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Anterior Chamber-Associated Immune Deviation (ACAID):
An Acute Response to Ocular Insult Protects from Future
Immune-Mediated Damage?
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Abstract: The “immune privilege” that inhibits immune defense mechanisms that could lead to damage to sensitive ocular tissue is
based on the expression of immunosuppressive factors on ocular tissue and in ocular fluids. In addition to this environmental protection,
the injection of antigen into the anterior chamber or infection in the anterior chamber induces a systemic suppression of potentially
damaging cell-mediated and humoral responses to the antigen. Here we discuss evidence that suggests that Anterior Chamber-Associated
Immune Deviation (ACAID)? is initiated by an ocular response to moderate inflammation that leads to a systemic immunoregulatory
response. Injection into the anterior chamber induces a rise in TNF-o. and MCP-1 in aqueous humor and an infiltration of circulating
F4/80* monocytes that home to the iris. The induction of ACAID is dependent on this infiltration of circulating monocytes that
eventually emigrate to the thymus and spleen where they induce regulatory T cells that inhibit the inductive or effector phases of a
cell-mediated immune response. ACAID therefore protects the eye from the collateral damage of an immune response to infection by
suppressing a future potentially damaging response to infection.
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Introduction

The “immune privilege” of the eye in situ reduces
and/or prevents immune defense mechanisms that
could lead to damage to the sensitive ocular tissue.
This long-recognized protection from “collateral
damage” resulting from immune/inflammation
reactions is based on the tissue expression of immuno-
suppressive factors such as Qa-1, fas L and indola-
mine dioxidase (IDO) expressed by ocular tissues and
TGF-B, o—melano-stimulating hormone (o-MSH)
and anti-complementary factors in aqueous humor.
In addition to this immunosuppressive environment,
the injection of antigen into the anterior chamber
induces a systemic suppression of cell-mediated res-
ponses and complement-fixing IgG antibody to the
antigen.'* Moreover, Anterior Chamber-Associated
Immune Deviation (ACAID) may also be induced by
ocular infection. Individuals with virus-induced
acute retinal necrosis do not generate cell-mediated
immunity but produce circulating antibody to the
virus.’

The imposition of ACAID usually occurs one
week after the intracameral injection of antigen
although twenty-four hr after antigen is injected
into the anterior chamber, F4/80" cells that transfer
ACAID when injected intravenously (iv ) into naive
mice are recovered from the iris and the peripheral
circulation.®”

Six hr after the intracameral injection of '*I- or
fluorescein isothiocyanate (FITC)-labeled trini-
trophenylated bovine serum albumin antigen, cell-
associated antigen is detected in the thymus and
spleen although antigen injected iv is detected in the
spleen but not the thymus.® Within 3 days, thymic
NKT cells activated by anterior chamber-induced
peripheral blood mononuclear cells (PBMC) emi-
grate to the spleen where, over the one week period,
they participate in the activation of antigen-specific
CD4* and CD8" regulatory T cells.””! The immuno-
suppressive ocular environment and mechanisms
of self-tolerance to the sensitive ocular tissue
such as the retina protects the eye from damaging
inflammatory/immune reactions.'> However,since
ACAID develops at least one week after induction
it is not derived solely from an innate inflammatory
response. Moreover, ACAID protects the eye from
the collateral damage of a cell-mediated immune

reaction by suppressing a future, potentially damag-
ing systemic response to infection. Herein we discuss
published evidence and evidence our laboratory has
obtained that has led us to speculate that ACAID is
the result of an ocular response to a limited inflam-
matory insult.

The Ocular Response to

an Intracameral Injection

It has been suggested that the F4/80* monocytic
cells central to the induction of ACAID were resi-
dent iris and ciliary body cells that emigrated from
the iris via Schlemm’s Canal"*!? into the circulation.
Because the antigen is present in the eye for at least
24 hr, the antigen could have a “depot” effect although
some antigen is in the circulation rapidly after the
intracameral injection of the antigen.® Because
the intracameral injection of antigen induces the
appearance of ACAID-inducing PBMC, it is likely
that these monocytic cells, rather than circulating
antigen alone induce ACAID.

