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Abstract

Objective: Hepcidin is a peptide hormone produced by the liver that regulates systemic iron homeostasis.
Hepcidin is also synthesized by tumors, where it contributes to tumor growth by increasing the tumoral retention of
iron. Targeted reduction of hepcidin may therefore be useful in reducing tumor growth. H5F9-AM8 is an antibody in
preclinical development for the anemia of chronic disease that reduces hepcidin synthesis by binding to RGMc, a co-
receptor involved in the transcriptional induction of hepcidin by BMP6. We explored the ability of H5F9-AM8 to act as
an anti-tumor agent.

Methods: Effects of anti-hemojuvelin antibody on hepcidin synthesis were assessed by qRTPCR in tissue culture
and in tumor xenografts and livers of mice treated with H5F9-AM8 or saline. Tumor growth was assessed using
caliper measurements. Serum iron was measured colorimetrically and tissue iron was measured using western
blotting and inductively coupled mass spectrometry.

Results: In tissue culture, the anti-hemojuvelin antibody H5F9-AM8 significantly reduced BMP6-stimulated
hepcidin synthesis in HepG2 and other cancer cells. In mice, H5F9-AM8 reduced hepcidin in the liver and increased
serum iron, total liver iron, and liver ferritin. Although hepcidin in tumors was also significantly decreased, H5F9-AM8
did not reduce tumor iron content, ferritin, or tumor growth.

Conclusion: Anti-hemojuvelin antibody successfully reduces hepcidin in both tumors and livers but has different
effects in these target organs: it reduces iron content and ferritin in the liver, but does not reduce iron content or
ferritin in tumors, and does not inhibit tumor growth. These results suggest that despite their ability to induce
hepcidin in tumors, the anti-tumor efficacy of systemic, non-targeted hepcidin antagonists may be limited by their
ability to simultaneously elevate plasma iron. Tumor-specific hepcidin inhibitors may be required to overcome the
limitations of drugs that target the synthesis of both systemic and tumor hepcidin.

Keywords: Hepatocellular carcinoma; Iron; Ferroportin; Bone
morphogenetic protein; Ferritin; Hepcidin; Hemojuvelin; Repulsive
guidance molecule

Introduction

Hepcidin is a circulating peptide hormone that serves as a master
regulator of systemic iron homeostasis [1]. Hepcidin acts to regulate
systemic iron by binding to ferroportin, a cell surface iron efflux pump
present on the basolateral surface of enterocytes, hepatocytes and
macrophages. Binding of hepcidin to ferroportin triggers ferroportin
degradation, thus inhibiting the delivery of dietary iron into the
circulation, as well as inhibiting the recycling of catabolized iron from
macrophages and hepatocytes. The physiological consequence of
hepcidin production is reduced delivery of iron to the circulation
under conditions of iron excess.

Inappropriate synthesis of hepcidin contributes to a number of
pathological conditions, notably the Anemia of Chronic Disease
(ACD), iron-refractory iron deficiency anemia, and the anemia

associated with chronic kidney disease [2,3]. The widespread
prevalence of these conditions, particularly ACD, has led to the search
for pharmacological inhibitors of hepcidin, a number of which are
currently being tested in clinical trials [4].

Hepcidin antagonists may also be useful in inhibiting tumor growth.
Although hepcidin synthesis occurs primarily in the liver, synthesis of
hepcidin also occurs in the kidney, heart, adipose tissue, spinal cord,
and other tissues [5]. In addition, tumors can synthesize hepcidin [6].
We and others have observed that the synthesis of hepcidin by tumors
acts in an autocrine fashion to decrease ferroportin and thus restrict
iron efflux out of tumor cells, promoting tumoral iron retention [7,8].
Since iron promotes tumor cell proliferation and metastasis [9],
blocking hepcidin synthesis represents a potential strategy for limiting
tumor growth, and might represent an additional use for commercially
developed hepcidin antagonists.

