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Received 09 Feb 2021 Abstract

Accepted 11 Apr 2021 Background: We aimed to determine whether neutralizing high mobility group box-1 (HMGB-
1) prevents the release of HMGB-1 and proinflammatory cytokines on hemozoin (Hz)-induced
alveolar epithelial cell in a model of malaria associated ALI/ARDS.

Methods: This study was conducted in the Department of Tropical Pathology, Faculty of Trop-

Keywords:
HMGB! protein; ical Medicine, Mahidol University, Bangkok, Thailand in 2020. Human pulmonary alveolar epi-
Malaria: ’ thelial cells (HPAEpiCs) were exposed to medium alone or 20 uM Hz for 24 h and incubated

with different concentrations (1, 5, and 10 pg/ml) of anti-HMGB-1 monoclonal antibody (mAb)
for various times (0, 4, 12, 24, and 48 h). The levels of HMGB-1, TNF-« and IFN-y in the su-
pernatants were measured by ELISA. The mRNA expression of RAGE, TLR-2 and TLR-4 were
analyzed by real-time PCR.

*Correspondence Results: The HPAEpICs treated with 10 pg/ml anti-HMGB-1 mAb showed a significant reduc-

Email: tion in HMGB-1 release into the supernatant compared with those treated with 1 and 5 pg/ml
chuchard.pu@wu.ac.th | ,46-HMGB-1 mAb. The levels of TNF-o and IFN-y wete significantly decreased in the super-
natant of HPAEpiCs treated with 1, 5, and 10 ug/ml anti-HMGB-1 mAb for 4, 12, 24, and 48 h
compared with those stimulated with Hz alone. The mRNA expression levels of RAGE, TLR-2,
and TLR-4 were significantly decreased after 24 h of anti-HMGB-1 antibody treatment at all
concentrations.

Acute lung injury

Conclusions: An anti-HMGB-1 antibody could be an effective agent for inhibiting the release

of HMGB-1, TNF-a and IFN-y. Furthermore, a neutralizing anti-HMGB-1 antibody could be
applicable for the treatment of malaria-associated ALI/ARDS.
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Introduction

cute lung injury (ALI) and acute
respiratory distress syndrome
(ARDS) are major complications of

severe malaria and are characterized
by the abrupt onset of clinically significant
hypoxemia and bilateral diffuse infiltrates (1).
The accumulation of hemozoin (Hz), a waste
product of hemoglobin digestion produced by
the malaria parasite, in the lungs might be an
important inflammatory stimulus, leading sub-
sequent malaria-associated ALI/ARDS. The
level of pulmonary Hz was significantly corre-
lated with inflaimmation, lung weight and al-
veolar edema in malatia-infected mice (2), and
high levels of Hz were present in lung autop-
sies of malaria patients with increased disease
severity (3). Furthermore, Hz induced alveolar
epithelial cell apoptosis with released proin-
flammatory cytokines, including tumor necro-
sis factor alpha (TNF-u), interferon gamma
(IFN-y), transforming growth factor beta
(TGF-B), intetleukin 1 (IL-1) and IL-6 (2, 4,
5).

High mobility group box-1 (HMGB-1) is
crucially implicated in lung diseases and acts as
an independent biomarker and therapeutic
target for related lung diseases (6, 7). Levels of
circulating HMGB-1 were elevated in Plasmo-
dinm  falciparnm malaria patients (8-10) and
were related to severe malaria and fatal out-
comes (10). In addition, an in vitro study
showed HMGB-1 release from human pe-
ripheral blood mononuclear cells after stimu-
lation with P. falciparnm-infected erythrocytes,
which was consistent with the results obtained
from an analysis of malaria patients with P.
Salciparum  infection (10), suggesting that
HMGB-1 may play an important role in the
pathogenesis of malaria. Importantly, the role
of HMGB-1 in malaria-associated ALI/ARDS
and the mechanisms that mediate the induc-
tion of alveolar epithelial cell injury remain

Available at: http://ijpa.tums.ac.ir

largely unexplained and represent a major gap
in the research to be explored.

