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Abstract

The role of C-X-C motif chemokine 10 (CXCL10), a pro-inflammatory factor, in the develop-

ment of acute respiratory distress syndrome (ARDS) remains unclear. In this study, we

explored the role of CXCL10 and the effect of CXCL10 neutralization in lipopolysaccharide

(LPS)-induced ARDS in rats. The expression of CXCL10 and its receptor chemokine recep-

tor 3(CXCR3) increased after LPS induction. Moreover, neutralization of CXCL10 amelio-

rated the severity of ARDS by reducing pulmonary edema, inhibiting the release of

inflammatory mediators (IFN-γ, IL-6 and ICAM-1) and limiting inflammatory cells (neutro-

phils, macrophages, CD8+ T cells) influx into the lung, with a reduction in CXCR3 expres-

sion in neutrophils and macrophages. Therefore, CXCL10 could be a potential therapeutic

target in LPS-induced ARDS.

Introduction

Acute respiratory distress syndrome (ARDS) is a fatal disease triggered by multiple conditions

including severe sepsis and pneumonia [1, 2]. Despite significant advances in therapeutic strate-

gies including mechanical ventilation and pharmacotherapy, the mortality rate for ARDS

remains high [3–5]. Previous studies have shown that ARDS is associated with a high production

of pro-inflammatory cytokines and chemokines, such as TNF-α, IL-1β, and IL-6 [6, 7]. In addi-

tion, the excessive activation and recruitment of neutrophils into inflamed lungs exacerbates the

pathogenesis of ARDS and may indicate a poor clinical outcome [8, 9]. Neutrophils migration to

the lung is mediated by various factors, among which chemokines and cell adhesion molecules

are considered the most important [10]. The C-X-C motif chemokine10(CXCL10), also known

as interferon-γ inducible protein 10 (IP-10), is a chemokine that modulates innate and adaptive

immune responses by recruiting inflammatory cells (i.e., neutrophils, T lymphocytes and NK

cells) to the sites of inflammation [11]. By binding to its receptor CXCR3, CXCL10 can induce

chemotaxis, apoptosis, cell growth and angiostasis [12]. Previous studies have shown that che-

mokines and their receptors play an essential role in various infectious diseases [13]. The three
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CXCR3 ligands (CXCL9, CXCL10 and CXCL11) are known to be differentially elevated under

many conditions, such as interstitial cystitis, ulcerative colitis, and myositis; moreover, blocking

CXCL10 may ameliorate the severity of these diseases [14–16]. Patients infected with ARDS also

show unusually high levels of CXCL10 and uncontrolled inflammation is associated with the

development of ARDS [17–19]. However, the mechanism of CXCL10 on the development of

ARDS remains unclear.

In the present study, we established an ARDS experimental model through intratracheal

instillation of lipopolysaccharide (LPS) derived from components of the Gram-negative bacte-

ria wall. This model has been widely used [20, 21]. It has documented that LPS can trigger

ARDS by increasing inflammatory cytokines production in lung tissues. Based on microarrays,

it has been shown that the CXCL10 gene is upregulated after LPS stimulation in acute lung

injury [22]. Therefore, we used this model to explore whether CXCL10 contributes to the

pathophysiology of ARDS induced by LPS. To further elucidate the effect of CXCL10, anti-

CXCL10 antibody was used to neutralize the chemokine CXCL10 in our ARDS model. To this

end, we first assessed the blood oxygenation and pulmonary histopathology in rats after LPS

induction to ensure that the ARDS model has been established. The expression of CXCL10

and CXCR3 in our model was then measured. Finally, anti-CXCL10 antibody was adminis-

tered to determine whether CXCL10 neutralization can ameliorate LPS-induced ARDS and to

explore the molecular mechanisms relating ARDS.

Materials and Methods

LPS-induced ARDS model in rats

Male Wistar rats weighing 180–220 g were purchased from the Academy of Military Medical

Sciences Laboratory Animal Center (Beijing, China). The ARDS model was established as

described previously [20]. After the rats were anesthetized with 3% sodium pentobarbital, LPS

(Escherichia coli O111:B4; Sigma, St. Louis, MO, USA) dissolved in saline was instilled slowly

into the tracheas at a dose of 2 mg/kg to induce ARDS. Rats in the control group were adminis-

tered an equal volume of saline. The rats were then placed upright to ensure that LPS or saline

distributed equally in bilateral lung tissues. At 2, 6 and 12 h after exposure to LPS or saline,

blood was collected from the abdominal aorta. For neutralizing CXCL10, rats were adminis-

tered anti-CXCL10 antibody (R&D System, Minneapolis, MN) or isotype-matched anti-IgG1

antibody (R&D Systems, Minneapolis, MN, USA) with an intraperitoneal injection (50 μg in

100 μL saline per rat) 30 min prior to LPS administration and 1 h after LPS administration.

All protocols were conducted in accordance with the Guidelines for Animal Experimenta-

tion. The rats had free access to water and food and adapted to the experimental environment

for 2 days before carrying out the experiments. The rats were maintained in a room with 12 h

dark/light cycles and 40–60% humidity. During the study, the rats were monitored every 1 h to

evaluate their physical condition. When rats showed signs of agonal breathing or no response

to touch, they were humanely euthanized with an overdose of sodium pentobarbital. Sodium

pentobarbital anesthesia was essential before performing surgery, and all efforts were made to

minimize suffering. This study was approved by the Ethical Committee on Animal Research at

Chinese PLA General Hospital.

Pulmonary histopathology

The right upper lobe of the lung was excised and fixed with 10% neutral buffered formalin for

48 h. After fixation, the tissues were dehydrated and embedded in paraffin. Samples were then

cut into 5μm sections, stained with hematoxylin and eosin (H&E) and examined using light

microscopy. A semi-quantitative scoring system was used to assess histopathological changes

CXCL10/IP-10 Neutralization Ameliorate ARDS

PLOS ONE | DOI:10.1371/journal.pone.0169100 January 3, 2017 2 / 16



in lung tissues as described previously [23], which included five different variables, including

alveolar and interstitial inflammation, pulmonary hemorrhage, edema, atelectasis and forma-

tion of hyaline membranes. Each variable was scored from 0 to 4: no injury scored 0; 1 was

injury to less than 25% of the field; 2 was injury to no more than 50% of the field but beyond

25%; 3 was injury to more than 50% but less than 75% of the field; and 4 was diffuse injury.

The scores of each variable were evaluated by two experienced pathologists who were blinded

to the experimental procedures. Scores were added for the five variables in the same sample,

with a maximum possible score of 20.

