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Caveolin-1 deficiency alters plasma lipid and lipoprotein profiles in mice
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Abstract

Caveolae are specialized membrane microdomains formed as the result of local accumulation of cholesterol, glycosphingolipids, and
the structural protein caveolin-1 (Cav-1). To further elucidate the role of Cav-1 in lipid homeostasis in-vivo, we analyzed fasting and post-
prandial plasma from Cav-1 deficient mice on low or on high fat diet. In total plasma analysis, an increase in ceramide and hexosylcera-
mide was observed. In cholesteryl ester (CE), we found an increased saturated + monounsaturated/polyunsaturated fatty acid ratio in
fasting plasma of low fat fed Cav-1(�/�) mice with increased proportions of CE16:1, CE18:1, CE20:3, and decreased proportions of
CE18:2 and CE22:6. Under high fat diet HDL-CE, free cholesterol and pre-b-HDL were increased accompanied by a shift from slow
to fast migrating a-HDL and expansion of apoE containing HDL. Our results demonstrate a significant role of Cav-1 in HDL-choles-
terol metabolism and may reflect a variety of Cav-1 functions including modulation of ACAT activity and SR-BI function.
� 2008 Elsevier Inc. All rights reserved.
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Caveolae are 50–100 nm invaginations of the plasma
membrane that form specialized microdomains with local-
ized accumulation of cholesterol and glycosphingolipids
[1]. Caveolae are present in most cell types but are enriched
in adipocytes, endothelial cells, and myocytes [1].
Caveolin-1 (Cav-1) is a marker protein selectively localized
to caveolae that plays a pivotal role for caveolar function
in intracellular trafficking and signal transduction [1–3].
Cav-1 is an integral membrane protein that can directly
bind cholesterol thereby driving caveolae formation serving
as a structural component of caveolae [3,4].

The important physiological role of Cav-1 and its family
members Caveolin-2 and Caveolin-3 has been studied
through the generation of various caveolin knockout ani-
mal models [5]. Cav-1 knockout mice exhibit a complete
absence of caveolae in all Cav-1 expressing tissues while
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lack of caveolae in Cav-3 deficient mice is restricted to mus-
cle tissues. Cav-2 deficient mice appear normal concerning
the presence of caveolae [6–8]. The almost complete loss of
caveolae in Cav-1 null mice results in various dysfunctions
of mainly the lung and the vascular system [6,9,10].

Because of its high expression in adipose tissue, special
attention has also been drawn on the role of Cav-1 in adi-
pocytes and lipid metabolism. In adipocytes, Cav-1 is
induced during adipogenesis [11] and can localize around
lipid droplets [12]. Recently, an original caveolar endocytic
trafficking pathway was identified linking plasma mem-
brane caveolae to lipid droplets and influencing lipid sens-
ing and storage in adipocytes [13]. Therefore, Cav-1 and
caveolae have been suggested to cooperate with other pro-
teins in the uptake and transport of fatty acids into lipid
droplets which mainly consist of fatty acids and cholesteryl
esters (CE) [1,12,14,15]. Cav-1 deficient mice are lean and
show resistance to diet-induced obesity. Serum lipid analy-
sis of Cav-1(�/�) mice revealed, in particular in a post-
prandial state under chow diet, strongly elevated levels of
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triglyceride and free fatty acids related to an increased chy-
lomicrons/very low density lipoprotein (VLDL) fraction
and impaired clearance after oral fat load independent
from lipoprotein lipase activity [16]. In contrast, no major
alterations in serum HDL-cholesterol were observed [16].

However, the so far published data do only allow lim-
ited conclusion on the role Cav-1 in lipid and lipoprotein
metabolism. In particular, the effect of Cav-1 deficiency
on serum lipid and lipoprotein metabolism in response to
a high fat diet has not been investigated so far. To further
elucidate the role of Cav-1 in lipid metabolism, we here
performed a detailed lipid and lipoprotein analysis of
Cav-1(�/�) mice that were kept on low fat diet or chal-
lenged with a high fat diet and collected plasma samples
in fasted and post-prandial state.
Materials and methods

Animals. Cav-1 deficient mice were described previously [17]. All ani-
mals used in these studies (mice homozygous null for the caveolin-1 gene
and their wild-type littermates) were of a C57BL/6 � sv129 genetic
background and were genotyped by PCR, as previously described [17]. All
animal experiments were approved by local authorities in accordance
outlined by the American Physiological Society. Mice were kept on a 12-h
light/dark cycle. After four weeks of weaning mice were put either on low
fat diet (10% kcal% fat) or on high fat diet (60% kcal% fat) (Research
Diets, New Brunswick, USA). Plasma samples were taken from 9-month-
old mice. Fasting samples were taken after a fasting period of 14 h.

