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Abstract: Endothelial barrier dysfunction is a critical pathophysiological process of pulmonary ischemia/reperfusion 
(I/R) injury in patients scheduled for cardiopulmonary bypass. Impaired actin cytoskeleton dynamics and cell-cell 
junctions are the main causes of endothelial dysfunction. Statins have protective effects on I/R-induced lung injury; 
however, the mechanism is unclear. We explored the therapeutic potential of simvastatin (SV) in endothelial cells 
subjected to oxygen-glucose deprivation/reoxygenation (OGD/R). SV pretreatment promoted the barrier function of 
human pulmonary microvascular endothelial cells (HPMECs) subjected to OGD/R. LY294002 was used to evaluate 
the role of the PI3K/Akt pathway in regulating the barrier function of HPMECs subjected to OGD/R. LY294002 sup-
pressed the barrier function of HPMECs. SV restored the endothelial barrier function by rescuing endothelial cell 
migration and permeability, which are involved in the regulation of cytoskeleton dynamics and intercellular junction 
expression via the PI3K/Akt signaling pathway.
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Introduction

Lung ischemia-reperfusion injury (LIRI), a type 
of lung injury caused by aseptic inflammation, 
is common in lung transplantation, extracorpo-
real circulation, trauma, pulmonary embolism, 
and surgery [1-3]. Activation of immune system 
(such as neutrophils and platelets, cytokines, 
and the complement system) caused by oxy-
gen-glucose deprivation/reoxygenation (OGD/ 
R) is thought to be related to LIRI [4]. The re- 
sulting pulmonary vascular endothelial cell in- 
jury and related endothelial barrier dysfunction 
is a key pathophysiological process of LIRI [1]. 
Cytoskeletal rearrangements related to cell 
migration and disruption of cell-cell junctions 
are major causes of increased vascular perme-
ability [5, 6]. 

Statins inhibit HMG-CoA reductase [7]. In addi-
tion to their lipid-lowering effects in coronary 

artery disease, statins have anti-inflammatory 
effects, induce nitric oxide synthase (NOS), and 
affect leukocyte adhesion and translocation 
[8-10]. They are thus implicated in inflammatory 
diseases such as autoimmune disorders, mul-
tiple sclerosis, chronic obstructive pulmonary 
disease, acute respiratory distress syndrome 
(ARDS), and sepsis [11-13]. Statins protect ag- 
ainst ischemia-reperfusion injury in the myo- 
cardium [14], lung [15], and liver [16], and clini-
cal studies have confirmed the protective ef- 
fects of simvastatin (SV) in the lung [17-19].

The PI3K/Akt signaling pathway is the main 
regulator of endothelial barrier function during 
LIRI [20, 21], and regulates endothelial cell 
migration via cytoskeletal rearrangement [22]. 
Several drugs, such as dexmedetomidine and 
sevoflurane, protect against LIRI by activating 
the PI3K/Akt pathway, a key therapeutic target 
[21, 23]. Here we investigated whether SV pro-
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tects the vascular endothelium and repairs 
OGD/R-injured endothelial cells via the PI3K/
Akt signaling pathway.

Material and methods

Cell culture

HPMECs (Cat. No. 3000; ScienCell, San Diego, 
CA, USA) was cultured in Endothelial Cell 
Medium (ECM, Cat. No. 1001; ScienCell) sup-
plemented with 5% (v/v) Fetal Bovine Serum 
(FBS, Cat. No. 0025; ScienCell), 1% endothelial 
cell-derived growth factor (ECGS, Cat. No. 
1052; ScienCell), and 1% penicillin-streptomy-
cin (Cat. No. 0503; ScienCell). Cells were incu-
bated at 37°C and 5% CO2. SV (Cat. No: S6196, 
Sigma, Germany) was added to HPMECs for 
pretreatment at a concentration of 1 μmol/L. 
PI3K inhibitor LY294002 (Cat. No: S1105, 
Selleck, USA) were diluted with ECM without 
FBS and used at a concentration of 25 μmol/L. 
To mimic lung I/R in vitro, OGD/R was per-
formed as described previously [24], briefly, 
HPMECs were washed twice with phosphate-
buffered saline (PBS, pH 7.4) and then incubat-
ed in a hypoxia chamber (containing a gas mix-
ture of 5% CO2 and 95% N2) at 37°C to produce 
OGD condition, After 4 h of anaerobic culture, 
cells were then incubated in complete ECM for 
24 h at 37°C and 5% CO2.

