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Abstract

v

Background: Autosomal recessive ABCA3 (ATP-
binding cassette protein A3) gene mutations
have been associated with neonatal respiratory
distress and pediatric interstitial lung disease.
The clinical course of the disease depends on the
underlying mutations. Therefore, knowledge of
course, symptoms and treatment of the disease is
important.

Patient and Methods: A term newborn suf-
fered from progressive respiratory insufficiency,
which led to death at the age of 4.8 months. The
girl developed interstitial lung disease. Infections
as well as structural and functional disorders of
the lung were systematically excluded. A
homozygous c.4681C>T (Arg 1561 Stop) muta-
tion of the ABCA3 gene was identified. A litera-
ture review of the pathophysiology and treatment
options of the disease was done. Therapeutic
approaches with corticosteroids, macrolide, and
hydroxychloroquine did not improve the clinical
course.

Results: Therapeutic strategies for chronic
interstitial lung disease have been used success-
fully in cases of a mild clinical course in juvenile
patients with ABCA3 gene mutation. In our
patient with homozygous ABCA3 gene mutation,
they were not effective. Lung transplantation
remains as a therapeutic option, but because of
donor organ shortage and associated morbidity
and mortality it is rarely feasible.

Conclusion: More experience in the treatment
of newborns with ABCA3 gene mutations is
needed. Randomized, prospective evaluation of
the different therapeutic approaches in a specific
registry may improve prognosis and treatment of
affected individuals.

Zusammenfassung

v

Hintergrund: Autosomal rezessiv vererbte
ABCA3 (ATP-binding cassette protein A3)-Mu-
tationen sind mit schwerem neonatalem Lun-
genversagen und chronischer interstitieller
Lungenerkrankung assoziiert. Der klinische
Verlauf der Erkrankung ist stark von den
zugrunde liegenden Mutationen abhdngig. Aus
diesem Grund sind Verlaufsbeschreibungen zu
Symptomatik und Therapie wichtig.

