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Introduction

One of the critical host defense strategies after infection is
to withhold iron from the invading pathogen by redistribution
of iron out of the circulation into macrophages and decrease
of iron absorption by enterocytes.1,2 This inflammation-associ-
ated reaction is mediated primarily by the hepatocellular pep-
tide hormone hepcidin.3,4 Hepatic hepcidin production is
under the control of various physiological stimuli, i.e it is
down-regulated by low body iron status and erythropoietic
activity and increased by pro-inflammation cytokines, partic-
ularly interleukin -6 (IL-6).5,6

Patients with HFE-gene related (C282Y-homozygous) hered-
itary hemochromatosis (HH) have an impaired hepcidin gene
expression with decreased, although not uniformly low, serum
hepcidin levels.7 Experiments in HFE-knock out (KO) mice
show that, in spite of this positive regulatory action of HFE-
protein on basal hepcidin levels, HFE-protein is not required for
hepcidin upregulation during inflammation.5,8,9 One study,
however, showed a blunted hepcidin response to inflammato-
ry stimuli in the KO-mice.10 Thus, with respect to hepcidin reg-

ulation at least two distinguishable pathways are operational:
one which is HFE-protein dependent and one engaged after
pro-inflammatory stimuli. To the best of our knowledge, these
mouse data have not yet been confirmed by observations in
humans. Here we describe the temporal relationships of serum
hepcidin, serum iron and inflammatory cytokines, in a C282Y
homozygous HH patient who was treated for an auto-inflam-
matory condition, i.e. variant Schnitzler’s syndrome,11 with the
potent anti-inflammatory cytokine interleukin-1 receptor
antagonist (anakinra).12 We demonstrate the existence of an
HFE-independent cytokine-hepcidin axis in the development
of hypoferremia and anemia of inflammation. Our observa-
tions further suggest that chronic inflammation countermands
iron accumulation in C282Y-homozygotes.

Case description
The patient, a 53-year old man, started having complaints in

1991, at the age of 36 years. From that time he experienced
periodically malaise, myalgia, spiking fever, arthralgia, painful
swelling and redness of eye lids. At first examination his
spleen was slightly enlarged and laboratory analysis showed a
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It is currently unknown if the increase of the hepatic iron
regulatory hormone hepcidin during inflammation in man
depends on an intact HFE-protein. Here we describe the
temporal relationship of serum hepcidin, serum iron and
cytokines in a patient with HFE-related (C282Y homozy-
gous) hereditary hemochromatosis who was treated for an
auto-inflammatory condition, i.e. variant Schnitzler’s syn-
drome, with the potent anti-inflammatory cytokine inter-
leukin-1 receptor antagonist (IL-1ra, anakinra). The patient
had bouts of fever with peaking serum IL-6 concentrations
followed by peaking serum hepcidin levels, while serum
iron was low. Upon treatment, these peaks disappeared
and hepcidin levels became non-detectable, consistent
with HFE deficiency. In conclusion, this in vivo human
model: i) supports the importance of an HFE-independent

IL-6-hepcidin axis in the development of hypoferremia and
anemia of inflammation; and ii) suggests that chronic
inflammation protects patients with HFE-related heredi-
tary hemochromatosis from iron accumulation.
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marked IgG type-κ monoclonal gammopathy of 21 g/L.
Under the suspicion of malignant lymphoma, a splenec-
tomy was performed with biopsy of liver and intra-
abdominal lymph nodes. No malignancy could be
detected. Unexpectedly, on histology spleen and liver
showed signs of hemosiderosis. More specifically, in the
absence of fibrosis and cirrhosis, Perls’ stain was gener-
alized and strongly positive in hepatocytes and also
present in some foci of Kupffer cells. At that time ferritin
was 1540 µg/L (normal <280 µg/L) and the transferrin
saturation (TS) 45%. In the late 1990s, HFE-gene analy-
sis disclosed homozygosity for the C282Y mutation in
the patient and his brother. This confirmed  the diagno-
sis of HFE-related HH.

Over the following year, the patient was treated with
30 phlebotomies of 500 mL each to a final ferritin level
of 24 µg/L (TS of 9.8%). Because the original physical
complaints of arthralgia and periodic fever persisted,
prednisone was started in a maintenance dose of 15
mg/day. Nevertheless, there were various short-lasting
bouts of fever, arthralgia, red swollen eyes and auricles.
In the late 1990s progressive deafness developed. The
monoclonal gammopathy remained stable. From 1993
to 2007, the patient received a further 15 phlebotomies
of 500 mL each. Serum ferritin levels, TS and CRP in this
time interval, varied between 36 and 540 µg/L, 11.4 and
106%, and 26 and 81 mg/L, respectively. Although these
data appeared to be too incomplete to draw conclusions
about a temporal relationship between inflammation
episodes and iron parameters, it is clear that the patient
was not always in an inflammatory state. 

