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Abstract 

 

 Interstitial lung diseases (ILDs) occur through out childhood and adult life. In neonates and infants, 

defects in lung development and growth and defects in surfactant production and function are common 

features with the environmental factors being less important. For older children, genetic background 

combined with environmental exposure is central to the pathophysiology of ILD. In adults, environmental 

exposure becomes more critical to mechanism of disease with genetic background becoming less essential. 

Thus ILDs are often multifactorial in origin but recently molecular genetic defects have been described, 

especially in children. Thus, genetic testing is a non-invasive investigation that is likely to identify the 

genetic underpinning of childhood interstitial lung diseases (chILD). This is likely to provide insights into 

the mechanism of disease, which that may be helpful for treatment and defining the prognosis. This review 

summarizes genetic defects that can lead to ILDs, and highlights the recent advances in several kinds of 

chILD. 
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1. Introduction 

 

 Interstitial lung disease (ILD) consists of a 

diverse group of disorders that involve the 

pulmonary parenchyma and interfere with gas 

exchange [1]. ILD is rare in children, but is 

associated with high mortality [2] and poor 

prognosis [3]. In children, ILD although less 

frequent, comprises a broader spectrum of 

disorders with a more variable clinical course 

compared to adults. Adult patterns of disease are 

well understood. Usual interstitial pneumonia 

(UIP) the pathologic correlate of idiopathic 

pulmonary fibrosis (IPF) is the most common 

ILD in adults but has yet to be described in any 

pediatric case [4]. Nonspecific interstitial 

pneumonia (NSIP), although frequent in the adult 

population might in frequently occur in children. 

IPF/UIP and NSIP closely mimic each other 

clinically but NSIP has a far better outcome. 

There is some overlap in the histological 

pathological patterns of ILD in adults; Whether 

NSIP is a truly separate and distinct entity of IPF 

remains not to be established [5].  

Children's Interstitial Lung Diseases (chILDs) are 

a broad spectrum of disorders with a different and 

more variable clinical course [6]. chILD includes 

unique disease entities like pulmonary interstitial 

glycogenosis [7], the neuroendocrine cell 

hyperplasia of infancy [8] and the genetic 

disorders of surfactant metabolism. Even in 

children different histologic patterns are observed 

in older children [9]. Accordingly classification 

has been difficult. There have been many 

different approaches to classify chILDs; in 2002 a 

classification that integrated clinical 

investigation, radiography and pathology (CRP) 

was established for ILD [10]. Important insights 

of this classification include the role of defects in 

lung development and surfactant metabolism in 

the pathophysiology of chILDs [11]. Even within 

chILDs similar diseases have different prognoses.  

The American Thoracic Society’s practice 

guidelines lead to the development of an even 

more coherent classification of ILDs for infant 

[12]. This builds on the former classification that 

was proposed by the chILDs Research Network 

[4]. This classification scheme includes two main 

categories: “disorders more prevalent in infancy” 

and “disorders not specific to infancy.” Some 

disorders present predominantly in infancy, but 

may also present later in childhood or even 

adulthood; likewise conditions that are more 

common in older children and adults, can present 

in infancy. 

Heterogenetic clinical features, genetic 

background and environmental interaction have 

made chILD difficult to classify. An 

understanding of how genetic factors and 

environmental exposures interact in individuals to 

alter normal biological function is required to 

advance our understanding of these conditions. 

Genetic underpinning is important for children.  

With the advent of modern genetics testing, a 

classification that is based upon underlying 

mechanisms of disease is possible which also 

allows for counseling families concerning 

recurrence risks and prediction of natural history. 

The biological/genetic data may contribute to a 

better understanding of the etiology of the chILD. 

In this review we highlight the genetic basis of 

disease as well as how infectious diseases can 

cause ILD type diseases 

   

2. Disorders more prevalent in infancy 

 

2.1 The disorders of development and growth 

of lung 

The interaction between the lung bud, 

mesenchyme and epithelium influences the 

prenatal and postnatal development and growth 

of the lung. Any disturbance during this process 

may result in a mal-development of the lung. This 

pattern is well illustrated in some specific forms 

of ILD more prevalent in infancy such as alveolar 

capillary dysplasia, a misalignment of the 

pulmonary veins (ACD/MPV), and 

bronchopulmonary dysplasia. 