Arterial blood gas

Blood samples from the abdominal aorta were obtained after 2, 6 and 12 h of LPS or saline

intratracheal instillation. PaO2 was measured using the AVL OMNI Blood Gas Analyzer (Swit-

zerland) as an indicator for assessing respiratory failure.

BALF collection

Bronchoalveolar lavage fluid (BALF) samples were obtained as described previously [24].

Briefly, the left lung was flushed three times with 2mL of saline through a tracheal cannula.

The total recovery rate was more than 90%. The BALF samples were immediately centrifuged

at 3000 rpm for 10 min at 4˚C. The supernatant fluids were stored at −80˚C prior to the cyto-

kine assay.

ELISA

Blood samples (1mL) from the abdominal aorta were centrifuged at 3000 rpm for 10 min.

Serum and BALF concentrations of CXCL9 (MyBioSource), CXCL10 (MyBioSource) and

CXCL11(LifeSpan BioSciences Inc) in rats were measured with enzyme-linked immunosor-

bent assay (ELISA) kits according to the manufacturer’s instructions. Briefly, 100μL samples

or standards were added to each well and incubated for 2h (CXCL9) or 90 min (CXCL10 and

CXCL11) at 37˚C. Biotinylated Detection Antibody (100 μL) were added and incubated for 1 h

at 37˚C. Horseradish peroxidase (HRP) conjugate (100 μL) was added and incubated for 30

min at 37˚C, and 90μL of Tetramethylbenzidine (TMB) substrate solution was added and

incubated for 15 min at 37˚C. Finally, 50 μL of stop solution was added and the values were

read immediately at 450 nm.

Flow cytometry

BALF were harvested for cell analysis using a FACSCalibur flow cytometer (BD Biosciences,

San Jose, CA, USA). Cells were stained with antibodies, as shown in Table 1. Cell staining was

performed according to the protocols. Isotype controls were included to ensure antibody spec-

ificity. Cells were incubated with 5μL of antibody for 10 min in the dark at 4˚C prior to per-

meabilization. After staining, the cells were washed three times and analyzed using CellQuest

software (BD Biosciences). We first calculated the percentages of granulocytes, macrophages

and T lymphocytes in total leukocytes, after which the two subsets (CD3+CD4+ and CD3+

CD8+ T cells) were calculated from the total T lymphocytes. Finally, the proportion of CXCR3

positivity in inflammatory cells was investigated.

Lung wet/dry weight ratio

After 12 h, rats were sacrificed and their right middle lobe lungs were immediately weighed to

obtain the “wet” weight. Subsequently, the tissues were dehydrated to determine the “dry”
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weight in an oven at 80˚C for 72 h. Lung wet/dry weight ratio was calculated and lung edema

scores were evaluated [23] to assess the severity of pulmonary edema.

Western blotting

The protein expression of CXCL10 and CXCR3 were evaluated by Western blotting. Briefly,

total proteins were extracted from lung tissues using RIPA Buffer (SinoGene) according to the

manufacturer’s instructions. Protein concentrations were determined using the Bradford Pro-

tein Assay Reagent (SinoGene). After blocking with Fast Protein-free Block Buffer (SinoGene),

the membranes were incubated with primary antibody CXCL10 or CXCR3 (Abcam, 1:1000) at

room temperature for 3 h. Subsequently, secondary antibody (horseradish peroxidase-conju-

gated goat anti-mouse immunoglobulin, 1:3000) was incubated at 37˚C for 1 h. Protein bands

were exposed with enhanced ECL kits and the relative protein levels of CXCL10 and CXCR3

were normalized to β-actin.

Quantitative PCR

The right lower lobe of the lung was obtained and frozen in liquid nitrogen immediately prior

to analysis of mRNA expression levels. Trizol reagent (Invitrogen, Carlsbad, CA, USA) was

used to extract total RNA from lung tissues according to the manufacturer’s instructions. Total

RNA concentration was determined using NanoDrop2000 (Thermo Scientific, USA). A two-

step reaction process, that is, reverse transcription (RT) and polymerase chain reaction (PCR),

was performed to quantify mRNA levels. RT was performed using the GeneAmp1 PCR Sys-

tem 9700 (Applied Biosystems, USA) and PCR with LightCycler1 480 Ⅱ Real-time PCR

Instrument (Roche, Swiss). The reaction mixture included a cDNA template, QuantiFast1

SYBR1 Green PCR Master Mix (Qiagen, Germany), gene-specific primers and nuclease-free

water. The primer sequences were synthesized by Generay Biotech (Generay, PRC), which

were based on mRNA sequences obtained from the National Center for Biotechnology

Information (NCBI) database (Table 2). The relative expression levels of mRNA were calcu-

lated using the 2−ΔΔCt method, with β -actin as a reference gene.

Statistical analysis

SPSS 19.0 was used for the statistical analyses (SPSS Inc., Chicago, USA). All continuous vari-

ables were checked for normality using the Kolmogorov-Smirnov test and homogeneity using

Bartlett’s test. When data showed normal distribution and equal variance, comparisons

between the two groups were performed using the Student’s t test and comparisons among

Table 1. Monoclonal antibodies used for the analysis of inflammatory cells.

Antibody Fluorochrome Supplier Clone Catalogue number Dilution

CD4 PITC Miltenyi Biotec REA482 130-107-667 1 in 100

CD8 PE Miltenyi Biotec REA222 130-103-322 1 in 100

CD3 PerCP-Vio700 Miltenyi Biotec REA223 130-103-128 1 in 100

CD11b/c PE-Vio770 Miltenyi Biotec REA325 130-105-318 1 in 100

CD68 PE Miltenyi Biotec REA237 130-103-363 1 in 100

REA Control PE Miltenyi Biotec REA293 130-104-628 1 in 100

Anti-Granulocytes FITC Miltenyi Biotec REA535 130-108-119 1 in 100

REA Control FITC Miltenyi Biotec REA293 130-104-626 1 in 100

CXCR3 APC R&D Systems 868013 FAB8109A 1 in 100

Isotype Control APC R&D Systems 133303 IC0041A 1 in 100

doi:10.1371/journal.pone.0169100.t001
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multiple groups was performed using one-way analysis of variance(ANOVA). When the data

showed unequal variance, the Kruskal–Wallis test, a nonparametric test was performed. Either

the χ2 test or Fisher’s exact test was used for the discrete variables. A value of p<0.05 was con-

sidered statistically significant.

