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Detection of soluble HFE associated with soluble
transferrin receptor in human serum
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Abstract, Hereditary hemochromatosis is an autosomal reces-
sive disease, and 80-90% of patients exhibit Cys282Tvr or
His63Asp mutations in the HFE gene. HFE, also known as
major histocompatibility complex (MHC) class I-like molecule,
binds to transferrin receptor 1 {TfR1) and f2-microglobulin
at the cell surface, forming a complex. Some MHC class 1
molecules are known o be soluble. raising the possibility that
HFE also has a soluble form. However. it 15 not known whether
soluble HFE (sHFE) i present in human serum, and there has
been no report on the possible binding between sHFE and
soluble TfR (STfR}, which is the fragment of the extracellular
domain of TfRI released into the blood. In the present study.
we purified an sTfR complex from pooled serum eollzcted
from heahhy volunteers. showing that the main components of
the complex are STfR and transferrin. We also confinmed the
existence of SHFE in this complex. This is the first report on
the existence of :HFE in buman serum.

Introduction

Transferrin receptor 1 (TfR1) is a type II membrane protein,
which functions in iron uptake from transferrin by cells via
a well-known recyeling pathway (1-3). Two identical TfR1
subunits form a hemodimer with a disulfide bond near the
plasma membrane. In the recycling pathway, a portion of TfR1
is hydrolyzed at the point between Argl00 and Leul0l in the
extracellular domain of TfR1. The extracellular domain of
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TER1 is released from the cells into the bood and is detectable
as soluble TfR (TfR) (4-8). The concentration of sTfR is
inereased in iron deficiency apenua and awtcimmune hemolytic
anemia, and is decreased in aplastic anemia and the myelo-
dysplastic syndrome. The concentration of circulating sTfR is
therefore, a marker of ervthropoiesis and iron storage (9-113.

TfRI1 binds to HFE. the protein which when mutated is
responsible for hereditary hemochromatosis. as well as to
f2-microglobulin (R2m) at the cell surface, forming a complex
(12-17). Hereditary hemochromatosis is an autozomal reces-
sive disease, and 80-90% of patients exhibit Cyvs282Tvr oz
Hizs63Asp nutations in the HFE gene. HFE binds tw TfR1
m the intracethular endosome bearing the TFTTR] complex,
reducing the binding affinity between TfR1 and Tf (16,18-20).
In addition, HFE has been reported to reduce the rate of TfR1
recyeling and of iron uptake (21). HFE has a lugh similarity to
the major histocompatibility complex (MHC) class I proteins.
Some MHC class I molecules are known to be soluble {22-29),
raising the possibility that HFE also has a soluble form.
Recombinant soluble HFE SHFE) protein produced by the
transfection of the extracellular portion of HFE binds to
sTfR. and sHFE can bind to the complex of TETIR1 (13.30).
However, it is not known whether sHFE is present in human
serum, and there is no report concerned with possible binding
between sHFE and sTYR in the circulation. Therefore. we
investigated these possibilities.

Materials and methods

Cell culturss and liver Hssucs. Human bepatoma-derived
HLF cells (Japanese Cancer Resources Bank. Tokyo) were
cultured with RPMI-1640 medium supplemented with 10%
fetal bovine serum (FBS}, 100 Uiml peniciilin. and 100 mgimi
streptomycin sulfate at 37°C in a 5% CO, incubator. Human
liver samples were obtained from liver biopsies performed in
patients with hepatitis, and used with written pernussion.

Antibodics. Anti-TfRI monoclonal antibodies (clone Nos.
TRIOL and TR112, 1gGl, Nissui, Tokyo), anti-Tf monoclonal
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antibody (Biodesign International, ME), and anti-CD3 anti-
body (B-B8.I¢Gl, Funakoshi) were used. Anti-HFE antiserum
was obtained by vaccination of rabbits with a complex of a
recombinant HFE sequence (171-182: RHKIRARQNRAYC)
and keyhole limpet hemocyanin. Peroxidase-conjugated anti-
mouse (Rockland, PA) or anti-rabbit (Chemicen, CA) antibodies
were used as the secondary antibodies in Western blotting.

Purification of sTfR complex from pooled serum collecred
Sfrom healthy volunteers. Pooled serum (109 ml) collected
from healthy volunteers was passed throngh an anti-TfR1
monoctonal antibody-bound Sepharose-4B column (column
vohime of 10 ml), and then washed with phosphate buffered
saline (PBS). Elution was performed using ammonium
peroxide solution (pH 11.0), and the fractions including
sTfR were determined by enzyme-linked immunosorbent
assay (ELISA) and collected. Next. collected fractions were
equilibrated with 0.01 M Tris phosphate (pH 8.0), and further
purified by passage through a monoQ column (hinear gradient
of NaCl, 0-0.5 M). Fractions including sT{R were analyzed
by ELISA, for use in the present srudy, Protein concentrations
were determined by the Lowry method (Bio-Rad. CA).

ELISA. Ninety-six-well plates were coated with 100 yrg/ml of
the anti-TfR1 antibody (TR112) for 3 h a1 room temperatare.
and then blocking was performed using PBS with 1% bovine
serum albumin (BSA). Anti-TfR! antibody clone TRICL was
used for the detection. Color assavs were performed using
4.5 mM disodinm phenvlphosphate and 2 mM d4-aminoanti-
pyrine as the substrate. Absorbance was measured at 490 .

