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Microbial agents have an important role in the
pathogenesis of various inflammatory eye diseases, such
as uveitis and keratitis. Microbial infections of the eye such
as microbial keratitis, ocular onchocerciasis, bacterial
endophthalmitis, viral retinitis, and other infectious uveitis
are unfortunately common. In addition, microbial agents
have been implicated in the pathogenesis of ‘‘non-
infectious’’ immune mediated diseases such as HLA-B27
associated acute anterior uveitis. Toll-like receptors (TLR)
are a family of pattern recognition receptors that initiates
rapid host innate immune response to microbial
components known as pathogen associated molecular
patterns, which are unique to a given class of microbes,
such as lipopolysaccharide of Gram negative bacteria.
Recent in vitro and in vivo studies have demonstrated the
expression and function of TLRs in the eye, with significant
implications for better understanding of ocular immunity
and the pathogenesis of inflammatory eye diseases
affecting the cornea, uvea, and retina.
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I
nflammatory eye diseases can affect any part
of the eye from the ocular surface to the retina,
the optic nerve, and other orbital structures.

The consequences of inflammation in the eye,
whether appropriate (as in the case of immune
response to infective threats) or inappropriate (as
in the case of autoimmune or allergic responses),
may be sight threatening, as there is extreme
sensitivity of this high fidelity system to even the
slightest loss of clarity or to micro-anatomical
distortions along the visual axis. Consequently,
the eye normally exhibits ‘‘immune privilege’’ to
avoid the potential sight destroying conse-
quences of ocular inflammation. Ocular immune
privilege involves certain anatomical, cellular,
and soluble factors, such as the blood-ocular
barrier and immunosuppressive factors of the
aqueous humour.1 Despite these mechanisms to
prevent potentially harmful ocular inflamma-
tion, such a state of immune privilege can break
down, resulting in sight threatening inflamma-
tory eye diseases such as uveitis and keratitis.
Both infectious and immune mechanisms are
important in triggering the breakdown in ocular
immune privilege and in the development of
various forms of inflammatory eye diseases.
Microbial infections of the eye are unfortunately
common, such as herpes simplex virus (HSV)
keratitis and keratouveitis, Pseudomonas keratitis,

ocular onchocerciasis, bacterial endophthalmitis,
toxoplasmic retinochoroiditis, and cytomegalo-
virus (CMV) retinitis. Furthermore, it is becom-
ing increasingly apparent that microbial agents
may be important in the pathogenesis of ‘‘non-
infectious’’ immune mediated inflammatory dis-
eases, such as HLA-B27 associated acute anterior
uveitis (AAU).2

A major advance in our understanding of
infection and immunity occurred with the
discovery of a new family of innate immune
receptors, called the toll-like receptors (TLRs).
TLRs enable the host immune system to recog-
nise and respond to microbes by their ‘‘signa-
ture’’ molecular component(s), triggering the
earliest immune responses that lead to inflam-
mation. This review provides an overview of TLR
research of specific relevance to the eye and
provides a perspective on the implications of
these findings for better understanding ocular
immunity and the immunopathogenesis of
inflammatory eye disease.

TOLL-LIKE RECEPTORS AND THE IMMUNE
RESPONSE
There are two major arms to the immune
response that detect and defend against micro-
bial challenges or discriminate between self and
non-self antigens. Innate immunity is the first
line of host defence that is responsible for the
immediate and rapid immune response to
microbial challenge and has been considered,
until recently, to be non-specific. In contrast,
adaptive immunity is delayed, requiring clonal
expansion, is antigen specific, mediated by
antigen receptors on B and T lymphocytes, and
is characterised by immunological memory. The
innate immune system uses a variety of pattern
recognition receptors (PRRs) including: those
that are expressed on the cell surface, such as the
phagocytic C-type lectin receptors and the
transmembrane signalling TLRs; those that are
expressed intracellularly, such as the nucleotide

