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Abstract

Background: Inability to produce surfactant protein
(SP)-B causes fatal neonatal respiratory disease. Ho-
mozygosity for a frameshift mutation (121ins2) in the
gene encoding SP-B (SFTPB) is the predominant but
not the exclusive cause of disease.

Objectives: To report a novel mutation in the SFTB gene.
Methods: We analyzed tracheal aspirates, lung tissue
obtained by in vivo lung biopsy and DNA from a new-
born infant with lethal respiratory failure.

Results: DNA analysis revealed a large homozygous
genomic deletion encompassing exon 7 and 8 of
SFTPB gene, a mutation we described as c.673-
1248del2959. The parents were both heterozygous
carriers. Analysis of the SP profile in tracheal aspirates
and lung tissue by immunohistochemistry, routine and
electron microscopy supported the diagnosis of SP-B
deficiency and suggested that this large mutation
might lead to abnormal routing and processing of
proSP-B and proSP-C.

Conclusions: This report shows that SP-B deficiency
can also be caused by a multi exon deletion in the
SFTPB gene and this finding emphasizes the impor-
tance of using modern DNA analysis techniques capa-
ble of detecting multi exon deletions.
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INTRODUCTION

Pulmonary surfactant is a mixture of lipids and specific
proteins that lower alveolar surface tension and prevent
atelectasis at end-expiration. Four surfactant—associated
proteins have been identified: surfactant protein (SP)-
A, SP-B, SP-C and SP-D [1]. While the glycoproteins
SP-A and SP-D are mainly involved in host defense, the
small and hydrophobic SP-B and SP-C play an impor-
tant role in the metabolism and dynamics of the lipids
of pulmonary surfactant. They promote the rapid ab-
sorption of phospholipids into the monolayer and the
stabilization of the surfactant active film at the
air/liquid interface of the alveolus [2]. Especially SP-B
seems to play a crucial role in normal surfactant func-
tion as indicated by studies in genetically engineered
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mice, showing that the inability to produce SP-B results
in lethal respiratory distress [3, 4, 5].

In humans, hereditary SP-B deficiency (OMIM
*178640) is a rare autosomal recessive disorder, first
described in 1993 [4]. The estimated overall incidence
of the most common SP-B mutation, a net 2-bp inser-
tion in exon 4 of SFTPB (121ins2) is approximately
0.3 — 1 per 1000 individuals [6]. Affected infants devel-
op sevete respiratory disease that clinically and radi-
ographically resembles respiratory distress syndrome
often seen in premature infants [7]. However, in con-
trast to respiratory distress syndrome, respiratory fail-
ure caused by SP-B deficiency is rapidly progressive
and refractory to all treatment modalities except lung
transplantation [8]. Histological examination of affect-
ed infants reveals accumulation of protein-rich materi-
al filling the distal airspaces, a condition also referred
to as congenital pulmonary alveolar proteinosis [4].

SP-B is encoded by a single gene (SFTPB), located
on the short arm of chromosome 2 and comprises 11
exons. Although 121ins2 accounts for up to two-third
of the mutant alleles identified in SFTPB [4], over two
dozens of other SP-B mutations have been identified
so far [5,9,10]. Here we report an infant from Azerbai-
jan with a typical clinical course for SP-B deficiency,
which was found to be based on homozygosity for a
novel large genomic deletion in SFTPB.

MATERIALS AND METHODS

CASE REPORT

A 40-week-gestation female infant with a birth weight
of 3065 g was spontaneously delivered to a 19 year old
woman after an uncomplicated pregnancy. She was the
first child of non-consanguineous parents coming
from Azerbaijan, with an unremarkable family history.
Apgar scores were 9 and 10 at 1 and 5 min, respective-
ly. At few hours of life she was admitted at the pedi-
atric ward of a general hospital because of grunting
and cyanosis. Despite supplemental oxygen, continu-
ous positive airway pressure and antibiotics, her clinical
condition detetiorated over the next 48 h. She was in-
tubated, mechanically ventilated and transferred to our
neonatal intensive care unit. She was treated with high-
frequency oscillatory ventilation, requiring a continu-
ous distending pressure of 25 cm H,O and a fraction
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of inspired oxygen of 1.0 to maintain adequate oxy-
genation. Hypotension was treated with intravascular
volume support and ionotropics. Chest radiography
showed a diffuse granular opacities and echocardiogra-
phy revealed no abnormalities. An evaluation for infec-
tion was negative for both bacterial and viral patho-
gens. Administration of 150 mg/kg exogenous sutfac-
tant (Curosutf, Nycomed, Breda, The Netherlands) on
day 3 and 6 resulted in a marked, but transient im-
provement in oxygenation. Despite normalization of
the hemodynamic condition, the respiratory status
gradually deteriorated in the second week of life. As
this clinical course could well be explained by SP-B de-
ficiency, we collected blood from the patient and her
parents for DNA analysis, tracheal aspirates for surfac-
tant proteins characterization and performed open

lung biopsy on day 17. On day 20 the infant died.
HISTOPATHOLOGY AND ELECTRON MICROSCOPY

A number off small pieces from the open lung biopsy
were fixed in Karnovky's fixative, one slice was snap
frozen in liquid nitrogen, and the remainder of the
specimen was formalin fixed and paraffin embedded.