Results

Establishment of the ARDS model by LPS induction

To assess lung injury, we observed pathological changes in lung tissues and measured PaO2 in

arterial blood. As shown in Fig 1, there was a significant difference between the saline group

and LPS groups. Lung tissues obtained from the saline group appeared normal with no signifi-

cant signs of inflammatory cells infiltration or interstitial edema (Fig 1A). In contrast, lung tis-

sues in LPS groups showed extensive lung injury that worsened over time (Fig 1B–1D). At

each time point, the lung injury scores of each group were calculated, which included alveolar

and interstitial inflammation, pulmonary hemorrhage, edema, atelectasis, and formation of

hyaline membranes. A significantly higher score was found in LPS groups than the saline

group (2h: 3.13±0.64 vs. 0.5±0.53, 6h: 6.75±1.39 vs. 0.75±0.46, 12h: 15±1.85 vs.1.13±0.64;

p<0.01) (Fig 1E). Consistent with pathological changes, PaO2 in LPS groups was significantly

lower compared with control groups (2h: 85.14±2.67 vs. 91.64±6.50, 6h: 72.20±4.03 vs. 87.47

±3.87, 12h: 49.11±7.59 vs. 85.99±3.72 mmHg; p<0.05). At 12 h, PaO2 in the LPS group was

less than 60 mmHg (Fig 1F). Based on the results of pathology and PaO2, our ARDS model

was established to mimic the acute phase of human ARDS.

CXCL9, CXCL10, and CXCL11 levels in LPS-induced ARDS

To examine CXCR3 ligands (CXCL9, CXCL10, and CXCL11) expression in LPS-induced

ARDS, we measured the three chemokines in serum and BALF using ELISA. LPS-induced

ARDS in rats led to significant increase in the expression of CXCL9, CXCL10, and CXCL11 in

serum and BALF compared with saline control rats (p<0.05) and they further increased with

longer exposure to LPS. Compared with saline group, 12 h after LPS administration, serum

and BALF levels of CXCL10 (1026.87±91.26 vs. 449.93±55.9 pg/ml in serum, 1611.17±243.01

vs. 418.93±48.81 pg/ml in BALF, p<0.01), CXCL9 (86.21±37.97 vs. 22.6±14.07 pg/ml in

Table 2. Primers used in qPCR.

Gene NCBI accession Primer sequences Product length(bp) Ta(˚C)

CXCL10 NM_139089 F:TTCCGTAAGCTATGTGCAGGTA 112 60

R:TCAGGTGAACTCAGAACTGATG

CXCR3 NM_053415 F: AGCACATCTCCCTACGATTA 102 60

R: TGGCAGGAAGGTTCTGTC

IL-6 NM_012589 F: CACAGAAGGAGTGGCTAAG 105 60

R: TAGCACACTAGGTTTGCCG

IL-10 NM_012854 F: AAGCTGAAGACCCTCTGGATA 126 60

R: CTTGTAGACACCTTTGTCTTGG

INF-γ NM_138880 F: CTGTTACTGCCAAGGCAC 122 60

R: TTTGCCAGTTCCTCCAGAT

ICAM-1 NM_012967 F: GAGGATCACAAACGACGC 111 60

R: GTCCAGGTGAGGACCATA

β-actin NM_031144.2 F: CCACCATGTACCCAGGCATT 189 60

R: CGGACTCATCGTACTCCTGC

doi:10.1371/journal.pone.0169100.t002
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serum, 401.13±102.06 vs.17.45±11.13 pg/ml in BALF, p<0.01) and CXCL11 (166.26±16.84 vs.
50.54±21.64 pg/ml in serum, 485.47±93.34 vs. 111.36±38.31 pg/ml in BALF, p<0.01) were

Fig 1. Changes in lung histopathology and PaO2 after intratracheal instillation of LPS or saline in rats.

After 2, 6 or 12 h interventions, the right upper lobe of the lung was fixed and tissue sections were stained with

H&E. Representative histological changes in lung tissues obtained from (A) the saline group and LPS groups

(B: LPS 2 h, C: LPS 6 h, D: LPS 12 h). (E) Semi-quantification of histological changes and (F) PaO2 changes

demonstrated that lung injury worsened with increased time. The results are presented as mean±SD (n = 8

each group). **p<0.01 compared with control rats at the same time point. LPS: lipopolysaccharide; H&E:

hematoxylin and eosin; SD: standard deviation.

doi:10.1371/journal.pone.0169100.g001

Fig 2. Elevated CXCL9, CXCL10, and CXCL11 expression in LPS-induced ARDS in rats. After the indicated time of LPS or saline

injection, blood and BALF were collected. CXCL9, CXCL10, and CXCL11 in both serum and BALF were analyzed using ELISA. Results

are shown as mean±SD, n = 6–8 for each group. **p<0.01, *p<0.05 compared with the control. ARDS: acute respiratory distress

syndrome; BALF: bronchoalveolar lavage fluid; ELISA: enzyme-linked immunosorbent assay.

doi:10.1371/journal.pone.0169100.g002
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significantly increased. Furthermore, the levels of CXCL10 increased much more than CXCL9

and CXCL11 (Fig 2). Therefore, compared with CXCL9 and CXCL11, CXCL10 may play a

major role in the progression of ARDS induced by LPS.

Upregulation of CXCL10 and its receptor CXCR3 in LPS-induced ARDS

in lung tissue

CXCL10 is known to exert its function by binding to its receptor CXCR3. We explored

CXCL10 and CXCR3 expression in lung tissues using both q-PCR and Western blotting. After

12 h of LPS injection, the relative mRNA expression of CXCL10 and CXCR3 (34.60±9.76 and

1.57±0.32 respectively) were significantly increased compared with the saline control group

(p<0.01) (Fig 3A and 3B).The protein expression of CXCL10 (1.41±0.11 vs. 0.73±0.11,

Fig 3. Elevated CXCL10 and CXCR3 expression in the lung tissues in ARDS model. 12 h after LPS or saline was administered,

the right lower lungs were obtained. (A, B) qPCR was performed to analyze CXCL10 and CXCR3 mRNA expression in the lung

tissues. (C-E) Western blotting was performed to measure CXCL10 and CXCR3 protein expression in lung tissues. Each bar

represents the mean±SD of 6–8 rats. **p<0.01 compared with control group. qPCR: quantitative polymerase chain reaction.

doi:10.1371/journal.pone.0169100.g003
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p<0.01) and CXCR3 (1.32±0.16 vs. 0.72±0.15, p<0.01) were agreed with mRNA expression

levels (Fig 3C–3E).

