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Engagement of 4-1BB Inhibits the Development of
Experimental Allergic Conjunctivitis in Mice'

Atsuki Fukushima,* Tomoko Yamaguchi,* Waka Ishida,* Kazuyo Fukata,* Robert S. Mittler,’
Hideo Yagita,” and Hisayuki Ueno*

The 4-1BB receptor acts as a costimulator in CD8* T cell activation. Agonistic stimulation through this molecule by treatment with
anti-4-1BB Abs has been demonstrated to inhibit various experimentally induced diseases in animals. However, the effect of
anti-4-1BB Abs on experimental allergic diseases has not been reported. We investigated the effect of anti-4-1BB Abs on the
development and progression of experimental allergic conjunctivitis in mice. To examine the effects of Abs during the induction
or effector phase, actively immunized mice or passively immunized mice by splenocyte transfer were treated with agonistic
anti-4-1BB Abs, blocking anti-4-1BB ligand Abs, or normal rat IgG. Eosinophil infiltration into the conjunctiva was significantly
reduced in wild-type mice by the anti-4-1BB Ab treatment during either induction or effector phase. Th2 cytokine production by
splenocytes and total serum IgE were significantly reduced by the anti-4-1BB Ab treatment, while IFN-y production was in-
creased. The anti-4-1BB Ab treatment induced a relative increase of CD8-positive cell numbers in the spleens. Moreover, inhi-
bition of eosinophil infiltration by the treatment with anti-4-1BB Abs was also noted in actively immunized IFN-y knockout mice.
Taken altogether, in vivo treatment with agonistic anti-4-1BB Abs in either induction or effector phase inhibits the development
of experimental allergic conjunctivitis, and this inhibition is likely to be mediated by suppression of Th2 immune responses rather

than up-regulation of IFN-y. The Journal of Immunology, 2005, 175: 4897-4903.

llergic conjunctivitis (AC)? is an IgE-mediated ocular

disease characterized by the infiltration of eosinophils

into the conjunctiva (1). Generally, the more severe the
AC, the more eosinophils are detected in the conjunctiva (2). In
fact, molecules secreted from eosinophils such as major basic pro-
tein have been demonstrated to cause corneal damage (3, 4), which
is often noted in severe AC patients. Because eosinophil infiltra-
tion is up-regulated by eotaxin and the Th2-type cytokine IL-4 (5),
and IgE production is also up-regulated by IL-4 (6), AC is believed
to be predominantly mediated by Th2-type immune responses.
Supporting this is that Th2-type cytokines are detected in tears of
most patients with severe AC (7, 8). To understand how Th2 cells
are involved in AC development, our group has established an
experimental model of AC in rats (9, 10) and mice (11, 12) de-
noted as experimental immune-mediated blepharoconjunctivitis
(EC). This model involves injecting the animals with an allergen,
followed by challenge with allergen-containing eye drops. Alter-
natively, the animals are passively primed by adoptive transfer of
splenocytes or T cells from allergen-primed animals or allergen-
specific IgE. In mice, the active sensitization method induces
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prominent Th2 immune responses and abundant eosinophilic in-
filtration into the conjunctiva, especially in Th2-prone BALB/c
mice (11). The passive sensitization of naive BALB/c mice by
allergen-primed T cells or allergen-specific IgE also induces se-
vere eosinophilic infiltration (13). These results support the notion
that Th2-type immune responses are involved in the development
of AC in humans.

The 4-1BB (CD137), a T cell costimulatory molecule, is ex-
pressed on activated T cells, NK cells, and dendritic cells (14-18).
Signals through 4-1BB induce T cells to carry out effector func-
tions such as the CD8™" T cell-mediated eradication of established
tumors (15, 19). Moreover, 4-1BB-activated CD8" T cells pro-
duce IFN-y and TNF-« (20, 21). In addition to up-regulating these
cellular immune responses, 4-1BB is actively involved in humoral
immune responses (22). This is shown by the fact that agonistic
Abs to 4-1BB inhibit T cell-dependent humoral immune responses
and suppress acute disease in systemic lupus erythematosus-prone
mice (23, 24).