ANTISERA AND IMMUNOHISTOCHEMISTRY

The monoclonal antibody PE-10 against SP-A was
purchased from Dako (Glostrup, Denmark). Rabbit
antiserum against mature SP-B was purchased from
Chemicon (Temecula, CA). Polyclonal rabbit anti-
serum against proSP-B (anti-proSP-B) was kindly pro-
vided by S. Hawgood (Department of Pediatrics and
Cardiovascular Research Institute, University of Cali-
fornia San Francisco, USA). A monoclonal antibody
against human SP-B was kindly donated by Dr. Y.
Suzuki (Department of Ultrastructural Research, Ky-
oto University, Japan). Polyclonal antisera against the
proSP-C epitopes E-R23 (anti-NproSP-C) and G162-
G174 (anti-CproSP-C) as well as against proSP-B (anti-
proSP-B) had been characterized before [11, 12].
Tissue preparation and immunostaining of lung
specimens using antisera was performed as previously
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described in detail [11, 12]. Briefly, immunostaining of
dewaxed paraffin sections was performed in an auto-
mated staining system according to the specifications
of the manufacturer (TechMate 500, Dako). The im-
munoreaction was demonstrated using an APAAP Kit
(Dako). Fast Red (Dako) was used as alkaline-phos-
phatase substrate.

SURFACTANT PROTEIN ANALYSIS

Total protein content of the trachea aspirate samples
was determined with the Biorad Protein Assay Kit
(Biorad, Richmond, CA). Ten mg of total protein were
separated under non-reducing conditions on NuPage
10% Bis-Tris gels using a NOVEX X-cell II Mini-Cell
system (Novex, San Diego, CA), and the surfactant
proteins and their pro-forms were detected on the
PVDF membrane by immunoblot using polyclonal
rabbit antisera, as described previously [13].

DNA ANALYSIS

DNA was extracted from peripheral blood by standard
techniques. Screening for SFTPB mutation 121ins2
was performed by digestion of PCR product of exon
4 with Sful and separation by agarose gel elec-
trophoresis essentially as described by Tredano et al.
[14]. Screening of the entire coding sequence, includ-
ing intron/exon boundaries of SFTPB was performed
using primers as described previously [10]. Direct
DNA sequencing was subsequently performed using
BigDye Terminator (version 3.1) chemistry and analy-
sis on an ABI3100 Genetic Analyzer (Applied Biosys-
tems, Forster City, CA).

RESULTS

HISTOPATHOLOGY AND ELECTRON MICROSCOPY

Routine histology showed variable alveolar septal
widening, with edema, an increase in inflammatory
cells, histiocytes, and some fibroblasts (Fig. 1). Alveo-
lar epithelial hyperplasia was prominent, with an in-

Fig. 1. H&E stained section of open lung biopsy
with increased interstitial cellularity, alveolar ep-
ithelial hyperplasia, an increase in alveolar macro-
phages and some intraalveolar proteinaceous ma-
terial.
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Fig. 2. Electron microscopy of open lung
biopsy with type II pneumocyte containing
multivescular bodies.

Fig. 3. Immunohistochemistry showed a strong staining of type II pneumocytes and the abnormal intraalveolar surfactant for
SP-A (A) and ABCA3 (B). Despite a strong expression of proSP-B (C) in type II pneumocytes, no mature SP-B (D) was de-
tectable. Type II pneumocytes showed a regular expression of the N- (E) and C-terminal (F) propeptide of SP-C (NproSP-C
and CproSP-C). The strong staining of the abnormal intraalveolar surfactant for N-terminal insufficiently processed SP-C (E) in
combination with a strong staining for ABCA3 (B) but lack of mature SP-B (D) are characteristic findings in patients with
hereditary SP-B deficiency.
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Fig. 4. Western blotting of a tracheobronchial aspirate (10 mg
of total protein per lane) of the patient obtained 7 days after
exogenous sutrfactant application. After SDS-PAGE and
transfer, the membranes were probed with antibodies against
SP-B, pro-SP-B, and SP-C. The pro-forms of SP-C were
probed in the absence (without peptide) and presence (with
peptide) of an excess of the peptide used to raise this anti-
body. Molecular weights (kDa) are indicated on the left side.
All bands were analyzed under non-reducing conditions. SP-B
was detected only in small amounts; no SP-B proforms and no
SP-C were detected (open triangles). Aberrant proforms of
SP-C were detected at about 12, 8 and 5 kDa. Of these only
the bands at 8 and 5 kDa were specifically displaced by com-
peting excess peptide, proving they were authentic. The non-
specific band is indicated by the closed triangle.