Neutralization of CXCL10 decreased pulmonary edema in LPS-induced

ARDS

With increased time, the lung injury worsened and the level of CXCL10 progressively

increased. Based on our results, we next examined whether CXCL10 neutralization could ame-

liorate the severity of ARDS. Lung wet/dry weight ratio (W/D) is an indicator of pulmonary

vascular permeability to water. As shown in Fig 4A, after LPS administration, the lung W/D

ratio increased significantly compared with the saline group (6.15±0.72 vs. 4.35±0.24, p<0.01),

while administration of anti-CXCL10 antibody significantly decreased the lung W/D ratio

compared with the LPS+isotype control group (4.98±0.25 vs. 5.97±0.81, p<0.01), and there

was no difference between the LPS groups and LPS+isotype control group (p>0.05). Consis-

tent with W/D, the lung edema score in the LPS group increased significantly compared with

the saline group (3.75±0.46 vs. 0.13±0.35, p<0.01) and a significantly decreased lung edema

score was detected after further administration of anti-CXCL10 antibody compared with anti-

IgG1 antibody (2.88±0.64 vs. 3.63±0.52, p = 0.02) (Fig 4B). These results suggest that neutrali-

zation of CXCL10 can improve lung function in ARDS.

Neutralization of CXCL10 decreased the gene expression of

inflammatory mediators in LPS-induced ARDS

To evaluate whether CXCL10 regulates the gene expression of inflammatory mediators

involved in the development of ARDS, the mRNA levels of IFN-γ, IL-6, IL-10 and ICAM-1

were measured. LPS induction significantly upregulated mRNA expression of IFN-γ (5.86

±2.47), IL-6 (32.82±15.86), IL-10 (42.46±10.44), and ICAM-1(1.63±0.12) (p<0.01). Further-

more, the rats pretreated with monoclonal anti-CXCL10 antibody showed significantly lower

levels of IFN-γ, IL-6 and ICAM-1compared with the LPS group or LPS+isotype control group

(IFN-γ: 2.92±2.49 vs. 5.29±2.27, IL-6:16.87±4.64 vs. 29.87±16.19, ICAM-1:1.32±0.08 vs. 1.61

Fig 4. Neutralization of CXCL10 decreased pulmonary edema in LPS induced ARDS. (A) Lung wet/dry weight ratio and (B) lung

edema score are presented as the mean±SD (n = 8 in each group). **p<0.01 between the indicated groups.

doi:10.1371/journal.pone.0169100.g004
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±0.06, p<0.05). In contrast, CXCL10 neutralization did not suppress IL-10 mRNA expression

(Fig 5).

Neutralization of CXCL10 decreased inflammatory cells recruitment in

LPS-induced ARDS

We utilized flow cytometry to investigate total cells, neutrophils, macrophages and T lympho-

cytes changes in BALF. T lymphocytes were separated by CD3 and then further delineated by

CD3+CD4+ and CD3+CD8+. After LPS was given, the total cell numbers in BALF were signif-

icantly increased compared with the saline control group (13.66±1.87×106 vs. 1.49±0.41×106,

p<0.01). The absolute number and the percent of neutrophils (11.57±1.41×106 and 85.05

±6.64% vs. 0.54±0.39×106 and 33.81±18.24%, p<0.01), macrophages (10.79±7.56×105 and 8.02

±5.54% vs. 0.37±0.19×105and 2.45±1.05%, p<0.05) and CD3+CD8+ lymphocytes (5.0

Fig 5. mRNA expression of IFN-γ, IL-6, IL-10, and ICAM-1. The rats were divided into four groups: saline group, LPS group,

LPS+isotype control group, and LPS+anti-CXCL10 Ab group. After 12 h interventions, total RNA was extracted from lung

tissues and mRNA expression for IFN-γ(A), IL-6(B), IL-10(C), and ICAM-1(D) was quantified using qPCR. The data for mRNA

expression were presented as 2−ΔΔCt values. Results are shown as mean±SD (n = 6–8). **p<0.01,*p<0.05 between the

indicated groups.

doi:10.1371/journal.pone.0169100.g005
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±3.77×104and 36.46±4.17% vs. 0.44±0.48×104and 28.12±5.53%, p<0.05) also significantly

increased, while there was no difference in CD3+T lymphocytes and CD3+CD4+T lympho-

cytes between the two groups (p>0.05). After CXCL10 was blocked, total cells (8.80±1.81×106

vs. 13.71±1.48×106, p<0.01), neutrophils (6.13±1.34×106 and 70±8.11% vs. 11.7±1.37×106 and

85.66±8.73%, p<0.01) and macrophages (3.57±1.24×105 and 4.16±1.98% vs. 11.89±6.25×105

and 8.45±4.25%, p<0.05) but not CD3+CD8+ T cells decreased compared with the isotype

control group (Fig 6A–6F). As the majority of leukocytes in BALF after LPS induction were

neutrophils and macrophages, we next investigated the proportion of CXCR3 positivity in

neutrophils and macrophages. The percent of CXCR3+neutrophils (81.5±11.57% vs. 34.79

±10.75%, p<0.01) and CXCR3+macrophages (79.26±9.12% vs. 52.95 ± 15.59%, p<0.01) were

significantly elevated in the LPS group compared with the saline group (p<0.01), moreover,

treatment with anti-CXCL10 reduced the proportion of CXCR3+ cells among neutrophils

(61.75±10.97% vs. 79.12±14.28%, p<0.05) and macrophages (59.76±9.84% vs. 79.06±7.21%,

p< 0.01) compared with the isotype control group (Fig 6G and 6H). The representative flow

cytometric plots are shown in Fig 7.

Discussion

In the present study, we found that neutralization of CXCL10 could ameliorate the severity of

ARDS induced by LPS. The molecular mechanisms associated with the effect of CXCL10 were

that CXCL10 could promote the development of LPS-induced ARDS by increasing pro-

inflammatory cytokines (IFN-γ, IL-6) and intercellular adhesion molecule (ICAM-1) expres-

sion in lung tissues. Moreover, CXCL10 could induce inflammatory cells migration to the lung

and exacerbate the pathology of ARDS. After pretreatment with anti-CXCL10 Ab, pulmonary

edema and inflammation were significantly alleviated. The CXCL10-CXCR3 axis also contrib-

uted to the progression of ARDS. In addition to the elevated CXCL10 and CXCR3 mRNA and

protein levels in ARDS, CXCL10 neutralization reduced the total cells as well as the percentage

of neutrophils and macrophages, accompanied with reduced CXCR3+ neutrophils and

CXCR3+ macrophages infiltration. Therefore, our study supported that CXCL10 plays a key

role in the development of ARDS after LPS induction.

CXCL10, also known as IFN-γ inducible protein 10 (IP-10), is a pro-inflammatory factor

that can be induced by IFN-γ as well as some other factors including LPS and TNF-α [25, 26].