 

2.1.1 Alveolar capillary dysplasia 

Alveolar capillary dysplasia with 

misalignment of the pulmonary veins 

(ACD/MPV) is a rare, fatal developmental lung 

disorder of neonates and infants with an 

inadequate development of the pulmonary 

capillary bed. Affected infants typically present 

with fulminant symptoms.  
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Stankiewicz and colleagues reported that six 

different-sized overlapping microdeletions 

encompassing the Forkhead box protein (FOX) 

transcription factor gene cluster in chromosome 

16q24.1q24.2 in patients with ACD/MPV [13]. 

Within this cluster a number of candidate genes 

were identified but ultimately Forkhead box 

protein F1 (FOXF1) was confirmed to be 

essential as four different heterozygous mutations 

(frameshift, nonsense, and no-stop) were 

described in this gene. In about 40% of 

ACD/MPV cases a mutation or deletion in 

FOXF1 gene can be identified. The molecular 

pathogenesis of FOXF1 in ACD/MPV remains 

unclear. Studies in humans and mice have 

revealed that the FOXF1 protein is involved in 

sonic hedgehog signaling and in turn sonic 

signally is important for vascular signaling. These 

signaling cascades must somehow be altered to 

result in ACD/MPV. 

The spectrum of disease is now being 

appreciated. Rare reports with late onset or mild 

symptoms have begun to emerge in infancy 

[14,15]. Also from pedigree analyses of 

ACD/MPV patients’ families, ACD/MPV have 

both autosomal dominant and recessive patterns 

of inheritance [16]. FOXF1 mutations or 

deletions do not account for all of the cases, thus 

other genes are possible. Sonic hedgehog 

signaling proteins are attractive candidates genes.  

Genetics and gene expression studies are 

providing insights into the molecular 

pathophysiology of ACD/MPV. Sen et al 

reported that by comparing transcriptomes of 

human ACD/MPV lungs with control lungs using 

expression arrays several genes and pathways 

that were involved in lung development, 

angiogenesis, and in pulmonary hypertension 

development were deregulated. Similarly 

transcriptional changes were found in the lungs of 

the postnatal day 0.5 Foxf1+/- mice when 

compared to their wild-type littermate controls. 

Dysregulatin of 14 genes (COL15A1, COL18A1, 

COL6A2, ESM1, FSCN1, GRINA, IGFBP3, 

IL1B, MALL, NOS3, RASL11B, MATN2, 

PRKCDBP, and SIRPA) was a common for lungs 

from humans with ACD/MPV and from Foxf1+/- 

mice [17]. Ren and collaborators described the 

role of FOXF1 in the development of embryonic 

vasculature. The loss of endothelial FOXF1 

induced a profound reduction in the expression of 

several endothelial specific genes encoding 

including VEGFR1, VEGFR2 and PECAM [18]. 

Tiozzoet et al found that patients with ACD had 

decreased expression of the phosphatase and 

tensin homolog, PTEN.  This is a known tumor 

suppressor gene that controlling that controls cell 

cycle genes thus is likely to be important for 

stem/progenitor cell proliferation and 

differentiation. Mesodermal PTEN inactivation 

leads to alveolar capillary dysplasia-like 

phenotype [19]. 

With advances in technology, the 

identification of new candidate genes is possible. 

Next-generation sequencing technologies enabled 

identification of several new genes for 

sequencing whole genome and exome. 

Sequencing ACD/MPV samples from pedigrees 

and the family members showing autosomal 

recessive pattern inheritance will provide new 

genetic insights. 

 

2.1.2 Bronchopulmonary dysplasia 

Bronchopulmonary dysplasia (BPD) is a 

post-natal growth abnormality, which is the most 

common chronic lung disease of infants. BPD is 

chronic lung disease of prematurity mainly 

affecting preterm infants that are born at 24–28 

weeks of gestation [20] or low birth weight. 

