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Abstract

Acaeruloplasminemia is a rare autosomal recessive condition caused by

inactivating mutations of the CP gene encoding caeruloplasmin (ferroxidase).

Caeruloplasmin is a copper-containing plasma ferroxidase enzyme with a key

role in facilitating cellular iron efflux. We describe a case of a patient with

acaeruloplasminemia, confirmed by genetic analysis, treated with combination

therapy of monthly fresh-frozen plasma (FFP) or Octaplas and iron chelation

over a 3-year period. This 19-year-old male was diagnosed at the age of 14 after

developing issues with social interaction at school prompting investigation.

Prior to this, he had been well with a normal childhood. He was found to have

an iron deficient picture with a paradoxically high ferritin, with low serum

copper and undetectable caeruloplasmin. Genetic testing identified a homozy-

gous splicing mutation, c.(1713 + delG);(c.1713 + delG), in intron 9 of the

caeruloplasmin gene. Ferriscan showed a high liver iron concentration of

5.3 mg/g dry tissue (0.17-1.8). Brain and cardiac T2-weighted magnetic reso-

nance (MR) imaging did not detect iron deposition of the brain or heart respec-

tively. Treatment with monthly Octaplas infusion was commenced alongside

deferasirox (540 mg o.d.) in an attempt to increase caeruloplasmin levels and
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reduce iron overload, respectively. After 3 years of treatment, there was bio-

chemical improvement with a reduction in ferritin from 1084 (12-250) to

457 μg/L, ALT from 87 (<50) to 34 U/L together with improvement in his

microcytic anaemia. No significant adverse events occurred. This case report

adds further evidence of treatment efficacy and safety of combined FFP and

iron chelation therapy in acaeruloplasminemia.
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1 | INTRODUCTION

Acaeruloplasminemia (ACP) is a rare, autosomal reces-
sive condition of adult onset, caused by inactivating
mutations affecting the CP gene encoding caeruloplasmin
(ferroxidase). CP is a copper-containing ferroxidase
enzyme which has a crucial role in cellular iron homeo-
stasis. It is the disruption of CP ferroxidase activity that
leads to systemic iron accumulation which over time can
result in clinical manifestations such as diabetes mellitus,
progressive neurodegeneration, retinopathy, microcytic
anaemia and liver disease.1 CP is thought to play a key
role in protecting the brain from systemic iron deficiency
and oxidative damage due to iron overload. Under nor-
mal circumstances, serum CP does not cross the blood-
brain barrier. In the brain, most of the CP is located on
the surface of astrocytes in a glycosylphosphatidylinositol
(GPI)-anchored form.2

In ACP the loss of this important regulatory function
is what ultimately results in neurodegeneration as well as
causing iron-mediated damage to other organs such as
the liver, pancreas and retina. ACP is the only known
iron overload disorder in which both systemic and brain
iron overload are present.1 Biochemically an “atypical
microcytic anaemia” picture of low transferrin saturation,
mild microcytic anaemia and hyperferritinaemia is often
the first detectable sign of ACP; atypical in the sense that
typically ferritin is low in cases of iron deficiency
anaemia.3

2 | CASE REPORT

A 12-year-old male was referred to a community paedia-
trician after finding interaction with his peers difficult.
Prior to this, he had a normal childhood with no signifi-
cant illness being reported and no delay in the onset of
puberty. He was born at 38 weeks of gestation due to
maternal gestational cholestasis. Clinical examination
was unremarkable apart from the presence of marked

leukonychia. As part of his behavioral workup, he went
on to have basic biochemical and hematological testing
which identified a microcytic anaemia with a
haemoglobin of 10.4 g/L (11.5-15.0) and mean cell vol-
ume of 61 fL (78-100). Serum iron was low at 6 μmol/L
(14-31) with a total iron-binding capacity of 67 μmol/L
(54-80), iron-binding saturation of 6% (20-55) and an ele-
vated ferritin of 534 μg/L (10-322). His haemoglobin elec-
trophoresis and haemoglobinopathy genetic test were
negative. Further evaluation under pediatrics led to cop-
per assessment, prompted by a raised alanine amino-
transferase (ALT).

