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Abstract: Aceruloplasminemia is an autosomal recessive disorder of

iron metabolism caused by mutations in the ceruloplasmin gene. Its

prevalence is 1 in 2,000,000 people in Japan. This is a disorder of

neurodegeneration with iron accumulation in the brain revealed by MRI.

The iron overload induces oxidative stress and generation of reactive

oxygen species, which triggers a cascade of pathological events that lead

to neuronal death. Intravenous administration of an iron chelator,

deferoxamine has been proposed as a method of inhibiting the accumu-

lation of iron.

The patient was a 46-year-old Japanese woman. She was diagnosed

at the age of 33 years. Deferoxamine was administrated for 6 months but

was discontinued due to adverse effects. On admission at the age of 46,

psychomotor excitement was acute in onset. The extrapyramidal symp-

toms reflected iron deposition in the basal ganglia and substantia nigra in

the midbrain. Ataxia and a wide-based gate reflected iron deposition in

the dentate nuclei of the cerebellum. An antibiotic, minocycline at

150 mg/day successfully ameliorated the clinical symptoms.

Minocycline, a second generation tetracycline, has a direct radical

scavenging property due to its chemical structure. It has been reported

that minocycline is similar to deferoxamine in its ability to chelate iron.

Minocycline is also involved in preventing the upregulation of proin-

flammatory cytokines. The iron-chelating, antioxidant, and anti-inflam-

matory effects of minocycline were involved in this case.

(Medicine 95(19):e3594)

Abbreviations: AD = Alzheimer disease, ALS = amyotrophic

lateral sclerosis, BPRS = Brief Psychiatric Rating Scale, CSF =

cerebrospinal fluid, DAT = dopamine transporter, DM = diabetes

mellitus, ICARS = International Cooperative Ataxia Rating Scale,

MMSE = Mini-Mental State Evaluation, MS = multiple sclerosis,
, PhD, Tsuyoshi M PhD,
hi, MD, PhD
INTRODUCTION

M iyajima et al first characterized an adult-onset, autosomal
recessive, neurodegenerative disorder resembling Parkin-

son disease (PD) associated with near-absent circulating serum
ceruloplasmin levels in 1987.1 This new disease, aceruloplasmi-
nemia, revealed 1 role of ceruloplasmin as an essential ferrox-
idase critical for iron homeostasis.2 Aceruloplasminemia is an
autosomal recessive iron metabolism disorder caused by
mutations in the ceruloplasmin gene.3 The prevalence of acelur-
oplasminemia is 1 in 2,000,000 people in Japan.4 While all
aceruloplasminemia patients have evidence of abnormal iron
homeostasis with marked parenchymal iron metabolism, most
have a mild normochromic, normocytic anemia with a decreased
serum iron concentration.5 The elevated serum ferritin suggests a
systemic iron overload syndrome, yet affected patients had low
transferrin saturation and mild anemia.1 A variety of symptoms
are exhibited due to the accumulation of excess iron. Diabetes
mellitus (DM), retinitis pigmentosa, and central nervous symp-
toms are the main symptoms of aceruloplasminemia. Patients
usually present in the fourth or fifth decade of life with neurologic
signs.6 These neurologic features are advanced in most patients
and associated with significant iron accumulation in the basal
ganglia and dentate nucleus of the brain.6 Aceruloplasminemia is
one of the disorders causing neurodegeneration with brain iron
accumulation (NBIA).7 The diagnosis of NBIA is made on the
basis of the combination of representative clinical features along
with MRI evidence of iron accumulation.7 Pathophysiologic
hallmarks of NBIA include the disease-defining deposition of
iron, presence of neuroaxonal spheroids, and variable accumu-
lation of a-synuclein-positive Lewy bodies and/or tau pathol-
ogy.7 Some studies have included neurodegenerative disorders
including Alzheimer diseases (AD), Parkinson disease (PD),
amyotrophic lateral sclerosis (ALS), and multiple sclerosis
(MS), which are known to feature brain accumulation of iron
or associated with altered iron metabolism.8 Iron deposition has
been observed in the cortex and amyloid plaques of patients with
AD, substantia nigra in PD, and spinal cord in ALS.9 The overlap
of NBIA disorders with common neurodegenerative disorders has
generated significant interest and suggests an element of shared
pathophysiology.10 Many of the NBIA syndromes links to the
common idiopathic neurodegenerative diseases.11–13

