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SUMMARY

 

Pathological ocular manifestations result from a dysregulation in the balance between proinflammatory
type 1 cytokines and regulatory type 2 cytokines. Interleukin-10 (IL-10) is an anti-inflammatory cytok-
ine with potent immunosuppressive effects. We have examined the efficiency of viral IL-10 adenovirus
(Ad-vIL-10)-mediated gene transfer on experimental autoimmune uveoretinitis (EAU) induced in
mice and rats by purified retinal autoantigens, respectively, interphotoreceptor binding protein (IRBP)
and S-antigen (S-Ag). B10-A mice that received a single unilateral injection of Ad-vIL-10 in the retro-
orbital sinus venosus performed 1 day before immunization with IRBP in the footpads showed high lev-
els of circulating vIL-10 in their sera and a significant reduction in pathological ocular manifestations.
Lower levels of IFN-

 

g

 

 and IL-2 were found in cellular supernatants from IRBP-stimulated splenic cells
in these treated mice. The local effect on ocular disease of vIL-10 was neutralized completely by injec-
tion of a monoclonal anti-vIL-10 antibody, demonstrating the specificity of the treatment. To determine
whether the transfer of the vIL-10 gene within the periocular tissues of the eye could prevent acute
EAU, a subconjunctival injection of Ad-vIL-10 was performed in Lewis rats simultaneously with S-
antigen in the footpads. This injection determined 

 

in situ

 

 vIL-10 expression with very low circulating
vIL-10 and led to a significant reduction of EAU without affecting the systemic immune response. The
present results suggest that Ad-mediated gene transfer resulting in systemic and local expression of vIL-
10 provide a promising approach for the treatment of uveitis.
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INTRODUCTION

 

Experimental autoimmune uveoretinitis (EAU) is a CD4

 

+

 

 T cell-
mediated disease that targets the neural retina [1]. It serves as a
model for several human inflammatory ocular manifestations that
affect the posterior segment of the eye and lead to permanent
destruction of photoreceptor cells and blindness [2]. EAU is
induced in rodents by immunization with a retinal autoantigen
purified from the retina, such as the interphotoreceptor retinoid
binding protein (IRBP) [3] and S-antigen (S-Ag) [4], or by adop-
tive transfer of retinal-specific CD4

 

+

 

 T cells to syngeneic recipi-
ents [5]. The disease course in rats is acute and monophasic, while
the mouse presents a more chronic–relapsing disease course. The

pathogenesis of EAU has been related to an elevation in the
amount of inflammatory Th1 cytokines in uveitic eyes during the
acute phase [6], whereas Th2 cytokines such as IL-4 and IL-10
were observed to increase simultaneously or at later stages of
EAU, suggesting an important role for these cytokines in the
resolution of the disease [7,8]. Moreover, protection from the
development of EAU has been induced by oral or intranasal
administration of retinal autoantigens, and by induction of ante-
rior chamber-associated immune deviation through an up-
regulation of Th2 cytokines [9–11]. Interestingly, immune privi-
lege of the eye has been attributed to a number of factors includ-
ing IL-10 production in T cells [12,13].

IL-10 is a 35-kDa homodimeric cytokine synthesized by
monocytes, B cells and Th2 lymphocytes [14–17]. This cytokine
induces mainly immunosuppressive effects through the down-
regulation of macrophage functions [17] and the inhibition of the
synthesis of proinflammatory cytokines produced by Th1 lympho-
cytes or monocytes such as IL-1

 

b

 

, IL-6, IL-8, IFN-

 

g

 

 and GM-CSF



 

Protective role for vIL-10 in EAU

 

213

 

© 2002 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

130

 

:212–223

 

[17,18]. However, IL-10 presents some stimulatory properties
on B and T cell proliferation [19,20]. Interestingly, murine IL-10
(mIL-10) and human IL-10 cDNA sequences exhibit a strong
homology to an open reading frame product from the Epstein–
Barr virus (EBV) [15,21]. This viral IL-10 (vIL-10) possesses the
immunosuppressive properties of IL-10 but lacks certain immun-
ostimulatory functions such as the up-regulation of MHC class II
on B cells, chemotactic activity upon CD8

 

+

 

 T cells and stimulation
of thymocytes or mast cells [19,22–24].

Due to its short half-life, daily injections of recombinant IL-10
are needed to treat autoimmune diseases. Repeated injections
of IL-10 allowed limitation of the expression of EAU [7] and
endotoxin-induced uveitis (EIU) [25,26]. The sustained delivery
of cytokines obtained by means of gene transfer has shown its
efficacy under several experimental conditions. Indeed, the ben-
eficial effect of the gene transfer of IL10 has been shown success-
fully in transplantation [27,28] in autoimmune diseases [29], such
as experimental arthritis [30,31] and in diabetes in NOD mice
[32]. Interestingly, local delivery of cytokine after intra-articular
adenovirus-gene transfer was shown to be effective in arthritis
[33–35].

In the eye, adenovirus-marker gene transfer in ocular struc-
tures has been reported after intraocular injection into the vitre-
ous body, the anterior chamber, the peribulbar and subretinal
space [36,37]. Moreover, this strategy successfully transferred
brain-derived neurotrophic factor, basic fibroblast growth factor
or ciliary neurotrophic factor allowing to induce a protection
against retinal degenerative diseases [38–40].

In the present study, we have investigated the effect of
adenovirus-mediated vIL-10 (Ad-vIL-10) gene transfer by sys-
temic and subconjunctival injection on the incidence and severity
of EAU induced in mice and rats.

 

MATERIALS AND METHODS

 

Induction of EAU
Mice.

