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ABSTRACT. Caveolae are 50100 nm flask-shaped invaginations of the plasma membrane found in most
cell types. Caveolin-1 is the principal protein component of caveolae membranes in nonmuscle cells. The
recent development of Cav-1-deficient mice has allowed investigators to study the in vivo functional role
of caveolae in the context of a whole animal model, as these mice lack morphologically detectable caveolae
membrane domains. Surprisingly, Cav-1 null mice are both viable and fertile. However, it remains unknown
whether loss of caveolin-1 significantly affects the overall life span of these animals. To quantitatively
determine whether loss of Cav-1 gene expression confers any survival disadvantages with increasing age,
we generated a large cohort of miae = 180), consisting of Cav-1 wild-typet{+) (n = 53), Cav-1
heterozygous—/—) (n = 70), and Cav-1 knockout{/—) (n = 57) animals, and monitored their long-

term survival ovea 2 year period. Here, we show that Cav-1 ntll{) mice exhibit an~50% reduction

in life span, with major declines in viability occurring between 27 and 65 weeks of age. However, Cav-1
heterozygous+/—) mice did not show any changes in long-term survival, indicating that loss of both
Cav-1 alleles is required to mediate a reduction in life span. Mechanistically, these dramatic reductions
in life span appear to be secondary to a combination of pulmonary fibrosis, pulmonary hypertension, and
cardiac hypertrophy in Cav-1 null mice. Taken together, our results provide the first demonstration that
loss of Cav-1 gene expression and caveolae organelles dramatically affects the long-term survival of an
organism. In addition, aged Cav-1 null mice may provide a new animal model to study the pathogenesis
and treatment of progressive hypertrophic cardiomyopathy and sudden cardiac death syndrome.

First implicated in the uptake of small and large molecules tributable to two properties of caveolae membranes: (i) their
via transcytosis and potocytosis, caveolae are now knownunique lipid composition and (ii) the structural proteins of
to play a role in numerous cellular processes. Some of thesecaveolae, known as caveolins.

include cholesteroll—3) and triglyceride homeostasié-{ Caveolae are specialized membrane domains highly en-
6), cell cycle regulation {, 8), apoptosis ), and the riched in sphingolipids and cholesterali{-14). This unique
regulation of signal transduction pathway®), The broad lipid composition confers upon these membranes resistance

functional range of these plasmalemmal organelles is at-to solubilization by nonionic detergents at low temperatures
and a buoyant density during sucrose gradient ultracentrifu-
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caveolin family members function as scaffolding proteins onstration that loss of Cav-1 gene expression dramatically
(20) to organize and modulate the activity of lipid-modified affects the in vivo long-term survival of an organism.
signaling molecules21—24) within caveolae membranes.

In support of this hypothesis, caveolin-1 binding can MATERIALS AND METHODS

functionally suppress the GTPase activity of heterotrimeric Animal StudiesAll animal h d and maintained
G-proteins 21) and inhibit the kinase activity of Src-family . nimal StudiesAll animals were housed and maintaine
in a barrier facility at the Institute for Animal Studies, Albert

tyrosine kinases and receptor tyrosine kinases through a_. . .
common protein domain, termed the caveolin—scaffoldingaE'nSte'n College of Medicine. Cav-1 Wh{+), Cav-1 Het

; _ (+/-), and Cav-1 KO {/—) mice were generated by
domain @427 interbreeding Cav-1 HetH/—) mice @5) that were in a

Historically, caveolin-1 was first identified as a major C57BI/6 background. Upon weaning, male and female mice