Abbreviations: AAU, acute anterior uveitis; AMD, age
related macular degeneration; APC, antigen presenting
cell; CMV, cytomegalovirus; DC, dendritic cell; dsRNA,
double stranded RNA; EIU, endotoxin induced uveitis;
HLA, human leucocyte antigen; HSV, herpes simplex
virus; IFN-b, interferon b; IL, interleukin; KO, knockout;
LPS, lipopolysaccharide; MHC, major histocompatibility
complex; MIP-2, macrophage inflammatory protein-2;
NF-kB, nuclear factor kB; NOD, nucleotide
oligomerisation domain; PAMP, pathogen associated
molecular patterns; PECAM-1, platelet endothelial cell
adhesion molecule 1; POS, photoreceptor outer segments;
PRR, pattern recognition receptor; RPE, retinal pigment
epithelium; TIR, Toll/IL-1 receptor; Th, T helper; TLR, toll-
like receptor; TNF-a, tumour necrosis factor a
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oligomerisation domain (NOD) proteins; or secreted pattern
recognition molecules, such as mannan binding lectins. TLRs
have recently emerged as a key component of the innate
immune system that detects microbial infection and triggers
inflammation and antimicrobial host defence.
TLRs are a family of phylogenetically conserved PRRs of

the innate immune system that recognise unique ‘‘molecular
signature patterns’’ of microbial components, referred to as
pathogen associated molecular patterns (PAMPs), although
these are produced not only by pathogens but by all
microorganisms.3 4 Thus, PAMPs such as lipopolysaccharide
(LPS) of Gram negative bacterial cell wall, are invariant
among a given class of microbes and are produced by
microbes but not by the host, and are therefore unique
molecular signatures that confer a degree of specificity to
innate immunity, facilitating self-non-self discrimination.
There are at least 10 human TLRs identified to date. Each TLR
has unique ligand specificity (table 1). For example, TLR4
recognises LPS of Gram negative bacteria; TLR2 recognises
peptidoglycan from Gram positive bacteria; TLR3 recognises
double stranded RNA (dsRNA) produced during virus
replication; and TLR9 recognises CpG DNA of bacteria.3–6 In
addition to the recognition of exogenous, microbe derived
PAMPs, there are reports of endogenous or ‘‘self’’ ligands for
TLRs, such as the heat shock proteins and fibrinogen.
However, the possibility that minute amounts of potential
LPS contamination in such endogenous ligand preparations
might be responsible for the observed TLR activation has not
been excluded.4 7 Nevertheless, these reports of potential
endogenous ligands for TLRs are intriguing and may have
potential implications for understanding the pathogenesis of
chronic inflammatory and autoimmune diseases.
Structurally, TLRs are type I transmembrane proteins with

leucine rich repeats in the extracellular domain for ligand
recognition, and Toll/IL-1 receptor (TIR) domain in the
cytoplasmic portion for intracellular signalling.5 TLRs are
expressed on immune cells that are most likely to first
encounter microbes, such as neutrophils, monocytes, macro-
phages, and dendritic cells (DCs).5 Ligand recognition by
TLRs facilitates the dimerisation of TLRs that triggers the
activation of signalling pathways, which originates from the
cytoplasmic TIR domain, and culminates in the activation of
the transcription factor, nuclear factor kB (NF-kB), leading to
the expression of pro-inflammatory genes such as TNF-a, IL-
1, and IL-12.4 5 Innate recognition of PAMPs through TLR
activation induces the expression of various pro-inflamma-
tory cytokines, chemokines, adhesion molecules, and acti-
vates the effector functions of innate immune cells such as

phagocytosis, and thus initiates a rapid inflammatory
response characterised by the recruitment of leucocytes to
the site of infection to eliminate the invading pathogen.3 4

TLRs expressed on professional antigen presenting cells
(APCs), such as DCs and macrophages, are a critical link
between the innate and adaptive immunity. TLR mediated
activation of DCs induces DC maturation, with the produc-
tion of pro-inflammatory cytokines, upregulation of co-
stimulatory and major histocompatibility complex (MHC)
molecules, and thereby enhances the antigen presenting
capacity of DCs.8 9 Thus, TLR stimulation of APCs leads to the
activation and priming of antigen specific, naive T cells,
triggering the adaptive arm of the immune response. Various
factors influence the differentiation of T helper type 1 (Th1)
versus Th2 responses, but DC derived cytokines present
during the initial phase of T cell activation play the most
important part in this process.8 9 It has been shown that
specific PAMPs that stimulate different TLRs, induce distinct
patterns of cytokines resulting in a Th1/Th2 polarisation that
is most appropriate for the pathogen. For example, activation
of TLR4 or TLR9 in DCs induces production of IL-12, thereby
skewing Th differentiation towards the Th1 type.5 8 9

