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Abstract. ���������������������������������������������������This study was designed to investigate the correla-
tion between expression levels of cysteine aspartic protease-3 
(caspase-3) and B-cell lymphoma gene-2 (Bcl-2) proteins in 
alveolar lavage fluid and the prognosis of infants with neonatal 
respiratory distress syndrome (RDS). A total of 150 infants 
with neonatal RDS undergoing alveolar lavages were divided 
into four groups: RDS1 (group A, n=42), RDS2 (group B, n=38), 
RDS3 (group C, n=38) and RDS4 (group D, n=32) according 
to their thoracic X-ray film grading. The oxygen uptake score, 
oxygenation saturation, mean airway pressure and expression 
levels of caspase-3 and Bcl-2 in alveolar lavage fluid of the 
infants in the four groups were measured and compared. Our 
results showed higher grading by thoracic X-rays in patients 
with increased oxygen uptake score, oxygenation index, 
mean airway pressure, caspase-3 expression level, hospital 
stay, complications and death rates in all groups; however, 
the expression levels of Bcl-2 were decreased in those cases, 
and the differences had statistical significance among the four 
groups (P<0.05). Analyses for correlation showed a caspase-3 
positive area that was positively correlated with oxygen uptake 
score, oxygenation index and mean airway pressure (P<0.05); 
and a Bcl-2 expression level that was negatively correlated 
with oxygen uptake score, oxygenation index and mean airway 
pressure (P<0.05). Based on our findings, the severity of 
neonatal RDS is positively correlated with the concentration 
of caspase-3 in alveolar lavage fluid, and negatively correlated 
with the expression level of Bcl-2.

Introduction

The mechanism of neonatal respiratory distress syndrome 
(RDS) is still under study, but some studies have suggested 

that oxidation/anti-oxidation disorders and inflammatory 
responses may play essential roles in the pathogenesis (1). 
However, new developments have indicated apoptosis as 
being another player. Cell apoptosis is a cellular process of 
programmed cell death under the influence of several gene 
products, and it is a recurring process necessary to maintain 
a healthy internal environment. Events leading to apoptosis 
disturbance may cause abnormal body development, defor-
mation and even death, and apoptosis has been associated 
with a variety of diseases, such as endocrine disorders and 
tumors (2,3). It has been confirmed that B-cell lymphoma 
gene-2 (Bcl-2) and cysteine ​aspartic protease-3 (caspase-3) 
activate apoptosis cascades and are associated with the 
development of neonatal RDS (4). In this study, the expres-
sion levels of caspase-3 and Bcl-2 in alveolar lavage fluid 
of patients with neonatal RDS and different thoracic X-ray 
grades were compared, so as to investigate the correlation 
between the expression levels of caspase-3 and Bcl-2 and the 
prognosis of neonatal RDS.

Materials and methods

General material. In total, 150 infants with neonatal RDS 
who underwent alveolar lavage therapy in People's Hospital 
of Yucheng City from December, 2015 to October, 2016 were 
enrolled in the study. The diagnostic criteria of RDS in the 
fourth edition of ‘Practical Neonatology’ were adopted; 
progressive dyspnea occurred within 4 h after birth and was 
accompanied by expiratory grunts, results of thoracic X-ray 
examination included RDS3 or RDS4, and blood gas analysis 
showed PaO2 <50 mmHg (6.6 kPa) or PaCO2 >60 mmHg 
(7.8 kPa).

Inclusion criteria: i) The RDS occurred within 4 h of birth; 
ii) the gestational age was not more than 37 weeks; iii) the birth 
weight was less than 2.5 kg; iv) guardians of infants agreed to 
cooperate with the study and signed the informed consent.

