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Background: High mobility group box 1 (HMGB1) causes microvascular endothelial cell
barrier dysfunction during acute lung injury (ALI) in sepsis, but the mechanisms have not
been well understood. We studied the roles of RAGE and Rho kinase 1 (ROCK1) in
HMGB1-induced human pulmonary endothelial barrier disruption.

Methods: In the present study, the recombinant human high mobility group box 1
(rhHMGB1) was used to stimulate human pulmonary microvascular endothelial cells
(HPMECs). The endothelial cell (EC) barrier permeability was examined by detecting
FITC-dextran flux. CCK-8 assay was used to detect cell viability under rhHMGB1
treatments. The expression of related molecules involved in RhoA/ROCK1 pathway,
phosphorylation of myosin light chain (MLC), F-actin, VE-cadherin and ZO-1 of different
treated groups were measured by pul l -down assay, western blot and
immunofluorescence. Furthermore, we studied the effects of Rho kinase inhibitor (Y-
27632), ROCK1/2 siRNA, RAGE-specific blocker (FPS-ZM1) and RAGE siRNA on
endothelial barrier properties to elucidate the related mechanisms.

Results: In the present study, we demonstrated that rhHMGB1 induced EC barrier
hyperpermeability in a dose-dependent and time-dependent manner by measuring FITC-
dextran flux, a reflection of the loss of EC barrier integrity. Moreover, rhHMGB1 induced a
dose-dependent and time-dependent increases in paracellular gap formation
accompanied by the development of stress fiber rearrangement and disruption of VE-
cadherin and ZO-1, a phenotypic change related to increased endothelial contractility and
endothelial barrier permeability. Using inhibitors and siRNAs directed against RAGE and
ROCK1/2, we systematically determined that RAGE mediated the rhHMGB1-induced
stress fiber reorganization via RhoA/ROCK1 signaling activation and the subsequent MLC
phosphorylation in ECs.
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Conclusion: HMGB1 is capable of disrupting the endothelial barrier integrity. This study
demonstrates that HMGB1 activates RhoA/ROCK1 pathway via RAGE, which
phosphorylates MLC inducing stress fiber formation at short time, and HMGB1/RAGE
reduces AJ/TJ expression at long term independently of RhoA/ROCK1 signaling pathway.
Keywords: endothelium, high mobility group box 1, barrier permeability, signaling, inflammation
INTRODUCTION

A hallmark of acute lung injury (ALI) is pulmonary edema
caused by increased vascular permeability during septic
inflammation (1, 2). The pulmonary microvascular endothelial
cells play a key effect on maintaining the endothelial barrier
integrity between the microvascular lumen and the lung
interstitium. EC barrier function depends on the integrity of
endothelial cell (EC), the coordinate expression and interplay of
proteins in cellular junction complexes, including the F-actin
cytoskeleton, adherens junction (AJ) and tight junction (TJ) (3,
4). The barrier hyperpermeability is always related to the
cytoskeleton rearrangement of EC and the disruption of AJ
and TJ, resulting in EC contraction and intercellular gap
formation (5, 6). High mobility group box 1 (HMGB1), a
potent proinflammatory cytokine, can disrupt intercellular
junctions, increasing endothelial barrier permeability (7, 8).
Our previous investigation shows that HMGB1 is involved in
the progression of ALI, which has been demonstrated to be
associated with microvascular barrier dysfunction elicited by the
AJ and TJ disruption (7, 9). Recent studies have indicated that
HMGB1 and the receptor for advanced glycation end products
(RAGE) conduce to endothelial barrier dysfunction, and RAGE
is the primary receptor mediating HMGB1-induced
hyperpermeability and paracellular gap formation (10–12).
HMGB1 also elicits activation of Rho small GTPases which
play important effects on rearranging the F-actin cytoskeleton
and the intercellular junctional proteins (13, 14). Rho kinase
(ROCK) is a downstream target of RhoA and exists in two
similar isoforms: ROCK1 and ROCK2 (15, 16). ROCK activated
by the GTP-bound form of Rho can directly phosphorylate
myosin light chain (MLC) and reduce the dephosphorylation
of phosphorylated MLC (pMLC) (17, 18). ROCK1 and ROCK2
play different functional roles in regulating cytoskeleton
arrangement by phosphorylating different downstream proteins
(16). The previous studies have demonstrated that ROCK1 was
involved in TNFa-induced early endothelial hyperpermeability
and ROCK1 induced actin cytoskeletal instability by regulating
actomyosin contraction, whereas ROCK2 stabilized the actin
cytoskeleton by regulating cofilin phosphorylation (15, 16). To
verify the hypothesis that ROCK-dependent cell contraction
plays a key role in HMGB1-induced increases in pulmonary
nary microvascular endothelial cell;
LI, acute lung injury; AJ, adherens
vascular endothelial cadherin; ZO-1,
anced glycation end products; ROCK,
pMLC, phosphorylated MLC; EC,
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microvascular endothelial barrier permeability, we investigated
the effects of HMGB1 on the structure and function of
endothelial barrier and elucidated the roles of RAGE and
ROCK in HMGB1-induced human pulmonary endothelial
barrier disruption. Our findings indicated that HMGB1
induced F-actin rearrangement, AJ/TJ rupture, and then
enhanced the EC barrier permeability through the RAGE/
ROCK1 pathway in the early stage.

