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Clinical Investigation

Surfactant proteins in pediatric interstitial lung disease

Matthias Griese', Elke Lorenz', Meike Hengst', Andrea Schams’, Traudl Wesselak’, Daniela Rauch', Thomas Wittmann',
Valerie Kirchberger?, Amparo Escribano®, Thomas Schaible*, Winfried Baden®, Johannes Schulze®, Heiko Krude’,
Charalampos Aslanidis?, Nicolaus Schwerk®, Matthias Kappler', Dominik Hartl'®, Peter Lohse'" and Ralf Zarbock’

BACKGROUND: Children’s interstitial lung diseases (chILD)
comprise a broad spectrum of diseases. Besides the geneti-
cally defined surfactant dysfunction disorders, most entities
pathologically involve the alveolar surfactant region, possibly
affecting the surfactant proteins SP-B and SP-C. Therefore, our
objective was to determine the value of quantitation of SP-B
and SP-C levels in bronchoalveolar lavage fluid (BALF) for the
diagnosis of chlLD.

METHODS: Levels of SP-B and SP-C in BALF from 302 children
with chILD and in controls were quantified using western blot-
ting. In a subset, single-nucleotide polymorphisms (SNPs) in
the SFTPC promoter were genotyped by direct sequencing.
RESULTS: While a lack of dimeric SP-B was found only in the
sole subject with hereditary SP-B deficiency, low or absent SP-C
was observed not only in surfactant dysfunction disorders but
also in patients with other diffuse parenchymal lung diseases
pathogenetically related to the alveolar surfactant region.
Genetic analysis of the SFTPC promoter showed association of
a single SNP with SP-C level.

CONCLUSION: SP-B levels may be used for screening for SP-B
deficiency, while low SP-C levels may point out diseases caused
by mutations in TTF1, SFTPC, ABCA3, and likely in other genes
involved in surfactant metabolism that remain to be identified.
We conclude that measurement of levels of SP-B and SP-C was
useful for the differential diagnosis of chILD, and for the precise
molecular diagnosis, sequencing of the genes is necessary.

Interstitial lung diseases occur at all ages and comprise a het-
erogeneous spectrum of different diseases which are mostly
rare. Knowledge about their causes and pathomechanisms is
scarce, and the therapeutic options for the affected patients
are frequently very limited. In particular in children, the dis-
ease spectrum is even broader, with many diseases uniquely
manifesting during infancy, prevalence being several times
lower than that in adults,' and the diseases occur in the envi-
ronment of an immature immune system and a rapidly grow-
ing and developing lung.?® Special effort in recent years has

successfully delineated the framework necessary for the inves-
tigation of entities grouped as children’s interstitial lung dis-
eases (chILD) or pediatric diffuse parenchymal lung diseases
(DPLD).* Genetically, mutations in SFTPB and SFTPC, as well
as in other genes necessary for surfactant metabolism, e.g.,
ABCA3, TTFI, and CSFRA, lead to well-defined molecular
diseases, the surfactant dysfunction disorders.” Besides these
entities, there exist several other diffuse parenchymal lung dis-
eases that are pathogenetically related to the alveolar surfactant
region.® They have the same clinical and pathological presenta-
tion including the histologic pattern of chronic pneumonitis
of infancy, nonspecific interstitial pneumonitis, desquama-
tive interstitial pneumonitis, pulmonary alveolar proteinosis
(PAP), and others’; however, their genetic causes, if any, still
remain undetermined. Such usually rare entities, together
with additional diseases, primarily manifest during infancy
(Table 1, groups A), whereas the other disorders manifest at all
ages (Table 1, groups B).

