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Endothelial cell (EC) dysfunction is a critical mediator of the acute respiratory distress syndrome (ARDS). Recent studies have

INTRODUCTION

demonstrated that stromal cell-derived factor 1o (SDF-1a) promotes EC barrier inteygrity. Our previous studies used a SDF-la
analoyue CTCE-0214 (CTCE) in experimental sepsis and demonstrated that it attenuated vascular leak and modulated microRNA
(MIR) levels. We examined the hypothesis that CTCE improves EC function in lipopolysaccharide (LPS)-induced ARDS through in-
creasing miR-126 expression. Human microvascular endothelial cells (HMVECs) were treated with thrombin to disrupt the EC intey-
rity followed by incubation with CTCE or SDF-1a.. Barrier function was determined by trans-endothelial electrical resistance assay.
CTCE-induced alterations in miRNA expression and signaling pathways involved in barrier function were determined. Thrombin-in-
duced vascular leak was abrogated by both CTCE and SDF-1a. CTCE also prevented thrombin-induced decreases of vascular
endothelial (VE)-cadherin cell surface expression and expansion of the intercellular space. CTCE increased miR-126 levels and
induced activation of AKT/Rac 1 signaling. Cotreatment with a miR-126 inhibitor blocked the protective effects of CTCE on AKT
activation and endothelial permeability. In subsequent in vivo studies, ARDS was induced by intratracheal instillation of LPS. Infrave-
nous injection of CTCE diminished the injury severity as evidenced by significant reductions in protein, immune cells, inflammatory
cytokines and chemokines in the bronchoalveolar lavage fluid, increased miR-126 expression and decreased pulmonary vascular
leak and alveolar edema. Taken together, our data show that CTCE improves endothelial barrier integrity through increased ex-
pression of miR-126 and activation of Rac 1 signaling and represents an important potential therapeutic strategy in ARDS.
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The acute respiratory distress syndrome
(ARDS) characterized by lung inflamma-
tion, disruption of the alveolar-capillary
barrier and resultant pulmonary edema
is a frequent cause of respiratory failure
in critically ill patients (1,2). Despite im-
provements in supportive care, mortality
from ARDS remains high as no effective

pharmacologic therapies are available to
treat this syndrome (2—4).

During ARDS, endothelial cells (ECs)
are activated by inflammatory stimuli
including interleukin (IL)-1, IL-6, tumor
necrosis factor-a (TNFa) and oxidative
stress (5,6). Activated ECs amplify local
inflammatory responses by releasing
complement and proinflammatory
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cytokines that propagate focal and ongo-
ing microvascular injury (7). This injury
disrupts EC junctions comprised of tight
junctions and adherens junctions, allow-
ing protein, inflammatory cell and fluid
extravasation into lungs with resulting
alveolar edema and dysfunction (8).

If uncorrected, this syndrome impairs
oxygen transport culminating in cellular
hypoxia, acute organ dysfunction and
death (9). Thus, therapeutic approaches,
which preserve the microvascular
endothelial function and barrier integrity,
may provide significant improvements in
ARDS morbidity and mortality.