METHODS

Reagents
Human pulmonary microvascular endothelial cell (HPMEC) was
obtained from Tongpai Biotechnology Co., Ltd (Shanghai,
China). Recombinant human HMGB1 (rhHMGB1) was
obtained from Shanghai Primegene Bio-Tech Co., Ltd
(Shanghai, China). FPS-ZM1 (a high-affinity RAGE-specific
inhibitor) was from Sigma-Aldrich (St. Louis, MO, USA). Y-
27632 (ROCK inhibitor) was from Selleck Chemicals (Houston,
Texas, USA). CCK-8 kit was from Beyotime Technology
(Shanghai, China). Fluorescein isothiocyanate-dextran was
from Sigma-Aldrich (St. Louis, MO, USA). Phalloidin-iFluor
594 Conjugate was obtained from Absin Bioscience (Shanghai,
China). ROCK1/2 siRNA (SC-29473/SC-29474), RAGE siRNA
(SC-36374) and negative control siRNA were from Santa Cruz
Biotechnology Co., Ltd (Shanghai, China). Lipofectamine®

Reagent was employed for siRNA transfection (Paisley, UK).
ZO-1 (monoclonal rabbit anti-human, CST 13663S), VE-
cadherin (monoclonal rabbit anti-human, CST 2500T), MLC
(monoclonal rabbit anti-human, CST 3672), p-MLC (Ser-19,
monoclonal rabbit anti-human, CST 3674T) and ROCK1/2
(monoclonal rabbit anti-human, CST 4035/9029) antibodies
were obtained from Cell Signaling Technology (CST, Boston,
USA). RAGE (polyclonal rabbit anti-human, Cat No. 16346-1-
AP) and Tubblin (monoclonal mouse anti-human, Cat No.
66240-1-Ig) antibodies were from Proteintech (North
America). RhoA antibody (monoclonal rabbit anti-human,
Catalog # 17-294 Lot # DAM1764537) was from Millipore
Corporation (Temecula, CA). Rho activation kit was purchased
from Upstate Biotechnology (Millipore, Dundee, UK). Anti-
mouse and anti-rabbit secondary antibodies conjugated to
horse radish peroxidase were purchased from Proteintech
(North America). Donkey anti-Rabbit IgG (H+L) Alexa Fluor
488 Highly Cross-Adsorbed Secondary Antibody was from
Invitrogen (Carlsbad, USA). Regular Range Prestained Protein
Marker was from Proteintech (North America). Enhanced
chemiluminescence (ECL) was from Tanon Science &
Technology Co. (Shanghai, China).
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Cell Culture and Treatments
HPMECs were inoculated in Dulbecco’s modified Eagle’s culture
medium with 10% fetal bovine serum at 37°C and in 5% CO2.
The medium was replaced every 1-2 days. All experiments were
conducted in confluent monolayers on the 3rd or 4th day after
seeding (passages 5-7). After 24 hours of serum-free culture, the
cells were treated with rhHMGB1. rhHMGB1 was trypsinized to
abolish the micro-amounts of endotoxin (7). HPMECs were then
stimulated with rhHMGB1 at 600 ng/ml for 10 min, 30 min, 1 h,
6 h and 24 h, or treated with rhHMGB1 at 100, 200 and 600 ng/ml
for 24 h. In order to detect the toxicity of Y-27632 and FPS-ZM1
to ECs, HPMECs were treated with Y-27632 (5, 10, 15 uM) and
FPS-ZM1 (0.01, 0.05, 0.1 uM) for 24 h respectively.

Transfection of siRNA
HPMECs were grown on dishes precoated with 4 g/ml
fibronectin. To prepare siRNA-lipofectamine complexes,
siRNAs were mixed with lipofectamine reagent diluted in
OptiMEM® medium for 5 min at room temperature. ECs at
60-80% confluence were treated for 4 h with 10 nM ROCK1/2
siRNA, 100 nM RAGE siRNA or the corresponding negative
control siRNA through adding the siRNA lipofectamine
complexes to the ECs in serum-free medium. The transfected
cells were then incubated with normal medium at 37°C with 5%
CO2 for 48 h.

Cell Viability Assay
Cell viability was examined by CCK-8 measurement. HPMECs
were inoculated in 96-well plates. CCK-8 solution (10 ml/well)
was added, followed by culture at 37°C for 4 h. The absorbance at
450 nm was detected with a microplate reader (Thermo
Labsystems, IL, USA). Cell viability was calculated as a
percentage of that of control group.

Measurement of Endothelial Permeability
HPMECs were inoculated on 0.4-um pore Transwell filters.
FITC-dextran (MR 40,000; Sigma–Aldrich) was added into the
upper chamber at a concentration of 1 mg/ml and equalized for
1h, then the culture medium sample was collected from the lower
chamber to detect base permeability. After indicated treatment,
the media were taken from the lower chamber. The FITC
fluorescence intensity was detected by a fluorescence
spectrometer (MV06744, MoleCular Devices, Shanghai). The
excitation wavelength was 482 nm and the detection
wavelength was 525 nm.

Immunofluorescence
For VE-cadherin and ZO-1 localization, ECs were fixed with ice-
cold methanol on chamber slides. Cells were blockaded with
serum and treated with primary antibodies (VE-cadherin and
ZO-1, 1:200) and Alexa Fluor 488 donkey anti-rabbit antibody
(1:200). For F-actin localization, ECs were fixed in 4%
paraformaldehyde, permeabilized with 0.1% Triton X-100,
blockaded with 5% BSA, and treated with 5 mg/ml of
fluorescein isothiocyanate conjugated phalloidin. Confocal laser
scanning microscope was used for image acquisition (Zeiss,
Germany). The fluorescence intensity of F-actin, VE-cadherin
Frontiers in Immunology | www.frontiersin.org 3
and ZO-1 was quantitatively analyzed by the Image J software
(National Institutes of Health, Bethesda, MD, USA).