Transwell-Evans blue monolayer permeability 
assay

HPMECs were seeded (1 × 105 cells per well)  
on a Transwell plates (#3472, pore size: 3.0 
μm, CoStar; Corning Inc.), then grown for 5 d 
with complete ECM, After the cells exposed to 
OGD/R, the ECM in the insert was replaced with 
100 μl EvansBlue (EB, Cat. No. E2129; Sigma)-
conjugated albumin (4% BSA, final concentra-
tion of EB-BSA: 0.67 mg/ml) as previously 
described [25]. The medium in the lower cham-
ber was replaced with the 500 μl BSA (4%). 
After incubating for 1 h at 37°C in 5% CO2, the 
sample in the lower chamber was collected and 
determined at 620 nm using a micro-plate 
reader.

Trans-endothelial electric resistance measure-
ments

Endothelial monolayer barrier function was 
measured by trans-endothelial electrical resis-

tance (TEER) using an electrical resistance sys-
tem (Millicell-ERS, MERS00002; Merck Milli- 
pore, Germany). HPMECs were seeded (1 × 106 
cells per well) on a Transwell plates (#3470, 
pore size: 0.4 μm, CoStar), then grown for 5 d 
with complete ECM, After the cells exposed  
to OGD, electrical resistance across the mono-
layer was measured in Ohms (Ω) and TEER  
was calculated based on the manufacturer’s 
recommendations. 

Cell viability assay

The cell viability of HPMECs was assessed by 
Cell Counting Kit-8 (CCK-8; Dojindo, Tokyo, 
Japan) assay as described previously [26]. Cells 
were seeded on 96-well plates at the concen-
tration of 104/ml. After OGD/R and SV treat-
ments, cells were incubated with CCK-8 solu-
tion for 2 h at 37°C, the absorbance was deter-
mined at 450 nm using a micro-plate reader.

Wound healing assay

Cell migration was determined through a wo- 
und healing assay as described previously [26], 
briefly, when HPMECs became confluent in 6- 
well plates, a wound was scraped by using a 
200 μl pipette tip and then washed with PBS  
to remove the cell debris. Images of the wound 
were acquired by using the microscope. After 
further incubated for 24 h in ECM with 1% FBS, 
the wound images were acquired again. The 
migration ability was measured by the rates  
of scratch wound confluence using Adobe Ph- 
otoshop 2017 software (Adobe Systems Inc, 
San Jose, CA, USA).

Transwell migration assay

HPMECs were seeded (2 × 104 cells per well)  
in 100 μl of serum-free ECM on a Transwell 
plates (#3464, pore size: 8.0 μm, CoStar), after 
OGD/R and SV treatments, cells with Transwell 
inserts were washed with PBS and then fixed in 
4% (w/v) paraformaldehyde solution for 20 min. 
Non-migrating cells on the surface of the insert 
were removed by using a cotton swab and then 
washed three times with PBS. Next, the inserts 
were stained with crystal violet for 10 min and 
washed three times with PBS. The inserts 
membrane was observed under a microscope 
and cell number was counted from three ran-
dom fields.
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Immunofluorescence staining

