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Caveolin-1 (Cav-1) is the main protein in caveolae, and serves
as a scaffolding protein onto which many classes of signalling
molecules are assembled. Through interaction with proto-
oncogene products, Cav-1 may suppress cell proliferation; or
when phosphorylated, may also stimulate cell growth. The aim
of this study was to determine Cav-1 expression in human
fetal tissues, tissues composed of cells undergoing growth and
differentiation processes which require a nurturing environ-
ment provided by transmembrane vesicular transport. By using
immunohistochemistry, Cav-1 was detected in several fetal tis-
sues during mid- and late gestation (from 14 to 39 weeks).
The protein was present in adipocytes, endothelial cells,
smooth muscle fibers and in a number of sites with a pattern
of distribution similar to that of the adult. Intriguingly, a posi-
tive immunoreaction for Cav-1 was also noticed in tissues,
such as the urothelium, which normally do not express this
protein in adulthood. This unexpected pattern of Cav-1 in
human fetus may predict novel roles for Cav-1 during fetal
development.
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C
aveolae are 50-100 nm flask-shaped invagi-
nations of plasmalemma, first detected in
endothelial cells and gall-bladder epithelium

by electron microscopy (Palade, 1953; Yamada,
1955). A 22-KDa protein, known as caveolin, was
the initial biochemical marker for caveolae
(Rothberg et al., 1992).Three forms of this protein,
encoded by three different and separate genes, have
been heretofore described (Tang et al., 1996) and
denoted as caveolins 1, 2 and 3. Caveolin-1 (Cav-1)
seems to be the most important of the caveolins; its
two isoforms derive from the use of alternative start
sequences. The full length form is the α isoform
whereas the ß isoform is the shorter translation
product (Scherer et al., 1995). Cav-1 is essential
for caveolar formation; in fact, there is evidence
that Cav-1 knockout mice completely lack caveolae
in non-muscle cells (Drab et al., 2001; Razani et
al., 2001). Cav-2 is dependent on Cav-1 for caveo-
lar localization; indeed, it is retained in the Golgi
apparatus in the absence of Cav-1 (Li et al., 1998;
Parolini et al., 1999). Cav-2 does not seem to exert
a role in caveolar genesis, since Cav-2 knockout
mice appear normal in terms of the presence of
caveolae (Razani et al., 2002). Cav-3 is mainly
restricted to muscle cells (Song et al., 1996).

Caveolae are thought to be involved in vesicular
transport processes such as potocytosis (Anderson
et al., 1992), transcytosis (Bruns and Palade;
1968) and endocytosis (Schnitzer et al., 1994). It
has been hypothesized that extracellular sub-
stances, engulfed at caveolar regions of the plasma
membrane, might be internalized by free membrane
vesicles that bud from the surface and are selec-
tively targeted to intracellular membrane compart-
ments. Indeed, there appear to be at least three
major Cav-1-containing compartments: 1) plasma
membrane caveolae immobilized by cortical actin;
2) Cav-1 positive vesicles, termed cavicles, that
move along microtubules in the cytoplasm; and 3)
large pericentrosomal caveosomes (Mundy et al.,
2002). It has been proposed that caveolae might
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also play a role in signal transduction, since these
membrane structures compartmentalize a large
number of components of different signalling path-
ways, such as the Src family tyrosine kinases,
eNOS, H-Ras, epidermal growth factor receptor
and G proteins (Anderson, 1993; Schnitzer et al.,
1994; Breton et al., 1998; Oh et al., 1998; Razani
et al., 2002). Data suggest that Cav-1 binds with
these molecules within caveolar compartments
and, in some instances, this binding might result in
the inhibition of normal downstream signalling
mediated by the sequestered protein (Li et al.,
1995; Li et al., 1996). Subsequently, in the pres-
ence of an appropriate stimulus, Cav-1-mediated
repression would be released and propagation of
signalling might occur (Smart et al., 1999). Thus
Cav-1 is able to play an important, but controver-
sial, role in cell proliferation; indeed it might exert
tumour suppressor activity by inhibiting signalling
of several proto-oncogene products following their
interaction with its scaffolding domain (Razani et
al., 2001); nevertheless, tyrosine-14 phosphoryla-
tion of Cav-1 results in growth stimulation (Lee et
al., 2000).

