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Bi-allelic missense ABCA3 mutations in a
patient with childhood ILD who reached
adulthood

The adenosine triphosphate (ATP)-binding cassette subfamily A member 3 (ABCA3) is a transmembrane
glycoprotein that uses energy of ATP hydrolysis to transport phospholipids into the lamellar bodies of
type 2 alveolar epithelial cells (AEC) and regulates lung surfactant homeostasis. More than 200 mutations
have already been described in ABCA3, located on chromosome 16 [1, 2]. Patients present with a great
heterogeneity of phenotypes, from lethal neonatal respiratory distress syndrome (RDS) to childhood and
rarely adult interstitial lung disease (ILD) [3, 4]. ABCA3 mutations-related lung disease inheritance is
autosomal recessive, as it requires two disease-causing (bi-allelic) mutations, one from each parent.
Mutations may be identical or different, thereby defining the patient as being homozygous or compound
heterozygous, respectively. Based on their expected functional consequences, ABCA3 mutations can fall
into two categories: “null/severe” (consisting mostly of nonsense, frameshift, splice site mutations and large
indels) and “potentially mild” (consisting mostly of missense mutations and small in-frame indels). All
subjects who are homozygous or compound heterozygous for null mutations have a very poor prognosis
and die with neonatal RDS unless they undergo lung transplantation before 1 year of age. The outcome of
patients homozygous for a potentially mild mutation or compound heterozygous for null/potentially mild
or two different potentially mild mutations is unpredictable, ranging from the development of RDS
leading to death in infancy or early childhood (1-5 years of age) to the development of childhood ILD
(chILD) such as chronic pneumonitis of infancy (CPI), desquamative interstitial pneumonia (DIP),
nonspecific interstitial pneumonia (NSIP) and pulmonary alveolar proteinosis (PAP), all presenting a more
prolonged survival (>5 years old) but rarely reaching adulthood [5-8].

A 26-year-old female never-smoker was referred by her paediatrician to our ILD clinic for deteriorating
dyspnoea. She had a background of chILD diagnosed by lung biopsy at the age of 5.5 years. The patient
was born without complications from non-consanguineous parents and at the age of 1.5 years developed
frequent lower respiratory tract infections and, at 3 years of age, partial respiratory failure and finger
clubbing. Chest computer tomography revealed a diffuse parenchymal lung disease with ground-glass
opacities. Extensive work-up could not assess a diagnosis, therefore, open lung biopsy was performed at
5.5 years of age. Genetic analysis was not performed at the time due to technical and financial restrictions.
Histopathology showed an unspecified ILD described initially as CPI, which was reconsidered by our
expert pathologist (A. Coulomb-L’'Hermine) as ILD with mild type II pneumocytes hyperplasia, diffuse
septal thickening with rigid septa consistent with NSIP, intra-alveolar macrophages with some foamy
macrophages, without PAP and consistent with DIP (figure 1a). At that time, the patient received systemic
corticosteroids without any clinical response. After gradual tapering of steroids, hydroxychloroquine was
added as a second-line option. The patient showed remarkable clinical and radiological improvement as
already stated in detail in a previous report [9]. More precisely, after 3 years of treatment the patient did
not desaturate at the 6-min walking test (6MWT), participated normally at school activities, had a chest
radiograph without infiltrates and had reached the 25th percentile of body weight. Treatment with
hydroxychloroquine was applied for the following 18 years during which the patient continued to develop
normally. Therapy was stopped at 24 years of age due to retinopathy and the patient was referred to an
adult ILD clinic.
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0 Children with ABCA3 mutations may survive beyond infancy and reach adulthood. Genetic
mechanisms should always be examined in adult patients with childhood onset ILD and
molecular analysis should be performed accordingly in specialised referral centres.
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FIGURE 1 a] Haematoxylin and eosin stained view (x10) of the biopsy performed at 5.5 years of age showing mild type Il pneumocytes hyperplasia,
diffuse septal thickening with rigid septa but without fibrosis, and few intra-alveolar macrophages without pulmonary alveolar proteinosis.
b) High-resolution computer tomography of the chest at 26 years of age revealing a diffuse parenchymal lung disease with ground-glass opacities.
c) Haematoxylin and eosin stained view (x10) of the biopsy performed at 26 years of age showing a similar appearance with mild type Il
pneumocytes hyperplasia and diffuse septal thickening with rigid septa superimposed with fibrosis.

