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Abstract
Objective: This study aimed to investigate the serum levels of calprotectin, hepcidin, iron, and ferritin in Behçet’s disease (BD).
Materials and Methods: This study included 40 patients with BD who met the diagnostic criteria of the BD International Study Group (1990)
and 40 healthy control participants. Serum high-sensitive C-reactive protein (hsCRP), hepcidin, calprotectin, ferritin, iron, and unsaturated
iron-binding capacity (UIBC) levels were determined in all study participants.
Results: Statistically significant difference was found between the groups in respect of calprotectin (p<0.05), UIBC (p<0.05), hsCRP (p<0.05),
and hemoglobin (p<0.05) levels. No statistically significant differences were determined between the patients and the controls in terms of
hepcidin, iron, and ferritin levels. Cut-off value of 212.3 pg/mL for calprotectin was determined to identify patients with BD having a sensitivity
and specificity of 100% and 90%, respectively.
Conclusion: Serum calprotectin may be a useful biomarker in the evaluation of inflammatory status and BD diagnosis. Total iron-binding
capacity and hemoglobin may be more useful in evaluating iron deficiency anemia in patients with BD.
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Öz
Amaç: Bu çalışmanın amacı Behçet hastalığında (BH) serum kalprotektin, hepsidin, demir ve ferritin düzeylerini araştırmaktır.
Gereç ve Yöntem: Çalışmaya Uluslararası BH Çalışma Grubu tanı kriterlerine (1990) göre 40 Behçet hastası ve 40 sağlıklı birey dahil edildi.
Çalışmaya katılan tüm bireylerin serum yüksek duyarlı C-reaktif protein (hsCRP), hepsidin, kalprotektin, ferritin, demir ve doymamış demir
bağlama kapasitesi (UIBC) seviyeleri belirlendi.
Bulgular: Gruplar arasında serum kalprotektin (p<0,05), UIBC (p<0,05), hsCRP (p<0,05) ve hemoglobin (p<0,05) düzeyleri açısından
istatistiksel olarak anlamlı fark bulundu. Hastalar ve kontroller arasında serum hepsidin, demir ve ferritin düzeyleri açısından istatistiksel olarak
anlamlı fark saptanmadı. Kalprotektin kesme değeri 212,3 (pg/mL) bulundu ve bu değer BH için duyarlılık %100 ve özgüllük %90 idi.
Sonuç: Serum kalprotektin, enflamatuvar durumun değerlendirilmesinde ve BH’nin tanısında faydalı biyobelirteç olabilir. Toplam demir
bağlama kapasitesi ve hemoglobin, Behçet hastalarında demir eksikliği anemisini değerlendirmek için daha faydalı olabilir.
Anahtar kelimeler: Behçet hastalığı, kalprotektin, hepsidin, demir, ferritin

Introduction
Behçet’s disease (BD) is an inflammatory disorder that
affects the different parts of body including eyes, joints,
mucocutaneous tissues, vascular and central nervous systems
(1). Although genetic factors, infectious agents, heat shock
proteins, endothelial cell dysfunction, oxidative stress, humoral
and cellular immunity are thought to play in etiopathogenesis of
BD the exact mechanism is not fully known (1,2).

Previous clinical studies have emphasized the importance
of neutrophil hyper activation in the pathogenesis of BD (36) Calprotectin is a cytosolic protein of polymorph nuclear
leukocytes. It is released by neutrophils and monocytes
during inflammation and shows proinflammatory activity (7).
Calprotectin is also known as a metal-chelating antimicrobial
protein of the innate immune response (8) and has a role in iron
metabolism. Previous clinical studies have shown elevated serum
calprotectin levels in rheumatoid arthritis (RA) and ankylosing
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spondylitis (AS) (9,10). However, little is known about the
change of serum calprotectin levels in BD.
Iron is an important trace element, which plays a crucial role
in cytokine production, oxygen transport, cell division and the
production of hemoglobin and myoglobin (11). Dysregulation of
iron metabolism has been associated with defects in the immune
system (12). Hepcidin is a liver-expressed protein involved in iron
uptake into the circulation. Increased serum hepcidin levels have
been reported in inflammatory and some rheumatic diseases
(13-16).
To date, only a few clinical studies have evaluated serum
calprotectin or hepcidin levels in BD, and the majority of those
studies have measured fecal calprotectin levels (17,18). In
addition, those studies have not adequately investigated the
relationship of serum calprotectin and hepcidin levels with
disease duration of BD. Therefore, the aim of this study was to
measure serum calprotectin, hepcidin, iron and ferritin levels in
BD, and to investigate the relationship of serum calprotectin and
hepcidin levels with disease duration. It is thought that this study
provides an exciting opportunity to advance existing knowledge
regarding the relationship between iron metabolism, hepcidin
and calprotectin in BD patients.