CXCL10 could amplify the effects of other cytokines [27]. Numerous studies have shown that

pro-inflammatory and anti-inflammatory cytokines are critical mediators associated with the

development of ARDS [6, 28, 29]. These inflammatory mediators may be secreted from cells

recruited into the air spaces in response to the inflammatory cascade. We evaluated whether

CXCL10 could affect IL-6, IL-10, IFN-γ, and ICAM-1 involved in ARDS. Our results indicated

that CXCL10 was correlated with the expression of IL-6, IFN-γ, and ICAM-1. Although IL-6

activates both pro-inflammatory and anti-inflammatory mechanisms, it primarily possesses

pro-inflammatory actions. The pro-inflammatory cytokine IL-6 is one of the key biomarkers

in both ARDS patients and animal models that can predict the morbidity and mortality of

ARDS patients [30, 31]. IFN-γ, a Th1 associated pro-inflammatory cytokine, is known to be

essential in airway inflammation and inducing the influx of neutrophils [32, 33]. As a major

inducer of CXCL10, excessive production of IFN-γ and CXCL10 contributed to injury pro-

gression in ARDS [34]. In addition to the pro- inflammatory cytokines, intercellular adhesion

molecule 1 (ICAM-1) also has an important effect on ARDS by playing a role in trafficking of

leukocytes to the site of inflammation [35, 36]. During ARDS, ICAM-1 was upregulated on the

lung epithelium and higher levels of ICAM-1 were suggestive of an acute inflammatory process

in patients with ARDS, which became more serious with increased mortality [37]. Our data
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Fig 6. Cell counts in BALF in the four divided groups by flow cytometry. After 12 h interventions, the left

lungs were lavaged. BALF was analyzed by measuring total cells, neutrophils, macrophages, lymphocytes,

CXCR3+neutrophils and CXCR3+ macrophages. Results are shown as mean±SD (n = 6–8). **p<0.01,*p<
0.05 between the indicated groups.

doi:10.1371/journal.pone.0169100.g006
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Fig 7. Representative flow cytometric plots. (A) neutrophils, (B) macrophages, (C) CD3, (D) CD4/CD8, (E)

CXCR3+ neutrophils, and (F) CXCR3+ macrophages.

doi:10.1371/journal.pone.0169100.g007
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suggest that regulation of pro-inflammatory cytokines and intercellular adhesion molecule by

CXCL10 plays a role in the inflammatory response in LPS-induced ARDS.

The recruitment of leukocytes to inflammatory lung tissues is essential for the development

of ARDS. After being released in the blood, leukocytes migrate to the site of inflammation,

requiring adhesion and transmigration through blood-vessel walls. Large amounts of chemo-

kines and cytokines released by endothelial, epithelial, and inflammatory cells are involved in

this process [38]. Because neutrophil-mediated lung injury plays a pivotal role in ARDS, che-

mokines that may contribute to neutrophil chemotaxis were further studied. Some chemo-

kines including CXCL8, C-C motif chemokine ligand 2 (CCL2), and CCL7 are known to

enhance neutrophil activation and migration [10, 39]. Besides chemokines, peripheral blood

monocytes, along with alveolar macrophages may influence neutrophil migration and their

depletion prior to LPS exposure can diminish neutrophil trafficking. Therefore, macrophages

may direct neutrophil-mediated lung injury in the LPS-induced ARDS model [40, 41]. In our

model, neutrophil and macrophages in BALF were significantly increased after administration

of LPS, while inhibition of CXCL10 decreased the recruitment of neutrophils and macro-

phages into the alveoli. Therefore, our results indicated that CXCL10 was associated with the

recruitment of neutrophils and macrophages in ARDS.

CXCL10 exerts its functions by binding to its receptor CXCR3, a G-protein-coupled recep-

tor, which has been demonstrated to be expressed on multiple cell types including lymphocytes

and monocytes [42]. It was generally believed that CXCR3 was not expressed on neutrophils,

while recent studies showed that CXCR3 was present on neutrophils in acute lung injury and

chronic lung disease. Furthermore, the CXCL10-CXCR3 axis could activate oxidative bursts

and chemotaxis in neutrophils in a possible autocrine loop [12, 43]. Remarkably, local tissue

secretion of CXCL10 represents the driving force for the recruitment of CXCR3 positive

inflammatory cells. In our study, elevated mRNA and protein levels of CXCL10 and CXCR3 in

lung tissues were measured using quantitative PCR and Western blotting. CXCR3 expression

in BALF macrophages and neutrophils was increased in LPS-induced ARDS and CXCL10

neutralization reduced CXCR3 positive cells infiltration. Taken together, our results indicated

that the CXCL10-CXCR3 axis contributed to the development of ARDS. Moreover, reducing

the migration of CXCR3 positive cells into inflammatory sites played a role in CXCL10 neu-

tralization in LPS-induced ARDS. Further studies on the effect of CXCL10 in LPS-induced

ARDS at the cellular level are required.

Conclusion

Our results demonstrated that the chemokine CXCL10 promoted the development of ARDS

by binding to its receptor CXCR3. Moreover, CXCL10 neutralization ameliorated LPS-

induced ARDS by suppressing the recruitment of inflammatory cells into the lungs and reduc-

ing the induction of inflammatory mediators involved in the pathology of ARDS. Thus,

CXCL10 could be a potential therapeutic target for the treatment of LPS-induced ARDS.

Supporting Information

S1 Information. Minimal data set for Figs 1–6.

(XLSX)

Acknowledgments

We would like to acknowledge the technical assistance of OE Biotech’s (Shanghai,China).

CXCL10/IP-10 Neutralization Ameliorate ARDS

PLOS ONE | DOI:10.1371/journal.pone.0169100 January 3, 2017 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169100.s001


Author Contributions

Conceptualization: SL JW.

Data curation: SL LL.

Formal analysis: XW.

Funding acquisition: JW.

Investigation: YX MZ.

Methodology: SL LL.

Resources: TA.

Validation: JS XX.

Writing – original draft: SL JW.

Writing – review & editing: SL XW.

References
1. Papazian L, Calfee CS, Chiumello D, Luyt CE, Meyer NJ, Sekiguchi H, et al. Diagnostic workup for

ARDS patients. Intensive care medicine. 2016; 42(5):674–85. Epub 2016/03/24. doi: 10.1007/s00134-

016-4324-5 PMID: 27007111

2. Wheeler AP, Bernard GR. Acute lung injury and the acute respiratory distress syndrome: a clinical

review. Lancet (London, England). 2007; 369(9572):1553–64. Epub 2007/05/08.