Although indirect activation of DCs by inflammatory
mediators alone was shown to be able to support T cell
clonal expansion, it could not promote Th cell differentiation,
for which the direct recognition of PAMPs by DCs appears to
be of critical importance.9 Thus TLRs are important in both
triggering and modulating the activation of the adaptive
immune response.3 8 9

In addition to innate immune cells, an array of TLRs is
expressed by epithelial cells at host/environment interfaces
including that of the skin, gastrointestinal tract, respiratory
tract, and the urogenital tract.5 10 Strategic expression of TLRs
at such host/environment interfaces appears to have an
important role in the first line of defence against microbial
invasions at these sites.
TLRs are implicated in several chronic inflammatory and

immune mediated disorders by various potential mechan-
isms, including those in which infectious agents have been
proposed in disease initiation, in which endogenous damage
signals or self antigens may cause chronic inflammation in a
TLR dependent manner, or where TLRs may be involved in
the breakdown of immune tolerance. TLRs have been
implicated in the pathogenesis of chronic inflammatory
diseases such as inflammatory bowel disease, rheumatoid
arthritis, psoriasis, and multiple sclerosis.4 6 It is of interest
that these diseases are not uncommonly associated with
various inflammatory eye diseases, such as uveitis and
scleritis. The following sections will review recent studies
that have investigated the expression and function of TLRs in
the eye, and discuss these findings in the context of ocular
immunity and their potential implications for the pathogen-
esis of inflammatory eye diseases.

TOLL-LIKE RECEPTORS IN THE EYE: POTENTIAL ROLE
IN INFLAMMATORY EYE DISEASE
Cornea
The cornea forms an avascular and transparent window at
the ocular surface that functions to maintain a clear visual
axis as well as protect against the elements of the harsh
external environment, including microbial threats.
Analogous to the expression of TLRs found at other epithelial
surfaces,5 10 it might be expected that the cornea would also
be similarly endowed with a pattern of TLRs to defend the
integrity of the ocular surface. However, the cornea also
subserves integral visual function, and activation of such
TLRs in the cornea could result in inflammation, which
might compromise corneal transparency and vision. This may
be appropriate if it is in response to invading pathogens, such

Table 1 Summary of human toll-like receptors (TLRs) and
their known ligands4 5

TLR Principal exogenous ligand(s)

TLR2* Lipoproteins/lipopeptides (various pathogens)*
Peptidoglycan and lipoteichoic acid (Gram positive
bacteria)
Zymosan (fungi)

TLR3 Double stranded RNA (viruses)
TLR4 LPS (Gram negative bacteria)

Bacterial HSP60
Respiratory syncytial virus coat protein

TLR5 Flagellin (flagellated bacteria)
TLR7 Imidazoquinolone antiviral drug
TLR8 Single stranded RNA (viruses)

Imidazoquinolone antiviral drug
TLR9 Unmethylated CpG motifs of bacterial DNA
TLR10 Unknown

*TLR2 forms heterodimers with TLR1 and TLR6: TLR1 associates with TLR2
to recognise tri-acyl lipopeptides; TLR6/TLR2 heterodimer recognises di-
acyl lipopeptides.
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as Pseudomonas aeruginosa, allowing rapid immune response to
eliminate the invading bacteria and thus preserve corneal
integrity. However, TLR activation may be inappropriate and
self destructive if it is in response to the non-pathogenic,
normal commensal flora of the ocular surface. Recently, a
number of studies have investigated the expression and
function of TLRs in the human cornea (table 2), with some
conflicting results.
Song et al reported the expression of functional cell surface

