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Abstract Cytokines play a critical role in the development of
acute lung injury (ALI)/acute respiratory distress syndrome
(ARDS). Here we investigated whether IL-27 was elevated in
patients with ALI/ARDS and its potential clinical signifi-
cance. Bronchoalveolar lavage (BAL) and serum samples
were obtained from 58 ALI/ARDS patients, and 25 control
healthy volunteers. IL-27 and other inflammatory mediators
were measured in BAL and serum by ELISA. Besides, a
mouse model of cecal ligation and puncture (CLP)-induced
lung inflammation/injury was established, and serum, BAL
fluid and tissues were collected for analyses in the presence or
absence of IL-27 neutralizing antibodies. BAL IL-27 was
found to be significantly higher in patients with ALI/ARDS
than that in controls, particularly of pulmonary origin; serum
IL-27 was also significantly higher. Increased IL-27 was
associated with markers of inflammation, and correlated with
disease severity of patients in ALI/ARDS. In a mouse model
of CLP-induced lung inflammation/injury, elevated IL-27
levels were observed in the lung, serum, and BAL fluids. IL-
27 neutralizing antibody treatment reduced pulmonary inflam-
mation and lung injury and improved mouse survival in
response to CLP. Therefore, IL-27 is a critical cytokine in
ALI/ARDS and inhibition of IL-27 may open a promising
approach for ALI/ARDS patients.
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Introduction

Acute lung injury (ALI),and its more severe form, acute
respiratory distress syndrome (ARDS), can develop in many
serious conditions including sepsis, pneumonia, major surger-
y, ischaemia/reperfusion and pancreatitis [1, 2]. The patho-
genesis of ALI/ARDS is related to an uncontrolled systemic
inflammatory response, microvascular damage, increased pul-
monary vascular permeability, interstitial and alveolar oede-
ma, and hypoxaemic respiratory failure. In ALI/ARDS, many
inflammatory cytokines are released by leukocytes as well as
pulmonary structural cells [3, 4]. A growing body of evidence
indicates that excessive production of inflammatory cytokines
is critical for the initiation and extension of ALI/ARDS, and
the magnitude and duration of this inflammatory process may
ultimately determine the outcome in patients with ALI/ARDS
[5, 6]. Therefore, understanding of the role of cytokines in
ALI/ARDS may result in therapeutic approaches.

Interleukin (IL)-27 is a heterodimeric cytokine composed
of the subunit protein IL-27p28 and Epstein Bar virus-induced
protein 3 (EBI3) [7]. IL-27 is predominantly expressed by
myeloid cells including antigen-presenting cells (APC) upon
activation by bacterial and viral pathogens or other non-
infectious agents, and it signals through a heterodimeric re-
ceptor that consists of Tcell cytokine receptor (TCCR/WSX1)
and gp130 [8]. Like many cytokines, IL-27 has pleiotropic
properties that can limit or enhance ongoing inflammatory
responses. Several studies have demonstrated that IL-27 plays
an immunoregulatory role in suppressing the development of
Th1, Th2, Th17 cell subsets and in inducing anti-
inflammatory cytokine IL-10 production [9–11]. Neverthe-
less, IL-27 exerts a proinflammatory effect in some situations.
For example, IL-27 stimulation of monocytes [12], mast cells
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[8], eosinophils [13] or epithelial cells [14] led to the enhanced
production of inflammatory mediators, which would impli-
cates in the exacerbation of inflammatory diseases. Besides,
mice deficient for the EBI3 subunit of IL-27 were resistant to
experimental septic peritonitis [15], and IL-27 receptor-
deficient mice were protected from proteoglycan-induced ar-
thritis and had lower inflammatory reactions and enhanced
survival in the MRL/lpr model of lupus [16, 17]. Moreover,
IL-27 could promote T cell-dependent colitis [18]. Therefore,
IL-27 has important pathophysiological relevance in some
inflammatory diseases.

