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Immunopathology in ocular toxoplasmosis: facts and clues
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Although parasite-mediated host cell lysis is deemed to be an important cause of tissue destruction in ocu-
lar toxoplasmosis (OT), the severity of the disease is probably correlated with hypersensitivity and inflammation. 
Notwithstanding, the mechanisms that regulate the inflammatory process in recurrent OT are poorly understood. 
Recent evidence has identified interleukin (IL) 17 as a marker for disease severity. The ocular and cerebral pres-
ence of this cytokine is generally associated with the induction of autoimmune responses in the brain and the eye. 
Indeed, there are indications that autoimmunity may contribute to clinical variability in the activity of OT. IL-23, 
which induces the proliferation of IL-17-producing cells and IL-27, which is a counterplayer to IL-17, may regulate 
T(H)-1-cell-mediated responses in OT. The importance of these cytokines in experimental models of uveitis and en-
cephalitis has been recently reported. CD25(+) regulatory T-cells may control the local inflammatory response and 
protect the host against collateral inflammatory tissue damage. The responses of these cells to OT may be suitably 
tailored to cope with either an acquired or a congenital aetiology. Knowledge relating to immunoreactivity in OT 
has grown impressively during the past few years. Its characteristic and variable features have been identified and 
the potential relevance of autoimmunity has been assessed. In light of this knowledge, potential future treatment 
options have been considered.
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The term uveitis embraces a complex group of diseas-
es that are instigated by local tissue trauma. The insult 
may be triggered by various agents, including infectious 
organisms. Autoimmunity may be a late consequence of 
microbe-induced injury. Recurrences can be triggered 
either by the reappearance of the infectious agent within 
the target tissue or by an accumulation of immune com-
plexes within the uveal tract. Immunoregulation can be 
influenced by pregnancy, aging and emotional distur-
bances (O’Connor 1983). 

Ocular toxoplasmosis (OT) or, more precisely, toxo-
plasmic retinochoroiditis is the most frequent cause of 
infectious blindness and visual morbidity amongst young 
adults in developed countries. The severity of the disease 
varies greatly between patients. OT is characterized by 
necrotizing retinopathy, which is triggered by the activa-
tion of dormant organisms within the retina. Although the 
contribution of anti-retinal autoimmune mechanisms to 
the destruction of retinal tissue has been a subject of de-
bate for many years (Cogan 1977), the pathogenesis of the 
inflammatory process in OT remains obscure (Roberts & 
McLeod 1999, Yap & Sher 1999, Gaddi & Yap 2007). 

Financial support: The authors have disclosed any financial propri-
etary interests and did not receive any funding from third parties in 
the context of the data presented herein.
+ Corresponding author: justus.garweg@swiss-eye-institute.com
Received 16 October 2008
Accepted 2 February 2009

In accordance with the clinical presentation in hu-
mans, a histopathological study of congenital OT in 
mice has revealed great variability in the degree of tis-
sue destruction. Toxoplasma-containing cysts are found 
within the retina and the optic nerve irrespective of the 
disease severity, although they are rarely observed in 
mildly affected eyes. In the latter cases, the hallmarks 
of the disease are low-grade uveitis and retinal lympho-
cytic perivasculitis. In more severely affected eyes, reti-
nal destruction may be focal, sectorial or total, and it is 
usually associated with secondary cataract formation. In 
some eyes, inflammatory destruction of the outer retina 
is associated either with a death of cells or with the in-
filtration of lymphocytes or plasma cells; granulomatous 
reactions are rare. In the most severely affected eyes, the 
retina can be completely necrotic and calcified (Lee et 
al. 1983). Cataracts and selective destruction of the pho-
toreceptor layer may occur specifically in congenitally 
infected mice (Hay et al. 1981, Hutchison et al. 1982). 

Organ-specific aspects of ocular inflammation

The eye is generally considered to be an immuno-
logically privileged organ owing to the existence of a 
tight blood-vascular barrier, the lack of lymphatic drain-
age, and the paucity of classical antigen-presenting cells. 
However, this dogma is now open to challenge, since 
there are indications for an active communication be-
tween the immune system and the eye and for the ocular 
presentation of exogenous as well as endogenous anti-
gens. According to current knowledge, cell-mediated 
and non-inflammatory humoral immune responses 
within the eye are regulated by cytokine-mediated, ac-
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tive immunosuppressive mechanisms. These mecha-
nisms include the apoptosis of alloreactive lymphocytes 
and aim to curb the tissue-destructive effects of the in-
flammatory reactions, both locally and within the brain 
(Esterre 1996, Caspi 2006). 