Cav-1 is most strongly expressed in endothelial
cells, adipocytes, fibroblasts and smooth muscle
(Scherer et al., 1997), but its presence has also
been documented in other sites, including mam-
mary gland epithelium (Lee et al., 1998), lung
alveolar epithelium (Newman et al., 1999) and
renal tubules (Breton et al., 1998). Cav-1 expres-
sion has also been examined in human placenta
and fetal membranes (Byrne et al., 2001; Linton
et al., 2003). A positive immunoreaction has been
found in fetal endothelial cells of chorionic villi
blood vessels, villous cytotrophoblast epithelial
cells and in amnionic and chorionic plate mes-
enchymal cells (Byrne et al., 2001; Linton et al.,
2003). At present, no information is available on
Cav-1 expression in human fetus. Fetal tissues are
composed of cells undergoing intense differentia-
tion and proliferation processes, which require a
valid control system. Even more, they need a nur-
turing environment, provided by transmembrane
vesicular transport, for their development. Cav-1
might exert a role in these mechanisms. In view of
this, the aim of this study was to investigate Cav-
1 distribution in fetal tissues by immunohisto-
chemistry and to explore its eventual changes dur-
ing mid- and late gestation.

Materials and Methods

Fetal tissues

Tissues from 14 fetuses of 14, 16, 19, 24, 30, 33,
36 and 39 weeks of gestation were collected in the
Department of Human Pathology of S. Paolo
Hospital, University of Milan, Italy, and in the
Department of Human Pathology, University of
Messina, Italy. Of these, the fetuses of 14, 16, 19
and 24 weeks of gestaton were retrieved following
legal voluntary termination of pregnancy for mater-
nal psychiatric disorders, according to Italian law
which allows termination of pregnancy for medical
reasons up to 25 weeks of gestation. In these cases,
termination was induced by prostaglandin vaginal
administration. Fetal death at 30, 33, 36 and 39
weeks was due to abruptio placentae for unex-
plained reasons and pregnancy was terminated by
caesarean section, due to maternal indication. In all
cases, informed consent of the mother was obtained
prior to procurement of the tissues. Autopsies and
sample collection were carried out immediately
after delivery, assessing a less than 24h interval
between fetal death and delivery. Each organ sam-
ple was formalin-fixed and paraffin-embedded for
morphological diagnostic evaluation by haema-
toxylin/eosin staining and for immunohistochem-
istry. At least two samples of each fetal organ at
each trimester of gestation were analyzed in at
least three separate experiments.

Immunohistochemistry
Immunohistochemistry was performed on 4 µm

formalin-fixed, paraffin-embedded tissue sections
using a polyclonal rabbit antibody against alfa-
caveolin-1 (1:500; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA).They were deparaffined and rehy-
drated through a graded series of ethanol solutions
to distilled water and treated with 0.3% (v/v) H202

in absolute methanol for 30 min to quench endoge-
nous peroxidase activity. 3, 3’-diaminobenzidine
(DAB, Sigma) activated with 0.05% H202 was used
as the chromogen. Sections were finally counter-
stained with Mayer-haematoxylin and mounted.
Specificity of the binding was assessed by three
kinds of controls: (i) omitting the primary anti-
serum, (ii) replacing it with normal rabbit serum or
(iii) previously absorbing it with its homologous
antigen. In addition, further controls were per-
formed using sections taken from adult tissues

184

V. Barresi et al.

2006_03   3-08-2006  12:57  Pagina 184



185

Original Paper

where Cav-1 has been shown to be (endothelium,
smooth muscle, and adipose tissue; Scherer et al.,
1995), or not to be (normal urothelium; Fong et
al., 2003), expressed. In particular, smooth muscle,
endothelium and adipose tissue present in 2 sam-
ples of adult normal large bowel wall, obtained
from surgical resection, were used as positive con-
trols, whereas urothelia of 3 adult surgically-resect-
ed ureters represented negative controls. Staining
intensity was graded on a subjective scale ranging
from 1 (lightly reactive) to 3 (intensely stained); 0
was given when the site stained faintly or not at all.

