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Abstract
Chronic/recurrent autoimmune (idiopathic) uveitis is difficult to treat and they account for
approximately 10% of legal blindness in the Western world. As it has been reported that anti-CD3
antibody can enhance T cell regulatory function, we investigated its effects in vivo on
experimental autoimmune uveitis (EAU), a model for autoimmune uveitis in humans. B10RIII
mice immunized with an uveitogenic peptide were treated with the F(ab')2 fragment of anti-CD3
mAb either before or at clinical disease onset. Evaluation of EAU and cellular responses showed
that disease was inhibited and the activation and expansion of pathogenic T cells selectively
reduced, whereas functions of Treg in vivo were enhanced. Moreover, mice treated with anti-CD3
mAb were resistant to a second challenge with antigen and thus protected from recurrence of
disease. Our results demonstrate that anti-CD3 mAb is a potent inhibitor of autoimmune uveitis.

Introduction
Uveitis, a common cause of human visual disability and blindness, is associated with
chronic and recurrent complications. Animal models of experimental autoimmune uveitis
(EAU) have been widely used to dissect the immunopathological mechanisms in uveitis and
to develop preventive or therapeutic strategies. EAU can be elicited in rodents either by
immunization with retinal antigens, such as retinal S antigen (S-Ag) [34] or
interphotoreceptor retinal-binding protein (IRBP)[13;14], or by the adoptive transfer of
uveitogenic T cells [1;18;28], suggesting that uveitis is a T cell-mediated, organ-specific
autoimmune disease.

Autoimmune processes are related to defects in immunologic tolerance, a state of immune
system unresponsiveness to an antigen. Tolerance is maintained by multiple mechanisms
including deletion, anergy, and active cellular regulation [26] and strategies to induce
immune tolerance are being developed for the treatment of autoimmunity. One such
approach is the administration of CD3-specific antibody (Ab), which has shown efficacy in
animal models of autoimmunity, including autoimmune diabetes [3;8;9;15;24;33] and
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experimental allergic encephalomyelitis (EAE) [22;31], and in humans with autoimmune
diabetes [4;16;17;21] or psoriatic arthritis [32]. In addition, anti-CD3 Ab treatment is an
approved therapy for acute transplant rejection in the clinic [5]. Till now, there have not
been any studies of the effects of anti-CD3 monoclonal antibody (mAb) in an autoimmune
uveitis model.

Here, we used the model of EAU in B10RIII mice to investigate the effect of the F(ab’)2
non–FC receptor (FcR)-binding fragment of anti-CD3 mAb in the treatment of autoimmune
uveitis. The F(ab')2 fragment of anti-CD3 mAb, directed against the invariant CD3e chain of
the TCR, is unable to activate complement or interact with type I and III FcRs [7], and so
does not activate resting T cells and induces less toxicity due to cytokine release in vivo [7].
We found that this mAb significantly reduced the severity of the disease when administered
either before or at disease onset and protected the treated mice from uveitis when they were
immunized a second time with IRBP peptide 30 days after the primary immunization. The
mechanism of action of the anti-CD3 mAb was further explored.

Materials and Methods
Animals and reagents

Pathogen-free female B10RIII mice (8– to 10-wk-old) were purchased from the Jackson
Laboratory and were housed and maintained in the animal facilities of the University of
Louisville. Institutional approval was obtained and institutional guidelines regarding animal
experimentation were followed.

All T cells were cultured in RPMI 1640 medium (Mediatech, Manassas, VA) supplemented
with 10% fetal calf serum (FCS) (Hyclone, Logan, Utah), 5 × 10−5 M 2-mercapatoethanol,
and 100 μg/ml of penicillin/streptomycin. The human IRBP peptide IRBP161–180
(SGIPYIISYLHPGNTILHVD) was synthesized by Sigma-Aldrich (St. Louis, MO).

Antigen immunization-induced uveitis and anti-CD3 Ab treatment
For active induction of disease in B10RIII, the animals were immunized subcutaneously
with 100 μL of emulsion containing human IRBP161–180 (50 μg) and 500 μg of
Mycobacterium tuberculosis H37Ra (Difco, Detroit, MI) in incomplete Freund’s adjuvant
(Sigma, St. Louis, MO), distributed over six spots on the tail base and flank. Concurrently,
0.2 μg of pertussis toxin was injected intraperitoneally (i.p.)[29]. For antigen (Ag)
rechallenge experiments, we followed the protocol described by Dr. Caspi’s group[2;30], in
which mice were immunized with 50 μg of IRBP161–180 in 0.1 ml at the base of the tail for
the primary challenge and re-immunized with 50 μg of the same peptide in 0.1 ml divided
between the thighs of the two hindlimbs.

