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Expression of caveolin-1 in gastrointestinal
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Abstract Caveolae are uniform vesicular invaginations
of the cell membrane. Caveolin-1 is responsible for the
formation of caveolae and plays a key role in membrane
traffic and signal transduction. The contribution of
caveolin-1 to carcinogenesis has been widely investi-
gated; however, the expression pattern of caveolin-1 is
controversial both in gastrointestinal and extraintestinal
cancers. Most of the results based on cancer cell line
experiments suggest that caveolin-1 might act as a tu-
mor-suppressor gene. On the contrary, several studies on
the expression of caveolin-1 in tumor tissues indicate a
possible tumor-promoting effect of caveolin-1. In this
article we summarize the divergent results of caveolin-1
expression in gastrointestinal and extraintestinal cancer
regarding possible future therapeutic implications.
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Caveolae

Caveolae (‘‘little caves’’) are uniform vesicular invagin-
ations of 50–100 nm of the plasma membrane and were
first described morphologically by Yamada (1955), and
Palade and Bruns (1968). On electron microscopic
images, these ultrastructures can be identified by their
flask-shape morphology; however, the cytosolic surface
of each caveola has a striated coat that is apparent in

rapid-freeze deep-etch images (Liu et al. 2002). Caveo-
lins reside in the filaments forming this coat. Caveolae
are found in many cell types, but are notably abundant
in fibroblasts, adipocytes, endothelial cells, type-I
pneumocytes, epithelial cells, and smooth and striated
muscle cells (Marx 2001). Caveolae have been previously
implicated only in transcytosis and potocytosis. To our
current knowledge, these organelles play an important
role in a number of cellular signaling processes as well,
including apoptosis, and in the pathogenesis of several
human diseases, such as cancer (Timme et al. 2000;
Galbiati et al. 1998).

The caveolin gene family

There are three caveolin genes (caveolin-1, caveolin-2,
and caveolin-3) expressed in mammals with totally five
different isoforms (Razani et al. 2001). Most of the tis-
sues express at least one of these isoforms. Since cave-
olin-1 and caveolin-2 are usually co-expressed and
caveolin-2 is rapidly degraded in cells not expressing
caveolin-1, caveolin-2 was proposed to function as an
accessory protein to caveolin-1. In the caveolae of
skeletal and heart muscle cells, caveolin-1 is replaced by
caveolin-3 (Marx 2001).

Human caveolin-1 and caveolin-2 are co-localized to
7q31 in a genomic region that is frequently lost in can-
cers (Engelman et al. 1999). Caveolin-3 is mapped to a
different chromosome. The point mutation of this region
(3p25) is responsible for the development of the auto-
somal-dominant form of limb-girdle muscular dystro-
phy (Galbiati et al. 2001; Razani et al. 2000).

Caveolin-1

Caveolin-1, a protein of 21–24 kDa, was first described
as the major substrate for tyrosine phophorylation when
cells were transformed by the Rous sarcoma virus
(Glenney and Soppet 1992). Caveolin-1 acts as the
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driving force for caveolae formation and regulates the
import and export of cellular cholesterol due to its
ability to form homo-oligomers and its interaction with
cholesterol and glycosphingolipids (Razani et al. 2001).
Caveolin-1, however, also plays a key role in membrane
traffic by attracting proteins to caveolae as a molecular
motor that powers membrane invagination and budding
(Liu et al. 2002). Through its special motif, the scaf-
folding domain, caveolin-1 interacts with lipid-modified
signaling molecules such as G-protein alpha subunits,
H-ras, Src-family tyrosine kinases, endothelial nitric
oxide synthase, epidermal growth factor receptor (EGF-
R), mitogen-activated protein kinase (MAPK),
transforming growth factor-b/SMAD, and the Wnt/
b-catenin/lef-1 pathway (Li et al. 1996; Garcia-Cardena
et al. 1996; Mineo et al. 1996; Galbiati et al. 2000). Based
on the observation that this scaffolding domain orga-
nizes the subcellular distribution of these signaling
molecules in a highly dynamic manner, the ‘‘caveolae
signaling hypothesis’’ has been proposed, which states
that caveolar localization of various inactive signaling
molecules provides a compartmental basis for their
subsequent regulated activation, and explains ‘‘cross-
talk’’ between different signaling pathways (Razani et al.
2001).