An intravitreal injection of antigen induces an
infiltration of monocytic cells to the retina as an
early stage of uveitis.!""!> Moreover, ocular infec-
tion induces a strong inflammatory infiltrate in the
posterior or anterior chamber.'>'* Consistent with
such an inflammation, there is a rise in inflammatory
cytokines in ocular fluids such as aqueous humor.
Accordingly, an intracameral injection of particu-
late antigen induces a rise in mRNA for TNF-o
suggesting an early inflammatory response in the
anterior chamber.'*"> Additionally, the systemic sup-
pression of delayed type hypersensitivity is not
induced in mice receiving an intracameral injection
of antibodies to TNF-a along with antigen suggest-
ing that TNF-o is required during the induction
of ACAID. Moreover, the induction of ACAID in
these investigations was dependent on the gauge
of the needle used for the intracameral injection of
soluble proteins and whether the antigen was in a
particulate or soluble form.'"” These authors sug-
gested that the intracameral injection of particu-
late antigens and/or the size of the needle used for
intracameral injections induces a trauma required
to induce ACAID. Macrophages and dendriform
cells expressing the dendritic cell marker CD11c are
resident in the iris, ciliary body and choroid in the
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anterior segment.®*'“!%!7 Antigen injected into the
anterior chamber is taken up rapidly by these cells.
Additionally, macrophages and dendriform cells are
found near Schlemm’s Canal'"'® believed to be the
location of egress of F4/80* cells from the anterior
chamber to the circulation.! However, the egress of
resident iris cells that engulf antigen to the circu-
lation has been questioned.'® Soluble antigen rap-
idly exits the anterior chamber via the circulation
and distributes similarly to intravenous antigen.®
Some of the antigen that exits the eye could be in
a tolerogenic form."” However, it is likely that the
intracameral antigen is presented in the thymus and
spleen by so-called “tolerogenic antigen presenting
cells” that exited the eye with antigen. Moreover,
TGF-B in aqueous humor or produced by iris F4/80*
cells induces a suppressive phenotype in peripheral
F4/80" cells'®*?! suggesting that the induction of
a suppressive phenotype in F4/80* cells occurs in
anterior chamber.

Similar to the treatment of peripheral F4/80* cells
with aqueous humor and antigen, the incubation of
F4/80* peritoneal exudate cells with antigen and
TGF- in vitro imposes a suppressive phenotype on
the cells. When these cells are injected iv into naive
mice they induce antigen-specific splenic regulatory
T cells similar to that obtained by the intracam-
eral injection of antigen.”’ ACAID is induced by
very few F4/80" cells treated in this manner!
suggesting that (undetectable) cells emigrating
from the iris and ciliary body may induce ACAID.
Moreover, F4/80* iris cells recovered from mice that
received an intracameral injection of antigen induce
the induction of ACAID or confer on F4/80* PBMC
a suppressive phenotype similar to those circulating
cells recovered from mice that received an intracam-
eral injection of antigen.”?' It is likely that antigen
taken up and processed by iris antigen presenting
cells could be transferred to the PBMC that infil-
trated the anterior chamber much the same way that
antigen is transferred to ACAID-inducing B cells in
the spleen by TGF-B-treated, antigen-bearing perito-
neal exudate cells.?? Taken together, these observa-
tions suggest that events occurring within the anterior
chamber could induce a suppressive phenotype on
non-resident inflammatory cells that infiltrated the
anterior chamber.

Based on the above considerations, we investi-
gated the possibility that the intracameral injection
of antigen induces an influx of circulating PBMC to
the anterior chamber due to the trauma of injection.
These infiltrated cells would be exposed to immu-
nosuppressive TGF-f in aqueous humor and resi-
dent iris/ciliary body dendriform cells that could
present the injected antigen to the infiltrated PBMC.
Contingent with this hypothesis, the cells that were
recruited to the anterior chamber due to the injury
caused by the injection then recirculate and home to
the thymus and spleen where they induce regulatory
T cells.

