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Caveolae are plasma membrane microdomains that
have been implicated in the regulation of several in-
tracellular signaling pathways. Previous studies sug-
gest that caveolin-1, the main structural protein of
caveolae, could function as a tumor suppressor.
Caveolin-1 is highly expressed in terminally differen-
tiated mesenchymal cells including adipocytes, endo-
thelial cells, and smooth muscle cells. To study
whether caveolin-1 is a possible tumor suppressor in
human mesenchymal tumors, we have analyzed the
expression using immunohistochemistry in normal
mesenchymal tissues, 22 benign and 79 malignant
mesenchymal tumors. Caveolin-1 was found to be
expressed in fibromatoses, leiomyomas, hemangio-
mas, and lipomas at high levels comparable to nor-
mal mesenchymal tissues. The expression of caveo-
lin-1 was slightly reduced in four of six well-
differentiated liposarcomas and strongly reduced or
lost in three of three fibrosarcomas, 17 of 20 leiomy-
osarcomas, 16 of 16 myxoid/round cell/pleomorphic
liposarcomas, five of eight angiosarcomas, 15 of 18
malignant fibrous histiocytomas, and eight of eight
synovial sarcomas. The immunohistochemical find-
ings were confirmed by Western blot analysis in a
number of tumors. High levels of both the 24-kd [a]-
and the 21-kd [b]-isoform of caveolin-1 were detected
in the nontumorigenic human fibroblast cell line
IMR-90. In contrast, in HT-1080 human fibrosarcoma
cells, caveolin-1 is strongly down-regulated. We show
that the [a]-isoform of caveolin-1 is potently up-regu-
lated in HT-1080 cells by inhibition of the mitogen-
activated protein kinase-signaling pathway with the
specific inhibitor PD 98059, whereas the specific in-

hibitor of DNA methylation 5-aza-2*-deoxycytidine
only marginally up-regulates caveolin-1. In addition,
re-expression of caveolin-1 in HT-1080 fibrosarcoma
cells potently inhibited colony formation. From these
we conclude that caveolin-1 is likely to act as a tumor
suppressor gene in human sarcomas. (Am J Pathol
2001, 158:833–839)

Caveolae are 50- to 100-nm v-shaped invaginations of
the plasma membrane that have been implicated in en-
docytosis and signal transduction.1 Caveolae mem-
branes are enriched with specific lipids (glycosphingo-
lipids, sphingomyelin, and cholesterol) and different lipid-
modified signaling molecules.2 Caveolins, a family of
highly conserved 20- to 25-kd integral membrane pro-
teins, are the principal protein component of caveolae.
Thus far the mammalian caveolin family consists of four
proteins, caveolin-1[a], -1[b], -2, and -3 encoded by
three genes. Caveolins-1 and -2 are co-expressed,
whereas the expression of caveolin-3 is muscle-specific.3

In general, caveolins bind to and inactivate signaling
molecules including receptor tyrosine kinases, their
downstream targets (eg, H-RAS, MEK1, and ERK2), ser-
pentine receptors, G-proteins, and eNOS.4 Direct inter-
action of caveolin-1 with signaling molecules leads to
their inhibition,5 therefore it has been suggested that
caveolin-1 may possess transformation suppressor activ-
ity. Consistent with this hypothesis it was shown that 1)
the caveolin-1 and -2 genes are co-localized to a sus-
pected tumor suppressor locus in mice and humans
[7q31.1/D7S522]6 and, 2) the first and second exons of
the caveolin-1 gene are embedded within CpG islands.7

Therefore, it was proposed that regulation of caveolin-1
expression may be controlled, in part, by methylation of
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these regions. 3) Caveolin-1 expression is reduced or
absent in NIH 3T3 cells transformed by activated onco-
genes such as v-Abl, Bcr-Abl, or H-Ras [G12V], and
caveolae are missing from these transformed cells.8 4) In
addition, activation of the Ras-p42/44 mitogen-activated
protein (MAP) kinase and protein kinase A (PKA) signal-
ing pathways transcriptionally down-regulate caveolin-
1.9 5) Most importantly, recombinant expression of
caveolin-1 in transformed NIH 3T3 cells and breast can-
cer cells inhibits anchorage-independent growth.10,11