To date, a number of studies have examined the effects of ag-
onistic anti-4-1BB Ab treatment on various experimentally in-
duced diseases, including autoimmune diseases such as rheuma-
toid arthritis (25, 26), cancer (15, 19), graft-vs-host disease (27),
and infectious disease (28). However, the effect of agonistic anti-
4-1BB Abs on the development of experimental allergic diseases
has not been investigated. In this study, we sought to investigate
the involvement of 4-1BB in the development of experimental AC.

Materials and Methods
Mice

Inbred wild-type (WT) BALB/c mice were purchased from Japan SLC.
IFN-vy-deficient BALB/c (IFN-vy knockout (GKO)) mice were purchased
from The Jackson Laboratory. The mice were kept in pathogen-free con-
ditions at the animal facility of Kochi Medical School, and age- and gen-
der-matched mice were used when they were 6- to 12-wk old. All research
adhered to the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision Research.
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Reagents

Short ragweed pollen (RW) was purchased from Polysciences. RW extract
was obtained from LSL. Aluminum hydroxide (alum) was purchased from
Sigma-Aldrich. A hybridoma producing an Ab to 4-1BB (3H3) was estab-
lished, as described previously (20), and a hybridoma producing an Ab to
4-1BB ligand (4-1BBL, TKS-1) was established, as described previously
(18). These Abs for in vivo treatments were purified from ascites using
protein G column and contained <100 pg/ml endotoxin. The following
Abs were purchased: normal rat IgG (nrIgG) (MP Biomedicals); FITC-
labeled anti-CD3 (145-2C11) and anti-CD4 (GK1.5) and biotin-labeled
CD8 (53-6.7) (eBioscience); FITC-labeled anti-CD45R/B220 (RA3-6B2),
FITC-labeled anti-CD11c (HL3), and streptavidin-PE (BD Biosciences);
and biotin-labeled anti-F4/80 (A3-1) (Caltag Laboratories).

EC induction by active immunization and treatment with Abs

RW adsorbed on alum was injected into the left hind footpad and the tail
base. A total of 50 ul of the emulsion (50 ng of RW and 2 mg of alum)
was injected into each site. The mice were injected i.p. with 200 ug of
purified anti-4-1BB (n = 20 in WT and n = 9 in GKO), anti-4-1BBL (n =
19 in WT), or control rat IgG (n = 20 in WT and n = 9 in GKO) on days
0, 2, 4, 6, and 8 after immunization. Ten days later, the eyes of the im-
munized mice were challenged with RW in PBS (2 mg in 10 ul per eye).
Twenty-four hours later, the eyes, sera, and spleens were harvested for
histological analysis, measurement of IgE levels, and T cell culture for
transfer, cytokine, or proliferation assays after measuring the weight of
spleens, respectively.

EC induction by adoptive transfer of splenocytes from actively
immunized and Ab-treated mice

Splenocytes harvested from the mice described above were cultured with
RW extract at final concentrations of 5 wg/ml in 75-cm? flasks at a con-
centration of 107 cells/ml in a final volume of 20 ml of RPMI 1640 medium
supplemented with 10% FCS (ICN Biomedical), 2-ME (5 X 107> M),
L-glutamine (2 mM), penicillin (100 U/ml), and streptomycin (100 pg/ml).
After incubation for 72 h at 37°C in a humidified atmosphere with 5% CO,,
2 X 107 splenocytes were i.p. injected into naive BALB/c mice (n = 10
mice per group). Four days after the transfer, the eyes of the recipient mice
were challenged with RW in PBS (2 mg in 10 ul per eye). Twenty-four
hours later, the eyes and spleens were harvested for histological analysis.

EC induction by adoptive transfer of in vitro-stimulated RW-
primed splenocytes and treatment with Abs

Naive BALB/c mice were immunized with RW in both their left hind
footpad and tail base, and were not treated with any Abs. Ten days later,
splenocytes were prepared and cultured with RW, as detailed in the pre-
vious section. After incubation for 72 h at 37°C in a humidified atmosphere
with 5% CO,, 2 X 107 splenocytes were i.p. injected into syngeneic naive
BALB/c mice. After the splenocyte transfer, the mice were injected i.p.
with 200 pg of anti-4-1BB (n = 10), anti-4-1BBL (n = 10), or nrlgG (n =
10) either once (on day 4) or twice (on days 2 and 4). Soon after the
injection of Abs on day 4, the eyes of the recipient mice were challenged
with RW in PBS (2 mg in 10 ul per eye). Twenty-four hours later, the eyes
were harvested for histological analysis.