The administration of an iron chelator, before onset or in
the early stages of this disorder, is considered to be effective in
treatment of aceruloplasminemia. The intravenous adminis-
tration of deferoxamine has been proposed as a method of
inhibiting the iron accumulation. Deferoxamine is a high-affi-
nity iron chelator that combines with a ferric iron molecule in
crossing the blood–brain barrier, defer-
n to promote the excretion of excess iron
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In this report, we describe a female patient with acerulo-
plasminemia presenting as psychomotor excitement and neuro-
logical symptoms. An antibiotic, minocycline at 150 mg/day,
successfully ameliorated the symptoms. To our knowledge, this
is the first published case report of successful treatment of
aceruloplasminemia with minocycline.

CASE REPORT
The patient was a 46-year-old Japanese woman. She

presented with anemia, an unsteady gait, and cognitive dysfunc-
tion. Extrapyramidal symptoms and cerebellar ataxia were
observed as the central nervous system symptoms. The patient’s
birth was uneventful, and she developed normally. Anemia was
detected at the age of 21 years. She first had glycosuria at 23
years of age. One year later, insulin therapy was started for DM,
and the insulin requirement gradually increased in a postpartum
period. DM was caused by dysfunction of the pancreas due to
iron accumulation, suggesting the replacement b cells by
adipose tissue. Retinitis pigmentosa was detected at the age
of 25 years. Her 1-year younger sister had been diagnosed
aceruloplasminemia. Based on a positive family history and
identification of the homozygous mutation of the ceruloplasmin
gene on exon 12 by a genetic study, aceruloplasminemia was
diagnosed at the age of 33 years. The concentrations of serum
ferritin and iron were 630 ng/mL and 42 mg/dL, respectively.
Deferoxamine was administered for 6 months but was discon-
tinued because of severe dizziness and hearing dysfunction. At
the time, the serum ferritin and iron were 459 ng/mL and 42 mg/
dL, respectively. She had been unable to control her diet, and
her blood sugar control had regressed since she was 40-year old.
On admission at the age of 46 years, she talked incoherently.
Psychomotor excitement was acute in onset and psychotic
features included dysphoria, delusional ideas, and thought
disturbance. She had a 1-year history of difficulty walking with
frequent falls and dizziness. Her family noted a decline in social
functioning compared with that of 3 years prior. She required
assistance for most daily activities. Neuropsychiatric symptoms
regressed gradually from 1 year previous. Her Mini Mental
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State Examination (MMSE) score was 22.
General findings were as follows: her height and weight

were 1.61 m and 60.5 kg (BMI: 23.4), her blood pressure was

FIGURE 1. Magnetic resonance imaging (T2/FLAIR): iron deposition de
the bilateral lentiform nuclei, caudate nuclei, thalamus, and cerebellar
the surfaces of the brain hemispheres. (Arrows indicate the low inten
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129/83 mm Hg and pulse was 90 bpm and regular. Neurolo-
gically, the patient was awake and without dysarthria. She
presented resting and intentional tremor, mild limb rigidity,
and bradykinesia. Gait tests revealed that the patient was unable
to stand with her feet together without falling backward. She
was unable to walk unassisted, and the gait was wide-based.
She experienced dizziness. Extraocular movements were full,
without nystagmus or diplopia. Dysdiadochokinesis of the
bilateral hands was mild. Muscle strength and deep tendon
reflexes were preserved. Babinski sign was not present. Rigidity
was mild in the bilateral elbow joints.

Head MRI on axial T2-weighted images showed low signal
intensities in the bilateral lentiform nuclei, thalamus, caudate
nuclei, cerebellar dentate nuclei, red nuclei, and substantia nigra
in the midbrain. Low intensities that looked like linear bodies
were visible on the surfaces of the brain hemispheres (Figure 1).
Decreased striatal DAT binding is shown in Figure 2. The
extrapyramidal symptoms reflected the iron deposition in the
basal ganglia (Figures 1 and 2). Ataxia and the wide-based gait
reflected iron deposition in the dentate nuclei of the cerebellum
(Figure 1). Abdominal CT showed iron accumulation in hep-
atocytes (Figure 3).