Glenney and colleagues proposed that caveolin-1 may servé'em"’“ned ;exually |r.1act|ve thro“gh"“t the stu.dy.
as a critical mediator of cellular transformatic8). Multiple Preparation of Tissue Paraffin Sectiondlice were
lines of evidence now support the hypothesis that caveolin-1checked twice daily. Mice that were found dead were
acts as a tumor suppressor gene: (i) caveolin-1 eXpr(_)ssiodmmedlately.recorded and 'ghelr mternal organs were removed
is highest in terminally differentiated cell@®) and absent ~ and placed in 10% formalin. The tissue was fixed fe24
in oncogenically transformed cell line8Q, 31), (ii) caveo- h, washed in PBS for 20 min, and dehydrated through a
lin-1 downregulation induces oncogenic transformation in 9raded series of ethanol washes (at room temperature). The
NIH-3T3 cells @2) while reexpression of caveolin-1 in breast  tiSSué samples were then treated with xylene for 40 min (at
cancer cell lines inhibits tumor growth3, 34), (iii) room temperaturg) and then mcubate(_:l with pgraffln for1lh
caveolin-1 induces G arrest through a p53/p21-dependent at 55 °C. Paraffin-embedded am thick sections were
pathway 8), and (iv) the CAV-1 gene has been localized to prepared using a Microm (Ba_xter Sc_lentlﬁc) microtome and
a suspected tumor suppressor locus in mice (6-A2) and plaped on super-frost p_Ius slides .(Flsher). Slides were then
humans (7q31) that is deleted in many forms of can8sy ( stained with hematoxylin and eosin (H a_md E), al_ccordlng to
36). standard laboratory protocols. For cardiac specimens, areas
Mutations in the caveolin gene family have now been of the myocardium (left ventricle and intraventricular septum)
identified in various human diseases. Examination of 92 Were selected for imaging. For adipose specimens, perigo-
primary human breast cancer samples yielded a mutation in”"ﬂ“’;1al fat pads were gsed. For lung samples, an 18 gauge
CAV-1 at codon 132 (P132L) in 16% of the cases, with Syringe was ms_erted into the trachea, and I_ungs were filled
invasive scirrhous carcinomas being the most frequent typeWith 10% formalin. Samples were then examined in a blinded
of cancer associated with this mutati@T), A similar proline ~ fashion by an expert cardiopathologist (Dr. Stephen M.
to leucine (P104L) mutation was also identified in the CAv-3 Factor).
gene in patients with limb girdle muscular dystroptg)( Gated Cardiac Magnetic Resonance ImagiMRI ex-
Interestingly, both CAV-1 and CAV-3 mutations behave in periments were performed using a GE Omega 9.4T vertical
a dominant-negative fashion, causing the intracellular reten-bore MR system equipped with a microimaging accessory
tion of wild-type caveolins at the level of the Golgi complex and custom-built coils designed specifically for mice. Just
(39, 40). prior to each image acquisition, the heart rate was determined
The recent generation of Cav-1 deficient mice by several from the ECG, and the spectrometer gating delay was set to
laboratories has proven an invaluable tool in understandingacquire data in diastole and systole. Multislice spigho
the functional role of caveolae in mammalian physiology. imaging with an echo time of 18 ms and a repetition time of
Surprisingly, young Cav-1 null mice are both viable and approximately 106200 ms was performed. A 35 mm field
fertile. However, by 24 months of age, loss of Cav-1 results 0f view (with a 256 x 256 pixel image matrix) was used.
in cardiovascular abnormalitied1—43), pulmonary hyper- Short and long axis images of the heart were acquired, and
tension #2), defects in lipid metabolism and adipocyte MRI data were processed off-line with MATLAB-based
homeostasis5( 44), and the hyperproliferation of epithelial ~custom-designed software.
and endothelial cells 2, 39, 45, 46). These diverse Transthoracic Echocardiographyransthoracic echocar-
abnormalities underscore the functional versatility of Cav-1 diography was performed on 12-month-old mice, as follows.
in multiple organ systems in vivo. However, it remains Echocardiography was performed with mice in the supine
unknown whether loss of caveolin-1 significantly affects the position on a heating pad set at 38. Light anesthesia was
overall life span, i.e., the long-term survival, of these animals. achieved using an intraperitoneal injection of chloral hydrate
To investigate whether the loss of Cav-1 confers a (300 mg/kg). Continuous, standard electrocardiograms were
signficant survival disadvantage, a cohort of 180 mice, taken from electrodes placed on the extremities. Echocar-
consisting of Cav-1+{/+), Cav-1 (+/-), and Cav-1 {/-) diographic images were obtained using an annular array,
animals, were observed ave 2 year period. Interestingly, broad-band, 10/5 MHz transducer attached to an HDI 5000
we show here that Cav-1 nul-(—) mice exhibited an-50% CV ultrasound system (Advanced Technology Laboratories,
reduction in life span at the end of 2 years, with the major Bothel, WA). A small gel standoff was placed between the
declines in viability occurring between 27 and 65 weeks of probe and chest. Two-dimensional and M-mode images of
age. We propose that these mice die either from severe rightthe heart were obtained from the basal short axis view of
sided heart failure secondary to pulmonary hypertension (corthe heart and stored &, in. SVHS videotapes for off-line
pulmonale) or from an acute arrythmia secondary to hyper- measurements using the Nova-Microsonic (Kodak) Imagevue
trophic cardiomyopathy. These data provide the first dem- DCR workstation (Indianapolis, IN). All measurements were
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Ficure 1: Kaplan—Meier survival curve of Cav-1 WT, Het, and
KO mouse cohorts. A cohort of 180 mice, consisting of Cav-1 WT B Female Population
(+/+) (n=53), Cav-1 Het{/—) (n = 70), and Cav-1 KO</-) —— WT survival %
(n = 57) animals, was observed ova 2 year period. Note that —=— Het survival %
Cav-1 null /=) mice exhibited an~50% reduction in viability 100 —+ KO survival %
at the end of 2 years, with major declines in viability occurring
between 27 and 65 weeks (see asterisk). However, Cav-1fe) ( .
mice did not show any changes in long-term survival, indicating g‘fg WT/Het
that loss of both Cav-1 alleles is required to mediate a reductionin 3£ ©°
life span. =)
gg 40
. . . . 28 Ko
made in three to six consecutive cardiac cycles, and the 20 —
averaged values were used for analysis. Left ventricular end- 0 *
diastolic and end-systolic diameters, as well as diastolic 0 6 52 78 104
ventricular septal and posterior wall thickness, were measured
Time (Weeks)

