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INTERSTITIAL LUNG DISEASE IN RARE 
CONGENITAL SYNDROMES
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Diffuse or interstitial lung disease (DLD/ILD) comprises a diverse group of disorders that involve the pulmonary 
parenchyma. Its aetiology varies (which makes the diagnostic process difficult), but congenital diseases, includ-
ing malformation syndromes or developmental disorders, constitute one of the causative factors. They are rare 
conditions, and thus their frequency is not high. However, considering the progress and increasing availability of 
genetic testing, detection of these rare syndromes may increase. The aim of this work is, therefore, to present the 
symptomatology of selected congenital syndromes with ILD, taking into account the genetic background.
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Abstract

Keywords

Introduction

Diffuse lung disease (DLD), also known as interstitial lung 
disease (ILD) or diffuse parenchymal lung disease (DPLD) 
(1), comprises a diverse group of disorders that involve the 
pulmonary parenchyma. Some of them (in terms of causes) 
are similar in children and adults, but there are also certain 
diseases known to be unique to children (2-5).  Therefore, 
the term childhood ILD syndrome (chILD) has also been 
introduced.
DLD is rarely observed in childhood. The prevalence 
varies, however, depending on the case definitions and 
ascertainment methods that have been defined in given 
epidemiologic studies. A study from the United Kingdom and 
Ireland estimated a prevalence of 3.6 cases per 1,000,000 
children, while a German study (with different inclusion criteria) 
reported 1.32 cases per 1,000,000 children £16 years of age 
(6,7). Frequency estimates will likely increase as broader 
definitions and diagnostic methods of DLD are used, which 
will also result in reducing the proportion of unclassified ILD. 
Furthermore, as noted in the latest European Respiratory 
Review, chILD/DPLD represents an underdeveloped area 
of pulmonary research (1). With increasing accessibility to 
genetic testing, including multi-gene panels or even whole-

exome/genome sequencing, a growing number of genetic 
factors (especially novel genes) are being identified as 
the causes of some forms of DLD in children. Hence, we 
support the need for collaboration among pneumologists, 
radiologists, pathologists and geneticists in both developing 
comprehensive chILD-categorisation systems and updating 
the database of molecularly defined pulmonary disease 
entities (1).
The study aims to present syndromic inherited disorders 
that may manifest with DLD, delineate their symptomatology 
and, consequently, improve knowledge on their diagnostic 
procedures.

Clinical and genetic characteristic of syndromic disorders 
with ILD
From a geneticist point of view, the most practical 
classification of any inherited condition distinguishes their 
isolated and syndromic forms. In the context of children’s 
DLD, these may include disorders with isolated chILD and 
syndromic diseases in which chILD is one of the features. 
Genetic conditions are classified in both these categories. 
Disorders of growth and development of lungs or inherited 
disorders of surfactant production and metabolism are 
examples of isolated pulmonary involvement, while, a 
variety of inherited errors of metabolism (IEM), such as 
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COPA syndrome –
COPA syndrome is named after the causative gene, encoding 
the alpha subunit of the coatomer protein complex-I (i.e. 
COPI), which is required for retrograde protein trafficking from 
the Golgi apparatus to the endoplasmic reticulum (8). It is a 
newly recognised disease presenting in childhood. Familial 
occurrence is, however, mostly described. The clinical features 
vary, including even asymptomatic cases. Suggestive clinical 
characteristics include the following:

Main features: ILD, inflammatory arthritis and immune 
complex-mediated renal disease, accompanied by high-
titer autoantibodies (8);
Rare characteristics: Neuromyelitis optica, extrapulmonary 
cysts (in liver and kidney), malignancies (i.e. carcinoid 
tumour, renal cell carcinoma) (20);

lysosomal storage disorders (LSDs) or Hermansky–
Pudlak syndrome, should be categorised as syndromic 
disorders with pulmonary involvement (associated with 
DLD).
For the purpose of this study, we searched Online Mendelian 
Inheritance in Man (OMIM®), the online catalogue of human 
genes and genetic disorders, for the terms “interstitial lung/
pulmonary disease”. As a result, 40 entities were found. 
Several of these are congenital multi-systemic forms that 
we further discuss below (listed in Table 1). Inborn errors 
of metabolism are not included herein. Physicians should, 
however, keep in mind this group of disorders, especially, 
Gaucher disease, lysinuric protein intolerance, cobalamin 
C deficiency or Niemann–Pick disease type B, which may 
manifest with ILD.

