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Abstract
Hereditary hemochromatosis type 4 is an autosomal-dominant inherited disease characterized by a mutation in the SLC40A1 
gene encoding ferroportin. This condition can be further subdivided into types 4A (loss-of-function mutations) and 4B 
(gain-of-function mutations). To date, only a few cases of type 4B cases have been reported, and the treatment has not been 
clearly mentioned. Here, we report a genotype of hereditary hemochromatosis type 4B involving the heterozygous mutation 
c.997 T > C (p. Tyr333His) in SLC40A1. The patient was treated with red blood cell apheresis every month for 1 year, fol-
lowed by oral deferasirox, and the combined therapy was found to be effective.
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Introduction

Hereditary hemochromatosis (HH) is a rare disease charac-
terized by dysfunction of the hepcidin–ferroportin axis due 
to mutations affecting iron metabolism. Autosomal-domi-
nant HH type 4 is characterized by mutations in SLC40A1, 
which encodes ferroportin (FPN). Adult patients with HH 
type 4 may present with skin pigmentation, cardiomyopathy, 
liver cirrhosis, and endocrine dysfunction such as diabetes 
mellitus; some may not have clinical manifestations and pre-
sent only with unexplained elevated ferritin levels during 
annual measurements. The disease can be further divided 
into type 4A (classical ferroportin disease, FD) and type 4B 
(FPN-related HH); type 4A is caused by a loss-of-function 
mutation, while type 4B is caused by a gain-of-function 
mutation.

Several cases of HH type 4B have been reported world-
wide (Supplementary Table 1) [1–8], but treatment plans 

and efficacy have not been clearly defined. Here, we report 
a patient with HH type 4B who was received iron chelation 
leading to a good response.

Case presentation

A 53-year-old woman (proband II:6, Fig. 1) visited our hos-
pital due to unexplained high serum ferritin (SF) and trans-
ferrin saturation (TS) found in her annual measurements. 
She was asymptomatic, but her liver function was impaired 
with elevated transaminase levels. She had visited several 
hospitals in the past few years but had failed to obtain a 
definite diagnosis. The patient had no history of iron sup-
plementations, blood transfusion, or hemolysis.

The patient had no family history of skin pigmentation, 
cardiomyopathy, liver cirrhosis, or endocrine dysfunction; 
however, her immediate family members, including her 
30-year-old daughter, 58-year-old brother, and 62-year-old 
sister, had similarly elevated SF or TS levels (Table 1). Her 
father had died of upper gastrointestinal hemorrhage, but it 
was unknown whether he had a history of liver cirrhosis.

Laboratory examination revealed hemoglobin (Hb) 
measurements of 13.1 g/dL. The SF and TS levels were 
up to 5651.33 ng/mL and 99.38%, respectively. Hepcidin 
was 199.55 ng/mL, alanine transaminase (ALT) was 200 
U/L (normal range 0–40 U/L), and aspartate transaminase 
(AST) was 84 U/L (normal range 0–40 U/L) without evi-
dence of autoimmune hepatitis, viral hepatitis, or a tumor. 
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Tumors and infections were excluded using positron emis-
sion tomography and computed tomography (PET/CT). 
Magnetic resonance imaging (MRI) showed decreased T2 
signal intensity in the liver (Fig. 1). The liver iron con-
centration (LIC) [9, 10], calculated using MRI T2*, was 
22.9 mg/g dry weight (normal range < 2 mg/g dry weight), 
indicating severe iron deposition.

A similar phenotype in the patient’s family members 
suggested a hereditary iron overload disorder. Next-gener-
ation sequencing (NGS) revealed a heterozygous genotype 
of SLC40A1 (c.997 T > C, p. Tyr333His); no mutations 
were found in HFE, HJV, HAMP, or TFR2. We confirmed 
that her daughter and brother carried the same mutation 
in SLC40A1 using Sanger sequencing (Fig. 2); her sister 
refused genetic examination. After testing, the woman, her 
daughter, and her brother were diagnosed with HH type 
4B (Fig. 3).

The patient underwent red blood cell apheresis once a 
month for 1 year. Blood tests revealed decreased ALT, AST, 
SF, and TS levels (Fig. 4). A new MRI was performed show-
ing improved iron deposition in the liver with an LIC of 
3.93 mg/g dry weight. She was treated with oral deferasirox 
(5 mg/kg daily) from August 2019 onward and remained 
asymptomatic until the last follow-up.

Discussion

HH is a rare disease, and patients may visit doctors multi-
ple times due to different initial symptoms. Asymptomatic 
patients can be easily missed, and diagnosis may be delayed 
due to an insufficient understanding of the disease. In the 
case presented here, it took a full year for the patient to be 
properly diagnosed.