In light of the aforementioned evidence, caveolin-1
has been speculated to have a role in cellular transfor-
mation and tumorigenesis. Nevertheless, the in vitro and
in vivo animal experiments and the studies on human
specimens have generated a controversial picture. As
listed below, several research groups have implied that
caveolin-1 might fulfill a tumor-suppressor role (Engel-
man et al. 1998; Bender et al. 2001; Wiechen et al. 2001;
Cui et al. 2001; Racine et al. 1999); however, others have
reported a positive association of caveolin-1 with
tumorigenesis and progression, thereby suggesting a
tumor-promoting function (Kato et al. 2002; Yang et al.
1998; Yang et al. 1999; Ito et al. 2002, Ho et al. 2002).
These conflicting results refer to the complex physio-
logical functions of caveolin-1 and its contribution to
carcinogenesis.

In the subset of gastrointestinal cancers, there have
been few studies performed on the expression of cave-
olin-1; however, even in this subgroup of cancers, the
reported behavior of caveolin-1 is contradictory.

In this article we give a brief overview of the divergent
results of caveolin-1 expression in various cancers with
special emphasis on its expression in gastrointestinal
cancers.

Is caveolin-1 a tumor-suppressor gene?

Extraintestinal cancers

There are several bodies of evidence that caveolin-1 gene
functions as a tumor-suppressor gene. Based on the
association of the loss of heterozygosity (LOH) in the
D7S522 region with carcinogenesis, Zenklusen et al.

(1995) indicated that a novel tumor-suppressor gene is
likely to reside within the 7q31.1 region. Engelman et al.
(1999) also proposed caveolin-1 to be the tumor-sup-
pressor gene at the D7S522 locus in human chromosome
7. In accordance with this hypothesis, caveolin-1 mRNA
and protein levels were reduced in the oncogenically
transformed NIH 3T3 fibroblasts (Koleske et al. 1995).
Furthermore, the targeted down-regulation of the cave-
olin-1 gene in NIH 3T3 cell lines resulted in the anchor-
age-independent growth of these cells (Galbiati et al.
1998). Furthermore, Lee et al. (1998) found significantly
reduced caveolin-1 expression in breast cancer cells
compared with that of normal breast tissue, and when
caveolin-1 cDNA was transfected to cancer cells, the
overexpression of caveolin-1 resulted in substantial
growth inhibition. In breast cancer cell lines with cave-
olin-1 down-regulated by the recently identified sporadic
P132L mutation, cellular transformation was enhanced
by the activation of the MAP kinase pathway (Hayashi
et al. 2001). In prostate and breast cancer, the hyperme-
thylation of the promoter region in the caveolin-1 gene
was reported which is deemed an early event of tumori-
genesis (Engelman et al. 1999; Cui et al. 2001). In lung
cancer, a marked reduction in the expression of caveolin-
1 was reported both in cancer cell lines and tumor spec-
imens in contrast to the expression status of the normal
bronchial epithelium (Racine et al. 1999; Wikman et al.
2002). The down-regulation of caveolin-1 was demon-
strated both in ovarian cancer cell lines and ovarian
carcinoma specimens (Wiechen et al. 2001; Davidson
et al. 2001) and the in vitro reexpression of caveolin-1 in
the ovarian carcinoma cell line OVCAR-3 resulted in the
suppression of tumor cell survival (Wiechen et al. 2001).

Gastrointestinal cancers

In gastric cancer, M. Juhász et al. (submitted) assessed
the expression of caveolin-1 both in mRNA and protein
level. Caveolin-1 mRNA expression was found to be
down-regulated in gastric cancer as compared with that
of the normal gastric mucosa. Caveolin-1 immunoreac-
tivity was also markedly reduced in gastric cancer
specimens in contrast to normal gastric epithelium. In
the non-epithelial cell compartment of gastric cancer,
caveolin-1 expression was more intense in well-differen-
tiated tumors than in undifferentiated and metastatic
gastric cancers. Comparing gastric cancers of the diffuse
and the intestinal type, no difference could be detected
concerning caveolin-1 mRNA expression. On the con-
trary, only gastric cancers of the intestinal type ex-
pressed caveolin-1 by means of immunohistochemistry.