Alveolar surfactant is a mixture of phospholipids and specific
proteins which prevents expiratory collapse of the lungs and is
indispensable for normal breathing. The hydrophobic surfac-
tant proteins B (SP-B) and C (SP-C) are key components and
when disturbed or lacking lead to dysfunctional surfactant.””’
SP-B is encoded by a single gene (SFTPB) and is translated and
processed in alveolar type II cells to a mature monomeric pro-
tein of about 8 kDa which is secreted and active as a homodi-
mer of 16kDa in the alveolar space.’® In addition, proSP-B may
be produced by bronchiolar club cells." Lack of SP-B leads to
severe respiratory distress, interstitial lung disease,” and ulti-
mately death if the patient is not transplanted. However, SP-B
deficiency may be amenable to corrective treatment in the
future.”? SP-C is a smaller peptide of about 4kDa and solely
produced by alveolar type II cells by transcription of SFTPC.
To a small extent, dimers or higher oligomers are formed." It
is secreted together with the surfactant lipids from the lamel-
lar bodies into the alveolar space.>* Mutations of SFTPC lead
to interstitial lung disease, manifesting mainly postnatally or
during early infancy.”
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From the previous studies, we know that there are qualita-
tive differences in the expression profiles of SP-B and SP-C in
the bronchoalveolar lavage fluids (BALF) of such children.'
However, not much is known regarding the quantitative levels
of these proteins. In particular, no studies have compared the
full range of these diseases, to yield better estimates of vari-
ability and to examine the relative importance of biochemi-
cal determinations of their BALF levels. It has been shown
that the levels of SP-C in patients with known mutations in
SFTPB,'”'8 SFTPC,**®* ABCA3,*! and TTF1% are low. Thus, we
hypothesized that SP-C might serve as a helpful screening tool
for such and additional surfactant dysfunction disorders. In
conjunction with measurement of SP-C levels and based on

Table 1. Patient characteristics

studies suggesting an association of some SFTPC promoter
single-nucleotide polymorphisms (SNPs) with reduced tran-
scription of SP-C in vitro,” we also investigated if these and
additional SNPs in the SFTPC promoter might regulate SP-C
levels in BALF. Overall, the goal of this study was to determine
the value of the quantitation of SP-B and SP-C levels in BALF
for the diagnosis of chILD.

RESULTS

The spectrum of chILD diagnoses analyzed here represents the
typical range of conditions found in larger studies (Table 1;
Supplementary Table S1 online). There was a preponder-
ance of male over female (1.6:1; Table 1), 77% of the diseases

Category Numberof Ageatinclusion Sex Death/
code subjects (years)? m/f alive
Comparison groups (extension of abbreviation)
Healthy — 19 11.6 (7.6-24.2) 14/5 0/19
Bronchitis—-normal cell differential — 69 4,90 ((2.18-9.38) 43/26 0/69
Bronchitis-neutrophilic — 38 1.66 (0.40-5.44) 28/10  1/37
DPLD related to
Diffuse developmental disorders® Al 2 0.06 (0.05-0.06) 0/2 1/1
Deficient alveolarization A2 9 0.32(0.13-0.74) 5/4 1/8
BPD-cLDI (bronchopulmonary dysplasia-chronic lung disease of prematurity) A2 25 0.32(0.12-0.61) 17/8 4/21
CTI (chronic tachypnea of infancy) A3 32 0.78(0.37-1.12) 20/12 0/32
RDS 37-40 wk (unclear respiratory distress syndrome of the mature)© Ax 19 0.08(0.03-0.16) 13/6 6/13
RDS 30-36 wk (unclear respiratory distress syndrome of the almost mature) Ay 9 0.16 (0.06-0.68) 6/3 0/9
DPLD related to alveolar surfactant region
ABCAS3 - two (two disease-causing mutations in the ABCA3 transporter gene) A4 9 0.10(0.04-0.34) 3/6 5/4
ABCAS3 - one (one variant of unclear significance in the ABCA3 transporter gene A4 6 2.62(0.31-7.98) 3/3 1/5
in a patient with respiratory symptoms and suspected interstitial lung disease)
CPI (chronic pneumonitis of infancy) A4 4 2.66(0.11-6.71) 3/1 1/3
Nxk2-1 defect (disease-causing mutation in the gene coding thyroid A4 2 9.98(0.27-19.7) 2/0 11
transcription factor 1)
NSIP (nonspecific interstitial pneumonitis) A4 9 0.72(0.44-2.98) 1/8 3/6
PAP (pulmonary alveolar proteinosis)? A4 5 2.76 (0.97-9.99) 1/4 1/4
Microlithiasis A4 1 4.88 0/1 0/1
SP-B mutation (mutation in the gene encoding for surfactant protein B) A4 1 0.00 0/1 1/0
SP-C mutation (mutation in the gene encoding for surfactant protein C) A4 3 0.55(0.02-19.2) 3/0 0/3
DPLD occurring in all age groups and related to
Systemic diseases B1 4 4.89(1.91-8.39) 2/2 1/3
Immune intact host B2 10 8.38(3.80-10.8) 7/3 0/10
Immunocompromised host B3 9 0.57(0.33-1.10) 8/1 1/8
Lung vessels structural B4 12 1.64 (0.48-8.46) 4/8 2/10
LIP B5 2 8.42(0.05-16.8) 0/2 0/2
Unclear nonneonate Bx 3 0.66 (0.64-9.81) 1/2 3/0