Recent studies showed that TLR2-mediated production of
IL-27 by pulmonary epithelial cells promoted bleomycin-
induced pulmonary fibrosis in mice [19], and IL-27 directly
suppressed endotoxin-induced production of reactive oxy-
gen intermediates by neutrophils and macrophages [15],
suggesting a potential role for IL-27 in the development of
ALI/ARDS. In this study, we hypothesized that IL-27 levels
in patients with ALI/ARDS would be elevated compared to
healthy controls. We also sought to determine if IL-27 levels
in ALI/ARDS patients would correlate with disease severity
and would be associated with increased pulmonary inflam-
mation. Finally, we assessed whether treatment with anti-IL-
27 neutralization antibodies could reduce lung inflammatory
reactions in a mouse model of cecal ligation and puncture
(CLP)-induced lung inflammation/injury.

Materials and Methods

Study Population

Patients were randomly selected from The First Affiliated
Hospital of Chongqing Medical University intensive care unit
(ICU) patients who had pulmonary edema fluid and plasma
samples obtained between 2010 and 2012. Diagnosis of
ARDS or ALI was made according to criteria of the
American-European Consensus Conference on ARDS [20].
ALI/ARDS was observed after major surgery, multiple trau-
ma, diabetic ketoacidosis, pregnancy induced hypertension,
organic phosphorus poisoning, transfusion, pancreatitis, pneu-
monia, or pulmonary contusion. Exclusion criteria for enroll-
ment of patients were hemofiltration, massive transfusion in
the immediately preceding 24 h, medical history of chronic
lung diseases, and immunosuppressive therapy. All patients
were admitted to ICU at time of ALI/ARDS diagnosis, and
they were receiving mechanical ventilation and standard in-
tensive care support. Clinical information on all patients was
collected, and Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) scores, and PaO2/FiO2 ratios were
calculated at enrollment (day 1 ALI). The primary outcome,
ventilator free days (VFDs), was defined as number of days a
patient was alive and free of mechanical ventilation out of 28.

ICU free days and mortality (by 21 days) were also recorded.
Healthy volunteers without lung diseases who underwent
broncho-alveolar lavage (BAL) via bronchoscopy and donat-
ed serum served as control subjects. The above protocol was
approved by the Clinical Research Ethics Committee of The
First Affiliated Hospital of Chongqing Medical University,
and informed consent was obtained from all participants
according to the Declaration of Helsinki.

BAL and Blood Sampling

BAL fluid and serum were collected from patients and con-
trols as previously described [21]. All patients underwent
BAL and had blood collected on the 3rd day after meeting
ALI criteria. BAL was centrifuged at 250 g for 10 min at
4 °C, cells were separated, and supernatant was aliquoted
into small volumes. The standardization of cytokine levels in
the BAL fluids was based on the concept that aliquots of
sterile normal saline infused through the bronchoscope mix
with epithelial lining fluid (ELF). When the saline was
recovered by aspiration, the ELF and its components were
recovered along with it. BAL cytokine concentration was
adjusted using urea. For quantification of alveolar lining
fluid, urea was used as an endogenous marker of dilution.
Values were corrected according to the dilution factor as ratio
of serum urea/BAL urea. To obtain differential cell counts, a
100 μL aliquot of cells was subjected to cytocentrifugation
(Cytospin; Cytopro Wescor; Syracuse, NY), air dried, and
stained with Giemsa Diff-Quik II stain (Baxter Scientific
Products; McGaw Park, IL). Differential cell counts were
made from a minimum count of 300 cells and results were
expressed as a proportion of total cell population. Cell counts
were thus expressed for neutrophils, macrophages, and lym-
phocytes. Blood was similarly centrifuged to separate cells
from serum immediately after collection and aliquoted. All
serum and BAL supernatant samples were stored at −80 °C.

Human BAL and Serum Analysis

IL-27 in BAL and serum was measured by ELISA (R & D
Systems, Inc, Minneapolis, MN) in duplicate. A panel of
cytokines including IL-1β, IL-2, IL-6, IL-18, IFN-γ, TNF-α,
CXCL8 and CXCL10 were also measured in BAL and serum
samples using ELISA kits (Biolegend) in duplicate.