Exclusion criteria: i) Patients diagnosed with infection in 
prenatal diagnosis; ii) infants with shock or severe asphyxia; 
iii) patients with lung or cardiac dysplasia; iv) patients with 
severe genetic diseases; v) infants with suspected chromosomal 
disease. The study was appoved by the Ethics Committee of 
People's Hospital of Yucheng City.
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Grouping of subjects. Hundred and fifty patients with neonatal 
RDS receiving alveolar lavage therapy were divided into 
four groups: RDS1 (group A, n=42), RDS2 (group B, n=38), 
RDS3 (group C, n=38) and RDS4 (group D, n=32) according 
to thoracic X-ray film grading. The RDS X-ray grading 
comprised four classifications: In RDS1, the transparency 
of the whole lung was reduced or a diffuse net and particle 
shadow appeared on both lungs, but the contours of the heart 
shadow could be clearly observed. In RDS2, the transparency 
of the whole lung was reduced, a diffuse particle shadow 
appeared, patchy high density shadow spots could be observed 
in partial pulmonary fields, the lung markings could not be 
identified, and significant air bronchogram was present. 
In RDS3, the transparency of the whole lung was reduced 
significantly, a large-particle shadow covered the lungs, air 
bronchogram was present, all lung markings disappeared, and 
the heart and diaphragmatic surfaces were unclear. In RDS4, 
a compact shadow was uniform across the pulmonary field, 
air bronchogram was partially clear or unclear, heart and 
diaphragmatic surfaces could not be identified, and white lung 
syndrome occurred.

Research methods
Bronchoalveolar lavage therapy. In this study, 150 cases 

of neonatal RDS underwent bronchoalveolar lavage with a 
bronchofiberscope. Briefly, all subjects received conventional 
sedation. A tracheal catheter was used to drop 37˚C sterile 
saline (0.5 ml/kg each time) into the bronchial tubes. Oxygen 
was monitored and supplied three times using a resuscitator. A 
suction tube was inserted into the tracheal catheter or lifted up 
slightly when faced with resistance. Aspiration was done under 
negative pressure of less than 6 kPa, the catheter was gradually 
withdrawn within 0.5 min. The procedures were performed 
three times on both sides of the bronchi. The alveolar lavage 
fluid retrieved was centrifuged at 3,200 x g for 10 min and the 
supernatant was collected.

Monitoring and recording of clinical variables. Conventional 
blood pressure, heart rate and respiratory monitoring were 
performed for all infants. After the procedures, the oxygen 
uptake score, oxygenation index and mean airway pressure were 
analyzed.

The Apgar score 1 min after birth was used to evaluate 
the neonate's condition. The hospital stays, complication and 
death rates of all patients were recorded, and the expression 
levels of caspase-3 and Bcl-2 in the alveolar lavage fluid were 
determined.

Detection of the protein expression level of caspase-3 in 
bronchoalveolar lavage fluid via enzyme-linked immuno-
sorbent assay (ELISA). Standard ELISA experiments were 
conducted to determine the bronchoalveolar lavage fluid 
levels of caspase-3. A coating diluent of antibody was added 
to each sample at appropriate concentrations and incubated at 
37˚C for 4 h. Sealing of enzyme-labeled reaction wells was 
achieved using 5% calf serum at 37˚C for 40 min. Next, the 
samples to be tested were added and diluted to 1:100; enzyme-
labeled antibodies were added and diluted to 1:40. Finally, the 
substrate solution TMB-hydrogen peroxide urea solution was 
added in the dark at 37˚C for 5 min, followed by termination 
of the reaction and color development; and the wavelength at 
450 nm was detected.

