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Surfactant dysfunction and neurodevelopmental delay: a new ABCA3 mutation
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ABSTRACT

ABCA3 is a transmembrane protein found on the limiting membrane of lamellar bodies of
alveolar type II cells. Its role is the transport of phospholipids for surfactant production. Over
200 ABCA3 mutations are known to compromise ABCA3 functions and bring to different
phenotypes, from neonatal respiratory distress syndrome to childhood or adult diffuse
interstitial lung diseases.

We report the case of a19-month-old girl, born at term age, developing respiratory distress six
hours after birth. During the first months of life, she developed recurrent long-lasting and
oxygen-dependent lower respiratory tract infections, failure to thrive and neurodevelopmental
delay. Because a surfactant deficiency washypothesised, the four genes responsible for primary
surfactant dysfunction were analysed by Next Generation Sequencing. Two mutations were
found in the ABCA3 gene (c.2888A > G and c.4714C > T), one inherited from each parent.

To our knowledge, there is no previous reporting of correlation between ABCA3 mutation and
neurodevelopmental delay. Neurological abnormalities are instead related to another
surfactant dysfunction, caused by NKX2-1gene mutation. Further cases and accurate genetic

diagnosis could be useful to validate this new correlation.
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Introduction

Pulmonary surfactant is a mixture of lipids and proteins produced by alveolar type II epithelial
cells, essential for proper function of the lung. Surfactant proteins (SP) A, B, C, and D are highly
expressed proteins in surfactant. Additional proteins including ABCA3 (member A3 of the ATP
binding cassette family of proteins) and TTF-1 (thyroid transcription factor 1, encode by the
gene NKX2-1) are also crucial to produce functional surfactant. ABCA3 gene on human
chromosome 16 encodes for a 1704-amino-acid transmembrane protein, found on the limiting
membrane of lamellar bodies and responsible for phospholipids transport into the lamellar
body, essential for surfactant production (1, 2). Over 200 ABCA3 mutations on this gene are
known to compromise ABCA3 functions and lead to different phenotypes from neonatal
respiratory distress syndrome (RDS) to childhood or adult diffuse interstitial lung disease (ILD)
(3-6). These mutations are inherited via a recessive manner, meaning both ABCA3 alleles are

affected by similar (homozygosity) or different mutations (compound heterozygosity).

Case report



C.C.1is al9-month-old girl with recurrent respiratory distress due to recurrent long-lasting and
oxygen-dependent lower respiratory tract infections, failure to thrive and neurodevelopmental
delay.

She is a female twin born at 38 weeks of gestational age by elective caesarean delivery in
dichorionic diamniotic twin pregnancy. Neither consanguinity nor other relevant illnesses
were reported in her family history. Apgar score was 10 - 10. Weight (2900 gr) and length (48
cm) were appropriate for gestational age. Six hours after birth the infant developed RDS,
initially managed with continuous positive airway pressure. Because of neonatal RDS stage I1°-
[1I° at chest x-rays, surfactant was administered. On day two after birth, clinical conditions got
worse and the baby was intubated. The patient was extubated after 6 days and oxygen support
was suspended only after 33 days.

The baby also presented hypotonia and neurodevelopmental delay from birth, with no
anomalies at cranial ultrasound. Neurodevelopmental delay was confirmed in the next months.
She reached sitting position at 12 months, with no capacity of quadruped and crawling at 13-
months-old and poor lallation. Brain MRI performed at 13 months was normal. So CGH-array
(Comparative Genomic Hybridization Array) was performed and two variants of uncertain
significance - maybe related to restless leg syndrome - were found. Now, at 19-months-old, she
was not able to stand and walk and the lallation is still strictly poor.

She suffered for lower respiratory tract infections and required six hospitalizations for
respiratory support. Even without acute infection, the patient presented polypnea with 30 to
50 breaths per minute respiratory rate, mild subcostal retractions and 93 to 95 % peripheral
oxygen saturation. The chest x-rays and chest ultrasounds always showed interstitial lung
pattern on upper lobes and even peribronchial consolidation with air-trapping. The chest
tomography (executed at 15-month-old during a long-lasting infection) showed ground glass

opacities and parenchymal consolidations [Figure 1].