IRBP peptide-immunized mice were injected i.p. (unless otherwise stated) with F(ab')2 anti-
CD3 mAb (145–2C11; BioXCell, West Lebanon, NH), control hamster IgG F(ab')2 (Jackson
ImmunoResearch Laboratories, Charlestown, MA), or phosphate-buffered saline (PBS)
daily for 5 consecutive days[10;36] either prior to appearance of disease (days 6–10 after Ag
immunization) or at onset of the disease (days 10–14). In some experiments using anti-CD3
mAb, mice were injected with 500 μg of neutralizing anti–mouse TGF-β or IL-10 Abs
(BioXCell) or PBS on days 6–10 after Ag immunization. The clinical course of the disease
was assessed by indirect fundoscopy twice a week starting day 6 post immunization.
Fundoscopic evaluation for longitudinal follow-up of disease was performed using a
binocular microscope after pupil dilation using 0.5% tropicamide and 1.25% phenylephrine
hydrochloride ophthalmic solutions. The incidence and severity of EAU were graded on a
scale of 0–4 in half-point increments using previously described criteria [29], based on the
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type, number, and size of lesions present. The nature of the disease was confirmed
histologically [29]

Preparation of IRBP161–180-specific T cells
Briefly, at 14 days post-immunization with Ag, T cells were isolated from draining lymph
node (LN) and spleen cells by passage through a nylon wool column, then 1 × 107 cells in 2
ml of RPMI 1640 medium were added to each well of a 6-well plate (Costar, Corning, NY)
and stimulated with 20 μg/ml of IRBP161–180 in the presence of 1 × 107 irradiated
syngeneic spleen cells as antigen-presenting cells (APCs). After 2 days, the activated
lymphoblasts were isolated by gradient centrifugation on Lymphoprep (Axis-Shield, Oslo,
Norway) and cultured in RPMI 1640 medium supplemented with 15% IL-2-containing
medium (supernatant from Con A-stimulated rat spleen cells).

Adoptive transfer of EAU
For adoptive transfer, recipient animals of the same strain were injected i.p with 0.2 mL of
PBS containing 5 × 106 IRBP161–180-specific T cells isolated from the spleen and LN of
mice treated with 50 μg of anti-CD3 mAb or control IgG [27].

Pathological examination
Inflammation of the eye was confirmed by histopathology. Whole eyes were collected,
immersed for 1 h in 4% phosphate-buffered glutaraldehyde, then transferred to 10%
phosphate-buffered formaldehyde until processed. The fixed and dehydrated tissue was
embedded in methacrylate and 5-μm sections were cut through the pupillary-optic nerve
plane and stained with hematoxylin and eosin (H&E). Presence or absence of disease was
evaluated blind by examining six sections cut at different levels for each eye. Severity of
EAU was scored on a scale of 0 (no disease) to 4 (maximum disease) in half-point
increments based on the presence of inflammatory cell infiltration of the iris, ciliary body,
anterior chamber, and retina, where 0 =normal anterior segment and retinal architecture,
with no inflammatory cells in these structures; 1 = mild inflammatory cell infiltration of the
anterior segment and retina; 2 = moderate inflammatory cell infiltration of the anterior
segment and retina; 3 = massive inflammatory cell infiltration of the anterior segment and
retina, disorganized anterior segment and retina; and 4 = as in 3, but with photoreceptor cell
damage.

Proliferation assay
T cells prepared from IRBP161–180-immunized B10RIII mice were seeded at 4 × 105 cells/
well in 96-well plates, then cultured at 37°C for 60 h in a total volume of 200 μl of medium
with or without IRBP161–180 in the presence of irradiated syngeneic spleen APCs (1 ×
105), and [3H]thymidine incorporation during the last 8 h was assessed using a microplate
scintillation counter (Packard Instrument). The proliferative response was expressed as the
mean cpm ± SD of triplicate determinations.