The retina is a complex structure, both architectur-
ally and antigenically. Since it develops as an extension 
of the neural tube, it shares several membranous and cy-
toplasmic antigens in common with the brain, including 
those of the neuro and glial filaments. Several antigens 
that are specific to the nervous system are abundant 
within the retina. Antigens that are specific to the eye 
include those of the retinal pigmented epithelium, reti-
nal ganglion cells and astrocytes. The outer segments of 
the photoreceptor cells contain soluble antigens which, 
when injected into rats, rabbits, guinea pigs or monkeys, 
evoke varying degrees of intraocular inflammation that 
can lead to uveitis, retinal detachment, degeneration of 
the photoreceptor cells and, occasionally, retinal vascu-
litis. Both cell-mediated and humoral immunity to pho-
toreceptor antigens have been demonstrated in various 
types of uveitis (including OT and sarcoidosis). Retinal 
autoimmunity can occur in conjunction with retinal 
detachment and diabetic retinopathy, particularly af-
ter photocoagulation with argon-laser light. In patients 
with systemic immune disorders, such as lupus erythe-
matosus, antibodies against retinal antigens have been 
detected even when the eye is not involved. Hence, the 
precise pathogenic role of retinal autoimmunity in ocu-
lar diseases is not known with certainty. It may repre-
sent no more than an epiphenomenon that develops after 
physically, immunologically, or microorganism-induced 
retinal damage. Alternatively, autoimmunity while itself 
failing to evoke ocular inflammation may, by perpetu-
ating and sustaining the level of a pre-existing inflam-
matory state, elicit further damage within ocular tissues 
(Rahi & Addison 1983). Support for this contention has 
been provided by Muiño et al. (1999). These authors re-
ported five to 10-fold higher levels of IgE and 2-3-fold 
higher levels of sCD23 in patients with either autoim-
mune uveitis or OT than in healthy controls. Immuno-
globulins specific to the retinal S-antigen were detected 
in more than 80% of the cases and those of the IgE class 
accounted for nearly 70% of these immunoglobulins. 
Specific IgE was found in two-thirds of the patients with 
autoimmune uveitis, but it was not detected in either the 
controls or in individuals with bacterial uveitis. Elevated 
levels of total IgE and sCD23 and the presence of anti-
bodies against S-antigen are indicative of T(helper) 2- 
[T(H)-2] cell activation (Muiño et al. 1999).

With the aid of indirect immunofluorescence, Whit-
tle et al. (1998) detected a strong signal within the pho-
toreceptor layer of more than 90% of their OT patients. 
A lower level of reactivity (40%) was observed within 
the photoreceptor layer of the healthy subjects and of in-
dividuals with retinal vasculitis. Antibodies against the 
retinal S-antigen were detected in 75% of the patients 
who were suffering from either OT or retinal vasculitis. 
However, they were also present in more than 60% of 
the controls. Hence, anti-retinal reactivity in OT patients 
cannot be accounted for by the presence of anti-S-antigen 

alone. The prevalence of anti-photoreceptor antibodies 
indicates that they occur naturally. Their elevated lev-
els in more than 90% of the patients suffering from OT 
suggest that, in this disease, they may be co-pathogenic 
(Whittle et al. 1998). More recently, mononuclear cells 
derived from the peripheral blood of patients who were 
suffering from mild OT were found to respond to one 
or more retinal antigens with a significantly higher fre-
quency than those that were obtained from either healthy 
subjects or individuals with severe OT. Cytokine produc-
tion by the proliferating mononuclear cells did not follow 
a specific pattern. The only consistent trend was the rare 
occurrence of IL-4 and IL-5. These findings indicate 
that an autoimmune response may assist in controlling 
inflammation, thereby helping to curb the severity of the 
disease (Vallochi et al. 2005).

Immunoregulation of inflammatory activity

Although parasite-mediated host cell lysis is prob-
ably the principal cause of tissue destruction in immu-
nodeficiency states, hypersensitivity and inflammation 
exacerbate the process in otherwise immunocompetent 
individuals (Gaddi & Yap 2007). 

There are indications that autoimmunity may contrib-
ute to clinical variability in disease activity (Luger & Cas-
pi 2008). In a murine model of toxoplasmic encephalitis, 
Stumhofer et al. (2006) demonstrated that local autoim-
mune activity is driven by the development of IL-17-pro-
ducing T(H) cells, but is counterbalanced by the produc-
tion of cytokines that antagonize the effector responses 
of these cells. IL-27 receptor-deficient mice that have 
been chronically infected with Toxoplasma gondii de-
velop a severe form of neuroinflammation that is CD4(+) 
T-cell-dependent and associated with a prominent IL-17 
response. Treatment of naïve primary T-cells with IL-27 
in vitro suppressed the development of T(H)-17 cells that 
had been induced via the application of IL-6 and trans-
forming growth factor-β (TGF-β). Since IL-27 appears 
to counterbalance the development of T(H)-17 cells, the 
latter could serve as a useful treatment target for inflam-
matory responses that result from Toxoplasma-induced 
activation of CD4(+)T-cells (Stumhofer et al. 2006).