TLR4 in cultured human corneal epithelial cells with
production of pro-inflammatory cytokine and chemokine
upon stimulation with Pseudomonas derived LPS.11 This may
be important in the rapid initiation of the host’s innate
immune response and the recruitment of inflammatory cells
to the cornea in Gram negative bacterial corneal infections,
such as Pseudomonas keratitis. Similarly, the reported expres-
sion of functional TLR2 by cultured corneal epithelial cells,
which produced pro-inflammatory cytokines, chemokines,
and antimicrobial peptide in response to peptidoglycan of
Staphylococcus aureus, may have a role in the pathogenesis of
Gram positive bacterial keratitis.12 In contrast with these
studies, Ueta et al found that human corneal epithelial cells
expressed TLR2 and TLR4 intracellularly but not at the cell
surface, and were incapable of responding to LPS from P
aeruginosa and to peptidoglycan from S aureus, at the level of
NF-kB transcription or the secretion of pro-inflammatory
molecules.13 A more recent study by the same group has
found that, in contrast with that observed for TLR2 and TLR4,
human corneal epithelial cells expressed functional cell
surface TLR3 (receptor for viral dsRNA) that was capable of
responding to its ligand by the induction of pro-inflammatory
cytokines and IFN-b production.14 It has been proposed that
ocular surface epithelial cell associated mucosal immune
system may create an immunosilent condition for TLR
mediated innate immunity to prevent unnecessary inflam-
matory responses to normal bacterial flora.13 As the corneal
epithelial cells on the ocular surface are normally exposed to
commensal bacterial flora residing in the conjunctival sac,
they may possess a unique downregulatory mechanism to
prevent inappropriate TLR mediated stimulation cascades.13

There may indeed be regional specialisations in the expres-
sion and function of TLRs. For example, normal intestinal
epithelial cells, which are continuously exposed to gut
commensal bacteria, express extremely low levels of TLR4
and no MD-2, a critical co-receptor of TLR4, and thus do not
normally respond to LPS.15 16 The strategic expression of TLR5
at the basal and wing cell layers but not at the apical layers of
the stratified human corneal epithelium again suggests a
potential mechanism by which the corneal epithelium may
remain inactive in response to non-pathogenic bacteria at the
apical surface, but able to trigger TLR mediated innate
immune response once the epithelial barrier has been
breached.17

Among the resident cells of the normal human cornea,
keratocytes (stromal fibroblasts) appear to be the major
cellular source of chemokines that mediate the selective
recruitment of leucocytes from the vascular limbus to the
avascular cornea.18 Cultured human corneal fibroblasts have
been shown to express transcripts for TLR4, MD-2, and CD14
genes in vitro, and LPS stimulation of these corneal
fibroblasts induced the production of chemokines for
neutrophils and monocytes and expression of adhesion
molecule.19 Furthermore, activation of TLR4 was shown to
be a critical step in the pathogenesis of endotoxin induced
keratitis, which develops after the murine corneal epithelium
is abraded and exposed to LPS.20 Endotoxin induced keratitis
was found to directly result from extensive neutrophil
infiltration into the corneal stroma that was mediated by
the neutrophil chemoattractant, macrophage inflammatory
protein (MIP)-2, in the corneal stroma, and platelet
endothelial cell adhesion molecule (PECAM)-1 on the
vascular endothelium. TLR4 may be of critical pathogenic
importance, as the increased in vivo expression of PECAM-1
and MIP-2, and the subsequent development of endotoxin
induced keratitis were shown to be regulated by TLR4.20 C3H/
HeJ mice, which does not have functional TLR4,21 developed
only mild endotoxin induced keratitis with significantly
fewer neutrophils and stromal oedema, compared to the
keratitis that developed in the congenic C3H/HeN mice with
functional TLR4.20

TLR4 has been also implicated to have a critical role in the
inflammatory response associated with the pathogenesis of
ocular onchocerciasis (river blindness).22 Onchocerca volvulus is
a parasitic nematode transmitted by the Simulium blackfly
that causes corneal inflammation, which can lead to
blindness. In O volvulus infected individuals, adult worms
survive in subcutaneous nodules and release millions of
microfiliariae that migrate to the anterior regions of the eye.
It is the host response to degenerating worms that can result
in sight threatening ocular inflammation.23 Recent studies
implicate the role of the endosymbiotic bacteria called
Wolbachia, which infects and is present within the filarial
nematode, and not the worm itself, as the major stimulus for
the host’s inflammatory response associated with onchocer-
cal keratitis.22 23 Studies using O volvulus extracts (containing
Wolbachia) to induce keratitis in C3H/HeJ (non-functional
TLR4) and C3H/HeN (functional TLR4) mice have shown that
the endosymbiotic derived endotoxin-like activity of O
volvulus and its activation of TLR4 regulates O volvulus
keratitis in vivo by modulating chemokine and adhesion
molecule expression in the cornea.22 It has thus been
proposed that in infected individuals, the innate inflamma-
tory response is likely to be initiated by the release of
Wolbachia endotoxin-like molecules from dead and degen-
erating worms, which activate TLR4 on resident corneal
epithelial cells and keratocytes. This would then trigger the

