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Abstract: Hereditary aceruloplasminemia (ACP) is a rare adult-onset autosomal recessive disease
characterized by a ceruloplasmin (CP) gene mutation and defective or absent CP function. In the present
study, we report a case of ACP in a 34-year-old Chinese woman with diabetes, fatigue, anxiety, and
progressive membrane loss with low hemoglobin associated with microcytosis. The fasting glucose level was
5.6-7.96 mmol/L. Postprandial blood glucose ranged from 6.8 to 9.6 mmol/L. The Stumvoll first-phase and
second-phase insulin secretion disposition indices were very low, and the serum iron content was low, even
though transferrin levels were normal. Moreover, the transferrin saturation was low (5%), and the ferritin
level was extremely high, above 2,000 pg/L in the patient. Furthermore, her serum CP level was extremely
low (<0.0183 g/L). Abdominal computed tomography (CT) examination showed moderate iron overload in
the liver. Brain CT also showed a mildly increased density of the bilateral thalami and basal ganglia. Finally,
gene analysis showed a rare homozygous mutation (c.146+1G>A) in the CP gene and was diagnosed with
ACP. To date, less than 60 family cases of ACP have been reported worldwide, and only two cases of ACP
have been reported in China. Here, we report a case of ACP accompanied by diabetes with a novel mutation

of the CP gene, which suggests that increased awareness should be highlighted in this disorder as diabetes is

an important typical symptom.
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Introduction

Hereditary aceruloplasminemia (ACP) (OMIM#604290,
ORPHA48818) is a rare adult-onset autosomal recessive
disease characterized by a ceruloplasmin (CP) gene
mutation and defective or absent CP function. Human
CP is encoded in 20 exons encompassing approximately
65 kb of DNA localized on chromosome 3q23-q24 (1).
It is a copper-containing ferroxidase that is involved in
maintaining iron homeostasis (2). Mutations in CP result in
a strong reduction or absence of CP, a ferroxidase activity,
and subsequently lead to an accumulation of iron in organs,
causing retinopathy, liver disease, anemia, and progressive

neurological degeneration presenting with movement
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disorders (e.g., motor delay, dystonia, spasticity, and
parkinsonism), cognitive dysfunction, ataxia, and diabetes
mellitus (DM) (3). It was estimated that the incidence
of APC was 1 per 2,000,000 in non-consanguineous
marriages (4), which was first described in 1987 by
Miyajima (5). Although ACP has also been described in
other areas (6-8), most of the published cases originated in
Japan. However, detailed case reports are limited, especially
in China. Most importantly, DM could result from ACP
due to the accumulation of iron in the pancreas. However,
there is limited awareness regarding the association between
DM and ACP, since hyperglycemia was an uncommon
clinical manifestation of ACP. Additionally, it was difficult
to identify and diagnose a diabetes patient suffering from
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ACP.

In this report, we describe a Chinese patient with ACP
who suffered from diabetes for more than 5 years before
we recognized she had a homozygous mutation of the CP
gene inherited from her parents, and this mutation site
has not been reported in China before. We present the
following article in accordance with the CARE reporting
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-21-1086/rc).

Case presentation

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or
national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

A 34-year-old woman was admitted to our clinic with
a history of diabetes for more than 5 years. She was
hospitalized with complaints of fasting hyperglycemia
despite receiving multiple oral antidiabetic agents, with
fasting blood glucose levels ranging between 8.4 and
12 mmol/L during the last 2 years, even though the
postprandial blood glucose level was well controlled. In
addition, the patient also suffered from fatigue, anxiety, and
progressive remembrance loss.

Physical examination revealed no obvious abnormalities
except for a lean body. Her BMI was 20 kg/m’. Tuble 1
presents the primary laboratory findings. Her complete
blood count showed that she had a low hemoglobin
of 10.5 g/dL (normal 13.0-17.5 g/dL) associated with
microcytosis. The daily glucose monitoring (8 times)
revealed that the postprandial blood glucose range from
6.8 to 9.6 mmol/L; however, the fasting blood glucose
was always greater than 7.8 mmol/L. Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR)
was elevated, whereas the quantitative insulin sensitivity
check index (QUICKI) was decreased. Although insulin
and C-peptide levels were within the normal range,
the Stumvoll first-and second-phase insulin secretion
disposition indices were very low, indicating low beta
cell function in the patient (7able 1). Furthermore, her
anti-glutamic acid decarboxylase antibody and anti-IA2

