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ABSTRACT 

Aim: Homocitrulline (Hcit) is a modified amino acid originated by carbamylation of lysine residues and 
it is considered a potential biomarker in inflammatory diseases. Behçet's disease (BD) is an 
autoinflammatory disease, the diagnosis of the disease is based on clinical findings. Our aim was to 
investigate Hcit levels in inactive, active patients with BD and healthy subjects and to contribute to the 
elucidation of the relationship between Hcit levels and pathogenesis and activation of BD. 

Material and Methods: The study included 26 active, 34 inactive patients with BD, and 30 healthy 
volunteers. Serum Hcit and lysine levels were quantified using the tandem mass spectrometric method 
(LC-MS/MS). Serum high sensitivity-CRP (hs-CRP) levels were quantified by IMMAGE 800 system 
(Beckman Coulter, Brea, USA). Various hematological and biochemical parameters of patients were 
quantified by Beckman Coulter LH 780 and Beckman-Coulter AU 5800, respectively. 

Results: Hcit/lysine ratio (μmol Hcit/mol lysine) was statistically significantly higher in patients with BD 
[844.6(453.8-5975.4)] than healthy controls [334.9(117-509.3), (p<0.002)] and was remarkably higher 
in the active group [1307.0(453.8-5975.4)] compared to the inactive group [666.5(462.6-1777.2), 
p=0.005]. Moreover, Hcit/lysine ratios were positively correlate with hs-CRP (r= 0.353, p=<0.001). 

Conclusion: Our findings showed that serum Hcit levels were high in patients with BD, and serum Hcit 
levels were correlated with the inflammatory load. Increased Hcit concentrations may be related to the 
autoinflammatory process and vascular damage in BD. 
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ÖZET 
 

Amaç: Homositrulin (Hcit), lizin kalıntılarının karbamilasyonundan kaynaklanan modifiye bir amino 
asittir ve inflamatuar hastalıklarda potansiyel bir biyobelirteç olabileceği düşünülmektedir. Behçet 
hastalığı (BH) otoinflamatuar bir hastalıktır, hastalığın tanısı klinik bulgulara dayanır. Amacımız aktif, 
inaktif BH olan bireylerde ve sağlıklı kişilerde Hcit düzeylerini araştırmak ve Hcit düzeyleri ile BH'nin 
patogenezi ve aktivasyonu arasındaki ilişkinin aydınlatılmasına katkıda bulunmaktı. 

Gereç ve Yöntem: Çalışmaya 26 aktif, 34 inaktif BH tanısı alan birey ve 30 sağlıklı gönüllü dahil edildi. 
Serum Hcit ve lizin seviyeleri, tandem kütle spektrometrik yöntem (LC-MS/MS) ile ölçüldü. Serum yüksek 
hassasiyetli-CRP (hs-CRP) seviyeleri IMMAGE 800 sistemi (Beckman Coulter, Brea, ABD) ile ölçüldü. 
Hastaların çeşitli hematolojik ve biyokimyasal parametreleri sırasıyla Beckman Coulter LH 780 ve 
Beckman-Coulter AU 5800 cihazları ile ölçüldü. 

Bulgular: Hcit/lizin oranı (μmol Hcit/mol lizin) Behçet hastalarında [844.6(453.8-5975.4)] sağlıklı 
kontrollerden [334.9(117-509.3), (p<0.002)] istatistiksel olarak anlamlı düzeyde yüksekti ve aktif grupta 
[1307.0(453.8-5975.4)], inaktif gruba göre [666.5(462.6-1777.2), p=0.005] istatiksel olarak anlamlı 
düzeyde yüksekti. Ayrıca, Hcit/lizin oranları, hs-CRP düzeyleri ile pozitif koreleydi (r= 0.353, p=<0.001). 

Sonuç: Bulgularımız, Behçet hastalarında serum Hcit düzeylerinin yüksek olduğunu ve serum Hcit 
düzeylerinin inflamatuar yük ile korele olduğunu gösterdi. Artmış Hcit konsantrasyonları, BH'de 
otoinflamatuar süreç ve vasküler hasar ile ilişkili olabilir. 

