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INTRODUCTION
The gene ATP7A encodes for the copper-transporting ATPase 
ATP7A, important for regulating copper [Cu (I)] level in the 
cells. In the small intestine, the ATP7A protein helps controlling 
the absorption of Cu (I) from food. The ATP7A gene contains 
23 exons. Pathogenic variants in the gene, ATP7A, results in two 
different copper-deficiency disorder, occipital horn syndrome 
(OHS; OMIM #304150) and the more severe form, Menkes 
disease (MD; OMIM #309400).

MD is far the most common form, but the milder form, OHS, 
had been observed in approximately 5% of the cases. OHS has 
been observed in several patients with splice site mutations in 
ATP7A. Based on a previous observation of a splice site variant 
in ATP7A, leading to skipping of exon 10 in a patient with OHS 
(IVS10+3A>T), it has been proposed that OHS could be a result 
of functional activity of the splice-variant encoded by an ATP7A 
transcript missing exon 10. As the splice variant without exon 10 
preserves the correct reading frame, it was reasonable to believe 
that this variant encodes an ATP7A protein variant with some 
functional activity. Previously, it also has been verified that exon 
10 encoded a signal important for Golgi localization, and as a 
result of this the splice variant encodes an ATP7A protein, 
which was found located in the endoplasmic reticulum.

In our paper, “Occipital horn syndrome as a result of splice site 
mutations in ATP7A”, we demonstrated, in contrast to what was 
previously thought, that the ATP7A protein product encoded by 
a transcript missing exon 10 is not functional. We demonstrated 
that this protein variant was not able to rescue a yeast-strain 
deficient in the gene, which encodes the homologous copper-
pump, ccc2. Furthermore, MD patients with splice site variants 
leading to skipping of exon 10 had abundant amounts of this 
alterative ATP7A transcript, making it unlikely that it could be 
responsible for the OHS phenotype.

Furthermore, we have observed a splice variant leading to 
skipping of exon 15 in a patient with OHS (IVS15+4A>C) who 
had an unusual mild phenotype, long survival and a high

intellectual function. We did testing to determine if a splice
variant without exon 15, could encode for any functional
protein. Also a transcript without exon 15 preserves the reading
frame

Similar to the protein product encoded by a transcript without
exon 10, we demonstrated that the protein product, which was
encoded by a transcript without exon 15 was not functional.

Although the two splice variants, IVS10+3A>T and
IVS15+4A>C, predominantly leading to transcripts without
exon 10 or exon 15, respectively, small amounts of normal
ATP7A transcript were still present. In comparison to the
amount of normal ATP7A transcript in these OHS patients to
the amount of normal ATP7A transcript in MD patients due to
other ATP7A splice site mutations or exon deletions, we
demonstrated that the OHS patients have at least 3% normal
ATP7A transcript compared to controls. In contrast, patients
with MD have less than 1% normal ATP7A transcript compared
to controls. Thus while the splice site variants do not seem to be
responsible for the milder OHS phenotype, very small amounts
of normal ATP7A transcript do.

This conclusion is in agreement with our previously studies
demonstrating that very small amount of wild type transcript
permits the milder form OHS in contrast to the more severe
form MD.
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