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ABSTRACT

The aim of the study is to investigate the role of circulating prohepcidin and hepcidin, which are homeostatic regulators of iron me-
tabolism and mediators of inflammation, in anemia associated with Behçet’s disease (BD) and the differential diagnosis of healthy
controls. Twenty patients with BD and twenty healthy controls were included in this prospective study. Laboratory tests including
complete blood count, serum prohepcidin, hepcidin, iron, total iron binding capacity (TIBC), transferrin, ferritin, erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP) were determined. Serum prohepcidin and hepcidin levels in patients with BD were sig-
nificantly higher than healthy group. In the group with BD positive correlation was determined between the values of serum prohep-
cidin, hepcidin, hemoglobin, total binding capacity and ferritine. Serum prohepcidin and hepcidin levels are closely associated with
disease activity in patients and might play a role in the pathobiology of chronic disease anemia associated with patients with BD.
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ÖZET

Behçet Hastal›¤› ile ‹liflkili Anemide Prohepsidin ve Hepsidinin Rolü

Çal›flmam›z›n amac›; demir metabolizmas›nda homeostatik regülatör ve inflamasyon mediatörü olarak rol oynayan prohepsidin ve
hepsidinin Behçet hastal›¤› (BH) ile iliflkili aneminin ay›r›c› tan›s›ndaki önemini araflt›rmakt›r. Yirmi Behçet hastas›, 20 sa¤l›k-
l› eriflkin çal›flmaya al›nd›. Hastalardan tam kan, serum prohepsidin ve hepsidin, demir, total demir ba¤lama kapasitesi (TIBC), trans-
ferin, ferritin, eritrosit sedimentasyon h›z› (ESR), c-reaktif protein (CRP) düzeyleri ölçüldü. Serum prohepsidin ve hepsidin düzeyleri,
behçet hastal›¤› (BH) grubunda, sa¤l›kl› kontrol (SK) grubuna göre önemli düzeyde yüksek bulundu. BH grubunda, serum prohepsi-
din ve hepsidin de¤erleri ile hemoglobin,demir ba¤lama kapasitesi, ferritin de¤erleri aras›nda korelasyon tespit edildi. Serum prohep-
sidin ve hepsidin seviyelerinin Behçet hastal›¤›nda, hastal›k aktivitesiyle yak›n iliflkisi saptan›rken, oluflan kronik hastal›k anemisinin pa-
tobiyolojisinde rol oynayabilece¤i düflünülmektedir. 
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INTRODUCTION
Behçet’s Disease is a multisystem inflammatory
vasculitic syndrome of unknown etiology named
after Hulusi Behçet, who described the clinical tri-
ad of aphthous ulcers, genital ulcers and iritis in
1937.1 It is now well-recognized that BD encom-
passes not only mucocutaneous, ocular, and vascu-
lar manifestations, but also musculoskeletal, neuro-
logic, hematologic, pulmonary, gastrointestinal,
and genitourinary manifestations.2

The anemia of chronic disease (ACD) is an acqu-
ired disorder occurring in patients with a variety of
inflammatory disorders. ACD is thought to prima-
rily reflect a reduction in red blood cell production
by the bone marrow.3 Shortened erythrocyte lifes-
pan, impaired erythropoietin (EPO) response, and
impaired iron metabolism are suggested to be in-
volved in the pathogenesis of ACD.4 However, the
molecular basis of ACD has not been fully elucida-
ted. Cytokines, including IL-1, IL-6, TNF-α, and
interferons, are hypothesized to be involved in the
maintenance of red blood cell production or stabi-
lity.5,6