Anahtar kelimeler: Behçet hastalığı; homositrülin; enflamasyon; vasküler komplikasyon. 
 
 
 
 

 

INTRODUCTION 

Behçet's disease (BD) is an autoimmune, 
inflammatory, chronic disease with oral and 
genital aphthous ulcers, skin lesions, and 
uveitis. BD was first defined by Dr. Hulusi 
Behçet in 1937 (1). BD is a multisystemic 
disease that may affect the gastrointestinal, 
cardiovascular, pulmonary, musculoskeletal, 
and central nervous systems. Although the BD 
has a worldwide distribution, it is more 
common, especially along the Silk Road, a 
historic trade route between East Asia and the 
Mediterranean (2). BD is most commonly 
seen in Turkey, with a prevalence of 
421/10000; Iran, Israel, and Japan follow it. 
The mean diagnosis age of the BD is 20-40 
years and is rare to be observed in children 
and individuals over 50 years of age (3). The 
etiology and pathogenesis of BD are still 
unclear. However, it is considered that 
autoimmune and inflammatory disorders, 
genetic predisposition, and environmental 
factors may play a vital role in the pathology 
of BD (4). HLA-B51 antigen is shown as the 
most critical genetic predisposition factor in 
BD (5). BD frequency is associated with up to 
80% HLA-B51 antigen in Asian countries on 
the Silk Road and up to 55% in Japan (6). 
Environmental factors, including mechanical 
elements, smoking patterns, and food 
consumption, especially infectious agents, are 
essential in the pathogenesis of BD. Although 
the clinical manifestations of BD are variable, 

the most common are skin-mucosal lesions 
(7). Because there is not a single specific 
marker or specific laboratory test for disease 
diagnosis, the diagnosis is made with the 
criteria recommended by the International 
Study Group (8). However, some studies have 
shown that various biochemical and 
hematologic parameters such as neutrophils 
(NEU), white blood cells (WBC), and platelets 
(PLT) are elevated in patients with BD (9). 

Inanır et al. reported that erythrocyte 
sedimentation rate (ESR) and C-reactive 
protein (CRP) levels were statistically 
significantly higher (p <0.05) in the BD group 
than the control group (10). Aksoy et al. 
reported that ESR, high-sensitivity C-reactive 
protein (hs-CRP), and red cell distribution 
width (RDW) levels in BD were higher than the 
healthy subjects (11). Briefly, various studies 
have reported different routine parameters 
such as ESR, CRP, and RDW increase in BD, 
but the changes in these parameters are not 
always correlated with clinical activity. 
Therefore, various studies have been 
conducted on different candidate markers for 
diagnosing the disease. Karatay et al. showed 
that vitamin D levels were reduced in patients 
with BD (12). Mesci et al. reported that serum 
pentraxin-3 levels were significantly higher in 
BD compared to the control group (13). 
Sarican et al. reported that homocysteine 
concentrations were significantly higher in 
active BD than inactive BD and healthy 
subjects (14). Studies investigating potential 
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markers that may be useful in diagnosing BD 
are increasing.  

Carbamylation is a non-enzymatic post-
translational modification that occurs by 
binding isocyanic acid to amino groups of 
proteins (15). The most well-known 
carbamylation product is homocitrulline (Hcit) 
formed by converting lysine residues of 
proteins (16). Recent studies have indicated 
that Hcit is a candidate biomarker for 
monitoring various diseases such as chronic 
renal failure, cardiovascular diseases, and 
rheumatoid arthritis (17-19). Increasing 
evidence suggests that protein carbamylation 
is a significant risk factor, especially for 
atherogenesis and endothelial dysfunction. 

