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Introduction

Caveolins are structural proteins essential for the formation of 
caveolae. The caveolin family comprises three members: caveo-
lin-1 (Cav-1), caveolin-2 (Cav-2), and caveolin-3 (Cav-3). Cav-1 
and Cav-2 proteins show ubiquitous expression, while Cav-3 pro-
tein expression is restricted to muscle cells.1,2 The human Cav-1 
and Cav-3 proteins share 65% identity and 85% similarity, and 
both have a conserved caveolin scaffolding domain (CSD) that 
confers the ability to interact with and inactivate other signal-
ing proteins. The human Cav-2 protein is the most divergent 
member, sharing only 38% identity and 58% similarity with the 
human Cav-1 protein.3 Also, its CSD does not appear to have any 
regulatory function on signaling proteins, but may rather localize 
Cav-2 to the Golgi apparatus.4

Caveolin proteins are highly expressed in the lungs. Mice 
carrying disrupted Cav-1 and/or Cav-2 genes show severe pul-
monary defects. The lung parenchyma of these mice is disor-
ganized due to thickening of the alveolar septa, proliferation of 

Caveolar domains act as platforms for the organization of molecular complexes involved in signal transduction. Caveolin 
proteins, the principal structural components of caveolae, have been involved in many cellular processes. Caveolin-1 
(Cav-1) and caveolin-2 (Cav-2) are highly expressed in the lung. Cav-1-deficient mice (Cav-1−/−) and Cav-2-deficient mice 
(Cav-2−/−) exhibit severe lung dysfunction attributed to a lack of Cav-2 expression. Recently, Cav-1 has been shown to 
regulate lung fibrosis in different models. Here, we show that Cav-2 is also involved in modulation of the fibrotic response, 
but through distinct mechanisms. treatment of wild-type mice with the pulmonary fibrosis-inducer bleomycin reduced 
the expression of Cav-2 and its phosphorylation at tyrosine 19. Importantly, Cav-2−/− mice, but not Cav-1−/− mice, were 
more sensitive to bleomycin-induced lung injury in comparison to wild-type mice. Bleomycin-induced lung injury was 
characterized by alveolar thickening, increase in cell density, and extracellular matrix deposition. the lung injury observed 
in bleomycin-treated Cav-2−/− mice was not associated with alterations in the tGF-β signaling pathway and/or in the 
ability to produce collagen. However, apoptosis and proliferation were more prominent in lungs of bleomycin-treated 
Cav-2−/− mice. Since Cav-1−/− mice also lack Cav-2 expression and show a different outcome after bleomycin treatment, 
we conclude that Cav-1 and Cav-2 have distinct roles in bleomycin induced-lung fibrosis, and that the balance of both 
proteins determines the development of the fibrotic process.
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endothelial cells, and fibrosis.5,6 These alterations were attributed 
to a lack of Cav-2 expression, since Cav-1−/− mice show a very low 
expression of Cav-2, which is retained in the Golgi, while Cav-
2−/− mice express Cav-1 in the right localization (approximately 
50% in comparison to wild-type mice).

It has consistently been shown that Cav-1 plays an important 
role in fibrosis, especially in skin and lung-related models. For 
instance, Tourkina et al. showed that Cav-1 silencing in normal 
lung fibroblasts resulted in increased collagen expression and 
activation of the MEK/ERK signaling pathway. Interestingly, 
lung fibroblasts isolated from scleroderma patients with pul-
monary fibrosis show reduced Cav-1 expression and increased 
MEK/ERK activities as compared with normal lung fibroblasts.7 
Cav-1 expression is also reduced in lung fibroblasts derived from 
idiopathic pulmonary fibrosis, and Cav-1 gene transfer amelio-
rates bleomycin-induced fibrosis in mice through inhibition of 
the TGF-β signaling pathway.8 Tourkina et al. further showed 
that treatment of mice with a peptide corresponding to the Cav-1 
scaffolding domain diminishes bleomycin-induced lung injury.9 
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Cav-2 expressions in the human epithelial lung cancer cell line 
A549,11 it conversely decreases Cav-1 and Cav-2 expressions in 
the rat type I-like alveolar epithelial cell line R3/1.12 Nonetheless, 
although Cav-2 is highly expressed in the lungs, investigation of 
its role in lung fibrosis is still neglected.

