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Abstract
· AIM: To determine the effects of rapamycin on
experimental autoimmune uveoretinitis (EAU) and
investigate of role of rapamycin on T cell subsets in the
disease.

·METHODS: EAU was induced in rats using peptides
1169 to 1191 of the interphotoreceptor binding protein
(IRBP). Rapamycin (0.2 mg/kg/d) was administrated by
intraperitoneal injection for a consecutive 7d after
immunization. Th1/Th2/Th17 cytokines, TGF-茁1, and IL-6
produced by lymphocyteswere measured by ELISA, while
Th17 cells and CD4 +CD25 + regulatory T cells (Tregs)
from rat spleen were detected by flow cytometry.

·RESULTS: Intraperitoneal treatment immediately after
immunization dramatically ameliorated the clinical course
of EAU. Clinical responses were associated with reduced
retinal inflammatory cell infiltration and tissue
destruction. Rapamycin induced suppression of Th1/Th2/
Th17 cytokines, including IFN -酌, IL -2, IL-17, IL -4, and
IL-10 release from T lymphocytes of EAU rats, .
Rapamycin also significantly increased TGF -茁1
production but had no effect on IL -6 productionof T
lymphocytes from EAU rats . Furthermore,
rapamycin decreased the ratio of Th17 cells/CD4+T cells
and upregulated Tregs in EAU, as detected by flow
cytometry.

·CONCLUSION: Rapamycin effectively interferes with T
cell mediated autoimmune uveitis by inhibiting antigen-
specific T cell functions and enhancing Tregs in EAU.
Rapamycin is a promising new alternative as an adjunct
corticosteroid-sparing agent for treating uveitis.
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INTRODUCTION

E xperimental autoimmune uveoretinitis (EAU) is a T
cell-mediated organ-specific autoimmune disease that

has been widely used as a model for human intraocular
inflammation [1]. There has been great progress regarding the
pathogenic T cells in EAU in the last decade. Early studies
implicated Th1 cells as the etiologic agent of EAU; however,
subsequent studies revealed that Th17 cell lineage
(IL-17-producing CD4+ effector lineage), is another chief
contributor to autoimmune diseases [2-4]. Although the role of
some cytokines produced by these two subsets can be
paradoxical, it is currently believed that Th17 and Th1 cells
play overlapping as well as differential roles in the
pathogenesis of EAU [5-7]. It was proposed that Th2 cells, as
counter-regulatory to Th1, would be protective; however,
research shows that Th2 cells also have the ability to induce
uveitis provided that one uses immunodeficient hosts [8].
CD4+CD25+ regulatory T cells (Tregs) are powerful
inhibitors of T-cell activation (which play an important role
in the regression of EAU [9,10]. Upregulation and adoptive
transfer of Tregs ameliorate EAU[11].
Rapamycin, a product of the bacterium streptomyces
hygroscopicus (also known as sirolimus), was first
discovered in 1975 [12]. It has been used since the late 1990's
as an immunosuppressive therapy to prevent rejection of
transplanted organ allografts [13,14]. Although the efficacy of
rapamycin on EAU has been evaluated as early as 1993 [15,16],
and pilot clinical studies also have shown potential
therapeutic effects in uveitis as an adjunct corticosteroid-
sparing agent [17-20], investigation of immunosuppressive
mechanisms of rapamycin on uveitis is scarce.
With the advances of the complicated pathogenesis of
uveitis, further study of the impact of rapamycin on
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lymphocyte subsets in the course of disease is needed. Using
the EAU model, we investigated the effect of rapamycin on
cytokine profiles of T cell subsets as well as the frequency of
Th17 and Treg cells. We observed that rapamycin could
dramatically ameliorate both clinical symptoms and
pathological manifestations of EAU after injection at the
beginning of disease induction. This effect may be caused by
inhibition of Th1/Th2/Th17 responses and upregulation of
Tregs. The data supports the potential usage of rapamycin to
treat ocular autoimmune diseases.
MATERIALS AND METHODS
Rats and Reagents Female Lewis rats [6 to 8-week-old
purchased from Vital River (Beijing, China)] were housed
and maintained under 12-hour light/12-hour dark cycles and
specific pathogen-free conditions. All procedures involving
rats were approved by the Laboratory Animal Care and Use
Committee of the Tianjin Medical University and adhered to
the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research.
Methods Interphotoreceptor binding protein (IRBP) 1169 to
1191 (PTARSVGAADGSSWEGV GVVPDV, R16) was
synthesized by Sangon (Sandon Biotech, Shanghai, China).
Complete Freund's adjuvant (CFA) was purchased from
Sigma (St. Louis, MO, USA). Mycobacterium tuberculosis
strain H37RA was obtained from Difco (Detroit, MI, USA).
ELISA kits for the quantitative analysis of interleukin (IL)-2,
interferon (IFN)-酌, IL-10, IL-4, transforming growth factor
(TGF)-茁1 , IL-6, and IL-17A were obtained from R&D
Systems (Minneapolis, MN, USA). All cells were cultured in
RPMI 1640 medium (Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS, HyClone,
USA), 5 伊105 mol/L 2-mercaptoethanol, and penicillin/
streptomycin (100 滋g/mL).
Immunization and rapamycin administration EAU was
induced in the Lewis rats by active immunization using
previously reported procedures[21]. In brief, rats were injected
subcutaneously with 100 滋L of an emulsion containing 30 g
of R16 and 500 g of Mycobacterium tuberculosis H37Ra in
CFA into two hind footpads. The immunized rats were then
randomly divided into 3 groups ( =10/each), with one group
being i.p treated with rapamycin at 0.2 mg/kg/d, one with
dimethyl sulfoxide (DMSO)-PBS vehicle, and one without
treatment. Rapamycin was dissolved in DMSO to prepare a
solution with 1mg/mL concentration and then diluted
10-folds with PBS. The treatment started at the same day of
R16 immunization and lasted for 7d.
Clinical and histopathological evaluation of experimental
autoimmune uveoretinitis After immunization, the rats
were examined daily for clinical signs of uveitis by slit lamp
microscope starting at day 4 post-immunization. Incidence
and severity of EAU were graded on a scale of 0 to 4 in
half-point increments using previously described criteria [1]