In 2007, at the age of 52 years, the physical complaints
became progressively worse, and consisted of malaise,
arthralgia, chills, fever, and short lasting generalized
urticae. Clinical re-evaluation in 2008 showed, in spite
of the invariably high (20-25 g/L) monoclonal gammopa-
thy and high number (10-15%) of bone-marrow plasma
cells, no other signs of malignant multiple myeloma.
The bouts of fever were accompanied by IL-6 peaks fol-
lowed by increased hepcidin-concentrations (Figure 1,
panels A and B).

Based on the occurrence of chills with spiking fever
and urticae in the presence of IgG-κ gammopathy, the
diagnosis of variant Schnitzler’s syndrome was consid-
ered and it was decided to treat the patient with inter-
leukin-1 receptor antagonist (IL-1ra; anakinra; 1st dose
300 mg i.v., followed by six days 100 mg s.c.).11,12 Serum
ferritin levels were around 200 µg/L in the days before
treatment, stayed between 200 and 250 µg/L during
treatment and decreased thereafter to 140, 80 and 22
µg/L, at days 13, 17 and 36, respectively. Immediately
after the start of IL-1ra all complaints disappeared. The
treatment abrogated c.q. prevented the pattern of peak-
ing fever in the following days and IL-6 and CRP nor-
malized (Figure 1, panel A). Interestingly, serum hep-
cidin, clearly detectable in spite of the HFE-gene defect
during the febrile inflammatory episode, decreased rap-
idly after start of IL-1ra whereas serum iron increased
(Figure 1, panels B and C). IL-1β levels remained below
20 pg/mL before and after IL-1ra treatment (data not
shown). The moderately increased IL-18 levels were not
clearly affected by IL-1ra treatment (data not shown).

Figure 1. Laboratory measurements before and after treatment.
Body temperature, CRP and IL-6 levels (panel A), serum hepcidin
(panel B), iron and transferrin saturation (panel C) were measured
in an iron deplete C282Y homozygous patient with an auto-inflam-
matory condition, i.e. variant Schnitzler’s syndrome, before, during
and after treatment with the potent anti-inflammatory cytokine
interleukin-1 receptor antagonist (IL-1ra, anakinra). The period of
IL-1ra treatment is indicated in grey. 
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Design and Methods

Serum iron parameters and CRP were determined by
standard laboratory analysis. Cytokines and hepcidin
were assayed in one run in serum stored at -80°C.
Cytokines were measured using a multiplex Luminex
assay.13 Hepcidin was measured as described previous-
ly.14 Lower limit of detection was 0.5 nmol/L. Hepcidin
range in healthy volunteers (n=24) 0.5-13.9 nmol/L,
median 4.2 nmol/L; in untreated C282Y homozygotes
(n=22) <0.5-4.8 nmol/L, median 1.9 nmol/L; in C282Y
homozygotes (n=4) in maintenance phase of phleboto-
my (15 samples) <0.5-2.5 nmol/L.7 The study was car-
ried out in accordance with applicable Dutch regula-
tions concerning IRB review and informed consent. 

Results and Discussion

We describe the first human in vivo observation of
serum iron parameters, including hepcidin, in a patient
with an aberrant HFE-protein and inflammation, before
and after anti-inflammatory treatment. The patient pre-
sented with a combination of Schnitzler’s syndrome
and C282Y homozygosity of the HFE-gene under a
regime of maintenance phlebotomies, and was subse-
quently treated with anti-inflammatory anti-IL-1ra.

Schnitzler’s syndrome is a rare disabling auto-inflam-
matory disease. It is characterized by varying degrees of
recurrent bouts of unexplained fever, arthralgia or
arthritis, bone pain, lymphadenopathy, hepato- or
splenomegaly, leukocytosis, and elevated erythrocyte
sedimentation rate accompanied by an urticarial rash in
the presence of a monoclononal IgG or IgM gammopa-
thy. The complaints respond well to treatment with IL-
1ra.12

A biochemically penetrating C282Y homozygous
patient  is typically characterized by elevations of both
serum ferritin and serum iron levels.15 In the patient pre-
sented herein the ongoing and periodically exacerbating
inflammation increased serum ferritin levels and low-
ered TS, at times leading to a pattern of serum iron
indices less pathognomonic for HH. Thus, the iron sta-
tus in the patient might  be understood from a combi-
nation of HH treated with phlebotomies, and both
sequestering of iron in the reticulo-endothelial (RE)
macrophages and reduced intestinal iron uptake due to
inflammation induced elevated hepcidin levels.

