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Abstract
Purpose

The molecules human interleukin (IL-18), the soluble cluster of differentiation (sCD40), platelet factor 4
variant 1 (PF4V1), and neutrophil gelatinase-associated lipocalin (NGAL) are all markers of inflammation
in biological systems and are linked to prognosis in several inflammatory diseases as well. Since there is
no study in which the above-mentioned molecules are studied together in ocular Behget's disease (OBD),
the aim of this study is to reveal whether these molecules are activity markers in active (OABD) and
inactive (OIBD) disease.

Methods

30 OABD and 30 OIBD and 30 healthy individuals were included in the study. IL-18, sCD40, PF4V1, and
NGAL molecules were studied in blood samples by the ELISA method.

Results

When OABD and OIBD were compared to healthy individuals, the levels of IL-18, sCD40, PF4V1, and NGAL
molecules were found to be statistically significant. These values were even more significantly higher in
patients with OABD.

Conclusion

When ROC values of IL-18, sCD40, PF4V1, and NGAL are evaluated, it is clear that these four molecules
can be used as biomarkers to aid activity and diagnosis in OBD.

Introduction

Behget's disease (BD) was first identified in 1937 by the Turkish Dermatologist Hulusi Behget (1889-
1948) [1, 2]. BD is a vascular-inflammatory multisystemic disease characterized by recurrent attacks of
oral and genital aphthae, cutaneous lesions, arthritis, gastrointestinal system, central nervous system
involvement, and also eye lesions. When BD in terms of eyes, it is seen that ocular involvement is a
common event from childhood to old age [3]. Ocular involvement associated with BD is a vision-
threatening disease that affects 60—80% of BD patients and is characterized by iridocyclitis with
hypopyon, vitritis, retinal vasculitis, and retinitis, causing structural damage to the eye tissue by
damaging the retina and optic nerve [4]. The etiology of BD is yet to be thoroughly elucidated. However, in
recent years, the tumor, interferon (IFN) -gamma, tissue necrosis factor (TNF) -alpha, interleukin (IL) IL-1,
IL- 6, IL-8, IL-17, and IL-18 have been shown to play significant roles and have direct associations with BD
in many studies, putting aside factors such as age, gender, infectious, psychological, and genetics, which
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are considered to be involved in the etiology of BD [5-7]. IL-18 has been reported to be a potent pro-
inflammatory immunomodulatory cytokine that modulates both natural and adaptive immune systems,
increases cytokine and chemokine production, stimulates neutrophil and lymphocyte chemotaxis, and
IFN-production by natural killer (NK) cells [8, 9]. Previous studies have shown that IL-18 levels are higher
in BD patients compared to the control group, or there is a positive correlation between serum IL-18 levels
and BD disease activity and/or site of uptake [10, 11]. Both macrophages and T cells increase CD40
cytokine output in inflammatory events [12, 13]. Platelets are activated as a result of these events, and
there is a direct link between activated platelets and the inflammatory reaction [14]. Therefore, cytokines
secreted by T helper-1 and 2 cells of the immune system interact with each other in BD [15]. Platelet
factor 4 variant 1 (PF4V1) is another cytokine abundant in alpha granules of platelets belonging to the
CXC family of chemokines, also known as chemokine ligand 4. PF4V1 inhibits the anticoagulant activity
of heparin, is chemotic for neutrophils, monocytes, and fibroblasts, and also inhibits angiogenesis [16].
This cytokine, like other cytokines, is produced de novo in a short period of time in response to immune
stimulation in inflammatory conditions, however they are not stored [17]. PF4V1 has been implicated in a
number of inflammatory disorders, including liver fibrosis, as a pleiotropic inflammatory chemokine [18].
Studies conducted to date have shown that patients with ocular active Behget's disease (OABD) and
ocular inactive Behcet's disease (OIBD) have increased levels of IL-18, CD40, and PF4V1 [10, 19, 20].

However, no studies have been conducted to demonstrate the course of these molecules in patients with
OABD and OIBD; therefore it remains a significant research subject in this area.

