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Pediatric forms of porphyria: diagnosis and functional insights into gene variants

Porphyria comprise a heterogeneous group of rare genetic disorders caused by pathogenic variants in genes encoding
enzymes involved in heme synthesis. Three forms: Erythropoietic ProtoPorphyria (EPP), Congenital Erythropoietic
Porphyria (CEP) and 6-aminolevulinc acid dehydratase deficiency porphyria (ADP) typically present during childhood.
Despite significant advances in genetic diagnostics, a substantial proportion of patients remain genetically unresolved,
largely due to the high allelic heterogeneity of porphyria-associated genes. In many cases, next-generation sequencing
(NGS) identifies rare variants located within promoter regions, non-canonical splice sites, deep intronic regions, or novel
missense substitutions whose pathogenicity cannot be established without additional functional studies. These variants of
uncertain significance (VUS) are not currently integrated into the porphyria diagnostic workflow, resulting in persistent
diagnostic ambiguity, and adverse consequences for patient management, genetic counseling, and access to appropriate
therapeutic interventions. By integrating advanced genomic approaches, in silico prediction tools, and functional studies in
patient-derived samples and animal models, this work aimed to improve the detection and interpretation of novel genetic
variants associated with porphyria. We identified four new deep intronic variants, located 650 - 2600bp from constitutive
exons, as well as two adjacent nucleotide substitutions affecting the same amino acid residue, in seven unrelated patients
with clinically overt disease. Functional analyses revealed that all deep intronic variants cause aberrant pseudoexon
inclusion in the mature transcript, through the activation of cryptic splice sites, whereas coding variants can impair exon
recognition by disrupting auxiliary splicing regulatory elements, such as exonic splicing enhancers (ESEs) and silencers
(ESSs), resulting in exon skipping. Overall, this study provided definitive molecular diagnoses for affected patients and
their families, substantially enhancing the diagnostic power and clinical value of genetic testing in porphyria.
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