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Abstract: Caveolin-1 and flotillin-1 belong to plasma membrane microdomains. They are characterized by peculiar lipid 

and protein composition and are involved in fundamental cellular events such as: signal transduction, cell adhesion, 

lipid/protein sorting, and human cancer. We addressed caveolin-1 and flotillin-1 expression in 30 human renal cell carci-

noma (RCC) and adjacent normal kidney (ANK) samples by SDS-PAGE and immunoblotting with specific antibodies. 

Significant caveolin-1 and flotillin-1 over-expression was found in RCC tissues compared to ANK, and was confirmed by 

immunohistochemistry. Caveolin-1 and flotillin-1 protein levels were found by 1-D, 2-DE, and MS to be increased also in 

RCC microdomain-enriched subcellular fractions purified from paired RCC and ANK samples. 

Key Words: Caveolin, Flotillin, mass spectrometry, renal cell carcinoma, subcellular proteomics, two-dimensional electropho-
resis. 

INTRODUCTION 

 Caveolae and rafts are specialized plasma membrane 
microdomains that are enriched in cholesterol and sphin-
golipids and share peculiar physicochemical features, differ-
ent from those of bulk membranes. Owing to such peculiar 
composition, both can be isolated as subcellular fractions 
relying on their detergent insolubility as detergent resistant 
membranes (DRM) [1, 2]. In particular, caveolae are flask-
like membrane invaginations of 50–100 nm, due to the oli-
gomerization of their characteristic protein, caveolin, 
whereas rafts are flat membrane subdomains enriched in 
glycosyl phosphatidylinositol-linked proteins and signal 
transduction components [3]. Caveolins and flotillins are the 
two most representative families of mammalian microdo-
main-associated integral membrane proteins, both implicated 
in their supra-molecular organization [4-6]. Indeed, caveo-
lins and flotillins are considered markers of caveolar and raft 
microdomains, respectively [7]. Given their crucial involve-
ment in transport, cholesterol homeostasis, and signal trans-
duction, caveolae and rafts are suspected to play an impor-
tant role in various diseases, including cancer [8]. In particu-
lar, caveolin-1 (Cav-1) has been found highly expressed in 
some solid-tumour types in vivo and its expression has been 
associated with increased tumour-cell survival, aggressive-
ness, metastatic potential and suppression of apoptosis [9- 
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14]. Moreover Cav-1 can also be secreted and detected in 
extracellular fluids [15]. Accordingly, the study of Cav-1 as 
potential marker seems to be highly relevant to cancer re-
search, [16]. 

 Renal cell carcinoma (RCC), a human kidney cancer aris-
ing from the proximal tubular epithelium, accounts for about 
3% of all adult cancers in Western countries. Among RCC, 
the clear-cell type displays higher frequency. Since small 
localized tumours rarely produce symptoms the diagnosis of 
RCC is often delayed until the disease is well advanced. 
Moreover, RCC is associated with a high potential of metas-
tasis and is resistant to both chemotherapy and radiotherapy, 
while nephrectomy remains the most effective treatment 
[17]. Therefore, it is important to identify differentially ex-
pressed proteins to be used as potential diagnostic and/or 
prognostic markers in RCC. A promising strategy is subcel-
lular comparative proteomics that allows to enrich specific 
cell compartments and assess differences in protein expres-
sion patterns therein. In particular, even if a proteomic ap-
proach in the study of membrane proteins is very important, 
only a few studies approached the subproteomics of plasma 
membrane, given the known difficulties in efficiently recov-
ering hydrophobic proteins after 2DE analysis [18, 19]. 
Thus, in the present study we investigated the expression of 
the two most typical membrane microdomain components, 
caveolin-1 and flotillin-1, in RCC and adjacent normal kid-
ney (ANK) samples obtained after nephrectomy and in mi-
crodomain-enriched fractions prepared from these tissues, by 
a subcellular proteomic approach. 
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MATERIALS AND METHODS 

Chemicals 

 Milli-Q water was used for all solutions. Urea, dye rea-
gent for protein assay, acrylamide, SDS, glycine and carrier 
ampholytes were purchased from Bio-Rad (Hercules, CA, 
USA); trifluoroacetic acid, ammonium bicarbonate, porcine 
trypsin, thiourea, CHAPS, DTE, DTT, iodoacetamide, Triton 
X-100, Trizma-base, MES anti -actin pAb and cholera toxin 
B HRP-conjugated were from SIGMA Chemical Co. (St. 
Louis, MO, USA); ACN, methanol, glycerol and HPTLC 
were from Merck (Darmstadt, Germany); amidosulfobetaine-
14 (ASB-14) and monoclonal anti Hsp27 antibody (Ab-1) 
were from Calbiochem (Bad Soden, Germany); IPG strips, 
Mini Dialysis kit, and Hybond-ECL nitrocellulose mem-
brane were from Amersham Biosciences (Uppsala, Sweden). 
NuPAGE Bis-Tris mini gels, MES and MOPS SDS running 
buffer, LDS (lithium dodecyl sulphate) sample buffer, anti-
oxidant, SeeBlue Plus2 Pre-stained standard and SimplyBlue 
SafeStain were supplied by Invitrogen (San Giuliano Milan-
ese, Milan, Italy). Anti-protease inhibitor cocktail (Com-
plete) was from Roche (Monza, Italy). Anti-Cav-1 poly-
clonal antibody, anti-Flot-1, and anti-transferrin receptor, 
(TfR) mAb were purchased from Transduction Laboratories 
(Lexington, KY, USA). Species-specific secondary peroxi-
dase conjugated antibodies and ECL reagents were from 
Pierce (Rockford, IL, USA). ChemMate EnVision Detection 
kit was from Dako Cytomation (Glostrup, Denmark). 

