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Abstract
The filamin A gene (FLNA) on Xg28 encodes the filamin A protein. Mutation in FLNA causes a wide spectrum of disease
including skeletal dysplasia, neuronal migration abnormality, cardiovascular malformation, intellectual disability and intestinal
obstruction. Recently, childhood-onset interstitial lung disease associated with a range of FLNA mutations has been recognised
and reported. We document our personal experience of this emerging disorder and compile a comprehensive overview of clinical
features and molecular changes in all identifiable published cases. Reviewing the emerging dataset, we underline this unantic-
ipated phenotypic consequence of pathogenic FLNA mutation-associated pulmonary disease.

Conclusion: From the emerging data, we suggest that while reviewing complex cases with a sustained oxygen requirement
against a clincial background of cardiac concerns or intestinal obstruction to have a high index of suspicion for FLNA related
pathology and to instigate early MRI brain scan and FLNA mutation analysis.

What is Known:

* FLNA gene on Xq28 encodes the filamin A protein and mutation therein is associated with variable phenotypes depending on its nature of mutation.

* Loss-of-function mutation of filamin A is associated with X-linked inherited form of periventricular nodular heterotopia with or without epilepsy with
most individuals affected being female. There is a recently recognised associated respiratory phenotype.

What is New:

* The respiratory phenotype in the form of childhood interstitial lung disease is a recently recognised clinical consequence of loss-of-function FLNA
mutation.

* Rare male patients with loss-of-function FLNA mutation-associated lung disease with residual protein function can survive into infancy with a severe
form of the phenotype.

Keywords FLNA - Childhood interstitial lung disease - Periventricular nodular heterotopia - Persistent pulmonary hypertension -
Lung transplant

Abbreviations UPD Uni-parental disomy

FLNA  Filamin A HRCT  High-resolution computed tomography

PNH Periventricular nodular heterotopia

OMIM  Online Mendelian Inheritance in Man

NG Nasogastric Introduction

PDA Patent ductus arteriosus

No clinical geneticist can be untouched by filamin A (FLNA,

Communicated by Peter de Winter OMIM 300049) related disease. FLNA gene on Xq28 encodes

the filamin A protein. Filamin A is a widely expressed 280-kD
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cytoskeleton by interacting with integrins, transmembrane re-
ceptors complexes and second messengers. Cell motility, ad-
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deletions result in skeletal phenotypes including Melnick-
Needles syndrome and Oto-Palato-Digital syndromes Types
Iand I1 [S]. Other phenotypes of FLNA mutation include PNH
and frontometaphyseal dysplasia [6] and X-linked cardiac val-
vular dysplasia [7] but the spectrum of associated diseases
extends to intestinal pseudo-obstruction [8] as well as to cases
of intellectual disability [9] and bowel abnormalities [4].

Perhaps a less widely recognised clinical consequence of
FLNA mutation is the emergence in the last few years of an
associated respiratory phenotype. To date, we believe there
have been 16 such cases reported [10—17]. Based on published
reports, the elements of this respiratory presentation comprise
of multi-lobar hyperinflation and pulmonary vascular attenu-
ation. The clinical outcome has been variable, with four deaths
reported. Pathological findings are consistent with emphyse-
matous changes and pulmonary arteriopathy. A few cases
have been treated with lung transplantation [16].

Childhood interstitial lung disease (chILD) represents a het-
erogenous group of pulmonary disorders with abnormal lung
interstitium and distal airspaces resulting in abnormal gas ex-
change. chILD is rare with an estimated prevalence of <1 per
100,000 children and comprises of more than 200 different con-
ditions with a variety of proposed classifications [18, 19]. The
diagnosis and classification of chILD remains a challenge and
differs greatly when compared with adult-onset ILD in terms of
pathology and clinical progress [20]. Because of the rarity of
these conditions, research in the area has been lacking and
knowledge outside of highly specialist pacdiatric centres is poor.

Arising from our observation of the pulmonary phenotype
in two new cases, we have reviewed the emerging dataset and
now summarise the extant knowledge and experience of this
surprising FLNA mutation-associated disease.

Materials and methods

A medical literature review of previously reported patients,
and two additional cases from our institute, with childhood
interstitial lung disease associated with FLNA mutation
[10—17] was conducted. The clinical presentation, radiological
features, mutation variants, management and outcome were
compiled and compared (Table 1).