Results

All observations are summarized in Table 1.
Immnunoreactivity for Cav-1 was evident at all
considered gestational weeks within adipocytes,
endothelium and smooth muscle cells (Figure 1).
Positive immunostaining was also observed in adult
tissues used as positive controls, while adult normal
urothelium, representing a negative control, was
persistently found to be negative.

In the considered fetuses, positive intense staining
was observed in glandular epithelia of the digestive
system organs (stomach, small- and large bowel,
gallbladder). As regards the salivary glands, we
found that both the serous and mucous glands
expressed Cav-1.

Data concerning pancreatic parenchyma were
intriguing. At the 16th week of gestation, only the
exocrine component stained weakly for Cav-1.This
weak staining was stable throughout intrauterine
life, but from the 19th week up to term gestation
(39th week), endocrine cells of the islets showed a
strong immunoreaction (Figure 2).

With reference to the respiratory apparatus,
laryngeal, tracheal and bronchial epithelia were not
labeled until the 19th week of gestation. At this time,
respiratory epithelium was still stratified and Cav-
1 staining was detectable in all layers.With the pro-
gressive growth and maturation of the airways, the
respiratory epithelium converts into a simple
epithelium, displaying stable Cav-1 immunopositiv-
ity during mid- and late gestation.

Pneumocytes displayed a barely detectable
immunoreaction at the 19th week of gestation,
whereas a strong reaction was observed from the
33rd week (Figure 3).

In the urinary system, renal tubules and parietal
cells of Bowman’s capsule were found to stain pos-

itive at all considered gestational weeks; reaction
was strong (3+) in distal tubules and only weakly
detectable (1+), or absent, in proximal and collect-
ing ones (Figure 4). A grade-2 intense positive
immunoreaction was constantly noticed in bladder
and ureter urothelium (Figure 5). Organs of the
genital system of two female fetuses, at the 36th and
39th week of gestation respectively, were evaluated.
Grade-2 intense labeling was evident in endometri-
um and tubal epithelium and grade-3 labeling was
found in ovocytes, whereas granulosa cells stained
only weakly positive.

In non-keratinized pavement stratified epithelia
of the analyzed organs (esophagus, vagina, tongue),
the basal layer displayed a strong immunopositivi-
ty, whereas the superficial layers were weakly posi-
tive or completely negative for Cav-1.

The epidermis showed a peculiar pattern of Cav-
1 staining. At mid-gestation (16-19 weeks of ges-
tation), a strong reaction was evident only in the
basal layer (Figure 6), but with growth and pro-
gressive keratinization, the superficial layers, and
especially the stratum corneum, were also Cav-1
positive.

Discussion

The present study demonstrates for the first time
that Cav-1 protein is expressed in a number of
human fetal tissues, at least at mid- and late gesta-
tion, a period of active tissue differentiation, growth
and maturation. As expected, Cav-1 was strongly
present in adipocytes, endothelium and smooth
muscle cells at all gestational weeks. In addition,
this protein was detected in intestinal epithelial
cells, distal renal tubules and Bowman’s capsule
parietal cells, just as in adulthood (Field et al.,
1998; Breton et al., 1998), where it has been pos-
tulated that it might play a role in cholesterol traf-
ficking (Field et al., 1998) and epithelial transport
pathways (Breton et al., 1998). Its expression in
the fetus as early as the 14th week of gestation sug-
gests a precocious role of this molecule in these
processes.