Patients and Specimens 

 Samples of primary RCC and homologous normal kidney 
tissues were surgically obtained from 30 patients, with their 
informed consent approved by the Local Research Ethics 
Committee. None of the patients had received previous che-
motherapy. RCC was classified according to WHO recom-
mendations [20] also using immunohistochemical tech-
niques: only samples from diagnosed clear cell RCC were 
included in the study. Tumour staging and grading were per-
formed according to established criteria, by a pathologist 
[21]. Immediately after removal, representative tumour 
(RCC) and homologous cortical tissue samples (ANK) were 
collected by the pathologist. In particular the term “RCC” 
pertains to pieces of tumoral mass, selected inside homoge-
neous areas and avoiding grossly necrotic or fibrotic parts. 
“ANK” (Adjacent Normal Kidney) refers to a portion of the 
healthy cortex of the same kidney, contiguous to the tumoral 
mass, because it is known that RCC originates from kidney 
cortical region. A minimum of 1 cm

3
 of tumour and normal 

cortex were placed in sucrose buffered solution (250 mM 
sucrose, 10 mM Tris-HCl, pH 7.4, 1 mM EDTA), kept on ice 
and immediately transferred to the laboratory.  

Subcellular Fractionation and Microdomain Isolation 

 After nephrectomy, the fresh renal tissue samples ob-
tained were submitted to subcellular fractionation through 
differential centrifugation; samples were kept on ice during 
all the subsequent steps. Briefly, surgical tissues were 
weighed, minced with scissors and washed in sucrose buff-
ered solution (see above). From here on, all the solutions 
were supplemented with protease inhibitors. Homogeniza-
tion was carried out by a manual glass/glass potter device in 
sucrose solution. After a first centrifugation at 1,000 xg, for 

10 min, followed by two washings, the nuclear pellet (P1) 
was discarded and the three pooled supernatants were centri-
fuged at 14,500 xg for 15 min. This yielded the post-nuclear 
plasma membrane-enriched fraction (P2) [22]. From the cor-
respondent supernatant (Sn2), soluble cytoplasmic (Sn3) and 
microsomal-enriched fractions (P3) were prepared, by ultra-
centrifugation at 200,000 xg for 40 min. Detergent resistant 
membranes (DRM) were isolated from the P2 fraction, after 
treatment with cold Triton X-100 (1%) in MBS buffer (25 
mM MES buffer, pH 6.5, 150 mM NaCl). Detergent/protein 
ratio was always kept constant (5-6 mg of protein/ml of 1% 
Triton X-100 in MBS buffer, for each sucrose gradient). The 
resulting lysate was brought to 40% sucrose by the addition 
of 80% sucrose in MBS and overlaid with two layers of 30% 
and 5% sucrose in MBS [23]. The discontinuous gradient 
was then centrifuged at 200,000 xg for 19 h using a Beck-
man SW 41 rotor. For the analysis of the resulting gradient, 
11 equal volume fractions were collected from the top to the 
bottom of the gradient. The fractions #5-6, corresponding to 
the opalescent ring at the 30%-5% sucrose interface and en-
riched in microdomains (see results), were pooled and pre-
cipitated by ultracentrifugation at 440,000 xg for 50 min, 
after proper dilution in 10 mM Tris-HCl, pH 7.4. Protein 
content was assessed by BCA protein assay (Sigma). 