HPMECs were treated as we described previ-
ously [27], briefly, the cells were fixed in 4% 
(w/v) paraformaldehyde solution, washed with 
PBS and incubated with anti VE-Cadherin Ra- 
bbit antibody (1:400, #2500; Cell Signal Te- 
chnology, USA) and Claudin-5 Rabbit antibody 
(1:200, Cat. No. ab15106; Abcam, Cambridge, 
MA, USA) overnight at 4°C. After washing with 
PBST, cell was incubated with FITC-phalloidin 
(Cat. No: P5282; Sigma, Germany) or second-
ary antibody (CoraLite594-conjugated Goat 
Anti-Rabbit IgG(H+L), 1:200, Cat. No. SA00013-
4; CoraLite594-conjugated Goat Anti-Rabbit 
IgG(H+L), 1:200, Cat. No. SA00013-4; Protein- 
tech), then washed with PBST and incubated 
with DAPI (1:2000, Cat.No. D9564; Sigma-Al- 
drich). Fluorescent pictures were captured with 
the FV-1000 confocal microscope (Olympus, 
Tokyo, Japan).

Quantitative real-time PCR (qRT-PCR)

For gene expression assay, total RNA for each 
cell group was extracted and reverse-transc- 
ribed to cDNA in accordance with the manufac-
turer’s instructions (Cat. No. RR036A; TaKaRa, 
Tokyo, Japan). RT-PCR reaction with the 7500 
RT-PCR (Applied Biosystems, Life technologies, 
Carlsbad, CA) was performed at 95°C (30 s) fol-
lowed by 40 cycles at 95°C (5 s)/60°C (30 s), 
SYBR greenintercalating dye (Cat. No. RR820L; 
TaKaRa) was used for signal detection. Primers 
for these reactions: VE-Cadherin, 5’-CGAGAG- 
CTACACGTTCACGG-3’ (forward), 5’-GGGTGTCG- 
AGGGAAAAATAGG-3’ (reverse); Claudin-5, 5’- 
CTCTGCTGGTTCGCCAACAT-3’ (forward), 5’-CAG- 
CTCGTACTTCTGCGACA-3’ (reverse); GAPDH, 5’- 
GGAGCGAGATCCCTCCAAAAT-3’ (forward), 5’- 
GGCTGTTGTCATACTTCTCATGG-3’ (reverse).

Western blot

Total proteins of HPMECs were extracted as 
described previously [27], protein sample were 
separated in SDS-PAGE and transferred to  
the polyvinylidene difluoride (PVDF) membrane 
(Cat. No. IPVH00010; Merck Millipore, Ger- 
many). The membranes were incubated for 1 h 
in 5% (w/v) skim milk-Tris-buffered saline sup-
plemented with 0.1% (v/v) Tween-20 (TBST). 
Membranes were then incubated at 4°C over-
night with primary antibodies including VE- 
Cadherin (1:1000, #2500; Cell Signaling Tech- 

nology), Claudin-5 (1:1000, ab15106; Abcam, 
Cambridge, MA, USA), Akt (1:1000, #4685, Cell 
Signal Technology, USA), p-Akt (1:2000, #4060, 
Cell Signal Technology, USA) and GAPDH (1: 
1000, #5174, Cell Signal Technology, USA). The 
membranes were then washed three times 
with TBST, then incubated for 1 h at room tem-
perature with HRP-conjugated anti-rabbit anti-
body (1:5000, #7074; Cell Signaling Technolo- 
gy). The membranes were developed with en- 
hanced chemiluminescence kit (Cat. No. 70- 
P1421; MultiSciences Biotech, Hangzhou, Chi- 
na).

Statistical analysis

All data were expressed as mean ± standard 
deviation (SD). Two-tailed Student’s t-tests was 
used for two-group comparisons, one-way anal-
ysis of variance (ANOVA) was used for multiple-
groups comparisons, Tukey’s multiple compa- 
risons test was used after one-way ANOVA. 
GraphPad Prism 7.0 (GraphPad Software Inc., 
San Diego, CA, USA) was used for analysis. The 
difference was statistically significant at P < 
0.05.

