USA).

Immunostaining of formalin-fixed, paraffin-embedded tissue
sections was performed using a biotin-streptavidin method, as
described before with some modifications (17). Briefly, sections
were deparaffinized, rehydrated in descending alcohol dilutions,
and washed in Tris-buffered saline, pH7.6 (TBS). After non-
specific sites were blocked with 3% bovine serum albumin and 1%
non-fat dry milk in TBS for 30 min at room temperature, the
sections were incubated with the primary antibody overnight at

4ÆC. The sections were then washed in TBS, and incubated with
biotinylated horse anti-mouse (Vector Laboratories, Burlingame,
CA, USA) or swine anti-rabbit IgG (DAKO, Carpinteria, CA,
USA) for 30 min at room temperature, followed by streptavidin
conjugated to alkaline phosphatase (DAKO) for another 30 min.
The reaction was revealed with naphthol AS-BI phosphate (Sigma
Chemical Co., St. Louis, MO, USA) in 100 ml of 0.2 M TBS (pH
8.2) containing 4% hydrochloric acid and 4% nitric acid and
counterstained with Mayer's hematoxylin or methylgreen.

The immunohistochemical specificity of the antibody was
confirmed by 2 types of negative controls: substituting mouse (for
mAb) or rabbit (for polyclonal antibody) non-immune IgG for the
primary antibody and omitting the primary antibody in the staining
protocol. 

The staining results were evaluated semi-quantitatively by 2
independent observers. Immunostaining was considered negative if
less than 10% of the tumor cells failed to stain. In specimens
considered positive, staining of the tumor was quantitated on a
scale from 1 to 4 based on the percentage of positive tumor cells.
The scale was structured as follows: 1+ = 10% to 25%; 2+ = 25%
to 50%; 3+ = 50% to 75%; and 4+ = >75% (18).

Fisher's exact test was used to evaluate the statistical
significance of the immunostaining results.

Results

MPNST often arise in normal peripheral nerves. A typical
tumor that arose in the ishiadic nerve of a 31-year-old
Japanese female is illustrated in Figure 1. A transition from
neurofibroma-like low cellular portions within the nerve is
demonstrated in Figure 1a, b. Spindle tumor cells have
tapered nuclei and exhibit mitotic figures (Figure 1c) and
occasional S-100 protein immunoreactivity (Figure 1d). A case
of diffuse cutaneous neurofibroma consisting of tumor cells
with ovoid to thin, elongated nuclei is illustrated in Figure 1e,
f, and a case of schwannoma in which tumor cells are arranged
in Antoni A and B patterns is exhibited in Figure 1g, h.

MPNSTs frequently showed strong and diffuse emmprin
expression. The positivity was demonstrated as cytoplasmic
and membrane staining with anti-emmprin antibody (Figure
2a-c), which was not present in negative controls with non-
immune IgG (Figure 2f). Epithelioid-type tumor cells
showed especially strong positivity with accentuation along
the cell membrane (Figure 2a). At the invasion front,
emmprin-positive tumor cells were well demonstrated,
which helped to discriminate tumor cells from the
surrounding reactive fibroblastic cells (Figure 2c). On the
contrary, most of the schwannoma and neurofibroma cells
stained negative (Figure 2d, e). The results of emmprin
immunostaining in peripheral nerve sheath tumors are
summarized in Figure 3. About 65% of neurofibromas and
schwannomas were negative, and their expression levels
were always <2+, whereas MPNST showed expression
levels of >3+ in 83.3% of cases (p<0.0001). Plexiform and
non-plexiform neurofibromas showed no difference in
emmprin expression levels (data not shown).
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MMP-2 was expressed diffusely as cytoplasmic staining
in all of MPNSTs, neurofibromas and schwannomas
(Figure 4a-c), and was occasionally associated with staining
of the surrounding ECM. Cytoplasmic positive reactivity
to MT1-MMP, an activator of proMMP-2, was found in

MPNST tumor cells, but was rarely seen in neurofibroma
and schwannoma cells (Figure 4d-f). MMP-9 positivity was
demonstrated more frequently in schwannoma cells than
in MPNST and neurofibroma cells (Figure 4g-i). In
contrast, MMP-1 positivity was shown more frequently in
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Figure 1. Histology of MPNST, neurofibroma and
schwannoma. a-d, MPNST arising from the
Nervus Ischiadicus. e, f, Diffuse cutaneous
neurofibroma. g, h, Schwannoma with Antoni A
and B patterns. a-c and e-h, H.E.; d, S-100 protein
immunostaining. Original magni- fications, a, 40x;
b, 200x; e, g, 100x, c, d, f, h, 400x.