Vasculitis and perivascular infiltration that 
affects vessels of various sizes is one of the 
main pathological processes in BD. It has also 
been shown that carbamylated proteins 
induce the inflammatory response and are 
involved in autoimmune diseases' 
pathogenesis (20). Therefore, considering the 
vascular and inflammatory pathology of BD, 
the study aimed to investigate serum Hcit as a 
possible marker in the diagnosis of BD. 
However, various difficulties were 
encountered in measuring Hcit levels. Initially, 
colorimetric and ninhydrin-based 
chromatographic methods were developed to 
measure Hcit levels, but the desired sensitivity 
and reliability were not achieved in these 
methods (21). With LC-MS / MS-based 
methods, Hcit levels could be measured as 
sensitive, specific, and reliable (22). We aimed 
to investigate Hcit levels in inactive, active 
patients with BD and healthy subjects and 
contribute to the elucidation of the 
relationship between Hcit levels and 
pathogenesis and activation of BD. 

MATERIALS and METHODS 

Study design 

Patients 

The study included 60 patients diagnosed 
with BD according to the criteria determined 
by the International Study Group and 
admitted to the Selcuk University Faculty of 
Medicine Rheumatology outpatient clinic. 26 
patients were included in the active group if 

they had at least two clinical findings: oral 
aphthae, genital ulceration, skin findings, 
joint, eye, neurological, and gastrointestinal 
system involvement, while 34 patients 
without active findings were included in the 
inactive group by clinicians. 30 healthy 
volunteers with similar age distribution were 
also included in the study. Subjects with 
chronic kidney, liver disease, diabetes, 
cardiovascular disease and risk factors, other 
rheumatic diseases, neurodegenerative 
disease, and infectious disease were 
excluded from the study. Venous blood 
samples of all participants were taken to 
serum separator tubes and tubes containing 
K2-EDTA after 12-h overnight fasting. 
Separated serum samples were stored at -80 
°C by analysis time. All patients provided 
written informed consent. This study was 
approved by Selcuk University Faculty of 
Medicine ethics committee (Number: 
2018/08, Date:03/01/2018). 

Laboratory analysis 

Serum creatinine (CRE) and hs-CRP levels 
were measured with Beckman-Coulter AU 
5800 (Beckman Coulter, Brea, USA) and 
IMMAGE 800 system (Beckman Coulter, Brea, 
USA), respectively. Total white blood cell 
count (WBC), lymphocyte (LYM), neutrophil 
(NEU), hemoglobin (HGB), mean corpuscular 
hemoglobin (MCH), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin 
concentration (MCHC), mean corpuscular 
hemoglobin (MCH), red cell distribution width 
(RDW), platelet (PLT) count, red blood cell 
count (RBC), mean platelet volume (MPV), 
platelet distribution width (PDW), hematocrit 
(HCT) levels were measured using complete 
blood samples by Beckman Coulter LH 780 
analyzer (Beckman Coulter, Miami, FL, USA). 
The erythrocyte sedimentation rate (ESR) was 
measured with Alifax (Padova, Italy). 

Serum Hcit analysis 

Hcit and lysine levels were quantified by 
modifying the method developed by Dietzen 
et al (23). Briefly, 200 μl of each standard and 
samples were taken into Eppendorf tubes, 
and 50 μl of d4-L-citrulline and 50 μl of d8-L-
lysine were added to internal standards. To 
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precipitate proteins, 850 μl of methanol was 
added to the mixture, and it was vortexed for 
30 seconds, then incubated for 10 minutes 
at room temperature. They were centrifuged 
at 13000 rpm for 5 minutes, and the 
supernatant was taken into reaction tubes 
and then evaporated under nitrogen gas at 
65 °C. 200 μl of 3N HCl / n-butanol mixture 
was added after evaporation was completed. 
The tubes were sealed and kept at 65 °C for 
30 minutes. After incubation, the evaporation 
process was repeated. The residues were 
dissolved in 250 μL of acetonitrile: water, 
including 0.1% formic acid mixture (20:80; 
v:v%), and 40 μL was injected into LC-MS/MS 
system. 

The analytes were detected with API 3200 
triple quadrupole mass spectrometer 
(Applied Biosystems/MDS Sciex) equipped 
with an electrospray ionization interface. 

