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Abstract: Objective: To determine whether the SP-B deficiency and gene mutations in exon 4 is associated with
neonatal RDS in China Han ethnic population. Methods: The study population consisted of 40 neonates with RDS
and 40 neonates with other diseases as control in China Han ethnic population. We Compared SP-B expression in
lung tissue and bronchoalveolar lavage fluid with immunoblotting, and analyzed mutations in the SP-B gene with
polymerase chain reaction (PCR) and gene sequencing. Results: In RDS group, low mature Surfactant protein B was
found in both lung tissue and bronchoalveolar lavage fluid in 8 neonates. In control group, only 4 neonates with
low mature Surfactant protein B in both lung tissue and bronchoalveolar lavage fluid. In RDS group, 20 neonates
were found to have mutations in exon 4, 12 homozygous mutations with C/C genotype and 8 heterozygous mutations with C/T genotype in surfactant protein B gene+1580 polymorphism. There were 8 cases mutations in control
group, 1 in C/C and 7 in C/T genotype. The frequency of homozygotes with C/C genotype was 0.3 and frequency of
heterozygotes with C/T genotype was 0.02 in RDS group. In control group, frequency of homozygotes with C/C genotype was 0.025 and frequency of heterozygote with C/T genotype was 0.175. Conclusion: Low mature Surfactant
protein B is associated with the pathogenesis of neonatal respiratory distress syndrome (RDS) in China Han ethnic
population. Mutations in exon 4 of the surfactant protein B gene demonstrate an association between homozygous
mutations with C/C genotype in SP-B gene and neonatal RDS.
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Introduction
Pulmonary surfactant is a lipid-protein complex
essential for normal lung function, responsible
for reducing the superficial tension of the airliquid interface of the alveoli, thus preventing
lung collapse at the end of expiration [1, 2].
Avery showed that pulmonary surfactant deficiency is a major factor in the pathophysiology
of respiratory distress syndrome (RDS).
Surfactant proteins play an important role in
function of pulmonary surfactant [3]. Surfactant
protein B gene polymorphism are associated
with respiratory distress syndrome in preterm
babies [4]. A developmentally regulated, quantitative deficiency of pulmonary surfactant phospholipids results in surfactant dysfunction and
respiratory distress syndrome (RDS) in prema-

ture newborns with increasing risk and severity
associated with decreasing gestational age [5,
6]. Clinical, epidemiological and biochemical
evidence has strongly suggested that RDS is a
multifactorial and multigenic disease, and the
surfactant proteins might be implicated in this
genetic variation [7-9]. The study of the genetic
variation of surfactant proteins can help understand individual variability in the susceptibility
to the development of pulmonary pathologies.
These genetic variants can be valuable markers in the mapping of several pathologies, particularly for the respiratory distress syndrome.
To characterize developmental and genetic regulation of SP-B expression in China Han ethnic
group neonates with RDS, we compared the
mature SP-B expression and SP-B gene poly-
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Table 1. Primers used in the present study
SP-B exons
1
2
3
4
5
6
7
8
9
10

primers
sizes (bp)
5’-AAGACAAACACTGAGGTCGC-3’
236
5’-CCTAGCACAAAGCAGTGCTC-3’
5’- ATGATGCCAGGTGTGTAGCC-3’
238
5’-AGCACCCTTCATTTCAGACC-3’
5’-AGAACCTCCCCATTGGAGC-3’
202
5’-CTGCTCTGTCCCTCATCTC-3’
5’- GGCCTTGTGTCCAGGGAC-3’
265
5’-TCCCCCATGGGTGGGCAC-3’
5’-TCCCTCCCAGACCCTAACAC-3’
272
5’-TCTGGATCTCCACTTTACTGG-3’
5’-GAGGACTCTTCTCCCAGC-3’
215
5’-GAGAGAGGTGGGAGCTGC-3’
5’-TGGGCAGAGAGTGGAGGCTTG-3’
288
5’-AGAGCGGGCATTGGGCTAAGG-3’
5’-ACAGAAACCAAACACCTCTG-3’
284
5’-CAAAGCCTTTCCTGGGCTC-3’
5’-CCTAGAGTGATCCAGAGATG-3’
259
5’-GAGGCCTCTGAGGATCAC-3’
5’-GGTGGAGTGAGTGCTGTTC-3’
227
5’-CCTGATGGTCAGGACCTG-3’

