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Abstract

Aceruloplasminemia (ACP) is a rare genetic disorder characterized by the triad of diabetes mellitus, 
retinal degeneration, and neurological symptoms. The patient’s clinical and biochemical features 
highlight substantial phenotype heterogeneity, contributing to the difficulties and delay in diagnosing 
ACP. We described a patient presenting with diabetes and abnormal iron studies due to ACP with 
typical neuroradiologic abnormality. A 56-year-old female patient visited our hospital with complaints 
of weight loss and anxiety. The leading cause of unintentional weight loss was uncontrolled diabetes. 
She was treated with oral hypoglycemic agents. Initial blood tests revealed unexplained microcytic 
anemia and high ferritin levels. We performed magnetic resonance imaging (MRI) of the brain to 
alleviate her excessive concerns about normal memory loss. We suspected that she might have ACP, 
based on the results of cortical pencil lining sign of the brain MRI and microcytic anemia with decreased 
ceruloplasmin (CP) and increased ferritin levels. Sequence analysis of the CP gene revealed homozygosity 
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INTRODUCTIONINTRODUCTION

Aceruloplasminemia (ACP) is a rare autosomal 

recessive disorder that ends in the absence or dys-

function of ceruloplasmin (CP) [1]. CP is a plasma 

ferroxidase containing copper and is linked with the 

oxidation of Fe2+ to Fe3+, allowing it to be transported 

by transferrin [1]. Its deficiency weakens iron efflux 

from the tissue and leads to marked iron overload in 

visceral organs and the central nervous system.

Clinically, the disease has been characterized by 

the triad of diabetes mellitus, retinal degeneration, 

and neurological symptoms [2]. The natural history of 

ACP is primarily unknown, but it is considered pro-

gressive and gradually worsens neurological symp-

toms.

We described a patient presenting with type 2 di-

abetes and abnormal iron studies due to ACP with 

typical neuroradiologic abnormality.

CASE REPORTCASE REPORT

A 56-year-old female patient was admitted to our 

hospital because of weight loss (about 4 kg over 2 

months) with anxiety. Her past medical history in-

cluded an 8-year history of hypertension and dyslip-

idemia, both compensated and treated with losartan 

and rosuvastatin, respectively. Body temperature was 

36.7℃, blood pressure was 100/70 mm Hg, and heart 

rate was 76 beats/minute. Height and weight were 146 

cm and 52.3 kg. Body mass index was 24.6 kg/m2. She 

drank alcohol rarely, and there was a positive family 

history of diabetes mellitus in her two elder brothers. 

Laboratory tests showed that her fasting plasma glu-

cose level was 170 mg/dL and her HbA1c was 11.9% 

(reference range, 4.3~5.8%). Fasting C-peptide levels 

were 1.47 ng/mL (normal range, 0.5~3.5 ng/mL) and 

her glutamic acid decarboxylase (GAD) antibody was 

negative (< 0.7 U/mL). Insulin level was not measured 

at presentation. Kidney, liver, and thyroid function 

tests were within the normal distribution. She was 

diagnosed with type 2 diabetes. Ophthalmologic ex-

amination with optical coherence tomography and 

fluorescein angiography revealed branch retinal vein 

occlusion with small intraretinal hemorrhage from 

superior arcade but no visual symptoms. She was 

treated with diet modification and oral hypoglycemic 

agents (gliclazide, vildagliptin, and metformin), and 

her glycemic control had become progressively bet-

ter. On this admission, initial blood tests revealed he-

moglobin 9.2 g/dL (normal range, 12~16 g/dL), red cell 

distribution width 17.8% (normal range, 12.2~14.8%) 

and mean corpuscular volume 79.4 fL (normal range, 

79~100 fL). She underwent a fecal occult blood test 

and systematic upper and lower gastrointestinal 

endoscopy procedures for iron deficiency anemia 

for c.2630 G>A, confirming the clinical diagnosis of ACP. The patient was started on deferasirox with 
progressive normalization of ferritin. In conclusion, unexplained anemia, often with microcytosis, 
diabetes, and typical neuroradiologic findings, is the best clue for early diagnosis of ACP.
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exploration. There was no evidence of pathological 

conditions of the gastrointestinal tract associated 

with iron deficiency. Serum iron content was 15 μg/dL 

(normal range, 29~164 μg/dL); transferrin was 237.66 

mg/dL (normal range, 200~360 mg/dL); transferrin 

saturation (TSAT) was 5.245% (normal range, 12~45%) 

and ferritin was > 1,503 ng/mL (normal range, 10~204 

ng/mL). Serum protein electrophoresis and hemolysis 

screen were normal. C-reactive protein was normal 

(0.05 mg/dL). She had an abdomen computed to-

mography (CT) to rule out hidden malignancy as the 

cause of unintentional weight loss. Abdominal CT 

showed fat infiltration of the head of the pancreas 

and high absorbance in the liver (Fig. 1).