Materials and Methods
This study was conducted between June 2018 and June 2019.
We included 40 BD patients who met the diagnostic criteria
of the BD International Study Group (1990) and 40 healthy
control subjects in the study. Subjects were excluded from the
study if they were aged <18 or >60 years, had any systemic
disease other than BD, such as heart, liver or kidney disease,
any inflammatory rheumatic disease such as RA, AS, Familial
Mediterranean fever, or systemic lupus erythematosus, any
pulmonary disease, any acute or chronic infection, malignancy,
metabolic, endocrine or hematological disease, were pregnant
or breastfeeding, or consumed alcohol. The control group
consisted of volunteers who were determined to be healthy.
The control group inclusion criteria were age in the range
of 18-60 years, and no known acute or chronic infection,
systemic disease, or hematological or metabolic disorder. The
study was approved by the Cumhuriyet University Clinical
Research Ethics Committee (decision no: 2018-06/12 date:
26.06.2018). Written informed consent was obtained from
each participant.
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the electrochemiluminescent method was applied (Roche
Cobas e601, Germany). Colorimetric methods were used to
determine the serum iron and unsaturated iron binding capacity
(UIBC) levels (Roche Cobas, c702, Germany). Complete blood
count analysis was applied using an auto hematology analyzer
(Mindray, BC 6800, China). Total iron binding capacity (TIBC)
levels were calculated with the following formula; serum UIBC
+ serum iron.

Statistical Analysis
Data normality was evaluated using histogram, q-q graphs and
D’Agostino & Pearson normality test. Levene’s test was used
to assess the variance homogeneity. Student’s t and MannWhitney U tests were performed to compare parametric
and non-parametric distributed parameters. Chi-square test
was used to compare categorical variables. The correlation
between quantitative data was assessed by Spearman’s
test. Data analysis was conducted using GraphPad Prism
version 7.01 for Windows, GraphPad Software, La Jolla
California USA, “www.graphpad.com” p values less than
5% was considered as statistically significant. Figure 1 and
2 were obtained using BoxPlotR: a web-tool for generation
of box plots (http://shiny.chemgrid.org/boxplotr/). Receiver
operating characteristic (ROC) curves were plotted for the
calprotectin to detect the predictive performance of the
BD patients from healthy controls. The area under curves
also, cut-offs were determined for each variable. Sensitivity,
specificity, positive predictive rate, negative predictive rate and
area under curve diagnostic measures were calculated. ROC
analyses were conducted using Turcosa Cloud (Turcosa Ltd
Co, Turkey) statistical software. A p-value less than 5% was
considered as statistically significant. In the power analysis for
this study, using α=0.05 β=0.10 (1-β)=0.90, it was decided
to include 40 individuals in each group, and the power of the
test was p=0.90310.

Blood Sample Collection and Analyzing
A venous blood sample was taken from each study participant
into a red top tube (Becton Dickinson, UK). After clotting, the
serum sample tubes were centrifuged at 3,500 rpm for 15
minutes at 4 °C. The serum was aliquoted and stored at -80
°C until assay (WiseCryo, South Korea). The serum hepcidin
and calprotectin levels were determined using the quantitative
sandwich ELISA technique (Cloud-Clone Corp, Hubei, China).
All assays were applied according to the manufacturer’s
instructions. For the measurement of serum ferritin levels,

