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Overexpression of the hepatocyte growth factor
receptor (Met/HGF receptor), a transmembrane
tyrosine kinase encoded by the met proto-onco-
gene, has been associated with tumor progres-
sion in different human carcinomas. More re-
cently, the Met/HGF receptor has also been
described in tumor cell lines ofmesenchymal or-
igin, suggesting the existence of an autocrine
loop that may contribute to the pathogenesis of
sarcomas. In this study, we analyzed the expres-
sion of Met/HGF receptor by Western blotting
and immunohistochemistry infrozen samples of
87 primary tumors of bone and soft tissues.
Among benign tumors, overexpression was con-
sistentlyfound only in giant-cell tumor, a localy
aggressive lesion that may also, although rarely,
spread to the lung. Among malignant lesions, the
presence of the Met/HGF receptor was detected
in a relevant percentage ofprimarties and in al-
most all ofthe recurrences. The highest levels of
Met/HGF receptor werefound in osteosarcoma,
a highly aggressive tumor that typicaly perme-
ates the host bone and rapidly expands to the
soft tissues. On the contrary, only low levels of
Met/HGF receptor were found in chondrosar-
coma, a slowly growing tumor that usually ex-
pands without massive destruction of the sur-
rounding structures. These data indicate an
association of Met/HGF expression with local
aggressiveness in human mesenchymal tumors.

Thefinding ofMet/HGF receptor overexpression
in aUl of the osteosarcomas suggests a role for
the met proto-oncogene in the pathogenesis of
this tumor. (AmJPathol 1996, 149:1209-1219)

Structural and/or functional genetic changes in on-
cogenes and tumor suppressor genes may be in-
volved in the initiation or progression of human can-
cer through an altered expression of their products.
Characterization of these genes may offer valuable
clinical information. In sarcomas, inactivation of Rb
and p53 tumor suppressor genes has been shown to
play a key role in the pathogenesis,1`3 whereas the
relevance of an altered expression of oncogenes has
not been fully clarified, with the notable exception of
the observed amplification and/or overexpression of
c-myc, c-sis, and c-fos in osteosarcoma4-6 and the
generation of bone lesions, including bone tumors, in
c-fos-overexpressing transgenic mice.7
The met proto-oncogene was originally identified

as the transforming gene of a human osteosarcoma
cell line (MNNG-HOS), which had acquired tumori-
genicity after treatment with a chemical carcinogen.8
met encodes a 190-kd receptor composed of two
disulfide-linked chains, an extracellular 50-kd a-sub-
unit, and a 145-kd 3-subunit9 showing tyrosine ki-
nase activity.10 Both chains are derived from a
1 70-kd precursor that is glycosylated and cleaved to
give the mature heterodimer.11 The met-encoded
transmembrane tyrosine kinase Met has been iden-
tified as the receptor for the hepatocyte growth fac-
tor/scatter factor (HGF/SF).12 HGF/SF is a pleiotropic
polypeptide with a number of biological activities in

Supported by grants from the Associazione Italiana per la Ricerca
sul Cancro (AIRC) and from istituti Ortopedici Rizzoli, Ricerca Cor-
rente. M. C. Manara is supported by a fellowship from the Federa-
zione Italiana per la Ricerca sul Cancro.
Accepted for publication May 29, 1996.
Address reprint requests to Dr. Riccardo Ferracini, Dipartimento

di Scienze Biomediche e Oncologia Umana, Corso Massimo
d'Azeglio, 52, 10126 Torino, Italy.