Hepcidin, a recently discovered anti-microbial,
cysteine-rich cationic peptide hormone and its pre-
cursor prohepcidin, are the homeostatic regulators
of intestinal iron absorption, iron recycling by mac-
rophages and iron mobilization from hepatic stores.
Hepcidin inhibits the cellular efflux of iron by bin-
ding to ferroportin and inducing the degradation of
ferroportin.7-9 Hepcidin synthesis is increased by
iron loading and decreased by anemia and hypoxia.
Additionally, hepcidin synthesis is greatly induced
during inflammation, trapping iron in macropha-
ges, decreasing plasma iron concentrations, and ca-
using anemia of inflammation.10,11 Recent studies
indicate that hepcidin, synthesized by the liver,
known as type II acute-phase reactant, may play a
key role in the pathogenesis of ACD and iron me-
tabolism.12,13

In the present study, it was aimed to assess the role
and significance of serum hepcidin, prohepcidin, in
the development of ACD in patients with BD. 

PATIENTS AND METHODS
Twenty patients with BD according to the Interna-
tional Study Group for BD criteria14, 20 age and

sex-matched healthy controls were included in the
study. 

Detailed histories of all participants were obtained,
and their systemic and rheumatologic examinations
were carried out. Patients with other concomitant
hematological diseases like sickle-cell anemia and
thalassemia, heart, lung, kidney and liver diseases
and acute or chronic infection, malignancy and cur-
rent pregnancy or delivery within 6 months were
excluded. Participants receiving blood transfusion,
erythropoietin and iron treatment and with recent
history of bleeding were also excluded. The local
ethical committee of Selcuk University Selcuklu
Medical Faculty approved the study protocol. Writ-
ten informed consent was obtained from all partici-
pants. 

Laboratory tests including complete blood count,
serum prohepcidin, hepcidin, iron, total iron bin-
ding capacity (TIBD), transferrin, ferritin, ESR and
CRP were analyzed. The blood samples were
drawn from all participants who had fasted over-
night. The blood samples without anticoagulant
were centrifugated, and their serum was separated
right after conceal. Serum transferrin, ferritin, iron,
TIBC and CRP levels were immediately analyzed;
however, serum samples were stored at -850C to
analyze the levels of prohepcidin and hepcidin. The
levels of serum transferrin were measured using
Beckman Coulter test kits (lot No: T911130) iron,
TIBC levels with Thermo test kits (lot No: V36305)
in Synchron LX-20 auto-analyzer, and CRP levels
with Siemens test kits (lot No:167504A) in Dade
Behring auto-analyzer. Serum ferritin levels were
measured in E170 auto-analyzer using Roche test
kits (cat No: 03737551). Complete blood count was
measured in Cell Dyn 4000 analyzer device using
original kits (lot No:A0115), and ESR was analy-
zed through Alifax device. The analysis of prohep-
cidin (No: 12K069-3) and hepcidin (No: 39K119)
were carried out in Kayto RT-2100 ELISA device
by using DRG brand ELISA test kits. 

The reference values were accepted as follows;
192-282 mg/dl for transferrin, 50-170 µg/dl for se-
rum iron, 120-420 µg/dl for TIBC and 15-150
ng/ml for ferritin. In order to exhibit the disease ac-
tivity, the values of CRP and ESR were used. Se-
rum CRP value of > 3.2 and ESR value of > 20
mm/h were accepted as active values.
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Statistical Evaluation
Statistical analysis was performed using the Statis-
tical Package for the Social Sciences (SPSS, Versi-
on 18.0, Chicago, IL, USA). The results were exp-
ressed as mean ± SD. The comparisons between
two groups were assessed using Mann-Whitney U
test. The comparisons between two groups for Pa-
rametrics variables were performed using the ınde-
pendent-samples T test. Correlation analysis was
performed using Pearson correlation tests.Multiva-
riate analysis were performed with linear regressi-
on analysis. P values of < 0.05 were considered to
indicate statistical significance. 