Flow cytometry analysis
Conventional methods were used for analysis of surface molecule expression. Aliquots of 1
× 105 cells were double-stained with combinations of fluorescein isothiocyanate (FITC)-,
phycoerythrin (PE)-, or allophycocyanin (APC)-conjugated mAbs against mouse CD4 or
CD25 (all from eBioscience, San Diego, CA).

For intracellular staining of Foxp3, cells were fixed overnight in 1 ml of fixation buffer,
washed, and incubated for 30 min at 4°C with anti-mouse-Foxp3 Ab (Milteny Biotec,
Auburn, CA).
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For intracellular cytokine staining, cells were pretreated for 6 h with 50 ng/ml of phorbol
myristic acetate (PMA), 1 μg/ml of ionomycin, and 1 μg/ml of brefeldin A (Sigma, St.
Louis, MO), then washed, fixed, permeabilized overnight with Cytofix/Cytoperm buffer
(eBioscience, San Diego, CA), and intracellularly stained with PE-conjugated-IFN- and
FITC-conjugated IL-17 mAbs (BioLegend, San Diago, CA).

Data collection and analysis of samples were performed on a FACSCalibur flow cytometer
using CellQuest software (BD Biosciences, San Jose, CA).

Isolation of eye-infiltrating cells
Cells were isolated as described previously [23]. Eyes were collected on the last day of
experiments after PBS perfusion and a cell suspension was prepared by digestion for 10
minutes at 37°C with collagenase (1 mg/mL) and DNase (100 μg/mL) in RPMI 1640
containing 10% FCS. The cells were washed, resuspended in staining buffer (PBS
containing 3% FCS and 0.1% sodium azide), and stained with fluorescent mAb for
inflammatory cell identification by flow cytometry.

Real-time quantitative RT-PCR (qPCR) assay for the expression of the transcriptional
factors T-bet and RORγt

Total RNA from splenic T cells was extracted using an RNA isolation kit (Invitrogen,
Carlsbad, CA), treated with DNase I (GE Healthcare, Piscataway, NJ), and reverse
transcribed into cDNA using an MMLV-RT kit (Invitrogen). Each cDNA sample was
amplified for the gene of interest and β-actin (TaqMan assays; Mx3000P system; Stratagene,
La Jolla, CA). The concentration of the gene of interest was determined using the
comparative threshold cycle number and normalized to that of the internal β-actin control.
The primers used were: β-actin, forward primer, 5′-ATCTACGAGGGCTATGCTCTCC-3′,
reverse primer, 5′-ACGCTCGGTCAGGATCTTCAT-3′; T-bet, forward primer, 5’-
GAGTTCCGA GCTGTGAGCATG-3’, reverse primer, 5′-
GGAGCCCTGTTCCTCTGAGG-3′; RORγt, forward primer, 5′-
TACGGGGTTATCACCTGTGAGG-3′, reverse primer, 5′-CCCTCTGC
TTCTTGGACATTCG-3′.

ELISA
Cytokines TGF-β1, IL-10, IL-6, IL-17, and IFN-γ were measured using commercially
available ELISA kits (R&D Systems, Minneapolis, MN).

Statistical analysis
Experiments were repeated at least twice, and usually three or more times. An unpaired
Student’s t test for two sets of data or one-way ANOVA Dunnet for three or more means at
one time or repeated ANOVA for clinical score of uveitis was used for statistical analysis. A
P value < 0.05 was considered as significant. Values determined to be significantly different
from those for controls are marked with an asterisk in the figures.

Results
Anti-CD3 mAb treatment suppresses uveitis in B10RIII mice immunized with IRBP161–180