Mouse Experiments

Eight- to fourteen-week-old C57BL/6 mice were obtained
from and raised at Chongqing Medical University. All ani-
mal experiments were done in accordance with the Institu-
tional Animal Care and Use Committee’s guidelines at the
Chongqing Medical University. The surgical procedure to
establish CLP-induced sepsis was performed as previously
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described [22]. In brief, mice were lightly anesthetized with
ketamine and xylazine hydrochloride by intraperitoneal in-
jection, and a middle abdominal incision was made. The
cecum was delivered, ligated with a silk suture 1 cm from
the tip, and doubly punctured with a 21-gauge needle. After
puncture, the cecum was gently squeezed to extrude a small
amount of feces and returned to the abdominal cavity. The
laparotomy was then closed. Additionally, sham-operated
control mice were subjected to the same surgical laparotomy
after anesthesia, but the cecum was neither ligated nor punc-
tured. Mice were monitored for 7 days after CLP. For sur-
vival analysis, mice were monitored twice daily for 21 days.

Mouse IL-27 Neutralizing Antibody Treatment

We pretreated C57Bl/6 mice with 50 μg of either goat isotype
Immunoglobulin-G (IgG) or polyclonal goat anti-mouse IL-
27 antibodies (R&D Systems) 1 h prior to experimental ma-
nipulations. Mice inhaled the compounds diluted in 10 μl of
normal saline, and serum, BAL fluid, lung and survival anal-
ysis were then performed at predetermined time points.

Quantitative Analysis of Gene Expression

Total cellular RNA was extracted with RNeasy columns
(QIAGEN), and quantitative real-time PCR analysis for mouse
IL-27 EBI3 and p28, was performed using specific primers.
EBI3, sense, 5′-ACC CAT TGA AGC CAC GAC TT-3′, and
antisense, 5′-AGT ATT GCA TCC AGG TGT CAG CT-3′;
p28, sense, 5′-CTC TGC TTC CTC GCT ACC AC-3′, and
antisense, 5′-GGGGCAGCT TCT TTTCTTCT-3′. Real-time
PCR was performed on an ABI PRISM 7000 (Applied
Biosystems) using SYBR Green quantitative PCR (Roche Di-
agnostics) according to the manufacturers’ instructions.

Mouse Serum and BAL Fluid Analysis

At the indicated times, mice were sacrificed and blood was
drawn by puncturing the left ventricle, and the serum was
separated by centrifuging the blood samples. Mouse BAL
fluid was isolated and spun to separate cellular components.
The cell pellet was used for quantitative and qualitative cell
counts, and lavage supernatant was collected. Finally, mouse
serum and BAL fluid were used for quantitative cytokine
analysis including IFN-γ, IL-2, IL-6, KC, IL-10, IL-18,
CXCL8 and CXCL10 using ELISA kits (Biolegend).

Histologic Examination

In a separate set of experiments, mouse left lungs were
obtained from sham-operated or septic animals and sub-
merged in 10 % Formalin in neutral buffered solution (Sigma,
St. Louis, MO) for immediate fixation and later embedded in

paraffin. Lung tissues were stained with hematoxylin and
eosin (H&E), dehydrated, and coverslipped. Morphologic
examinations were performed by light microscopy and docu-
mented by photographs.

Statistical Analysis

All data were expressed as either mean ± standard deviation or
median values and interquartile ranges. Differences between
groups were assessed byMann–WhitneyU test, Student’s t-test
or Kruskal–Wallis test followed byDunn’s test. Non-parametric
Spearman’s Rank Correlation Coefficient was used to test
correlations between two parameters. Kaplan–Meier survival
analysis was used for the survival experiments. A probability
(p) < 0.05 was considered significantly different.

Results

Patient Characteristics

A total of 83 subjects (58 patients with ALI/ARDS, and 25
healthy controls) were recruited in this study, and the clinical
characteristics of subjects were summarized in Table I. All
patients met ALI PaO2/FiO2 criteria with a mean PaO2/FiO2

Table I Clinical characteristics of 58 patients with ALI and ARDS

Characteristic ALI/ARDS
(n=58)

Controls
(n=25)

Age (years) 46±12 41±6

Male/female gender, no. 36/22 14/11

Smoker 30 (50.1 %) 5 (20 %)

Major surgery 3 (5.2 %) –

Multiple trauma 5 (8.6 %) –

Diabetic ketoacidosis 3 (5.2 %) –

Pregnancy induced hypertension 6 (10.3 %) –

Organic phosphorus poisoning 3 (5.2 %) –

Transfusion 1 (1.7 %) –

Pancreatitis 10 (17.3 %) –

Pneumonia 25 (43.1 %) –

Pulmonary contusion 2 (3.4 %) –

Severe sepsis 30 (51.7 %) –

Pao2/Fio2 ratio 131.6±55.2 416.1±81.2

APACHE II score 17.8±8.5 –

Ventilator Free Days 12.5±8.5 –

ICU free days 8.5±7.5 –

Survival 52 (89.7 %) 21 (100 %)