MPNST and neurofibroma cells than schwannoma cells
(Figure 4j-l). The results of MMP immunostaining are
summarized in Figure 5. MT1-MMP expression was
demonstrated in 58.3% of MPNSTs versus 7.1% each in

neurofibromas and schwannomas (p=0.0093) (Figure 5a),
whereas more than 90% of MPNSTs, neurofibromas and
schwannomas showed high levels (>3+) of MMP-2
expression (Figure 5b). With regard to the expression
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Figure 2. Emmprin expression in MPNST (a-c), schwannoma (d) and neurofibroma (e). MPNST tumor cells (epithelioid cells in (a) and spindle cells
in (b)) frequently show diffuse reactivity in the cytoplasm or along the cell membrane, while most schwannoma and neurofibroma cells stain negative.
At the invasion front of MPNST (c), emmprin-positive tumor cells face emmprin-negative fibroblastic cells (arrows). f, Negative control (MPNST) with
non-immune IgG. Original magnifications, 400x.

Figure 3. Immunostaining levels of emmprin in MPNST, neurofibroma and schwannoma. The number of cases of each expression level is shown in the
figure and the table underneath. The rate of 3 and 4+ cases is also shown in the table. Black solid column, schwannoma; white open column,
neurofibroma; hatched column, MPNST.



levels of MMP-1 and -9, MPNSTs and neurofibromas
tended to show similar expression patterns. Fifty percent
of schwannomas versus none (0%) of MPNSTs and
neurofibromas exhibited high expression levels of MMP-9
(Figure 5c), while high expression levels of MMP-1 were
demonstrated in 66.7 and 35.7% of MPNSTs and

neurofibromas, respectively, versus none (0%) of
schwannomas (Figure 5d).

MMP inhibitors did not show any significant differences
among MPNSTs, neurofibromas and schwannomas. Low
expression levels of TIMP-1 were found only in a small
number of schwannomas and MPNSTs (Table Ia). TIMP-2
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Figure 4. MMP expression in MPNST (a, d, g, j), neurofibroma (b, e, h, k) and schwannoma (c, f, i, l). a-c, MMP-2 immunostaining; d-f, MT1-MMP
immunostaining; g-i, MMP-9 immunostaining; j-l, MMP-1 immunostaining. MMP-2 expression is seen diffusely in all the tumors. MT1-MMP cytoplasmic
positivity is seen in MPNST, but rarely in neurofibroma and schwannoma. MMP-9 positivity is seen in schwannoma but not in MPNST and
neurofibroma, whereas MMP-1 positivity is observed in MPNST and neurofibroma but not in schwannoma. Original magnifications, 400x.
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Figure 5. Immunostaining levels of MT1-MMP (a), MMP-2 (b), MMP-9 (c) and MMP-1 (d). The number of cases of each expression level is shown in
the figure and the table underneath. The rate of 3 and 4+ cases is also shown in the table. Black solid column, schwannoma; white open column,
neurofibroma; hatched column, MPNST.



expression was not demonstrated at all (data not shown).
Positivity (1-3+) for RECK was shown in 50%, 64% and
67% of schwannomas, neurofibromas and MPNSTs,
respectively (Table Ib).

Discussion

Our results indicate an association of higher expression
levels of emmprin and MT1-MMP with the malignant
potential in peripheral nerve sheath tumors. Moreover, the
expression patterns of MMP-1 and -9 showed a similarity in
neurofibroma and MPNST versus schwannoma. 

Emmprin expression has never been investigated in
sarcomas or in soft tissue tumors, except for alveolar soft
part sarcoma (ASPS) and giant cell tumor (GCT) of the
bone (19, 20). In ASPS, emmprin (CD147) is accumulated
in the specific cytoplasmic granules together with
monocarboxylate transporter 1 (MCT1) (19). CD147 binds
to MCT1 and facilitates its appropriate targeting to the cell
membrane (21). It has been suggested that MCT1-CD147
complexes accumulate intracellularly in ASPS because of
overproduction or impaired trafficking to their normal
destination at the cell membrane. However, cell surface
localization and function as an inducer of MMPs were not
demonstrated in ASPS (19). In GCT, expression of
emmprin was shown at both mRNA and protein levels, and
the expression levels were significantly higher in stage III
GCTs when compared with stage I/II GCTs (20).
Furthermore, the receptor activator of NF-kappaB ligand