Table 2 Human ocular expression of TLRs

Ocular tissue Cell type TLR*

Cornea Corneal epithelium TLR1, 2�, 3, 4�, 5�, 6, 7, 9, 1013 14 17

Cultured corneal epithelial cells TLR1, 2�, 3�, 4�, 5�, 6, 911–14 17

Cultured corneal fibroblasts TLR419

Conjunctiva Whole bulbar conjunctiva TLR428

Uvea Resident stromal APCs TLR4�28 31

Cultured iris endothelial cells TLR431

Retina Whole retina TLR428

Cultured RPE cells TLR1, 2�, 3�, 4�, 5, 6, 7, 9, 1035 40

Sclera Whole sclera TLR428

APCs, antigen presenting cells; RPE cells, retinal pigment epithelial cells.
*mRNA expression only, unless otherwise specified.
�TLR protein expression confirmed.
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production of chemokines and induction of adhesion
molecules on the limbal vessels, leading to the recruitment
of neutrophils and other inflammatory cells to the cornea.22

Recent studies using TLR2 KO, TLR9 KO, and MyD88 KO
mice have further supported the in vivo functional impor-
tance of the activation of TLR/MyD88 pathway in the
development of corneal inflammation.24 These studies exam-
ined the development of keratitis after stimulation of the
cornea of TLR KO mice that had received a superficial corneal
abrasion with the relevant TLR ligands. For example, CpG
DNA (TLR9 ligand) was able to induce keratitis in wild type
mice but not in the TLR9 KO mice. Endotoxin induced
keratitis (via TLR4) could be normally induced in these TLR9
KO mice. Furthermore, the ligands for TLR2, TLR-4, or TLR-9
were not able to induce keratitis in mice that lacked the
common adaptor protein, MyD88, required for TLR intracel-
lular signalling. These findings demonstrate that the murine
cornea has functional TLR2, TLR-4, and TLR-9, and that
activation of these by their respective PAMPs induces the
development of keratitis, in a MyD88 dependent manner, by
the secretion of chemokines and the recruitment of neu-
trophils into the corneal stroma.24

Uvea
Uveitis is a heterogeneous group of diseases characterised by
acute, recurrent, or chronic inflammation of the uvea, the
middle vascular coat of the eye. It is the most common cause
of intraocular inflammatory disease and an important cause
of visual impairment in most populations.25 Uveitis may be
infectious in aetiology or non-infectious, predominantly
immune mediated. Microbes may invade the intraocular
environment and cause various forms of infectious uveitis
including, for example, bacterial and fungal endophthalmitis,
viral uveitis such as HSV keratouveitis and CMV retinitis, and
toxoplasmic retinochoroiditis. HLA-B27 associated AAU is by
far the most common form of ‘‘non-infectious’’ immune
mediated uveitis.2 25 Although the precise pathogenic
mechanisms are unknown, HLA-B27 associated AAU devel-
ops in a genetically predisposed individual in whom
environmental factors appear to be involved in the initiation
of uveitis. Substantial clinical and experimental evidence
implicates the role for microbial triggers, especially Gram
negative enterobacteria such as certain species of Klebsiella,
Salmonella, Shigella, and Yersinia, and Chlamydia trachomatis, in
the pathogenesis of HLA-B27 associated AAU.2 Therefore,
microbes or their PAMPs and their interaction with TLRs may
be of critical importance in better understanding the
pathogenesis of infectious uveitis and the role of microbial
triggers in the development of immune mediated, ‘‘non-
infectious’’ uveitis such as AAU.
In endotoxin induced uveitis (EIU), a well established