Separation of analytes was performed using 
a Shimadzu HPLC system (Kyoto, Japan) and 
Phenomenex C18 HPLC column (50 mm x 
4.6 mm, part no: 00B-4041-E0). The mobile 
phase consisted of 0.1% formic acid and 
acetonitrile mixture (80:20; v: v%). Total flow 
rate, run time, and column oven temperature 
were 1 mL/min, 5 min, and 40 °C, respectively.  

The Q1 to Q3 ion transitions were 
246.0/127.0, 203.0/84.0, 236.0/74.0, and 
203.0/84.0 for Hcit, lysine, d4-L-citrulline, 
and d8-L-lysine, respectively. Method 
optimization parameters including ion spray 
voltage, temperature, ion source (GS1) and 
ion source (GS2), curtain, collision gas 
values were adjusted as 5000 V, 400 OC, 40, 
60, 20, and 5 psi, respectively. The intra- and 
inter-assay imprecision values of the method 
for Hcit are 4.3% and 6.4%, respectively. The 
recovery value is 97.8%. 

Statistical analysis 

SPSS statistical software package version 
21.0 was used for statistical analysis. The 
distribution of data was determined with the 
One-Sample Kolmogorov-Smirnov test. 
Student's T-test and Mann-Whitney U tests 
were performed to compare the mean and 
median values of the two groups, 
respectively. One-way ANOVA analysis (post-

hoc analysis with Tukey or Tamhane's T2 
tests) and Kruskal – Wallis test (post-hoc 
analysis Mann-Whitney U) were respectively 
performed for comparing mean and median 
values between more than two groups. The 
correlation analysis was performed with 
Spearman and Pearson correlation tests. 
P<0.05 was accepted as statistically 
significant. Medcalc software package version 
19.4 was used for Receiver Operating 
Characteristic (ROC) curve analysis. 

RESULTS 

The study included 26 active (18 male and 8 
female), 34 inactive (23 male and 11 female) 
patients with Behçet, 30 healthy subjects (20 
male and 10 female). The mean age of 
inactive, active Behçet, and control groups 
were 44.2±12.5, 44.4±15.6 and 44.7±2.3 
years, respectively. The mean ages of the 
three groups were similar (p=0.985). Clinical 
findings of patients were shown in Table 1. 

Table 1. Clinical manifestations of the patients with 
Behçet’s Disease. 

Tablo 1. Behçet hastalarının klinik belirtileri. 

 Number Percent 

Oral aphthae 50 83.3 

Genital ulceration 37 61.7 

Vascular involvement 35 58.3 

Neurological involvement 10 16.7 

Ocular lesion 32 53.3 

Skin involvement 31 51.7 

Pathergy positive 40 76.7 

 
Serum Hcit concentration was found to be 
statistically significantly higher in the Behçet 
group [0.87(0.43-13.92) mol] than in the 
healthy subjects [0.38(0.16-0.61) mol, 
p<0.001], while lysine levels were 
statistically significantly lower in the Behçet 
group [989.7(369.2-3273.9) mol, p=0.048]. 
Hcit/lysine ratio (μmol Hcit/mol lysine) was 
statistically significantly higher in Behçet 
group [844.6(453.8-5975.4) μmol Hcit/mol 
lysine] than in healthy controls [334.9(117-
509.3) μmol Hcit/mol lysine, p<0.001]. 
Serum Hcit concentration was found to be 
statistically significantly higher in the active 
subgroup [1.28(0.43-13.92) mol] compared 
to the inactive subgroup [0.76(0.45-3.26) 
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mol, p=0.001]. In contrast, no significant 
difference was found between serum lysine 
levels (p=0.296). Hcit/lysine ratio was 
statistically significantly higher in the active 
group [1307.0(453.8-5975.4) μmol Hcit/mol 
lysine compared to the inactive group 
[666.5(462.6-1777.2) μmol Hcit/mol lysine, 
p=0.005]. Compared to the inactive 
subgroup control group, Hcit concentration 
(p<0.001) and Hcit/lysine ratio (p<0.001) 
were found higher in the inactive group, 
while no significant difference was found 
between lysine levels (p=0.282). The 
comparison of serum Hcit, lysine, and 
Hcit/lysine ratio in patients with BD and 
healthy subjects was shown in Table 2. 