Western Blot
Protein concentration was measured by the BCA method, and
then the samples were titrated to the same concentration. Protein
samples (10 ml) were subjected to 10% SDS-PAGE, transferred to
a polyvinylidene fluoride membrane, blockaded by 5% BSA at
room temperature for 1 h, then treated with primary antibodies
(4°C, overnight) followed by incubation with HRP-coupled anti-
mouse/rabbit IgG antibody (1:8000 dilution, room temperature,
1 h). Bands were developed with SuperSignalWest Pico
Chemiluminescent Substrate and images were captured by
Tanon 5200 System (Tanon, Shanghai). Primary antibodies
and their dilution ratios applied in this present study were as
follows: anti-RhoA (1:2000), anti-ROCK1/2 (1:1000), anti-MLC
(1:1000), anti-pMLC (Ser-19, 1:1000), anti-VE-cadherin
(1:1000), anti-ZO-1 (1:1000), anti-RAGE (1:800) and anti-
tubblin (1:8000). Anti-tubblin protein was determined as an
endogenous control for other proteins. At least three different
repeats were performed for quantification. Band intensity was
normalized by its own endogenous control.

Assessment of Activated RhoA
RhoA activation was determined with a pull-down assay kit in
line with the manufacturer’s instructions. ECs were lysed with a
Triton X-100 lysis buffer. EC lysates were centrifuged at 13,000g
at 4°C for 3 min, and equal volumes of lysates were treated with
rhotekin-Rho-binding domain-coated agarose beads at 4°C for 1 h,
then the beads were washed three times. The content of GTP-
RhoA (RhoA associated with the beads) and total RhoA in cell
lysates were measured by immunoblot. The activity of RhoA was
examined by normalizing the amount of rhotekin-Rho-binding
domain-bound RhoA to the total amount of RhoA in cell lysates.
Statistical Analysis
Experiments were performed in a minimum of triplicate
replications. All values were expressed as means ± standard
deviation (SD). SPSS 17 for Windows was used for statistical
analysis. The one-way ANOVA test followed by Dunnett’s post-
test was applied for comparisons between groups. P value < 0.05
was considered to indicate statistical significance.
RESULTS

HMGB1-Mediated the Formation
of Stress Filaments and Disruption
of AJ/TJ Proteins
The changes of cell viability in HPMECs treated with different
concentrations of rhHMGB1, Y-27632 and FPS-ZM1 were
examined by CCK-8 method (Figures 1A, 2A and 4A). As
indicated in Figures 1B, C, rhHMGB1 stimulation upregulated
FITC-dextran flux in a dose-dependent and time-dependent
manner. rhHMGB1 at a dose of 600 ng/ml showed a significant
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FIGURE 1 | rhHMGB1-induced endothelial barrier hyperpermeability and RhoA/ROCK1 expression in ECs. (A) Cell viability of HPMEC was evaluated by CCK-8
measurement after stimulated with different concentration of rhHMGB1 for 24 h. (B) HPMECs were stimulated with the indicated concentrations of rhHMGB1 for 24 h.
(C) HPMECs were stimulated with 600 ng/ml rhHMGB1 for the indicated times. (D, E) Immunofluorescence location of F-actin, VE-cadherin and ZO-1 in HPMECs was
detected after 600 ng/ml rhHMGB1 stimulation for the indicated times. The fluorescence intensity of F-actin, VE-cadherin and ZO-1 was quantitatively analyzed using the
Image J software. (F) The concentration of 600 ng/ml rhHMGB1 could selectively downregulate the expression level of VE-cadherin and ZO-1 at 24 h. (G) Time course of
rhHMGB1-mediated increase in RhoA activity. Western blots showed the content of GTP-bound RhoA and total RhoA in cell lysate. (H) rhHMGB1 (600 ng/ml) treatment
significantly upregulated ROCK1 expression in HPMECs at 60 min. (I) Treatment with 600 ng/ml rhHMGB1 could transiently promote the expression of pMLC. Values
were shown as mean ± SD of 3 independent trials. *p < 0.05 vs. control.
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FIGURE 2 | Y-27632 pretreatment attenuated rhHMGB1-induced ROCK1/pMLC expression. (A) CCK-8 assay was performed with HPMECs for 24 h with
different dosages of Y-27632 as indicated. (B) Effects of Y-27632 on changes in FITC-dextran flux in HPMECs. HPMECs were pretreated with Y-27632 and
then treated with 600 ng/ml rhHMGB1 for 60 min. (C) Role of Y-27632 pretreatment in increased barrier permeability induced by rhHMGB1 at 24 h. (D) Effects
of Y-27632 on rhHMGB1-mediated morphological change in endothelial F-actin, VE-cadherin and ZO-1. HPMECs were pretreated with Y-27632 for 1 h before
rhHMGB1 (600 ng/ml) stimulation for 60 minutes to examine morphology of endothelial F-actin, VE-cadherin and ZO-1 by immunofluorescence. Fluorescence
intensity of F-actin, VE-cadherin and ZO-1 was measured in ECs. (E) Y-27632 pretreatment downregulated the ROCK1 expression induced by rhHMGB1 at 60
min. (F) Effects of Y-27632 treatment on rhHMGB1-induced changes in the protein expression levels of VE-cadherin and ZO-1 at 24 h. Y-27632 were added for
the last 4 h of the 24 h rhHMGB1 treatment. (G) Pretreatment with Y-27632 attenuated rhHMGB1-induced MLC phosphorylation at 60 min. ECs were
pretreated with Y-27632 for 1 h and then stimulated with rhHMGB1 (600 ng/ml) for 1 h. Values were indicated as mean ± SD of 3 separate trials. *p < 0.05 vs.
control. #p < 0.05 vs. rhHMGB1 60-min group.
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effect on EC barrier permeability (Figure 1B). The barrier
permeability of HPMEC was markedly increased 30 min after
rhHMGB1 treatment, and progressively increased to 24 h
(Figure 1C). Therefore, the selected concentration of rhHMGB1
was 600 ng/ml in the following experiments. ECs were also treated
with Y-27632 (10 uM) and FPS-ZM1 (0.05 uM) for 1 h prior to
stimulation with rhHMGB1 and for the last 4 h of the 24 h
rhHMGB1 stimulation respectively. Immunofluorescence
microscopy revealed that rhHMGB1 also induced progressive
cytoskeletal changes in cultured HPMECs that were apparent
after 30 min of rhHMGB1 treatment (Figure 1D). The 24 h
exposure of rhHMGB1 elicited the formation of stress filaments
and paracellular gaps (Figures 1D, E). After rhHMGB1 treatment
for 60 min, membrane localization of VE-cadherin and ZO-1 was
also significantly ruptured, indicating that AJ/TJ integrity was
disrupted (Figure 1E). To investigate the molecular mechanisms
for the rhHMGB1-mediated endothelial barrier disruption, we
checked whether changes in endothelial cell barrier permeability
were paralleled with changes in the expression levels of
intercellular junction proteins. As shown in Figure 1F, western
blot revealed that treatment with rhHMGB1 elicited a time-
dependent decrease in the expressions of VE-cadherin and ZO-
1, which were measurable at 6 h of rhHMGB1 stimulation in ECs,
and a more significant decrease was measured at 24 h.
Effects of ROCK1 on HMGB1-Mediated
HPMEC Hyperpermeability
To investigate the effects of ROCK activation played on the
rhHMGB1-mediated EC barrier hyperpermeability, the ECs
were pretreated with Y-27632 or transfected with ROCK1/2
siRNA before rhHMGB1 stimulation. Western blot was used
to assess the protein expression of ROCK1/2 in HPMECs after
transfection with ROCK1/2 siRNA and there was no evidence of
cytotoxicity found in ROCK1/2 siRNA transfected cells
(Figures 3B, C). As shown in Figures 1G, H, the time-dependent
increases in RhoA activity and ROCK1 expression by rhHMGB1
treatment were measured. The activity of RhoA/ROCK1 was
significantly upregulated at 30 min and 60 min of rhHMGB1
treatment, but the activity of RhoA/ROCK1 returned to baseline
by 24 h. The rhHMGB1-induced EC hyperpermeability at 60min
was significantly inhibited by Y-27632 pretreatment and ROCK1
knockdown (Figures 2B, 3D). However, transfection with ROCK2
siRNA alone did not reduce rhHMGB1-induced early permeability
increases at 60 min (Figure 3D). In addition, transfection with
ROCK1/2 siRNA had no significant inhibitory role in rhHMGB1-
induced late permeability increases at 24 h (Figure 3D).When ECs
were treated with Y-27632 for the last 4 h of the 24 h rhHMGB1
stimulation, the results indicated that suppression of ROCKhad no
marked inhibitory role in rhHMGB1-induced hyperpermeability at
24h (Figure2C), inaccordancewith thepresenceof stressfilaments
and intercellular gaps at 24h (Figures 1D, E). These data indicated
that ROCK1 activation was necessary for rhHMGB1-mediated
early increase in endothelial barrier permeability. Furthermore,
the results of western blot showed that treatment with Y-27632 and
ROCK1 siRNA had no significant effects on the expressions of VE-
Frontiers in Immunology | www.frontiersin.org 6
cadherinandZO-1 inHPMECsafter 24hof rhHMGB1stimulation
(Figures 2F, 3E).