(RANKL) up-regulated emmprin expression during
osteoclastogenesis. Our study demonstrated emmprin
expression in peripheral nerve sheath tumors. Its higher
expression levels were associated with tumor progression:
significantly higher levels of emmprin in MPNST compared
with those in schwannomas and neurofibromas.
Additionally, immunohistochemical demonstration of
emmprin helped to pick up infiltrating MPNST cells at the
invasion front, suggesting it can be an effective adjunct for
the histological estimation of surgical resection margins.
Emmprin expressed on tumor cells can stimulate both
neighboring tumor cells themselves and host fibroblasts (22,
23). MMPs that can be up-regulated by emmprin in vitro
include MMP-1, -2, -3 and MT1-MMP (23-25). However,
up-regulated MMPs vary depending on the cell type that is
stimulated by emmprin (22, 24-26). Our study suggested
that MT1-MMP was a possible responder in MPNST.

The present study showed the ubiquitous expression of
MMP-2 in almost all peripheral nerve sheath tumors. The
occasional extracellular staining could conceivably indicate
binding to the matrix and may be a result of locally
increased synthesis/release of MMP-2, since it does not
seem to be an artifact of the immunohistochemical
technique, as reported previously (27). The peripheral
nerves are shown to up-regulate MMP-2 in response to
nerve injuries (28). Axonal regeneration occurs within the
Schwann cell basal laminae of degenerated nerves,
depending on the neurite-promoting activity of endoneurial
laminin. This activity of laminin is blocked by its association
with chondroitin sulfate proteoglycans (CSPG). MMP-2 up-
regulated in the injured nerves degrades CSPG, thus
disinhibiting laminin and allowing extension to proceed
(29). Based on the above findings, this MMP-2-producing
ability of cells within the peripheral nerve may be preserved
even during neoplastic transformation. MMP-2 expression
in MPNST was also reported before, and no significant
association between MMP-2 immunoreactivity and
metastasis or histological grades was demonstrated (30). In
that report, the activation status of MMP-2 was not
discussed. However, activation is essential for MMP-2 to
exert its enzymatic activity, and MT1-MMP is the major
MMP-2-activating protease (5). Once activated,
overexpressed MMP-2 in immortalized Schwann cells or the
schwannoma cell line D6P2T causes rapid invasion of a
reconstituted basement membrane in vitro (31). Therefore,
up-regulation of MT1-MMP in MPNST, shown for the first
time, to our knowledge, in our study, may be responsible for
the invasive and aggressive biological features of MPNST.
Similarly, the expression levels of MT1-MMP demonstrated
a significant correlation with the tumor grade in human
cartilaginous tumors (32).

In our study, neurofibroma and MPNST showed a similar
pattern of expression of MMP-1 and -9 (more MMP-1 and
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Table Ia. TIMP-1 expression.

positive
case # negative rate of 

1+ 2+ 3+ 4+ 3-4+ (%)

schwannoma 14 12 2 0 0 0 0

neurofibroma 14 14 0 0 0 0 0

MPNST 12 8 3 0 1 0 8.3

Table Ib. RECK expression.

positive
case # negative rate of 

1+ 2+ 3+ 4+ 3-4+ (%)