SDS-PAGE and sitver staining. Culmred cells were harvested
with a cell scraper, washed with PBS twice. and then incu-
bated with lysis butfer (30 M Tris-HCL pH 7.5. 150 mM NaC1.
{ mM phenylmethylsulfonyl fluoride, 1.0% Nonidet P-40) for
30 min at 4$°C. Human hver tissues were homogenized with
lysis buffer. Both samples were centrifuged at 14.000 rpm
for 10 min at 4°C and then the supernatant was collected.
Collected samples were mixed with Laenunli sample buffer
(Bio-Rad) for 5 min at 96°C and used for sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with
8 or 10% SDS-polyacrylamide gels. A silver stain reagent kit
(Daiichi-Kagaku-Yakuhin) was used for silver staining.

Dunnmoprecipitarion. Lysates obtamned from cultured cells,
human hver tissues. and purified sTfR fractions were incu-
bated with protein G-Sepharose {Pharmacia Biotech. Uppsala.
Sweden) and centrifuged. Supernatants were collected. and
primary antibody was added and incubated for 8 h at 4°C.
Washing was performed with lysis butfer twice. then Laemmli
sample buffer was added, followed by incubation for 5 nun at
96°C. Finally. the samples were applied for SDS-PAGE.

Western blorring. After SDS-PAGE, proteins were transferred
to nitrocellulose membranes. Nitrocellulose membranes were
treated with blocking buffer (3% skim milk dissolved in 0.053%
Tween-PBS) at 4°C overnight, washed with 0.05% Tween-PBS,
and then incubated with peroxidase-conjugated secondary anti-
body for 1 h at room temperature. After washing with 0.05%
Tween-PBS, the ECL chemiluninescence system (Amersham.

Buckinghamshire, UK) was used for detection. To determine
the specificity of the produced anti-HFE antibody, Western
blotting was performed as above using the anti-HFE antibody
mixed with peptide (8 jzg/ml) which was used as antigen for
producing the anti-HFE antibody.

Transfecrion of HLF cells with the HFE gene. Total RNA was
purified from human hepatoma-derived Chang celis using
RNAgeuts total RNA isolation system (Promega). Comple-
mentary DNA was synthesized by reverse transcription with
M-MLV Reverse Transcriptase (Promega) vsing an oligo dT
primer {Invitrogen, CA). Nested polymerase chain reaction
(PCR) was then performed using Tag DNA polymerase
(Takara) and 3 primers (first sense; 5-CTGAGCCTAGGCA
ATAGCTG-3, second sense: 5S"TAGGGTGACTTCTGGAG
CCA-3', first and second anfisense: 5“TCACGTTAGCTAAG
ACGTA-3"). The entire coding region of the HFE gene without
a stop codon (position -86 to 1043) was amplified by PCR.
Forty thermal cycles of 94°C for 4 min, 55°C for 1 min. and
72°C for 2 min were performed. The PCR product was ligated
in pT 7 blue vector (Novagen, Madison, WI), and its sequences
confirmed using the ABI PRISM™ 310 Genetic Analyzer
{Applied Biosystems). Subcloning of the HFE gene to the
mammalian expression pRe/CMV vector (Invitrogen) was then
performed. Transfection of HLF cells with the pRe/CMV
vector bearing the HFE gene was carried out by lipofection
using the GenePorter kit (Gene Therapy Systems. CA). Cells
were harvested 48 h afrer transfection.

Labeling of the sTfR fraction with **[. Purified sTfR fraction
(20 zl. 50 pr/mi). IODO-Beads (Iodinating reagent, Pierce).
40 pCi of 1 (Amersham), and 500 s of 100 mM Trs-HCI
were mixed and incubated for 15 min at room temperature.
The mixture was passed through a PD-10 cohunn (Bio-Rad).
and collected fractions were assayed with a gamma counter.
Fractions labeled with 1 were then collected and used in the
expernuents.

Results

Purificarion of the sIfR complex from pooled sera of healthy
vofunrecrs. Due to the fact that the seruin concentration of
HFE was expected to be low, and a methed for pwifying only
HFE was not available. we tried to purify sTfR that might
include soluble HFE. Pooled serum collected from healthy
volunteers was isolated by affinity chromatography using an
anti-TfR1 monoclonal antibody-bound Sepharose-4B column.
The sTtR complex was further purified by ion-exchange chro-
matography uiilizing a monoQ column and a linear gradient
of NaCl. The concentrations of ehuted proteins as a function
of NaC1 concentration. as well as the absorbancies measured
by ELISA for quantifying the concentration of sTfR in each
fraction are shown in Fig. 1A. The concentrations of sTfR
indicated by the absorbancies at OD 490 um were relatively
high in the fractions eluted in 0.2-0.3 M NaCl. These fractions
were collected, and used for further experiments.

Characteristics of the purified sTfR fracrions. To determine
the characteristics of the purified sTfR fractions, 10 me of
puritied protein were applied for SDS-PAGE electrophoresis
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Figure 1. (A) Purification of STfR by ion-exchange chromatography.
Fractions including sTfR were concentrated from pooled serum collected
from healthy volumeers using an anti-TfR1 antibody-bound Sepharose 4B
column, and then passed through an ion-exchange monoQ column. Finally,
fractions were eluted using the gradient concentrations of NaCl. The dotted
line indicates the concentration of NaCl, the solid line indicates the concen-
trations of eluted proteins measused by the absorbancies at 280 nm; and the
open circles indicate the concentration of sSTfR measured by the absorban-
cies at 490 nm with the ELISA system. (B) Silver staining for the purified
fraction of sTfR after SDS-PAGE. Two bands corresponding to 85 kDa and
65 kDa proteins were observed. (C) Western blot analysis for the purified
fraction of sTfR after SDS-PAGE using an anti-Tf (Tf) and an anti-TfR1
antibody (TfR1). Two bands corresponding to 85 kDa and 65 kDa proteins
were observed, indicating these proteins were sTfR and Tf, respectively.

and silver staining. Although a broad non-specific band could
be seen at the region of high molecular weight. silver staining
showed clear bands with apparent molecular weights of 835
and 05 kDa (Fig. 1B). To identify these proteins. Western
blotting was performed. The band at 85 kDa reacted with
the anti-TfR1 antibody and the band at 65 kDa reacted with
the anti-Tf antibody (Fig. IC) confirming that the principal
components of the sTfR fraction were sTfR and Tf. This result
verifies a previous report concerning the main components
of the sT{R fraction purified from pooled sera of healthy
volunteers (31).