Within 3 hr after the intracameral injection of
ovalbumin (OVA) we also found a rise of TNF-a
in aqueous humor as described by Ferguson et al.'s
Additionally, we have observed a rise in the che-
mokine MCP-1 in aqueous humor six hr after the
intracameral injection (Fig. 1). A needle stick with-
out injection of PBS induced the appearance of
TNF-o in aqueous humor and the injection of PBS
only increased the amount of TNF-a five fold more
than that obtained by a needle stick. TNF-a in
aqueous humor decreases rapidly and is not detected
12 hr after the intracameral injection of ovalbumin
(OVA) (data not shown). MCP-1 is maintained
in aqueous humor for a longer period. However,
unlike TNF-a, peak levels of MCP-1 are reached in
aqueous humor by 12 hr and remain until 16 hr after
the intracameral injection of OVA (data not shown).
This rise in TNF-a and MCP-1 levels in aqueous
humor after the intracameral injection of antigen
suggests the initiation of an inflammatory response
in the anterior chamber. Moreover, TNF-a is not
increased in aqueous humor nor is ACAID induced
if the needle used for the intracameral injection is
too small and/or the antigen is not inflammatory. "'

To determine whether there is a concomitant influx
of inflammatory cells into the anterior chamber
following the intracameral injection of antigen, mice
injected iv with PBMC labeled with the fluorescent
dye CFSE also received an intracameral injection.
Using this approach we observed a significant
influx of CFSE-labeled and unlabeled (host) F4/80*
monocytic cells that express the chemokine recep-
tors CCR2 and CCR5 as shown by a recovery of
these cells from the irides of mice 24 hr after the
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Figure 1. The intracameral injection of antigen elevates TNF-a and MCP-1 in agueous humor. Three—6 hr after 6—-8 week-old naive female BALB/c mice
received iv 5 x 10% — 1 x 107 CFSE-labeled PBMC the mice were anesthetized with an ip injection of ketamine/xylazine’ and received an intracameral
injection of PBS, PBS + 50 ug OVA or a needle stick only with a 24 g needle. Six hr after naive mice received an intracameral injection, aqueous humor
was recovered from the euthanized mice and 10 pul assayed by ELISA for TNF-oc and MCP-1. Data represent the average +/— S.E.M. pg detected from

4-6 replicates/group in 2—-3 experiments.

mice received an intracameral injection of antigen.
There was no increase in these cells in controls that
received iv CFSE-labeled PBMC but did not receive
an intracameral injection of antigen.” Approximately
48 hr after the intracameral injection of antigen, the
number of infiltrated cells at the iris decreases and
increases in the thymus and spleen (Fig. 2). This
increase in circulating monocytic cells at the iris is
likely due to an infiltration of circulating monocytes
in response to the trauma of the intracameral injection
+/— the irritant of PBS and/or antigen/PBS because
the number of infiltrated monocytic cells increased
when the mice received intracameral antigen: infiltra-
tion of CFSE-labeled PBMC induced by injection only
was <injection of PBS < injection of TNP-BSA/
PBS. Monocytic cells recruited to the iris after the
intracameral injection of antigen express both CCR2
and CCR5.? Migration of the cells to the iris requires
the expression of CCR2 but not CCRS because
CCR2 —/— PBMC do not home to the iris but CCR5 —
/— PBMC home to the iris after the intracameral injec-
tion of antigen. Moreover, the intracameral injection of
OVA into CCR2 —/— mice does not induce circulat-
ing monocytic cells that transfer the suppression of
delayed-type hypersensitivity (DTH) to OVA when
injected iv into wildtype recipients.?

The Induction of ACAID Depends

on Cytokines in Aqueous Humor
ACAID is transferred to naive mice by the iv
injection of F4/80" peritoneal exudate cells or
PBMC treated with antigen and aqueous humor or
cells recovered from the iris/ciliary bodyof mice
that received intracameral antigen!’%!%2! Moreover,
TGF-B in aqueous humor or produced by the
iris cells is responsible for the induction of the
immunosuppressive properties of the F4/80* cells.
These in vitro observations suggest that TGF-$3
induces physiological changes inthese macrophages,
thereby “converting” them to a suppressor-inducer
phenotype. Therefore, such events likely occur to
F4/80* circulating cells when these cells infiltrate
the anterior chamber.