Patient medical report

Case one A 4-week-old female infant presented to the emergen-
cy department with fever, poor feeding and lethargy. She was
admitted for suspected sepsis and received antibiotics. Septic
workup was negative, including nasopharyngeal aspirates.
Several episodes of profound desaturation were observed
with oxygen saturation falling to 75-80% in room air as a
result of which she was commenced on nasal cannula O,
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(0.1-0.2 L/min). Expert respiratory assessment as well as
speech and language review was undertaken for her persistent
respiratory symptoms and oxygen requirement. The video
fluoroscopy showed a mild degree of gastroesophageal reflux
and aspiration. As her feeding, particularly intake volume, had
also deteriorated, even prior to the admission, she was com-
menced on thickened feeds via nasogastric (NG) tube feeding.

This patient was one of a pair of twins and born to a couple
who had in vitro fertilisation (IVF) with donor ova and paternal
sperm. Pre-IVF treatment karyotype on the parents showed the
father has balanced Robertsonian translocation on chromo-
somes 13 and 14 (45 XY der(13;14)(q10;q10)) and his wife
has 47 XXX(2)/46 XX (48) mosaicism. No data of the biolog-
ical mother (donor) was available at the time. The parents re-
ported that three fertilised ova were implanted and one male
fetus demised at around 8 weeks. The twins were delivered at
37 weeks gestation by elective Caesarean section for breech
presentation. Both neonates were well at delivery and did not
require resuscitation. Twin two (the patient) was 2.6 kg at birth,
on the 25th percentile. Twin one, a male, is asymptomatic.

On re-examination at 6 weeks of age, her head circumfer-
ence measured 35.8 cm on the 9th percentile, weight 3.96 kg
on the 9th percentile, length 54.5 cm on the 50th percentile.
She was mildly tachypnoeic and saturating 95-100% on
0.2 L/min oxygen via nasal cannula. She was alert and non-
dysmorphic. Clinical examination was normal—specifically,
there was no tongue fasciculation. Tone was appropriate cen-
trally and peripherally.

Echocardiogram showed a small atrial septum defect, 4 mm,
with left to right shunt, but otherwise normal heart. Initial chest
radiograph at presentation demonstrated well-aerated lungs
with minor bronchial wall thickening, and no coat hanger pro-
file. CT thorax was requested and showed diffuse bilateral
ground-glass opacification throughout the lungs, interstitial
thickening and cystic changes raising the possibility of child-
hood interstitial lung disease (Fig. 1). Cranial ultrasound, un-
dertaken to investigate possible intracranial bleeding, showed
unusual morphology of the frontal horns and radiological sus-
picion of bilateral cortical heterotopia was confirmed on MRI
scan, which showed periventricular nodular heterotopia with a
single nodule into the right temporal horn (Fig. 1).

Assessment by a clinical genetics consultant led to DNA
analysis for FLNA, as well as karyotyping to rule out paternally
derived UPD 14, which could arise from the father’s
Robertsonian translocation. UPD studies confirmed biparental
inheritance of chromosome 14, while a pathogenic frameshift,
heterozygous loss-of-function variant in FLNA gene
c.1709 1712 del p.(Val570Alafs*105) was identified.
Subsequent analysis in the biological mother confirms the pres-
ence of the mutation. The patient was discharged on home ox-
ygen and azithromycin prophylaxis. A follow-up video fluoros-
copy at 7 months demonstrated no aspiration. The patient is
slowly being weaned off NG feeds onto oral feeds. Her most
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Fig. 1 (a) The ultrasound finding of indentations along the lateral
ventricles (arrowed) suggest nodular heterotopia and were subsequently
corroborated by MRI. (b) Axial MRI T2 imaging of the brain which
shows multiple foci of periventricular nodular heterotopia bilaterally

recent chest radiograph shows hyperinflated lung fields bilater-
ally. The patient continues to require 0.2 L/min of oxygen at
home and remains clinically stable at the age of 11 months.

Case two A male neonate born to non-consanguineous parents
at full term. Birth weight was 3.4 kg on the 50th percentile and
head circumference was 35 cm on the 50th percentile. He
became cyanotic on day 1 of life. Increased precordial activity
was noted clinically, and a loud cardiac murmur was heard.
Oxygen saturation in room air fell to 90%. Chest radiograph
on day one of life showed cardiomegaly and nonspecific hazy
opacification in both lungs. The patient was transferred to a
tertiary hospital for further assessment and management in the
paediatric intensive care unit as he required assisted ventila-
tion. The echocardiogram showed a dysplastic tricuspid valve
with moderate regurgitation, right atrial dilatation, pulmonary
hypertension, large patent ductus arteriosus (PDA), aortic
valve incompetent and thickened mitral valve.