Patientin und Methodik: Ein reifes Neugeborenes
litt an einer progredienten respiratorischen Insuf-
fizienz, die im Alter von 4,8 Monaten zum Tod
fiihrte. Gleichzeitig entwickelte sich eine intersti-
tielle Lungenerkrankung. Infektionen, funktionelle
Stérungen und strukturelle Lungenerkrankungen
wurden systematisch ausgeschlossen. Ursdchlich
lag eine homozygote c.4681C>T (Arg 1561 Stop)-
Mutation des ABCA3-Gens vor. Eine ausfiihrliche
Literaturrecherche zur Pathophysiologie und Ther-
apie der Erkrankung wurde durchgefiihrt. Thera-
pieversuche mit Corticosteroiden, Makrolid und
Hydroxychloroquin erbrachten keine relevante
Verbesserung der klinischen Situation.
Ergebnisse: Die genannten Therapieansitze
werden bereits bei Patienten mit ABCA3-Mutatio-
nen angewendet und sind bei milden klinischen
Verliufen erfolgreich. Bei unserer Patientin mit
homozygoter ABCA3-Stopp-Mutation hatten sie
keinen Effekt. Die Therapieoption der Lungen-
transplantation wird im Siuglingsalter wegen
Spenderorganmangels und assoziierter Morbiditat
und Mortalitit nur selten realisiert. Nach ausfiihr-
licher Evaluation wurde diese Therapiemdglich-
keit bei unserer Patientin verworfen.
Schlussfolgerung: Es besteht Notwendigkeit,
mehr Erfahrungen in der Behandlung von Neuge-
borenen mit ABCA3-Mutationen zu sammeln.
Therapieoptionen sollten in einem Patientenregis-
ter systematisch erfasst und méglichst randomi-
siert prospektiv evaluiert werden, um so Prognose
und Betreuung der Patienten zu verbessern.
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Introduction
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The autosomal recessive ATP-binding cassette protein A3
(ABCA3) gene defect is one of the rare differential diagnoses of
respiratory distress syndrome (RDS) in the newborn period. The
gene defect results in disorders of surfactant metabolism, The
clinical course of the disease is highly variable depending on the
underlying mutations of the ABCA3 gene. In the presence of 2
defective alleles, affected newborns suffer from severe RDS and
die early in infancy [25}. However, there are also cases observed
in patients with ABCA3 gene mutations showing a mild course of
the disease and revealing chronic interstitial lung disease [6,18].
Frequently, in these patients the underlying mutation permits a
residual function of the ABCA3 transporter. Over 180 “loss of
function” ABCA3 gene mutations of the gene, which is located on
chromosome 16p13.3, have been identified in association with
lethal RDS in newborns or with chronic respiratory insufficiency
associated with progressive interstitial lung disease in later
infancy and childhood [18,29]. The frequency of diseases due to
the ABCA3 gene defect in the population is unknown.
Pulmonary surfactant is a phospholipid-protein complex which
is synthesized and secreted from type II alveolar cells [27].
ABCA3 is a 1704 amino acid transport protein. It is found mainly
in the lungs, but also in many other tissues. It is proposed to be
a phospholipid transporter into cells, which are involved in sur-
factant metabolism. ABCA3 is expressed at the luminal plasma
membranes of type Il alveolar cells, at the limiting membrane of
multivesicular bodies and predominantly at the limiting mem-
brane of lamellar bodies. The lamellar bodies of type II alveolar
cells are responsible for the final assembly of the surfactant
components prior to its secretion [8, 18]. The defective transport
mechanism due to ABCA3 gene mutation leads to incorrect com-
position and structure of the surfactant (for details see © Fig. 1).
So far, no specific treatment strategies for patients with ABCA3
gene mutations are available. Systematic studies have not been
conducted. In the following case report we present the clinical
course of a patient with fatal homozygous ABCA3 gene mutation.
In addition, we elucidate our differential diagnostic considera-
tions and the successive application of therapeutic strategies.

Case report

v

We report the case of a full-term spontaneously born female
newborn (40 +3 gestational weeks, birth weight 3730g, APGAR
score 9/10/10). She was the third child of consanguineous
Moroccan parents. The immediate postnatal adaptation was
uncomplicated. The mother previously had had 2 abortions in
early pregnancy. The 2 brothers of the patient do not have pul-
monary disease. In the family history there were no neonatal
deaths or severe pulmonary diseases in the newborn period.
Within 8h of life the baby developed respiratory distress with
cyanesis and was transferred to the NICU (neonatal intensive
care unit). As infection was suspected, the child was treated
immediately with ampicillin and gentamicin. The first X-ray
showed no significant abnormalities. With increasing fraction of
inspired oxygen (FiO,) and dyspnea, the child was intubated on
day 3 of life and was ventilated (synchronized intermittent man-
datory ventilation (SIMV)). An X-ray at this time showed diffuse
reticular pattern. Surfactant (100 mg/kg/dose Alveofact®, Lyomark
Pharma) was administered on day 3 and 7 of life. FiO, and venti-
lation improved only little and for a short time period. With

