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Introduction

Preterm infants (PTIs) refer to infants with a gestational 
age above 28 weeks but less than 37 weeks. The smaller 
the gestational age and lighter the weight, the more likely 
it is to develop other morbidities and the worse the pro-
gnosis, which is an important cause of neonatal death (1). 
According to statistics, the global premature birth rate is 
about 5-18%, with an average of 1 in 10 births (2). Conge-
nital disorders are prevalent due to the prevalence of organ 
dysplasia in PTIs (3). Among them, congenital respira-
tory diseases, including congenital vascular malformation 
compressing the airway, laryngotracheobronchomalacia, 
asthma, and mediastinal tumors, are very common compli-
cations in PTIs (4). Despite markedly reduced mortality of 
PTIs with the development of medical level, how to avoid 
congenital respiratory diseases in PTIs is still a research 
hotspot and difficulty in clinical preventive medicine (5).

In recent years, a growing body of research has sug-
gested a close relationship between the occurrence of 
congenital respiratory diseases in PTIs and heredity (6, 
7). Therefore, the risk assessment of congenital diseases 
through genetic screening has gradually attracted clinical 
attention. Recently, a study has shown that the four-locus 
model consisting of IL-13 gene R110Q (IL-13 R110Q), 
IL-4 gene-590C>T, recombinant adrenergic receptor 
beta 2 R16G (ADRB2 R16G), and Fc epsilon receptor Iβ 

E237G (FCER1B E237G) is the best predictor of respira-
tory disease susceptibility genes in children (8). Among 
them, ADRB2 and FCER1B have been confirmed to have 
a close relationship with changes in respiratory function, 
and are considered as new clinical markers for future risk 
assessment of neonatal congenital diseases (9, 10). Hence, 
we speculate that ADRB2 and FCER1B gene polymor-
phisms may have the same potential early evaluation func-
tion for congenital respiratory diseases in PTIs, but no stu-
dies have been conducted to support our view.

Accordingly, in this study, we will analyze the evalua-
tion value of ADRB2 and FCER1B gene polymorphisms 
for congenital respiratory diseases of PTIs, and prelimi-
narily verify their mechanism of action through in vitro 
experiments, so as to provide reference and guidance for 
future clinical prevention and treatment of congenital res-
piratory diseases in PTIs.

Materials and Methods

Study subjects
The research subjects of this retrospective analysis 

were 64 healthy PTIs (control group) and 45 PTIs with 
congenital respiratory diseases (research group) born at 
our hospital between April 2021 and June 2023. This stu-
dy was conducted strictly abiding by the Declaration of 
Helsinki, after obtaining the informed consent of all the 
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babies' immediate family members.

Inclusion and exclusion criteria
Control group: Neonates with a gestational age of 28-

37 weeks and no congenital diseases confirmed by exami-
nation after birth were included; those with organ dysfunc-
tion or disorders, or children whose parents had any gene-
tic diseases were excluded. Research group: Infants with 
congenital respiratory diseases detected after birth were 
included; other criteria were the same as the control group.

Polymorphism detection
In both groups, maternal cubital venous blood was 

collected on an empty stomach before delivery and DNA 
was extracted by the column centrifugation method. After 
purity detection with an ultraviolet spectrophotometer, the 
DNA was amplified following the PCR amplification kit 
manuals. Reaction process: pre-denaturation at 95℃ for 
5 minutes, denaturation at 94℃ for 20 seconds, annea-
ling at 55℃ for 20 seconds, and extension at 72℃ for 40 
seconds. Following amplification, the PCR products were 
measured by agarose gel electrophoresis, and the target 
bands were recovered by gel extraction, followed by puri-
fication and sequencing. The distribution of the ADRB2 
gene rs1042713 locus and the FCER1B gene rs569108 
locus was analyzed according to the sequencing results.

Cell data
Human airway smooth muscle cells (ASMCs) orde-

red from Shanghai Cell Bank of Chinese Academy of 
Sciences, China, were cultured in Dulbecco's Modified 
Eagle's medium (DMEM) that was added with 10% foe-
tal bovine serum (FBS) in a 37℃ and 5% CO2 incubator. 
Then, ASMCs grown to the logarithmic phase were trans-
fected with ADRB2 and FCER1B overexpression vectors 
(ADRB2/FCER1B-ov), their silencing expression vectors 
(ADRB2/FCER1B-si), and negative expression vectors 
(ADRB2/FCER1B-nc), respectively, with the operation 
carried out in strict accordance with the Lipofectamine 
2000 transfection kit recommendations. Polymerase chain 
reaction (PCR) was then carried out to determine ADRB2 
and FCER1B mRNA expression to verify the transfec-
tion success rate (same method as above). The design and 
construction of primer sequences (Table 1) were commis-
sioned by Jiangsu Genecefe Biotechnology Co., Ltd.