 

Female B10A mice (Harlan, Gannat, France, 6–
8 weeks of age) were immunized subcutaneously with 150 

 

m

 

g of
IRBP in 150 

 

m

 

l of saline with 150 

 

m

 

l of complete Freund’s adju-
vant containing 2·5 mg/ml 

 

Mycobacterium tuberculosis

 

 H37RA
(Difco, Detroit, MI, USA). In addition, all mice received simul-
taneously 1 

 

m

 

g of 

 

Bordetella pertussis toxin

 

 (RBI, Natick, MA,
USA) intraperitoneally. Mice were sacrificed 21 days after immu-
nization. Five separate experiments were carried out using a total
of 65 mice.

IRBP was isolated from bovine retinas as described pre-
viously [41], with some modifications [42]. Briefly, IRBP was
isolated from bovine retinas and purified through two
chromatographic steps on ACA 34 (Pharmacia, Uppsala,
Sweden) and Concanavalin A (Con A)-Sepharose affinity chro-
matography (Pharmacia). IRBP was then eluted using Tris-HCl/
0·15 m

 

M

 

 NaCl/1 m

 

M

 

 CaCl

 

2

 

/0·1 m

 

M

 

 MnCl

 

2

 

/0·2 m

 

M

 

 methyl-

 

D

 

-
mannopyranoside pH 7·5 (Sigma, UK). Further purification was
obtained using mannose agarose affinity column (Sigma, UK) to
remove contaminating Con A.

 

Rats.

 

Male Lewis rats (Charles River, Saint-Aubin-lès-
Elbeuf, France), 8–11 weeks of age were used for immunization.
S-antigen (S-Ag) was purified from bovine retinas [1]. The antigen
was emulsified (1 : 1) in complete Freund’s adjuvant (CFA, Difco,
Detroit, MI, USA), supplemented with 250 

 

m

 

g of 

 

Mycobacterium
tuberculosis

 

 H37Ra (Difco). A total of 0·2 ml containing 30 

 

m

 

g of

S-Ag was injected into the footpads of each rat. Four separate
experiments were carried out using a total of 50 rats.

 

Recombinant adenovirus constructs

 

Construction of the replicative defective adenoviral vector
expressing vIL-10 (Ad-vIL-10) and adenoviral vector expressing
mutated IL-10 (Ad-vIL-10mut) has been described previously
(43). Briefly, the BCRF1-coding gene (

 

-

 

16, 

 

+

 

625), flanked in 5

 

¢

 

with the promoter of the cytomegalovirus and in 3

 

¢

 

 with a SV40
polyadenylation sequence, was inserted in the E1 region of the
adenoviral genome. In the Ad-vIL-10mut control, a mutation was
inserted in position 

 

+

 

 71, just after the signal sequence, leading to
a modification of the reading frame.

Ad-GFP (promoter: CMV) was a generous gift of Dr M.
Methali (Transgène, Strasbourg, France) and Ad-

 

b

 

Gal (promoter:
RSV) from Dr P. E. Rakoczy (Centre for Ophthalmology and
Visual Science, Perth, Australia).

High titres of recombinant adenoviruses were prepared by
amplification in HEK 293 cells, and purified according to estab-
lished methods [44].

 

Treatment of EAU
Mice.

 

B10-A mice were infected using a single unilateral
injection in the retro-orbital sinus venosus of 3–6 

 

¥

 

 10

 

8

 

 plaque-
forming units (pfu) of Ad-vIL-10 in 0·2 ml of saline the day before
immunization or Ad-vIL-10mut or saline as controls. In a partic-
ular experiment, one group of mice received a retro-orbital sinus
venosus unilateral injection performed on the same eye as that
used for Ad-vIL-10 injection of 0·1 mg of rat antihuman and viral
IL-10 MoAb (clone JES3–19F, Pharmingen) (described as not
cross-reactive towards mouse IL-10 by ELISA). This injection
was performed simultaneously with the IRBP immunization and
1 day later.

 

Rats.

 

Lewis rats received either 3 

 

¥

 

 10

 

9

 

 pfu (in 200 

 

m

 

l of
saline) of Ad-vIL-10 by intravenous injection in the penis vein, 1
day before immunization, or 2 

 

¥

 

 10

 

9

 

 pfu (in 20 

 

m

 

l of saline) by sub-
conjunctival injection in the both eyes on the day of immuniza-
tion; Ad-vIL-10mut or saline were used as controls.

 

Adenovirus-mediated expression of GFP and 

 

b

 

Gal in mouse and 
rat ocular tissues

 

In mice, an injection of 4·5 

 

¥

 

 10

 

8

 

 pfu in 200 

 

m

 

l of Ad-GFP was per-
formed into the retro-orbital sinus venosus of one eye and eyes
were taken at 4 days. In rats, after a subconjunctival injection of
10

 

9

 

 pfu in 10 

 

m

 

l of Ad-GFP or Ad-

 

b

 

Gal performed in each eye of
the rat, eyes were taken at 4, 7, 15 or 21 days.

For 

 

b

 

Gal expression, the rat eyes were processed as follows
[45]. Briefly, the eyes were fixed in 4% paraformaldehyde and,
after washing in PBS at 4

 

∞

 

C, the eyes were incubated overnight
in 5-bromo-4-chloro-3-indolyl-b-

 

D

 

-galactopyranoside (X-gal). A
postfixation was performed in 4% paraformaldehyde for 2 h, then
the eyes were washed in PBS and paraffin-embedded. Sections
were cut and stained with haematoxylin and eosin.