animal model for human AAU, LPS of Gram negative
bacterial cell wall, when injected at sites remote from the
eye induces an AAU without significantly affecting other
tissues.2 26 However, not all mouse strains develop EIU and, in
particular, it has been well recognised that the C3H/HeJ mice
do not develop uveitis in response to LPS while the congenic,
C3H/HeN (LPS responsive) mice develop severe EIU.27 The
specific genetic basis for this LPS hyporesponsiveness in C3H/
HeJ mice was recently identified as being the result of a point
mutation within the coding region of the Tlr4 gene, which
results in a functional disruption of TLR4 signalling,21 thus
implicating a critical pathogenic role for LPS and TLR4 in the
pathogenesis of EIU. These, together with the implicated role
of Gram negative bacterial triggers in the development of
human AAU, led us to investigate the expression of TLR4 in
the human uvea.
We have demonstrated the in vivo expression of TLR4 and

its associated LPS receptor complex by a network of resident

APCs, mostly HLA-DR+ DCs, within the normal human
uvea.28 A relatively rich network of TLR4+ APCs were
observed in the iris root and ciliary body, compared to that
in the rest of the iris or choroid. These TLR4+ APCs appeared
to be strategically placed in perivascular and subepithelial
locations within the uveal stroma and suggest that such
uveal APCs endowed with the complete LPS receptor complex
are optimally positioned to detect and respond to either blood
borne or intraocular LPS of Gram negative bacteria.28 This is
analogous to the situation in the cornea where TLRs appear
in a strategic location immediately below the point of likely
microbial invasion. A similar network of resident APCs exists
in the mouse uvea,29 and we (unpublished data) and others30

have found TLR4 mRNA expression in mouse eyes.30 It is
tempting to speculate that a similar pattern of TLR4
expression by APCs, to that observed in the human eye,
may be observed in the murine uvea and that this may be of
pathogenic importance in the development of EIU. This
awaits further investigation, but to date, such studies have
been limited by the availability of suitable reagents for
murine TLRs.
A highly selective and specific pattern of TLR4 protein

expression was observed in the human uvea, with the
epithelial and endothelial cells of the normal human iris
and ciliary body not expressing TLR4 and MD-2 proteins. We
proposed that this may reflect the unique immunologically
privileged nature of the eye.28 Recently, Brito et al confirmed
our findings with the detection of TLR4+ cells in the uveal
stroma that were ‘‘probably resident macrophages and
DCs.’’31 In contrast with our findings,28 however, Brito et al
also reported TLR4 protein staining on the non-pigmented
epithelial cells of the ciliary body and in the superficial layers
of the retina.31 We had also observed a similar pattern of
staining when using paraffin embedded ocular sections
(which were not observed in our studies using fresh frozen
sections28) and these were considered to be non-specific, as
we observed an identical pattern of positive staining using
the isotype matched negative control antibody (unpublished
data).
Although the human iris endothelium does not express

TLR4 protein in vivo, cultured human iris endothelial cells
were found to express TLR4 mRNA and respond to LPS
stimulation with the production of pro-inflammatory cyto-
kines.31 This may have implications for understanding the
apparent susceptibility of the anterior uvea to the breakdown
of the blood-aqueous barrier and development of uveitis.
Importantly, Brito et al showed that TLR4 in the human uvea
can be functional, by demonstrating TLR4 dependent pro-
inflammatory cytokine production in response to in vitro LPS
stimulation of cultured uveal tissue explants.31 We had
previously proposed that the preferential expression of TLR4
by the APCs within the uvea may suggest a novel mechanism
for the initiating factors in the pathogenesis of AAU, which
has a particular predilection for affecting this middle vascular
layer of the eye.28 LPS derived from Gram negative bacteria
may trigger AAU by activating TLR4 on uveal APCs that are
optimally positioned in perivascular locations to activate
leucocyte recruitment, from the vasculature to the uvea, by
activating the secretion of chemokines and the expression of
vascular adhesion molecules.
Mutations in the gene encoding NOD2 protein (a cytosolic

PRR that detects intracellular bacteria) can result in Blau
syndrome, characterised by a clinical triad of chronic
granulomatous uveitis, arthritis, and dermatitis.32

Furthermore, mutations in the NOD2 gene are clearly
implicated in the genetic predisposition to granulomatous
bowel inflammation of Crohn’s disease.33 A growing body of
studies has found that functional polymorphisms in TLR
genes such as TLR4 and TLR2, may affect the development
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and progression of a variety of human diseases.6 It would be
important to investigate whether such TLR polymorphisms
may be important genetic susceptibility factors in the
development and/or progression of inflammatory eye diseases
such as uveitis.

