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【 CASE REPORT 】

Pancytopenia and Myelodysplastic Changes in
Aceruloplasminemia: A Case with a Novel Pathogenic

Variant in the Ceruloplasmin Gene
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Abstract:
A 72-year-old Japanese woman suffered from mild pancytopenia 3 years before her initial hospitalization.

On admission, the levels of trace elements, particularly copper, and ceruloplasmin were significantly de-

creased in her blood serum. Abdominal lymphadenopathy and bone marrow dysplasia were detected. He-

mosiderin deposition was observed in her lymph nodes and bone marrow, and magnetic resonance imaging

suggested its deposition in various organs. A novel missense pathogenic variant (c.T1670G) was detected in

the ceruloplasmin gene, resulting in an amino acid change (p.M557R). When copper deficiency is accompa-

nied by cytopenia and dysplasia in a patient, it is worthwhile to consider a differential diagnosis of aceru-

loplasminemia.
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Introduction

Aceruloplasminemia is a rare autosomal recessive disease

caused by mutations in the ceruloplasmin gene resulting in

the accumulation of iron throughout the entire body. It oc-

curs worldwide, with an estimated incidence of 1 in 2 mil-

lion people in Japan (1).

Ceruloplasmin possesses ferroxidase activity, which con-

verts ferrous (Fe2+) to ferric iron (Fe3+) and delivers Fe3+ to

the transferrin protein (1, 2). Pathogenic variants in the ceru-

loplasmin gene impair the ferroxidase function, inhibiting

the Fe2+ to Fe3+ conversion and thereby decreasing the iron

movement to the blood and causing iron deposition and

overload in various organs. Neurologic symptoms, retinal

degeneration, and diabetes are typically caused by iron

deposition, but the exact symptoms and age of the disease

onset vary among patients.

We herein report a case of aceruloplasminemia with pan-

cytopenia, myelodysplastic changes, neurologic symptoms,

and diabetes caused by a novel pathogenic variant in the ce-

ruloplasmin gene.

Case Report

A 72-year-old woman was diagnosed with mild pancy-

topenia (white blood cell count, 2,600/μL; hemoglobin level,

10.7 g/dL; platelet count, 105,000/μL) 3 years before her

first hospitalization. Her bone marrow showed no evidence

of myelodysplastic changes in three blood cell lineages and

no chromosomal aberrations. There was also no apparent in-

crease in the number of leukemic blasts on a flow cytometry

analysis. Blood tests revealed microcytic hypochromic ane-

mia and elevated ferritin levels. Among the trace minerals,
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Table.　Laboratory Data on Admission.

Data measurement Value Data measurement Value Data measurement Value

White blood cell count 800 /μL Total protein 7.7 g/dL Blood urea nitrogen 22.1 mg/dL

Neutrophils 44.5 % Albumin 3.0 g/dL Creatinine 0.70 mg/dL

Lymphocytes 43.2 % Sodium 140 mEq/L Total bilirubin 0.1 mg/dL

Monocytes 12.3 % Potassium 4.2 mEq/L Aspartate aminotransferase 27 U/L

Eosinophils 0 % Chloride 105 mEq/L Alanine aminotransferase 15 U/L

Basophils 0 % Calcium 8.3 mg/dL Lactate dehydrogenase 138 U/L

Blasts 0 % Copper (serum) 8 μg/dL Cholinesterase 118 U/L

Red blood cell count 332×104 /μL Copper (urine) 12.6 μg/day C-reactive protein 1.50 mg/dL

Hemoglobin 9.0 g/dL Zinc 50 μg/dL Hemoglobin A1c 6.10 %

Hematocrit 28.9 % Magnesium 1.7 mg/dL Soluble interleukin-2 receptor 3,387 U/mL

Mean corpuscular volume 86.8 fL Iron 30 μg/dL Thyroid-stimulating hormone 1.44 μIU/mL

Platelets 4.8×104 /μL Ferritin 1,640 ng/mL Ceruloplasmin <2 mg/dL

Reticulocytes 39,800 /μL Unsaturated iron binding 

capacity

148 μg/dL

Inorganic Phosphorus 2.8 mg/dL

the serum levels of copper were low (30 μg/dL) despite her

consumption of copper supplements.

