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Background: Lipopolysaccharide (LPS) was shown to induce an increase in caveolin-1 (Cav-1)
expression in endothelial cells; however, the mechanisms regarding this response and the con-
sequences on caveolae-mediated transcellular transport have not been completely investigated.
This study aims to investigate the role of LPS-induced Cav-1 phosphorylation in pulmonary
microvascular permeability in pulmonary microvascular endothelial cells (PMVECs).
Methods: Rat PMVECs were isolated, cultured, and identified. Endocytosis experiments
were employed to stain the nuclei by DAPL, and images were obtained with a fluorescence
microscope. Permeability of endothelial cultures was measured to analyze the barrier function
of endothelial monolayer. Western blot assay was used to examine the expression of Cav-1,
pCav-1, triton-insoluble Cav-1, and triton-soluble Cav-1 protein.

Results: The LPS treatment induced phosphorylation of Cav-1, but did not alter the total
Cav-1 level till 60 min in both rat and human PMVECs. LPS treatment also increased the
triton-insoluble Cav-1 level, which peaked 15 min after LPS treatment in both rat and human
PMVECs. LPS treatment increases the intercellular cell adhesion molecule-1 expression. Src
inhibitors, including PP2, PP1, Saracatinib, and Quercetin, partially inhibited LPS-induced
phosphorylation of Cav-1. In addition, both PP2 and caveolae disruptor MBCD inhibited LPS-
induced increase of triton-insoluble Cav-1. LPS induces permeability by activating interleukin-8
and vascular endothelial growth factor and targeting other adhesion markers, such as ZO-1 and
occludin. LPS treatment also significantly increased the endocytosis of albumin, which could be
blocked by PP2 or MBCD. Furthermore, LPS treatment for 15 min significantly elevated Evans
Blue-labeled BSA transport in advance of a decrease in transendothelial electrical resistance of
PMVEC monolayer at this time point. After LPS treatment for 30 min, transendothelial electrical
resistance decreased significantly. Moreover, PP2 and MBCD blocked LPS-induced increase
in Evans Blue-labeled BSA level.

Conclusion: Our study demonstrates that LPS-induced Cav-1 phosphorylation may lead to
the increase of transcellular permeability prior to the increase of paracellular permeability in
a Src-dependent manner. Thus, LPS-induced Cav-1 phosphorylation may be a therapeutic
target for the treatment of inflammatory lung disease associated with elevated microvascular
permeability.

Keywords: caveolin-1, paracellular permeability, phosphorylation, pulmonary microvascular
permeability, transcellular permeability

Introduction
Pulmonary microvascular endothelial cells (PMVECs), which form the intimal sur-
face of the pulmonary microvascular as monolayer, provide a dynamic barrier that
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is critical for lung gas exchange and regulation of fluid and
solute passage between the blood and interstitial compart-
ments in the lung.! An increase of pulmonary microvascular
permeability due to the impairment of this barrier and the
following pulmonary interstitial and alveolar edema are key
hallmarks of inflammation and have been implicated in the
pathogenesis of many diseases, such as acute respiratory
distress syndrome.? Since acute respiratory distress syndrome
is a severe form of diffuse lung disease that imposes a sub-
stantial health burden throughout the world,? the regulation
of pulmonary microvascular permeability continuous to be
a heavily studied research area worldwide.