Caveolin-1 is most abundantly expressed in terminally
differentiated mesenchymal cells such as smooth muscle
cells, adipocytes, and endothelial cells.5 Tumors of the
soft tissue and bone represent a heterogeneous group of
mesenchymal lesions, which account for ;1% of all ma-
lignancies. Impaired function or inactivation of several
tumor suppressor gene products has been implicated in
the development of soft tissue tumors, including p53, the
retinoblastoma gene product, p16INK4A, p18, and
p21WAF1/CIP1.12 To investigate whether caveolin-1 is a
candidate tumor suppressor in sarcomas, we have ana-
lyzed its expression in normal human mesenchymal tis-
sues, benign mesenchymal tumors, and sarcomas. We
demonstrate that caveolin-1 is expressed in benign mes-
enchymal tumors at levels comparable to normal mesen-
chymal cells, whereas the majority of sarcomas have a
reduced expression. Our data suggests that caveolin-1
may act as a tumor suppressor in human sarcomas.

Materials and Methods

Tissue Samples

This study was conducted on formalin-fixed, paraffin-
embedded specimens of benign and malignant mesen-
chymal tumors selected from the archives of the Institutes
of Pathology, Universitätsklinikum Charité, Berlin, Ger-
many. Histopathological diagnosis and grading of the
tumors were performed using established diagnostic cri-
teria.13,14 The tissues analyzed included seven leiomyo-
mas, six hemangiomas, five fibromatoses, four lipomas,
three fibrosarcomas (two grade 1 and one grade 2), 20
leiomyosarcomas (four grade 1, eight grade 2, and eight
grade 3), 22 liposarcomas (six well-differentiated, 14
myxoid/round cell, and two pleomorphic), eight angiosar-
comas (two grade 1, one grade 2, and five grade 3), 18
malignant fibrous histiocytomas (six grade 2 and 12
grade 3), and eight synovial sarcomas (six grade 2 and
two grade 3). Normal mesenchymal tissues surrounding
the tumors were analyzed for each case. In addition,
snap-frozen benign and malignant tissues of selected
cases were used for Western blot analysis.

Immunohistochemistry

Paraffin sections were cut on to silane-coated slides.
Antigen retrieval was performed on deparaffinized sec-
tions by boiling in 10 mmol/L sodium citrate buffer, pH
6.0, for 5 minutes. The mouse monoclonal anti-caveolin-1
antibody (clone 2297; Transduction Labs, Lexington, KY)

was applied for 1 hour at a dilution of 1:500. To ensure
consistency of staining intensity, normal mesenchymal
tissue at the periphery of each tumor specimen and
endothelial cells of capillaries within the tumors were
evaluated as a positive control. In negative controls the
primary antibody was omitted or replaced by an antibody
with irrelevant specificity (mouse IgG1, X 0931; DAKO,
Hamburg, Germany). Immunostaining was accomplished
using a Vectastain ABC-AP kit (Vector Laboratories, Bur-
lingame, CA) as recommended by the manufacturer. The
sections were then counterstained with hematoxylin and
mounted in Permount. Digital images were acquired with
an Olympus DP-10 charge-coupled device camera. Ad-
justments in image contrast were performed identically
on the images.

For caveolin-1 immunostaining, a semiquantitative es-
timation was made, using a composite score obtained by
multiplying the values of the immunoreaction intensity
and relative abundance of caveolin-1-positive cells
slightly modified as described previously.15 The intensity
was graded as 1 (weakly positive), 2 (moderately posi-
tive), or 3 (intense stain equivalent to normal smooth
muscle cells, adipocytes, or endothelial cells). The abun-
dance of caveolin-1-positive cells was graded from 0 to 4
(0, ,5% positive cells; 1, 5 to 25%; 2, 26 to 50%; 3, 51 to
75%; 4, 76 to 100%).