3. Nieman GF, Gatto LA, Bates JH, Habashi NM. Mechanical Ventilation as a Therapeutic Tool to Reduce

ARDS Incidence. Chest. 2015; 148(6):1396–404. Epub 2015/07/03. PubMed Central PMCID:

PMCPmc4665734. doi: 10.1378/chest.15-0990 PMID: 26135199

4. Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, et al. Incidence and outcomes of

acute lung injury. The New England journal of medicine. 2005; 353(16):1685–93. Epub 2005/10/21. doi:

10.1056/NEJMoa050333 PMID: 16236739

5. Han S, Mallampalli RK. The acute respiratory distress syndrome: from mechanism to translation. Jour-

nal of immunology (Baltimore, Md: 1950). 2015; 194(3):855–60. Epub 2015/01/18. PubMed Central

PMCID: PMCPmc4299926.

6. Fujishima S. Pathophysiology and biomarkers of acute respiratory distress syndrome. Journal of inten-

sive care. 2014; 2(1):32. Epub 2014/12/19. PubMed Central PMCID: PMCPmc4267590. doi: 10.1186/

2052-0492-2-32 PMID: 25520844

7. Bhatia M, Moochhala S. Role of inflammatory mediators in the pathophysiology of acute respiratory dis-

tress syndrome. The Journal of pathology. 2004; 202(2):145–56. Epub 2004/01/27. doi: 10.1002/path.

1491 PMID: 14743496

8. Williams AE, Chambers RC. The mercurial nature of neutrophils: still an enigma in ARDS? American

journal of physiology Lung cellular and molecular physiology. 2014; 306(3):L217–30. Epub 2013/12/10.

PubMed Central PMCID: PMCPmc3920201. doi: 10.1152/ajplung.00311.2013 PMID: 24318116

9. Grommes J, Soehnlein O. Contribution of neutrophils to acute lung injury. Molecular medicine (Cam-

bridge, Mass). 2011; 17(3–4):293–307. Epub 2010/11/04. PubMed Central PMCID: PMCPmc3060975.

10. Williams AE, Jose RJ, Mercer PF, Brealey D, Parekh D, Thickett DR, et al. Evidence for chemokine syn-

ergy during neutrophil migration in ARDS. Thorax. 2016. Epub 2016/08/09.

11. Scolletta S, Colletti M, Di Luigi L, Crescioli C. Vitamin D receptor agonists target CXCL10: new thera-

peutic tools for resolution of inflammation. Mediators of inflammation. 2013; 2013:876319. Epub 2013/

05/22. PubMed Central PMCID: PMCPmc3652186. doi: 10.1155/2013/876319 PMID: 23690671

12. Ichikawa A, Kuba K, Morita M, Chida S, Tezuka H, Hara H, et al. CXCL10-CXCR3 enhances the devel-

opment of neutrophil-mediated fulminant lung injury of viral and nonviral origin. American journal of

respiratory and critical care medicine. 2013; 187(1):65–77. Epub 2012/11/13. PubMed Central PMCID:

PMCPmc3927876. doi: 10.1164/rccm.201203-0508OC PMID: 23144331

13. Liu M, Guo S, Hibbert JM, Jain V, Singh N, Wilson NO, et al. CXCL10/IP-10 in infectious diseases path-

ogenesis and potential therapeutic implications. Cytokine & growth factor reviews. 2011; 22(3):121–30.

Epub 2011/08/02. PubMed Central PMCID: PMCPmc3203691.

CXCL10/IP-10 Neutralization Ameliorate ARDS

PLOS ONE | DOI:10.1371/journal.pone.0169100 January 3, 2017 14 / 16

http://dx.doi.org/10.1007/s00134-016-4324-5
http://dx.doi.org/10.1007/s00134-016-4324-5
http://www.ncbi.nlm.nih.gov/pubmed/27007111
http://dx.doi.org/10.1378/chest.15-0990
http://www.ncbi.nlm.nih.gov/pubmed/26135199
http://dx.doi.org/10.1056/NEJMoa050333
http://www.ncbi.nlm.nih.gov/pubmed/16236739
http://dx.doi.org/10.1186/2052-0492-2-32
http://dx.doi.org/10.1186/2052-0492-2-32
http://www.ncbi.nlm.nih.gov/pubmed/25520844
http://dx.doi.org/10.1002/path.1491
http://dx.doi.org/10.1002/path.1491
http://www.ncbi.nlm.nih.gov/pubmed/14743496
http://dx.doi.org/10.1152/ajplung.00311.2013
http://www.ncbi.nlm.nih.gov/pubmed/24318116
http://dx.doi.org/10.1155/2013/876319
http://www.ncbi.nlm.nih.gov/pubmed/23690671
http://dx.doi.org/10.1164/rccm.201203-0508OC
http://www.ncbi.nlm.nih.gov/pubmed/23144331


14. Singh UP, Singh NP, Guan H, Hegde VL, Price RL, Taub DD, et al. The severity of experimental autoim-

mune cystitis can be ameliorated by anti-CXCL10 Ab treatment. PloS one. 2013; 8(11):e79751. Epub

2013/11/28. PubMed Central PMCID: PMCPmc3836899. doi: 10.1371/journal.pone.0079751 PMID:

24278169

15. Kim J, Choi JY, Park SH, Yang SH, Park JA, Shin K, et al. Therapeutic effect of anti-C-X-C motif chemo-

kine 10 (CXCL10) antibody on C protein-induced myositis mouse. Arthritis research & therapy. 2014; 16

(3):R126. Epub 2014/06/19. PubMed Central PMCID: PMCPmc4095607.

16. Sasaki S, Yoneyama H, Suzuki K, Suriki H, Aiba T, Watanabe S, et al. Blockade of CXCL10 protects

mice from acute colitis and enhances crypt cell survival. European journal of immunology. 2002; 32

(11):3197–205. Epub 2003/01/31. doi: 10.1002/1521-4141(200211)32:11<3197::AID-IMMU3197>3.0.