Vascular permeability is regulated via paracellular and
transcellular transport pathways. The paracellular transport is
only applicable for small molecules, such as glucose, while
the transfer of larger solutes, such as albumin, is mediated
by transcellular transport via caveolae-mediated vesicular
transport, which plays a crucial role in the maintenance of
normal colloid osmotic pressure.** Caveolae are 50-nm- to
100-nm-diameter plasma membrane invaginations with
a characteristic “flask-shaped” morphology. Caveolin-1
(Cav-1), a structural protein of caveolae, regulates the vesicle
carriers involved in the transcytosis of albumin across the
endothelial barrier.® It has been shown that overexpression
of Cav-1 in endothelial cells is associated with increased
transcytosis of albumin.” Furthermore, an increase in Cav-1
phosphorylation is associated with both increased albumin
transcytosis and decreased transendothelial electric resis-
tance of pulmonary endothelial cells.* Bacterial lipopoly-
saccharide (LPS), a glycoprotein in the outer membrane
of Gram-negative bacilli, is associated with increased lung
microvascular endothelial permeability and pulmonary
edema formation.® Although LPS was shown to induce the
increase of Cav-1 expression in endothelial cells®!’ and
murine macrophages,''? the mechanism of the response
and its consequences in regulating caveolae-mediated tran-
scellular transport have not been completely investigated.
Therefore, in the current study, we investigated the effect
of LPS on the transcytosis of albumin across PMVECs and
the underlying mechanisms.

Materials and methods

Isolation, culture, and identification

of rat PMVECs

Adult Sprague-Dawley rats (250-300 g) were purchased
from the Experimental Animal Center of Anhui Medical
University. All animal experiments were performed after
approval from the Animal Care and Use Committee of

Anhui Medical University. Rat PMVECs were isolated
from rat lungs according to previously reported method."
Unless otherwise specified, all chemicals were purchased
from Sigma-Aldrich (St Louis, MO, USA). Rat PMVECs
were incubated at 37°C in a humidified air containing
5% CO, with Dulbecco’s Modified Eagle’s Medium
(DMEM) medium supplemented with 10% fetal bovine
serum. For experiments, the passage 4—6 cells were used at
80%—-90% confluence. After cells reached the desired conflu-
ency, they were harvested by treating with a 0.25% solution
of trypsin—EDTA (37°C, 2 min).

Human lung epithelial cells were cultured with complete
DMEM medium at 37°C in a humidified air containing
5% CO,. CD34 antigen in the cultured cells was detected
by immunocytochemical staining. Cells were fixed with
paraformaldehyde for 10 min at room temperature, washed
in PBS, incubated with 3% H,0O, to neutralize endogenous
peroxidase for 10 min, washed in PBS, and blocked with 2%
BSA in PBS for 15 min. After three washes with PBS, cells
were incubated with 1:200 polyclonal antibody of CD34 at
37°C for 1 h and then incubated with the secondary antibody
at 37°C for 15 min. After washing with PBS three times, the
staining was visualized by adding diaminobenzidine (ZSGB-
BIO, Beijing, People’s Republic of China) according to
the manufacturer’s instructions. Hematoxylin staining was
performed to show the nucleoli.

In addition, fluorescein isothiocyanate-conjugated ban-
deiraea simplicifolia I isolectin B4 binding to the cultured
cells was observed with fluorescence microscope.

Endocytosis of Alexa 488-albumin
Endocytosis experiments were performed as described
previously.'* Rat PMVECs were seeded in six-well plates.
When the cells grew to 80%—90% confluence, the culture
medium was removed and the cells were cultured in DMEM
medium without fetal bovine serum for 5 h. After removal
of the medium, each well was washed and incubated with
PBS buffer containing Alexa 488 albumin (50 pg/mL), and
the cells were incubated at 37°C for 30 min. The wells were
then washed with PBS three times, and the cells were fixed
with 4% paraformaldehyde for 20 min at room temperature
and washed in PBS for another three times. The nuclei were
stained by DAPI, and images were obtained with a fluores-
cence microscope.

Translocation assay
Twenty microliters of PMVEC suspension was dissolved in
buffer solution containing 0.5 UL of full-length Tat-AF633.
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The solution was again added to an avidin-coated silicon
substrate to bind the Cav-1 (in PMVECs) onto the sub-
strate. The fluorescence images of the Cav-1 were obtained
in a time-resolved manner. The same experiments were
performed in the presence of the water-soluble dyes
Alexa Fluor 488. The images were captured with a con-
focal laser scanning microscope (Olympus Corporation,
Tokyo, Japan).