Serum copper was low, 0.7 μmol/L (11-22) with an
undetectable CP of <0.02 g/L (0.20-0.60). Urinary copper
excretion was low-normal at 0.17 μmol/d (<1) (Table 1).
A copper-65 absorption test was performed to investigate
in vivo copper metabolism using a protocol based on that
of Lyon et al.4 This test involves sequential analysis of
plasma 65Cu/63Cu ratio by inductively coupled plasma
mass spectrometry at time points up to 72 hours after
administration of a 3 mg oral dose of the stable copper-65
isotope. The results (Figure 1) showed a very pronounced

TABLE 1 Key laboratory findings (pre-treatment)

Analyte Level Reference interval

Ferritin (μg/L) 1084 12 to 250

Serum Iron (μmol/L) 4 14 to 31

Serum TIBC (μmol/L) 67 54 to 80

% Iron Saturation 6 20 to 55

Hb (g/L) 11.7 11.5 to 15

MCV (fL) 68 77 to 94

Caeruloplasmin (g/L) <0.02 0.2 to 0.6

Serum Copper (μmol/L) 0.9 11 to 22

Urine Copper (μmol/day) 0.17 <1.00

ALT (U/L) 87 <50

HbA1c (mmol/mol) 43 20 to 41

Note: Abnormal parameters are marked in bold.
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early rise of plasma copper-65 (83% enrichment at
2 hours post-administration), followed by minimal incor-
poration of copper-65 into the plasma protein pool
between 6 and 72 hours post-administration. This was
consistent with an issue involving either production of
the apo form of CP (such as occurs in ACP) or copper
incorporation into apoCP to form holoCP.

Subsequent next-generation DNA sequencing identi-
fied that he was homozygous for a pathogenic splicing
mutation c.(1713 + delG);(c.1713 + delG) in intron 9 of
the CP gene. There was much consanguinity within the
wider family (Figure 2); a cousin was also found to have
been diagnosed with ACP and his maternal grandfather
died from liver cancer.

At the age of 16, his height was 175 cm and weight
70.4 kg, giving a body mass index of 23 kg/m2 (77th per-
centile for age). At that time, assessment of liver iron
deposition using Ferriscan identified an elevated liver
iron concentration of 5.3 mg/g dry tissue (0.17-1.8)
(Figure 3). Magnetic resonance (MR) scanning of the
brain did not identify any radiological evidence of iron
deposition. Over a 7-year period of biochemical

monitoring, his ferritin gradually rose from 313 to
1084 μg/L (12-250; Figure 4) together with a paradoxical
iron deficient microcytic picture. Treatment with
Octaplas, a solvent-treated pooled human plasma, at the
dose of 400 mL (2 units) was started with concurrent oral
iron chelation therapy with deferasirox 540 mg daily
(71 kg body weight). Octaplas was given monthly as an
intravenous infusion.

Following a 2-year treatment period, T2* liver MR
imaging showed an average hepatic T2* value of 6.1 ms
indicative of moderate liver iron loading. However, as
this was a different modality to the pre-treatment Fer-
riscan, we cannot comment on whether there had been a
radiological improvement. Cardiac T2* MR imaging
before and at 3-year follow up did not detect any cardiac
iron deposition. His neurological examination at
12-month follow up was unremarkable.

His ferritin fell from 1084 (12-250) to 457 μg/L
(Table 1 and Figure 4). ALT reduced from 87 (<50) to
34 U/L. Haemoglobin rose from 11.9 g/L (11.5-15) with
an MCV of 68 fL (77-94) to 14.3 g/L with an MCV of
74 fL, in keeping with an improvement in his apparent
iron-restricted erythropoiesis picture, prior to therapy.
His marked leukonychia prior to treatment was noted to
have resolved at recent clinic visits.

3 | DISCUSSION

ACP was first described in 1987 in a patient found to
have hypocaeruloplasminemia with biochemical and
radiological evidence of iron accumulation.5

FIGURE 1 Graph showing copper-65 absorption test results.

Plasma 65Cu/63Cu enrichment was measured in samples collected

at 0, 2, 6 and 72 hours relative to oral administration of a 3 mg
65Cu dose

FIGURE 2 Family tree with marked index case

FIGURE 3 Pre-treatment Ferriscan showing an elevated liver

iron concentration of 94 mmol/kg dry tissue (reference range:

3-33). Note the area of liver imaged for the Ferriscan excludes large

vascular structures and other image artifacts
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Accumulation of iron, not copper, was found in the liver
and brain of the patient. Subsequently, earlier work was
recognized demonstrating that although CP is the major
copper-carrying plasma protein, it is also a ferroxidase
enzyme that is part of a complex regulatory system which
protects the brain from both iron overload and defi-
ciency. In ACP it is the loss of this regulation which
underlies toxic iron accumulation in the brain (including
the retina), as well as liver and pancreas.6 Indeed, the
phenotype in these patients is dominated by iron over-
load, and not copper deficiency. Typically, neurological
manifestations such as cognitive dysfunction and Parkin-
sonism appear in the fifth decade. MR imaging can be
used to identify cerebral iron accumulation although the
extent of this does not always correlate with the degree of
neurological involvement.6 Iron-restricted microcytic
anaemia is recorded as the earliest manifestation of the
disease occurring in 80% of those under the age of 20.
Cardinal biochemical features include low serum iron,
transferrin saturation, copper and caeruloplasmin, with
raised ferritin. Unlike Wilson's disease, urinary copper
levels are typically normal. Other common clinical mani-
festations seen include diabetes mellitus and retinal
degeneration.7

