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Abstract

The different prevalences of iron overload syndromes between Caucasians and Asians may be accounted
for by the differences in genetic background. The major mutation of hemochromatosis in Celtic ancestry, C
282Y of HFE, was reported in a Japanese patient. Five patients of 3 families with the hepatic transferrin re-
ceptor gene (TFR2)-linked hemochromatosis were found in different areas of Japan, suggesting that TFR2 is
a major gene in Japanese people. Three patients with mutations in the hemojuvelin gene, HJV, showed also
middle-age-onset hemochromatosis. A heterozygous mutation in the H ferritin gene, FTHI, was found in a
family of 3 affected patients. Another autosomal dominant SLC40A1-linked hyperferritinemia (ferroportin dis-
ease) was found in 3 patients of 2 families. Two patients with hemochromatosis were free from any muta-
tions in the genes investigated. In conclusion, the genetic backgrounds of Japanese patients with primary iron
overload syndromes were partially clarified, showing some phenotype-genotype correlations.
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Introduction

Iron is an essential element for human beings, while in
excess it induces oxidative stress leading to organ damage
and potential carcinogenesis (1). Hemochromatosis has been
postulated as a genetic disorder with the impaired regulation
of iron homeostasis. In 1996, Feder et al identified C282Y
and H63D mutations in the hemochromatosis gene (HFE) of
Caucasian patients with the classic form of hemochromato-
sis (2). As the second genetic background responsible for
the classic form, a variety of mutations were found in the
hepatic transferrin receptor gene (7FR2) of patients with
non-HFE classic hemochromatosis (3). Furthermore, the
hemojuvelin gene (HJV) (4, 5) and hepcidin gene (human
anti-microbial peptide gene; HAMP) (6) were cloned in the
families with young-adult onset, autosomal recessive, paren-
chymal iron overload. Genetic dysfunction of the iron ex-

porter, namely ferroportin disease, is caused by heterozy-
gous mutants of SLC40A[ (7, 8). The hepatic lesion shows
reticuloendothelial cell-dominant iron overload, also differ-
ent in histology from the classic form of hemochromatosis.
Another mild iron overload with autosomal dominant inheri-
tance was reported in a Japanese family with a mutation in
IRE of H ferritin, heavy chain polypeptide 1 gene (FTHI)
9).

The different prevalence of iron overload syndromes be-
tween Caucasians and Asians may be accounted for by the
differences in genetic background. Here, we reviewed the
genetic background and genotype-phenotype correlation in
Japanese patients with primary iron overload syndromes.

Primary Iron Overload Syndromes

Based on the genetic backgrounds, hemochromatosis was
at one time classified in 4 subgroups (10); i) HFE hemo-
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Table 1. Japanese Patients with Primary Iron Overload
Syndrome
Patients  Age/Sex Mutations Clinical Manifestations  Iron Index Ref
Liver DM Pig Ferritin TF-S
F:3.4-90 20-50
M:27-320 (%)
(ng/mL)
HFE-1 65/F casxy fibrosis  yes yes 5660 89.8 15
homozygous
HFE-2 48/M AlT6V cirrhosis ? ? 6487 86.0 16
heterozygous
HIV-1 51 Q312X cirthosis  yes yes 2280 955 17
homozygous
HIV-2 51F Q312X cirthosis  yes yes 4278 958 17
homozygous
HIV-3 48/M D249H cirrhosis  yes yes 6115 948 17
homozygous
TFR2-1 50 AVAQdel  pre-cirthosis no  no 2485 945 18
homozygous
TFR2-2 47 AVAQdel fibrosis no no 4400 906 18
homozygous
TFR2-3 53(F  AVAQdel fibrosis no no 1470 932 18
homozygous
TFR2-4  41/M LA90R cirrthosis  yes no 2020 936 19
homozygous
TFR2-5 58M V361X cirrhosis  yes yes 1982 887 19
homozygous
SLC4041-1 43/F AlLTG chronic  yes yes 9660 920 20
heterozygous  hepatitis
SLC4041-2 43M R4895 normal no  no 822 248 21
heterozygous
SLC4041-3  79/M R4895 no biospy no no 2283 621 21
heterozygous
FTHI-1 56/F A49U fibrosis ? 7 1654 580 9
heterozygous
FTHI-2 65/M A49U ? ? ? 926 220% 9
heterozygous
FTHI-3  62F Ad9U ? T 2 742 231* 9
heterozygous
FTHI-4 28/F A45U ? ? y 98 256* 9
heterozygous
Unknown-1 45M none cirrthosis  yes yes 3000 944 35
Unknown-2  47/M none fibrosis yes yes 3489 942

DM; diabetes mellitus, Pig; skin pigmentation, TF-8; transferrin saturation, Ref}
references.

7 no on the symp

*, the serum level of transferrin (Reference:200-400 mg/dL).

