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Abstract

Purpose: To investigate whether Staphylococcus enterotoxin B (SEB) affects the early-phase reaction
(EPR) in experimental conjunctivitis.

Methods: Nc/Nga mice were sensitized to ragweed (RW) or phosphate-buffered saline (PBS) in alum.
The mice were subsequently treated three times a day with eye drops adulterated with SEB or vehicle
on postimmunization days 29 to 31. On postimmunization day 32, the mice were administered eye drops
adulterated with RW, and the EPR was evaluated. Ninety minutes after the RW challenge, the eyes were
harvested for histological evaluation of degranulation of mast cells, and blood was drawn for subsequent
measurement of serum antibody levels.

Results: The total EPR score was significantly higher in the RW-sensitized mice than in the PBS-sensi-
tized mice. Among the RW-sensitized mice, the SEB-treated mice had significantly higher EPR scores
than did the vehicle-treated mice. Treatment with SEB significantly increased the degranulated mast cells
in the eyes of the RW-sensitized mice. Serum levels of RW-specific IgG1 and IgG2a were significantly
higher in the RW-sensitized mice than in the control mice. The total IgE level was significantly higher in
the RW-sensitized, SEB-treated mice than in the other three groups of mice.

Conclusions: Topical SEB treatment upregulated systemic IgE production, which may augment conjunc-

tival EPR. Jpn J Ophthalmol 2010;54:476-480 © Japanese Ophthalmological Society 2010
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Introduction

Allergic inflammation consists of two different phases: the
early-phase reaction (EPR) and the late-phase reaction
(LPR). The results of several studies suggest that the EPR
usually involves cells that are normal residents of the epi-
thelium (mast cells) and preformed substances (histamine),
whereas cells participating in the LPR are recruited from
circulation (eosinophils, basophils, and T cells)." Among
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these inflammatory cells, eosinophils influence the severity
of allergic conjunctivitis (AC).” Most studies of experimen-
tal AC predominantly investigated the LPR rather than the
EPR because evaluation of conjunctival eosinophilia is
easier and more quantitative than that of clinical EPR find-
ings such as edema and hyperemia.’

Staphylococcus aureus has been identified as a trigger
factor in atopic dermatitis (AD). Most patients with AD are
colonized with S. aureus without showing any sign of bacte-
rial infection.** On the other hand, only 5%-30% of healthy
individuals are carriers of this microorganism.*® Staphylo-
coccus aureus can be isolated from clinically affected and
unaffected skin, and bacterial counts on the nonlesional
skin of patients with AD are lower than those on lesional
skin. Up to 65% of S. aureus strains isolated from patients
with AD produce exotoxins such as staphylococcal entero-
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toxins A, B, C, and D and toxic shock syndrome toxin 1,7
which play an important role in allergic inflammation.
Staphylococcus enterotoxin B (SEB) reportedly aggra-
vates eosinophilic inflammation in the airway lumen and
bronchial tissue.'” More recently, inoculation with S. aureus
markedly accelerated conjunctival eosinophilia, which is a
sign of AC." However, to date, the effects of SEB on the
EPR have not been clarified in a model of allergic disease.
Therefore, we aimed to investigate how SEB affects the
EPR in experimental conjunctivitis (EC), a model of AC.

Materials and Methods

Isolation of Connective Tissue-Type Mast Cells and
B-Hexosaminidase Release Assay

We evaluated skin-derived connective tissue-type mast cells
because the NC/Nga mouse is a murine model of AD. Mast
cells were isolated from mouse skin using an enzymatic
digestion protocol described earlier.”” Briefly, the skin from
8- to 12-week old NC/Nga mice was enzymatically digested
with 1.5 mg/ml collagenase (Nitta Gelatin, Osaka, Japan),
0.5 mg/ml hyaluronidase (Sigma, St. Louis, MO, USA), and
0.5 mg/ml DNase I (Sigma) for 2 h at 37°C. The dispersed
cells were layered onto isotonic Percoll density medium
(density, 1.041; Amersham Pharmacia Biotech, Piscataway,
NJ, USA) and centrifuged at 800g for 20 min. The cell pellet
was collected and cultured in RPMI1640 with murine
recombinant interleukin (IL)-3 (10 ng/ml; Peprotech, Rocky
Hill, NJ, USA), recombinant stem cell factor (SCF; 10 ng/
ml; Peprotech), and 5% serum for 6 days. Lineage marker-
positive cells and plasmacytoid dendritic cells were depleted
after labeling with rat anti-CD4, rat anti-CD8a, rat anti-
CD11b, rat anti-B220 (all from eBiosciences, San Diego,
CA, USA), and rat anti-PDCA-1 (Miltenyi Biotec, Auburn,
CA, USA) using anti-rat immunoglobulin x chain antibody-
conjugated microbeads (BD Biosciences, Franklin Lakes,
NJ, USA). Isolated mast cells were sensitized by incubation
with anti-dinitrophenol (DNP) IgE (SPE7; Sigma) in
RPMI1640 containing 10 ng/ml of murine recombinant
IL-3, 10 ng/ml of recombinant SCF, and 5% murine serum,
and cultured with SEB for 2 days. The cells at a concentra-
tion of (2-8) x 10" cells/100 ul were stimulated with DNP-
albumin (Sigma) or compound 48/80 (Sigma). After 45 min,
the collected supernatant wasmeasured for B-hexosaminidase
activity using a published protocol."” The relative release of
B-hexosaminidase was defined as the activity in the super-
natant of the tested cells divided by the activity in the posi-
tive control cell supernatant multiplied by 100. Compound
48/80 stimulus was used for the assay control.