The childhood-onset of acaeruloplasminemia has not
been well described, and we are not aware of any publi-
shed cases of children diagnosed with this rare condition.
The disease onset is often insidious and a diagnosis is
made on investigation of characteristic symptoms. Our
patient presented at the age of 12 with behavioral prob-
lems, concentration and memory lapses, leukonychia and
bilateral lattice degeneration of the fundi increasing the
risk of retinal degeneration. Prior to starting the com-
bined treatment, he was confirmed to be a non-diabetic.
Regular monitoring of plasma glucose and HbA1c was
performed and remained at non-diabetic levels through-
out, possibly adding further evidence of treatment
efficacy.

The patient was found to be homozygous for a novel
splicing mutation in intron 9, c.1713 + 1delG. This muta-
tion alters the donor splice site of exon 9, which results
in the skipping of this exon. His sister is a carrier of this
splicing mutation (Figure 2) and his cousin is homozy-
gous for the same mutation. There is little known about
the pathogenicity of this mutation, however given his
clinical phenotype, biochemical and radiological findings,
it is expected to be a disease-causing variant.

There is no widely accepted treatment regimen as
most information has been gleaned from individual case
reports to date. Currently, treatment is centered on
reducing iron overload through the administration of
iron chelators although case reports have described
pooled plasma infusion, phlebotomy, oral zinc sulfate,
minocycline and vitamin C or E administration.
Although iron chelation appears effective in reducing sys-
temic iron overload8,9 there is less evidence of a benefi-
cial effect in reversing or preventing the neurological
manifestations which occur in ACP.10,11 However, a
recent analysis of aggregated case reports did conclude
that neurological progression was slowed when iron che-
lation therapy was commenced early in the disease.12

Several case reports have described the use of the com-
bination of iron chelation with caeruloplasmin replacement
(FFP or stable equivalent such as Octaplas).13-15 Pooled
plasma administration partially and temporarily restores CP
levels, and serum iron levels rise after FFP infusion as a
result of the ferroxidase activity of CP.16,17 This tissue efflux
of iron combined with iron chelation therapy to then
remove it, is the mechanism by which this treatment
approach is thought to work. With the half-life of CP being
5.5 days6 the dosing interval of FFP has varied between case
reports with the shortest interval being weekly.14 The deci-
sion was made to use Octaplas, and not FFP, as it appears
to be safer (reduced risk of infections) in long-term treat-
ment. We opted initially for every two weeks however this
was reduced to monthly due to poor venous access. There

FIGURE 4 Graph showing ferritin

and haemoglobin concentration over a

10-year period, before and after

commencing iron chelation therapy

(first arrow from left, June 2016) and

Octaplas (second arrow, April 2017)
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are no formal guidelines for Octaplas treatment in ACP,
however biochemical monitoring of CP and ferritin levels
post-infusion may be helpful in setting a dose interval. ACP
heterozygotes with CP levels of 0.08 to 0.1 g/L do not seem
to manifest clinical symptoms in most cases6 suggesting this
level is sufficient to maintain iron homeostasis and could be
used as a target level for FFP treatment. Furthermore, CP
in patients with Wilson's disease on long-term chelation
treatment with D-penicillamine often falls to concentrations
below the reporting limit of most immunoassays, 0.04 g/L,
without any adverse effect on hematopoiesis (GTG: per-
sonal observation).

During the period of follow-up, we did not encounter
any safety issues with this combination therapy and the
treatment was well tolerated. Plasma transfusion is not
without risk; although rare these include transmission of
infective pathogens, allergic reactions and transfusion-
related lung injury.18

4 | CONCLUSION

This case report adds further evidence of treatment effi-
cacy and safety in using combination therapy with FFP
and iron chelation in ACP. We were able to demonstrate
biochemical improvement in iron overload over a three-
year period with a reduction in ferritin and ALT, together
with an improvement in his (iron-restricted) microcytic
anemia. However, owing to different liver imaging modali-
ties before and after treatment, we were unable to quantify
this radiologically. We did not encounter any adverse
effects using this combination therapy. More studies are
needed to assess treatment efficacy over a longer duration,
with specific attention being paid to neurological out-
comes. Moreover, establishing FFP dosing guidance, per-
haps using CP level monitoring in order to titrate the FFP
dose, would help to ensure optimal treatment at minimal
risk to the patient and cost to the care provider.
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