exon 6 exon7 exon8 exon 9
i i i
—_— —_ -—
deletion: 2959 nucleotides
—
PCR product exon 6F / exon 9R —

Fig. 5. Schematic representation of part of the SFTPB gene
(not on scale). Exons are indicated as blocks, introns as lines
and PCR primers as arrows. On DNA of the patient, the
PCR of the individual exons 7, 8 and 9 failed. Using PCR
primers 6 forward and 9 reverse, a product could be obtained
of about 1100 bp. This product was sequenced revealing a
homozygous deletion of 2959 nucleotides encompassing
exon 7 and 8 of SFTPB gene. Exon 9 was present, however,
the annealing site of the sense primer of exon 9 was within
the deletion which explains the failure to produce PCR prod-
uct for this exon. At the DNA level, the mutation could be
described as ¢.673-1248del2959. This mutation results in the
deletion of Gly225 — Lys334 of the proSP-B peptide.

crease in alveolar macrophages and some intraalveolar
proteinaceous material.

Ultrastructurally, type 11 pneumocytes contained ab-
normal lamellar bodies (Fig. 2). No tubular myelin fig-
ures were found in the abnormal intraalveolar surfac-
tant.

IMMUNOHISTOCHEMISTRY

Immunohistochemically, type II pneumocytes and the
abnormal intraalveolar surfactant strongly stained for
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SP-A and ABCA3 (Fig. 3A and B). Precursors of SP-
B were found in type II pneumocytes but staining for
mature SP-B was absent (Fig. 3C and D). While, type
II pneumocytes showed a regular staining for the N-
and C-terminal propeptide of SP-C, N-terminal insuf-
ficiently processed precursors were found in the alveo-

lar space (Fig. 3E and F).
SURFACTANT PROTEIN ANALYSIS

Only trace amounts of mature SP-B were found (Fig.
4). No precursors of SP-B and no mature SP-C were
identified (open triangles). Aberrant precursors of SP-
C were detected at about 12, 8 and 5 kDa. Of these
only the bands at 8 and 5 kDa were specifically dis-
placed by competing excess peptide, proving they were
authentic.

DNA ANALYSIS

As the initial screening did not reveal a 121ins2 muta-
tion, the entire SFITPB gene was screened for other
mutations. No product could be obtained by PCR for
exon 7, 8 and 9 whereas exon 1-6 and exon 10 gave
normal amounts of PCR product. This result suggest-
ed a homozygous deletion in this patient. Subsequent-
ly, a PCR was performed using the sense primer of
exon 6 and the antisense primer of exon 10 resulting
in a product of about 1100 bp. DNA sequence analy-
sis of this PCR product showed a deletion of 2959
nucleotides encompassing exon 7 and 8 of SP-B gene.
Exon 9 was present, however, the annealing site of the
sense primer of exon 9 was within the deletion which
explains the failure to produce PCR product for this
exon. At the DNA level, the mutation could be de-
scribed as ¢.673-1248del2959 (Fig, 5). This mutation
results in the deletion of Gly225 — Lys334 of the
proSP-B peptide. Normally, proSP-B is converted into
the mature SP-B protein which consists of amino acid
201-279. A large part of this amino acid sequence is
missing in the presence of this novel mutation. In this
patient, the mutation was homozygously present and
both parents were heterozygous carriers.

DiscussioN

Hereditary SP-B deficiency is a rare cause of surfac-
tant dysfunction due to mutations in SFTPB, wherein
affected newborn infants develop severe rapidly pro-
gressive respiratory failure refractory to all treatment
modalities. Based on these clinical characteristics, we
explored the possibility of hereditary SP-B deficiency
in the patient presented is this report.

We first ruled out the most common SFTPB muta-
tion 121ins2. Additional analysis showed a homozy-
gous genomic deletion encompassing exon 7 and 8 of
the SFTPB gene, described as c.673-1248del2959.
This mutation results in the deletion of Gly225 —
Lys334 of the proSP-B peptide.