based on the type, number, and size of lesions present. For
histology, eyes were enucleated on day 14 after

immunization, fixed for 1h in 4% glutaraldehyde/PBS, and
then transferred to 10% buffered formaldehyde until
processing. Fixed and dehydrated tissues were embedded in
paraffin, and 4 滋m sections were stained with standard
hematoxylin and eosin (H&E). The intensity of EAU was
scored in a masked fashion from grade 0 to 4[1].
Spleen cell preparation Single cell suspensions were
prepared from the spleens of R16 -immunized rats at day 14
post-immunization. Mononuclear cells (MNCs) were isolated
from the splenocyte suspensions by Ficoll gradient (Roche,
Switzerland).
Flow cytometry Aliquots of 1伊106 cells were stained with
combinations of PE-cy5-conjugated mAb against rat CD4
(BD Biosciences, USA) and/or PE-conjugated mAb against
CD25 (eBioscience, USA) for 30min followed by fixation in
2% paraformaldehyde to analyze cell-surface molecular
expression. Cells were permeabilized and fixed using a
fixation/permeabilization solution (eBioscience, USA),
stained with PE-conjugated IL-17A mAbs (BD Biosciences,
USA) or FITC-conjugated Foxp3 mAbs (eBioscience, USA)
for 1h, and then subjected to FCM analysis. Expression of
IL-17A or CD25/FoxP3 was analyzed by gating on a
homogenous level of CD4+ cells.

cell stimulation and cytokine production MNCs
suspended in RPMI 1640 medium were seeded into 96-well,
flat-bottomed microtiter plates (Corning, Corning, NY, USA)
at a concentration of 5 伊105 cells in a total volume of
200 滋L/well and stimulated with 30 滋g/mL IRBP peptide at
37℃ in 5% CO2 for 72h. For TGF-茁1 detection, medium
without FBS was used. Cell-free supernatants were collected
after 72h and levels of IFN-酌, IL-2, IL-4, IL-10, TGF-茁1,
IL-6, and IL-17A were measured using commercially
available ELISA kits according to the manufacturer's
instructions (R&D Systems, USA).
Statistical Analysis EAU clinical scores were assessed by
repeated-measures ANOVA using mixed models.
Histopathological scores were calculated using nonparametric
Mann-Whitney test. The frequency of Tregs and Th17
cells and concentrations of IL-2, IFN-酌, IL-10, IL-4,
TGF-茁1, IL-6, and IL-17A were evaluated by one-way
ANOVA . Data are expressed as mean 依SD and <0.05
was considered significant.
RESULTS
Clinical and Histological Assessment of Experimental
Autoimmune Uveoretinitis Rapamycin has been tested in
S-Ag induced EAU in rats [22-25] and IRBP161-180 induced
EAU in B10RIII mice [26]. To determine whether rapamycin
had an effect on R16-induced uveitis, we injected rats with
rapamycin on the same day of immunization. As shown in
Figure 1, most of R16-immuned rats began to show early
signs of uveitis on day 6 (Figure 1G). These included dilated
blood vessels in the iris, abnormal pupil contraction, or a
hazy anterior chamber (Figure 1A). Severe inflammation