Recent studies have demonstrated
that stromal cell-derived factor 1
(SDF-1a) also known as C-X-C motif
chemokine 12 (CXCL12) can modulate
EC barrier integrity through binding
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to its respective G-protein-coupled
receptor, C-X-C chemokine recep-
tor type 4 (CXCR4) (10). In a murine
model of shiga-toxin exposure, the
CXCL12/CXCR4 interaction appeared
to increase endothelial permeability
(11), whereas this same interaction has
also been shown to attenuate throm-
bin-induced endothelial permeability
through phosphoinositide 3-kinase
(PI3K) and Racl activation (10). Our
previous studies have demonstrated
that the analogue SDF-1a cyclic peptide
known as CTCE 0214 (CTCE) improved
endothelial barrier integrity in the cecal
ligation and puncture (CLP) model
of murine sepsis (12,13). Mice treated
with intravenous CTCE 24 h after CLP
experienced less vascular leak, organ
failure and death. In addition, CTCE
treatment modulated plasma levels
of microRNAs (miRNAs) known to
promote endothelial homeostasis (12).
MicroRNAs are 19- to 25-nucleotide
noncoding RNAs that regulate gene
expression at the post-transcriptional
level (14). MicroRNAs facilitate cell-
to-cell communication via circulating
exosomes (15) and play critical roles
in the regulation of inflammation and
barrier function (16,17). MicroRNA-126
is highly expressed in ECs (18,19) and
regulates barrier integrity and inflam-
matory response (20). Genomic ablation
of miR-126 has been shown to increase
vascular permeability (16,17,19,21).
MicroRNA-126 targets PIK3R2 and
Spred-1 leading to stabilization of
vascular endothelial (VE)-cadherin via
AKT and ERK 1/2 signaling cascades
(22,23). CTCE injections result in
significantly increased plasma miR-126
levels in CLP-induced sepsis suggest-
ing a potential mechanism by which it
reduces endothelial permeability (12).
The current study tested the hypoth-
esis that CTCE improves EC function in
lipopolysaccharide (LPS)-induced ARDS
through altering miR-126 expression. The
data demonstrate that CTCE mitigated
thrombin-induced endothelial perme-
ability by modulating miR-126 expres-
sion and PI3K/AKT/Rac 1 signaling in

human microvascular endothelial cells
(HMVECs). Further, in vivo treatment
with CTCE ameliorated LPS-induced
ARDS in mice. The results raise the
possibility that both CTCE and miR-126
may have novel therapeutic potential in
ARDS.

MATERIALS AND METHODS

Culture and Treatment

The HMVECs were a Lonza product
and were used between passages 3 and 6.
Cells were cultured in endothelial
cell basal medium-2 (EBM-2) supple-
mented with EGM-2 MV SingleQuot
(Lonza) containing 5% fetal bovine
serum and 2% penicillin/streptomycin.
They were cultured in tissue culture
flasks (Corning) at 37°C with 5% CO,
in humidified air. The culture medium
was changed every other day until 90%
confluence of the cells was reached
(4-6 d). HMVECs were detached with
a trypsin (0.05% wt/vol) solution and
subcultured.

For miRNA expression, HMVECs were
serum starved for 6 h and treated with
SDF-1a. (100 pg/mL) or CTCE (10 pg/mL)
for 24 h. MicroRNAs were isolated with
miRNeasy kits (Qiagen) and subsequently
analyzed by real-time polymerase chain
reaction (PCR) with miScript SYBR
Green PCR kits and primers specific to
miR-126-5p (Qiagen). Hs-RNU6-2 miRNA
was used as internal control.

For signaling protein activation,
HMVECs were serum starved for 6 h
and treated with CTCE (10 pg/mL) for dif-
ferent time intervals. Cells were washed
twice with ice-cold phosphate-buffered
saline (PBS) and lysed with RIPA buffer
(pH7.4) for 40 min at 4°C. Cell lysates
were subjected to Western blot for
signaling protein activation.

Transfection of HMVEC

HMVECs were transfected with
a miR-126-5p inhibitor and their
corresponding negative controls using
HiPerFect Transfection Reagent (Qiagen)
according to the manufacturer’s Supple-
mentary Transfection Protocol.
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Trans-endothelial Electrical
Resistance Assay

The trans-endothelial electrical
resistance (TEER) assay was per-
formed using the electric cell-substrate
impedance sensing (ECIS) system as
described previously (24). Briefly,
HMVECs were plated on fibronec-
tin-coated ECIS standard 8-well ar-
rays (8W10E, Applied Biophysics)
at 1.5 x 10° cells per well. After
attachment to the array, cells were
transfected or left alone and allowed
to equilibrate in serum-free medium
(EBM-2, Lonza) for 6 h. The arrays
were placed in the ECIS 1600R sens-
ing system (Applied Biosystems).
After a stable baseline was reached,
thrombin (0.01 U), CTCE (10 ug/mL),
SDF-1a (250 pg/mL) or combinations
were added directly to the wells at
the indicated times. Electrical imped-
ance of the HMVECs was measured
every 5 min for 4 h, and impedance
values were normalized by dividing
each value by the level of impedance
measured just prior to the addition
of reagents. Statistical analysis using
repeated-measures analysis of vari-
ance (ANOVA) was performed on
impedance values for each condition.