Here, we examined the impact of a loss of Cav-2 expression 
in a pulmonary fibrotic mouse model. We observed that lungs of 
wild-type mice treated with bleomycin display decreased expres-
sion of the Cav-2 β isoform as well as reduced phosphorylation 
of Cav-2 β at the tyrosine 19 residue. Cav-2−/− mice are also 
more sensitive to bleomycin-induced lung injury as compared 
with wild-type mice. Interestingly, despite their profibrotic phe-
notype in basal condition, lungs of Cav-1−/− mice show similar 
lung injury as wild-type mice following bleomycin treatment. 
The damage induced by bleomycin in Cav-2−/− mice is not due to 
an altered capacity to induce fibrosis, as bleomycin-treated wild-
type, Cav-1−/−, and Cav-2−/− mice show comparable increases in 
hydroxyproline content. Furthermore, bleomycin-treated wild-
type and Cav-2−/− mice show similar TGF-β levels, TGF-β recep-
tor expression as well as similar activation of regulatory proteins 
of the TGF-β signaling pathway. By contrast, the higher suscep-
tibility of Cav-2−/− mouse lungs to bleomycin is correlated with 
increased apoptosis and proliferation. These data indicate that 
Cav-1 and Cav-2 use distinct mechanisms to repair tissues after a 
fibrotic insult, and that the balance of both proteins determines 
the outcome of the fibrotic process.

Results

Bleomycin treatment decreases the expression and tyrosine 
phosphorylation of the Cav-2 β isoform. The expression of 
Cav-2 was determined by immunoblot analyses using the right 
cranial lobe of the lung of WT mice 14 d after bleomycin instil-
lation. The expression of total and phosphorylated isoforms 
of Cav-2 was normalized to the expression of β-actin in each 
sample. As shown in Figure 1, expression of the β isoform of 
Cav-2 was highly diminished in bleomycin-treated mice (46% 
reduction compared with saline-treated mice, P = 0.0003), 
while expression of the α isoform was not altered (P = ns). 
Importantly, phosphorylation of Cav-2 β at tyrosine 19 was also 
greatly reduced, even considering that the total Cav-2 β levels 
were decreased after bleomycin treatment (Fig. 1, P < 0.0001). 
Indeed, while total levels of Cav-2 β were reduced by 46% in 
lungs of bleomycin-treated mice, the levels of PY19-Cav-2 β 
were reduced by 82%. In contrast, the reductions observed in 
total Cav-2 β levels and the phosphorylation level of Cav-2 β at 
serine 23 were similar, indicating that the capacity to phosphor-
ylate Cav-2 at serine 23 is not altered after bleomycin treatment. 
Moreover, the α isoform of Cav-2 and its phosphorylated forms, 
either at tyrosine 19 or serine 23, were not altered after bleo-
mycin instillation. Therefore the expression and activation of a 
specific isoform of Cav-2, i.e., the β isoform, are highly altered 
in the injured pulmonary tissue.

Cav-2−/− mice are more sensitive to bleomycin-induced lung 
injury. In order to investigate the effect of a lack of Cav-2 expres-
sion on bleomycin-induced lung injury, wild-type, Cav-1−/−, and 

Figure 1. Bleomycin treatment decreases the expression and phos-
phorylation of the Cav-2 beta isoform. (A) Immunoblot analyses of the 
expression of Cav-2 and its phosphorylated isoforms in lung lysates of 
wild-type mice treated with saline or bleomycin. β-actin is shown as a 
control for equal protein loading. Four mice are shown for each group 
(n = 7–10 for each group). (B) Densitometric analyses of the expres-
sion of Cav-2 and its phosphorylated isoforms were performed with 
the ImageJ software. the expression of Cav-2 and its phosphorylated 
isoforms were then normalized to β-actin expression and expressed as 
a percentage of the Wt-SAL group. Bleomycin treatment decreases the 
protein levels of total Cav-2 β (***P = 0.0003) and pY19-Cav-2 β (****P < 
0.0001) (n = 7–10 for each group).

Our group showed corroborating results using Cav-1−/− mice and 
the CSD peptide, confirming the anti-fibrotic properties attrib-
uted to Cav-1.10 Interestingly, while bleomycin induces Cav-1 and 
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Thus, Cav-2 modulates the fibrotic response by a mechanism 
that involves signal transduction pathways implicated in the 
control of apoptosis and proliferation, rather than the induction 
of molecules of the extracellular matrix, such as collagen. Since 
Cav-1−/− mice also lack Cav-2 expression and are less severely 
affected by bleomycin treatment as compared with Cav-2−/− mice 
(which still express Cav-1), we suggest that the balance of Cav-1 
and Cav-2 determines the outcome of bleomycin-induced injury.