Table 1. Congenital multisystem disorders manifesting with DLD
Disease (phenotype) MIM 

number
Chromosomal loca-

tion
Gene/locus Inheritance Pulmonary involvement

COPA syndrome; autoimmune 
interstitial lung, joint, and kidney 
disease (AILJK)

#616414 1q23.2 COPA Autosomal 
dominant

DLD, haemorrhage, lymphocytic interstitial infil-
tration, ground-glass opacities on X-ray (8)

DAH, DPLD (100% cases) (9)

Hermansky–Pudlak syndrome 
(1, 2, 4)

#203300, 
#608233, 
#614073

10q24.2, 5q14.1, 
22q12.1

HPS1, 
AP3B1, 
HPS4

Autosomal 
recessive

Restrictive lung disease, recurrent infections, 
pulmonary fibrosis has been described largely 

in affected individuals from northwestern Puerto 
Rico

(10); typically manifesting in the early 30s

Chitayat syndrome (CHYTS) #617180 19q13.2 ERF Autosomal 
dominant

Respiratory distress at birth, bronchomalacia 
and (or) tracheomalacia, complicated by recur-
rent severe respiratory infections, obstructive 

pulmonary disease, ILD (11) 

Dyskeratosis congenita (DKCA, 
DC), including Hoyeraal–Hre-
idarsson syndrome and Revesz 
syndrome

#613990, 
#613989, 
#127550, 
#305000

14q12, 5p15.33, 
3q26.2, Xq28

TINF2, 
TERT, 

TERC, DKC1

Autosomal domi-
nant (TINF2, 

TERT, TERC); 
Autosomal re-

cessive (TERT); 
X-linked
 (DKC1)

Idiopathic pulmonary fibrosis
(12)

DC should be considered in young persons with 
idiopathic pulmonary fibrosis (13)

Brain–lung–thyroid syndrome 
(BLTS); choreoathetosis and 
congenital hypothyroidism with 
or without pulmonary dysfunction 
(CAHTP)

#610978 14q13.3 NKX2-1 Autosomal 
dominant

ILD, neonatal respiratory distress, pulmonary 
fibrosis (14)

Interstitial lung and liver disease 
(ILLD)

#615486 12q13.3 MARS Autosomal 
recessive

ILD, lung fibrosis, pulmonary artery malforma-
tion (15); pulmonary alveolar proteinosis (16)

Neurodevelopmental disor-
der with brain, liver and lung 
abnormalities (NEDBLLA); Rajab 
syndrome

#618007 2q36.1 FARSB Autosomal 
recessive

(Autosomalnie 
recesywne)

ILD (usually starts at the upper lobes), choles-
terol pneumonitis (17)

-
(reported in one patient so far)

-
(reported 

once)

2q36.2 FARSA Autosomal 
recessive

ILD with cholesterol pneumonitis, growth delay, 
hypotonia, brain calcifications with cysts and 

liver dysfunction (18)

Aarskog–Scott syndrome (AAS) #305400 Xp11.22 FGD1 X-linked reces-
sive

ILD reported once (19)

Chromosome deletion syn-
drome, including 14q11-q22 
region

14q11-q22 Contiguous 
gene deletion

Isolated cases Heterogeneous phenotype, depending on the 
size, but, mostly, on the genes located within 

the deleted region

COPA = the alpha subunit of the coatomer protein complex-I (viz. COPI); DLD = diffuse lung disease; DAH = diffuse alveolar haemorrhage; 
DPLD = diffuse parenchymal lung disease; ILD = interstitial lung disease
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Rare characteristics: Language and (or) motor delay (11);
Miscellaneous: Polyhydramnios in the prenatal period.

