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Abstract: 
Fontaine Progeroid Syndrome (FPS) is an autosomal dominant condition caused by pathogenic variants in the SLC25A24 gene located on chromosome 1. Eleven cases have been described in the literature, with early lethality in some. We discuss the clinical course of a patient from birth until his death at 7 months.
Key Clinical Message: We discuss a patient with a confirmed diagnosis of Fontaine Progeroid Syndrome (FPS), comparing his phenotype with that of the previously reported cases. We hope to add to knowledge on the phenotype of FPS.
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Case: 
We report case of a male infant who had multiple congenital anomalies consistent with a diagnosis of Fontaine progeroid syndrome (FPS). His parents have one other child with no health concerns and there is no history of recurrent miscarriage. There is no significant family history.
Following spontaneous conception in this pregnancy, the patient’s mother was referred to a tertiary specialist maternity service from a regional maternity unit due to intracranial and genital abnormalities on antenatal ultrasound at 29 weeks gestation. There were no reported antenatal insults or teratogenic influences. A subsequent foetal MRI performed at 31 weeks showed structural abnormalities and possible schizencephaly or subcortical heterotopia, severe symmetrical IUGR and oligohydramnios. No antenatal genetic investigations were performed.
He was born in the tertiary centre at 37 weeks gestation by vaginal delivery following induction of labour for IUGR.  The patient was born in good condition. His birth weight, head circumference and length all lay below the 0.4th centile. 
The patient had severe pulmonary hypertension in the early postnatal period, requiring CPAP. Associated cardiorespiratory anomalies included a small right sided pneumothorax, severe tricuspid regurgitation with impairment of right ventricular contractility and a patent ductus arteriosus.
At birth, the patient had poor central tone. MRI brain performed on day of life 31 demonstrated cystic structures in the parietal lobes bilaterally “measuring 2 cm on the left and 2.5 cm on the right, these appear to be splaying the grey matter, invaginating through the deep white matter, and they abut the ventricles” (Figure Ia and 1b).  At this time, splaying of the vermis of the cerebellum with prominent posterior CSF elements was felt to be consistent with Dandy-Walker malformation. There was no evidence of schizencephaly on postnatal MRI. Expert neuro-radiology opinion agreed with the above radiological assessment. No neurosurgical intervention was required at this time.
Postnatal microarray, performed on day one of life, demonstrated a loss of approximately 71kb at 16p13.3 with no other abnormalities. This loss was within the OMIM non-morbid gene RBFOX1, OMIM #605104. (Tiller, 2000) but was not thought to be relevant to the patient’s phenotype. This loss was also demonstrated in the patient’s unaffected father.
Initially it was felt that his pulmonary hypertension would not be compatible with life and given the prenatal concerns for significant neurologic impairment and significant postnatal medical issues he was transferred to a regional paediatric centre with palliative intent. Due to improving clinical status, however, the patient was well enough to be discharged home with nasogastric feeding and intermittent home oxygen after 41 days.
At 5 months of age, the patient was admitted electively to a tertiary paediatric centre to facilitate multidisciplinary work up of his ongoing issues. Echocardiogram during this admission showed evidence of pulmonary hypertension with right ventricular hypertrophy which had improved from previous scans and the tricuspid regurgitation had resolved. Of note, there was no evidence of primary cardiovascular or respiratory pathology causing pulmonary hypertension. Expert cardiology opinion was that the cause of the pulmonary hypertension was likely to be neurological in origin. 
Cranial ultrasound showed communicating hydrocephalus for which a ventriculoperitoneal (VP) shunt was inserted electively.
Clinical genetics review was performed during the admission. On examination he had notable multi-system features consistent with cutis laxa or a progeroid condition. (see table 1 and figure 1). These included dysmorphic facial features, poorly ossified skull bones and the cardiac abnormalities described above. The diagnosis of Fontaine progeroid syndrome was suggested.
Trio whole exome sequencing was performed. He was found to have a de novo heterozygous pathogenic variant in SLC25A24 p.(Arg217His), confirming the diagnosis.
Additionally, the patient was found to have anaemia [Hb 71g/l (105-135)] with a leukoerythroblastic blood film.  No evidence of haematological malignancy was detected by flow cytometry. In view of the progeroid features, telomere length (TL) was measured on peripheral blood and showed that TLs were low in lymphocytes and granulocytes (between first and tenth centiles). TL in lymphocyte subsets were normal (between 10th and 90th centiles) in naïve T cells and B cells, they were very low (below 1st centile) in memory T cells, and low in NK cells.
At 7 months of age, the patient suffered acute deterioration requiring paediatric intensive care support.  Evaluation revealed severe pulmonary hypertension.  Human rhino/enterovirus infection was detected which was thought to have exacerbated worsening pulmonary hypertension.  Despite intensive care support, his pulmonary hypertension was inotrope refractory, multiorgan failure ensued and he died a short time later.  