from M-mode tracings. Diastolic measurements were per- _ _
formed at the point of greatest cavity dimension, and systolic FIGURE 2 Kaplan-Meier survival curves of Cav-1 WT, Het, and
measurements were made at the point of minimal cavity O: male vs female cohorts. A breakdown of the total cohort into

. . - . . male (panel A) and female (panel B) groups demonstrated similar
dimension, using the leading edge method of the American yeqyctions in long-term survival o£50%. In addition, both male

Society of Echocardiography 7). Additionally, the follow- and female mice experienced marked declines in viability between
ing parameters were calculated using the above-mentioned7 and 65 weeks (see asterisk). Once again, male and female Cav-1
measurements: left ventricular diastolic wall thickness as Het (+/—) mice did not show any changes in long-term survival.
the average of ventricular septal and left ventricular posterior ) )
wall thickness; left ventricular percent fractional shortening N0t show ruffling of the fur, labored breathing at rest, or
as 100[(end-diastolic diameter minus end-systolic diameter)/ Signs of ascites (pancaking). Interestingly, Cav-1 nuli)
(end-diastolic diameter)]; and relative wall thickness as 2(left malé and female mice both demonstrated similar rates of
ventricular diastolic wall thickness)/(end-diastolic diameter). mortality (Figure 2). As such, the diminished long-term
Note that differences between the absolute wall thickness Viability of Cav-1 null mice abolished the normal sexual
measured using MRI and echocardiography are commonlyd'morph'sm in survival, typically seen in wild-type control
observed and are likely due to technical factors, such asmice (Figure 3).

differences in the time of gating. A thorough investigation of all major organ systems was

undertaken to determine the cause of death in Cav-1 null

RESULTS AND DISCUSSION (—/-) mice. Although necroscopic evaluation of these mice
Quantitation of Longsity. The goal of this study was to failed _to reveal any histologicgl evidence lof myocardial

examine whether the cumulative defects in Cav-1 K@) infarction, cerebrovascular accident, or malignancy, Cav-1