Dyskeratosis congenita
It is one of the disorders of telomeres, characterised by short 
telomeres for individuals’ age. To date, in approximately 
70% of patients who meet the clinical diagnostic criteria 
for DC, pathogenic variants in ACD, CTC1, DKC1, NHP2, 
NOP10, PARN, RTEL1, TERC, TERT, TINF2 and WRAP53 
genes have been identified (13). Since the first authors who 
described DC - FZ MFE and HN (26), its phenotype, has been 
delineated and includes the following:

Main clinical features: Clinical triad including dysplastic 
nails, lacy reticular pigmentation and atrophy of the skin, 
especially in the neck and upper chest region; and oral 
leucoplakia; moreover, any two or more of the physical 
abnormalities delineated by Vulliamy et al. (27) are 
required to establish the clinical diagnosis ;
Rare characteristics: Increasing risk of progressive bone 
marrow failure (BMF) with age, myelodysplastic syndrome 
(MDS) or acute myelogenous leukaemia (AML), as well as 
solid tumours (typically squamous cell carcinoma of head 
and neck or anogenital adenocarcinoma) (13);
Additional laboratory findings: Shortened telomeres noted in 
automated multi-colour flow cytometry fluorescence in situ 
hybridisation (flow-FISH) on white blood cells subsets (28);
Miscellaneous: Wide phenotypic spectrum and age 
of onset, with genetic involvement and association 
with progressive telomere shortening; significant 
developmental delay in two DC variants, with additional 
findings that include cerebellar hypoplasia (Hoyeraal–
Hreidarsson syndrome) and bilateral exudative retinopathy 
and intracranial calcifications (Revesz syndrome) (29).

Brain–lung–thyroid syndrome
It belongs to the group of NKX2-1-related disorders that 
may manifest as abnormalities in a single organ system (as 
delineated below) or as any combination of brain, thyroid 
and lung involvement (thus referred to as “Brain–lung–
thyroid syndrome” [BLTS]). In detail, it is characterised by the 
following:

Main clinical features: The triad of hypothyroidism, benign 
chorea and neonatal respiratory distress/ILD; isolated 
pulmonary symptoms in individuals with NKX2-1 mutations 
are possible;
Rare characteristics: Muscular hypotonia in the neonatal 
period and early childhood, psychomotor delay (14), benign 
hereditary chorea (BHC) – which is the allelic disorder of 
LTB syndrome; giving the varied manifestations of NKX2-
1 mutations; it is now suggested that these disorders be 
referred to as NKX2-1-related disorders (30);
Additional laboratory findings: Any additional or atypical 

Additional laboratory findings: Anti-neutrophil cytoplasmic 
antibody, and(or) antinuclear antibody, as well as 
rheumatoid factor positivity (in 71% cases of Tsui et al. (9));
Miscellaneous: Incomplete penetrance in familial cases, 
and variable expression; symptoms appear before the age 
of 12 years, even at 1 year of age (9,20)

Hermansky–Pudlak syndrome
HPS is a genetically heterogeneous disorder, in which 
pathogenic variants in 10 known genes result in dysfunction of 
four protein complexes that are involved in intracellular vesicle 
formation and trafficking: AP-3 (AP3B1 and AP3D1genes), 
BLOC-1 (BLOC1S3, BLOC1S6, and DTNBP1 genes), BLOC-
2 (HPS3, HPS5, and HPS6 genes) and BLOC-3 (HPS1 and 
HPS4 genes) (21). Depending on molecular pathology, the 
manifestation may differ, although most characteristics are as 
follows:

Main clinical features: Oculocutaneous albinism 
(nystagmus noted at birth, skin colour at least a shade 
lighter than that of other family members (22)) and 
bleeding diathesis;
Rare characteristics: Depend on the HPS subtype and may 
include pulmonary complications (as mentioned in Table 
1), colitis (resembling Crohn’s disease (23)), neutropenia, 
cardiomyopathy and renal failure (24);
Additional laboratory findings: Absence of delta granules 
(dense bodies) on whole-mount electron microscopy of 
platelets (24) and prolonged bleeding time;
Miscellaneous: Clinical and genetic heterogeneity, including 
increased susceptibility to infections in AP-3-deficient 
patients, and lethal pulmonary fibrosis in individuals with 
BLOC-3 deficiency (HPS1, HPS4 variants).