schwannoma 14 7 5 0 2 0 14.3

neurofibroma 14 5 3 1 5 0 35.7

non-plexiform 10 4 2 1 3 0 30.0

plexiform 4 1 1 0 2 0 50.0

MPNST 12 4 2 4 2 0 16.7



less MMP-9), while schwannoma exhibited a different pattern
(more MMP-9 and less MMP-1). The expression of MMP-9
in schwannomas has also been reported in vitro (33) and in
vivo (34, 35). Moreover, MMP-9 mRNA was localized to
schwann cells as well as infiltrating macrophages in injured
peripheral nerves (36). Although one report showed MMP-9
immunoreactivity in more than 25% of tumor cells in 4 out
of 15 MPNSTs (27%), blotting analysis using protein extracts
from the tumors revealed only weak or no reactivity for
MMP-9 (30). Cutaneous neurofibroma cells were shown to
secrete MMP-1 in vitro (31). Plexiform neurofibromas and
neurofibromas of major nerves are considered to be
precursor lesions to the majority of MPNSTs (37), whereas
schwannomas are slowly growing benign tumors that only
rarely undergo malignant change (38). Additionally,
neurofibromas have more infiltrating margins than
conventional schwannomas. These lines of evidence may
relate to common patterns of expression of MMP-1 and -9 in
neurofibromas and MPNSTs. Moreover, these features may
help to differentiate plexiform neurofibromas from plexiform
schwannomas. Plexiform neurofibromas occasionally contain
microscopic nodules composed entirely of schwann cells,
some featuring Verocay bodies (plexiform neurofibroma with
multifocal schwannoma-like nodules) (39). When sizable,
these may resemble small schwannomas. It is pointed out that
such tumors pose a problem in differential diagnosis between
neurofibroma and schwannoma (39). The expression patterns
of MMP-1 and -9 may help the differential diagnosis.

The balance between the activity of MMP inhibitors and
that of MMP determines the proteolytic activity and may, in
part, determine the overall invasiveness and potential for
metastasis (40). In our study, the most frequently expressed
inhibitor in peripheral nerve sheath tumors was RECK,
which showed no significant difference in expression levels
in the tumors. Thus, we speculate that an imbalance towards
excessive proteolytic activity may be caused by up-regulation
of emmprin and MT1-MMP rather than down-regulation of
inhibitors in MPNSTs. In this light, the future anti-invasion
therapy for MPNST may include inhibition of emmprin-
mediated up-regulation of MMPs, including MT1-MMP, for
example by using emmprin activity-blocking synthetic
peptides (14).

Acknowledgements

The authors thank Ms. Chikako Fujita for her skillful help in
immunohistochemistry.

References

1 Stetler-Stevenson WG, Aznavoorian S and Liotta LA: Tumor
cell interactions with the extracellular matrix during invasion
and metastasis. Annu Rev Cell Biol 9: 541-573, 1993.

2 Nabeshima K, Inoue T, Shimao Y and Sameshima T: Matrix
metalloproteinases in tumor invasion: role for cell migration.
Pathol Int 52: 255-264, 2002.

3 Seiki M: Membrane-type matrix metalloproteinases. APMIS
107: 137-143, 1999.

4 Nakamura H, Ueno H, Yamashita K, Shimada T, Yamamoto E,
Noguchi M, Fujimoto N, Sato H, Seiki M and Okada Y:
Enhanced production and activation of progelatinase A mediated
by membrane-type 1 matrix metalloproteinase in human papillary
thyroid carcinomas. Cancer Res 59: 467-473, 1999.

5 Sato H, Takino H, Okada Y, Cao J, Yamamoto E and Seiki M:
A matrix metalloproteinase expressed on the surface of invasive
tumor cells. Nature (Lond.) 370: 61-65, 1994.

6 Ueno H, Yamashita K, Azumano I, Inoue M and Okada Y:
Enhanced production and activation of matrix metalloproteinase-
7 (matrilysin) in human endometrial carcinomas. Int J Cancer 84:
470-477, 1999.

7 Sakata K, Satoh M, Someya M, Asanuma H, Nagakura H,
Oouchi A, Nakata K, Kogawa K, Koito K, Hareyama M and
Himi T: Expression of matrix metalloproteinase 9 is a
prognostic factor in patients with non-Hodgkin lymphoma.
Cancer 100: 356-365, 2004.

8 Stetler-Stevenson M, Mansoor A, Lim M, Fukushima P, Kehrl
J, Marti G, Ptaszynski K, Wang J and Stetler-Stevenson WG:
Expression of matrix metalloproteinases and tissue inhibitors of
metalloproteinases in reactive and neoplastic lymphoid cells.
Blood 89: 1708-1715, 1997.

9 Biswas C, Zhang Y, DeCastro R, Guo H, Nakamura T,
Kataoka H and Nabeshima K: The human tumor cell-derived
collagenase stimulatory factor (renamed EMMPRIN) is a
member of the immunoglobulin superfamily. Cancer Res 55:
434-439, 1995.

10 Zucker S, Hymowitz M, Rollo EE, Mann R, Conner CE, Cao J,
Foda HD, Tompkins DC and Toole BP: Tumorigenic potential
of extracellular matrix metalloproteinase inducer. Am J Pathol
158: 1921-1928, 2001.