Detection of Bcl-2 gene expression levels in bronchoal-
veolar lavage fluid via polymerase chain reaction (PCR). An 
RNA extraction kit was used to extract the total RNA in the 
samples in strict accordance with the manufacturer's instruc-
tions. After gel electrophoresis, the concentration of RNA 
was determined using a photometer (Bio-Rad Laboratories, 
Hercules, CA, USA). For annealing of primers, 2 µg RNA 
samples and 4 µl of OligoPrimer were added into 18 µl non-
enzyme water at 70˚C for 10 min. Then 8 µl 5X buffer, 2 µl 
dNTP mixture, 1 µl RNase inhibitor and RNaseM-MLV12Ul 
were added and supplemented with non-enzyme water to 40 µl. 
The reactions were incubated at 42˚C for 60 min and then at 
70˚C for 15 min. After the reaction, the samples were stored 
in a refrigerator. At a later time, PCR quantitative detections 
were carried out under standard conditions using 40 cycles 
of 95˚C for 30 sec, and 60˚C for 30 sec, in a thermocycler. 
See Table I for primer sequences.

Statistical analysis. SPSS 20.0 software (SPSS Inc., Chicago, 
IL, USA) was used for data analysis in this study. Analysis 
of variance was used for measurement data. The results 
are presented as mean ± standard deviation. The statistical 
methods used in the study included t-test, Chi-square test and 
Pearson's correlation analysis. A P<0.05 suggested that a given 
difference was statistically significant.

Results

Neonatal Apgar scores of child patients in the four groups. 
General survey results showed that there were no significant 
differences in terms of gestational age, body weight and time 
from birth to onset of symptoms among the infants in the four 
groups (P>0.05). The Apgar scores at 1 min after birth in 
groups A-D were low, and differed in a statistically significant 
manner among the four groups, with scores decreasing with 
each increase in severity evidenced by the X-ray classification 
group (P<0.05) (Table II).

Comparisons of oxygen uptake score, oxygenation index and 
mean airway pressure among the four groups. The patients with 
higher thoracic X-ray grading classification (from groups A to D) 
with RDS had the oxygen uptake scores, oxygenation indexes 
and mean airway pressures higher with each step in the severity 
classification ladder, and there were statistically significant differ-
ences among the four groups (P<0.05) (Table III and Figs. 1-3).

Table I. PCR primers.

		  Primer
		length 
Gene	 Primer sequences	 (bp)

β-actin	 F:	 5'-GCCAACACAGTGCTGTCTG-3'
	 R:	5'-CACATCTGCTGGAAGGTGG-3'	 185
Bcl-2	 F:	 5'-TTCTTTGAGTTCGGTGGGGTC-3'
	 R:	5'-TGCATATTTGTTTGGGGCAGG-3'	   96

PCR, polymerase chain reaction; F, forward; R, reverse.
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Comparisons of caspase-3 and Bcl-2 expression levels in 
alveolar lavage fluid among the four groups. The average 
caspase-3 expression levels in alveolar lavage fluid increased 
from group A to D. On the contrary, the average Bcl-2 expres-
sion levels decreased from group A to  D; and there were 
statistically significant differences among the four groups 
(P<0.05) (Table IV).

Comparisons of hospital stay lengths, complication and 
death rates among the four groups. The hospital stay lengths, 
and complication and death rates got significantly worse in a 
sequential manner from groups A to D (P<0.05) (Table V).

Analysis of correlations of caspase-3 and Bcl-2 expres-
sion levels in alveolar lavage fluid with oxygen uptake score, 
oxygenation index and mean airway pressure. The correla-
tions of alveolar lavage fluid expression levels of caspase-3 and 
Bcl-2 with oxygen uptake score, oxygenation index and mean 
airway pressure, in infants with RDS, were analyzed using 
Pearson's correlation analysis. The results showed a caspase-3 

Figure 3. Bar chart of mean airway pressure in the four groups.

Figure 1. Bar chart of oxygen uptake score in the four groups.

Figure 2. Bar chart of oxygenation index in the four groups.

Table II. Neonatal Apgar scores of child patients in the four groups.