Cell cloning assay
A proper amount of cells were inoculated into 6-well 

plates, washed with PBS after 1 week of culture, and then 
fixed with methanol and stained with 0.4% crystal violet. 
Cell cloning was photographed and recorded, and the clo-
ning rate was calculated.

Apoptosis assay
Cells in each group were cultured for 48 hours and col-

lected to prepare a single-cell suspension, which was then 
fixed with 3mL of pre-cooled 70% ethanol, washed with 
buffer solution, and added with ribonuclease A (RNaseA) 

for a water bath (30 min, 37℃). Following the addition 
of propidium iodide (PI) for 30 min of room temperature 
culture at 4℃, the samples were loaded for apoptosis de-
tection with a computer. Flow cytometry and DNA cell 
cycle analysis software were used to detect and analyze 
the cell cycle.
Detection of pyroptosis-associated proteins

The trypsin-digested cells were subjected to a BCA 
assay to extract total proteins, which were transferred to 
a PVDF membrane after gel electrophoresis. The PVDF 
membrane was then sealed with 5% skimmed milk pow-
der for 1 h, and incubated overnight at 4℃ with NLRP3, 
GSDMD, IL-1β and Caspase-1 primary antibodies diluted 
at 1: 1000. Following 2 h of incubation with a secondary 
antibody (1: 5000), it was developed with ECL and ana-
lyzed by Image J software for the gray value of each band.

ROS content detection
Cells were seeded at 1×10/mL in 24-well plates (1 

mL per well). After 24 hours, dichlorofluorescin diace-
tate (DCFH-DA) was diluted into a 10 μmol/L working 
solution with serum-free medium (1: 1000) and added into 
the wells (100 μL/well) for 30 min of light-tight incubation. 
After three rinses with a serum-free medium, the sample 
was photographed under a fluorescence microscope.

Inflammatory reaction detection
Finally, the supernatant of the cell culture medium of 

each group was collected via centrifugation to detect the 
concentrations of tumor necrosis factor-α (TNF-α) and 
interleukin-6/8 (IL-6/8), with the procedure conducted 
strictly following the enzyme-linked immunosorbent as-
say (ELISA) kit manuals.

Statistical methods
The data were statistically analyzed by SPSS24.0. To 

identify statistical significance indicated by a P-value 
<0.05, we employed chi-square tests to compare counting 
data expressed by [n(%)], and independent sample t-tests 
(between group comparisons) as well as analysis of va-
riance and Bonferroni post-hoc tests (multi-group compa-
risons) to analyze measurement data described as by (x̄±s).

Results

Comparison of maternal and infant clinical baseline 
data between two groups

No statistically significant differences were found 
between the two groups in terms of birth weight, gestatio-
nal age, maternal age, and delivery mode (P>0.05, Table 
2).

Comparison of genotypes and allele frequencies at 
rs1042713 locus of the ADRB2 gene

The rs1042713 locus of the ADRB2 gene included three 
genotypes: AA, AG, and GG. The two groups showed no 
statistical difference in the number of AG genotype car-
riers (P>0.05), but the research group had fewer AA geno-

F (3’-5’) R (3’-5’)
ADRB2 TGATGAGGCTCAGGGT GGAGTCATATCCACCAC

FCER1B TCAGAGTTTTGACGATGATGATGATT CAGAGGATGTTTATAGAGATTAA

Table 1. Sequence of primers.



61

Jiangyue Liu et al. / ADRB2, FCER1B polymorphisms and congenital respiratory, 2023, 69(13): 59-64

Efficacy of ADRB2 and FCER1B in assessing congeni-
tal respiratory disease in preterm infants

Through analysis, we found that the FCER1B gene 
rs569108 locus did not show a significant effect on conge-
nital disorders in preterm infants (P>0.05), whereas, under 
the recessive model of the ADRB2 gene rs1042713 locus, 
preterm infants carrying the GG genotype showed an in-
creased risk of congenital respiratory disorders by 2.887-
fold (P<0.05). Under the dominant model, preterm infants 
not carrying the AA genotype had a 3.070-fold increased 
risk of developing congenital respiratory disease (P<0.05, 
Table 5).