Cell Culture and Inhibitors

The fibrosarcoma cell line HT-1080 and the SV40-immor-
talized nontumorigenic fibroblast cell line IMR-90 were
obtained from the American Type Culture Collection
(Rockville, MD). Cell lines were maintained at 37°C in a
humidified atmosphere of 5% CO2 and 95% air in Dul-
becco’s modified Eagle’s medium containing 10% fetal
calf serum and 2 mmol/L glutamine. The MAP kinase or
ERK kinase (MEK) inhibitor PD 98059 (Calbiochem, San
Diego, CA) was dissolved in dimethyl sulfoxide at a con-
centration of 50 mmol/L and used at a final concentration
of 50 mmol/L for 48 hours. The inhibitor of DNA methyl-
ation, 5-aza-29-deoxycytidine (Sigma, St. Louis, MO), was
dissolved in phosphate buffer, pH 6.0, at a concentration
of 1 mmol/L and applied at a concentration of 1 mmol/L
for 48 hours.

Western Blot Analysis

To obtain total protein lysates, 2 3 106 cells plated on
10-cm dishes, were washed twice with cold phosphate-
buffered saline and incubated on ice for 30 minutes in
RIPA-buffer [150 mmol/L NaCl, 1% Nonidet P-40, 0.5%
deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 50
mmol/L Tris-HCl, pH 8.0, and 2 mg/ml aprotinin]. Cells
were scraped off the plates, lysates were mixed with 23
SDS sample buffer (120 mmol/L Tris-HCl, pH 6.8, 0.2
mol/L dithiothreitol, 4% SDS, 20% glycerol, 0.002% brom-
phenol blue), boiled for 5 minutes, and centrifuged for 5
minutes at 12,000 3 g. The protein concentration of the
supernatants was measured using the amido black
method as described by Schaffner and Weissmann.16
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Equal amounts of protein (10 mg) were separated on 12%
polyacrylamide gels by SDS-gel electrophoresis and
transferred to polyvinylidene difluoride membranes (Hy-
bond-P; Amersham, Freiburg, Germany). Immunodetec-
tion was performed using the caveolin-1-specific mono-
clonal antibody clone 2297 at a dilution of 1:1,000
followed by detection with the enhanced chemilumines-
cence system (Amersham). To ensure equal loading
amounts, the blots were stripped in 200 mmol/L glycine,
1% Tween-20, 0.1% SDS, pH 2.2, for 2 hours at room
temperature and reprobed using a monoclonal antibody
to actin (clone C4; Roche, Mannheim, Germany) at a
dilution of 1:5,000. Frozen samples of tumors and benign
tissues were homogenized in RIPA buffer and processed
as described above.

Caveolin-1 Expression Construct

A 631-bp cDNA fragment containing the complete coding
region of human caveolin-1 was amplified by reverse tran-
scriptase-polymerase chain reaction using the caveolin-1-
specific forward primer 59 CCTCCTCACAGTTTTCATCCA
39 and the reverse primer 59 ACTTGAAATTGGCACCAGGA
39 and cloned into the HpaI site of the pLNHX expression
vector (Clontech, Palo Alto, CA). The insert was sequenced
to ensure for a correct caveolin-1 sequence.

Colony Formation Assay

HT-1080 cells (2 3 105) were plated onto 25 cm2 dishes
and transfected after 24 hours with 1.5 mg of caveolin-1
expression plasmid or the empty pLNHX vector as a
control using the Fugene 6 reagent (Roche) according to
the manufacturers instructions. Forty-eight hours after
transfection, 850 mg/ml of geneticin (G418) was added to
the culture medium and the colonies were stained and
counted after 10 days of selection. In addition, several
G418-resistant colonies with the caveolin-1 expression
plasmid and the pLNHX vector were expanded and an-
alyzed for caveolin-1 expression by Western blot as de-
scribed above.

