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Abstract: The purpose of this study is to elucidate the correlation between stress and environmental factors for Behçet's disease (BD) induction using a BD mouse

model infected with herpes simplex virus type-1 (HSV-1). BD is a chronic multisystemic inflammatory disease of unknown etiology. Environmental factors,

immune dysfunction, and HSV-1 infection might be triggers of BD. In order to investigate the influence of the environmental factors on BD induction, mice were

inoculated with HSV-1. To compare the incidence of BD, mice were maintained in either a conventional facility or a specific pathogen free (SPF) facility. The

incidence of BD was also tracked by adding stressors such as substance P (anxiety stress), 4°C (cold stress), xanthine sodium salt (oxidative stress), and 77 dB

noise (noise stress). To elucidate the immune mechanisms involved in the incidence of BD due to various stresses, dendritic cell activation markers were analyzed

using flow cytometry. The combination of conventional environment, noise stress, and HSV-1 had the highest rates of BD (38.1%) among all groups. In contrast,

the incidence of BD was lowest in the HSV-1 inoculated group maintained in the SPF environment (2.2%). Frequencies of DC activation markers such as CD40,

CD83, CD80 and CD86 were expressed differently under various stress conditions. Noise stress increased the frequencies of CD83+ cells. Noise stress upregulated

the transcription factors T-bet and RORγt. Inhibition of CD83 by CD83 siRNA improved BD symptoms even after mice were exposed to noise stress. 16S rRNA

sequencing analysis showed different gut microbial compositions between SPF and conventional environments. In this study, we showed that environment and

stress influenced the incidence of HSV-1 induced BD. In particular, noise stress affects the HSV-1 induced BD induction rate, which is associated with the

expression of CD83. Microbial diversity due to environmental differences might be one explanation for regional differences in incidence of BD.

Conclusion: Evidence suggests that enhanced inflammatory activity in BD is associated with stress and microbiota. Despite the fact that BD may have a variety of

different triggers, it seems clear that stressful situations and immunological overreactions caused by differences in the gut microbiota influence the onset and

exacerbation of BD symptoms in a mouse model.

Table: Differences in incidence of Behçet’s disease (BD) between mice

maintained in conventional and specific pathogen free (SPF) facility.

Figure 2. Frequencies of co-stimulatory molecules CD40+, CD83+, CD80+, and CD86+ cells in the peripheral blood

leukocytes (PBL) were evaluated by flow cytometry analysis (Fig. 1A-D). (Fig. 1E) Representative histogram of the

frequencies of CD83+ and CD86+ cells in PBL. Experiments were performed more than three independent times.

Figure 1. Fecal samples were collected from normal mice maintained under conventional or

SPF condition and 16S rRNA were sequenced for analysis. Microbiome analysis was perform

ed using sequencing data of 16S rRNA V3 and V4 amplicons. The number of OTUs (Fig. 1A)

and Alpha diversity (Shannon index) (Fig. 1B) were calculated. Phylum (Fig. 1C), family (Fig

. 1D), genus (Fig. 1E), and species (Fig. 1F) showed significant differences in fecal 16S rRNA

sequence analysis between groups. p values significantly different are indicated by asterisk as

follows: **, p < 0.01; ***, p < 0.001.

Figure 3. Frequencies of cells expressing co-stimulatory molecules and levels of transcription factors in normal

mice after induction of stresses. Frequencies of co-stimulatory molecules CD40+, CD83+, CD80+, and CD86+ cells

in normal mice after stress treatment were analyzed by flow cytometry analysis in peripheral blood leukocytes (PB

L) (Fig. 2A-D). Cellular transcription factors mRNA expression levels in PBL of normal mice exposed to noise stre

ss were analyzed by real time-PCR (Fig. 2E-H).

Figure 4. Noise stress affects co-stimulatory molecules in BD mice. To investigate the correlation between noise

stress and co-stimulatory molecules in BD, frequencies of CD40+, CD83+, CD80+, and CD83+ cells in peripheral

blood leukocytes (PBL) of noise-treated BD mice and BDN mice were measured by flow cytometry (Fig. 4A-D). BD

mice under noise stress showed deteriorated of symptoms (Fig. 4E).

Figure 5. CD83 siRNA reduces frequencies of CD83+ cells in BD mice. To investigate the correlation between noise

stress and CD83, frequencies of CD40+, CD83+, CD80+, and CD83+ cells in peripheral blood leukocytes and

peritoneal macrophage of noise-treated BD mice, and noise and CD83 siRNA -treated BD mice mouse was measured

by flow cytometry (Fig. 5A-D). Both noise stress and CD83 inhibition were used to treat BD mice at the same time and

symptoms were improved (Fig. 5E).


