










Figure 4 Progression of disease in follow-up biopsies. (A, B) Patient 1 initially had a pattern of variant pulmonary alveolar proteinosis (PAP) at
3 weeks of age (A), followed by a predominant pattern of non-specific interstitial pneumonitis (NSIP) at 4 years of age (B). Compared with the first
biopsy, the second shows increased airspace enlargement with more pronounced lobular remodelling and interstitial smooth muscle, decreased
interstitial widening, similar granular and globular proteinosis material, and occasional foci of endogenous lipoid pneumonia (A, 46 original
magnification; B, 26 original magnification). (C, D) Two biopsies in patient 6 both show significant lobular remodelling and increased interstitial smooth
muscle, as well as clusters of foamy macrophages. The biopsy at 4 years of age shows an NSIP pattern with patchy mild interstitial lymphocyte
infiltrates and only focal endogenous lipoid pneumonia (C, 46 original magnification). The follow-up biopsy at 9 years of age also shows an NSIP
pattern, but with much more prominent lymphocytic infiltrates and frequent cholesterol clefts (D, 46 original magnification).

Figure 5 Electron microscopic features of ABCA3 mutations. (A, B) Type II alveolar epithelial cells contain characteristic abnormal lamellar bodies
with distinctive central and eccentric round dense bodies (A, 2-month-old girl, 40006 original magnification; B, 2-year-old boy, 25 0006 original
magnification). A few degenerating forms suggesting lysosomal degradation are also noted in some cases. Many cases also contain a few normal
lamellar bodies (B, upper right) admixed with the abnormal forms. (C) Findings in a 6-year-old boy include only rare characteristic dense bodies with
many lamellar bodies that are small with vague irregular densities (C, 12 0006 original magnification) while others show normal size with appropriate
delicate whorled structure (D, 10 0006 original magnification). Occasional fusion of lamellar bodies is also noted (D).
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neonatal period had failure to thrive, and all of these patients
continued to grow poorly. The remainder, who underwent open
lung biopsy at older ages (suggesting milder disease), did not
have growth abnormalities at initial evaluation and they
continued to grow well. Serial CT imaging of the lungs
consistently showed bilateral ground-glass opacification that
in some cases decreased in intensity with age, while peripheral
interstitial thickening and small parenchymal lung cysts became
more prominent findings over time. Interestingly, pectus
excavatum was seen in all patients who were imaged beyond
infancy; one child underwent surgical correction of his pectus
before he was diagnosed with ABCA3 mutations. We are aware
of only one previous report of pectus excavatum in association
with chronic ILD in a patient with pulmonary alveolar
microlithiasis.15 Changes in CT findings over time did not
correlate with lung function, hypoxaemia or outcome, suggest-
ing that once the diagnosis is established, frequent routine
imaging studies are not warranted.

The systematic review of all open lung biopsy specimens in
our series—including repeat biopsies at older ages in two
children—showed that the pathological phenotypes of ABCA3
mutations are age-dependent. In the biopsy specimens obtained
from young infants, PAP and DIP were the predominant
patterns. In the two biopsy specimens from toddlers, one
showed a DIP pattern and the other had an NSIP pattern.
Finally, the older children—who underwent biopsy at 4–9 years
of age—all had an NSIP pattern, often with superimposed
endogenous lipoid pneumonia. No cases showed a complete
constellation of features seen in chronic pneumonitis of infancy.
As this pattern is most often recognised in older infants (6–
18 months) with SP-C mutations, its absence in our series may
reflect this gap in age distribution. While different histological
patterns have been reported in previous studies of ABCA3
mutations,3 8–10 an age-dependent variation in such patterns has
not been described. Together with earlier reports, our findings
emphasise that disease-causing mutations in the ABCA3 gene
can lead to multiple pathological diagnoses. It is important to
note that several of our patients had been followed for many
years (in one case into adulthood) with the pathological
diagnosis of NSIP or DIP, raising the possibility that some
adults with long-standing chronic ILD who have these
pathological patterns may actually have ABCA3 mutations.

The presence of characteristic small lamellar dense bodies in
all five patients in our cohort who had adequately preserved
samples for electron microscopic examination suggests that this
finding may be a sensitive diagnostic feature of ABCA3
mutations. The absence of mature lamellar bodies and

accumulation of these central or eccentrically placed dense
bodies have previously been reported in patients with ABCA3
mutations.3 10 13 16–18 In three of our five patients some normal
lamellar bodies were also seen in type II alveolar cells, which
previously had been described in only one patient.10 This finding
further underscores the variability in the histology that can
occur with ABCA3 mutations. More importantly, however,
given that results of DNA analyses are not quickly available,
emphasis must be placed on the need to preserve a portion of
any open lung biopsy done for evaluation of chILD for electron
microscopy analysis, as it may provide a rapid preliminary
diagnosis of ABCA3 mutations. Guidelines for the processing of
paediatric lung biopsies have recently been published.19

The significant heterogeneity and number of novel mutations
in the ABCA3 gene found in our patients is similar to the report
by Brasch et al10 and suggests that, like other genetic conditions
(eg, cystic fibrosis), many more mutations may yet be
discovered. The E292V mutation found in two of our patients
has been reported as the most common defect in the ABCA3
gene leading to chILD.20 Our study shows that the outcome in
children with ABCA3 mutations is also quite variable. Almost
half of our patients have survived into the second decade of life
without need for lung transplantation. However, we realise that
a selection bias may exist in our study due to the referral
pattern.