Electrophoresis (1DE and 2DE)  

 Protein separation was performed with the NuPAGE
®

 
electrophoresis system. Homogenates and subcellular frac-
tions were subjected to electrophoresis: proteins were sepa-
rated on NuPAGE

®
 4-12% Novex Bis-Tris pre-cast gels, 

using MOPS SDS running buffer (Invitrogen). Two-dimen- 
sional electrophoresis (2DE) was accomplished on micro-
domain-enriched subfractions, 50 μg of pelletted proteins for 
Coomassie Blue staining (SimplyBlue SafeStain, Invitrogen) 
and 5 μg for immuno-blotting. The procedure for sample 
preparation was adapted in order to allow efficient recovery 
of membrane proteins. In detail, samples of the pelletted 
proteins were first processed with Mini dialysis kit in order 
to remove interfering substances and salts. Microdomain 
proteins were dissolved in lysis buffer (7 M Urea, 2 M 
thiourea, 20 mM Tris, in the presence of protease inhibitors) 
and dialyzed against the same buffer for 3 h under continu-
ous stirring. Then detergents and a reducing agent were 
added to the sample (2% CHAPS, 2% ASB-14, 1% DTE, 
0.5% carrier ampholytes, final concentrations) and proteins 
were solubilized for 3 hours at room temperature. After cen-
trifugation at 16,000 xg at room temperature, samples were 
loaded onto nonlinear 3–10 IPG-strips (7 cm) [24]. Accord-
ing to the manufacturer’s instructions, in the first dimension, 
a 20 kVh run was applied after 15 h of rehydration (Biorad 
protein IEF cell). The second dimension was carried out on 
4-12% NuPAGE Bis-Tris minigels. Gels were stained with 
Simply Blue (Invitrogen) for subsequent MS analysis.  

Immunoblotting 

 After 1DE and 2DE, proteins were blotted from minigels 
onto nitrocellulose membrane using a “tank” electrophoretic 
transfer apparatus (Hoefer, Amersham Biosciences). Mem-
branes were stained with Ponceau S to assess protein loading 
[25]. After blocking with 5% w/v non-fat milk in PBS pH 
7.4 containing 0.2% Tween 20, blots were incubated in the 
presence of antibody (anti Cav-1 1:5000; Flot-1 and Hsp27, 
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1:250, -actin and TfR 1:1000), followed by reaction with 
secondary HRP-conjugates and ECL detection (Supersignal, 
Pierce). Images were captured with a CCD camera, Image 
station 2000R Kodak (Eastman Kodak), and densitometric 
evaluation was performed by Kodak Molecular imaging 
software. The intensity values were normalized to -actin, to 
correct for protein loading. The intensity values were further 
normalized to a sample lane, which was repeated in all blots 
to correct for the different blots used for different samples, 
and corrected for background. Finally, the immunoblotting 
results were checked to be comprised within the linear range 
by plotting Optical density against increasing amount of cel-
lular proteins (data not shown).  

Lipid Analyses 

 Aliquots (200 l) of each gradient fraction were dialyzed, 
lyophilised, and then submitted to lipid extraction [26]. After 
partitioning, the cholesterol recovered in the organic phase 
was chromatographed (solvent system: hexane:diethylether- 
:acetic acid, 20:35:1, each by vol) on HPTLC plates and 
visualized by anisaldehyde reagent. To determine levels of 
GM1 ganglioside in each fraction, 2 l of each microdomain 
fraction were dot blotted on nitrocellulose and blocked as 
described [27]. After incubation with HRP-conjugated chol-
era toxin B (Sigma) (1:10,000), the spots were revealed by 
enhanced chemiluminescence. 

Digestion and Peptides Extraction 

 The bands of interest were excised from the gel and 
placed in siliconized tubes. Gel slices were destained with 
two washing steps using 100 L of ammonium bicarbonate 
25mM with 50% acetonitrile (freshly prepared) in a Ther-
momixer at room temperature (700 rpm) for 20 minutes and 
the solution was discarded after each step. Fifty L of a 10 
mM solution of DTT in 25 mM ammonium bicarbonate were 
then added to the gels and the tubes were incubated for 45 
minutes in the Thermomixer at 56°C. After discarding the 
DTT solution, 75 L of a 55mM solution of iodoacetamide 
were added to each tube and incubated in the dark at room 
temperature for 30 minutes. Gel slices were then washed 
again using 100 L of ammonium bicarbonate 25mM with 
50% ACN three times. Gel pieces were dried in a SpeedVac 
for 20 minutes and 5 L of a 12.5 ng/ L trypsin solution in 
25mM ammonium bicarbonate were added to each sample 
and incubated overnight in an oven at 37°C. The first peptide 
extraction was carried out using 10 L of a 0,1% TFA solu-
tion, while the second one was carried out using a 50% ace-
tonitrile, 0.1% TFA solution. The extraction solutions were 
mixed together and dried in the SpeedVac. For MALDI-TOF 
MS analysis peptides were resuspended in 2 L of 0.1% 
TFA, while for LC-ESI-MS/MS analysis 10 L of a 0.1% 
formic acid solution was used. 