However, a few term infants with early postnatal 

lung injury may also show the changes of BPD; 

likewise not all the preterm infants with postnatal 

lung injury may develop BPD. Therefore 

susceptibility to BPD is in part inherited. 

Likewise affected twins have been described, 

which suggests a genetic contribution to BPD. 

[21-23]. On the basis of current understanding of 

BPD, investigators have identified backgrounds 

modifying gene via SNP analysis. Broad 

categories of genes were found to be important 

including those with the roles in lung 

development, surfactant metabolism, and 

regulation of inflammation. The candidate genes 

included tumor necrosis factor (TNF), 

angiotensin converting enzyme (ACE), vascular 

endothelial growth factor (VEGF), transforming 

growth factor alpha (TGFα), and toll-like 
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receptor, mannose-binding lectin (MBL), 

interleukin-18 (IL-18), Superoxide dismutases 

(SOD), The cytokine macrophage migration 

inhibitory factor (MIF), Matrix metalloproteinase 

(MMP), dystroglycan 1 (dystrophin-associated 

glycoprotein 1) (DAG1). 

Ryckman KK et al found that a allele of 

rs4351 in the angiotensin-converting enzyme 

(ACE) gene was over-transmitted from parents to 

very preterm birth (gestational age <32 weeks) 

offspring with BPD which suggest an association 

with an increased risk of BPD, OR=4.3 [24].  

Mailaparambil B. et al reported that three SNPs 

in TNFα (rs=1799724), VEGFA (rs=699947), 

and TLR10 (rs=11096955) in 47/155 infants 

(gestational age < = 28 weeks), who developed 

moderate or severe BPD. Meanwhile TNFα and 

VEGFA showed also association with BPD in 

haplotype analyses [25]. 

Stisti B. et al reported that SOD3 gene, that 

encodes extracellular superoxide dismutase 

(rs2536512) was associated with a reduced risk of 

BPD, OR=0.49. SOD2 (rs4880 and rs5746136) 

and SOD3 (rs8192287, rs2536512 and 

rs1799895) with haplotype analyses showed 

associations for BPD [26]. 

In a study with 269 infants who were born 

with GA < 30 weeks, Lavoie, et al found that the 

TLR4 polymorphisms Asp299Gly (rs4986790) 

and Thr399Ile (rs4986791) were associated with 

BPD [27]. Sampath et al reported that the TLR5 

(g.1174C > T) variant was associated with BPD 

(P = 0.03) OR=2.6 (1.1-6.0) and severe BPD 

(P = 0.004) OR=3.8 (1.5-9.9) [28].  

On the basis of murine work, which 

identified the association between macrophage 

migration inhibitory factor (MIF) and fetal lung 

development [29], Prencipe G et al found that the 

MIF-173*C allele was associated with a lower 

incidence of BPD (OR, 0.2) [30]. 

Floros et al found that SNPs in the IL-18 

receptor accessory protein (IL-18RAP) 

(rs3771150) and IL-18 receptor 1 (IL-18R1) 

(rs3771171) were associated in Africa Americas 

with mild/moderate/severe BPD [31]. Krueger et 

al found a strong association of SNPs in IL-18 

with preterm birth (p<0.001). They haven’t found 

this association with premature birth and infants 

born at term as controls [32].  

Hadchouel A et al reported that SNPS in 

MMP16 C/T (rs2664352) and MMP16 A/ G 

(rs2664349) were associated with protection of 

BPD [33]. 

Dystroglycan (DG) with highly expression 

in the epithelial cell where it supports 

morphogenesis, adhesion and wound repair, 

which is essential to recovery from hyaline 

membrane disease. Concolino P et al found that 

one SNP in dystroglycan 1 (dystrophin-associated 

lycoprotein 1) (DAG1) (N494H) was associated 

with BPD [34]. Extending the theme where 

inflammation is important in BPD Hilgendorff A 

et al found that two SNPs of mannose-binding 

lectin gene (rs1800450, codon 54) and 

(rs7096206, -221 G>C) were associated with 

development of BPD [35]. 