antibody were negative, which ruled out the possibility of
T1DM.
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Chest computed tomography (CT), urinary ultrasound,
and cardiac ultrasound findings were within normal limits.
Ophthalmological examination (including fundoscopy
and visual field tests) did not reveal retinal degeneration.
However, abdominal ultrasound showed splenomegaly and
intrahepatic hyperechogenicity, indicating metal deposits in
the liver. To further explore, the abdominal CT examination
of the liver was performed, and a moderate iron overload
in the liver was determined and quantified as average of 95
HU (Figure 1A4). Furthermore, CT also showed a mildly
increased density of the bilateral thalami and basal ganglia
(Figure 1B). All of this evidence indicated iron overload in
the body.

To confirm this, we detected some relative indexes of iron
metabolism, such as serum iron, total iron binding capacity,
transferrin saturation, ferritin, and serum CP. As shown
in Table 2, the serum iron content was low, even though
transferrin levels were normal. Moreover, transferrin
saturation was low (5%), and ferritin level was extremely
high above 2,000 pg/L in the patient. It is noteworthy that
her serum CP levels was extremely low (<0.0183 g/L; 0.2 to
0.6 g/L). Therefore, CP gene analysis of the patient and her
parents was performed. A homozygous CP gene mutation
inherited from his father and mother (Figure 2) c.146+1G>A
was identified. Her consanguineous parents carried the
same heterozygous mutation in the CP gene, which could
be attributed to the ACP. Segregation analysis is shown in
Figure 3.

In the area of treatment, iron chelation therapy is
the mainstay for ACP. Considering the poor economic
situation of this patient, we suggested accepting intravenous
infusions of 500 mg of desferrioxamine twice a week for 6-
10 months and serum ferritin (SF) levels were measured
every 2 months. After 6 months, her SF levels decreased
and were maintained at 500-1,000 ng/mL. Furthermore,
to further control the blood glucose levels, we administer
red neutral protamine Hagedorn (NPH) insulin, which
may improve fasting hyperglycemia. During the follow-up
period, her fasting blood glucose level was no more than
8 mmol/L. Unfortunately, she was lost to follow-up after
6 months. Therefore, we had no information about the
treatment outcome.

Discussion

In the present study, we reported a case of ACP in a
34-year-old Chinese woman with diabetes, fatigue, anxiety,
and progressive remembrance loss with a homozygous
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Table 1 Laboratory assessments results of the patient Table 1 (continued)
Parameter Value Normal value Parameter Value Normal value
WBC (x10%L) 3.6 3.5-9.5 ) )
Insulin resistance
12
RBC (x10'“/L) 4.52 4.3-5.8 HOMA-IR 3.93 B
Hb (g/L) 105 130-175 QUICKI 0.62 B
Ht (%) 36.3 40-50 WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin;
MCYV (fL) 80.3 82-100 Ht, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
MCH (pg) 23.2 27-34

concentration; Plt, platelet; AST, aspartate transaminase;
MCHC (g/L) 289 316-354 ALT, alanine transaminase; ALP, alkaline phosphatase; y-GTP,
y-glutamyltranspeptidase; BUN, blood urea nitrogen; T-Bil, total
bilirubin; Cr, creatinine; Na, serum sodium; K, serum potassium;
Albumin (g/L) 49 35-55 Cl, serum chloride; FPG, fasting plasma glucose; 2hPG, 2
hours postprandial blood glucose; HbA1c, hemoglobin Alc;
GA, glycated albumin; TC, total cholesterol; TG, triglycerides;
AST (U/L) 40 8-37 FINS, fasting insulin; FC-peptide, fasting C-peptide; 2hINS , 2
hours postprandial insulin; 2h C-peptide, 2 hours postprandial
C-peptide; HOMA-B, Homeostatic Model Assessment of p-cell
y-GTP (U/L) 28 0-50 function; HOMA-IR, Homeostatic Model Assessment of Insulin
Resistance; QUICKI; quantitative insulin sensitivity check index.