11 Muraoka K, Nabeshima K, Murayama T, Biswas C and Koono
M: Enhanced expression of a tumor-cell-derived collagenase-
stimulatory factor in urothelial carcinoma: its usefulness as a
tumor marker for bladder cancers. Int J Cancer 55: 19-26, 1993.

12 Bordador LC, Li X, Toole B, Chen B, Regezi J, Zardi L, Hu Y
and Ramos DM: Expression of emmprin by oral squamous cell
carcinoma. Int J Cancer 85: 347-352, 2000.

13 Polette M, Gilles C, Marchand V, Lorenzato M, Toole B,
Tournier JM, Zucker S and Birembaut P: Tumor collagenase
stimulatory factor (TCSF) expression and localization in human
lung and breast cancers. J Histochem Cytochem 45: 703-709, 1997.

14 Nabeshima K, Suzumiya J, Nagano M, Ohshima K, Toole BP,
Tamura K, Iwasaki H and Kikuchi M: Expression of emmprin,
a cell surface inducer of matrix metalloproteinases (MMP), in
T-cell lymphomas. J Pathol 202: 341-351, 2004.

15 Sameshima T, Nabeshima K, Toole BP, Yokogami K, Okada Y,
Goya T, Koono M and Wakisaka S: Expression of emmprin
(CD147), a cell surface inducer of matrix metalloproteinases, in
normal human brain and gliomas. Int J Cancer 88: 21-27, 2000.

16 Scheithauer BW, Woodruff JM and Erlandson RA: Malignant
peripheral nerve sheath tumor (MPNST). In: Scheithauer BW,
Woodruff JM, Erlandson RA (eds.). Tumor of the Peripheral
Nervous System. Atlas of Tumor Pathology. Third series.
Washington, D.C., Armed Forces Instit Pathol, pp. 303-328, 1999.

ANTICANCER RESEARCH 26: 1359-1368 (2006)

1366



17 Nakada M, Nakamura H, Ikeda E, Fujimoto N, Yamashita J,
Sato H, Seiki M and Okada Y: Expression and tissue localization
of membrane-types 1, 2 and 3 matrix metalloproteinases in
human astrocytic tumors. Am J Pathol 154: 417-428, 1999.

18 Nabeshima K, Shimao Y, Sato S, Kataoka H, Moriyama T,
Kawano H, Wakisaka S and Koono M: Expression of c-Met
correlates with grade of malignancy in human astrocytic
tumours: an immunohistochemical study. Histopathology 31:
436-443, 1997.

19 Ladanyi M, Antonescu CR, Drobnjak M, Baren A, Lui MY,
Golde DW and Cordon-Cardo C: The precrystalline
cytoplasmic granules of alveolar soft part sarcoma contain
monocarboxylate transporter 1 and CD147. Am J Pathol 160:
1215-1221, 2002.

20 Si AI, Huang L, Xu J, Kumta SM, Wood D and Zheng MH:
Expression and localization of extracellular matrix
metalloproteinase inducer in giant cell tumor of bone. J Cell
Biochem 89: 1154-1163, 2003.

21 Kirk P, Wilson MC, Heddle C, Brown MH, Barclay AN and
Halestrap AP: CD147 is tightly associated with lactate
transporters MCT1 and MCT4 and facilitates their cell surface
expression. EMBO J 19: 3896-3904, 2000.

22 Sun J and Hemler ME: Regulation of MMP-1 and MMP-2
production through CD147/extracellular matrix metalloproteinase
inducer interactions. Cancer Res 61: 2276-2281, 2001.

23 Toole BP: Emmprin (CD147), a cell surface regulator of matrix
metalloproteinase production and function. Curr Top Dev Biol
54: 371-389, 2003.

24 Kanekura T, Chen X and Kanzaki T: Basigin (CD147) is
expressed on melanoma cells and induces tumor cell invasion
by stimulating production of matrix metalloproteinases by
fibroblasts. Int J Cancer 99: 520-528, 2002.

25 Sameshima T, Nabeshima K, Toole BP, Yokogami K, Okada
Y, Goya T, Koono M and Wakisaka S: Glioma cell
extracellular matrix metalloproteinase inducer (EMMPRIN)
(CD147) stimulates production of membrane-type matrix
metalloproteinases and activated gelatinase A in co-cultures
with brain-derived fibroblasts. Cancer Lett 157: 177-184, 2000.

26 Caudroy S, Polette M, Nawrocki-Raby B, Cao J, Toole BP,
Zucker S and Birembaut P: EMMPRIN-mediated MMP
regulation in tumor and endothelial cells. Clin Exp Metastasis
19: 697-702, 2002.

