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Abstract

Alveolar capillary dysplasia with misalignment of pulmonary veins (ACD/MPV) is a rare, fatal de-
velopmental lung disorder of neonates and infants, associated with severe persistent pulmo-
nary hypertension unresponsive to treatment. We reported the case of a term newborn with
delayed presentation of ACD/MPV and a novel mutation of FOXF1 gene that received supportive
cardiopulmonary treatments, inhaled nitric oxide, oral sildenafil and nebulized iloprost with no
clinical improvement. DNA sequence analysis of FOXF1 gene identified a novel heterozygous variant
c.257G > C; p.R86P, in exon 1. At autopsy, lung histology showed the characteristic features of
ACD/MPV. FOXF1 has been identified as one of the genes responsible for ACD/MPV associated
with multiple congenital malformations. This is a report of a novel heterozygous variant c¢.257G >
C; p-R86P, in the first exon of FOXF1, in a patient with delayed presentation of ACD/MPV.
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1. Introduction

Alveolar capillary dysplasia with misalignment of pulmonary veins (ACD/MPV) is a fatal pulmonary disease
that usually presents in the neonatal period with severe hypoxemia and persistent pulmonary hypertension un-
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responsive to treatment. The disorder is mostly diagnosed at autopsy or lung biopsy [1]. ACD/MPYV is a rare dis-
order with an unknown incidence and the pathophysiology remains incompletely understood. The genetic eti-
ology of ACD/MPYV has remained elusive for decades [1]. Pedigree analyses of ACD/MPYV patients’ families
have suggested both autosomal dominant and recessive patterns of inheritance [2], thus implicating at least two
causative genes. Microdeletions or point mutations in/or upstream to the forkhead box F1 (FOXF1) gene on
chromosome 16q24.1 are responsible for 40% of the reported cases [2]. The authors report a clinical case of a
term newborn with delayed presentation of ACD/MPV and a novel mutation of FOXF1 gene. Sequence analysis
of FOXF1 gene identified a novel heterozygous variant ¢.257G > C; p.R86P, in exon 1.

2. Case Report

A 39-week gestational age Caucasian female was transferred to our center on her sixth day of life for episodes
of cyanosis and apnea. The pregnancy was uneventful and no respiratory support was required after birth. She
was discharged home from a level one newborn nursery on the second day of life. Parents reported feeding dif-
ficulties and few self-limited episodes of perioral cyanosis at home. These episodes progressed leading to eval-
uation in the Emergency Department. She was admitted to the pediatric intensive care unit for hypoxia and fre-
quent apneic events. Her physical exam on admission was significant for bilateral inferior coloboma and lung
exam was unremarkable. Chest radiograph showed right sided pneumothorax requiring chest tube placement
(Figure 1(a) and Figure 1(b)). Echocardiography was significant for severe pulmonary hypertension, patent
foramen ovale (right-left shunt) and small patent ductus arteriosus (right-left shunt). On day 7 of life, she re-
quired intubation, and mechanical ventilation due to respiratory failure and increasing FiO, requirement. In-
haled nitric oxide was started at the same time. Since there was no evidence of clinical improvement, oral sil-
denafil and nebulized iloprost were added. On day 9 of life she was placed on venoarterial extracorporeal mem-
brane oxygenation (ECMO). A CT scan of the chest with contrast showed normal pulmonary arteries, asymme-
tric smooth intralobular septal thickening and bilateral lower lobe atelectasis (Figure 2(a) and Figure 2(b)).

On day 21 of life, sequence analysis of FOXF1 identified a novel heterozygous mutation (¢.257G > C; p.
R86P) in exon 1. The ¢.257G > C; p.R86P FOXF1 mutation resulted in a single aminoacid substitution of evo-
lutionary conserved Arginine 86 to Proline (Figure 3(a)). Arginine 86 is located in FOXF1 DNA-binding do-
main (Figure 3(b)), which is frequently mutated in ACD/MPV patients [3]. This mutation was not detected in
patient’s parents, suggesting of a de novo variant.

On day 26 of life, ECMO support was discontinued due to a left cerebral hemorrhagic stroke. Patient was
extubated and remained on maximal medical management for pulmonary hypertension. She died on day 29 of
life from frequent pulmonary hypertensive crises. Limited lungs autopsy was performed revealing characteristic
histologic features of ACD/MPV (Figure 4).