Western Blotting

The cell lysates were mixed with
Laemmli sample buffer (Bio Rad) and
boiled for 5 min. Equal amounts of protein
sample were resolved on 12% sodium
dodecylsulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred onto
polyvinylidene difluoride membranes.
Blots were blocked in Tris-buffered
saline-Tween 20 buffer containing 5%
nonfat milk and probed with primary
antibodies for phospho-AKT (1:1,000
dilution) and total AKT (Cat#9272, Cell
Signaling 1:1,000 dilution) overnight at
4°C or at room temperature (RT) for 1 h.
Blots were then incubated with electroche-
miluminescence (ECL) peroxidase-labeled
secondary antibodies at RT for 1 h. The
protein bands were visualized with
ECL Plus Western Blotting Detection
System (GE Healthcare) and exposed to



X-ray film. The relative intensity of each
protein band was quantified with Image]
software.

Rac 1 Activity Assay

The GTP-bound active Rac 1 assay
was performed using a Rac 1 Activation
Assay Kit (Cat#80501, NewEast Biosci-
ences) according to the manufacturer’s
instructions. Briefly, HMVECs were
stimulated with CTCE (10 pg/mL) for
indicated periods of time and lysed at
4°C in the lysis buffer for 20 min. After
centrifugation at 12,000 x g for 10 min,
anti-active Rac 1 mouse monoclonal
antibody was incubated with cell lysates
containing Rac 1-GTP at 4°C for 1 h.
The active Rac 1 was pulled down by
protein A/G agarose. The precipitated
active Rac 1 was detected by immuno-
blotting with antiRac 1 rabbit polyclonal
antibody.

Cell Staining

HMVECs were seeded on a
fibronectin-coated chamber slide and
grown to confluence. After stimulation
with or without CTCE and thrombin
for 30 min, cells were fixed with 4%
paraformaldehyde (PFA) for 10 min.
Cells were then permeabilized with 0.1%
Triton X-100 for 15 min and blocked
with 3% bovine serum albumin (BSA)
for 30 min. Cells were treated with rabbit
anti-VE-cadherin antibody (Cat#2500,
Cell Signaling, 1:400 dilution) overnight
at 4°C. Goat antirabbit secondary IgG
antibody tagged with Alexa Fluor 488
(Cat#A11008, Thermo Fisher Scientific,
1:200 dilution) was then applied for
1 h at RT. Slides were mounted with
ProLong Gold antifade reagent with
DAPI (Thermo Fisher Scientific) then
covered by a coverslip. All the images
were captured using a Leica DMR
Fluorescent Phase Contrast microscope
(Leica).

Intratracheal Instillation of LPS

ARDS was induced by administering
a single intratracheal dose of LPS using
the tongue-pull maneuver in mice as
described previously (25). Briefly, CD-1

mice (male, 7-8 wks of age) were
obtained from Harlan laboratories.
Investigations conformed to the Guide-
lines for the Care and Use of Laboratory
Animals used by the National Institutes
of Health and were approved by the
Institutional Animal Care and Use Com-
mittee. After anesthesia by isoflurane
inhalation, mice underwent intratracheal
instillation of saline control or LPS (25 pg
in 75 pL of saline) through a catheter.
Mice received CTCE (10 mg/kg) or
saline control via intravenous injection
at 2 h after LPS instillation. At 24 h after
LPS, mice were euthanized and lung
tissue and bronchoalveolar lavage (BAL)
were collected. Lung miRNAs were
isolated with miRNeasy kits(Qiagen)
and subsequently analyzed by real-time
PCR with primers specific to miR-126-5p
(Qiagen). Hs-RNU6-2 miRNA was used
as internal control.