Data as percent of patients or means ± SD

ALI/ARDS acute lung injury/acute respiratory distress syndrome;
APACHE II Acute Physiology and Chronic Health Evaluation II
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ratio of 131.6 (±55.2). The average age was 46 years and
22/58 of the patients were female. The cause of ARDS/ALI
was direct lung injury in 27 patients (related to pneumonia,
n=25; pulmonary contusion, n=2) and indirect lung injury in
31 patients (related to major surgery, n=3; multiple trauma,
n=5; diabetic ketoacidosis, n=3; pregnancy induced hyper-
tension, n=6; organic phosphorus poisoning, n=3; transfu-
sion, n=1; pancreatitis, n=10). The average enrollment
APACHE II score was 17.8 (±8.5). The average Ventilator
Free Days (VFDs) were 12.5 (±8.5) and ICU free days were
8.5 (±7.5).

IL-27 in BAL Fluid and Serum was Elevated in ALI/ARDS

BAL levels of IL-27 in patients with ALI/ARDS were sig-
nificantly higher than in controls (p<0.001, Fig. 1a). Simi-
larly, serum levels of IL-27 in patients were also significantly
higher than in controls (p<0.001, Fig. 1b). However, there
was no significant correlation between serum and BAL fluid
concentrations for individual patients (r=0.366, p=0.052).
Besides, IL-27 concentrations were significantly higher in
BAL fluids from patients with pulmonary ALI/ARDS than
those from patients with lung injury of non-pulmonary cause

Fig. 1 IL-27 concentrations
were elevated in patients with
ALI/ARDS. a BAL and b serum
IL-27 levels were measured by
ELISA. c BAL and d serum
levels of IL-27 from patients
with ALI/ARDS of pulmonary
aetiology and extrapulmonary
aetiology. Six patients with ALI/
ARDS were also recruited after
8 weeks of treatments to
investigate e BAL and f serum
concentrations of IL-27. The
Mann–Whitney rank sum test
was used to assess the
differences of concentration of
IL-27
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(p<0.01, Fig. 1c), and there was also a significant difference
in BAL fluid levels of IL-27 between the control and non-
pulmonary groups (p<0.05). In contrast, serum levels of IL-

27 did not differ between patients with ALI/ARDS of direct
and indirect aetiology (p>0.05, Fig. 1d). 6 patients with
ALI/ARDS were recruited after treatment by week 8, and

Fig. 2 a Correlation between BAL IL-27 levels and BAL macrophages,
neutrophils or lymphocytes in patients with pulmonary ALI/ARDS. b
Correlation between BAL IL-27 levels and BAL macrophages, neutro-
phils or lymphocytes in patients with lung injury of non-pulmonary

cause. c Correlation between BAL IL-27 and TNF-α in all patients with
ALI/ARDS. d Correlation between BAL IL-27 and CXCL10 in all
patients with ALI/ARDS. The nonparametric Spearman rank correlation
test was used to test correlations between two parameters

J Clin Immunol (2013) 33:1257–1268 1261



BAL concentrations of IL-27 decreased and the percent of
change in IL-27 values was more than 25% (Fig. 1e), and IL-
27 levels in serum showed similar kinetics with those ob-
served in BAL (Fig. 1f).

From our ROC analysis, a cut-off level of BAL IL-27 for the
diagnosis of ALI/ARDS has been set to 9.1 ng/ml. The speci-
ficity, sensitivity, positive predictive value and negative predic-
tive value were 91 %, 36 %, 92 % and 57 %, respectively.

