
Vol:.(1234567890)

Medical Molecular Morphology (2021) 54:60–67
https://doi.org/10.1007/s00795-020-00259-1

1 3

CASE REPORT

Type 4B hereditary hemochromatosis due to heterozygous p.D157A 
mutation in SLC40A1 complicated with hypopituitarism

Yuichi Honma1   · Tsukasa Karasuyama1,2 · Keiichiro Kumamoto3 · Shohei Shimajiri3 · Yasumichi Toki4 · 
Yasuaki Tatsumi5 · Kazuhiro Sumida1,2 · Kenji Koikawa6 · Kahori Morino1 · Shinji Oe1 · Koichiro Miyagawa1 · 
Masahiro Yamasaki2 · Michihiko Shibata1 · Shintaro Abe1 · Katsuya Ikuta4,7 · Hisao Hayashi5 · Masaru Harada1

Received: 16 April 2020 / Accepted: 13 June 2020 / Published online: 30 June 2020 
© The Japanese Society for Clinical Molecular Morphology 2020

Abstract
Hemochromatosis is a clinical syndrome characterized by iron overload in various organs. We present here a case of type 
4 hereditary hemochromatosis due to heterozygous mutation in SLC40A1 gene (p.D157A). SLC40A1 encodes ferroportin, 
a macromolecule only known as iron exporter from mammalian cells. He first presented symptoms correlated with hypo-
pituitarism. Furthermore, marked hyperferritinemia and high transferrin saturation were revealed in combination with the 
findings of iron overload in the liver, spleen and pituitary gland by computed tomography and magnetic resonance imaging. 
Liver biopsy revealed iron deposition in both hepatocytes and Kupffer cells. SLC40A1 mutations are considered to cause 
wide heterogeneity by various ferroportin mutations. Thus, clinicopathological examinations seem to be very important for 
diagnosing phenotype of type 4 hemochromatosis in addition to the gene analysis. We diagnosed him as type 4B hereditary 
hemochromatosis (ferroportin-associated hemochromatosis) by the findings of high transferrin saturation and iron deposition 
in hepatocytes, and then started iron chelating treatment. We should suspect the possibility of hereditary hemochromatosis 
even in Japanese with severe iron overload. Although the same mutation in SLC40A1 gene (p.D157A) had been reported 
to cause “loss of function” phenotype, we considered that the mutation of our case caused “gain of function” phenotype.
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IGF-1	� Insulin-like growth factor-1
IQR	� Interquartile range
LH	� Luteinizing hormone
LHRH	� Luteinizing hormone-releasing hormone
M2BPGi	� Mac-2 binding protein glycosylation isomer
MDB	� Mallory-Denk body
MRI	� Magnetic resonance imaging
PRL	� Prolactin
ROS	� Reactive oxygen species
TIBC	� Total iron binding capacity
TSH	� Thyroid-stimulating hormone
UIBC	� Unsaturated iron binding capacity

Introduction

Hemochromatosis is a clinical syndrome characterized 
by iron accumulation and tissue injury in various organs 
presenting with complications such as chronic liver dis-
eases (liver cirrhosis and hepatocellular carcinoma), dia-
betes mellitus, cardiac diseases, hypogonadotropic hypo-
gonadism and endocrine dysfunction [1, 2]. Mutations in 
hereditary hemochromatosis-related genes are HFE, HJV, 
HAMP, TfR2 and SLC40A1. HFE-related hemochromato-
sis is most common in European populations, while the 
other mutations have been mainly reported in Asia-Pacific 
region [3, 4].

Mutations in SLC40A1, the gene encoding ferroportin, 
associate with an inborn error in iron metabolism trans-
mitted through autosomal dominant inheritance, type 4 
hereditary hemochromatosis [5, 6]. Ferroportin is the only 
macromolecule known to be able to release elemental 
iron from the mammalian cells and expressed in duode-
nal enterocytes, hepatocytes, Kupffer cells, splenic mac-
rophages and erythroblasts [7]. Membrane expression of 
ferroportin is modulated post-translationally by hepcidin, 
a 25 amino acids protein, which binds to ferroportin and 
induces internalization and lysosomal degradation of fer-
roportin [8, 9]. Ferroportin activity controls the total iron 
content by transferring dietary iron from the enterocytes 
to plasma and also exports recycled and stored iron into 
the circulation from the hepatocytes and macrophages 
[10]. Although rare, type 4 hereditary hemochromatosis 
is observed in different groups of ethnic and is considered 
to be the second most common after HFE-related hemo-
chromatosis [11].