Three years later, she had become less active, so a full

examination was performed again. Mild cognitive impair-

ment was suspected, and slowness of speech and movement

was found. There was no palpable lymph node swelling.

Blood tests revealed progressive pancytopenia (white blood

cell count, 800/μL; hemoglobin level, 9.0 g/dL; platelet

count, 48,000/μL), microcytic, hypochromic anemia (mean

corpuscular volume, 86.8 fL; mean corpuscular hemoglobin

concentration, 31.1%), and high ferritin levels [1,165 ng/mL

(normal levels, 3-132 ng/mL)]. She also had impaired glu-

cose tolerance and elevated soluble interleukin-2 receptor

levels (Table).

Among the trace elements, the serum levels of copper,

iron, and zinc were low (Table). Her urinary copper levels

were also low [2 μg/dL (normal levels, �30 μg/dL)], and the

serum ceruloplasmin levels were below the limit of detection

[<2 mg/dL (normal levels, 21-37 mg/dL)]. Dysplastic

myelocytes (with two nuclei) and giant platelets and neutro-

phils were observed in the bone marrow, but no leukemic

blast cells were apparent (Fig. 1). There was also no in-

crease in the immature blast cell fraction within the bone

marrow smear, with a normal karyotype on G-banding.

Whole-body computed tomography (CT) showed abdomi-

nal lymphadenopathy (3 cm diameter), and an abnormal

fluorine-18-labeled deoxyglucose uptake was noted on posi-

tron emission tomography (Fig. 2A). A diagnosis of reactive

lymphadenopathy was made based on the findings of a CT-

guided abdominal lymph node biopsy. The structure of the

lymph follicles was maintained, and the deposition of he-

mosiderin was observed (Fig. 2B and C). Susceptibility-

weighted magnetic resonance imaging (MRI) of the brain

detected a diffuse low signal of the brain surface, suggesting

superficial siderosis (Fig. 3A). Abdominal MRI revealed he-

patomegaly with a very low signal intensity in T1- and T2-

weighted images (Fig. 3B and C), which also agreed with

the hemosiderin deposition in the liver. The spleen showed

similar findings. Para-aorta lymphadenopathies with a low

signal intensity in T2-weighted images also agreed with the

hemosiderin deposition. The Kayser-Fleischer corneal ring,

which reflects copper deposition in the cornea, was not de-

tected, and the urinary copper levels were low.

The patient had no history of gastrointestinal resection.

Endoscopy of the upper and lower gastrointestinal tract re-

vealed no abnormal findings and the deposition of amyloid

in the biopsy specimen. The low levels of copper and ceru-

loplasmin, the deposition of hemosiderin in abdominal

lymph nodes and bone marrow (Fig. 2, 4), the impaired glu-

cose tolerance, and neurological symptoms, such as mild

cognitive impairment, were all highly suggestive of aceru-

loplasminemia. A genetic analysis detected a novel homozy-

gous pathogenic variant in exon 9 of the ceruloplasmin gene

(c.1670T>G, p.Met557Arg) (Fig. 5). An in silico analysis

using the Polymorphism Phenotyping v2 (PolyPhen-2) (3)

predicted that this pathogenic variant might be “possibly

damaging”. Another analysis by Sorting Intolerant From

Tolerant (SIFT) (4) resulted in a prediction of “damaging”.

These findings led to a diagnosis of aceruloplasminemia in

our patient.

The patient’s pancytopenia progressed gradually, and she

suffered from neutropenic fever repeatedly, being resistant to

antibiotic therapy. She ultimately died of infectious disease

approximately one month later.

Discussion

Aceruloplasminemia causes the accumulation of iron in

the entire body, especially the brain, thyroid, heart, liver,

and pancreas (1). CT and MRI are particularly useful means

of evaluating iron deposition in organs (5, 6).

Copper deficiency is known to cause anemia and blood

cell dysplasia, suggesting that the low levels of copper in

this case might have contributed to pancytopenia. Wilson’s
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Figure　1.　Bone marrow smear with May-Grünwald-Giemsa staining. Various signs of dysplasia 
were apparent, including megathrombocytes (A), binuclear promyelocytes (B), and neutrophils with 
ring-shaped nuclei (C). Vacuolation was seen in the myeloid lineage (arrow).