Laboratory examinations of serum and urine and cere-
brospinal fluid are shown in Table 1. These findings include
microcytic anemia, decreased serum iron and copper concen-
trations, and increased TIBC, UIBC, and serum ferritin con-
centrations. CSF ferritin was also increased massively. An
elevated serum ferritin suggests a systemic iron overload syn-
drome, and the laboratory findings showed a marked decrease
in ceruloplasmin.

PROGRESSION
Her psychiatric symptoms were evaluated by the Brief

Psychiatric Rating Scale (BPRS). The score was 80.15 The
neurological symptoms rated by the Unified Parkinson Disease
Rating Scale16 and the International Cooperative Ataxia Rating
Scale (ICARS) were 32 and 62, respectively. Lithium carbonate
(400 mg/day) and aripiprazole (30 mg/day) were started. Psy-

Medicine � Volume 95, Number 19, May 2016
chomotor excitement was less than on admission but still
continued. Another iron chelator, deferasirox, was approved
in 2008 in Japan. A previous study reported that oral

tected as a low-intensity signal. There were low-signal intensities in
dentate nuclei. In addition, linear low intensities were exhibited on
sities).
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FIGURE 2. Dopamine transporter scintigraphy: DAT transporter imag
left sides.

FIGURE 3. Abdominal CT: CT showed iron accumulation in hep-
atocytes. The pancreas was not detected (adipose tissue was
replaced by iron accumulation). CT¼computed tomography.
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administration of deferasirox as iron chelation therapy
improved the clinical symptoms.17 We considered the admin-
istration deferasirox to interrupt the cycle of iron overload and
iron-induced tissue damage. However, her family refused
because it is necessary to continue the medication for a long
period, requires a large co-pay not covered by health insurance,
and has adverse effects. The psychiatric symptoms were not
improved, but extrapyramidal symptoms including salivation
regressed. Therefore, aripiprazole and lithium carbonate were
discontinued. Acute bronchitis and sinusitis occurred, and a
regimen of 150 mg/day minocycline was initiated with her
consent. The ethical approval was not necessary as it did not
involve any experimental treatment. One week later, her mood
was more stable than on admission, and the tendency toward
aggression disappeared. Minocycline is apparently effective for
treatment of thought disturbance and psychiatric and neuro-
logical symptoms generally. Her BPRS was decreased to 26.
Her walk gradually became stable, and she could walk with the
assistance of a walker. However, wearing a protective helmet
was still needed. Later on she was able to walk by herself, and
staggering was also reduced. She no longer needed the helmet or
assistance to walk. UPDRS Part 3 and ICARS scores were 20
and 27, respectively. The clinical course is shown in Figure 4.
One year after discharge, the clinical improvement has been
maintained, and there is no worsening of psychiatric and
neurological symptoms. Her walk is even more stable than at
discharge. However, the MR imaging in the range of resolution

ing showed reduced uptake in the putamen on both the right and
was not improved despite the clinical improvement after min-
ocycline administration (Figure 5). Written informed consent
was obtained from the patient for the publication of this report.
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TABLE 1. Laboratory Examinations

Parameter Value Normal Value

WBC 6.61� 103/mL 3.3–8.6� 103/mL
RBC 3.61� 106/mL 3.85–4.98� 106/mL
Hb 9.9 g/dL 11.0–14.8%
Ht, % 32.0 34.7–44.4
MCV, fL 88.6 82.0–98.0
MCH, pg 27.4 27.0–33.0
MCHC, % 30.9 31.0–35.0
Plt 299� 103/mL 158–353� 103/mL
Total protein, g/dL 6.4 6.5–8.2
T-Bil, mg/dL 0.4 0.2–1.2
AST, U/L 20 10–38
ALT, U/L 19 5–40
LDH, U/L 195 100–215
Alp, U/L 233 110–340
g-GTP, U/L 13 <75
CK, U/L 66 36–216
Amylase, U/L 42 30–120
BUN, mg/dL 9.0 8.0–21.0
Creat, mg/dL 0.60 0.44–0.83
Na, mmol/L 141 137–146
K, mmol/L 4.2 3.5–4.9
Cl, mmol/L 106 98–109
Ca, mg/dL 9.2 l8.6–10.3
P, mg/dL 3.3 2.2–4.6
Mg, mg/dL 1.9 8–3.6
Fe, ug/dL 22 70–150
TIBC, ug/dL 276 290–355
UIBC, ug/dL 254 140–280
Ferritin, ng/mL 350 5–120
Cu, mg/dL 13 78–131
Glu, mg/dL 50 70–110
HbA1c, % 8.9 4.5–5.5
Ceruloplasmin, g/L <0.1 >0.2
CSF