The patient was the 5th live infant to his mother who was
aged 32. She had a difficult obstetric history with four surviving
children. She had experienced four miscarriages between 8 and
12 weeks gestation. This pregnancy had pursued a normal
course until 32 weeks, when ultrasound review had shown mild
dilated lateral ventricles, large cisterna magna and dilated loops
of the bowel. The patient was born by normal delivery at
38 weeks gestation. Noteworthy aspects of the family history
were that the patient’s sister died at 11 months old of hypoplas-
tic left heart. His maternal uncle had died at 3 years of age with
congenital heart disease. There is another maternal uncle who
has valvular heart disease and learning difficulties in adult life.

Clinical examination confirmed a distended abdomen with
visible loops of the bowel on ultrasound and plain film and
suspected anal stenosis for which treatment by anal dilatation
was unsuccessful. There was slow gut emptying and delayed
transit of contrast media. Putative surgical diagnoses of

@ Springer

Cc

(arrowed). (c) Coronal CT Chest demonstrates diffuse bilateral ground-
glass opacification, interstitial thickening and subpleural and parenchy-
mal lung cysts

necrotising enterocolitis or malrotation were not supported
radiologically.

Karyotype and microarray, undertaken by non-geneticists,
were normal. Suction biopsy of the rectum showed ganglionic
bowel, with no evidence of Hirschsprung’s disease. Renal
ultrasonography was normal. While cranial ultrasonography
was normal, MRI revealed a nodular focus in the wall of the
right lateral ventricle. The appearance was consistent with
periventricular nodular heterotopia (Fig. 2).

He remained intubated and ventilator dependent until age
4 months. Chest radiographs showed persistent interstitial
opacification in both lungs and minor pleural effusions.
CT thorax showed bilateral interstitial and septal thickening
with some small patches of ground-glass opacification and
atelectasis (Fig. 2).

His pulmonary hypertension remained significantly elevated
with pulmonary artery pressures recording supra-systemic pres-
sures on maximal ventilator support. A decision was made to
withdraw respiratory support and he died at 4 months of age.

Post-mortem examination was consistent with death from
respiratory insufficiency reflected in severe pulmonary hyper-
tensive vasculopathy. Both lungs had a cystic appearance over
the anterior surface with small bullae ranging from 0.3 to
0.8 cm in size. There was diffuse alveolar damage.

FLNA analysis confirmed a hemizygous mutation of a
splice acceptor site ¢.6670-1delG, predicted to result in aber-
rant mRNA production and nonsense-mediated mRNA decay.
A pedigree study showed his mother is a heterozygous carrier
of this mutation, as are the mother’s siblings.

Results

All the patients who had chest radiograph showed character-
istic findings: hyperinflation of the lungs with scattered
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Fig. 2 (a) Coronal T2 imaging of the brain shows a small nodule of grey
matter heterotopia (arrowed) adjacent to the frontal horn of the right
lateral ventricle. (b) Axial T2 imaging showing mega cisterna magna
(arrowed).(c) Coronal CT Thorax demonstrates interlobular septal thick-
ening bilaterally as seen in chronic lung disease with some sparing of the

atelectasis. This appearance mimics pulmonary emphysema
and bronchopulmonary dysplasia. These changes are progres-
sive, as is evident on serial studies. CT thorax showed wide-
spread peribronchial and interlobular septal thickening,
ground-glass opacification appearance, areas of hyperinfla-
tion, heterogenous cystic lesion and atelectasis, in both our
cases and, insofar as can be established, in published cases.

Twelve out of 18 patients (16 published and the 2 under
report) had PDA; 14 out of 18 had pulmonary hypertension
reported on echocardiogram. Fourteen patients had MRI
brain, all demonstrating periventricular nodular heterotopia.
There was no record of constipation or bowel obstruction in
the published cases [10-17].

Several of the reported cases had the diagnosis of FLNA
gene mutation made following atypical presentation of diffuse
lung disease [14, 15]. The usual clinical course comprises a
respiratory presentation such as late-onset bronchopulmonary
dysplasia (BPD) like symptoms in a term infant.

While the exact role of FLNA in normal lung physiology is
not currently understood, it is pertinent to observe the expres-
sion studies of FLNA protein in murine alveoli [21]. This
proves the importance of FLNA protein to the normal devel-
opment of the alveoli in embryological life, and the cases we
present here manifest the clinical consequence in alveolar pa-
thology arising from FLNA mutation with loss of the contri-
bution to the normal embryological alveolar development
which attends FLNA protein.