Another molecule associated with inflammation is neutrophil gelatinase-B linked lipocalin (Lcn2/NGAL)
[21]. It was first detected in human neutrophil granules [22]. It has been reported that NGAL synthesis
increases from epithelial tissues during inflammation and that the lipocalin superfamily is a 21 kD
protein with antimicrobial siderophore binding properties [23].

The increased amount of NGAL in aqueous humor fluids obtained from patients with idiopathic acute
anterior uveitis was linked to the regulation of inflammation in a previous study, and it was proposed that
it could be used as an oculus biomarker. [24]. In addition, this protein has also been reported to be a
useful biomarker for early detection of cancers [25], inflammatory bowel disease [26], nephritis [27], acute
kidney injury (AKI) [28], heart failure [29], autoimmune myocarditis [30], polyps [31], preeclampsia [32],
arthritis [33], and pancreatitis [34]. When recalled that OABD and OIBD is a vascular-inflammatory
disease, it is possible that it may have a connection with NGAL. There is a thesis study on OIBD, which is
a drug on this subject. Since the amount of NGAL in OABD and OIBD has not been investigated yet, this
parameter was also included in this study.

When we combine all information, we can conclude that; although the erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), antistreptolysin O (ASO), alpha-1 antitrypsin, and alpha-2 macroglobulin
neutrophil/lymphocyte ratio (NLR) have been identified as diagnostic parameters in the diagnosis of BD
[7, 35, 36], there are currently no clear laboratory test parameters to diagnose the disease. Various scoring
systems have recently been established to evaluate the activity and seriousness of BD in patients.
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Tanaka et al. reported a new scoring system for BD-associated uveitis called Behget's disease ocular
attack score 24 (BOS24) [37]. However, as the diagnosis is based on the clinic at present, specific
laboratory tests are needed to make the diagnosis fast and based on evidence. Therefore, this study aims
to measure the amounts of IL-18, CD40, PF4V1, and NGAL used as inflammation markers and reveal
whether they can be easy, cheap, and fast activity markers of OABD and OIBD.

Materials And Methods

The study was conducted in accordance with the principles of the Declaration of Helsinki by obtaining
the approval of the Firat University Faculty of Medicine, Non-invasive Local Ethics Committee (dated
01.08.2019, meeting number 12 and decision number 15) and informed consent from the participants.
The research included 30 patients with OABD and 30 patients with OIBD who were followed up in the
Ophthalmology Department, as well as 30 healthy control subjects who were age and gender-matched.
The diagnosis of ocular BD was based on the criteria determined by the International Study Group (ISGC)
in 1990, and patients with a score of 4 or more were diagnosed with BD [38]. The distinction between
active and remission periods was evaluated using Behget's Disease Current Activity Form (BDCAF), taking
into account the clinical criteria defined by Hamuryutan et al. BDCAF was applied to all BD patients
participated in the study [39]. These patients were then classified into two categories based on their
activity criteria: active and remission periods. Complete blood count, ESR, and CRP values of the patients
were scanned retrospectively. Participants with a diagnosis of acute and chronic renal failure, presence of
acute and chronic inflammatory disease, and white blood cell count between 4000 and 1200 h/pl, or
using antihypertensive, antihyperlipidemic drugs, aspirin, oral contraceptives, systemic steroids or
immunosuppressive agents, vitamins, and hormones in the last 4 weeks, alcohol and cigarettes (All
participants were nonsmokers and nondrinkers) or with a diagnosis of Diabetes Mellitus, a diagnosis of
hypertension, a diagnosis of heart failure, a diagnosis of liver failure, and a history of coronary artery
disease, vitamin B12 or folic acid deficiency, history of trauma and body mass index over 30 kg/m? in the
last two weeks were not included in the study. Another word, BD is a multisystemic inflammatory disease
of oral and genital aphthae, cutaneous lesion, arthritis, gastrointestinal system, central nervous system
involvement, and ocular lesion. This study is only included ocular lesion patients and control subjects.
Following an overnight fast, blood was drawn from all participants into 5 ml plain biochemistry tubes.
Controls and BD samples were collected during the same time period. These blood samples were
centrifuged for 5 minutes at 4000 RPM. Until they were analyzed, the samples were kept at -80°C. All
participants had detailed ophthalmological examinations, including best-corrected visual acuity (BCVA),
slit-lamp biomicroscopy, and binocular indirect ophthalmoscopy as well. Fundus fluorescein angiography
(FFA) (Canon CX-1, Tokyo, Japan) and spectral-domain optical coherence tomography (SD-OCT) (Canon
HS100, Tokyo, Japan) images were performed when indicated. Six ocular inflammation symptom
parameters were included in BOS24, including anterior chamber cells (maximum 4 points), vitreous
opacity (maximum 4 points), peripheral fundus lesions (maximum 8 points), posterior pole lesions
(maximum 4 points), foveal lesions (maximum 2 points), and optic disc lesions (maximum 2 points) [37].
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Analysis of the Studied Molecules by ELISA Method

