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Abstract

Lung inflammation and alterations in endothelial cell (EC) micro- and macro-vascular

permeability are key events to development of acute lung injury (ALI). Using ECs derived from

human pulmonary artery (HPAECs) and lung microvasculature (HLMVECs), we investigated

interplay between p38 stress MAPK and Rho GTPase signaling in the inflammatory and

hyperpermeability response. Both cell types were treated with Staphylococcus aureus-derived

peptidoglycan (PepG) and lipoteichoic acid (LTA) with or without pretreatment with p38 MAPK

or Rho kinase inhibitors. LTA and PepG markedly increased permeability in both pulmonary

macrovascular and microvascular EC. Agonist-induced hyper-permeability was accompanied by

cytoskeletal remodeling, disruption of cell-cell contacts, formation of paracellular gaps, and

activation of p38 MAPK, NFκB, and Rho/Rho kinase signaling. In macrovascular ECs,

pharmacological inhibition of Rho kinase with Y27632 significantly suppressed p38 MAP kinase

cascade activation, while inhibition of p38 MAPK with SB203580 had no effect on Rho

activation. In contrast, inhibition of p38 MAPK in microvascular ECs suppressed LTA/PepG-

induced activation of Rho, while Rho inhibitor suppressed activation of p38 MAPK. Inhibition of

either p38 MAPK or Rho kinase substantially attenuated activation of NFκB signaling. These

results demonstrate cell type-specific differences in signaling induced by Staphylococcus aureus-

derived pathogens in pulmonary endothelium. Thus, although Gram-positive bacterial compounds

caused barrier dysfunction in both EC types, it was induced by different pattern of crosstalk

between Rho, p38 MAPK, and NFκB signaling. These observations may have important

implications in defining microvasculature-specific therapeutic strategies aimed at the treatment of

sepsis and acute lung injury induced by Gram-positive bacterial pathogens.
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INTRODUCTION

Sepsis is the 10th leading cause of death in the United States (1) and a major contributor to

development of Acute Respiratory Dystress Syndrome (ARDS). Reported mortality rates

resulting from ARDS reach 35–40% (2). About 50% of all cases of sepsis are caused by

gram-positive bacteria (3). Specifically, presence of Staphylococcus aureus has been

associated with the acquisition of late-onset ventilator-associated pneumonia (VAP) in

critically ill patients and represented 21% of recovered organisms in the bronchoalveolar

lavage (4). Furthermore, development of methicillin resistant strains detected in 65.8% cases

of Staphylococcus aureus infections was defined as a major risk factor for VAP (5) that can

lead to the development of lung injury (6, 7).

Peptidoglycan (PepG) and lipoteichoic acid (LTA) are two major cell wall components in

gram-positive bacteria. Both pathogens stimulate inflammatory responses via activation of

toll-like receptors (TLRs) (8, 9). In the lungs, LTA and PepG induced dose-dependent acute

pulmonary inflammation characterized by neutrophilic influx and IL-6 production detected

in the bronchoalveolar lavage fluid (10). Importantly, synergistic relations between LTA and

PepG have been reported which caused shock and multiple systems failure (11).

Components of both Gram-positive and Gram-negative bacteria are recognized by a family

of TLRs. Of the ten TLRs known, only TLR2 has been clearly demonstrated to be involved

in the host defense against gram-positive bacteria, although it also recognizes lipoproteins

from other bacterial species. On the other hand, the crosstalk between TLR2 and TLR4 has

been also suggested (12, 13). TIR domain-containing adaptors, such as MyD88, TIRAP, and

TRIF, modulate TLR signaling pathways. MyD88 is essential for the induction of

inflammatory cytokines triggered by all TLRs and TIRAP is specifically involved in the

MyD88-dependent pathway via TLR2 and TLR4 (13). Recruitment of TIRAP/MyD88 by

TLR2 leads to activation of mitogen-activated protein kinases (MAPK) p42/p44, JNK1/2,

p38, as well as nuclear factor kappa-B (NFκB)-dependent gene transcritption (8, 14, 15). In

addition, TLR activation induces phosphatidyl inositol 3-kinase-dependent signaling, which

appear to be important component of NFκB activity following its translocation to the

nucleus (16). NFκB in the cytoplasm is inactive as it is bound by the inhibitory IκB proteins.