Determinartion of the specificiry of the anti-HFE antibodvy
against HFE. The specificity of the anti-HFE antibody made
by immunization of a rabbit with HFE was determined. Lysates
were prepared from liver tissues expressing HFE, human
hepatoma-derived HLF cells that did not express any HFE.
and the transiently transfected HLF cells (HLF-Tr) with HFE
expression vector. SDS-PAGE was performed after immuno-
precipitation with the anti-TfR1 antibody. and then Western
blotting was performed using the anti-HFE antibody. The band
at 48 kDa 1n the liver tissue was considered to be HFE, but no

A 1P TIR1

< 13
G e
R

Figore 2. (A) Determination of the specificity of the anti-HFE antiserum.
To determine the specificity of the anti-HFE antiserum produced by vac-
cination of a rabblit with the HFE peptide, lysates prepared as indicated
were applied for i precipitation by an anti-TfR1 antibody followed by
Western blotting with the anti-HFE antiserum. Lysates were prepared from
liver tissues, human hepatoma-derived HLF cells without the expression of
HFE, transfected HLF cells with HFE expression vector (HLF-Tr). HLF-Tr
Iysate blocked by the peptide used as an antigen. (B) Western blotting for
the purified STfR fraction using the anti-HFE antiserum. The purified sTfR
fraction was taken for SDS-PAGE followed by Western blotting using the
anti-HFE antiserum. Bands corresponding to 48 kDa were observed in both
samples. Lysates were prepared from liver tissues and the purified sTfR
fraction. (C) Immmunoprecipitation from *I-labeled purified sTfR fraction
using the anti-HFE antiserum. The purified sTfR fraction was labeled with
1] and then subjected 1o immunoprecipitation using an anti-HFE antibody
followed by SDS-PAGE. The 48 kDa protein was immuunoprecipitated
with the anti-HFE antibody. Normal rabbit serum was used as the negative
control.

band was observed in HLF cells (Fig. 2A). HLF-Tr cells showed
the band at the molecular weight of 48 kDa as the same as that
in the liver tissue (Fig. 2A). The reactivity of the anti-HFE
antibody was inhibited by the peptide which was used for
vaccination of the rabbit, indicating that the produced antibody
specifically recognized and reacted with HFE (Fig. 2A).

Detection of soluble HFE in the purified sTfR fractions. To
determine if HFE was present in the purified sTfR fractions,
lysates from liver tissues and purified protein were subjected to
SDS-PAGE followed by Western blotting using the anti-HFE
antibody. The band was observed in the purified sTfR fraction
at 48 kDa similarly to the plasma membrane-bound HFE from
liver tissues (Fig. 2B). The purified protein was then labeled
with %] and immunoprecipitated with the anti-HFE antibody.
The band observed at 48 kDa in the '*I-labeled sTfR fraction
was separated by SDS-PAGE after immunoprecipitation with
the anti-HFE antibody (Fig. 2C). In contrast, no band was
observed in the negative control when normal rabbit serum
was used for immunoprecipitation. These results indicate that
the size of SHFE was almost the same as that of the membrane-
bound HFE. However, the concentrations of sHFE in healthy
donors were considered to be very low compared to sTfR and
Tf since no band was observed at 48 kDa with silver staining
(Fig. 1B).
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Figure 3. (A) Determination of sHFE bound with sTfR in the purified sTfR
fraction by an anti-TfR1 antibody. Lysates prepared from liver tissues and the
sTIR fraction were immunoprecipitated using an anti-TfR1 antibody. After
immunoprecipitation, SDS-PAGE was performed, followed by Western
blotting nsing the anti-HFE antibody. Bands corresponding to 48 kDa were
observed in both lanes, indicaung that both were precipitable with TfR1.
(B) Detemination of soluble TfR bound with soluble HFE in the purified
soluble TfR fraction by an anti-HFE antibody. Lysates prepared from the
sTfR fraction were immunoprecipitated using an anti-HFE antibody. After
immunoprecipitation, SDS-PAGE was performed. followed by Western blot-
ting using an anti-TfR1 antibody or an anu-CDS5 antibody (negative control).
The band corresponding to the 85 kDa protein was observed i the left lane

Determination of the complex formed beiween sTfR and
sHFE. To determine whether sHFE forms a complex with
TfR1. immunoprecipitation and Western blotting using an
anti-TfR antibody and the anti-HFE antibody were performed.
Western blotting and SDS-PAGE showed clear 48 kDa bands
in the lysate prepared from liver tissues and the sTfR fraction
(Fig. 3A). In conmast, Western blotting using the anti-TfR1
antibody after immunoprecipitation with the anti-HFE anti-
body and SDS-PAGE showed clear bands at 85 kDa in the
sT{R fraction (Fig. 3B). No band at 85 kDa using the anti-CDS5
antibody as a negative control was seen. We therefore. conclude
that HFE on the cell surface is released into the serum as
a soluble form with almost same molecular weight as the
membrane-bound HFE. and binds to sT{R to form a complex.