increasing mean airway pressure and increasing FiO, high fre-
quency oscillation ventilation (HFO) was used from day 4 to 6, 8
to 21 and 24 to 50 of life. After the administration of dexametha-
sone (0.5mg/kg/d) from day 8-10 of life only a short-term
improvement of the respiration resulted. Because of pulmonary
hypertension a therapy with inhaled nitric oxide (iNO) was initi-
ated from day 7 to 21 of life. FiQ, increased steadily and the chest
X-ray showed an increasing reticular pattern. A therapy with
hydroxychloroquine from day 16 to 32 of life (6-10mg/kg/d in 2
doses) and prednisolone from day 26 to 32 of life (2mg/kg/d)
was given in order to treat an interstitial lung disease. In addi-
tion, diuretic treatment was given. To cope for recurrent hypoxic
episodes a permanent sedation of the patient was implemented.
After the diagnosis of a genetic ABCA3 gene mutation, treatment
with erythromycin from day 55-98 of life was initiated (10 mg/
kg/dose every 6h) and a second course of hydroxychloroquine
was administered from day 98 to 135 of life. 2 pulse therapies
(300mg/m2BSA/d for 3 days) of methyl prednisolone were con-
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Fig. 1 Pulmonary surfactant metabolism. The genes encoding SP-A,
pro-SP-B and pro-SP-C are transcribed in the nucleus of type Il alveolar
cells, translated into polypetides in the endoplasmic reticulum and
processed in the golgi network. SP-B and SP-C are assembled into lamel-
lar bodies along with surfactant phospholipids. Transport of the latter
may be regulated by the ABCA3-transporter, predominantly located at
the limiting membrane of these organelles. SP-A and SP-D are secreted
via non-lamellar body secretory vesicles. Following exocytosis of lamellar
bodies and secretory vesicles into the alveolar space (“Secretion™), lamel-
lar bodies assemble into structures known as tubular myelin. Phospholip-
ids from these structures move to form the surfactant film that lines the
alveolar space [27]. ABCA3 gene mutations are proposed to be classified
into 2 categories: abnormal intracellular trafficking with abnormal intra-
cellular localization of the protein (type 1) and decreased ATP-hydrolysis
activity of ABCA3 with normal intracellular trafficking (type Il) {21, 22].
ABCAS3 (ATP-binding cassette protein A3), SP-A (surfactant protein A),
SP-B (surfactant protein B), SP-C (surfactant protein C), SP-D (surfactant
protein D).
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Fig.2 Timing of therapy and ventilatory support.

ducted with an interval of one month. © Fig. 2 summarizes the
timing of therapy and ventilatory support. An improvement of
respiration was not achieved.

On day 61 of life a Broviac-catheter was implanted and a trache-
ostomy was done on day 71 of life. Repeatedly, we recorded a
rise of the patient’s temperature with leukocytosis without an
increase in C-reactive protein or Interleukin 6. A Picorna virus
infection (detection by polymerase chain reaction (PCR) from
laryngo-pharyngeal secretion) on day 94 of life again worsened
the respiration. The patient suffered from frequent episodes of
cyanosis and hypoxemia, after day 106 of life the FiO, was 1,0.
The mean airway pressure gradually increased, reaching values
up to 20cm H,0. The patient developed global respiratory insuf-
ficiency and died at the age of 145 days on our NICU. An autopsy
was refused by the parents.

Differential diagnosis of respiratory failure

Numerous causes of respiratory failure in newborns were stud-
ied systematically (see © Table 1a-d). Infections, including bac-
terial, viral, atypical pathogens and fungi, functional disorders,
and structural lung diseases were excluded. A lung biopsy was
refused by the parents. A DNA analysis to clarify genetic sur-
factant metabolism disorder was carried out. Direct sequencing
of the surfactant protein B gene (SFTPB), surfactant protein C
gene (SFTPC) and ABCA3 gene and the granulocyte-macrophage
colony-stimulating factor (GM-CSF) receptor gene were per-
formed. Anti-GM-CSF receptor antibodies were not detected in
the serum. After sequencing of the coding part (30 exons) of the
ABCA3 gene, a homozygous c.4681C>T (Arg 1561 Stop) mutation
was identified. The father was heterozygous for the c.4681C>T

Day of life
@~ Conventional ventilation-Mean airway pressure (cm H20)

(Arg 1561 Stop) mutation of the ABCA3 gene found in the child.
The mother refused the examination of her blood.

Discussion

v

Our patient suffered from a severe form of an ABCA3 gene muta-
tion with rapidly progressive interstitial lung disease. The
underlying mutation has already been described in the litera-
ture. That patient had died at the age of 3 months from respira-
tory insufficiency [4].