A number of different strategies to inhibit hepcidin are being
explored preclinically and clinically [4]. One strategy involves the
direct blockade of hepcidin using anti-hepcidin antibodies or other
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direct inhibitors of hepcidin. Another strategy is to interfere with the
productive interaction between hepcidin and ferroportin [10-12]. A
third strategy is to block hepcidin synthesis, which is driven by Bone
Morphogenetic Proteins (BMPs), particularly BMP6 [13]. BMP6 binds
to a complex consisting of BMP type I and II receptors and a co-
receptor, RGMc (hemojuvelin) [14]. Binding of BMP6 to its receptor
triggers activation of SMAD 1/5/8. Activated SMAD 1/5/8 binds to
SMAD4, translocates to the nucleus, and drives hepcidin transcription.
IL6 can also augment hepcidin transcription through activation of
STAT3 [15]. Agents that could potentially inhibit these pathways of
hepcidin transcription therefore include BMP receptor antagonists,
BMP co-receptor antagonists, and inhibitors of IL6 signaling [4].

H5F9-AMB8 is a hepcidin inhibitor that shows promising preclinical
activity [16]. H5F9-AM8 is a humanized monoclonal antibody
directed at RGMc, the repulsive guidance co-receptor that mediates the
initial steps of BMP-dependent transcriptional induction of hepcidin
[16]. H59-AMS8 also binds to a repulsive guidance molecule A
(RGMa), which shares a 47% amino acid identity with RGMc [17]. As
expected of an efficient hepcidin inhibitor, H5F9-AMS8 effectively
down regulates hepcidin and increases serum iron in rats and monkeys
[16,18].

Although mechanisms that control hepcidin transcription in tumors
have not been as comprehensively studied as those that control
hepcidin synthesis in the liver, overlapping regulatory elements appear
to be involved. For example, BMPs induce hepcidin synthesis in breast,
prostate and liver cancer cells [7-19]. We therefore explored whether
the hepcidin inhibitor H5F9-AMS, which targets the BMP co-receptor
RGMyg, could inhibit tumor growth in mice. We report that although
H5F9-AMS is effective at inhibiting hepcidin in tumor-bearing mice,
H5F9-AM8 did not inhibit growth of liver tumor xenografts. We
hypothesize that the increase in systemic iron induced by H5F9-AM8
limits the ability of HSF9-AMS to effectively reduce tumoral iron, thus
impeding the anti-tumor efficacy of H5F9-AMS8. Our results suggest
that agents that selectively target tumoral hepcidin synthesis will be
required before hepcidin blockade can be used as an effective anti-
tumor strategy.

Materials and Methods

Cell culture

The hepatocellular carcinoma cell lines HEP3B and HEPG2 were
purchased from ATCC and cultured in EMEM medium (ATCC)
supplemented with 10% FBS (Gemini Bio-Products). Cells were used
after limited passage within 3 months of thawing. MDA-MB-231-luc-
D3H2LN mammary gland adenocarcinoma cells (Caliper Life
Sciences) were cultured in DMEM-F12 (Lonza) supplemented with
10% FBS. MCF7 cells (ATCC) were cultured in EMEM (ATCC)
containing 10% FBS and 0.1 mg/mL insulin. DUI45 prostate
carcinoma cells were cultured in EMEM (ATCC) containing 10%
benchmark FBS. All cells were maintained at 37°C in a humidified
incubator with 5% CO,. Prior to use in these studies, DU145, MCF7,
and MDA-MB-231 cell lines were authenticated using STR profiling
(ATCC). For BMP treatment, cells were incubated in reduced serum
conditions for 6 h before treatment with H5F9-AMS8. BMP6 (R&D
Systems) was added after 1 h of treatment with H5F9-AMS, and the
cells were incubated an additional 24 h before RNA isolation.

H5F9-AM8

H5F9-AMS is an affinity-matured antibody derived from ABT-207,
a monoclonal antibody humanized from a rat hybridoma [16]. H5F9-
AMS binds to human, rat, monkey and mouse RGMc [16].