HMGB1 Induced MLC Activation
in HPMECs
It was demonstrated that Rho/ROCK signaling pathway played a
key influence on increasing the level of MLC phosphorylation
(19). Thus, pMLC is an important initial event for the increased
paracellular flow of endothelial cell leakage (18). In the present
study, some modest morphological changes occurred in the actin
cytoskeleton after treatment with rhHMGB1 for 30 min
(Figure 1D), which could reflect the enhanced Rho/ROCK
activity and MLC phosphorylation. As shown in Figure 1I,
rhHMGB1 stimulation (600 ng/ml) for 60 minutes obviously
increased the expression level of pMLC, which was consistent
with a time-dependent increase in RhoA activity and ROCK1
expression (Figures 1G, H). Results showed that rhHMGB1
induced an increase in Ser-19 phosphorylation at 30 min and 1 h
and the expression level of Ser-19 phosphorylated MLC returned
to baseline by 24 h, as shown on immunoblot (Figure 1I). The
inhibition of ROCK1 expression with Y-27632 and ROCK1
siRNA could downregulate the phosphorylation of MLC after
60 min of rhHMGB1 treatment (Figures 2G, 3H), which was
accompanied by decreases in the fluorescence intensity of F-actin
at 60 min (Figures 2D, 3F). Pretreatment with FPS-ZM1 and
RAGE siRNA could result in a marked downregulation of the
activity of RhoA/ROCK1 and phosphorylation of MLC in
HPMECs treated with rhHMGB1 for 60 minutes (Figures 4C, F
and 5E, F), and then reduce the fluorescence intensity of stress
fibers in the cell center at 60 min (Figures 4D, 5D).