In Japan, hereditary hemochromatosis is rare. We here 
describe a type 4B hereditary hemochromatosis Japanese 
patient first presenting with liver dysfunction and adrenal 
insufficiency. Furthermore, we demonstrate his heterozygous 
SLC40A1 gene mutation (p.D157A) which seemed to cause 
“gain of function” of ferroportin.

Case report

A 79-year-old man with disturbance of consciousness, 
general fatigue, appetite loss and vomiting admitted to 
local hospital. He was habitual drinker, about 20 g/day of 
alcohol consumption, and he had never taken supplemental 
iron and blood transfusion. He had a family history of liver 
cirrhosis in two brothers, and one of them was complicated 
with hepatocellular carcinoma. His son had intellectual 
disability. At the local hospital, laboratory test revealed 
liver dysfunction, hyponatremia (112 mmol/L), and low 
adrenocorticotropic hormone (ACTH, 5.3 pg/mL) and 
low cortisol (0.6 μg/dL). He was diagnosed with adrenal 
insufficiency, and then the local doctor started treatment 
with hydrocortisone (10 mg/day). After administration of 
hydrocortisone, appetite and general condition improved. 
Head and abdominal computed tomography (CT) demon-
strated high density of pituitary gland (Fig. 1a, b), liver 
and spleen (Fig. 1c). Head and abdominal magnetic reso-
nance imaging (MRI) demonstrated very low intensity of 
pituitary gland (Fig. 1d, e), liver and spleen (Fig. 1f) in 
T2-weighted image. Enlargement of the pituitary gland 
was also shown. He was referred to our hospital for evalu-
ating cause of the liver dysfunction and adrenal insuffi-
ciency. On admission, physical examination showed no 
skin pigmentation. The results of laboratory examinations 
are shown in Table 1. Complete blood count revealed an 
anemia, while white blood cell and platelet count was 
within normal range. Biochemical examinations showed 
elevation of aspartate transaminase (AST), alanine ami-
notransferase (ALT), alkaline phosphatase (ALP) and 
γ-glutamyltransferase (γ-GTP). The liver fibrosis markers, 
including hyaluronic acid, type IV collagen, Mac-2 bind-
ing protein glycosylation isomer (M2BPGi) and autotaxin, 
were elevated. Serum ferritin was significantly high. Total 
iron binding capacity (TIBC) and unsaturated iron bind-
ing capacity (UIBC) were low, and transferrin saturation 
was 95.8%. Fasting plasma glucose (FPG), HbA1c, serum 
insulin and C-peptide were within normal range. Homeo-
stasis model assessment of insulin resistance (HOMA-IR) 
was 1.49. 75 g and oral glucose tolerance test was within 
normal range (data not shown). Hormonal examination 
revealed very low levels of serum thyroid-stimulating 
hormone (TSH) and free T4. Plasma luteinizing hormone 
(LH), estradiol and testosterone levels were low. Serum 
growth hormone (GH) level was within normal range, 
while insulin-like growth factor-1 (IGF-1) level was very 
low. Serum prolactin (PRL) level was elevated. Serum 
antidiuretic hormone (ADH) level and serum osmolar-
ity were within normal range. Anterior pituitary function 
was evaluated by intravenous injection of corticotropin-
releasing hormone (CRH), luteinizing hormone-releasing 
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hormone (LHRH) and growth hormone-releasing peptide 
2 (GHRP2) (Table 2). Plasma ACTH and cortisol showed 
low response to CRH. Plasma LH and follicle-stimulating 
hormone (FSH) also showed low response to LHRH. GH 
showed low response to GHRP2. Thus, he was diagnosed 
with hypopituitarism and secondary to hypothyroidism 
and hypogonadism. Electrocardiogram (ECG) and echo-
cardiography were not remarkable change. Abdominal 
ultrasound showed liver cirrhosis pattern and moderate 
splenomegaly (not shown). Vibration-controlled transient 
elastography (Fibroscan®) showed 55.4 kPa [interquar-
tile range (IQR); 10.6, IQR/median; 19%]. Esophagogas-
troduodenoscopy did not show esophageal gastric varices 
(not shown). Because hemochromatosis was suspected by 
the results of laboratory examinations and the findings of 
CT and MRI, liver biopsy was performed. Hematoxylin 
and eosin staining of the liver biopsy specimen showed 
chronic inflammatory infiltrate and periportal fibrosis 
without chronic non-suppurative destructive cholangitis 
(Fig. 2a, b, c). Berlin blue staining demonstrated iron 
accumulation in both hepatocytes and sinusoidal lining 
cells (probably Kupffer cells, arrowheads) (Fig. 2d). The 
hepatic iron concentration was 36,585 μg/g dry weight. 
Immunohistochemical findings of the liver biopsy speci-
men showed that some hepatocytes were positive for 