Activation of inflammatory signaling leads to IκB phosphorylation by IκB kinase and its

subsequent degradation by the proteasome. As a result, activated NFκB translocates to the

nucleus, where it triggers the transcription of multiple genes and production of pro-

inflammatory cytokines TNFα, IL-1b, IL-6, and IL-8 (17). In turn, activation of p38 MAPK

signaling contributes to both, the inflammatory gene expression and cytoskeletal remodeling

leading to increased endothelial permeability (18–20).

Small Rho GTPases have been recently suggested as additional effectors of TLR signaling

(21). A role of Rho signaling in endothelial permeability caused by bacterial pathogens

including TLR2 receptor ligands has been described by our group (15, 22, 23) and others
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(24–27). Rho kinase mediated myosin light chain (MLC) phosphorylation via inactivation of

myosin light chain phosphatase (MYPT1) by its phosphorylation at Thr695, Ser894, and

Thr850 (28–30) leads to actomyosin-driven cell contraction and EC barrier compromise. In

addition, Rho activity has been implicated in the loss of adherens and tight junctions and

decreased intercellular gap formation observed in endothelial cells challenged with

Staphylococcus aureus (31). In addition to direct effects on EC permeability, Rho activation

by endotoxin has been shown to stimulate transcription of pro-inflammatory genes, while

inhibition of Rho signaling reduced expression of TNFα, CXC chemokines, leukocyte

infiltration, and endotoxin-induced lung edema (32, 33).

We have recently demonstrated that attenuation of Rho and p38 MAPK activities by atrial

natriuretic peptide in pulmonary endothelium significantly reduced endothelial barrier

dysfunction and attenuated lung inflammation (15, 22, 23). However, interrelationships

between LTA/PepG-induced stress kinase (p38 MAPK), RhoA and NFκB signaling are not

understood, and potential differences between lung macro- and micro-vascular endothelial

cell responses to LTA/PepG await further investigation. This study investigated whether

endothelial cells from different pulmonary vascular beds display different patterns of

signaling cascades activation and barrier dysfunction in response to Gram-positive bacterial

compounds LTA and PepG.

MATERIALS AND METHODS

Reagents and cell culture

Human pulmonary artery (HPAECs) and human lung microvascular (HLMVECs)

endothelial cells were obtained from Lonza (Allendale, NJ). Cells were maintained in a

complete culture medium according to the manufacturer’s recommendations and used for

experiments at passages 5–8. Phospho-Hsp27, phospho-p38 MAPK, di-phospho-MLC, and

IκBα antibodies were obtained from Cell Signaling (Beverly, MA); phospho-MYPT

antibodies were purchased from Millipore (Billerica, MA). Reagents for

immunofluorescence were purchased from Molecular Probes (Eugene, OR). SB203580 and

Y27632 were purchased from EDM (La Jolla, CA). Unless specified, biochemical reagents

including LTA and PepG were obtained from Sigma (St. Louis, MO).

Measurement of transendothelial electrical resistance across confluent HPAEC

monolayers was performed using an electrical cell-substrate impedance sensing system

(Applied Biophysics, Troy, NY), as previously described (34, 35). Experiments were

conducted only on wells that achieved >1,000 Ω (10 microelectrodes/well) of steadystate

resistance. Resistance was expressed by the in-phase voltage (proportional to the resistance),

which was normalized to the initial voltage and expressed as a fraction of the normalized

resistance value.

Immunofluorescence labeling

After agonist treatment endothelial cells grown on glass coverslips were fixed in PBS

containing 3.7% formaldehyde, and F-actin was visualized by immunofluorescence staining

of cell monolayers with Texas Red conjugated phalloidin as previously described (35, 36).
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Image analysis of gap formation in control and LTA/PepG-challenged EC monolayers with

and without pretreatment with inhibitors was performed using an algorithm described in our

previous studies (36, 37)

Western blot analysis

Protein extracts from mice lungs or ECs were separated by SDS-PAGE, transferred to

polyvinylidene difluoride (PVDF) membranes which were then incubated with primary

antibodies to proteins of interest, as described elsewhere (38). Immunoreactive proteins were

detected using the enhanced chemiluminescent detection system according to the

manufacturer’s protocol (Amersham, Little Chalfont, UK). Equal protein loading was

verified by reprobing membranes with antibody to β-tubulin or specific protein of interest.

The relative intensities of immunoreactive protein bands (RDU, relative density units) were

analyzed and quantified by scanning densitometry using Image Quant software (Molecular

Dynamics, Sunnyvale, CA).