Pathophysiology and genetics

The present homozygous ¢.4681C>T Arg 1561 Stop mutation
causes a termination of translation. It is likely that this leads to
an incomplete and functionally inactive ABCA3 protein.

The mechanism which generates the heterogeneity and severity
of the phenotype of pulmonary disease caused by ABCA3 gene
mutations is probably dependent on the underlying mutation
[21]. In the literature there are numerous case reports of infants
with ABCA3 gene mutations who were seriously ill and died
early in infancy [4-6,25]. On the other hand cases in which
patients with ABCA3 gene mutation show a mild course of the
disease presenting as chronic interstitial lung disease are
described [7,14,18). Apparently there are mutations in the
ABCA3 gene which allow a residual function of the ABCA3 trans-
porter, so that the severity of the disease is reduced [21,29]. In
severely affected children surfactant deficiency determines the
clinical presentation [25]. The loss of key epithelial features may
disturb the integrity of the alveolar epithelium causing intersti-
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Table 1a  Differential diagnosis of respiratory distress syndrome in newborns +/ - transition to chronic interstitial iung disease. Infection/pneumonia.

Cause Clinical signs

Commeon pathogens (Bacteria)

increased inflammatory markers,

Diagnosis

clinical and laboratory evidence, cultures

reduced general condition

Rare pathogens e. g. Mycoplasma, Ureaplasma, Chlamydia,  increased inflammatory markers,
reduced general condition

Virus increased inflammatory markers,
reduced general condition stool
history, associated anomalies

Legionella, Mycobacteria, Pneumnocystis jirovecii, fungi

e.g. RSV, Influenza, Enterovirus
Intrauterine infections
e.g. TORCH, HIV

dlinical and laboratory evidence, cultures, PCR, microscopy,
detection of acid-fast bacilli
ELISA/PCR-testing in pharyngeal-/tracheal secretion and

serological and urine tests

Table 1b  Differential diagnosis of respiratory distress syndrome in newborns + - transition to chronic interstitial lung disease. Functional disorders.

Cause Clinical Signs
Heart failure variable
Maternal diabetes macrosomia, surfactant deficiency

Cystic fibrosis respiratory failure, meconium ileus
Ciliary dysfunction
otitis, rhinitis, chronic cough, sinusitis
dyspnea, oxygen demand

hepatosplenomegaly

Meconium aspiration
Niemann-Pick disease

respiratory distress syndrome in the neonatal period, later

Diagnosis

echocardiography

history

immunoreactive trypsin, sweat test, mutation detection
brush border cytology with video microscopy

medical history, x-ray
elevated chitotriosidase, skin biopsy

Table 1¢ Differential diagnosis of respiratory distress syndrome in newborns +/ - transition to chronic interstitial lung disease. Changes in lung structure.

Cause Clinical Signs

Alveolocapillary dysplasia
abnormal development of the capillaries to the alveoli [3]

Diagnosis
persistent pulmonary hypertension associ- lung biopsy
ated with urogenital or gastrointestinal
malformations
tachypnea, hypoxernia, response to corti- HR-CT, lung biopsy

Pulmonary interstitial glycogenosis
maturation defect of interstitial cells containing glycogen [12]  costeroids
Neuroendocrine cell hyperplasia of infancy
hyperplasia of neuroendocrine cells [13]
Congenital pulmonary lymphangiectasia
extension of subpleural, interlobar, perivascular and cyanosis
peribronchial lymph vessels of the lungs [2]

tachypnea, intercostal retractions, hypox-
ernia, continuous clinical improvement
respiratory distress syndrome, tachypneaq,

lung biopsy, detection of bombesin like peptide
(immunohistochemistry) or HR-CT

MRI, lymphatic scintigraphy, pulmonary function
tests, lung biopsy, bronchoscopy and analysis of
pleural exudates

Table 1d Differential diagnosis of respiratory distress syndrome in newborns +/ - transition to chronic interstitial lung disease. Disturbance of Surfactant

metabolismfAlveolar proteinosis.