The studies have a number of limitations. 

Unfortunately many studies relied on single 

clinical populations have variable severity of 

patients. Also the role of prematurity from other 

genetic factors was difficult to delineate. 

Although many genes have been investigated 

with most studies investigating how individual 

gene were responsible. These studies are difficult 

to interpret, as statistical analysis is difficult. 

However on the whole, general themes have been 

established where genetic modification in 

surfactant genes, immune genes and 

developmental genes contribute to BPD. 

 

2.2 Surfactant dysfunction disorder 

Specific genetic causes for Surfactant 

dysfunction disorder in chILDs include deletions 

or mutations in genes encoding proteins involved 

surfactant production and metabolism including 

surfactant protein-B (SP-B), surfactant protein-C 

(SP-C), ATP-binding cassette, sub-family A, 

member 3 (ABCA3), thyroid transcription factor 

1 (TTF1) and granulocyte-macrophage colony-

stimulating factor (GM-CSF) receptor. GM-CSF 

receptor defect is discussed in this category, as it 

is important for surfactant catabolism. 

Approximately 25% of infants with severe 

refractory ILD have a mutation in these genes 

[36].  
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2.2.1 Surfactant Protein-B gene 

Surfactant protein-B (SP-B) is encoded by a 

single gene (SFTPB) on human chromosome 2. 

Proteolytic cleavage of a larger precursor protein 

(pro SP-B) yields the 79 amino acid mature SP-B 

protein found in the airspaces. Mutations in SP-B 

deficiency (OMIM #265120) are usually lethal 

over the first few days of life [37]. SP-B 

deficiency is inherited in an autosomal recessive 

pattern. The first and most common mutation 

identified involves a substitution of three bases 

(GAA) for one (C) in codon 121 of the SP-B 

mRNA, located in exon 4 of the SP-B gene, 

leading to a net insertion of 2 bases, and is termed 

121ins2 which is the most frequently found 

SFTPB mutation [38]. And another mutation is a 

single base T deletion at nucleotide 1553 in exon 

4. The single base (T) deletion at nucleotide 1553 

(1553delT) shifts the reading frame at amino acid 

122 (122delT) and creates a premature 

termination codon at amino acid 214 in exon 6 

[48]. Rare cases have been reported where patient 

have a milder course, and survived for months to 

years. These patients usually have mutations that 

allow for some SP-B production [39]. 

 

2.2.2 Surfactant Protein-C gene 

Surfactant Protein-C (SP-C) deficiency 

(OMIM#610913) results from a mutation of 

surfactant Protein-C gene (SFTPC), which is 

located on chromosome 8 (8p21.3). SP-C is 

secreted by alveolar type II cells and plays a 

critical role in surfactant homeostasis [40]. 

Heterozygous mutations in SFTPC are disease 

causing, thus are inherited in a dominant pattern. 

Mutations in SFTPC were first recognized in 

2001 by Nogee et al. The age-of-onset and 

severity of symptoms of individuals with SFTPC 

mutations differ from severe RDS in neonates to 

idiopathic pulmonary fibrosis in adult; indeed 

some adults with mutations in SFTPC may be 

asymptomatic [41, 42]. Various SFTPC 

mutations have been identified and one mutation 

has been found in unrelated families [43, 44]. 

Little is known about long-term health issues in 

this population. Yonker L. et al (unpublished) 

reports the association of a SP-C mutation 

developed lung adenocarcinoma; thus raising 

concerns about the risk of developing cancer. 

 

2.2.3 ATP-binding cassette, sub-family A, 

member 3  

ATP-Binding Cassette subfamily A Member 

3 (ABCA3) is a transmembrane protein found on 

the membrane that surrounding lamellar bodies. 

The ABCA3 protein transports phospholipids 

into the lamellar bodies in order to form 

surfactant. Recessive ABCA3 mutations causes 

lethal neonatal respiratory failure and childhood 

interstitial lung disease [45]. The clinical 

characteristics of patients with ABCA3 

deficiency is much more variable from neonates 

with respiratory failure to heterozygous ABCA3 

mutation carriers with minimal lung disease [46]. 

