
Abstract. Background/Aim: Neurological symptoms (neuro-
Behçet’s disease; NBD) occur in a fraction of Behçet’s
disease (BD) patients and often present with parenchymal
brain lesions and clinical exacerbations. Our aim was to
identify genes associated with attack and remission periods
of NBD. Materials and Methods: Microarray analysis was
performed using peripheral blood mononuclear cell (PBMC)
samples obtained during attack and remission periods of five
NBD patients. Expression levels of the most significantly up-
regulated genes were measured with real-time PCR using
PBMC samples of 15 NBD patients and 20 healthy controls.
Results: During NBD attacks, the most remarkably up-
regulated genes were defensin alpha 1B (DEFA1B) and NLR
family, pyrin domain containing 3 (NLRP3). Real time PCR
studies showed significantly increased DEFA1B and NLRP3
expression levels during attacks. Conclusion: Immunological
factors showing the most significant increase in expression
during NBD attacks were primarily associated with innate
immunity functions. DEFA1B and NLRP3 can be used as
biomarkers for estimation of disease activity in NBD.

Behçet’s disease (BD) is a multisystem inflammatory disorder
characterized by recurrent oral aphthae, genital ulcerations and
ocular vasculitis or uveitis (1). The clinical features of BD are
believed to be triggered by environmental factors, such as
mucosal microorganisms in individuals with a strong genetic

susceptibility to yield exaggerated inflammatory responses (1,
2). Thus, enhanced activity of innate immunity components,
such as neutrophils, natural killer (NK) cells and endothelial
cells, is a prominent feature of BD (3-5). 

Central nervous system involvement (neuro-Behçet’s
disease, NBD) is encountered in 5-15% of patients and
manifests mostly in parenchymal and less frequently in
vascular forms. NBD causes parenchymal lesions primarily in
brainstem, basal ganglia and diencephalon regions of the brain
and is typified with attack and remission periods (6).
Parenchymal NBD symptoms are mostly caused by infiltrating
macrophages, neutrophils and lymphocytes (7, 8). Very few
studies have addressed the gene expression profiles of BD
patients (9, 10). There are currently no studies comparing
immunological gene expression patterns of attack and
remission periods of NBD patients and physio-pathological
factors leading to clinical exacerbation in NBD are largely
unknown. Identification of mechanisms specific to the attack
and remission periods might shed light on disease pathogenesis
and aid in innovation of specific treatment methods. 

To contribute to the identification of molecular pathways
engaged in attack and remission periods of NBD, gene
expression profiles were examined in the peripheral blood
mononuclear cells (PBMC) obtained during attack and
remission periods of the same NBD patients, using
microarray analysis. Differentially up-regulated genes were
validated with-real time PCR analysis.

Materials and Methods

Patients. Parenchymal NBD patients (n=15) fulfilling the diagnostic
criteria for BD (11) and age-gender matched healthy controls (n=20)
were enrolled. Demographical and clinical features of all
participants are shown in Table I. Blood samples were obtained
from all patients first during the presence of active clinical findings
(active stage) and then 3 months after the clinical episode (inactive
stage). During the active stage, all patients displayed the typical
parenchymal brain lesions on cranial magnetic resonance imaging
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(MRI) studies. None of the patients showed MRI lesions during the
second blood sampling. To avoid the confounding effects of
systemic inflammation, NBD patients with active non-neurological
symptoms during blood sampling were not included. None of the
patients were under immunosuppressive or immunomodulating drug
treatment during blood sampling. NBD patients with other existing
disorders were excluded. The study was approved (approval
number: 2018/112) by Ethics Committee of Istanbul University and
an informed consent was received from each participant.