Discussion

In the present study, sTfR fractions were purified from the
serum of healthy velunteers using an affinity colunn with an
anti-TfR1 antibody and a monoQ column. It was confirmed
that the main contents of the purified fractions were sTfR and
Tf. Soluble HFE was also found. although its amount was very
small. This is the first report indicating the presence of HFE
as a soluble form bound to sTfR in serum. There are reports
that HFE forms lacking the « domain or a portion of it, appar-
ently products of alternative splicing that alters the sequence
with which HFE binds to TfR1 {32-34). resulting in sHFE that
cannot form a complex with sTfR. may also circulate. Further
investigation is warranted.

HFE belongs to MHC class Ib. and has constructive homo-
logy with MHC class Ia in which HLA-A, -B. and -C belong.
They have the « chain as an extracellular domain (««L. 2. u3
domains), a transmembranous domain. and an intracellular
domain and therefore, are transmembrane proteins. The exis-
tence of a soluble form has been reported in MHC class Ia.
and it was also reported that the serum concentration and the
molecular conformation are related to the disease activity and
to complications in liver or kidney transplantations (22,26), to
systemic lupus ervthematosus, and to rheumatoid arthritis
(25.28,29). MHC class Ib has also been reported to have a
soluble form (33.36), and the serum concentration of HLA-G
which belongs to this MHC class was useful for the diagnosis
of placental abruption (37) and lymphoproliferative diseases
(38). The clinical significance of the soluble HFE should be
clarified by further studies.

Three conformational variants of the soluble forms of
MHC class Ia and Ib have been identified (27-29,35,36). The
first one has been digested just external to the cell membrane
by metalloproteinase, resulting in a smaller molecular weight
compared to the membrane-bound protein. The second type
is produced by alternative splicing that leads to loss of the
transmembrane portion of the protein. The third is released
into the serum following shedding or destruction of cells and
exhibits a molecular weight almost the same as that of the
intact membrane-bound protein. The soluble HFE observed in
the present study has a molecular weight of 48 kDa identical to
that of membrane-bound HFE. implying that the soluble HFE
possesses both transmembrane and intracellular portions and
1s released into the circulation by cell shedding or destruction.

We confirm that recombinant SHFE protein produced by
CHO cells (13,30). Tf. and recombinant sTfR form a complex.
with a stoichiometry resembling that observed at the cell
surface where recombinant sTfR forms a dimer. It has also
been reported that a Tf molecule and an sHFE molecule could
bind to the dimer of sTfR, and that two sHFE molecules could
bind to the dimer of sTfR when the concentration of sHFE is
increased. However, the stoichiometry may change because
sTfR in the serum may be a monomeric fragment from
digestion at the region of disulfide bond formation. Complexes
formed with one molecule of sTfR and one molecule of Tf,
and with two molecules of sTfR and two molecules of Tf
have been described (31). and a complex with two molecules
of sTfR and one molecule of Tt has been found in decreased
iron loads (39). We could find no data on whether a complex
of sHFE and Tf exists. A complex of monomeric sTfR and
sHFE and Tf is not expected because the binding site of sTtR
and Tf partly overlaps with the binding site of sTfR and sHFE
(30). However. the fact that two molecules of sTfR and two
molecules of Tf could form a complex suggests the existence
of a complex of two molecules of sTfR with one molecule of
Tf and one molecule of SHFE.

We have shown that sHFE binds to sTfR. Whether the
concentration of serum sHFE has some direct or indirect
effect on iron absorption and iron sequestering of the cells
remains unclear. Concentrations of sHFE might fluctuate
with the volume of HFE-expressing cells or the catabolim of
a growing cell. Further investigation is required to determine
if there is an effect on iron metabolism, and a possible clinical
relevance of the findings.
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In conclusion. we purified an sTfR complex from pooled

serum collected from healthy volunteers, showing that the
main components of the complex were sTfR and Tf. We also
confirmed the existence of sHFE in that complex. We believe
this is the first report on the existence of sHFE in normal
healthy people. HFE expressed on the cell surface was found
to be released from the cells to the serum in a soluble form
which complexes to sTfR. The clinical significance of our
findings is not yet clear.
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Abstract

Aim  In chroaic hepatitis C. tron might play an important rele as a hepatotoxic co-factor. Therefore, vene-
section. a standard treatment for hemochromatesis. has been proposed as an alternative for patients who re-
spond poorty 1o anti-viral therapy. To improve our understanding of iron-induced hepatmtoxicity. we com-
pared the responses 1o veposection between patients with chronic hepatitis € and those with HFE-
hemochromatosis.
Methods  Fourteen Japanese patients with chronic hepatitis € and eight Talian patients with HFE-
hemochromatosis undervwent repeated yenesection with a serum fernitin endpoint of 20 and 50 ng/ml.. respec-
tively.

Serum iron indices and fiver function tests were measured in pre- and post treatment blood samples

from each paticnt. Body bron stores were cadeulated wsing the omoved blood velume, .

Results  In both patients with hepatiti= and hemochromatosis. serom ferritin, aminotransterase and hepeidin
25 were reduced alter veaesection. The serum aminatransferase activily. but nat the serum ferritin fevel. was
predictise of effectuve iron removal reatment, Hepeidin regulation was sec al an spappropriately lew level in
hemochromatosis patients ¢111 = 9.2 ng/mlo. but net so in hepatitis patients (30,7 £ 143 ng/mlL). laversely,
the estimated body iron steres of hemochromatosis patients were 5,960 £ 2750 mg. while those of hepatitis

patients were T30 = 300 me. Judgiag from the lver enzyme reduction rado. patients with hepatitis seemod
b mcre sensitive 19 iron hepatotonicity than hemechsonaiesis paticnts,
Condasion  Lven theugh the theesheld of iron hepatosoxicity and benefit of its removal differ between pa-

tivats with chroaiw hepastis € and thoese with HEE-hemechromatosis, veaesection s a vabid choies of reat-