Upon evaluation, the patient was found to have deteriorated clinically, functionally and radiologically
(figure 1b). Bronchoalveolar lavage findings were unremarkable and anti-granulocyte-macrophage colony
stimulating factor antibodies were negative. To complete the diagnosis procedure, genetic testing for
surfactant disorders was immediately performed. While molecular analysis was pending, the patient
presented with deteriorating disease underscoring the need for imminent and appropriate therapeutic
decisions. As a result, a second lung biopsy was prioritised to better classify the disease before starting
empiric treatments. Histology, in comparison with the one performed 20 years earlier, found a similar
appearance with mild type II pneumocytes hyperplasia and diffuse septal thickening with rigid septa
superimposed with fibrosis, whereas DIP was less pronounced (figure 1c). Genetic analysis results,
obtained a few months later, revealed two missense, probably pathogenic, ABCA3 variations consistent
with an ABCA3 mutation-related ILD phenotype in a patient who reached adulthood. Family screening
showed that each mutation was carried by one of her asymptomatic heterozygous parents. The variation
inherited from the mother is a missense mutation located in exon 21 (c.2890G>A p.(Gly964Ser)) and the
one inherited from the father a missense mutation in exon 29 (c.4444C>T p.(Argl482Trp)). A trial of
250 mg azithromycin three times a week was initiated. The initial follow-up evaluation at 6 months was
encouraging with stabilisation of the disease as reflected by a moderate increase in pulmonary function
testing values and in the distance walked at 6MWT. More precisely, the forced vital capacity and diffusing
capacity of the lung for carbon monoxide values increased to 61% and 44% from 57% to 37% predicted,
respectively, whereas the patient walked 618 m instead of 603 m at 6MWT desaturating to 92% instead of
89% before treatment.

A very rare case of a patient with chILD who survived to adulthood is presented here. During childhood,
the patient initially failed a trial with systemic corticosteroids and was treated alternatively with
hydroxychloroquine with remarkable improvement attaining stabilisation for 18 years. Withdrawal of
hydroxychloroquine due to eye toxicity led to respiratory deterioration. Given the recent knowledge on
chILD and adult ILD, the diagnosis was re-appraised histologically and the patient was further evaluated
in order to look for a molecular cause of her disease. The diagnosis of ABCA3 mutation-related ILD
reaching adulthood was then established.