RhoA/ROCK1 Pathway Mediates HMGB1-
Induced EC Barrier Disruption in HPMECs
As shown in Figures 1G, H, the time-dependent increases in
RhoA activity and ROCK1 expression by rhHMGB1 treatment
were measured. The results showed that the peak activity of RhoA
appeared at 60 min and rhHMGB1 treatment also significantly
up-regulated the expression of ROCK1 at 60min. Thus, binding of
active GTP-bound RhoA caused unfolding and activation of
ROCK1, which was accompanied by rhHMGB1-mediated MLC
phosphorylation, stress filament formation, VE-cadherin and ZO-
1 disruption, and the early increase in EC barrier permeability
(Figure 1). Pretreatment with Y-27632 and ROCK1 knockdown
could partially inhibit rhHMGB1-mediated EC leakage and
restore FITC-dextran flux of the endothelial barrier after 60 min
of rhHMGB1 stimulation (Figures 2B, 3D). After pretreatment
with Y-27632 and ROCK1 siRNA, the expression of ROCK1
protein at 60 min was significantly downregulated (Figures 2E,
3G), and the membrane location of VE-cadherin and ZO-1 in
intercellular junctions was partially restored after 60 min of
rhHMGB1 stimulation (Figures 2D, 3F). The 60 min exposure
of rhHMGB1 increased the fluorescence intensity of F-actin in the
cell center, and pretreatment with Y-27632 and ROCK1 siRNA
decreased the fluorescence intensity of central stress filaments after
60 min of rhHMGB1 exposure (Figures 2D, 3F). These findings
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FIGURE 3 | rhHMGB1-mediated early barrier dysfunction is largely dependent on ROCK1 signaling. (A, B) ECs were transfected with ROCK1/2 siRNA. Western
blot was used to assess the protein expression of ROCK1/2 in HPMECs. (C) Cell viability was assessed by the CCK-8 assay after transfection with different
concentration of ROCK1/2 siRNA for 24 h or transfection with 10 nM ROCK1/2 siRNA for the indicated times. There was no evidence of cytotoxicity found in
ROCK1/2 siRNA transfected cells. (D) Examination of FITC-dextran flux of HPMECs. ROCK1 knockdown ameliorated rhHMGB1-induced early permeability increases
(at 60 min). (E) Effects of ROCK1 siRNA on the expression of VE-cadherin and ZO-1 induced by rhHMGB1 at 24 h. (F) ECs were transfected with ROCK1 siRNA
and then stimulated with rhHMGB1 for 60 min. Immunofluorescence staining of F-actin, VE-cadherin and ZO-1 was detected by fluorescence microscopy. Image J
software was used to analyze the fluorescence intensity of F-actin, VE-cadherin and ZO-1. (G) ROCK1 knockdown attenuated the ROCK1 expression induced by
rhHMGB1 at 60 min. (H) ROCK1 knockdown downregulated the rhHMGB1-induced pMLC expression in cells at 60 min. Mean ± SD of 3 independent trials was
shown. *p < 0.05 vs. corresponding control group. #p < 0.05 vs. rhHMGB1 60-min group. NC, negative control.
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FIGURE 4 | FPS-ZM1 treatment alleviated rhHMGB1-mediated RhoA/ROCK1 activation and barrier dysfunction. (A) Cell viability was determined by CCK-8
assay after treated with different dosage of FPS-ZM1 for 24 h. (B) FPS-ZM1 improved lung endothelial permeability at 60 min and 24 h after rhHMGB1
stimulation. (C) FPS-ZM1 significantly downregulated RhoA and ROCK1 expression in HPMECs at 60 min after rhHMGB1 stimulation. (D) Effects of FPS-ZM1
on rhHMGB1-mediated morphological changes in endothelial F-actin, VE-cadherin and ZO-1. ECs were treated with FPS-ZM1 for 1 h prior to stimulation with
rhHMGB1 to evaluate morphology of endothelial cytoskeleton F-actin or for the last 4 h of the 24 h rhHMGB1 stimulation to assess morphology of endothelial
VE-cadherin and ZO-1 by immunofluorescence microscopy. Image J software was used to analyze the fluorescence intensity of F-actin, VE-cadherin and ZO-1.
(E) FPS-ZM1 significantly increased VE-cadherin and ZO-1 expression levels in HPMECs at 24 h after rhHMGB1 stimulation. ECs were treated with FPS-ZM1 for
the last 4 h of the 24 h rhHMGB1 stimulation. (F) Effects of FPS-ZM1 on rhHMGB1-mediated pMLC expression in cells. ECs were pretreated with FPS-ZM1 for
1 h and then treated with rhHMGB1 for 60 minutes. Mean ± SD of 3 independent trials was shown. *p < 0.05 vs. control. #p < 0.05 vs. rhHMGB1 60-min group
or rhHMGB1 24-h group.
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FIGURE 5 | rhHMGB1-induced RhoA/ROCK1 pathway activation via RAGE in HPMECs. (A) ECs were transfected with RAGE siRNA. Western blots were used
to determine the expression of RAGE in endothelial cells. (B) Cytotoxicity of RAGE siRNA was assessed by CCK-8 assay after transfected with different
concentration of RAGE siRNA for 24 h or transfected with 100 nM RAGE siRNA for the different times. No evidence of cytotoxicity was found in RAGE siRNA
transfected cells. (C) Treatment with RAGE siRNA ameliorated endothelial barrier dysfunction induced by rhHMGB1 at 60 min and 24 h. (D) ECs were
transfected with RAGE siRNA and then stimulated with rhHMGB1 for 60 min and 24 h. Immunofluorescence staining of F-actin, VE-cadherin and ZO-1 was
determined by fluorescence microscopy. Fluorescence intensity of F-actin, VE-cadherin and ZO-1 was measured in ECs. (E) Knockdown of RAGE by siRNA
reduced the rhHMGB1-induced MLC phosphorylation at 60 min as detected by western blot. (F) Effects of inhibition of RAGE with siRNA on increased
expression of RhoA and ROCK1 induced by rhHMGB1 at 60 min in HPMECs. (G) Role of RAGE siRNA in the VE-cadherin and ZO-1 protein expression levels in
ECs at 24 h after rhHMGB1 treatment. Mean ± SD of 3 independent trials was shown. *p < 0.05 vs. corresponding control group. #p < 0.05 vs. rhHMGB1 60-
min group or rhHMGB1 24-h group. NC, negative control.
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suggest that RhoA and ROCK1 may be implicated in rhHMGB1-
mediated early increase in EC permeability and stress filament
formation in HPMECs.