RESULTS
Data concerning to BD and control group have be-
en shown in Table 1 . Mean age rate was higher in
patients with BD (13 women, 7 men, mean age ra-
te 36±10) compared to control groups CG(10 wo-
men,10 men,mean age rate 30±9) . In literature, the
incidence rate of BD is reported to be 2/1 as W/M,
and the rate is consistent with the one detected in
the literature. The level of sedimentation was sicni-
ficantly higher in BD group than level of control’s.
CRP levels were higher in BD group, compared to
that control groups. In BD group, prohepcidin and
hepcidin levels were significantly higher than he-
althy control groups. In BD group negative correla-

tion between iron and TIBC (r= -0.571, p= 0.01),
ferritin and TIBC (r= 0.477, p=0.03), hemoglobin
and sedimentation(r= -0.498, p= 0.03), prohepcidin
and ferritin (r= -0.542, p= 0.01) have been determi-
ned while correlations between ferritin and CRP (r=
0.836, p= 0.01), sedimentation and CRP (r= 0.812,
p= 0.01), CRP and ferritin (r= 0.509, p= 0.02), he-
moglobin and prohepcidin (r= 0.483, p= 0.03) we-
re positive. Prohepcidin and hepcidin levels in acti-
ve BD group were observed to be significantly hig-
her, compared to those in inactive BD group, and
there was a significant association between them
(Table2).

DISCUSSION
Behçet’s Disease is a systemic inflammatory vascu-
litis syndrome characterized by a course of remissi-
ons and exacerbations of unpredictable frequency
and duration.2 During the process of BD, ACD is
frequently observed. ACD is normocytic normoch-
romic anemia, with low levels of serum iron and
transferrin, increased serum levels of ferritin, and a
low reticulocyte response for the degree of ane-
mia.15 IDA is hypochromic microcytic anemia is of-
ten confused with ACD. IDA is suggested by the
finding of low serum ferritin levels, the absence of
stainable iron on bone marrow aspiration / biopsy,
or response to therapeutic of oral iron.16
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Table 1. Findings related to age, hgb, MCV, sedimentation, iron, TIBC, ferritin, CRP, prohepcidin and hepcidin in with
Behçet’s Disease Patient and Control Groups.

BD (n= 20) CG (n= 20)                      p Values

Age (year)                  36±11 (18-60) 33±12 (19-65)          0.645

Hgb (gr/dl) 11±1.8 (8-16) 14.1±2.1 (12-16)         0.040

MCV (fl) 84±5.2 (71-90) 88±9.1 (80-94)                    Not significant

Iron (µg/dl) 86±54 (36-101)   89±15 (20-173)                  0.477

TIBC (µg/dl) 232±46 (120-34) 278±21 (178-401)              0.296

Ferritin (ng/ml)  61±50 (6-201) 45±7.1 (15-97)                 0.018

Transferrin (mg/dl)               268±47 (191-366) 183±26 (146-243)              0.018

CRP (mg/dl) 19±10 (5-47) 3.1±2.7 (1-6)                      0.001

Sedimentation (mm/hour) 13±3.4 (2-41) 15±7.5 (2-30)                     0.139

Prohepcidin (mg/dl) 121±8.4 (38-245) 48±12 (31-87)                    0.001

Hepcidin (mg/dl) 45±12 (26-67) 66±28 (11-176)                  0.001



Hepcidin, a recently identified peptide hormone,
acts as a central regulator of iron metabolism. It is
regarded as a factor regulating the uptake of dietary
iron and its mobilization from macrophages and he-
patic stores. Hepsidin is synthesized in the liver as
an 84 amino acid precursor (prohepcidin) that is
subsequently processed and secreted predomi-
nantly as a 25 amino acid peptide form.17

Hepcidin is considered to be a mediator anemia of
inflammation. Hepcidin production was shown to
increase in invivo and invitro experimental and cli-
nical inflammation models. The investigators de-
monstrated that IL-6 and lipopolysaccharide indu-
ces hepcidin mRNA expression in human hepa-
tocytes, but TNF-α has no such an effect. Prolon-
ged exposure to IL-1 (after 24 hours) also induces
hepcidin mRNA expression.8 In inflammation mo-
dels by turpentine, it was reported that increased
hepcidin might be responsible for the development
of anemia. In addition, hepcidin mRNA expression
in the liver declines about threefold in anemias in-
duced by phlebotomy and/or phenylhydrazine.10