Statistical Analyses

Statistical analysis were made using Fisher’s exact test.
Differences between two populations were considered sig-
nificant when confidence intervals were .95% (P , 0.05).

Results

Caveolin-1 expression was detected using immunohisto-
chemistry at high levels in fibroblasts, smooth muscle
cells, adipocytes, and in endothelial cells with a fine
granular membranous and a diffuse cytoplasmic staining
pattern (Figure 1I). The semiquantitative expression re-
sults for benign mesenchymal tumors and sarcomas are
summarized in Table 1. High levels of caveolin-1 expres-
sion, comparable to normal mesenchymal cells, were
retained in all benign mesenchymal tumors, including five

of five fibromatoses (Figure 1A), seven of seven leiomyo-
mas (Figure 1B), four of four lipomas (Figure 1C), and six
of six hemangiomas. Caveolin-1 expression was found to
be absent or strongly reduced in three of three fibrosar-
comas (Figure 1D), 17 of 20 leiomyosarcomas (Figure
1E), five of eight angiosarcomas, 15 of 18 malignant
fibrous histiocytomas (Figure 1G), and eight of eight sy-
novial sarcomas. Most of these sarcomas show a weak
staining in distinct areas of the tumor.

In three malignant fibrous histiocytomas (Figure 1H),
three leiomyosarcomas, and three angiosarcomas high
levels of caveolin-1 protein expression (immunoreactivity
scores ranging from 8 to 12) were detected. Although
expression of caveolin-1 in leiomyosarcomas, angiosar-
comas, and malignant fibrous histiocytomas displayed
some correlation with the histological grade, these differ-
ences were not significant.

Regarding malignant lipogenic tumors, a marginally
reduced expression of caveolin-1 was observed in four of
six well-differentiated liposarcomas, whereas in myxoid/
round cell and pleomorphic liposarcomas the caveolin-1
expression was strongly reduced or absent in all 16
tumors. In these forms of liposarcomas, only some scat-
tered multivacuolar and univacuolar lipoblasts stained
positive for caveolin-1 (Figure 1F, arrow).

The immunohistochemical findings were confirmed by
Western blot analysis of normal mesenchymal tissues
and tumors with high and low expression of caveolin-1,
where snap-frozen tissue was available (Table 2 and
Figure 2). In two samples derived from normal mesen-
chymal tissue and three tumors with a high expression of
caveolin-1 in immunohistochemistry (Table 2; cases 1, 3,
and 5), the 24-kd [a]- and the 21-kd [b]-isoforms of
caveolin-1 were detectable by Western blot analysis (Figure
2; lanes 1, 2, 3, 5, and 7). In two tumors with a reduced
expression of caveolin-1 in immunohistochemistry (Table 2,
cases 2 and 4) no caveolin-1 protein was detected by
Western blot analysis (Figure 2, lanes 4 and 6).

Next, we examined the expression of caveolin-1 in the
nontumorigenic human fibroblast cell line IMR-90 and in
the human fibrosarcoma cell line HT-1080. As shown in
Figure 3A, IMR-90 cells express high levels of the 24-kd
[a]- and the 21-kd [b]-isoform of caveolin-1. In contrast,
caveolin-1 expression is strongly down-regulated in HT-
1080 fibrosarcoma cells (Figure 3A, lanes 1 and 2). Treat-
ment of HT-1080 cells with the well-characterized MEK
inhibitor PD 98059 (50 mmol/L) potently up-regulates the
expression of the 24-kd [a]-isoform of caveolin-1,
whereas treatment with the inhibitor of DNA methylation,
5-aza-29-deoxycytidine (1 mmol/L), only marginally up-
regulates caveolin-1 (Figure 3A, lanes 3 and 4).

