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ATP binding cassette member A3 (ABCA3): coming of age
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Pathogenic variants in the ATP binding cassette member A3 (ABCAZ3) gene were first
described in newborn infants with lethal respiratory failure in 2004.1 Subsequent reports
have expanded the clinical spectrum associated with biallelic ABCA3 variants to include
infants with the phenotype of childhood interstitial lung disease (chILD), who presented
after the newborn period and had prolonged survival, even into adulthood.24 A genotype—
phenotype correlation has emerged with biallelic null (frameshift or nonsense) ABCA3
variants predicting neonatal onset of respiratory failure and death prior to 1 year of age
without lung transplantation, whereas the age of presentation and disease course associated
with other ABCA3 variants (missense, splicing and in-frame insertion/deletions) are less
reliably predicted.3® Since the original report, much of the ensuing literature has focused on
identifying novel ABCA3 variants, describing histopathological and ultrastructural features
of affected lung tissue, and characterising /n vivo and in vitro models of gene regulation
and variant-specific disease mechanisms. Robust clinical data regarding disease progression,
pulmonary outcomes and survival, particularly for those presenting or surviving beyond
infancy, have been scarce. In their Thorax paper, Li et a/ provide in-depth clinical data for
44 children with ABCAZ3 deficiency from the chILD EU Kids Lung Register database over
a 21-year period who survived beyond the first year of life.6 This study demonstrates the
power of multicentre collaboration and patient registries for defining the natural history of
rare chILD disorders, as most centres follow only a few patients. The assembled cohort
provides detailed genetic, radiologic, histopathological, pulmonary function data as well as
medication and home oxygen use, further defining the clinical course, disease surveillance
and progression beyond the first year of life. Importantly, more than 80% of children
surviving beyond infancy were alive at 6 years without lung transplantation, providing
affected children, families and clinicians with hope for this often life-limiting disease.

While the study provides important clinical information, there are several limitations. Most
notably, the authors classified all missense ABCA3 variants as ‘hypomorphic’. Two classes
of ABCA3 mutants have been recognised: type | mutants are mistrafficked and retained in
the endoplasmic reticulum (ER), whereas type || mutants demonstrate reduced phospholipid

Correspondenceto Dr Alicia Casey, Boston Children’s Hospital, Boston 02199, Massachusetts, USA;
alicia.casey@childrens.harvard.edu.

Contributors AC, LN and JW: have made a substantial contribution to the concept or design of the article and drafted the article or
revised it critically for important intellectual content; and approved the version to be published.

Competing interests None declared.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Casey et al.

Page 2

transport.” 8 However, the ABCA3 mutant class is not reliably predicted by the location in
the gene or protein, and fewer than 10% of the over 300 reported disease-associated ABCA3
variants have been functionally characterised /n vitro. While type 1l mutants, including

the most common pathogenic variant p.E292V, may be classified as ‘hypomorphic’, the
effects of type | mutants are more difficult to determine. Type | mutants impair cleavage

of the ABCAS precursor protein, do not traffic to the lysosomally derived lamellar body
membrane, and may activate intracellular stress pathways due to accumulation of mutant
ABCAS3 in the ER. Additionally, among type Il or ‘hypomorphic’ ABCA3 variants, there is
likely a spectrum of impaired phospholipid transport.® Second, 7 silico variant prediction
algorithms are limited in their ability to predict pathogenicity. Characterisation of explanted
lung tissue from children who underwent lung transplantation for ABCA3 deficiency
demonstrated that a missense variant near the exon—intron junction altered splicing and had
a ‘null” effect.10 Studies in other genes/proteins demonstrated that even variants within the
canonical splice site may not alter splicing or result in leaky splicing, and thus experimental
data from lung tissue are needed to confirm alteration of splicing and ‘null’ effect.11 12
Third, the authors included individuals with ABCA3 variants (p.N124S, p.R280H, p.R288K,
p.R709W, p.P766S) of uncertain pathogenicity, with conflicting in silico predictions, and
some of which are identified among multiple individuals, including homozygous adults,