ment Lo reduce liver dhiscase activity e hoth diseases.
Koy words: bady fron store. hemochromatesis, HEE. hepatits C. hepeidin, venesection
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was opened in 1996 by Feder ot al: C282Y homozygosily in
introduction HFE genae was found in 835 patients with hemochromato-
sis {13 Marked iron overload can induce organ and tissue
A deor 1o genelic diagnasis of hereditary hemochremasis  damage by produciag oxidative stress related o the presence
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of “frec iron™ or “labile iron”. Accordingly, iron depletion
by venesection is the standard treatment for patients with
HFE-hemochromatosis. Treatment at the pre-fibrosis stage is
essential because hepatocellular carcinoma can develop in
patients with advanced liver fibrosis even after iron re-
moval (2). Iron-induced oxidative stress in the liver can also
be induced by chronic infection with hepatitis C virus
(HCV) and some swdies suggest that in patients with
chronic hepatitis C (CHC), the coexistence of even a slight
amount of excess iron in the liver may exacerbate this oxi-
dative stress and promote liver injury and fibrosis, and in
some cases, promote carcinogenesis (3. 4). Over the last 20
years, the treatment of choice for CHC has been interferon
(IFN) therapy (3). Even though the clinical administration of
pegylated IFN and combination therapy with ribavirin have
improved the viral clearance rate, these antiviral therapies
are cffeetive in eradicating the virus in only approximately
50% of patients (6). Therefore, venesection has been pro-
posed as an alternative in CHC patients who either were
contraindicated or responded poorly to IEN therapy, but the
routine application of venescction for the treatment of CHC
patients remains limited worldwide.

Hepcidin, a peptide synthesized in the liver. is the main
regulator of iron homeostasis by irhibiting intestinal iron
absorption and iron releasc by macrophages (7. 8). Func-
tionally, hepeidin secreted into the circulation binds to ferro-
portin, the only known cellular iron exporter. inducing its
and  degradation (9).  Thus. the down-
regulation of ferroportin controls iron efflux from entero-
cytes and reticuloendothelial cells into the circulation.
Hemochromatosis proteins act as positive regulators of hep-
cidin. Thus. hepeidin synthesis is at a low level in patienis
with HFE-hemochromatosis. which is the primary explana-

internalization

tion for the development of iron overload in these pa-
tients (10). Venesection turther decreases serum and urinary
hepeidin to very patients with HFE-
hemochromatosis. indicating that they are still able to modu-
lae. although inappropriately. hepeidin production in re-
sponse 1o iron stores (11, 12). Investigation of hepeidin
regulation has been limited due to the lack of reliable meth-
ods. Recently scrum hepeidin levels of CHC patients were
measured in 2 studies using different methods (13. 14). Both
studics indicated that hepeidin regulation by iron stores is
maintained in CHC and suggested that HCV infection can
impair hepeidin production, which may be an important fac-
tor in hepatic iron accumulation.

Based on previous data on the possible beneficial effect
of venesection in HFE-hemochromatosis and CHC (2-4). we
investigated iron-induced hepatotoxicity and hepcidin regula-
tion under these iron overload conditions.

low levels in

Subjects and Methods

Fourteen Japanese patients with CHC (8 males and 6 fe-
males: aged 57 + 8 years) and cight ltalians with HFE-
hemochromatosis (6 males and 2 females: aged 49 = 17

DOI: 10.2169/internalmedicine.49.4088

years) were treated by venesection. Age-matched controls
were selected from a database of healthy Japanese volun-
teers (8 males and 6 females; aged 56 = 7). Inclusion crite-
ria for CHC patients were: HCV-positive chronic hepatitis,
alcohol intake <25 g/day, absence of coexisting hepatitis B
virus (HBV) infections; absence of decompensated cirrhosis;
absence of coexisting conditions that could influence iron
parameters, such as acute and chronic inflammatory diseases
and hematological disorders. venesection. iron supplementa-
tion or repeated transfusions. All CHC patients were either
non-responders to IFN or had refused IFN therapy. Most pa-
tients were under long-term ursodeoxycholic acid treatment
without interruption during venescction. Demographic infor-
mation showing that the HFE mutant has an almost zero in-
cidence among Japanese (15) permitted omission of HFE
analysis in this population. Inclusion criteria for HFE-
hemochromatosis were increased transferrin satration and
serum ferritin, and homozygosity for C282Y mutation in
HFE (1). HBV. HCV or human immunodeficiency virus in-
fections and high alcoholic intake were exclusion criteria for
the hemochromatosis group. Patients with CHC received ve-
nesection with modified endpoints of serum ferritin of 20
ng/mL or hemoglobin of 12.0 ¢/dL based on a previous re-
port (3) because iron deficiency anemia might decrease hep-
cidin production. A volume of 200 mL for female patients
and 400 mL for male patients was removed every two
weeks. Italian patients with  HFE-hemochromatosis  were
reated by standard venesection with an endpoint of serum
ferritin levels of less than 50 ng/mL. A volume of 350 mL
for female patients and 400 mL for male patients was drawn
cach week.

Routine Jaboratory tests included hemoglobin.  serum
alanine aminotransferase (ALT) activities. serum iron. total
iron binding capacity and ferritin concentration. Transferrin
saturation (TS) was calculated according to the standard
method. Serum hepeidin 25 was quantified by liquid chro-
matography tandem mass spectrometry in the laboratory of
Kanazawa Medical University, and expressed as ng/mL as
reported previously (16).

Because Hb did not change in venesection for hemochro-
matosis. body iron stores were simply estimated from the to-
tal iron removed using a modified version of the following
formula reported previously (17) [mean Hb (g/dLyx0.034x
total blood volume (mL)|. Body iron stores of hepatitis with
post treatment anemia were adjusted by reduced hemoglobin
(Hb) concentration during venesection: body iron stores
(mg)=total iron removed (mg) - reduced blood iron (ing)
[AHb (g/dL)x0.034x1/15xbody weight (g)]. AHb (g/dL) was
defined as the change in the concentration after venescction.