Table 1 summarizes the clinical features and mutations reported in Japanese patients
with primary iron overload synd , and two p with the classic form of
hemochromatosis who are free from any mutations in the HFE, HJV, HAMP, TFR2,
SLC40A1 and FTHI genes investigated in this study.

chromatosis, ii) juvenile hemochromatosis by HJV (a), and
HAMP (b), iii) TFR2 hemochromatosis, iv) SLC40A[-linked
iron overload. In addition, an autosomal-dominant iron over-
load with a mutation in F7H]I has been reported in a Japa-
nese family (9). Recent studies on the homozygotes of C282
Y in HFE clearly indicate that a large number of patients
might be non-hemochromatotic life-long, providing that
hemochromatosis is associated with the organ damage due

either to histochemical or biochemical iron overloading (11,
12). Therefore, in this review, we used the terminology of
primary iron overload syndromes, which include mild iron
overload conditions as a result of the genetic background.
Iron overload in aceruloplasminemia should be excluded be-
cause the majority of organ damage occurs not in the liver,
but in the brain (13, 14). The factors known to cause iron
overload, such as alcoholism, viral hepatitis infection, iron
supplementation and repeated transfusions might be exacer-
bating factors of primary iron overload syndromes. Table |
summarizes the Japanese patients with primary iron overload
syndromes reported in the literature (15-21), and 2 patients
with the classic form of hemochromatosis with a yet un-
known genetic background.

HFE Hemochromatosis

The homozygote of C282Y mutation in HFE, a major
mutation in Caucasians, was found in a hemochromatosis
patient who was a resident of Kyushu, a southwestern island
of Japan (15), and a heterozygote of Alal76Val of HFE was
reported in another patient (16). A population study, how-
ever, suggested that C282Y in HFE is not prevalent in the
Japanese population (22). Over 500 subjects, including ap-
parently healthy volunteers, and patients with chronic hepa-
titis C (CHC) and hemochromatosis, were all negative for C
282Y (23). The estimated amount of iron removed by phle-
botomy did not differ between the 5 CHC patients with H63
D of HFE and 45 H63D-free CHC patients (24).

Juvenile (HJV and HAMP) Hemochromatosis

Two novel mutations, 745 G>C (D249H) and 934C>T (Q
312X) of HJV, were reported in 3 patients of 2 Japanese
families (17). A missense mutation 745 G>C was homozy-
gous in HJV of a patient. A family study confirmed the het-
erozygosity of 745 G>C in his mother and daughter without
any signs of iron overload. Another novel mutation 934C>T
of HJV was homozygous in 2 siblings of the second family.
Different from the previous reports from Europe and North
America (5, 25-28), the 3 Japanese patients with HJV muta-
tions had the classical form rather than juvenile type hemo-
chromatosis. One patient first manifested diabetic symptoms
at the age of 48 years. The proband of another family was
admitted first for congestive heart failure and a diabetic con-
dition at the age of 51. His sister, with a 2 year-treatment
history of diabetes mellitus, was diagnosed with hemochro-
matosis at the age of 51 years. As far as we know, there are
neither reports on Japanese patients with mutations in
HAMP nor juvenile hemochromatosis patients with complete
gene analysis.

Transferrin Receptor 2 (TFR2)
Hemochromatosis

An AVAQS594-597 deletion of TFR2 was found in a
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hemochromatosis family living on the main island of Japan
(18). Because the AVAQS594-597 deletion was first reported
from Italy (3), this indicated it was a universal mutant, oc-
curring in different ethnicities. In addition, 2 unrelated pa-
tients were found to be homozygous for the novel mutations
of 1469T>G (L490R) and 1665delC (V561X) in TFR2 (19).
All Japanese patients with TFR2-hemochromatosis exhibited
the middle-age onset triad due to parenchymal iron over-
load. TFR2 dysfunction not only plays an important role in
Japanese hemochromatosis, but also contributes to the ge-
netic background of non-HFE, autosomal-recessive and pa-
renchymal iron overload syndromes around the world (3,
29-31).

were reported previously (35). The increased iron parameters
of their blood and liver histology, and organ damage secon-
dary to the severe iron overload are compatible with the
classic form of hemochromatosis. All coding regions and
splice sites of their HFE, HJV, HAMP, TFR2, SLC40AI and
FTHI genes were sequenced using the standard methods re-
ported (2, 3, 5, 7-9). However, the 2 patients were free from
any mutations in the investigated regions of the genes and
their genetic background remains unknown as yet. As re-
ported in other diseases (36, 37), there may be disruptions
in the transcriptional and post-transcriptional regulation of
the genes or possible candidate genes of primary iron over-
load syndromes other than those tested for in the study.