in the genome aggregation databasel3 (gnomAD, gnomad.broadinstitute. org). While the
effects of these ABCA3 variants remain uncertain, the authors provide additional clinical
details for these individuals in the supplement. It is possible that some of these individuals
have a pathogenic variant on only one allele, and the natural history for symptomatic
individuals with monoallelic ABCA3variants is currently unknown.14-16 Fourth, due to

the small number of individuals who underwent chest CT and pulmonary function testing,
it is unclear whether progression of CT findings correlates with genotype or pulmonary
function. Fifth, while the authors reported exposure to medications for treatment of chILD
(eg, steroids, hydroxychloroquine, macrolides), due to lack of time-dependent data, the
impact of these therapies could not be assessed.

Despite these limitations, Li ef a/provide important longitudinal clinical information about
affected individuals surviving beyond 1 year. As medical therapies for ABCA3 deficiency
remain limited and not variant-specific, the clinical data provided in this manuscript may
inform clinical trials and outcome metrics for current anti-inflammatory and emerging anti-
fibrotic therapies.5 17-19 Given the structural similarities between ABCA3 and the Cystic
Fibrosis Transmembrane Receptor (CFTR), which is encoded by ABCC7, and the success
of variant-specific modulator therapies for patients with cystic fibrosis, hopefully, similar
therapies could be developed for patients with ABCA3 deficiency.8 20-22 As clinicians and
families consider future participation in clinical trials and therapeutic options, the limitations
of this manuscript underscore the need for caution in deciding which patients should be
included. Approximately 10% of ABCAS3 variants may be in ¢/s with another ABCA3
variant,3 highlighting the need for parental samples to phase variants. With increasing
availability of genetic testing, diagnostic lung biopsy is less often pursued as demonstrated
in this study. Without a lung biopsy demonstrating consistent histopathology and with the
large number of private ABCAS3 variants, the majority of which lack correlative functional
data, there is substantial risk of making the diagnosis of ABCA3 deficiency in patients
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who may have another basis for their lung disease. Methods to increase the efficiency

of functional characterisation of ABCA3variants and screening of repurposed or novel
chemical correctors are being developed and will inform diagnosis, disease mechanisms and
potential therapeutics.8 22 Additionally, as exome and genome sequencing are increasingly
being used as diagnostic tools and will result in the identification of novel variants/genes, the
need for sharing genetic data through rare disease registries such as the Kids Lung Registry
(chILD EU), the US chILD national registry and the Australian-New Zealand registry
(chIL-DRANZ N) will facilitate the assembly of carefully phenotyped patient cohorts for
clinical research and future interventions. We applaud Li et a/ for further defining the
clinical characteristics of individuals with ABCAS3 deficiency older than 1 year as they come

of age.

Funding
The authors have not declared a specific grant for this research from any funding agency in the public, commercial
or not-for-profit sectors.

REFERENCES

1. Shulenin S, Nogee LM, Annilo T, et al. ABCA3 gene mutations in newborns with fatal surfactant
deficiency. N Engl J Med 2004;350:1296-303. [PubMed: 15044640]

2. Doan ML, Guillerman RP, Dishop MK, et al. Clinical, radiological and pathological features of
ABCA3 mutations in children. Thorax 2008;63:366-73. [PubMed: 18024538]

3. Wambach JA, Casey AM, Fishman MP, et al. Genotype-phenotype correlations for infants and
children with ABCA3 deficiency. Am J Respir Crit Care Med 2014;189:1538-43. [PubMed:
24871971]

4. Klay D, Platenburg MGJP, van Rijswijk RHNAJ, et al. ABCA3 mutations in adult pulmonary
fibrosis patients: a case series and review of literature. Curr Opin Pulm Med 2020;26:293-301.
[PubMed: 32238781]

5. Kroner C, Wittmann T, Reu S, et al. Lung disease caused by ABCA3 mutations. Thorax
2017;72:213-20. [PubMed: 27516224]

6. Li Y, Seidl E, Knoflach K, et al. ABCA3-related interstitial lung disease beyond infancy. Thorax
2023:thorax-2022-219434.