Separation of PBMC and RNA extraction. Ten milliliters of
peripheral blood from participants were withdrawn and placed into
EDTA vacutainer tubes. PBMC were isolated by density gradient
separation. Briefly, anticoagulated blood was mixed with an equal
volume of Dulbecco’s phosphate buffered saline (DPBS,
ThermoFisher Scientific, MA, USA) and slowly layered over Ficoll-
Hypaque solution (GE Healthcare, Chicago, IL, USA) up to twice
the amount of blood. The mixture was centrifuged at 400 × g for 
30 min and PBMC layer at the interphase was collected. Cells were
washed twice with DPBS at 400 × g for 10 min and counted in a
Neubauer chamber. 5×106 cells were lysed in 600 μl RLT Buffer
(Qiagen, Hilden, Germany) and total RNA from PBMCs was
purified by RNeasy Mini Kit according to the manufacturer’s
recommendations (Qiagen). RNA concentration was measured by
NanoDrop 1000 spectrophometer (ThermoFisher Scientific). RNA
quality was evaluated by Bioanalyzer 2100 (Agilent Technologies,
Santa Clara, CA, USA) and samples with an RNA integrity number
(RIN) greater than 7 were included in the study. 

Microarray analysis. Blood samples of five out of 15 NBD patients
obtained during active and inactive stages of the disease (a total of
10 samples) were used for microarray analysis. cRNA was amplified
and biotin labeled by TotalPrep™ RNA Amplification Kit (Illumina,
San Diego, CA, USA) and quantified by NanoDrop 1000
spectrophometer (ThermoFisher Scientific). cRNA samples were
hybridized to HumanHT-12v4 Expression BeadChip (Illumina)
consisting 47323 probes. Whole genome expression profiles were
determined using an Illumina iScan platform (Illumina). Raw data
were processed by GenomeStudio software (Illumina). Quality
control was assessed by signal intensities and the background noise
was subtracted from each probe. Data were log transformed and
normalized by quantile normalization. The probes were filtered below
the level of 20% of signal intensity and above 0.1 standard deviation.
Unpaired t-test was applied for statistical analysis and asymptotic
p<0.05 was accepted as significant. Probes were considered
differentially expressed when the fold change was greater than 2. 

Real time qPCR. Blood samples of all healthy controls and NBD
patients collected during active and inactive stages of the disease were
used in real time qPCR experiments for validation of the microarray
results. Following total RNA extraction, the RNA quality was
measured by the A260/A280 ratio and a NanoDrop Spectrophotometer.
RNA was then converted to cDNA by using the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA,
USA). Quantitative real-time PCR reactions were performed in a
Stratagene Mx3005P analyser (Agilent Technologies) by using SYBR
green master mix (Roche, Basil, Switzerland) and primers designed
for the NLR family, pyrin domain containing 3 (NLRP3) gene
(forward: 5’-CGTGAGT CCCATTAAGATGGAGT-3’ and reverse: 5’-
CCCGACAGTGGAT ATAGAACAGA-3’) and defensin alpha 1B

(DEFA1B) gene (forward: 5’-TCCTTGCTGCCATTCTCCTG-3’ and
reverse: 5’-TGAGCCTGGATGCTTTGGAG-3’). The thermal profile
consisted of an initial 2-min step at 50˚C and 2-min melting step at
95˚C followed by 40 cycles at 95˚C for 15 sec, 59˚C for 20 sec and
72˚C for 30 sec. Melting curve analyses were completed by 1 cycle at
95˚C for 1-min, 55˚C for 30 sec and 95˚C for 30 sec. The relative
mRNA expression levels were normalized to GAPDH expression
using the simplified comparative threshold cycle delta, cycle threshold
(CT) method [2−(ΔCT gene of interest−ΔCT GAPDH)]. Significance
was estimated by analysis of variance (one-way ANOVA).

Results

Whole-genome expression profiles of NBD patients.
Differential gene expression analysis was performed between
two groups (active vs. inactive stage) of NBD patients.
Analysis resulted in 433 differentially expressed genes that
remained statistically significant after false discovery rate
(FDR) correction (FDR<0.1). Among these, 346 genes were
up-regulated and 87 genes were down-regulated in the
inactive group according to the active group. Differentially
expressed genes were sorted according to their fold change
values. Up- and down-regulated genes in active and inactive
NBD patients with a fold change >2 are listed in Table II.