morphisms in 40 neonates with RDS and 40
other diseases as control.
Materials and methods
Patient populations
The study population consisted of 40 neonates
with RDS and 40 neonates with other diseases
as control in China Han ethnic population. The
RDS group consisted of 40 neonates from
unrelated families; 20 (50%) were females and
20 (50%) males; 20 (50%) were preterm newborns (gestational age (GA) was 34-36 weeks)
and 20 (50%) were full term newborns (gestational age ≥ 37weeks). The control group consisted of 40 neonates with non-RDS diseases
such as congenital heart disease, persistent
pulmonary hypertension and shock. Both
groups matched with Baseline demographic
data like GA and sex.
The diagnosis of RDS was made on the basis of
clinical and radiological criteria: presence of
signs and symptoms of respiratory distress
(grunting, intercostal retractions, nasal flaring,
cyanosis, and tachypnea), a chest radiograph
with a diffuse reticulogranular pattern, and air
bronchograms. All neonates with RDS were
treated with bovine surfactant at a dose of
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200mg/kg and mechanical ventilation.
Additional doses (each, 100mg/kg)
were given if the neonate had an a/A
PO2<20, 12 and 24 h later. All of the
RDS neonates died in 10-14 days.
Laboratory tests
Blood sample collection: Blood collection was performed at the hospital at
the same time as other routine exams.
Blood samples were placed in tubes
containing EDTA and kept at 4°C until
DNA extraction.
DNA extraction and PCR amplification:
The genomic DNA of the newborns was
purified from total blood using the
Wizard Genomic DNA Purification Kit®
(Promega, USA) according to manufacturer instructions. DNA from patient and
healthy newborn blood samples was
amplified by PCR amplification protocols, as described by Lin et al. [9].
10 exons of SP-B genes were amplified using
the Expand Long Template PCR system (Roche,
Germany). The primers for 10 exons of SP-B
genes were design by Primer 5 software. All
primers used are listed in Table 1. The PCR
mixture (total volume of 50 µL) consisted of
100 ng/µL DNA, 1X PCR buffer, 2.0 mM MgCl2,
1.5 mM deoxyribonucleotide triphosphates
(dNTPs) (Promega®), 150 ng sense primer and
anti-sense primer, and 0.75 µL of the Expand
enzyme. PCR cycles consisted of one cycle at
95°C for 2 min, followed by 10 cycles at 95°C
for 30 s, 58°C for 1 min and 72°C for 10 min
and then by 20 cycles at 95°C for 30 s, 62°C
for 10 min and 68°C for 12 min, with a final
20-min extension (68°C). The PCR products
were identified on 2% agarose gels. The
sequencing results of PCR products were analyzed with Chromas software.
Western blotting: Tracheal aspirate sample
acquisition and processing was described by
Aaron et al. [10] Lung tissues were taken from
dead neonates in 30 mins and kept at -80°C.
Scraped frozen lung tissue were homogenized
in extraction buffer (50 mM Tris·HCl, 0.1% SDS,
150 mM NaCl, 100 μg/ml phenylmethylsulfonyl
fluoride, 1 μg/ml aprotinin, 1% NP-40 and 0.5%
sodium orthovanadate), and incubated at 4°C
for 20 min, centrifuged 20 min at 12000 g/
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using a semi-dry blotter. Membranes were
blocked with 8% fat-free milk and 0.1% Tween
20 in TBS. Rabbit antihuman SP-B antibody
was used at the 1:3000 dilutions. Detection of
polyclonal antibodies was performed using
horseradish peroxidase-conjugated goat antirabbit immunoglobulins and enhanced chemoluminescence (ECL).
Statistical analysis and human studies committee approval

Figure 1. SP-B expression in lung tissue. Low mature
surfactant protein B in lung tissue in 1-8 lanes in
RDS group, while SP-B deficiency in lung tissue only
in 4 lanes (5,6,7,9) in control group.

