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Abstract: Objective: This study is aimed to explore the functions of TNF-α IL-1β, IL-9, and IL-15 cytokines in the
pathogenesis of acute respiratory distress syndrome (ARDS). Methods: A total of 28 patients with ARDS diagnostic
criteria from the Emergency Department from June 2013 to July 2014 were selected as the ARDS group, and 22
healthy subjects were designated as the control. Clinical parameters were collected. Based on the 2012 Berlin
criteria, the ARDS patients were categorised into moderate (18 cases) and severe (10 cases) groups. A total of 3
ml of peripheral venous blood was drawn from the fasted control and ARDS groups on the mornings of days one
and three. ELISA was used to measure the serum concentrations of TNF-α, IL-1β, IL-9, and IL-15 in both groups.
The serum concentrations of TNF-α, IL-1β, IL-9, and IL-15 were compared across all groups and time points. At the
28-day follow-up, patients were recategorised into survival (13 cases) and nonsurvival (15 cases) groups based on
their prognostic situations. Results: On the first day of diagnosis, no significant differences in age, gender, APACHE
II score, procalcitonin, hs-CRP, white blood cell count, lactic acid, or albumin values were observed between the
survival and nonsurvival ARDS groups (P > 0.05). The pH values in the nonsurvival group were significantly lower
than that in the survival group (P < 0.05). The serum levels of TNF-α, IL-1β, IL-9, and IL-15 in the ARDS group were
significantly higher than those in the control group (P < 0.05). The serum TNF-α level in the moderate group were
significantly lower than that in the severe group (P < 0.05). Three days after ARDS diagnosis, the serum levels of
TNF-α, IL-1β, IL-9, and IL-15 in the moderate group were significantly lower than those in the severe group (P < 0.05).
On day three, the serum levels of TNF-α, IL-1β, IL-9, and IL-15 in the nonsurvival group were significantly higher than
those in the control group (P < 0.05). Conclusion: During the early stages of ARDS, the serum levels of TNF-α, IL-1β,
IL-9, and IL-15 can be used to evaluate ARDS severity and make a prognosis.
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Introduction
Acute respiratory distress syndrome (ARDS) is
severe acute hypoxic respiratory failure due to
non-cardiogenic pathogenic factors inside and
outside the lungs. The primary pathological features of ARDS include increased pulmonary
microvascular permeability and the appearance of protein- rich exudate in the alveolar
cavities. These symptoms can cause pulmonary edema and pulmonary hyaline membrane
disease. In ARDS, pulmonary volume and pulmonary compliance are decrease, which cause
severe imbalances between pulmonary ventilation and blood flow. The main clinical manifes-

tations are acute respiratory distress and
refractory hypoxemia [1].
Researchers showed that the death rate of
inpatients with ARDS reaches 40% [2]. Its
pathogenesis is complex. Thus, ARDS is a difficult to analyse in critical care medicine studies.
Many studies indicated that inflammatory cytokines play an important role in the disease progression of ARDS, but the functions of TNF-α,
IL-1β, IL-9, and IL-15 in the disease development are unclear. This study explores the
effects of these cytokines in ARDS pathogenesis by examining the serum levels of the cytokines in ARDS patients.