Plt (x10°/L) 148 125-350

ALT (U/L) 61 0-65

ALP (U/L) 84 15-112

BUN (mmol/L) 4.6 2.5-6.4
T-Bil (umol/L) 3.0 0.0-6.0
Cr (umol/L) 45 53-115 mutation (c.146+1G>A) in the CP gene, and a heterozygous
UA (umol/L) 310 510430 mutation (c.146+1G>A) of the gene in the family pedlgre.e.
To date, only two cases of ACP have been reported in
Na (mmol/L) 144 135-145 China and less than 60 families’ cases worldwide (9,10). To
K (mmol/L) 4.3 3.5-5.5 the best of our knowledge, the ¢.146+1G>A mutation in the
Cl (mmol/L) 101 95-105 CP gene has not been previously reported in China.
FPG (mmol/L) 8.28 3.9-5.8 To date, approximately 28 missense, 17 frameshift, 13
splicing, and 8 nonsense mutations of CP in ACP have
2hPG (mmol/L) 8.94 3.9-7.8 been described worldwide (11). The majority of cases are
HbA1C (%) 5.3 4.3-6.5 due to homozygous mutations (related to the family history
GA (%) 15.6 11.0-17.0 of consanguinity), but compound heterozygosity has also
TC (mmol/L) 55 28-59 been described (12). Most of these mutations lead to the
formation of a stop cordon, and the produced protein
TG (mmol/L) 1.36 0.45-1.81 .
does not have the necessary structures for enzymatic
FINS (uU/mL) 10.7 1.25-10.50 function in cellular iron transport (13). In the present case,
FC-peptide 1.49 0.82-2.5 a homozygous mutation in the CP gene c.146+1G>A was
2hINS (pU/mL) 24.71 _ identified, and a type of mutation has only been reported in
) a Caucasian case in Belgium (12). In addition, 14 members
2hC-peptide 414 —

of this family were screened for genetic mutations, and
B cell function blood biochemical parameters were measured. Among
HOMA-B 44.8 - them, four family members (one of two elder sisters,
1st-phase secretion _768.57 _ one elder brother, and her parents) were found to have
a heterozygous mutation in the CP gene (c.146+1G>A),

2nd-phase secretion 17.71 - K . Rk
which might be due to the fact that the parents of the index

Table 1 (continued) case were second cousins. The homozygous mutations of
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Figure 1 Brain and abdominal CT images. (A) The liver showed hepatic cysts with high density revealing the deposition of iron. (B) Brain

CT showed high intensity areas in the bilateral thalami and basal ganglia. CT, computed tomography.

Table 2 Relative indexes of iron metabolism

Parameter Value Normal value
Fe (umol/L) 6 11.0-29.0
Ferritin (ng/mL) >2,000 5-120
TIBC (umol/L) 43.3 45.00-82.00
TS (%) 13.9 20.0-50.0
Ceruloplasmin (g/L) <0.0183 0.2-0.6
Copper (umol/L) 3.3 12.0-15.0

Fe, serum iron; TIBC, total iron binding capacity; TS, transferrin
saturation.

CP (c.146+1G>A) in the present case resulted in a complete
lack of CP, a decrease in transferrin saturation, and an
elevated SF level.

CP is an oxidase characterized as a copper (Cu)-
containing protein that binds 40-70% of Cu in the plasma.
There are two isoforms of this protein, a secretory form
and a glycosylphosphatidylinositol (GPI)-linked form (2).
Secretory CP plays a role as an antioxidant (14), while the
GPI-linked form plays a key role in iron efflux from cells as
a ferroxidase (15). It mediates the oxidation of ferrous iron
(Fe™) to ferric iron (Fe’*) and regulates the efficiency of iron
efflux (16). The absence of CP impairs iron efflux from cells,
resulting in marked iron accumulation in visceral organs
such as the liver, pancreas, and central nervous system
(17,18). This mutation (c.146+1G>A) in the patient was
localized at the 3’ splice site of exon 1, an area with a highly
conserved sequence, which might result in altered mRNA
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splicing and reduced transcript expression or lead to rapid
mRNA degradation and abnormalities in CP synthesis. The
absence of CP leads to pathological iron overload in the
liver, pancreas, retina, and central nervous system. Subjects
with CP suffer from DM, anemia, retinal degeneration,
and neurological abnormalities, including neurological
symptoms such as blepharospasm, orolingual, mandibular
dystonia, chorea, dysarthria, ataxia, parkinsonism, and
cognitive decline. From most reports published so
far, it is estimated that 17% of cases would manifest
neurological symptoms as the first sign, and 74% of cases
would suffer from neurological sequelae over time (19).
Given that the average age of onset of neurological
manifestations of ACP is around 50 years, the present case
also had no obvious neurodegenerative characteristic clinical
symptoms and signs, except for mild memory decrease and
blunt responses, even though iron was deposited in her
basal ganglia and dentate nuclei on CT.