Recently the detection rate of disease-causing large
genomic rearrangements has increased significantly
thanks to the availability of quantitative multiplex
PCR-based techniques such as multiplex ligation-de-
pendent probe amplification [15]. Genomic deletions
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encompassing 1 or more exons, are well known for
many other genes [16]. These deletions are thought to
arise by recombination events between intronic repeat
elements. In a heterozygous form, these deletions will
escape detection by standard PCR-based mutation de-
tection techniques because PCR products will be pro-
duced on the remaining normal gene copy on the oth-
er chromosome. Furthermore, standard PCR proce-
dures are not quantitative: the amount of PCR prod-
uct formed will not be significantly less if only 1 copy
of the template DNA per genome is present instead
of 2 copies per genome. The deletion we have detect-
ed in our patient involving more than one exon
demonstrates that also the SFTPB gene is vulnerable
for several or multi exon deletions. Therefore, in pa-
tients with SP-B deficiency in which only 1 pathogenic
mutation can be detected, alternative methods (such as
multiplex ligation-dependent probe amplification,
quantitative fluorescent PCR or real time PCR) should
be employed to elucidate the second mutation.

Immuno-analysis of the hydrophobic surfactant
proteins and their precursors in tracheal aspirates
showed small amounts of mature SP-B, absent SP-B
proforms and absent SP-C, and aberrant proforms of
SP-C. This protein profile is consistent with hereditary
SP-B deficiency [13, 17]. The small traces of mature
SP-B were most likely residual SP-B from the 2 exoge-
nous surfactant administrations.

Analysis of lung tissue obtained by (in vivo) open
lung biopsy showed pulmonary alveolar proteinosis by
light microscopy and abnormal lamellar bodies as well
as an absence of tubular myelin at the ultrastructural
level (Figs. 1 and 2). An absent immunohistochemical
staining for mature SP-B combined with a strong
staining of the abnormal intracellular surfactant for
N-terminal insufficiently processed SP-C by immuno-
histochemistry, are further supportive of hereditary
SP-B deficiency [11, 18].

At the first glance, the expression of proSP-B and
proSP-C in type Il pneumocytes might be controverse
to the absence of precursors of SP-B but presence of
precursors of SP-C in tracheal aspirates. SP-B is syn-
thesized in type-II-pneumocytes as a 381 amino acid
42 kDa preproprotein. On route from its site of syn-
thesis to the lamellar bodies, the processing to mature
SP-B involves the cleavage of the signal peptide, gly-
cosylation of the C-terminus, followed by the cleavage
of the N-terminal and C-terminal propeptide [19].
Previously, it has been shown that both, the N-termi-
nal propeptide and the mature peptide are required for
proper processing and targeting of SP-B and SP-C to
lamellar bodies in type II pneumocytes [20, 21]. Im-
munohistochemically, the staining for precursors of
SP-B in the index patient was confined to intracellular
sites of type II pneumocytes, while precursors of SP-
C were also detected in the abnormal alveolar surfac-
tant. Thus, abnormal routing and processing of
proSP-B and proSP-C might be due to the SFTPB
mutation which results in a loss of major parts of the
mature SP-B peptide and the C-terminal propeptide.

The most important differential diagnosis is heredi-
tary ABCA3-deficiency. Although we did not sequence
the ABC.A3 gene, an ABCA3 mutation is unlikely be-
cause a homozygous SFTPB mutation fully explains
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the biochemical, immunohistochemical, and ultra-
structural findings. While ABCA3 is reduced or ab-
sent in newborns with hereditary ABCA3 deficiency, a
strong expression of ABCA3 in type II pneumoctes
and an abnormal intraalveolar accumulation are char-
acteristic findings in newborns with hereditary SP-B
deficiency [22].

Just recently, another patient from a different coun-
try was reported with a multi-exon SP-B mutation [23].
Although the cases have some similarities, the present
report adds important information. First, our report
offers more extensive immunohistochemistry, showing
normal staining for ABCA3 and, more importantly,
showing absent staining for mature SP-B. Secondly,
and in contrast to the previous report, we did not find
a truncated form of SP-B in the tracheal aspirates, a
finding which seems to be more consistent with the
absence of SP-B in immunohistochemistry. Finally, our
immunohistochemistry and lavage analysis cleatly
showed major changes in the metabolism of SP-C,
demonstrating the close link between SP-B and SP-C
synthesis and supporting the diagnosis SP-B deficiency.

CONCLUSION

In summary, we report a full term newborn with
hereditary SP-B deficiency based on a new and large
genomic deletion comprising exons 7 and 8 of the
SEFTPB gene that leads to a lack of mature SP-B and
SP-C possibly due to an abnormal intracellular routing
and processing,
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