For GFP expression, the mouse or rat ocular globes were col-
lected, fixed in 2% paraformaldehyde for 4 h at RT and, after
washing with PBS, were embedded in OCT (Tissue-tek, Miles,
Elkhart, IN, USA) and snap-frozen in melting isopentane. This
process was essentially the same as described previously [46]. The
transgene expression was characterized on 10 

 

m

 

m sections under
UV light [45].
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Histopathology and EAU grading

 

Enucleated mouse and rat eyes collected 21 days after immuniza-
tion were fixed for 24 h in Bouin’s solution, paraffin-embedded,
and sections were made through the pupillary–optic nerve plane
and stained with haematoxylin–eosin for histological evaluation.
These sections were examined by a masked investigator [46].

For mice, the incidence and severity of EAU was scored on a
scale of 0–4 according to a semiquantitative grading system [47].
This system takes into account cellular inflammation in the ante-
rior and posterior segments of the eye, the presence of retinal vas-
culitis, choroidal granuloma, retinal folding and/or detachment
and photoreceptor damage. Severity of disease was calculated as
the mean of values from all eyes in each group from five separate
experiments.

For rats, the incidence and severity of EAU was scored by a
masked investigator on a semiquantitative scale of 0–7 [48]: 0, no
destruction; no cell infiltration; 1–7: limited or total destruction of
the various layers of the retina; grade 1–2: destruction of outer
segments of rods and cones; grade 3–4: destruction of the outer
nuclear layer; grade 5–6: of the inner nuclear layer and grade 7:
destruction of the ganglion cell layer. Severity of disease was cal-
culated as the mean value from of all rats from four separate
experiments. From these values, the level of protection was also
expressed as:

% protection 

 

=

 

 EAU grade in Ad-vIL-10mut animals minus EAU 
grade in Ad-vIL-10-treated animals/EAU grade in Ad-vIL-10mut 
animals.

In some experiments, the degree of Ad-vIL-10 protection was
quantified further by measuring the outer nuclear layer (ONL)
surface, which serves as an index of photoreceptor loss or protec-
tion. To survey the whole retina, sections were made through the
optic nerve from the superior to the inferior pole. ONL surface
was determined directly from slides using a microscope (Eclipse
E800, NIKON) and objective 20

 

¥

 

. Sections were mapped on
video images digitized with a computerized image analysis system
(Visioscan 200, Biocom, France). For each animal, the surface was
measured on one slide through the optic nerve. Normal control
rat surface was measured (

 

n

 

 

 

=

 

 4) and the mean value of surface
considered as 100%.

The ONL surface of rats injected by subconjunctival or intra-
venous route with Ad-vIL-10 or Ad-vIL-10mut was measured and
a percentage of protection was calculated for each rat as com-
pared with the surface value of normal controls.The mean per-
centage of protection was then calculated in each series of
Ad-vIL-10-treated rats.

 

T cell responses

 

To measure IRBP-specific T cell proliferation and cytokine pro-
duction, spleens were removed from treated and control mice
21 days after immunization and cell preparation was tested as
follows.

Lymphocyte proliferation was performed as previously
described [42].

Lymphokine production by 

 

in vitro

 

 Ag-stimulated cells was
performed by culture of 2 

 

¥

 

 10

 

6

 

 cells/1 ml/well in 24-well flat-
bottomed plates in the presence of 50 

 

m

 

g/ml IRBP in 1 ml of
RPMI-1640–10% fetal calf serum (FCS). Supernatants were col-
lected after 24 h or 48 h for cytokine determination. The use of
FCS in culture medium has no implication on the T cell responses
as IRBP was free of any contamination with bovine serum

albumin. No significant production of cytokines was observed in
wells containing medium alone.

In addition, the effect of Ad-vIL-10 treatment on the immune
response was evaluated in rats giving a score from 0 to 3 for the
footpad reactivity, the site of the S-Ag immunization. Briefly, the
scoring was as follows: induration and redness 

 

=

 

 1; 

 

+

 

 oedema and
swelling 

 

=

 

 2; 

 

+

 

 necrosis 

 

=

 

 3.
To measure specific delayed-type hypersensitivity (DTH), a

skin test to S-Ag was performed by ear assay. Forty-eight h before
the end of the experiment, the pinna of one rat ear was injected
with 10 

 

m

 

g of S-Ag in 10 

 

m

 

l of saline through a 30-gauge needle,
the pinna of the other ear was injected similarly with saline. Ear
swelling was measured with a metric caliper and results were
expressed as the difference in thickness (mm) between the S-Ag-
injected and the saline-injected ears.

 

Cytokines and anti-IRBP antibodies (ELISA)

 

IFN-

 

g

 

, IL-2, IL-4, murine and viral IL-10 were determined by
ELISA using antibody pairs (Pharmingen) as described previ-
ously [43]. In the case of vIL-10 determination, the MoAbs
(clones JES3–9D7b and JES3–12G8) used in the test were cross-
reactive for viral and human IL-10 but not for mouse, and the
human cytokine was used for standard curve determination. The
limits in sensitivity of the ELISA test are around 2–5 pg/ml
for vIL-10, 5–10 pg/ml for IL-2 and IL-4, 20–50 pg/ml for mouse
IL-10 and IFN-

 

g

 

.
Serum levels of anti-IRBP total IgG, IgG2a and IgG1 sub-

classes were determined by ELISA as described [42].