Figure 1. Comparisons of calprotectin levels between patients and
controls. Center lines show the medians; box limits indicate the 25th
and 75th percentiles as determined by R software; whiskers extend
1.5 times the interquartile range from the 25th and 75th percentiles,
outliers are represented by dots; crosses represent sample means;
bars indicate 95% confidence intervals of the means. n=40 sample
points
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Results
A statistically significant difference was not found between
the groups in terms of the sociodemographic characteristics
including age, gender and smoking history (Table 1). The clinical
findings of the patients and control group are presented in Table
2. Median calprotectin levels were 980.80 (444.10-1420.00)
and 85.12 (43.39-155.80) pg/mL in patients and controls,
respectively (Figure 1). Statistically significant difference was
found between the groups in respect of calprotectin (p<0.05),
UIBC (p<0.05), high-sensitive C-reactive protein (hsCRP) (p<0.05),
erythrocyte sedimentation rate (ESR) (p<0.05) and hemoglobin

(p<0.05) levels. No statistically significant differences were not
determined between the patients and the controls in terms of
hepcidin, iron and ferritin levels. The laboratory findings are
shown in Table 3. There was no statistically significant correlation
among serum calprotectin, hepcidin and disease duration in
the patients. Receiving operating characteristic analyses were
applied for calprotectin and the area under the curve values
were found to be 0.935 (0.87-1.00) as shown in Figure 2. Cut
off values of 212.3 for calprotectin were obtained to identify the
BD patients with a sensitivity and specificity of 100% and 90%,
respectively, in the ROC analysis (Figure 2).

Discussion

Table 1. Sociodemographic data of groups
Patients
(n=40)

Controls
(n=40)

p

Age (years)

37.87±10.67

33.42±10.29

0.061

Gender
(female/male)

26/14

31/9

0.217

Tobocco use
(no)

34

38

0.762

The main results of the present study were that higher
calprotectin, TIBC and hsCRP levels in patients. No statistically
significant difference was found between patients and controls
in terms of serum hepcidin, iron ad ferritin levels. No correlations

p<0.05 value was regarded as significant

Table 2. Clinical findings and drug use of patients
Disease duration (month)

82.65±45.74

Oral ulcers

40 (100)

Genital ulcers

28 (70)

Oculer lesions

17 (42.5)

Arthritis

15 (37.5)

Skin lesions

29 (72.5)

Pathergy

18 (45)

Vascular lesions

16 (40)

Drug use

-

Colchicine

40 (100)

Imuran

4 (10)

TNF inhibitor

1 (2.5)

TNF: Tumor necrosis factor, results were given as mean ± standard deviation
and n (%)

Figure 2. Evaluation of the diagnostic performance of calprotectin
predicting the Behçet’s patients
ROC: Receiver operating characteristic AUC: Area under the curve

Table 3. Comparison of laboratory parameters between patients and controls
Patients (n=40)

Controls (n=40)

p

*Calprotectin (pg/mL)

980.80 (444.10-1420.00)

85.12 (43.39-155.80)

<0.0001

Hepcidin (pg/mL)

475.8±50.33

480.5±49.08

0.946

Hemoglobin (g/dL)

13.16±1.55

13.95±1.80

0.041

Iron (mg/dL)

62.85±38.37

69.07±35.18

0.452

*Ferritin (µg/L)

18.98 (9.36-64.52)

25.37 (7.80-61.56)

0.785

hsCRP (mg/L)

6.47±5.90

3.85±1.99

0.011

UIBC (mg/dL)

332.60±80.52

240.90±103.0

<0.001

*ESR (mm/h)

11.00 (5.50-30.50)

8.00 (5.00-11.75)

