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Reduced oxidase activity in the caeruloplasmin of
two families with Wilson's disease
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SUMMARY Caeruloplasmin has been determined immunologically and by copper oxidase activity
in 25 normal subjects, 20 patients with Wilson's disease, and 80 patients with chronic liver disease.
Repeated estimation in four patients with Wilson's disease and two heterozygous mothers from two
families revealed a consistent reduction in the copper oxidase activity of caeruloplasmin (12-32 units
copper oxidase activity/mg caeruloplasmin) relative to the values obtained in normal subjects,
patients with chronic liver disease, and other Wilson's disease patients (mean 65-79 units/mg). It is
suggested that the functional abnormality in caeruloplasmin observed in these two families is an

inherited variant, which does not appear to be due to the presence of a serum inhibitor of copper
oxidase.

The biochemical diagnosis of Wilson's disease
depends on a reduced level of serum caeruloplasmin
(less than 20 mg/dl) and an elevated hepatic copper
concentration (greater than 250 ,ug/g dry tissue)
(Sternlieb and Scheinberg, 1968). A few patients
possess normal serum concentrations of caerulo-
plasmin (Bearn, 1953; Scheinberg and Sternlieb,
1963) but the levels usually fall during the course of
D-penicillamine therapy.
The physiological role of caeruloplasmin is

thought to be that of a ferroxidase. However, it can
oxidise a wide variety of substrates, and the ability
to catalyse the oxidation of aryldiamines has been
widely employed in colorimetric assays for caerulo-
plasmin. Recently, due to the availability of com-
mercial reagents, the measurement of caeruloplasmin
immunochemically has gained acceptance on the
assumption that immunoreactive caeruloplasmin is
closely correlated with serum copper oxidase activity.
While this may be true of most groups of subjects,
in this study we report four patients with Wilson's
disease and two heterozygous carriers of the
'Wilson's disease gene' from two families, in whom a
marked reduction in the copper oxidase activity of
caeruloplasmin was observed relative to the values
obtained in normal subjects, other patients with
Wilson's disease, and patients with a variety of
chronic liver diseases.
'Present address: 1120 HSW Department of Medicine,
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Methods

Copper oxidase activity was determined by a method
modified from that of Curzon and Vallet (1960).
Serum (100 ,ul) was incubated at 37°C in 5-1 ml
0 43 mol/l sodium acetate buffer, pH 5 5, containing
20 mmol/l N,N-dimethyl-p-phenylenediamine sul-
phate and the increase in absorbance was recorded
at one-minute intervals. The reaction rate was
calculated from the average over 10 minutes while
the reaction was linear, after allowing for the initial
lag period of 1-2 minutes. In sera showing low copper
oxidase activity measurement was continued for up
to 30 minutes. The results are expressed as units/ml
serum, defining 1 unit as equivalent to an increase in
absorbance at 530 nm/min of 0-01. Caeruloplasmin
was measured immunochemically by single radial
immunodiffusion using M Partigen immunodiffu-
sion plates and standards supplied by Hoechst
Pharmaceuticals.

Patient studies and results

In 25 normal subjects (14 males and 11 females,
aged 16-52 years) there was a positive correlation
between the caeruloplasmin and copper oxidase
activity. Mean values for caeruloplasmin were 32-6
± 7.7 mg/dl (± SD), copper oxidase 25-7 ± 3.9
units/ml, and copper oxidase/mg caeruloplasmin
79 ± 19 units/mg. An abnormally decreased serum
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FAMILY A 4 38

84 32*

17 16 9 4

12* 60 22* 57

FAM I LY B 49] 447(;
97 1 32*

.13i 20 16 14

32* 25* 84

Figure Family pedigrees represented by the symbols
[J male, 0 female, N deceased, with the ages shown
beside the symbols. Shaded symbols indicate family
members with Wilson's disease. The mean copper

oxidase activity/mg caeruloplasmin is shown beneath the
symbol and abnzormal values have been marked with
an asterisk.

oxidase activity relative to the concentration of
caeruloplasmin was first encountered in a 17-year-
old girl with Wilson's disease (Figure-family A),
who died following a gastro-oesophageal haemor-
rhage in 1973, four weeks after admission to hospital
with an active cirrhosis and hepatic failure. The
hepatic copper determined in necropsy specimens
was greater than 600 ,ug/g dry tissue. Serum caerulo-
plasmin and copper oxidase activity were measured
on 14 occasions during her stay in hospital and
ranged from 19 to 25 mg/dl and 1-6 to 3 2 units/ml,
respectively. A similar discrepancy in oxidase
activity relative to the concentration of caerulo-
plasmin was evident in the 9-year-old sister (Figure)
with asymptomatic Wilson's disease, in whom the
serum caeruloplasmin ranged from 13-5 to 21 0
mg/dl (n = 6) during the initial 12 months on D-
penicillamine therapy, and in the heterozygote
mother (caeruloplasmin 21-4 to 36-0 mg/dl; n = 4).
All values obtained in the remaining members of the
family were normal (caeruloplasmin, 30 to 36 mg/dl
and copper oxidase, 20 to 25 units/ml).

