
ehçet’s disease (BD) is a systemic inflammatory disorder that progresses
with spontaneous relapses and remissions.1-4

The anemia of chronic disease (ACD) is an acquired disorder occurring
in patients with a variety of inflammatory disorders. The pathogenesis of
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Serum Prohepcidin Level in
Behçet’s Disease

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to determine the serum levels of the prohormone
form of hepcidin, prohepcidin, and its relations with iron status, acute phase reactants, cytokines,
and its possible role in the development of anemia of chronic disease in patients with Behçet’s dis-
ease (BD). MMaatteerriiaall  aanndd  MMeetthhooddss::  The study included 37 BD and 28 rheumatoid arthritis (RA) pa-
tients and 30 healthy controls (HC). Hematocrit, serum iron status, TNF-α, IL-6 and prohepcidin
levels were determined. RReessuullttss::  The increases in TNF-α level in the BD group and IL-6 level in the
RA group were prominent. Serum prohepcidin level in the BD group was lower than the levels in
the RA and HC groups (p< 0.01, p> 0.05, respectively). prohepcidin level did not correlate with any
parameters in the BD group, but correlated with hematocrit and ferritin levels in the RA group (r=
0.401, p< 0.05, r= 0.595, p< 0.01 respectively), and TNF-α, IL-6 and ferritin levels in the HC group
(r= 0.474, p< 0.05, r= 0.526, p< 0.01, r= -0.603, p< 0.01 respectively). CCoonncclluussiioonn:: Serum prohepcidin
concentrations vary widely within the groups as do iron parameters and cytokines. Despite these
wide variations the correlations are not significant. The absence of expected correlations indicates
that serum prohepcidin is not a useful biomarker for clinical or research purposes. 

KKeeyy  WWoorrddss::  Anemia; Behçet syndrome; prohepcidin 

ÖÖZZEETT  AAmmaaçç:: Bu çalışmada, Behçet hastalığı (BH)’nda hepsidinin bir prohormon formu olan
prohepsidinin serum düzeylerinin araştırılması ve prohepsidinin demir parametreleri, akut faz
reaktanları, sitokinler ile ilişkisi ve kronik hastalık anemisi gelişimindeki olasılı rolünün
değerlendirilmesi amaçlandı. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışmaya 37 BH ve 28 romatoid artrit (RA)
hastaları ve 30 sağlıklı kontrol (SK) alındı. Hematokrit, serum demir parametreleri, TNF-α, IL-6 ve
prohepsidin düzeyleri belirlendi. BBuullgguullaarr::  BH grubunda TNF-α, RA grubunda ise IL-6 düzeyindeki
artış daha belirgindi. Serum prohepsidin düzeyi RA ve SK grupları ile karşılaştırıldığında, BH
grubunda düşüktü (sırasıyla; p< 0.01, p> 0.05). prohepsidin düzeyi, RA grubunda hematokrit ve
ferritin düzeyleri ile (sırasıyla; r= 0.401, p< 0.05, r= 0.595, p< 0.01); SK grubunda TNF-α, IL-6 ve
ferritin düzeyleri ile koreleydi (sırasıyla; r= 0.474, p< 0.05, r= 0.526, p< 0.01, r= -0.603, p< 0.01);
ancak, BH grubunda çalışılan parametrelerden hiçbiri ile korele değildi. SSoonnuuçç:: Demir parametreleri
ve sitokinlerde olduğu gibi serum prohepsidin konsantrasyonları, çalışma grupları arasında
farklılıklar göstermektedir. Bu farklılıklara karşın, prohepsidin ile demir parametreleri, akut faz
reaktanları ve sitokinler arasında beklenilen korelasyonların bulunmayışı prohepsidinin klinik ve
çalışma amaçlı kullanışlı bir biyomarker olmadığını göstermektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Anemi; Behçet hastalığı; prohepsidin 
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this anemia was attributed to deficiencies in multi-
ple steps in erythropoiesis, including a blunted re-
sponse to erythropoietin (EPO), dec re a sed sur vi val
of ma tu re red blo od cells, and dec re a sed iron ava i -
la bi lity.5-7 Ho we ver, the mo le cu lar ba sis of the
ACD has not be en fully elu ci da ted.5-7 Cyto ki nes in-
c lu ding IL-1, IL-6, TNF-α, and in ter fe rons are hy-
pot he si zed to be in vol ved in the ma in te nan ce of
red blo od cell pro duc ti on or sta bi lity.5-7

