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Whole exome sequencing identifies a novel variant in
ABCA3 in an individual with fatal congenital surfactant
protein deficiency
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ABSTRACT

Background. Adenosine triphosphate-binding cassette subfamily A member 3 (ABCA3) gene variants, which
cause severe respiratory distress syndrome (RDS) in term newborns, can cause death, especially due to the lack
of congenital surfactant protein. The relationship between the types, pathophysiology and effects of ABCA3
gene variants on surfactant metabolism and the clinical phenotype have not yet been fully clarified, but the
ABCAS3 genotype is known to affect clinical severity.

Case. In our study, in a term newborn with a diagnosis of RDS resulting in death, we detected the ¢.3677 T>
C (p.Leul226Pro) variant homozygous variant in the ABCA3 gene according to the NM_001089.3 transcript,
which, to our knowledge, was identified for the first time in the literature.

Conclusions. We consider that this case report contributes to the literature on RDS by showing the presence of
¢.3677 T> C (p.Leul226Pro), a new homozygous variant of ABCA3 in our patient.
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Adenosine  triphosphate-binding  cassette
subfamily A member 3 (ABCA3) is an important
glycoprotein expressed in the membrane of
type 2 alveolar cells and plays a role in lung
surfactant metabolism.! Type 2 alveolar cells are
essential for surfactant synthesis and release.
Surfactant is a phospholipid and protein
complex that is vital in transferring ventilation
from the placenta to the postnatal lungs in the
intrauterine period and prevents lung collapse
by increasing the alveolar surface tension.”
To date, more than 200 mutations have been
reported for ABCA3, which plays a critical role
in lipid transport for surfactant synthesis and
release.” Biallelic variants in ABCA3 are known
to cause autosomal recessive (AR) Pulmonary
Surfactant Metabolism Dysfunction type 3
(OMIM #610921).2
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Understanding the genetic pathophysiology
of the ABCA 3 molecule will open new doors
in diagnosis, treatment and management.
In our study, we detected the c.3677 T> C
(p-Leul226Pro) variant homozygous variant in
the ABCA3 gene according to the NM_001089.3
transcript, which, to our knowledge, has not
previously been available in the literature. We
aimed to discuss the conditions of our patient
during the follow-up and treatment process
and the gene variant we detected in order to
shed light on this issue.

Case Report

This paper presents the case of a male infant
born at 38 gestational weeks and 2,680 grams
by C-section from a 23-year-old healthy mother.
It was her second pregnancy and second birth.
In his family history, his mother and father
were first cousins and he had a 2.5-year-old
brother followed up with the diagnosis of
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non-classical congenital adrenal hyperplasia.
In addition, the twin children of the patient’s
aunt were followed up with the diagnosis of
primary ciliary dyskinesia, and his aunt also
had a consanguineous marriage. The pedigree
of the family is shown in Figure 1A. The infant’s
APGAR score was 7 at the first minute and 8
at the fifth minute. In the delivery room, due
to the infant having tachypnea and expiratory
grunting, he was admitted to the intensive
care unit with the initial diagnosis of transient
tachypnea of the newborn (TTN). When the
patient was admitted to the intensive care,
no pathology was detected in the electrolyte,
complete blood count, C-reactive protein (CRP)
and blood gas parameters but he had intercostal
retractions, expiratory grunting and nasal
continuous positive airway pressure (CPAP)
treatment was started. Because there was no
chorioamnionitis and prolonged premature
rupture of membranes and the delivery was