Histological analysis

The eyes, including the conjunctivas, were harvested and fixed in 10%
buffered Formalin. Horizontal 2-pum-thick sections were cut and stained
with Giemsa. Infiltrating eosinophils in the lamina propria mucosae of the
tarsal and bulbar conjunctivas throughout each section were counted by
two blinded observers. The sections counted were those of the central
portion of the eye, which included the pupil and optic nerve head. Because
the counts vary depending on the severity of inflammation (when inflam-
mation is severe, the thickness of lamina propria mucosae increases), the
cell count data are expressed as infiltrating eosinophil numbers divided by
area (mm?), as measured by Scion Image (Scion). The data are presented
as an average = SEM of all the mice examined.

Flow cytometric analysis

Splenocytes were incubated for 30 min on ice with FITC- or biotin-labeled
Abs at optimal concentrations. After the incubation, the cells were washed
with cold 2% FCS-PBS. In the case of biotin-labeled Abs, the cells were
then incubated with streptavidin-PE for 10 min and then washed again.
These cells were analyzed on a FACScan (BD Biosciences), and acquisi-
tion and analysis were performed using CellQuest software. The data are
presented as an average of Ab-stained cell number = SEM per spleen.

4-1BB-MEDIATED INHIBITION OF MOUSE ALLERGIC CONJUNCTIVITIS

Cellular proliferation assay

RBC-depleted splenocytes (3 X 10° cells/well) were cultured in 96-well
flat-bottom plates in a final volume of 0.2 ml of RPMI 1640 medium
supplemented with 5% FCS and 2-ME. The cells were stimulated with RW
at final concentrations of 0.2, 1, 5, and 25 pg/ml or with Con A at 5 pg/ml.
After an 80-h incubation at 37°C in a humidified atmosphere containing
5% CO,, the cultures were pulsed for 16 h with 0.5 uCi/well [*H]thymi-
dine (Japan Atomic Energy Research Institute). The cultures were then
harvested, and the incorporated radioactivity was measured by standard
techniques. The data were expressed as 6 cpm (mean cpm of stimulated
cultures — mean cpm of unstimulated control cultures) or as stimulation
indices (mean cpm of stimulated cultures/mean cpm of unstimulated con-
trol cultures).

Measurement of total IgE in serum

Twenty-four hours after RW challenge of actively immunized mice, the
blood was collected and serum was prepared. Total IgE in the sera was
measured by ELISA. Briefly, affinity-purified anti-mouse IgE (2 pg/ml;
eBioscience) was coated in a 96-well enzyme immunoassay plate (Costar)
overnight at 4°C. The plates were then washed and incubated with blocking
buffer (1% BSA in PBS) for 3 h at room temperature. The plates were
washed again, and the samples or IgE standards were applied to each well.
After 2-h incubation at room temperature, the plates were washed and
biotin-conjugated rat anti-mouse IgE (BD Biosciences) was added to each
well for 1 h at room temperature. After washing, avidin-alkaline phospha-
tase (Sigma-Aldrich) was added to each well for 1 h. After washing, the
substrate p-nitrophenyl phosphate (p-nitrophenyl phosphate liquid sub-
strate system; Sigma-Aldrich) was added to each well. Fifteen minutes
later, absorbance was measured at 405 nm. The concentration of IgE was
standardized by reference to the known concentrations of the IgE standards
(BD Biosciences).

Measurement of cytokines in the culture supernatants

RBC-depleted splenocytes (107 cells/ml) were cultured for 48 h with Con
A (5 pg/ml) or RW (25 pg/ml) in 96-well flat-bottom plates in a final
volume of 0.2 ml of RPMI 1640 medium supplemented with 10% FCS and
2-ME. The levels of IL-4, IL-5, IL-13, and IFN-vy produced were measured
by using commercially available ELISA kits (Duoset; R&D Systems), ac-
cording to the manufacturer’s recommendations.

Statistical analysis

Differences between the Ab-treated and nrlgG-treated mice in terms of
their serum IgE levels, splenocyte proliferation, cytokine production, and
infiltrating eosinophil numbers were tested for significance by Student’s ¢
test. Values of p <0.05 were considered significant.