Moreover, Hcit/lysine ratios were positively 
correlate with CRP (r= 0.353, p=<0.001), 
PLR (r= 0.348, p=0.001), PLT (r= 0.345, 
p=0.001), urea (r= 0.342, p=0.002)  NLR 
(r= 0.248, p=0.018), RDW (r= 0.263, 
p=0.012), ESR (r= 0.262, p=0.013), NEU (r= 
0.208, p=0.049) and negatively correlate 
with eGFR (r=-0.414, p<0.001). The level of 
laboratory parameters of the patient and 
control groups were shown in Table 3. 

Area under curve (AUC) values were 
determined as 0.997 (95% CI 0.923 to 
0.988, p <0,0001), 0.955 (95% CI 0.914 to 
0.984, p <0,0001), 0.777 (95% CI 0.669 to 
0.886, p=0.001), 0.737 (95% CI 0.623 to 

0.850, p=0.001), 0.734 (95% CI 0.615 to 
0.854, p=0.005), 0.726 (95% CI 0.598 to 
0.855, p=0.001), 0.723 (95% CI 0.604 to 
0.841, p=0.007), 0.701 (95% CI 0.576 to 
0.827, p=0.015), 0.637 (95% CI 0.508 to 
0.766, p=0.049) for serum Hcit/lysine ratio, 
Hcit, RDW, hs-CRP, NLR, NEU, PLR, PLT, ESR 
respectively. The sensitivity and specifity 
were found to be 98% and 96.7% for 442.15 
μmol Hcit/mol lysine cut-off value. Reciever 
operating curves (ROCs) for serum Hcit/lysine 
ratio, hs-CRP, RDW, NEU, NLR, PLR were 
shown in Figure 1. 

 

Figure 1. Reciever operating curves (ROCs) for 
serum Hcit/lysine ratio, hs-CRP, RDW, 
NEU, NLR, PLR. 

 
Table 2. Comparison of serum Hcit, lysine and Hcit/lysine ratio in patients with BD and healthy subjects. 
Tablo 2. Behçetli hastalarda ve sağlıklı deneklerde serum Hcit, lisin ve Hcit/lizin oranının karşılaştırılması. 

 Behçet group Control group Inactive group Active group p 

     a:p<0.001 

Hcit (mol) 
0.87 

(0.43-13.92) 
0.38 

(0.16-0.61) 
0.76 

(0.45-3.26) 
1.28 

(0.43-13.92) b:0.001 
     c:p<0.001 
     d:p<0.001 
     a:0.048 

Lysine (mol) 
989.7 

(369.2-3273.9) 
1212.3 

(876.7-2075.3) 
1082.19 

(369.2-3273.9) 
856.16 

(517.8-2739.7) b:0.296 
     c:0.013 
     d:0.282 
     a:p<0.001 

μmol Hcit/mol 
lysine 844.6(453.8-5975.4) 

334.9 
(117-509.3) 

666.5 
(462.6-1777.2) 

1307.0 
(453.8-5975.4) b:0.005 

     c:p<0.001 
     d:p<0.001 
      

p <0.05 value was accepted as the significance value, a:  Behçet group vs control group, b: active subgroup vs 
inactive subgroup, c: active subgroup vs control group, d: inactive subgroup vs control group. 
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Table 3. Laboratory parameters of patients with BD and healthy controls. 
Tablo 3. BB'li hastalar ve sağlıklı kontrollerin laboratuvar parametreleri. 

