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Abstract We describe a sixteen year old with Wilson’s
disease on copper chelation and subsequent high dose oral
zinc who developed severe anemia and neutropenia. Bone
marrow aspirate done to evaluate the cause of bicytopenia
revealed trilineage dysplasia. Correlating the clinical con-
text with bone marrow and biochemical parameters, copper
deficiency was suspected and he was given a trial of
therapy, following which the hematological parameters
improved. This case highlights hypocupremia as a revers-
ible cause of bone marrow dysplasia in patients with
Wilson’s disease on chelation, where serum copper levels
are not useful in the diagnosis. We also believe that
monitoring of the blood counts in patients on copper che-
lation may provide a clue to impending copper deficiency.
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Introduction

Wilson’s disease is associated with retention of copper
which is treated with chelation to prevent deposition of
copper in the liver and basal ganglion. However, excessive
treatment and subsequent copper deficiency may cause
cytopenias and dysplasia in the bone marrow. Recognition
of this reversible cause of dysplasia and monitoring of the
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blood counts in patients of Wilson’s on chelation may
provide a clue to impending copper deficiency in such
patients.

Case Report

A sixteen year old male, a known case of Wilson’s disease
(WD) presented with features of persistent anemia and
leukopenia of a year’s duration. He had been diagnosed as
suffering from WD two years previously and had been on
regular medication with penicillamine and anticonvulsants
and trihexyphenidine for his CNS symptoms. As the ane-
mia and neutropenia did not respond to treatment with
hematinics, he was advised bone marrow aspiration, which
he refused. He went elsewhere where penicillamine was
stopped and high dose zinc sulphate started, after which his
anemia and neutropenia worsened. He came back to us
after 9 months.

On examination he had severe pallor and mild spleno-
megaly. He did not have petechiae, purpura or overt or
focal neurological signs. A partial Kayser Fleischer ring
was identified on slit lamp examination.

On investigation his hemoglobin was 5.8 g/dL, red
blood cell count 1.9 million/cumm, red cell distribution
width (RDW) 17.3 % and mean corpuscular width (MCV)
94 fL. The peripheral smear showed dimorphic red cell
morphology and neutropenia. There were no features of
hemolysis. Serum levels of folic acid, B12 and ferritin were
normal. Liver function tests were mildly deranged with
mildly increased enzymes, prothrombin time and activated
partial thromboplastin time. Renal function tests were
normal. Serum ceruloplasmin measured <2.0 mg/dL (nor-
mal 25-43 mg/dL), serum copper was decreased to 31 pg/dL
(normal 70-140.0 pg/dL) and urine copper excretion in
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Fig. 1 a Bone marrow aspirate with dyserythropoiesis and vacuo-
lated erythroblast. Giemsa x400. b Dysmyelopoiesis with dys-
synchronous nuclei and vacuolated myeloid cells. Giemsa x400.

24 h was 32.3 pg (normal 15-60 pg/day). Serum zinc
measured 438.4 pg/dL (normal range 72.6-127 ng/dL).
Bone marrow aspirate showed a hypercellular marrow
with features of dyserythropoiesis, dysmyelopoiesis and
dysmegakaryopoiesis (Fig. 1a, b, ¢). Dyserythropoiesis was
present in 60 % of the erythoid elements in the form of
megaloblastoid change and budding nuclei; dysmyelopoi-
esis was identified in 30 % of myeloid precursors and was
seen as hypogranular forms, hypolobated forms and occa-
sional ring nuclei. Dysmegakaryopoiesis was noted in
80 % with abnormal nuclear lobulation. Early erythroid
and granulocytic precursors showed vacuolization of the
cytoplasm (Fig. 1d). Occasional ring sideroblasts were
noted and a few plasma cells showed large iron positive
inclusions. A final morphological diagnosis of dysplastic
marrow was offered. Based on the history of treatment with
the chelating agent, penicillamine, decreased serum copper
levels and bone marrow findings of dysplasia and vacuo-
lated erythroid and granulocyte precursors, a diagnosis of
bone marrow dysplasia and cytopenia due to copper defi-
ciency was entertained. The patients’ zinc supplementation
was stopped and he was reviewed after 2 weeks, when his
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¢ Megakaryocyte with markedly abnormal nucleus. Giemsa x400.
d Vacuolization of immature granulocytes. Giemsa x 1,000

anemia and neutropenia had improved. He was then started
on copper supplements at a dose of 2.5 mg/day after which
there was further improvement in his hematological
parameters, confirming the diagnosis of cytopenia due to
copper deficiency. Eight weeks after stopping zinc and later
starting low dose copper supplementation the patient’s
hemoglobin, complete blood count and MCV returned to
normal. He refused a repeat bone marrow examination. At
present copper has been stopped, he has been restarted on
low dose penicillamine and alternate day zinc therapy, with
maintenance of his hematological parameters. He has
resumed normal activities.

Table 1 summarizes the hematological and biochemical
parameters at various times during the course of the
disease.