 

RNA isolation and reverse transcriptase polymerase chain 
reaction (RT-PCR)

 

Total RNA was isolated from spleens or freshly enucleated eyes
by the acid guanidinium thiocyanate–phenol–chloroform method.
The protocol for reverse transcription was described previously
[42]. In each reverse transcribed sample, the concentration was
readjusted according to the intensity of 

 

b

 

-actin band as deter-
mined by densitometry. The relative band intensity was calculated
in comparison to that for 

 

b

 

-actin. Viral IL-10, IL-2 and 

 

b

 

-actin
sense primers and antisense primers were obtained from Clontech
Laboratories, Palo Alto, CA, USA and the PCR amplification was
performed according to the manufacturer’s instructions.

These primers were designed to amplify specifically cDNA
fragments representing mature mRNA transcripts of 540 bp for

 

b

 

-actin, 420 bp for vIL-10, 413 bp for IL-2.

 

Statistical analysis

 

Data are presented as mean 

 

±

 

 s.e.m. Statistical analysis of EAU
scoring was performed using the non-parametric Mann–Whitney
sum test or by the Kruskal–Wallis non-parametric 

 

ANOVA

 

 test,
followed by the Bonferroni multiple comparison test. A 

 

P

 

-value
adjusted by the multiple comparison test was calculated in each
experiment. Analysis of lymphocyte proliferation and cytokine
production was performed using Student’s 

 

t

 

-test. Values of

 

P

 

 

 

<

 

 0·05 were considered significant.

 

RESULTS

 

Effect of vil-10 gene transfer on murine Eau
Detection of vIL-10 in mouse sera following retro-orbital sinus

venosus injection.

 

To determine whether administration of Ad-
vIL-10 in the retro-orbital sinus venosus resulted in detectable
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amounts of vIL-10 in the serum, B10A mice were injected 1 day
before IRBP immunization with 3–6 

 

¥

 

 10

 

8

 

 pfu Ad-vIL-10.
Administration of 3 (n 

 

=

 

 2), 4·5 (n 

 

=

 

 8) or 6 (n 

 

=

 

 3) 

 

¥

 

 10

 

8

 

 of Ad-
vIL-10 resulted, respectively, in 23 

 

±

 

 2·2, and 28·8 

 

±

 

 13·8 and up to
100 ng/ml of vIL-10 in the serum at day 3. Serum levels of vIL-10
were detected as early as day 1 after administration and peaked at
day 3–4. Then they dropped in titre such that by day 10 postin-
jection, vIL-10 was undetectable by ELISA.

 

Detection of a marker gene (GFP) in ocular tissues after retro-
orbital sinus venosus injection.

 

We evaluated the possibility of
local Ad-mediated gene transfer after injection in the retro-
orbital sinus venosus of Ad-GFP (4·5 

 

¥

 

 10

 

8

 

 pfu) performed in one
eye by analysing GFP expression 4 days after injection. As shown
in Fig. 1, a low expression of GFP was detected in the injected eye
at the periphery of the cornea, the conjunctiva and the periocular
muscles without any expression in the retina, the choroid and the
retinal pigmented epithelium. In the controlateral uninjected eye,
only a very slight GFP expression was detected in the iris vessels.

 

Viral IL-10 gene transfer reduces the severity of EAU.

 

 We
decided to investigate next the effect of vIL-10 on the develop-
ment of EAU. In a preliminary experiment, we first evaluated the
dose required to obtain an inhibitory effect on EAU: a group of
four mice received a retrobulbar injection of recombinant Ad-
vIL-10 1 day before IRBP immunization at a dose of 6 

 

¥

 

 10

 

8

 

 pfu
and another group of two mice received 3 

 

¥

 

 10

 

8

 

 pfu. Compared to
the EAU developed in control mice injected with the nonvIL-10-
expressing recombinant adenovirus (Ad-vIL-10mut), the treat-
ment resulted in EAU reduction in groups treated with 6 

 

¥

 

 10

 

8

 

 pfu
(score values: Ad-vIL-10: 0·25 

 

±

 

 0·1 versus Ad-vIL-10mut:
2·38 

 

±

 

 0·4) or 3 

 

¥

 

 10

 

8

 

 pfu (score values: Ad-vIL-10: 1 

 

±

 

 0·5 versus
Ad-vIL-10mut: 2 

 

±

 

 0·5). When using the 6 

 

¥

 

 108 pfu dose, the
EAU inhibition was more effective (two of four mice did not
develop EAU and the other two mice developed EAU of low
severity) compared to the 3 ¥ 108 pfu dose; the two mice injected
with Ad-vIL-10 developed EAU, although less severe than the
control, suggesting a trend to a dose-dependence of the inhibitory
effect. Considering the very high amount of vIL-10 induced by
injection of the 6 ¥ 108 pfu, we choose for the subsequent
experiments to inject Ad-vIL-10 at the intermediate dose of
4·5 ¥ 108 pfu. Under these conditions, treatment with Adv-IL-10
appeared very effective in four independent experiments, causing
a significant inhibition of EAU in Ad-vIL-10-treated animals
compared to control mice injected with saline (P = 0·003) or with
Ad-vIL-10mut (P = 0·02) (Figs 2 and 3). Indeed, five of 13 mice
(38%) treated with Ad-vIL-10 did not present any disease (score
= 0) and the mean score of the others was low, compared to
controls injected with Ad-vIL-10mut in which EAU developed
in all 10 mice. A similar pathology (P = 0·32) was developed
in both types of controls (saline and Ad-vIL-10mut) discarding
the involvement of the vector in the observed protection. In
Ad-vIL-10-treated mice, as shown in Fig. 3, a protection of the
photoreceptor cell layer was observed compared to the extensive
destruction of this layer in Ad-vIL-10mut injected mice. To assess
the specific involvement of vIL-10 in the inhibition of EAU, anti-
vIL-10 specific monoclonal antibodies were injected at day 0 and
day +1 after immunization. As illustrated in Figs 2 and 3 this treat-
ment completely reversed the protective effect obtained with Ad-
vIL-10 administration (P = 0·003).