4-hydroxy-2-nonenal (HNE) (Fig.  3a, d) and C-EBP 
homologous protein (CHOP) (Fig. 3b, e). The expression 
of p62 increased in some hepatocytes (Fig. 3c). Stain-
ing for p62 also revealed Mallory-Denk bodies (MDBs) 
(Fig. 3f, arrows). To confirm genetic diagnosis, informed 
consent according to the Ethics Committee of the Uni-
versity of Occupational and Environmental Health (con-
firmation No.: H28-03) was obtained before taking blood 
sample for genes analysis. Gene analysis revealed a het-
erozygous mutation in the SLC40A1 gene [a heterozygous 
A > C transition at c.470 in exon 5 (p.D157A) resulting in 
a change in the amino acid at codon 157 from Asp to Ala] 
(Fig. 4a). Moreover, in the SLC40A1 gene, a heterozy-
gous mutation at c.663 in exon 6 (p.V221V), which did 
not result in any amino acid substitution, was observed 
(Fig. 4b). No sequence alterations were found in the other 
genes associated with hemochromatosis including HFE, 
HJV, HAMP and TfR2. Thus, we diagnosed the patient as 
type 4 hereditary hemochromatosis due to heterozygous 
SLC40A1 mutation. We analyzed his daughter’s gene after 
obtained the informed consent, but her SLC40A1 was nor-
mal. Because he was intolerance to phlebotomy therapy 
due to anemia, we started deferasirox (12 mg/kg/day) 
treatment. After starting this chelating therapy, elevation 
of serum ferritin level and aminotransferase levels gradu-
ally improved (Fig. 4c).     

Fig. 1   Computed tomography (CT) and magnetic resonance imag-
ing (MRI) image of this patient. Head and abdominal CT showed 
increase in density of pituitary gland (arrowhead) (a, b), liver and 

spleen (c). Head and abdominal MRI showed a significant decrease in 
intensity of the pituitary gland (arrowhead) (d, e), liver and spleen (f) 
on the T2-weighted images
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Discussion

Identification of genes implicated in iron transport and 
storage has induced reclassification and genetic distinc-
tion of hemochromatosis [12]. SLC40A1 gene mutation-
caused type 4 hemochromatosis falls into two functional 

categories, underlying two distinct clinical entities (type 
4A hemochromatosis or classical ferroportin disease and 
type 4B hemochromatosis or ferroportin-associated hemo-
chromatosis) [13]. The majority of pathogenic variants, 
defined as “loss of function” mutations since they lead 
to decreased iron export from cells, give rise to type 4A 

Table 1   Laboratory 
examination on admission

WBC white blood cell; RBC red blood cell; Hb hemoglobin; MCV mean corpuscular volume; PLT plate-
let; AST aspartate transaminase; ALT alanine aminotransferase; LDH lactate dehydrogenase; ALP alka-
line phosphatase; γ-GTP gamma-glutamyltranspeptidase; HDL-Cho high-density lipoprotein cholesterol; 
LDL-Cho low-density lipoprotein cholesterol; BUN blood urea nitrogen; TIBC total iron binding capac-
ity; UIBC unsaturated iron binding capacity; M2BPGi Mac-2 binding protein glycosylation isomer; FPG 
fasting plasma glucose; IRI immunoreactive insulin; ADH antidiuretic hormone; s-Osm serum-osmolality; 
TSH thyroid-stimulating hormone; GH growth hormone; IGF-1 insulin-like growth factor-1; FSH follicle-
stimulating hormone; LH luteinizing hormone; PRL prolactin; ANA anti-nuclear antibody; AMA anti-mito-
chondrial antibody; Ig immunoglobulin; PT prothrombin time; HBs hepatitis B surface; HBc hepatitis B 
core; HCV hepatitis C virus