Cav-2−/− mice were intratracheally instilled with bleo-
mycin and sacrificed 14 d after for histological analysis 
of the lung. Lung injury was quantified by measuring 
the percentage of total area of the section composed of 
reorganized parenchyma and was expressed as a per-
centage of the WT group. Bleomycin-induced lung 
injury was characterized by a loss of pulmonary archi-
tecture caused by thickening of alveolar septa, accu-
mulation of proliferating and inflammatory cells, and 
filling of alveolar spaces with cells and/or extracellu-
lar matrix. Interestingly, wild-type and Cav-1−/− mice 
treated with bleomycin developed similar lung injury 
(Fig. 2A and B, P = ns). In contrast, Cav-2−/− mice 
were more susceptible to bleomycin, showing larger 
areas of injured tissue in comparison to wild-type 
mice (Fig. 2A and B, P < 0.01). Therefore, bleomycin-
induced lung damage is exacerbated in Cav-2−/− mice.

Fibrosis is not altered in Cav-2−/− mice. To evalu-
ate whether lung injury was due to alterations in the 
fibrotic response in Cav-2−/− mice, we determined 
the hydroxyproline content of the right caudal lobe 
of the lung, as an indication of collagen deposition 
in the pulmonary tissue. Although basal levels of 
hydroxyproline were higher in Cav-1−/− mice, the 
increase in hydroxyproline deposition observed fol-
lowing bleomycin instillation was similar among the 
different genotypes (Fig. 3A, P = ns). In addition, 
we also determined the levels of TGF-β in lungs of 
all genotypes. As shown in Figure 3B, the increase 
in TGF-β levels observed after bleomycin treat-
ment were similar in all the genotypes tested (P = 
ns). Moreover, expressions of the TGF-β receptor I 
as well as the activation of Smad2/3 were similar in 
both wild-type and Cav-2−/− mice subjected to bleo-
mycin instillation (Fig. 3B). Therefore, we did not 
find any alterations in the TGF-β-signaling pathway 
after bleomycin treatment in lungs of Cav-2−/− mice.

Apoptosis incidence is higher in Cav-2−/− mice 
after bleomycin instillation. Bleomycin is a strong 
inducer of apoptosis, and apoptosis is a stimulus for 
the fibrotic response, including the proliferation and 
accumulation of cells in the lungs.13 We determined 
the incidence of apoptotic cells after instillation of 
saline or bleomycin in lung sections of all genotypes. 
As shown in Figure 4, Cav-2−/− mice treated with 
bleomycin show an increased number of apoptotic 
cells (~2-fold) as compared with their wild-type and 
Cav-1−/− counterparts (P < 0.05).

We also determined the expression of proteins involved in 
proliferation in lungs of wild-type and Cav-2−/− mice treated or 
not with bleomycin. Interestingly, we detected an increase in 
Cyclin D1 expression in bleomycin-treated mice, which is higher 
in Cav-2−/− mice in comparison to wild-type mice. In contrast, 
we detected an increase in the expression of the CDK (cyclin-
dependent kinase) inhibitor p27 in bleomycin-treated wild-type 
mice, but not in Cav-2−/− mice (Fig. 5).

Figure 2. Cav-2−/− mice are more susceptible to bleomycin-induced lung injury. 
(A) Cav-2−/− mice show larger areas of injured parenchyma after bleomycin instilla-
tion. Wild-type, Cav-1−/−, and Cav-2−/− mice were intratracheally instilled with saline 
or bleomycin (1 U/kg) (n-12–22 for each group). Fourteen days later, the left lung was 
processed for histological analysis and stained with H&e. Bleomycin leads to reorga-
nization of the lung parenchyma characterized by thickened alveolar septa and ac-
cumulation of proliferating and inflammatory cells. (B) Quantification of lung injury 
after bleomycin instillation. Lung injury was quantified by measuring the percentage 
of total area of the section composed of reorganized parenchyma. Measurement 
of the total and damaged areas was achieved with the ImageJ software. Data were 
expressed as a percentage of the Wt group (**P < 0.01, n = 12–22 for each group).
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lungs of Cav-2−/− mice. Moreover, bleomycin treatment increases 
the expression of the CDK inhibitor p27 in the lungs of wild-type 
mice, but not in those of Cav-2−/− mice. These results indicate 
a higher incidence of proliferating cells in lungs of bleomycin-
treated Cav-2−/− mice. Downregulation of p27 and the subse-
quent upregulation of Cyclin D1 expression are also implicated 
in IPF, another model of lung fibrosis,14 and in the proliferation 
of distinct pulmonary cell types such as fibroblasts15 and alveolar 
type II cells.16 Cav-2 is also implicated in the regulation of pro-
liferation. It has been shown that the expression of Cav-2 coun-
teracts the effects of miR-199a-3p, a microRNA that mediates 
proliferation and survival of tumor cells.17 According to this idea, 
are reports of thickening of the alveolar septa and proliferation of 
endothelial cells in lungs of Cav-2−/− mice.5,6