In vivo model of acute lung injury

Adult male C57BL/6J mice, 8–10 week old, with average weight 20–25 grams (Jackson

Laboratories, Bar Harbor, ME) were anesthetized with an intraperitoneal injection of

ketamine (75 mg/kg) and acepromazine (1.5 mg/kg). A mixture of LTA (2.5 mg/kg) and

PepG (2.5 mg/kg) or sterile saline solution were injected intratracheally in a small volume

(20–30μl) using a 20 gauge catheter. The doses of Rho kinase inhibitor Y-27632 and p38

MAP kinase inhibitor SB203580 causing maximal inhibitory effects had been determined in

previous studies by our (39) and other groups (32, 40). Mice were randomized to

concurrently receive sterile saline solution, Y27632 (2 mg/kg) or SB203580 (10 mg/kg) by

intravenous injection in the external jugular vein to yield the experimental groups: control,

(LTA + PepG), (LTA + PepG) + Y27632, and (LTA + PepG) + SB203580. At 24 hours,

animals were sacrificed by exsanguination under anesthesia. Tracheotomy was performed,

and the trachea was canulated with a 20 gauge intravenous catheter, which was tied into

place. Measurements of cell count and protein concentration in bronchoalveolar lavage fluid

(BALF) were performed as previously described (41, 42). For histopathologic lung analysis,

left lung was harvested from each treated mouse and immediately fixed with 10% buffered

formalin overnight, followed by embedding in paraffin. Lung microsections were used for

histological evaluation by H&E staining. Cellular infiltration in control and treated lungs

was evaluated by light microscopy. All experimental protocols involving the use of animals

were approved by the University of Chicago Institutional Animal Care & Use Committee for

the humane treatment of experimental animals. The animals were housed in pathogen-free

conditions in the University of Chicago Animal Care Facilities where they were cared for in

accordance with the institutional and the National Institutes of Health (NIH) guidelines.

Statistical analysis

Results are expressed as means ±SD of three to eight independent experiments. Stimulated

samples were compared with controls by using unpaired Student’s t-test. For multiple-group

comparisons, a one-way variance analysis (ANOVA) and post hoc multiple comparisons

tests were used, and results with P <0.05 were considered statistically significant.
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RESULTS

Effects of Rho kinase and p38 MAPK inhibitors on lung injury induced by combined
treatment with LTA and PepG

Concurrent intratracheal instillation of LTA (2.5 mg/kg) and PepG (2.5 mg/kg) induced

significant lung injury manifested by 25-fold increase in the total cell count in BAL fluid

and 6-fold elevation of protein content (Figure 1A). A single concurrent intravenous

injection of Rho kinase inhibitor Y27632 (2 mg/kg) or p38 MAPK inhibitor SB203580 (10

mg/kg) significantly attenuated BALF cell counts and protein content in the animals treated

with combination of LTA and PepG (0.314 ± 0.072 mg/ml protein in Y27632-pretreated

group and 0.420 ± 0.061 mg/ml protein in SB203580-pretreated group vs. 0.616 ± 0.065

mg/ml protein LPS treatment alone; p<0.05). Of note, both Y27632 and SB203580 had a

similar effect on the reduction of the total and neutrophil cell count after LTA/PepG

treatment (Figure 1BC), whereas Y27632 was more effective against the LTA/PepG-

induced increase in BALF protein concentration (p<0.05) (Figure 1A). LTA/PepG induced

inflammatory cell infiltration (predominantly neutrophils and mononuclear cells) in both

lung interstitium and alveolar compartments (Figure 1D). Pretreatment with Y27632 or

SB203580 attenuated LTA/PepG-induced inflammatory cell infiltration in lung tissue.

Analysis of LTA/PepG-induced activation of inflammatory signaling in human lung
microvascular and macrovascular ECs

All following in vitro experiments were performed using combined LTA and PepG co-

treatment (50 ng/ml and 100 ng/ml, respectively). Activation of intracellular signaling by

LTA/PepG was evaluated by increases in phosphorylation of signaling proteins involved in

stress and inflammatory cascades. LTA/PepG treatment caused sustained phosphorylation of

MYPT1 at the Rho kinase-specific site and increased myosin light chain phosphorylation in

both EC types (Figure 2AB, upper panels). These parameters reflect activation of EC

actomyosin machinery associated with activated Rho pathway (29, 38). LTA/PepG also

activated stress signaling reflected by time-dependent phosphorylation of stress-activated

p38 MAPK and its downstream target Hsp27 (Figure 2AB, middle panels), and led to

activation of inflammatory signaling as detected by degradation of IκBα, an inhibitory

subunit of the NFκB complex, which causes activation of NFκB-dependent transcription

(Figure 2AB, lower panels).