During admission, she was worried about her mem-

ory abilities. However, her memory loss was simple 

and fairly innocuous, such as forgetting to return a 

phone call. Even though her forgetfulness might have 

resulted from depression and anxiety of illness, we 

performed magnetic resonance imaging (MRI) of her 

brain to rule out organic brain disease. T2-weighted 

brain MRI showed bilateral symmetric homogenous 

hypointensity in the putamen, globus pallidus (GP), 

thalamus, substantia nigra (SN), red nucleus, and 

dentate nucleus (Fig. 2A, B). Moreover, susceptibil-

ity-weighted imaging (SWI) sequences strikingly 

showed dark signal areas as hypointensity lesions in 

T2-weighted brain MRI and bilaterally diffuse dark 

signal along the cerebral cortex and cerebellar folia 

(Fig. 2C, D), consistent with iron accumulation.

Her speech was almost fluent, and she had no in-

voluntary movement. There was no Kayser–Fleischer 

ring. There was no atrophy of the limb muscles, and 

her muscle power was standard. Deep tendon reflex-

es were not detected, and the sensation was normal.

Our patient with unexplained anemia with low 

TSAT and high ferritin levels without inflammation 

was considered a high suspicion of diagnosis for 

some rare disorders associated with iron metabolism. 

Serum ferritin concentration was markedly elevated, 

and liver MRI revealed a low signal change of liver 

parenchyma representing hepatic iron deposition but 

the normal signal in the pancreas and bone marrow 

(Fig. 3). The marked iron overload seen on MRI was 

Fig. 1. Abdominal computed tomography (CT). Unenhanced CT image shows placement of region-of-interest over right 
hepatic lobe. Liver attenuation is elevated at 77 HU (Hounsfield unit).



www.diabetes.or.kr 147

Beomkyun Pak, et al.

not compatible with hereditary hemochromatosis 

(HH), given the low TSAT on blood testing. A CP level 

was obtained, which was undetectable (< 3.0 mg/dL) 

(normal range, 16~45 mg/dL). We ruled out Wilson’

s disease because her serum copper level was re-

duced to 5 μg/dL (normal range, 68~140 μg/dL). We 

suspected that she might have ACP, based on typical 

brain MRI findings and anemia with decreased cop-

per and CP levels. Laboratory findings are shown in 

Table 1. A CP gene analysis was performed at Green 

Cross Genome (Yongin, Korea) after the patient gave 

her informed consent. The identified mutation was 

the homozygotic substitution of the 2,630th guanine 

to adenine in exon 15 (NM_000096.3:c.2630 G>A), 

which resulted in the substitution of tryptophan for 

the stop codon at the 877th amino acid (p. Trp 877*); 

a disease-causing mutation that was reported in 1996 

[3]. Genetic testing of the patient’s siblings was not 

performed due to being unable to afford the associ-

ated cost.

We diagnosed her with type 2 diabetes mellitus 

combined with ACP. Pigmentary retinopathy was not 

Fig. 2. Brain magnetic resonance imaging (MRI). (A, B) Axial T2-weighted images show bilateral and symmetrical low 
signal change in the putamen, globus pallidus, thalamus, substantia nigra, red nucleus, and dentate nucleus. (C, D) Axial 
SWI (susceptibility-weighted imaging) show definite dark signal change in the cerebral and cerebellar cortex (cortical 
pencil lining) in addition to above mentioned signal changed areas.
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evident on screening assessment after diagnosis of 

ACP. We initiated her treatment with 15 mg/kg/day 

iron chelator, deferasirox. Serum ferritin was moni-

tored every month, and the dose of deferasirox was 

adjusted if serum ferritin level had reached the target 

range (below 500 ng/mL) to minimize the risk of over 

chelation. In 18 months of follow-up, she was do-

ing well with glycemic control on vildagliptin 50 mg 

Fig. 3. Abdominal magnetic resonance imaging. (A, B) Axial T1- and T2-weighted images show low signal change in liver 
parenchyma.