Study of an additional 18 patients with Wilson's
disease from 14 families revealed an additional
family in whom two sisters with the disease and their
mother had a discrepancy between caeruloplasmin
and oxidase activity. In this family (Figure-family
B), Wilson's disease was diagnosed in a 13-year-old
boy shortly before his death from bleeding oeso-
phageal varices in 1968. The sisters, now 20 and 16

years of age, were diagnosed subsequently and have
both remained asymptomatic on D-penicillamine.
Serum caeruloplasmin measured on three occasions
over 12 months was consistently 11 and 18 mg/dl
respectively, and 29 mg/dl in the heterozygote
mother. In the father and son, values were normal for
caeruloplasmin (30 and 28 mg/dl respectively) and
the copper oxidase activity/mg caeruloplasmin
(Figure). Serum caeruloplasmin concentrations in 11
of the remaining 16 patients with Wilson's disease
(aged 14 to 36 years) were less than 5 mg/dl and
hence too low for the oxidase activity to be related
accurately to caeruloplasmin. In five patients (3
female, 2 male), serum caeruloplasmin ranged from
9 to 21 mg/dl and the copper oxidase activity/mg
caeruloplasmin was similar to that observed in
normal subjects. All patients in this latter group had
histological or biochemical evidence of hepatic in-
volvement and only one had not begun D-penicilla-
mine therapy. To determine whether the presence of
liver disease influenced the oxidase activity of caeru-
loplasmin, 80 patients with chronic active hepatitis,
primary biliary cirrhosis, cryptogenic cirrhosis, or
alcoholic liver disease were studied. The mean values
for serum caeruloplasmin, 40 5 ± 12-5 mg/dl, and
copper oxidase units/mg caeruloplasmin, 65 + 14,
were comparable with those in normal subjects.

Dialysis of sera from individuals with low copper
oxidase activity/mg caeruloplasmin for 24 hours
against 0-15 mol/l NaCl had no significant effect on
copper oxidase activity under the conditions of the
assay. After addition of an equal volume of these
sera to normal serum, the copper oxidase activity
was equal to the average of the two activities within
the limits ± 5%. These results indicate that there
was no dialysable non-competitive inhibitor of
copper oxidase activity present.

Discussion

These results suggest that the functional abnormality
in caeruloplasmin observed in these families is an
inherited variant, which is not attributable to the
presence of a serum inhibitor of copper oxidase. The
individuals with this reduction of the oxidase activity
of caeruloplasmin were all female, in whom the
serum caeruloplasmin ranged from 11 to 36 mg/dl,
but in five of the six subjects the values were either
normal or near-normal. In all cases, including the
two heterozygote mothers, the level of copper oxi-
dase activity was abnormally low and consistent with
that found in patients with Wilson's disease. Hetero-
zygous carriers of Wilson's disease remain free of the
disease for life, even though about 20% exhibit a
low serum caeruloplasmin (Bickel et al., 1957;
Sternlieb et al., 1961); in some series, however,
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caeruloplasmin has been estimated by the copper
oxidase method and hence, on the basis of these
observations, individuals may have been included in
whom there were normal levels of caeruloplasmin
despite the reduced oxidase activity.

Since the observation that the serum caerulo-
plasmin is usually low in Wilson's disease (Bearn and
Kunkel, 1952; Scheinberg and Gitlin, 1952),
distinct molecular species have been demonstrated
which differ in chromatographic and electro-
phoretic behaviour (Curzon and Vallet, 1960;
Broman, 1964). Morell and Scheinberg (1960) suc-
ceeded in separating four components of the com-
pound in normal subjects and suggested the possi-
bility of a qualitative defect in caeruloplasmin in
Wilson's disease. Despite these observations the
significance of this heterogeneity remains obscure;
moreover, it is now generally accepted that the low
serum caeruloplasmin levels in Wilson's disease are
not directly related to the retention of copper or the
clinical manifestations. Similarly, with regard to the
present report, deficient copper oxidase activity in
caeruloplasmin appears to be unrelated to the aeti-
ology or presentation of the disease since asympto-
matic heterozygotes were also affected. The possi-
bility exists that this variant may occur in the
general population, and the fact that it was first
observed in two families with Wilson's disease may
be an artefact of ascertainment. However, the
alternative suggestion that this caeruloplasmin
variant may be associated with the 'Wilson"s disease
gene' provides additional evidence of genetic hetero-
geneity in Wilson's disease (Cox et al., 1972). In view
of these findings it may be desirable to measure
copper oxidase activity in parallel with caerulo-
plasmin during the investigation of suspected cases

of Wilson's disease, especially where measurement
of caeruloplasmin by the immunochemical method
gives results within the normal range.

JLG and JS are supported by Fellowships from the
Wellcome Trust. We gratefully acknowledge the
helpful comments of Professor A. G. Bearn.
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