To determine, whether caveolin-1 affects growth of
human sarcoma cells, we transfected HT-1080 cells with
a caveolin-1 expression vector. Colony formation, as
measured after G418 selection, was reduced to 18 and
12% of the vector control in two independent experiments
(Figure 3B). Additionally, G418-resistant colonies trans-
fected with the caveolin-1 expression vector and the
empty vector were expanded and caveolin-1 expression
was analyzed by Western blot analysis (Figure 3C). In
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these experiments, however, it was not possible to obtain
HT-1080 clones stably overexpressing caveolin-1.

Discussion

Our data presented here shows that caveolin-1 is ex-
pressed at high levels in normal mesenchymal tissues
and in benign mesenchymal tumors. In contrast, the ex-
pression of caveolin-1 is strongly reduced in the majority
of sarcomas of various histological types. In support of
these in vivo findings, the nontumorigenic fibroblast cell
line IMR-90 shows high levels of caveolin-1 expression,
whereas in contrast the fibrosarcoma cell line HT-1080
has a strong down-regulation of caveolin-1.

Caveolin-1 was first identified as a major v-Src sub-
strate in Rous sarcoma virus-transformed cells. It was
proposed that caveolin-1 may represent a critical target
during cell transformation.17 In support of this notion,

caveolin-1 expression is reduced in NIH 3T3 cells trans-
formed by a variety of activated oncogenes, such as
v-Abl, Bcr-Abl, and H-Ras [G12V].8 Targeted down-reg-
ulation of caveolin-1 in NIH 3T3 cells by expression of an
antisense RNA induces cell transformation and activation
of the p42/44 MAP kinase cascade.18 Most importantly,
heterologous expression of caveolin-1 in transformed
NIH 3T3 cells and breast cancer cells inhibits their an-
chorage-independent growth capabilities.10,11

The genes encoding caveolin-1 and -2 were previously
mapped to the D7S522 locus (7q31.1), a known fragile
site that shows deletions using loss of heterozygosity
analysis in a variety of human malignancies such as
cancers of the breast,19 prostate,20 kidney,21 and co-
lon.22 Therefore it was suggested that caveolin-1 may
represent a tumor suppressor gene at the D7S522
(7q31.1) locus.6 However, in a variety of human tumor
cell lines, including ovarian, breast and prostate cancer,

Figure 1. Expression of caveolin-1 in normal mesenchymal tissue, benign mesenchymal tumors and sarcomas detected by immunohistochemistry with the
monoclonal caveolin-1-specific antibody 2297. A–C: High levels of caveolin-1 protein comparable to normal mesenchymal cells in benign mesenchymal tumors:
fibromatosis (A), leiomyoma (B), and lipoma (C). D–G: Reduction of caveolin-1 in sarcomas: fibrosarcoma (D), leiomyosarcoma (E), myxoid liposarcoma (F),
malignant fibrous histiocytoma (G). Note caveolin-1-positive endothelial cells within negative tumors (D–G) and single caveolin-1-positive lipoblasts in myxoid
liposarcoma (arrow in F). H: High levels of caveolin-1 expression in a subset of sarcomas (malignant fibrous histiocytoma, case 1 in Table 2). I: High levels of
caveolin-1 expression in normal mesenchymal tissue (smooth muscle and endothelial cells from stomach). Original magnifications: 3400 (A–G), 3600 (I).
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osteosarcoma and HT-1080 fibrosarcoma cell lines, no
mutations of the caveolin-1 gene were detected and
some of these cell lines express caveolin-1.23

The exons 1 and 2 of the caveolin-1 gene are embed-
ded within CpG islands7 and it was proposed that the
expression of caveolin-1 may be down-regulated by
methylation of these CpG regions. It was recently shown
that in two human breast cancer cell lines, that fail to
express the protein, the 59 promoter region of the caveo-
lin-1 gene is methylated,7 however, others did not detect
methylation of the caveolin-1 gene promoter in a variety
of human tumor cell lines and human ovarian cancers.23