Results

SV reduces the high monolayer permeability 
and increases the low trans-endothelial elec-
tric resistance (TEER) of HPMECs induced by 
OGD/R 

We investigated the effects of SV on the endo-
thelial barrier function of HPMECs after OGD/R 
by assaying monolayer permeability and TEER. 
As expected, OGD/R significantly decreased 
TEER, which indicates decreased barrier integ-
rity. However, TEER was significantly higher in 
the SV-pretreated group than in the OGD/R 
group (Figure 1A). Similar results were found in 
Transwell-Evans Blue (EB) leakage assays. The 
leakage of EB from the Transwell inserts, re- 
flecting monolayer permeability, was increas- 
ed in the OGD/R group compared to the con- 
trol group, and in the SV group compared to  
the OGD/R group (Figure 1B). CCK-8 assays 
showed that cell viability was significantly de- 
creased by OGD/R and OGD/R+SV, although 
there were no significant differences in cell via-
bility between the OGD/R and OGD/R+SV gr- 
oups (Figure 1C). Therefore, the effects of SV 
on OGD/R-induced pulmonary endothelial bar-
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rier dysfunction may not be mediated by modu-
lation of cell viability.

SV remodels the cytoskeleton and increases 
migration after OGD/R

To determine the effects of SV on HPMEC 
migration after treatment with OGD/R, we mea-
sured migration rates using a wound-healing 
assay. The extent of scratch wound confluence 
at 24 h was significantly less in the OGD/R 
group than in the control and SV-pretreated 

groups (Figure 1D and 1E). Cell migration was 
measured with a Transwell migration assay. 
The number of migrated cells was significantly 
lower in the OGD/R group than in the control 
group. However, SV pretreatment increased the 
number of migrated cells (Figure 1F and 1G). 
Actin fibers were stained with fluorescein iso-
thiocyanate (FITC)-phalloidin. The actin fibers  
in HPMECs were visible and regularly arrang- 
ed beneath the cell membrane in the control 
group. Cytoskeletal remodeling (disorderly ar- 
rangement, different thicknesses, unevenly dis- 

Figure 1. Effects of SV on TEER, monolayer permeability, and migration of OGD/R-treated HPMECs. A. The TEER of 
HPMEC monolayers decreased in the OGD/R group and was higher in the SV group (all Ps < 0.01). B. Leakage of EB 
was increased in the OGD/R group compared to the control and SV groups (all Ps < 0.01). C. Cell viability was signifi-
cantly lower in the OGD/R group than in the control group (P < 0.01). There were no significant differences between 
the OGD/R and SV groups. D, E. Quantification of confluence at 24 h as an indicator of migration ability (% wound 
confluence = [a-b] × 100%/a; a = initial scratch wound area at 0 h, b = scratch wound area at 24 h). E. Migration of 
HPMECs subjected to OGD/R was decreased in the control and SV groups (all Ps < 0.01). Scale bars, 200 µm. F, G. 
The number of migrated cells was significantly lower in the OGD/R group than in the control and SV groups (all Ps < 
0.01). Scale bars, 100 µm. Data are from three independent experiments, error bars represent standard deviations. 
*P < 0.05 vs. control group, **P < 0.01 vs. control group, ##P < 0.01.



Simvastatin ameliorates OGD/R-induced pulmonary endothelial barrier dysfunction

5590 Am J Transl Res 2020;12(9):5586-5596

tributed microfilaments, and a missing cyto-
skeleton) was observed in the OGD/R group.  
SV pretreatment partly restored the cytoskele-
tal structure (Figure 2A).