Surprisingly, whereas benign human adult urothe-
lium has been found to be negative for Cav-1 (Fong
et al., 2003), we found that fetal urothelium
stained positive for this protein at all considered
gestational weeks. Since a strong immunoreaction
for Cav-1, correlated with tumor grade, has been
found in urothelial carcinoma cells (Fong et al.,
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Figure 1. Cav-1 intensely positive immunoreaction in adipocytes from a fetus at 36 weeks of gestation (original magnification, x200).
Figure 2. Pancreas from a fetus at 19 weeks of gestation: inner cells of endocrine insulae are labelled by Cav-1 antiserum. A positive
immunoreaction is also detectable in exocrine glands. (original magnification, x200).
Figure 3. Lung parenchyma in a fetus at 33 weeks of gestation: an intense immunoreaction for Cav-1 is evident in pneumocytes (red
arrow), cells of the bronchial epithelium(green arrow) and vascular endothelial cells (yellow arrow). (original magnification, x400).
Figure 4. Renal parenchyma in a fetus at 36 weeks of gestation: Bowman’s capsule parietal cells and distal tubules display a positive
immunoreaction for Cav-1. Immunostaining is also evident in endothelial cells of mesangium. (original magnification, x400).
Figure 5. Ureter in a fetus at 19 weeks of gestation: urothelium and muscolaris propria are Cav-1-positive. (original magnification,
x100). Inset: Cav-1-positive immuno-reaction is evident in the bladder urothelium in a fetus at 33 weeks of gestation (original magni-
fication, x200).
Figure 6. Epidermis in a fetus at 16 weeks of gestation: basal layer is strongly labelled by Cav-1 antiserum (original magnification,
x200). 
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2003), it is tempting to speculate that Cav-1 might
serve in the fetus as a promoter of mitotic activity
and growth of the urinary tract.

In the present study, a peculiar pattern of Cav-1
expression was also encountered in all considered
epithelial tissues, except, as already seen, in those of
the gastrointestinal apparatus. We observed a dif-
ferent behaviour of keratinizing pavement stratified
epithelia when compared with the non-keratinizing
ones. Our data concerning epidermis are in agree-
ment with the study of Sando et al,. (2003) regard-
ing Cav-1 expression in human keratinocytes.

These authors speculated that, since Cav-1 is
expressed in basal and corneum stratum, it might
have a role in driving the formation of lamellar
granules, which deliver the precursor of the stratum
corneum lipids in the extracellular compartment.
Nevertheless, the finding of Cav-1 expression also in
basal cells of the non keratinizing pavement strati-
fied epithelia led us to hypothesize that this protein
might also serve as a factor regulating cell division
processes in the highly proliferating basal cells of

both epidermis and other analyzed stratified epithe-
lia.

This hypothesis is in coherence with the studies
performed by Feng et al., (2002) and Kogo et al.,
(2000), which demonstrated a key-role for Cav-1 in
cytokinetic processes. These authors, indeed, found
that Cav-1 is highly concentrated in the mitotic fur-
row during cytokinesis, and that inhibition of its
activity leads to an abnormal cytokinetic process.

Cav-1 expression in adult human alveolar pneu-
mocytes, and in bronchial respiratory epithelium
has been reported (Gumbleton, 2001; Kato et al.,
2004). The density of caveolae herein suggests an
important functional role in lung physiology. A long
list of proposed caveolar functions pervades the lit-
erature, including a role in gas exchange, signal
transduction, and endocytosis (Gumbleton et al.,
2001). In the fetus, we found a Cav-1 immunoreac-
tion in alveolar pneumocytes starting from the 19th
week of gestation, but not before. Most likely, from
the progressive maturation of the lung during preg-
nancy there arises the need to create a valid blood-
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WEEKS OF GESTATION