A) B)

C)

disease, aceruloplasminemia, malabsorption of the gastroin-

testinal tract, and Menkes disease are all considered differ-

ential diagnoses of low serum copper levels. In addition, be-

cause copper competes with zinc for absorption, the supple-

mental intake of zinc may lead to copper deficiency.

Since the first ceruloplasmin gene pathogenic variant was

reported in 1995 (7), aceruloplasminemia causative muta-

tions have been reported in more than 70 cases. Ceruloplas-

min gene variants are thought to influence the age of disease

onset and symptoms. Most ceruloplasmin gene variants are

truncated mutations, leading to premature termination co-

dons. The ferroxidase activity of ceruloplasmin depends on

the presence of a copper cluster at the N-terminal-C-terminal

interface, so copper plays an important role in the structural

stability of human ceruloplasmin. Therefore, ceruloplasmin

gene mutations are likely to influence the enzyme function

by impairing the structural instability of the protein (1, 8).

SIFT predicts the influence of mutations on the protein

function according to the conserved sequence of the ho-

molog among other species (4). The Polymorphism Pheno-

typing v2 and Sorting Intolerant From Tolerant prediction

software program analyzes samples using an algorithm, un-

like SIFT, and predicts whether or not the mutation is dam-

aging based on the predicted change in the highly advanced

structure of the mutation protein (3). This mutation (M557

R) was predicted to be “damaging” using SIFT and “possi-

bly damaging” using the Polymorphism Phenotyping v2 and

Sorting Intolerant From Tolerant prediction software pro-

gram.

We consider the following three mechanisms to be the

cause of pancytopenia in the present case: first, copper defi-

ciency associated with myeloid cell maturation failure in the

bone marrow may have reduced the number of neutrophils

in peripheral blood, as reported previously (9, 10). Mice

with a copper deficiency were observed to have leukopenia

with an increased number of immature myeloid cells, sug-

gesting that a lack of copper leads to a maturation defect of

hematopoiesis (11). A maturation disorder of erythropoiesis

in the bone marrow is also thought to occur by a similar

mechanism. Several studies have reported pathological ab-

normalities such as myelodysplastic syndrome in association

with copper deficiency (10, 12, 13), and the present case ex-

hibited various signs of dysplasia, including myelocytes with

two nuclei, giant platelets, giant neutrophils, and a pseudo-

Pelger-Huet anomaly. Vacuolation in the precursor cells of

erythroid and myeloid linages is characteristic of copper de-

ficiency (13) and was also observed in our patient (Fig. 1).

Furthermore, no specific karyotype abnormalities are linked

with copper deficiency, in contrast to myelodysplastic syn-

drome (13). Second, it is possible that an iron metabolism

disorder caused by aceruloplasminemia promoted anemia.

When serum iron is used for the synthesis of hemoglobin, it

is combined with Fe3+ and transferrin. However, because Fe2+

to Fe3+ conversion is disrupted by ferroxidase function loss

in aceruloplasminemia, it inhibits iron movement from cells

to plasma. Therefore, microcytic anemia with increased fer-
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Figure　2.　Contrast-enhanced computed tomography and 18fluorine-labeled deoxyglucose (FDG) 
positron emission tomography scans. A) The celiac lymph node showed an abnormal FDG uptake on 
positron emission tomography (arrow). The histopathological features of this node by computed to-
mography-guided core needle biopsies. B) Hyperplasia of plasma cells and macrophages was seen, 
reflecting inflammation of the lymph node and coinciding with the abnormal FDG uptake on positron 
emission tomography. C) Deposition of the brown granules of hemosiderin following hematoxylin and 
eosin staining (arrows).

A)

B) C)

Figure　3.　Brain and abdominal magnetic resonance imaging. A) Susceptibility-weighted magnetic 
resonance imaging showed a marked hypointense signal on the surface of the brain (arrows), which 
coincided with superficial hemosiderosis of the central nervous system. The liver showed slight swell-
ing with low density on T1-weighted images (B) and T2-weighted images (C).

A) B) C)

ritin levels is often observed, which is affected by increased

iron storage. Third, iron overload and hemosiderin deposi-

tion in the bone marrow may have impaired hematopoiesis.