Human Interleukin (IL-18) (Catalog no: 201-12-0148), Neutrophil gelatinase-associated lipocalin (NGAL)
(Catalog # 201-12-1720), Soluble Cluster of differentiation (sCD40) (Catalog no: SRB-T-88907), Platelet
Factor 4 Variant 1 (PF4V1) (Catalog no: 201-12-4574), kits in blood samples of Ocular BD group and
control group were obtained from Sunred Bioscience (Shanghai, CHINA). ELISA measurements were
carried out in line with the procedures specified in the catalogs of the kits. All the ELISA tests were at the
same time point. For plate washing, the Bio-Tek ELX50 automatic washer (BioTek Instruments, USA) was
used, and for absorbance readings, a ChroMate, Microplate Reader P4300 device (Awareness Technology
Instruments, USA) was used. The measurement range (assay range) of the IL-18 ELISA kit was 0.6 ng/L-
100 ng/L, minimum measurable level (sensitivity) was 0.537 ng/L, while the assay range of the NGAL
ELISA kit was 12 ng/mL-3000 ng/mL, the minimum measurable level (sensitivity) was 10.511 ng/mL.
The assay range of the sCD40 ELISA kit was 0.1 ng/mL-30 ng/mL, the minimum measurable level
(sensitivity) was 0.076 ng/mL, while the assay range of the PF4V1 ELISA kit was 25 ng/L-7000 ng/L, the
minimum measurable level (sensitivity) was 24.246 ng/L. Additionally, all the kits used here had an Intra-
Assay CV value of < 10% and an Inter-Assay CV value of 12%.

Statistical Analyses

Statistical analyzes were performed using the "Statistical Packages for the Social Sciences" (SPSS)
version 24.0 package program (SPSS Inc., Chicago, IL, USA). Whether there is a difference between the
distribution of descriptive parameters such as age, body mass, and index between the patient and control
groups was analyzed using the chi-square test, and whether there was a difference between the values of
the CRP and hemogram parameters measurements of the patient and control group participants were
analyzed with the Kruskal Wallis test, and Kolmogorov-Smirnov test was used to check the normality of
the sample distribution. ANOVA test was used when comparing patient and control groups with patient
subgroups and laboratory parameters. Duncan's new multiple range test was applied between the groups
with statistical differences and p<0.05 was considered statistically significant. Receiver operating
characteristic (ROC) analysis was used to measure diagnostic performance parameters, and areas under
the curve were determined as 95% confidence intervals.

Results

The demographic and some biochemical findings of the control and patient groups are provided in