Results
Treatment with agonistic anti-4-1BB Abs during the induction
phase inhibits the infiltration of eosinophils into the conjunctiva

To investigate the role that the 4-1BB molecule plays in the de-
velopment of EC, we induced EC in WT BALB/c mice by active
immunization and treated the mice with i.p. injections of either an
agonistic anti-4-1BB Ab or a blocking anti-4-1BBL Ab. As a con-
trol, the mice were treated with nrlgG. The untreated and nrlgG-
treated actively immunized mice showed equivalent eosinophilic
infiltration (Fig. 1, A and D, and data not shown). However, rel-
ative to the nrlgG-treated mice, the agonistic anti-4-1BB Ab-
treated mice showed a marked inhibition in eosinophilic infiltra-
tion (Fig. 1, B and E). In contrast, the eosinophil infiltration was
not apparently affected by treatment with the blocking anti-
4-1BBL Ab (Fig. 1, C and F). When the eosinophils were counted,
the reduced eosinophil infiltration seen after the agonistic Ab treat-
ment compared with that in the nrlgG treatments was found to be
significant (Fig. 1G, p < 0.001). Difference between nrlgG-treated
and anti-4-1BBL Ab-treated mice was not statistically significant.
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FIGURE 1. Treatment with agonistic anti-4-1BB Abs during the induc-
tion phase of EC inhibits eosinophilic infiltration into the conjunctiva of
WT mice. BALB/c WT mice were immunized with RW in alum and then
i.p. injected with 200 ug of nrIgG (A and D; n = 20), anti-4-1BB Abs (B
and E; n = 20), or anti-4-1BBL Abs (C and F; n = 19) on days 0, 2, 4, 6,
and 8. On day 10, the mice were challenged with RW in eye drops, and
their conjunctivas were harvested 24 h later for histologic analysis. Bar =
20 wm. The infiltrating eosinophils were counted, and the data are ex-
pressed as eosinophils per mm? (G). #x, p < 0.01.

Transfer of splenocytes from actively immunized mice treated
with the agonistic anti-4-1BB Ab induces less eosinophil
infiltration

EC can be transferred by Ag-primed splenocytes. Consequently,
we next examined the severity of eosinophilic infiltration into the
conjunctiva of naive BALB/c mice upon adoptive transfer of the
splenocytes from the actively immunized mice after the treatment
with anti-4-1BB Abs, anti-4-1BBL Abs, or nrlgG. The splenocytes
from anti-4-1BB Ab-treated mice induced significantly less eosin-
ophilic infiltration compared with those from nrigG-treated or anti-
4-1BBL Ab-treated mice (Fig. 2, p < 0.001). Difference between
nrlgG-treated and anti-4-1BBL Ab-treated mice was not statisti-
cally significant.

Effect of agonistic anti-4-1BB Ab treatment on immune
responses

The above findings indicate that the agonistic anti-4-1BB Ab in-
hibits EC, possibly by modifying the function of splenocytes. To
examine this, we evaluated the effect of Ab treatment on immune
responses of the splenocytes from actively immunized mice by in
vitro assays. In addition, the humoral immune responses of these
mice were evaluated by measuring total serum IgE levels. The
spleens in the agonistic anti-4-1BB Ab-treated group were signif-
icantly larger and contained significantly more splenocytes than
those of the other two groups (Fig. 34). Moreover, flow cytometric
analysis showed the spleens of the agonistic anti-4-1BB Ab-treated
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FIGURE 2. Reduced eosinophilic infiltration is observed upon adoptive
transfer of splenocytes from the mice treated with agonistic anti-4-1BB
Abs. Spleens were harvested from the mice described in the legend to Fig.
1 at the same time the conjunctiva were removed. Splenocytes were pre-
pared and cultured in vitro with RW and then transferred into naive
BALB/c WT mice. Four days later, the recipient mice were challenged
with RW in eye drops, and 24 h later, their conjunctivas were subjected to
histologic analysis. The infiltrating eosinophils were counted, and the data
are expressed as eosinophils per mm?. #:x, p < 0.01.