Statistical differences were evaluated by oneway analysis of variance (ANOVA) followed by
LSD multiple comparisons tests through using
statistical SPSS software package (SPSS Inc,
Chicago, USA),and the difference was considered significant when P<0.05. The study protocol was approved by the Ethics Committees of
Neonatal Intensive Care Unit of the Children’s
Institute, 81 children hospital, in Beijing.
Results
More SP-B deficiency in RDS group
In RDS group, low mature Surfactant protein B
was found in both lung tissue and bronchoalveolar lavage fluid in 8 neonates. And in other 7
RDS cases, low mature SP-B was found in only
bronchoalveolar lavage fluid. In control group,
low mature Surfactant protein B was found in
both lung tissue and bronchoalveolar lavage
fluid in 4 neonates. And in other 3control cases,
low mature SP-B was found only in bronchoalveolar lavage fluid. (Figure 1 and 2)
More mutation of exon 4 in SP-B gene in RDS
group

Figure 2. SP-B expression in bronchoalveolar lavage
fluid. Low mature surfactant B in bronchoalveolar lavage fluid in 2, 4-9 lanes in RDS group, while SP-B
deficiency in bronchoalveolar fluid only in 3 lanes (4,
7, 9) in the control group.

min. Protein levels in the extracts were quantified using the BioRad DC protein assay. For
western blot, whole cell extracts (50–100 μg/
lane) were resolved in 8–12% SDS polyacrylamide gels, then transferred onto nitrocellulose
membrane (0.45 μm, Millipore, USA) in 25 mM
Tris-base, 190 mM glycine, and 20% methanol
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In RDS group, 20 neonates were found to have
mutations in exon 4, 12 homozygous mutations
with C/C genotype and 8 heterozygous mutations with C/T genotype in surfactant protein B
gene+1580 polymorphism. There were 8 cases
mutations in control group, 1 in C/C and 7 in C/T
genotype. To further assess the relationship
between SP-B expression and gene mutation,
genotype of SP-B gene+1580 polymorphism
was analyzed in low SP-B expression neonates
both in RDS and control groups. In 15 RDS neonates with low SP-B expression,12 in C/C and 2
in C/T genotype in surfactant protein B
gene+1580 polymorphism. In 8 control neonates with low Surfactant protein expression, 1
in C/C and 7 in C/T genotype was found. To ana-
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born, and is still a major
cause of morbidity and mortality in this group of patients
[11, 12]. Pulmonary morbidity has been attributed to
oxygen toxicity, barotrauma,
lung immaturity, and nutritional deficiencies. However,
significant variations in pulmonary outcomes of similar
infants with comparable
exposures
to
oxygen,
mechanical ventilation and
nutritional deficiencies suggest that genetic factors
also contribute to pulmoFigure 3. Frequencies of the SP-B+1580 genotypes. The relative frequencies
nary outcomes [13]. RDS is
of the SP-B genotypes (T/T and C/C and C/T) are shown for the two groups
the result of complex interunder study in Table 2. The homozygotes with C/C genotype was more freactions between several
quently found in RDS neonates. (χ2=12.144, P<0.01).
environmental and genetic
factors associated with preTable 2. Frequencies of the SP-B+1580 genomaturity,
gender,
race,
and maternal diseases
types
[14]. Some genetic variants of surfactant proGenotypes(n/%)
teins, particularly SP-A and SP-B, are risk or
Groups
Patients(n)
protective factors in RDS etiology [15, 16].
C/C
C/T
T/T
RDS
Control
*

40
40

12(30)* 8(20)
1(2.5) 7(17.5)

20(50)
32(80)

χ2 =12.144, P<0.01.