IL-17: a key player in the regulation of inflammatory 
activity

Activated T-cells follow distinct developmental path-
ways that endow them with specialized properties and ef-
fector functions. T(H)-cells are traditionally believed to 
differentiate into T(H)-1- and T(H)-2-subsets subsets, the 
former being necessary for the clearance of intracellular 
pathogens and the latter that of extracellular organisms. 
A distinct subset of IL-17-producing T(H)-17 cells has re-
cently been described and these cells have been shown to 
play a crucial role in the induction of autoimmune tissue 
injury (Afzali et al. 2007, Romagnani 2008). The evolu-
tion of these IL-17-producing CD(4+) T-cells from naïve 
precursors during an immune response is independent 
of the cytokines and transcription factors that mediate 
the development of T(H)-1 and T(H)2 lineages. CD4(+), 
CD25(+) and Foxp3(+) regulatory (reg) T-cells, on the other  
hand, inhibit autoimmunity and protect the host against 
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tissue injury. TGF-β is crucial for the generation of these 
T(reg)-cells. Evidence is rapidly accumulating that rheu-
matoid arthritis and multiple sclerosis are primarily IL-
17-mediated autoimmune inflammatory diseases. 

In several animal models of autoimmunity, IL-17 has 
been shown to play a crucial regulatory role in tissue 
inflammation and disease development. Consequently, 
IL-17-producing CD4(+) T-cells have been deemed to 
represent a distinct inflammatory T(H)-cell lineage 
characterized by the production of IL-17, IL-6, IL-22 
and TNF-α (Dong 2006). 

IL-17 and IL-22 can induce the disruption of the en-
dothelial tight junctions that comprise the blood-brain 
barrier and, in consequence, T(H)-17-lymphocytes can 
cross the vascular endothelium. These cells also ex-
press high levels of granzyme B, can destroy human 
neurones and can promote inflammation of the central 
nervous system via recruitment of CD4(+) lymphocytes 
(Kebir et al. 2007). Moreover, the blood-brain barrier  
itself can promote the differentiation of migrating 
CD14(+) monocytes into T(H)-17-polarized CD83(+) 
CD209(+) dentritic cells under the influence of TGF-β 
and GMCSF (Ifergan et al. 2008). 

The development of T(H)-17 cells from naïve precur-
sors can be inhibited by interferon (IFN)-γ and IL-4, 
whereas committed T(H)-17 cells are resistant to sup-
pression by T(H)-1- or T(H)-2-cell cytokines. In the ab-
sence of IFN-γ and IL-4, IL-23 derived from dendritic 
cells can induce the differentiation of naïve precursor 
cells into T(H)-17 cells independently of the transcrip-
tion factors STAT1, T-bet, STAT4 and STAT6. This cir-
cumstance could account for the finding that inhibition 
of IFN-γ signalling enhances the development of patho-
genic T(H)-17 effector cells that can exacerbate autoim-
munity (Harrington et al. 2005). 

In a murine model of experimental autoimmune en-
cephalomyelitis, IL-17 has been shown to induce the 
expression of chemokines within the brain. Moreover, 
over-expression of IL-17 within the pulmonary epithe-
lium evokes the production of chemokines and the infil-
tration of leukocytes. IL-4 and IFN-γ negatively regulate 
the production of IL-17 (Park et al. 2005).

Endogenous and exogenous IL-1 dramatically influ-
ences the TGF-β and IL-6-induced differentiation of IL-
17 T-cells. Indeed, IL-1 is capable of stimulating the dif-
ferentiation of IL-17 T-cells, even in the absence of IL-6. 
Furthermore, although IL-2 suppresses the differentia-
tion of IL-17 T-cells, this effect can be overcome by the 
effect of IL-1. IL-6 is important for the differentiation of 
IL-17 T-cells, but it is not indispensable, whereas IL-1 is 
mandatory. These findings indicate that the size of the 
IL-17 T-cell pool can be controlled by the local cytokine 
profile (Kryczek et al. 2007).

T(H)-17 cells are known to be involved in several ocu-
lar diseases, including uveitis and scleritis. Expansion of 
the T(H)-17-cell pool is promoted by IL-2 and inhibited 
by IFN-γ. The numerical density of these cells correlates 
with the level of activity of the uveitic and scleritic dis-
ease. In experimental autoimmune uveitis, elevated lev-
els of IL-17 evoke an up-regulation of tumour necrosis 
factor-α (TNF-α) in retinal cells, by which T(H)-17 cells 

may contribute to inflammatory tissue damage. On the 
other hand, IL-27, which is constitutively expressed in 
retinal ganglion and photoreceptor cells in response to 
IFN-γ, inhibits the proliferation of T(H)-17 cells. Hence, 
IFN-γ-producing T(H)-1 cells could mitigate uveitis by 
antagonizing the T(H)-17 phenotype, namely, by IFN-
γ-mediated induction of IL-27 within the target tissue. 
The ability of IL-2 to promote the expansion of T(H)-17 
cells is known based on the efficacy of the IL-2 recep-
tor antibody in treating uveitis. IFN-γ or IL-27-mediated 
antagonism of T(H)-17 cells could serve as alternative 
therapeutic options in the treatment of chronic intraocu-
lar inflammation (Amadi-Obi et al. 2007).

