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Background: Behcet disease (BD) is a relapsing inflammatory
disease with increased production of inflammatory cyto-
kines in peripheral blood mononuclear cells (PBMCs); how-
ever, the underlying molecular mechanisms are not well
known. Objective: To analyze whether the differential ex-
pression of transcription factors is involved in the increased
tumor necrosis factor (TNF)-@ and interleukin (IL)-6 pro-
duction by PBMCs of BD patients compared to healthy con-
trols (HCs). Methods: Expression of transcription factors was
examined by real-time reverse transcriptase-polymerase
chain reaction and western blotting. Cytokine production by
CD11b+ cells transfected with siRNAs against transcription
factors was measured by enzyme-linked immunosorbent
assay. Results: In the absence of lipopolysaccharide stim-
ulation, the transcript level of CCAAT-enhancer-binding pro-
teins (C/EBP) B was increased in PBMCs from patients with
active BD compared to that in PBMCs from patients with sta-
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ble BD. The C/EBP 6 transcript level was higher in PBMCs
from patients with active BD than in those from HCs. The ac-
tivating transcription factor 3 (ATF3) transcript level was in-
creased in PBMCs from patients with stable BD compared to
that in PBMCs from HCs. siRNAs targeting C/EBP 8 and
C/EBP ¢ significantly reduced the production of IL-6 and
TNF-a in lipopolysaccharide-stimulated CD11b+ cells from
patients with BD as well as from HCs. Conclusion: We found
differential expression of C/EBP 8, C/EBP &, and ATF3 in
PBMCs from patients with BD depending on disease activity,
indicating the involvement of these molecules in BD
pathogenesis. (Ann Dermatol 29(2) 173 ~179, 2017)
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INTRODUCTION

Behcet disease (BD) is a recurrent inflammatory disease
and various genetic, microbial, and immunological factors
are believed to be involved in the development of BD'.
Abnormal immunological features have been reported in
BD such as dysregulation of proinflammatory cytokine
production and immunoregulatory cell-surface molecule
expression in peripheral blood mononuclear cells (PBMCs)
in basal state and/or in response to stimulation with phor-
bol-12-myristate-13-acetate or lipopolysaccharide (LPS)**.
However, the underlying mechanisms of these abnormal
immunological features have not been fully elucidated.

Expression of tumor necrosis factor (TNF)-@ and inter-
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leukin (IL)-6 is under the control of various transcription
factors, including CCAAT/enhancer-binding proteins (C/EBPs)
and activating transcription factor 3 (ATF3)°. C/EBP 3 and
C/EBP 6 have been demonstrated to induce IL-6 expression
through binding to and activating the IL-6 promoter®.
ATF3 is induced by toll-like receptor (TLR) stimulation’,
and ATF3 deficiency leads to increased production of I1L-6
and TNF-a>. The question as to whether these transcription
factors play a role in the differential production of IL-6 and
TNF-a in patients with BD remains unanswered though.
In this study, we analyzed the expression of transcription
factors in PBMCs of BD patients and investigated their
roles in the production of TNF-a@ and IL-6.

MATERIALS AND METHODS

Study subjects

Patients with BD and healthy volunteers were recruited at
the Ajou University Hospital. BD was defined according
to the International Study Group and Japanese criteria for
BD. Table 1 shows the demographics and clinical charac-
teristics of the subjects, and Table 2 shows the medi-
cations used by patients when the blood samples were
collected. All subjects provided informed consent for the
study, which was approved by the Ajou University Hospital
Institutional Review Board (AJIRB-GEN-GEN-10-119).