 Behçet group Control group Active group Inactive group p 
     a:0.812 

WBC (k/μL) 7.40±2.01 7.29±1.91 8.15±2.45 6.83±1.38 b:0.030 

     
c:0.304 
d:.0.617 

     a:0.001 
PLT (k/μL) 295.9±49.7 253.2±58.9 317.8±55.9 279.2±37.1 b:0.011 

     
c:p<0.001 

d: 0.105 
     a:0.919 

MCV (fl) 86.95±7.38 87.10±3.99 84.3±3.6 88.9±8.7 b:0.020 

     
c:0.022 
d:0.597 

     a:0.396 
RBC (106/μL) 4.90±0.58 4.80±0.44 5.05±0.34 4.78±0.68 b:0.140 

     
c:0.053 
d:0.993 

     a:0.521 
LYM (k/μL) 2.21±0.85 2.34±0.89 2.45±1.02 2.03±0.67 b:0.202 

     
c:0.967 
d:0.471 

     a:0.002 
MCHC (g/dL) 32.83±0.97 33.47±0.83 32.82±1.1 32.81±0.87 b:0.932 

     
c:0.038 
d:0.018 

     a:0.013 
ESR (mm/hr) 18.5±7.83 10.3±3.31 22.2±9.1 13.1±5.2 b:0.006 

     
c:p<0.001 

d:0.343 
     a:0.691 

HGB (g/dL) 14.0(1.19-17.0) 14.1(12-18) 14.0(1.2-16.20) 14.0(9.10-17.0) b:0.811 

     
c:0.767 
d:0.706 

     a:0.240 
MCH (pg) 28.0(21.9-34.4) 29.4(26.0-40.0) 27.5(23.3-31.0) 30.2(21.9-34.4) b:0.014 

     
c:0.003 
d:0.562 

     a:0.001 
RDW (%) 15.0(11.4-19.5) 14.0(12.0-18.0) 15.0(13.0-18.0) 15.0(11.4-19.5) b:0.511 

     

c:0.001 
d:0.013 

 
     a:0.980 

PDW (%) 16.6(9.5-18.9) 16.5(15.0-18.0) 16.3(14.7-18.9) 17.0(9.5-18.3) b:0.119 

     
c:0.339 
d:0.457 

     a:0.201 
MPV (fl) 8.1(6.9-11.0) 8.3(6.7-15.0) 7.9(6.9-11.0) 8.3(7.1-9.9) b:0.570 

     
c:0.143 
d:0.404 

     a:0.001 
NEU (k/μL) 4.8(3.2-9.5) 3.9(1.3-6.2) 5.0(3.4-9.5) 4.6(3.2-7.1) b:0.141 

     
c:0.002 
d:0.012 

     a:0.001 
NLR 2.4(1.3-5.9) 1.7(0.5-5.2) 2.59(1.33-5.5) 2.30(1.55-5.94) b:0.765 

     
c:0.005 
d:0.002 

     a:p<0.001 
PLR 156.3(66.1-317.4) 109.3(40-264.6) 156.1(66.1-278.9) 156.5(76.8-317.4) b:0.612 

     
c:0.001 
d:0.003 

     a:0.672 
CRE (mg/dL) 0.72(0.42-1.13) 0.70(0.55-1.19) 0.73(0.42-0.85) 0.71(0.59-1.13) b:0.680 

     
c:0.564 
d:0.252 

eGFR (mL/min) 120.0±11.71 127.01±22.74 117.4±11.6 122.2±11.0 a:0.594 

     

b:0.149 
c:0.058 
d:0.694 

a:p<0.001 
hs-CRP (mg/L) 3.06(0.36-13) 1.75(0.32-4.0) 4.75(0.36-12) 2.19(0.44-13) b:0.029 

     
c: p<0.001 

d:0.011 

p <0.05 value was accepted as the significance value, a:  Behçet group vs control group, b: active subgroup vs inactive subgroup, c: 
active subgroup vs control group, d: inactive subgroup vs control group. 
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DISCUSSION 

BD is a multisystemic, recurrent, chronic, 
and inflammatory disorder. The laboratory 
findings of the disease are not specific, and 
the diagnosis is generally based on the 
clinical evaluation of the subjects. Therefore, 
new markers are needed, especially in the 
diagnosis and treatment process of disease 
(1,2).  