Lipid analysis by electrospray ionization tandem mass spectrometry

(ESI-MS/MS). Lipids were quantified by ESI-MS/MS in positive ion
mode (as described previously [18–21]). Samples were quantified by direct
flow injection analysis using the analytical setup described by Liebisch
et al. [21]. A precursor ion scan of m/z 184 specific for phosphocholine
containing lipids was used for phosphatidylcholine, sphingomyelin [21],
and lysophosphatidylcholine [20]. Ceramide was analyzed similar to a
previously described methodology [19] using N-hepatadecaonyl-sphingo-
sine as internal standard. Hexosylceramide was quantified in analogy. Free
cholesterol and CE were quantified by a fragment ion of m/z 369 after
selective derivatization of free cholesterol [22]. Quantification was
achieved by calibration lines generated by addition of naturally occurring
lipid species [19–22].

Lipoprotein separation with fast performance liquid chromatography

(FPLC). Serum lipoproteins were isolated from mouse serum as previ-
ously described [23]. For this purpose, we used a Pharmacia Smart Sys-
tem� FPLC equipped with a Superose 6 PC 3.2/30 column. The elution
was performed in Dulcobeco’s PBS containing 1 mM EDTA as a running
buffer. After loading 50 ll serum the system was run with a constant flow
of 40 ll/min and fractionation was started after 18 min with 40 ll per
fraction. Fractions 1–36 containing the serum lipoproteins were used for
further analysis on a Cobas Integra 400 (Roche Diagnostic, Penzberg,
Germany) to determine cholesterol and triglyceride levels of each fraction
and for mass spectrometric analysis as described above. The cholesterol
and triglyceride determination assays are standard enzymatic, colorimetric
methods, which are also used in routine diagnostics (Roche Diagnostic).

Plasma agarose gel electrophoresis. One microliter of plasma was
diluted to 4 ll with Tris–tricine buffer containing 10 glycerol and brom-
phenol blue and was separated in 0.7% (w/v) agarose (SeaKem� LE; FMC
Bioproducts, Rockland, ME) gels in 25 mM Tris–tricine buffer (pH 8.6),
containing 3 mM calcium lactate and 0.05% sodium azide. Gels were free
of bovine serum albumin. Samples were electrophoresed at 100-V constant
voltage and 10 �C for about 1 h, when the albumin stained with bromo-
phenol blue had moved 4 cm.

Two-dimensional nondenaturing gradient gel electrophoresis. For the
first dimension, 5 ll of plasma was separated in 0.7% (w/v) agarose
(SeaKem� LE; FMC Bioproducts, Rockland, ME) gels in 50 mM barbital
buffer (pH 8.6). Gels were free of bovine serum albumin. Samples were
electrophoresed at 100-V constant voltage and 10 �C for about 1 h, when
the albumin stained with bromophenol blue had moved 4 cm. For the
second dimension, the agarose gel strips from the first dimension were
transferred to a 4–15% polyacrylamide gradient gel (Ready gels; Bio-Rad,
Munich, Germany). Separation in the second dimension was performed at
20 mA per gel for 4 h at 4 �C. Molecular weight standards (Pharmacia,
Freiburg, Germany) containing thyroglobulin, 669 kDa; ferritin, 440 kDa;
catalase, 232 kDa; lactate dehydrogenase, 140 kDa; and albumin, 67 kDa
were run simultaneously with the sample.

Immunoblotting and chemiluminescence detection. After electrophoresis,
proteins were electrophoretically transferred to Fluorotrans transfer
membranes of 0.2-lm pore size (Pall, Dreieich, Germany). Transfer was
carried out for 18 h in 20 mM Tris and 150 mM glycine buffer, in a Trans-
Blot cell (Bio-Rad) at a constant 30 V and 10 �C. The lane with molecular
weight standards was cut off and stained with Coomassie blue. Mem-
branes were then blocked by incubation for 1 h in phosphate-buffered
saline (PBS) containing 5% nonfat milk powder and 0.1% Tween-20. For
the detection of the individual apolipoproteins, membranes were incu-
bated for 1 h with the corresponding antibodies in a dilution of 1:5.000 in
PBS with 1% nonfat milk powder and 0.1% Tween-20. The following
antibodies were used: polyclonal rabbit anti-mouse apoAI and polyclonal
rabbit anti-mouse apoE (Acris, Hiddenhausen, Germany).