Relationship Between BAL IL-27, and BAL Cell Counts
or Cytokines in ALI/ARDS

As shown in Fig. 2a, a significant correlation was detected
between BAL IL-27 levels and BAL macrophages (r=0.414,
P<0.05), neutrophils (r=0.446, P<0.05) or lymphocytes
(r=0.594, P<0.01) in patients with pulmonary ALI/ARDS.
And a similar association between BAL IL-27 and cellular
infiltration was also found in patients with lung injury of non-
pulmonary cause (Fig. 2b). In addition, BAL IL-27 was pos-
itively and significantly correlated with TNF-α (r=0.383,
P<0.05, Fig. 2c) and CXCL10 (r=0.282, P<0.05, Fig. 2d).
While increases in BAL IL-27 was associated with increases
in BAL IL-1β, IL-6, IL-18 or CXCL8, but this did not reach
statistical significance (P>0.08 for IL-1β, P>0.05 for IL-6,
P>0.06 for IL-18 and P>0.1 for CXCL8).

Relationship Between IL-27 and ALI Severity

As shown in Fig. 3, there was a significant correlation be-
tween severity of illness assessed by APACHE II score and
IL-27 levels in either BAL fluid (r=0.402, P<0.05, Fig. 3a) or
serum (r=0.297, P<0.05, Fig. 3b) of ALI/ARDS patients. In
addition, higher levels of BAL or serum IL-27 were associated
with worse clinical outcomes, including higher hospital mor-
tality (Fig. 3c and d) and a shorter duration of unassisted
ventilation (Fig. 3e and f).

IL-27 Production was Increased in a Mouse Model
of CLP-Induced Lung Inflammation/Injury

To further study IL-27 expression in the lung, a mouse model
of CLP-induced lung inflammation/injury was established.
We found that EBI3 and p28 mRNA levels in the lung were
substantially increased 6 h after CLP, and the EBI3 and p28
mRNA levels still remained up-regulated 24 h after CLP
(Fig. 4a). Besides, we detected a strong up-regulation of
IL-27 protein in BAL fluid after CLP (Fig. 4b). Similarly,
increase in IL-27 mRNA level was detected in the peripheral
blood mononuclear cells (PBMC) (Fig. 4c), and IL-27 pro-
tein production was also elevated in serum (Fig. 4d).

Effect of IL-27 Neutralizing Antibody Treatment
on CLP-Induced Lung Inflammation/Injury

We further tested whether exogenous IL-27 inhibition can
prevent CLP-induced lung inflammation/injury. Mice inhaled
a single dose of IL-27 neutralizing antibodies or an equal dose
of control IgG 1 h prior to CLP, and lung injury indices were
compared. Histologic assessment of representative lung sec-
tions from mice with CLP-induced sepsis revealed evidence
of lung injury, including edema, hyperemia and congestion,
leukocytes margination and tissue infiltration, intraalveolar
hemorrhage and debris, and cellular hyperplasia, whereas
inflammation was decreased in mice that received IL-27 neu-
tralizing antibody (Fig. 5a). Besides, IL-27 neutralizing anti-
body treatment significantly decreased macrophages
(P<0.05), neutrophils (P<0.05) or lymphocytes (P<0.05) cell
counts in BAL fluid (Fig. 5b), and this treatment also signif-
icantly reduced the levels of pulmonary cytokines and
chemokines measured, including IFN-γ, IL-2, IL-6, KC, IL-
10, IL-18, CXCL8 andCXCL10 (P<0.05 in all cases, Fig. 5c).
Moreover, the survival rate of mice treated with anti-IL-27
neutralizing antibodies was significantly increased compared
with isotype control-treated mice (Fig. 5d).

Fig. 2 (continued)

1262 J Clin Immunol (2013) 33:1257–1268



Fig. 3 Correlation between a BAL or b serum IL-27 levels and disease
severity in patients with ALI/ARDS. APACHE II scores were calculat-
ed from data collected during the 24 h period in which the bronchos-
copy was performed. The nonparametric Spearman rank correlation test

was used to test correlations between two parameters. c BAL and d
serum IL-27 levels in survived and dead patients with ALI/ARDS. e
BAL and f serum IL-27 levels in patients with ALI/ARDS who received
unassisted ventilation over a 28-day period
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Discussion

This study demonstrated that IL-27 was detectable in BAL
and serum from patients with ALI/ARDS and was elevated
compared to healthy controls. Besides, IL-27 correlated with
the numbers of macrophages, neutrophils and lymphocytes
in BAL fluids, and it was associated with the levels of some
inflammatory cytokines and chemokines. Moreover, the lev-
el of IL-27 was a potential predictor of disease severity of
ALI/ARDS. Our results thus provide the first evidence that
IL-27 plays an important role in promoting the massive
pulmonary inflammation during ALI/ARDS.