HMGB-1 was first described as nuclear
DNA binding protein that functions as a pro-
inflammatory mediator (6, 11-13) and is in-
volved in several cellular processes, such as
maturation, proliferation, motility, survival
and death (11). HMGB-1 is expressed in the
nuclei of almost all eukaryotic cells and is en-
coded by the human HMGB1 gene (13q12)
(14). HMGB-1 is actively released by inflam-
matory cells or secreted passively by necrotic
and apoptotic cells (6, 11-13). After HMGB-1
is released into the extracellular space, the pro-
tein binds to specific receptors on the cell sur-
face, including receptor for advanced glycation
end products (RAGE), toll-like receptor-2
(TLR-2) and TLR-4 (10, 12, 15). The interac-
tion between extracellular HMGB-1 and its
receptors mediates the release of proinflam-
matory cytokines and chemokines such as
TNF-a, IFN-y, IL-1 and IL-6, contributing to
the progression of sepsis (13, 16-18). After
administration of anti-HMGB-1 antibody, de-
creased levels of HMGB-1 and proinflamma-
tory cytokines were found in plasma and pul-
monary epithelial lining fluid of patients with
ALI/ARDS (18, 19). A previous study on the
experimental P. berghei ANKA rodent parasite
model of severe malaria demonstrated that
treatment of malaria-infected mice with
HMGB-1 monoclonal antibody did not affect
disease outcome, parasitemia or cytokine lev-
els (10).

However, there is little information available
about neutralizing strategies using anti-
HMGB-1 antibody, which presumably blocks
the ability of HMGB-1 to bind to cell surface
receptors in malatia-associated ALI/ARDS.
Therefore, we aimed to determine whether
neutralizing HMGB-1 prevents the release of
HMGB-1 and proinflammatory cytokines, as
well as the gene expression of receptors for
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HMGB-1 in an in vitro model of Hz-induced
pulmonary alveolar epithelial cell injury.

Materials and Methods

Cell Culture

This study was conducted in the Depart-
ment of Tropical Pathology, Faculty of Tropi-
cal Medicine, Mahidol University, Bangkok,
Thailand in 2020. Primary human pulmonary
alveolar epithelial cells (HPAEpiCs, type II
alveolar epithelial cells) were obtained from
ScienCell Research Laboratories (Catalog no.
3200, ScienCell Research Laboratories, USA).
Cells were cultured in alveolar epithelial cell
medium (Catalog no. 3201) containing 10%
inactivated fetal bovine serum (Catalog no.
0010), 1% epithelial cell growth supplement
(Catalog no. 4152), and 1% penicil-
lin/streptomycin solution (100 U/100 mg/ml,
Catalog no. 0503). Cells between passages 4
and 8 were used for the experiments, and the
cells were maintained at 37 °C in a 5% CO,
humidified incubator until use.

Stimulation of Alveolar Epithelial Cell In-
jury with Hemozoin

HPAEpiCs were seeded at a density of 1 X
10> cell/ml into 24-well plates and grown until
they reached 80% confluence. Then, the cells
wete exposed to Hz (Catalog no. tltl-hz, Invi-
voGen, USA) at different concentrations (5,
20, and 50 pM) or complete alveolar epithelial
cell medium and incubated in a humidified
atmosphere at 37 °C with 5% CO, for various
times (0.5, 1, 1.5, 2, 3, 4, 12, 24, and 48 h).
After stimulation, cell viability was determined,
and the number of cells was counted under a
light microscope with a hemocytometer after
the cells were stained with trypan blue solu-
tion (Thermo Fisher Scientific, USA) to calcu-
late the percentage of cell viability.
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Hemozoin-Induced Model of Alveolar

Epithelial Cell Injury and Treatment with
the Anti-HMGB-1 Antibody

HPAEpiCs at 80% confluence were stimu-
lated with 20 uM Hz or medium alone for 24
h. After 24 h of incubation, the medium was
discarded and fresh complete medium with or
without various concentrations (1, 5, and 10
pg/ml) of human HMGB-1 monoclonal anti-
body (IgG clone 951420; Catalog no.
MAB16901, R&D Systems, USA) was added
and incubated for different times (0, 4, 12, 24,
and 48 h). At the end of the incubation time,
the supernatant of each culture was collected
and stored at -80 °C until use. The cultured
cells were fixed in GENEzol™ reagent (Cata-
log no. GZR100, Geneaid, Taiwan) for RNA

extraction.