Cause Clinical Signs

SP-B (Surfactant protein B) or SP-C (Surfactant protein C)
gene mutation

GM-CSF (Granulocyte macrophage-colony-stimulating
factor) receptor gene mutation or anti-GM-CSF-antibody
ABCA3 (ATP-binding cassette protein A3) gene mutation

in neonates)

TTF1 {Thyroidal transcription factor-1) gene mutation
symptoms, RDS

respiratory failure in newborms (SP-B and SP-
Q) or chronic interstitial lung disease (SP-C)
respiratory failure (so far not been described  mutation detection, antibody detection

respiratory failure in newborns or chronic
interstitial lung disease
congenital hypothyroidism, chorea-like

Diagnosis
mutation detection, bronchoalveolar lavage, deter-
mination of surfactant protein B or C, lung biopsy

mutation detection x, in our patient hormozygous
¢.4681C>T (Arg 1561 Stop) mutation
mutation detection

In our patient, either the typical symptoms of the diseases listed above were not present, or the conducted investigations provided inconspicuous results. Only the examination

marked with x, revealed a positive result.

tial lung disease with fibrosis in children with ABCA3 gene muta-
tions and may be negatively triggered by additional factors such
as virus infections [19]. Our patient was seriously ill directly
after birth. Picorna virus infection, detected at day 94 of life,
worsened the course of the disease and possibly increased lung
fibrosis.

Matsumura et al. classified 2 types of ABCA3 gene mutation. On
the one hand, mutations that are associated with abnormal
intracellular trafficking of ABCA3 (type I). On the other hand,
mutations that are associated with normal intracellular traffick-
ing, but with decreased ATP-hydrolysis activity of ABCA3 (type
I). Patients with homozygous mutations of type I or type I/type

11 compound heterozygous ABCA3 gene mutations died of the
disease in the neonatal period. ABCA3 type [ gene mutations on
one allele does not result in a fatal surfactant deficiency.
Homozygous type Il gene mutations were not identified by the
authors [21,22]. © Fig. 1 illustrates the proposed mechanism of
ABCA3 gene mutations.

The homozygous ¢.4681C>T (Arg 1561 Stop) mutation of our
patient probably can be classified as type I mutation. The studies
by Matsumura et al. show that other stop codon mutations (i.e.,
W1142X and Ins1518fs) are associated with an incorrect locali-
zation of ABCA3 and therefore can be assigned to type I muta-
tions [22].
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Interestingly, there is an E292V mutation variant of the ABCA3
gene, this “missense” mutation results in an only partially
impaired lipid transport function [21]. E292V was overrepre-
sented in newborns with RDS suggesting that E292V increased
genetic risk for RDS (about 4%). Affected newborns are described
to recover from their lung disease [17]. Likewise, the mutation
has been found in children with mild disease and chronic inter-
stitial lung disease [7].

In comparison to other disorders of surfactant metabolism, the
ABCA3 gene mutation appears to occur frequently. ABCA3 gene
mutations were identified in 10 out of 47 children with diffuse
lung disease (including 6 pre-term infants of gestational age <36
weeks) with either severe RDS or a family history compatible
with autosomal recessive inheritance. 9 of them (90%) had a
severe respiratory distress syndrome, 5 patients died of respira-
tory failure in the first year (heterozygous and compound het-
erozygous mutations), 5 progressed to a chronic interstitial lung
disease (homozygous, heterozygous and compound hetero-
zygous mutations) [16].

The clinical and radiological signs of children with ABCA3 gene
mutations overlap with those seen in other disorders of sur-
factant metabolism (SFTPB and SFTPC mutations) [14].

Therapy

Treatment options in patients with ABCA3 gene mutations and
severe respiratory distress in the neonatal period include
mechanical ventilation, exogenous surfactant replacement and
the use of corticosteroids. No specific therapeutic interventions
are available for patients with disorders of surfactant metabo-
lism. Therefore therapeutic strategies in patients with SFTPC and
ABCA3 gene mutations are based on treatment protocols for
chronic interstitial lung disease in children [9,11].