Cell stimulation

PBMCs were separated using Ficoll-Paque Plus (StemCell
Technologies, Vancouver, BC, Canada) and CD11b+ cells
were isolated using magnetic beads (Miltenyi Biotec,
Bergisch Gladbach, Germany). The purity of CD11b+
cells was analyzed by flow cytometry. The cells (3 x 10%/ml)

Table 1. Characteristics of healthy controls and patients with BD

. Healthy o\ ble BD  Active BD

Variable controls (h=20) (h=22)

(n=10)

Sex (male:female) 1:1 1:1.2 1:1.75

Age (yr) 28.9+4.3 454+7.7 43.0+6.7
Clinical symptoms

Oral ulcer 8 (36.4)

Genital ulcer 2 (9.1)
Erythema nodosum 8 (36.4)
Ocular symptoms 4 (18.2)
Arthralgia 3 (13.6)

Gastrointestinal involvement 1 (4.5)

Neurological involvement 1 (4.5)
HLA-B51 7 (35.0) 7 (31.8)

Values are presented as number only, mean +standard deviation,
or number (%). BD: Behget disease.
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were treated with 10 ng/ml LPS (Sigma-Aldrich, St Louis,
MO, USA) for 3 hours in RPMI1640 medium (Invitrogen,
Gaithersburg, MD, USA) containing 10% fetal bovine se-
rum (Invitrogen), penicillin (100 U/ml, Invitrogen), and
streptomycin (100 «g/ml, Invitrogen).

Assay of endotoxin concentration

LPS level in the sera of study subjects was determined us-
ing the ToxinSensor™ Chromogenic LAL Endotoxin Assay
Kit (GenScript, Piscataway, NJ, USA) according to the
manufacturer’s instructions.

Real-time reverse transcription-polymerase chain reaction

Total RNA was extracted with TRIzol (Invitrogen). Real-time
reverse transcription-polymerase chain reaction was per-
formed using specific primers for C/EBP-8 (5'-GGCC-
GGTTTCGAAGTTGATG-3', 5'-AGTTACACGTGGGTTGCGT-
CAG-3'), C/EBP-6 (5'-CATCGACTTCAGCGCCTACATC-3',
5'-AAGAGCTCGTCGTGGCACAG-3'), and ATF3 (5'-AAG-
AGGCGACGAGAAAGAAA-3', 5'-TGGAGTCCTCCCATTCT-
GAG-3"). Actin was used for normalization. Polymerase
chain reaction was run on an ABI PRISM 7000 Sequence
Detection System (Thermo Fisher Scientific, Waltham,
MA, USA).

Enzyme-linked immunosorbent assay and Western blot

The concentration of IL-6 and TNF-@ in culture media
was analyzed using enzyme-linked immunosorbent assay
kits (eBioscience, San Diego, CA, USA). The expression of
transcription factors in the total cell lysate or nuclear ly-
sate was analyzed by western blot using antibodies against
C/EBP-8 (Abcam, Cambridge, UK), C/EBP-6 (Abcam),
ATF3 (Sigma), histone H3 (Cell Signaling, Danvers, MA,
USA), and actin (Bethyl Laboratories, Montgomery, TX,
USA), with enhanced chemiluminescence (GE Healthcare
Life Sciences, Uppsala, Sweden).

Table 2. Drugs taken by patients at the time of sampling

Drug Inactive (total=20) Active (total=22)
Colchicine 8 (90.0) 18 (81.8)
Prednisolone 7 (35.0) 5 (22.7)
Azathioprine 0 (0.0 1 (4.5)
Salazopyrine 5 (25.0) 5 (22.7)
Pentoxyphylline 9 (45.0) 13 (59.1)
Cilostazol 0 (0.0 1 (4. )
Minocycline 3 (15.0) 5 (22.7
Aspirin 1 (5.0) 2 9. 1)

Values are presented as number (%).



siRNA transfection

To inhibit the expression of C/EBP-8, C/EBP-6, and
ATF3, siRNAs were purchased from Integrated DNA
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Fig. 1. Increased lipopolysaccharide (LPS) concentration in sera
of patients with Behget disease (BD). LPS concentration was
analyzed in the sera of five healthy controls (HCs) and 10
patients with BD (BD), using a Chromogenic LAL Endotoxin
Assay Kit. The Mann-Whitney test was conducted. ***p<0.005.
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Technologies (Coralville, IA, USA). THP-1 cells (2.5%10%
were transfected with 22.5 nM control oligonucleotide
(con siR), siRNA against C/EBP 2, C/EBP &, or ATF3 or the
combination of equal amount of siRNAs against C/EBP 8
and C/EBP 6 together with 2.5 nM fluorescein isothiocya-
nate-conjugated control siRNA (FITC-siRNA) (Bioneer,
Daejeon, Korea) using Lipofectamine 2000. After 24
hours, the efficiency of transfection was determined using
flow cytometry and the expression of each transcription
factor was assessed by Western blot. CD11b+ cells
(5% 10°) were similarly transfected with 20 nM siRNA.