group contained a higher proportion of CD3" cells, especially
CD8™" cells (Tables I and II). In accordance with the previous
report (26), the number and proportion of CD8"CD11c™ positive
cells were significantly higher in the agonistic anti-4-1BB Ab-
treated group. In addition, these splenocytes proliferated against
RW significantly less vigorously (Fig. 3B). Compared with spleno-
cytes from the nrlgG-treated mice, splenocytes from the blocking
anti-4-1BBL Ab-treated mice also proliferated less vigorously
(Fig. 3B). In contrast, Con A-induced proliferation was similar
among the three groups (Fig. 3C). Analyses of the cytokine pro-
duction by the cultured splenocytes revealed that the Con A-stim-
ulated splenocytes from the agonistic anti-4-1BB Ab-treated mice
produced more IFN-vy and less IL-4, IL-5, and IL-13, compared
with the nrlgG-treated group (Fig. 3D). In addition, RW-stimu-
lated splenocytes from the agonistic anti-4-1BB Ab-treated mice
produced less IL-4 and IL-13 than the nrlgG-treated group (Fig.
3D). Finally, the agonistic anti-4-1BB Ab-treated mice had signif-
icantly lower total serum IgE levels, compared with the other two
groups (Fig. 3E). Compared with the nrlgG-treated group, total
serum IgE levels were significantly lower in the blocking anti-4-
IBBL Ab-treated group (Fig. 3E).

Treatment with agonistic anti-4-1BB Abs during the induction
phase inhibits the infiltration of eosinophils into the conjunctiva
of GKO mice

Next, we induced EC in GKO mice and treated the mice with
nrlgG or anti-4-1BB Ab to investigate whether the suppressive
effects of the agonistic anti-4-1BB Ab are mediated by IFN-vy.
Similar to the data in WT BALB/c mice, the agonistic anti-4-1BB
Ab treatment significantly suppressed the infiltration of eosino-
phils into the conjunctiva (Fig. 4).

Treatment with the agonistic anti-4-1BB Ab during the effector
phase inhibits the infiltration of eosinophils into the conjunctiva

Finally, we investigated whether the treatment with agonistic anti-
4-1BB Abs can affect the effector phase of EC. For this purpose,
we transferred in vitro stimulated RW-primed splenocytes from
Ab-untreated mice and treated the recipients with the agonistic
anti-4-1BB Ab. The anti-4-1BB Ab treatment suppressed the in-
filtration of eosinophils into the conjunctiva as compared with the
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FIGURE 3. Effect of agonistic anti-4-1BB Ab treatment of actively immunized mice on splenocyte immune responses. Spleens and sera were harvested from
the mice described in the legend to Fig. 1 at the same time the conjunctivas were collected. The spleens were weighed and then dissociated, and the recovered
splenocyte numbers were counted. Data are presented as weight and cell number per spleen in each group (A; #*, p < 0.01). The resulting splenocytes were
stimulated in vitro with RW (B; *, p < 0.05 and s, p < 0.01 compared with nrlgG) or Con A (C). Splenocyte proliferation was evaluated by [*H]thymidine
incorporation. Background cpm = SEM was 2376 * 87, 1393 = 41, and 1426 * 68 for the nrlgG-treated, anti-4-1BB Ab-treated, and anti-4-1BBL Ab-treated
groups, respectively. The supernatants of splenocytes cultured with RW and Con A, or without any stimulants, were harvested for measuring the concentrations
of IL-4, IL-5, IL-13, and IFN-y by ELISA (D; *, p < 0.05). Total serum IgE was measured by ELISA (E; *, p < 0.05 and **, p < 0.01).

nrlgG treatment (Fig. 5), although significant inhibition was noted
only when the treatment was conducted twice (Fig. 5B, p < 0.05).
In contrast, treatment with the blocking anti-4-1BBL. Ab did not

affect the infiltration of eosinophils (Fig. 5).