The treatment of our patient was based on therapeutic
approaches that have been previously described in newborns
with SFTPC deficiency [1,24,26,28]. The major aim of various
therapeutic strategies is to suppress inflammation. To achieve
this goal, glucocorticoids, macrolides and hydroxychloroquine,
have been proposed. Thouvenin et al. studied the use of corticos-
teroids and corticosteroids plus azithromycin or plus hydroxy-
chloroquine in 22 patients who had SFTPC deficiency. 4 of 22
children were asymptomatic after a period of about 3 years.
Oxygen therapy was no longer needed in 12 other children,
however, a moderate dyspnea persisted [26].

The literature shows that strategies used to treat chronic inter-
stitial lung disease have been successfully applied in children
with mild clinical courses of ABCA3 gene mutation [10]. Corti-
costeroids appear to increase the expression of ABCA3, at least in
vitro. This hypothesis supports the therapeutic trial with corti-
costeroids. Clinical data that support the efficiency in case of
proven ABCA3 deficiency are sparse [30].

As well, macrolides have been shown in a few reports in the lit-
erature, to induce a beneficial effect on chronic interstitial lung
disease based on its anti-inflammatory effects. Clement et al.
described the case of a child with ABCA3 gene mutation who
was treated with corticosteroids after onset of symptoms in the
neonatal period until the age of 6 years. After a few weeks of
treatment with azithromycin, the general condition improved
significantly and the child did not require supplemental oxygen
anymore [10]. Flamein et al. reported 3 children with neonatal
respiratory distress harboring homozygous and compound het-
erozygous ABCA3 gene mutations who developed chronic lung
disease. They were treated with methyiprednisolone pulse ther-

o
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apy for 14 months (patient 1), 6 years (patient 2) and 11 years
(patient 3). In addition, they received azithromycin over 2 years
(patient 1 and 3) and over 12 years (patient 2). Patient 1 did not
require supplemental oxygen therapy. Patient 2 no longer
required oxygen supplementation after 10 years. Patient 3 was
still under oxygen therapy at the time of publication [16].
Ciantelli et al., however, described a newborn who had severe
RDS (compound heterozygous mutation of the ABCA3 gene of 2
new variants), in whom recurrent surfactant application and
cortisone treatment achieved no positive effect {8].

In our patient with homozygous ABCA3 gene mutation neither
the modulation of inflammatory response by corticosteroids,
hydroxychloroquine and macrolides nor any other therapeutic
drug strategy exerted a positive effect on the clinical course
(o Fig. 2).

A lung transplant is the only option to prolong the survival of
patients with fatal ABCA3 gene mutations. There are only a few
individual case reports of children with ABCA3 gene mutation
and successful lung transplants [15]. 9 children under 12 months
of age with confirmed ABCA3 gene mutation were described,
who were transplanted from 1992 to 2007 in a lung transplant
center in St. Louis, USA. The 5-year survival of children with sur-
factant protein disorders who have received a transplant is indi-
cated in the literature as approximately 50% {15,23]. Mortality
is often determined by infections, the occurrence of bronchioli-
tits obliterans and the development of lymphoproliferative
malignancy. Since 1997 less than 10 lung transplants per year
have been performed in infants worldwide. In Europe, lung
transplants are only performed in rare cases in children younger
than 2-3 years of age with a chronic or acute but irreversible
respiratory insufficiency [20]. Donor organ shortage, limited
number of centers, reduced quality of life after lung transplanta-
tion, and a high 5-year mortality rate of 50% in face of the young
age limits the application of this option [18]. In the case of our
patient, this therapeutic option was dismissed after extensive
evaluation and discussion with the parents.