After antibody incubation, the membrane was washed three times
(10 min each) in 50 ml of PBS containing 0.1% Tween-20 and then incu-
bated for 1 h with anti-rabbit or anti-goat immunoglobulin–horseradish
peroxidase conjugate (dilution, 1:10.000). Before chemiluminescent
detection the washing step was repeated. The membrane was developed
with the ECL-Plus Western blotting detection system (Amersham/Phar-
macia, Freiburg, Germany) and analyzed with a Lumi-Imager (Roche
Diagnostics). For reprobing with another antibody, membranes were
stripped of bound antibodies by incubation in 100 mM 2-mercap-
toethanol, 2% sodium dodecyl sulfate, 62.5 mM Tris–HCl, pH 6.7, at
50 �C for 30 min with gentle agitation. After washing twice (10 min each)
with PBS containing 0.1% Tween-20, membranes were again blocked in
5% nonfat dry milk in PBS for 1 h at room temperature. The second
immunodetection was performed as outlined above.

Data analysis. All data are expressed as means ± SD. Statistical
analysis was performed using SPSS 12.0 software. Statistical significance
was determined by the Mann–Whitney test. A p < 0.05 was considered as
statistically significant.

Results

Whole plasma lipid analysis

The distribution of plasma lipid species in Cav-1(�/�)
mice and their wild-type littermates was analyzed after
feeding with either with a low fat chow diet containing
10% kcal% fat or with a high fat diet containing 60% kcal%
fat. Plasma samples were drawn from the same mice under
fasting and post-prandial conditions. ESI-MS/MS analysis
was performed with samples from 3 to 10 mice of each
group. The results of whole plasma analysis are shown in
Table 1.

The most abundant lipid class detected was CE. Signif-
icant changes between the genotypes were only detected for
CE, free cholesterol, and phosphatidylcholine (PC) in
fasted female mice fed with low fat diet and in post-pran-
dial female mice on high fat diet for lysophosphatidylcho-
line (LPC). Ceramide and hexosylceramide were found at
very low plasma levels. Ceramide was increased in fasted
Cav-1(�/�) mice, and hexosylceramide concentrations



Table 1
Concentration of serum lipids in Cav-1(+/+) and Cav-1(�/�) mice

Lipid Gender Diet Fasting Serum concentration (lM)

Cav-1(+/+) Cav-1(�/�)

Cholesteryl Ester Male Low fat Fasted 3812 ± 1955 4753 ± 367
Female Low fat Fasted 2852 ± 731 4166 ± 1227a

Male High fat Fasted 5162 ± 2264 6006 ± 881
Female High fat Fasted 3902 ± 1023 4691 ± 1211
Male Low fat Post-prandial 3080 ± 1288 3877 ± 301
Female Low fat Post-prandial 2671 ± 744 3250 ± 768
Male High fat Post-prandial 5169 ± 2157 5909 ± 833
Female High fat Post-prandial 4025 ± 848 5298 ± 1751

Free cholesterol Male Low fat Fasted 367 ± 213 698 ± 148
Female Low fat Fasted 372 ± 75 599 ± 143a

Male High fat Fasted 780 ± 330 958 ± 191
Female High fat Fasted 602 ± 196 758 ± 156
Male Low fat Post-prandial 755 ± 402 996 ± 98
Female Low fat Post-prandial 1388 ± 451 1782 ± 344
Male High fat Post-prandial 716 ± 247 782 ± 171
Female High fat Post-prandial 1083 ± 267 1147 ± 409

Phosphatidylcholine Male Low fat Fasted 1443 ± 584 1898 ± 242
Female Low fat Fasted 1046 ± 246 1476 ± 235a

Male High fat Fasted 1849 ± 677 2349 ± 327
Female High fat Fasted 1342 ± 396 1645 ± 288
Male Low fat Post-prandial 2182 ± 1000 2723 ± 175
Female Low fat Post-prandial 1494 ± 444 1897 ± 397
Male High fat Post-prandial 2984 ± 1188 4166 ± 526
Female High fat Post-prandial 2410 ± 452 3081 ± 1000