0.002

hsCRP: High-sensitive C-reactive protein; ESR: Erythrocyte sedimentation rate, UIBC: Unsaturated iron binding capacity. Results are given mean ± standard deviation and
*median 1th and 3th quartiles, p<0.05 value was regarded as significant
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were found among hepcidin, calprotectin and disease duration.
Calprotectin is considered as an important biomarker of
inflammation in various inflammatory rheumatological
disorders (7,19). The levels of calprotectin levels can be
associated with disease activity, clinical characteristics and
laboratory results in some rheumatological disorders (7).
In the present study serum calprotectin levels were found
higher in BD patients than healthy subjects. Serum, fecal and
synovial fluid calprotectin levels have been studied in different
rheumatological diseases (17-21). Fecal calprotectin levels
were found to be higher in BD patients with no gastrointestinal
symptoms when compared to a healthy control group (17).
Omma et al. (20) reported that calprotectin levels were
higher in patients with BD compared to healthy control
subjects. It has been found higher serum calprotectin levels
in BD patients. In the same study disease activity has been
found related with serum calprotectin levels (21). A recent
study showed that synovial fluid calprotectin levels might be
relevant biomarker to discriminate septic arthritis from other
inflammatory arthritis (19). Viemann et al. (22) reported
that calprotectin induced thrombogenic and inflammatory
responses in microvascular endothelial cells might play an
important role in the pathogenesis of vasculit. Hirono et al.
(23) reported increased serum calprotectin levels in patients
with Kawasaki disease, and this may be related with disease
activity. A meta-analysis reported high calprotectin levels
in patients with RA (19). In a clinical study by Huang et al.
(24), serum calprotectin levels were found to be higher in AS
patients compared to a healthy control group. The findings of
the present study are consistent with the results of previous
studies. In the current study, a cut off value of 212.3 pg/
mL for calprotectin was obtained with sensitivity of 100%
and specificity of 90% in the discrimination of the BD. In
our study we also found higher hsCRP and ESR levels which
are well known inflammatory markers in rheumathologic
disease in patients than controls. Thus, we thought that
serum calprotectin could be useful biomarker in combination
with other well-known inflammatory markers to indicate the
presence of inflammation in patients with BD.
Iron deficiency anemia is common clinical findings of certain
rheumatic disease (25). Commonly used biomarkers to evaluate
the status of iron metabolism are hepcidin, iron, ferritin and
transferrin saturation (26). In this study we found lower hepcidin,
ferritin and iron levels compared to healthy controls. However
the differences were not statistically significant. Conflicting
results have been reported on the iron metabolism biomarkers
in BD (27-32). In a study by Kuo et al. (31) the serum iron level
of BD patients was shown to be lower than that of the control
group. In another study by Gonul et al. (30), the serum iron
level in BD was found to be low, and no difference was seen
in the serum ferritin level compared to healthy individuals. The
serum ferritin level has been shown to be high in patients with
active BD (29). It has been shown that serum hepcidin levels
increase in the presence of infections and some inflammatory
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rheumatic diseases (27,28). In a clinical study by Koca et al. (32),
it was reported that serum hepcidin levels were higher in RA
patients compared to the healthy control group. In contrast,
Demir et al. (33), reported that serum hepcidin levels were
not found to be significantly different between patients with
BD and healthy control subjects. In another clinical study of BD
by Cicek et al. (34), serum hepcidin levels in BD patients were
not found to be different from those of the healthy control
group. Proinflammatory cytokines increase the levels of ferritin
and hepcidin levels (27). The reason for the different results in
terms of hepcidin and ferritin status between our and previous
studies might be related with the differences of the level of
disease activities. In the current study we found higher TIBC
and lower hemoglobin levels in patients than controls. TIBC
and hemoglobin are the other well-known biomarkers in the
diagnosis of iron deficiency anemia (35). Early detection of
anemia is important to increase the quality life of patients and
decrease the morbidity and mortality in rheumatic diseases (25).
Thus, we thought that because of the limitations of hepcidin,
ferritin and iron TIBC and hemoglobin levels may be more useful
in the diagnosis and follow-up of iron deficiency anemia in
Behçet patients.
The limitations of this study include the small patient population
and the absence of a test to measure interleukin-6 and fecal
calprotectin.

Conclusion
Serum calprotectin may be useful biomarkers in the evaluation
of inflammatory status and diagnosis of BD. To diagnosis of iron
deficiency anemia in Behçet patients is important to decrease
the severity of the disease. Therefore we also think that
measurements of TIBC and hemoglobin may be more useful
to evaluate iron deficiency anemia in Behçet patients. Further
research is needed to confirm these findings and to examine
possible explanations.
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