14 weeks 16 weeks 19 weeks 24 weeks 30 weeks 33 weeks 36 weeks 39 weeks

Number of fetuses 1 2 2 2 2 2 1 2

Adipose tissue 3 3 3 3 3 3 3 3

Endothelium 3 3 3 3 3 3 3 3

Smooth muscle 3 3 3 3 3 3 3 3

Glandular epithelia of 3 3 3 3 3 3 3
digestive system

Salivary glands 2 2 2 2 2 2 2 2

Pancreas
Endocrine (insulae) Not evaluated 0 3 3 3 3 3 3
Exocrine 1 1 1 1 1 1 1

Respiratory apparatus
Epithelia 0 0 3 3 3 3 3 3
Pneumocytes 0 0 1 1 1 3 3 3

Urinary system
Bow man’s capsule 3 3 3 3 3 3 3 3
Proximal tubules 1 1 1 1 1 1 1 1
Distal tubules 3 3 3 3 3 3 3 3
Collecting tubules 1 1 1 1 1 1 1 1
Urothelium 2 2 2 2 2 2 2 2

Female Genital apparatus
Glandular epithelia
Ovocytes – – – – – – – –
Granulosa cells

Non keratinized pavement Not evaluated 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer)
stratified epithelia 1 (superficial layers) 1 (superficial layers) 1 (superficial layers) 0 (superficial layers) 0 (superficial layers) 1 (superficial layers) 0 (superficial layers)

Epidermis Not evaluated 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer) 3 (basal layer)
0 (superficial layers) 0 (superficial layers) 0 (superficial layers) 1 (superficial layers) 3 (superficial layers) 3 (superficial layers) 3 (superficial layers)
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Table 1. Cav-1 staining intensity, graded from 0 to 3, in different fetal tissues during pregnancy.
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air barrier that might function after birth, and Cav-
1 could be implicated in macromolecule transport
across it, including the clearance of endogenous
protein from the airspaces. Furthermore, we pro-
pose that Cav-1 might also carry out a role in the
regulation of alveolar and bronchial epithelial cell
proliferation and differentiation.The appearance of
this protein in these cells only after the 19th week
suggests that it might promote cell differentiation
and inhibit cell proliferation in these sites. In fact,
the alveolar wall, which is normally organized in
double layers, is disorganized and multilayered in
Cav-1-deficient mice (Drab et al., 2001).

Cav-1 production and secretion by pancreatic
exocrine cells have already been reported (Liu et
al., 1999); nonetheless, our finding of Cav-1
immunopositivity in endocrine cells of pancreatic
insulae was unexpected. Reaction was mostly evi-
dent in the core of insulae, in which beta cells are
normally present. To the best of our knowledge, no
data concerning Cav-1 expression in adult β cells
exist at present, thus necessitating that Cav-1 func-
tion in fetal and adult endocrine pancreas be fur-
ther investigated.

In conclusion, this paper provides evidence of a
novel and unexpected pattern of Cav-1 expression
in human fetal tissues that differs from the adult.
This may reflect novel roles for Cav-1 in fetal dif-
ferentiation and growth. Future studies should
explore the mechanisms by which Cav-1 might reg-
ulate tissue differentiation and growth during fetal
development and define the factors conditioning
changes in its expression in fetal and postnatal life.

Acknowledgements
We gratefully acknowledge the technical support

of Mrs. Carmela Mirella Nunnari in this study.

References

Anderson RG. Caveolae: where incoming and outgoing messengers
meet. Proc Natl Acad Sci USA 1993; 90:10909-13.

Anderson RGW, Kamen BA, Rothberg KG, Lacey SW. Potocytosis:
sequestration and transport of small molecules by caveolae. Science
1992; 255: 410-11

Breton S, Lisanti MP, Tyszkowsky R, McLaughlin M, Brown D.
Basolateral distribution of caveolin-1 in the Kidney. Absence from
H+-ATPase-coated endocytic vesicles in intercalated cells. J
Histochem Cytochem 1998; 46:205-14.

Bruns RR, Palade GE. Studies on blood capillaries. II.Transport of fer-
ritin molecules across the wall of muscle capillaries. J Cell Biol
1968; 37: 277-9

Byrne S, Cheent A, Dimond J, Fisher G, Ockleford CD.
Immunocytochemical localization of a caveolin-1 isoform in human
term extraembrionic membranes using confocal laser scanning
microscopy: implications for the complexity of the materno-fetal
junction. Placenta 2001; 22:499-510.