Mass Spectrometry and Proteins Identification  

 For MALDI-TOF MS analysis, 2 L of samples were 
mixed with an equal volume of a saturated HCCA (a-Cyano-
4-hydroxycinnamic Acid) matrix solution in 0.1% TFA, 50% 
ACN. This mixture was spotted onto the MALDI target plate 
near the PepMix

®
 peptide calibration standard solution from 

Bruker Daltonics. The MALDI-TOF mass spectrometer was 
a Reflex IV

TM
 from Bruker Daltonics equipped with a 337 

nm Nitrogen laser operating at 10 Hz. All spectra were ac-
quired in reflector positive mode in an m/z range from 760 to 
4200 with FlexControl

®
 2.4. Obtained spectra were analyzed 

with the FlexAnalysis
®

 2.4 software (Bruker Daltonics). The 
resulting mass lists were subjected to database search using 
Mascot vers. 2.1 on a local server (www.matrixscience.com) 
and ProFound (http://prowl.rockefeller.edu) for verification 
of results. MALDI-TOF spectra were searched against 
Swiss-Prot database (vers. 54.0) restricted to human taxon-
omy. Trypsin and carbamidomethylation of cysteine were set 
as digestion enzyme and fixed modification respectively; a 
tolerance of 100 ppm and 1 missed cleavage were chosen as 
search parameters. The HPLC system is a 1100 series from 
Agilent (Palo Alto, CA) equipped with a flow HPLC pump 
splitter from SGE (Victoria, Australia) and an Onyx Mono-
lithic HPLC column C18 0.1x150 mm from Phenomenex 
(Torrance, CA). Flow rate at the end of the column was 
about 1 L/min. Solvent A was a 0.1% formic acid solution 
and solvent B was ACN, 0.1% formic acid. Peptides were 
eluted with 4% of buffer B up to 90% buffer B over 25 min-
utes in a linear gradient. This system was coupled with an 
Esquire 3000plus ion trap mass spectrometer from Bruker 
Daltonics equipped with an ESI ion source. For LC-ESI-
MS/MS analysis, 10 L of samples were injected using a 
loop injector. Helium was used as the collision gas. Peptides 
were analyzed in positive ion mode in an m/z range of 200-
2000. The mass spectrometer duty cycle was composed of 
one MS scan followed by three consecutive MS/MS scans of 
the three most intense ions in each MS scan. MS/MS spectra 
were limited to two scans per precursor ion followed by 0.5 
minutes of exclusion. The obtained chromatograms were 
analyzed with DataAnalysis

®
, vers. 2.4, (Bruker) and the 

resulting mass lists were used for database search using 
Mascot

®
 2.1 on a local server. MS/MS spectra were searched 

against the Swiss-Prot database (vers. 54.0) restricted to hu-
man taxonomy. Carbamidomethylation of cysteine was set as 
fixed modification and phosphorylation as variable modifica-
tion, while trypsin as digestion enzyme. A tolerance of 2.0 
Da was chosen for the precursor and 1.0 Da for fragments. 
ESI-TRAP was selected as instrument.  

Immunohistochemistry  

 Normal and tumour kidney samples of 16 patients with 
clear cell renal carcinoma (RCC) were formalin-fixed and 
paraffin embedded. Five mm thick tissue sections were de-
waxed, dehydrated in xylene and alcohol, and subjected to 
antigen retrieval by means of two 6 min microwave cycles in 
sodium citrate (pH 6.0). Endogenous peroxidase was bloc-
ked by incubation for 10 min with 3% hydrogen peroxide in 
deionized water. Sections were then incubated for 1 h with 
anti-Cav-1 polyclonal antibody, at a dilution of 1:1000 and 
anti-Flot-1 monoclonal antibody, at a dilution of 1:100. Anti- 
gen-antibody detection was performed with an anti-mouse 
peroxidase-conjugated secondary antibody and revealed us-
ing the DAKO ChemMate EnVision Detection kit according 
to the manufacturer’s instructions. Sections were stained 
with 3,3’-diamino-benzidine substrate and counterstained 
with haematoxylin. Finally, tissue samples were dehydrated 
with alcohol and xylene and slides were observed with light 
microscopy. Section controls were obtained by omitting the 
primary antibody or by using unrelated mouse monoclonal 
antibodies. Sections were scored by a pathologist. 
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Statistics  

 Statistical analysis was performed by the Wilcoxon 
matched pairs test using Ministat 2000 (2.1 version, Pubbli-
cazioni Medico Scientifiche, Udine, Italy) and GraphPad 
Prism 4.0 software (GraphPad Prism). 

RESULTS 

 Clinical and pathological data of the studied patients are 
reported in Table 1. The patients display quite homogeneous 
clinical features, most of them were in early phases of dis-
ease, with no metastasis nor positive lymph nodes at the 

Table 1. Clear Cell Renal Carcinoma Samples Analyzed in this Study and Corresponding Clinical Data; Cases are Listed in Order 

of Increasing Elapsed Time 

Patients Gender 
Tumor Diameter 

(cm) 

Tumor Stage 

(pT) 

Nuclear Grade 

(G) 