1209



1210 Scotlandi et al
4/P October 1996. Vol. 149, No. 4

several cell types, including mitogenesis,13 morpho-
genesis," angiogenesis, cell scattering, and
stimulation of cell motility and invasiveness.17 In vivo,
HGF/SF and its receptor are thought to be involved in
embryogenesis, tissue reorganization, and tumor
progression (for reviews, see Refs. 18-20). In addi-
tion, transfection of normal cells with functional Met/
HGF receptor has been shown to confer an invasive
phenotype,21 and co-transfection of NIH-3T3 cells
with met and HGF/SF has resulted in an efficient
tumorigenesis.22 These data suggest that the Met/
HGF receptor and its ligand may be involved in the
pathogenesis and/or progression of neoplasms. In
particular, as the highest concentrations of the Met/
HGF receptor are found in epithelial cells,23'24 and
the synthesis/secretion of HGF/SF were first de-
tected in mesenchymal cells,15'25 HGF/SF and Met/
HGF have been suggested as a model for a para-
crine signaling system in the context of
mesenchymal-epithelial cell interactions.26 In this
model, HGF is synthesized by mesenchymal cells,
with the target epithelial cells expressing Met/HGF.
This hypothesis has prompted several investigators
to analyze the expression of Met/HGF receptor in
neoplasms of epithelial origin. Overexpression of this
receptor has been found in different types of carci-
noma,2327-29 and a possible linkage of met expres-
sion with tumor progression has been suggested in
these neoplasms.30-31 However, we and others32'33
have recently described the presence of the Met/
HGF receptor also in sarcoma cells, demonstrating
the existence of an autocrine loop that may contrib-
ute to the tumorigenic process of sarcomas. More-
over, the creation of a HGF-mediated autocrine loop
in cells of mesenchymal origin has been recently
shown to induce invasive properties in vitro and met-
astatic ability in vivo.34

The aim of this study was to extend our previous in
vitro observations to tissue samples of benign and
malignant musculoskeletal lesions to clarify the ac-
tual role of the met proto-oncogene expression in the
clinical behavior of these lesions.

Materials and Methods

Patients and Specimens
A total of 87 musculoskeletal tumor specimens were
available for this study. All of the patients were op-
erated on at the Istituti Ortopedici Rizzoli between
1990 and 1992. They included 2 osteoblastomas, 2
chondroblastomas, 1 non-ossifying fibroma, 13 gi-
ant-cell tumors (7 primaries and 6 local recurrences),
4 soft tissue malignant fibrous histiocytomas (2 pri-

Table 1. Clinical and Pathological Features of Benign
Musctuloskeletal Tumors

Case Age/sex Site Diagnosis Stage*

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

25/F
26/M
1 6/M
28/F
20/M
28/M
46/F
20/F
24/F
59/F
49/M
15/F
65/M
29/F
1 5/M
27/M
24/M
42/M

Femur
Pelvis
Humerus
Scapula
Tibia
Tibia
Tibia
Femur
Humerus
Femur
Femur
Humerus
Femur
Femur
Tibia
Humerus
Radius
Tibia

OBL
OBL
CBL
CBL
FNO
GCT
GCT
GCT
GCT
GCT
GCT
GCT
GCT, rec
GCT, rec
GCT, rec
GCT, rec
GCT, rec
GCT, rec

2
3
1
1
1
2
2
3
3
2
3
2
3
2
2
2
3

Stage is according to the criteria of the Musculoskeletal Tumor
Society. F, female; M, male; OBL, osteoblastoma; CBL,
chondroblastoma; FNO, non-ossifying fibroma; GCT, giant-cell
tumor; rec, local recurrence.

maries and 2 local recurrences), 7 soft tissue fibro-
sarcomas (5 primaries and 2 local recurrences), 49
osteosarcomas (27 primaries, 5 local recurrences,
and 17 metastases), and 9 chondrosarcomas (8 pri-
maries and 1 local recurrence). All of the primary
lesions were from previously untreated patients. The
clinical and pathological features of benign and ma-

lignant tumors are reported in Tables 1 and 2, re-

spectively.
In each case, tissue samples taken from represen-

tative areas of the tumor were partly immediately
frozen in liquid nitrogen and partly processed for
histopathological evaluation. Hematoxylin-and-eo-
sin-stained sections were analyzed by conventional
criteria35 to establish the histological type and
grade.