Chitayat syndrome
Chitayat et al. (25) first described it in 1993, in a 5.5-month-
old boy with diffuse bronchomalacia, facial dysmorphism and 
digital anomalies. The follow-up at 21 years of age revealed 
obstructive pulmonary disease with ratio of forced expiratory 
volume in 1 second to forced vital capacity (FEV1/FVC ratio) 
of 52%, no response to bronchodilators and mild exertional 
dyspnoea (11). In general, the major traits reported to date 
for this condition are facial dysmorphism, hyperphalangism 
and respiratory complications in the newborn period. In more 
detail, these are as follows:

Main clinical features: Recognisable facial dysmorphism, 
including square face shape, hypertelorism, prominent 
eyes, depressed nasal bridge (in infancy) with upturned 
nasal tip, short columella and full lips, congenital anomaly 
of limbs such as brachydactyly and short index fingers with 
ulnar deviation, accessory phalanges on radial aspect of 
index fingers (on X-ray), bilateral hallux valgus and pectus 
excavatum;
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Aarskog-Scott syndrome (AAS)
The disease is also known as a faciodigitogenital syndrome 
or faciogenital dysplasia. Its estimated prevalence in the 
population is approximately 1 in 25,000, but the majority 
of patients have only clinical diagnosis with no subsequent 
molecular testing of the FGD1 gene or with a negative result 
on tests. It is probably attributable to the clinical heterogeneity 
of AAS and(or) the fact that the clinical features overlap with 
those of other disorders, especially Noonan and Robinow 
syndromes (36).

Main clinical features: Short stature, facial dysmorphism 
(widow’s peak, hypertelorism, ptosis, downslanting 
palpebral fissures and broad nasal bridge), genital 
malformation (shawl/bifid scrotum and cryptorchidism) 
and skeletal anomalies (brachydactyly, skin syndactyly 
and pectus excavatum) (37);
Comments: To the best of my knowledge, ILD in an 
individual with Aarskog syndrome has been reported 
once, by Escobar and Weaver (19). The patient had no 
molecular diagnosis (the FGD1 gene has not been linked 
to the disease yet). More importantly, however, his facial 
dysmorphic features presented in the cited paper are not 
consistent with recognisable anomalies characteristic for 
the syndrome; hence, we question this identification.

Conclusions

Aetiology of childhood DLD is varied and also includes inherited 
conditions. For their clinical classification, we propose to use 
isolated and syndromic entities, which allow distinguishing the 
conditions based on clinical presentation and depending on 
the underlying molecular pathology. In every child diagnosed 
with ILD, a detailed physical evaluation is necessary to 
decide whether a further genetic test is needed and to order 
a proper one (monogenic, multi-gene clinical sequencing or 
comprehensive genetic analyses).
Such a simple blood analysis can lead to the identification 
of the genetic variants consistent with the diagnosis, thus 
avoiding the need for further, even invasive, procedures 
during patients’ evaluations. Genetic testing is suggested 
especially for infants presenting with acute respiratory failure 
of unexplained aetiology and(or) in older children with chronic 
presentation and positive family history of DLD or complex 
syndromology (as described herein). Finally, when molecular 
pathology has already been established, clinical verification to 
prove genotype–phenotype relation and genetic counselling 
to the family should be offered.
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clinical features of classical BLTS may suggest deletions 
in 14q and should prompt expanded molecular diagnostics 
(31);
Miscellaneous: The NKX2-1 gene was previously known 
as TITF-1.

Interstitial lung and liver disease
The disorder is characterised by the onset of respiratory 
insufficiency and progressive liver disease in infancy or early 
childhood. Apart from the main features listed below, kidney 
stones, acetabular dysplasia, prolonged fever and extreme 
leucocytosis were noted.

Main clinical features: Respiratory insufficiency, 
liver dysfunction (as abnormal liver enzymes and 
hepatomegaly, cholestasis and cirrhosis), failure to thrive 
and developmental delay;
Rare characteristics: Aminoaciduria, lactic acidosis, 
hypoproteinaemia and hyperammonaemia;
Additional laboratory findings: Anaemia, thrombocytosis; 
examination of lung lavage is consistent with pulmonary 
alveolar proteinosis (16);
Miscellaneous: Monoallelic mutations in the MARS gene 
have been identified in autosomal dominant late-onset 
Charcot-Marie-Tooth disease, axonal type, 2U [MIM 
616280] (32,33).