Table 1. When the groups were evaluated in terms of neutrophil levels, it was observed that it was 3.82 +
1.72 in the control group, 5.62 + 1.84 in the OIBD group, and 7.22 + 1.84 in the OABD group. Neutrophil
levels were found to be statistically significantly higher in the OABD group compared to the OIBD group
and the healthy control group (p<0.002) (Table 1). Once again, in the OABD group, the CRP levels were
found to be statistically significantly higher than the OIBD group and the healthy control group (p<0.001)
(Tablo 1). There was a significant difference in BOS24 and BDCAF scores between the groups and the
scores were as follows: 13.06+2.35and 3.75+2.01 in OABD group and 0.25+ 44 and 1.88+2.33 in OIBD
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group, respectively (p<0.001). While the BOS24 score was 14.01 + 2.23 and the BDCAF value was 3.63 *
1.94 in the OABD group, the BOS24 score was 0.28 + 023 and the BDCAF value was 1.94 + 2.2 in the OIBD
group. These BOS24 and BDCAF scores were statistically significantly different between the groups. IL-18
(Fig. 1), sCD40 (Fig. 2), PF4V1 (Fig. 3), and NGAL (Fig. 4) were higher in OABD group and OIBD group
than in the healthy control group (p<.005). Besides, the amounts of IL-18 (Fig. 1), sCD40 (Fig. 2), PF4V1
(Fig. 3), and NGAL (Fig. 4) were higher in OABD group, and when OABD group and OIBD group were
compared with each other in terms of these parameters, there was a statistically significant difference.
Moreover, in patients with OABD group, there was a positive correlation between the amount of IL-18,
sCD40, PF4V1, and NGAL and the amount of CRP. Also, there was a positive correlation between the
amounts of IL-18, sCD40, PF4V1, and NGAL and the BOS24 score in patients with OABD group. When
evaluating the diagnostic performance of OABD group with the ROC curve, it was determined as IL-18
(specificity: and sensitivity:), sSCD40 (specificity: and sensitivity:), PF4V1 (specificity: and sensitivity:) and
NGAL (specificity: and sensitivity:). The evaluations regarding the diagnostic performance of these
parameters are presented in detail in Table 2 and Fig. 5.

Comparison of demographic and sor-:waebéei;chemical parameters of the subjects.

Control OoIBD OABD pvalue
Sex (M/F) 15/15 18/12 17/13 0.877*
Age (years + SD) 352149 36.3+5.6 359142 0.963**
WBC count (K/mm?3) 712122 7.63+2.9 8.02+41 0.462**
Neutrophil (10%/pl) 3.8211.72 5.62+1.84 7.22+1.84 <0.002**
CRP (mg/L) 1.7+0.11 22+0.22 49+0.61 <0.0071**
OIBD: Ocular inactive Behcet disease; OABD: Ocular active Behcet disease; WBC: white blood cell.
*Chi-square test; **One-way analysis of variance test.

Table 2
Comparison of diagnostic performances of variables with each other.

Risk Factor  AUC 95% (CI) Cutoff pvalue  Sensitivity (%) Specificity (%)
IL-18 0.998 (0.994-1.000) 13.83 0.002 95.8 97.9

NGAL 1.000 (1.000-1.000) 355.55 0.000 100.0 97.9

PF4V1 0.988 (0.964-1.000) 624.66 0.012 100.0 97.9

sCD40 0.986 (0.965-1.000) 2.36 0.000 70.8 97.9

AUC: Area under the curve; Cl: Confidence Interval; IL-18: Interleukin-18; NGAL: Neutrophil gelatinase-
associated lipocalin; PF4V1: Platelet factor-4 Variant 1; sCD40: soluble cluster of differentiation 40.
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Discussion

There is currently no exact specific marker to determine BD's inflammatory activity. Hence, it was revealed
whether IL-18, sCD40, PF4V1, and NGAL inflammation biomarkers in the blood of individuals with OABD
and OIBD would be useful in the diagnosis of the disease. Cytokines play a key role in the
pathophysiology of BD [40]. In this current study, it was discovered that IL-18, a cytokine, increased in
ocular active and inactive Behget patients in a statistically significant way as compared to the control
group values. The increase in IL-18 was more pronounced in patients with OABD than in the other two
groups. The source of the IL-18 increases reported here may be monocyte and macrophage cells
activated due to BD. This is because inflammation is one of the main symptoms in BD, and in this case, it
has been reported that monocytes and macrophages produce a series of pro-inflammatory cytokines [6,
40, 41]. It has been previously reported that the amount of circulating IL-18 increases during BD
regardless of ocular manifestation [10]. Considering a previously reported report with available data [10],
it can be suggested that increases in IL-18 may be indicative of inflammatory ocular lesions. The 95%
confidence interval under the curve in the ROC curve analysis recorded for the first time in our study, as
well as the associated p-value, suggest that IL-18 may be a useful parameter in diagnosing active and
inactive BD. Moreover, in previous studies, some cytokine releases of active and inactive Behget patients
and healthy individuals were compared, and it was reported that some cytokines such as IL-6, IL-12, and
IFN-y were significantly increased in active and inactive Behget patients according to the values of
healthy individuals [42]. Furthermore, IL-18Ra is produced in almost all immune cells and some non-
immune cells [43]. Therefore, IL-18 has the potential to be an important laboratory parameter in the future
in determining the inflammation processes of ocular BD, as it has roles in immune complex-mediated
pathology, potentially affecting both congenital and adaptive immune responses [6].