Animal experiments

All animal studies were conducted in accordance with the
recommendations in the Guide for the Care and Use of Laboratory
Animals of the Association for the Assessment and Accreditation of
Laboratory Animal Care International (AAALAC). The experiment
protocol was approved by the Institutional Animal Care and Use
Committee (IACUC) at the University of Connecticut Health Center.
Outbred homozygous athymic nude female mice [Crlh:NU(NCr)-
Foxnlnu] were purchased from Charles River and divided into four
groups with 10-13 mice/group. Groups consisted of non-tumor
bearing mice treated with saline or H5F9-AMS, or tumor-bearing mice
treated with saline or H5F9-AMS. To establish tumor xenografts, mice
were subcutaneously inoculated in the flank with 2 million HepG2
cells suspended in a 1:1 mixture of matrigel (Membrane Matrix High
Concentration (Corning)) and Phosphate Buffered Saline (PBS).
Control animals were injected with PBS. One week post inoculation,
treatment began. Tumor-bearing and non-tumor bearing mice were
treated intraperitoneally with 10 mg/kg H5F9-AMS or saline twice per
week for a total of 3 weeks (n=10 minimum). Dose and schedule were
based on previous results demonstrating systemic efficacy of H5F9-
AMS that plateaued at 0.2 mg/kg/wk in rats [16], a half-life of at least 4
days [16,18], and no obvious adverse effects at the highest dose used
(20 mg/kg) [16]. There was a gene expression signature indicative of a
mild oxidative stress response in rats treated with 20 mg/kg H5F9-
AMS [16], therefore we used a slightly reduced dose of 10 mg/kg
administered twice a week. Observations and tumor measurements
were performed twice weekly until sacrifice. Tumor volume was
calculated using the following formula, n/6(X2)Y, where X=length and
Y=width. Animals were sacrificed by CO, inhalation and cervical
dislocation. Livers and tumors were immediately harvested and flash
frozen, and blood was collected for serum separation.

Iron assay

Blood was collected immediately after sacrifice by cardiac puncture
and centrifuged in a BD Microtainer® tube with serum separator
additive (Becton Dickinson). Serum was transferred to a new sterile
tube and stored at -20°C overnight. Serum iron was determined by the
Iron (Total) Assay (Sekisui Diagnostics) according to the
manufacturer’s recommendations. Human Based Serum Calibrator
(Sekisui Diagnostics) was used to create a standard curve.

Western blots

Harvested tissues were flash frozen in liquid nitrogen and stored at
-80°C until ready to process. Tissues were ground using a liquid
nitrogen-cooled mortar and pestle and suspended in lysis buffer
containing 10 mM Tris, pH 7.5, 150 mM NaCl, 0.1 mM EDTA (Gibco
15575-038), 0.5% Triton-X100 and freshly added Complete Proteinase
Inhibitor (Thermo Scientific, 88265). Tissues in lysis buffer were
homogenized using a Polytron homogenizer, and clarified by
centriguation. Protein quantity was determined by BCA assay
(ThermoFisher Scientific). All samples were reduced, separated by
SDS-PAGE, and transferred to a nitrocellulose membrane (Bio-Rad).
Antibodies against Ferritin H [20], Ferritin L (1:1000; Abcam), B-actin
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(1:20,000; Sigma), followed by secondary anti-mouse or anti-rabbit
antibodies (1:2000-5000; Bio-Rad) were used.

Quantitative RTPCR

Total RNA was collected from cultured cells using High Pure RNA
Isolation Kit (Roche Diagnostics Corporation). Total RNA was
collected from mouse tissue using TRIzol Reagent (Ambion Life
Technologies) followed by RNeasy clean-up with DNAse treatment
(Qiagen) according to the manufacturer’s instructions. Total RNA and
purity was assessed using a nanospectrometer (Thermo Scientific
NanoDrop Lite). cDNA was synthesized from 500 ng of RNA using a
reverse transcription kit, TagMan® Reverse Transcription Reagents
(Thermo Fisher Scientific) and Oligo(dT) primer. Aliquots of cDNA
were added to a reaction mixture containing 2X Universal SYBR®
Green Supermix (Bio-Rad) and 400 nM primers. Target quantity was
analyzed against a standard curve, using a ViiA 7 instrument and
software (Applied Biosystems) and normalized to -actin. The absence
of DNA contamination was confirmed by carrying out amplification
from cDNA without reverse transcriptase. The primers were designed
with IDT PrimerQuest software (Integrated DNA Technologies, Inc.).

ICPMS

Mouse liver and tumor samples were frozen immediately after
collection and shipped on dry ice for elemental analysis at the OHSU
Elemental Analysis Core facility at Oregon Health and Science
University. Briefly, tissues were digested with HNO; and analysis was
performed using inductively coupled plasma mass spectroscopy (ICP
MS) on an Agilent 7700x equipped with an ASX 500 autosampler. Data
were quantified using a 9-point calibration curve with external
standards. Data were acquired in triplicates and averaged.

Statistics

Statistical comparisons were performed using tests for data that was
normally distributed and Wilcoxian rank sum for non-parametric data.
Outliers (defined as values > 2 standard deviations from the mean)
were excluded from analysis. P values < 0.05 were accepted as
significant.