Cytokines in the regulation of immunity and in in-
duction of autoimmunity

The differentiation of T(H)-17 cells from naïve pre-
cursors is induced by IL-6 and TGF-β. TGF-β alone can 
induce the expression of Foxp3 and the expansion and 
differentiation of T(reg) cells, which protect the host 
against autoimmunity (Bettelli et al. 2006). IL-6 inhibits 
the TGF-β-driven expression of Foxp3, thereby facilitat-
ing the formation of T(H)-17 cells, which promote in-
flammation and autoimmunity. Thus, IL-23 can induce 
the expansion of fully differentiated T(H)-17 cells (Bet-
telli et al. 2007). 

Only two years ago (Mucida et al. 2007), retinoic acid 
was identified as a key regulator of TGF-β-dependent 
immune responses. It was found to be capable of inhibit-
ing the IL-6-driven induction of proinflammatory T(H)-
17 cells and of promoting the differentiation of anti-in-
flammatory T(reg) cells. This recent discovery exposes 
our still limited understanding of the factors that play a 
role in the counterbalance between pro and anti-inflam-
matory activity (Mucida et al. 2007).

Although the transcription factor T-bet is crucial for 
the differentiation of IFN-γ-producing CD4(+) T(H)-1 
lymphocytes, its role in the differentiation of T(H)-17 
cells is poorly understood. Therapeutic administration 
of a small interfering (si)RNA specific to T-bet sig-
nificantly improves the clinical course of experimental 
autoimmune encephalomyelitis. This T-bet-specific si-
RNA suppresses the differentiation of IL-17-expressing 
T-cells in the central nervous system, as well as that of 
myelin-basic-protein-specific autoreactive T(H)-1 cells. 
Moreover, T-bet directly regulates the transcription of 
the IL-23 receptor and, as a consequence, indirectly in-
fluences the number of T(H)-17 cells, which depend on 
IL-23 for their survival. Correspondingly, suppression of 
T-bet ameliorates experimental autoimmune encephalo-
myelitis by limiting the differentiation of autoreactive 
T(H)-1 cells, as well as via IL-23 receptor-mediated in-
hibition of pathogenic T(H)-17 cells (Gocke et al. 2007).

The counteraction between IL-17 and IL-27

IL-12 has been long known to play a central role in 
the generation of T(H)-1 cells and more recent evidence 
has implicated two related cytokines, IL-23 and IL-27, 
in the regulation of T(H)-1-cell responses. IL-23 appears 
to be capable of stimulating a unique subset of T-cells to 
produce IL-17, which plays a prominent role in autoim-
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mune inflammation. IL-27, on the other hand, can damp-
en the intensity and curtail the duration of adaptive im-
mune responses (Hunter 2005). IL-27 is distinguished 
from other members of the IL-12 cytokine family by its 
specific effect on naïve CD4(+) T-cells in both humans 
and mice (Cordoba-Rodriguez & Frucht 2003). It is a 
potent inhibitor of the development of T(H)-17-cells. 
Not surprisingly, therefore, subcutaneous administra-
tion of IL-27 in mice dramatically suppresses active 
experimental autoimmune encephalomyelitis: inflam-
matory infiltration into the central nervous system is 
reduced and the numerical density of T(H)-17 cells de-
creases (Fitzgerald et al. 2007, Furuzawa-Carballeda et 
al. 2007, Wang et al. 2008). 

By suppressing TGF-β-induced expression of the 
transcription factor Foxp3, IL-27 also inhibits the devel-
opment of anti-inflammatory, inducible regulatory (ireg) 
T-cells. While the blockage of T(H)-17-cell development 
depends on the transcription factor STAT1, suppression of 
T(ireg)-cell development does not, which suggests that IL-
27 utilizes a different signalling pathway to shape T-cell-
driven immune responses. Hence, IL-27 can differentially 
control the development of T(H)-17 and T(ireg) cells via 
its differential effects on STAT1 (Neufert et al. 2007).

Mice that lack the receptor for IL-27 manifest exag-
gerated inflammatory responses to a variety of chal-
lenges. This finding indicates that IL-27 possesses an 
important immunoregulatory function in vivo. IL-27 
receptor-deficient mice are highly susceptible to ex-
perimental autoimmune encephalomyelitis, to which 
they respond by generating an abundance of T(H)-17 
cells. IL-27 thus appears to act directly on effector T-
cells to suppress the IL-6 and TGF-β-induced differen-
tiation of the T(H)-17 lineage. This effect is linked to 
the transcription factor STAT1 and is independent of 
IFN-γ. Moreover, IL-27 has been shown to suppress the 
IL-6-mediated proliferation of T-cells. This effect may 
account for the IL-27-mediated suppression of immuno-
reactivity that has been observed in several in vivo mod-
els of inflammation (Batten et al. 2006). For example, 
infection of IL-27 receptor-deficient mice with T. gon-
dii elicits aberrant IL-2 responses, which are associated 
with the development of a lethal inflammatory disease. 
Since in vivo depletion of IL-2 prolongs the survival of 
Toxoplasma-infected IL-27 receptor-deficient mice, IL-
27 probably controls the development of immunopathol-
ogy by limiting the parasite-induced production of IL-2. 
Consistent with this hypothesis, the CD4(+) T-cells of 
IL-27 receptor-deficient mice produce higher levels of 
IL-2 than those obtained from wild-type counterparts 
during their differentiation in vitro. Introduction of re-
combinant IL-27 suppresses the expression of the IL-2 
gene and protein in the former cells. IL-12 (unlike IL-16 
and IL-23) also inhibits the production of IL-2, thus en-
hancing the immunoregulatory effect. IL-27 and IL-12 
thus appear to co-operate in limiting the availability of 
IL-2 and thus in controlling the growth and survival of 
T-cells (Villarino et al. 2006). 