In addition, we noticed that lungs of bleomycin-treated mice 
present dead cells with condensed nuclei and well-preserved 
membranes, compatible with apoptotic cell death. Bleomycin is 
a toxic compound that may provoke distinct mechanisms of cell 
death according to the number of molecules internalized. Indeed, 
while thousands of molecules of bleomycin induce mitotic death, 
which is characterized by enlarged polynucleated cells, millions 
of molecules of bleomycin lead to apoptosis.18 Interestingly, it is 
also known that bleomycin does not cross the cell membrane 
efficiently. Some studies indicated that bleomycin binds to a 

Discussion

Bleomycin is an antibiotic largely used in chemotherapy pro-
tocols. Nevertheless, an important side-effect of bleomycin is 
the development of lung fibrosis. Hence, bleomycin has been 
largely used as a prototypic inducer of lung fibrosis in animal 
studies. It has been shown that bleomycin activates the TGF-β 
signaling pathway leading to collagen deposition. Furthermore, 
many studies demonstrated that it induces apoptosis, particu-
larly within lung epithelial cells, which triggers the fibrogenic 
response. Interestingly, apoptosis inhibitors are able to block the 
deposition of collagen in the pulmonary tissue.13

Here, we observed that Cav-2−/− mice are more sensitive to 
bleomycin-induced lung injury than wild-type and/or Cav-1−/− 
mice. Bleomycin-induced lung injury is characterized by alveo-
lar septa thickening, increase in cellularity and disorganization 
of the lung parenchyma, collagen deposition, and induction of 
apoptosis. Interestingly, collagen production, TGF-β levels, and 
the activation of the TGF-β signaling pathway are not altered in 
bleomycin-treated Cav-2−/− mice in comparison to their wild-type 
counterparts. In contrast, proliferation markers, such as Cyclin 
D1 and p27 are altered in bleomycin-treated Cav-2−/− mice. 
Indeed, we showed that expression of Cyclin D1 is increased after 
bleomycin instillation, and this effect is more pronounced in the 

Figure 3. Fibrosis is not altered in bleomycin-treated Cav-2−/− mice. (A) the collagen content is similar in lungs of bleomycin-treated wild-type and Cav-
2−/− mice. Hydroxyproline content of the right lung was determined and expressed as the total amount per lobe (upper panel) and as a percentage of 
the hydroxyproline content in saline-treated mice (lower panel) (**P < 0.01, n = 5–7 for each group). (B) the expression and activation of members of 
the tGF-β signaling pathway are not altered in Cav-2−/− mice. Upper panel: tGF-β levels were determined in lysates from the right lung of mice instilled 
with saline or bleomycin for 14 d (*P < 0.05, ***P < 0.001, n = 5–9 for each group). Lower panel: expressions of the tGF-β receptor I and the phosphory-
lated form of Smad2/3 were detected by immunoblot analyses of lung lysates from wild-type and Cav-2−/− mice instilled intratracheally with saline or 
bleomycin and were shown to be present in similar levels in wild-type and Cav-2−/− mice. β-actin is shown as a control for equal protein loading. each 
group consists of 3–6 mice (Wt SAL, n = 3; Wt BLeo, n = 4; Cav-2−/−, n = 6, and Cav-2−/−, n = 5).
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water. Cav-1−/− and Cav-2−/− mice were generated as previously 
described.6,23

Only 12-wk-old male mice in the C57Bl/6J genetic back-
ground were used for these experiments. Experimental proce-
dures were approved by the Institutional Animal Care and Use 
Committee (IACUC) at Thomas Jefferson University.