Immunohistochemistry
The avidin-biotin-immunoperoxidase method was
used to immunostain 5-gm cryostat sections that had
been previously fixed in 4% paraformaldehyde for 10
minutes at room temperature. Briefly, sections were
treated with methanol containing 1% H202 for 30
minutes to block endogenous peroxidase activity
and incubated overnight with the murine D024
monoclonal antibody, directed against an epitope of
the extracellular domain of the met gene product,24
at a 1:800 dilution. After 30 minutes of incubation
with a biotinylated secondary monoclonal antibody
at room temperature, the final reaction product was
visualized by diaminobenzidine plus H202. Sections
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Table 2. Cliniical and Pathological Features qf Malignant Musculoskeletal Tumors

Case

2
3
4
5
6
7
8
9
10
1 1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Age/sex

14 /M
76 /F
38 /M
67 /F
75 /F
57 /F
32 /M
57 /M
42 /F
55 /M
48 /F
30 /F
78 /M
55 /M
68 /F
60 /M
34 /M
63 /F
63 /M
79 /M
25 /M
22 /F
21 /F
61 /M
66 /M
18 /F
44 /M
37 /F
61 /M
27 /M
9 /F
11 /F
26 /M
24 /F
12 /F
33 /M
14 /M
41 /F
20 /F
13 /F
33 /M
17 /M
23 /F
10 /F
25 /M
16 /M
20 /M
9 /F
20 /F
20 /F
12 /F
24 /M
15 /M
16 /F
19 /F
17 /M
10 /F
14 /F
17 /F
15 /F
15 /M
21 /M
24 /F
25 /M
21 /M
19 /M
14 /F
33 /M
12 /F

Site

Foot
Thigh
Shoulder
Gluteus
Arm
Leg
Thigh
Thigh
Thigh
Thigh
Thigh
Scapula
Femur
Pelvis
Metatarsus
Femur
Pelvis
Humerus
Pelvis
Femur
Femur
Tibia
Femur
Pelvis
Humerus
Femur
Scapula
Tibia
Humerus
Femur
Fibula
Femur
Femur
Tibia
Tibia
Femur
Pelvis
Fibula
Humerus
Pelvis
Pelvis
Femur
Tibia
Femur
Femur
Femur
Pelvis
Tibia
Femur
Tibia
Femur
Femur
Lung
Lung
Lung
Lung
Lung
Lung
Lung
Lung
Humerus
Lung
Lung
Lung
Lung
Lung
Lung
Lung
Tibia

Diagnosis

FSAt
FSA
FSA
FSA
FSA
FSA, rec
FSA, rec
MFH
MFH
MFH, rec
MFH, rec
CSA
CSA
CSA
CSA
CSA
CSA
CSA
CSA, rec
CSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA
OSA, rec
OSA, rec
OSA, rec
OSA, rec
OSA, rec
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met
OSA, met

Grade

4
3
2
4
4
3
3
4
4
4
4
1
2
3
2
3
2
2
3
3
4
4
2
4
3
1
4
4
4
4
4
4
4
4
4
4
4
3
3
4
4
4
2
4
2
4
4
3
4
4
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Stage*
IIB
IIA
IA
IIB
IIB
IIB
IIA
IIB
IIB
IIB
IIB
IB
IA
IIB
IB
IIB
IB
IB
IIB
IIB
III
IIB
IB
IIB
III
IA
IIB
III
IIB
IIB
IIB
IIB
IIB
IIB
III
IIB
III
IIB
IIB
IIB
IIB
IIB
IB
IIB
IB
IIB
III
III
III
III
III
IIB
111
Ill
Ill
Ill
Ill
Ill
Ill
Ill
11l
Ill
Ill
111
Ill
111
Ill
Ill
111

Stage is according to the criteria of the Musculoskeletal Tumor Society. M, male; F, female, FSA, fibrosarcoma; MFH, malignant fibrous
histiocytoma; GSA, chondrosarcoma; GSA, osteosarcoma, rec, local recurrence; met, metastasis.
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were counterstained with Gill's hematoxylin. Speci-
mens in which the incubation with the primary anti-
body had been omitted were used as a negative
control.