	 Gestational age	 Body weight	 Apgar score	 Time from birth
Group	 (weeks)	 (kg)	 (1 min after birth)	 to onset (hours)

Group A (n=42)	 33.75±1.53	 2.12±0.43	 6.91±0.86	 3.57±0.11
Group B (n=38)	 32.78±2.31	 2.05±0.39	 6.50±0.92	 3.09±0.51
Group C (n=38)	 33.09±1.67	 2.10±0.46	 6.23±0.41	 3.24±0.33
Group D (n=32)	 33.41±1.61	 2.01±0.47	 5.78±0.30	 3.15±0.40
χ2	 0.05	 0.29	 15.741	 2.374
P-value	 0.12	 0.35	 0.01	 0.66

Table III. Comparisons of oxygen uptake scores, oxygenation 
indexes and mean airway pressures among the four groups.

	 Oxygen	 Oxygenation	 Mean airway
Group	 uptake score	 index	 pressure

Group A (n=42)	 0.39±0.07	 11.52±2.90	 8.90±1.77
Group B (n=38)	 0.47±0.12	 15.26±3.12	 10.37±2.12
Group C (n=38)	 0.54±0.11	 22.50±4.08	 13.04±2.01
Group D (n=32)	 0.67±0.10	 32.83±5.05	 14.67±1.17
χ2	 7.845	 11.303	 7.920
P-value	 <0.001	 0.002	 0.002
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positive area positively correlated with oxygen uptake score, 
oxygenation index and mean airway pressure (P<0.05); and 
a Bcl-2 expression level that was negatively correlated with 
oxygen uptake score, oxygenation index and mean airway 
pressure (P<0.05). See Table VI for values.

Discussion

Neonatal RDS refers to a condition with respiratory failure 
and progressive respiratory distress shortly after the birth of 
an infant due to the lack of pulmonary surfactant and end-
expiratory alveolar collapse, and in which an initial symptom 
is respiratory acidosis. In case of deterioration, the condition 
develops into metabolic acidosis, greatly affecting the life 
quality and survival rate of the newborn  (5,6). The main 
clinical manifestations include cyanosis, polypnea, respiratory 
moaning inspiratory three depressions sign, and air broncho-
gram and ground-glass changes on chest X-rays. It is accepted 
that neonatal deaths due to neonatal RDS account for ~30% of 
the total neonatal deaths, and neonatal RDS is one of the major 
diseases leading to serious sequelae and death of the newborn. 
The treatment of neonatal RDS aims at reducing mortality 
rates, improve the prognosis and decrease the incidence of 
complications.

The development of multiple complications is closely 
related to degree to which apoptosis is stimulated. The process 
of apoptosis is very complex and usually influenced by the 

caspase and the Bcl-2 family of factors (7,8). Caspase-3 plays 
an important role in the protease cascade cleavage, which can 
hydrolyze apoptotic proteins in cells, promoting apoptosis of 
such cells. Other pathways like the mitochondrial pathway 
are also important; when an apoptosis factor stimulates 
cells, mitochondria can produce apoptosis factors, inducing 
cell death (9-11). In the relationship between caspase-3 and 
neonatal RDS, caspase-3 is involved in the pathogenesis of 
neonatal RDS in three ways. First, it affects the activity and 
functions of major regulatory proteins effectively producing 
phagocytosis. Second, it directly damages lung tissue cells. 
Caspase-3 can cleave Lamin A, thus causing chromatin aggre-
gation, nuclear lamina collapse and changes in the nucleus. 
Third and finally, caspase-3 can reduce the activity of DNase 
inhibitors and alter the homeostatic level. It is known that the 
expression of caspase-3 protease rises in the initial stages of 
acute necrotizing pancreatitis-associated lung injury in rats, 
and reaches a peak after 48 h (12). In this study, the expres-
sion levels of caspase-3 in alveolar lavage fluid increased with 
the severity of the condition in the patients (from patients in 
groups A to D), and there were statistically significant differ-
ences among the four groups (P<0.05). Furthermore, Pearson's 
analysis showed a caspase-3 positive area that was positively 
correlated with oxygen uptake score, oxygenation index and 
mean airway pressure (P<0.05). These findings are consistent 
with the degree of pathological damage of the lung tissues in 
neonatal RDS patients, suggesting that the increased protein 
expression of caspase-3 has a certain impact on lung injury.