In this study, sCD40 values in the blood of individuals with active and inactive ocular BD were studied
and compared with the control group. A significant increase was found in CD40 ocular active and inactive
Behget patients compared to control values. The highest increase was recorded in individuals with OABD.
CD40 plays a role in otherimmune and vascular pathologies, including BD. In particular, previously
published data reported that platelet-derived CD40 levels were higher in Behget's patients than in healthy
control groups [19]. These available data, which are identified for the first time in OABD and OIBD,
indicate that ocular inflammation may be a significant biomarker in evaluating disease activity, according
to our comprehensive available study. This is because CD40 is an innate transmembrane molecule that
plays an important role in adaptive immunity [44]. Hence, the increase in CD40 in ocular BD may also be
an ocular reflection of systemic disease. In other words, it is predicted that CD40, which is increased in
ocular BD, may have roles in the physiopathology of ocular BD. The 95% confidence interval under the
curve in the ROC curve analysis recorded in our study, as well as the related p-value, suggest that CD40
may be a useful additional parameter for diagnosing OABD and OIBD.

In this study, it was found that PF4V1 amounts in OABD and OIBD were significantly increased when
compared with the values of the control group, and this increase was even higher in OABD. Increased
amounts of the PF4V1 molecule in OABD may be an indication that the platelets (thrombocytes) interact
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with leukocytes (monocytes, neutrophils, dendritic cells, T-cells) and progenitor cells to encourage the
migration of inflammatory cells to the lesion areas, resulting in the release of a large number of
inflammatory cytokines and ultimately an inflammatory environment in the lesion area [45]. Thus, the
increase in IL-18 and sCD40 values noted in the upper section of the discussion in OABD and OIBD may
have been due to an increase in leukocyte migration caused by platelets (thrombocytes) activation in
cases of inflammation [45]. For instance, activated monocytes and macrophages are the key cellular
source of IL-18 [46]. Similarly, it has been reported that leukocyte migration causes thrombocyte
activation due to inflammation, which results in the release of inflammatory cytokines (such as IL-6) [47].
Our findings also show that PF4V1 can be a successful biomarker candidate for determining the activity
of ocular BD based on its ROC values.

In this study, when the OABD and OIBD and control group values were compared in terms of NGAL
amounts, a statistically significant increase was found in the case of ocular BD. Moreover, NGAL values
were significantly even higher in OABD. Tissue distribution and expression in tissues exposed to
microorganisms such as neutrophils, bone marrow and trachea, lung, stomach, salivary gland, and colon
[48] indicate that NGAL plays significant roles in inflammatory responses. In neutrophils, NGAL secretion
is regulated by activation of infection and inflammation [49]. The possible reason for the further increase
of NGAL amounts in OABD and OIBD in our study may be due to the sequestration of neutrophil
chemoreactants due to inflammation in the eye, and the amount may be increased to reduce the
neutrophil-dependent inflammatory response. It has been previously reported that NGAL amounts are
increased in other inflammatory diseases such as Rheumatoid Arthritis (RA) [33] and inflammatory bowel
disease [26]. On the other hand, in a thesis study conducted in 2012, it was recorded that the amount of
NGAL in BD decreased,’® and these results are inconsistent with the NGAL results of our ocular BD study,
which we recorded here. The same researcher also reported that there was no statistically significant
difference between the serum NGAL values of Behget's patients with ocular involvement and healthy
individuals [50]. However, they did not include the OABD group in their study. Besides, this researcher
stated that Behget's patients used one or more agents of colchicine, systemic steroids, or
immunosuppressive [50]. However, the use of any medication in our patients was the exclusion criterion
from the study. In addition, there is no other study evaluating NGAL results in Behget's eye disease in the
literature. Therefore, the contrast between the aforementioned study and our study in terms of NGAL
values may be due to drug use [50]. Our ROC curve analysis results also indicate that NGAL values in
OABD and OIBD may be associated with the etiology of this disease and may be an inflammatory
biomarker.