Neurodevelopmental disorder with brain, liver and lung 
abnormalities
A link between neurodevelopmental disorders encompassing 
brain, liver and lung abnormalities (NEDBLLA) and 
compound heterozygous mutation in the FARSB gene was 
noted for the first time by Antonellis et al. (34). Soon after, 
another publication (35) confirmed the phenotypes consisting 
of short stature, elevated liver enzymes or liver cirrhosis, 
cerebral and basal ganglia calcification. These are not, 
however, specific features. Thus, to establish the diagnosis, 
molecular diagnostics is essential. In the genotype–
phenotype correlations, it is also worth to look and analyse 
other characteristics, as follows:

Rare characteristics: Hypotonia, intracranial aneurysms, 
renal disease and intestinal malrotation (35);
Additional laboratory findings: Hypoalbuminaemia;
Miscellaneous: Reduction in the FARSB and FARSA 
proteins in western blot analysis, which may result from a 
reduction in phenylalanyl-tRNA synthetase activity.
Just recently, in patients with similar features (including 
ILD, hypotonia, growth delay and involvement of brain 
and liver), pathogenic variants were reported in the 
FARSA gene (18). Notably, similar to the FARSB disease, 
cholesterol accumulation and cholesterol clefts were 
found on lung biopsy.



51

Jezela-Stanek: Interstitial lung disease in congenital syndromes

fibrosis in a patient with dyskeratosis congenita. Medicine (Balti-
more). 2018;97(19):e0724. doi:10.1097/MD.0000000000010724.

13. Savage SA. Dyskeratosis congenita. 2009 Nov 12 [Updated 2016 
May 26]. In: Adam MP, Ardinger HH, Pagon RA, Wallace SE, Bean 
LJH, Stephens K, Amemiya A, editors. GeneReviews® [Internet]. 
Seattle (WA): University of Washington, Seattle; 1993-2018.

14. Nattes E, Lejeune S, Carsin A, Borie R, Gibertini I, Balinotti J, et 
al. Heterogeneity of lung disease associated with NK2 homeo-
box 1 mutations. Respir Med. 2017;129:16-23. doi:10.1016/j.
rmed.2017.05.014.

15. Sun Y, Hu G, Luo J, Fang D, Yu Y, Wang X, et al. Mutations in 
methionyl-tRNA synthetase gene in a Chinese family with intersti-
tial lung and liver disease, postnatal growth failure and anemia. J 
Hum Genet. 2017;62(6):647-51. doi:10.1038/jhg.2017.10.

16. Hadchouel A, Wieland T, Griese M, Baruffini E, Lorenz-Depiereux 
B, Enaud L, et al. Biallelic mutations of methionyl-tRNA synthe-
tase cause a specific type of pulmonary alveolar proteinosis prev-
alent on Réunion Island. Am J Hum Genet. 2015;96(5):826-31. 
doi:10.1016/j.ajhg.2015.03.010.

17. Xu Z, Lo WS, Beck DB, Schuch LA, Oláhová M, Kopajtich R, 
et al. Bi-allelic mutations in Phe-tRNA synthetase associated 
with a multi-system pulmonary disease support non-translational 
function. Am J Hum Genet. 2018;103(1):100-14. doi:10.1016/j.
ajhg.2018.06.006.

18. Krenke K, Szczałuba K, Bielecka T, Rydzanicz M, Lange J, 
Koppolu A, et al. FARSA mutations mimic phenylalanyl-tRNA 
synthetase deficiency caused by FARSB defects. Clin Genet. 
2019;96(5):468-72. doi:10.1111/cge.13614.

19. Escobar V, Weaver DD. Aarskog syndrome. New findings and 
genetic analysis. JAMA. 1978;240(24):2638-41. doi:10.1001/
jama.240.24.2638.

20. Taveira-DaSilva AM, Markello TC, Kleiner DE, Jones AM, Groden 
C, Macnamara E, et al. Expanding the phenotype of COPA syn-
drome: a kindred with typical and atypical features. J Med Genet. 
2019;56(11):778-82. doi:10.1136/jmedgenet-2018-105560.

21. Ammann S, Schulz A, Krägeloh-Mann I, Dieckmann NM, Niet-
hammer K, Fuchs S, et al. Mutations in AP3D1 associated with 
immunodeficiency and seizures define a new type of Hermansky-
Pudlak syndrome. Blood. 2016;127(8):997-1006. doi:10.1182/
blood-2015-09-671636.