Cytokines and ARDS
Materials and methods
General data
A total of 28 ARDS patients who were hospitalised in the Emergency Department of the First
Affiliated Hospital of Xinjiang Medical University
from June 2013 to July 2014 were selected.
The patients were composed of 18 males and
10 females aged 53.8±13.39 years old. A total
of 23 have severe pneumonia, one has acute
hydragyrism, two have severe acute pancreatitis and two have acute paraquat intoxication. A
total of 22 healthy subjects from the corresponding time period were selected as the control group. The control group, included 14
males and 8 females aged 31.1±7.1 years old.
The treatments were given in accordance with
the Definition of Treatment Criteria from Berlin.
This study conforms to the medical ethics criteria and was approved by the Medical Ethics
Committee of the First Affiliated Hospital of
Xinjiang Medical University (Ethical Approval
No. 20140613-10). All patients or their relatives and the healthy subjects were informed
and signed an informed consent form (ICF).
Inclusion criteria: (1) age ≥ 18 years old; (2)
diagnosis in accordance with the 2012 Berlin
Definition [3].
Exclusion criteria: (1) age ≤ 18 years old; (2)
patients who died within three days of diagnosis; (3) patients or their relatives refused to participate in the study; (4) patients with chronic
obstructive pulmonary disease; (5) patients
with upper airway obstructive disease; (6)
patients with pneumothorax or bronchopleural
fistula less than two weeks after the pulmonary
lobectomy operation; (7) patients with acute
pulmonary embolism; (8) patients with cardiogenic pulmonary edema; (9) patients with the
severe intracranial pressure; (10) patients with
operations on their heart and thorax; (11)
patients with no autonomous respiration; (12)
patients with myasthenia gravis; (13) patients
with myodystrophy.
Sample collection and indicators observation
3 mL of peripheral venous blood was drawn
from the fasted control and ARDS groups on
the mornings of days one and three after ARDS
diagnoses. Blood tubes without anticoagulant
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were used to collect blood. The blood samples
were centrifuged at 3,000 rpm for 10 minutes.
The upper serum layer was collected, transferred to sterile anti-freezing tubes and stored
at -80°C. The serum samples were thawed at
room temperature prior to analyses.
ELISA assays were used to measure the serum
levels of TNF-α, IL-1β, IL-9 and IL-15 cytokines.
The assays were performed according to the
reagent instructions. Blood pressure, respiration rate, heart rate, body temperature, procalcitonin, hypersensitive 3 C-reactive protein,
routine blood panel, liver and kidney functions,
vigour and chest X-ray were measured in all
subjects. Lung CT examinations were performed whenever possible. The acute physiology and chronic physical conditions were scored
using the marking system II (APACHE II).
Major reagent kits and instruments
TNF-α, IL-1β, and IL-15 reagent kits were purchased from Wuhan Boster Biological Technology Co., Ltd, and the IL-9 reagent kit was
bought from Beijing Cheng Lin Biological
Technology Co., Ltd. The major instruments
include an HC-2518 high-speed centrifuge, a
DNP-9082 electro-heating standing-temperature cultivator, and a Benchmarrk PLUD
Multiskan Spectrum Plate Reader. A specially
assigned person from the laboratory of the
First Affiliated Hospital of Xinjiang Medical
University uniformly and simultaneously calibrated all these instruments.
Quality control
To guarantee the accuracy and reliability of the
study materials, a series of quality control measures was used during the study: (1) the subjects of the current study were diagnosed by
experienced physicians in the Emergency
Department of the First Affiliated Hospital of
Xinjiang Medical University by closely following
the 2012 Berlin ARDS criteria; (2) all TNF-α,
IL-1β, IL-9 and IL-15 tests were performed in
duplicate; (3) all investigators who participated
in this study received strict and uniform training; (4) accurate measuring instruments were
used; (5) the experimental procedures closely
followed the operation specifications and
instructions and were guided by the specialised
technical staff. The sample addition and distribution procedures were also supervised by
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Table 1. Comparison of cytokine levels between the ARDS and control groups on day one of diagnosis
expressed as pg/mL [M (QL, QM)]
Cases

TNF-α

IL-1β

IL-9

IL-15

ARDS group

28

171.42 (128.43, 263.37)

145.09 (103.54, 201.22)

3.99 (3.35, 5.20)

81.76 (66.47, 133.97)

Control group

22

17.78 (13.57, 22.90)

13.96 (13.13, 15.38)

0.57 (0.47, 0.76)

7.97 (6.95, 8.69)

Z

-6.020

-6.020

-6.020

-6.024

p

0.000

0.000

0.000

0.000

specially- assigned staff; (6) all data were independently typed into the database by two people and checked by two other individuals.
Statistical methods
SPSS17.0 software was used for data processing. Normally distributed data were presented
as mean ± SD, and the independent samples
t-test was used for comparisons between
groups. Abnormally distributed data were presented as the median (quartile) [M (QL, QM)],
and the independent-samples Mann-Whitney U
test was used for comparisons between groups.
The χ2 test was conducted for enumeration
data. P < 0.05 indicated statistical significance.
Results
Comparison of the cytokine levels between the
ARDS and control groups
On day one after ARDS diagnosis, TNF-α, IL-1β,
IL-9, and IL-15 serum cytokine levels were significantly higher in the ARDS group than that in
the healthy control group (Table 1).
Comparison of cytokine levels between the
moderate and severe groups
On day one after ARDS diagnosis, the serum
TNF-α level in the moderate group was significantly lower than that in the severe group (P <
0.05). The IL-1β, IL-9, and IL-15 levels were not
significantly different between the two groups
(P > 0.05). On day three after ARDS diagnosis,
the serum levels of TNF-α, IL-1β, IL-9 and IL-15
in the moderate group were significantly lower
than that in the severe group (P < 0.05). These
results are shown in Table 2.
Comparison of the basic indicators between
the survival and nonsurvival groups
The patients were divided into groups according to their 28-day prognosis. A total of 13 sur-