Table 1. Laboratory findings

Variable Value

Hemoglobin (g/dL) (normal range, 12~16) 9.2 

Serum iron (μg/dL) (normal range, 29~164) 15

Serum ferritin (ng/mL) (normal range, 10~204) > 1,503

Transferrin saturation (%) (normal range, 12~45) 5.245

Ceruloplasmin (mg/dL) (normal range, 16~45) Undetectable (< 3.0)

Serum copper (μg/dL) (normal range, 68~140) 5
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twice daily and metformin 500 mg twice daily. There 

was an improvement in the HbA1c from 11.9% to 6.4% 

during that time. Eighteen months after iron chelat-

ing therapy, fasting C-peptide levels were measured 

at 1.32 ng/mL. The calculated HOMA-IR (homeostasis 

model assessment for insulin resistance) was 1.7, and 

HOMA-β (homeostasis model assessment of β-cell 

function) was 32. The patient is neurologically as-

ymptomatic throughout the follow-up. 

DISCUSSIONDISCUSSION

ACP is a rare disorder of iron metabolism resulting 

from mutations in the CP gene located on 3q23-q25. 

It was first described in 1987 [4]. In Japan’s non-con-

sanguineous populations, it is reported to occur in 

one per two million people [5]. However, its true in-

cidence is unknown in Korea, and only several cases 

were reported [6]. Iron accumulates not because of 

systemic overload as the case in type 1 HH but be-

cause of reduced cellular iron egress secondary to 

absent CP.

Iron deposition and oxidative stress are central to 

the pathophysiology of the end-organ damage and 

clinical sequelae of ACP. Iron accumulation in the 

liver may be significant without evidence of structur-

al damage or functional deficit. The reasons for this 

are not unclear; however, it is hypothesized that the 

high concentrations of antioxidant enzymes in the 

liver may be protective [7,8]. By contrast, deposition 

in the brain and pancreas results in progressive im-

pairment. In the pancreas, beta cells are susceptible 

to oxidative stress, and minimal iron deposition has 

been observed to cause damage [9]. Iron deposition 

in the central nervous system is a distinctive feature 

of ACP compared with other iron metabolism disor-

ders, such as type 1 HH. In ACP, there is an extensive 

and progressive iron deposition and subsequent ox-

idative stress within astrocytes and neurons in the 

basal ganglia, thalamus, and cerebral and cerebellar 

cortices. This pathogenesis leads to the broad, pro-

gressive phenotype of cerebellar ataxia, involuntary 

movements, parkinsonism, cognitive impairment, 

and psychiatric manifestations [5,10]. 

In neuroradiologic findings of ACP patients, brain 

CT shows abnormal high-density areas in the basal 

ganglia [11]. Furthermore, T2-weighted brain MRI 

and SWI MRI studies showed bilateral symmetric hy-

pointensity of cerebral & cerebellar cortex, striatum, 

GP, thalamus, SN, red nucleus, locus ceruleus, cau-

date nuclei, and dentate nucleus [12]. T2 hypointen-

sities of deep nuclei, such as basal ganglia, due to 

deposits of iron or other paramagnetic substances 

are characteristic of other neurodegenerative dis-

orders such as hemochromatosis, pantothenate ki-

nase-associated neurodegeneration, formerly called 

Hallervorden-Spatz disease, multiple system atrophy 

and Wilson disease. Differentiation of these is based 

on the lesion site and characteristic signs [12]. In this 

case, on SWI, the hypointensity of distribution is su-

perficial (cerebral cortex and cerebellar folia), and 

lesional hypointensity is striking. Therefore, SWI sug-

gests more sensitive than T2-weighted MRI or other 

image sequences for finding ACP. 

Diagnosis of ACP patients is usually based on the 

evidence of very low or undetectable serum CP levels 

and clinical, biochemical, or radiologic signs of iron 

overload target organs. From systematic reviews of 

case reports/series, patients’ clinical and biochemical 

features highlight substantial phenotype heterogene-
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ity, contributing to the difficulties and delay in diag-

nosing such a rare disease [2,13].

According to a case series review, diabetes mellitus 

was the first manifestation of ACP in 69% of cases 

[14]. Diabetes mellitus in ACP had its clinical onset 

at age ~40 years, and its manifestation with insulin 

deficiency was usually in people of normal weight. 