22. Huizing M, Malicdan MCV, Gochuico BR, Gahl WA. Hermansky-
Pudlak syndrome. 2000 Jul 24 [Updated 2017 Oct 26]. In: Adam 
MP, Ardinger HH, Pagon RA, Wallace SE, Bean LJH, Stephens 
K, et al. editors. GeneReviews® [Internet]. Seattle (WA): Univer-
sity of Washington, Seattle; 1993-2019.

23. Gahl WA, Brantly M, Kaiser-Kupfer MI, Iwata F, Hazelwood S, 
Shotelersuk V, et al. Genetic defects and clinical characteristics 
of patients with a form of oculocutaneous albinism (Herman-
sky-Pudlak syndrome). N Engl J Med. 1998;338(18):1258-64. 
doi:10.1056/NEJM199804303381803.

24. Witkop CJ, Quevedo WC, Fitzpatrick TB, King RA. Albinism. In: 
Scriver CR, Beaudet AL, Sly WS, Valle DL, editors. The meta-

Conflicts of interest
None.

Funding acknowledgment
None.

References

1. 	 Griese M. Chronic interstitial lung disease in children. Eur Respir 
Rev. 2018;27(147):170100. doi:10.1183/16000617.0100-2017.

2. 	 Fan LL. Evaluation and therapy of chronic interstitial pneu-
monitis in children. Curr Opin Pediatr. 1994;6(3):248-54. 
doi:10.1097/00008480-199406000-00004.

3. 	 Fan LL, Deterding RR, Langston C. Pediatric interstitial lung 
disease revisited. Pediatr Pulmonol. 2004;38(5):369-78. 
doi:10.1002/ppul.20114.

4. 	 Popler J, Lesnick B, Dishop MK, Deterding RR. New coding in 
the international classification of diseases, ninth revision, for 
children’s interstitial lung disease. Chest. 2012;142(3):774-80. 
doi:10.1378/chest.12-0492.

5. 	 Nathan N, Berdah L, Borensztajn K, Clement A. Chronic intersti-
tial lung diseases in children: diagnosis approaches. Expert Rev 
Respir Med. 2018;12(12):1051-60. doi:10.1080/17476348.2018.
1538795.

6. 	 Dinwiddie R, Sharief N, Crawford O. Idiopathic interstitial pneu-
monitis in children: a national survey in the United Kingdom 
and Ireland. Pediatr Pulmonol. 2002;34(1):23-9. doi:10.1002/
ppul.10125.

7. 	 Griese M, Haug M, Brasch F, Freihorst A, Lohse P, von Kries R, 
et al. Incidence and classification of pediatric diffuse parenchy-
mal lung diseases in Germany. Orphanet J Rare Dis. 2009;4:26. 
doi:10.1186/1750-1172-4-26.

8. 	 Watkin LB, Jessen B, Wiszniewski W, Vece TJ, Jan M, Sha Y, et 
al. COPA mutations impair ER-Golgi transport and cause heredi-
tary autoimmune-mediated lung disease and arthritis. Nat Genet. 
2015;47(6):654-60. doi:10.1038/ng.3279.

9. 	 Tsui JL, Estrada OA, Deng Z, Wang KM, Law CS, Elicker BM, 
et al. Analysis of pulmonary features and treatment approaches 
in the COPA syndrome. ERJ Open Res. 2018;4(2):00017-2018. 
doi:10.1183/23120541.00017-2018.

10. Vicary GW, Vergne Y, Santiago-Cornier A, Young LR, Roman J. 
Pulmonary fibrosis in hermansky-pudlak syndrome. Ann Am Tho-
rac Soc. 2016;13(10):1839-46. doi:10.1513/AnnalsATS.201603-
186FR.

11. Balasubramanian M, Lord H, Levesque S, Guturu H, Thuriot F, Sil-
lon G, et al. Chitayat syndrome: hyperphalangism, characteristic 
facies, hallux valgus and bronchomalacia results from a recurrent 
c.266A>G p.(Tyr89Cys) variant in the ERF gene. J Med Genet. 
2017;54(3):157-65. doi:10.1136/jmedgenet-2016-104143.

12. Du H, Guo Y, Ma D, Tang K, Cai D, Luo Y, et al. A case report of 
heterozygous TINF2 gene mutation associated with pulmonary 



52

Journal of Mother and Child

32. Gonzalez M, McLaughlin H, Houlden H, Guo M, Yo-Tsen L, Had-
jivassilious M, et al. Exome sequencing identifies a significant 
variant in methionyl-tRNA synthetase (MARS) in a family with late-
onset CMT2. J Neurol Neurosurg Psychiatry. 2013;84(11):1247-
9. doi:10.1136/jnnp-2013-305049.