Conclusion

v

Mutations of the ABCA3 gene are a rare differential diagnosis of
RDS in the newborn period. The clinical course of patients with
different ABCA3 gene mutations is highly variable. There is a
need for more experience in the treatment of newborns with
ABCA3 gene mutation. Courses, treatment and outcome of
patients should be systematically collected in a patient registry.
The Children's Lung Register (www.klreg.eu) or the ESPED sur-
vey (survey unit for rare pediatric diseases established in Ger-
many) are available. In the current survey, which has been
conducted since 72011, late pre-term and term newborns with
severe neonatal respiratory failure with the need for additive
therapy, such as surfactant administration, iNO inhalation, HFO
ventilation or extracorporeal membrane oxygenation (ECMO),
are included. As part of an EU-funded project dating from 2013
(www.child-EU.net), interstitial lung diseases should not only be
observed, but also the randomized and controlled therapy strat-
egies should be systematically investigated. This strategy would
allow to accumulate knowledge about the effectiveness of drug
interventions in this extremely rare disease with highly variable
phenotypes due to the large number of different genetic changes.

Winter ] et al. Neonatal Respiratory Insufficiency Caused... Klin Padiatr 2014; 226: 53-58

Downloaded by: Medizinische Bibliothek. Copyrighted material.



Original Article

Conflict of interest: The authors have no conflict of interest to
disclose.

Affiliations

"Neonatology, Children’s Hospital of the University Medical Center of the
Johannes Gutenberg University Mainz, Germany

2Institute for Clinical Chemistry and Laboratory Medicine, University
Hospital Regensburg, Germany

3 Pediatric Clinic and Policlinic, Dr. von Hauner Children’s Hospital, University
Munich, Germany

4 Pediatric Pulmonology, Children’s Hospital of the University Medical Center
of the Johannes Gutenberg University Mainz, Germany

References
1 Abou Taam R, Jaubert F, Emond S et al. Familial interstitial disease
with [73T mutation: A mid- and long-term study. Pediatr Pulmonol
2009; 44: 167-175
2 Bellini C, Boccardo F, Campisi C et al. Congenital pulmonary lym-
phangiectasia. Orphanet ] Rare Dis 2006; 1: 43
3 Bishop NB, Stankiewicz P, Steinhorn RH. Alveolar capillary dysplasia.
Am ] Respir Crit Care Med 2011; 184: 172-179
4 Brasch F, Schimanski S, Muhlfeld C et al. Alteration of the pulmonary
surfactant system in full-term infants with hereditary ABCA3 defi-
ciency. Am ] Respir Crit Care Med 2006; 174: 571-580
5 Bruder E, Hofmeister ], Aslanidis C et al. Ultrastructural and molecular
analysis in fatal neonatal interstitial pneumonia caused by a novel
ABCA3 mutation. Mod Pathol 2007; 20: 1009-1018
6 Bullard JE, Wert SE, Nogee LM. ABCA3 deficiency: neonatal respira-
tory failure and interstitial lung disease. Semin Perinatol 2006; 30:
327-334
7 Bullard JE, Wert SE, Whitsett JA et al. ABCA3 mutations associated with
pediatric interstitial lung disease. Am ] Respir Crit Care Med 2005;
172: 1026-1031
8 Ciantelli M, Ghirri P, Presi S et al. Fatal respiratory failure in a full-term
newborn with two ABCA3 gene mutations: a case report. | Perinatol
2011; 31: 70-72
9 Clement A. Task force on chronic interstitial lung disease in immuno-
competent children. Eur Respir J 2004; 24: 686-697
10 Clement A, Corvol H, Epaud R et al. Dramatic Improvement by Mac-
rolides in Surfactant Deficiency with ABCA3 Mutation. In: San Diego
Convention Center: Am ] Respir Crit Care Med 2009
11 Clement A, Nathan N, Epaud R et al. Interstitial lung diseases in chil-
dren. Orphanet | Rare Dis 2010; 5: 22
12 Deutsch GH, Young LR. Pulmonary interstitial glycogenosis: words of
caution. Pediatr Radiol 2010; 40: 1471-1475
13 Dishop MK. Paediatric interstitial lung disease: classification and defi-
nitions. Paediatr Respir Rev 2011; 12: 230-237