FOXF1,; GM-CSF,; LIP,; PAP, pulmonary alveolar proteinosis.

Data are given as median and interquartile range. “Histologically proven, one child survived, no FOXF1 analysis done as yet. “The term “unclear”refers to the absence of a definite
etiology. “All PAP subjects had GM-CSF autoantibodies measured, which were negative; lysinuric protein intolerance was diagnosed in subject 710 (no genetic analysis) and excluded
in the others by plasma and urine analysis of amino acids. GM-CSF receptor alpha sequencing was done in two instances; in one it was positive, as indicated in Supplementary

Figure-S2jonline.
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presented during infancy, and a mortality rate of 18% was
observed (Table 1). BALF total protein was elevated in entities
with inflammatory reactions, e.g., neutrophilic bronchitis and
bronchopulmonary dysplasia-chronic lung disease of prema-
turity, and in those with alveolar proteinosis (Supplementary
Figure S1 online). SP-B was predominantly identified as 16 kDa
dimers (Figure 1), which was about threefold to fourfold
more abundant than the monomer (Supplementary Figure
S2 online). Generally, the ratio of dimer to monomer did not
vary significantly over the different diseases (not shown), as
the overall concentration of SP-B was rather uniform except
for PAP in which significantly elevated dimeric SP-B was
observed. SP-B deficiency due to mutations in SFTPB was the
only condition in which a lack of SP-B was found (Figure 1;
Supplementary Figure S2 online).

SP-C monomers with a molecular weight of about 4kDa
were the predominant forms of SP-C, representing about
50-70% of this protein in BALF (Figure 2), whereas SP-C
aggregated to dimers was found in 30-50% (Supplementary
Figure S3 online). In contrast to SP-B, SP-C was either much
more frequently present at low concentration or absent (20 of
302 samples, Table 2). This was observed in patients with dif-
fuse developmental disorders (A1) and surfactant dysfunction
disorders (ABCA3, SP-B, SP-C, and Nxk 2-1 mutations). SP-C
was increased in children with chronic tachypnea of infancy
(A3; commonly referred to as neuroendocrine cell hyper-
plasia of infancy in North America), nonspecific interstitial

SP-B (16 kDa) in BAL (ng/ml)

pneumonitis (A4), PAP (A4), and DPLDs with lung vessel
structural abnormalities (B4) (Figure 2).

As the concentration of SP-B was relatively stable and
appeared independent of the clinical conditions investigated
except SP-B deficiency and PAP, we asked if the ratio of SP-C
to SP-B could more reliably indicate a status of SP-C deficiency
(Supplementary Figure S4 online). The lower quartile in
healthy controls was 0.09, suggesting SP-C deficiency at lower
levels than the above ratio. However, the specificity of this limit
was poor for DPLD, as several conditions with inflammation,
and not necessarily with involvement of the alveolar space, also
had levels below this threshold.