783

vival cases and 15 death cases, were determined, which result in a 53.57% fatality rate.
On day one of the ARDS diagnosis, the basic
indicators of the subjects were compared for
the two groups. No significant differences were
observed between the survival and nonsurvival
groups for age, gender, APACHE II, procalcitonin, hypersensitive 3 C-reactive protein, white
blood cell count, albumin, and lactic acid levels
(P > 0.05). However, the pH values in the nonsurvival group, were significantly lower than
that in the survival group (P < 0.05). These
results are shown in Table 3.
Comparison of cytokine levels between survival and nonsurvival groups
On day one after ARDS diagnosis, the serum
levels of TNF-α, IL-1β, IL-9 and IL-15 in the survival group were lower than that in the nonsurvival group. However, the differences were
insignificant (P > 0.05). On day three after ARDS
diagnosis, the TNF-α, IL-1β, IL-9, and IL-15
serum cytokine levels in the survival group
were significantly lower than that in the nonsurvival group (P < 0.05). These results are present in Table 4.
Discussion
In recent years, various experiments and clinical data demonstrated that ARDS is a systemic
inflammatory response. This inflammatory response is caused by an imbalance of the systemic inflammatory response syndrome (SIRS)
and the compensatory anti-inflammatory response syndrome [1]. SIRS occurs when the
immune regulatory system of the body is out of
control, and inflammatory responses increase.
As a result, the body releases large amounts of
inflammatory mediators and inflammatory cytokines. These substances form an inflammatory
cascade, which leads to diffuse parenchymal
lung disease with progressive exacerbation.
These effects indicate that the inflammatory
cytokines play a critical role in the pathogene-
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Table 2. Comparison of cytokine levels between the moderate and severe groups, expressed as pg/mL ( x ±s) or [M (QL, QM)]
Day 1 after ARDS diagnosis
Group

Day 3 after ARDS diagnosis

Case

TNF-α

IL-1β

IL-9

IL-15

Moderate
group

18

156.15 (110.35, 231.22)

134.90 (92.99, 161.09)

4.00±1.71

77.26 (62.47, 120.15)

Severe
group

10

274.20 (141.16, 446.67) 182.89 (126.60, 279.66) 4.61±0.97

Test value
P

115.21 (72.09, 180.05)

Z=-2.086

Z=-1.487

t=-1.043

Z=-1.728

0.037

0.137

0.307

0.084

Group

Case

TNF-α

IL-1β

IL-9

IL-15

Moderate
group

18

102.80 (70.64, 140.99) 114.25±49.64 3.26±1.09

Severe
group

10

142.84 (127.79, 357.64) 160.88±40.77 4.27±1.11 117.40±58.68

Test value
p

77.18±39.13

Z=-2.35

t=-2.528

t=-2.337

t=-2.178

0.019

0.018

0.027

0.039

_
Table 4. Comparison of cytokine levels between the survival and the nonsurvival groups, expressed as pg/mL ( x ±s) or [M (QL, QM)]
Day 1 after ARDS diagnosis

Day 3 after ARDS diagnosis

Group

Case

TNF-α

IL-1β

Survival
group

13

143.07 (119.48, 216.50)

134.60 (68.64, 162.20)

Non-survival
group

15

224.55 (135.42, 323.85) 157.92 (122.21, 242.32) 4.51±1.72 84.21 (77.26, 134.44) Severe
group

Test value
p

784

IL-9

IL-15

Group

3.88±1.17 74.87 (54.06, 125.18) Moderate
group

Z=-1.589

Z=-1.566

t=-1.099

Z=-1.406

0.112

0.117

0.282

0.16

Test
value
p

Case

TNF-α

18

102.80 (70.64, 140.99)

IL-1β

IL-9

10

142.84 (127.79, 357.64) 160.88±40.77 4.27±1.11

114.25±49.64 3.26±1.09

IL-15
77.18±39.13
117.40±58.68

Z=-2.35

t=-2.528

t=-2.337

t=-2.178

0.019

0.018

0.027

0.039
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Table 3. Comparison of the basic indicators between the survival and nonsurvival groups on day one
_
after ARDS diagnosis, expressed as pg/mL ( x ±s) or [M (QL, QM)]
Indicator
Age
Gender (male/female)
APACHE II
Procalcitonin (ng/mL)
Hypersensitive 3 C-reactive protein (mg/dL)
White blood cell count (109)
pH
Lactic acid (mmol/L)
Albumin (g/L)