(@ (b)

Figure 1. Chest Radiographs on day of life 7. (a) Slight hazy interstitial opacities throughout both lung fields and small
right sided pneumothorax. The cardiothymic silhouette is normal; (b) Chest X-ray after right sided chest tube placement and

intubation.
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Figure 2. Chest computed tomography (CT) with contrast on day of life 9. (a) and (b) Normal pulmonary ar-

teries. Smooth intralobular septal thickening which is asymmetric, right greater than left. Bilateral lower lobe
atelectasis.
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Figure 3. (a) Multiple sequence alignment displaying the conservation of amino acid sequence (from 70 to
121) of FOXF1 protein among the vertebrates (upper) and between other forkhead box members (lower); (b)
Schematic representation of domain organization in human FOXF1 protein (upper) and location of all known

mutations in FOXF1 DNA binding domain (lower).
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Figure 4. Autopsy limited to lung biopsy. Confirmatory Diagnosis: Alveolar capillary dysplasia with misalign-
ment of pulmonary veins. (a) and (b) Pulmonary veins (arrows) that are normally in the interlobular septa are

malpositioned and accompany pulmonary arteries (a) and bronchioles (b) (H & E stain).
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3. Literature Review and Discussion

ACD/MPV is characterized by misaligned pulmonary veins, paucity of capillaries proximal to the alveolar epi-
thelium, anomalous distended pulmonary veins within the bronchovascular bundle instead of the interlobular
septa, and immature alveolar development with medial thickening of small pulmonary arteries [1]. It is a deve-
lopmental disorder of the lung affecting both the parenchyma and the vasculature [2].

Most patients present with respiratory distress in the first few hours of life. These neonates are usually born
at term with appropriate size and normal Apgar scores. There are few reports of delayed presentation of this
disease. The pathophysiology underlying the development of ACD/MPV has yet to be fully characterized, and
mechanisms that might explain delayed presentation are even less clear. There appears to be no survival advan-
tage in presenting late. Once symptoms develop, the infant with delayed presentation experiences the same
downward spiral that results in death [4]-[7].

Infants with ACD/MPV usually present with profound hypoxemia and severe pulmonary hypertensive crisis
with minimal or no parenchymal lung disease on imaging. It should also be considered in cases of idiopathic
persistent pulmonary hypertension of newborn whose symptoms recur after successfully weaning from ECMO
[8]. Extrapulmonary findings are present in 50% to 80% of the cases which include structural abnormalities of
the genitourinary, gastrointestinal, or cardiovascular systems [2] [9] [10].

To date, no routine laboratory tests or imaging studies can distinguish ACD/MPV from other causes of neo-

natal pulmonary hypertension. Histologic evaluation of lung tissue is the current gold standard for diagnosis and
is most often performed at autopsy [10].
It has been reported that FOXF1 plays a crucial role in human lung morphogenesis and intrinsic pulmonary
vascular development and thought to be involved in gastrointestinal tract development [11] [12]. FOXF1 is a
transcription factor from Forkhead (FOX) family, which is required for embryonic development of pulmonary
vasculature in mice and humans by regulating genes critical for the vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF) and Notch signaling pathways [13] [14]. Haploinsufficiency of the Foxf1
gene in Foxf1+/— mice causes lung hypoplasia, alveolar capillary dysplasia and a variety of developmental ab-
normalities in the lung and gastrointestinal tract, partially re-capitulating clinical findings in ACD/MPV patients
[11]-[14].

DNA sequencing and comparative genomic hybridization have led to the identification of FOXF1 as one of
the genes responsible for ACD/MPV. Stankiewicz et al. identified four different de novo heterozygous muta-
tions in the FOXF1 gene in unrelated patients with sporadic ACD/MPV [10] [15]. Subsequently, more than 40
mutations in FOXF1 gene locus were linked to ACD/MPV, including a point mutation ¢.256C > T; p.R86W,
which resulted in a substitution of Arginine 86 to Tryptophan [13]. All FOXF1 mutations are heterozygous, af-
fecting only one FOXF1 allele. Interestingly, the RS6W mutation resulted in delayed presentation of the disease,
which is similar to the present report of R86P mutation. Therefore, Arginine 86 FOXF1 mutations may have a
predictive value for delayed presentation of ACD/MPV. Although overall significance of FOXF1 mutations for
cellular functions of FOXF1 protein and pulmonary vascular development remains unclear, our report together
with previous data suggest a critical importance of Arginine 86 for pathogenesis of ACD/MPV [3].

4. Conclusion

In summary, this is the first report of a heterozygous variant ¢.257G > C; p.R86P, in the first exon of FOXF1
gene, a critical developmental regulator of pulmonary endothelial cells. The R86P FOXF1 mutation affected only
one FOXF1 allele but was sufficient to cause ACD/MPV. While this case was associated with a delay in onset
of the disease, it ultimately resulted in progressive respiratory insufficiency refractory to available treatments.
Due to the lack of major improvements in ACD/MPV clinical management, new therapeutic approaches are
greatly needed for this rare congenital disorder.
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