Assay for barrier function of endothelial

monolayer

Permeability of endothelial cultures was measured as
described previously." In brief, 100-uL cells were seeded
(2x105 cells/mL) onto transwell polycarbonate inserts.
The filters were pretreated for 24 h with DMEM medium
before seeding endothelial cells. The 600-uL medium
was added into the wells and changed every day. Experi-
ments were performed with cells at 80%-90% confluency.
A tracer solution containing Evans Blue-labeled BSA (EBA)
(0.67 mg/mL) was prepared in complete medium and was
used to assess monolayer permeability. In the upper compart-
ment of the Transwell insert, plasma mix was replaced with
100 pL of tracer solution, and culture medium in the lower
compartment was renewed with 600 uL of fresh medium
containing 4% BSA. After incubation for 30 min at 37°C,
200-uL samples were withdrawn from the lower compart-
ment, and the absorption was measured on a Microplate
Reader at 620 nm.

Western blot

Membrane and cytosolic proteins were isolated with a Mem-
brane and Cytosol Extraction Kit (Beyotime, Haimen, Jiangsu,
People’s Republic of China). Triton-soluble and -insoluble
proteins were isolated with a lysis buffer containing Triton-100
(Beyotime), and protein concentrations were determined using
a BCA protein assay kit (Biosynthesis Biotechnology Co.,
Ltd, Beijing, People’s Republic of China). Equal amounts of
protein were separated by 10% SDS gel electrophoresis under
denaturing and nonreducing conditions and then transferred to
anitrocellulose membrane. The membrane was blocked with
5% nonfat milk in Tris-buffered saline and Tween 20 at room
temperature for 1 h and then incubated with primary antibody
at 4°C overnight. After washing in Tris-buffered saline and
Tween 20, the blots were incubated with horseradish-coupled
secondary antibody. The signal was detected using enhanced
chemiluminescence and recorded on X-ray films. The rela-
tive density of the target bands was quantified using Image J
acquisition and analysis software.

Statistical analysis

Data were analyzed using the SPSS 17.0 software (SPSS,
Chicago, IL, USA). The results are presented as means *
standard deviations. Data were compared by one-way analy-
sis of variance followed by LSD post hoc test. A P-value of
less than 0.05 was considered significant.

Results

Identification of rat PMVECs

The cultured rat PMVECs were polygon or short and fusiform
in shape and showed a typical cobblestone-like appearance
under inverted optical microscope (Figure 1A). Immuno-
cytochemical staining (brown staining color) showed that
CD34 antigen was expressed in the cytoplasm of cultured
rat PMVEC:s (Figure 1B and C), whereas the pulmonary epi-
thelial cells were negative (Figure 1D). PMVECs were also
positively stained by fluorescein isothiocyanate-conjugated
bandeiraea simplicifolia I isolectin (Figure 1E), suggesting
the isolated cells have the typical characteristics of PMVEC.
The identification of human PMVECs was also performed
equal to the rat PMVECs (data not shown).

LPS treatment induced Cav-1| activation

and translocation
To investigate the effect of LPS on Cav-1 expression and
activation, we performed Western blot analysis. The results
showed that the phosphorylation of Cav-1 on Tyr-14 was
significantly increased upon treatment with LPS for up to
30 min. Although the phosphorylation of Cav-1 decreased
at the 60-min time point compared with that at 30 min, it
was still higher than control (Figure 2A and B). Total Cav-1
levels were not altered after 60-min LPS treatment. Cav-1 is
considered as a marker protein for small invaginations of the
plasma membrane referred to as caveolae. Hallmarks of these
membrane microdomains are their distinct protein and lipid
composition as well as detergent insolubility.!® To investi-
gate the distribution of Cav-1 in cells after stimulation with
LPS, the triton-soluble and triton-insoluble proteins were
extracted after LPS stimulation for indicated times. Western
blot showed that the triton-insoluble Cav-1 level increased
after LPS treatment and reached a peak at 15 min (Figure 2C
and D). Confocal laser scanning microscope showed that LPS
treatment for 15 min induced the translocation of Cav-1 from
cell membrane to the cytoplasm (Figure 2E and F).
Furthermore, the LPS-induced Cav-1 phosphorylation
was also examined in human PMVECs. The phosphoryla-
tion of Cav-1 decreased at the 60-min time point compared
with that at 30 min; however, it was still higher compared
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Figure 1 Identification of rat pulmonary microvascular endothelial cells (PMVECs).
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Notes: (A) Typical cobblestone-like morphology of PMVECs (x200). (B) Negative control of immunocytochemical staining of CD34 in PMVECs (x200). PMVECs were
stained with PBS instead of CD34 antibody. (C) Immunocytochemical staining (brown staining) of CD34 in PMVECs (x200). (D) Immunocytochemical staining (brown
staining) of CD34 in PMVECs (x200). (E) PMVEC staining with fluorescein isothiocyanate-conjugated bandeiraea simplicifolia | isolectin (x400). This experiment was repeated