Lysophosphatidylcholine Male Low fat Fasted 728 ± 283 864 ± 162
Female Low fat Fasted 507 ± 106 568 ± 87
Male High fat Fasted 721 ± 266 806 ± 122
Female High fat Fasted 499 ± 129 525 ± 121
Male Low fat Post-prandial 695 ± 184 813 ± 27
Female Low fat Post-prandial 519 ± 68 582 ± 107
Male High fat Post-prandial 807 ± 289 973 ± 113
Female High fat Post-prandial 693 ± 57 956 ± 322a

Sphingomyelin Male Low fat Fasted 177 ± 69 203 ± 20
Female Low fat Fasted 118 ± 33 148 ± 27
Male High fat Fasted 249 ± 74 311 ± 36
Female High fat fasted 205 ± 53 240 ± 24
Male Low fat Post-prandial 183 ± 61 217 ± 19
Female Low fat Post-prandial 140 ± 40 166 ± 31
Male High fat Post-prandial 321 ± 93 373 ± 50
Female High fat Post-prandial 268 ± 64 297 ± 89

Ceramide Male Low fat Fasted 3.4 ± 0.9 4.6 ± 0.1a

Female Low fat Fasted 3.0 ± 0.5 4.3 ± 0.8b

Male High fat Fasted 4.9 ± 1.7 5.5 ± 0.7
Female High fat Fasted 3.2 ± 0.7 4.3 ± 1.2a

Male Low fat Post-prandial 5.0 ± 1.6 6.8 ± 0.2
Female Low fat Post-prandial 4.7 ± 1.4 5.8 ± 1.7
Male High fat Post-prandial 7.0 ± 2.3 11.6 ± 2.5a

Female High fat Post-prandial 5.1 ± 1.9 5.9 ± 2.0

Hexosylceramide Male Low fat Fasted 2.3 ± 0.5 3.0 ± 1.1
Female Low fat Fasted 1.9 ± 0.4 2.5 ± 0.5
Male High fat Fasted 2.0 ± 0.6 1.9 ± 0.3
Female High fat Fasted 1.8 ± 0.4 2.4 ± 0.3a

Male Low fat Post-prandial 2.6 ± 0.7 4.2 ± 0.1a

Female Low fat Post-prandial 1.9 ± 0.4 2.8 ± 0.6b

Male High fat Post-prandial 2.7 ± 0.4 3.7 ± 0.5a

Female High fat Post-prandial 2.5 ± 0.3 3.7 ± 1.4a

Data are presented as means ± SD of 3–10 mice per group.
a Significant difference (p < 0.05) between Cav-1(+/+) and Cav-1(�/�) mice.
b Significant difference (p < 0.001) between Cav-1(+/+) and Cav-1(�/�) mice.
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were higher in post-prandial Cav-1(�/�) mice under both
diets.

We next addressed the question if the distribution of
lipid species, in particular in CE, was altered in Cav-1 defi-
ciency. Since in mice acyl coenzyme A: cholesteryl acyl-
transferase activity (ACAT) prefers saturated and
monounsaturated fatty acids for esterification, whereas lec-
ithin-cholesterol acyltransferase (LCAT) prefers polyunsat-
urated fatty acids we compared the distribution of
saturated and monounsaturated with polyunsaturated fatty
acids in CE by calculating the ratio of saturated + mono-
unsaturated on polyunsaturated CE. In fasting plasma of
Cav-1(�/�) mice on low fat diet we detected a significant
increase of this ratio (0.36 ± 0.05 vs. 0.60 ± 0.10 and
0.58 ± 0.15 vs. 0.82 ± 0.23, respectively) (Fig. 1A). Further
analysis revealed in male mice increased proportions of
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Fig. 1. The distribution of cholesterol ester species is altered in Cav-1 deficienc
that were kept on a low fat diet (10% kcal% fat) and analyzed by mas
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CE16:1 (8.1% ± 1.9% vs. 12.4% ± 0.9%), CE18:1
(13.5% ± 2.0% vs. 20.4% ± 2.9%), and CE20:3 (6.1% ±
0.7% vs. 8.3% ± 0.5%) while the percentage of CE18:2
(19.1% ± 2.0% vs. 14.5% ± 1.3%) and CE22:6 (5.1% ±
0.4% vs. 3.7% ± 0.1%) was decreased in Cav-1 deficiency
(Fig. 1B). Similar results were obtained in female mice.
Increased proportions were detected for CE16:1 (10.7% ±
1.7% vs. 12.3% ± 1.4%) and CE18:1 (19.7% ± 4.4% vs.
25.9% ± 5.3%) and decreased levels were found for CE18:2
(16.2% ± 1.3% vs. 12.4% ± 2.6%) and CE22:6 (4.5% ±
0.5% vs. 3.7% ± 0.5%).