Influences of ADRB2 and FCER1B on ASMC activity
First, we detected the expression of ADRB2 and 

FCER1B in cells transfected with abnormal expres-

type carriers and more GG genotype carriers (P<0.05). In 
addition, lower A allele frequencies and higher G allele 
frequencies were determined in the research group compa-
red with the control group (P>0.05, Table 3).

Comparison of genotypes and allele frequencies at 
rs569108 locus of the FCER1B gene

The rs569108 locus of the FCER1B gene was also clas-
sified into AA, AG and GG genotypes. No notable inter-
group differences were identified in the number of AG and 
GG genotype carriers (P>0.05), but fewer AA genotype 
carriers were found in the research group (P<0.05). In 
terms of alleles, the A allele frequency was lower and the 
G allele frequency was higher in the research group com-
pared with the other (P<0.05, Table 4).

Group Birth weight (g) Gestational 
age (weeks)

Maternal 
age (years)

Sex
Male/female Male/Female

Control group (n=64) 2346.56±129.39 34.66±1.26 27.56±2.14 26 (40.63)/38 (59.38) 30 (46.88)/34 (53.13)
Research group (n=45) 2381.02±144.47 34.16±1.54 26.78±3.04 20 (44.44)/25 (55.56) 24 (53.33)/21 (46.67)

t (χ2) 1.304 1.862 1.582 0.158 0.441
P 0.195 0.065 0.117 0.691 0.507

Table 2. Clinical baseline information table.

Group
Genotypes Allele frequencies

AA AG GG A G
Control group (n=64) 24 (37.50) 34 (53.13) 6 (9.38) 82 (64.06) 46 (51.11)

Research group (n=45) 5 (11.11) 26 (57.78) 14 (31.11) 36 (35.94) 54 (48.89)
χ2 9.423 0.231 8.332 12.320
P 0.002 0.631 0.004 <0.001

Table 3. rs1042713 locus of the ADRB2 gene.

Group
Genotypes Allele frequencies

AA AG GG A G
Control group (n=64) 19 (29.69) 38 (59.38) 7 (10.94) 76 (59.38) 52 (57.78)

Research group (n=45) 6 (13.33) 28 (62.22) 11 (24.44) 40 (31.25) 50 (55.56)
χ2 3.998 0.090 3.496 4.732
P 0.046 0.765 0.062 0.030

Table 4. rs569108 locus of the FCER1B gene.

Control group 
(n=64)

Research group 
(n=45) χ2 P OR (95%CI)

rs1042713 
locus of the 

ADRB2 
gene

Implicit model 8.332 0.004 2.887 (2.040-4.663)
AA/AG 58 (90.63) 31 (68.89)

GG 6 (9.38) 14 (31.11)
Explicit model 9.423 0.002 3.070 (2.064-3.847)

GG/AG 40 (62.50) 40 (88.89)
AA 24 (37.50) 5 (11.11)

rs569108 
locus of the 
FCER1B 

gene

Implicit model 3.496 0.062 1.870 (1.142-3.016)
AA/AG 57 (89.06) 34 (75.56)

GG 7 (10.94) 11 (24.44)
Explicit model 2.011 0.156 1.418 (0.887-1.943)

GG/AG 45 (70.31) 37 (82.22)
AA 19 (29.69) 8 (17.78)

Table 5. Diagnostic efficacy of ADRB2 and FCER1B.
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sion vectors of ADRB2 and FCER1B. The ADRB2 
and FCER1B mRNA levels were found to be higher in 
ADRB2/FCER1B-ov groups than in ADRB2/FCER1B-si 
and ADRB2/FCER1B-nc groups, and those in ADRB2/
FCER1B-si groups were lower compared with ADRB2/
FCER1B-nc groups (P<0.05, Figure 1A), confirming suc-
cessful transfection. Subsequently, we found that com-
pared with ADRB2/FCER1B-nc groups, the cell cloning 
rate of ADRB2/FCER1B-ov groups increased signifi-
cantly, and the apoptosis rate decreased; while the cloning 
rate reduced and the apoptosis rate elevated in ADRB2/
FCER1B-si groups (P<0.05, Figure 1B, C). Moreover, 
the G0-G1 phase was shortened in ADRB2/FCER1B-
ov groups but lengthened in ADRB2/FCER1B-si groups 
(P<0.05, Figure 1D).