Rho kinase and p38 MAPK inhibitors attenuate LTA/PepG-induced actin cytoskeleton
remodeling and barrier disruption in human lung microvascular and macrovascular
endothelial monolayers

Morphological analysis of agonist-treated EC monolayers revealed that co-treatment with

LTA/PepG induced formation of actin stress fibers and cell retraction accompanied by

formation of paracellular gaps in both microvascular and macrovascular endothelium

(Figure 3AB, marked by arrows), reflecting compromised EC monolayer integrity.

Pretreatment with SB203580 (20 μM, 30 min) or Y27632 (2 μM, 30 min) attenuated LTA/

PepG-induced stress fiber and paracellular gap formation in HPAECs and HLMVECs.

However, in HPAECs, SB203580 was less efficient in inhibiting LTA/PepG-induced EC
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barrier dysfunction (Figure 3A) than in HLMVECs (Figure 3B), as detected by increased

number of paracellular gaps after SB203580-LTA/PepG treatment (Figure 3C).

Inhibition of p38 MAPK and Rho kinase attenuates LTA/PepG-induced hyper-permeability
in macrovascular and microvascular endothelial cells

The role of Rho and p38 MAPK signaling in LTA/PepG-induced barrier dysfunction in

macrovascular and microvascular ECs was further investigated in functional assay by

monitoring changes in transendothelial electrical resistance (TER) as a readout of EC

permeability. Basal levels of electrical resistance were 1109+/−236 Ohm for HPAEC and

1749+/−312 for HLMVEC at the beginning of the experiments, and 1164+/−261 Ohm for

HPAEC and 1801+/−337 for HLMVEC at the end of the experiments, for vehicle-treated

cells. The magnitude of LTA/PepG-induced TER decline was similar between HPAECs and

HLMVECs and reached maximal levels by 15 hrs of LTA/PepG stimulation (Figure 4AB).

This time point was used for analysis of effects of Rho kinase and p38 MAPK inhibitors on

LTA-PepG induced EC barrier dysfunction. Inhibition of Rho kinase caused more

significant attenuation of LTA/PepG-induced permeability in HPAECs than inhibition of

p38 MAPK (Figure 4C). In contrast, both p38 MAPK and Rho kinase inhibitors caused

similar barrier protective effects in LTA/PepG-challenged lung microvascular ECs (Figure

4C). These results indicate potential differences in p38 MAPK - Rho signaling

interrelationships in control of microvascular and macrovascular EC permeability responses

to LTA/PepG. These differences were further investigated in biochemical studies.

Analysis of interactions between Rho kinase and p38 MAPK pathways in lung
microvascular and macrovascular EC stimulated with LTA/PepG

Effects of Rho kinase and p38 MAPK inhibitors on cross-regulation of p38 MAPK, Rho,

and NFκB pathways were evaluated by western blot analysis (Figure 5AB). Quantitative

analysis of western blot data showed that inhibition of p38 MAPK abolished LTA/PepG-

induced Hsp27 phosphorylation in both cell types, but did not affect the Rho kinase-

dependent phosphorylation of MYPT1 and MLC in macrovascular ECs (Figure 5C). In

contrast, inhibition of p38 MAPK significantly decreased LTA/PepG induced MYPT1 and

MLC phosphorylation in microvascular cells. These results suggest that LTA/PepG-induced

activation of Rho kinase can be modulated by p38 MAPK in HLMVECs, but not in

HPAECs. In turn, inhibition of Rho kinase abolished LTA/PepG-induced MYPT1 and MLC

phosphorylation and significantly attenuated phosphorylation of p38 MAPK and Hsp27 in

both cell types. Interestingly, inhibition of Rho kinase and p38 MAPK activities also

attenuated LTA/PepG induced IκBα subunit degradation in both cell types, while the effect

of p38 MAPK inhibition on IκBα preservation in HLMVECs was more pronounced. These

results suggest unique patterns of p38 MAPK – Rho – NFκB signaling balance in lung

macrovascular and microvascular endothelium.