The immunopathological role of IL-27 has been described in
some inflammatory diseases. It has been suggested that IL-27
functioned by inducing the differentiation of IFN-γ-producing
T cells in vivo, which was essential for the development of
arthritis in a proteoglycan-induced arthritis model [16]. In the
ConA model of T cell-mediated hepatitis, IL-27EBI3-deficient
mice were found to be almost completely protected from
ConA-induced liver damage [23]. Besides, IL-27 also contrib-
uted to T cell–dependent intestinal inflammation and it was
suggested that IL-27 would be a novel potential therapeutic
target for treatment of sepsis [15, 18]. The proinflammatory role
of IL-27 in airway inflammatory diseases has been recently
identified. Our previous studies have claimed that the levels of
IL-27 were elevated in airway inflammatory diseases, such as
chronic obstructive pulmonary diseases (COPD) and pulmo-
nary tuberculosis [24], and a more recent study also demon-
strated elevated IL-27 levels in patients with influenza A virus
infection [25]. Furthermore, IL-27 could activate pulmonary

epithelial cells to produce IL-6, CXCL10 and intercellular
adhesion molecule 1 (ICAM-1), and it could induce human
monocytes, mast cells and eosinohphils to produce a variety of
cytokines and chemokines, including IL-6, IL-18, TNF-α,
MIP-1α, and MIP-1β, IL-1β, CXCL1, CCL2 and CXCL8,
singly or jointly [8, 12–14, 24]. All these target cells of IL-27
are potential effector cells in local airway inflammatory reac-
tions, IL-27 may thus play a critical role in airway inflamma-
tion, which triggers or progresses to AIL.

IL-27 is known to be mainly expressed by APC, such as
dendritic cells [26], macrophages [27] and monocytes [28],
which could be accumulated and activated during ALI. Thus,
it is logical that IL-27 might serve as an indicator in ALI. In
fact, our present study showed that there was an association
between IL-27 concentrations and macrophages in BAL
fluids. Besides, BAL IL-27 also correlated with BAL neutro-
phils and lymphocytes, and this could be explained by that IL-
27 is an inducer of CXCL8 and CXCL10, which are potent
chemokines for neutrophils and activated T cells, respectively
[29]. Furthermore, BAL IL-27 had a relationship with some
cytokines and chemokines. All these data support the
proinflammatory role of IL-27 in ALI. For the diagnosis of
ALI by IL-27, the specificity, sensitivity, positive predictive
value and negative predictive value were 91 %, 36 %, 92 %
and 57%, respectively. The limitation of IL-27 as a biomarker
should be considered. BAL IL-27 levels of only 18 out of 58
ALI/ARDS patients were higher than the maximum BAL IL-
27 levels of healthy controls. This means that BAL IL-27 may
not always be useful to differentiate healthy controls from
ALI/ARDS patients. Besides, although regression analysis

Fig. 4 IL-27 levels were
elevated in CLP-induced ALI/
ARDS. C57BL/6 mice (n=6)
were subjected to sham or CLP
surgery. a Lungs were removed
for total RNA extraction at the
indicated time points, and
quantitative real-time PCR was
performed. Relative expression
levels of the genes were
expressed with β-actin
housekeeping gene as internal
reference. b The concentrations
of IL-27 in BAL fluid 24 h after
CLP. c The mRNA expression of
IL-27 subunits in PBMC at the
indicated time points after CLP.
d The concentrations of IL-27 in
serum 24 h after CLP.
***P<0.001 when compared
between groups denoted by
horizontal lines
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Fig. 5 IL-27 neutralizing antibodies attenuated CLP-induced ALI/
ARDS. C57BL/6 mice (n=8) inhaled 50 μg of either goat isotype IgG
or polyclonal goat anti-mouse IL-27 antibodies, and mice were then
subjected to CLP-induced lung inflammation/injury. a Hematoxylin
and eosin stained lung histology from representative mice 24 h after
the CLP procedure (40×). b Cell counts including macrophages,

neutrophils and lymphocytes were performed on BAL fluid to evaluate
lung inflammation 24 h after CLP. c Levels of cytokines and
chemokines including IFN-γ, IL-2, IL-6, KC, IL-10, IL-18, CXCL8
and CXCL10 in BAL fluid 24 h after CLP. d The mice survival rates
were monitored for 21 days after CLP. *P<0.05 when compared be-
tween groups denoted by horizontal lines