CO;2-1 PMID: 12555665

17. Wu W, Booth JL, Duggan ES, Patel KB, Coggeshall KM, Metcalf JP. Human lung innate immune cyto-

kine response to adenovirus type 7. The Journal of general virology. 2010; 91(Pt 5):1155–63. Epub

2010/01/15. PubMed Central PMCID: PMCPmc4091184. doi: 10.1099/vir.0.017905-0 PMID: 20071488

18. Chi Y, Zhu Y, Wen T, Cui L, Ge Y, Jiao Y, et al. Cytokine and chemokine levels in patients infected with

the novel avian influenza A (H7N9) virus in China. The Journal of infectious diseases. 2013; 208

(12):1962–7. Epub 2013/08/31. doi: 10.1093/infdis/jit440 PMID: 23990573

19. Bautista E, Arcos M, Jimenez-Alvarez L, Garcia-Sancho MC, Vazquez ME, Pena E, et al. Angiogenic

and inflammatory markers in acute respiratory distress syndrome and renal injury associated to A/

H1N1 virus infection. Experimental and molecular pathology. 2013; 94(3):486–92. Epub 2013/04/02.

doi: 10.1016/j.yexmp.2013.03.007 PMID: 23542734

20. Hou S, Ding H, Lv Q, Yin X, Song J, Landen NX, et al. Therapeutic effect of intravenous infusion of per-

fluorocarbon emulsion on LPS-induced acute lung injury in rats. PloS one. 2014; 9(1):e87826. Epub

2014/02/04. PubMed Central PMCID: PMCPmc3905038. doi: 10.1371/journal.pone.0087826 PMID:

24489970

21. Itoh T, Obata H, Murakami S, Hamada K, Kangawa K, Kimura H, et al. Adrenomedullin ameliorates lipo-

polysaccharide-induced acute lung injury in rats. American journal of physiology Lung cellular and

molecular physiology. 2007; 293(2):L446–52. Epub 2007/06/15. doi: 10.1152/ajplung.00412.2005

PMID: 17557801

22. Jeyaseelan S, Chu HW, Young SK, Worthen GS. Transcriptional profiling of lipopolysaccharide-induced

acute lung injury. Infection and immunity. 2004; 72(12):7247–56. Epub 2004/11/24. PubMed Central

PMCID: PMCPmc529166. doi: 10.1128/IAI.72.12.7247-7256.2004 PMID: 15557650

23. Chen X, Jin Y, Hou X, Liu F, Wang Y. Sonic Hedgehog Signaling: Evidence for Its Protective Role in

Endotoxin Induced Acute Lung Injury in Mouse Model. PloS one. 2015; 10(11):e0140886. Epub 2015/

11/07. PubMed Central PMCID: PMCPmc4636314. doi: 10.1371/journal.pone.0140886 PMID:

26545089

24. Nick JA, Young SK, Arndt PG, Lieber JG, Suratt BT, Poch KR, et al. Selective suppression of neutrophil

accumulation in ongoing pulmonary inflammation by systemic inhibition of p38 mitogen-activated pro-

tein kinase. Journal of immunology (Baltimore, Md: 1950). 2002; 169(9):5260–9. Epub 2002/10/23.

25. Clarke DL, Clifford RL, Jindarat S, Proud D, Pang L, Belvisi M, et al. TNFalpha and IFNgamma syner-

gistically enhance transcriptional activation of CXCL10 in human airway smooth muscle cells via STAT-

1, NF-kappaB, and the transcriptional coactivator CREB-binding protein. The Journal of biological

chemistry. 2010; 285(38):29101–10. Epub 2010/09/14. PubMed Central PMCID: PMCPmc2937941.

doi: 10.1074/jbc.M109.0999952 PMID: 20833730

26. Ohmori Y, Hamilton TA. Cooperative interaction between interferon (IFN) stimulus response element

and kappa B sequence motifs controls IFN gamma- and lipopolysaccharide-stimulated transcription

from the murine IP-10 promoter. The Journal of biological chemistry. 1993; 268(9):6677–88. Epub

1993/03/25. PMID: 8454640

27. Zhang X, Shen J, Man K, Chu ES, Yau TO, Sung JC, et al. CXCL10 plays a key role as an inflammatory

mediator and a non-invasive biomarker of non-alcoholic steatohepatitis. Journal of hepatology. 2014;

61(6):1365–75. Epub 2014/07/23. doi: 10.1016/j.jhep.2014.07.006 PMID: 25048951

28. Park WY, Goodman RB, Steinberg KP, Ruzinski JT, Radella F 2nd, Park DR, et al. Cytokine balance in

the lungs of patients with acute respiratory distress syndrome. American journal of respiratory and criti-

cal care medicine. 2001; 164(10 Pt 1):1896–903. Epub 2001/12/06.

29. Goodman RB, Pugin J, Lee JS, Matthay MA. Cytokine-mediated inflammation in acute lung injury. Cyto-

kine & growth factor reviews. 2003; 14(6):523–35. Epub 2003/10/18.

30. Cross LJ, Matthay MA. Biomarkers in acute lung injury: insights into the pathogenesis of acute lung

injury. Critical care clinics. 2011; 27(2):355–77. Epub 2011/03/29. PubMed Central PMCID:

PMCPmc3073651. doi: 10.1016/j.ccc.2010.12.005 PMID: 21440206

CXCL10/IP-10 Neutralization Ameliorate ARDS

PLOS ONE | DOI:10.1371/journal.pone.0169100 January 3, 2017 15 / 16

http://dx.doi.org/10.1371/journal.pone.0079751
http://www.ncbi.nlm.nih.gov/pubmed/24278169
http://dx.doi.org/10.1002/1521-4141(200211)32:11&lt;3197::AID-IMMU3197&gt;3.0.CO;2-1
http://dx.doi.org/10.1002/1521-4141(200211)32:11&lt;3197::AID-IMMU3197&gt;3.0.CO;2-1
http://www.ncbi.nlm.nih.gov/pubmed/12555665
http://dx.doi.org/10.1099/vir.0.017905-0
http://www.ncbi.nlm.nih.gov/pubmed/20071488
http://dx.doi.org/10.1093/infdis/jit440
http://www.ncbi.nlm.nih.gov/pubmed/23990573
http://dx.doi.org/10.1016/j.yexmp.2013.03.007
http://www.ncbi.nlm.nih.gov/pubmed/23542734
http://dx.doi.org/10.1371/journal.pone.0087826
http://www.ncbi.nlm.nih.gov/pubmed/24489970
http://dx.doi.org/10.1152/ajplung.00412.2005
http://www.ncbi.nlm.nih.gov/pubmed/17557801
http://dx.doi.org/10.1128/IAI.72.12.7247-7256.2004
http://www.ncbi.nlm.nih.gov/pubmed/15557650
http://dx.doi.org/10.1371/journal.pone.0140886
http://www.ncbi.nlm.nih.gov/pubmed/26545089
http://dx.doi.org/10.1074/jbc.M109.0999952
http://www.ncbi.nlm.nih.gov/pubmed/20833730
http://www.ncbi.nlm.nih.gov/pubmed/8454640
http://dx.doi.org/10.1016/j.jhep.2014.07.006
http://www.ncbi.nlm.nih.gov/pubmed/25048951
http://dx.doi.org/10.1016/j.ccc.2010.12.005
http://www.ncbi.nlm.nih.gov/pubmed/21440206


31. Xiao M, Zhu T, Zhang W, Wang T, Shen YC, Wan QF, et al. Emodin ameliorates LPS-induced acute

lung injury, involving the inactivation of NF-kappaB in mice. International journal of molecular sciences.