To determine whether anti-CD3 mAb had an effect on IRBP161–180-induced uveitis,
IRBP161–180-immunized B10RIII mice received five consecutive i.p. injections of anti-
mouse CD3 mAb F(ab’)2 (50 μg/injection) starting on day 6 after IRBP161–180
immunization (day 0), while control B10RIII mice received isotype control. We chose a
regimen of 5 consecutive days based on previous protocols for both orally [20] and i.v. [10]
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administered anti-CD3 mAb. The results showed that, although all control animals
developed full disease, anti-CD3 mAb-treated B10RIII mice developed mild disease with a
delayed onset (Fig. 1A). We then determined whether delayed injection of anti-CD3 had a
similar protective effect. As shown in Fig. 1B, five i.p. injections starting on day 10 (i.e. at
disease onset) also had a significant effect on EAU development, indicating that anti-CD3
mAb treatment not only prevents EAU even once IRBP-specific T cells have been primed,
but also suppresses EAU when give at early onset of the disease. We also tested the effect of
sub-conjunctiva injections of anti-CD3 mAb treatment on EAU. Five consecutive sub-
conjunctiva injections of anti-CD3 mAb at 15 μg/injection starting on day 6 post-IRBP161–
180 immunization significantly reduced disease severity both clinically and histologically
(Fig. 1C&D) compared to that in mice not injected with anti-CD3 mAb. Histopathology of
eyes collected on day 21 revealed that control Ab-treated mice showed retinal
disorganization; photoreceptor destruction and inflammatory cells in the vitreous, uvea, and
retina (Fig. 1D, left). Mice treated with anti-CD3 Ab had completely normal retinal
architecture (Fig. 1D, right).

Anti-CD3 mAb treatment results in decreased activation of IRBP-specific T cells
To determine the mechanism by which anti-CD3 mAb injection decreased the development
of uveitis, we measured IRBP161–180-specific T cell responses in IRBP161–180-
immunized animals left untreated or treated with anti-CD3 mAb. Enriched T cells from the
treated mice were stimulated with immunized antigen in the presence of irradiated APCs,
then proliferation, cytokine production, and disease-inducing ability of the IRBP-responding
T cells were determined. As shown in Fig. 2A and B, anti-CD3 mAb-treated B10RIII mice
(50 μg on days 6–10 post-immunization) showed greatly decreased T cell proliferation and
the production of the pro-inflammatory cytokines IFN-γ, IL-17, and IL-6 released by IRBP
specific Th1 and Th17 cells. Importantly, T cells from anti-CD3 Ab treated mice lost their
ability to induce EAU when transferred into naïve animals (Fig. 2C).

Anti-CD3 mAb treatment increases the percentage of regulatory T cells and enhances the
activity of antigen-specific regulatory T cells

To determine whether anti-CD3 mAb treatment increased the number of regulatory T cells,
thus suppressing EAU in recipient animals, we assessed the number of CD4+Foxp3+ T cells
on day 14 post-immunization in IRBP161–180-immunized B10RIII mice with and without
anti-CD3 treatment. As shown in Fig. 3A, the treated mice had a significantly higher ratio of
CD4+Foxp3+ T cells in the spleen at both day 14 and 30 of post-immunization.

To determine whether these regulatory T cells from mice treated with anti-CD3 mAb were
antigen-specific, we prepared enriched T cells on day 14 post-immunization and stimulated
them with IRBP161–180 and APCs for 2 days, then examined their production of
immunosuppressive cytokines and their ability to inhibit disease induction by IRBP-specific
effector cells. As shown in Fig. 3B, anti-CD3 mAb treatment induced TGF-β and IL-10
secreted regulatory T cells, which, on transferred into naïve mice (3 × 106 Treg/mouse),
were able to protect these mice from subsequent EAU induction by Ag immunization on the
same day of Treg transfer (Fig. 3C).

Neutralization of TGF-β or IL-10 in vivo abrogates the effect of anti-CD3 mAb treatment on
the development of uveitis

To determine whether TGF-β and IL-10 were involved in preventing EAU progression after
anti-CD3 mAb treatment in vivo, we administered neutralizing anti–TGF-β or anti-IL-10 or
a control Ab intraperitoneally to IRBP161–180-immunized B10RIII mice treated with anti-
CD3 mAb, then checked for disease. Recipients of anti-CD3 mAb had a little detectable eye
inflammation, and neutralization of TGF-β or IL-10 abrogated the protective effect on EAU
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progression (Fig. 4A and B). Injection of anti-TGF-β or IL-10 Abs only did not change the
disease course, severity and incidence. In addition, anti-CD3 mAb treatment led to low
expression of the transcription factors T-bet and RORγt for Th1 and Th17 differentiation,
respectively, and this effect was also prevented by anti–TGF-β Ab (Fig. 4C).