mice would confer a survival disadvantage, as compared with Ul (=/—) mice did exhibit progressive worsening of the
their Cav-1 WT (/+) and Cav-1 Het4/—) litermates. A cardiac and pulmonary defects.
cohort of 180 mice was generated by intercrossing Cav-1 Cardiac Defects.The heart consists 0f60% cardiac
Het (+/—) mating pairs. The resulting cohort consisted of myocytes (that express Cav-3), while the remainirgD%
Cav-1 WT (+/+) (n = 53), Cav-1 Het{/—) (n = 70), and is made up of nonmuscle cells, i.e., cardiac fibroblasts,
Cav-1 KO (~/—) (n = 57) animals, which were randomly  endothelial cells, and smooth muscle cells (that express Cav-
assigned to male and female cages. The mice were thenl) (43, 48). Recently, two groups have reported that the hearts
observed ovea 2 year period. of Cav-1 null mice are structurally and functionally abnormal
Cav-1 null /=) mice exhibited an~50% reduction in at 2-4 months of age42, 43). Using gated MRI analysis,
viability at the end of 2 years with major declines in viability Cohen et al. demonstrated significant thickening of left and
occurring from 27 to 65 weeks (Figure 1). Mice that died right ventricular walls 43). In contrast, Zhao et al. reported
within this time frame did so suddenly, without any prodro- a dilated cardiomyopathy, with thinning of the posterior wall
mal syndrome (such as cachexia or noticeable changes irand septum42). The presence of both dilated and hyper-
behavior). There was no evidence of trauma or dental trophic cardiomyopathy in Cav-1 nul-{—) mice is akin to
occlusion, and they appeared well nourished. Also, they did the dual phenotypes found in the cardiomyopathic hamster
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Time (Weeks) Ficure 4: Histological examination of 12-month-old Cav-1 KO

(—/-) hearts by H and E staining. (A, B) Cav-1 K&G-{—) heart
sections revealed profound thickening of the myocardium, in both
the left and right ventricles, as compared to their age-matched wild-
type counterparts. Note the concentric hypertrophy of the Cav-1
KO (—/-) heart, involving the anterior and posterior walls, and
the interventricular septum. (C, D) Examination at2agnifica-

tion demonstrated generalized myocyte hypertrophy and disorga-
nization, which is more advanced than the focal lesions seen in 2-
. and 4-month-old Cav-1 nulH/—) hearts 43). These results suggest
model andy-sarcoglycan knockout mice49, 50). The that the cardiac hypertrophy is progressive and that mortality may
variability in disease expression in these animal models maycorrelate with the degree of cardiac hypertrophy. (E, F) Ak40
be influenced by the type of anesthetic used or by genetic Qﬁ%{;{ggt'%’c gr?]rgéicyir%y?ﬁé'tﬁywﬁg{%@hyeﬁg?ggﬁ rrﬁ;gé'g”ggr
_modlfler loci (43). However, both groups noted a functlpnal nuclei and doublet nuclei are observed throughout the myocardium.
impairment of young Cav-1 nulH/—) mouse hearts using

transthoracic echocardiography as evidenced by diminishedyjth Cav-1 KO (-/—) mice that were found dead and
fractional shortening, a measure of cardiac systolic function- sybjected to necropsy.

ing (42, 43). As shown in Figure 4A,B, 12-month-old Cav-1 K& /)
Histological analysis revealed focal areas of hypertrophy, mice show profound thickening of the myocardium in both
disarray, and degeneration of cardiac myocytes with interstitial/ the left and right ventricles, as compared to their wild-type
perivascular fibrosis in 2- and 4-month-old Cav-1 nuif {) counterparts. Examination at higher magnifications{2®d
hearts 43). Cav-1 null /—) cardiac fibroblasts exhibited  40x) demonstrated generalized myocyte hypertrophy and
hyperactivation of the p42/44 MAP kinase cascade in fibrotic disorganization (Figure 4C,D), which are clearly more
lesions within intact hearts, as well as in isolated cultured advanced than the focal lesions we previously reported in
cardiac fibroblasts43). This is consistent with numerous 2- and 4-month-old Cav-1 nullH/—) mice @3). At 40x
previous reports demonstrating that Cav-1 acts as a negativamagnification, enlarged myocellular nuclei and double nuclei
regulator of the p42/44 MAP kinase cascad®&)( Thus, it are apparent within the myocardium (Figure 4E,F).
appears that loss of caveolin-1 expression in cardiac fibro- |t is now well accepted that cardiac fibroblasts play a
blasts leads to p42/44 MAP kinase hyperactivation and significant role in the process of cardiac structural remodeling
interstitial fibrosis, contributing to the development of cardiac and cardiac hypertrophy. Cardiac fibroblasts maintain the
hypertrophy. integrity of the myocardium by producing the extracellular
To determine if the cause of death in these mice was matrix, as well as a multitude of growth factors and cytokines
related to cardiac hypertrophy, the hearts from 12-month- (51). The histopathology of Cav-1 KO hearts is consistent
old Cav-1 KO (-/—) mice were sectioned and examined with the structural rearrangements characteristic of cardiac
histologically. Hearts from Cav-1 WH{/+) littermate mice remodeling. Reactive fibrosis adversely affects cardiac
of the same age were used as controls for comparison. It isfunction by several mechanisms: (i) accumulation of type |
important to note that virtually identical results were obtained collagen stiffens ventricular tissue, leading to decreased