Elapsed Time 

(Months) 
IHC Hom DRM 

4CCl F 2.0 1 1 68   X b  

7ZG M 6.5 3 2 65 X X  

11DP M 2.1 1 2 61  X  

12BGs M 11.0 3 3 61 X X  

13SV M 1.5 1 1 60 X   

16CP F 8.0 3 2 58 X X  

19CMev F 5.0 1 2 56 X X  

20GMa F 6.7 3 2 55 X  X b  

21LA F 7.0 1 2 55 X   

22VP M 3.5 1 2 54 X X  

27CG M 8.0 3 2 49 X  X b  Xc 

28RA M 4.5 1 2 45 X X  

31NR F 4.5 1 2 40   Xb  

33BV M 5.2 3 2 39 X X  

34IG M 9.0 2 2 38  X  

35PA F 4.0 1 3  37 a X X  

36MMl F 9.5 2 2 36  X  

37BA M 3.4 1 2 36 X X  

40RR M 2.7 1 2 35 X X  

41SG M 6.5 1 2 35 X X  X c 

45DM F 4.5 1 2 32  X  X c 

46SA F 10.0 2 2 32  X  

47CA M 5.0 1 2 31  X  

48GA M 6.5 1 2 31  X  X 

49CA M 6.5 3 3 31  X  X 

50PC M 5.7 1 2 30  X   

51MI F 4.2 1 2 30  X  X 

52CA F 0.8 2 2 29  X  X 

53FG M 6.5 1 2 27   Xb  

59RG M 5.0 1 2 24  X  

60CC M 11.1 3 3  23a  X  X 

61FG M 5.0 1 2 19   X  X 

(a) Patients presenting tumor recurrence. IHC - Samples used for immunohistochemical analysis. Hom - Samples used for homogenate preparation and analysis (1DE/WB); (b) samples 
shown in Fig. (1). DRM - Samples used for detergent resistant membrane preparation and analysis (1DE); (c) samples analyzed also by 2DE.  
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moment of diagnosis and at present are free of disease, with 
the exception of two patients.  

Caveolin and Flotillin Protein Expression in Tissue Sam-
ples 

 First of all, caveolin and flotillin expression was studied 
in whole tissue homogenates prepared from a series of 30 
clear cell RCC and normal adjacent cortex. Equal amounts of 
proteins were used for SDS-PAGE, followed by WB and 
detection with anti Cav-1 and anti Flot-1 antibodies, and anti 

-actin for normalization: in most cases Cav-1 and Flot-1 
bands resulted more intense in RCC tissue samples than in 
autologous ANK (five representative cases are shown in Fig. 
1a). The densitometric analysis of Cav-1, Flot-1, and of -
actin bands for protein loading correction was performed. 
Caveolin was detected in two bands due to  and  isoforms, 
as already described [28], that were quantified together (raw 
data of densitometric analysis are available as supplementary 
material, Table 1). Quantitative evaluation performed after 
normalization confirmed the results: an over-expression of 
Cav-1 and Flot-1 (Fig. 1b) is recorded in most clear cell tu-
mor samples compared to control ones. The differences were 
statistically significant (p<0.0001 both for Cav-1 and for 
Flot-1). (Statistical analysis results are available as supple-
mentary material, Table 2). 

Caveolin and Flotillin Protein Levels in Microdomain-

enriched Fractions 

 We addressed Cav-1 and Flot-1 levels also in detergent-
resistant membranes (DRM) isolated from 10 RCC and 
paired ANK. Analysis of the distribution of positive (Cav-1, 
Flot-1, and lipids) and negative markers (Transferrin recep-
tor, actin) [29] along gradient fractions shown in Fig. (2), 
indicates that an efficient purification of microdomain-
enriched membranes was achieved in fractions #5-6 (DRM) 
of both tumor and cortex tissue. Fig. (3) shows that the con-
tamination of Hsp27 (cytoplasmic marker) is irrelevant in the 
microdomain-enriched fraction and its signal is marked in 
the cytosolic fraction (Sn3); conversely, no reactivity for 
caveolin or flotillin is detectable in the Sn3 fraction from 
either sample.  

 Cav-1 and Flot-1 differential expression in RCC was 
confirmed in microdomain enriched fractions (Fig. 4), equal 
protein loading being ensured by Ponceau staining of WB 
membranes (data not shown). Moreover, on 1DE gels loaded 
with microdomain-enriched fractions prepared from 3 paired 
samples of RCC/ANK, it was possible to authenticate Cav-1 
and Flot-1 identity by LC-ESI-MS/MS analysis after exci-
sion of Coomassie Blue (CB) stained bands (corresponding 
to WB positive signals) (Table 2). In the course of Cav-1 and 
Flot-1 analysis, other proteins were identified in the same 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Caveolin and flotillin protein expression in homogenates of RCC and ANK. Panel (a): western blotting analysis of 5 (out of 30) 

whole tissue homogenates (10 g protein/lane) prepared from matched normal kidney (A) and RCC (R) samples probed with antibodies to 

caveolin-1 (left) and flotillin-1 (right) as indicated, and simultaneously with antibodies to -actin. Image acquisition was performed with a 

Kodak Digital Science 1D instrument, CCD camera equipped. Panel (b): densitometric quantification of bands relative to caveolin-1 (left) 

and flotillin-1 (right) in the whole tissue homogenates of 30 clear cell RCC and ANK, after SDS-PAGE immunodetection. Band intensity is 
normalized to -actin. 
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bands and are shown in Table 3. Their peptide sequences can 
be found in supplementary material (Tables 3-5). 