Results

Hepcidin expression has been demonstrated in a variety of
tumorigenic cell lines, including hepatocellular carcinoma, prostate
cancer, and breast cancer. In order to test the anti-tumor efficacy of
H5F9-AMS, we first screened representative human cancer cell lines
for expression of RGMc, the target of H5F9-AMS. As shown in Figure
1, the hepatocellular carcinoma cell lines HEP3B and HepG2 exhibited
a higher expression of RGMc than the prostate cell line DU145 or the
breast cancer cell lines MCF7 and MB231. The remaining experiments
were therefore conducted with HepG2 cells.

We confirmed that the BMP6 pathway, which is targeted by H5F9-
AMS, regulates expression of hepcidin in HepG2 cells. Cells were
treated with recombinant BMP6, and expression of ID1 and hepcidin,
downstream targets of the BMP6 pathway, were measured by qRT-
PCR. As shown in Figure 2, treatment with BMP6 induced both ID1
and hepcidin: induction of ID1 was approximately 4.7 fold, and
hepcidin approximately 140 fold. Thus hepcidin is strongly induced by
the BMP6 pathway, confirming previous reports [13]. We then tested
whether H5F9-AMS inhibited induction of hepcidin in vitro. HepG2

cells were pretreated with varying doses of H5F9-AMS8 followed by
treatment with BMP6 and measurement of hepcidin and ID1
transcripts by qRT-PCR (Figure 2). H5F9-AMS8 exhibited a dose-
dependent and statistically significant ability to inhibit BMP-mediated
induction of both ID1 and hepcidin.
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Figure 1: HEPG2 and HEP3B cells express elevated levels of RGMc
mRNA compared to other cell lines. mRNA levels of RGMc and f-
actin were determined by QRTPCR in the indicated cell lines. Error
bars represent standard deviations of triplicate determinations.
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Figure 2: H5F9-AMS8 inhibits BMP6-mediated induction of
hepcidin and ID1 in HEPG2 cells. Cells were treated as indicated
and mRNA measured by qRTPCR. Means and standard deviations
of triplicate determinations.

To test whether H5F9-AMS8 could inhibit tumor growth in vivo,
athymic nu/nu mice were inoculated subcutaneously with HepG2 cells.
After one week, tumor-bearing mice were divided into two groups: one
group was injected intraperitoneally with H5F9-AMS8 twice a week for
3 weeks, and the control group was injected with saline. Non-tumor-
bearing mice were similarly divided into an H5F9-AMS8-treatment and
saline control group (n=10 minimum for all groups). Tumor growth
and parameters of iron metabolism were measured.

Since H5F9-AM8 had not been previously studied in immune-
compromised mice, we tested whether H5F9-AMS8 exhibited its
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anticipated effect of inhibiting hepcidin under our experimental
conditions. We first measured hepcidin transcripts in mouse liver. As
shown in Figure 3, H5F9-AMS8 treatment significantly reduced
hepcidin transcripts in the liver of both control and tumor-bearing
mice. To test whether the reduction in hepcidin was functionally
significant, we then measured serum iron. Since hepcidin blocks iron
uptake and recycling, a reduction in hepcidin was expected to lead to
an increase in serum iron.
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Figure 3: H5F9-AMS8 reduces hepcidin in livers of non-tumor
bearing and tumor-bearing mice. qRTPCR was performed to
determine relative mRNA levels of hepcidin in liver tissue from
mice treated with H5F9-AMS or saline. Error bars represent the
standard deviation of > 8 mice (NTB saline, n=13; NTB AMS,
n=12; TB saline, n=10; TB AM8 n=_8). NTB, non-tumor bearing;
TB, tumor-bearing.

As shown in Figure 4, treatment of both control and tumor-bearing
mice with H5F9-AMB8 led to a significant increase in serum iron.

Measurement of total iron in livers of tumor-bearing mice using
ICPMS also revealed a significant increase in iron content in the livers
of H5F9-AMS8-treated mice (Table 1). Levels of other trace metals were
unchanged, except for magnesium, which appeared slightly decreased
in H5F9-AMS8-treated mice (Table 1).