Ad-vIL-10-treated mice show a decrease in type 1 response.
Spleens were collected from the different groups of animals at day
21 after immunization and cells were stimulated with IRBP as

described in M§M section. A significant decrease in IFN-g (Fig. 4)
and to a lesser extent of IL-2, was obtained upon 48 h stimulation
with antigen in the Ad-vIL-10-treated group compared to con-
trols. No type 2 cytokines (IL-4, IL-10) were detected in the
supernatants. Moreover, experiment of RT-PCR at day 21 on
spleen of these animals showed a decrease in the IL-2 signal in the
Ad-vIL-10 groups confirming the general immunosuppression
(mRNA expression of IL-2 relative to b-actin: saline: 0·77; Ad-
vIL-10mut: 0·80; Ad-vIL-10: 0·5).

In the T cell lymphoproliferative assay, a slight but not signifi-
cant decrease in [3H]-thymidine was observed in the Ad-vIL-10
group compared to the controls (data not shown).

Effect of Ad-vIL-10 treatment on anti-IRBP IgG isotype anti-
bodies. Sera were collected at day 21 and analysed for their spe-
cific antibody reactivity in separate experiments. In four of five
experiments, we observed a decrease in total IgG antibody
response in the Ad-vIL-10-treated mice (20–40%) compared to
the controls, affecting both type 1 (IgG2a) and 2 (IgG1) isotypes
(data not shown). However, the difference between the 2 groups
did not reach significance.

Effect of subconjunctival vIL-10 gene transfer on rat EAU
Taking into account that a systemic treatment with vIL-10 could
lead to a general immunosuppression with undesirable effects, we
chose to test the effect on EAU of a local IL-10 gene transfer in
the rats, whose eye size is more convenient for local injection. This
approach was undertaken by comparing the effect of vIL-10
expression either by intravenous (systemic) or subconjunctival
(local) administration of the virus on the development of the
EAU pathology.

Detection of a marker gene (GFP and bgal) in ocular tissues
after subconjunctival injection in rats. We first evaluated the
possibility of local Ad-mediated gene transfer by using subcon-
junctival injections of Ad-bgal or Ad-GFP (109 pfu in 10 ml) per-
formed on Lewis rats. The expression of bgal or GFP activity was
monitored at regular intervals.

As shown in Fig. 5, expression of GFP and bgal signals was
detected 3 days after gene marker injection in the bulbar conjunc-
tiva, conjunctival epithelium, oculomotor muscle cells, at the
limbus of the cornea, in the sclera and the epi-sclera and the ara-
chnoid of the optic nerve. No transduction of the choroid, the
retinal pigment epithelium or the neuroretina could be detected.
The expression of marker gene transfer was still detectable in ocu-
lar tissues 7 days after injection and dropped thereafter, being
undetectable at day 15. The labelling appeared to be more effec-
tive with Ad-GFP than Ad-bgal. This could be related to a differ-
ence in expression of the marker genes depending on the two
differents promoters present in these adenoviruses (CMV for the
Ad-GFP, as for Ad-vIL-10, and RSV for the Ad-bgal).

Subconjunctival injection of Ad-vIL-10 induces the expression
of vIL-10 in aqueous humor and vitreous body. In regard to this
local expression of transgene using subconjunctival injection of
adenovirus, we then tested adenovirus-mediated vIL-10 expres-
sion in the aqueous humor, vitreous body and sera of rats injected
intravenously (i.v.) or subconjunctivally. When virus was injected
i.v. (3 ¥ 109 pfu), high levels of vIL-10 were detected at day 3 both
in aqueous humor and serum (1·5 ng/ml and 35 ng/ml, respec-
tively, n = 1). The kinetics of expression of vIL-10 showed that
intravenous administration of 3 ¥ 109 pfu of Ad-vIL-10 resulted in
detectable levels of vIL-10 in serum as early as 1 day after admin-
istration peaking at day 3–4 (48·4 ± 27·5 ng/ml, n = 8). Then a drop
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Fig. 1. Histochemical examination of mouse ocular tissues 4 days after injection of Ad-CMVGFP (4·5 ¥ 108 pfu) in the retro-orbital sinus
venosus on fluorescence micrographs of cryostat sections of ocular tissues from the injected eye (a, c, e, g, h) and from the uninjected eye
(i); Corresponding phase contrast micrographs: b, d, f. (a) Low expression of GFP was detected in the injected eye at the periphery of the
cornea (limbus), (c): in the bulbar conjunctiva, (e, h): in periocular muscles, (g): in the arachnoid (arrow) of the optic nerve without any
expression in the retina, the retinal pigmented epithelium and the choroid; (i): very low level of GFP expression was detected in the iris
vessels of the controlateral non injected eye (C = cornea; L = limbus; I = iris; BC = bulbar conjunctiva; R = retina; RPE: retinal pigmented
epithelium; Ch: choroid; PM = periocular muscles) (magnification: a–d, g–i: 400; e, f: 140).

(a) (b)

(c) (d)

(h) (i)

(e) (f) (g)



Protective role for vIL-10 in EAU 217

© 2002 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 130:212–223

in titre occurred such that by day 9 postinjection, vIL-10 serum
level was lower than 1 ng/ml.