The bouts of fever and IL-6 peaks in the patient were
followed by peaks of serum hepcidin. Hepcidin serum
concentrations before treatment in our patient ranged
from 2.9 to 11.2 nmol/L, high for an C282Y homozy-
gote in the maintenance phase of phlebotomy.7

Normalization of IL-6, triggered by IL-1ra treatment, led
to undetectable hepcidin and higher serum iron levels.
These findings confirm the (temporal) relations,

observed by us in an in vivo model of LPS induced
inflammation,6 and by Kawabata et al. in an IL-6 over-
producing patient with multicentric Castleman’s disease
treated with IL-6 receptor antibodies.16 In addition to
this, IL-1ra may directly inhibit IL-1 dependent hepcidin
production through the blockade of the IL-1 receptor.5

At first glance, our data seem to contrast with the
observation that in C282Y homozygotes the total body
iron does not correlate with the momentary IL-6 and
CRP levels.17 The latter report however can be criticized
because of the different kinetics of IL-6, CRP and body
iron. On the other hand, our observations of a patient
with a defect of the HFE protein that can still respond to
inflammatory stimuli by increasing hepcidin levels are
in agreement to those described for patients with defi-
ciency of the TfR2 protein.18 Interestingly, HFE and
TfR2 proteins have been found to interact in a common
signal transduction pathway to hepcidin.19

From our observation it is clear that C282Y homozy-
gosity and/or iron deficient anemia do not abrogate
cytokine induced hepcidin production. However, in the
absence of appropriate controls for this natural biologi-
cal model as provided by the described patient, no con-
clusions can be made as to whether the level achieved
in the patient is of the same level seen in humans with-
out HFE-related HH. Nevertheless, the retained ability
of C282Y homozygotes to increase hepcidin production
upon inflammatory stimuli, and thus, according to the
hepcidin mode of action,20 to redistribute iron out of the
bloodstream into RE macrophages, might be advanta-
geous in the setting of infection by extracellular
pathogens, but on the other hand might also increase
hepatic damage through iron-induced mesenchymal
activation.21

In conclusion, our in vivo human model of a C282Y
homozygous patient with an auto-inflammatory dis-
ease treated with IL-1ra supports the importance of an
HFE-independent cytokine-hepcidin axis in the devel-
opment of hypoferremia and anemia of inflammation.
These findings on the cross-talk between pathways reg-
ulating hepcidin provides indirect information on the
iron availability to certain pathogens relevant in critical
host defense strategies.2,22-24 It furthermore suggests that
chronic inflammation may reduce iron stores in C282Y
homozygotes, contributing to the variable penetrance
of the C282Y mutation.

Authorship and Disclosures

MvD and DWS designed research, collected and inter-
preted data and wrote the paper. MvD contributed
patient samples. DWS and JJCK contributed laboratory
tools.  JJCK performed hepcidin measurements, collect-
ed and interpreted data. 

The authors reported no potential conflicts of interest.

IL-6-hepcidin-iron axis in C282Y homozygosity

haematologica | 2009; 94(9) | 1299 |



M. van Deuren et al. 

| 1300 | haematologica | 2009; 94(9)

References

1. Ashrafian H. Hepcidin: the missing
link between hemochromatosis and
infections. Infect Immun 2003;71:
6693-700.

2. Fleming RE. Iron and inflammation:
cross-talk between pathways regu-
lating hepcidin. J Mol Med 2008;86:
491-4.

3. Kemna EH, Tjalsma H, Willems HL,
Swinkels DW. Hepcidin: from dis-
covery to differential diagnosis.
Haematologica 2008;93:90-7.

4. Ganz T. Hepcidin and its role in reg-
ulating systemic iron metabolism.
Hematology. Am Soc Hematol Educ
Program 2006;507:29-35.

5. Lee P, Peng H, Gelbart T, Wang L,
Beutler E. Regulation of hepcidin
transcription by interleukin-1 and
interleukin-6. Proc Natl Acad Sci
USA 2005;102:1906-10.

6. Kemna E, Pickkers P, Nemeth E, van
der Hoeven H, Swinkels D. Time-
course analysis of hepcidin, serum
iron, and plasma cytokine levels in
humans injected with LPS. Blood
2005;106:1864-6.