Multisystem review and brain MRI scan is the usual prompt
for FLNA analysis, following the identification of periventricular
nodular heterotopia [10-12, 17]. To date, the FLNA mutations
described in other patients with an FLNA mutation-associated
respiratory phenotype comprise four deletions, six missense
changes, five duplications and one nonsense pathogenic variant.
Seven variants were reported to result in loss of function, in
common with our cases. Of the 11 cases that underwent family
screening, seven were shown to have been maternally inherited,
as is the case in both the cases we observe (Table 1).

¥

left lower lobe. Dependant atelectasis is also present (d) The lungs are
hyperinflated and there is a small left apical pneumothorax. There are
patchy opacities bilaterally, worse on the left in keeping with consolida-
tion on a background of chronic lung disease. Pleural thickening at both
costophrenic angles.

Discussion

That mutation in FLNA causes variable clinical features of
skeletal, cardiac, neurological and neuroradiological dysfunc-
tion is well established over the last 20 years in the study of
human disease. However, nothing in the profile of the diseases
and disorders which we now know to be associated with
FLNA mutation has predicted the emergence in recent times
of a pulmonary disease phenotype. That this is a real and
significant finding in respect of FLNA mutation is based on
the 16 cases reported to date (some cases may, possibly, have
been the subject of two reports, so exact quantification is not
reliable) and our further two cases, to support the pathogenic
FLNA mutation and associated progressive respiratory disease
and hypoxemia manifesting in early infancy with substantial
heterogeneity in severity and outcome.

Childhood interstitial lung disease (chILD) is a heteroge-
nous group of disorders originating from genetic, immunolog-
ical and lung developmental abnormalities resulting in abnor-
malities of the lung interstitium and disordered gas exchange
[18]. The diagnosis and classification of chILD remains a
challenge as chILD is rare and much more diverse than
adult-onset ILD [20]. Most cases of chILD present during
infancy and the diagnosis should be suspected in any term
neonate presenting with unexplained respiratory distress such
as in the cases of the two patients presented here [20].

Both cases we report manifest typical clinical symptoms
and radiological findings of FLNA-related respiratory disease,
in the context of FLNA mutations, both resulting in loss of
function of the protein. There is no suggestion that these mu-
tations cluster to a specific region of FLNA gene. Our first
patient in the clinical report here, in common with several
other FLNA-associated chronic lung disease patients reported
previously, mostly female, did well at birth and in the newborn
period, becoming symptomatic at age 4 weeks. Thereafter,
progressive respiratory problems, such as cough, increased
work of breathing, dyspnoea at feeding and related weight
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loss, became significant and required oxygen supplementation
therapy. The general experience among reported cases appears
to be fairly variable, some, like in this female case, managing
with oxygen support, others dying of severe respiratory dis-
ease or even being offered lung transplantation (Table 1).

There were differences between the two cases reported
here in terms of their findings on HRCT thorax. Where
the chest imaging on our first case demonstrated more
subtle cystic and diffuse ground-glass changes, the imag-
ing on our second case demonstrated more striking hyper-
inflation and emphysematous changes as other case series
have reported [12—15, 17]. Over time, hyperinflation and
emphysematous changes developed on follow-up chest x-
rays in the first case which suggests that the CT thorax
was performed early on in the evolution of this condition.
This would explain why there are differences in the pat-
tern of abnormalities seen on initial chest imaging in both
cases.

Pulmonary aspiration may have been a confounding
feature in the first case. However, the severity and diffuse
nature of the interstitial changes seen on initial chest im-
aging could not be explained by aspiration alone. The
male patient, reported here, presented with persistent sig-
nificant pulmonary arterial hypertension, congenital cardi-
ac malformation and abdominal distension/constipation.
Persistent increased intestinal transit time (contrast study
showed more than 5 days of emptying barium swallowed)
was observed in him without any obvious radiologically
or histologically identifiable obstruction or evidence of
Hirschsprung’s disease. Post-mortem examination con-
firmed no obstruction. This likely represents chronic in-
testinal pseudo-obstruction associated with loss-of-
function mutation in FLNA described previously [4, 8].
In contrast to the female patient described here, he dem-
onstrated a severe form of FLNA-associated disease with
multi-organ malformations including the cardiac, respira-
tory, central nervous and gastrointestinal systems.

From emerging data, it would be wise for clinical geneti-
cists invited to review complex cases with a sustained oxygen
requirement against a clinical background of cardiac concerns
or intestinal obstruction to have a high index of suspicion for
FLN-related pathology and to instigate early MRI brain scan
and FLNA mutation analysis.
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