Enzyme-Linked Immunosorbent Assay

The levels of HMGB-1, TNF-a and IFN-y
in the supernatant were measured by using
commercial ELISA kits (Catalog no. E-EL-
H1554, Elabscience, USA; Catalog no. 900-
TM25 and 900-TM27, PeproTech, USA) ac-
cording to the manufacturer’s instructions.
Briefly, the supernatant was added to the
coated plate and incubated for 90 min at
37 °C. After incubation, the contents of each
well were discarded, and the detection anti-
body was added and incubated for 60 min at
37 °C. After the plate was washed with phos-
phate-buffered saline, horseradish peroxidase-
conjugated antibody was added to each well
and incubated for 30 min at 37 °C. The sub-
strate solution was added and incubated for 20
min. Finally, the stop solution was added, and
the optical density (OD) value was immediate-
ly measured at 450 nm. Each assay was per-
formed in triplicate. The detection limits were
25.31 pg/ml for HMGB-1 and 0.16 pg/ml for
both TNF-a and IFN-y. The results are ex-
pressed as the mean £ SEM.
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RNA Extraction and Real-Time Polymer-

ase Chain Reaction (Real-Time PCR)

Total RNA was extracted by using GENE-
zol™ reagent (Catalog no. GZR100, Geneaid,
Taiwan). The iScript™ Reverse Transctiption
Supermix for real-time PCR (Catalog no.
1708840, Bio-Rad, USA) was used to con-
struct the first-strand cDNA from the total
RNA. Then, the cDNAs were analyzed by
using 5X HOT FIREPol® EvaGreen® qPCR
Mix Plus (ROX) (Catalog no. 08-24-00001,
Solis BioDyne, Estonia) on an ABI 7300 sys-
tem (Applied Biosystems, CA). The following
primers (Bio Basic Inc, Canada) were used in
this  experiment: RAGE, forward 5'-
GACAGAAGCTTGGAAGGTC-3', reverse
5'-GAATTCTTACGGTAGACACGG-3';
TLR-2, forward 5'-
GGGCAGTCTTGAACATTTAG-3', revetse
5"TGTCCATATTTCCCACTCTC-3"; TLR-4,
forward 5'-
GAAAGTGACAAAACCTGAGC-3', reverse
5'-CTTCAACTGAGAAACCCTTG-3"; and
B-actin, forward 5'
CAGCACAATGAAGATCAAGA-3', reverse
5'-AAAGGGTGTAACGCAACTAA-3'". The
qPCR conditions were set at 95 °C for 15 min,
followed by 40 cycles of 20 sec at 95 °C, 20
sec at 55-58 °C, and 30 sec at 72 °C. Expres-
sion of B-actin, the internal control, was used
for normalization. The mRNA expression was
determined using the 27%*“ method (20).
Each analysis was performed in triplicate.

Statistical Analysis

The results are presented as the mean *
SEM. The Kolmogorov-Smirnov goodness of
fit test was used to test the normality of the
data. One-way analysis of variance (ANOVA),
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followed by Fisher's least significant difference
(LSD) test, was used to determine differences
among treatments. The statistical analyses
were determined by using IBM SPSS statistics
version 23.0 software (SPSS, IL., USA). A val-
ue of P<0.05 was considered to indicate a sta-
tistically significant difference.

Results

Optimization of the dose and time re-

quired for Hz-induced alveolar epithelial
cell injury

The direct effects of synthetic Hz on
HPAEpiCs were observed after stimulation
with various concentrations of synthetic Hz
for different times. Cell viability was evaluated
by using trypan blue staining, and the cells
were counted to calculate the percentage of
cell viability. Table 1 shows the percentages of
viable cells after exposure to synthetic Hz. No
differences in cell viability were observed after
treatment with 5 uM synthetic Hz. After 48 h
of incubation, the lowest cell viability was
44.33 £ 25.59% after treatment with 20 uM
synthetic Hz and 31.67 £ 18.28% after treat-
ment with 50 uM synthetic Hz, indicating that
these concentrations and time points induced
severe damage to cells and were not suitable
for pretreatment conditions to induce cell in-
jury. At 24 h after treatment, there was no dif-
ference in the percentage of viable cells be-
tween the groups treated with 20 uM (60.33 +
34.83%) and 50 uM (51.00 * 29.44%) Hz.
Therefore, 20 uM synthetic Hz for 24 h was
selected as the pretreatment condition to in-
duce cell injury.
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Table 1: Percentage of viable cells after exposure to Hz at different concentrations and times