Most ABCA3 mutations are private. Wambach et 

al. found that a having a single ABCA3 mutation 

significantly increases the risk for respiratory 

distress syndrome (RDS) in term or late preterm 

infants, without ILD [47]. Bullard JE et al 

investigated that patients with desquamative 

interstitial pneumonitis had missense ABCA3 

mutation (E292V), which might be a cause of 

pediatric interstitial lung disease [48].  

Hallik M et al reported that two novel 

compound heterozygous mutations  (Asp507del 

CA Ter 508 mutation in exon 13 and Asp696Asn 

(D696N) in exon 17) of the ABCA3 gene were 

found in a pair of siblings, resulting in very 

different phenotypes. The girl developed 

respiratory distress syndrome at birth and her 

older brother with the same genotype had no 

manifestations of ILD and the CT of the lungs is 

normal [49]. 

Genotype-phenotype correlations exist for 

homozygous or compound heterozygous 

mutations in ABCA3. Kitazawa et al reported 

that two brothers with ILD had novel compound 

heterozygous mutations in the coding exons of 

ABCA3, thus novel changes are likely [50]. On 

the whole, frameshift or nonsense ABCA3 

mutations are predictive of neonatal presentation 

and poor outcome, whereas missense, splice site, 

and in-frame INDELs are less reliably associated 

with a poorer outcome [51]. Also the phenotypic 

expression of an ABCA3 mutation might be 

altered by a virus infection. It reported that 

Respiratory syncytial virus (RSV) infection of 

cells harboring ABCA3 mutations resulted in a 
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morphologic shift to a mesenchymal phenotype, 

thus increasing the risk of fibrosis. RSV 

infections also potentiated ABCA3 mutations-

induce loss of epithelial cell differentiation in 

Alveolar Type II Epithelial Cell (ATII) and the 

impairment of epithelial function [52]. 

 

2.2.4 Thyroid transcription factor 1 

As a member of the homeobox family of 

transcription factors, Thyroid transcription factor 

1 (TTF1), also known as Nkx2.1 or TITF1, 

located on the long arm of chromosome 14 

(14q13.3), is critically important for the 

expression of multiple genes important in 

production and function of SP-A, SP-B, SP-C, 

and ABCA3. The phenotype of TTF1 

haploinsufficiency includes hypothyroidism, 

neurological manifestations particularly 

choreoathetoid movements, and pulmonary 

disease ranging from neonatal RDS to chronic 

respiratory symptoms in childhood [53]. But 

whether TTF1 mutations can result in a 

phenotype with only pulmonary manifestations is 

unknown. The relationship between TTF1 

haploinsufficiency and production of surfactant 

warrants further investigation [53]. How mutation 

in this gene leads to phenotypical changes in a 

number of different systems is being investigated. 

Carre et al described five new mutations of TTF1 

include three new heterozygous missense 

mutations (L176V, P202L, Q210P), a splice site 

mutation (376-2 A to G), and one deletion of 

TTF1 at 14q13. The majority of affected patients 

display neurological and/or thyroidal problems 

but the lung disease although less frequent was 

responsible for a considerable mortality [54]. 

Hamvas A et al identified 16 individuals 

with heterozygous missense, nonsense, and 

frameshift mutations and five individuals with 

heterozygous, whole-gene deletions of TTF1. 

Twelve individuals (57%) had the full triad of 

neurologic, thyroid, and respiratory 

manifestations, but five (24%) had only 

pulmonary symptoms [55]. Role of TTF1 in lung 

was thought to be related to surfactant 

metabolism.  Young LR et al reported that a 7 

months infant diagnosed as Neuroendocrine Cell 

Hyperplasia of Infancy (NEHI) had a TTF1 

mutation (c.572 G.T, p.Arg191Leu). Her mother, 

an aunt, an uncle, and two first cousins had 

failure to thrive in infancy and chronic respiratory 

symptoms that improved with age. They were 

heterozygous for a missense mutation in codon 

191 (c.572 G.T, p.Arg191Leu). None of these 

individuals have thyroid disease or movement 

disorders. Three other family unaffected 

members were also found to be heterozygous for 

the mutation. Thus a mutation in TTF1 is 

associated with familial NEHI [56]. 