DISCUSSION

The main finding of this study is a distinct relationship between Rho and p38 stress kinase

signaling in macrovascular and microvascular endothelial cells, which leads to increased EC

permeability and lung barrier dysfunction. Despite the common location in the lung and
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shared roles in control of pulmonary circulation, endothelial cells from different lung

vascular compartments may exhibit different permeability responses to pathologic stimuli or

pharmacological treatments (43). For example, direct activation of store-operated channel

Ca2+ entry increased extra-alveolar, but not alveolar, EC permeability (44). These examples

illustrate differential effects of same stimulation on endothelial micro- and macrovascular

permeability, which reflect phenotypic differences of endothelium from these beds. More

detailed characterization of endothelial heterogeneity in the lung is important for more

complete understanding of the mechanisms of inflammation and permeability control

specific for microvascular and macrovascular endothelium. This knowledge is also critical

for development of targeted therapeutic treatments of lung vasculature as potential new

approach to confront ALI/ARDS.

The present study shows that inhibition of p38 MAPK was less effective in suppressing the

LTA/PepG-induced permeability in macrovascular EC, while effect of Rho kinase inhibitor

was equal in both microvascular and macrovascular ECs. These results can be explained by

different degrees of interaction between LTA/PepG-induced Rho and p38 MAPK signaling

in macrovascular and microvascular endothelium. While Rho kinase inhibitor abolished

phosphorylation of Rho kinase targets and partially attenuated p38 MAPK signaling in both

macro microvascular and macrovascular ECs, the inhibition of p38 MAPK significantly

attenuated LTA/PepG-induced activation of Rho signaling in microvascular ECs, but not in

macrovascular EC. These data suggest bidirectional Rho - p38 MAPK crosstalk in LTA/

PepG-challenged microvascular ECs, and uni-directional Rho/Rho kinase → p38 MAPK

interactions in macrovascular ECs. Requirement for Rho in TLR-dependent NFκB

activation has been described in lung epithelial cells and brain microvascular endothelium,

although specific mechanism of such activation remains unclear (25, 26). Inhibition of both

Rho kinase and p38 MAPK signaling significantly attenuated LTA/PepG-induced activation

of the NFκB cascade as monitored by the levels of inhibitory IκBα subunit degradation. Of

note, while maximal protection against LTA/PepG-induced IκBα degradation was achieved

by Rho-kinase inhibitor in both macrovascular and microvascular ECs, the protective effect

of p38 MAPK inhibition was stronger in microvascular cells. Figure 6 summarizes the

observed differences between Rho and p38 MAPK crosstalk mechanisms induced by LTA/

PepG challenge of human lung microvascular and macrovascular ECs. Taken together, these

results demonstrate a possibility of more site-specific control of microvascular and

macrovascular permeability in the lung by cell type-specific targeting of Rho/Rho kinase

and p38 MAPK activities.

The mechanisms which determine the differences between LTA/PepG-activated signaling in

micro- and macro-vascular endothelium require further investigation. One potential

explanation of cell type-specific differences is a multi-step mechanism of NFκB, p38

MAPK and Rho activation by TLR receptors, which involves intermediate signaling events.

Activation of NFκB is dependent on NFκB-inducing kinase (NIK) and TAK1; p38MAPK

and NFκB is also activated by MEKK3 (17, 45), while Rho activation is dependent on

TAK1 and other yet-to-be-identified molecules such as recently described guanine

nucleotide exchange factor AKAP13 activated by TLR2 ligation (26, 46). Thus, differences

in the spectrum and magnitude of signaling pathways activated in pulmonary microvascular

and macrovascular endothelium by LTA/PepG may be a result of complex interactions
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between regulatory and adaptor molecules downstream of TLR2 and may reflect specific

expression patterns of signaling proteins in micro- and macro-vascular ECs, or can be

controlled by additional crosstalk mechanisms between differentially expressed TLR

receptors. Further application of the methods of systems biology may be a powerful tool for

comprehensive understanding of such signaling differences between micro- and macro-

vascular EC.

In conclusion, our results demonstrate the differences in signaling responses induced by

Staphylococcus aureus-derived pathogens in pulmonary macrovascular and microvascular

human lung endothelium. Although both cell types developed barrier-disruptive response to

Gram-positive bacterial compounds, such hyper-permeability was mediated by differential

interplay between Rho, p38 MAPK, and NFκB signaling. These observations may have

important implications in defining microvasculature-specific therapeutic strategies aimed at

the treatment of sepsis and ALI induced by Gram-positive bacterial pathogens.
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Figure 1. Effects of Rho kinase and p38 MAPK inhibitors on the development of lung
inflammation induced by LTA and PepG
C57BL/6J mice were treated i.t. with a mixture of LTA (2.5 mg/kg) and PepG (2.5 mg/kg),

with or without concurrent i.v. treatment with Y27632 (2 mg/kg), SB203580 (10 mg/kg) for