Times )h( Percentage of viable cells )mean * SEM(
Control 5uM Hz 20 uM Hz 50 uM Hz

0 100.00 £ 57.73 100.00 £ 57.73 100.00 £ 57.73 100.00 £ 57.73
0.5 100.00 £ 57.73 98.33 + 56.77 9433 + 5446 92.67 £ 53.50
1 100.00 £ 57.73 98.33 + 56.77 90.33 + 52.15 85.60 £ 4946
15 100.00 £ 57.73 9733 £ 56.19 84.67 + 48.88 7833 £ 4522
2 100.00 £ 57.73 96.67 + 5581 81.33 + 4695 7367 + 4253
3 100.00 £ 57.73 9533 + 55.04 76.67 £ 4426 70.33 £ 40.60
4 100.00 £ 57.73 95.00 *+ 54.85 76.00 £ 43.88 65.67 = 3791
12 100.00 = 57.73 93.33 + 53.88 65.67 + 3791 5733 + 33.10
24 100.00 = 57.73 90.67 + 52.35 6033 + 3483 51.00 + 2944
48 99.33 + 57.35 7333 + 42.34 4433 + 2559 31.67 + 1828

Effect of anti-HMGB-1 neutralizing antibody
on the release of HMGB-1

To examine whether the anti-HMGB-1 neu-
tralizing antibody inhibits the release of
HMGB-1, different concentrations (1, 5, and
10 pg/ml) of anti-HMGB-1 monoclonal anti-
body were used for different times (0, 4, 12,
24, and 48 h) after stimulation with 20 pM
synthetic Hz for 24 h. The culture supernatant
was collected, and HMGB-1 levels were
measured by wusing ELISA. The results
showed that the levels of HMGB-1 after
treatment with the anti-HMGB-1 monoclonal
antibody were reduced in a dose-dependent
manner, whereas the supernatant of HPAEp-
iCs exposed to synthetic Hz had increased
HMGB-1 levels in a time-dependent manner.
After treatment with at all concentrations of
the anti-HMGB-1 monoclonal antibody, the
levels of HMGB-1 in the supernatant were
significantly decreased compared with those
of HPAEpiCs exposed to synthetic Hz alone
(P<0.05) (Fig. 1). At all doses of the antibody,
the levels of HMGB-1 at 4 h after treatment
were lower than those at 12, 24 and 48 h after
treatment. HPAEpiCs treated with 10 pg/ml
anti-HMGB-1 monoclonal antibody showed a
significant reduction in HMGB-1 release into
the supernatant compared with those treated
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with 1 pg/ml and 5 pg/ml anti-HMGB-1
monoclonal antibody (Fig. 1). The lowest lev-
el of HMGB-1 in the supernatant was ob-
setved after treatment with 10 pg/ml ant-
HMGB-1 monoclonal antibody for 4 h (Fig.
1). These findings indicate that HMGB-1 neu-
tralization using an anti-HMGB-1 monoclonal
antibody could reduce the release of HMGB-1
from HPAEpiCs after stimulation with syn-
thetic Hz.

Effect of the anti-HMGB-1 neutralizing anti-
body on the release of proinflammatory cyto-
kines

Hz induced cell apoptosis and proinflamma-
tory cytokine secretion in an in vitro culture
model (4, 5). To examine the effects of the
anti-HMGB-1 neutralizing antibody on the
release of proinflammatory cytokines, the lev-
els of TNF-a and IFN-y in the culture supet-
natants were analyzed by ELISA after anti-
HMGB-1 monoclonal antibody treatment. As
expected, the levels of TNF-a and IFN-y were
substantially increased in the culture superna-
tants of HPAEpiCs stimulated with synthetic
Hz as a positive control. As shown in Fig. 2a
and Fig. 2b, neutralization of HMGB-1 using
the anti-HMGB-1 monoclonal antibody inhib-
ited the release of TNF-o and IFN-y in a
dose-dependent manner.
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Fig.1: Levels of HMGB-1 in the culture supernatant of human pulmonary alveolar epithelial cells

(HPAEpiCs) after stimulation with 20 uM synthetic Hz and treatment with different concentrations (1, 5, and
10 pg/ml) of anti-HMGB-1 monoclonal antibody for different times (0, 4, 12, 24, and 48 h). The levels of
HMGB-1 were measured by ELISA. The data are expressed as the mean = SEM of 3 independent experi-