Statistics

Kruskal-Wallis test with Dunn’s procedure, Mann-Whitney
U-test, or Student’s t-test was performed. Differences with
a pvalue<0.05 were considered significant.
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Fig. 2. Differential mRNA expression of CCAAT-enhancer-binding
proteins (C/EBP) 8 (A), C/EBP S (B), and activating transcrip-
tion factor 3 (ATF3) (C) in peripheral blood mononuclear cells
(PBMCs) from Behcet disease (BD) patients. PBMCs isolated
from 5 healthy controls (HCs), 4 to 6 stable BD patients (St)
and 6 to 7 active BD patients (Ac) were cultured with or without
lipopolysaccharide (LPS) for 3 hours. mRNA levels of C/EBP 3,
C/EBP S, and ATF3 were analyzed by real-time reverse
transcription-polymerase chain reaction. Fold over HC(-):
Relative mRNA level versus the average mRNA level in HC
without LPS stimulation. Each symbol represents a single
subject. Bars represent the mean of each group. The
Kruskal-Wallis test with Dunn’s procedure was conducted. *p
<0.05, **p<0.01, ***p<0.005.
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RESULTS

Differential expression of CCAAT-enhancer-binding
proteins (C/EBP) 3, C/EBP &, and activating transcription
factor 3 in peripheral blood mononuclear cells of
Behget disease

Although PBMCs from patients with BD showed differ-
ential responses to LPS stimulation, the relevance of /in vi-
tro LPS stimulation with BD is not clear. We first de-
termined the LPS concentration in the sera of patients with
BD (Fig. 1). Compared to that in healthy controls (HC),
LPS concentration was significantly increased in patients
with BD (p<0.005). Although the association of infectious
agents (herpes virus and gram-positive bacteria) with BD
pathogenesis has been reported, our results suggest a pos-
sible role for LPS in the pathogenesis of BD. Increased LPS
concentration in serum is observed in community-ac-
quired pneumonia usually caused by viruses or gram-pos-
itive bacteria, and is reported to contribute to the patho-
genesis of pneumonia via NOX2 activation®.

Given that transcription factors such as C/EBP 5, C/EBP J ,
and ATF3 are induced 3 hours post-LPS stimulation and
regulate the transcription of IL-6 and TNF-@°, we ana-
lyzed the mRNA levels of these transcription factors in
PBMCs from BD patients (Fig. 2). C/EBP 4 mRNA levels
were approximately 2-fold higher in unstimulated PBMCs

from patients with active BD compared to those in un-
stimulated PBMCs from patients with stable BD (p<0.01);
however, this increase was not observed following LPS
stimulation. C/EBP 6 mRNA levels in PBMCs from pa-
tients with active BD were significantly higher than those
in PBMCs from HCs both in the absence (p<0.005) and
presence of LPS stimulation (p<0.05). In contrast, ATF3
mRNA expression was increased in PBMCs from patients
with stable BD compared to that in the PBMCs from HCs,
and was further increased by LPS stimulation (p<0.05).
mMRNA levels of these transcription factors did not show
significant correlation with HLA-B51 genotype, ocular
symptoms, or erythema nodosum (data not shown).