In a cohort of patients where we did not anticipate strong
(mono-) genetic regulation of the SP-C level (Figure 3) and
where both BALF and DNA were available, we investigated
SP-C promoter SNPs for their ability to predict SP-C levels.
Sequence variations in the promoter region that were observed
more than once were included into the analysis. Among these
patients, the frequency distribution of the SNPs did not differ
between cases and controls, suggesting no selection advantage
of these SNPs for DPLD (Supplementary Table S2 online).
The SNP 156557857 was found to be significantly associated
with BALF levels of mature SP-C among all subjects and also
among the patient cohort (Supplementary Table S3 online).
The highest SP-C levels were observed for the AA genotype
(67.8 vs. 120ng/ml vs. 218ng/ml for genotypes GG, GA,
and AA, respectively; P = 0.03). None of the other promoter
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Figure 1. Concentration of surfactant protein B (SP-B) with a molecular weight of about 16 kDa (mature SP-B dimer) in bronchoalveolar lavage fluid of
subjects in the different disease categorizations. Data were analyzed by nonparametric ANOVA (overall P = 0.0019), differences to healthy controls tested
with Dunn's post hoc test are indicated by lines at the top of the figure (dashed P < 0.05-detted-P<-0-0%), and results are given as medians and interquar-
tile range. The getted line indicates the level of healthy subjects. For abbreviations and more details on age and number, see Table 1.
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Figure 2. Concentration of surfactant protein C (SP-C) with a molecular weight of about 4kDa (mature SP-C, monomer) in bronchoalveolar lavage fluid
of subjects in the different disease categorizations. Data were analyzed by nonparametric ANOVA (overall ANOVA P < 0.0001), differences to healthy con-
trols tested with Dunn's post hoc test are indicated by lines at the top of the figure (dashed P < 0.05, dotted P < 0.01), and results are given as medians and
interquartile range. The detted line indicates the level of healthy subjects. For abbreviations and more details on age and number, see Table 1.

SNPs significantly determined BAL concentration of SP-C
(Supplementary Table S3 online).

DISCUSSION

Here, we characterized the levels of SP-B and SP-C in BALF in
a relatively large cohort of pediatric DPLD patients, in order
to determine the diagnostic value of these hydrophobic sur-
factant proteins. To achieve this, we investigated a cohort of
pediatric DPLD patients which was representative with respect
to typical age range, mortality rate, and disease spectrum of
individuals or small groups of rare to ultrarare diseases. The
investigation of a larger and heterogeneous group of patients
was important to overcome shortcomings of previous studies
which only compared a single DPLD entity to a control group,
making it difficult to judge on the specificity of testing and
variation of levels over the disease spectrum.

SP-B, a dimer of 16kDa, was detected easily in all cases
investigated except for the single case of hereditary SP-B defi-
ciency. Together with the finding of lacking SP-B in all other
reported cases of this genetic disorder”'”'#**-¢ and the success-
ful rescue of SP-B-deficient knockout mice,” the analysis of
BALF for SP-B concentration appears diagnostically helpful
when pediatric DPLD potentially including this rare condition
are investigated. In this context, it must be recommended to
sample BAL before exogenous surfactant is applied, as the lat-
ter usually contains both SP-B and SP-C whose in vivo half-
lives may be very long.*** For the precise diagnosis of SP-B
deficiency, sequencing of the gene is necessary.

4 Pediatric RESEARCH

We were surprised by the wide range of SP-C levels found.
As expected, low levels were observed in children with dis-
eases involving the alveolar surfactant region; however, we
also observed cases with low or absent SP-C in almost all
other disease categories. A potential additional cause for low
levels of SP-C was the presence of high relative neutrophil
counts in BALF in such subjects (Table 2). Within this group
of children with neutrophilic bronchitis, a weak negative cor-
relation between SP-C level and percentage of neutrophils was
found (P = 0.07; r = 0.30; n = 36). This was unexpected, as
we did not observe such an effect in our previously studied
cohort of patients with cystic fibrosis and significant airway
inflammation.* Potential explanations include compensatory
upregulation of SP-C in such patients with lifelong neutro-
philic inflammation,” a more compartmented inflammation
in cystic fibrosis compared to that in noncystic fibrosis bron-
chitis, protecting the alveolar space from proteolytic damage,*
or differential actions of cytokines or other factors secreted. To
avoid false-negative or low levels, simultaneous determination
of neutrophil count should be performed.