24 hours. Control animals were treated with sterile saline solution. A - Protein

concentration; B - Total cell count; and C - Neutrophil count were measured in

bronchoalveolar lavage fluid taken from control and experimental animals, n=6 per

condition; *p<0.05. D – Histological analysis of lung tissue (×40 magnification). Whole

lungs (4 to 6 animals from each experimental group) were agarose-inflated in situ, fixed

with 10% formalin, and used for hematoxylin and eosin staining and histological evaluation.
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Figure 2. Effects of combined LTA and PepG treatment on inflammatory cascade activation in
pulmonary macro- and micro-vascular endothelium
HPAEC (A) or HLMVEC (B) were treated with a combination of LTA (50 ng/ml) and PepG

(100 ng/ml) for indicated periods of time. Phosphorylation of p38 MAPK, Hsp27, MYPT1,

and MLC was determined by western blot with corresponding phospho-specific antibodies.

Degradation of IκBα was detected using pan IκBα antibodies. Phosphorylation of the

protein of interest was evaluated by quantitative densitometry and normalized to the total

content of corresponding protein in cell lysates. Rate of IκBα protein degradation was

normalized to β-tubulin content in cell lysates. Bar graphs represent results of three to six

independent experiments; *p<0.01 vs vehicle control.
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Figure 3. Effects of p38 MAPK and Rho pathway inhibition on LTA/PepG-induced cytoskeletal
remodeling
A - HPAEC or B - HLMVEC were challenged with a combination of LTA (50 ng/ml) and

PepG (100 ng/ml) with or without pretreatment with p38 MAPK inhibitor SB203580 (20

μM) or Rho kinase inhibitor Y27632 (2 μM) for 30 min. Actin rearrangement was assessed

after 6 hours by immunofluorescence staining for F-actin with Texas Red phalloidin.

Paracellular gaps are marked by arrows. C - Quantitative image analysis of gap formation in

control and stimulated endothelial monolayers was performed as described in Methods.

(p<0.01; n=3 independent experiments; 10 microscopic fields per condition).
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Figure 4. Effects of p38 MAPK and Rho pathway inhibition on LTA/PepG-induced hyper-
permeability in lung macrovascular and microvascular endothelium
HPAEC or HLMVEC grown on microelectrodes to confluence were pretreated with 20 μM

SB203580 (A) or 2 μM Y27632 (B) for 30 min followed by challenge with a combination of

LTA (50 ng/ml) and PepG (100 ng/ml) and used for measurements of TER. C - Permeability

changes were registered at the time of maximal permeability response (15 hrs post LTA/

PepG treatment). Maximal TER decline reflecting endothelial barrier dysfunction induced

by LTA/PepG was taken as 100%. Results are shown as mean ± SD, * p<0.05; n=8

experiments.

Wu et al. Page 17

Transl Res. Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Wu et al. Page 18

Transl Res. Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 5. Effects of p38 MAPK and Rho pathway inhibition on LTA/PepG-induced
inflammatory signaling
HPAEC (A) or HLMVEC (B) were pretreated with SB203580 (20 μM) or Y27632 (2 μM)

for 30 min followed by LTA/PepG stimulation for 4 hours. Activation of Rho cascade, p38

MAPK, and NFκB cascades was examined by analysis of specific protein phosphorylation

and IκBα degradation. Equal protein loading was confirmed by probing of membranes with

β-tubulin antibodies. C – Quantitative analysis of western blot data. Results of densitometry

are shown as mean ± SD, * p<0.05; n=6 experiments.
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Figure 6. Schematic presentation of relations between Rho and p38 MAPK signaling leading to
barrier dysfunction in human lung microvascular and macrovascular endothelium
Stimulation of both, microvascular and macrovascular EC, with LTA/PepG triggers Rho,

p38 MAPK and NFκB signaling leading to cytoskeletal remodeling, stress fiber formation

and endothelial barrier dysfunction. In HPAEC, LTA/PepG-induced p38 MAPK activation

is attenuated by inhibition of Rho kinase, while activation of Rho kinase is not affected by

inhibition of p38 MAPK. In contrast, the Rho - p38 MAPK crosstalk in microvascular EC is

bi-directional, as inhibition of either pathway affected its counterpart. Finally, both Rho and

p38 MAPK pathways modulate LTA/PepG-induced activation of NFκB pathway.

Wu et al. Page 20

Transl Res. Author manuscript; available in PMC 2014 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


