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Genetic Disorders of Surfactant
Homeostasis

Timothy E. Weaver, Ph.D.

Cincinnati Children’s Research Foundation

Surfactant treatment, together with improvements in the general care of
preterm infants, is the major success story in neonatology. The biology behind
this clinical success is surprisingly complex and, more than two decades after
the advent of surfactant-based therapy, is incompletely understood. This
knowledge gap is exemplified by unexplained respiratory distress syndrome
(RDS) and interstitial lung disease (ILD) in term infants and children,
respectively. Genetic mutations that affect the synthesis, secretion, recycling
or degradation of surfactant components can lead to quantitative and/or
qualitative changes in the alveolar surfactant pool that, in turn, result in acute
RDS or ILD variably diagnosed as desquamative Interstitial pneumonitis,
chronic pneumonitis of infancy, non-specific interstitial pneumonitis, pulmonary
alveolar proteinosis, or idiopathic pulmonary fibrosis. A key component of
both endogenous and clinical surfactants is surfactant protein (SP-) B and
SP-C. Mutations in the gene encoding SP-B (SFTPB) disrupt intracellular
packaging of surfactant, inhibit formation/function of the alveolar surface film,
and block maturation of SP-C, resulting in lethal neonatal RDS. In contrast,
mutations in the gene encoding SP-C (SFTPC) are rarely associated with
RDS and are more frequently detected in infants, children, and adults with
ILD. Mice expressing disease-associated SFTPC alleles do not develop ILD,

underscoring the requirement of environmental and/or genetic stressors for



the onset, progression, and severity of disease. Mutations in the gene encoding
ABCAS disrupt intracellular trafficking of surfactant phospholipids, leading
to altered alveolar surfactant composition and lung function and, ultimately,
death shortly after birth. Expression of SFTPB, SFTPC, and ABCAS3 is
regulated by the transcription factor TTEF-1, encoded by NKXZ2 I, and
mutations resulting in haploinsufficiency are associated with severe neonatal
lung disease and/or ILD in childhood. Collectively, mutations in SFTPB,
SFTPC, ABCAS3, and NKXZ2. 1 account for up to 75% of children that have
unexplained lung pathology consistent with surfactant dysfunction. Although
mutations in CSF2, CSFZR, and GPRI16 may contribute to the remaining
25%, these alleles are all associated with a PAP-like phenotype. Thus, it is
likely that mutations in other genes associated with surfactant homeostasis

also contribute to acute and chronic lung disease in infancy and childhood.
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