7. van Dijk BA, Laarakkers CM, Klaver
SM, Jacobs EM, van Tits LJ, Janssen
MC, Swinkels DW. Serum hepcidin
levels are innately low in HFE-relat-
ed haemochromatosis but differ
between C282Y-homozygotes with
elevated and normal ferritin levels.
Br J Haematol 2008;142:979-85.

8. Frazer DM, Wilkins SJ, Millard KN,
McKie AT, Vulpe CD, Anderson GJ.
Increased hepcidin expression and
hypoferraemia associated with an
acute phase response are not affect-
ed by inactivation of HFE. Br J
Haematol 2004;126:434-6.

9. Constante M, Jiang W, Wang D,
Raymond VA, Bilodeau M, Santos

MM. Distinct requirements for Hfe
in basal and induced hepcidin levels
in iron overload and inflammation.
Am J Physiol Gastrointest Liver
Physiol 2006;291:G229-G37.

10. Roy CN, Custodio AO, de Graaf J,
Schneider S, Akpan I, Montross LK.
An Hfe-dependent pathway medi-
ates hyposideremia in response to
lipopolysaccharide-induced inflam-
mation in mice. Nat Genet 2004;
36:481-5.

11. de Koning HD, Bodar EJ, van der
Meer JW, Simon A. Schnitzler syn-
drome: beyond the case reports:
review and follow-up of 94 patients
with an emphasis on prognosis and
treatment. Semin Arthritis Rheum
2007;37:137-48.

12. de Koning HD, Bodar EJ, Simon A,
van der Hilst JC, Netea MG, van der
Meer JW. Beneficial response to
anakinra and thalidomide in
Schnitzler’s syndrome. Ann Rheum
Dis  2006;65:542-4.

13. Prabhakar U, Eirikis E, Davis HM.
Simultaneous quantification of pro-
inflammatory cytokines in human
plasma using the LabMAP assay. J
Immunol Methods 2002; 260:207-8.

14. Swinkels DW, Girelli D, Laarakkers
C, Kroot J,  Campostrini N, Kemna
EH, Tjalsma H. Advances in quanti-
tative hepcidin measurements by
time-of-flight mass spectrometry.
PLoS ONE 2008;3:e2706.

15. Swinkels DW, Janssen MC,
Bergmans J, Marx JJ. Hereditary
hemochromatosis: genetic complex-
ity and new diagnostic approaches.
Clin Chem 2006;52:950-68.

16. Kawabata H, Tomosugi N, Kanda J,
anaka Y, Yoshizaki K, Uchiyama T.
Anti-interleukin 6 receptor antibody
tocilizumab reduces the level of
serum hepcidin in patients with
multicentric Castleman’s disease.

Haematologica 2007;92:857-8.
17. Beutler E, Waalen J, Gelbart T.

Chronic inflammation does not
appear to modify the homozygous
hereditary hemochromatosis phe-
notype. Blood Cells Mol Dis 2005;
35:326-7.

18. Nemeth E, Roetto A, Garozzo G,
Ganz T, Camaschella C. Hepcidin is
decreased in TFR2 hemochromato-
sis. Blood 2005;105:1803-6.

19. Gao J, Chen J, Kramer M, Tsukamoto
H, Zhang AS, Enns CA. Interaction
of the hereditary hemochromatosis
protein HFE with transferrin receptor
2 is required for transferrin-induced
hepcidin expression. Cell Metab
2009;9:217-27.

20. Nemeth E, Tuttle MS, Powelson J,
Vaughn MB, Donovan A, Ward DM,
et al. Hepcidin regulates cellular iron
efflux by binding to ferroportin and
inducing its internalization. Science
2004;306:2090-3.

21. Ramm GA, Ruddell RG. Hepato-
toxicity of iron overload: mecha-
nisms of iron-induced hepatic fibro-
genesis. Semin Liver Dis 2005;25:
433-49.

22. Chlosta S, Fishman DS, Harrington
L, Johnson EE, Knutson MD,
Wessling-Resnick M, et al. The iron
efflux protein ferroportin regulates
the intracellular growth of Salmo-
nella enterica. Infect Immun 2006;
74:3065-7.

23. Paradkar PN, De D, I, Durchfort N,
Zohn I, Kaplan J, Ward DM. Iron
depletion limits intracellular bacteri-
al growth in macrophages. Blood
2008;112:866-74.

24. Moalem S, Weinberg ED, Percy ME.
Hemochromatosis and the enigma
of misplaced iron: implications for
infectious disease and survival.
Biometals 2004;17:135-9.