When virus was injected by the subconjunctival route in both
eyes (109 pfu in 10 ml per eye), an expression of vIL-10 of
0·2–0·4 ng/ml (n = 3) was found in the aqueous humor at day 3.
Compared to the intravenous injection, no vIL-10 or very low
vIL-10 amount (0–0·075 ng/ml) was detected in the serum of these
rats.

In an additional experiment, in which virus was injected in
one eye (109pfu in 10 ml), a mean value of 0·25 ng/ml (n = 4) was
detected in the vitreous body of the injected eye, with no vIL-10
production in the controlateral non-injected eye. This last point
suggests that in vivo vIL-10 inhibitory effect could be restricted to
the injected eye, but this needs to be confirmed by further exper-
iments. Again, very low amounts of vIL-10 were found in the
serum of these rats (mean: 0·062 ng/ml ± 0·023; n = 4).

Effect of Ad-vIL-10 intravenous and subconjunctival injec-
tions on the development of EAU in rats. Consistent with a high
level of expression of circulating vIL-10, the intravenous injection
of vIL-10 caused significantly inhibition of EAU in treated rats
(score: 3·1 ± 0·5, n = 8) (i.e. 43% of protection) compared with
controls injected with Ad-vIL-10mut (score: 5·7 ± 0·2, n = 9, p =
0·0001) or saline (score: 5·7 ± 0·1, n = 10, P = 0·0001) (Fig. 6a).
Moreover, the protected surface of outer nuclear layer repre-
sented 47·7% of the surface of the visual cell layer in Ad-vIL-10-
treated rats (n = 3) compared to the complete destruction of this
layer in control Ad-vIL-10mut-treated rats (n = 5). However, this

protection appeared less important than the one observed in the
EAU mouse model, probably as a result of the very strong pathol-
ogy developed in this rat model.

In the case of the subconjunctival route of administration, a
significant reduction in the pathological manifestations of EAU
was also observed in the group of Ad-vIL-10-treated animals at
day 21 after immunization (EAU score: 3·8 ± 1·3, n = 8) (i.e. 26%
of protection) compared to controls injected with saline (EAU
score: 5·8 ± 1, n = 8; P = 0·0002) or with Ad-vIL-10mut (EAU
score 5·1 ± 0·7, n = 8; P = 0·01). The protected surface of outer
nuclear layer represented 14% of the visual cell layer in Ad-
vIL10-treated rats (n = 3) compared to 5% in Ad-vIL10mut-
treated rats (n = 3).

We also investigated the effect of the vIL-10 treatment on the
immune response to Ag-S either by examination of the rat foot-
pads, site of the immunization or by DTH analysis. Rats that
received an intravenous injection of Ad-vIL-10 showed a marked
decrease in the footpad granulomatous infiltration (experiment 1:
0·5 ± 0·16, n = 4, experiment 2: 0·4 ± 0·14) compared to controls
that received Ad-vIL-10mut (experiment  1: 1·75 ± 0·48, n = 4,
experiment 2: 0·9 ± 0·29) or saline (experiment 1: 2 ± 0·31, n = 5).
In contrast, rats treated by local subconjunctival injection of Ad-
vIL-10 presented an increased footpad reactivity (3 ± 0·003, n = 3)
compared to controls injected with Ad-vIL-10mut (1·67 ± 0·33, n
= 3) or saline (1·5 ± 0·76, n = 3), indicating that the protective
effect was not related to a diminished induction of the immune
response at the site of immunization. In addition, a decrease in
DTH response was noted in animals injected intravenously with
Ad-vIL-10 (0·71 ± 0·05) compared to animals injected with
Ad-vIL-10mut (0·91 ± 0·26), confirming a systemic effect of vIL-
10. In contrast, no difference was observed between the animals
injected subconjunctivally with Ad-vIL-10 compared to those
injected with Ad-vIL-10mut (0·87 ± 0·05 versus 0·91 ± 0·26).

DISCUSSION

Numerous works emphasize the role of IL-10 in the down-
regulation of ocular inflammation and in the immune privilege of
the eye [13]. During EAU, IL-10mRNA is detected in the eyes
both at the onset of EAU [49] and at the time of the resolution of
the disease [49]. IL-10 seems not to be implicated in the develop-
ment of the disease since IL-10-deficient mice develop EAU [7].
Moreover, mice with a targeted disruption of the NOS-2 gene
develop EAU with a delayed onset and reduced severity, together
with high levels of IL-10 mRNA in the spleen [42]. Finally, exper-
iments showing decreased EAU after repeated administration of
IL-10 and increased EAU severity after neutralization of IL-10
with anti-IL-10 antibodies led to the conclusion that IL-10 is crit-
ical for the down-regulation of uveitis [7]. Interestingly, decreased
IL-10 was detected in the anterior chamber of patients with idio-
pathic uveitis [50]. Moreover, IL-10 does not induce inflammation
when injected into the eye [26], allowing its use to be considered
in local immunotherapy.

The present study demonstrated that a single vIL-10 express-
ing adenovirus injection decreased the severity of autoantigen-
induced uveitis in mice and rats significantly, and that this
protection could be achieved by systemic and subconjunctival
treatment. The viral IL-10 was preferred over cellular IL-10 as it
exhibits only the immunosuppressive properties of this molecule.