The clinical and radiological features described above for
ABCA3 mutations can overlap with those seen with other forms
of inborn errors of surfactant metabolism (SP-B and SP-C
mutations). Respiratory distress syndrome in term newborns
can result from either SP-B or ABCA3 mutations,1 while chronic
ILD starting in infancy or early childhood can be the
manifestation of either SP-C or ABCA3 mutations.2 4 5 7 21–24

Young children with ILD due to SP-C mutations can have
similar findings on CT imaging as those with ABCA3
mutations.7 21 22 While histological findings can also overlap,1 4–7 25

analysis of the lung ultrastructure using electron microscopy may
be able to distinguish between these three entities. Patients with
SP-B mutations have large, membrane-bound, pleomorphic,
cytoplasmic inclusions with irregularly disposed lamellae and
multiple associated vesicular structures,17 while patients with SP-C
mutations can have normal or (less commonly) somewhat
disorganised-appearing lamellar bodies.4 23 24

Based on the results of our analysis, we conclude that ABCA3
mutations should be considered in the differential diagnoses of
newborns with unexplained respiratory distress syndrome and
for older infants and young children who have chronic ILD of
unclear aetiology. Findings on HRCT scanning—particularly
widespread ground-glass opacification, septal thickening and
parenchymal lung cysts—can provide supportive evidence of a
possible inborn error in surfactant metabolism. DNA analysis
for mutations in the ABCA3 gene is necessary for a definitive
diagnosis and should also be considered for the SP-B and SP-C
genes because of similarities in the clinical, radiological and
pathological features of these entities. In patients with
suspected ABCA3 mutations and chronic stable disease,
confirmatory genetic testing will eliminate the need for a lung
biopsy. If genetic testing is equivocal or non-diagnostic, a lung
biopsy specimen should be obtained to look for one of the
compatible histological patterns and to evaluate for character-
istic lamellar dense bodies by electron microscopy. A lung
biopsy should also be considered in patients with suspected
ABCA3 mutations and rapidly progressive disease. These
patients could be candidates for lung transplantation, and
awaiting genetic testing results would delay a timely diagnosis.

Figure 6 Outcomes in the nine patients with ABCA3 mutations in
relation to age at open lung biopsy. Tx, transplant.
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Outcomes in patients with ABCA3 mutations are variable,
ranging from severe irreversible respiratory failure in early
infancy to chronic static or progressive interstitial lung disease,
with many patients surviving well into their second decade
without lung transplantation.

Acknowledgements: The authors thank Drs Phil Black, Fran White, Stuart Sweet,
Susan Wert, Gail Deutsch, Lisa Young, Aaron Hamvas, Robert Zwerdling, Jason
Fullmer and Tarak Patel for their care of these patients and their assistance in our
research. We recognise Mr Jim Barrish for his technical expertise in electron
microscopy. We also express our appreciation to the patients and their families for
their assistance and willingness to participate in the study.

Funding: LMN was supported by an NIH grant (HL-54703).

Competing interests: None.

Ethics approval: This study was approved by the Institutional Review Board of Baylor
College of Medicine.

REFERENCES
1. Nogee LM, deMello DE, Dehner LP, et al. Deficiency of pulmonary surfactant protein

B in congenital alveolar proteinosis. N Engl J Med 1993;328:406–10.
2. Nogee LM, Dunbar AE, Wert SE, et al. A mutation in the surfactant protein C gene

associated with familial interstitial lung disease. N Engl J Med 2001;344:573–9.
3. 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.
4. Thomas AQ, Lane K, Phillips J, et al. Heterozygosity for a surfactant protein C gene

mutation associated with usual interstitial pneumonitis and cellular nonspecific
interstitial pneumonitis in one kindred. Am J Respir Crit Care Med 2002;165:1322–8.

5. Tredano M, Griese M, Brasch F, et al. Mutation of SFTPC in infantile alveolar
proteinosis with or without fibrosing lung disease. Am J Med Gen 2004;126A:18–26.

6. Cameron HS, Somaschini M, Carrera P, et al. A common mutation in the surfactant
protein C gene associated with lung disease. J Pediatr 2005;146:370–5.

7. Stevens PA, Pettenazzo A, Brasch F, et al. Nonspecific interstitial pneumonia,
alveolar proteinosis, and abnormal proprotein trafficking resulting from a spontaneous
mutation in the surfactant protein C gene. Pediatr Res 2005;57:89–98.

8. Bullard JE, Wert SE, Whitsett JA, et al. ABCA3 mutations associated with pediatric
interstitial lung disease. Am J Respir Crit Care Med 2005;172:1026–31.