Of interest were those conditions with significantly elevated
levels of SP-C. Such increases were already known for PAP***
but not for DPLD associated with lung vessel structural abnor-
malities or for nonspecific interstitial pneumonitis. In particu-
lar, infants with chronic tachypnea, a relatively frequent, but
still unexplained, condition,’ had elevated SP-C levels. This may
be helpful in differentiating the condition from surfactant dys-
function disorders with reduced levels and may complement

Copyright © 2015 International Pediatric Research Foundation, Inc.
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Table 2. Individual data of patients without SP-C of 4 kDa in their BALF

Disease Patient SP-C4kDa  Neutrophils
Number PatientID Sex category Diagnosis dead (ng/ml) (%)
1 1178 F Al Diffuse develop disorders (alveolar capillary Yes 0 n.a.
dysplasia with misalignment of the pulmonary veins)
2 1400 M A2 Deficient alveolarization (trisomy 21) No 0 2
3 701 M A2 Deficient alveolarization (trisomy 21) No 0 n.a.
4 1989 M A2 Related to preterm birth (BPD-cLDI) Yes 0 n.a.
5 1493 M A2 Related to preterm birth (BPD-cLDI) No 0 n.a.
6 2064 M A4 SP-C mutation No 0 6
7 1822 F A4 ABCA3 - two mutations No 0 n.a.
8 1354 M A4 ABCA3 - two mutations Yes 0 n.a.
9 1479 F A4 ABCA3 - one mutation No 0 36
10 636 M A4 ABCA3 - two mutations Yes 0 n.a.
1 1901 F A4 ABCA3 - two mutations Yes 0 n.a.
12 475 M Ax RDS 37-40 wk No 0 91
13 1683 M Ax RDS 37-40 wk No 0 n.a.
14 162 F D Bronchitis-neutrophilic No 0 80
15 1171 M D Bronchitis—neutrophilic No 0 50
16 705 M D Bronchitis—neutrophilic No 0 93
17 1958 M D Bronchitis-neutrophilic No 0 47
18 1319 M D Bronchitis—neutrophilic No 0 38
19 1548 M D Bronchitis—neutrophilic No 0 15
20 416 M D Bronchitis-neutrophilic No 0 80
BALF, bronchoalveolar lavage fluid; n.a., not available; SP-C, surfactant protein C.
Kids lung register (KLR) 2005—-2011 assessed by chILD-EU project
All cases with BAL and biochemical analysis of SP-B/SP-C
(n=321)
Any surfactant treatment
e before BAL (n = 8) i
i Blood in BAL visible (n=11) i
R — R o R .
! DPLD related to alveolar surfactant ! : Comparison groups : : :
| region (A4) ! ! Healthy i
| ABCA3, CPI, Nxk2-1 defect, NSIP | | Bronchitis - normal T Aoy marked
i PAP, microlithiasis, SP-B mutation, ! ::-.:'.:':.'.::'.'.:'.':.'_'.::'.:'_'.-.':.-.::'.':.'.':.'.':.::'I ' gZIS_eggVBI/CSP g H
! SP-C mutation i 1 Bronchitis — neutrophilic | : ST TR
' 1 . : biochemical :
. : analysis, normal :
i DPLD occurring in all 8ge groups | eemceeomceemceoccceoeeeeoe , ; SFHRG !
: and related to P DPLD related to i i sequencing |
| Systemic diseases (B1) i i Diffuse develop disorders (A1) 5 ; resulllt ?)Td DNA ;
! Immune intact host (B2) ! ! Deficient alveolarization (A2) ! ; avallable were
H ) I ] i+ also selected for
i Immunocompromised host (B3) . BPD-cLDI (A2) ' : promotor '
 Lung vessels structural (B4) i1 CTI(A) A i analysis :
! LIP (B5) ! | RDS 37-40 wk (Ax) : :
! Unclear nonneonate (Bx) i i RDS 30-36 wk (Ay) g e :
& Y
Quantitative determination of SP-B and SP-C molecular forms SFFPGpromotor SNP

after western blotting (n = 302)

analysis (n = 136)