Moreover, in this study, only the systemic activity score was evaluated in ocular active and inactive
patients using BDCAF. BDCAF scores of the patients included in the study were lower. Our BDCAF score
results reported here are consistent with the results of Balbaba et al., where Serum Cortistatin levels were
reported in patients with OABD and OIBD.” As Balbaba et al. suggested in their studies [7], we predict that
it may be more valuable to evaluate IL-18, sCD40, PF4V1, and NGAL amounts, particularly in periods
when systemic findings indicate a higher BDCAF score.
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This study has also some limitations as every study has. The main limitation of this study is its cross-
sectional design and relatively small sample size. In several previous studies, it was tried to be associated
with the disease by examining a single biological molecule. Looking at a molecule is no longer
appropriate for disease diagnosis and treatment in the proteomic era we live in. Although 4 disease-
related molecules were studied in this study, we think that the number of molecules was still insufficient,
and we accept that this is another limitation of our study. In the future, studying a large number of
molecules associated with diseases will save journals pages and time. Furthermore, our broad exclusion
criteria prevented us from enrolling more patients in this study.

In conclusion, when all of the evidence from this study were combined, these molecules have increased in
the peripheral blood of patients with OABD and OIBD, and they are low-cost, easily measurable new
biomarkers that are possibly related to the disease's pathogenesis and can help diagnosis. At the same
time, higher detection of these parameters in OABD can be a guide in distinguishing between OABD and
OIBD and may contribute to the monitoring of OABD. According to our ROC curve results, the superiority
of IL-18, sCD40, PF4V1, and NGAL biomarkers to each other in diagnosing OABD and OIBD was not
significant. However, it is also clear that broader and more comprehensive studies are needed to more
accurately demonstrate the functions of these IL-18, sCD40, PF4V1, and NGAL biomarkers.
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Figure 1

Comparison of IL-18 amounts with control group values in Inactive and Active Ocular Behget's Disease.
IL-18: Interleukin-18; OABD: ocular active Behget's disease; OIBD: ocular inactive Behget's disease. a:
Control versus OIBD (p < 0.01). b: Control versus OABD (p < 0.01). c: OIBD versus OABD (p < 0.01).
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Figure 2

Comparison of sCD40 amounts with control group values in Inactive and Active Ocular Behget's disease.
OABD: ocular active Behget's disease; OIBD: ocular inactive Behget's disease; sCD40: soluble cluster of
differentiation 40. a: Control versus OIBD (p < 0.01). b: Control versus OABD (p < 0.01). d: OIBD versus
OABD (p < 0.05).
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Figure 3

Comparison of PF4V1 amounts with control group values in Inactive and Active Ocular Behget's disease.
OABD: ocular active Behget's disease; OIBD: ocular inactive Behget's disease; PF4V1: Platelet factor-4
variant 1. a: Control versus OIBD (p < 0.01). b: Control versus OABD (p < 0.01). c: OIBD versus OABD (p <
0.01).
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Figure 4

Comparison of Neutrophil gelatinase-associated lipocalin amounts with control group values in Inactive
and Active Ocular Behget's disease. NGAL: Neutrophil gelatinase-associated lipocalin; OABD: ocular
active Behcet's disease; OIBD: ocular inactive Behget's disease. a: Control versus OIBD (p < 0.01). b:
Control versus OABD (p < 0.01). d: OIBD versus OABD (p < 0.05).
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Figure 5

The ability of IL-18, sCD40, PF4V1, and NGAL in the diagnosis of ocular Behget's disease. IL-18:

Interleukin-18; NGAL: Neutrophil gelatinase-associated lipocalin; PF4V1: Platelet factor-4 variant 1;
sCD40: soluble cluster of differentiation 40.
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