Finally, IL-10 contributes to the balance between 
protective and pathological T-cell responses and is re-

quired for host survival. It is produced by many different 
cell types, including myeloid cells, several T-cell subsets 
and antigen-presenting dendritic cells. The production of 
IL-10 by T-cells can be induced by IL-6 and IL-27 via a 
STAT3-mediated pathway, and TGFβ- and IL-6-induced 
T(H)-1 and T(H)2-cells, as well as T(H)-17 cells, contrib-
ute to its secretion (Awasthi et al. 2007). The production 
of IL-10 is important for an effective immune response to 
T. gondii and T-bet(+)/Foxp3- T(H)-1 are its major source 
(Jankovic et al. 2007, Stumhofer et al. 2007). Recent evi-
dence indicates that FoxP3-expressing CD4(+)/CD25(+) 
T-cells might be actively involved in the development of 
tolerance to TGF-β(2)-induced antigen-presenting cells 
(Matsumura et al. 2007, Zhang et al. 2008), which could 
contribute to the recurrence of OT.

IL-23 and the therapeutic consequences of its targeting

The role of IL-12 in modulating cellular immune re-
sponses has been hitherto overestimated owing to the 
previous belief that the p40 subunit is unique to this cy-
tokine. However, this subunit is now known to be shared 
by IL-12 and IL-23. p40(-/-) mice are deficient in both IL-
12 and IL-23. Indeed, studies with these knockout mice 
have revealed that the essential role previously attributed 
to IL-12 in experimental autoimmune encephalitis must 
now be conferred to IL 23 (Cordoba-Rodriguez & Frucht 
2003). IL-23 drives the development of a highly patho-
genic T-cell population that is involved in the induction 
of autoimmune diseases. This cytokine is implicated in 
the differentiation of autoreactive IL-17-producing T-
cells and promotes chronic inflammation. This process 
is dominated by IL-17, IL-6, IL-8 and TNF-α (not IFN-γ 
and IL-4), as well as by neutrophils and monocytes. IL-
23 is a key player in numerous autoimmune diseases, 
such as experimental allergic encephalomyelitis, colla-
gen-induced arthritis and inflammatory bowel disease. 
The downstream effects of IL-23 are believed to have 
evolved with the sole purpose of causing autoimmunity. 
The evolutionary advantages of these effects are not un-
derstood, but they lie in the regulation of IL-17-produc-
ing T(H)-1 cells (McKenzie et al. 2006). Blocking IL-23 
or its downstream factors IL-17 and IL-6 can signifi-
cantly suppress the development of inflammatory bowel 
disease and multiple sclerosis in animal models. Inhibi-
tion of the IL-12/IFN-γ pathway has no such effect. The 
IL-23/IL-17 pathway could thus serve as a novel thera-
peutic target for the treatment of chronic inflammatory 
diseases (Iwakura & Ishigame 2006). 

Although the transcription factors T-bet and STAT1 
are not required for the initial production of IL-17, the 
former appears to be necessary to optimize the IL-23-
stimulated process. Treatment with anti-IL-23p19 lowers 
the serum level of IL-17, as well as the gene expression 
levels of IFN-γ, IP-10, IL-17, IL-6 and TNF-α in the cen-
tral nervous system. Furthermore, anti-IL-23 therapy 
of animals during an active stage of experimental au-
toimmune encephalomyelitis averts subsequent relapse. 
The therapeutic targeting of IL-23 can thus effectively 
inhibit multiple pathways that underlie inflammation of 
the central nervous system in experimental autoimmune 
encephalomyelitis (Chen et al. 2006).
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Cytokines and T-cell regulation in toxoplasmic en-
cephalitis

Infection with T. gondii is an important cause of 
diseases of the central nervous system and the eye in 
immunocompromised as well as immunocompetent in-
dividuals. Although the parasite-mediated lysis of host 
cells is probably the principal cause of tissue destruc-
tion in states of immunodeficiency, hypersensitivity and 
inflammatory responses probably contribute to this pro-
cess in otherwise immuno-sufficient individuals. Exper-
imental evidence implicates CD4(+) T-cells in the sys-
temic and local immunopathological responses that are 
associated with toxoplasmic infection. The pathogenic 
roles of the cytokines produced by T(H)-1 and T(H)-17 
cells and the protective and homeostatic roles of IL-10, 
TGF-β and IL-27 in modulating the hypersensitivity re-
sponses induced by T. gondii are now generally recog-
nized (Gaddi & Yap 2007). 