To confirm these results, we performed western blotting of liver
tissue to assess levels of ferritin, a sensitive indicator of intracellular
iron. Ferritin is an iron storage protein composed of two subunit types,
ferritin H and ferritin L, both of which are translationally induced by
iron [21]. Consistent with measurements of total iron, livers of H5F9-
AMS8-treated mice showed the expected increase in ferritin (Figure 5).

We then assessed effects of H5F9-AMS8 on tumors. Levels of
hepcidin mRNA in tumors were significantly decreased by H5F9-AM8
(Figure 6).

However, despite this decrease in hepcidin, tumor iron content was
unchanged in treated versus control mice (Table 2).

Further, and in contrast to the results seen in livers of the same
mice, there was no change in the levels of either ferritin H or ferritin L
in the tumors of mice that had been treated with H5F9-AMS (Figure

5). Measurements of the rate of tumor growth, tumor size and tumor
weight all revealed no change in H5F9-AMS-treated mice when
compared to controls (Figure 7).

Discussion

Mechanisms of iron acquisition and retention are enhanced in
cancer cells [9], and the expression of genes that regulate iron
metabolism are predictive of cancer patient outcome [22]. As a
consequence, iron chelation is under active investigation as a potential
anti-tumor strategy [23,24]. Here we explore whether inhibition of
hepcidin, which impedes degradation of the iron efflux protein
ferroportin and therefore depletes intracellular iron, could be used to
inhibit tumor growth.

Our experiments used H5F9-AMS, an antibody directed at RGMc, a
co-receptor that mediates hepcidin transcriptional induction by BMP6.
Inhibition of hepcidin transcription offers an advantage over direct
blockade of hepcidin, since the hepcidin peptide has a high turnover
rate, necessitating the frequent administration of direct inhibitors
[16,25]. We observed that H5F9-AMS8 effectively inhibits systemic
hepcidin synthesis in mice, leading to an increase in both circulating
iron and storage iron in the liver (Figures 3-5) (Table 1). In addition to
its effects on systemic hepcidin, we observed that H5F9-AMS also
reduced hepcidin synthesis in tumors (Figure 6).
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Figure 4: H5F9-AMS increases serum iron in non-tumor bearing
and tumor-bearing mice. Error bars represent the standard
deviation of > 10 mice (NTB saline, n=13; NTB AMS8, N=12; TB
saline, n=10; TB AMS8 n=10).

However, despite these on-target effects, H5F9-AMS8 was not
effective in reducing tumor growth in mice. One potential explanation
for this finding derives from the potential for systemic and local effects
of hepcidin to act in opposition. Inhibition of hepcidin decreases
cellular iron by stabilizing ferroportin, the only known cellular iron
efflux pump [26]. Previous work from our laboratory has shown that
hepcidin is up-regulated in cancer [6,7], and that blocking hepcidin
with anti-hepcidin antibodies can reduce the proliferation of prostate
cancer cells in vitro [7]. However, in vivo inhibition of hepcidin has
systemic effects that may complicate this picture. Hepcidin blockade
increases iron by accelerating the dietary uptake and recycling of iron,
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as evidenced by the increase in circulating iron and increased iron
deposition in the liver observed in this study (Figure 4,5) (Table 1) and
reported previously [16,27]. Thus, an increase in total available iron
has the potential to contravene the decrease in tumor iron mediated by
hepcidin inhibition, thus limiting the efficacy of anti-hepcidin reagents
to inhibit tumor growth.

11.81+£22 121917

Zn [ug 9] ‘ 0.6729 ‘

Table 2: H5F9 does not affect iron in mouse tumors. Iron (Fe), copper
(Cu), magnesium (Mg), manganese (Mn) and zinc (Zn) were
measured in liver tissue using ICPMS. p Values represent 10 samples.

Metal Content of Livers from Control and Treated Mice

Control AMS8 p Value
Fe [ug/g] 170.84 £ 40.9 438.57 +230.5 0.0020
Cu [ug/g] 423+04 391+04 0.0555
Mg [pg/g] 219.06 £ 19.0 196.04 + 19.1 0.0147
Mn [ug/g] 1.05+0.2 1.02+0.2 0.7107
Zn [ug/g] 2425+24 2293 +3.3 0.3167

Table 1: H5F9-AMS affects iron and magnesium in mouse liver. Iron
(Fe), copper (Cu), magnesium (Mg), manganese (Mn) and zinc (Zn)
were measured in liver tissue using ICPMS. p Values represent 10
samples.
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Figure 5: H5F9-AM8 increases Ferritin H (FTH) and Ferritin L
(FTL) in liver but not in tumors. A) Western blot of liver tissue from
tumor bearing mice Treated (T) with H5F9-AM8 or Untreated
(UT) with saline. Quantification is shown on right. B) Tumor tissue
from mice T with H5F9-AMS or control UT with saline. Error bars
represent means and standard deviations of > 9 mice/group.