RAGE Mediates the EC Barrier Leakage
Induced by HMGB1
To investigate whether RAGE is implicated in the rhHMGB1-
mediated increases in EC barrier permeability, the expression of
RAGE was silenced by siRNA in HPMECs. In addition, HPMECs
were also treated with the specific RAGE inhibitor FPS-ZM1 (20)
for 60min prior to stimulationwith rhHMGB1 or for the last 4 h of
the 24 h rhHMGB1 stimulation. As indicated in Figures 4B, 5C,
FPS-ZM1 and RAGE knockdown significantly decreased
endothelial permeability by comparison with the rhHMGB1
treatment group at 60 min and 24 h. Inhibition of RAGE with
FPS-ZM1andRAGEsiRNAcould also downregulate the activity of
RhoA/ROCK1andphosphorylationofMLCat60min (Figures4C,F
and 5E, F), and then partly prevent the rhHMGB1-mediated
formation of stress fibers in the cell center (Figures 4D, 5D).
Furthermore, inhibition of ROCK1 could also reduce the expression
of pMLC (Figures 2G, 3H), and partly recover the membrane
localization of VE-cadherin and ZO-1 after 60 min of rhHMGB1
stimulation(Figures2D,3F).Therefore, it seems likely that a signaling
pathway proceeds fromRAGE to RhoA/ROCK1 through the F-actin
reorganization and disruption of AJ/TJ related proteins, which finally
destroys the earlyECbarrier function in thepresent study. Inaddition,
FPS-ZM1andRAGE siRNA could upregulate the expression levels of
VE-cadherin and ZO-1 at 24 h (Figures 4E, 5G). Similarly, inhibition
of RAGE could also partially restore the cytomembrane location of
VE-cadherin and ZO-1 after 24 h of rhHMGB1 stimulation
(Figures 4D, 5D).
DISCUSSION

HMGB1 is released in late endotoxemia and it is closely associated
with the severity and prognosis of sepsis (21, 22). It is demonstrated
that HMGB1 could elicit microvascular EC cytoskeletal
rearrangement and barrier dysfunction (12). EC cytoskeleton,
especially F-actin rearrangement, is main histological basis in
enhanced EC barrier permeability, which elicits the increase in
cell contractility and intercellular gap formation (23, 24). To our
best knowledge, this study demonstrates here that HMGB1 elicits
progressive changes to the filamentous actin, intercellular junctions
and increases HPMEC barrier permeability in a time-dependent
and dose-dependent manner. Furthermore, RAGE and RhoA/
ROCK1 were implicated in the HMGB1-mediated EC
cytoskeletal reorganization and early endothelial barrier
dysfunction. This present study showed that HMGB1 disrupted
the microvascular endothelial cell barrier, which might be
implicated in the pathogenesis of ALI in sepsis.

Phosphorylation of MLC has been reported to involve in the
regulation of EC barrier permeability after treatment with
thrombin, histamine, and other inflammatory cytokines and so
on (18, 19). In the present study, the early rhHMGB1-induced
Frontiers in Immunology | www.frontiersin.org 10
MLC phosphorylation and subsequent formation of actin stress
fibers indicated that changes in EC contractility was occurring.
RhoA plays a key role in control of endothelial cellular actin
cytoskeletal rearrangement and cell morphology. ROCK (a
downstream target of RhoA) mediates stress filament
formation by upregulating the levels of MLC phosphorylation
(25–27). Then, phosphorylated MLC contributes to actomyosin
interaction, causing EC contraction and an increased
permeability (28, 29). Furthermore, ROCK1 activation has
been reported to influence cell-cell adhesion by modulating
interactions between stress fibers and intercellular binding
molecules (TJ and AJ) (30). It was demonstrated that ROCK1
activation induced by high glucose caused endothelial-to-
mesenchymal transition with loss of CD31 and VE-cadherin,
resulting in increased endothelial permeability (31). Previous
study also shows that anthrax lethal toxin causes EC barrier
dysfunction through actin filament formation and disruption of
adherens junctions (32). This study indicated that the changes of
VE-cadherin expression associated temporally with the
formation of stress fibers and activation of ROCK1 (32).

In this study, our findings showed that RhoA/ROCK1 was
activated rapidly by rhHMGB1 in cultured HPMECs and
rhHMGB1 stimulation induced rapid aggregation of actin stress
filaments, intercellular gap formation and a significant increase in
endothelial cell permeability by 60minutes, indicating that the early
cytoskeletal reorganization could affect permeability. To confirm
the role of ROCK played in rhHMGB1-mediated EC barrier
dysfunction, Y-27632 was added for 1 h prior to treatment with
rhHMGB1 or for the last 4 h of the 24 h rhHMGB1 stimulation.
Moreover, the ECs were transfected with ROCK1/2 siRNA before
rhHMGB1 treatment. The results showed that Y-27632 and
ROCK1 knockdown were able to significantly suppress ROCK1
activation, subsequent MLC Phosphorylation and the rhHMGB1-
induced hyperpermeability at 60 min. In addition, Y-27632 and
ROCK1 knockdown decreased the number of central stress
filaments and partially restored cortical localization of F-actin and
membrane location of VE-cadherin and ZO-1 at 60 min of
rhHMGB1 stimulation in HPMECs. Increased endothelial barrier
permeability is often related to lack or disruption of AJ/TJ proteins
(7, 33) and indeed VE-cadherin and ZO-1 expressions were
downregulated following a long-term rhHMGB1 stimulation in
this study. The results of western blot showed that inhibition of
ROCK with Y-27632 had no influence on the expression of VE-
cadherin and ZO-1 at 24 h of rhHMGB1 stimulation in HPMECs,
suggesting that rhHMGB1 induced the disruption of EC barrier at
24 h independent of its effect on the RhoA/ROCK signaling. In
addition, our previous study indicated thatHMGB1downregulated
AJ/TJ components at 24 h through activation of the RAGE/p38
signalingpathway (7).Other study showed thatHMGB1elicited the
activation of the RAGE/ERK1/2 pathway at 24 h, which correlated
with barrier dysfunction in the human bronchial epithelial
cells (34).

