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Genetic disorders of surfactant metabolism are rare causes 
of lung disease that arise from mutations in genes that 
encode proteins important in surfactant function and 
metabolism, and are associated with significant morbidity 
and mortality.1 Four different genes have been identified 
to date that can result in these disorders, with overlapping 
phenotypes that can range from severe neonatal respiratory 
distress syndrome to subacute interstitial lung disease 
in adults. Next generation DNA sequencing panels can 
simultaneously analyze multiple genes cost effectively, 
allowing for non-invasive molecular diagnoses of these 
disorders, potentially avoiding the need for lung biopsies 
in critically ill patients.  

Mutations in SFTPC, the gene encoding surfactant 
protein C (SP-C),  are  associated with the most 
variable clinical course. The age of onset, severity 
and progression of lung disease in patients with 
SFTPC mutations varies greatly, even amongst family 
members with the same mutation, and the reasons for 
this variability are poorly understood. In last issue of 
Pediatric Investigation, Tang and colleagues report on 
five subjects with lung disease apparently due to SFTPC 
mutations identified using a multi-gene panel, including 
one subject with features (diffuse alveolar hemorrhage 
and immune dysfunction) not previously associated 
with SFTPC mutations.2 Their findings thus potentially 
further expand the spectrum of disease associated with 
SFTPC mutations, and also raise provocative questions 
as to the incidence and prevalence of disease. Their 
diagnostic approach in using a panel that included over 
1600 genes indicates the potential utility of such an 
approach in understanding how the contributions of 
multiple genes may lead to a certain phenotype, but also 
highlights the limitations of interpretations of genetic 
testing in deciding upon a diagnosis. 

The subject in Tang’s report who also had immune 
dysfunction carried a well-recognized pathogenic 
SFTPC  mutation, a substitution of threonine for 
i so leuc ine  in  codon  73  (p . I le73Thr) .  The  da ta 
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suppor t ing  tha t  SFTPC  p . I le73Thr  muta t ion  i s 
pathogenic are robust. There are multiple reports 
of patients with a consistent phenotype with this 
muta t ion ,  while i t  is  absent in large population 
databases.3-5 The mutation both segregated with lung 
disease in familial cases and was identified in subjects 
with sporadic disease and de novo mutations. In vitro 
studies and its expression in genetically modified mice 
also support that it causes lung disease.6,7 Immune 
dysfunction has not been part of the phenotype of other 
reported patients with this mutation. What might be 
different in the subject in this report? 

The answer may lie in findings in other genes. In the 
supplementary data table, this subject was also found 
to have two variants in the gene (LRBA) encoding the 
LPS responsive beige-like anchor protein, which were 
inferred to be on opposite alleles as the parents were 
also tested. LRBA deficiency is a recognized autosomal 
recessive cause of immune dysfunction, so if the 
identified LRBA variants are pathogenic then this child 
has two distinct genetic disorders.8 There is precedent 
for multiple genetic disorders in the same subject. In a 
large study using exome sequencing to identify novel 
genetic disorders, some subjects with had potentially 
significant findings in more than one gene.9,10 Even 
if only one of the LRBA variants is pathogenic, it 
is possible that i t  contributed to the phenotype. 
Monoallelic mutations in another surfactant-related 
gene, ABCA3, can modify the phenotype associated 
with SFTPC mutations.11  

Potentially important variants in other genes were also 
identified the other subjects of this study. Of two other 
subjects who also had SFTPC p.Ile73Thr, one had 
multiple variants in surfactant related genes as well as in 
MUC5B — a gene in which a promoter variant influences 
the risk for pulmonary fibrosis and the other had a variant 
in TSC2, which can also be associated with lung disease. 
A subject with a different but previously reported as 
pathogenic SFTPC variant had two variants in a gene in 
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which mutations cause primary ciliary dyskinesia. Thus, 
the broad examination of multiple genes that influence 
pulmonary and immune function may provide insights 
that could explain some of phenotypic variability due to 
SFTPC mutations. 

T h i s  a p p r o a c h  a l s o  i l l u s t r a t e s  c h a l l e n g e s  i n 
interpretation of genetic results. One subject had 
the SFTPC mutation, p.Val39Leu. The apparent de 
novo occurrence of this mutation in a subject with 
sporadic disease and its segregation with disease in 
familial cases support that it may be disease-causing.12 
However, in a publically available database (https://
gnomad.broadinstitute.org), the allele frequency for 
this variant in the East Asian population is 0.7% (133 
in 18 870 alleles). While not common, this is also 
not exceeding rare and by extrapolation, almost 19.5 
million Chinese individuals carry this mutation and 
thus could have or be at risk for SFTPC related lung 
disease! This subject also had a variant (p.Phe168Leu) 
in the gene NKX2-1 encoding Thyroid Transcription 
Factor 1 (which is important for surfactant protein 
gene expression) that has previously been associated 
with dominantly inherited lung disease.13 Thus, it is 
unclear whether this subject’s lung disease was due to 
the NKX2-1 mutation, the SFTPC mutation, or both 
acting in combination. Whether SFTPC p.Val39Leu is 
truly disease causing will require additional clinical 
and basic science studies.  