Turk ] Pediatr 2021; 63(4): 703-707

a term, the baby was considered to be at low
risk for sepsis. Pneumonia was not considered
in the foreground because the CRP was
negative and there was no infiltration image
in favor of pneumonia on chest radiography.
Although the first X-ray did not have a
significant aeration excess and diaphragmatic
flattening; the absence of signs compatible
with RDS such as lack of aeration, increased
air bronchograms, prominent reticulogranular
opacities and the baby’s birth was term via
C-section this made us think of TTN and we
started respiratory support and total parenteral
nutrition support first. But, with clinical need;
fiO, was increased as the patient’s saturation
decreased in the following hours. However, the
clinical severity gradually increased and there
was no improvement, he was intubated on the
postnatal 2nd day. Thereupon, we moved away
from the TTN diagnosis and investigate the
other potential causes of respiratory distress.
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Fig. 1. A) Pedigree of the family, B) X-ray of the chest. First X-ray on the first day of hospitalization and on
3rd day before surfactant treatment, C) Display of Integrative Genomics Viewer showing novel ABCA3 ¢.3677
T>C missense variant in homozygous state in patient while their unaffected parents in heterozygous state. The
gray letters and brown letters represent the wild type nucleotides even so the brown letters represent a single
base-nucleotide alteration. Parts of the Sanger sequencing electropherograms are depicted and demonstrate
homozygosity for the variant c.3677 T>C in patient, heterozygosity in father and mother, D) Structure of the
ABCA3 gene, coded protein, protein domains. Red arrow marks the present variant.
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In terms of persistent pulmonary hypertension,
the postnatal 2nd day echocardiography was
normal, and there were no findings on the
X-ray that were thought to be consistent with
pneumothorax or diaphragmatic hernia. For
asphyxia, no pathology was found in the blood
gas or neurological examination. The absence
of clinical improvement on the postnatal 3rd
day, the need for intubation, the onset of air
bronchograms and the onset of lack of aeration
on the X-ray excluded the diagnosis of TTN
(Fig. 1B). From this point of view, differential
diagnosis of malignant TTN, sepsis, congenital
surfactant protein deficiency was considered.
Blood values and CRP value (0.2 mg / dL) were
normal, a blood sample was taken from the
patient for whole exome sequencing analysis and
sent to a genetic laboratory in Ankara, Turkey
and 100 mg / kg surfactant was administered
to the patient. Surfactant treatment (100 mg/
kg) was administered endotracheally three
times on the 3rd, 7th and 12th days. During
his follow-up, the patient was fed with total
parenteral nutrition. Although there was no
growth in the blood culture sent on the first day
of the patient’s hospitalization, on the 5th day,
blood culture, urine culture and control CRP
value were sent again as there was no clinical
improvement. The patient was started on
broad spectrum antibiotic therapy (ampicillin
+ gentamicin combination) with suspected
sepsis pre-diagnosis because CRP was 0.7
mg / dL (> 0.5 mg / dL). Antibiotic treatment
was stopped on the seventh day. Abdominal
and transfontanelle ultrasonography was
performed routinely on the seventh postnatal
day and revealed normal findings. Upon the
development of pulmonary hypertension on
the 20th day, inhaled nitric oxide and sildenafil
combination treatment was started. However,
the patient was still dependent on intubation.
Despite all the supportive treatments on the
24th day of his life, he died due to severe RDS
and respiratory failure. The family was referred
to genetic counseling. Written consent was
obtained from the patient’s family to publish
this report.
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A New Mutation of the ABCA3: ¢.3677 T> C

Genetic analyses

Genomic DNA was extracted from peripheral
blood cells according to the manufacturer’s
standard procedure (DNeasy Blood & Tissue
Kits - QIAGEN). gDNA was broken into
150-500 bp fragments using a BGI enzymes
kit (Segmentase, BGI), The fragments were
collected using magnetic beads. Extracted
DNA was amplified using a ligation-mediated
polymerase chain reaction (LM- PCR). A mean
exome coverage of more than 99% was obtained.
The sequencing depth was greater than 100x
for capture regions. Lastly, the qualified
products were sequenced with PE100 + 100 on
MGISEQ-2000 (BGL, China).

The raw data obtained was aligned with the
Burrows-Wheeler Aligner (BWA) algorithm.
SamTools and Picard programs were used to
sort and discard polymerase chain reaction
duplications. Genome analysis toolkit (GATK)
program v. 3.7 was used to invoke variants.
ANNOVAR, (a bioinformative tool algorithm,
was used to reveal the variants, and the raw
data was prepared for analysis.

Variants were filtered based on frequency,
inheritance pattern, clinical phenotype and
pathogenicity. After that, the c3677 T> C
(p-.Leul226Pro) variant was detected to be
homozygous according to the NM_001089.3
transcript in the ABCA3 gene, which was
considered to explain the patient’s clinical state.
Sanger sequencing was performed to verify the
variant at proband and parents. There was no
significant variant in primary ciliary dyskinesia
genes recorded at OMIM database.