Mild Inflammation Induced
by the Injection of Antigen
Induces ACAID

ACAID is not induced in mice that received an
intracameral injection of antigen and antibodies to
TNF-0."> As an extension of these investigations
we have observed that the intracameral injection
of antibodies to MCP-1 or TGF-B with antigen
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Figure 2. Migration of PBMC after intracameral injection. Anes-
thetized” BALB/c mice received an intracameral injection of trini-
trophenylated bovine albumin six hr after the mice received iv
5 x 10° — 1 x 10" CFSE-labeled PBMC. Twenty-four hrs after the
intracameral injection the mice were euthanized by CO, inhalation and
irides, spleens and thymi removed, pooled and single cell suspensions
prepared. The cells were then labeled with phycocyanin-anti-F4/80 and
analyzed by flow cytometry. The percent increase in CFSE, F480* cells
was computed by:

% CFSE, F480+ cells in iv, AC group 100
X

% CFSE, F480+ cells in iv only group

also prevents the induction of ACAID and the
production of circulating, ACAID-inducing PBMC.
However, ACAID can be “rescued” in mice receiv-
ing intracameral antigen and anti-TGF-f if they also
receive an iv injection of PBMC recovered from
other mice that received an intracameral injection
of antigen only.”* These observations suggest that
the antibodies injected into the anterior chamber
are inhibiting the induction of ACAID-inducing
monocytes in the anterior chamber itself before
these cells exit the anterior chamber and emigrate
to the thymus and spleen. We have observed that
CCR2 is required for PBMC to enter the anterior
chamber after the intracameral injection of anti-
gen. However, MCP-3 and MCP-5 are also ligands
for CCR2. Therefore, these chemokines may also
attract F4/80* PBMC to the anterior chamber.
Additionally, the binding of MCP-1 to it’s recep-
tor might also initiate events necessary to “convert”
these cells to a suppressive phenotype by affecting
the activity of the cell after binding to the CCR2.%
F4/80" peritoneal exudate cells treated with TGF-3
and antigen have the same ACAID-inducing pro-
perties as PBMC recovered from mice that rece-
ived an intracameral injection of antigen.!?-20:21:26.27
In fact, aqueous humor or culture supernatants
recovered from F4/80* cells from the iris or ciliary

body has the same TGF-B-dependent effect. This
influence of TGF-B may depends on signal trans-
duction mediated by PI 3 kinase that phosphory-
lates Akt participating in signal transduction®®*
because the intracameral injection of the pan PI
3 kinase inhibitor wortmannin with antigen pre-
vents the induction of ACAID.** The PI 3 kinase/
Akt pathway in monocytes controls an excessive
inflammatory phenotype involving the production
of IL-10.?° Therefore, there may be a feedback loop
involving this pathway where TGF- and IL-10
reinforce each other maintaining a highly active
phosphorylated Akt. Consistent with these observa-
tions is the requirement for both TGF-f and IL-10
for the induction of F4/80* peritoneal exudate cells
to induce CD8* regulatory T cells.’® Although these
cells may produce both TGF-f and IL-10, regulatory
thymic NKT cells and CD8* spleen T cells resistant
to TGF-B could be induced after the intracameral
injection of antigen.’! Moreover, thrombospondin,
an active participant in inflammation® is required
for the activation of tolerogenic macrophages by
TGF-B.3

In aggregate, events induced by an insult in
the anterior chamber (vide supra) suggest that the
experimental injection of antigen into the anterior
chamber or a naturally occurring infection induces
a response to the trauma (Table 1, Fig. 3) character-
ized by:

e The production of inflammatory cytokines and che-
mokines (TNF-o, MCP-1) (due to the release and/
or activation of Damage-Associated Molecular
Patterns, DAMPS). TGF-B (in aqueous humor)
promotes the production of TNF-o0 TNF-0 may aug-
ment the production of MCP-1 and the expression of
ICAM-1 on the vascular endothelium.