 

 

 

 

 

 

 

 

Fig. (3). Analysis of marker enrichment in the different subcel-

lular fractions. Evaluation of Cav-1 and Flot-1 (microdo- 

main positive markers) and Hsp27 (cytosol marker) enrichment in 

the different subcellular fractions prepared from the homogenates 

of ANK and RCC. H, homogenate; P2, postnuclear fraction; DRM, 

detergent resistant fraction, Sn3, cytoplasmic fraction. Equal 

amounts of each fraction were loaded, as protein (2 g). A repre-
sentative experiment (out of 5) is shown. 

 Finally, microdomain-enriched fractions were analyzed 
by 2-DE, followed either by immunodetection or Coomassie 
Blue staining. Fig. (5a) shows a 2-DE/WB analysis of the 
areas where positive caveolin and flotillin signal is recorded. 
From the comparison of spot intensity relative to RCC and 
ANK samples (exposed to ECL revelation for the same 
time), Cav-1 and Flot-1 over-expression in RCC could be 
confirmed. Their identity was ensured by mass spectrometry. 
For this purpose, 2DE mini-gels loaded with the same sam-

ples were stained with CB. The stained spots corresponding 
to caveolin and flotillin positive signals in WB (Fig. 5b)  
 

 

 

 

 

 

 

 

Fig. (4). Caveolin and flotillin protein levels in microdomain-

enriched fractions of RCC and ANK. Western blotting analysis 

of 5 (out of 10) microdomain-enriched fractions prepared from 

ANK (A) and homologous RCC (R) samples probed with antibod-

ies to Caveolin-1 and Flotillin-1, as indicated. Equal amounts of 
each fraction were loaded, as protein (2 g). 

were excised and processed by MALDI-TOF analysis (Table 
4). Flotillin-1 (O75955) was positively identified (p<0.05) 
either by Mascot and by Profound algorithm in three spots 
from RCC (R8, R9 and R10) and one from ANK samples 
(A10), indicating that this protein is present at least in three 
different isoforms. Also Cav-1 (Q03135) was detected in 
three isoforms (spot R1, R3 and R4) with different Mr and 
pI, but only in the 2DE prepared from RCC. None of the 
algorithms used allowed to discriminate amongst possible 
isoforms for these proteins. Cav-1 was positively identified 
in two spots (R1 and R3) only by Profound when search was 
restricted to Mr 19-22 and to pI 5-7. Spot R4 also contains 
Cav-1 as suggested by similarity of the mass spectrum of 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Analysis of marker distribution along gradient fractions. Distribution of known lipid and protein markers of microdomains 

(GM1 ganglioside, cholesterol, (Chol), Cav-1 and Flot-1) in the 11 fractions collected from sucrose gradient performed following detergent 

treatment of the postnuclear fractions prepared from ANK and homologous RCC. The distribution of Transferrin receptor (TfR) and Actin, 

regarded as negative microdomain markers, is also shown. The same amount of each fraction, as volume, was loaded. A representative ex-
periment (out of 5) is shown. 
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spot R4 with those of spot R1 and R3. No spot was recog-
nizable in the corresponding area of the gel of the microdo-
main fraction obtained from the normal cortex. Therefore, no 
excision and MS analysis was performed in this case.  

Immunohistochemical Labelling of Renal tumour Tissues 
for Caveolin-1 and Flotillin-1 

 In order to get confirmation of Cav-1 and Flot-1 over-
expression in RCC by a morphological observation, fixed 
normal and tumour kidney tissue samples from 16 patients 
with conventional clear cell renal carcinoma were labelled 
for Cav-1 and Flot-1 and analyzed by immunohistochemical 
methods (Fig. 6). The 16 cases were scored for staining inten- 
sity semi-quantitatively and the statistical analysis confirmed 
the over-expression of Cav-1 (marked, with p=0.00048) and 

Flot-1 (weak, but significant, with p=0.00253) in RCC sam-
ples (Table 5). 