Discussion

Agonistic anti-4-1BB Abs have been reported to augment activation
of T cells, especially CD8™ subset, and the production of IFN-vy (15,
19-21). These Abs have also been observed to ameliorate several
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Table I.  Flow cytometric analysis of splenocytes from actively immunized mice: cell number per spleen”

CD3* CD4™ CD8* B220* F4/80* CD8*CDI1c*
nrlgG 17.8 =24 11.6 1.9 6.2 = 1.1 229*54 2.1+0.3 0.5*+0.2
4-1BB 77.8 + 16.0%x 45.3 £ 8.8*x 31.2 = 6.5%:* 51.8 & 7.6%:% 8.7 £ 1.6%x 6.0 = 0.4
4-1BBL 20.6 = 1.4 13.6 £ 0.7 6.2 *+04 26.6 5.4 1.7+ 0.3 0.3 +0.1

“ Mice were actively immunized with RW and i.p. injected with nrlgG, anti-4-1BB, or anti-4-1BBL, as detailed in Materials and Methods. Harvested splenocytes were
analyzed by flow cytometric analysis and data are presented as mean cell number = SEM (X 10°).

#%, p < 0.01 compared to nrlgG and 4-1BBL groups.

experimentally induced diseases, including autoimmune diseases such
as rheumatoid arthritis (25, 26), cancer (15, 19), graft-vs-host disease
(27), and infectious diseases (28). However, it has not yet been re-
ported whether these Abs also affect experimental allergic diseases.
EC, an experimental AC, is mediated by Th2 cells and has been dem-
onstrated to be negatively regulated by IFN-vy (29, 30). Therefore, in
this study, we have sought to determine whether the agonistic anti-
4-1BB Ab treatment can suppress EC and whether this may be me-
diated by the up-regulation of IFN-vy.

We observed that treatment with the agonistic anti-4-1BB Ab
during the induction phase of EC suppressed the infiltration of
eosinophils into the conjunctiva. In contrast, the blocking anti-4-
1BBL Ab had little, if any, effect on eosinophil infiltration. How-
ever, the treatment with anti-4-1BBL Ab did significantly suppress
the proliferation of splenocytes against RW and the total serum
IgE levels. The reason for this discrepancy between eosinophil
infiltration and immune responses in anti-4-1BBL Ab-treated mice
remains unclear. Because suppression of immune responses in anti-
4-1BBL Ab-treated mice was less than that in anti-4-1BB Ab-
treated mice, the immune responses in anti-4-1BBL Ab-treated
mice might be above the threshold for the development of EC. In
contrast, we found the forced stimulation of 4-1BB actively sup-
pressed the sensitization. This effect on sensitization could be
transferred to naive mice by the splenocytes, because the transfer
of anti-4-1BB-treated splenocytes induced significantly less infil-
tration of eosinophils into the conjunctiva. Therefore, to investi-
gate the mechanism that is affected by anti-4-1BB Abs, we exam-
ined the splenocytes. The splenocytes from anti-4-1BB Ab-treated
mice showed markedly impaired proliferation and produced lower
amounts of IL-4 and IL-13 upon RW stimulation. Moreover, the
spleens of anti-4-1BB Ab-treated mice were larger and contained
a higher ratio of CD8™" T cells, especially CD8 "CD11c¢™ cells, and
the splenocytes produced less IL-4, IL-5, and IL-13 and more
IFN-vy upon Con A stimulation. These alterations in splenic phe-
notype are in accordance with previous reports demonstrating the
suppressive effect of anti-4-1BB Abs on collagen-induced arthritis
(25, 26). In addition, similar to the previous report demonstrating
that anti-4-1BB Abs abrogated T cell-dependent humoral immune
responses in vivo (22), we found total serum IgE levels (whose
production is supported by Th2 cells) were significantly sup-
pressed by the treatment with anti-4-1BB Abs. Thus, the treatment

with anti-4-1BB Abs during the induction phase generally sup-
pressed Th2 responses in vivo.

It was demonstrated that transfer of Ag-primed CD8" T cells
has a potent suppressive effect on late allergic airway responses in
Brown Norway rats (31). In addition, it also has been demonstrated
recently that adoptively transferred in vitro cultured CD8™ T cells
are capable of suppressing allergic airway eosinophilia in an Ag-
independent, but IFN-vy-dependent manner in mice (32). Thus,
CD8™ T cells are likely to have suppressive potential for the de-
velopment of allergic diseases. Furthermore, transfer of
CD8"CDl1c" cells from anti-4-1BB Ab-treated mice suppressed
collagen-induced arthritis (26). Together with our finding that
CD8™ cells, especially CD8*CDI11c* cells, increased in the
spleen of anti-4-1BB Ab-treated mice, it could be considered that
splenic CD8™ cells may have the suppressive capability in the
development of EC. To examine this possibility, we adoptively
transferred 5 X 107 splenocytes from nrlgG-treated and anti-4-
1BB Ab-treated mice into naive mice and then induced EC by
active immunization. The average infiltrating eosinophil numbers
were not significantly different (353 in nrlgG-treated mice and 391
in anti-4-1BB Ab-treated mice). Although purified CD8" cells
were not transferred in our study, the splenocytes from anti-4-1BB
Ab-treated mice are less likely to contain suppressive regulatory
cells. Detailed analysis as to how CD8™ T cells are involved in the
development of EC will be required.