Carbamylation is a non-enzymatic modification 
formed by the binding of isocyanic acid to the 
amino group of proteins. This reaction leads 
to changes in structural and functional 
characteristics of proteins, leading to their 
molecular aging. Carbamylated proteins 
exhibit harmful effects in biological systems 
and are related to the pathogenesis of various 
inflammatory and chronic diseases such as 
atherosclerosis, rheumatoid arthritis, and 
chronic kidney disease. Therefore, 
carbamylated proteins may be valuable 
biomarkers for many diseases, and research 
on carbamylated proteins has increased 
considerably lately. Hcit is the most 
characteristic carbamylation product, and it 
can be measured as sensitive and specific by 
mass spectrometry-based methods.    

In the study performed by Jaisson et al. it 
was found that altered Hcit concentrations at 
the beginning, sixth and twenty-fourth 
months of treatment of hemodialysis 
patients with chronic renal failure. A total of 
108 patients were evaluated for HCit levels, 
and the value of 1000 μmol / mol lysine 
before treatment decreased by 50% in the 
sixth month of treatment and remained 
constant over the twenty-four-month period. 
Therefore, it was emphasized that Hcit is a 
reliable biomarker in the follow-up of chronic 
renal failure patients (24). 

A study investigating the relationship 
between serum Hcit and coronary artery 
disease; Hcit levels of 45 patients and 109 
controls. It was demonstrated Hcit levels 
(0.17–0.25 mmol/mol lysine) were higher in 
the patient group than in the control group 
(0.10–0.15 mmol/mol lysine) (25) . 

Desmons et al. performed a study that 
included 145 patients with chronic renal 

failure, 29 patients with chronic renal failure 
complicated with acute renal failure, 39 
patients with acute renal failure. Serum Hcit 
concentrations found in the group with 
chronic renal failure were significantly higher 
(p<0.05) than in the group with acute renal 
failure in this study (26). 

Although citrulline and Hcit are post-
translational modification products 
(citrullination and lysine carbamylation, 
respectively), they cause similar effects on 
proteins, altering proteins immunogenicity and 
inducing autoantibody response. In the sera of 
patients with rheumatoid arthritis, antibodies 
specific to citrullinated and homocitrullinated 
proteins were detected. Antibodies binding to 
citrullinated proteins (ACPA) is a finding 
specific to rheumatoid arthritis. The ACPA 
antigens described so far are naturally 
occurring proteins in the human body. 
Citrullinated fibrin, vimentin, and histones are 
considered possible autoantigens for ACPAs in 
rheumatoid arthritis. Carbamylation can 
change the charge of proteins and prevent 
their biological functions, similar to 
citrullination. Carbamylation increases the 
reactivity of proteins to citrullinated peptides by 
causing an increase in their immunogenicity. 
Homocitrullinated proteins were also found in 
the joints of patients with rheumatoid arthritis. 
IgG and IgA anti-carbamylated protein (anti-
CarP) antibodies were demonstrated in 
approximately 45% of patients with 
rheumatoid arthritis against carbamylated 
proteins. Anti-carP antibodies do not cross-
react with ACPA, and IgG anti-CarP antibodies 
have been shown in 16% of ACPA-negative 
patients. Anti-CarP antibodies are considered 
new candidate marker antibodies in the 
diagnosis of rheumatoid arthritis (19). 

In summary, carbamylated proteins are 
involved in the pathogenesis of 
autoinflammatory diseases by triggering the 
immunogenic and inflammatory response, 
so carbamylated proteins and autoantibodies 
against them are considered potential 
markers in diagnosing inflammatory 
diseases. Considering the autoinflammatory 
nature of BD, Hcit may be a candidate 
marker for BD and activation of disease. 
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Furthermore, vascular involvement is one of 
the severe involvement of BD. It can affect 
almost all of the vessels in the body. 
However, vein involvement is more common 
than arterial involvement (27). Carbamylation 
involves the pathogenesis of atherosclerosis, 
thrombus formation, and coronary artery 
disease. Protein carbamylation has been 
closely linked to the risk of cardiovascular 
diseases. Carbamylated proteins promote 
endothelial dysfunction. For example, 
carbamylated LDLs play an essential role in 
atherosclerosis with enhanced susceptibility 
to oxidation and adhesion to monocytes in 
endothelial cells. Moreover, it can function as 
the causative agent of thromboembolic 
events in other carbamylated proteins 
localized in the extracellular matrix (28). 