 

2.2.5 GM-CSF Deficiency 

GM-CSF is a critical regulator of surfactant 

catabolism in alveolar macrophages [57]. The 

presence of neutralizing antibodies to GM-CSF 

or the defect of GM-CSF receptor, leading to 

impairment of alveolar macrophage development 

and failure of the macrophages to properly 

catabolize surfactant can cause pulmonary 

alveolar proteinosis (PAP) [58]. PAP has an 

insidious onset in older children and adult and 

slowly progresses. Genetic defects in the gene 

encoding the α chain (CSF2RA) located in the 

pseudoautosomal region of the X chromosome 

were as a cause for PAP in children [59]. Suzuki 

et al indicated that GM-CSF is required for 

phenotypic determination of alveolar 

macrophages; thus GM-CSF is required to recruit 

marophages to airway to clear surfactant [60]. 

 

2.3 Unknown etiology 

 

Pulmonary interstitial glycogenosis 

Pulmonary interstitial glycogenosis (PIG) is 

the diffuse accumulation of mesenchymal cells in 

the alveolar interstitium. These small cells have 

are rich monoparticulate glycogen. PIG presents 

as respiratory distress at or near birth in a neonate 

[61]. PIG can be associated with congenital heart 

disease and lung growth abnormalities suggesting 

that it is defect in development with failure of 

clearance of mesenchymal cells [62]. Ross, et al 

reported a patient with PIG who was ultimately 

diagnosed Noonan Syndrome; this patient had a 

heterozygous G60A mutation in Tyrosine-protein 

phosphatase non-receptor type 11 (PTPN11) 

suggesting that developmental genes may be 

important in the pathophysiology of this disease 

[63].  
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3. Disorders not specific to infancy 

 

These disorders include disorders of the 

normal host, aspiration syndromes, bronchiolitis 

obliterans (BO), hypersensitivity pneumonitis, 

disorders of the immunocompromised host, 

disorders related to systemic disease processes, 

disorders masquerading as interstitial disease. In 

this part we focus on post-infectious bronchiolitis 

obliterans. 

 

Post-infectious bronchiolitis obliterans  

The susceptibility to develop post-infectious 

bronchiolitis obliterans (BO) seems to be 

associated with the ethnic background of patients 

and their host immunological response to the 

pathogens. A number of respiratory viruses, 

especially adenovirus (AV), have been associated 

with severe lung injury that can lead to 

bronchiolitis obliterans. During 1965, an 

epidemic of adenovirus type 21 infections 

occurred in Auckland. Some children from a 

particular background developed widespread 

bronchiectasis and features of BO [64]. For 

unclear reasons, post-infectious BO seems to 

occur more frequently in some races [65, 66]. 

Moreover in the same race not all the patients 

with high risk would develop post-infectious BO 

and even the patients with post-infectious BO 

have the various severities. Thus, genetic factors 

may play a role in that the prevalence of BO. 

Only one study found that HLA- DQB1*0302, an 

antigen highly represented in Amerindians, 

indigenous people mainly found in South 

America, was associated with an increased risk of 

BO in children [67]. BO is a common feature 

after lung transplantation and a protein called 

KL-6, a protein normally expressed activated 

pulmonary epithelial cells, is increased in the 

serum of lung transplant patients who develop 

BO [68]. Understanding the important genetic 

contributions BO development will provide true 

insight into BO development, which will have 

widespread implications. 

  

 

 

 

 

4. Summary 

 

Till now the etiologies of some disorders of 

chILDs remain unclear. chILD is still considered 

as a big issue for pediatric pulmonologist 

although numerous advances have been made in 

the past decade in understanding the underlying 

causes of ILD. The genetic test as a noninvasive 

approach may facilitate the diagnosis and 

treatment of chILD. Likewise such testing will 

allow for counseling families concerning 

recurrence risks. 
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