Secondary diabetes mellitus in ACP is caused by a 

marked reduction of insulin-producing β cells in the 

pancreas, despite the absence of islet cell autoanti-

bodies against GAD and tyrosine phosphatase-like 

protein [15,16]. Problems with glycemic control could 

also be used as an additional clue and lead to the 

early consideration of ACP in neurologically asymp-

tomatic cases. In our case, she was diagnosed with 

type 2 diabetes because of being overweight, rea-

sonable glucose control with only oral hypoglycemic 

agents, serum normal fasting C-peptide levels, and 

her family history of diabetes. At first, she did not 

show early-onset insulin-dependent diabetes melli-

tus, and we did not suspect ACP. So, we ignored high 

attenuation in the liver of abdominal CT findings, 

suggesting hepatic iron overload. 

However, we did not miss the unexplained anemia 

of our present case in association with low TSAT and 

paradoxically high ferritin without inflammation. 

This type of anemia must be differentiated from 

other common microcytosis causes, such as iron de-

ficiency anemia. Ferritin levels are high, serum iron 

and TSAT levels are low (in contrast to disorders of 

iron overload, such as type 1 HH), serum copper con-

tent is low or average (in contrast to Wilson disease), 

and CP is uniquely absent [10]. Our present case sup-

ports that unexplained anemia, often but not neces-

sarily microcytic, in association with low TSAT and 

paradoxically high ferritin are the best indicators for 

an early diagnosis of ACP.

Recent studies showed that ACP phenotypes are 

more heterogeneous than previously believed and 

that some manifestations may appear 10~20 years 

earlier before the onset of obvious neurological signs 

[17]. Neurological symptoms usually appear in the 

fifth decade of life. However, ACP patients with brain 

iron deposition without or with only very mild neu-

rological symptoms even after 50 years of age have 

been reported. These findings suggest that genetic 

and acquired factors may partially modify neurolog-

ic phenotype [17]. Clinically, diabetes may precede 

neurological derangements even by decades. Howev-

er, the mechanism of pancreatic endocrine damage 

secondary to iron accumulation and toxicity in ACP 

is not clearly explained at the cellular and molecular 

levels. Because intracellular iron deposition in pan-

creatic endocrine cells has been reported in neither 

ACP patients nor mice models of ACP [9,18]. Islet β 

cell distress might be related to high sensitivity to 

iron toxicity or iron-deficient status induced by iron 

retention in the surrounding cells [19]. According 

to a case series review, around 60% of patients with 

diabetes require insulin treatment. However, about 

10% of patients need only oral hypoglycemic agents 

or dietary therapy [14]. Our patient was also treated 

with oral hypoglycemic agents and lifestyle modifi-

cation. We speculate that her family susceptibility, 

concomitant overweight, iron chelating therapy, and 

other unknown acquired factors may be involved in 

preserving β cell function. In the future, we should 

closely monitor her β cells function and aggravation 

of glycemic control requiring insulin therapy.

Iron chelation therapy is the mainstay of treatment 
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for ACP. Both desferrioxamine (parenteral) and defer-

asirox (oral) reduce serum ferritin levels and visceral 

(hepatic) iron deposition in ACP patients treated with 

iron chelation [5]. In patients with ACP, the initiation 

of iron chelation therapy has been associated with 

improved glycemic control [5]. Interestingly, iron 

chelation therapy has also been shown to potentiate 

islet cell survival and function in islet transplant re-

cipients [20]. Further studies are required regarding 

the mechanisms leading to neurological manifesta-

tion and development of diabetes and iron chelation 

therapy efficacy.

In summary, physicians must keep in mind that 

type 2 diabetes may be the clinical manifestation of 

ACP with unexplained atypical anemia but without 

neurological abnormalities. Atypical anemia, often 

with microcytosis, low TSAT, and high ferritin and 

typical radiologic findings, are the best signs for early 

diagnosis of ACP to avoid treatment delay and neuro-

logical damage.

CONFLICTS OF INTERESTCONFLICTS OF INTEREST

No potential conflict of interest relevant to this ar-

ticle was reported.

REFERENCES REFERENCES 

1. Fasano A, Colosimo C, Miyajima H, Tonali PA, Re TJ, 

Bentivoglio AR. Aceruloplasminemia: a novel mutation in 

a family with marked phenotypic variability. Mov Disord 

2008;23:751-5.

2. Miyajima H, Takahashi Y, Kono S. Aceruloplasminemia, 

an inherited disorder of iron metabolism. Biometals 2003; 

16:205-13.