Reduction of ALT activity was calculated as [pre-
treatment activity-post treatment activity). Based on a hy-
pothesis that sensitivity to iron-induced hepatotoxicity might
be represented by a ratio of ALT reduction during venesec-
tion to body iron stores, the iron hepatotoxicity index (IHI)
was calculated by [dividing reduction in ALT activity by
body iron stores estimated from total volume of removed
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Table 1. Laboratory Data of Controls and Patients Receiving Venesection
Subjects Hb Hepeidin Femitin HAF ratio TS ALY
{gidLy {ng:mL) (ng'mL) (%) (ULY
Japanese Control (n=14)
Base line 140214 3372179 11081 0.48:0.47 358493 207
Japanese CHC (n14)
Pre Treatment 146210 3072145 2502132 0042007 453x129 90«27
Post Treatment 131413 20=14 1524 0.15:0.12 172157 41£16
plPrevs Conty ns ns <. 0.018 0034 <0.01
P4 (Pre vs. Posy) <001 <001 <. ns <001 <0.01
Italian Hemochromatosis (n—8)
Pre Treament 14.6:0.8 11,159, 1347620 D.0120.01 8314 40221
PPost Treatment 14803 21223 ERES T 0.05£0.05 41213 185
pl (Pre vs. Control) ns “0.01 ~0.01 <0.01 «0.01 ns
p2(Pre vs_ Pre CHO) ns <001 “0.01 «0.01 «<0.01 <0.01
p3 (Postvs Post CHOY <001 ns (.01 0.012 <001 <0.01
pd (Pre vs. Post) ns 0.014 <0.01 ns <0.01 0.016

HWF. hepeida‘ferntin, ALT: alanine aminotransferase. TS; transferrin saturation, CHC: chromic hepatiis €, p/; statistical analysis of
pared to those of CHC, p3:

and post-ir

pre-treatment values compared to control baseline, p2; statistical lysis valaes ¢

of pr

statistical analysis of post treatment values compared to those of CHC, pd; statistical analysis of pr

values.

There were sex differences in Hb and serum fervitin concentration, but not i serum levels of hepeidin and ALT in controls.
Pre-rextment patients with hemochromatosis were characterized by remarkably high levels of fermitin and trans ferrin sawration, and low
levels of hepeidin and ALT compared to those with CHC. Baseline levels of hepeidin did not differ between controls and CHC. gt the
hepeidinderriun ratio. an ron regulatory bormone index adjusted by represemative values of body iron stores, were Jow m CHC

Regardless of the different endpoints. both patients with CHC and those with hemochromatosis responded similarly 20 venesection

weatment. Post treatment Jevels of hepeidin were gquite low in all patients regardless of CHC or hemochromatosis.
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Figure 1. A correlation between serum levels bf ferritin and
hepeidin 23 in pre-treatment patients with chronic hepatitis C.
Hepeidin might reg)
C patients,

fate iron he

tasis in chronic hepatitis

blood].

These procedures including venesection were performed
in accordance with guidelines for Human Research at Na-
goya University Hospital and Milano-Bicocca University.
For statistical analysis, biochemical indices were expressed
as mean * SD, and differences between pre- and post-
treatment values, and those among patient groups were ana-
lvzed using Student’s t test. Gender differences were not

considered in the study because of the small number of pa-
tients.

Results

Laboratory data of subjects at entry and post-venesection
are summarized in Table 1. Pre-treatment levels of serum
ferritin, transferrin saturation and ALT differed among
groups. Serum ferritin levels and TS were markedly clevated
in hemochromatosis. and slightly increased in CHC com-
pared to thosc in controls. ALT levels were three times
higher than the upper normal value in patients with CHC
and only slightly increased in hemochromatosis  patients.
Pre-treatment hepcidin levels of hepatitis patients did not
significantly differ compared with those of controls (33.7 =
17.9 vs. 30.7 = 14.5 ng/mL. p=0.64). but the hepcidin/fer-
ritin ratio in hepatitis patients was significantly lower than
that in controls (0.14 + 0.07 vs. 0.48 = 0.47, p=0.018). Se-
rum hepcidin levels were significantly lower in patients with
hemochromatosis. Markedly low levels of hepcidin and high
levels of ferritin induced quite low values for the hepeidin
index in hemochromatosis patients. A significant correlation
was observed in the pre-treatment levels between serum
hepeidin and ferritin in CHC patients (r=0.65. p=0.012)
(Fig. 1), but not in controls and hemochromatosis patients
(data not shown). The small number of controls and patients
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Figure 2. Reduction of serum ferritin levels in the 2 patient
groups by venesection. Note that the endpoints were set differ-
ently: 20 ng/ml for ¢hronic hepatitis C (a straight line), and
50 ng/mL for HFE-hemochromatosis (a dotted line). High
starting points of 1347620 ng/ml. in hemochromatosis pa-
tients indicate severe iron overload in the genetic disorder as
compared to those of 250+132 ng/mL in chronic hepatitis C

patients. Vertical bars indicate mean = SD.

~100
=
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5 50
< —
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0
pre-treatment post-treatment

Figure 3. Reduction of serum ALT levels in the 2 patient
groups by venesection. The parameter of biochemical liver
disease was normalized in HFE-hemochromatosis idotted
line). but remained slightly elevated in chronie hepatitis C
(straight line), suggesting that viral insult persisted after iron
hepatotoxicity was removed. ALT: alanine aminotransferase,
Vertical bars indicate mean = SD.

with HFE-hemochromatosis might have caused a false nega-
tive result.