Drab M, Verkade P, Elger M, Kasper M, Lohn M, Lauterbach B et al.
Loss of caveolae, vascular dysfunction, and pulmonary defects in
caveolin-1 gene-disrupted mice. Science 2001; 293:2449–52.

Feng B, Schwarz H, Suresh J. Furrow specific endocytosis during
cytokinesis of zebrafish blastomeres. Exp Cell Res 2002; 279:14-
20.

Field FJ, Born E, Murthy S, Mathur SN. Caveolin is present in intes-
tinal cells: role in cholesterol trafficking? J Lipid Res 1998;
39:1938-50.

Fong A, Garcia E, Gwynn L, Lisanti MP, Fazzari MJ, Li M. Expression
of caveolin-1 and caveolin-2 in urothelial carcinoma of the urinary
bladder correlates with tumor grade and squamous differentiation.
Am J Clin Pathol 2003; 120:93-100.

Gumbleton M. Caveolae as potential macromolecule trafficking com-
partments within alveolar epithelium. Adv Drug Deliv Rev 2001;
49:281–300 

Hatanaka M, Maeda T, Toshiyuki I, Mori H, Seya T, Shimizu A.
Expression of caveolin-1 in human T cell leukaemia cell lines.
Biochem Biophys Res Commun 1998; 253:382-7.

Kato T, Miyamoto M, Kato K, Cho Y, Itoh T, Morikawa T, et al.
Difference of caveolin-1 expression pattern in human lung neoplas-
tic tissue. Atypical adenomatous hyperplasia, adenocarcinoma and
squamous cell carcinoma. Cancer Lett 2004; 214:121-8.

Kogo H, Fujimoto T. Concentration of caveolin-1 in the cleavage furrow
as revealed by time-lapse analysis. Biochem Biophys Res Commun.
2000; 268:82-7.

Kurzchalia TV, Dupree P, Parton RG, Kellner R, Virta H, Lehnert M et
al. VIP21, a 21 kD membrane protein is an integral componet of
trans-Golgi-network-derived transport vesicles. J Cell Biol 1992;
118:1003-14.

Lee H, Volonte D, Galbiati F, Lyengar P, Lublin DM, Bregman DB, et
al. Constitutive and growth factor-regulated phosphorylation of
caveolin-1 occurs at the same site (Tyr-14) in vivo: identification of
a c-Src/Cav-1/Grb7 signalling cassette. Mol Endocrinol 2000;
14:1750-75.

Lee SW, Reimer CL, OhP, Campbell DB, Schnitzer JE. Tumor cell
growth inhibition by caveolin re-expression in human breast cancer
cells. Oncogene 1998; 16:1391-7.

Li S, Okamoto T, Chun M, Sargiacomo M, Casanova JE, Hansen SH,
et al. Evidence for a regulated interaction between heterotrimeric G
proteins and caveolin. J Biol Chem 1995; 270:15693–701.

Li S, Couet J, Lisanti MP. Src tyrosine kinases, Galpha subunits, and
H-Ras share a common membrane-anchored scaffolding protein,
caveolin. Caveolin binding negatively regulates the auto-activation of
Src tyrosine kinases. J Biol Chem 1996; 271:29182–90.

Li S, Galbiati F,Volonte D, Sargiacomo M, Engelman JA, Das K, et al.
Mutational analysis of caveolin-induced vesicle formation.
Expression of caveolin-1 recruits caveolin-2 to caveolae mem-
branes. FEBS Lett 1998; 434:127–34.

Linton EA, Rodriguez-Linares B, Rashid-Doubell F, Ferguson DJP,
Redman WG. Caveolae and caveolin-1 in human term villous tro-
phoblast. Placenta 2003; 24:745-57.

Liu P, Li WP, Machleidt T, Anderson RG. Identification of caveolin-1 in
lipoprotein particles secreted by exocrine cells. Nat Cell Biol 1999;
1: 369-75.

Mundy DI, Machleidt T, Ying YS, Anderson RG, Bloom GS. Dual con-
trol of caveolae membrane traffic by microtubules and actin
cytoskeleton. J Cell Sci 2002; 115:4327-39.