In the uveitis mouse model, a single injection in the retro-
orbital sinus venosus of vIL-10-expressing adenovirus, made the

Fig. 2. The expression of vIL-10 inhibits EAU. B10A mice were immu-
nized with 150 mg of IRBP in adjuvants and received one unilateral injec-
tion in the retro-orbital sinus venosus of 4·5 ¥ 108 pfu of Adv-IL-10, the
day before immunization. Eyes were collected on day 21 after IRBP-
immunization. The data represents the severity of EAU by histological
examination of treated and control mice and EAU was scored on a scale
of 0–4. Mice (four separate experiments) were treated as follows: control
groups received one injection in the retro-orbital sinus venosus of saline
(n = 8) or Ad-vIL-10mut (n = 10); mice were treated with one injection of
Ad-vIL-10 (n = 13). One group received one unilateral injection in the
retro-orbital sinus venosus of 0·1 mg of rat anti-vIL-10 MoAb performed
simultaneously with the IRBP immunization and one day later (n = 5).
Each point is one mouse (average of both eyes). The average of each group
is shown by a horizontal bar.
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day before immunization, allowed to obtain a clear-cut reduction
of the degree of ocular inflammation compared to controls with a
trend to a dose-dependence of this inhibitory effect. Both Ad-
vIL-10 and Ad-vIL-10mut induced an antibody production when
injected into mice (data not shown), but this antivirus immune
response appeared not to interfere with the development of the
disease. Indeed, no difference in disease intensity was observed
between the group of Ad-vIL-10mut and the saline-injected mice
indicating that the immune response directed against the virus did
not interfere with the autoimmune response. Using this type of
administration, high systemic levels of vIL-10 were obtained in
the sera of animals. These levels peaked at 3–4 days after injection

and then dropped to be undetectable at 10 days after viral
infection. In the present experiment, the inhibitory effect of Ad-
vIL-10 injection was evidenced in the eye that received the Ad-
vIL-10 injection and also to a similar extent in the controlateral
non-injected eye. The retro-orbital sinus venosus injection in mice
is equivalent to an intravenous injection and led to high levels of
vIL-10 in the serum. It also led to some expression in the perio-
cular tissues (such as the limbus of the cornea, and periocular
muscles but not the retina, the choroid and the retinal pigmented
epithelium as demonstrating using GFP reporter gene. Compared
to the injected eye, only a low GFP expression in the fellow
non-injected eye was detected in the iris vessels and the limbus of

Fig. 3. EAU pathology in mice treated with AdvIL-10. Mice treated with AdvIL-10 show either normal ocular tissues (a): retina (r), choroid
(ch), sclera (s), vitreous (v) and normal photoreceptor outer segments (asterisk) or (b): limited alterations in the posterior segment: localized
retinal fold (asterisk) facing a choroidal infiltration. In contrast, in Ad-vIL-10mut-injected mice (c, d), extensive photoreceptor cell layer
destruction (asterisks) with choroidal inflammatory cell infiltration, retinal vasculitis and perivasculitis (arrow), inflammatory cells in
the vitreous. In mice injected with AdvIL-10 + anti-vIL-10 antibody (e, f): vitritis (arrow), folds in the retina with focal destruction of
the photoreceptor rods (asterisk) facing a choroidal granuloma (e), large destruction of the photoreceptor cell layer (asterisk) (f)
(magnification: ¥ 560).
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the cornea. Interestingly, it has been reported that retrobulbar
injection of IFN alpha-2a led to cytokine diffusion in the choroid
from the retrobulbar depot with a peak concentration at 2 h,
whereas the amount in the serum was <1% of the choroidal con-
centration [51]. Therefore, we cannot exclude completely a pos-
sible diffusion of vIL-10 from the retrobulbar depot. However,
the effect of local compared to systemic vIL-10 appeared limited
because in all the experiments we never observed a difference in
the protection observed between the two eyes. The involvement
of vIL-10 in the protection observed was confirmed by the com-
plete neutralization of the inhibitory effect by injection of anti-
vIL-10 MoAb. Indeed, mice that received vIL-10 treatment plus
anti-vIL-10 antibody showed an equivalent disease to control
mice injected with Adv-IL-10mut or saline. This inhibitory effect
of administration of vIL-10 on EAU was associated with a depres-
sion of the Th1 response of splenic cells (IL-2 and IFN-g) without
affecting the Th2 response (IL-4 and IL-10), and with a decrease
of both IgG1 and IgG2a antibody response to IRBP. This is con-
sistent with previous results observed in IL-10-treated mice, indi-
cating that IL-10 can suppress the Th-1 type response without
promoting a Th-2 shift in the system [7]. The above data showed
that IL-10 reduced uveitis, probably by inhibiting the induction
of auto-immunity. However, in an immunotherapy approach,
the ideal interven-tion would consist of acting on a yet to be
established ocular inflammation. We thus investigated the effect
of vIL-10 treatment on ongoing EAU, by injecting the adenovirus
10 days after immunization. Preliminary results indicated a trend
to a protection against uveitis, although less than the early treat-
ment (mean EAU score: 0·5 ± 0·6 for Ad-vIL-10 versus 1·4 ± 0·9
for Ad-vIL-10mut, although not significant: P = 0·15, n = 5), asso-
ciated with a clear reduction of Th1 cytokine production in the
cellular supernatant of IRBP-stimulated spleen cells (9·5 ± 0·6 ng/
ml versus 58 + 1·2 ng/ml for IFNg; 168·5 ± 6·7 pg/ml versus
385·7 ± 2·6 pg/ml for IL-2).

A problem arising from our gene therapy approach is the pos-
sible induction of a general immunosuppression by IL-10 that
could be deleterious in the case of an arising infection. Uveitis is

induced in a systemic way but the expression of the pathology is
restricted to the eye. To determine whether vIL-10 expressed
locally by transfected ocular tissues would be effective in inhibit-
ing EAU, we then developped the more convenient EAU Lewis
rat model to perform a subconjunctival injection of the Ad-vIL-
10, the day of rat immunization. This approach allowed us to
investigate whether a treatment at the site of pathology expres-
sion is efficient and could be considered as a protocol of immu-
nointervention in uveitis, which is a systemic disease.