14 Doan ML, Guillerman RP, Dishop MK et al. Clinical, radiological and
pathological features of ABCA3 mutations in children. Thorax 2008;
63: 366-373

15 Faro A, Hamvas A. Lung Transplantation for Inherited Disorders of
Surfactant Metabolism. NeoReviews 2008; 9: e468-e476

16 Flamein F, Riffault L, Muselet-Charlier C et al, Molecular and cellular
characteristics of ABCA3 mutations associated with diffuse parenchy-
mal lung diseases in children. Hum Mol Genet 2012; 21: 765-775

17 Garmany TH, Wambach JA, Heins HB et al, Population and disease-
based prevalence of the common mutations associated with sur-
factant deficiency. Pediatr Res 2008; 63: 645-649

18 Hamvas A. Evaluation and management of inherited disorders of sur-
factant metabolism. Chin Med ] (Engl) 2010; 123: 2943-2947

19 Kaltenborn E, Kern S, Frixel S et al. Respiratory syncytial virus potenti-
ates ABCA3 mutation-induced loss of lung epithelial cell differentia-
tion. Hum Mol Genet 2012; 21: 2793-2806

20 Kozlik-Feldmann R, Griese M, Netz H et al. Herz- und Lungentransplan-
tation im Kindes- und Jugendalter. Monatsschr Kinderheilkd 2012;
160: 358-376

21 Matsumura Y, Ban N, Inagaki N. Aberrant catalytic cycle and impaired
lipid transport into intracellular vesicles in ABCA3 mutants associated
with nonfatal pediatric interstitial lung disease. Am ] Physiol Lung Cell
Mol Physiol 2008; 295: L698-L707

22 Matsumura Y, Ban N, Ueda K et al. Characterization and classification
of ATP-binding cassette transporter ABCA3 mutants in fatal surfactant
deficiency. ] Biol Chem 2006; 281: 34503-34514

23 Palomar LM, Nogee LM, Sweet SC et al. Long-term outcomes after in-
fant lung transplantation for surfactant protein B deficiency related
to other causes of respiratory failure. | Pediatr 2006; 149: 548-553

24 Rosen DM, Waltz DA. Hydroxychloroquine and surfactant protein C
deficiency. N Engl ] Med 2005; 352: 207-208

25 Shulenin S, Nogee LM, Annilo T et al. ABCA3 gene mutations in new-
borns with fatal surfactant deficiency. N Engl | Med 2004; 350:
1296-1303

26 Thouvenin G, Abou Taam R, Flamein F et al. Characteristics of disorders
associated with genetic mutations of surfactant protein C. Arch Dis
Child 2010; 95: 449-454

27 Whitsett JA, Wert SE, Trapnell BC. Genetic disorders influencing lung
formation and function at birth. Hum Mol Genet 2004; 13: Spec No
2: R207-R215

28 Woischnik M, Sparr C, Kern S et al. A non-BRICHOS surfactant protein
¢ mutation disrupts epithelial cell function and intercellular signaling.
BMC Cell Biol 2010; 11: 88

29 Yokota T, Matsumura Y, Ban N et al. Heterozygous ABCA3 mutation as-
sociated with non-fatal evolution of respiratory distress. Eur ] Pediatr
2008; 167: 691-693

30 Yoshida I, Ban N, Inagaki N. Expression of ABCA3, a causative gene
for fatal surfactant deficiency, is up-regulated by glucocorticoids in
lung alveolar type 1 cells. Biochem Biophys Res Commun 2004; 323:
547-555

Winter | et al. Neonatal Respiratory Insufficiency Caused... Klin Padiatr 2014; 226: 53-58

Downloaded by: Medizinische Bibliothek. Copyrighted material.