Western Blotting
Western blot analysis was performed as previously
described.33 Briefly, pulverized tissues were solubi-
lized in boiling Laemmli buffer36 containing the re-
ducing agent ,B-mercaptoethanol. In these condi-
tions, the 50-kd a-subunit and the 145-kd (3-subunit
of the Met/HGF receptor are distinct. Equal amounts
of proteins (200 jig) were loaded into each lane.
Proteins were separated by polyacrylamide gel elec-
trophoresis and transferred to nitrocellulose sheets.
Western blot analysis was carried out as described
by Towbin et al.37 Blots were probed with either the
DQ-13 monoclonal antibody (EMBL Data-Bank refer-
ence X54559), raised against a peptide correspond-
ing to the 19 carboxyl-terminal amino acids (from Ser
1372 to Ser 1390) of the human Met/HGF receptor
sequence, or with the DL-21 monoclonal antibody,24
raised against the extracellular domain of the recep-
tor. For HGF analysis, anti-HGF H04 antiserum,
kindly provided by Dr. A. Galvani (Farmitalia Carlo
Erba, Milano, Italy), was used. Horseradish-peroxi-
dase-conjugated rabbit anti-mouse immunoglobu-
lins were used as secondary antibody. The reaction
was revealed by chemiluminescence (Amersham,
Amersham, UK), and the relative expression of the
receptor was quantified by laser densitometric scan-
ning of x-ray films.

Southern Blotting
DNA was extracted and Southern blot analysis was
performed as previously described.9 DNA (10 jig)
was digested with the EcoRl restriction enzyme for
12 hours at 37°C and loaded onto each lane. Hybrid-
ization was carried out at 650C using cDNA encom-
passing the entire coding sequence of the met gene
as a probe. Probes were generated using the Mega

C_ E
<c < -c
u) co co
0 0 0

Cl4
S
s

o t0 CD 0

pl7aMet ->

pl45Met -4

Figure 1. Dif/rent expression of the Met/HGF receptor in human bonne
tumor sanmples by Western blot analysis. The assay was carried ouit tvitb
DQ-13 nmonioclon-cal antibody, which detects both the p145 B-sublunit
and thepl 70p-ecuirsor cof thbe receptor uhen proteinis are separated on
S1)5S-polyacrylamide gel eleLctrophor-esis in the pr-c-wesice o/ a reduicinig
a,gen1t. OSA, primaii' osteosarconma; OSA, miiet, metastasis of osteosar-
conia; GCT, giant-cell tumior, OBL, osteoblastoniia.

Prime method (Amersham) in the presence of
[32Pa]CTP. Nylon sheets were washed twice in 1 x
standard saline citrate (SSC/0.1% sodium dodecyl
sulfate) (SDS) at room temperature for 15 minutes
and twice at 650C for 20 minutes. Filters were rehy-
bridized with a 32P-labeled f3-globin probe to esti-
mate the amount of DNA loaded. The intensity of
labeled bands was estimated by laser densitometric
scanning of x-ray films.

Results
The expression of the Met/HGF receptor in bone
tumors was investigated by Western blot analysis in
87 patients with musculoskeletal tumors, including
18 benign and 69 malignant lesions. A representa-
tive experiment, in which different levels of expres-
sion of this protein were detected, is shown in Figure
1. Both the 145-kd (-chain (p145Met) and the 170-kd
precursor of the receptor (p170Me,) were labeled
with the DQ-13 antibody.
Among benign tumors, the Met/HGF receptor was

not detected either in osteoblastoma or in non-ossi-
fying fibroma (Table 3). Of the two cases of chon-
droblastoma, the one featuring an aggressive be-
havior with a striking tendency to invade the
surrounding tissues (Figure 2a) was highly positive
for the protein, whereas the other, showing clinical

Table 3. Evpression of Met HGF Receptor in Benign Musculoskeletal Tumors Analyzed by Western Blottilig

Osteoblastoma
Non-ossifying Fibroma
Chondroblastoma
Giant cell tumor, primaries
Giant cell tumor, recurrences

Number of
cases

2
1
2
7
6

Number of
positive cases

0
0
1 (50%)
4 (57%)
6 (100%)

Relative score

+ ++ +++

0 0
0 0
0 0
3 1
4 1

+, weakly positive tumor; ++, positive tumor; +++, strongly positive tumor.