2014; 15(11):19355–68. Epub 2014/10/28. PubMed Central PMCID: PMCPmc4264115. doi: 10.3390/

ijms151119355 PMID: 25347274

32. Elsakkar MG, Sharaki OA, Abdallah DM, Mostafa DK, Shekondali FT. Adalimumab ameliorates OVA-

induced airway inflammation in mice: Role of CD4(+) CD25(+) FOXP3(+) regulatory T-cells. European

journal of pharmacology. 2016; 786:100–8. Epub 2016/06/06. doi: 10.1016/j.ejphar.2016.06.002 PMID:

27262379

33. Pawankar R, Hayashi M, Yamanishi S, Igarashi T. The paradigm of cytokine networks in allergic airway

inflammation. Current opinion in allergy and clinical immunology. 2015; 15(1):41–8. Epub 2014/12/06.

doi: 10.1097/ACI.0000000000000129 PMID: 25479317

34. Nie L, Wu W, Lu Z, Zhu G, Liu J. CXCR3 May Help Regulate the Inflammatory Response in Acute Lung

Injury via a Pathway Modulated by IL-10 Secreted by CD8 + CD122+ Regulatory T Cells. Inflammation.

2016; 39(2):526–33. Epub 2015/10/18. PubMed Central PMCID: PMCPmc4819783. doi: 10.1007/

s10753-015-0276-0 PMID: 26475448

35. Long EO. ICAM-1: getting a grip on leukocyte adhesion. Journal of immunology (Baltimore, Md: 1950).

2011; 186(9):5021–3. Epub 2011/04/21. PubMed Central PMCID: PMCPmc3860744.

36. Wu T, Shi JX, Geng S, Zhou W, Shi Y, Su X. The MK2/HuR signaling pathway regulates TNF-alpha-

induced ICAM-1 expression by promoting the stabilization of ICAM-1 mRNA. BMC pulmonary medicine.

2016; 16(1):84. Epub 2016/05/25. PubMed Central PMCID: PMCPmc4877999. doi: 10.1186/s12890-

016-0247-8 PMID: 27215284

37. McClintock D, Zhuo H, Wickersham N, Matthay MA, Ware LB. Biomarkers of inflammation, coagulation

and fibrinolysis predict mortality in acute lung injury. Critical care (London, England). 2008; 12(2):R41.

Epub 2008/03/25. PubMed Central PMCID: PMCPmc2447583.

38. Ley K, Laudanna C, Cybulsky MI, Nourshargh S. Getting to the site of inflammation: the leukocyte adhe-

sion cascade updated. Nature reviews Immunology. 2007; 7(9):678–89. Epub 2007/08/25. doi: 10.

1038/nri2156 PMID: 17717539

39. Gouwy M, Struyf S, Catusse J, Proost P, Van Damme J. Synergy between proinflammatory ligands of

G protein-coupled receptors in neutrophil activation and migration. Journal of leukocyte biology. 2004;

76(1):185–94. Epub 2004/04/13. doi: 10.1189/jlb.1003479 PMID: 15075362

40. Dhaliwal K, Scholefield E, Ferenbach D, Gibbons M, Duffin R, Dorward DA, et al. Monocytes control

second-phase neutrophil emigration in established lipopolysaccharide-induced murine lung injury.

American journal of respiratory and critical care medicine. 2012; 186(6):514–24. Epub 2012/07/24.

PubMed Central PMCID: PMCPmc3480527. doi: 10.1164/rccm.201112-2132OC PMID: 22822022

41. Watkins TR. The monocyte and acute respiratory distress syndrome: implicated, innocent bystander, or

awash in research translation? American journal of respiratory and critical care medicine. 2013; 188

(4):407–8. Epub 2013/08/21. doi: 10.1164/rccm.201307-1208ED PMID: 23947514

42. Groom JR, Luster AD. CXCR3 ligands: redundant, collaborative and antagonistic functions. Immunol-

ogy and cell biology. 2011; 89(2):207–15. Epub 2011/01/12. PubMed Central PMCID:

PMCPmc3863330. doi: 10.1038/icb.2010.158 PMID: 21221121

43. Hartl D, Krauss-Etschmann S, Koller B, Hordijk PL, Kuijpers TW, Hoffmann F, et al. Infiltrated neutro-

phils acquire novel chemokine receptor expression and chemokine responsiveness in chronic inflam-

matory lung diseases. Journal of immunology (Baltimore, Md: 1950). 2008; 181(11):8053–67. Epub

2008/11/20.

CXCL10/IP-10 Neutralization Ameliorate ARDS

PLOS ONE | DOI:10.1371/journal.pone.0169100 January 3, 2017 16 / 16

http://dx.doi.org/10.3390/ijms151119355
http://dx.doi.org/10.3390/ijms151119355
http://www.ncbi.nlm.nih.gov/pubmed/25347274
http://dx.doi.org/10.1016/j.ejphar.2016.06.002
http://www.ncbi.nlm.nih.gov/pubmed/27262379
http://dx.doi.org/10.1097/ACI.0000000000000129
http://www.ncbi.nlm.nih.gov/pubmed/25479317
http://dx.doi.org/10.1007/s10753-015-0276-0
http://dx.doi.org/10.1007/s10753-015-0276-0
http://www.ncbi.nlm.nih.gov/pubmed/26475448
http://dx.doi.org/10.1186/s12890-016-0247-8
http://dx.doi.org/10.1186/s12890-016-0247-8
http://www.ncbi.nlm.nih.gov/pubmed/27215284
http://dx.doi.org/10.1038/nri2156
http://dx.doi.org/10.1038/nri2156
http://www.ncbi.nlm.nih.gov/pubmed/17717539
http://dx.doi.org/10.1189/jlb.1003479
http://www.ncbi.nlm.nih.gov/pubmed/15075362
http://dx.doi.org/10.1164/rccm.201112-2132OC
http://www.ncbi.nlm.nih.gov/pubmed/22822022
http://dx.doi.org/10.1164/rccm.201307-1208ED
http://www.ncbi.nlm.nih.gov/pubmed/23947514
http://dx.doi.org/10.1038/icb.2010.158
http://www.ncbi.nlm.nih.gov/pubmed/21221121