DISCUSSION 

 In the present study we demonstrate the over-expression 
of two typical microdomain protein components, namely 
caveolin-1 and flotillin-1, in RCC compared to homologous 
normal renal tissue. Cav-1 and Flot-1 expression was ana-
lyzed both in total homogenates and in microdomain en-
riched fractions prepared from freshly processed human tis-
sues taken from living subjects. We could confirm the up-
regulation of Cav-1 and Flot-1 in RCC, by immunohisto-
chemistry on tissues, and by mono- and 2DE analysis of the 
purified microdomain fractions through comparative subcel-
lular proteomics. It has to be underlined that the MS identifi-
cation of Cav-1 and Flot-1 was achievable only on the puri-

Table 2. Identification of Flotillin-1 and Caveolin-1 by LC-ESI-MS/MS 

Protein 
SwissProt 

Entry 
Mr (kDa) 

Sequence 

Coverage 

MOWSE 

Score 
Peptide Sequences 

SPPVMVAGGR 

VFVLPCIQQIQR 

HGVPISVTGIAQVK 

TEAEIAHIALETLEGHQR 

FSEQVFK 

VSAQYLSEIEMAK 

AAYDIEVNTR 

RAQADLAYQLQVAK 

VQVQVVER 

AQQVAVQEQEIAR 

YKLER 

SQLIMQAEAEAASVR 

MRGEAEAFAIGAR 

GEAEAFAIGAR 

LPQVAEEISGPLTSANK 

VTGEVLDILTR 

LPESVER 

Flotillin-1 O75955 47.4 47% 776 

LTGVSISQVNHKPLR 

YVDSEGHLYTVPIR 

EQGNIYKPNNK 

AMADELSEK 

EIDLVNRDPK 

HLNDDVVK 

IDFEDVIAEPEGTHSFDGIWK 

Caveolin-1 Q03135 20.3 44% 239 

YWFYR 



94    The Open Proteomics Journal, 2008, Volume 1 Raimondo et al. 

fied microdomain fractions, being these proteins character-
ized by very low abundance in the total homogenates [30].  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). 2-DE analysis of the microdomain-enriched fractions 

prepared from ANK and homologous RCC. Panel a): western 

blotting analysis of Cav-1 and Flot-1 after the same time of expo-

sure for the paired samples (5 μg of pelletted proteins). Panel b): 

CB staining (50 μg of pelletted proteins). The portions of the gel 

corresponding to Cav-1 and Flot-1 signals are shown. The marked 

spots were excised for MS analysis and identified as caveolin-1 (R-

1,3,4) and flotillin-1 (R-8,9,10, A10) (see Table 2). One representa-
tive experiment (out of 3) is shown. 

 Moreover, other proteins co-migrating with Flot-1 and 
Cav-1 in bands excised from monodimensional gels were 
identified. Most of them are membrane (either integral, or 
lipid- or GPI-anchored) proteins, and some (renal dipepti-
dase, CD14, CD59 and Ras-related proteins) have been al-
ready described as microdomain-associated [31-34]; these 
results further validate the quality of the subfractions. Some 
mitochondrial proteins which may represent contamination 
were also identified, as already described. However, the pos-
sibility of the existence of mitochondrial rafts cannot be ex-
cluded [19]. It should be further pointed out that the expres-
sion of alfa-enolase, alpha B crystallin, and CD59 glycopro-
tein precursor, such as the Ras-Raf/MEK/ERK pathways 
were already reported as being involved in cancer, and in 
particular, in RCC [35-38]. 

 Several reports indicate that Cav-1 (and caveolae) have a 
role in cancer development and progression. In fact, in a se-
ries of “in vivo” studies authors found caveolin up-regulation 
in several tumors, such as adeno-carcinomas of the prostate, 
breast [14], lung [10, 39], and oesophageal squamous cell 
carcinoma [12]. Moreover, some recent papers report Cav-1 
over-expression in RCC and its correlation with prognostic 
factors [40-45]. However, these latest studies were all under-
taken using only immunohistochemical evaluation, and in 
most cases, caveolin over-expression was recorded in the 
cytoplasm of renal carcinoma cells. Our study, relying on 
subcellular fractionation, allows a more precise localization. 
Indeed, no signal for caveolin was detectable in the cytosolic 
fraction both from ANK and RCC in immunoblotting ex-

Table 3. Proteins Identified at the Level of Flot-1 and Cav-1 Positive Bands in RCC and ANK DRM Fractions 

 
Protein  

SwissProt 

Entry 
Mr (Da) Subcellular Location 

Dipeptidase 1 [pr] P16444 46101 
Cell membrane; lipid-anchor; GPI-anchor.  

Brush border membrane 

Flotillin-2 Q14254 41830 Membrane-associated protein of caveolae 

NADH-ubiquinone oxidoreductase 51 kDa subunit [pr] P49821 50521 Mitochondrial inner membrane F
lo

t-
1

 A
N

K
 

Ubiquinol-cyt-c reductase complex core protein I [pr] P31930 53297 Mitochondrial inner membrane 

Alpha-enolase P06733 47350 Cytoplasm, cell membrane 

Flotillin-2 Q14254 41830 Membrane-associated protein of caveolae 

Monocyte differentiation antigen CD14 [pr] P08571 40678 Cell membrane; lipid-anchor; GPI-anchor 

F
lo

t-
1

 R
C

C
 

Ubiquinol-cyt-c reductase complex core protein I [pr] P31930 53297 Mitochondrial inner membrane 