Effects of ADRB2 and FCER1B on pyroptosis of ASM-
Cs

According to the detection results of pyroptosis-asso-
ciated proteins, NLRP3, GSDMD, IL-1β, and Caspase-1 
protein levels were the highest in ADRB2/FCER1B-
ov groups among the groups, while those in ADRB2/
FCER1B-si groups were lower compared with ADRB2/
FCER1B-nc groups (P<0.05, Figure 2A). Similarly, the 
fluorescence intensity of ROS in ADRB2/FCER1B-ov 
groups was the highest, and that in ADRB2/FCER1B-si 
groups was lower versus ADRB2/FCER1B-nc groups 
(P<0.05, Figure 2B).

Effects of ADRB2 and FCER1B on inflammatory res-
ponses of ASMCs

Compared with ADRB2/FCER1B-nc groups, the 
concentrations of TNF-α and IL-6/8 in ADRB2/FCER1B-
ov groups increased, while those in ADRB2/FCER1B-si 
groups decreased (P<0.05, Figure 3).

Discussion

For PTIs, rapid and accurate assessment of congenital 
diseases and timely formulation of effective intervention 
measures are of great significance to ensure their prognos-

tic health (11). Although the role of ADRB2 and FCER1B 
gene polymorphisms in asthma has been widely discussed 
(12, 13), there is no research on their evaluation value 
for congenital respiratory diseases in PTIs. This study 
confirms for the first time the correlation of ADRB2 and 
FCER1B gene polymorphisms with congenital respiratory 
diseases in PTIs, which can provide a reliable reference 
for clinical practice.

First of all, it was found in the detection of polymor-
phisms that the AG genotype was the dominant polymor-
phism at the rs1042713 locus of the ADRB2 gene and the 
rs569108 locus of the FCER1B gene in both the research 
and control groups, with no difference between the two 
groups. However, in the research group, the number of AA 
genotype carriers of the ADRB2 gene decreased and the 
GG genotype increased, while the number of AA geno-
type carriers of the FCER1B gene decreased. In addition, 
the A allele frequencies of ADRB2 and FCER1B gene 
polymorphisms were lower in the research group, which 
demonstrates an important potential link between ADRB2 
and FCER1B with the occurrence of congenital respira-
tory diseases in PTIs. However, the dominant/recessive 
model of FCER1B did not show a significant assessment 
of the occurrence of congenital respiratory disease in pre-
term infants. In contrast, under the recessive model of the 

Figure 1. Influences of ADRB2 and FCER1B on ASMC activity. 
A: Detection of ADRB2 and FCER1B expression to verify the trans-
fection success rate.B: Effect of ADRB2 and FCER1B on ASMC clo-
nogenic ability. C: Effect of ADRB2 and FCER1B on the apoptotic 
rate of ASMC.D: Effect of ADRB2 and FCER1B on the cycle change 
of ASMC. vs. ADRB2/FCER1B-nc groups, #P<0.05, vs. ADRB2/
FCER1B-ov groups, &P<0.05.

Figure 2. Effects of ADRB2 and FCER1B on pyroptosis of ASM-
Cs. A: Effect of ADRB2 and FCER1B on ASMC focal death pro-
teins. B: Effect of ADRB2 and FCER1B on ROC intensity in ASMC. 
vs. ADRB2/FCER1B-nc groups, #P<0.05, vs. ADRB2/FCER1B-si 
groups, &P<0.05.