for at least three times.

to the control (Figure 3A and B). The Western blot results
also showed that the triton-insoluble Cav-1 level increased
after LPS treatment and reached a peak at 15 min (Figure 3C
and D). Also, the LPS treatment for 15 min induced
the translocation of Cav-1 from cell membrane to the
cytoplasm (data not shown). Therefore, the LPS treatment
induced Cav-1 phosphorylation and translocation both in rat
and human PMVECs.

As already known, clathrin-mediated and caveolae-
mediated endocytosis of vascular endothelial cadherin
contribute to LPS-induced vascular hyperpermeability.
Clathrin phosphorylation was also examined. The results
indicated that there were no changes for the levels of

p-clathrin and clathrin protein in LPS treatment compared
to control (Figure S1).

LPS treatment increases the intercellular

cell adhesion molecule-1 expression

In order to explore the mechanism of the translocation after
LPS treatment, the intercellular cell adhesion molecule-1
protein was detected in both rat and human PMVECs.
The results indicated that the intercellular cell adhesion
molecule-2 protein was increased significantly after LPS
treatment compared to the control both in rat and human
PMVECs (Figure 3E and F) (P<<0.05) and also increased
following an increase in the concentration of LPS.
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Figure 2 Lipopolysaccharide (LPS) treatment-induced caveolin-1 (Cav-1) activation and translocation of rat pulmonary microvascular endothelial cells (PMVECs) were
treated with LPS (10 pg/mL) for indicated times, and then the phosphorylation of Cav-1 (A) and triton-soluble and triton-insoluble Cav-| (C) were determined by Western
blot. (B) Quantities for densitometric analysis of pCav-| and Cav-1. (D) Ratio of triton-insoluble Cav-l/triton-soluble Cav-I. (E) and (F) PMVECs were treated with or
without LPS (10 pg/mL) for 15 min, and then Cav-| was stained by immunofluorescence and observed by confocal microscopy. The white arrow represents the stained Cav-|
protein. *P<<0.05 represents the index in LPS treatment group compared to the control group. This experiment was repeated for at least three times.

The effect of LPS on Cav-|

was Src-dependent

Src family protein tyrosine kinases have been implicated in the
upstream signaling pathways of vascular hyperpermeability
and activated Src is known to phosphorylate Cav-1 to initiate
plasmalemmal vesicle fission and transendothelial vesicular

transport of albumin.!” Therefore, we next examined whether
the effect of LPS on Cav-1 activation and translocation was
Src-dependent. Pretreatment with a Src inhibitor PP2 partly
inhibited LPS-induced phosphorylation of Cav-1 (Figure 4A).
In addition, pretreatment with PP2 or MBCD also inhibited LPS-

induced increase in triton-insoluble Cav-1 level (Figure 4B).
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Figure 3 Lipopolysaccharide (LPS) treatment-induced caveolin-1 (Cav-1) activation in human pulmonary microvascular endothelial cells (PMVECs) and induces intercellular

cell adhesion molecule-1 (ICAM-1) expression in rat and human PMVECs.