The efficacy of periocular, subconjunctival injection to deliver
drugs into the eye has been reported in experimental ocular
inflammation [52–54] and in patients [55]. Indeed, subconjuncti-
val injection of vancomycin was found to be more effective than
intravenous injection to deliver high amounts of vancomycin in
human aqueous humor compared to the systemic route [56]. Sub-
conjunctival administration of triamcinolone was highly effica-
cious in treating non-necrotizing anterior scleritis [55]. Anterior
subconjunctival injection of kerolac tromethamine led to short-
lived levels of drug in aqueous and vitreous and inhibited ocular
inflammation of short duration induced by intravitreal injection
of TNF [52].

Using this route of administration of Ad-vIL-10, we were able
to reduce the target photoreceptor cell alterations without affect-
ing the systemic immune response, as shown by the identical
inflammatory reaction observed in the footpads, site of the immu-
nization or by the absence of difference in the DTH test to S-Ag
compared to controls. The infection by the adenovirus was
restricted mainly to periocular muscle cells without any infection
of the choroid, the retina or the retinal pigment epithelium of the
retina, thus avoiding a possible neuroretina destruction by the
immune response developped against adenovirus-infected cells.
Moreover, this route of injection led to very low levels of vIL-10
in the serum but induced vIL-10 to diffuse into the eye, as shown
by RT-PCR and specific ELISA, suggesting that even if not pro-
duced directly by RPE and neuroretinal cells, IL-10 is present
at the site of autoimmune tissue destruction and can protect the
ocular structures. This is consistent with results showing that rats
resistant to develop EAU had higher levels of IL-10 mRNA in the
eyes than susceptible rat strains [57]. All these results found in the
case of subconjunctival administration of Ad-vIL-10 compared to
Ad-vIL-10mut: low amount of serum vIL-10, no modification of
the inflammation at the immunization site, no effect on the spe-
cific DTH are arguments in favour of a local inhibitory effect on
the ocular inflammation not affecting the systemic immune
response. Nevertheless, this periocular administration appeared
less effective than the systemic intravenous injection of virus. This
could be related to the lower levels of vIL-10 found in aqueous
humor and vitreous body at day 3 after subconjunctival injection
compared to those obtained after intravenous injection. Experi-
ments are now being undertaken to provide a more targeted
delivery of this cytokine at the site of the visual cells, i.e. in the vit-
reous body, in the anterior chamber cavity or in the subretinal
space. Visual cells were shown to be permissive to adenoviral
infection [58] and reintroduction of these ex vivo-infected cells
could also be an alternative to deliver the cytokine directly into
the eye without affecting resident cells.

In this work, we have demonstrated that an adenoviral vector
strategy is convenient to deliver this cytokine, either systemically
or locally, during a period sufficient to protect against uveitis.
Moreover, the absence of integration of this virus allows only
a transient expression of transgene, thus avoiding a chronic

Fig. 4. Viral IL-10 gene transfer at day - 1 inhibits proinflammatory
cytokine production to IRBP by IRBP-stimulated spleen cells. Cytokine
production to IRBP in culture was measured by ELISA. No production
of IL-10 or IL-4 was detected in the limits of sensitivity of the ELISA test
(respectively, 20–50 pg/ml and 5–10 pg/ml), but small bars were repre-
sented to illustrate these data. No production of cytokine was obtained
with unstimulated cells in the different tests. , IFN-g; �, IL-10; �, IL-2;

, IL-4.
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Fig. 5. Histochemical examination of rat ocular tissues 3 days after subconjunctival injection of adenovirus expressing bGal (a–c) or GFP
(d–i). At low magnification (a), bGal expression is detected in oculomotor muscle cells of the bulbar conjunctiva (BC) (arrow) (C = cornea;
I = iris; CB = ciliary body; R = retina). A higher magnification shows bGal blue colour in muscle cells (b), and in some conjunctival epithelial
cells (E) (c). In the case of Ad-CMVGFP, numerous conjunctival epithelial cells (arrow) are labelled (d) and, in their vicinity, muscle
transduced cells (d, e) show either a weak GFP signal (small asterisk) or a strong GFP signal (large asterisks). Further from the bulbar
conjunctiva, oculomotor muscle cells show abundant GFP labelling (asterisks) (f). At the posterior segment level (g, h, i), periocular muscle
cells show GFP activities and rare cells with dendritic shape are labelled (arrow); retina and choroid are not transduced nor the retinal
pigmented epithelium (arrowhead) (magnification: a: 140; d, f: 400; b, c, e, g: 700; h, i: 870).
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interference of the expressed cytokine with the immune sys-
tem. Experimental autoimmune uveoretinitis is an experimental
model for immune-mediated diseases affecting the posterior seg-
ment of the eye in man. Some uveitis are limited to the eye (such
as sympathetic ophthalmia and birdshot retinopathy) and others
are part of a generalized disease such as sarcoidosis, Behçet’s
disease and Vogt-Koyonagy Harada [59,60]. Uveitis is a chronic
disease with relapses suggesting that a chronic recruitment of
antigen-specific cells is operating. The local administration of Ad-
vIL-10 with viral expression located exclusively in the eye could
be useful as a clinical approach to treatment of autoimmune man-

ifestations occurring into the eye. Nevertheless, for future clinical
development, more optimized targetting and more inert vector
will be required. The use of anti-inflammatory cytokines and espe-
cially IL-10 holds promise as a therapeutic approach in the treat-
ment of autoimmune pathological disorders.
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