Discussion

In our study, we detected the ¢.3677 T> C
(p-Leul226Pro) variant as homozygous in the
ABCA3 gene according to the NM_001089.3
transcript. To our knowledge, this variant is
novel. The child had inherited the variant from
the unaffected mother and father, both in a
heterozygous state (Fig. 1C,1D). The identified
genetic variation wasnot found inany databases,
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including thel000Genome projects, esp6500,
ExAC, gnomAD, and our in-house database
(n=1978 Turkish individuals). At the same time,
it is located in a highly conserved residue and
GERP score showed the mutated region is
conserved among the species. Bioinformatic
Prediction analysis with in silico algorithms,
such as Mutation Taster, Polyphen-2, CADD,
Revel, M-CAP, and SIFT showed this alteration
to be pathogenic and disease causing.*”

Missense ABCA3 gene variants are thought
to cause disruption in intracellular ABCA3
protein traffic and therefore cause disease.® This
missense variant is located in the intracellular
loop, which deviates in intracellular interactions
that probably have a severe effect on protein
function. We demonstrated the theoretical
3D structure of protein and mutant amino
acid residue by using HOPE. HOPE analysis
revealed the alteration can affect the protein
function.  (https://www3.cmbi.umcn.nl/hope/
progress/5e9£34796£82a694596d3fal/).

Mitsiakos et al.’ reported a case with a missense
variant located in exon 23 of the ABCA3 gene
affecting intracellular interactions with total
(surfactant) deficiency and fatal early onset.
Our patients missense variant located in exon 24
resulted in the substitution of a neutral leucine
residue for a non-polar hydrophobic proline
residue at position 1226 (p.Leul226Pro) which
can affect intracellular interactions. The variant
was submitted to the CLINVAR database
(Submission ID: SUB7881781).

In a study by Wambach et al."’, it was found
that the p.R288K and p.R1474W variants caused
severe neonatal RDS by reducing the ATPase
activity while the c.875A>T (p.Glu292Val)
variant was associated with a milder form
of the disease. Another study showed that
missense variants in the ABCA3 gene could
be molecular methods, and the p.Q215K and
p-R288K variants led to early death and severe
RDS.'!! The survival of biallelic ABCA3 variants
until adulthood has rarely been observed, and
they are shown to present as interstitial lung
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injury. However, the variant of these patients
are of partial, small frame types that do not lead
to the loss of total function.”? In a study in which
185 infants and children with ABCA3 variants
were included; frameshift and nonsense
variants were classified as ‘null’, while splice
site, insertion, deletion, missense variants were
classified as ‘other’ and all individuals with
‘null/null’ variants died under the age of 1.
However, in this study, it was observed that
only 36% of those with a ‘null / other” or ‘other/
other’ variation, survived after the age of 1.1 We
detected the missense mutation as homozygous
in our patient and our patient died in the
neonatal period.

In the differential diagnosis of term newborn
RDS, primary pulmonary hypertension,
diabetic mother, primary ciliary dyskinesia,
congenital surfactant protein deficiencies
or hereditary disorders causing congenital
surfactant deficiency should be considered.!
ABCA3 gene variants lead to the deficiency
of surfactant proteins B and C. A recent study
showed that hemagglutinin-tagged wild type
ABCA3 and its variants p.Q215K, p.A1046E,
p-K1388N, p.G1421R can be corrected, and
all mutant proteins except M760R ABCA3 are
rescued in vitro.”” Although genetic therapies
are promising for the future, lethal RDS due
to congenital surfactant metabolism disorder
still has no effective treatment other than lung
transplantation. The DNA sequence analysis
of our patient was completed approximately 15
days after his death. The patient was connected
to mechanical ventilation and given supportive
therapy.

In conclusion, we consider that this case report
contributes to the literature on RDS by showing
the presence of ¢.3677 T> C (p.Leul226Pro), a
novel homozygous variant of ABCA3 in our
patient. Further studies are needed to explain
the in vitro genetic pathways of ABCA3
variants. Such studies are important for future
therapeutic studies and the determination of
treatment alternatives to lung transplantation.
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