So far, many evidences show that HMGB1 interacts with
endothelial cell through RAGE. To study the role of RAGE in EC
barrier dysfunction, we inhibited the RAGE activity using RAGE
siRNA and its specific inhibitor FPS-ZM1 (20, 35). Recent
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studies indicated that the inhibition of RAGE functions via FPS-
ZM1 might be a meaningful therapeutic strategy for a variety of
diseases, suchasdiabetes-relatedglomerularfiltrationbarrierdamage
and irradiation-induced EC barrier disruption (10, 36). Our study
also demonstrated that the blockage of RAGE with FPS-ZM1 and
RAGE siRNAattenuated the ECbarrier hyperpermeabilitymediated
by rhHMGB1 and blocked the rhHMGB1-induced RhoA/ROCK1
activationandMLCphosphorylation. Furthermore, ourfindings also
confirmed FPS-ZM1 as a potential therapeutic drug for treating
rhHMGB1-induced EC barrier dysfunction.

In conclusion, our findings demonstrate that rhHMGB1
could induce the early EC barrier disruption, and the potential
molecular mechanism may be that rhHMGB1 activates the
RhoA/ROCK1 signaling pathway through RAGE, which
mediates the phosphorylation of MLC inducing stress fiber
formation at short time (up to 60 min), and HMGB1/RAGE
disrupts the integrity of AJ/TJ at long term (up to 24 h)
independently of RhoA/ROCK1 signaling pathway. These new
findings will help to understand the signaling pathways of
rhHMGB1-mediated increase in EC barrier permeability and
contribute to establish potential therapeutic targets in the
treatment of sepsis.
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Stress Fiber Formation in RPE Through Rho/ROCK-Mediated MLC
Phosphorylation. J Cell Physiol (2011) 226(2):414–23. doi: 10.1002/jcp.22347

20. Deane R, Singh I, Sagare AP, Bell RD, Ross NT, LaRue B, et al. A Multimodal
RAGE-Specific Inhibitor Reduces Amyloid b-Mediated Brain Disorder in a
Mouse Model of Alzheimer Disease. J Clin Invest (2012) 122(4):1377–92.
doi: 10.1172/JCI58642

21. Karlsson S, Pettilä V, Tenhunen J, Laru-Sompa R, Hynninen M, Ruokonen E.
HMGB1 as a Predictor of Organ Dysfunction and Outcome in Patients With
October 2021 | Volume 12 | Article 697071

https://doi.org/10.1186/s12931-015-0266-7
https://doi.org/10.1016/bs.ctm.2018.09.003
https://doi.org/10.1016/bs.ctm.2018.09.003
https://doi.org/10.1196/annals.1420.016
https://doi.org/10.1196/annals.1420.016
https://doi.org/10.1083/jcb.201404140
https://doi.org/10.1152/jappl.2001.91.4.1487
https://doi.org/10.1074/jbc.M007136200
https://doi.org/10.1159/00048937
https://doi.org/10.3892/mmr.2015.4536
https://doi.org/10.1111/cei.12062
https://doi.org/10.1002/jcp.26341
https://doi.org/10.1038/s12276-019-0312-5
https://doi.org/10.1016/j.mvr.2010.11.010
https://doi.org/10.1152/ajprenal.00185.2016
https://doi.org/10.1152/ajprenal.00185.2016
https://doi.org/10.1007/s00441-014-1805-0
https://doi.org/10.1007/s00441-014-1805-0
https://doi.org/10.4049/jimmunol.0802811
https://doi.org/10.4049/jimmunol.0802811
https://doi.org/10.1038/cddis.2013.10
https://doi.org/10.1097/FJC.0b013e3182a3718f
https://doi.org/10.1167/iovs.05-1127
https://doi.org/10.1002/jcp.22347
https://doi.org/10.1172/JCI58642
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhao et al. HMGB1 Disrupts Endothelial Barrier
Severe Sepsis. Intensive Care Med (2008) 34(6):1046–53. doi: 10.1007/s00134-
008-1032-9

22. Gil M, Kim YK, Hong SB, Lee KJ. Naringin Decreases Tnf-a and HMGB1
Release From LPS-Stimulated Macrophages and Improves Survival in a CLP-
Induced Sepsis Mice. PLoS One (2016) 11(10):e0164186. doi: 10.1371/
journal.pone.0164186

23. Cong X, Kong W. Endothelial Tight Junctions and Their Regulatory Signaling
Pathways in Vascular Homeostasis and Disease. Cell Signal (2019) 66:109485.
doi: 10.1016/j.cellsig.2019.109485

24. Srinivas SP. Cell Signaling in Regulation of the Barrier Integrity of the Corneal
Endothelium. Exp Eye Res (2012) 95(1):8–15. doi: 10.1016/j.exer.2011.09.009

25. Abedi F, Hayes AW, Reiter R, Karimi G. Acute Lung Injury: The Therapeutic
Role of Rho Kinase Inhibitors. Pharmacol Res (2020) 155:104736.
doi: 10.1016/j.phrs.2020.104736

26. Garcia JG, Davis HW, Patterson CE. Regulation of Endothelial Cell Gap
Formation and Barrier Dysfunction: Role of Myosin Light Chain
Phosphorylation. J Cell Physiol (1995) 163(3):510–22. doi: 10.1002/
jcp.1041630311