Rapamycin ameliorates experimental autoimmune uveoretinitis

660



陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 8熏 晕燥援 4熏 Aug.18, 圆园15 www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂

with scores of 3 and 4 developed on day 12 (Figure 1G),
characterized by an opaque anterior chamber, a dull or
absence of red reflex, or an obscured pupil (Figure 1B).
These signs diminished on day 14 (Figure 1C, 1G). In
contrast, rapamycin treatment strikingly reduced disease
severity and yielded only slight signs of anterior chamber
inflammation (grade 1 or less) (Figure 1D-1F), reaching
statistical significance from day 6 onward when compared
with EAU rats (Figure 1G).
Consistent with the clinical score, EAU rats without
treatment had severe infiammation in the retina with large
amounts of infiltrating inflammatory cells and damaged
retinal structure (Figure 2A). In contrast, the EAU rats
treated with rapamycin showed significantly reduced
infiammatory cell infiltration and retinal damage (Figure 2B).
Histological scores in the rapamycin group on day 14 were

significantly lower than those in the EAU group (Figure 2C).
The Change of Th1/Th2 and Th17 Cytokines in R16 -
immunized Rats To determine the mechanism by which
administration of rapamycin reduced the severity of EAU,
we measured the cytokine production by T cells from
immunized rats treated with vehicle or rapamycin in
response to R16 stimulation. The amounts of IFN-, IL-17,
IL-2, IL-4 and IL-10 released into the culture supernatants by
T cells from rapamycin-treated rats were markedly lower
than those produced by T cells from vehicle-treated disease
control rats (Figure 3A). Secretion of TGF-茁1, however, was
significantly increased by the T cells from the rapamycin
treated group. There was no difference in the level of IL-6
between rapamycin-treated and control groups (Figure 3B).

Figure 1 Clinical severity of EAU in different groups a <0.05
( =10). Figure 2 Histopathological changes of the posterior segments

of the eyes from the rats in different groups on day 14
a <0.05 ( =10).
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The Change of Th17 Cells in Experimental Autoimmune
Uveoretinitis We then further examined the frequency of
Th17 cells in the spleen of both rapamycin-treated and
control groups. In the EAU control group, the ratio of Th17
cells to CD4+T cells was 10.50 依0.74% , whereas in the
rapamycin group, it was 4.25依0.68% significantly lower than
those of the control group ( <0.01) -suggesting that
rapamycin decreased the number of Th17 cells (Figure 4A).
The Change of Tregs in Experimental Autoimmune
Uveoretinitis We have also examined the frequency of Treg
in the spleen of both rapamycin-treated and control groups. In
the EAU group, the ratio of Tregs to CD4+ T cells was
5.65依0.28%, whereas in the rapamycin group, the ratio was
8.46依0.24% significantly higher than those of the EAU group
( <0.01) -indicating that rapamycin increased the number of
Tregs (Figure 4B).
DISCUSSION
Although corticosteroids are still recommended as the first
line of therapy for patients with active uveitis, numerous
adverse effects associated with long-term usage of
corticosteroids have pushed the development of new
therapies to decrease the corticosteroid burden on patients
and to manage refractive uveitis. New immunosuppressants
such as rapamycin, biologic agents[22], and mesenchymal stem

cells [21] are among these new corticosteroid-sparing agents
that may provide better alternatives as monotherapy or
combined therapy with less side effects and more
responsiveness for chronic cases. The potential use of
rapamycin in uveitis was first explored in 1993 [15,16],
demonstrating that it efficiently inhibits EAU induction by
reducing the number of T cells in the immunization
site-draining lymph nodes, and lowering the peak of the
lymphocyte proliferative response curve. Subsequent studies
revealed that rapamycin has synergistic effects with
dexamethasone, tacrolimus, and cyclosporine A in EAU,
allowing the use of reduced doses of each drug to achieve a
therapeutic effect [23-25]. Several recent pilot clinical
experiences with rapamycin also demonstrate its
effectiveness in non-infectious uveitis by intravitreal
injection and systemic administration[17-20]. The mechanism of
the immunosuppressive effect of rapamycin on uveitis,
however, remains largely unknown.
Our study was consistent with the previous reports showing
that rapamycin therapy with the dose of 0.2 mg/kg/d potently
reduced the severity of R16-induced EAU when
administered at the same day of disease induction. Clinical
efficacy for all treatments was demonstrated by a decreased
mean maximum score with reduced cellular infiltrates and
milder uveal and retinal impairment. Since in a clinical
setting, treatment usually is adopted after uveitis has
developed, it is of therapeutic importance that in further study
rapamycin should also be tested in animals with established

Figure 3 Effect of rapamycin on cytokine production of T
cells Values are expressed as mean依SD. a <0.05 when compared
with the normal group; b <0.05 compared with the EAU group
( =10).