Subsequently, we assessed the protein levels of C/EBP 3,
C/EBP ¢, and ATF3 in PBMCs by western blotting (Fig. 3).
C/EBP 8 mRNA can be translated into 3 isoforms (LAP*,
LAP, and LIP) using 3 different initiation sites on a single
mRNA’. LAP and LIP were detected, but LAP* was not de-
tected in PBMCs from any subject. Unlike mRNA levels,
prominent differences in protein levels of C/EBP 8 were
not observed probably due to the multiple mechanisms
controlling C/EBP 3 protein levels, including protein sta-
bility (half-life of LAP and LIP is approximately 2 hours
and 8 hours, respectively). Although not statistically sig-
nificant, the average ratios of LAP (which transactivates
the IL-6 promoter) to LIP (which inhibits LAP activity) were
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Fig. 3. Protein levels of CCAAT-enhancer-binding proteins (C/EBP 8), C/EBP ¢, and activating transcription factor 3 (ATF3) in peripheral
blood mononuclear cells (PBMCs) from Behcet disease (BD) patients. PBMCs isolated from healthy controls (HCs), stable BD patients
(St), or active BD patients (Ac) were cultured with or without lipopolysaccharide (LPS) for 3 hours. Cell lysates were subjected to
western blotting. Representative Western blots of nuclear lysates of 4 or 5 independent experiments (A). Relative band intensity to
the indicated protein was compared between groups (B). Each symbol represents a subject and the bars represent the mean.
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slightly higher in PBMCs from both stable and active BD the average nuclear levels of ATF3, a negative regulator of
patients than that of HCs in the presence of LPS. IL-6, did not show significant difference between study
Concordant to mRNA levels, the average protein level of groups. Taken together, differential mMRNA expression of

C/EBP ¢, a positive regulator of IL-6, tended to increase in C/EBP B, C/EBP ¢, and ATF3 was observed in PBMCs of
PBMCs of active BD patients compared with that in the BD patients.
PBMCs of HCs and stable BD patients. On the other hand,
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Fig. 4. Suppressive effect of siRNA targeting CCAAT-enhancer-binding proteins (C/EBP) S and C/EBPJ on the production of tumor
necrosis factor (TNF)-@ and interleukin (IL)-6. (A) Knockdown of the indicated transcription factors using specific siRNA. THP-1 cells
were transfected with control siRNA (control) or siRNA specific for C/EBP 3, C/EBP 6, or ATF3. After 24 hours of transfection, protein
levels were determined by Western blotting. un t/f: untransfected. (B, C) CD11b+ cells isolated from 5 healthy controls (HCs), 9
stable Behget disease (BD) patients (St), and 10 active BD patients (Ac) were transfected with the indicated siRNA. After 24 hours,
culture media was replaced with fresh media with or without lipopolysaccharide (LPS) (10 ng/ml). After 3 hours, the concentration
of TNF-2 and IL-6 in the media was measured. Relative production is the ratio of cytokine concentration in each culture condition
relative to the average cytokine concentration in the control siRNA (con)-transfected culture without LPS stimulation. Each symbol
represents a subject and the bars represent the mean of each group. Con, siRNA for C/EBP 8 (si8), siRNA for ATF3 (siATF3), a
combination of sif and C/EBPJ (siff + ). The Mann-Whitney test was conducted. *p<0.05, **p<0.01. un t/f: untransfection.
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The regulatory role of CCAAT-enhancer-binding proteins
(C/EBP) 8 and C/EBPJ in the production of tumor
necrosis factor- @ and interleukin-6 in CD11b+ cells of
patients with Behget disease

We then evaluated the relevance of differential mRNA ex-
pression of C/EBP 8, C/EBP &, and ATF3 to the increased
production of TNF-a@ and IL-6 in CD11b+ cells of active
BD using siRNA. First, we confirmed the successful knock-
down of these transcription factors in THP-1 cells trans-
fected with siRNA against each gene, comparing to pro-
tein levels observed in non-transfected cells or cells trans-
fected with an unrelated, control siRNA (Fig. 4A). We next
transfected CD11b+ cells with siRNAs targeting ATF3 or
C/EBP £ alone or for both C/EBP 8 and C/EBP ¢ . However,
we could not include the transfection condition of siRNA
targeting C/EBP 6 alone due to the limited number of
CD11b+ cells from each subject. After 24 hours , we
transferred cells into fresh media with or without LPS, and
3 hours later assessed the amount of TNF-a@ and IL-6 in
the media (Fig. 4B, C). In PBMCs of stable BD, LPS-in-
duced production of TNF-@ and IL-6 was significantly sup-
pressed through transfection of siRNA targeting C/EBP
alone or C/EBP 8 in combination with C/EBP ¢, using
an equal amount of siRNA mixture for each condition
(p<0.05). Similarly, significant suppression of cytokine
production by the transfection of siRNA targeting C/EBP /8
alone or C/EBP £ in combination with C/EBP 6 was ob-
served in cells of patients with active BD, although modu-
lation of TNF-a@ by siRNA targeting C/EBP 8 alone was
not statistically significant. Taken together, these results
demonstrate that C/EBP 8 and C/EBP ¢ contribute to the
production of TNF-a and IL-6 in PBMCs from patients
with BD.
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Fig. 5. Graphical summary. LPS: lipopolysccharide, ATF3:
activating transcription factor 3, C/EBP 8 LAP: CCAAT-enhancer-
binding proteins £ liver-enriched transcriptional-activator protein,
HC: healthy controls, BD: Behcet disease, IL-6: interleukin-6,
TNF-a: tumor necrosis factor-a .
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DISCUSSION