e Circulating F4/80* cells recruited to the anterior
chamber.

e Interactions between the infiltrated monocytes and
iris/cililary body antigen presenting cells resulting
in the transfer of antigen to the infiltrated PBMC.

e TGF-B-mediated “conversion” of the infiltrated,
antigen-bearing PBMC to a suppressive phenotype.

e The egress of the infiltrated, now suppressor-
inducer PBMC via the Canal of Schlemm to the
thymus and spleen where they participate in the
induction of regulatory T cells.
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Table 1. Manipulation of the immune response and ACAID by intracameral injection.

Injection into the anterior DTH suppression AH* MCP-1 AH TNF-o AC-F4/80*

chamber cells in blood

Antigen (Ag) +ve +ve +ve +ve

Ag + TGF-B -ve; +ve with +ve +ve but reduced -ve
AC-PBMC rescue

Ag + TNF-a —-ve; +ve with +ve; May - N.T
AC-PBMC rescue? be reduced

Ag + MCP-1 -ve - N.T N.T

Ag + wortmannin —-ve; May be +ve with +ve +ve N.T

(PI 3 Kinase inhibitor) ACPBMC rescue?

Ag + CCR2 -/-mice no circulating PBMC N.T N.T -ve

Abbreviations: AC, anterior Chamber; AH*, Aqueous Humor after the injection injury; TGF-B, blocking antibody; MCP-1, blocking antibody; TNF-a., blocking
antibody; AC-PBMC rescue, Intravenous injection of 24 hours PBMC fraction from AC antigen injected animals restores DTH suppression; N.T, not tested.

Taken together, the induction of immunoregulatory
T cells via a (moderate) inflammation depends on cellular
and environmental factors. Too much inflammation
will abrogate this effect* indicating that intense
infection or autoimmune reactions will block both

o ? [ 4
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environmental immune privilege and the induction of
systemic immunosuppression. Thus, ACAID appears
to be a “pre-emptive strike” by the immune system
that will protect against a future, damaging immune
response. This raises the question of whether moderate
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Figure 3. Hypothetical model for events in the anterior chamber following the intracameral injection of antigen. The trauma of injection induces
damage associated molecular pattern (DAMP) molecules that induce the production of MCP-1 and TNF-a.. TNF-a is also induced and/or maintained by
TGF-B in aqueous humor. TNF-a increases the production of MCP-1. MCP-1 attracts circulating F4/80* cells that enter the anterior chamber and obtain
antigen from resident iris/ciliary body F4/80*,CD11c* cells. The infiltrated monocytes are influenced by TGF-f3 and exit the anterior chamber via Schlemms
canal. These cells recirculate to the thymus and spleen where they participate in the induction of regulatory thymocytes and splenic T cells.
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inflammation at other immune-privileged sites (e.g.
the brain, testes, gut) might also induce regulatory
T cells via the infiltration and conversion of mono-
cytic cells that in turn induce regulatory T cells.

Acknowlegements

Work in this laboratory is supported by USPHS
grants EY017289, EY017537 and the Connecticut
Lions Eye Research Foundation. We are grateful
to Roshanak Sharafieh and Yen Lemire for their
assistance in experimental work and Drs. James
O’Rourke, University of Connecticut Health Center
and Rachel Caspi, National Eye Institute, for their
thoughts and suggestions.

Abbreviations

ACAID,? anterior chamber-associated immune devia-
tion; CFSE, carboxyfluorescein succinimidyl methyl
ester; DAMP, damage-associated molecular pattern;
DTH, delayed-type hypersensitivity; IDO, indol-
amine dioxidase; iv, intravenously; a—MSH, alpha
melanocyte stimulating hormone; NKT, natural killer
T cell; OVA, ovalbumin; PBMC, peripheral blood
mononuclear cell; TGF-, transforming growth fac-
tor 3; TNF-c., Tumor necrosis factor-o.

Disclosures
The authors report no conflicts of interest.