Iron overload is known to influence erythropoiesis. Several

reports have described hematologic improvement after de-

ferasirox use. Six studies of approximately 760 MDS pa-

tients receiving iron chelation therapy reported an increase

in the hemoglobin level ranging from 6% to 44.5%. Of note,

an increase occurred in not only the hemoglobin level but

also the platelet count (from 13% to 61%) and neutrophil

count (from 3% to 76%) (14). Hemosiderin deposition in

bone marrow was also confirmed in our case, and an earlier

diagnosis and intervention with iron chelation therapy might

be effective.

There have been some case reports of myelosuppression

associated with secondary aceruloplasminemia. One case re-
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Figure　4.　Histopathological features of the bone marrow biopsy from the iliac crest. The bone mar-
row cellularity was normocellular (A). Hematoxylin and Eosin staining revealed brown granules (B) 
that appeared blue by Fe staining (C), showing the deposition to be hemosiderin (magnified in the 
boxed area, arrow).

A) B)

C)

Figure　5.　Sequencing of the ceruloplasmin gene. Direct sequencing of exon 9 of the ceruloplasmin 
gene revealed a missense mutation at the 1670th base causing a substitution of thymine to guanine 
(arrow) and an amino acid change from methionine to arginine.

Ceruloplasmin gene exon 9 mutation c.1670T>G (p.M557R) 

control

patient

Ile Gly Pro Met Lys Ile Cys

Arg

557

port described congenital nephrotic syndrome due to a

pathogenic variant NPHS1 gene (encoding nephrin). In that

patient, ceruloplasmin loss to urine resulted in aceruloplas-

minemia and copper deficiency. Severe neutropenia was

complicated, but it was resolved with copper supplementa-

tion (15). Another case report described a case complicated

with myelodysplastic changes and aceruloplasminemia, simi-

lar to our case. However, the symptoms in that case might

have been caused by zinc overload with denture cream and

secondary aceruloplasminemia by copper deficiency. In that

case, copper supplementation was effective (16).

We identified 42 reports with the full text or abstract
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available through a search of PubMed. Several case reports

described microcytic anemia, as we already know. However,

there were two case reports showing hematological data sug-

gestive of myelodysplastic changes, as in our case. One pre-

vious report described a patient who had leukopenia, how-

ever, the exact cause of leukopenia in that case was unclear.

In addition, it was unclear whether or not this case was as-

sociated with myelodysplastic changes since no hematologi-

cal findings were available (i.e., no blood cell morphology

findings or information on chromosomal abnormalities) (17).

The other report (18) said, “These bone marrow aspects

were compatible, referring to the latest WHO classification

and criteria for the myelodysplastic syndrome, to refractory

cytopenia with multilineage dysplasia (RCMD)”. We believe

that myelodysplasia may have been overlooked in some

cases.

Some cases have been examined on consultation with he-

matologists. One case report described a patient with an ab-

normal iron metabolism (bone marrow aspirate revealed

mild dyserythropoiesis; iron staining showed abundant iron

in RE cells and the absence of iron granules in erythro-

blasts) but did not mention dysplasia of other blood cell li-

nages (19). These reports suggest that myelodysplasia was

overlooked in some but not all cases. The existence or non-

existence of myelodysplasia is one point of diversification

for the phenotype of aceruloplasminemia.

The use of iron-chelating agents has been reported to con-

trol the progress of symptoms in cases of aceruloplasmine-

mia that have been diagnosed early (1). However, the prog-

nosis is poor when organ damage has already developed fol-

lowing iron deposition. According to a survey of 40 cases of

copper deficiency, a diagnosis was made an average of 1.1

years (range, 10 weeks to 23 years) from the onset of neu-

rologic and hematologic symptoms (13). In our case, the di-

agnosis was made more than three years after pancytopenia

first appeared. Although cytopenia can be improved by ther-

apy in some cases, it is difficult to improve neurologic

symptoms (20). Nevertheless, an early diagnosis and treat-

ment are important to avoid irreversible neurologic changes.

Therefore, copper deficiency screening may be beneficial in

identifying aceruloplasminemia in patients with cytopenia

and blood cell dysplasia.
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