Various biomarkers have been evaluated to 
assess carbamylation; Hcit and albumin are 
frequently used. Most of the potential 
markers are not clinically useful due to 
difficulties in measuring (29). Hcit is 
considered a reliable worldwide marker of 
protein carbamylation. Hcit is a metabolite 
produced due to the reaction of lysine with 
cyanate. Cyanate is produced with various 
pathways, such as urea deamination in the 
body or by oxidation of thiocyanate through 
the myeloperoxidase (MPO) enzyme. Cyanate 
is present in equilibrium with urea in 
physiological conditions. Increasing urea 
concentration in renal failure causes 
carbamylation of many proteins. Apart from 
urea, the other way of forming cyanate is 
carried out by MPO released from 
inflammation areas, including atherosclerotic 
plaques and environmental factors. MPO is a 
heme protein abundant in neutrophils, 
monocytes, and specific tissue macrophages, 
such as in human atheroma. MPO is a 
potential participant in many stages of the 
atherosclerotic process, so MPO catalyzed 
protein carbamylation also increases in 
chronic inflammatory diseases such as 
atherosclerosis, where MPO is catalytically 
active. Studies in transgenic mMPO-knockout 
mice expressing human MPO have shown 
that atherosclerosis accelerates, and Hcit 
concentrations increase in aortic tissue, 
correlated with aortic cholesterol content 

(30). In an age and gender-matched case-
control study with 150 patients with 
cardiovascular disease and 300 controls, a 
correlation was found between the prevalence 
of coronary artery disease, peripheral artery 
disease, and Hcit levels. It has been 
demonstrated that individuals with Hcit 
concentration ≥300 μmol / mol lysine have 
7-8 times more clinical and angiographic 
cardiovascular disease and adverse cardiac 
event risk than those with ≤30 μmol Hcit / 
mol lysine. In another age and gender-
matched case-control study, increased 
plasma Hcit levels could be an independent 
predictor of the risk of cardiovascular 
diseases, myocardial infarction, stroke, and 
death (20). Considering venous pathology, 
thrombotic complications, cardiac 
involvement, and the autoinflammatory 
nature of BD, Hcit can be a risk factor in BD 
pathogenesis and activation.  

Our study evaluated whether Hcit could be a 
marker for BD by measuring Hcit levels in 30 
healthy subjects and 60 patients with BD 
without any renal disorder or other 
inflammatory diseases. It was demonstrated 
that Hcit/lysine ratio was significantly higher 
in the Behçet group than in healthy controls 
(p<0.001), while lysine levels were 
statistically significantly lower in the Behçet 
group (p=0.048). Hcit/lysine ratio (μmol 
Hcit/mol lysine) was statistically significantly 
higher in Behçet group than in healthy 
controls (p<0.001). Serum Hcit 
concentration was statistically significantly 
higher in the active subgroup than in the 
inactive subgroup (p=0.001), while no 
significant difference was found between 
serum lysine levels (p=0.296). Hcit/lysine 
ratio was statistically significantly higher in 
the active group compared to the inactive 
group. Compared to the inactive subgroup 
control group, Hcit concentration (p<0.001) 
and Hcit/lysine ratio (p<0.001) were found 
higher in the inactive group, while no 
significant difference was found between 
lysine levels (p=0.282). Our findings support 
that Hcit may be associated with BD 
activation and pathogenesis. Hcit levels may 
be significantly increased in BD and the 
active group related to vascular complications 
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in BD or triggering the inflammatory 
response due to an increase in the 
immunogenicity of proteins. 

In conclusion, our study showed that Hcit 
levels increased in patients with BD and 
correlated with disease activity. Our study is 
essential for being the first study to measure 
Hcit levels in patients. Increased Hcit 
concentrations may be related to vascular 
damage and the autoinflammatory process 
in BD, thereby being a significant risk factor 
for BD activation and pathogenesis. 
However, the inclusion of a limited number 
of patients and healthy controls, MPO and 
citrulline levels not measured is the lack of 
our study. 
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