Figure 3. Flow chart of patient allocation.
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serum measurements of KL-6.* The robustness of elevated
SP-C in chronic tachypnea of infancy compared to controls and
its potential causes need to be addressed in future studies.

Inspired by previous studies that had identified SNPs which
lead to reduced expression of SP-C in vitro,” we investigated if
those and additional SNPs would predict a lower SP-C level in
BALF. The frequencies of the SNPs reported by Wambach et al.
were comparable with those we found in our study. However,
numbers were too low to perform a statistical analysis of their
impact on SP-C levels. Of note, the risk alleles that Wambach
et al. reported were overrepresented in the patients with respi-
ratory distress syndrome (RDS) among our cohort. Here, we
show that another SFTPC promoter SNP, rs6557857, exerts
influence on the SP-C level in BALE. Presence of the G allele
either in hetero- or homozygous state was associated with lower
SP-C levels compared to homozygous carriers of the A allele.
The G allele occurred with a frequency of 40.9% in our cohort
which is in accordance with the frequency reported by the
1000 genomes project for the European population (39.6%).
The mechanistic basis for this effect is currently unknown;
in vitro studies will be needed to investigate this issue further.
Nonetheless, our results show that SFTPC promoter SNPs may
affect SP-C levels in vivo and should be considered in cases of
SP-C deficiency without an obvious cause.

The prerequisite for reliable assessment of BALF levels of
proteins with extraordinary features, i.e., extreme hydropho-
bicity or small size, is a reliable assay. Although labor intensive,
western blotting with quantitative determination of proteins
identified at defined molecular weights was a very sensitive
and specific method, which was linear over a wide range of
concentrations and had a high reproducibility.* Here, we used
the assay to address the question if determination of these pro-
teins in BALF may be a helpful screening tool for suspected
DPLD cases or not.

A shortcoming of this largest study of a disease marker in a
pediatric cohort of DPDL is the still limited sample size, result-
ing in small number of subjects in many diagnostic categories.
Additionally, more complete genetic testing, in particular in
the group of children with unclear RDS, is desirable. These
circumstances considerably limit the power of our study to
detect differences between groups. To address this shortcom-
ing, more patients and lavages need to be collected for several
rare to ultrarare conditions in a standardized manner. To allow
usage for comparison with additional cases, we made all indi-
vidual values available in a supplementary tablg In addition,
the associated biosample repository is available for further sci-
entific studies at the kids’ lung register.

We conclude that quantitative determination of SP-B in
BALF of children with suspected DPLD may be used as a
tool to biochemically exclude a SP-B deficiency; for diag-
nosis of SP-B deficiency, sequencing of SFTPB is necessary.
Determination of SP-C levels may point out the presence of
mutations in TTFI1, SFTPC, ABCA3, and likely other genes
involved in surfactant metabolism. Moreover, our results sup-
port the view that genetic variation in the SFTPC promoter
influences SP-C levels in BALE