We did observe only a marginal up-regulation of caveo-
lin-1 protein expression in HT-1080 fibrosarcoma cells
after treatment with the DNA methylation inhibitor 5-aza-
29-deoxycytidine. This indicates that in HT-1080 cells,
suppression of caveolin-1 by methylation does not play a
significant role, which complements with previous find-
ings for this cell line.23

It was shown that activation of the Ras-p42/44 MAP ki-
nase and PKA cascades transcriptionally down-regulate

caveolin-1 promoter activity in NIH 3T3 fibroblasts.9 The
transformed phenotype of HT-1080 fibrosarcoma cells is
controlled by an activating mutation of the N-RAS gene24

and we observed a re-expression of caveolin-1 by inhibition
of the p42/44 MAP kinase pathway by treatment with the
MEK inhibitor PD 98059 in this cell line. This effect was
selective for the 24-kd [a]-isoform of caveolin-1, indicating a
different regulation of the caveolin-1 isoforms. Caveolin-1
isoforms are encoded by distinct mRNAs generated by
alternative transcription initiation.25 We found both [a]- and
[b]-isoforms co-expressed in mesenchymal tissues and
IMR-90 fibroblasts. It was recently shown that re-expression
of the [b]-isoform but not the [a]-isoform of caveolin-1 up-
regulates volume-regulated anion channels in colon and
breast cancer cell lines.26 Therefore it would be of interest to
analyze whether separate re-expression of the caveolin-1
isoforms exerts different biological effects in mesenchymal
tumor cells.

Table 2. Tumors Selected for Western Blot Analysis of
Caveolin-1 Expression

Case
no. Histology

Staining
intensity

Percentage of
positive cells Score

1 MFH 31 70 9
2 MFH 21 30 4
3 MFH 31 90 12
4 Leiomyosarcoma 11 50 2
5 Leiomyosarcoma 31 70 9

Score, obtained by multiplying the values of the immunoreaction
intensity and relative abundance of caveolin-1-positive cells as
described in Materials and Methods.

MFH, malignant fibrous histiocytoma.

Table 1. Expression of Caveolin-1 Protein in Human Mesenchymal Tumors

Histology
Histological

grade
Number of
samples

Mean staining
intensity

% of stained
cells

Mean score
6 SEM

Fibroblastic tumors
Fibromatoses 5 3.0 83 11.4 6 0.6
Fibrosarcoma Grade 1 2 0.5 10 0.5

Grade 2 1 0.0 0 0.0
Smooth muscle tissue tumors

Leiomyoma 7 2.7 88 11.1 6 0.9
Leiomyosarcoma Grade 1 4 2.0 45 5.3 6 1.9

Grade 2 8 1.0 21 2.4 6 1.1
Grade 3 8 1.3 25 2.4 6 1.1

Lipogenic tumors
Lipoma 4 3.0 92 12.0
Well-differentiated liposarcoma 6 2.3 55 8.0
Myxoid/round cell liposarcoma 14 1.2 11 0.9
Pleomorphic liposarcoma 2 1.5 15 1.5

Vascular tumors
Hemangioma 6 3.0 100 12.0
Angiosarcoma Grade 1 2 3.0 60 9.0

Grade 2 1 3.0 50 6.0
Grade 3 5 1.8 54 4.0 6 1.6

Malignant fibrous histiocytoma Grade 2 6 2.2 45 5.0 6 1.5
Grade 3 12 1.4 22 2.7 6 1.1

Synovial sarcoma Grade 2 6 0.5 15 1.3 6 1.0
Grade 3 2 0.0 0 0.0

Score, obtained by multiplying the values of the immunoreaction intensity and relative abundance of caveolin-1-positive cells as described in
Materials and Methods.