The Bcl-2 family of proteins is prevalent in humans 
and animals, where its main role is to inhibit apoptosis and 
promote proliferation. The Bcl-2 gene inhibits apoptosis in 
three ways (13-15): First, through its action as an antioxidant; 
second, through its inhibition of the production of endoplasmic 
reticulum calcium ions; and finally, through its interaction with 
other apoptosis factors like Bax. Activated Bcl-2 can promote 
the migration and proliferation of endothelial cells and inhibit 
apoptosis (16-18). It is generally believed that the pathogenesis 
of neonatal RDS is due to the large-area of damage to the​alve-
olar-capillary membrane, which in turn causes atelectasis and 
pulmonary edema. During the pathological process, pulmonary 
vascular and alveolar epithelial endothelial cells are progres-
sively induced into apoptosis, and this apoptosis mode may be 
related to the mediation by inflammatory factors. The Bcl-2 
gene inhibits apoptosis of cells, antagonizes caspase-3, makes 
the cells resistant to apoptosis-stimulating factors, inhibits the 
decomposition of proteins in cells and prolongs the cell survival 

Table IV. Comparisons of caspase-3 and Bcl-2 expression 
levels in alveolar lavage fluid among the four groups.

	 Caspase-3 expression	 Bcl-2 expression
Group	level  (ELISA, ng/l)	level  (PCR)

Group A (n=42)	 38.20±5.06	 4.85±0.45
Group B (n=38)	 41.78±6.53	 4.05±0.22
Group C (n=38)	 46.39±6.21	 3.27±0.08
Group D (n=32)	 51.07±9.46	 3.01±0.09
χ2	 8.873	 9.762
P-value	 0.001	 <0.001

ELISA, enzyme-linked immunosorbent assay; PCR, polymerase 
chain reaction.

Table V. Comparisons of hospital stay lengths, and complica-
tions and death rates among the four groups.

	 Hospital	 Complications	 Death rate
Group	stays  (day)	 (n)	 (n, %)

Group A (n=42)	 13.37±3.35	 3.14±0.94	 2/42 (4.76)
Group B (n=38)	 18.32±4.31	 4.17±0.61	 4/38 (10.53)
Group C (n=38)	 20.14±3.09	 6.34±1.21	 5/38 (13.16)
Group D (n=32)	 24.65±6.37	 9.55±1.64	 8/32 (25.00)
χ2	 8.546	 7.322	 7.397
P-value	 0.002	 0.012	 0.003

Table VI. Analysis of correlations of caspase-3 and Bcl-2 
expression levels with oxygen uptake score, oxygenation 
index and mean airway pressure.

	 Oxygen	 Oxygenation	 Mean airway
Index	 uptake score	 index	 pressure

Caspase-3	 0.039	 0.022	 0.015
positive area
Bcl-2 expression	 -0.003	 -0.021	 -0.012
level
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cycle. Even though the link between apoptosis and inflamma-
tion is still being actively studied, both processes are closely 
related to the expression of the Bcl-2 protein. In this study, 
the average expression levels of Bcl-2 in alveolar lavage fluid 
decreased sequentially from groups with less severe disease 
to those with more severe conditions (from group A to D), and 
there were statistically significant differences among the four 
groups (P<0.05). Moreover, the expression level of Bcl-2 was 
negatively correlated with oxygen uptake score, oxygenation 
index and mean airway pressure (P<0.05). The above results 
suggest that apoptosis is very common in neonatal RDS and 
the inhibition and low expression levels of Bcl-2 may be the 
key in cases of worsening disease (19,20).

In conclusion, the severity of neonatal RDS is positively 
correlated with the caspase-3 expression level, but negatively 
correlated with the Bcl-2 expression in alveolar lavage fluid of 
child patients.
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