Pressure, mm H2O 80 70–150
Cells 3/mL 0–5/mL
Glu, mg/dL 63 50–80
Pro, mg/dL 35 15–45
MBP, pg/dL <40.0 <40.0
IgG index 0.57 <0.73
IL-6, pg/mL 1.54 <4
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DISCUSSION
The imaging sign that is a neuropathological hallmark of

aceruloplasminemia is intracellular iron overload, which is
thought to lead to neuronal cell death.2 In aceruloplasminemia,
abnormal iron-loaded globular structures are observed in the
brain tissue.3 Abnormal low intensities reveal iron deposition
in the brain. In this case, the finding that head MRI on axial T2-
weighted images showed low signal intensities in the basal
ganglia and dentate nucleus and decreased striatal DAT bind-
ing (Figure 2) indicate severe destruction of the basal ganglia.
Low intensities that look like linear bodies were also detected

Fe, mg/dL 8 3–4
Ferritin, ng/mL 111 4–6
on the surfaces of the brain hemispheres (Figure 1). It is
supposed that the pathology may have been present for a long
time, indicating that the neuropathologic process had worsened
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and extended beyond the basal ganglia to the cerebral cortex.18

This observation is consistent with the finding that patients
with AD onset at an early age have a greater neocortical iron
burden than late-onset patients.19 Cortical iron elevation is a
feature of AD and might contribute to the oxidative damage
observed in AD brains.19 In this case, the changes in the serum
ferritin level since she was diagnosed did not have a direct
relationship with neurological and psychiatric symptoms
(Figure 4); on the other hand, the CSF ferritin level was
abnormally elevated on admission. CSF ferritin is supposed
to be an index of the brain iron load, and an elevated CSF
ferritin in AD was reported to be an indication of cognitive
decline.20 Thus, lowering CSF ferritin levels might be expected
to be a treatment for neurodegenerative disorders, and defer-
oxamine has been used clinically to slow the progression
associated with iron-induced AD and PD.21

Minocycline is a semisynthetic, second-generation tetra-
cycline analog that effectively crosses the blood–brain barrier,
and is effective against gram-positive and gram-negative infec-
tions. Tetracycline antibiotics have been reported to chelate metal
ions including iron. Minocycline, a second-generation tetra-
cycline, has a direct radical scavenging property based on its
chemical structure.22 Kraus et al23 reported that minocycline is
similar to the metal ion chelator deferoxamine. Administration of
minocycline induced effects similar to those of deferoxamine,
which was used 13 years ago in this case, but was abandoned
due to side effects. Treatment of the cognitive impairment of
aceruloplasminemia with minocycline needs to be evaluated.

Iron is a bioactive metal essential for normal brain func-
tions and an essential substance for the neural development in
the central nervous system, myelination, neurotransmitter syn-
thesis, catabolism, and the electron transport system in neuronal
cells. On the other hand, iron is easily oxidized when it is not
bound to protein, an unstable state that produces free radicals
such as hydroxyl radicals by the Fenton reaction.24 The brain is
particularly vulnerable to oxidative damage because of its high
oxygen utilization and its high concentration of oxidizable
polyunsaturated fatty acids.25 Therefore, the iron concentration
in the brain is usually critically regulated by several iron
metabolism molecules, including ferritin and ceruloplasmin
against oxidative stress.26 Ceruloplasmin, an amino oxidase,
also known as ferroxidase oxidizes ferrous iron to ferric iron.
Therefore, ceruloplasmin is not only a ferroxidase but also a
scavenger of ROS; in other words, the antioxidant activity of
ceruloplasmin can be ascribed mainly to its ferroxidase activity,
which inhibits ferrous ion-stimulated lipid peroxidation and
formation of hydroxyl radicals in the Fenton reaction. Ulti-
mately, this iron overload induces oxidative stress in the brain in
aceruloplasminemia. Oxidative stress and generation of reactive
oxygen species (ROS) are followed by lipid and protein per-
oxidation. Previous studies demonstrated a marked excess in
plasma lipid peroxidation in patients with aceruloplasminemia,
which is consistent with a potential role for this process in iron-
mediated tissue damage, an abnormality that was markedly
decreased by deferoxamine therapy.27 Minocycline has a direct
radical scavenging property that is consistent with its chemical
structure, which includes a multiply substituted phenol ring
similar to a-tocopherol (vitamin E). The effective reaction is of
a phenol ring of radical scavengers with a phenol-derived free
radical that is relatively stable and unreactive. Minocycline can
therefore be considered to belong to the class of phenolic