Complete blood count Glucose metabolism test
 WBC 4100 /μL  FPG 96 mg/dL
 Reticulocyte 41 ‰  HbA1c 5 %
 RBC 314  × 104/μL  IRI 6.3 μU/mL
 Hb 11.1 g/dL  C-peptide 2.41 ng/mL
 MCV 106.4 μm3 Other endocrine test
 Plt 16.9  × 104/μL  Aldosterone 114 pg/mL

Biochemistry  Renin 3.3 pg/mL
 Total protein 6.5 g/dL  ADH 0.7 pg/mL
 Albumin 3.4 g/dL  s-Osm 284 mOsm/kg
 Total bilirubin 1.3 mg/dL  TSH 0.04 μIU/mL
 Direct bilirubin 0.1 mg/dL  FT4 0.77 ng/dL
 AST 160 U/L  GH 0.93 ng/mL
 ALT 138 U/L  IGF-1 ≦10 ng/mL
 LDH 184 U/L  FSH 2.9 mIU/mL
 ALP 468 U/L  LH 1.5 mIU/mL
 γ-GTP 209 U/L  PRL 32.3 ng/mL
 Triglyceride 51 mg/dL  Estradiol  < 5.0 pg/mL
 HDL-Cho 51 mg/dL  Testosterone 0.15 ng/mL
 LDL-Cho 65 mg/dL Serology
 BUN 21 mg/dL  C-reactive protein 0.26 mg/dL
 Creatinine 0.69 mg/dL  ANA < 40
 Na 138 mmol/L  AMA (M2) 11.0 U/mL
 K 4.9 mmol/L  IgG 1391 mg/dL
 Cl 104 mmol/L  IgM 734 mg/dL
 Fe 183 μg/dL Coagulation
 Ferritin 18,610 ng/mL  PT 13.5 sec
 TIBC 191 μg/dL  PT (%) 78.3 %
 UIBC 8 μg/dL  Virus markers
 Transferrin 113 mg/dL  HBs antigen (−)
 Cu 100 μg/dL  anti-HBs antibody (−)
 Ceruloplasmin 22 mg/dL  anti-HBc antibody ( +)
 Hyaluronic acid 631 ng/mL  anti-HCV antibody (−)
 Type IV collagen 699 ng/mL Urinalysis
 M2BPGi 6.48 COI  Glucose (−)
 Autotaxin 1.4 mg/L  Cu 30.8 μg/day
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hemochromatosis, an atypical form of primary iron overload, 
characterized by iron overload localized mainly in Kupffer 
cells and macrophages [14, 15]. The phenotypic features of 
type 4A hemochromatosis demonstrate that early elevation 
of serum ferritin, normal or mild elevation of serum iron, 
low to normal transferrin saturation, iron deposition in the 
Kupffer cells, iron overload in the spleen (black spleen in 
T2-weighted MRI), and aggressive phlebotomy regimens 
can be a problem due to borderline anemia [16]. On the 
other hand, “gain-of-function” mutations result in higher 
serum iron concentrations due to abnormal iron release from 
iron-recycling macrophages and enterocytes which manifest 
in elevated transferrin saturation. So phenotypic features of 

type 4B hemochromatosis are marked elevation of transfer-
rin saturation, iron deposition in hepatocytes and commonly 
lack of iron in Kupffer cells, diffuse iron deposition in the 
liver but not spleen in MRI, and tolerance to phlebotomy 
[17].

Various SLC40A1 mutations had been identified and 
involved in iron binding, intracellular gate interaction and 
iron egress, respectively [18, 19]. Thus, abnormalities of 
ferroportin caused by SLC40A1 mutations have been con-
sidered to cause wide clinicopathological heterogeneity, 
showing marked differences in type of target organ and iron 
deposition, wide spectrum of sub-phenotypes and degree of 
penetrance [20–22].