Survival group
(n=13)
58.69±18.72
8/5
22.46±4.93
1.29 (0.13, 5.87)
10.88 (3.28, 17.53)
10.10 (7.96, 11.95)
7.43±0.08
1.72±0.74
26.44±7.55

sis of ARDS [4]. ARDS diagnoses and treatment
levels improved since the AECC defined ARDS
diagnosis criteria in 1994 [5]; however, the
fatality rate is still around 40% [6]. Therefore,
early- stage ARDS prediction is an important
component in improving patient prognoses and
reducing fatality rate.
Researchers showed that pro-inflammatory
cytokines can promote systemic inflammatory
response, which can play an important role in
the pathogenesis and progression of ARDS.
The most important pro-inflammatory cytokines that are involved in the disease progression and prognosis of ARDS are TNF-α [7, 8]
and IL-1β [8]. Researchers also determined
that IL-9 and IL-15 are related to the pathogenesis of ARDS [9]. TNF-α and IL-1β are recognised as the “early-phase reaction cytokines”.
TNF-α is also recognised as the initiator of the
ARDS inflammatory response, which can trigger the early stage inflammatory reaction of
ARDS. TNF-α is mainly produced by activated
macrophages. TNF-α can directly damage
blood vessels by increasing their permeability,
activating natural killer cells to release substantial amounts of cytokines, magnifying
inflammatory effects, reducing antioxidant generation and increasing oxygen radical generation [11]. TNF-α can also induce nitric oxide
synthase and increase nitric oxide generation,
resulting in significant amounts of nitric oxide,
which can promote septic shock and multiple
organ failure [11]. TNF-α can activate neutrophils, inhibit lung alveolar surfactant synthesis,
promote the expression of adhesion molecules
targeting chemokines and stimulate the generation of other inflammatory mediators to aggravate lung injuries [12].
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Non-survival group
(n=15)
49.60±18.72
10/5
23.27±5.33
3.41 (0.64, 8.59)
7.51 (5.60, 17.75)
12.00 (9.90, 19.17)
7.36±0.11
1.83±1.16
23.93±5.29