33. Hyun YS, Park HJ, Heo SH, Yoon BR, Nam SH, Kim SB, et al. 
Rare variants in methionyl- and tyrosyl-tRNA synthetase genes in 
late-onset autosomal dominant Charcot-Marie-Tooth neuropathy. 
Clin Genet. 2014;86(6):592-4. doi:10.1111/cge.12327.

34. Antonellis A, Oprescu SN, Griffin LB, Heider A, Amalfitano A, Innis 
JW. Compound heterozygosity for loss-of-function FARSB vari-
ants in a patient with classic features of recessive aminoacyl-
tRNA synthetase-related disease. Hum Mutat. 2018;39(6):834-
40. doi:10.1002/humu.23424.

35. Zadjali F, Al-Yahyaee A, Al-Nabhani M, Al-Mubaihsi S, Gujjar 
A, Raniga S, et al. Homozygosity for FARSB mutation leads to 
Phe-tRNA synthetase-related disease of growth restriction, 
brain calcification, and interstitial lung disease. Hum Mutat. 
2018;39(10):1355-9. doi:10.1002/humu.23595.

36. Orrico A, Galli L, Clayton-Smith J, Fryns JP. Clinical utility gene 
card for: Aarskog-Scott Syndrome (faciogenital dysplasia) - up-
date 2015. Eur J Hum Genet. 2015;23(4):558. doi:10.1038/
ejhg.2014.178.

37. Ahmed A, Mufeed A, Ramachamparambathu AK, Hasoon U. Iden-
tifying Aarskog syndrome. J Clin Diagn Res. 2016;10(12):ZD09-
11. doi:10.7860/JCDR/2016/22180.8982.

bolic and molecular basis of inherited disease. 6th ed. Vol 2. New 
York, NY: McGraw-Hill; 1989. p. 2905-47.

25. Chitayat D, Haj-Chahine S, Stalker HJ, Azouz EM, Côté A, Halal 
F. Hyperphalangism, facial anomalies, hallux valgus, and bron-
chomalacia: a new syndrome? Am J Med Genet. 1993;45(1):1-4. 
doi:10.1002/ajmg.1320450103.

26. Milgrom H, Stoll HL Jr, Crissey JT. Dyskeratosis congenita. A case 
with new features. Arch Dermatol. 1964;89:345-9. doi:10.1001/
archderm.1964.01590270031007. PMID: 14096348.

27. Vulliamy TJ, Marrone A, Knight SW, Walne A, Mason PJ, Do-
kal I. Mutations in dyskeratosis congenita: their impact on telo-
mere length and the diversity of clinical presentation. Blood. 
2006;107(7):2680-5. doi:10.1182/blood-2005-07-2622.

28. Alter BP, Rosenberg PS, Giri N, Baerlocher GM, Lansdorp PM, 
Savage SA. Telomere length is associated with disease severity 
and declines with age in dyskeratosis congenita. Haematologica. 
2012;97(3):353-9. doi:10.3324/haematol.2011.055269.

29. Revesz T, Fletcher S, al Gazali LI, DeBuse P. Bilateral retinopa-
thy, aplastic anaemia, and central nervous system abnormalities: 
a new syndrome? J Med Genet. 1992;29(9):673-5. doi:10.1136/
jmg.29.9.673.

30. Patel NJ, Jankovic J. NKX2-1-related disorders. 2014 Feb 20 
[Updated 2016 Jul 29]. In: Adam MP, Ardinger HH, Pagon RA, 
Wallace SE, Bean LJH, Stephens K, et al. editors. GeneRe-
views® [Internet]. Seattle (WA): University of Washington, Se-
attle; 1993-2018.

31. Villafuerte B, Natera-de-Benito D, González A, Mori MA, Palo-
mares M, Nevado J, et al. The Brain-Lung-Thyroid syndrome 
(BLTS): a novel deletion in chromosome 14q13.2-q21.1 expands 
the phenotype to humoral immunodeficiency. Eur J Med Genet. 
2018;61(7):393-8. doi:10.1016/j.ejmg.2018.02.007.