In the present case, serum ferritin and transferrin satu-
ration significantly elevated. Head CT and MRI showed 
enlargement and iron overload in the pituitary gland 
(Fig. 1). Endocrine examination revealed hypothyroidism, 
hypogonadism and growth hormone deficiency in addition 
to adrenal insufficiency (Table 1). Because pituitary func-
tional challenge test demonstrated no or low response, we 
diagnosed him as anterior pituitary dysfunction (Table 2). 
Abdominal CT and MRI showed iron overload in the liver 
and spleen (Fig. 1). Liver biopsy specimen revealed marked 
iron deposition in hepatocytes as well as sinusoidal lining 
cells (probably Kupffer cells) (Fig. 2). Previous reports have 
demonstrated that liver biopsy shows iron overload predomi-
nates in Kupffer cells in type 4A, whereas in hepatocytes in 

Table 2   Anterior pituitary function test by intravenous administration 
of corticotropin-releasing hormone (CRH, 100  µg), luteinizing hor-
mone-releasing hormone (LHRH, 100 µg), growth hormone-releasing 
peptide 2 (GHRP2, 100 µg)

ACTH adrenocorticotropic hormone; LH luteinizing hormone; FSH 
follicle-stimulating hormone; GH growth hormone; NA not available

Times (min) 0 30 60 90

ACTH (pg/mL) 36.7 35.8 40.5 18.8
Cortisol (µg/dL) 5.9 5.9 6.6 6.5
LH (mIU/mL) 1.4 2.7 3.7 4.1
FSH (mIU/mL) 2.9 3.2 3.6 3.9
GH (ng/mL) 0.4 4.2 1.98 NA

Fig. 2   Histopathological findings of the liver biopsy specimen. a, b 
Hematoxylin and eosin staining showed moderate inflammatory infil-
trate and brown pigmentation in hepatocytes. c Masson trichrome 
staining showed severe fibrosis. d Berlin blue staining showed iron 
accumulation, located both in hepatocytes and sinusoidal lining cells. 

Inset shows higher magnification to discriminate sinusoidal lining 
cells (arrowheads) from hepatocytes. The hepatocytes with diffuse 
iron deposits were seen. Scale bars: 200 µm (a, c, d: ×100 magnifica-
tion), 100 µm (b: ×200 magnification), and 50 µm (d: inset)
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type 4B hemochromatosis [21]. Thus, we focused on iron 
deposition in hepatocytes and Kupffer cells. Thus, hypopi-
tuitarism and liver dysfunction of this patient were consid-
ered to be caused by severe iron deposition in the pituitary 
gland and liver. Immunohistochemical analysis revealed 

increase of p62 expression and formation of MDB (Fig. 3c, 
f). Most p62-positive cells were positive for HNE, an oxida-
tive stress marker, and CHOP, an ER stress marker (Fig. 3a, 
b, c). When contrast to the findings of Berlin blue staining 
(Fig. 2d), the hyper positive area of HNE and CHOP was 

Fig. 3   Immunohistochemistry of the liver biopsy specimen for 
4-hydroxy-2-nonenal (HNE) (a, d), C-EBP homologous protein 
(CHOP) (b, e), and p62 (c, f). a, b Some hepatocytes were positive 
for oxidative stress marker (HNE) and ER stress marker (CHOP). 
c The expression of p62 increased in some hepatocytes. f Mallory-

Denk bodies were detected clearly in p62 staining (arrows). d, e The 
expression of CHOP and HNE in the cells with Mallory-Denk body 
decreased (arrows). Scale bars: 200 μm (a, b, c: × 200 magnification) 
and 100 μm (d, e, f: × 640 magnification)