A re cently dis co ve red an ti-mic ro bi al, cyste i -
ne-rich ca ti o nic pep ti de, hep ci din, inf lu en ces in-
tes ti nal iron ab sorp ti on and re le a se from sto res.6,8,9

Hep ci din ap pe ars to act by in hi bi ting cel lu lar iron
ex port by bin ding di rectly to the iron ex por ter fer-
ro por tin and in du cing its in ter na li za ti on and deg ra-
da ti on.10 Hepcidin supplementation was shown to
lead to hypoferremia in both in vitro and in vivo
studies.11 Production of hepcidin was reported to
increase in patients diagnosed with ACD.9,12-14 Fur-
thermore, hypoferremia and development of fatal
anemia was reported in a study involving trans-
genic mice with excessive hepcidin production.15

Reports suggest that recently discovered hep-
cidin, synthesized by the liver, known as type II
acute-phase reactant, may play a key role in the
pathogenesis of ACD and iron metabolism.9,12-14

In the present study, we aimed to assess the
level of serum prohepcidin, an immature form of
hepcidin, and its relation with iron status, acute-
phase reactants, cytokines, and its possible role in
the development of ACD in a cohort of BD patients.

MA TE RI AL AND MET HODS

PPaa  ttii  eennttss:: Thirty-se ven pa ti ents with BD ac cor ding
to the In ter na ti o nal Study Gro up for BD cri te ri a,
28 with RA ac cor ding to the Ame ri can Rhe u ma -
tism As so ci a ti on cri te ri a and 30 age- and sex-matc -
hed HC we re inc lu ded in this study.16,17 All the
par ti ci pants we re of Tur kish ori gin, from the Up per
Eup hra tes re gi on of Tur key.

De ta i led his to ri es of all the par ti ci pants we re
ob ta i ned, and the ir syste mic and rhe u ma to lo gic ex-
a mi na ti ons we re car ri ed out. We exc lu ded pa ti ents
with ot her con co mi tant he ma to lo gi cal di se a ses li -
ke tha las se mi a and sick le-cell ane mi a, he art, lung,

kid ney and li ver di se a ses (cirr ho sis or al co ho lic he -
pa ti tis and those with AST or ALT le vels in cre a sed
mo re than two folds) and acu te or chro nic in fec ti -
on, ma lig nancy and cur rent preg nancy or de li very
wit hin 6 months. Par ti ci pants who re ce i ved blo od
trans fu si on, EPO and iron tre at ment and who had
re cent his tory of ble e ding we re al so exc lu ded.

The study was ap pro ved by the ins ti tu ti o nal
et hics com mit te e, and all par ti ci pants ga ve in for -
med con sent be fo re en te ring the study. 

LLaa  bboo  rraa  ttoorryy  aannaallyy  ssiiss:: Blood samples were
drawn from all participants who had fasted
overnight. The samples were centrifuged at 3.000
rpm for 10 minutes to obtain sera and were stored
at –20oC until they were analyzed. Laboratory tests
including complete blood count, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP),
total protein, albumin, hepatic and renal function
tests, serum iron, total iron binding capacity (TIBC)
and ferritin were assessed using standard labora-
tory methods. Trans fer rin sa tu ra ti on (TfS) was cal-
cu la ted and ex pres sed as fol lows: 

TfS%=se rum iron/TIBC ×100. 

Serum TNF-α and IL-6 levels were measured
using appropriate commercial kits (Medgenix,
Biosource International, Camarillo, USA) by the
ELISA method. Serum prohepcidin concentration
was determined by ELISA using a commercially
available kit (DRG Instruments, GmbH, Marburg;,
Germany), according to the manufacturer’s in-
structions, and as described previously.18

DDee  tteerr  mmii  nnaa  ttii  oonn  ooff  aannee  mmii  aa  ssuubb  ggrroo  uuppss:: In all par-
ticipants, peripheral blood slides were examined.
Anemia was determined as hemoglobin (Hb) levels
<13.5 g/dL for men, and <12 g/dL for women.19,20

Of the anemia patients, those with serum ferritin
level <60 ng/mL were diagnosed with iron defi-
ciency anemia (IDA), and those with serum ferritin
level >60 ng/mL were interpreted as ACD.21-23 This
cut off value of 60 ng/mL is generally accepted for
all inflammatory diseases.