0
0
1

1°
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a' b'

*- pl45Met

Figure 2. Too cases oJ cbondroblasloia oJ thbe proxinial bInmiers shooing cli/fferent cliniccul cincd pathological failres. a: All aggressive lesioni,
expandling tlbrogh thle cortical boiie to the surroutndinig so/t tissues, cOrresponXhds to cm1 imicrIeased expression offlIet,1HGF receptor; as revealed b}
T'estcni blotting (a') andic ininiiiiniobhistochbeiistori (a"). b: A sn7iall osteoltic lesioni. oluiclh is enitireli' con inied to the ejpiplui'seal bone, corresponds to
alack? (f e.xprc'ssion ofIlelulHGF receptor 1b1 Wcestern blotting (b') or- ilununnniiiobistochl)eisti'tl (b")

and pathological characteristics of a benign inactive
tumor (Figure 2b) did not express the Met/HGF re-

ceptor. Among giant-cell tumors, detectable levels of
p145Met were found in four out of seven primary
lesions. Figure 3 shows two representative cases, an

active lesion overexpressing the Met/HGF receptor
(Figure 3a) and a quiescent lesion that was negative
for the receptor (Figure 3b), respectively. All of the
cases of local recurrences of giant-cell tumor
showed expression of Met/HGF receptor.
The expression of Met/HGF receptor in malignant

musculoskeletal tumors is summarized in Table 4.
Among soft-tissue sarcomas, detectable levels of
p145Met were observed in 43% of primary and in
75% of recurrent lesions. Among bone sarcomas, a

striking difference was observed between chondro-
sarcoma and osteosarcoma. In chondrosarcoma,
low levels of Met/HGF receptor were found in two out
of eight primary lesions and in the single recurrence

analyzed. On the other hand, in osteosarcoma, all of
the primaries and the local recurrences as well as
most of the metastases showed overexpression of
p145Moi. Moreover, in all of the osteosarcomas, par-

ticularly in primaries and recurrences, Met/HGF re-

ceptor was expressed at remarkably high levels.
Metastatic lesions had expression of Met/HGF re-

ceptor equal to or lower than primary tumors. To
clarify whether Met/HGF receptor could be down-
modulated by HGF, a few cases of metastatic and
primary osteosarcoma were tested. Metastases
showed a higher expression of HGF than primaries
(data not shown).

To establish whether overexpression of the Met/
HGF receptor in osteosarcoma was due either to met
gene rearrangement or amplification, Southern blot
analysis was performed using a cDNA encompass-
ing the entire met coding sequence as a probe (Fig-
ure 4). DNA was extracted from 13 osteosarcoma

a b



1214 Scotlandi et al
4/P October 1996, Vol. 149, No. 4

a

Figure 3. Two casces oJ/giant cell tumnior ofbone, shooing dliffrrent clinical andpathologicalfeatures. a: An osteolytic lesion of the proximal hbumenrs,
showing a histological picture characterized by a striking t1inumber of multinucleated giant cells (a'), correspontds to ani increasedcl eApression of
MletIH(;F receptor, as revealed by Westernii blotti.ng (a") anid immunohistochemistry (a"'). b: An inactive lesion oJ the proximal tibia, shboing only, a
fiv' scattered gianit cells on bistology (a'). corresponds to tory lou' levels of expression oJ Me1tIHGF receptor by Western blotting (b") atnd n1o expression
by, inimunohistochbenistry (b"').

samples showing different levels of Met/HGF recep-
tor expression. Identical restriction patterns were de-
tected in all of the cases after EcoRl digestion, indi-
cating that no major rearrangement of the met gene
was present. In fact, the same fragments were ob-
tained from a reference cell line (GTL-16) in which
met had been cloned and sequenced, and no rear-
rangement had been observed.38 No evidence for
amplification was found by measuring the intensity of

the DNA bands obtained from the tumors overex-
pressing the Met/HGF receptor.