9. Garmany TH, Moxley MA, White FV, et al. Surfactant composition and function in
patients with ABCA3 mutations. Pediatr Res 2006;59:801–5.

10. Brasch F, Schimanski S, Muhlfeld C, et al. Alteration of the pulmonary surfactant
system in full-term infants with hereditary ABCA3 deficiency. Am J Respir Crit Care
Med 2006;174:571–80.

11. Mulugeta S, Gray JM, Notarfrancesco KL, et al. Identification of LBM180, a lamellar
body limiting protein of alveolar type II cells, as the ABC transporter protein ABCA3.
J Biol Chem 2002;277:22147–55.

12. Fan LL, Kozinetz CA. Factors influencing survival in children with chronic interstitial
lung disease. Am J Respir Crit Care Med 1997;156:939–42.

13. Prestridge A, Wooldridge J, Deutsch G, et al. Persistent tachypnea and hypoxia in a
3-month-old term infant. J Pediatr 2006;149:702–6.

14. Lawson ML, Barnes-Eley M, Burke BL, et al. Reliability of a standardized protocol to
calculate cross-sectional chest area and severity indices to evaluate pectus
excavatum. J Pediatr Surg 2006;41:1219–25.

15. Hasan S, Cevat O, Sami C, et al. Pulmonary alveolar microlithiasis with pectus
excavatum. Case report. Indian J Med Sci 1994;48:199–200.

16. Cutz E, Wert SE, Nogee LM, et al. Deficiency of lamellar bodies in alveolar type II
cells associated with fatal respiratory disease in a full-term infant. Am J Respir Crit
Care Med 2000;161:608–14.

17. Tryka AF, Wert SE, Mazursky JE, et al. Absence of lamellar bodies with
accumulation of dense bodies characterizes a novel form of congenital surfactant
defect. Pediatr Dev Pathol 2000;3:335–45.

18. Edwards V, Cutz E, Viero S, et al. Ultrastructure of lamellar bodies in congenital
surfactant deficiency. Ultrastruct Pathol 2005;29:503–9.

19. Langston C, Patterson K, Dishop MK, et al. A protocol for the handling of tissue
obtained by operative lung biopsy: recommendations of the chILD Pathology Co-
operative Group. Pediatr Dev Pathol 2006;9:173–80.

20. Nogee LM. Genetics of pediatric interstitial lung disease. Curr Opin Pediatr
2006;18:287–92.

21. Amin RS, Wert SE, Baughman RP, et al. Surfactant protein deficiency in familial
interstitial lung disease. J Pediatr 2001;139:85–92.

22. Soraisham AS, Tierney AJ, Amin HJ. Neonatal respiratory failure associated with
mutation in the surfactant protein C gene. J Perinatol 2006;26:67–70.

23. Brasch F, Griese M, Tredano M, et al. Interstitial lung disease in a baby with a de
novo mutation in the SFTPC gene. Eur Respir J 2004;24:30–9.

24. Hamvas A, Nogee LM, White FV, et al. Progressive lung disease and surfactant
dysfunction with a deletion in surfactant protein C gene. Am J Respir Cell Mol Biol
2004;30:771–6.

25. Whitsett JA, Wert SE, Trapnell BC. Genetic disorders influencing lung formation and
function at birth. Hum Mol Genet 2004;13:R207–15.

Interstitial lung disease

Thorax 2008;63:366–373. doi:10.1136/thx.2007.083766 373

group.bmj.com on September 22, 2017 - Published by http://thorax.bmj.com/Downloaded from 

http://thorax.bmj.com/
http://group.bmj.com


features of ABCA3 mutations in children
Clinical, radiological and pathological

Mallory, M M Sockrider and L L Fan
M L Doan, R P Guillerman, M K Dishop, L M Nogee, C Langston, G B

doi: 10.1136/thx.2007.083766
2008 63: 366-373 originally published online November 16, 2007Thorax 

 http://thorax.bmj.com/content/63/4/366
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://thorax.bmj.com/content/63/4/366

This article cites 25 articles, 2 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (184)Transplantation
 (812)Radiology (diagnostics)

 (676)Cardiothoracic surgery
 (12)Pulmonary alveolar proteinosis

 (843)Child health
 (559)Interstitial lung disease

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on September 22, 2017 - Published by http://thorax.bmj.com/Downloaded from 

http://thorax.bmj.com/content/63/4/366
http://thorax.bmj.com/content/63/4/366#BIBL
http://thorax.bmj.com//cgi/collection/interstitial_lung_disease
http://thorax.bmj.com//cgi/collection/child_health
http://thorax.bmj.com//cgi/collection/pulmonary_alveolar_proteinosis
http://thorax.bmj.com//cgi/collection/cardiothoracic_surgery
http://thorax.bmj.com//cgi/collection/radiology
http://thorax.bmj.com//cgi/collection/transplantation
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://thorax.bmj.com/
http://group.bmj.com