6 Pediatric RESEARCH

METHODS

Patients and Bronchoalveolar Lavage

All pediatric cases with suspected DPLD, in whom bronchoalveolar
lavage fluid (BALF) was available, and healthy and disease compari-
son groups (total n = 321), collected between 2005 and 2011, were
assessed (Figure 3), and biochemical analysis of SP-B and SP-C was
performed. DPLDs were carefully diagnosed and categorized according
to the current diagnostic systems"*** (Table 1 and Figure 3). Neonates
or children with severe RDS were labeled “unclear;,” after exclusion of
common clinical causes, including infections, cardiac, metabolic, struc-
tural abnormalities, or neurologic causes of the respiratory distress.
The diagnosis of “unclear RDS” was made on clinical and radiological
grounds; in these cases, biopsies, autopsy, or molecular tests were not
always done. The comparison groups were divided into children with
normal differential cell counts in BALF (healthy, bronchitis—normal cell
differential) and elevated neutrophils (bronchitis-neutrophilic). BALF
was obtained by standard technique using 3 to 4ml/kg body weight of
warm 0.9% NaCl instilled in portions of 1 ml/kg. The recovered fluid
was filtered through gauze, the first fraction was kept separately, the
other fractions were pooled, cells were recovered for differential count,
and supernatant used for biochemical analysis.”

Analysis of Total Protein and SP-B and SP-C Concentrations in
BAL

Total protein was measured by the method of Bradford. SP-B and
SP-C were determined as described previously.'®*! Briefly, SP-B and
SP-C were separated on 10% Bis-Tris gels, identified by western blot-
ting (using SP-C antibodies (generated in the rabbit against recombi-
nant human SP-C, charge 22/96) and SP-B antibodies (generated in
the rabbit against recombinant human SP-B, charge C 329); both gifts
from Byk-Gulden, Konstanz, Germany) and quantified with the help
of two standard runs on each gel (10 and 20ng of SP-B, 10 and 25ng
of SP-C, using the Diana IIT chemiluminescence detection system and
Advanced Image Data Analyzer software, version 4.04.032 (Raytest,
Straubenhardt, Germany)), The assay for SP-B was linear between 1
and 40 ng, the one for SP—CLbetween 3 and 80ng. The inter-assay coef-
ficient of variation was 10% for SP-B and 19% for SP-C.

Genetic Analysis

SFTPB and SFTPC were assessed according to clinical indication
as described.’® Analysis of SFTPC promoter SNPs was performed
in a total of 136 patients of whom DNA was available. This subset
comprised cases belonging to the groups “healthy” and “bronchitis-
normal number of neutrophils in BAL” (n = 56), “bronchitis-neutro-
philic” (n = 25), “DPLD due to deficient alveolarization” (A1, n = 3),
“BPD-cLDI” (A2, n = 15), “chronic tachypnea of infancy” (A3, n =
16), “RDS of the mature neonate” (RDS 37-40wk, Ax, n = 16), and
“RDS of the almost mature neonate” (RDS 30-36 wk, Ay, n = 5).

For SNP genotyping, genomic DNA was isolated from EDTA blood
samples using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany) and PCR amplified using AmplitaqGOLD polymerase
(Life Technologies, Darmstadt, Germany). PCR products were puri-
fied with the MinElute 96 UF PCR Purification Kit (Qiagen). Primers
used for PCR and sequencing reactions are given in Supplementary
Table S4 online. Sequencing was performed by GATC Biotech AG
(Konstanz, Germany). Sequences were aligned to the reference
sequence (RefSeq accession NG_029334) using Mutation Surveyor
4.0 (SoftGenetics, State College, PA). ABCA3 and TTFI were deter-
mined as described previously.**

Statistical Analysis

Frequency distributions of the analyzed SNPs were compared using
the chi-square test. Comparisons of multiple groups were done using
Kruskal-Wallis ANOVAs with Dunn’s post hoc test. P values of less
than 0.05 were considered statistically significant. All tests were per-
formed using GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA).
For transparency, recalculation, and further usage, several individual
data are supplied in Supplementary Table §2-online.

Ethics Statement
All participants and for children under 18 y of age their legal repre-
sentatives gave written informed consent to participate in the kids’
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lung register consultation and diagnosis program. The retrospective
analysis of the data was approved by the institutional review board
(EK 026-06). Prospective collection analysis of data was approved
in the GOLD.net project (EK 257-10), and analysis was performed
under the project FP7-305653-chILD-EU (EK 111-13).

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at
http://www.nature.com/pr
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