In 68 cases, including all of the osteosarcomas,
the presence of the receptor was also analyzed by
immunohistochemistry on cryostat tissue sections to
confirm the data obtained by Western blotting and to
analyze the tissue distribution of the Met/HGF recep-
tor. In particular, to ascertain whether overexpres-
sion of the met gene was a consequence of very high

b a' by

*- p145Met
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Table 4. E.xy)ression ofMfet1HIGF Recep/or- in Jllltgignant Muhscudoskeletal Tumnors Analy'zed bltWestern Blotting-

Number of
cases

Soft tissue sarcomas Primaries 7
Recurrences 4

Chondrosarcoma Primaries 8
Recurrences 1

Osteosarcoma Primaries 24
Recurrences 5
Metastases 17

±, weakly positive tumor, ±±, positive tumor; + +, strongly positive tumor.

levels of expression in a few cells or the result of low
but diffuse expression of the receptor, immunohisto-
chemical analysis of frozen tissue sections was per-
formed with a monoclonal antibody specific for an
extracellular epitope of the receptor. The percent-
ages of positive tumors were substantially equal by

1 2 3 A A A 7 a 9 in 41 4) 13 d

Figure 4. Soul/tben blot at/aysis of0)m)t proto-ticogene int otseosar
Lotma(t sattmplie( I to I N Itdtetical eSstrictiOn pattetrns tt) (1elete1(1 inO
otll of /the cats(w 0fier EcoRI digqestion. The satme.ra/i ml,ents 11e)e o0-
1(t1ilet) h 1)D,X, tkltott/*) refiornc,etell tiote ( GI-16) ilt n lbch imiet
1(s tclotecd and seqleiice cl.-

Number of
positive cases

2 (29%)
3 (75%)
2 (25%)
1 (100%)

24 (100%)
5 (100%)

12 (71%)

Relative score

+ ++- +++1

1
10
0
0
4

122
1

3
0
5

0
0
0
0

21
5
3

Western blotting and by immunohistochemistry (Ta-
bles 5 and 6), and the staining was always found to
be homogeneously distributed. Among malignant tu-
mors, immunohistochemistry confirmed the striking
difference in Met/HGF receptor expression between
chond rosarcoma and osteosarcoma observed by
Western blotting. The Met/HGF receptor was poorly
expressed in chondrosarcoma, a neoplasm charac-
terized by a weak invasive ability (Figure 5, a and a'),
whereas all of the cases of osteosarcoma, a tumor
that rapidly invades and destroys the surrounding
tissues, showed a high expression of Met/HGF re-

ceptor (Figure 5, b and b'). As previously shown by
Western blotting and by immunohistochemistry in
osteosarcoma, overexpression of Met/HGF receptor
was present in all of the primaries and local recur-
rences and in the majority of metastases.

Table 5. Expre.s.ston o/,fiet 1HGF Receptor in Beii,qn11Itcscinloskeletcal ittors Analyzed ott Ct'rostatic Secliott U5sing 1)024
Mlooclonal AntiboCliy

Osteoblastoma
Non-ossifying Fibroma
Chondroblastoma
Giant cell tumor, primaries
Giant cell tumor, recurrences

+, scattered positive cells, weak positivity; ++, diffuse, weak positivity; +++, diffuse, strong positivity.

Table 6. E.pr-essiott of Alet HGI Recepptor itt Jlldlignatt Mitscdlo,skeleted Titttrs Anzalyzed ott C0yostetic Sectiots Ltgsi;i
1)024 Mottoclottial Awlibodt

Soft tissue sarcomas

Chondrosarcoma

Osteosarcoma

Primaries
Recurrences
Primaries
Recurrences
Primaries
Recurrences
Metastases

Number of
cases

4
1
3
1

20
4

17

Number of
positive cases

1 (25%)
1 (100%)
1 (33%)
1 (100%)

19 (95%)
4 (100%)
14 (82%)

+, scattered positive cells, weak positivity-, ++, diffuse, weak positivity-, +++, diffuse, strong positivity.