References

1. Niederkorn JY. Immune privilege in the anterior chamber of the eye. Crit
Rev Immunol. 2002;11:13-46.

2. Niederkorn JY. See no evil, hear no evil, do no evil: the lessons of immune
privilege. Nature Immunology. 2006;7:354-9.

3. Stein-Streilein J, Streilein JW. Anterior chamber associated immune
deviation (ACAID): regulation, biological relevance, and implications for
therapy. Int Rev Immunol. 2002;21:123-52.

4. Cone RE, Chattopadhyay S, O’Rourke J. Control of delayed-type hyper-
sensitivity by ocular-induced CD8" regulatory T cells. Chem Immunol
Allergy. 2008;94:138—49.

5. Kezuka T, Sakai J, Usui N, Streilein JW. Evidence for antigen-specific
immune deviation in patients with acute retinal necrosis. Arch of Ophthamol.
2001;119:1044-9.

6. Wilbanks GA, Mammolenti M, Streilein JW. Studies on the induction of
anterior chamber-associated immune deviation (ACAID) II. Eye-derived
cells participate in generating blood-borne signals that induce ACAID.
J Immunol. 1991;146:3018-24.

7. Wang Y, Goldschneider I, O’Rourke J, Cone RE. Blood mononuclear cells
induce regulatory NK thymocytes in anterior chamber-associated immune
deviation. J Leukoc Biol. 2001;69:741-6.

8. Li X, Wang Y, Urso D, O’Rourke J, Cone RE. Thymocytes induced by
antigen injection into the anterior chamber activate splenic CD8* suppressor
cells and enhance the antigen-induced production of immunoglobulin G1
antibodies. Immunology. 2004;113:44-56.

9. LiX, Shen S, Urso D, et al. Phenotypic and immunoregulatory characteristics
of monocytic iris cells. Immunology. 2006;117:566-75.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Hara Y, Okamoto S, Rouse B, Streilein JW. Evidence that peritoneal

exudate cells cultured with eye-derived fluids are the proximate antigen-
presenting cells in immune deviation of the ocular type. Jour of Immunol.
1993;151:5162-71.

Kerr EC, Raveney BJE, Copland DA, Dick AD, Nicholson LB. Analysis
of retinal cellular infiltrate in experimental autoimmune uveoretinitis
reveals multiple regulatory cell populations. Jour Autoimmunity. 2008;31:
354-61.

Kaye S, Choudhary A. Herpes simplex keratitis. Progress in Retinal and
Eye Research. 2006;25:355-80.

Matsumoto K, Ikema K, Tanihara H. Role of cytokines and chemokines
in pseudomonal keratitis. Cornea. 24:S43-S416. Divito SJ. Hendricks RL.
2008; Activated inflammatory infiltrate in HSV-1-infected corneas without
herpes stromal keratitis. Investigative Ophthalmology and Visual Science.
2005;49:1488-95.

Okamoto S, Streilein JW. Role of inflammatory cytokines in induction of
anterior chamber-associated immune deviation. Ocular Immunology and
Inflammation. 1998;6:1-11.

Ferguson TA. Herndon JM. Dube P. The immune response and the eye:
a role for TNF alpha in anterior chamber-associated immune deviation.
Invest Ophthalmol Vis Sci. 1994;35:2643-51.

Dulforce PA, Garman KL, Seitz GW, et al. APCs in the anterior uveal tract
do not migrate to drainng lymph nodes. J Immunol. 2004;172:6701-8.
Camelo S, Voon ASP, Blunt S, McMenamin PG. Local retention of soluble
antigen by potential antigen presenting cells in the anterior segment of the
eye. Invest Ophthamol Vis Sci. 2003;44:5212-9.

Becker MD, Planck SR, Crespo S, et al. Immunohisotology of antigen
presenting cells In Vivo: A novel method for serial observation of fluore-
secently labeled cells. Invest Ophthalmol Vis Sci. 2003;44:2004-9.
Griffith TS, Brunner T, Fletcher SM, Green DR, Ferguson TA. Fas
ligand-induced apoptosis as a mechanism of immune privilege. Science.
1995;270:1189-92.