BAL and Cytokine/Chemokine Array
After euthanasia, the thorax was
opened to expose the trachea. The
trachea was cannulated with a 20 g an-
giocatheter and lavaged with cold PBS
(0.75 mL) using a 1-mL syringe. This
was performed four times to obtain an
adequate BAL. The BAL fluid was cen-
trifuged at 600 x g for 5 min to pellet
cells. The supernatant was separated into
aliquots and frozen at —80°C until use for
cytokine and chemokine array analyses.
Mouse cytokine array and chemokine
array 31-plex were performed and ana-
lyzed by Eve Technologies. Protein levels
in the supernatant were determined by
Dc protein assay (Bio Rad). The cell pel-
let was resuspended in 500 uL. 1xRBC
lysis buffer and centrifuged at 600g for
5 min. Cell pellets were resuspended
in 500 uL. PBS, and immune cells were
quantified using a hemacytometer.

Assessment of Pulmonary
Microvascular Permeability Using
Evans Blue Dye

Twenty-four hours after intratracheal
instillation of LPS, mice were injected
with Evans blue (30 mg/kg, 100 pL)
via the tail vein. After 40 min, mice
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were euthanized and perfused through
the heart with 10 mL PBS and lung
tissue was collected. Lung tissue was
weighed and homogenized in 1 mL
formamide and then incubated at 60°C
for 16 h. The homogenate was centri-
fuged at 10,000 x g for 10 min, and the
supernatant was collected. Evans blue
dye was quantified in the supernatant
by measuring absorbance at 620 nm.
Concentrations of Evans blue dye were
determined from a standard curve and
expressed as nanograms per milligram
lung weight.

Determination of Lung Water Content

After mice were sacrificed, lungs were
excised, weighed and dried for 48 h at
70°C. Lung water content was calculated
as (wet wt — dry wt)/(wet wt) x 100.

Statistical Analysis

Data are expressed as the mean +
standard error of the mean. Statisti-
cal significance was determined by
ANOVA with Fisher probable least-
squares difference test, repeated-
measures ANOVA or Student f test
using GraphPad Prism software. A
p value <0.05 value was considered
statistically significant.

All supplementary materials are available
online at www.molmed.org.

RESULTS

CTCE and SDF-1a Inhibit Thrombin-
Induced Permeability in HMVECs
HMVECs were treated with thrombin
(0.01 U), SDF-1a (250 ng/mL), CTCE
(10 pg/mL) or their combinations.
Thrombin-induced vascular leak was
evidenced by a significant reduction
in the electrical impedance of HMVEC
monolayers with a maximal reduction
of 55 + 3%. Concomitant treatment with
either SDF-1a or CTCE significantly
(p <0.05) attenuated thrombin-induced
endothelial permeability with maxi-
mal reductions in electrical impedance
of 26 + 7% and 31 + 8%, respectively
(Figure 1).
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Figure 1. SDF-1a. and CTCE inhibited thrombin-induced permeability in HMVEC:s.
HMVECs were treated with thrombin (0.01 U), SDF-1a (250 ng/mL), CTCE (10 ng/mL) or a
combination of thrombin with SDF-1a or CTCE. HMVEC permeability was determined by
measuring electrical impedance using an ECIS system. Thrombin freated cells are sig-
nificantly different (*p < 0.05) from control cells, and thrombin combined with SDF-Ta or
CTCE yroups are significantly (*p < 0.05) different from thrombin yroup. Data were ana-
lyzed using repeated-measures ANOVA. N = 4-5 independent experiments.

Untreated Thrombin

Thrombin + CTCE

Figure 2. CTCE decreased thrombin-induced intercellular space in HMVECs. HMVECs were
freated with thrombin (0.01 U), CTCE (10 pg/mL) or a combination of thrombin with CTCE
for 30 min. Typical imayes of immunostaining of VE-cadherin (green) staining. Scale bar is
20 um. The results presented are representative of three experiments.