[Figure 1: chest tomography at 15 months]

During hospitalization, she was administered antibiotics, systemic and inhaled corticosteroids,

and oxygen support (mainly through high-flow nasal cannula). Multiple investigations were

performed (all unremarkable): cystic fibrosis genes mutations, alpha-1 antitrypsin level,

lymphocyte typing, immunoglobulin and thyroid hormones levels, transglutaminase Ab,

hemogasanalysis, lactate-to-pyruvate ratio, stool elastase. Because of failure to thrive milk

protein free diet was started twice, at 3 months and 15 months, with partial response [Figure

2].
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[Figure 2: WHO child growth standard. Failure to thrive, from 0.5 SDS of birth, to -2.55 SDS now.
Green arrows show the begin of cow-milk-protein free diet, red arrow the suspension. Data are
expressed in kg and in years for age.]



At the end we required blood DNA analysis of four genes by Next Generation Sequencing
(SFTPC, SFTPB, NKX2-1, ABCA3), because a genetic surfactant deficiency was supposed. The
analysis revealed in trans compound heterozygosity for ABCA3 mutations: c.2888A>G on exon
21, inherited from mother and c.4714C>T on exon 30, inherited from father. No mutation was
found in other surfactant protein genes (SFTPC, SFTPB, NKX2-1).

After diagnosis, she started steroid therapy with prednisone 1 mg/kg, with good clinical
response and reduction of hospitalization for lower tract respiratory infections.

Discussion

ABCA3 gene mutations have been associated with RDS and pediatric ILD(5, 6). Correlation
between genotype and phenotype is already known. Patients with null/null mutations have
poor prognosis: generally, they present RDS at birth and die or undergo lung transplantation
before 1 year of age. The outcome of subjects with null/other and other/other genotypes is
more challenging (7). The most common ABCA3 mutation is p.Glu292Val (or p.E292V, c.875

A>T)(5, 8, 9).

To our knowledge this is the first time these mutations have been reported. Flamein et al.
reported that the c.2888A>G mutation on a single allele is related to death for neonatal RDS
(10). In NHLBI Exome Variant Server c¢.288A>G mutation is not reported, while ¢.4714C>T
mutation is reported as a coding-synonimus mutation. COSMIC (Catalogue Of Somatic
Mutations In Cancer) reported c.4714C>T mutation as pathogenic (score 0.91 FATHMM
prediction).

Since our patient presented ILD, poor growth could be explained by increased energy
consumption due to increased respiratory work and recurrent infections. Cow’s milk free diet
was prescribed twice, with decent weight gain, but persistence of lower respiratory tract

infections. Hence, Heiner syndrome was excluded (11).



She also presented neurodevelopmental delay. To our knowledge, there’s no evidence about
ABCA3 compound heterozygous mutations related to neurological problems.

Neurodevelopmental delay and muscular atrophy were described by El Boustany et al in a girl
with severe respiratory failure after 4 years of mechanical ventilation through tracheostomy
(12). Si et al. observed developmental delay of varying severity and poor weight gain in three
patients with ABCA3 mutations and they related it to probable chronic illness sequelae (13).
Neurological abnormalities and surfactant dysfunction are related when the mutation is on
NKX2-1 gene, encoding thyroid transcription factor, resulting in the brain-thyroid-lung

syndrome (14-16).

Conclusion

Over 200 ABCA3 mutations have been found and related to surfactant dysfunction, leading to a
wide clinical spectrum, from neonatal RDS to adult ILD. Our patient, with a compound
heterozygosity for ABCA3 mutations in trans, presented a new phenotype not previously
described, characterized by not only lung disease but also important failure to thrive and
neurodevelopmental delay. To our knowledge, the correlation between ABCA3 mutation and
neurodevelopmental delay hasn’t been described yet. Further cases and accurate genetic

diagnosis could be useful to validate this new correlation.
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