Vitamin D, joint disorders and the Wilson’s disease patient
Introduction

Wilson’s disease patients and their families often raise concerns about arthritis and joint problems,
and seek advice about taking vitamin D, a hormonal regulator of bone and mineral homeostasis.
Prompted by a question on vitamin D supplementation at the 2023 Wilson’s Disease Support Group-
UK meeting, this brief literature survey was carried out on vitamin D metabolism and its relation to
Wilson’s disease.

Osteoarticular changes in Wilson’s disease

Incidences of skeletal changes in Wilson’s disease patients were documented in the 1970s and 1980s
by, among others, John Walshe (1) and his USA collaborators Herbert Scheinberg and Irmin Sternlieb
(2). More recently, a systematic literature review and meta-analysis concluded that there are
potential associations of Wilson’s disease with osteopenia and osteoporosis (3).

Vitamin D metabolism

Vitamin D is a major endocrine regulator of bone and mineral homeostasis. In the UK and North
America, photolysis of 7-dehydrocholesterol in the epidermis by ultra-violet sunlight is quantitatively
the most important source of vitamin D.

Vitamin D undergoes 25-hydroxylation by cytochrome P450 (CYP450) enzymes in the liver (mainly by
the isoform CYP2R1) (4). The metabolite thus formed (25-hydroxyvitamin D) is the major circulating
metabolite of vitamin D. The major active metabolite, 1,25-dihydroxyvitamin D (the hormone that
acts as a regulator of both mineral and skeletal homeostasis) is also formed enzymatically — by
cytochrome P450 hydroxylation of 25-hydroxyvitamin D (4). This step occurs almost exclusively in the
kidney by the cytochrome P450 isoform CYP27B1 (4).

While hepatic CYP2R1 appears to be poorly regulated, renal CYP27B1 is tightly regulated by calcium
and phosphate ions through the regulatory hormones parathyroid hormone, the fibrinogen growth
factor hormone FGF23, and by the CYP450 hydroxylation product itself, 1,25-dihydroxyvitamin D (5).

Wilson'’s disease (WD) can cause both liver and kidney injury raising the possibility that impairment
of vitamin D metabolism (i.e. reduced endogenous synthesis of 25-hydroxyvitamin D and 1,25-
dihydroxyvitamin D) as a result of liver and/or kidney injury in WD patients might be one of the
pathways for bone disorders in these patients.

Impaired vitamin D metabolism and Wilson’s disease

Evidence linking impaired vitamin D metabolism with Wilson’s disease is admittedly limited. This may
be because detailed studies, i.e. measurement of circulating vitamin D metabolites in WD patients,
have not been conducted. Carpenter et al. found altered vitamin D metabolism in an animal model of
Wilson’s disease, specifically “impaired production of 1,25-dihydroxyvitamin D occurs in copper-
intoxicated rats” (6).

Changes in vitamin D metabolism may result from inhibition of cytochrome P450 enzymes in
Wilson’s disease. A group of Polish workers analysed gene expression and protein abundance of 14
drug-metabolizing enzymes and 16 drug transporters in hepatic tissue from seven Wilson’s disease
patients with liver failure (Child—Pugh class B and C) (7). Non-tumorous liver tissue of patients
undergoing resection of metastatic tumours was used as a control (7). The results showed a
downregulation of a majority of cytochrome P450 and UGT (UDP-glucuronosyltransferase) enzymes
in samples from the Wilson’s disease patients. This study has possible implications for the production
of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D in WD patients and, more generally, for drug
interactions and drug pharmacokinetics of medication taken by WD patients. For a selected group of



WD patients a small trial could be conducted of their vitamin D metabolism in relation to the
patients’ joint mobility. Reinvestigation of the drug metabolising enzymes in WD patients is also
worth considering.

25-Hydroxyvitamin D

In several countries, 25-hydroxyvitamin D is prescribed for the prevention and/or treatment of
vitamin D deficiency (8). 25-Hydroxyvitamin has a higher rate of intestinal absorption and increased
potency compared with vitamin D (8). With the possibility of changes to the activity of cytochrome
P450 enzymes affecting the metabolism of vitamin D in Wilson’s disease, 25-hydroxyvitamin D
supplementation might be a better alternative for Wilson’s disease patients. 10 pg/day of 25-
hydroxyvitamin D is considered to be a safe dose (8).

Footnote: This note has focussed on a possible connection of vitamin D status and joint problems in
Wilson’s disease patients. Altered calcium homeostasis (hypocalcaemia) in Wilson’s disease patients
has been linked to hypoparathyroidism (9,10), and is attributed to deposition of copper in the
parathyroid glands (9). The reported increase in skeletal copper concentrations in Wilson’s disease (3,
11) may imply joint disturbances are caused by copper deposition (12, and references therein), but in
vivo studies on the direct effect of copper deposition on bone biology and osteoporosis are lacking
(3). Polyarthritis in Wilson’s disease patients has been linked to treatment with b-penicillamine (1, 2).
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