To our knowledge, this is the first report of an ABCA3 mutation-related ILD patient with such a long-term
follow-up and with two lung biopsies in a timeframe of 20 years, the first one showing the typical ABCA3
deficiency-related pattern and the second, the evolution toward interstitial fibrosis. Bi-allelic ABCA3
mutation-related ILD patients surviving into adulthood are very rarely reported [10]. In one of the first
studies, BULLARD et al. [4] demonstrated that children with ABCA3 mutations may survive beyond infancy
and very rarely reach early adulthood. In the study of KrONER et al. [7], among 40 patients with two
disease-causing ABCA3 mutations, only two homozygotes and one compound heterozygote for potentially
mild mutations, survived beyond the age of 20 years. In the study of WamsacH et al. [6], only four
potentially mild homozygous and one null/potentially mild compound heterozygous patients reaching
adulthood were reported among 185 patients with bi-allelic ABCA3 mutations. Campo et al. [11] reported
a large kindred in which one adolescent was diagnosed with ILD of usual interstitial pneumonia pattern at
the age of 13 years and two adult members of the same family with an unspecified ILD, mostly resembling
NSIP, and all were homozygous for a potentially mild ABCA3 mutation. Finally, as far as adult ILD
patients are concerned, CoGHLAN et al. [12] reported an IPF adult patient homozygous for a potentially
mild ABCA3 (p.Glu292Val.) mutation and Epaup et al. [13] described the first case of a 41-year-old
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patient with combined pulmonary fibrosis and emphysema, carrying null/potentially mild compound
heterozygous ABCA3 mutations. From the studies discussed above, it becomes evident that
genotype-phenotype correlations in infants, children and very rarely adults with ABCA3 mutations do
exist and present with a great variation of clinical and radiological patterns ranging from fatal neonatal
RDS to ILD including NSIP, DIP, PAP and much more rarely usual interstitial pneumonia and pulmonary
fibrosis and emphysema [6, 7, 13]. The slowly progressive and more benign course of certain
combinations of potentially mild ABCA3 mutations allowing patients to reach adulthood could indeed be
attributed to the lack of development of extensive deleterious fibrotic patterns as documented by the
histology examination of two distant lung biopsies performed in our patient. To our knowledge, this is the
first report of objective assessment by histopathology of milder disease course. Histological data from
patients with ILD due to bi-allelic ABCA3 mutations, who reach adulthood, are scarce and mostly
regarded as non-severely fibrotic patterns, such as NSIP [7, 11]. The two missense mutations detected in
our patient are not described in the Genome Aggregation Database; they target amino acids highly
conserved in vertebrates and lead to charge and steric changes in the amino acid side chain. Both
mutations are, therefore, considered as probably pathogenic [14]. The combination of two such mutations
with a not so severe phenotype has never been described before. However, they have already been
described in the literature separately, each of them in combination with another potentially mild mutation;
one in a newborn developing fatal neonatal RDS and the other one in a patient with diffuse ILD who died
at 30 days of age [6, 15]. It is worth noting that a patient previously reported with a compound
heterozygous for null and p.Gly964Ser mutation (subject 68 in the study by WamsacH et al. [6]) also had
relatively milder disease, and that the adult subjects in the study by Campo et al. [11] had a different
mutation in the same codon (p.Gly964Asp).

Besides those genotype—phenotype correlations, significant phenotypic differences could result from the
contribution of other gene defects, infections and the environment. In the absence of functional studies, it
is difficult to comprehend the exact mechanism of each disease-causing mutation. In general, it is known
that ABCA3 mutations dysregulate the normal processing and trafficking of ABCA3 protein and impair its
ATPase activity and lipid transport function resulting in disordered lamellar body organisation and
increased interleukin-8 production in AEC-2 cells [13, 16]. Based on these observations, therapeutic
interventions such as corticosteroids, hydroxychloroquine and macrolides have been widely applied to
patients with ABCA3 mutations, with moderate-to-very poor efficacy to date [7]. Hydroxychloroquine has
been used in our patient for almost two decades and seemed to have a stabilising effect on the disease.
Ophthalmological toxicity, one of the most common dosage-related side-effects, was completely reversible.
Hydroxychloroquine has various immunomodulatory mechanisms of action, which include lysosomal
acidification and inhibition of proteolysis, chemotaxis, phagocytosis and antigen presentation [17]. Its
safety and potential efficacy in chILD are already highlighted in case reports [18] and are currently under
investigation in a prospective, randomised placebo-controlled trial (clinicaltrials.gov HCQ-chILD-EU,
NCT02615938). In the present report, due to corticosteroids lack of effectiveness and to
hydroxychloroquine eye toxicity, azithromycin was the next therapeutic option. Azithromycin could
potentially benefit ABCA3 mutation-related ILD patients through its anti-inflammatory, phospholipidosis
modulating and histone deacetylase-2 restoring activity [19].

To conclude, this study reports a chILD patient with bi-allelic missense ABCA3 mutations who survived
from childhood to adulthood. Non-progression to end-stage fibrosis was proven by a second biopsy
20 years later. Molecular diagnosis was made in adulthood and appropriate genetic counselling was
provided accordingly. Genetic mechanisms should always be examined in specialised referral centres in
adult patients with childhood onset ILD.
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