Ficure 3: Abolition of the normal sexual dimorphism in long-
term survival in Cav-1 null{/—) mice. WT female mice typically
experience better long-term survival, as compared with their WT
male counterparts, as demonstrated by our WT cohort (panel A).
However, genetic ablation of Cav-1 resulted in a loss of this
protective effect in females, resulting in similar rates of mortality
between male and female Cav-1 nult/(-) mice (panel B).
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Cav-1 (+/+)

FicurRe 5: Histological examination of 12-month-old Cav-1 K&/{-) hearts by trichrome staining. Paraffin-embedded mouse hearts were
sectioned and subjected to trichrome staining to identify possible areas of fibrosis. Interestingly, the hearts of 12-month-old Cav-1 null
(—/-) mice show a significant increase in trichrome staining throughout the myocardium and particularly around large vessels (interstitial
and perivascular fibrosis; panels C and D). Arrows point at the areas of blue-green staining. In contrast, the hearts of-€©pwild{

type mice show much less detectable fibrosis, if any (panels A and B).

Cav-1 (+/4+)

Ficure 6: Gated MRI analysis of Cav-1 KO-(—) hearts at 12 months of age. We investigated hearts of older Cav-1 null mice using a
noninvasive technique, gated magnetic resonance imaging (MRI). Note that Cav-1 null mice demonstrate significant left ventricular (LV)
wall thickening ¢-36% thicker; see arrows), as compared to wild-type control mice. See Table 1 for detailed quantitation.

contractility; (i) intermyocellular fibrosis impedes electrical determining several parameters in the murine heart, especially
coupling, leading to inefficient, or even abnormal, conduc- right ventricular (RV) chamber size5®). Cardiac gating
tion; and (iii) fibrosis impairs oxygen diffusion, leading to allows for the timing of images that correspond to systolic
myocellular hypoxia and/or ischemi&l). Consistent with and diastolic portions of the cardiac cycle, thus allowing for
our previous observations at 2 and 4 months of age, trichromemeasurements of the fully dilated and fully contracted
staining of the myocardium reveals a significant increase in ventricular chamber.
fibrosis in 12-month-old Cav-1 KO+/—) mice (Figure 5). Using this technique, we examined the hearts of 12-month-
We next investigated the hearts of older Cav-1 null mice old Cav-1 null (/=) mice and age-matched controls for
using a noninvasive technique, gated magnetic resonanceseveral parameters (Figure 6, Table 1). We found that, at 12
imaging (MRI). Current MRI technology provides the most months of age, Cav-1 null mice demonstrate significant left
accurate and reliable noninvasive method of quantitatively ventricular (LV) wall thickening {36% thicker), as com-
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Table 1: MRI Analysis of the Hearts of WT and Cav-1 KO Mice at Sudden cardiac death syndrome in left ventricular hypertro-
4 and 12 Months of Age phy could be thrombotic or ischemic events, due to hyper-

age left ventricular right ventricular coagulability, endothelial dysfunction, or poor oxygen dif-

genotype (months) wall thickness (mm) internal diameter (mm) fusion (4). Future Vyor!<up of these mice should includtf:
prolonged ECG monitoring to assess the presence of possible

wild type & 0.95+ 0.04 1.48+ 0.05 o ; .