SV increases VE-cadherin and claudin-5 in 
HPMECs after OGD/R

To ascertain whether SV affects endothelial 
barrier function by regulating cell-cell junctions, 
we determined mRNA and protein levels of 
VE-cadherin and claudin-5. qPCR demonstrat-
ed that OGD/R decreased mRNA levels of VE-
cadherin and claudin-5. By contrast, pretreat-
ment with SV significantly increased mRNA lev-
els of VE-cadherin and claudin-5 compared to 
the OGD/R group (Figure 2B). Western blotting 
showed that VE-cadherin and claudin-5 were 
decreased in the OGD/R group compared to 
the control group, SV pretreatment resulted in 
higher protein levels of VE-cadherin and clau-

din-5 than in the OGD/R group (Figure 2C, 2E, 
2F). Immunofluorescence staining indicated 
decreased protein levels of VE-cadherin and 
claudin-5 in the OGD/R group, which were par- 
tly recovered in the SV group (Figure 3A and 
3B).

SV protects the barrier function of HPMECs 
against OGD/R-induced injury via the PI3K/
Akt pathway

To clarify whether the PI3K/Akt pathway is in- 
volved in the effects of SV on endothelial barri-
er function after OGD/R treatment, we investi-
gated PI3K/Akt pathway activity. Western blot-
ting demonstrated that OGD/R treatment sig-
nificantly down-regulated the ratio of phosphor-
ylated Akt (p-Akt) to total Akt compared to the 
control group. SV pretreatment increased the 
ratio of p-Akt to total Akt in HPMECs after 
OGD/R treatment (Figure 2D and 2G).

Figure 2. Effects of SV on the cytoskeleton, AJ/TJ expression, and Akt phosphorylation in OGD/R-treated HPMECs. A. 
FITC-phalloidin staining showed cytoskeletal changes in HPMECs subjected to OGD/R in the presence or absence of 
SV. Green, phalloidin; blue, nuclei. Scale bar, 50 µm. B. mRNA levels of VE-cadherin and claudin-5 were decreased 
by OGD/R (P < 0.05 and P < 0.01, respectively) and were higher in the SV group than the OGD/R group (all Ps < 
0.01). C, E, F. Western blotting showed that the protein level of VE-cadherin and claudin-5 were decreased by OGD/R 
(P < 0.05 and P < 0.01, respectively) and increased in the SV group compared to the OGD/R group (P < 0.05 and P < 
0.01, respectively). D, G. The ratio of p-Akt to total Akt protein was increased in the SV group compared to the OGD/R 
group (P < 0.01). *P < 0.05 vs. control group, **P < 0.01 vs. control group, #P < 0.05, ##P < 0.01.
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To test whether the protective effects of SV 
could be reversed by PI3K/Akt inhibition, based 
on our previous report [27], we used LY294002 
(25 µmol/L), a PI3K inhibitor. LY294002 (25 
µmol/L) did not significantly affect untreated 
HPMECs in terms of TEER, monolayer permea-
bility, migration, or Akt phosphorylation (Figure 
S1). TEER was significantly decreased in the 
SV+LY294002 group compared to the SV gr- 
oup (Figure 4A). Similarly, EB leakage from  
the upper chamber was increased in the SV+ 
LY294002 group compared to the SV group 
(Figure 4B). The scratch wound confluence rate 
and the number of migrated cells were signifi-
cantly decreased in the SV+LY294002 group 
compared to the SV group (Figure 4C-F). In 
addition, FITC-phalloidin staining showed that 
actin fibers were tight and ordered in the SV 
group, but LY294002 significantly reduced the 
number of actin fibers, which were also thin- 
ner, shorter, and more disordered (Figure 4G). 
Therefore, activation of the PI3K/Akt pathway 

is involved in cytoskeletal remodeling and cell 
migration.

Finally, we measured adherens/tight junction 
proteins involved in the PI3K/Akt pathway. 
qPCR analyses revealed that SV+LY294002 
decreased mRNA levels of VE-cadherin and 
claudin-5 compared to the SV group (Figure 
6A). Immunofluorescence staining showed that 
VE-cadherin and claudin-5 were downregulat- 
ed by LY294002 compared to the SV group 
(Figure 5A and 5B). Western blotting showed 
that protein levels of VE-cadherin and claudin-5 
in the SV+LY294002 group were significantly 
lower than those in the SV group (Figure 6B-D). 
The p-Akt level was also reduced by LY294002 
(Figure 6B and 6E).