118 | GUO ET AL. | MOL MED 22:115-123, 2016

CTCE Decreased Thrombin-Induced
Intercellular Space in HMVECs
HMVECs were treated with thrombin
(0.01 U), CTCE (10 pg/mL) or a combina-
tion of thrombin with CTCE for 30 min.
The intercellular adhesion molecule
VE-cadherin was located at cell—cell
contact areas under resting conditions.
The unstimulated and CTCE-treated
HMVECs expressed VE-cadherin
and did not exhibit any intercellular
space. Cells stimulated with thrombin
demonstrated decreased peripheral
VE-cadherin expression and increased
intercellular space. Cotreatment with
CTCE significantly mitigated this reduc-
tion in monolayer integrity (Figure 2).

CTCE Increased miR-126 Levels and
AKT-Rac1 Signaling in HMVECs
HMVECs were treated with SDF-1a
(100 ng/mL) or CTCE (10 pg/mL) and
miR-126-5p levels were determined
by real-time PCR. SDF-1a. and CTCE
significantly increased miR-126-5p by
2.0 + 0.1-fold and 2.6 + 0.5-fold, respec-
tively (p < 0.05) (Figure 3). MiR-126-5p
levels were also increased by SDF-1a or
CTCE with or without presence of throm-
bin (Supplementary Figure S1). HMVECs
were also treated with CTCE (10 pg/mL)
for different time intervals. AKT and Rac
1 activation were determined by Western
blot and Rac 1 activation kits. Thirty min-
utes after CTCE treatment, there was a
significant (p < 0.05) increase in AKT
and Rac 1 activation. P-AKT**" level
increased 5.2 + 1.6-fold at 30 min and
5.3 + 1-fold at 45 min (Figure 4A),
Rac-1 GTP levels increased 13 + 5-fold
at 30 min (Figure 4B). HMVECs were
also transfected with miR-126 inhibitors
or control inhibitors and treated with
CTCE (10 pg/mL) for 30 min. AKT
activation was determined by Western
blot. CTCE-induced AKT activation was
blocked by miR-126 inhibitors (Figure 4C).

CTCE and SDF-1a Inhibited Thrombin-
Induced Vascular Leak Partially
Through miR-126 Signaling

HMVECs were transfected with control
and miR-126 inhibitors and treated with
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Figure 3. SDF-1a and CTCE increased
miR-126 levels in HMVECs. HMVECs were
tfreated with SDF-Ta (100 ng/mL) or CTCE
(1 or 10 pg/mL) for 24 h. MicroRNA-126-5p
levels were determined with real-time
PCR. *p < 0.05 compared with control
group. N = 4-5 independent experiments.

thrombin (0.01 U), SDF-1a (250 ng/mL),
CTCE (10 pg/mL) or a combination of
thrombin with SDF-1a or CTCE. In isola-
tion, transfection with the miR-126 inhib-
itor had no effect on thrombin-induced
permeability in HMVECs. However, the
miR-126 inhibitor partially, but signifi-
cantly (p < 0.05, Figure 5) blocked the
protective effect of SDF-1a. and CTCE on
thrombin-induced permeability.

CTCE Decreased LPS-Induced
Pulmonary Vascular Leak and
Inflammation In Vivo in Mice

CD-1 mice underwent intratracheal
instillation of LPS (25 pg in 75 pL of
saline) and intravenous treatment with
CTCE (10 mg/kg intravenously) at 2 h
post-LPS instillation. BAL protein levels,
cell counts, cytokine and chemokine lev-
els were determined. LPS significantly
increased BAL protein levels and cell
counts, which were decreased by CTCE
(—48 + 13% and -52 + 8%, respectively,
p < 0.05, Figure 6). LPS also significantly
(p < 0.05) increased the inflammatory
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Figure 4. CTCE increased AKT/Rac 1 signaling in HMVECs. HMVECs were freated with CTCE
(10 puy/ml) for different time intervals. AKT activation (A) and Rac 1 activation (B) were
determined by Western blot and Rac 1 activation assay kit. HMVECs were also fransfected
with miR-126 inhibitors or control inhibitors and CTCE-induced AKT activation was deter-
mined (C). *p < 0.05 compared with control group. N = 3-5 independent experiments.

cytokines IL-1a, IL-1f, IL-6, TNFa,
G-CSF, IL-12 (p70) as well as the chemo-
kines IP-10, KC, MIG, RANTES, MIP-1a,
MIP-1f, MIP-2 and growth factor VEGF.
CTCE treatment significantly (p < 0.05)
abrogated these increases (Figure 7).