Metal Content of Tumors from Control and Treated Mice

Control AMS p Value
Fe [ug/g] 266.34 £ 67.4 318.17£79.5 0.1333
Cu [ug/g] 275+1.1 3.09+0.7 0.4250
Mg [pg/g] 128.09 £ 25.9 130.12 £ 19.4 0.8450
Mn [ug/g] 0.18+ 0.1 0.17+0.0 0.6999

p=0.023
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Figure 6: H5F9-AMS reduces levels of hepcidin mRNA in tumors.
mRNA levels of hepcidin and p-actin were determined by qRTPCR.
Error bars represent the standard deviation of 10 mice/group.
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Figure 7: H5F9-AMS8 does not affect tumor volume, weight or rate
of growth. A) Tumor volume was measured after 4 weeks of
treatment with saline or H5F9-AMS8 (n=10/group). B) Tumors were
harvested after euthanasia and weighed (saline, n=10; AMS8, n=9).
C) Tumor volume was measured by digital caliper at the indicated
timepoints (n=10/group). Error bars represent means and standard
deviations.
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Different results were observed in a study that examined the ability
of heparin to inhibit breast tumor growth [8]. In addition to its well-
known anti-coagulant effects, heparin inhibits the activity of hepcidin
[28]. When tumor-bearing mice were treated with heparin, hepatic
hepcidin mRNA was reduced approximately 50%, and breast tumor
growth approximately 20-50% [8]. Several factors may underlie the
difference between our results and these findings. First, different tumor
types were examined, and breast tumors may differ from hepatic
tumors in their response to hepcidin blockade. Second, systemic iron
was not explicitly examined in this study, and it is possible that heparin
was less effective at increasing systemic iron than H5F9-AMS. Third,
since heparin is much less specific than H5F9-AMS8 in terms of its
biological effects, its anti-tumor activity may be attributable to factors
apart from or in addition to hepcidin blockade.

One strategy to overcome the limitations of drugs that target the
synthesis of both systemic and tumor hepcidin is to develop specific
inhibitors of tumor hepcidin. For example, synthesis of hepcidin in
prostate cancer cells is dependent on a different pathway that utilizes
BMP 4/7 in preference to BMP6. Hepcidin synthesis in these cells is
sensitive to inhibition by SOSTDCI1, a dual BMP and Wnt pathway
antagonist that preferentially targets BMP4/7 [7]. Although the
selectivity of SOSTDCI has not been demonstrated, the existence of
multiple pathways regulating hepcidin suggests that it may be possible
to develop selective inhibitors of tumor hepcidin that can overcome
the ability of systemic hepcidin inhibitors to provide an additional
source of iron for tumor cells. Alternatively, selective delivery of anti-
hepcidin reagents to tumors using tumor-targeting strategies may be
considered [29].

Conclusion

Our experiments were designed to test the hypothesis that blockade
of hepcidin synthesis in tumors would decrease degradation of
ferroportin, increase iron efflux, and reduce tumor growth. To test this
hypothesis we treated mice with H5F9-AMS8, an antibody directed
against hemojuvelin (RGMc), a co-receptor required for BMP-
mediated induction of hepcidin transcription. This antibody
successfully inhibited hepcidin synthesis in both the liver and tumor
xenografts. However, the downstream consequences of reduced
hepcidin differed in the liver and tumors: in the liver, inhibition of
hepatic hepcidin increased iron, whereas in tumors, levels of iron were
not significantly altered. Further, tumor growth was unaffected by
H5F9-AMS8. We speculate that tumor iron was not reduced by H5F9-
AMBS because of the increase in circulating iron that resulted from
inhibition of liver hepcidin. We suggest that tumor-selective inhibitors
of hepcidin may be required to inhibit tumor growth. Approaches to
the development of such reagents include targeted tumor delivery or
blockade of tumor-specific pathways of hepcidin synthesis. In the
appropriate tumor type, such targeted anti-hepcidin agents may
function as successful anti-tumor drugs.
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