There were no side effects of venesection requiring dis-
continuation of therapy. Hemoglobin concentration remained
normal during venesection in hemochromatosis patients but
decreased slightly in CHC patients. The serum ferritin con-
centrations used for monitoring body iron stores decreased
linearly from 250 x 32 ng/mL to levels of <20 ng/mL in
CHC, and from 1,347 + 620 ng/mL to levels <50 ng/mL in
hemochromatosis (Fig. 2). The treatment effectively reduced
ALT to only slightly increased levels in CHC. and normal-
ized these levels in hemochromatosis (Fig. 3). One excep-
tional patient with hemochromatosis showed an increase in
the liver enzyme level from 15 to 23 U/L. Serum hepeidin
was significantly decreased in both CHC and hemochroma-
tosis reaching comparable levels after iron depletion (2.1
2.3 ng/mL in hemochromatosis vs. 2.0 + 1.4 ng/mL in

40

20

Hepcidin (ng/mL)

0

pre-treatment  post-treatment

Figure 4. Reduction of serum hepeidin levels in the 2 patient
groups by venesection. Serum hepcidin 25 levels of chronic
hepatitis C (straight line) were similar to those of controls at
the pre-treatment stage, while those of HFE-hemochromatosis
tdotted line) were low at 11.129.2 ng/mL. In both patient
groups, hepeidin levels were reduced to quite low levels after
venesection. It is clear that the hepeidin system is set at lower
levels in HFE-hemochromataosis than in chronic hepatitis C.
Genetic setting with low hepcidin regolation cavsed a large
amount of iron abserption in the intestine over 50 vears. Ver-
tical bars indicate mean £ SD.

CHC) (Fig. 4). One exceptional patient with hemochromato-
sis showed an increase in serum hepcidin from 3.5 to 7.7
ng/mL.

The regimens and effects of venesection for patients with
CHC and hemochromatosis are summarized in Table 2. Esti-
mated body iron stores of 730 £ 560 mg were removed
from hepatitis patients over 7+3 months. while 5.960 +
2750 mg were removed from hemochromatosis patients
over 15 + 8 months. There were differences in the body iron
stores and treaiment periods between the 2 patient groups.
In CHC patients. reduction of ALT activity by venesection
was larger than that in hemochromatosis patients (49 = 30
vs. 22 £ 20 U/L). There were correlations between the re-
duction in ALT activity and pre-treatment ALT activity in
both patient groups (Fig. 3. 6). IHI was quite low in hemo-

chromatosis with a significant difference between the 2 pa-
tient groups (0.097 + 0.083 in CHC vs. 0.0032 = 0.0046 U/
LAng in hemochromatosis).

Discussion

In the present paper, we compared the behavior of serum
iron indices including hepcidin-25 and liver enzymes in
CHC and HFE-hcmochromatosis during the first stage of
venesection (o remove body iron stores. Since. in addition to
genetic background. dietary customs between Htalians and
Japanese. and the venesection protocols used for CHC and
hemochromatosis are different, this comparative study may
involve confounding factors. However. most of the findings
observed are potentially significant. Considering that both
conditions responded to venesection. iron hepatotoxicity is
involved in their pathogenesis, but these iron disorders sub-
stantially differ with regard to mechanisms and amounts of
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Table 2.
Hepatitis C and HFE-Hemochromatosis

Regimens and Effects of Venesection Treatment in Chronic

CHC Hemoclromatosis  Statistical
Analysis

‘Treatment Penods (months) 73 1558 0.03
Blood Volume Removed (ml.) 20102 1,190 12,600 £ 5,560 <0.01
tron Removed by Venesection. (mg) 940 & 330 5,960 2,750 <0.01
Iron in Reduoced Hb (mg) 210 150 negligible

Body bron Stores (mg) 730 £ 560 5,960 £2,750 <0.01
ALT Reduction (U7L) 49230 22520 0.02

fron Hepatotoxicity Index 0097 0.083  00032+0.0046  <0.01

CHC: chronic hepatiis C. ALT; zlanine aminogansferase.

Treatment methods for CHC and hemochromatosis are different so that statistical
analysis 15 not fully reliable. Body iron stores were calenlated from the blood volume
removed according to the formula described in the text. Iron hepatotoxicity index (IHI
was valculoted by dividing reduction in ALT by body irom stores. Provided that
wwon-induced hepatotoxicity is represented by ALT reduction during iron removal
treatment, I might be a sensitivity to iron hepatotoxicity. A high 11 in CHC suggests
not only a high sensitivity to iron hepatotoxicity, but also a good benefit of iron removal

reatment. In contrast, liver cells with HFE-mutation are highly tolerant of iron

hepatotoxicity. Treatment < for hemoch 4is were ger but effects were
smaller than those for CHC.
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Figure 5. A good correlation between the reduction of ALT
and pre-treatment ALT in chronic hepatitis C. Pre-treatment
ALT level is predictive of efficacy by venesection. It may be
important that other parameters including ferrvitin concentra-
tion are not predictive of treatment effects. In other words, the
higher ALT is, the greater the treatment effect will be. ALT:
alanine aminotransferase,

iron overload. In HFE-hemochromatosis, iron accumulates
due to HFE-dependent derangement of hepcidin produc-
tion (10, 11). Serum hepcidin-25 levels in our Italian HFE-
hemochromatosis patients were low at 11.]1 + 9.2 ng/mL.
The current observations of circulating hepcidin 25 con-
firmed the findings previously observed in urine from pa-
tients with HFE-hemochromatosis (12). Low levels of serum
hepcidin 25 were also found in Japanese patients with non-
HFE hemochromatosis (18).