Retina
There appears to be a particular predilection for the
involvement of the retina by various infectious agents, such
as viruses (CMV and HSV retinitis) and the obligate
intracellular protozoan, Toxoplasma gondii, the commonest
cause of posterior uveitis.25 Retinal pigment epithelium (RPE)
is a monolayer of cells strategically located between the
neurosensory retina and the vascular choroid, forming part of
the blood-retina barrier, and have been implicated to have a
role in the immunopathogenesis of uveoretinitis.34 Recent
studies have begun to explore the role of TLRs in retinal
innate immunity (table 2).
Cultured human RPE cells expressed the genes for TLRs 1-

7, TLR-9, and TLR-10, with the highest expression level found
for TLR3.35 TLR3 is the receptor for dsRNA produced by most
viruses during their replication.4 Human RPE stimulation
with a synthetic dsRNA was able to induce the secretion of
IFN-b in a TLR3 dependent manner, and these RPE cells were
in turn sensitive to the antiviral action of IFN-b.
Furthermore, TLR3 stimulation of RPE cells induced the
secretion of various cytokines, chemokines, and adhesion
molecule.35 Thus, TLR3 mediated signalling, triggered by
dsRNA of virus replication, may have a protective role in viral
infections of the retina. RPE cells appear to be one of the
principal cellular targets for infectious agents, such as CMV
and Toxoplasma gondii.36 37 TLRs have been implicated in
innate immune recognition of T gondii. In particular, TLR2
appears to have an important role in the innate immune
response to T gondii, although additional TLRs and ligands
have also been implicated.38 39 The role of TLRs in the
pathogenesis of toxoplasmic retinochoroiditis awaits further
investigation.
RPE cells mediate the physiological phagocytosis of shed

photoreceptor outer segments (POS) and thus the main-
tenance of outer retina homeostasis. TLR4 expressed on the
cell surface of cultured human RPE cells have been reported
to participate in the cellular handling of human POS.40

Human POS was shown to induce clustering of TLR4 at their
cell surface binding sites and TLR4 may be one component
necessary for the initiation of cellular signalling and the
generation of reactive oxygen metabolites by human RPE
cells in response to POS binding.40 From these findings it has
been speculated that TLR4 clustering may also have a role in
pro-inflammatory pathophysiological changes that accom-
pany retinal diseases such as uveitis, age related macular
degeneration (AMD), and proliferative vitreoretinopathy, as
POS binding to RPE may create a susceptible, local pro-
inflammatory environment in the retina.40 A recent study has
reported a significant association between TLR4 polymorph-
ism and AMD, with the demonstration of an increased risk of
AMD in carriers of the D299G variant in the TLR4 gene.41

Given that RPE has the capacity to have a major
immunological role at the blood-retina barrier and that it is
a frequent site of involvement by various infectious agents of
the retina, these early studies demonstrating the expression
and function of TLRs by RPE cells implicate a potential role
for these innate immune receptors in the pathogenesis of
various inflammatory retinal diseases. RPE cells endowed
with TLRs may be able to rapidly respond to infectious agents
and limit the damage to the neurosensory retina. However,
the resultant cellular activation may come at the expense of
breakdown in the blood-retina barrier resulting from the
production of various inflammatory mediators, leading to the

development of potentially sight threatening retinochoroidi-
tis.

CONCLUSIONS
The Toll rush has begun and we are only just beginning to
explore the potential role of TLRs in ocular immunity and
inflammation, and undoubtedly there will be many more
studies to come in this exciting and promising area of
research. TLRs are likely to have wide implications for ocular
immunology, not only in inflammatory eye diseases but also
in other areas such as corneal transplantation and intraocular
tumours. The initial molecular mechanisms that lead to the
loss of the normally sight protective state of ocular immune
privilege and the development of various forms of ocular
inflammation are currently poorly understood. Microbial
agents or their PAMPs, via their interaction with TLRs and
other PRRs, may be critically important in the pathogenesis
of both infectious and, at least some forms of, non-infectious
inflammatory eye diseases. A better understanding of these
mechanisms is of fundamental importance in progressing our
knowledge of ocular infection and immunity but also would
be of major clinical significance, as it may identify potential
new therapeutic targets that may be more selective, effective,
and safer than the currently available therapies for treating
this group of sight threatening inflammatory eye diseases.
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