Expression levels of NLRP3 and DEFA1B. For validation of
microarray results, expression levels of the most significantly
up-regulated genes (DEFA1B and NLRP3) during the attack
period were assessed by real time qPCR. Expression level
measurements were performed using PBMC samples of
healthy controls and NBD patients. Statistical assessment was
performed by ANOVA and Tukey’s post-hoc analysis. NBD
patients showed significantly increased NLRP3 expression
levels during the active stage of the disease (p=0.0003 by
ANOVA). In two-group comparisons, active stage samples of
NBD patients showed significantly enhanced NLRP3
expression levels as compared to the inactive stage samples
of NBD patients (p<0.01 by Tukey) and healthy controls
(p<0.001 by Tukey) (Figure 1). There was no significant
difference among NLRP3 expression levels of inactive NBD
samples and healthy control samples. Likewise, PBMC
samples obtained during clinical exacerbation of NBD
showed significantly enhanced DEFA1B expression levels
(p<0.0001 by ANOVA) compared to those obtained during
remission (p<0.001 by Tukey) and those obtained from
healthy controls (p<0.001 by Tukey). NBD patients also
showed increased DEFA1B expression levels during
remission as compared to healthy controls (p<0.001 by
Tukey) (Figure 1). Correlation analysis done with Pearson
and Spearman tests, as required, failed to show any
significant correlations between NLRP3 and DEFA1B levels
(measured during active and inactive stages) vs. parameters
of age, expanded disability status scale (EDSS) scores, NBD
duration and BD duration (not shown).
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Discussion

Gene expression levels of attack and remission PBMC
samples of NBD patients were examined to retrieve clues
about the pathogenesis of NBD and to identify biomarkers
and potential target molecules for treatment of the disease.
In the active stage samples, DEFA1B and NLRP3 were the
most up-regulated genes. These results were confirmed with
real-time PCR, which also showed that DEFA1B expression

is enhanced in NBD patients even during the remission
period. 

DEFA1B belongs to the greater family of defensins,
antimicrobial peptides produced predominantly by neutrophils.
Defensins exhibit a great functional diversity and play
important roles in innate immune defense against infectious
pathogens through disintegration of target cell membrane,
release of chemokines, induction of reactive oxygen species
and attraction of lymphocytes to the inflammation site (12).
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Figure 1. Peripheral blood mononuclear cell NLRP3 and DEFA1B mRNA expression levels of healthy controls (HC) and parenchymal neuro-Behçet’s
disease (NBD) patients during active and inactive stages of the disease. Horizontal lines indicate mean values. p-Value depicted on the upper left
corner of the panel is obtained by ANOVA and p-values above the horizontal lines are obtained by the Tukey’s post-hoc test.

Table I. Demographic and clinical features of neuro-Behcet’s disease (NBD) patients and healthy controls (HC).

                                                                                                          NBD (n=15)                                     HC (n=20)                                        p-Value

Gender (women/men)                                                                              7/8                                                   9/11                                             0.922*
Age (mean±SD)                                                                                   35.7±8.6                                          32.3±9.6                                          0.315**
Positive pathergy test                                                                        11 patients                                             NA                                                   -
EDSS during active stage (mean±SD)                                                5.7±0.9                                                NA                                                   -
EDSS during inactive stage (mean±SD)                                             3.2±0.5                                                NA                                                   -
NBD duration (years; mean±SD)                                                        3.4±1.2                                                NA                                                   -
BD duration (years; mean±SD)                                                           9.9±3.7                                                NA                                                   -

SD: Standard deviation; NA: not applicable. *Chi-square test; **Student’s t-test.

Table II. Differentially expressed genes in NBD patients in active stage versus inactive stage of the disease.