Wilbanks GA, Streilein JW. Macrophages capable of inducing anterior
chamber-associated immune deviation demonstrate spleen-seeking migra-
tory properties. Regional Immunol. 1991;4:130-7.

Wilbanks GA, Mammolenti M, Streilein JW. Studies on the induction of
anterior chamber-associated immune deviation (ACAID) II. Eye-derived
cells participate in generating blood-borne signals that induce ACAID.
J Immunol. 1991;146:3018-924.

D’Orazio TJ, Mayhew E, Niederkorn JY. Ocular immune privilege
promoted by the presentation of peptide on tolerogenic B cells in the
spleen II. Evidence for presentation by Qa-1. J Immunol. 2001;166:
26-32.

Chattopadhyay S, O’Rourke J, Sharafich R, Lemire Y, Cone RE. Elevation
of Qa-17%, F4/80%, CCR5" Cells in the Iris and Thymus After the Intracameral
Injection of Antigen. Association of Research in Vision and Opthalmology.
2008 Annual Meeting. Abstract 2175. 2008.

Pais R, Cone RE. Influence of TGF- in the anterior chamber on the genera-
tion of the suppression of delayed type hypersensitivity by the intracameral
injection of antigen. Association of Research inVision and Ophthalmology
Annual Meeting. Abstract 831/A417. 2009.

Lu B, Rutledge BJ, Gu L, et al. Abnormalities in monocyte recruitment and
cytokine expression in monocyte chemoattractant protein 1-deficient mice.
J Exp Med. 1998;187:601-8.

Li X, Shen S, Urso D, et al. Phenotypic and immnoregulatory characteristics
of monocytic iris cells. Immunol. 2006;117:566-75.

Kezuka T, Streilein JW. In vitro generation of regulatory CD8" T cells
similar to those found in mice with anterior chamber-associated immune
deviation. Investigative Ophthalmology and Visual Science. 2000;41(7):
1803-11.

Yi JY, Shin I, Arteaga Carlos L. Type I transforming growth factor beta
receptor binds to and activates phosphatidylinositol 3-kinase. Journal of
Biol Chem. 2005;280:10870—6.

Fukao T, Koyasu S. PI3K and negative regulation of TLR signaling. Trends
in Immunology. 2003;24:358-63.

D’Orazio TJ, Niederkorn JY. A novel role for TGF-beta and IL-10 in the
induction of immune privilege. Jour Immunol. 1998;160:2089-98.

Ophthalmology and Eye Diseases 2009:1

39


http://www.la-press.com

Cone and Pais

2

31.

32.

Cone RE, Chattopadhyay S, Sharafieh R, et al. T cell sensitivity to TGF-3
is required for the effector function but not the generation of splenic CD8*
regulatory T cells induced via the injection of antigen into the anterior
chamber. Int Immunol. 2009;21:567-74.

Chauhan AK, Kisucka J, Brill A, Walsh MT, Scheiflinger F, Wagner DD.

ADAMTS13: a new link between thrombosis and inflammation. Journal of’

Experimental Medicine. 2008;205:2065-74.

33

34.

. Masli S, Turpie B, Streilein JW. Thrombospondin orchestrates the
tolerance-promoting properties of TGFbeta-treated antigen-presenting cells.
International Immunology. 2006;18:689—99

Ohta K, Yamagami S, Taylor AW, Streilein JW. IL-6 antagonizes TGF-beta
and abolishes immune privilge in eyes with endotoxin-induced uveitis.
Inv Opthal Vis Sci. 2000;41:2591-9.

Your paper will be:

Publish with Libertas Academica and
every scientist working in your field can
read your article

“I would like to say that this is the most author-friendly
editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terrific. Whenever progress is made with the
manuscript, | receive notice. Quite honestly, I've
never had such complete communication with a
Jjournal.”

“LA is different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdles from free flow of scientific thought.”

° Available to your entire community
free of charge
Fairly and quickly peer reviewed

o Yours! You retain copyright

http://www.la-press.com

40

Ophthalmology and Eye Diseases 2009:1


http://www.la-press.com
http://www.la-press.com