Cav-1 null ) 1.124+ 0.07 252+ 0.18 rhythm abnormalities at rest and during exercise.

wild type 12 1.09+ 0.11 1.56+ 0.21 Pulmonary DefectsAnother tissue with notably high

Cav-1null 12 1.48:0.12 1.95+0.13 caveolin-1 expression is the lung, which is particularly
ap < 0.05;n = 4 for each experimental groupComparative values ~ abundant in endothelial cells and type | pneumocyss.

reproduced from Cohen et a#lJ). Several groups have now independently generated Cav-1-

deficient mice and have reported marked defects in lung

pared to wild-type control mice. Interestingly, the right development. Histological examination of Cav-1 nuil{-)
ventricular (RV) chamber size of Cav-1 null mice~25% lung tissue revealed marked hypercellularity resulting in
larger than in the wild-type mice of the same age. thickening of alveolar septa®, 45, 56, 57). To identify the
Results obtained with younger mice (4 months of age) are cell population responsible for the hypercellular phenotype,
shown for comparison [Table #8)]. At 4 months of age,  specific markers for endothelial cells, type | pneumocytes,
Cav-1 null mice demonstrate anl8% increase in LV wall and alveolar macrophages were examined using immuno-
thickness and arn70% larger RV chamber when compared histochemistry. Of the antibodies used, the endothelial marker
to age-matched wild-type mice. Thus, in Cav-1 null mice, Flk-1 (VEGF receptor) displayed a significant increase in
the observed left ventricular (LV) wall thickening is clearly cellular staining in Cav-1 null{/—) lung sections45, 56).
progressive, while RV chamber size decreases with increas-Furthermore, staining with Ki67, a marker for cellular
ing age. proliferation, demonstrated a dramatic increase in the number
While gated cardiac MRI provides a significant means by of proliferating cells 45).
which measurements of several cardiac parameters can be Zhao and colleagues have recently reported that Cav-1-
made, this technique is limited in that it cannot give the most deficient (-/—) mice exhibit pulmonary hypertension, result-
accurate measurements of dynamic parameters, such a#g in right ventricular hypertrophy and dilation, as deter-
systolic function. Therefore, to more thoroughly evaluate the mined by weight and histology measuremed® (Hemody-
cardiac defects observed in Cav-1 nul/{-) mice, we next namic data revealed significant increases in RV contractility
performed transthoracic echocardiography on wild-type and and diastolic function. Consistent with pulmonary hyperten-
Cav-1 null (/=) mice at 12 months of age. sion, pulmonary artery pressures in Cav=4) null mice
As seen in Table 2, results obtained by echocardiographywere found to be~90% higher than their wild-type
show that 12-month-old Cav-1 nul=(—) mice exhibit counterparts, and LV/RV ratios were decreased with no
significant left ventricular hypertrophy with increases of outflow tract obstructions and normal left-sided heart pres-
~51% in intraventricular septal thickness, posterior wall sures. This suggests that the pulmonary hypertension is
thickness, and LV wall thickness during diastole, when independent of the left ventricular heart defects but rather is
compared to age-matched wild-type control mice. secondary to an intrinsic defect of the lungs. Cav-1 null
At 12 months of age Cav-1 null{/—) mice also (=/—) mice also exhibited signs of cor pulmonale, with
demonstrate a significant reduction in left ventricular systolic increases in liver/body weight measurements suggestive of
function, as evidenced by decreased fractional shorteningsevere right-sided failure4g).
(Table 2). Cav-1 null{/—) mice show an~29% decrease In the present study, lungs from 12-month-old Cav-1 KO
in fractional shortening, when compared to age-matched (—/—) mice were examined morphologically. On gross
wild-type controls. Thus, consistent with concentric left examination, they appeared hyperemic. Histological exami-
ventricular hypertrophy, 12-month-old Cav-1 nul-/c) nation revealed advanced alveolar septal thickening, in-
mice demonstrate progressive increases in LV wall thicknesscreased inflammatory infiltrates, and reactive endothelial cell
with normal left ventricular end-diastolic dimension and proliferation (Figure 7). In addition, the alveolar spaces were
reduced left ventricular systolic function. filled with extravasated red blood cells. It is important to
The onset of sudden death in Cav-1 nufl/{) mice in note that virtually identical results were obtained with Cav-1
the absence of cerebrovascular accident, myocardial infarc-KO (—/—) mice that were found dead and subjected to
tion, or massive pulmonary embolus is consistent with the necropsy.
sudden cardiac death syndrome that is associated with Right ventricle (RV) wet weight-to-body weight ratios
hypertrophic cardiomyopathy. Hypertrophic cardiomyopathy were measured to determine the degree of right heart strain
is classically associated with arrythmias and premature (Figure 8). At 12 months of age, the Cav-t/(-) RV-to-
sudden death secondary to the progressive disorganizatiorbody weight ratio [1.9 0.39 (mg/g);n = 5] was found to
of cardiac tissue53, 54). Another possible mechanism of be >2-fold elevated, as compared with their Cav-#t/-¢)