Bender et al. (2001) evaluated the expression of
caveolin-1 and its role in cellular transformation in co-
lon cancer. In human colon carcinoma cell lines, both
the mRNA and the protein levels of caveolin-1 were
reduced. In tumorous colon mucosa, caveolin-1 protein
levels were significantly decreased in 67% of the colon
cancer patients. In order to assess the role of caveolin-1
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in tumor formation, the HT29 and DLD1 colon carci-
noma cells were transfected with caveolin-1. When in-
jected to nude mice, the reexpression of caveolin-1 led to
decreased tumorigenicity in 77% of the HT29 cancer
cells, and in 71% of the DLD1 cancer cells. These results
seem to confirm the tumor-suppressor role of caveolin-1
and indicate that the down-regulation of the caveolin-1
gene is not necessarily an irreversible process.

Using human cancer cDNA arrays, Terris et al.
(2002) have characterized the gene expression profile of
the intraductal papillary-mucinous tumors of the pan-
creas. Along with 57 other genes, caveolin-1 was also
found to be down-regulated in this rare type of pan-
creatic cancer. In a recent study by Murakami et al. the
expression of caveolin-1 was also analyzed in extrahe-
patic bile duct carcinoma (Murakami et al. 2003). Using
immunohistochemistry caveolin-1 expression was ob-
served in 22 of 60 carcinomas, and interestingly, the
expression of caveolin-1 in these cancer cells was asso-
ciated with a favorable prognosis; thus, the survival of
patients with caveolin-1 expression in the cancer cells
was significantly longer compared with cancers devoid
of caveolin-1 expression. This again supports the
hypothesis that caveolin-1 may act as a tumor-sup-
pressing gene in various cancers.

Is caveolin-1 a tumor promoting gene?

Extraintestinal cancers

Several researchers, however, question this putative tu-
mor-suppressor role of caveolin-1. Numerous studies
performed on human tumorous tissues and not on
cancer cell lines exhibit a completely opposite pattern of
caveolin-1 expression. In the papillary carcinoma of the
thyroid, caveolin-1 expression was shown to be elevated
as compared with the normal thyroid mucosa (Ito et al.
2002). Interestingly, the expression status of caveolin-1
differed among the various histological types of thyroid
carcinomas indicating that the expression of caveolin-1
might be specific not only according to localization but
also according to histological type.

Caveolin-1 was also found to be overexpressed in
breast and prostate cancer (Yang et al. 1998). Moreover,
caveolin-1 was shown to be a metastases-related gene and
a reliable prognostic marker for prostate cancer patients
undergoing radical prostatectomy (Yang et al. 1999;
Tahir et al. 2001). In bladder cancer, caveolin-1 was
associated with tumor dedifferentiation in a subset of
high-grade bladder cancer (Rajjayabun et al. 2001). Ho
et al. (2002) reported that the reexpression of caveolin-1
gene enhanced the invasive capability of lung cancer cell
lines, and they revealed an increased caveolin-1 immu-
noreactivity in primary lung adenocarcinoma cells giving
metastases to regional lymph nodes, and found caveolin-
1 to be an independent negative prognostic marker.

Hurlstone et al. (1999) found no in vivo expression of
caveolin-1 in normal breast ductal epithelial cells, no

mutation of caveolin-1 in human cancers, no methyla-
tion of CpG islands in either primary tumors or tumor-
derived cell lines, and no correlation of LOH at the
caveolin-1 locus with the expression of caveolin-1,
thereby conflicting the results of many other studies.

Gastrointestinal cancers

Kato et al. (2002) evaluated the association of caveolin-1
immunoreactivity with the clinicopathological parame-
ters and prognosis of patients with esophageal squa-
mous cell carcinoma. Caveolin-1 expression was
observed in 45% of patients. The expression of caveolin-
1 was correlated with the pathologic stage, the lymph
node, and distant metastases. The survival rate of pa-
tients with caveolin-1 positive tumors was significantly
worse than that of patients with caveolin-1 negative
tumors. Tumor size, lymphatic metastasis and the po-
sitive surgical margin proved to be independent negative
prognostic factors in esophageal squamous cell carci-
noma.

Using human cancer cDNA arrays, Hu et al. (2001)
have performed the profiling of the differentially ex-
pressed cancer-related genes in esophageal squamous
cell carcinoma. Caveolin-1 was found to be one of the 13
up-regulated gene in HKESC-1 and HKESC-2 esopha-
geal squamous cell carcinoma cell lines. This result is
completely in line with the aforementioned results of
Kato et al. (2002) obtained by immunohistochemistry.