Analysis of lipoprotein subfractions

We next addressed the question if the observed changes
in lipids and lipid species in whole plasma in Cav-1 defi-
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Fig. 2. Plasma HDL-CE (A), HDL free cholesterol (B) and VLDL/
chylomicron triglyceride (C) concentrations are increased in Cav-1
deficiency under high fat diet. Plasma was taken post-prandial from male
mice that were fed with low fat (10% kcal% fat) or high fat diet (60%
kcal% fat). Samples of 5–6 mice of each group were pooled and 50 ll per
pool were subjected to FPLC fractionation followed by mass spectrometry
analysis as described in Material and methods.
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ciency were accompanied by alterations in lipoprotein dis-
tribution. Size-exclusion chromatography (FPLC) was uti-
lized to fractionate plasma lipoproteins from pooled
samples of male Cav-1(�/�) and Cav-1(+/+) mice on
low fat and high fat diet.

As published previously [16], we detected a considerable
increase in triglycerides within the chylomicrons/VLDL
fraction that was even pronounced under high fat diet
(Fig. 2C). Slightly increased HDL-CE levels were detected
independent of diet (Fig. 2A). Moreover, when mice were
challenged with the high fat diet we observed a shift to lar-
ger HDL particles that was markedly pronounced in Cav-
1(�/�) mice compared to their wild-type littermates
(Fig. 2A and B).

Agarose gel electrophoresis and immunoblotting with apo-AI

The observed enhanced shift to larger HDL particles in
Cav-1(�/�) mice was further investigated by analyzing the
distribution of apo-AI containing HDL particles in the dif-
ferent genotypes. For this analysis pooled whole plasma
samples of the male Cav-1(�/�) and Cav-1(+/+) mice on
low fat and high fat diet were subjected to agarose gel elec-
trophoresis and immunoblotting against apo-AI. Post-
prandial samples as well as fasting samples from the same
mice were used.

In accordance with the data from FPLC analysis, no
major difference in the distribution of HDL subclasses
was observed when mice were kept on low fat diet. The
same was found for fasting plasma in high fat diet fed mice.
In contrast, when post-prandial plasma was taken from
mice fed with high fat diet, Cav-1(�/�) mice showed a
markedly increased pre-b-HDL fraction. In addition, a
shift from immature slow migrating to mature fast migrat-
ing apo-AI containing a-HDL particles was observed
(Fig. 3).

Two-dimensional nondenaturing gradient gel

electrophoresis

Since slow and fast migrating HDL differ in their apoli-
poprotein composition and, in particular in apoE content
which is predominantly found in slow migrating HDL par-
ticles, the distribution of apo-AI and apoE containing par-
ticles was analyzed in fasting and post-prandial plasma of
the high fat diet fed male mice by 2 D gradient gel electro-
phoresis (2D-GGE).

Corresponding to one dimensional native agarose gel
electrophoresis the increase in pre-b-HDL in Cav-1(�/�)
mice can also be observed in the 2D-GGE. In comparison
to fasting plasma, post-prandial samples exhibit an
increase in apo-AI containing a-HDL in both genotypes.
However, this increase is considerably higher in
Cav-1(�/�) mice. Cav-1(�/�) mice showed an expansion
of apoE containing HDL particles in response to high fat
diet, whereas in wild-type mice no significant response of
apoE containing particles to high fat diet was found. As
a consequence of these findings a partial colocalization of
apo-AI and apoE containing particles could be observed
in the plasma of post-prandial knockout mice while this
was not apparent in Cav-1(+/+) mice (Fig. 4).
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Fig. 3. Cav-1(�/�) mice reveal increased pre-b-HDL fraction and a shift from slow to fast migrating a-HDL. Plasma was taken post-prandial or after
14 h of fasting from 9-month-old male mice that were fed with low fat (10% kcal% fat) or high fat diet (60% kcal% fat). Samples of 3–8 mice of each group
were pooled and 5 ll plasma per pool were separated by agarose gel electrophoresis and immunoblotted with anti-apo-AI as described in Material and
methods.