In separate experiments, CTCE'’s effect
on lung vascular leak was determined
by Evans blue dye and the wet-to-dry
weight ratio of lung tissue. LPS sig-
nificantly increased lung vascular leak
(Figure 8A) and lung water content
(Figure 8B) which were both significantly
reduced by CTCE. The effects of LPS and
CTCE treatment on miR-126 expression
in lung tissue were also determined. LPS
decreased miR-126 expression in lung
tissue, which was reversed by CTCE
treatment (Figure 8C).

DISCUSSION

Our findings demonstrated that the
SDF-1a analogue CTCE improves EC
barrier integrity through increased
expression of miR-126 and activa-
tion of Rac 1 signaling. Our previous
studies have demonstrated that CTCE
improves endothelial progenitor cell
and neutrophil function and improves
survival in a murine model of sepsis
(12). However, its effect on vascu-
lar permeability had not previously
been well characterized. The present
study determined the effect of CTCE
on thrombin-induced permeability
in HMVECs in vitro. We found that
cotreatment with CTCE inhibited
thrombin-induced reductions in TEER
and paracellular gap formation in these
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Figure 5. SDF-Ta. and CTCE inhibited thrombin-induced permeability through miR-126.
HMVECs were transfected with miR-126 inhibitors or control inhibitors and treated with
thrombin (0.01 U), SDF-Ta (250 ng/mL), CTCE (10 pg/mL) or a combination of thrombin
with SDF-1a (A) or CTCE (B). HMVEC permeability was determined by measuring electri-
cal impedance using an ECIS system. Thrombin decreased HMVEC monolayer integrity
(*p < 0.05) and this effect was significantly reduced by treatment with SDF-1a (A) and
CTCE (B) (*p < 0.05). Transfection with a miR-126 inhibitor alone did not affect thrombin-
induced permeability; however, concomitant treatment with SDF-1a (A) or CTCE (B)
demonstrated that the miR-126 inhibitor partially but significantly blocked their protective
effects (°p < 0.05). Repeated-measures ANOVA used for all comparisons. N = 5 independent
experiments.

120 | GUO ET AL. | MOL MED 22:115-123, 2016

cells. As impaired vascular barrier
function is critical in the pathogene-
sis of ARDS (26,27), we investigated
whether CTCE protects barrier integ-
rity in LPS-induced ARDS. We found
that CTCE decreased LPS-induced
protein, inflammatory cell, cytokine
and chemokine levels in BAL as well
as lung permeability and alveolar
edema. These data suggest that CTCE
may represent an important potential
therapeutic approach in ARDS.

In addition to analysis of electrical
impedance, we monitored changes
in the endothelial-specific adhesion
molecule, VE-cadherin, using fluores-
cence microscopy. VE-cadherin is vital
for EC contacts and the prevention
of vascular leak (28,29). As expected,
thrombin-induced leak in HMVEC
cultures was associated with a signifi-
cant decline in peripheral VE-cadherin
expression and increased intercellular
spaces. However, cotreatment with
CTCE prevented these thrombin-medi-
ated declines in peripheral VE-cadherin.
These results provide a mechanistic
link whereby SDF-1a downstream
signaling events may prevent EC
dysfunction.

MicroRNAs constitute a recently
discovered class of noncoding RNAs
that play key roles in the regulation of
gene expression at a post-translational
level (14,30). MicroRNA-126 is the most
abundant miRNA expressed during
EC differentiation. It has previously
been shown to have pleiotropic ef-
fects during EC differentiation and
its genetic absence is known to aug-
ment vascular permeability (22,31).