Discussion
WD is an autosomal recessive disease associated with

defect in the WD gene (ATP7B) located on chromosome
13. Mutation in the WD gene results in retention of copper
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Table 1 Hematology profile of the patient at the time of presentation, after cessation of zinc and after copper supplementation

Blood parameter
(reference range)

At presentation

After zinc
withdrawal
(2 weeks after diagnosis)

After copper
supplementation
(4 weeks after diagnosis)

After copper
supplementation
(8 weeks after diagnosis)

Hemoglobin (13-16 g/L) 5.8 g/LL 8.9 g/LL 10.5 g/L 13.6 g/L

RBC count (4.5-5.3 x 10%cumm) 19 x 10%cumm 3.1 x 10%cumm 4.0 x 10%cumm 5.3 x 10%cumm
Mean corpuscular volume (78-98 fL) 94 fL 88.7 fL 83.5 fL 76.5 fL
Leucocyte count (4.5-10.5 x 10°/L) 1.4 x 10°/L 2.7 x 10°/L 5.1 x 10°/L 6.3 x 10°/L
Platelet count (150—400 x 10°/L) 243 x 10°/L 322 x 10°/L 428 x 10°/L 296 x 10°/L
Neutrophil count (1.9-3.3 x 10%L)  0.46 x 10°/L 0.83 x 10°/L 1.84 x 10°/L 3.23 x 10°/L
Serum zinc level (72.6-127 pg/dL) 438.4 pg/dL NA 246.2 ng/dL 257.4 ng/dL
Serum copper (70-140.0 pg/dL) 31.0 pg/dL NA 63 pg/dL 19.0 pg/dL

NA Not available

in the liver as well as in impaired export of copper into bile
[1]. In WD, serum copper and serum ceruloplasmin are less
than normal, while 24 h urinary excretion of copper and
liver copper are increased. In response to penicillamine
treatment, urinary copper excretion is initially markedly
increased and, following continued administration, urinary
copper levels may become normal, as in our patient.

The hematological side effects of the chelating agent
penicillamine include leukopenia, thrombocytopenia,
agranulocytosis and rarely aplastic anaemia. As our patient
had anemia and neutropenia, not responding to routine
treatment, a bone marrow examination was done to
establish the cause of bicytopenia. It showed trilineage
dysplasia and vacuolation of some of the erythroid and
myeloid elements which when correlated with clinical and
copper levels suggested a diagnosis of hypocupremia.
Copper deficiency can have protean hematological mani-
festations with or without neurological manifestations and
has been reported to result in anemia, neutropenia and less
commonly thrombocytopenia [2, 3]. The RBC’s may be
macrocytic, microcytic or normocytic; neutropenia is
consistently reported and the absolute neutrophil count is
usually <1,000/cumm [3, 4].

In copper deficiency, the bone marrow has been reported
as variably cellular with features of dyserythropoiesis,
dysmyelopoiesis variable number of ringed sideroblasts
and at times trilineage dysplasia, which may be erroneously
diagnosed as myelodysplastic syndrome (MDS) [3, 5].
However, vacuolization of both erythroid and myeloid
precursors has been consistently reported [2, 3, 6, 7] and
iron incorporation in plasma cells is occasionally men-
tioned in copper deficiency [2, 3]. Though the BMA find-
ings are not specific, when correlated with clinical and
copper levels they point to the correct diagnosis of dys-
plasia due to copper deficiency and may help to differen-
tiate the dysplasia of hypocupremia from that of MDS [2-
5]. In otherwise normal individuals, a diagnosis of copper

deficiency can be established by demonstration of low
levels of serum copper. However, in WD, low serum
copper and serum ceruloplasmin are usual and a diagnosis
of copper deficiency requires either analysis of liver copper
content or clinical response after therapeutic trial with
copper supplementation [4] as was done in this case.
Hematological response to treatment is good and the bone
marrow features of dysplasia are reversible, in contrast to
myelodysplastic syndrome, which it mimics morphologi-
cally [8]. In a study of 22 patients with copper deficiency,
93 % of the hematological parameters normalized com-
pletely within 8—12 weeks after initiating copper treatment
and removing zinc exposure [2]. In some case reports,
recovery follows discontinuation of zinc alone [7].

The mechanism by which copper deficiency induces
anemia and other cytopenias is unknown. However, copper
is an essential cofactor for a number of redox enzymes
essential for optimal erythropoiesis, including cytochrome
oxidase and ceruloplasmin ferroxidase and it is hypothe-
sized that decreased activity of these enzymes may lead to
anemia [3, 4]. The cause of neutropenia remains obscure,
though it is observed consistently [3]. Peled and coworkers
suggest that copper deficiency results in the inhibition of
differentiation and self-renewal of CD34 (4) hematopoi-
etic progenitor cells [9]. Zinc toxicity may lead to sec-
ondary copper deficiency [6, 7] and oral zinc is also known
to decrease copper levels by induction of the intestinal
protein methallothionein, which preferentially binds cop-
per, prevents its absorption and enhances its excretion [8].
Our patients symptoms worsened following zinc supple-
mentation which may have contributed to the copper
deficiency and severity of symptoms.

Acquired copper deficiency leading to anemia and
neutropenia has been reported following total parental
nutrition [3, 6], following copper chelation with triphen-
ylene triamine dihydrochloride [10], following high doses
of zinc [7] and in patients treated for WD [2].
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In conclusion, in a patient with WD on treatment who
develops cytopenia, copper deficiency may be considered
in the presence of bone marrow dysplasia. In addition, the
hematologic parameters of patients on chelation and zinc
therapy should be monitored regularly, as copper defi-
ciency can cause anemia not responding to routine therapy.
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