27. Mikelis CM, Simaan M, Ando K, Fukuhara S, Sakurai A, Amornphimoltham
P, et al. Rhoa and ROCK Mediate Histamine-Induced Vascular Leakage and
Anaphylactic Shock. Nat Commun (2015) 6:6725. doi: 10.1038/ncomms7725

28. Wang P, Verin AD, Birukova A, Gilbert-McClain LI, Jacobs K, Garcia JG.
Mechanisms of Sodium Fluoride-Induced Endothelial Cell Barrier
Dysfunction: Role of MLC Phosphorylation. Am J Physiol Lung Cell Mol
Physiol (2001) 281(6):L1472–83. doi: 10.1152/ajplung.2001.281.6.L1472

29. Verin AD, Birukova A, Wang P, Liu F, Becker P, Birukov K, et al. Microtubule
Disassembly Increases Endothelial Cell Barrier Dysfunction: Role of MLC
Phosphorylation. Am J Physiol Lung Cell Mol Physiol (2001) 281(3):L565–74.
doi: 10.1152/ajplung.2001.281.3.L565

30. Riento K, Ridley AJ. Rocks: Multifunctional Kinases in Cell Behaviour. Nat
Rev Mol Cell Biol (2003) 4(6):446–56. doi: 10.1038/nrm1128

31. Peng H, Li Y, Wang C, Zhang J, Chen Y, Chen W, et al. ROCK1 Induces
Endothelial-to-Mesenchymal Transition inGlomeruli toAggravate Albuminuria
in Diabetic Nephropathy. Sci Rep (2016) 6:20304. doi: 10.1038/srep20304

32. Warfel JM, D’Agnillo F. Anthrax Lethal Toxin-Mediated Disruption of
Endothelial VE-Cadherin Is Attenuated by Inhibition of the Rho-Associated
Frontiers in Immunology | www.frontiersin.org 12
Kinase Pathway. Toxins (Basel) (2011) 3(10):1278–93. doi: 10.3390/
toxins3101278

33. Wang W, Dentler WL, Borchardt RT. VEGF Increases BMEC Monolayer
Permeability by Affecting Occludin Expression and Tight Junction Assembly.
Am J Physiol Heart Circ Physiol (2001) 280(1):H434–40. doi: 10.1152/
ajpheart.2001.280.1.H434

34. Huang W, Zhao H, Dong H, Wu Y, Yao L, Zou F, et al. High-Mobility Group
Box 1 Impairs Airway Epithelial Barrier Function Through the Activation of
the RAGE/ERK Pathway. Int J Mol Med (2016) 37(5):1189–98. doi: 10.3892/
ijmm.2016.2537

35. Hong Y, Shen C, Yin Q, Sun M, Ma Y, Liu X. Effects of RAGE-Specific
Inhibitor FPS-ZM1 on Amyloid-b Metabolism and Ages-Induced
Inflammation and Oxidative Stress in Rat Hippocampus. Neurochem Res
(2016) 41(5):1192–9. doi: 10.1007/s11064-015-1814-8

36. Sanajou D, Ghorbani Haghjo A, Argani H, Roshangar L, Ahmad SNS, Jigheh
ZA, et al. FPS-ZM1 and Valsartan Combination Protects Better Against
Glomerular Filtration Barrier Damage in Streptozotocin-Induced Diabetic
Rats. J Physiol Biochem (2018) 74(3):467–78. doi: 10.1007/s13105-018-0640-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhao, Jiang, Sun, Wang, Hu, Zhu, Yin, Chen, Ma, Zhao and Luan.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
October 2021 | Volume 12 | Article 697071

https://doi.org/10.1007/s00134-008-1032-9
https://doi.org/10.1007/s00134-008-1032-9
https://doi.org/10.1371/journal.pone.0164186
https://doi.org/10.1371/journal.pone.0164186
https://doi.org/10.1016/j.cellsig.2019.109485
https://doi.org/10.1016/j.exer.2011.09.009
https://doi.org/10.1016/j.phrs.2020.104736
https://doi.org/10.1002/jcp.1041630311
https://doi.org/10.1002/jcp.1041630311
https://doi.org/10.1038/ncomms7725
https://doi.org/10.1152/ajplung.2001.281.6.L1472
https://doi.org/10.1152/ajplung.2001.281.3.L565
https://doi.org/10.1038/nrm1128
https://doi.org/10.1038/srep20304
https://doi.org/10.3390/toxins3101278
https://doi.org/10.3390/toxins3101278
https://doi.org/10.1152/ajpheart.2001.280.1.H434
https://doi.org/10.1152/ajpheart.2001.280.1.H434
https://doi.org/10.3892/ijmm.2016.2537
https://doi.org/10.3892/ijmm.2016.2537
https://doi.org/10.1007/s11064-015-1814-8
https://doi.org/10.1007/s13105-018-0640-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Roles of RAGE/ROCK1 Pathway in HMGB1-Induced Early Changes in Barrier Permeability of Human Pulmonary Microvascular Endothelial Cell
	Introduction
	Methods
	Reagents
	Cell Culture and Treatments
	Transfection of siRNA
	Cell Viability Assay
	Measurement of Endothelial Permeability
	Immunofluorescence
	Western Blot
	Assessment of Activated RhoA
	Statistical Analysis

	Results
	HMGB1-Mediated the Formation of Stress Filaments and Disruption of AJ/TJ Proteins
	Effects of ROCK1 on HMGB1-Mediated HPMEC Hyperpermeability
	HMGB1 Induced MLC Activation in HPMECs
	RhoA/ROCK1 Pathway Mediates HMGB1-Induced EC Barrier Disruption in HPMECs
	RAGE Mediates the EC Barrier Leakage Induced by HMGB1

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