Fig. 4. The apoE containing HDL fraction is post-prandial increased Cav-1(�/�) mice on high fat diet. Plasma was taken post-prandial or after 14 h of
fasting from 9-month-old male mice that were fed with high fat diet (60% kcal% fat). Samples of 5–8 mice of each group were pooled and 5 ll plasma
subjected to 2D-GGE and immunoblotting with anti-apo-AI and anti-apoE as described in Material and methods. The circled areas on the blot represent
the immunoreactivity of apo-AI on the same blot.
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Discussion

In the present study, we performed a detailed serum
lipid and lipoprotein analysis of Cav-1 deficient and wild-
type mice using mass spectrometry, FPLC and immuno-
blotting methods to get further insights into the role of
Cav-1 in lipid metabolism.

In whole plasma samples, we detected significant
increases in ceramide and hexosylceramide in Cav-1 defi-
ciency upon dietary challenge in a number of feeding
groups. It seems unlikely that this shift is caused by
enhanced activity, expression or secretion of sphigomyelin-
ase, since plasma sphingomyelin concentrations were not
altered in both genotypes.

In contrast, analysis of lipid species revealed striking
alterations in the distribution of CE species in Cav-1 defi-
ciency. These effects are probably due to enhanced ACAT2
activity. Plasma samples of ACAT2(�/�)/LDL recep-
tor(�/�) mice reveal decreased saturated + monounsatu-
rated on polyunsaturated fatty acid ratio in CE in
comparison to ACAT2(+/+)/LDL receptor(�/�) mice
[24] indicating that increased ratios could be expected in
enhanced ACAT2 activity. Moreover, the CE species pro-
file detected in plasma of ACAT2(�/�)/ApoE(�/�) mice
displays an almost opposite composition to the profile of
Cav-1(�/�) mice [25]. While we found increased propor-
tions in CE16:1, CE18:1, and CE20:3, these CE species
were significantly decreased in ACAT2 deficiency. Vice
versa CE22:6 that is decreased in Cav-1 deficiency was
increased ACAT2 deficiency. Indeed, enhanced ACAT
activity has recently been described in Cav-1(�/�) mouse
embryonic fibroblasts [26]. Since Cav-1 may mediate the
transfer of newly synthesized cholesterol from the endo-
plasmatic reticulum to the plasma membrane [27], it has
been suggested that Cav-1 deficiency would be associated
with the accumulation of cholesterol in the endoplasmatic
reticulum resulting in increased ACAT activity and
reduced free cholesterol synthesis [26]. However, since con-
troversial data on Cav-1 expression in hepatocytes do exist
[28,29], alternative, indirect mechanisms may be involved.
Since ACAT2 generates CE for newly secreted VLDL in
mice [30], the highly increased chylomicron/VLDL fraction
in Cav-1(�/�) may also relate to increased ACAT2 activity
in addition to the previously discussed inability to rapidly
clear orally administered fat load [16].

Alterations in HDL lipoprotein size and composition
were predominantly detected in post-prandial samples
under high fat diet. In these mice, an increase in HDL-
CE and free cholesterol accompanied by an increased
pre-b-HDL fraction, a shift to fast migrating a-HDL
and, most strikingly in post-prandial animals, an increase
in the apoE containing HDL fraction was observed.
Increased apoE-rich HDL-cholesterol has been described
under various conditions including LCAT deficiency [31].
However, since Cav-1(�/�) mice show increased amounts
of HDL-CE, reduced LCAT activity is not plausible. More
likely, the increase in HDL-CE and apoE-rich HDL may
reflect impaired SR-BI mediated HDL uptake. Within the
plasma membrane caveolae appear to be the site of SR-
BI dependent CE uptake from HDL [32]. Cav-1 expression
induces the formation of SR-BI dimers in HepG2 cells
thereby increasing selective CE uptake from HDL [33]. In
addition, the uptake of spherical apoE-rich HDL is sug-
gested to be mediated by SR-BI [34], strongly indicating
that the alterations in HDL-cholesterol concentration and
composition in Cav-1 deficient mice are caused by impaired
SR-BI function.

In summary, using different feeding and plasma sam-
pling strategies we here provided a comprehensive set of
plasma lipid and lipoprotein data from Cav-1 deficient
mice that highlight the role of Cav-1 in lipid metabolism.
Expanding previously published data that only could show
Cav-1 dependent effects on the VLDL/chylomicron frac-
tion [16], we could demonstrate an additional striking role
of Cav-1 in HDL-cholesterol metabolism. Our results
probably reflect a variety of Cav-1 functions including dif-
ferential apo-AI/apoE distribution and modulation of
ACAT activity and SR-BI function. However, more
detailed functional data will be needed to further elucidate
the mechanisms by which cellular Cav-1 dependent path-
ways interact with lipoprotein metabolism at the molecular
level.
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