Test value

P

t=1.323
χ2=0.08
t=-0.413
Z=-1.196
Z=-0.31
Z=-1.428
t=2.112
t=-0.259
t=1.028

0.197
1
0.683
0.232
0.756
0.153
0.044
0.798
0.313

IL-1β is a pro-inflammatory cytokine that is
mainly produced in the activated T-cell nucleus,
which participates in macrophage inflammatory reactions. IL-1β can promote the inflammatory cascade reactions in ARDS progression
[13], induce the nitric oxide synthase generation [11] and work with cytokines TNF-α, IL-6,
and IL-8 to influence biological processes [14,
15]. For example, IL-1β can stimulate the TNF-α
generation and increase the expression of
adhesion molecules that target chemokines to
promote inflammatory cell secretion. This process can also cause neutrophils to accumulate
in the pulmonary blood vessels and alveoli to
further promote the inflammatory reaction.
IL-9 is mainly produced by mastocytes. It can
stimulate Th2 cells, induce Th17 cell activation
and act as an anti-inflammatory agent. It is also
a critical antiviral immunity moderator [9]. IL-9
levels increase significantly in patients with
ARDS that is caused by the flu [9].
Agouridakis P reported that IL-15 is a critical
cytokine in the early stage pathogenesis and
prognosis of ARDS [16]. IL-15 is mainly produced by mononuclear macrophages and is a
multiple-effect cytokine [16] that participates
in multiple inflammatory reactions. Its biological activity is similar to IL-2. IL-15 can induce
T-cell proliferation, strengthen natural killer cell
toxicity, and inhibit TH1 and TH2 [16]. IL-15 can
also protect CD8+ T-cells from apoptosis, activate the effector functions of memory CD8+ T
cells, and participate in inflammatory reactions
[19]. Gómez-Nicola D. et al. [20] determined
that IL-15 can stimulate macrophages to produce the pro-inflammatory cytokine, TNF-α.
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This cytokine promotes the participation of
other cytokines, such as IL-1 and IL-6, in inflammatory reactions. Kamei K determined that
IL-15 is also a protective cytokine. As a result of
these comprehensive cytokine studies, researchers determined that examining cytokine concentrations during patient evaluations, treatments, and prognoses has clinical significance
[21].
On day one after ARDS diagnosis, the serum
levels of TNF-α, IL-1β, IL-9, and IL-15 were significantly higher than that in the healthy control
group (P < 0.05). The findings of the current
study are consistent with previous reports [9,
16]. The current study also further proved that
TNF-α, IL-1β, IL-9 and IL-15 are related to ARDS
pathogenesis. According to the 2012 Berlin
ARDS definition and based on the basic data
obtained on the first day after ARDS diagnosis,
the patients were divided into moderate (18
cases) and severe groups (10 cases). A mild
group was deleted because of the lowl number
of patients in this group. On the first day after
ARDS diagnosis, the serum TNF-α levels in the
moderate group were significantly lower than
that in the severe group (P < 0.05). However,
IL-1β, IL-9, and IL-15 levels were not significantly different between groups. On day three after
ARDS diagnosis, the TNF-α, IL-1β, IL-9 and IL-15
levels in the moderate group were significantly
lower than that in the severe group (P < 0.05).
ARDS severity was categorised in 2012. No current reports discussed the expression of TNFα, IL-1β, IL-9, and IL-15 in different severities of
ARDS. Patients in the severe group exhibited
severe anoxia. Early stage severe anoxia can
result in rapid metabolism and reduced immunity. The immune regulatory system can be triggered to secrete significant amounts of inflammatory cytokines, which induce the inflammatory cascade reaction and waterfall effects.
TNF-α is the initiator of inflammatory reactions,
and IL-1β is an early- stage reaction cytokine.
TNF-α can trigger an increase in IL-1β secretion
and produce other cytokines. On day three
after ARDS diagnosis, the TNF-α, IL-1β, IL-9,
and IL-15 levels in the severe group were significantly different from that in the moderate
group. The cytokines in the severe group were
significantly high, whereas the cytokines in the
moderate group were relatively low. These
results show that the TNF-α, IL-1β, IL-9, and
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IL-15 levels in the early stage can reflect the
severity of ARDS in patients. Thus, the severity
of ARDS can be used to determine patient
prognoses.
On day one after ARDS diagnosis, no significant
differences were observed between the survival and nonsurvival groups in age, gender,
APACHE II score, procalcitonin, hs-CRP, white
blood cell count, albumin, or lactic acid.
However, the pH value in the nonsurvival group
was significantly lower than that in the survival
group (P < 0.05). Patients in the nonsurvival
group exhibited severe anoxia, which resulted
in rapid metabolism. Thus, the pH values of
these patients were significantly reduced. On
day one after ARDS diagnosis, no statistically
significant differences were observed in the
serum levels of TNF-α, IL-1β, IL-9, and IL-15
between the survival group and the nonsurvival
group, which is consistent with previous reports
[9, 16, 22]. On day three after ARDS diagnosis,
the serum levels of TNF-α, IL-1β, IL-9, and IL-15
in the nonsurvival group were significantly higher than that in the survival group. The findings
on TNF-α, IL-1β, and IL-9 were inconsistent with
previous reports [9, 22]. However, the findings
on IL-15 were consistent with the previous
reports [9]. Severe patients, mainly comprise
the nonsurvival group. However, some moderate patients have relatively severe anoxia. The
body has compensatory responses. Thus, proinflammatory responses and anti-inflammatory
responses occurred. On day one after ARDS
diagnosis, the cytokine differences between
the survival and nonsurvival groups were insignificant. When anoxia was not completely
resolved, the body was compensated by releasing a large number of inflammatory cytokines
and inflammatory mediators. On day three after
ARDS diagnosis, the cytokine levels in the nonsurvival group were significantly higher than
that in the survival group.
In conclusion, during early stage ARDS, the
serum levels of TNF-α, IL-1β, IL-9, and IL-15
were closely related to ARDS severity. Patient
fatality elevated when the serum levels of TNFα, IL-1β, IL-9, and IL-15 were high during the
early- stage. Recent studies on TNF-α and IL-1β
[23, 24] led to the proposed use of TNF-α and
IL-1β as clinical diagnostic biomarkers of ARDS.
Therefore, studies on the relationship between
cytokines and ARDS are important for future
research.
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In summary, the serum levels of TNF-α, IL-1β,
IL-9, and IL-15 in the early stage are helpful to
evaluate the severity of the disease and conduct prognoses in ARDS patients. In the clinical
setting, the examination of serum TNF-α, IL-1β,
IL-9, and IL-15 levels during the early stage can
provide a reference for first-line clinical diagnosis and treatment.
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