Hepcidin also inhibits iron absorption from the in-
testine in mice, contributing to hypoferremia.13,18 In
addition, hepcidin inhibits iron mobilization from
macrophages in the reticuloendothelial system,12
and could inhibit erythroid colony formation in the
bone marrow.19 Hepcidin levels in patients with ac-
tive BD increased when compared to patients with
inactive BD. All of these data suggest that hepcidin
plays an important role in inflammatory conditions.
The role of hepcidin particularly comes into promi-
nence in anemia of inflammation. In our study, the
highest serum hepcidin and prohepcidin levels we-
re observed in BD patients. Serum transferrin level
was reported to be more useful than serum iron le-
vel and total iron binding capacity in measuring the

body iron status. Kahgo et al., in their study, indica-
ted that serum soluble transferrin receptor level ref-
lected the cellular iron shortage and could be used
in differential diagnosis of ACD.12 In our study, se-
rum transferrin levels in BD group were signifi-
cantly lower than healthy controls. It was reported
that hepcidin production increases in iron load7,9 and
decreases in rats fed with low iron.16 In clinical stu-
dies urinary hepcidin and serum prohepcidin levels
were shown to be high in ACD.9,11,12 Serum ferritin
level increases as acute phase reactant in active BD.
Hepcidin is known to be closely associated and po-
sitively correlated with ferritin.9,19 A positive corre-
lation was demonstrated between serum prohepci-
din and ferritin levels in chronic renal failure.9 Furt-
hermore, Nagashima et al. reported that serum pro-
hepcidin levels negatively correlated with ferritin
levels in patients with viral hepatitis C, while this
correlation was positive in patients with viral hepa-
titis B and healthy controls.2,17 In our study, serum
ferritin levels in BD group were significantly lower
than healthy controls. Literature data point to raised
C-reactive protein (CRP) concentration as a marker
of systemic inflammation in BD patients.10 In our
study, serum CRP levels in BD group were signifi-
cantly higher than healthy controls. 

Normally, most iron used for erythropoiesis is reco-
vered from the degradation of red blood cells by re-
ticuloendothelial macrophages. Infection, malig-
nancy, and chronic inflammation all may result in
inefficient macrophage iron release and subnormal
intestinal iron absorption, contributing to the ane-
mia of chronic disease.2,4 Classically, chronic dise-
ase anemia is associated with low serum iron and
TIBC and high or normal serum ferritin levels.2 In
the present BD patients, serum iron status was con-
sistent with this classical data, however TIBC was
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Table 2. Percentage of anemia frequency in Active BD and Inactive BD groups, Values of Hgb, Prohepcidin and Hepcidin.

Active BD (n= 11) Inactive BD (n= 9)                       p values

Anemia Frequency (%) 52% 48%

Hgb (g/dl) 10.4±1.6(8-14) 12.9±1.6(11-15)            0.001

Prohepcidin (ng/ml) 156±14(91-245)     116±19(56-128)            0.001

Hepcidin (ng/ml) 71±13(62-98)        59±11(31-82)               0.001



not significantly different when compared to he-
althy controls These data suggest that hepcidin and
prohepcidin are an important pathogenetic marker
in pathobiology of anemia in BD patients . 

Conclusions
In conclusion, our findings suggest that hepcidin
and prohepcidin are strongly associated with dise-
ase activity in BD patients and might play a signi-
ficant role in the pathobiology of chronic disease
anemia associated with BD. Future studies to deter-
mine serum levels of hepcidin and prohepcidin at
different time points during the clinical course of
BD patients will be needed to confirm our results.
Moreover, inflammatory cytokines which can indu-
ce hepcidin synthesis, such as IL-6, and serum
erythropoietin levels should also be investigated
concurrently to determine the exact mechanisms
underlying the contribution of hepcidin and pro-
hepcidin in the crossroad of anemia and inflamma-
tion associated with BD.
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