Figure 4 Effect of rapamycin on Th17 and Tregs a <0.05
when compared with the normal group; b <0.05 compared with
the EAU group b <0.05 ( =10).
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disease. A recent study reported that the daily intraperitoneal
injection of low dose rapamycin (about 0.05 mg/kg)
exacerbated ocular inflammation. In our study, we didn't
show the dose-effect relationship in the treatment with
rapamycin. The paradoxical role of rapamycin in uveitis
underscores the need to validate dosing and
pharmacokinetics during rapamycin therapy[26].
Now it is believed that either Th1 or/and Th17 responses
drive the pathology of EAU, and Th2 cells may play a
pathogenic or a protective role under different conditions [6,7].
IL-2 and IFN-酌 are the main signature cytokines of Th1
cells. IL-2 is a key Th1-inducing cytokine cells, and IFN-酌
can enhance the phagocytosis of neutrophil and
macrophages, and also increase the cytotoxicity of NK cells[7].
IL-17A is the hallmark of Th17 lineage that plays a
pro-inflammatory and pathogenic role in EAU by inducing
the expression of different chemokines [7]. IL-4 and IL-10 are
main cytokines produced by Th2 cells. IL-4 is an important
differentiation factor of Th2, while IL-10 is an important
anti-infiammatory cytokine [7]. In our study, rapamycin
therapy significantly decreased the production of IL-2,
IFN-酌, IL-17A, IL-4 and IL-10 of T cells isolated from
EAU-inducing rats. Moreover, rapamycin therapy
significantly decreased Th17 cells in the spleen. These data
suggest that rapamycin treatment inhibited the Th1/Th17/Th2
cell responses simultaneously in EAU, thereby decreasing
the severity of EAU in rats.
Tregs play a critical role in preventing immune aggression.
The effector function of T helper cells, including Th1, Th2,
and Th17, is controlled by Tregs. It has recently been
elucidated that Th17 cells and Tregs have a common induced
pathway, and disturbed Th17/Treg balance has been found in
several autoimmune diseases [27-30]. TGF-茁 and IL-6 are the
most important cytokines that, in a concentration-dependent
manner, can orchestrate the differentiation of Tregs and
Th17 cells. High concentrations of TGF-茁 favor the
development of Foxp3+ Tregs, while in low TGF-茁
concentrations, IL-6 suppresses Foxp3 expression, and the
development of Th17 cells prevails[31,32]. Rapamycin has been
reported to inhibit the proliferation and differentiation of
Th17 cells by blocking IL-6 signal transduction and
decreasing the production of IL-6 [33]. In our study, we found
that rapamycin therapy significantly increased production of
TGF-茁1 of T lymphocytes isolated from EAU rats, but had
no effect on the expression of IL-6 on day 14 after
immunization. Tregs in the spleen of EAU rats were also
significantly upregulated by rapamycin. These results suggest
that rapamycin treatment may activate a cascade of Tregs by
upregulating the production of TGF-茁, thereby inhibiting
EAU in rats. Determination of whether or not the inhibitory
effect of rapamycin on IL-6 occurs at early stages of EAU
requires further studies.

Regulation of the development of T cell subsets by
rapamycin is through its mammalian target of rapamycin C2
(mTORC2) pathway [34]. Rapamycin binds to FKBP12, a
cytoplasmic receptor, and the drug-protein complex inhibits
the function of mTOR kinase, an important cellular regulator
of translation and transcription [35]. Such inhibition blocks
intracellular signaling in response to T cell growth factors,
such as IL-2. In addition, since rapamycin inhibits
differentiation of Th17 cells and favors the expansion of
Tregs and [36,37], rapamycin has been reported
to be much stronger than dexamethasone in inhibiting the
production of IL-17 of peripheral blood mononuclear cells
from Vogt-Koyanagi-Harada patients[38].
In summary, rapamycin as an immunosuppressive antibiotic
can effectively ameliorate EAU. Its action apparently occurs
through the inhibition of pathogenic T cell responses,
including Th1/Th2/Th17, and activation of Tregs. Given the
success of application of rapamycin in EAU and early
clinical studies, we believe that rapamycin is a promising
new alternative as an adjunct corticosteroid-sparing agent for
treating uveitis. However, our R16-immunized uveitis is a
single-phase model and has self-limited nature, which are
different from human chronic and recurrence uveitis, and
futher study therefore should be conducted with rapamycin
on the treatment of recurrent uveitis.
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