Notes: The PMVECs were treated with LPS (10 pg/mL) for indicated times, and then the phosphorylation of Cav-l (A) and triton-soluble and triton-insoluble Cav-1|
(C) were determined by Western blot. (B) Quantities for densitometric analysis of pCav-| and Cav-1. (D) Ratio of triton-insoluble Cav-|/triton-soluble Cav-1. (E) ICAM-I
expression by using Western blot assay. (F) Statistical analysis for ICAM-| expression. *P<<0.05 represents the index in LPS treatment group compared to the control group.

This experiment was repeated for at least three times.

Furthermore, in order to confirm the effect of LPS on
Cav-1 was Src-dependent, the other Src inhibitors, such as
PP1, Saracatinib, and Quercetin, were detected by Western
blot assay. The results showed that pretreatment with the Src
inhibitor PP1, Saracatinib and Quercetin, could also inhibit the
LPS-induced phosphorylation of Cav-1 (Figure S2).

LPS induces permeability by activating
interleukin-8 and vascular endothelial
growth factor and targeting other

adhesion markers

In order to investigate the mechanism of the LPS-induced
permeability, the endothelial injury or permeability-related
cytokines, interleukin-8 and vascular endothelial growth
factor (VEGF), were examined. The Western blot assay

results indicated that interleukin-8 and VEGF were increased
significantly when treated with LPS compared to the control
(Figure 5A, P<<0.05). Meanwhile, the adhesion markers,
Z0-1 and Occludin, were also detected. The results showed
the levels of ZO-1 and occludin were also increased after
LPS treatment compared to control (Figure 5B, P<<0.05).
However, the increase of the ZO-1 and occludin was initiated
at 15 min after LPS treatment.

LPS increased the transcellular
permeability through the
phosphorylation of Cav-|

Endocytosis is the initial step of the transcellular transport
of macromolecules including albumin. The control group
(Figure 6A) illustrated the normal endocytosis of Alexa
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Figure 4 Lipopolysaccharide (LPS)-induced caveolin-1 (Cav-1) phosphorylation and translocation were Src-dependent. Pulmonary microvascular endothelial cells (PMVECs)
were pretreated with PP2 (15 uM) or MBCD (2 mM) for |5 min, and then stimulated with LPS (10 pg/mL) for another 15 min.

Notes: Then the phosphorylation of Cav-1 (A) and triton-soluble and triton-insoluble Cav-1 (B) were determined by Western blot. This experiment was repeated for at
least three times.

488-labeled albumin. LPS treatment (Figure 6B) significantly — albumin. We next tested the effect of LPS on the micro-
increased the endocytosis of Alexa 488-labeled albumin  vascular permeability. The results showed that LPS treat-
(with obvious light fluorescence, which was marked with  ment for 15 min significantly elevated the EBA level in the
white arrows). Pretreatment with MBCD (Figure 6C) or  bottom of the Transwell chamber (Figure 7A). However,
PP2 (Figure 6D) suppressed LPS-induced endocytosis of  the transendothelial electrical resistance of the monolayer
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Figure 5 Observation for the cytokines and adhesion markers in pulmonary microvascular endothelial cells (PMVECs).

Notes: (A) Western blot assay and statistical analysis for interleukin-8 (IL-8) and vascular endothelial growth factor (VEGF). (B) Western blot assay and statistical analysis
for ZO-1 and Occludin. *P<<0.05 represents the index in lipopolysaccharide treatment group compared to the control group. This experiment was repeated for at least
three times.
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Figure 6 Increased endocytosis of Alexa 488-labeled albumin (light fluorescence) induced by lipopolysaccharide (LPS) was blocked by PP2 and MBCD pulmonary microvascular
endothelial cells (PMVECs) were pretreated with PP2 (15 uM) or MBCD (2 mM) for 15 min, and then treated with LPS (10 pg/mL) for another 15 min.

Notes: The nuclei were stained by DAPI, and the images were obtained with a fluorescence microscope. (A) Control; (B) LPS; (C) MBCD + LPS; (D) PP2 + LPS. The white
arrows marked the light fluorescence in the PMVECs. This experiment was repeated for at least three times.