Fig. 4   The sequencing electro-
gram and the clinical course 
of this patient. a Identifica-
tion of the p.D157A mutation. 
Electropherogram showing 
the presence of heterozygous 
c.470 A > C on exon 5 of the 
SLC40A1. b Identification 
of the p.V221V mutation. 
Electropherogram showing 
the presence of heterozygous 
c.663 T > C on exon 6 of the 
SLC40A1. The arrows indicate 
the site of mutation. c Defera-
sirox treatment successfully 
decreased serum ferritin level 
as well as serum aspartate 
transaminase (AST) and alanine 
aminotransferase (ALT) levels
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similar in iron deposition area (Fig. 3a, b). Furthermore, 
the expression of HNE and CHOP seemed to be weaker 
in the cells with MDB than that of the cells without MDB 
(Fig. 3d, e, f, arrows). MDBs are hepatocellular inclusions 
observed in several liver disorders and seen as irregularly 
shaped cytoplasmic inclusions typically located in prox-
imity to nucleus. Keratin 8 and 18, ubiquitin, chaperones 
and p62 are the major components of MDBs. MDB forma-
tion has been considered to result from an excess burden of 
misfolded protein accumulation and sequestration of these 
abnormal proteins in the cytoplasm of hepatocytes [23]. 
We previously reported that MDB formation could protect 
hepatocytes from ER stress and oxidative stress by seques-
tering abnormal proteins [24, 25]. Thus, MDB formation 
may improve the hyper iron deposition-induced oxidative 
stress in the patients with hemochromatosis. After treatment 
of deferasirox, the level of aminotransferase and ferritin 
gradually decreased (Fig. 4c). Although hepatic iron over-
load is well known to induce oxidative stress by generating 
reactive oxygen species (ROS) [26], the effect of iron over-
load on ER stress has not been fully understood. Our results 
demonstrated that excess iron deposition induced ER stress 
in hepatocytes. Thus, anti-ER stress agents, such as chemi-
cal chaperones, may be useful for treatment of the patients 
with hemochromatosis who are intolerance to phlebotomy 
or iron chelating therapy. Iron overload in pituitary gland of 
this patient is seemed to be secondary to serum iron burden 
and is mostly associated with pituitary dysfunction. So “gain 
of function” type seemed to be applied to the present case 
by the clinical and pathological findings.

To date, SLC40A1-linked hemochromatosis had been 
found only in four patients of three families in Japan, includ-
ing both type 4A and type 4B hemochromatosis [27, 28], 
except the present case. Among them, two patients, a family 
with type 4A hemochromatosis, had c.1467 A > C heterozy-
gous mutation (p.R489S) [29]. The other two patients were 
presented as type 4B hemochromatosis. One of them had 
n.117A > G heterozygous mutation [30] and c.470 A > C 
heterozygous mutation (p.D157A) [28], the same mutation 
in the present case. So, this case was the fifth patient with 
type 4 hemochromatosis in Japan. Prior study demonstrated 
that the similar mutation in ferroportin (p.D157G) showed 
significantly reduced expression in cultured human embry-
onic kidney 293 T (HEK293T) cells, while the localization 
was normally to the cell surface [15]. The Caucasian patient 
with the same heterozygous mutation in the SLC40A1 gene 
(p.D157A) had been reported to demonstrate the phenotype 
of “loss of function”, type 4A hemochromatosis [16, 31]. On 
the other hand, the heterozygous mutation in the SLC40A1 
gene (p.D157A) in two Japanese patients, including this 
patient, caused the phenotype of “gain of function”, type 4B 
hemochromatosis. Thus, detailed functional assay seems to 
be needed for elucidating whether this mutation (p.D157A) 

in the SLC40A1 gene induces “loss of function” or “gain 
of function”. Previous report demonstrated that some of 
the same mutation described with both phenotypes of type 
4 hemochromatosis due to environmental co-factors [32]. 
Interestingly, this case presented anterior pituitary function 
deficiency, but not the other organ symptoms, including as 
glucose intolerance, heart failure and skin pigmentation. 
Another Japanese patient with type 4B hemochromatosis 
was reported to present glucose intolerance and skin pig-
mentation, but not pituitary dysfunction [28]. Therefore, 
further examination should be needed to investigate the 
symptomatic heterogeneity in this SLC40A1 gene mutation.

Conclusion

We described a case of type 4B hemochromatosis with het-
erozygous mutation in the SLC40A1 gene (p.D157A). Type 
4 hereditary hemochromatosis could cause wide clinico-
pathological heterogeneity. We should suspect the possibil-
ity of hereditary hemochromatosis even in Japanese patients 
with severe iron overload. And a mutation of SLC40A1 gene 
(p.D157A) causes gain of function of ferroportin.
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