In CHC patients, the mechanism of hepatic iron accumu-
lation appears to be more complex and is still not com-

pre-ALT (1U/L)

Figure 6. A good correlation between the reduction of ALT
and pre-treatment ALT in HFE-hemochromatosis. Seven of 8
patients treated showed deereased serum ALT activities, while
one of them had increased enzyme activity from 15 to 23 W/L
after iron removal. It may be important that even though the
levels are low, the effect of iron remeoval is ALT-dependent
and not ferritin-dependent even in patients with HFE-hemo-
chromatesis. ALT reduction may be the primary effect, and
suppression of hepatic fibrosis might be a secondary event of
venesection in both chronic hepatitis C and HFE-hemochro-
tosis. ALT: alani transferase.

pletely undersiwood. lron regulation by hepcidin might be
partially impaired in CHC. Serum hepcidin-25 levels in our
Japanese patients were relatively high at 30.7 + 14.5 ng/mL
compared 1o those in lalian HFE-hemochromatosis patients.
Our findings, including the reduced hepeidin/ferritin ratio
and correlation between hepeidin and ferritin concentrations
fit well with reports showing that hepcidin induction was
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relatively impaired in CHC patients, but also that its regula-
tion by iron stores was maintained (13. 14). These findings
are also in agreement with recent studies in animal and cel-
lular medels suggesting that HCV suppresses hepcidin pro-
duction and may contribute to the development of iron over-
load in CHC (19, 20).

Previous study reported that none of the iron indices were
predictive of the venesection effect, but rather the pre-
treatment ALT activities were predictive in CHC (21). The
present study confirmed that this is also likely in HFE-
hemochromatosis. The pretreatment ALT was higher. the re-
duction in ALT was larger in both CHC and HFE-
hemochromatosis. Active liver cell damage could be re-
moved by venesection regandless of the amount of stored
iron. HCV co-infection in hemochromatosis patients mark-
edly increases the risk of cirrhosis in the presence of a rela-
tively low amount of iron (22). Therefore, with or without
HCV infection, venesection should be recommended for
HFE-hemochromatosis patients not only to remove excess
iron, but also to suppress biochemical liver damage as in
CHC patients. Provided that iron-induced hepatotoxicity is
represented by ALT reduction during venesection, IHI ob-
tained by [dividing ALT reduction by body iron stores]
might be representative of sensitivity to iron hepatotoxicity
under disease conditions. The THI suggests not only sensitiv-
ity to iron hepatotoxicity, but also beneficial effects of vene-
section. CHC patients with a high THI may be more sensi-
tive to iron-induced liver damage than patients with HFE-
hemochromatosis with low [HI. Therefore, liver cells with
HFE-mutation are more tolerant to iron hepatotoxicity than
liver cells infected by HCV.

In  HFE-hemochromatosis
slowly and redox active iron emerges only when the storage
capacity for ferritin and hemosiderin is overwhelmed. In
other words. because of the high tolerance to iron hepato-
toxicity, clinical manifestation might be delayed in HFE-
hemochromatosis. The mean amount of iron removed from
HFE hemochromatosis was reported to be 4.98 g (3.9-6.1 g
in the range) (12). while that of CHC was 0.61 g (0-1.6 g in
the range) (17). The results of the current siudy did not dif-
fer from those in the literature. It is also important that the
amount of body iron in CHC patients is considered a non-
toxic level in healthy subjects because sensitivity to iron he-
patotoxicity disappeared in complete responders to [FN
without iron removal (13). However. the combination of
even a slightly increased iron level with HCV-related insult
may act synergistically to increase iron hepatotoxicity and
the risk of progressive liver damage so that iron removal can
be beneficial in this setting (3, 4).

Patients with HFE-hemochromatosis showed normalized
serum ALT activity after venesection. while all CHC pa-
tients showed significantly reduced but not normalized activ-
ity on biochemical liver function test. Iron hepatotoxicity
was totally removed from HFE-hemochromatosis at 50 ng/
mL of serum ferritin, while it remained in CHC around 20
ng/mL serum ferritin. The modified endpoint of 20 from 10

patients, iron accumulates

ng/mL for CHC siill induced a reduction of Hb concentra-
tion in the posttreatment period (1.6 = 1.1 g/dL). This in-
complete effect of venesection in CHC indicates at least 2
compartments of hetatotoxicity of iron-induced oxidative
stress and HCV-dependent insult. Hb concentration did not
change in HFE-hemochromatosis with a high serum ferritin
endpoint of 50 ng/mL. The high endpoint for HFE-
hemochromatosis may account for the good tolerance to ve-
nesection to remove large amounts of body iron stores.
Thus. threshold and sensitivity for iron hepatotoxicity were
apparently different under the 2 conditions.

The remarkable reduction in serum hepcidin levels after
venesection for iron overload conditions indicates sup-
pressed internalization of ferroportin to enhance iron absorp-
tion in the gut. Thus, patients will rapidly recover iron
stores it receiving a normal diet. Based on those findings,
low-iron diets may be recommended to reduce active iron
absorption in the intestine during the second stage of vene-
section in order to maintain free from iron-induced hepato-
toxicity in Japanese patients with CHC (4, 23). In HFE-
hemochromatosis with good tolerance to venesection, the ef-
fect of dictary iron restriction might be negligible.

To summarize an iron-induced hepatotoxicity under these
2 disease conditions, CHC patients were loaded with a mini-
mum iron burden. but were more sensitive to iron-induced
hepatotoxicity and less tolerant of venesection. In contrast,
HFE-hemochromatosis patients were loaded with excessive
iron due to genetic dysregulation of the hepeidin system and
were more tolerant to both iron-induced hepatotoxicity and
venesection to remove large amounts of body iron stores.
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