Discussion: 
Fontaine Progeroid Syndrome (FPS) is caused by heterozygous pathogenic variants in the SLC25A24 gene located on chromosome 1. Inheritance is autosomal dominant, and penetrance is unknown (Bocchini, 2018). It is a rare disease, affecting fewer than 1 in 1,000,000 live births (Ryu, Ko, & Shin, 2019)(Rodríguez, Pé Rez-Alonso, Funes, & S Pé Rez-Rodríguez, 1999). Prior to the association with SLC25A24 patients with FPS were thought to have one of two congenital progeroid syndromes; Gorlin-Chaudhry Moss Syndrome (GCMS), first described in girls by Gorlin et al. (Gorlin, Chaudhry, Moss, & New York, 1960) in 1960 and Fontaine Farriaux Syndrome (FFS) first described in 1977(Fontaine G, 1977). Historically, FFS and GCMS were considered separate entities. Pathogenic variants in SLC25A24 have been found in patients clinically diagnosed with both GCMS and FFS. The term Fontaine Progeroid Syndrome is now used for both GCMS and FFS, with those cases previously described as GCMS likely to represent a milder form of FPS (Bocchini, 2018) . A differential diagnosis for a congenital progeroid syndrome would include Hutchinson-Gilford Progeria Syndrome. In one case study, all documented cases of SLC25A24 pathogenic variants arose de novo (Writzl et al., 2017). Another case study which describes 5 documented cases of FPS in SLC25A24 also demonstrates de novo pathogenic variants in all cases (Ehmke et al., 2017). To date, there are only 11 described cases (3 males, 8 females) of Fontaine Progeroid Syndrome in the literature with a confirmed pathogenic variant of SLC25A24 (Ryu et al., 2019)(Rodríguez et al., 1999)(Ehmke et al., 2017; Writzl et al., 2017). Previous literature describes patients with phenotypic overlap, but these cases did not have a confirmed genetic diagnosis (Aravena, Passalacqua, Pizarro, & Aracena, 2011; Gorlin et al., 1960; Petty, Laxova, & Wiedemann, 1990; Rosti et al., 2013)
The SLC25A24 gene was mapped to chromosome 1 by genomic sequence analysis in 2004 (del Arco & Satrústegui, 2004). It is located at 1p13.3 (NCBI NLM NIH, 2021). SLC25A24 encodes for ATP-Mg/phosphate carrier 1 APC1 (Palmieri, Scarcia, & Monné, 2020). This carrier transports ATP-Mg in exchange for intra- or extra-mitochondrial phosphate (Fiermonte et al., 2004). It is involved in regulating the matrix adenine nucleotide pool.
The disease causing missense variant identified within this gene is caused by the de novo mutations c.650G>A (p.Arg217His) and c.649C>T (p.Arg217Cys). (Ehmke et al., 2017; Writzl et al., 2017). The variant is hypothesised to be a pathological gain of function variant. (Ehmke et al., 2017; Writzl et al., 2017). It is unclear to date how pathogenic variant in SLC25A24 cause the symptoms of Fontaine progeroid syndrome. To date, there have been no animal models eliciting pathogenic mechanism of variants in SLC25A24. Writzl et al. demonstrated markedly altered mitochondrial morphology and function resulting directly from the disease-causing variants in SLC25A24 in fibroblasts (Writzl et al., 2017). They hypothesise that SLC25A24 pathogenic variants impair mitochondrial ATP synthesis and cause hyperpolarisation and increased proton leak in association with altered energy metabolism (Writzl et al., 2017). Ehmke et al. also demonstrated abnormal mitochondrial morphology in fibroblasts in response to oxidative stress (Ehmke et al., 2017). They hypothesise that variable progeroid appearance arises due to aberrant development of skeletal, fat, and connective tissues. The exact underlying mechanism causing the clinical phenotype has yet to be elucidated.
The clinical features are numerous and are listed in table 1. 
IUGR with short stature but with normal growth velocity was seen in all but one patient. All patients with a molecularly confirmed diagnosis of FPS are described as having an aged appearance with wrinkled and translucent skin and a low anterior hairline. Some characteristics are almost ubiquitous including brachycephaly, coronal craniosynostosis, a large anterior fontanelle, triangular face with midface hypoplasia, short phalanges with hypoplastic nails and umbilical hernias. Cardiovascular abnormalities are common. Patients who lived into early childhood often had psychomotor delay, especially gross motor delay due to muscle weakness, but ultimately had normal developmental outcomes. (Ryu et al., 2019).
Haematological abnormalities have not been reported in any child with Fontaine progeroid syndrome in the literature. Investigations did not find evidence of leukaemia as a cause for this patient’s blood abnormalities. As there have been very few patients with FPS described worldwide to date, the leukoerythroblastic anaemia may represent an expansion of the phenotype. 
Telomere lengths (TL) are a marker of aging. In some progeroid disorders, TLs are shown to be reduced (Turner, Vasu, & Griffin, 2019). TLs in FPS have not to our knowledge been reported. While the TLs are shown to be reduced in this patient, there is overlap with the normal range.
This patient’s diagnosis was confirmed by the finding of a pathogenic variant in SLC25A24. In Europe, a rare disease is defined as one affecting fewer than 1 in 2000 people. (Pelentsov, Fielder, Laws, & Esterman, 2016). The care for children with rare diseases poses challenges for children and their families including the lack of knowledge and expertise within the healthcare community in their child’s illness. Children with rare illnesses, and their parents, face additional challenges including late diagnosis of their child’s condition, or diagnostic and prognostic uncertainty.  Parallel planning, whereby plans are made for continuing life concurrently with planning for a shortened life, is increasingly being utilised to optimise the quality of life for patients with such rare conditions (Aidoo & Rajapakse, 2019). Practical and emotional supports are thus offered on a needs basis rather than based on diagnosis or prognosis. We hope that our case report will help to contribute to the knowledge base available to those caring for patients with FPS. 
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