Induction of EC and SEB Treatment

Four-week-old female NC/Nga mice (Charles River Labo-
ratories Japan, Yokohama, Japan) were immunized by intra-
peritoneal injection of 50 pg of ragweed (RW) (Polysciences,
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Warrington, PA, USA) in 1 mg of alum (Sigma). As the
control, additional mice received phosphate-buffered saline
(PBS) in 1 mg of alum instead of RW in alum. All mice were
maintained under specific pathogen-free conditions at the
Tottori University animal facility. All procedures were
carried out in accordance with the Association for Research
in Vision and Ophthalmology Statement for the Use of
Animals in Ophthalmic and Vision Research. Mice were
treated with eye drops adulterated with SEB (250 ng/2.5 pl;
Sigma) or vehicle (2.5 pul PBS) three times daily on postim-
munization days 29 to 31.

Evaluation of EPR and Immune Responses

On postimmunization day 32, the mice received eye
drops adulterated with RW, and the EPR was evaluated.
After 90 min, the eyes, blood, and lymph nodes were har-
vested for histological evaluation of degranulation of mast
cells and measurement of serum antibody levels and RW-
induced cytokine production, respectively. The EPR was
recorded within the first 30 min, and the responses were
graded using criteria described elsewhere.”” Degranulation
of mast cells was evaluated as previously reported"
(described in the next section), and the data were presented
as the percentage of degranulated mast cells in the total
number of mast cells. The antibody levels were measured
by enzyme-linked immunosorbent assay, as detailed
previously.”

Histological Evaluation

For histological evaluation of the immediate hypersensitiv-
ity reactions, the mice were killed and their tissues were
fixed in 4% paraformaldehyde and embedded in paraffin.
Serial sagittal sections (3 um in thickness) were stained with
Giemsa. Three consecutive sections from each eye were
examined, and the number of degranulated mast cells was
counted in a 200x microscopic field in a masked fashion by
an independent investigator.

Statistical Analysis

For evaluation of clinical grading, degranulation of mast
cells, and antibody titers, one-way analysis of variance fol-
lowed by Tukey-Kramer post hoc tests were used. The ¢ test
was used for the B-hexosaminidase assay.

Results

Effect of SEB Treatment on Connective Tissue-Type
Mast Cell Degranulation

To investigate the effects of SEB on mast cell degranulation,
connective tissue-type mast cells were sensitized with DNP-
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Figure 1. Effect of Staphylococcus enterotoxin B (SEB) treatment on
mast cell degranulation of connective tissue-type mast cells.
Dinitrophenol-specific IgE-sensitized-mast cells were cultured with
SEB and assessed for allergen-induced mast cell degranulation using
a B-hexosaminidase release assay. SEB treatment significantly enhanced
B-hexosaminidase at 0.1 ng/ml (n = 6, P < 0.05).

specific IgE, cultured with SEB, and assessed for allergen-
induced mast cell degranulation using a f-hexosaminidase
release assay. Treatment with SEB at a dose of 0.1 ng/ml
significantly enhanced B-hexosaminidase (P < 0.05; Fig. 1).

Effects of SEB Treatment on EC

On the basis of the above finding and a previous report,'
we decided to treat mice with SEB at a dose of 250 ng/2.5 ul
in eye drops. The total EPR score was significantly higher
in the RW-sensitized group of mice than in the control
group that had not been sensitized with RW (P < 0.01; Fig.
2A). Treatment with SEB did not affect the scores of the
control mice. In contrast, SEB treatment significantly
increased the scores of the RW-sensitized mice (P < 0.05;
Fig. 2A).