Ferroportin Disease

Genotype-phenotype Correlation

A novel heterozygous A117 G mutation of SLC40A] was
found in a 43-year-old female patient with the classical form
of hemochromatosis (20). She was free from any mutation
in HFE, TFR2 and FTHI. Her liver specimen showed
chronic hepatitis with severe mixed-type iron overload of
parenchymal and reticuloendothelial cells, and the transferrin
saturation of iron was as high as 92%. Another novel mis-
sense mutation 1467A>C (R489S) was heterozygous in SLC
40AI of the second Japanese family (21). In contrast to the
first case, the iron overload was mild, both in a 43-year-old
man and his 79-year-old father. The serum ferritin levels of
the proband and his father were 822 ng/ml with 24.8% iron
saturation and 2283 ng/ml with 62.1% iron saturation, re-
spectively. Their liver function test results were almost
within normal limits. The liver biopsy specimen of the pro-
band showed selective iron deposition in the Kupffer cells
with otherwise normal structures. This autosomal-dominant
disease was found not only in Caucasians (7, 8), but also in
Africans and Asians (32-34), suggesting that it is one of the
more important iron overload syndromes in the world.

FTHI Iron Overload

A general iron overload was accidentally found in a 56-
year-old Japanese woman (9). Family study disclosed 2
other siblings affected by iron loading. Genetic tests on C
282Y and H63D of HFE, and Y250X of TFR2 were per-
formed with negative results. Subsequent study on the IRE
of H-ferritin, heavy chain polypeptide 1 gene (FTHI), dis-
closed a heterozygous single A>U conversion at position 49
(A49 U) in the IRE of the H subunit mRNA in 4 members
of the family, including an iron load-free, 28-year-old
woman, indicating autosomal dominant inheritance of this
iron overload syndrome.

Hemochromatosis of Unknown
Genetic Background

In this paper, we describe 2 patients with middle-age-
onset hemochromatosis. The clinical features of one patient

There is agreement that C282Y/C282Y of HFE is the ma-
jor mutation responsible for middle-age-onset hemochroma-
tosis in Caucasians. However, the spectrum of iron overload
of subjects with C282Y homozygosity is widely distributed
(11, 12). The phenotypes of patients with HFE hemochro-
matosis are apparently modulated by other genetic factors.
Either HAMP or HJV contributes to the phenotypic hetero-
geneity of patients with C282Y homozygosity or heterozy-
gosity (38-40). TFR2 also affects the phenotype of HFE
traits (41).

The biochemical iron parameters of subjects with C282Y
homozygotes revealed the male-dominant gender-specific
phenotypic expression of their iron overloading (42, 43). In-
creasing age, in association with male sex and other genetic
factors, plays a role in the serum ferritin levels of C282Y/C
282Y individuals (44). Excessive alcohol consumption ac-
centuates the disease expression of HFE hemochromatosis
(45). The iron homeostasis of individuals with hemochroma-
tosis traits may be affected by chronic gastrointestinal disor-
ders due to bleeding and mal iron absorption. A patient with
celiac disease was iron deficient against C282Y homozy-
gosity (46). Excess body mass is commonly associated with
the lack of phenotypic expression in C282Y homozygous
women (47).

TFR2 hemochromatosis is considered to be an adult-onset
syndrome (6). Exceptionally, 2 unrelated French adolescents
with mutations in 7FR2 presented a phenotype intermediate
between the classic form with middle-age-onset and juvenile
hemochromatosis (48). As far as the Japanese were con-
cerned, all patients with TFR2 hemochromatosis had middle-
age-onset hemochromatosis (18, 19), indicating that this
gene is a major cause of the classic form of Japanese hemo-
chromatosis.

HJV was first cloned in the patients with 1g-linked hemo-
chromatosis (4, 5). All patients except one had juvenile
hemochromatosis. A 49-year-old Greek patient with iron
overload-induced hepatic fibrosis, hypogonadism and skin
pigmentation was homozygous for I1281T in HJV (5). In
contrast, all 3 Japanese cases of HJV hemochromatosis were
found in the middle-aged patients with the classic triad of
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cirrhosis, diabetes and skin pigmentation (17). These differ-
ent phenotypes suggested that the genetic background does
not always determine the phenotype of hemochromatosis.
One patient was infected by Helicobacter pylori, which has
the potential to cause iron deficiency (49).

The phenotypes of ferroportin disease remain controver-
sial. Iron overload due to mutations in SLC40Al has a
dominant inheritance and a variable clinical phenotype, such
that some patients show early Kupffer cell iron loading and

a low transferrin saturation (7, 8), while others show mixed
type iron loading in the hepatocytes and Kupffer cells, and a
high transferrin saturation (50). Further studies are needed to
define the factors involved in the parenchymal iron loading
of the disease. Because the disorder of the iron exporter is
autosomal dominant and includes subjects with isolated hy-
perferritinemia without any organ damage, it might be clas-
sified as a disease entity different from hemochromatosis
.
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