DM was the initial clinical feature of our case. In a
systematic review of 55 ACP patients, 68.5% of patients
had DM as the first sign at a median age of 38.5 and
39.5 (20). As mentioned in our report, the patient was
diagnosed with DM. Although she had received all kinds of
oral antidiabetic agents with well-controlled postprandial
blood glucose levels, she still suffered from chronic fasting
hyperglycemia and had to be administered with NPH
insulin injection to reduce the fasting blood glucose levels.
Iron overload is associated with an increased diabetes
risk. The exact mechanisms underlying the association
of ACP with diabetes in our ACP patients have not yet
been completely elucidated. Features related to both
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Figure 2 The results of a ceruloplasmin gene analysis. Direct sequencing of the ceruloplasmin gene revealed a homozygous ceruloplasmin

gene mutation ¢.146+1G>A in the patient.
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Figure 3 Pedigree of the affected family. Six members of the family are affected by the mutation of CP, the consanguineously married

parents, the proband’s 41-year-old brother, a 39-year-old sister, and a 2-year-old son were heterozygous carriers of ¢.146+1G>A. The index

case is marked by an arrow. Squares denote men, circles denote women. Double lines indicate consanguineous marriages. Solid symbols

denote individuals diagnosed with aceruloplasminemia marked by an arrow. CP, ceruloplasmin.

insulin resistance and beta cell dysfunction were present
in the patients. First, a moderate iron overload in the liver
with splenomegaly was observed on abdominal CT and
ultrasound examinations. The liver plays an important
role in glucose homeostasis. Deposition of iron in the liver
has been reported to be linked to insulin resistance and
hyperinsulinemia (21-23). Hepatic insulin resistance is the
earliest and most common feature observed under iron
overload conditions. Overloaded iron may impede insulin
extraction in the liver and interfere with its suppressive
effect on hepatic glucose production (24), which is the
most important cause of fasting hyperglycemia. The higher
level of HOMA-IR and lower level of QUICKI support
elevated insulin resistance of the patient, in which the
75th percentile value was used as the cutoff point to define
insulin resistance, which corresponds to a HOMA-IR value

of 2.31 as per the Shanghai Diabetes Studies background
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population study (25). In addition, deficiency of CP may
lead to direct iron deposition in pancreatic B-cells as well.
Accumulation of iron in B-cells enhances Fe’* influx into
the mitochondria, inhibits ATP synthesis, and eventually
impairs insulin secretion (26). Moreover, iron is a strong
pro-oxidant that serves as a catalyst in several cellular
reactions that produce reactive oxygen species (27). There
is evidence that excess iron results in B-cell oxidative stress
and decreased insulin secretory capacity secondary to p-cell
apoptosis and desensitization of glucose-induced secretion
(28,29). Consistently, the first and second insulin deposits
were relatively low (based on the Shanghai Diabetes Studies
background population study) in the present case (25).
Moreover, subjects with CP gene mutations present with
iron overload in the tissues, a phenotype that is difficult to
distinguish from hereditary hemochromatosis (HH). Both
diseases share similar specific clinical features, including
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hyperglycemia secondary to pancreatic iron accumulation
and increased hepatic iron stores (30,31). In the present
case, considering the consanguineous marriage in her
parents, family history, and the finding of parenchymatous
accumulation of iron in the liver led us to perform genetic
screening focusing on hemochromatosis. HH is also an
autosomal recessive disorder and the most common genetic
iron overload disease (31). The most common forms of HH
are inherited mutations in the HFE gene, characterized by
elevated SF, serum iron, and transferrin-iron saturation
levels in patients (32). However, an extremely high value
of ferritin but low serum iron and transferrin saturation
together with absent CP in serum were observed in the
present case, which is not consistent with the laboratory
features of HH. Furthermore, no mutations in HFE were
found upon extended genetic examination for HH.

In summary, we report a case of ACP diagnosed with
diabetes with mild neurological symptoms. Although the
diabetes of ACP is not included in the genetic etiology of
DM as classified by the American Diabetes Association (33),
hyperglycemia is one of the most common signs of ACP.
Awareness of ACP should be considered in diabetic patients
in routine clinical practice.
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