Statistical analysis

Statistics were performed using the Statistical Pack-
age for the Social Sciences version 11.0 (SPSS,
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Chicago, IL, USA). The results were expressed as
mean ± SD. The Student’s t test was used to com-
pare group results and the Kruskal-Wallis variance
analysis and for dual comparisons the Mann Whit-
ney U test were used to compare anemia subgroups.
Correlation analysis was performed using the Pear-
son product moment test. Chi-square test was used
to compare categorical variables. Differences were
considered significant at p< 0.05. 

RE SULTS

The demographics and clinical laboratory data for
the BD, RA and HC groups are summarized in
Table 1. The levels of ESR, CRP and TNF-α and IL-
6 were higher in the BD and RA groups, than in
the HC group (Table 1). The increase in TNF-α
level in the BD group and IL-6 level in the RA
group were prominent, the difference being in-
significant. The serum prohepcidin level of the RA
group was higher than the level in the BD and HC

groups. Serum iron levels in the BD and RA groups,
and hematocrit and TfS levels in the RA group
were lower than the levels in the HC group (Table
1).

Se rum prohepcidin le vel did not cor re la te
with he ma toc rit, se rum iron sta tus and cyto ki ne le -
vels in the BD gro up, but it po si ti vely cor re la ted
with he ma toc rit and fer ri tin le vels in the RA gro -
up, and had a ne ga ti ve cor re la ti on with fer ri tin le -
vel and po si ti ve cor re la ti ons with TNF-α and IL-6
le vels in the HC gro up.

In the BD group, 8 cases (21.6%) had anemia,
of whom 3 (8.1%) were ACD, and 5 (13.5%) had
IDA, whereas in the RA group, 11 patients (39.3%)
had anemia, of whom 6 (21.4%) had ACD, and 5
(17.9%) had IDA. Serum prohepcidin levels were
insignificantly lower in the ACD subgroups of the
BD and RA groups than in their IDA and non-ane-
mic subgroups.

In the BD group, all cases (100%) had oral
ulcer, 28 (75.7%) had skin lesions, 17 (45.9%) had
genital lesions and/or scars, 13 (35.1%) had
uveitis, 10 (27.1%) had vascular involvement, and
8 (21.6%) had positive pathergy test result. Mean
DAS-28 score was 3.14 ± 1.3 in the RA group, and
it correlated with the CRP level (r= 0.504, p< 0.05)
but not with the level of prohepcidin (r= -0.127,
p> 0.05).

DIS CUS SI ON

Hepcidin was suggested to be responsible for the
development of anemia in inflammation models in-
duced by turpentine and the same study showed
that hepcidin mRNA expression in the liver was
decreased about threefold by phlebotomy or
phenylhydrazine induced anemia.9 Serum prohep-
cidin and hepcidin levels in cases with accompa-
nying anemia were lower, relative to non-anemic
cases in chronic renal failure (CRF) patients.24,25 In
our study, ACD subgroups of the BD and RA
groups had insignificantly lower serum prohep-
cidin levels than their non-anemic subgroups. He-
patic hepcidin expression is shown to be induced
by iron overload and inflammation and is sup-
pressed by hypoxia and anemia.8,9 Reduced serum
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BD (n= 37) RA (n= 28) HC (n= 30)