27 Afzal S, Lalani el N, Foulkes WD, Boyce B, Tickle S, Cardillo
MR, Baker T, Pignatelli M and Stamp GW: Matrix
metalloproteinase-2 and tissue inhibitor of metalloproteinase-2
expression and synthetic matrix metalloproteinase-2 inhibitor
binding in ovarian carcinomas and tumor cell lines. Lab Invest
74: 406-421, 1996.

28 Ferguson TA and Muir D: MMP-2 and MMP-9 increase the
neurite-promoting potential of schwann cell basal laminae and
are up-regulated in degenerated nerve. Mol Cell Neurosci 16:
157-167, 2000.

29 Zuo J, Ferguson TA, Hernandez YJ, Stetler-Stevenson WG and
Muir D: Neuronal matrix metalloproteinase-2 degrades and
inactivates a neurite-inhibiting chondroitin sulfate proteoglycan.
J Neurosci 18: 5203-5211, 1998.

30 Benassi MS, Gamberi G, Magagnoli G, Molendini L, Ragazzini
P, Merli M, Chiesa F, Balladelli A, Manfrini M, Bertoni F,
Mercuri M and Picci P: Metalloproteinase expression and
prognosis in soft tissue sarcomas. Ann Oncol 12: 75-80, 2001.

31 Muir D: Differences in proliferation and invasion by normal,
transformed and NF1 Schwann cell cultures are influenced by
matrix metalloproteinase expression. Clin Exp Metastasis 13:
303-314, 1995.

32 Sakamoto A, Oda Y, Iwamoto Y and Tsuneyoshi M: Expression
of membrane type 1 matrix metalloproteinase, matrix
metalloproteinase 2 and tissue inhibitor of metalloproteinase 2
in human cartilaginous tumors with special emphasis on
mesenchymal and dedifferentiated chondrosarcoma. J Cancer
Res Clin Oncol 125: 541-548, 1999.

33 Yasumitsu H, Miyazaki K, Umenishi F, Koshikawa N and
Umeda M: Comparison of extracellular matrix-degrading
activities between 64-kDa and 90-kDa gelatinases purified in
inhibitor-free forms from human schwannoma cells. J Biochem
(Tokyo) 111: 74-80, 1992.

34 Kachra Z, Beaulieu E, Delbecchi L, Mousseau N, Berthelet F,
Moumdjian R, Del Maestro R and Beliveau R: Expression of
matrix metalloproteinases and their inhibitors in human brain
tumors. Clin Exp Metastasis 17: 555-566, 1999.

35 Nakagawa T, Kubota T, Kabuto M, Sato K, Kawano H,
Hayakawa T and Okada Y: Production of matrix
metalloproteinases and tissue inhibitor of metalloproteinases-1
by human brain tumors. J Neurosurg 81: 69-77, 1994.

36 La Fleur M, Underwood JL, Rappolee DA and Werb Z:
Basement membrane and repair of injury to peripheral nerve:
defining a potential role for macrophages, matrix metallo-
proteinases, and tissue inhibitor of metalloproteinases-1. J Exp
Med 184: 2311-2326, 1996.

37 Woodruff JM, Kourea HP, Louis DN and Scheithauer BW:
Neurofibroma. In: Kleihues P, Cavenee WK (eds.). World
Health Organization Classification of Tumours - Pathology and
Genetics of Tumours of the Nervous System. Lyon, IARC
press, pp. 167-168, 2000.

38 Woodruff JM, Selig AM, Crowley K and Allen PW:
Schwannoma (neurilemoma) with malignant transformation. A
rare, distinctive peripheral nerve tumor. Am J Surg Pathol 18:
882-895, 1994.

39 Scheithauer BW, Woodruff JM and Erlandson RA:
Neurofibroma. In: Scheithauer BW, Woodruff JM, Erlandson
RA (eds.). Tumor of the Peripheral Nervous System. Atlas of
Tumor Pathology, Third series. Washington, D.C., Armed
Forces Instit Pathol, pp. 177-218, 1999.

40 Matrisian LM: Metalloproteinases and their inhibitors in matrix
remodeling. Trends Genet 6: 121-125, 1990.

Received August 11, 2005
Accepted September 27, 2005

Nabeshima et al: MMP and Emmprin Expression in Peripheral Nerve Sheath Tumors 

1367



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