Anti-CD3 mAb treatment results in long-term tolerance
Having shown that anti-CD3 mAb treatment protected mice from a primary episode of
EAU, we wished to investigate whether long-term tolerance was achieved as a result of this
treatment. To test this, we re-immunized mice on day 30 after the first immunization with
Ag (d0), i.e. 20 days after cessation of Ab treatment on days 6–10 (Fig. 5A), then, on day 50
(20 days after re-challenge), harvested the eyes and spleen for examination of pathology and
cellular responses. As shown in Fig. 5A, the re-challenged anti-CD3 mAb-treated group 4
had a mild uveitis score on day 50, whereas the corresponding control mice (group 1,
without anti-CD3 mAb treatment, but with primary and secondary immunization) showed
severe disease. The disease score in the non re-challenged group 5 mice remained mild
between days 30 and 50, when the mAb had been cleared away (Fig. 5A). Even after re-
challenge, the disease score remained lower in group 4 than in group 3, which received its
primary immunization on day 30 and exhibited typical day 21 scores. The clinical score
matched the histological presentation in all groups (Fig. 5B).

Splenic and LN T cells harvested on day 50 from all mice were tested for proliferation in
response to IRBP peptide. As with the EAU score, all three anti-CD3 mAb-treated groups
(groups 4–6), with or without re-challenge, had weaker proliferative responses than the
corresponding control groups not receiving anti-CD3 mAb treatment (group 1–3). Notably,
the responses of these anti-CD3 mAb-treated groups were again lower than those in control
group 3 mice, which were only immunized on day 30 (Fig. 5C). These data suggest that anti-
CD3 mAb blockade not only prevents the primary EAU episode, but also inhibits the
generation of a memory response.

Discussion
A new, clinically applicable immunosuppressive regimen that inhibits antigen-specific T
cells, increases the number of Treg cells, reverses early-onset uveitis, and prevents
secondary induction of ocular inflammation is the ultimate goal in the clinic, since both
chronic and recurrent uveitis are refractory to currently available immunosuppressors, the
side-effects of which can lead to visual disability after long-term use. Previously, we used
antibodies to block the interactions between costimulatory ligands and receptors on T cells
and APCs in uveitis models and obtained positive results, but only when the antibodies were
given before disease establishment. In this study, we chose short-term anti-CD3 mAb
therapy on the base of its successful use in experimental studies in the prevention and
treatment of multiple animal models of T cell- and/or Ab-mediated autoimmunity, such as
the NOD model of autoimmune diabetes [3;6;8], EAE [25] , and systemic lupus
erythematosus [35]. In our study, we focused on therapies targeting uveitis at the early stage
of the disease. We also assessed the efficacy of local sub-conjunctiva injection of this mAb.
Furthermore, we examined whether this therapy could induce long-term tolerance and
prevent secondary induction of the disease. A promising observation in our study is that
short-term treatment with anti-CD3 mAb at a time when autoimmune attack of the eye has
already been initiated suppressed the disease. Equally encouragingly, this treatment resulted
in long-term resistance to secondary induction of uveitis.

The therapeutic effect of anti-CD3 mAb on early-onset uveitis and the secondary induction
of the disease is probably related to depletion of the effector CD3+ T cell population, which
is made up not only of αβT cells, but also γδ T cells. γδ T cells are critical in promoting the
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differentiation of Th17 cells, which are involved in tissue chronic inflammation [12]. Anti-
CD3 mAb selectively suppressed the activation and expansion of pathogenic Ag-specific
Th1 and Th17 cells, resulting in markedly reduced production of IL-17 and IFN-γ by the
pathogenic Th1 and Th17 cells. Newly activated effector T cells seem to be more vulnerable
to anti-CD3 mAb-mediated cell death, since the antibody was effective when used during
IRBP-specific T cell priming and at the early onset of the disease. The specific inhibitory
effect of anti-CD3 mAb on newly activated T cells, but not on resting T cells, was also
demonstrated in group 6 of Fig 5, in which mice receiving anti-CD3 mAb on d6–10 and
immunized with Ag on day 30 developed uveitis.