Figure 2. Top: Western blot analysis of caveolin-1 expression in normal
mesenchymal tissues and sarcomas. In normal mesenchymal tissues (lanes 1
and 2) and three tumors (lanes 3, 5, and 7) with a high expression of
caveolin-1 in immunohistochemistry (Table 2; cases 1, 3, and 5) the 24-kd
[a]- and the 21-kd [b]-isoforms of caveolin-1 were detectable. In two tumors
(lanes 4 and 6) with a reduced expression of caveolin-1 in immunohisto-
chemistry (Table 2, cases 2 and 4) no caveolin-1 protein was detected.
Bottom: To ensure equal loading amounts, the blots were stripped and
reprobed with an antibody to actin.
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Figure 3. A: Western blot analysis of caveolin-1 expression in the nontumorigenic human fibroblast cell line IMR-90 and in the human fibrosarcoma cell line
HT-1080 (top). Lane 1: IMR-90 cells express high levels of the 24-kd [a]- and the 21-kd [b]-isoform of caveolin-1. Lane 2: Caveolin-1 expression is strongly
down-regulated in HT-1080 fibrosarcoma cells. Lane 3: Inhibition of the MAP kinase pathway by treatment of HT-1080 cells with the MEK inhibitor PD 98059
(50 mmol/L) for 48 hours potently up-regulates the expression of the 24-kd [a]-isoform of caveolin-1. Lane 4: Treatment with the inhibitor of DNA methylation,
5-aza-29-deoxycytidine (1 mmol/L) for 48 hours, only marginally up-regulates caveolin-1. To ensure equal loading amounts, the blots were stripped and re probed
with an antibody to actin (bottom). B: Colony formation assay demonstrating growth suppression of HT-1080 fibrosarcoma cells by expression of caveolin-1. Two
independent experiments are shown. HT-1080 cells were transfected with either the caveolin-1 expression plasmid or the empty pLNHX vector as a control. Cells
were selected in medium containing 850 mg/ml of G418 for 10 days, fixed, stained, and the colonies were counted. C: Western blot analysis of caveolin-1
expression of expanded G418-resistant colonies transfected with the caveolin-1 plasmid (top). No stable overexpression is observed in HT-1080 clones with the
caveolin-1 plasmid. Lane 1: IMR-90-positive control; lane 2, parental HT-1080 cells; lanes 3–7, individual G418-resistant HT-1080 clones transfected with the
caveolin-1 plasmid; lane 8, neo control (pLNHX). Bottom: actin control.
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To summarize, our expression data obtained from benign
and malignant tissues and cells and from colony formation
experiments, suggests that caveolin-1 may act as a class II
tumor suppressor in human sarcomas. Class II tumor sup-
pressor genes,27 as defined by their reversible down-regu-
lation, may be useful because their re-expression may be
inducible by drugs and may improve treatment of human
tumors.

In contrast to these findings, Thompson and co-work-
ers28 recently reported elevated caveolin-1 levels in pros-
tate cancer and they show that caveolin-1 suppresses c-
myc-induced apoptosis in prostate cancer cell lines.29 We
have analyzed the expression of caveolin-1 in human car-
cinomas of various sites and found that caveolin-1 is down-
regulated in several human cancers but elevated in some
other tumors, including prostate cancer (Wiechen K, Di-
atchenko L, Agoulnik A, Zhumabayeva B, Desai S, Atun S,
Scharff KM, Hydes K, Siebert PD, Dietel M, Schafer R, Sers
C, submitted for publication). Therefore, caveolin-1 is likely
to act as a tumor suppressor in some human malignancies
such as sarcomas and may have other functions in prostate
cancer.

Further studies are necessary to characterize the
mechanism of down-regulation of caveolin-1 in sarcomas.
It will be of interest to analyze whether the expression of
caveolin-1 in distinct tumor areas of leiomyosarcomas, an-
giosarcomas, and malignant fibrous histiocytomas and
single lipoblasts in myxoid/round cell and pleomorphic li-
posarcomas reflects a higher differentiation. In addition, it
will be important to examine the possible relationship be-
tween loss or preservation of caveolin-1 expression and
clinical outcome in patients with sarcomas.
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