A potential mechanism by which
miR-126 may decrease vascular perme-
ability includes its targeted inhibition
of PIK3R2 (32). PIK3R2 suppresses
AKT signaling (32,33), which has been
shown to play a critical role in mod-
ulating cytoskeletal rearrangement
and maintaining barrier integrity (34).
Thus, increases in miR-126 levels may
be expected to augment AKT signaling
and enhance vascular barrier integrity
while its absence would generate the



opposite effect. Racl is a signaling G
protein and pleiotropic regulator of
many cellular processes, including the
cell cycle, cell-cell adhesion, motility

and differentiation (35). Racl causes

cytoskeletal rearrangement and endo-
thelial barrier enhancement mediated
by PI3K/ Akt signaling (36,37). As the
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effects of cytoskeletal rearrangement on
EC permeability are well established
(38,39), miR-126 may be a key modulator
of endothelial permeability through its
effects on AKT and Racl signaling. We
determined miR-126 levels and Racl acti-
vation levels in HMVECs after treatment
with CTCE. Our data showed that CTCE
increased miR-126 levels and AKT-Racl
signaling in HMVECs. Further, when
we suppressed miR-126 levels with a
miR-126 inhibitor, CTCE's effect on
AKT activation and thrombin-induced
permeability was attenuated, indicating
miR-126 is at least partially responsible
for CTCE's effect on endothelial bar-

rier integrity. Thus, the role of miR-126
in vascular barrier integrity merits

Figure 6. CTCE decreased BAL protein levels and total cells in LPS-induced ARDS. CD-1
mice were ygiven an intrafracheal instillation of LPS (25 py in 75 pL of saline) and treated
with CTCE at 2 h post-LPS instillation. BAL protein levels (A) and total cell counts (B)
were determined. *p < 0.05 compared with control group, “p < 0.05 compared with LPS

groups. N = 6-10 mice/yroup.
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future investigation in addition to other
recently described mediators of vascular
permeability in ARDS (40,41).
Importantly, our data have also
shown that CTCE improves vascular
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Figure 7. CTCE decreased BAL cytokine and chemokine levels in LPS-induced ARDS. See Figure 6 for method. BAL cytokine and
chemokine and growth factor levels were determined by mouse cytokine and chemokine array. *p < 0.05 compared with control
group, *p < 0.05 compared with LPS groups. N = 6-9 mice/group.
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was determined as an index of lung water content (B). MicroRNA-126 expression was
determined by real-time PCR of whole luny homoyenate (C). *p < 0.05 compared with
control group, *p < 0.05 compared with LPS yroups. N = 5-6 mice/yroup.

barrier integrity in vivo in a clinically
relevant murine model of ARDS. This
effect may be the result of CTCE’s
direct impact on endothelial permea-
bility as demonstrated in our in vitro
studies and by our observation that
LPS-induced decreases in lung miR-
126 expression were reversed by CTCE
treatment. However, as we have pre-
viously observed that CTCE reduces
inflammatory cytokine production

in LPS-activated macrophages (42),

it is also possible that CTCE impacts
vascular permeability through immune
modulation. Accordingly, we measured
inflammatory cytokines and chemo-
kines in the alveolar space of the injured
lung and verified that CTCE treat-
ment does modulate their expression
in vivo. The exact cells in which this
effect takes place is not yet known but,
regardless, the net result is a reduction
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in inflammatory activation expected

to reduce microcirculatory disruption
and trafficking of immune cells to the
alveoli. Future studies utilizing various
pathway inhibitors may help to clarify
the relative contributions of the direct
impact of CTCE on EC junctions versus
its impact on immune activation.

CONCLUSION

The SDF-1a analogue CTCE reduces
EC permeability through modulation
of miR-126 expression and the resultant
impact on its downstream target AKT.
Further, CTCE protects against pul-
monary edema in the setting of ARDS
while simultaneously modulating
inflammatory cytokine and chemokine
production. These observations provide
evidence that CTCE has therapeutic
potential for inflammation-related
vascular leak and warrants further

MOL MED 22:115-123, 2016

investigation as a novel therapeutic
in ARDS.
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