3. Takahashi Y, Miyajima H, Shirabe S, Nagataki S, Suenaga 

A, Gitlin JD. Characterization of a nonsense mutation in 

the ceruloplasmin gene resulting in diabetes and neurode-

generative disease. Hum Mol Genet 1996;5:81-4.

4. Miyajima H, Nishimura Y, Mizoguchi K, Sakamoto M, 

Shimizu T, Honda N. Familial apoceruloplasmin deficien-

cy associated with blepharospasm and retinal degenera-

tion. Neurology 1987;37:761-7.

5. Miyajima H, Takahashi Y, Kamata T, Shimizu H, Sakai N, 

Gitlin JD. Use of desferrioxamine in the treatment of ace-

ruloplasminemia. Ann Neurol 1997;41:404-7.

6. Kim HK, Ki CS, Kim YJ, Lee MS. Radiological findings of 

two sisters with aceruloplasminemia presenting with cho-

rea. Clin Neuroradiol 2017;27:385-8.

7. Tajima K, Kawanami T, Nagai R, Horiuchi S, Kato T. He-

reditary ceruloplasmin deficiency increases advanced gly-

cation end products in the brain. Neurology 1999;53:619-

22.

8. Tiedge M, Lortz S, Drinkgern J, Lenzen S. Relation be-

tween antioxidant enzyme gene expression and antioxi-

dative defense status of insulin-producing cells. Diabetes 

1997;46:1733-42.

9. Kato T, Daimon M, Kawanami T, Ikezawa Y, Sasaki H, 

Maeda K. Islet changes in hereditary ceruloplasmin defi-

ciency. Hum Pathol 1997;28:499-502.

10. McNeill A, Pandolfo M, Kuhn J, Shang H, Miyajima H. 

The neurological presentation of ceruloplasmin gene mu-

tations. Eur Neurol 2008;60:200-5.

11. Miyajima H. Aceruloplasminemia. Neuropathology 2015; 

35:83-90.

12. Grisoli M, Piperno A, Chiapparini L, Mariani R, Savoiar-

do M. MR imaging of cerebral cortical involvement in ace-

ruloplasminemia. AJNR Am J Neuroradiol 2005;26:657-

61.

13. Vila Cuenca M, Marchi G, Barqué A, Esteban-Jurado 



https://doi.org/10.4093/jkd.2022.23.2.144152

Case Report Type 2 Diabetes Associated with Unexplained Microcytic Anemia

C, Marchetto A, Giorgetti A, et al. Genetic and clinical 

heterogeneity in thirteen new cases with aceruloplasmin-

emia. Atypical anemia as a clue for an early diagnosis. Int J 

Mol Sci 2020;21:2374.

14. Vroegindeweij LH, van der Beek EH, Boon AJ, Hoogen-

doorn M, Kievit JA, Wilson JH, et al. Aceruloplasminemia 

presents as Type 1 diabetes in non-obese adults: a detailed 

case series. Diabet Med 2015;32:993-1000.

15. Muroi R, Yagyu H, Kobayashi H, Nagata M, Sato N, Ideno 

J, et al. Early onset insulin-dependent diabetes mellitus as 

an initial manifestation of aceruloplasminaemia. Diabet 

Med 2006;23:1136-9.

16. Ogimoto M, Anzai K, Takenoshita H, Kogawa K, Akehi Y, 

Yoshida R, et al. Criteria for early identification of aceru-

loplasminemia. Intern Med 2011;50:1415-8.

17. Pelucchi S, Mariani R, Ravasi G, Pelloni I, Marano M, 

Tremolizzo L, et al. Phenotypic heterogeneity in seven 

Italian cases of aceruloplasminemia. Parkinsonism Relat 

Disord 2018;51:36-42.

18. Chen M, Zheng J, Liu G, Xu E, Wang J, Fuqua BK, et al. 

Ceruloplasmin and hephaestin jointly protect the exo-

crine pancreas against oxidative damage by facilitating 

iron efflux. Redox Biol 2018;17:432-9.

19. Piperno A, Alessio M. Aceruloplasminemia: waiting for 

an efficient therapy. Front Neurosci 2018;12:903.

20. Stokes RA, Cheng K, Deters N, Lau SM, Hawthorne WJ, 

O’Connell PJ, et al. Hypoxia-inducible factor-1α (HIF-

1α) potentiates β-cell survival after islet transplantation of 

human and mouse islets. Cell Transplant 2013;22:253-66.