Medicine � Volume 95, Number 19, May 2016
antioxidants.23 It is also suggested that the direct antioxidant
properties of minocycline may contribute to neuroprotective
effects in this patient. There is enough evidence to show that

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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enhanced oxidative stress is a major cause of neuronal cell death
in aceruloplasminemia.28 The pathology of aceruloplasmine-
mia, abnormal astrogliosis, and iron-loaded globular structures
is observed28 and also seen in microglial cells.29

Minocycline has been reported to inhibit microglial inflam-
matory responses in various neurodegenerative diseases such as

FIGURE 4. Clinical course: an antibiotic, minocycline at 150 mg/d
Psychiatric Rating Scale, ICARS¼ International Cooperative Ataxia
HD, PD, and MS and has been shown to delay motor function
alterations in models of HD, ALS, and PD.30 Neuroinflammation
is supposed one of the important causative factors of

FIGURE 5. Magnetic resonance imaging (T2W1/FLAIR): 1 year after st
are seen in the bilateral lentiform nuclei, caudate nuclei, thalamus, and
low intensities).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
neurodegenerative disorders.31 In neuroinflammation, it is known
that microglia and astrocytes are activated following nerve
injury.32 Some studies claim that minocycline inhibits both
microglial and astrocytic activation in neuroinflammation.33–35

Minocycline may act in this context as a general inhibitor of
proinflammatory cytokine activity. Proinflammatory cytokines

ameliorated psychiatric and neurological symptoms. BPRS¼Brief
ting Scale, UPDR¼Unified Parkinson Disease Rating Scale.
such as TNF-a, IL-1b, and IL-6 are produced by microglial
cells, astrocytes, neutrophils, and macrophages.36 This activity of
minocycline could inhibit microglial activation, but could also

arting minocycline administration, the same low signal intensities
cerebellar dentate nuclei as before treatment. (Arrows indicate the
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prevent inflammatory mechanisms within astrocytes.36 The
chronic inflammation is closely related to clinical symptoms
of neurodegenerative diseases, which are associated with altered
iron metabolism and free radical injury.8 Age is a major risk factor
for neurodegenerative diseases.37 The age-related increase in
brain iron concentration occurs in conjunction with other risk
factors, such as neuroinflammation and metabolic dysfunc-
tion.26,38 The anti-inflammatory effects of minocycline have
been attributed to the compound’s antioxidant activity.37 The
clinical improvement in this case may be related to reciprocal and
synergic actions induced by minocycline.

Miyaoka et al reported the antipsychotic effects of min-
ocycline in patients with schizophrenia and suggested that
minocycline might be a safe and effective adjunct to antipsy-
chotic medications, that is, that augmentation with minocycline
may prove to be a viable strategy for ‘‘boosting’’ antipsychotic
efficacy and for treating schizophrenia.39 In this case, psychotic
excitement was ameliorated, similar to reported cases. Mino-
cycline is also considered to have a potential for treatment of
major depression through its effects on neurogenesis and anti-
glutamate excitotoxicity because decreased neuronal survival
and inflammatory reactions are important causative factors of
major depression.30,40,41 It is noteworthy minocycline does not
exert significant direct effects on different neuroreceptors,
including monoaminergic and N-methyl-D-aspartic acid
(NMDA) receptors.41 However, it is reported that minocycline
can regulate several processes involved in neurodevelopment
and in neural plasticity.41 The clinical improvement in this case
could be considered that minocycline provides a potential
approach for preventing or treating neuropsychiatric symptoms
associated with aceruloplasminemia and inhibiting the progress.

CONCLUSION
Despite controversies about the efficacy of minocycline, its

relative safety and tolerability might lead to clinical improve-
ments in patients of aceruloplasminemia. Adverse events associ-
ated with the administration of minocycline were not observed.
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