The histological analysis revealed that mast cell degranu-
lation was exacerbated in the SEB-treated sensitized mice
(upper panel, Fig. 2B) as compared to the vehicle-treated
sensitized mice (lower panel, Fig. 2B). Counting of degranu-
lated mast cells demonstrated that the percentage of
degranulated mast cells was significantly higher in the RW-

Figure 2A-C. Effect of SEB treatment on the conjunctival early-phase
reaction (EPR). Experimental conjunctivitis was induced in NC/Nga
mice, and the EPR was evaluated. A Total EPR score. @, data of one
individual mouse; ——, median values. The total EPR score was signifi-
cantly higher in the ragweed (RW)-sensitized group of mice. SEB treat-
ment significantly increased the scores of the RW-sensitized mice. PBS,
phosphate-buffered saline. B Mast cell degranulation was exacerbated
in the SEB-treated sensitized mice (upper panel). The lower panel
shows vehicle-treated sensitized mice. *, degranulated mast cells. Bar
=25 um. C The percentage of degranulated mast cells relative to total
mast cells. SEB treatment significantly increased the percentage of
degranulated mast cells in RW-sensitized mice. *P < 0.05, **P < 0.01.
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Figure 3A-D. Effect of SEB on antibody levels in serum. After the mice were killed, blood was collected and serum was prepared for enzyme-
linked immunosorbent assay. Total and RW-specific IgG1, IgG2a, and IgE were evaluated. A RW-specific IgG1 and B IgG2a levels. The levels
of RW-specific IgG1 and IgG2a were significantly higher in the blood serum of RW-sensitized mice than in the PBS-sensitized mice. C Total and
D RW-specific IgE levels. The serum level of total and RW-specific IgE was significantly higher in the RW-sensitized, SEB-treated mice than in

the PBS-sensitized groups of mice. *P < 0.05, **P < 0.01.

sensitized, vehicle-treated mice than in the PBS-sensitized,
vehicle-treated mice (P < 0.01; Fig. 2C). Importantly, a sig-
nificant difference in the percentage of degranulated mast
cells was observed between the RW-sensitized mice treated
with SEB and those treated with vehicle (P < 0.05; Fig. 2C).

Evaluation of Antibody Titers

The levels of RW-specific I[gG1 and IgG2a were significantly
higher in the blood serum of RW-sensitized mice than in the
PBS-sensitized mice (Fig. 3A, B). However, the total IgG1
and IgG2a levels did not differ between the mice of these
two groups (data not shown). The total IgE level was sig-
nificantly higher in the RW-sensitized, SEB-treated mice
than in the mice of the other three experimental groups
(P < 0.05; Fig. 3C). The serum level of RW-specific IgE was
also significantly higher in the RW-sensitized, SEB-treated
mice than in the PBS-sensitized groups of mice (P < 0.01;
Fig. 3D).

Stimulation with RW increased lymph node production
of IL-4 slightly more in the RW-sensitized mice than in the
PBS-sensitized mice, whereas interferon y production did
not differ among the four groups of mice (data not shown).

Discussion

In this study, we demonstrated that topical SEB treatment
upregulated systemic IgE production, which may augment
conjunctival EPR. Importantly, these data are in good
agreement with a previous report demonstrating that epi-
cutaneous sensitization of mice with SEB increased the IgE
titers in serum and elicited allergic skin inflammation.'®
Several questions remain as to how SEB augments IgE
production. The actions of SEB may directly involve B-cell
activation," although we have not investigated the levels of
SEB in serum. Alternatively, SEB may activate T cells by
serving as a superantigen, leading to antibody production.'®
These potential mechanisms need to be investigated further.
Staphylococcus aureus infections that produce SEB are sig-
nificantly more frequent in patients with atopic dermatitis
than in healthy control patients."” Furthermore, some evi-
dence suggests that S. aureus colonization may play a role
in the pathogenesis of chronic AC.” Together, these data
suggest that SEB participates in the EPR in AC and that
control over S. aureus infections may help suppress AC.
We have demonstrated that antigen-specific T cells play
a crucial role in the development of conjunctival eosino-
philia in EC.”' Since SEB appears to stimulate T cells as a



480

superantigen,'” it is possible that SEB treatment affects
T cell-mediated conjunctival eosinophilia in EC. Future
studies will focus on whether and how SEB affects conjunc-
tival eosinophilia.

10.
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