Discussion

Pulmonary I/R is a frequent event that induces 
distant organ dysfunction and acute lung in- 
jury (ALI)/ARDS. These are important compo-

Figure 3. Immunofluorescence staining of VE-cadherin and claudin-5 in OGD/R- and OGD/R+SV-treated HPMECs. A. 
VE-cadherin expression after OGD/R treatment in the presence or absence of SV. Green, VE-cadherin; blue, nuclei. 
B. Claudin-5 expression after treatment with OGD/R in the presence or absence of SV. Red, claudin-5; blue, nuclei. 
Scale bar, 30 µm.
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nents of multiple organ dysfunction syndrome 
[1-3]. Mechanical ventilation is one of the few 
treatments that reduces the mortality rate of 
ALI/ARDS; no pathophysiological evidence sup-
ports drug treatment [28]. OGD/R-induced in- 
flammation and the associated pulmonary epi-
thelial and endothelial injury are the core ev- 
ents in LIRI and can lead to destruction of the 
pulmonary barrier, which increases its perme- 
ability [1, 4]. The most promising therapies for 
LIRI focus on reducing pulmonary inflammation 
and edema and promoting the repair of alveolar 
epithelial cells and pulmonary vascular endo-
thelial cells [28]. A meta-analysis showed that 
statins improve the integrity of the cerebral 
vascular barrier and reduce cerebral edema in 
animal models of cerebral ischemia [29]. In 
addition, SV protects the lung by enhancing 
endothelial barrier function [30]. Therefore, SV 
has potential as a lung-protective compound. 

Indeed, in this study the barrier disruption in- 
duced by OGD/R was significantly reversed by 
SV.

Augmentation of cell migration and the str- 
engthening of cell-cell junctions play important 
roles in the recovery of barrier function. In this 
study, cell migration was decreased by OGD/R 
treatment, and this was reversed by SV pre-
treatment. Dynamic remodeling of the actin 
cytoskeleton involves a series of important cel-
lular activities, including migration [31]. We 
found cytoskeletal remodeling in HPMECs af- 
ter OGD/R injury, but the cytoskeletal structu- 
re was partially restored by SV pretreatment, 
which suggests a role in the barrier function of 
HPMECs.

Damage to and repair of barrier function likely 
require dynamic changes in cell-cell junctions. 

Figure 4. Effects of PI3K/Akt inhibition on TEER, monolayer permeability, cell migration, and the cytoskeleton of 
OGD/R-injured HPMECs treated with SV. A. The TEER of monolayer HPMECs was decreased in the SV+LY294002 
(25 µmol/L) group (P < 0.01). B. Leakage of EB was increased in the SV+LY294002 group compared to the SV 
group (P < 0.01). C, E. The migration rate of HPMECs was lower in the SV+LY294002 group than in the SV group 
(P < 0.01). Scale bars, 200 µm. D, F. The number of migrated cells was smaller in the SV+LY294002 group than in 
the SV group (P < 0.01). Scale bars, 100 µm. G. FITC-phalloidin staining showed cytoskeletal changes in HPMECs 
treated with OGD/R+SV in the presence or absence of LY294002. Green, phalloidin; blue, nuclei. Scale bar, 50 
µm. LY294002 (25 µmol/L) had no significant effects on TEER, monolayer permeability, or migration of untreated 
HPMECs (Figure S1). Data are from three independent experiments, and error bars represent standard deviations. 
**P < 0.01 vs. SV group.