Toxoplasma-infected macrophages induce the pro-
duction of IFN-γ, IL-2, IL-4 and IL-10 by CD4(+) T-cells 
and that of IFN-γ and IL-2 by CD8(+) T-cells. The pro-
duction of IL-4 and IL-10 by CD4(+) T-cells can sup-
press the IFN-γ-mediated mechanisms that protect the 
host against the parasite (Miller et al. 2006).

Microglia and macrophages within the brains of 
healthy individuals produce IL-10 at the gene-expression 
and protein levels. In individuals with toxoplasmic en-
cephalitis, CD4(+)- and CD8(+) T-cells likewise produce 
IL-10. In patients who are suffering from chronic toxo-
plasmic encephalitis, neutralisation of endogenous IL-10 
leads to a reduction in the intracerebral parasitic load, an 
increase in the numerical density of immune cells and an 
up-regulation in the production of protective cytokines. 
Hence, the intracerebral expression of IL-10 interferes 
with the immune response in toxoplasmic encephalitis 
and may contribute to the persistence of parasites within 
the brain (Deckert-Schlüter et al. 1997).

Although IL-17 is not necessary for the development 
of adaptive immunity to T. gondii, its absence impedes 
the early migration of neurophils to the sites of infection, 
which can have fatal consequences for the host (Kelly et 
al. 2005). The up-regulation of IL-4 in a Toxoplasma-
infected host indicates the host is susceptible to the para-
site, even if it is previously deemed to be resistant to the 
organism (Welter et al. 2007). 

Production of IFN-γ by T-cells, natural killer cells 
and various other cell types in the brain protects the 
host against toxoplasmic encephalitis. In animal mod-
els, microglia produce IFN- γ in response to infection 
with T. gondii (acute or reactivated), irrespective of 
whether T-cells are absent or present. Since IFN- γ can 
induce expression of the chemokines and MHC-antigens 
necessary for the recruitment and activation of T-cells, 
its production by microglia during the early stages of 
tachyzoite proliferation in the brain may be crucial in 
limiting parasitic growth and in the later development of 
T-cell immunity (Wang & Suzuki. 2007). Pretreatment 
of microglia with recombinant TNF-α and prolactin has 
a toxoplasmastatic effect: the parasites are destroyed in-
tracellularly and IL-1β, IL-3,and IL-6 are released. The 

intercellular adhesion molecule 1 (ICAM-1) is also up-
regulated and may be involved in the recruitment of leu-
kocytes (Benedetto et al. 2001). 

In a murine model of toxoplasmic encephalitis, in-
activation of the vascular cell adhesion molecule 1 
(VCAM)-1 or of the VCAM-1 gene appears to abolish 
the host’s resistance to the parasite. Although the recruit-
ment of leukocytes is unimpaired, the B-cell response is 
significantly dampened, as evidenced by the reduced se-
rum levels of specific IgM and IgG. VCAM-1-mediated 
immune reactions are thus necessary to control intracere-
bral infection with T. gondii (Deckert et al. 2003). 

Autoimmunity in OT

In human patients, OT may be partially mediated 
by an autoimmune mechanism, which might reflect the 
presence of immunodominant membrane antigens with 
a high affinity for the retina (Nussenblatt et al. 1989).

Autoimmune reactions against retinal antigens are 
believed by some investigators to play an important role 
in human uveitis. However, the evidence in support of 
this belief is equivocal. Humoral and cellular autoreac-
tivity against retinal antigens has been detected not only 
in uveitic patients, but also in healthy controls (Kijlstra et 
al. 1990). In a study conducted nearly 30 years ago, lym-
phocytes derived from patients with active or inactive 
OT, as well as from sero-positive and sero-negative con-
trols, were exposed to human retinal antigens in vitro. A 
proliferative response was observed for many of the pa-
tients with active OT, for half of those with inactive OT 
and for none of the healthy controls who registered either 
sero-positive or sero-negative (Wyler et al. 1980). 

These data afforded some evidence for an autoim-
mune component in the pathogenesis of OT, but this con-
tention has yet to be unequivocally confirmed.

Mice that have been infected in utero with T. gondii 
demonstrate histopathological features of OT ranging 
from minimal damage to complete destruction of the reti-
nal tissue. Retinal vasculitis and highly selective destruc-
tion of the photoreceptor cells were consistent findings 
and these features are also characteristic of experimental 
autoimmune retinitis (Lee et al. 1983, Hay et al. 1984).

As previously mentioned, serum antibodies against 
retinal antigens have been detected in healthy individu-
als. Such “natural” autoantibodies may act in a protective 
capacity, as indeed they generally do in autoimmune dis-
eases (Forrester et al. 1989). Nevertheless, the incidence 
of antibodies against the S-antigen - a major glycoprotein 
in photoreceptor cells - is 2-fold higher in uveitic patients 
than in healthy controls and the levels rise during active 
stages of the disease. Anti-S antibodies could thus arise 
from non-specific inflammatory damage to the retina and 
uvea. Whether such a secondary autoimmune response 
could perpetuate the disease is open to question, but is 
doubtful since patients who have undergone repeated sur-
gery for unsuccessful retinal reattachment surgery display 
serum levels of the anti-S antibody that do not correspond 
with the clinical grading of intraocular inflammation 
(García et al. 1988). Furthermore, in a rodent model of 
OT, intraocular injection of the S-antigen failed to evoke 
uveitis (Pereira Mde et al. 1999). 
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In contrast to the S-antigen, the interphotoreceptor 
retinoid binding protein (IRBP) can induce experimental 
autoimmune uveitis in susceptible animal strains. How-
ever, serum antibodies against human IRBP have been 
detected with equal frequencies in both uveitic patients 
and healthy controls and without apparent differences in 
the antibody levels or avidities (Hoekzema et al. 1990). 