Fig. 1   Images of liver MRI (T2WI) before treatment (a) and after treatment (b)

Table 1   Clinical characteristics 
and laboratory examinations

SF serum ferritin, TS transferrin saturation, ALT alanine aminotransferase, AST aspartate aminotransferase, 
NA not acquired

Parameter Proband (II:6) Daughter (III:6) Brother (II:4) Sister (II:2) Normal range

Age (year) 53 30 58 62 –
SF (ng/ml) 5651.33 190.1 429.7 236.4 23.9–336.2
Iron (μmol/L) 47.9 41.8 50.56 32.6 8.9-32.3
TS (%) 99.38 80 89 51.66 25–50
Hepcidin (ng/ml) 199.55 148.63 190.55 NA Female: 20.49–298.49

Male: 30.12–430.00
ALT (U/L) 200 12.3 21.6 42 0–50
AST (U/L) 84 16.2 19.5 38 0–50
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SLC40A1 encodes ferroportin (FPN), a transmembrane 
protein that exports iron from both the intestinal tract and 
macrophages to the mammalian bloodstream. FPN is inter-
nalized and decomposed by ubiquitination when hepcidin 
binds to its C-terminal lobe, retaining its outward-open con-
formation [11, 12]. When the body requires iron, hepcidin 
levels decrease and FPN is once again expressed. Negative 
feedback regulation satisfies the need for hematopoiesis 
while simultaneously avoiding oxidative damage.

HH type 4 is subcategorized into type 4A (classical fer-
roportin disease, FD) and type 4B (FPN-related HH). Typi-
cally, patients with type 4A carry loss-of-function mutation, 
while patients with type 4B carry gain-of-function mutations 
that result in iron output deficiency and hepcidin sensitiv-
ity [13]. In patients with FD, the accumulation of FPN in 
lysosomes prevents its further expression on the membrane, 
leading to iron retention [14, 15]. Patients with FD often 

Fig. 2   Results of Sanger sequencing

Fig. 3   Family tree of the pedigree



236	 Medical Molecular Morphology (2023) 56:233–238

1 3

develop anemia after phlebotomy because it is difficult for 
macrophages to provide iron to erythrocytes. Abnormal FPN 
in HH type 4B patients has difficulty binding to hepcidin; 
it is internalized because of insufficient ubiquitination at 
its intracellular end [16, 17]. As hepcidin binds to the FPN 
C-terminal lobe, patients with HH type 4B show different 
degrees of hepcidin resistance based on the mutation site. 
Mutations in the nucleic acids encoding the N-terminal lobe 
of FPN (such as N144H, G204S, and Y64N) generate par-
tial resistance to hepcidin, whereas mutations in the nucleic 
acids encoding the C-terminal lobe (including Y333A, 
C326S, and F324A) lead to strong resistance to hepcidin 
[11]. Other hepcidin-resistant mutations include V72F and 
Y501C [18]. Mutations in C326 and H507 affect FPN’s 
affinity for hepcidin by interacting with cobalt ions, whereas 
other mutations generally alter binding through changing 
hydrophobic or backbone atoms [19].

Region F324-S343 of FPN is the suspected binding 
region of hepcidin [20]. The functional consequences of 
Y333H mutation were predicted to be deleterious using 
polymorphism phenotyping v2 (Polyphen-2), sorting intol-
erant from tolerant (SIFT), and rare exome variant ensemble 
learner (REVEL). Human FPN Y333 fits into the hydropho-
bic cavity of hepcidin, forming hydrogen bonds with the 
hepcidin backbone carbonyl [19]. After a 3-h incubation 

with hepcidin, wild-type FPN was internalized, but Y333H-
mutated FPN remained on the membrane of SLC40A1-
expressing 293 T cells. It appears that the Y333H mutation 
causes FPN hepcidin resistance, resulting in the inability to 
shut iron channels [5].

Gene mutations involved in HH cause iron overload and 
excessive iron deposition in the parenchymal organs, result-
ing in serious oxidative stress, thereby causing patients to 
develop liver cirrhosis, cardiomyopathy, or endocrine dis-
eases. Although the patient presented in this study was clini-
cally asymptomatic, MRI revealed severe iron deposition in 
the liver and impaired liver function. The patient’s father 
had died of upper gastrointestinal hemorrhage, although 
there was no definite history of liver cirrhosis. Red blood 
cell apheresis and deferasirox have been used for HH type 2 
to reduce iron deposition and prevent disease progression, 
but this treatment has never been reported for use in HH 
type 4B [21].

The patient in this case presented with decreased SF and 
TS levels as well as significantly improved liver T2* dur-
ing follow-up, indicating an improved iron load both in the 
circulation and the liver. Her daughter and brother showed a 
similar phenotype but had relatively low SF. The disease had 
incomplete penetrance, which may explain the milder iron 
deposition seen in her daughter and brother [22].

Fig. 4   Outcome after treatment. Serum ferritin (a) and aminotransferases (b) decreased during treatment. c TS decreased more than serum iron. 
d Hb and RET were stable when patient was treated with red blood cell apheresis
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Conclusion

HH should be considered in patients with unexplained high 
SF and suspected family history, and NGS may be useful 
for diagnosis. SLC40A1 p.Y333H is a recurrent mutation in 
HH type 4B patients in China. Red blood cell apheresis and 
deferasirox treatment can reduce iron deposition in the body 
and improve organ function.
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