Bleomycin-induced lung fibrosis. Mice were anesthetized 
with a mixture of 5 mg/kg xylazine and 50 mg/kg ketamine. 
A dose of 1 U/kg of bleomycin in 50 μL sterile saline solution 
was administered intra-tracheally followed by 300 μL of air to 
assure the spreading of the drug to the distal sites of the lungs. 
Control animals were given an equal volume of sterile saline only. 
Fourteen days after administration of saline or bleomycin, mice 
were euthanized by CO

2
 inhalation.

Immunoblot analyses. For protein isolation from lung tissue, 
the right cranial lobe of the lung was isolated, promptly frozen 
in liquid nitrogen, and stored at −80 °C. The frozen tissue sam-
ples were then homogenized in an appropriate volume of lysis 
buffer (10 mmol/L Tris, pH 7.5, 150 mmol/L NaCl, 1% Triton 
X-100, and 60 mmol/L n-octyl-glucoside), containing protease 
and phosphatase inhibitors. Tissue lysates were then centrifuged 
at 12 000× g for 10 min (at 4 °C) to remove insoluble debris. 
Protein concentrations were analyzed using the BCA reagent 
(Pierce), and the volume required for 50 μg of protein was deter-
mined. Samples were then separated by sodium dodecyl sulfate 
(SDS)-PAGE (12% acrylamide) and transferred to nitrocel-
lulose. All subsequent wash buffers contained 10 mmol/L Tris, 
pH 8.0, 150 mmol/L NaCl, 0.05% Tween 20, which was supple-
mented with 5% nonfat dry milk (Carnation) for the blocking 
solution, and 1% bovine serum albumin for the antibody diluent. 
Primary antibodies were used at a 1:1000 dilution. Horseradish 

protein receptor on the plasma membrane, which is then endocy-
tosed.19,20 Here, we detected an increase in the number of apop-
totic cells after bleomycin treatment in lungs of Cav-2−/− mice as 
compared with wild-type mice. We did not notice any enlarged 
polyploid cells in our preparations. These results indicate that the 
cells are exposed to high quantities of bleomycin. Interestingly, 
Schmuel et al. have presented evidences that Cav-2 may act as an 
inhibitory modulator of endocytosis of the M1 muscarinic recep-
tor in epithelial cells.21 Moreover, our recent results show that, 
in contrast to wild-type mice, intestinal epithelial cells of Cav-
2−/− mice display big vacuoles in the cell cytoplasm after intra-
peritoneal injection of LPS.22 Therefore, a more efficient uptake 
of bleomycin molecules by the pulmonary epithelial cells could 
explain the higher incidence of apoptotic cells in lungs of Cav-
2−/− mice. Altogether, our results suggest that the increased dam-
age observed in bleomycin-treated Cav-2−/− mice results from 
alterations in the apoptotic and proliferation processes.

Finally, we conclude that the balance of Cav-1 and Cav-2 
expressions determines the outcome of tissue repair after bleomy-
cin-induced lung injury. Interestingly, although Cav-2 expression 
is absent from lung tissues of Cav-1−/− mice, the pulmonary dam-
age observed in these mice is comparable to the damage observed 
in wild-type mice. These results are in accordance with our results 
with LPS-induced sepsis in Cav-1−/− and Cav-2−/− mice. Indeed, 
a lack of Cav-2 expression is correlated with a higher sensitiv-
ity to LPS. In contrast, Cav-1−/− mice show a similar response to 
LPS as wild-type mice. Moreover, several mechanisms involved 
in the sepsis response are induced in opposite ways in Cav-1−/− 
and Cav-2−/− mice. For instance, induction of iNOS, production 
of NO, increase in permeability are more prominent in LPS-
treated Cav-2−/− mice, whereas it is less induced in LPS-treated 
Cav-1−/− in comparison to wild-type mice.22 Since Cav-1−/− mice 
do not express Cav-2 and Cav-2−/− mice display a 50% reduction 
of Cav-1 expression, we conclude that it is not only the absence of 
Cav-2 that promote these effects, but rather the absence of Cav-2 
in the presence of Cav-1.

Materials and Methods

Materials. The bleomycin and phosphatase inhibitors were pur-
chased from Sigma Chemical Co. Protease inhibitors are from 
Roche, the LSAB2 system kit from Dako Cytomation and 
the TACS2 Tdt-blue label in situ apoptosis detection kit from 
Trevigen, Inc. Antibodies were as follows: β-actin (cat# A1978, 
Sigma), Cav-2 (cat# 610684, BD-PharMingen), phospho(Tyr19)-
Cav-2 (cat# PA1-060, Affinity Bioreagents), phospho(Ser23)-
Cav-2 (cat# PA1-25625, Affinity Bioreagents), cyclin D1 (cat# 
sc-717, Santa Cruz Biotechnology), p27 (cat# sc-1641, Santa 
Cruz Biotechnology), phospho(Ser423/425) Smad2/3 (cat# 
sc-11769, Santa Cruz Biotechnology), Smad 7 (cat# sc-11392, 
Santa Cruz Biotechnology), and TGF-βRI (cat# sc-398, Santa 
Cruz Biotechnology).