J Clin Immunol (2013) 33:1257–1268 1265



of APACHEII scores and IL-27 levels was shown to be signif-
icantly correlated, the slope of the regression line was too small
to be of any clinical significance. Thus it is underpowered to

detect an association between disease severity and IL-27 in this
small population of lung injury patients. Samples collected over
multiple time points from a large and diverse population of lung

Fig. 5 (continued)
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injury patients are required to further determine the utility of IL-
27 as a diagnostic and prognostic biomarker for ALI/ARDS.
However, effective treatments could down-regulate increased
levels of IL-27 in patients with ALI/ARDS, supporting IL-27 as
pathophysiologic process in ALI.

The lung is one of the first organs to be affected in septic
patients, to further study the role of the IL-27 in ALI, we used
a mouse model of CLP-induced lung inflammation/injury.
Our present study showed that lung injuries, characterized
by increased disruption of lung architecture, extravasation of
red blood cells, accumulation of inflammatory cells, and in-
terstitial edema, were present 24 h after CLP in vehicle-treated
animals. These injuries were associated with increased levels
of IL-27 in the pulmonary tissues and circulating blood.
Interestingly, the expression of IL-27 has been strongly in-
creased as early as 6 h in the lungs or PBMC after CLP,
suggesting that IL-27 production may be an initial event in
the inflammatory process of AIL/ARDS. In this regard, inhi-
bition of IL-27 may be a useful adjunct in the treatment of
CLP-induced lung inflammation/injury. Here, we demonstrat-
ed that treatment with IL-27 neutralizing antibodies decreased
the levels of pulmonary inflammatory cytokine/chemokine
which has been shown to play an important role in the devel-
opment of ALI/ARDS [26, 29, 30], and prevented lung edema
and inflammatory cell recruitment to the airways after CLP-
induced lung inflammation/injury. Furthermore, inhibition of
IL-27 could significantly improve mice survival after CLP-
induced lung inflammation/injury. It is now well considered
that an integrated network of inflammatory mediators and a
variety of inflammatory cells plays pivotal role in the patho-
genesis of AIL/ARDS [1, 3], our results therefore suggest that
these beneficial effects of IL-27 inhibition principally involve
the prevention of excessive inflammatory reactions during
ALI/ARDS. A previous study also showed that in vivo block-
ade of IL-27 function using a soluble IL-27 receptor fusion
protein led to reduced pSTAT1 levels and suppression of liver
injury [23]. All these work support a key pathogenic role of
IL-27 in inflammation-mediated tissue injury. Anyway, this is
the first report that IL-27 may be a novel therapeutic target in
treating ALI/ARDS.

It should be notified that although neutralization of IL-27
has a beneficial effect in a mouse model of CLP-induced lung
inflammation/injury, it may reflect a role of IL-27 inmediating
early inflammatory changes triggered by septic peritonitis that
ultimately result in lung injury as opposed to playing a direct
role in triggering functional disruption of lung function. Thus,
further studies are required to investigate the protective effects
of neutralizing IL-27 in other models that directly target lung,
such as ventilator-induced or virus-induced lung injury. Be-
sides, a recent study also showed that IL-18 neutralizing
antibody treatment could reduce lung injury in response to
mechanical ventilation [30]. We speculate that the combina-
tion of neutralizing antibodies against IL-27 and IL-18 or

other inflammatory mediators would offer the potential of
targeting multiple inflammatory mechanisms, thereby im-
proving the effectiveness for the treatment of ALI, and this
way warrants further investigation.

In conclusion, IL-27 levels were raised in BAL fluids and
serum of patients with ALI/ARDS, and increases in IL-27
correlated with inflammatory reaction and disease severity in
patients with ALI/ARDS. Moreover, we demonstrated that
neutralization of IL-27 decreased CLP-induced lung
inflammation/injury in a mouse model, suggesting that IL-
27 might be a potential therapeutic target in ALI/ARDS, a
disease which continues to have a high mortality.
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