The pathogenesis of experimental autoimmune uvei-
tis, experimental OT, and most instances of human pos-
terior uveitis involves the cell-mediated destruction of 
retinal tissues. Since T-cells with retinal antigen specifi-
city are required for this process, the presence of anti-
retinal antibodies in humans may reflect a potential to 
develop autoimmunity. But these anti-retinal antibodies 
need not actively mediate inflammation (Klass et al. 
1991, Lu et al. 2004). 

Moreover, at least in recurrences of OT, the immune 
response is a highly localized and compartmentalized 
event, which is confined to B-cell activity and thus to 
lymphocyte homing (Klaren & Peek 2001). Only an 
analysis of the specificity of the T-cell infiltrate or of the 
immunoglobulins that are deposited within the diseased 
tissues can furnish conclusive evidence of an autoim-
mune component (Kijlstra et al. 1990). Toxoplasmic, but 
not retinal antigens, have been detected in lymphocytes 
derived from the vitreous of patients with active OT. 
Most of the intraocular antigen-specific T-cells were 
found to be of the T(H)-0/T(H)-2 linage (Feron et al. 
2001). Ocular inflammatory response to T. gondii is me-
diated primarily by CD4(+) T-cells, but CD8(+) T-cells 
and B-cells may be involved in curbing local parasitic 
growth (Lu et al. 2004).

Immunogenetics

The role of immunogenetics in the pathogenesis of 
OT is poorly understood. The genetic makeup of the host 
as well as the strain-specific virulence of the parasite is 
known to influence the susceptibility of mice to experi-
mental OT (Lu et al. 2005). 

To assess the influence of host genetic background on 
the differentiation of T(H)-cells, a comparative study em-
ploying T(H)-2-prone BALB/c and T(H)-1-prone C57BL/6 
mice was undertaken. IL-4, the production of which is in-
duced by IL-2, is expressed at higher levels in BALB/c-na-
ïve CD4(+) T-cells than in C57BL/6-naïve CD4(+) T-cells. 
Consequently, the former are more prone than the latter 
to differentiate into cells of the T(H)-2 lineage. STAT5 
is preferentially activated in BALB/c-naïve CD4(+) T-
cells, initially in response to IL-2 and then IL-4. STAT6 
is activated to the same degree in both cell types (Yagi 
et al. 2006). Furthermore, when T(H)-2-prone BALB/C 
mice are intraocularly infected with T. gondii, parasitic 
growth is arrested; but when T(H)-1-prone C57BL/6 mice 
are inoculated with the same parasitic strain, the organism 
continues to proliferate within the eye. In the latter mouse 
strain, the immune response is regulated by IFN- γ rather 
than by IL-4 (Norose et al. 2003). 

The data gleaned from studies with animal models 
of OT may be species-specific and thus not relevant in a 
human context. For example, class-I MHC is up-regulat-
ed in murine models of OT (Lyons et al. 2001), whereas 

this may not be the case in rats (Sergent et al. 2005). In 
patients suffering from OT, the expression of the human 
counterpart, the HLA antigens, is not significantly high-
er than in healthy controls (Ohno et al. 1977, Nussenblatt 
et al. 1989). However, human genotypes characterized 
by low production of IL-10 may be more prone to the 
development of human OT (Cordeiro et al. 2008).

Chemokines

Patients with toxoplasmic retinochoroiditis, especial-
ly those with vasculitis, manifest 2.5-fold higher serum 
levels of the chemokine CXCL8 than healthy controls. 
The levels of other chemokines do not differ between 
the two groups of individuals. There is evidence that the 
serum levels of both CXCL8 and CXCL9 correlate with 
the size and activity of the ocular lesions (Gonçalves et 
al. 2007). These chemokines may be partially derived 
from Mueller cells. Infection of these cells with T. gondii 
in vitro elicits the expression of high levels of CXCL2 
and CXCL8, which could promote the recruitment of 
polymorphonuclear cells, as well as the production of 
GRO1, MCP-1, FKN and RANTES by retinal vascular 
endothelial cells (Knight et al. 2005, 2006). 