Age (years) 32.9 ± 10.9 35.6 ± 9.1 33.9 ± 8.4

Disease duration (years) 2.3 ± 4.3 3.8 ± 5.1 -

Sex (M/F) 18/19 12/16 16/14

ESR (mm/h) 21.8 ± 19.7* 29.7 ± 25.4 9.7 ± 8.9

CRP (mg/L) 19.8 ± 27.9* 28.5 ± 43.2* 3.7 ± 2.3

TNF-α (pg/mL) 10.2 ± 12.6* 6.5 ± 5.9† 3.3 ± 1.6

IL-6 (pg/mL) 5.6 ± 6.5* 10.4 ± 14.4* 1.5 ± 1.5

Total protein (g/dL) 7.5 ± 0.4 7.3 ± 0.6† 7.6 ± 0.5

Albumin (g/dL) 4.3 ± 0.3** 4.1 ± 0.4** 4.6 ± 0.3

WBC (103/µL) 9.1 ± 3.2* 9.9 ± 3.3* 7.1 ± 1.4

Hb (g/dL) 13.6 ± 1.9 12.9 ± 2.1† 14.6 ± 1.9

Ht (%) 41.5 ± 5.2 39.8 ± 5.8 43.3 ± 4.9

MCV (fL) 80.1 ± 8.9 82.7 ± 8.4 83.9 ± 4.7

RDW (%) 13.4 ± 0.9 14.1 ± 1.9 13.9 ± 6.01

Serum iron (µg/dL) 76.4 ± 42.1† 66.2 ± 42.5* 91.9 ± 37.8

Ferritin (ng/mL) 127.1 ± 182.4 109.8 ± 129.5 68.4 ± 55.8

TIBC (µg/dL) 263.8 ± 96.7 263.1 ± 75.7 235.2 ± 59.1

TfS (%) 37.1 ± 37.3 30.7 ± 29.5† 41.8 ± 20.3

Prohepcidin (ng/mL) 148.6 ± 57.7§ 238.7 ± 202.7† 158.4 ± 44.2

TABLE 1: Demographics and clinical laboratory data in
the BD, RA and HC groups.

BD: Behçet’s disease, RA: Rheumatoid Arthritis, HC: Healthy controls, M: Male, F: Fe-
male, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, TNF-α: Tumor
necrosis factor alpha, IL-6: Interleukin-6, WBC; White blood cell count, Hb: Hemoglobin,
Ht: Hematocrit, MCV: Mean corpuscular volume, RDW: Red cell distribution width, TIBC:
total iron binding capacity, TfS: transferrin saturation. 
When compared with HC group; †p< 0.05, *p< 0.01, **p< 0.001. 
When compared with RA group; §p< 0.01.
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prohepcidin levels in the anemic cases and the pos-
itive correlation between prohepcidin and hemat-
ocrit in the RA group in our study may support this
view. 

In our study, positive correlations were found
between serum prohepcidin and TNF-α and IL-6
levels in the HC group. Although TNF-α was re-
ported to inhibit hepcidin expression in an in vitro
study, it is a pro-inflammatory cytokine, and is
known to pioneer an increase in the production of
many other cytokines.26,27 In our study, the positive
correlations between serum prohepcidin and TNF-
α and IL-6 levels may have resulted from the indi-
rect effects of TNF-α.

In the pre sent study, prohepcidin le vel po si ti -
vely cor re la ted with fer ri tin le vel in the RA gro up.
Hep ci din is al so known as a type II acu te-pha se
pro te in, and in chro nic inf lam ma tory con di ti ons,
in cre a sed hep ci din le vels are cor re la ted with in-
cre a sed fer ri tin le vels.13 Si mi larly, fer ri tin had a
po si ti ve cor re la ti on with CRP and a ne ga ti ve one
with al bu min in the BD and RA gro ups in our
study. 

Assays for hepcidin detection in plasma or
urine are not readily available, and the development
of reagents has been hampered by technical diffi-
culties.18,28 Serum prohepcidin was measured by the
ELISA technique as a surrogate parameter of hep-
cidin in our study. However, analysis of prohep-
cidin may determine inactive propeptide but not its
mature-active form, since it has never been vali-
dated that prohepcidin reflects the level of active-
mature hepcidin. Furthermore, Kemna et al.
reported that LPS injection showed a remarkable

difference in which prohepcidin levels remained
constant, while bioactive urinary hepcidin in-
creased dramatically, and this study indicates that
measurement of prohepcidin with the currently
available commercial assay is not very reliable as the
substitute for bioactive hepcidin analysis.29 Thus, if
we verified the prohepcidin data by measuring
bioactive hepcidin in serum or urine using surface-
enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF-MS) measurement
method, suspicions on prohepcidin measurement
method could be removed.25,30

In addition to the unreliability of the prohep-
cidin assay, the low number of patients in ACD and
IDA subgroups may be the limitations of our study.
Thus, our study is inadequate to determine the pos-
sible relation between prohepcidin and ACD, since
there are only 3 ACD patients in the BD group. Other
limitations of the study may be the failure to use in-
dicators that are more pertinent such as TfR to dis-
tinguish between ACD and IDA and the lack of data
on the hemochromotosis gene (HFE) which is an up-
stream regulator of hepcidin. Furthermore, lack of
data on the effects of therapy given to the patients on
the prohepcidin levels in another major limitation.

In conclusion, serum prohepcidin concentra-
tions were not correlated with the degree of in-
flammatory activity in the patients groups.
Moreover, whether the analysis of serum prohep-
cidin reflects mature-active hepcidin is unclear.
Further studies that determine active hepcidin in-
stead of prohepcidin are necessary to evaluate the
role of hepcidin in these systemic inflammatory
diseases. 
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