Animal studies. All animals were housed and maintained 
in a pathogen-free environment/barrier facility at the Kimmel 
Cancer Center at Thomas Jefferson University. Mice were kept 
on a 12 h light/dark cycle with ad libitum access to chow diet and 

Figure 4. Lungs of bleomycin-treated Cav-2−/− mice exhibit an increased 
incidence of apoptotic cells as compared with Wt and Cav-1−/− mice. 
Whole sections of paraffin-embedded left lungs of wild-type, Cav-
1−/− and Cav-2−/− mice treated with saline or bleomycin were used for 
detection of apoptosis by the tUNeL technique. Data were expressed as 
a percentage of the Wt+Bleo group (*p < 0.05, **p < 0.01, ***p < 0.001, n 
= 4 to 11 for each group).
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TGF-β ELISA. Protein samples derived from the right 
cranial lobe of the lung were prepared as described above. 
TGF-β was detected using the TGF-β1 Emax immuno-
assay system (Promega) according to the manufacturer’s 
instructions.

In situ apoptosis staining (TUNEL) assay. Paraffin-
embedded sections were deparaffinized, and rehydrated 
with decreasing concentrations of ethanol. Apoptosis was 
detected by the in situ TUNEL (terminal deoxynucleoti-
dyl transferase biotin-dUTP nick end labeling) labeling 
procedure using the TACS2 Tdt-blue label in situ apopto-
sis detection kit. In brief, sections were treated with 50 μL 
of a proteinase K solution for 20 min and quenched in 
freshly prepared 3% hydrogen peroxide in methanol for 
4 min at room temperature. Then, sections were labeled 
with the TdT dNTP mix at 37 °C for 1 h in a humidi-
fied chamber. The color reaction was developed with the 
Streptavidin-HRP solution for 10 min, followed by incu-
bation with the blue label solution for 3 min at room tem-

perature. After counterstaining for 1 min with the nuclear dye 
fast red, sections were dehydrated and mounted with mounting 
medium (Surgipath Inc).

Statistical analysis. All values are expressed as mean ± 
SEM. Data sets were examined by one-way analysis of variance 
(ANOVA), and individual group means were compared with 
the Student unpaired t test. A P value of < 0.05 was considered 
significant.
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peroxidase-conjugated secondary antibodies (anti-mouse 
1:6000 dilution [Pierce] or anti-rabbit 1:5000 [Transduction 
Laboratories]) were used to visualize bound primary antibod-
ies with the Supersignal chemiluminescence substrate (Pierce). 
When phospho-specific antibody probes were used, nonfat dry 
milk was omitted from the blocking and primary antibody 
solutions.

Histology. Fourteen days after bleomycin instillation, mice 
were sacrificed and the left lobe of the lung was collected, per-
fused with 10% buffered neutral formalin, and placed in 10% 
buffered neutral formalin for fixation. Twenty-four hours later, 
formalin was substituted for 70% ethanol. The tissue was par-
affin-embedded, sectioned and stained with hematoxylin and 
eosin (H&E). Histological sections were examined with a Zeiss 
phase contrast microscope. Injured areas were measured using 
the ImageJ software.

Hydroxyproline assay. The right caudal lungs obtained 
from mice were used for a hydroxyproline assay. The lungs were 
weighted and hydrolyzed in 6 N HCl for 16 h before hydroxypro-
line content determination, as previously described.24

Figure 5. Lungs of bleomycin-treated Cav-2−/− mice exhibit altered expression of 
cyclin D1 and p27, indicating increased proliferation. Lysates from the right lung 
of wild-type and Cav-2−/− mice treated with saline or bleomycin were submitted 
to SDS-pAGe. Cyclin D1 and p27 were detected with specific antibodies. β-actin 
is shown as a control for equal protein loading. each group consists of 3–6 mice 
(Wt SAL, n = 3; Wt BLeo, n = 4; Cav-2−/−, n = 6, and Cav-2−/−, n = 5).
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