Symbol         Entrez gene ID                                                                   Definition                                                                      Fold change        p-Value

DEFA1B             728358                            Homo sapiens defensin alpha 1B (DEFA1B), transcript variant 2                                4.02              p<0.001
NLRP3                114548           Homo sapiens NLR family, pyrin domain containing 3 (NLRP3), transcript variant 3               2.66              p<0.001
ICAM3                  3385                                   Homo sapiens intercellular adhesion molecule 3 (ICAM3)                                   –3.43              p<0.001
CD48                     962                                                    Homo sapiens CD48 molecule (CD48)                                                   –4.49              p<0.001
LRRK2               120892                                      Homo sapiens leucine-rich repeat kinase 2 (LRRK2)                                        –4.92              p<0.001



In addition to immune cells, β-defensins are also produced by
epithelial cells including those of oral mucosa (13).
Polymorphisms of the DEFA1B gene have been associated
with periodontitis emphasizing its role in host defense at
mucosal surfaces (14). In likeness to our study, β-defensin 1
was found to be increased in plasma samples of BD and NBD
patients and a polymorphism of the DEFA1B gene was
associated with increased BD risk (15). Moreover, mRNA and
protein levels of α-defensin 1 were increased in active and
inactive stages of BD (16). No correlation could be
determined among defensin levels and clinical features of BD
(15, 16). Notably, defensin gene variants have not been
determined in any of the previous genome-wide association
studies of BD patients, underlining the distinction between
causative and attack-inducing factors in NBD.

NLRP3 is a component of the inflammasome complex,
which primarily controls IL-1β and IL-18 production (17, 18).
Mutations of NLRP3 may induce inflammation attacks
characterized with enhanced signaling of IL-1β, which is
profoundly involved in neutrophil recruitment and BD
pathogenesis (19, 20). NLRP3 genetic variants have been
previously associated with both BD and hereditary periodic
fever syndrome, another autoinflammatory condition induced
by overactive innate immunity (19, 21, 22). Furthermore, in
concordance with our study, NLRP3 expression levels were
found to be increased in PBMCs and skin lesions of BD
patients, particularly during the active stage of the disease (23). 

Both genes that were up-regulated during NBD attacks
were closely associated with innate immunity and particularly
neutrophil functions. DEFA1B expression levels of NBD
patients were higher than those of healthy controls even during
the inactive stage, emphasizing the constant over-activation of
innate immunity in this disease. The innate immune system is
centrally involved in BD pathogenesis, as evidenced by
mucocutaneous symptoms, increased expression of pattern
recognition receptors and abundance of active neutrophils in
affected organs including the central nervous system (1, 2, 24).
Moreover, both β-defensins and NLRP3 are expressed by glial
cells, which are also members of the innate immunity, and
contribute to neuroinflammation and neurodegeneration (25,
26). Therefore, these two molecules might also be associated
with occurrence of neurological symptoms in NBD attacks. In
brief, our results suggest that innate immunity is primarily
involved in acute attacks of NBD and treatment strategies
specifically targeting neutrophils might prove useful in the
attack treatment of NBD and putatively replace steroids that
are currently used for this purpose.

Interestingly, neither DEFA1B nor NLRP3 expression was
associated with clinical parameters including disability scores
in both our study and previous ones (15, 16, 23). Putatively,
while these two factors may be important in lesion formation
and attack initiation, additional factors might be more
intimately associated with disability progression. Therefore,

investigation of additional genes in larger NBD cohorts are
recommended for better understanding of the emergence of
neurological symptoms in BD.

Expression levels of intercellular adhesion molecule 3
(ICAM3), CD48 and leucine-rich repeat kinase 2 (LRRK2)
were significantly reduced in active stage samples of NBD
patients. Intriguingly, all of these molecules are involved in
inflammation and immune responses and their expression is
expected to be increased during NBD attacks. However, a
distinctive feature of these factors is that they are centrally
involved in functions of both innate and adaptive immunity
cells. ICAM3, CD48 and LRRK2 are abundantly expressed
in lymphocytes, and contribute to T cell activation and
intracellular signaling events triggered by receptor activation
(27-29). A potential explanation for reduced expression of
these factors is compensatory inhibition of adaptive immune
system to restrict the hazardous consequences of
inflammation during an attack. This assertion needs to be
further scrutinized and expression levels of these three
molecules should also be determined in future experiments. 

Studies investigating factors underlying clinical activation
and progression of BD and NBD provide clues for treatment
and management of all autoinflammatory disorders. In this
context, our findings suggest that DEFA1B and NLRP3 gene
expression levels can be used as valuable biologic markers for
estimation of disease activity in NBD and as potential targets
for future therapeutic trials for inflammatory disorders.
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