Table 2: Echocardiographic Analysis of WT and Cav-1 KO Mice at 12 Months of* Age

end diastolic end systolic  intraventricular septal posterior wall ~ wall thickness  relative wall fractional
genotype diameter (mm) diameter (mm) thickness (mm) thickness (mm) diastole (mm) thickness (ratio) shortening (%)
wild type 3.23+0.15 151+ 0.15 0.70+ 0.01 0.75+ 0.02 0.73+0.01 0.46+ 0.02 53.9+ 25
Cav-1null  2.78+:0.12 1.64+0.14 1.09+ 0.0 1.10+ 0.0 1.10+0.02 0.80+ 0.04 41.6+ 3.8

an > 7 for each experimental groupp < 0.03.
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month-old Cav-1 KO {/—) mice, paraffin-embedded, and sectioned. Interestingly, histological examination revealed advanced alveolar
septal thickening and increased inflammatory infiltrates, with reactive endothelial cell proliferation. In addition, the alveolar spaces were
filled with extravasated red blood cells. Note that much of the typical alveolar structure has been replaced by inflammatory cells and

proliferating endothelial-like cells.

25 * endothelial cell proliferation and maturatioss{ 61). Con-
%D sidering the severity of the pulmonary hypertension in Cav-1
k3] 21 null (—/=) mice, acute respiratory failure compounded with
E - right-sided heart failure is another possible cause of reduced
2 %ﬁ | viability.
2ag °
i) CONCLUSIONS
E & ' In summary, we show here that Cav-1 nult/) mice
?_, exhibit an~50% reduction in viability at the end of 2 years,
fo 0-57 with the major declines in viability occurring from 27 to 65
~ weeks of age. This dramatic reduction in life span appears
0- to be secondary to a combination of pulmonary fibrosis,
pulmonary hypertension, and cardiac hypertrophy. Thus,
Cav-1: (++) (-/-) Cav-1 null (/=) mice may represent a new animal model

Ficure 8: Degree of right heart strain in 12-month-old Cav-1 KO
(—=/-) mice At 12 months of age, right ventricle wet weight-to-
body weight ratios (mg/g) were measured. Note that the Cav-1
(—=/-) RV-to-body weight ratio is>2-fold elevated, as compared
with Cav-1 (+/+) wild-type mice. An asterisk denotes statistical
significance G = 5 for each experimental group; < 0.01).

wild-type counterparts [0.9% 0.15 (mg/g)n = 5; p < 0.01].

In addition, at 12 months of age, the liver-to-body weight

ratios demonstrated an20% increase in Cav-1 nul+/—)

mice, consistent with severe right-sided heart failure.
Severe pulmonary hypertension is associated with high

morbidity and mortality and is characterized by marked

derangements of angiogenesis in the pulmonary vasculature

(58—60). This aberrant angiogenesis of endothelial progeni-
tor-like cells occurs due to inactivation of certain tumor

suppressor genes, leading to the dysregulated expression of 7.
angiogenesis-related molecules, such as VEGF and VEG-

FR-2 (9, 60). The consequence is a loss of endothelial
monolayer growth resulting in the formation of intravascular
“tumorlets” or plexiform lesionsg0). These physiologic and
histopathologic data demonstrate the importance of Cav-1
in maintaining normal lung physiology and pulmonary
vascular angiogenesis.

Consistent with pulmonary hypertension, Cav-1 nui-)
mice exhibited an impairment of exercise tolerance, as
compared with wild-type littermates4%, 56). Also, the
aberrant growth of endothelial-like progenitor cells express-
ing angiogenesis-related proteins (such as Flk-1) confirms
previous work illustrating the critical role of Cav-1 in

to study the pathogenesis of progressive hypertrophic car-
diomyopathy and sudden cardiac death syndrome.
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