Newman GR, Campbell L, von Ruhland C, Jasani B, Gumbleton M.
Caveolin and its cellular and subcellular localization in lung alveo-
lar epithelium: implications for alveolar epithelium type I cell func-
tion. Cell Tissue Res 1999; 295:111-20.

Oh P, McIntosh DP, Schnitzer JE. Dynamin at the neck of caveolae
mediates their budding to form transport vesicles by GTP-driven fis-
sion from the plasma membrane of the endothelium. J Cell Biol
1998; 141:101-14.

Palade GE. Fine structure of blood capillaries. J Appl Phys 1953;
24:1424.

Parolini I, Sargiacomo M, Galbiati F, Rizzo G, Grignani F, Engelman
JA, et al. Expression of caveolin-1 is required for the transport of
caveolin-2 to the plasma membrane. Retention of caveolin-2 at the
level of the Golgi complex. J Biol Chem 1999; 274: 25718–25.

Razani B, Engelman JA,Wang XB, Schubert W, Zhang XL, Marks CB,
et al. Caveolin-1 null mice are viable but show evidence of hyper-

188

V. Barresi et al.

2006_03   3-08-2006  12:57  Pagina 188



proliferative and vascular abnormalities. J Biol Chem 2001;
276:38121–38.

Razani B, Woodman SE, Lisanti MP. Caveolae: From cell biology to
animal physiology. Pharmacol Rev 2002; 4:431–67.

Rothberg KG, Heuser JE, Donzell WC,Ying YS, Glenney JR, Anderson
RG. Caveolin, a protein component of caveolae membrane coats.
Cell 1992; 68:673-82.

Sando GN, Zhu H, Weis JM, Richman JT, Wertz PW, Madison KC.
Caveolin expression and localization in human keratinocytes suggest
a role in lamellar granules biogenesis. J Invest Dermatol 2003;
120:XV-XVI.

Scherer PE,Tang ZL, Chun M, Sargiacomo M, Lodish HF, Lisanti MP.
Caveolin isoforms differ in their N-terminal protein sequence and
subcellular distribution. J Biol Chem 1995; 270:16395-401.

Scherer PE, Lewis RY, Volonté D, Engelman JA, Galbiati F, Couet J.
Cell-type and tissue-specific expression of caveolin-2. Caveolins 1
and 2 co-localize and form a stable hetero-oligomeric complex in
vivo. J Biol Chem 1997; 272:29337-46.

Schnitzer JE, Oh P, Pinney E, Allard J. Filipin-sensitive caveolae-medi-

ated transport in endothelium: reduced transocytosis, scavenger
endocytosis and capillary permeability of select macromolecules. J
Cell Biol 1994; 127:1217-32.

Smart EJ, Graf GA, McNiven MA, Sessa WC, Engelman JA, Scherer
PE, et al. Caveolins, liquid-ordered domains, and signal transduc-
tion. Mol Cell Biol 1999; 19:7289–304.

Song KS, Scherer PE, Tang Z, Okamoto T, Li S, Chafel M, et al.
Expression of caveoli-3 in skeletal, cardiac, and smooth muscle
cells. Caveolin-3 is a component of the sarcolemma and co-frac-
tionates with dystrophin and dystrophin-associated glycoproteins. J
Biol Chem 1996; 271:15160-5.

Tang Z, Scherer PE, Okamoto T, Song K, Chu C, Kohtz DS, Nishimoto
I, Lodish HF, Lisanti MP. Molecular cloning of caveolin-3, a novel
member of the caveolin gene family expressed predominantly in
muscle. J Biol Chem. 1996; 271:2255-61.

Yamada E. The fine structure of the gallbladder epithelium in the
mouse. J Biophys Biochem Cytol 1955; 1:445-58.

189

Original Paper

2006_03   3-08-2006  12:57  Pagina 189



190

V. Barresi et al.

2006_03   3-08-2006  12:57  Pagina 190