In this study, we evaluated the involvement of tran-
scription factors in the differential production of TNF-«
and IL-6 in patients with BD. We showed differential ex-
pression of C/EBP 3, C/EBP ¢ , and ATF3; mRNA of C/EBP
B and C/EBP 8 but not ATF3 was higher in PBMCs of ac-
tive BD, whereas ATF3 mRNA was upregulated in PBMCs
of stable BD. Further, a critical role for C/EBP 8 and C/EBP
0 in the production of TNF-a@ and IL-6 in CD11b+ cells
of BD was demonstrated (Fig. 5).

Currently, the regulation of expression of C/EBP tran-
scription factors in patients with BD has not been
reported. However, the association between these tran-
scription factors and autoimmune diseases was previously
observed in multiple sclerosis, wherein, C/EBPJ defi-
ciency led to decreased clinical severity in a mouse model
of this disease. This was associated with reduced ratios of
Th17 to regulatory T cells'®. The significance of C/EBP £
in multiple sclerosis was also reported. T cells specific to
myelin basic protein, an autoantigen of multiple sclerosis,
induced microglial expression of IL-1 3, IL-1a, TNF-«a,
and IL-6, dependent on very late antigen-4-mediated C/EBP 8
activation in microglial cells''. Additionally, C/EBP 8 in-
volvement in arthritis was reported'”. Our results propose
that deregulation of transcription factor expression may be
one of the underlying mechanisms for abnormal cytokine
expression in BD.

Although we did not examine the mechanism of differ-
ential expression of C/EBP 5, C/EBP ¢, and ATF3 in pa-
tients with BD, compared to that in the HCs, our data
clearly showed a difference in mRNA levels indicating
that transcriptional induction and/or mRNA stability of
these transcription factors might be enhanced in patients
with BD. Transcription of C/EBP S and C/EBPJ is in-
creased through MyD88 and an IL-1R-associated kinase
4-dependent signaling pathway®. Additionally, ATF3 is in-
duced by various stimuli, such as TLR agonists (via the nu-
clear factor- ¥ B pathway) and TNF-& or HyO, (via the
p38 pathway)'’. On the other hand, ATF3 mRNA half-life
varies from 1 hour in a basal state to 8 hours in stressed
states such as amino acid depletion or endoplasmic retic-
ulum stress'. Thus, it is plausible that differential mMRNA
levels of C/EBP £, C/EBP 6, and ATF3 in PBMCs from pa-
tients with BD might result from differences in signaling
pathways regulating the transcription or stability of these
mRNAs. Further studies are required to dissect the mecha-
nisms leading to upregulation of C/EBP 8, C/EBP ¢, and
ATF3 mRNA levels in patients with BD.

In conclusion, our results demonstrated differential ex-
pression of C/EBP 8, C/EBP &, and ATF3 in PBMCs from



patients with BD and suggested that these molecules
played a regulatory role in the production of TNF-@ and
IL-6. Further studies regarding the mechanisms underlying
differential expression of these transcription factors in
PBMCs from patients with BD is warranted to elucidate
the pathogenesis of BD.
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