The levels of TNF-a and IFN-y were signif-
icantly decreased in the supernatant of
HPAEpiCs treated with 1, 5, and 10 pg/ml
anti-HMGB-1 monoclonal antibody for 4, 12,
24, and 48 h compared with those in the su-
pernatants of HPAEpiCs stimulated with syn-
thetic Hz alone (P<0.05). The levels of TNF-
o and IFN-y were lower in the supernatant of
HPAEpiCs treated with 10 upg/ml anti-
HMGB-1 monoclonal antibody at all-time
points than in the culture supernatants of
HPAEpiCs stimulated with synthetic Hz
alone. After treatment with 10 pg/ml HMGB-
1 monoclonal antibody, the lowest levels of
TNF-a occurred at 4 h, but the levels of IFN-
v began to decrease gradually after 4 h, reach-
ing a minimum at 12 h, which increased slight-
ly at 48 h. These results indicate that the anti-
HMGB-1 antibody could be an effective agent
to inhibit the release of TNF-o and IFN-y.

Effect of the anti-HMGB-1 neutralizing

antibody on the expression of receptors for
HMGB-1

Available at: http://ijpa.tums.ac.ir

To investigate the mRNA expression of
HMGB-1 receptors (RAGE, TLR-2 and TLR-
4) in HPAEpICs after exposure to synthetic
Hz and treatment with the anti-HMGB-1
monoclonal antibody, mRNA expression was
analyzed and quantified by using real-time
PCR. Our results demonstrated that the
mRNA expression of RAGE, TLR-2 and
TLR-4 was significantly increased in HPAEp-
iCs stimulated with 20 pM synthetic Hz in a
time-dependent manner (Fig. 3). After expo-
sure to synthetic Hz, RAGE showed the high-
est expression compared to that of TLR-2 and
TLR-4. Treatment with 1, 5, and 10 pg/ml
anti-HMGB-1 antibody significantly decreased
the mRNA expression levels of RAGE, TLR-
2, and TLR-4 at 24 h compared with their ex-
pression at 12 h. However, at 48 h of anti-
HMGB-1 antibody treatment with all concen-
trations, the expression levels of RAGE, TLR-
2, and TLR-4 were significantly increased
compated with those at 24 h (Fig. 3).
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Fig.2: The levels of TNF-a and IFN-y in the culture supernatant of human pulmonary alveolar epithelial cells

(HPAEpiCs) after stimulation with 20 uM synthetic Hz and treatment with different concentrations (1, 5, and
10 pg/ml) of anti-HMGB-1 monoclonal antibody for different times (0, 4, 12, 24, and 48 h). (a) The level of
TNF-o in the culture supernatant. (b) The level of IFN-y in the culture supernatant. The data are expressed as
the mean = SEM of 3 independent experiments
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Fig.3: The mRNA expression of RAGE, TLR-2 and TLR-4 in human pulmonary alveolar epithelial cells

(HPAEpiCs) after stimulation with 20 uM synthetic Hz and treatment with different concentrations (1, 5, and
10 pg/ml) of anti-HMGB-1 monoclonal antibody for different times (0, 4, 12, 24, and 48 h). (a) The mRNA
expression of RAGE. (b) The mRNA expression of TLR-2. (c) The mRNA expression of TLR-4. The data

are expressed as the mean + SEM of 3 independent expetiments. *P<0.05
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Discussion

The present study demonstrated that syn-
thetic Hz induced HPAEpiC injury and cyto-
kine release. The levels of HMGB-1, TNF-«
and IFN-y in the supernatant of HPAEpiCs
stimulated with synthetic Hz were significantly
increased compared with those of the control
group. These results were similar to those of
previous reports on the effect of Hz (4, 5, 21-
23). Hz directly induced cell apoptosis in both
in vitro (4, 5) and in vivo studies (23), result-
ing in the release of chemokines and proin-
flammatory cytokines (IL-1a, IL-183, IL-6, IL-
8, TNF-o, and IFN-y) (2, 4, 5, 21-23). Con-
sistently, our study suggested that Hz induced
alveolar epithelial cell injury and proinflamma-
tory cytokine release into the supernatant.
HMGB-1 is a protein that is predominantly
found in the nuclei of all cell types (11, 12).
However, the protein HMGB-1 is also re-
leased into the extracellular space in response
to cell injury or cell death conditions (12, 24),
resulting in high levels of extracellular
HMGB-1. In early apoptosis, the levels of ex-
tracellular HMGB-1 are not significantly dif-
ferent, while in late apoptosis, high levels of
extracellular HMGB-1 and proinflaimmatory
cytokines such as IL-183, IL-6, TNF-o, and
IFN-y are observed (6, 12, 25). This study
suggested that HMGB-1 can also be released
by apoptotic cells at a late stage, which might
be stimulated by proinflammatory cytokines.