Figure 3. Effects of ADRB2 and FCER1B on inflammatory 
responses of ASMCs. A: Effect of ADRB2 on TNF-α. B: Effect 
of FCER1B on TNF-α. C: Effect of ADRB2 on IL-6. D: Effect of 
FCER1B on IL-6. E: Effect of ADRB2 on IL-8. F: Effect of FCER1B 
on IL-8. vs. ADRB2/FCER1B-nc groups, #P<0.05, vs. ADRB2/
FCER1B-si groups, &P<0.05.
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ADRB2 gene rs1042713 locus, preterm infants carrying 
the GG genotype had a 2.887-fold increased risk of deve-
loping congenital respiratory disease. Under the dominant 
model, preterm infants not carrying the AA genotype had 
a 3.070-fold increased risk of developing congenital respi-
ratory disease. This suggests that by monitoring ADRB2 
gene polymorphisms in the future, we can effectively de-
termine the risk of congenital respiratory disease in pre-
term infants, and can also use this to provide early tar-
geted interventions. These results are also consistent with 
previous research results (14, 15), which can support our 
view. The changes of single nucleotide polymorphism of 
the ADRB2 gene mainly include the mutation of arginine 
to glycine at position 16 (Arg16Gly), glutamine to gluta-
mic acid at position 27 (GIn27Glu), and valine to methio-
nine at position (Val34Met) (16). However, the results of 
various reports are not completely consistent. For example, 
Karimi L et al. found that the polymorphism of Arg16Cly 
and GI27Glu loci of the ADRB2 gene is related to asthma 
susceptibility (17). Zhang YQ et al. also believed that the 
polymorphism of the Arg16Cly locus of the ADRB2 gene 
may be a determinant of asthma severity and response to 
salbutamol (18). However, a study on the Saudi Arabian 
asthma population suggests that the ADRB2 gene single 
nucleotide polymorphism was not associated with asthma 
(19). FCERIB is a high-affinity IgE receptor and partici-
pates in IgE-mediated type I hypersensitivity. The muta-
tion of this gene can lead to an elevation in serum total IgE 
levels, which in turn increases the release of inflammatory 
mediators by mast cells, triggering inflammatory changes 
in organs and tissues (20). Yet, the research of Amo G et al. 
also showed that the polymorphism of the rs569108 locus 
of the FCERIB gene was not related to changes in lung 
function (21). We can thus see that ADRB2 and FCERIB 
gene polymorphisms may have different manifestations in 
different populations, regions, and loci, warranting vali-
dation with a large sample size to realize their practical 
clinical applications.

Subsequently, in order to preliminarily understand the 
role of ADRB2 and FCERIB in respiratory diseases, we 
conducted in vitro experiments on ASMCs. This is be-
cause ASMCs are one of the important components of the 
respiratory tract, which have the functions of controlling 
airway patency and gas exchange and adjusting airway 
inner diameter, with great significance in respiratory di-
seases such as asthma and tracheal stenosis (22). After 
transfecting ADRB2 and FCERIB abnormal expression 
vectors into ASMCs, we found that increasing ADRB2 
and FCERIB expression could promote the proliferation 
and inflammatory reaction of ASMCs, inhibit apoptosis, 
and accelerate cell pyroptosis; Conversely, silencing their 
expression contributed to decreased activity and inflam-
matory response of ASMCs, enhanced apoptosis, and sup-
pression of cell pyroptosis processes. This suggests that 
ADRB2 and FCERIB play a vital role in modulating the 
biological behavior of ASMCs. Combined with the above 
experimental results, we speculated that the transforma-
tion from AA genotype to GG genotype of ADRB2 and 
FCERIB may cause the abnormal proliferation of ASMCs 
and promote the release of ROS in large quantities in cells, 
thus activating the process of cell pyroptosis, promoting 
airway inflammation, and eventually leading to respiratory 
diseases. For example, abnormally proliferated ASMCs 
and aggravated inflammation can lead to airway obstruc-

tion, asthma, obstructive lung, etc. (23). Similarly, highly 
expressed ADRB2 has also been shown to be involved in 
the occurrence and development of allergic rhinitis (24), 
which can also preliminarily support the potential in-
fluence of ADRB2 and FCERIB on cellular inflammatory 
response. While Xu Y et al. reported that the up-regulating 
ADRB2 expression was beneficial to the chemotherapy of 
lung cancer (25), contrary to our results, which may be due 
to the polymorphism of ADRB2 at different loci and the 
different manifestations in different diseases.

Due to limited conditions, the actual clinical expression 
of ADRB2 and FCERIB was not explored in this study, 
and the role of polymorphisms at different loci of ADRB2 
and FCERIB in congenital respiratory diseases of PTIs 
needs further exploration. Later, we will increase relevant 
experiments and further analyze the role of ADRB2 and 
FCERIB in different respiratory diseases, so as to provide 
a more comprehensive clinical reference.

ADRB2 and FCERIB are closely related to congenital 
respiratory diseases in PTIs, both of which can participate 
in the occurrence and development of respiratory diseases 
by modulating the activity of ASMCs and the pyroptosis 
process. In the future, we can rapidly assess congenital 
respiratory diseases in PTIs by monitoring ADRB2 and 
FCERIB gene polymorphisms and formulating interven-
tion measures in a timely manner.
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