Simvastatin ameliorates OGD/R-induced pulmonary endothelial barrier dysfunction

5593 Am J Transl Res 2020;12(9):5586-5596

Figure 5. Effects of PI3K/Akt inhibition on VE-cadherin and claudin-5 expression in OGD/R-injured HPMECs treat-
ed with SV. A. VE-cadherin expression after OGD/R+SV treatment in the presence or absence of LY294002 (25 
µmol/L). Green, VE-cadherin; blue, nuclei. B. Claudin-5 expression after treatment with OGD/R+SV in the presence 
or absence of LY294002 (25 µmol/L). Red, claudin-5; blue, nuclei. Scale bar, 30 µm.

Figure 6. Effects of PI3K/Akt inhibition on VE-cadherin and claudin-5 expression and Akt phosphorylation in OGD/R-
injured HPMECs treated with SV. A. mRNA levels of VE-cadherin and claudin-5 were decreased in the SV+LY294002 
(25 µmol/L) group compared to the SV group (P < 0.01). B-D. Western blotting showed that protein levels of VE-
cadherin and claudin-5 were significantly decreased in the SV+LY294002 group compared to the SV group (P < 
0.05 and P < 0.01, respectively). B, E. The ratio of p-Akt to total Akt was decreased in the SV+LY294002 group (P < 
0.01). LY294002 (25 µmol/L) had no significant effects on Akt activity in untreated HPMECs (Figure S1). *P < 0.05 
vs. SV group, **P < 0.01 vs. SV group.
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Adherens junctions (AJs) and tight junctions 
(TJs) are cell-cell junctions. AJ factors such as 
VE-cadherin and TJ factors such as claudin-5 
are closely associated with barrier permeability 
in endothelial cells [5, 32]. Downregulation of 
VE-cadherin causes vascular leakage in pa- 
tients with ARDS [33]. In addition, Poly (I:C) 
induces human pulmonary endothelial barrier 
dysfunction by decreasing expression of clau-
din-5 in a dose- and time-dependent manner 
[34]. Similarly, in this study VE-cadherin and 
claudin-5 expression was downregulated after 
OGD/R injury and was significantly restored by 
SV pretreatment.

Our findings demonstrate the importance of 
actin cytoskeleton remodeling and dynamic 
changes in cell-cell junctions. However, the way 
in which cellular signals regulate this process to 
control barrier function needs to be investigat-
ed. The PI3K/Akt pathway is the main regulator 
of endothelial barrier function during LIRI [20, 
21], PI3K/Akt phosphorylation regulates cyto-
skeletal remodeling, which is crucial for endo-
thelial cell migration [22], as well as expression 
of cell-cell junctions [35, 36]. We speculate  
that SV protects the lung by regulating PI3K 
activity, because Akt activity was upregulated 
in HPMECs pretreated with SV. Inhibition of 
PI3K/Akt caused aberrant remodeling of the 
actin cytoskeleton, reduced expression of VE- 
cadherin and claudin-5, and reversed the barri-
er-protective effects of SV. These findings sug-
gest that SV restores the endothelial barrier  
via PI3K/Akt activation in HPMECs. Whether SV 
protects barrier function in an in vivo LIRI mo- 
del will be addressed in future studies.

Conclusions

In conclusion, promotion by SV of lung endo- 
thelial barrier repair after OGD/R injury was 
involved in the inhibition of cytoskeleton remod-
eling and upregulation of intercellular connec-
tions (AJs and TJs), which promoted cell migra-
tion and decreased endothelial permeability. 
These phenomena were mediated by PI3K/Akt 
signaling in HPMECs. Given its protective ef- 
fects, SV has potential as a pharmacotherapy 
for LIRI.
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Figure S1. Changes of TEER, monolayer permeability, migration and Akt phosphorylation in HPMECs treated with 
LY294002 (25 μmol/L). (A-E) The LY294002 has no significant effect on TEER (A), monolayer permeability (B), cell 
migration (C, D) and Akt phosphorylation (E, F) of untreated HPMECs. scale bars: 200 μm.