After administration of different concentra-
tions of the anti-HMGB-1 neutralizing anti-
body, the levels of HMGB-1 and proinflam-
matory cytokines were significantly decreased
in the supernatant of HPAEpiCs, indicating
that a high concentration of anti-HMGB-1
neutralizing antibody has potent effects in
preventing the release of HMGB-1 and proin-
flammatory cytokines. Anti-HMGB-1 treat-
ment showed beneficial effects in several ex-
perimental models, such as sepsis and
ALI/ARDS (25-28). An anti-HMGB-1 neu-

374

tralizing antibody downregulated the expres-
sion of HMGB-1, chemokines and proin-
flammatory cytokines (25-27). This study sug-
gested that the reduction in HMGB-1 and
proinflaimmatory cytokines in the supernatant
may be due to anti-HMGB-1 neutralizing an-
tibody-mediated blocking of HMGB-1, lead-
ing to inhibition of HMGB-1 binding to its
receptors and activation of the transcription
factor NF-»B (29).

Our results showed that the mRNA levels of
RAGE, TLR-2 and TLR-4 were significantly
increased in HPAEpICs exposed to synthetic
Hz compared with the control and anti-
HMGB-1 neutralizing antibody treatment
groups. In this study, the RAGE exhibited the
highest mRNA expression in HPAEpiCs after
stimulation with synthetic Hz. After anti-
HMGB-1 neutralizing antibody treatment at
all concentrations, the mRNA levels of RAGE
TLR-2, and TLR-4 were significantly down-
regulated compared with those of Hz treat-

b

ment alone. These findings were consistent
with previous studies demonstrating the re-
duction in RAGE, TLR-2 and TLLR-4 mRNA
expression after anti-HMGB-1 neutralizing
antibody treatment (30-32). The interaction
between HMGB-1 and its receptors (RAGE,
TLR-2 and TLR-4) has been reported in earli-
er studies (15, 33, 34). It has been reported
that the interaction between HMGB-1 and
RAGE is involved in cell migration, pyropto-
sis, and the inflammatory response (12, 33). A
previous study demonstrated that decreased
mRNA expression of RAGE, TLR-2 and
TLR-4 was observed after administration of
anti-HMGB-1 antibody (30), leading to re-
duced secretion of proinflammatory cytokines.
Taken together, these results suggest that the
anti-HMGB-1 neutralizing antibody might
exert its effects through HMGB-1 and its re-
ceptor signaling pathway.

Further studies are required to determine the
basic mechanism underlying the prophylactic
effects of the anti-HMGB-1 antibody. Addi-
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tionally, the effect of an anti-HMGB1 neutral-
izing antibody on disease progression and out-
come should be assessed in a model of
malaria-associated ALI/ARDS.

Conclusion

HPAEpiCs treated with 10 pg/ml anti-
HMGB-1 monoclonal antibody showed a sig-
nificant reduction in HMGB-1 release com-
pared with those treated with lower antibody
concentrations. The levels of TNF-a and
IFN-y were significantly decreased in the su-
pernatant of HPAEpiCs treated with all con-
centrations of anti-HMGB-1 monoclonal an-
tibody. The mRNA expression levels of
RAGE, TLR-2, and TLR-4 were significantly
decreased after 24 h of anti-HMGB-1 anti-
body treatment at all concentrations compared
with those after 12 h of treatment. Therefore,
this study indicates that the neutralization of
HMGB-1 using an anti-HMGB-1 monoclonal
antibody reduces the release of HMGB-1
from HPAEpiCs after stimulation with syn-
thetic Hz and could be applicable for the
treatment of malaria-associated ALI/ARDS.
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