PMVECs was not altered at this time point (Figure 7B).
After LPS treatment for 30 min, the transendothelial elec-
trical resistance of PMVECs was decreased significantly,
indicating that the increase of transcellular permeability
occurred prior to the increase in paracellular permeability.
Pretreatment of PMVECs with PP2 or MBCD for 15 min
significantly blocked LPS-induced increase in EBA transport
(Figure 7C).

Discussion

Cav-1, a major structural and signaling protein of caveolae,
has been reported to be upregulated in human PMVECs
treated with LPS.!° In the present study, we demonstrated
that LPS treatment also induced the phosphorylation and
translocation of Cav-1 from cell membrane to the cytoplasm
in rat PMVEC:s. This effect of LPS was blocked by the Src
inhibitor, PP2, indicating that LPS-induced Cav-1 phospho-
rylation is Src-dependent. Furthermore, LPS treatment also
increased the endocytosis of albumin and transcellular trans-
port of EBA across PMVEC monolayers. Pretreatment with
PP2 or MBCD, which is known to disrupt caveolae, inhibited
LPS-induced increase of albumin transport. Moreover, the

increase in EBA transport through the PMVEC monolayers
occurred prior to the decrease in monolayer resistance fol-
lowing LPS treatment, suggesting that the increase of tran-
scellular permeability occurs first and may be required for
the increase in paracellular permeability.

Overexpression of Cav-1 in endothelial cells was able
to induce an increase in the transcytosis of albumin.” LPS
treatment for 4 h increases the expression of Cav-1 mRNA
and protein in human lung microvascular endothelial cells,
resulting in increased caveolae number, thereby contribut-
ing to increased transendothelial albumin permeability.'?
Overexpression of Cav-1 also enhances the LPS-induced
inflammatory response in mouse lung alveolar type-1
cells.'® Cav-1-knockout markedly attenuates LPS-induced
microvascular barrier breakdown and edema formation."”
Phosphorylation of Cav-1 on Tyr-14 also plays an important
role in regulating the pulmonary vascular permeability via
paracellular and transcellular pathways.* Phosphorylation of
Cav-1 may lead to the dissociation of vascular endothelial
cadherin/beta-catenin complexes and resultant endothelial
barrier disruption.* In the isolated lung, enhanced phospho-
rylation of Cav-1 also increases transendothelial albumin
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Figure 7 Lipopolysaccharide (LPS)-induced increase of transcellular permeability was blocked by PP2 and MBCD.

Notes: (A) Absorbance of Evans Blue-labeled BSA (EBA) in the lower compartment of Transwell filter-grown pulmonary microvascular endothelial cells (PMVECs) after LPS
treatment for indicated times. (B) Transendothelial electrical resistance (TER) changes of the monolayer PMVECs after LPS treatment for indicated times. (C) PP2 and MBCD
pretreatment inhibited LPS-induced increase of EBA in the lower compartment of Transwell. PMVECs were pretreated with PP2 (15 uM) or MBCD (2 mM) for 15 min,
and then treated with LPS (10 pg/mL) for another 15 min. The absorbance of EBA in the lower compartment of Transwell was determined. *P<<0.05, **P<<0.0l represent
the index in LPS treatment group compared to the control group. #P<0.01 represents the index in LPS treatment group compared to the LPS treatment, PP2 and MBCD

untreated group. This experiment was repeated for at least three times.

permeability through the enhancement of caveolae-mediated
albumin uptake and transport induced by isoflurane.? In the
present study, we showed that LPS treatment rapidly induced
the phosphorylation of Cav-1 on Tyr-14 in rat PMVECs
before total Cav-1 levels were changed. LPS treatment also
induced the enrichment of Cav-1 in triton-insoluble region,
suggesting redistribution from the cell membrane to the
cytoplasm. However, the total Cav-1 protein levels were not
changed by LPS up to 60 min. These observations suggest
that LPS is able to induce the phosphorylation of Cav-1
before increasing Cav-1 expression. Furthermore, LPS treat-
ment also increased the endocytosis of albumin and transport
of EBA across PMVEC monolayers, suggesting that LPS
treatment increases transcellular albumin permeability.