Mult igene panels  are now readily avai lable for 
diagnostic testing through multiple laboratories (www.
ncbi.nlm.nih.gov/gtr), and the cost of sequencing the entire 
exome and genome continues to fall. The availability and 
increased utilization of such testing will increasing enable 
diagnosing rare disorders. However, as the study by Tang 
and colleagues indicates, the use of such approaches also 
presents challenges in establishing the correct diagnosis or 
diagnoses. It also illustrates the potential for understanding 
phenotypic variability due to multiple genetic variables. 
Sharing of data through publication of all potentially 
relevant findings such as in the current report will be 
essential for continued progress.  

Lawrence M. Nogee
Eudowood Division of Neonatology, 

Department of Pediatrics,
 Johns Hopkins University School of Medicine, 

Baltimore, Maryland, USA

Correspondence
Lawrence M. Nogee, Eudowood Division of Neonatology,

Department of Pediatrics, Johns Hopkins University 
School of Medicine,

                                Baltimore, MD 21287, USA
Email: lnogee@jhmi.edu 

CONFLICT OF INTEREST
None.

References 
  1.	 Nogee LM. Genet ic  causes  of  surfactant  protein 

abnormalities. Curr Opin Pediatr. 2019;31:330-339.
  2.	 Tang X, Shen Y, Zhou C, Yang H, Liu H, Li H, et al. 

Surfactant protein C dysfunction with new clinical insights 
for diffuse alveolar hemorrhage and autoimmunity. Pediatr 
Invest. 2019;3:201-206. 

  3.	 Cameron HS, Somaschini M, Carrera P, Hamvas A, Whitsett 
JA, Wert SE, et al. A common mutation in the surfactant 
protein C gene associated with lung disease. J Pediatr. 
2005;146:370-375.

  4.	 Kroner C, Reu S, Teusch V, Schams A, Grimmelt AC, 
Barker M, et al. Genotype alone does not predict the clinical 
course of SFTPC deficiency in paediatric patients. Eur 
Respir J. 2015;46:197-206. 

  5.	 Stevens PA, Pettenazzo A, Brasch F, Mulugeta S, Baritussio 
A, Ochs M, 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. 

  6.	 Hawkins A, Guttentag SH, Deterding R, Funkhouser 
WK, Goralski JL, Chatterjee S, et al. A non-BRICHOS 
SFTPC mutant (SP-CI73T) linked to interstitial lung disease 
promotes a late block in macroautophagy disrupting cellular 
proteostasis and mitophagy. Am J Physiol Lung Cell Mol 
Physiol. 2015;308:L33-47.

  7.	 Nureki SI, Tomer Y, Venosa A, Katzen J, Russo SJ, Jamil 
S, et al. Expression of mutant Sftpc in murine alveolar 
epithelia drives spontaneous lung fibrosis. J Clin Invest. 
2018;128:4008-4024. 

  8.	 Liphaus BL, Caramalho I, Rangel-Santos A, Silva CA, 
Demengeot J, Carneiro-Sampaio MMS. LRBA deficiency: 
a new genetic cause of monogenic lupus. Ann Rheum Dis. 
2019;pii:annrheumdis-2019-216410. 

  9.	 Lu JT, Campeau PM, Lee BH. Genotype-phenotype 
correlation--promiscuity in the era of nextgeneration 
sequencing. N Engl J Med. 2014;371:593-596. 

10.	 Yang Y, Muzny DM, Reid JG, Bainbridge MN, Willis 
A, Ward PA, et al. Clinical whole-exome sequencing 
for the diagnosis of mendelian disorders. N Engl J Med. 
2013;369:1502-1511. 

11.	 Bullard JE, Nogee LM. Heterozygosity for ABCA3 
mutations modifies the severity of lung disease associated 
with a surfactant protein C gene (SFTPC) mutation. Pediatr 
Res. 2007;62:176-179. 

12.	 Chen J, Nong G, Liu X, Ji W, Zhao D, Ma H, et al. Genetic 
basis of surfactant dysfunction in Chinese children: A 
retrospective study. Pediatr Pulmonol. 2019;54:1173-1181.

13.	 Hamvas A, Deterding RR, Wert SE, White FV, Dishop MK, 
Alfano DN, et al. Heterogeneous pulmonary phenotypes 
associated with mutations in the thyroid transcription factor 
gene NKX2-1. Chest. 2013;144:794-804. 

How to cite this article: Nogee LM. Genetic testing for rare 
pediatric lung disorders:The promise and the pitfalls. Pediatr 
Invest. 2020;4:59-60. https://doi.org/10.1002/ped4.12179

https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
http://www.ncbi.nlm.nih.gov/gtr
http://www.ncbi.nlm.nih.gov/gtr
http://www.ncbi.nlm.nih.gov/gtr
http://www.ncbi.nlm.nih.gov/gtr