With the help of immunohistochemistry, Fine et al.
(2001) studied the expression of caveolin-1 and caveolin-
2 in normal epithelium, adenoma, and adenocarcinoma
of the colon. The expression of caveolin-1 was elevated
in 78% of the adenocarcinomas while only 6% of nor-
mal epithelium and adenoma cases presented positive
stainings. Caveolin-1 exhibited a statistically significant
correlation with adenocarcinoma but not with any other
clinicopathological factors. Caveolin-2 expression could
be detected neither in the adenocarcinoma nor in the
adenoma and the normal epithelium of the colon.

Suzuoki et al. (2002) investigated the association of
caveolin-1 expression with clinicopathological parame-
ters and clinical outcome in patients with pancreatic
adenocarcinoma undergoing surgical resection. Positive
caveolin-1 immunoreactivity was detected in 41% of the
pancreatic adenocarcinoma patients, whereas the nor-
mal ductal epithelium showed only subtle or no immu-
nostaining. Caveolin-1 expression exhibited a
statistically significant correlation with tumor size, grade
of differentiation, and poor prognosis. Caveolin-1 was
shown to be an independent negative prognostic factor
in patients with pancreatic adenocarcinoma.

Conclusion

The initial studies of caveolin-1 expression indicated a
potential tumor-suppressor role for caveolin-1. These
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previous results were based mainly on experiments with
cancer cell lines. As the evaluation of caveolin-1 was
extended to tumorous tissue specimens, several
researchers reported the up-regulation of caveolin-1
expression in both gastrointestinal and extraintestinal
cancers; however, this question cannot be simplified to
the antagonism of the results obtained from cancer cell
lines and tumor tissues since conflicting results have been
reported from either side. This currently unexplained
contradiction is apparent in the subset of gastrointestinal
cancers as well (Table 1). In the slight majority of studies
on the expression of caveolin-1 in gastrointestinal can-
cers, caveolin-1 is overexpressed in contrast to normal
mucosa and was found to be a negative prognostic fac-
tor. The remaining studies demonstrated an expression
status indicating a potential tumor-suppressor role of
caveolin-1. These contradictory findings are especially
true for the expression of caveolin-1 in pancreatic cancers
which is associated with a poor prognosis as opposed to
the findings by Murakami et al. (2003) who reported a
favorable prognosis for caveolin-1 expression in bile duct
cancers (Suzuoki et al. 2002); thus, the expression of
caveolin-1 can vary in the different organs, and in the
same localization, depending on the histological type as
seen in pancreatic, gastric, and thyroid cancer. Further-
more, depending on the primary origin of the cancers, the
prognostic implications can vary extensively. However,
the various studies addressing caveolin-1 expression in
gastrointestinal cancers employed different methodo-
logical approaches which need to be taken into account
when assessing the role of caveolin-1 expression in these
malignancies; thus, while the increased expression of
caveolin-1 in esophageal cancer was observed in cell lines
by DNA array analysis (Hu et al. 2001), other groups
used immunohistochemistry andWestern blot analysis in
order to assess the protein levels of caveolin-1 expression
in the cancer cells (Table 1). Using immunohistochem-
istry the expression of caveolin-1 was increased in
esophageal, colon pancreatic, and bile duct cancers. This
technique allows the direct identification of the cellular
origin of caveolin-1 in the cancer cells; however, other
studies reported decreased caveolin-1 expression using
PCR or Northern blot analysis (Table 1).

Lee et al. (2000) suggested that the diverse effects of
caveolin-1 may be mediated by different regions of the
caveolin-1 molecule, and may depend on the expression

levels of coexpressed molecules such as c-Src and Grb7.
In an attempt to somehow match these divergent results,
a new concept of the contribution of caveolin-1 to
neoplastic transformation has emerged. According to
this hypothesis, caveolin-1 seems to behave in a tissue-
dependent manner and might have a role in not only one
but in distinct stages of carcinogenesis.

The elucidation of the role of caveolin-1 in tumor
formation has important future therapeutic perspectives.
The former anticancer treatment strategies comprised
mainly cytotoxic compounds. The current drug devel-
opment is focusing instead on targeted therapeutics that
act on specific molecular targets responsible for the
malignant phenotype. One possible approach is the
pharmacological targeting of signal transduction path-
ways that play a key role in oncogenic cellular trans-
formation and malignant progression. Indeed, through
the inhibition of signal transduction by the negative
regulation of the hsp90 molecular chaperone with 17-
allylamino-17-demethoxygeldanamycin, the expression
of caveolin-1 could be down-regulated in human colon
cancer cells (Clarke et al. 2000). This promising pre-
clinical result projects the oncoming anticancer treat-
ment modalities in cancers with up-regulated caveolin-1
expression.
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