On the other hand, anti-CD3 mAb treatment significantly increased the percentage of
multiple regulatory T cell populations, including CD4+CD25+Foxp3+ (fig 3A) and CD1d-
restricted natural killer T (iNKT) cells (data not shown). The increase in ratio of CD4+ over
CD4+ Foxp3+ population resulted from a decrease in number of CD4+ T cells; the number
of CD4+Fop3+ T cells, however, was not much affected by anti-CD3 Ab (Fig 3A). It has
been reported that administration of anti-CD3 mAb can reverse new-onset diabetes in
nonobese diabetic mice by the induction and maintenance of immune regulatory IL-10-
secreting iNKT cells [11]. Although anti-CD3 mAb induced regulatory CD8+CD25+ T cells
in patients with type 1 diabetes [4], we did not detected the increased number of
CD8+CD122+ Treg in our anti-CD3 Ab treated mice (data shown).

Adoptive transfer of splenic T cells from anti-CD3 mAb-treated mice protected recipient
mice from the development of uveitis induced by immunization with IRBP (Fig 3C),
indicating a direct inhibitory effect of Treg cells on antigen-specific effector T cells in vivo.
The inhibitory effect of Treg cells on the function of Ag-specific Th1 and Th17 cells might
be associated with inhibitory cytokines, such as IL-10 and TGF-β1, secreted by regulatory T
cells following administration of anti-CD3 mAb. Neutralization of TGF-β using anti-TGF-β
Ab reversed the inhibition of transcription factor ROR T and T-bet activity in the
differentiation of Th1 and Th17 cells and the reduction of disease severity, compatible with
the reports that TGF-β-induced Foxp3 Treg cells inhibit the differentiation of Th17 and Th1
cells by reducing RORγt and T-bet levels [19;37]. Similarly, neutralization of IL-10 using
anti-IL-10 Ab reversed the suppressive effect of anti-CD3 Ab treatment on EAU. These
results demonstrate that anti-CD3 Ab induced Treg cells mediate disease suppression in vivo
via both IL-10 and TGF-β. Production and action of these two cytokines are interrelated and
are likely to involve positive feedback loops in which IL-10 enhances the expression of
TGF-β and vice versa.

Two mechanisms have been proposed to explain how anti-CD3 Ab inhibits Ag-specific T
effector cells and protects against T cell-mediated autoimmune disease. One is that anti-CD3
mAb primarily induces pathogenic T cell tolerance, apoptosis, or alterations in cell
trafficking [7] and the other is that it induces Treg cells, which then downregulate the
function of T effector cells by direct cell-cell contact and in a TGF-β-dependent fashion [3].
Our study showed that the action of the anti-CD3 mAb involved direct inhibitory effects on
pathogenic T cells and/or the induction of populations of regulatory cells. The suppressive
function of anti-CD3-induced Treg cells appeared to depend on both IL-10 and TGF-β.
However, why anti-CD3 mAb has opposite effects on effector and regulatory T cells, both
of which express CD3, remains to be addressed.

In summary, our study confirms that short-term treatment with a low dose of anti-CD3 mAb
in its F(ab’)2 form, either systemically or locally at disease onset, can reduce disease
severity and prevent the re-induction of uveitis by a direct action on pathogenic T cells and/
or the induction of populations of regulatory cells, and provides a potentially alternative
immune therapy in the clinic for patients with acute and chronic/recurrent uveitis.
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Figure 1.
Systemic and local injection of B10RIII mice with anti-CD3 mAb significantly ameliorates
the development of EAU. IRBP161–180-immunized B10RIII mice received (A) five i.p.
injections of 50 μg of anti-CD3 mAb on days 6–10 after peptide injection, (B) five i.p.
injections of 50 μg on days 10–14 (at disease onset), or (C) five sub-conjunctiva injections
of 15 μg on days 6–10. Disease severity was monitored by fundoscopy twice a week starting
on day 6 post-immunization and graded as described in the Materials and Methods. The data
reflect two combined experiments with five mice per group. Score for each mouse is an
average of both eyes. The results shown are the mean ± SD for the 10 mice. (D) Results of
pathologic examination of the mice in (C) on day 21. D: Left: Note the loss of the
photoreceptor layer, retinal detachment (R), and inflammatory cells (arrows) in the vitreous
(V) and subretinal space. Right, Mouse treated with anti-CD3 Ab. Note the well-preserved
retinal architecture.