Number of
cases

2
1
2
6
5

Relative score

+
Number of

positive cases

0
0
1 (50%)
2 (33%)
3 (60%)

0
0
0
2
0

0
0
0
0
2

0
0
1

1°

Relative score

+ ++± +

1

6
0
7

0
o1
0
0
8
4
4

0
U
0
0
5
0
3

1 4 li 11+ 0 0 1 0 a -iu -1-i IA I.J
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a b

ab
Figure 5. Dzjtfrent expression of bhe,Vie4 HGF receptor in bonie sarcomas. a: A grade 2 chondrosarcoina pitshing 1b 10t001 n/iltratingl, thr'oIugh the
bonze, shows aon extremel' weaok positivit ft)' the receptor (arrow) by' iolonln0ohistocheoiistt) (a'). b: (An the contraty, in a case c]f grade 4
osteosarcoma, showing a massilve substitution of the bost bone nvilh neoplastic osteoicl, a high level ot/expression (0fthe llet1H(GF treceptotr is reevaleci
by inioi1i1iiobiohotocbeoiiiStryl (b').

Discussion
Tumor invasion and metastasis are complex multi-
step processes involving a variety of cell features,
such as cell adhesion, activation and secretion of
proteases, cell motility, cell growth, and neoangio-
genesis, all contributing to the malignant potential of
neoplastic cells. Some of these mechanisms are as-
sociated with signal transduction mediated by the
Met/HGF receptor. In fact, HGF/SF is reported to act
both as a mitogenic and a motogenic factor in
vitro13'17 (for a review, see Refs. 18-20) and is also
able to induce blood vessel formation and to con-
tribute to tumor angiogenesis in vivo.15'16 Therefore,
inappropriate expression of its receptor, the met
proto-oncogene product Met/HGF receptor, may
lead to tumor invasion and metastasis. Met/HGF re-
ceptor has been found to be overexpressed in tu-
mors of epithelial origin23'27-29 and to be associated
with tumor progression in prostatic and colorectal
carcinoma.031 In carcinomas, HGF/SF and its re-

ceptor may operate in a paracrine mode, HGF/SF
being produced by mesenchymal reactive cells and
the Met/HGF receptor being expressed by tumor
cells. Recently, the existence of an autocrine mech-
anism mediated by HGF/SF has been suggested for
mesenchymal neoplasms. In fact, co-transfected fi-
broblasts expressing endogenous HGF/SF and the
Met/HGF receptor become tumorigenic,22 and the
autocrine activation of met in these cells enhances
cell motility, collagenase activity, and invasiveness in
vitro as well as metastatic ability in vivo.34 Moreover,
overexpression of the Met/HGF receptor has been
described in sarcoma cells,32'33 suggesting a role of
the met proto-oncogene in these neoplasms.

In this paper, we analyzed the expression of the
Met/HGF receptor in human musculoskeletal neo-
plasms and found a relationship between the ex-
pression of this receptor and local aggressiveness.
Met/HGF receptor was overexpressed in 5 of 12
benign tumors (42%) and in 28 of 39 malignant le-
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sions (72%; P = 0.06). However, in these neoplasms,
Met/HGF receptor expression appeared to be con-
sistently associated with the invasive ability of the
single tumor rather than with the benign versus ma-
lignant histological classification criteria. In fact, no
expression of Met/HGF receptor was detected in
osteoblastoma, in non-ossifying fibroma, or in one of
the two cases of chondroblastoma, all showing typ-
ical features of inactive tumors. On the contrary, the
second case of chondroblastoma, showing an ag-
gressive clinical behavior, had high levels of expres-
sion of the Met/HGF receptor. The receptor was also
expressed in the majority of the primaries and in all of
the local recurrences of giant-cell tumor, a neoplasm
that, although histologically benign, is characterized
by a considerable degree of local aggressiveness, a
rare but consistent ability to give lung metastases,
and a striking tendency to sarcomatous progres-
sion.39 The presence of the Met/HGF receptor in
benign but locally aggressive neoplasms suggests a
role for this protein in determining the invasiveness of
mesenchymal tumor cells featuring otherwise benign
characteristics. The importance of the Met/HGF re-
ceptor for the local aggressiveness of mesenchymal
tumors is further confirmed by the analysis of malig-
nant neoplasms. In fact, the level of expression of the
Met/HGF receptor was low in chondrosarcoma, a
slowly growing tumor that rarely infiltrates the sur-
rounding normal tissues. On the contrary, the highest
level of Met/HGF receptor positivity was found in
osteosarcoma, the most aggressive primary malig-
nant bone tumor, which typically permeates and dis-
rupts the host bone and rapidly expands to the soft
tissues. Immunostaining for the Met/HGF receptor
confirmed the data obtained by Western blotting and
indicated that the receptor, when expressed, is
present in the majority of tumor cells.