7. Wambach JA, Yang P, Wegner DJ, et al. Functional characterization of ATP-binding cassette
transporter A3 mutations from infants with respiratory distress syndrome. Am J Respir Cell Mol
Biol 2016;55:716-21. [PubMed: 27374344]

8. Wambach JA, Yang P,Wegner DJ, et al. Functional genomics of ABCA3 variants. Am J Respir Cell
Mol Biol 2020;63:436-43. [PubMed: 32692933]

9. Hu JY, Yang P, Wegner DJ, et al. Functional characterization of four ATP-binding cassette
transporter A3 gene (ABCAZ3) variants. Hum Mutat 2020;41:1298-307. [PubMed: 32196812]

10. Xu KK, Wegner DJ, Geurts LC, et al. Biologic characterization of ABCA3 variants in lung tissue
from infants and children with ABCA3 deficiency. Pediatr Pulmonol 2022;57:1325-30. [PubMed:
35170262]

11. Spurdle AB, Couch FJ, Hogervorst FBL, et al. Prediction and assessment of splicing alterations:
implications for clinical testing. Hum Mutat 2008;29:1304-13. [PubMed: 18951448]

12. Delestrain C, Simon S, Aissat A, et al. Deciphering the mechanism of Q145H SFTPC mutation
unmasks a splicing defect and explains the severity of the phenotype. Eur J Hum Genet
2017;25:779-82. [PubMed: 28295039]

13. Karczewski KJ, Francioli LC, Tiao G, et al. The mutational constraint spectrum quantified from
variation in 141,456 humans. Nature 2020;581:434-43. [PubMed: 32461654]

Thorax. Author manuscript; available in PMC 2023 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Casey et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 4

Wambach JA, Wegner DJ, Depass K, et al. Single ABCA3 mutations increase risk for neonatal
respiratory distress syndrome. Pediatrics 2012; 130:e1575-82. [PubMed: 23166334]

Naderi HM, Murray JC, Dagle JM. Single mutations in ABCA3 increase the risk for neonatal
respiratory distress syndrome in late preterm infants (gestational age 34-36 weeks). Am J Med
Genet A 2014;164A:2676-8. [PubMed: 25073622]

Wittmann T, Frixel S, Hoppner S, et al. Increased risk of interstitial lung disease in children with a
single R288K variant of ABCA3. Mol Med 2016;22:183-91. [PubMed: 26928390]

Griese M, Kappler M, Stehling F, et al. Randomized controlled phase 2 trial of hydroxychloroquine
in childhood interstitial lung disease. Orphanet J Rare Dis 2022;17:289. [PubMed: 35871071]
Griese M, Kdhler M, Witt S, et al. Prospective evaluation of hydroxychloroquine in pediatric
interstitial lung diseases: study protocol for an investigator-initiated, randomized controlled,
parallel-group clinical trial. Trials 2020;21:307. [PubMed: 32245508]

Deterding R, Young LR, Deboer EM, et al. Nintedanib in children and adolescents with fibrosing
interstitial lung diseases. Eur Respir J 2022.

Kinting S, Hoppner S, Schindlbeck U, et al. Functional rescue of misfolding ABCA3 mutations by
small molecular correctors. Hum Mol Genet 2018;27:943-53. [PubMed: 29325094]

Kinting S, Li Y, Forstner M, et al. Potentiation of ABCAZ3 lipid transport function by ivacaftor and
genistein. J Cell Mol Med 2019;23:5225-34. [PubMed: 31210424]

Forstner M, Lin S, Yang X, et al. High-content screening identifies cyclosporin A as a novel
ABCA3-specific molecular corrector. Am J Respir Cell Mol Biol 2022;66:382-90. [PubMed:
34936540]

Thorax. Author manuscript; available in PMC 2023 June 01.



	References