Alpha crystallin B chain P02511 20146 Renal carcinoma antigen NY-REN-27 

CD59 glycoprotein [pr] P13987 14177 Cell membrane; lipid-anchor; GPI-anchor 

NADH-ubiquinone oxidoreductase 20 kDa subunit [pr] O75251 23833 Mitochondria 

Ras-related C3 botulinum toxin substrate 1 [pr] P63000 21835 Cell membrane; lipid-anchor; cytosolic side (by similarity) 

Ras-related protein Rab-1B Q9H0U4 22328 Cell membrane; lipid-anchor; cytosolic side (potential) 

Ras-related protein Rab-1b [pr] P61224 21040 Cell membrane; cytoplasm  

Ras-related Rap-2c [pr] Q9Y3L5 20959 Cell membrane; lipid-anchor; cytosolic side (potential) 

C
av

-1
 R

C
C

 

Transforming protein RhoA [pr] P61586 22096 Cell membrane; lipid-anchor 

Cav-1

Flot-1

ANK RCC

*

**

Cav-1

Flot-1
R10R9R8A10

R4R3R1

a)

b)
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periments. This means that, although the presence of minor 
amounts of intracellular Cav-1 is confirmed in different cel-
lular models, it may derive from intracellular membrane-
bound Cav-1 [46, 47]. Therefore, our data provide the first 
demonstration of caveolin over-expression in RCC caveolar 
microdomains.  
 

Table 5. Flotillin-1 and Caveolin-1 Expression Evaluated by 

IHC 

Flotillin-1 Caveolin-1 

Sample No. 

ANK RCC ANK RCC  

7ZG N.A. + - +++ 

12BGs + -  + - +++ 

13SV + -  + - +++ 

16CP + ++ - + 

19CMev + -  ++ - + 

20GMa + -  + - ++ 

21LA + + - +++ 

22VP + -  + - ++ 

27CG + -  + - +++ 

28RA ++ ++ + +++ 

33BV + ++ - +++ 

35PA + -  + - ++ 

36MMl + +++ - ++ 

37BA + -  + - +++ 

40RR + -  +++ - +++ 

41SG + + - + 

-, no staining; + -, staining < 10%; +, 10%-40%; ++, 40%-70%; +++, > 70%. 

 

 With respect to flotillin-1, much less information is 
available from the literature than for caveolin. In fact, Flot-1 
differential expression has been sporadically reported in 
pathologic conditions such as diabetes and malaria infection 
[48, 49]. Therefore, our work is the first report of Flot-1 
over-expression in RCC. Remarkably, a recent study, per-
formed in a cell culture model, showed that Flot-1 over-
expression strongly induced proliferation [50].  

 It would be interesting to evaluate the possible correla-
tion between Cav-1 and Flot-1 differential expression and 
clinical parameters. However, it was not possible to draw 
any conclusion from our list of patients, since they show 
quite homogeneous clinical features and were all in early 
phases of disease. 

Table 4. Identification of Flotillin-1 and Caveolin-1 by MALDI-TOF Analysis 

Theoretical 

Spot Protein SwissProt Entry 

Mr (Da) pI 

Sequence Coverage Score 

Mascot Identification    MOWSE 

R-8 Flotillin-1 O75955 47554 7.08 35% 204 

R-9     41% 229 

R-10     46% 230 

A-10     31% 173 

R-1 Caveolin-1 Q03135 20630 5.65 17% 37 

R-3     15% 42 

R-4     15% 31 

Profound Identification    Est’d Z 

R-8 Flotillin-1 O75955 47540 7.10 35% 2.36 

R-9     42% 2.39 

R-10     47% 2.38 

A-10     33% 2.37 

R-1 Caveolin-1 Q03135 20630 6.00 18% 2.26 

R-3     15% 2.43 

R-4     15% 0.53 
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 Taken altogether, our data show the presence of higher 
amounts of Cav-1 and Flot-1, typical microdomain structural 
components, in renal cancer cell membranes than in ANK. 
This observation could lead to hypothesize the occurrence of 
an increased number and/or size of both caveolar and non-
caveolar microdomains in RCC. The elucidation of this hy-
pothesis deserves further investigation. 

CONCLUSIONS 

 In conclusion, this study indicates that the strategy of 
comparative subcellular proteomics can be applied also at 
the plasma membrane level, in spite of the known difficulties 
in efficiently recovering hydrophobic proteins after 2DE 
analysis [19, 51]. Since most of the tumour markers cur-
rently used, i.e., PSM, CEA, mucins and others, are actually 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). Immunohistochemical analysis of Caveolin and flotillin in RCC and ANK. Images of Cav-1 and Flot-1 detected in tissue sec-

tions by immunohistochemical method. One representative image (out of 16) is shown. 
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membrane proteins, the recognition of increased amounts of 
plasma membrane proteins in RCC microdomains looks 
promising in view of new biological marker discovery.  
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