In a previous report (33), IFN-y was essential for the generation
of tumor-specific immune responses by the treatment with anti-4-
1BB Abs. To investigate whether the suppressive effect of agonis-
tic anti-4-1BB Abs on the development of EC was mediated by
IFN-vy, we induced EC in GKO mice and treated the mice with
nrlgG or anti-4-1BB Abs. The suppressive effect of anti-4-1BB
Abs was not impaired in GKO mice (Fig. 4), as compared with that
in WT mice (Fig. 1). This indicates that the suppressive effect of
agonistic anti-4-1BB Abs was not mediated by up-regulation of
IFN-v, but most likely mediated by suppression of Th2 responses.
The mechanism by which the anti-4-1BB Ab treatment suppressed
the Th2 responses independently of IFN-y remains to be deter-
mined. It was recently reported that 4-1BB expressed on CD4™ T
cells may play a negative regulatory role (34). Moreover, it also
has been reported recently that the agonistic anti-4-1BB Abs in-
duced activation-induced cell death of pathogenic CD4™ T cells in

Table II. Flow cytometric analysis of splenocytes from actively immunized mice: percent positive®

CD3" CD4* CD8™ B220* F4/80* CD8*CDllc*
nrlgG 40.1 = 3.0 262+ 1.6 13.9 £ 0.9 509 1.3 4.6 +0.3 1.2*+0.2
4-1BB 56.8 & 2. 1% 32.5 £ 1.8 24.0 = 1.0%x 37.3 £ 2.15x% 6.2 = 0.4 4.4 = 1.0%x
4-1BBL 426 £32 28225 128 £ 0.9 542 £3.1 35*0.1 0602

“ Mice were actively immunized with RW and i.p. injected with nrlgG, anti-4-1BB or anti-4-1BBL, as detailed in Materials and Methods. Harvested splenocytes were

analyzed by flow cytometric analysis and data are presented as percent positive = SEM.

#, p < 0.05. %, p < 0.01 compared to nrlgG and 4-1BBL groups.
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FIGURE 4. Treatment with agonistic anti-4-1BB Abs during the induc-
tion phase of EC inhibits eosinophilic infiltration into the conjunctiva of
GKO mice. BALB/c GKO mice were immunized with RW in alum and
then i.p. injected with 200 pg of nrIgG (n = 9) or anti-4-1BB Abs (n = 9)
on days 0, 2, 4, 6, and 8. On day 10, the mice were challenged with RW
in eye drops, and their conjunctivas were harvested 24 h later for histologic
analysis. The infiltrating eosinophils were counted, and the data are ex-
pressed as eosinophils per mm?. s, p < 0.01.

a chronic graft-vs-host disease model (35). Therefore, the anti-4-
IBB Abs might act on RW-specific CD4™ T cells to prevent their
expansion. Alternatively, the agonistic anti-4-1BB Ab treatment
might induce CD8™ T cells exerting TGF-B-mediated suppression
of CD4" T cell responses, as previously reported (36). Further
studies are needed to address these possibilities.

Finally, we investigated the inhibitory effects of anti-4-1BB Abs
on the effector phase of EC. Although the inhibitory effect was
milder than that in the induction phase, the Ab still inhibited eo-
sinophilic infiltration. This inhibition was dose dependent, because
significant suppression was noted when the treatment was con-
ducted twice, but not once. Although the suppression was statis-
tically significant, percentage of inhibition of eosinophil infiltra-
tion was <30%. Therefore, to confirm the suppressive effect of
anti-4-1BB Abs during the effector phase, it is necessary to opti-
mize the treatment protocol by examining the dose of Abs and the
timing of treatment.
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