Toll-like receptor 4 signaling is coupled to Src family
tyrosine kinase activation.?! After being recognized by Toll-
like receptor 4, LPS is able to activate the Src family kinases
including ¢c-SRC, FYN, and YES, and then phosphorylate
zonula adherens proteins to open the endothelial paracellular
pathway.?! Therefore, we used a Src inhibitor to determine
whether LPS-induced phosphorylation of Cav-1 was Src
dependent. Our results showed that phosphorylation of Cav-1
was blocked by PP2, indicating LPS-induced Cav-1 phospho-
rylation is Src dependent, consistent with previous reports.
Transcytosis of albumin was shown to play an important
role in the increase of microvascular permeability induced
by ischemic shock.? In vitro experiments showed that VEGF
induces an increase of caveolae density in endothelial cells,
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increasing the endocytosis and transcytosis of albumin
and resulting in an increase in endothelial permeability,?
indicating that caveolae-mediated transcytosis of albumin
plays an important role in the increase in microvascular
endothelial permeability and tissue injury in pathological
conditions. In this study, when the phosphorylation of
Cav-1 was blocked by PP2 or the caveolae were disrupted
by MBCD, LPS-induced increase of transcytosis of albumin
was significantly suppressed, implicating that the increase
of PMVEC permeability induced by LPS depends on the
phosphorylation of Cav-1 and the integrity of caveolae.
However, PP2 only partially inhibited LPS-induced Cav-1
phosphorylation and increase of albumin transcytosis,
indicating there may be Src-independent pathways of LPS-
induced Cav-1 phosphorylation.?** Previously, many studies
have investigated the mechanisms of LPS-induced PMVEC
hyperpermeability via the paracellular pathway.?'?%?7 LPS
treatment causes stress fiber formation, centripetal retraction
of the cells, and substantial gap formation in the monolayer
resulting in disruption of monolayer integrity.”” However,
although extensive interstitial and alveolar edema have been
shown in many patients with acute respiratory distress syn-
drome induced by sepsis, the lung microvascular endothelial
cell—cell junctions are not destructed.?®? In the present study,
our results showed that LPS treatment induced a fast increase
in the endocytosis and transcytosis of albumin (within
15 min), which occurred prior to the decrease of monolayer
electrical resistance, consistent with previous results that the
increase in transcellular permeability preceded the increase
in paracellular permeability.!” These results suggest that
caveolae-mediated transcytosis of albumin contributes to the
increase of microvascular permeability in the early stage of
acute lung injury.

In conclusion, our study provides a new prospective in
the understanding of LPS-induced pulmonary microvascu-
lar hyperpermeability, especially in the early stage of acute
lung injury. To date, since the nature of vascular leakage
is only partially understood, pharmacological approaches
for its management are limited. LPS-induced Cav-1 phos-
phorylation may be a therapeutic target for the treatment
of diseases associated with pulmonary microvascular
hyperpermeability.
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A

pCav-1 | mmm— g os—

Cav-1 | W — —

LPS - + +
PP1 - - +
B
pCav-1
Cav-1
LPS - + +
Saracatinib - - +
C
pCav-1
Cav-1
LPS - + +
Quercetin - - +

Figure SI Lipopolysaccharide (LPS)-induced caveolin-1 (Cav-1) phosphorylation was Src-dependent and pulmonary microvascular endothelial cells (PMVECs) were
pretreated with PP| (A), Saracatinib (B), and Quercetin (C) for 15 min, and then stimulated with LPS (10 pg/mL) for another 15 min. The levels of Cav-| and phosphorylated
Cav-| were detected using Western blot assay. This experiment was repeated for at least three times.
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Figure S2 Examination of lipopolysaccharide-induced clathrin phosphorylation.
Notes: (A) The Western blot assay for the phosphorylated clathrin and clathrin protein expression. (B) Statistical analysis for the Western blot. This experiment was
repeated for at least three times.
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