lyze further, 12 homozygous mutations with
C/C genotype in SP-B gene led to SP-B deficiency in lung while 8 heterozygous mutations with
C/T genotype in SP- B gene did not led to SP-B
deficiency in lung.
SP-B gene polymorphisms associated with
RDS
Overall, there were statistically significant differences among genotypes between groups.
Our data showed that the frequency of homozygotes with C/C genotype was 0.3 and frequency
of heterozygotes with C/T genotype was 0.02 in
RDS group. In control group, frequency of
homozygotes with C/C genotype was 0.025 and
frequency of heterozygote with C/T genotype
was 0.175.The homozygotes with C/C genotype
was more frequently found in RDS neonates.
(χ2 =12.144, P<0.01) (Table 2, Figure 3).
Discussion
RDS represents the most frequent form of
respiratory insufficiency in the preterm new-
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The development of lung disease in infants
who made reduced amounts of mature SP-B
supports the notion that a critical level of SP-B
production is needed to prevent lung disease,
and it suggests that individuals with even one
SP-B mutation limiting SP-B production may be
at risk for lung disease if other factors further
decrease SP-B production. This may account
for the findings in a full-term infant with transient SP-B deficiency that had a missense
mutation on one allele [17]. In support of this
hypothesis, genetically engineered mice heterozygous for one null SP-B allele had half-normal levels of SP-B mRNA and protein, exhibited
abnormal lung compliance, and were more susceptible to hyperoxic lung injury when compared with homozygous wild-type litter mates
[18, 19]. In our early work, we found that there
was SP-B deficiency in lung [20] and gene deficiency in intron 4 [21].
We have found low mature Surfactant protein B
in both lung tissue and bronchoalveolar lavage
fluid in 8 In RDS group. And in other 7 cases,
low mature SP-B was found in only bronchoalveolar lavage. But the cases were 4 and 3 in
the control group, and it is possible that such
reduction of SP-B could be associated with
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RDS. The mechanism for SP-B deficiency
remains unclear.
The present study analyzed mutations in exon
4 of SP-B gene (C/T at nucleotide +1580) in
China Han ethnic group neonates with respiratory distress with RDS. The C/T polymorphism
at nucleotide +1580 is located at the end of
exon 4, at nucleotide +1580 and can alter the
translation of amino acid 131 through a substitution from threonine (ACT) to isoleucine (ATT)
[22]. This change eliminates a potential Linked
glycosylation site but the real consequences of
this alteration are not known [23, 24]. In the literature, most studies suggest that the C/C genotype might be associated with a greater risk of
pulmonary disease. In our results, 20 neonates
were found to have mutations in exon 4, 12 in
C/C and 8 in C/T genotype in surfactant protein
B gene+1580 polymorphism in RDS group.
There were 8 cases mutations in control group,
1 in C/C and 7 in C/T genotype. The C/C genotype was more frequently found in RDS neonates, To analyze further, 12 homozygous
mutations with C/C genotype in SP-B gene led
to SP-B deficiency in lung while 8 heterozygous
mutations with C/T genotype in SP- B gene did
not led to SP-B deficiency in lung. This suggests
that homozygous mutations with C/C genotype
may participate in development of neonatal
RDS. That results agreed with the etiology of
RDS, which was multifactorial and multigenic,
and genetics may play a role in its pathogenesis. However, Lyra et al [25] have reported that
no significantly differences in the frequencies
of genotypes CC, CT and TT when the healthy
term group and the RDS group were compared.
This might be attributed either to ethnic differences between the studied population and individuals analyzed in other countries, or to sample size or geographical environment. Liu et al.
[26] have reported that ethnic background is
an important risk factor to be considered in
analytical studies of allele and genotype frequencies. These investigators analyzed the
similarity of genetic markers among populations of three different ethnic groups
(Caucasian, Black, and Hispanic) in order to
determine whether individuals of different
races or ethnic groups could be grouped together in linkage studies. The results showed that
the allele and genotype frequencies can differ
among distinct ethnic groups, especially
between ethnic groups of different races.
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In summary, this study showed low mature
Surfactant protein B is associated with the
pathogenesis of neonatal RDS in China Han
ethnic population. Mutations in exon 4 of the
SP- B gene demonstrate an association
between homozygous mutations in SP-B gene
with RDS. And further SP-B gene Polymorphisms
study suggests that homozygotes with genotype C/C in SP- B gene+1580 might be associated with neonatal RDS China Han ethnic population and reinforces the need for other studies
to address this issue.
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