Ke et al. Page 11

Clin Immunol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Anti-CD3-treated IRBP161–180-immunized B10RIII mice show a decreased T cell response
to the immunizing peptide. (A), Two groups of IRBP161–180-immunized B10RIII mice
(n=5) were treated with or without 50 μg of anti-CD3 mAb on days 6–10, then, on day 14,
enriched splenic and LN T cells were pooled, stimulated with the immunizing peptide for 2
days in the presence of syngeneic APCs, and tested for their proliferative response in the
presence of graded doses of IRBP161–180 and irradiated APCs from B10RIII mice. Shown
is the means ± SD, a representative experiment of two with similar results. (B), Supernatants
from the above cultures were collected and tested for IFN-γ, IL-17, and IL-6 released by
IRBP-specific T cells by ELISA. The results shown are the means ± SD [n=5] and are
representative of those in two experiments. (C), Two groups (n =4) of naïve B10RIII mice
were adoptively transferred with 5 × 106 in vitro Ag-stimulated T cells isolated on day 14
from IRBP161–180 immunized mice treated with or without anti-CD3 mAb on days 6–10.
Disease was monitored and scored twice a week by fundoscopy from day 6 after transfer till
day 50. The data reflect two combined experiments with four mice per group. Score for each
mouse is an average of both eyes. The results shown are the mean ± SD for the 8 mice.
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Figure 3.
Anti-CD3 mAb treatment increases the percentage of Foxp3+CD4+ T cells and enhances the
regulatory activities. (A): Changes in numbers of Foxp3+CD4+ and CD4+ cells in IRBP
immunized mice treated with anti-CD3 Ab. (B) Enriched T cells from IRBP immunized
mice treated with anti-CD3 mAb (N=5) were stimulated with immunizing peptide and APCs
for 2 days as Fig 2A and B described, then IL-10 and TGF-β released into the culture
supernatant were measured by ELISA. (C). Stimulated T cells at d13 post-immunization (5
× 106) from IRBP-immunized mice treated with or without anti-CD3 mAb were injected
into naïve B10RIII mice (n =4), which were then immunized with a pathogenic dose of
IRBP161–180 on the same day as T cell transfer. The control group was naïve B10RIII mice
without T cell injection, but immunized with IRBP161–180. Disease was monitored and
scored twice a week by funduscopy from day 6 after immunization till day 33. The data
reflect two combined experiments with four mice per group. Score for each mouse is an
average of both eyes. The results shown are the mean ± SD for the 8 mice.
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Figure 4.
Neutralization of TGF-β and IL-10 reverses the protective effect of anti-CD3 mAb. (A and
B) Four groups of IRBP161–180-immunized B10RIII mice were treated with (A): Isotype
control, anti-CD3 (50 μg/injection), anti-TGF-β (500 μg) or both anti-CD3 and anti–TGF-β
Abs, or (B) Isotype control, anti-CD3, anti-IL-10 (250 μg) or both anti-CD3 and anti–IL-10
Abs on days 6 –10 post-immunization, then disease was monitored clinically. The data
reflect two combined experiments with four mice per group. Score for each mouse is an
average of both eyes. The results shown are the mean ± SD for the 8 mice. (C) At 13 days
post-immunization, the T cells from mice in (A) groups were stimulated with immunizing
Ag for 2 days and assessed for mRNA levels for the transcription factors ROR t and T-bet
for Th17 and Th1, respectively, by real time qPCR. Pooled mRNAs for each group were
used for the assay; therefore, although data represent a group average of four mice, no error
bars could be generated. Shown is a representative experiment of two with similar results.
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Figure 5.
Anti-CD3 mAb treatment protects mice from secondary induction of uveitis. (A) EAU score:
B10RIII mice were immunized with IRBP161–180 on day 0 and/or day 30 and treated with
50 μg of anti-CD3 mAb or control Ab on days 6–10, then were sacrificed on day 50. + and -
indicate whether the group was immunized on the indicated day. The EAU score observed
by fundoscopy is two combined experiments with four mice per group. Score for each
mouse is an average of both eyes. The results shown are the mean ± SD for the 8 mice. (B)
Representative pathological results for each group at day 50. (C) Spleen and LN (n=4) were
collected on day 50 and a proliferation assay in response to the indicated concentration of
IRBP peptide measured. Shown (mean±SD) is a representative experiment of two with
similar results.

Ke et al. Page 15

Clin Immunol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