In a preliminary report, we had shown the pres-
ence of both HGF/SF and its receptor in a small
number of mesenchymal tumors33 and suggested
that their interaction might occur either via a para-
crine or an autocrine mechanism. The extracellular
matrix is reported to be a high-capacity, low-affinity
reservoir for pro-HGF/SF,404' and the proteolytic
cleavage of the matrix-bound precursor4243 may ac-
tivate this growth factor. Therefore, in primary bone
tumors, HGF/SF might be freely available in the mi-
croenvironment and stimulate the tumor cells
through a paracrine or autocrine interaction. Cells
overexpressing Met/HGF receptor at their surface
may be influenced in their motile-invasive behavior. It
has been previously shown that transfection of a
functional Met/HGF receptor to fibroblasts may
transfer the motogenic but not the mitogenic pro-

gram triggered by HGF/SF.21 Moreover, our previous
in vitro studies have demonstrated that HGF/SF may
stimulate the motility of osteosarcoma cells33 and
their invasive ability through Matrigel-coated filters
and collagen matrix (manuscript in preparation).
Similar results have been recently reported for
leiomyosarcoma cells,44 further suggesting that
HGF-Met/HGF receptor signaling is an important
property for invasion in mesenchymal tumors cells.
These data are in agreement with the evidence pro-
vided here on clinical material.

In osteosarcoma, we were unable to demonstrate
an association between Met/HGF receptor expres-
sion and tumor progression. Metastatic lesions
showed expression of the Met/HGF receptor equal to
or even slightly lower than primary tumors. This can
be partly explained by the extremely malignant na-
ture of osteosarcoma, a neoplasm that virtually al-
ways spreads to the lungs early during its course.45
In this tumor, the phenotypic characteristics of met-
astatic and primary lesions are therefore likely to be
similar. Moreover, it should also be considered that
HGF/SF is abundantly produced by lung cells,46 and
this might determine a down-modulation of the re-
ceptor.32

The observation that, in osteosarcoma, overex-
pression of met proto-oncogene is present in all of
the primary and recurrent lesions and in the majority
of metastases may be relevant to understand the
pathogenesis of this tumor. Evidence has been pro-
vided suggesting that signal transduction pathways
involving tyrosine kinase are implicated in bone
physiology and pathology. The c-src and c-fms on-
cogenes are involved in bone resorption and remod-
eling,47-49 and bone cell transformation has been
induced by v-fps.50 Moreover, the loss of p53, which
is found in 50 to 60% of osteosarcomas,2 has been
recently shown to increase the likelihood of enhanc-
ing the expression of Met/HGF.51

In conclusion, this study demonstrates the expres-
sion of the Met/HGF receptor in human musculoskel-
etal tumors. The presence of the Met/HGF receptor
appears to be associated with the invasive ability
and the local aggressiveness rather than with the
metastatic potential of these tumors. In osteosar-
coma, the consistent occurrence of met overexpres-
sion suggests the importance of its role for the patho-
genesis of this tumor.
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