The role of Fas and its ligand (FasL) in OT has yet to 
be clarified. In one study utilising mice, intraocular in-
fection with T. gondii elicited local inflammation, which 
was associated with a local increase in the expression of 
Fas and FasL. Inflammatory and ocular tissue cells un-
derwent apoptosis and the numerical density of CD8(+) 
cells increased more than that of CD4(+) T-cells in the 
infected eyes. Fas/FasL-driven apoptosis was presumed 
by the authors to be involved in the pathogenesis of ac-
quired OT (Hu et al. 1999), but in a later study involv-
ing mutant mice that lacked the genes for either Fas or 
FasL, the levels of ocular inflammation and apoptosis 
were similar in these animals compared to their wild-
type counterparts after intraocular challenge with T. 
gondii. However, after challenging the mutant mice with 
T. gondii, the expression of IFN-γ in the brain and in 
the eyes was up-regulated earlier and the levels of nitrite 
in the ocular tissues were higher than those observed in 
wild-type animals (Shen et al. 2001). Fas/FasL- driven 
apoptosis may thus be neither related to the IFN-γ re-
sponse nor be involved to a significant degree in the im-
munoregulation of OT. In a further study, this time with 
C57BL/6 mice, the levels of MIP-2, Fas and FasL- in the 
serum were reported to be similar in non-infected and 
Toxoplasma-infected animals, whereas their levels in 
the aqueous humour were higher in the latter than in the 
former (Calabrese et al. 2008).

In human uveitis, the levels of Fas and FasL in the 
intraocular fluid have been found to correlate positively 
with the activity of the disease. However, these chemo-
kines were not detected in the serum. Soluble FasL has 
also been detected in the aqueous humour of non-uveitic 
eyes with age-related cataracts (Sugita et al. 2000). In 
organisms that are resistant to Fas-FasL, Fas-FasL and 
TRAIL are involved in tumour surveillance of the eye 
and may also contribute to the development of immune 
privilege in cases of infectious uveitis. In patents with 
OT, as opposed to those who are systemically infected 
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(Mordue et al. 2001), FasL- or TRAIL-mediated apop-
tosis of immune cells within the eye may protect it from 
the damaging effects of infiltrating inflammatory cells 
and thus help to preserve vision (Lee et al. 2002).

Cytokines in OT

Knowledge of the pattern of cytokine production in 
various forms of uveitis could be of therapeutic value. 
The two groups of cytokines, T1 (IFN-γ, IL-2, IL-12) 
and T2 (IL-4, IL6, IL-10) represent two polar responses 
of the immune system. The T1-group of cytokines is in-
volved predominantly in cellular responses, whereas the 
T2-group is implicated primarily in humoral ones. 

In OT, the pathogenic roles of the cytokines produced 
by T(H)-1 and T(H)-17 cells, and the protective and ho-
meostatic roles of IL-10, IL-27 and TGF-β in modulat-
ing the host’s hypersensitivity response to T. gondii have 
been only partially elucidated (Gaddi & Yap 2007). 

In chronically infected individuals, this response 
appears to be strictly activation site-specific, since, 
with respect to activation markers and the production 
of T1-group cytokines, the systemic cellular response 
to soluble Toxoplasma antigen does not differ between 
patients with either ocular or asymptomatic toxoplas-
mosis (Fatoohi et al. 2006). 

Indirect evidence for a protective role of IFN-γ in 
OT has been obtained using a synthetic polymeric com-
plex of polyinosinic and polycytidylic acids, which is a 
potent inducer of IFN. The prophylactic application of 
this polymer delays the development of lesions in the 
retina of Toxoplasma-infected eyes, but it does not com-
pletely suppress the disease (Oh & O’Connor 1971). In 
a more recent study carried out with mice, IFN-γ was 
reported to regulate the ocular load and distribution of 
T. gondii (Norose et al. 2003). In humans, higher lev-
els of IFN- γ and 10-fold higher numerical densities of 
activated CD25(+) T-cells have been reported in blood 
cultures derived from Toxoplasma-infected patients than 
in those from healthy controls after stimulation with sol-
uble Toxoplasma antigen. No differences were observed 
between patients with either ocular or asymptomatic 
toxoplasmosis. Chronic infection with Toxoplasma thus 
appears to be associated with a sustained stimulation of 
IFN-γ production. This variable might impact the recur-
rence behaviour (Fatoohi et al. 2006). Mutant mice that 
lack CD25(+) and CD4(+) T(reg)-cells spontaneously de-
velop autoimmune uveoretinitis (Takeuchi et al. 2004). 
Hence, the marked activation of CD25(+) T(reg)-cells 
that is associated with OT in wild-type mice could pro-
tect the host against autoimmunity in this disease. The 
numerical densities of CD4(+) and CD25(+) T(reg)-cells 
are increased in the eyes of mice with experimental au-
toimmune uveitis during the resolution of the first at-
tack. During reactivation of the disease, the response is 
weaker and corresponds with lower levels of IL-10 in the 
aqueous humour (Ke et al. 2008). 

Experimentally, IL-10 has been shown to be important 
in the regulation of inflammation during acute OT (Lu et 
al. 2003). Although several immunoregulatory cytokines 
(IL-6, IL-10, and IFN-γ) have been detected in samples 

of human ocular fluid, a clear role for either a T(H)-1 or 
a T(H)-2-cell mediated response in the pathogenesis of 
clinical uveitis has yet to be determined (Ongkosuwito et 
al. 1998). In mice that are chronically infected with Toxo-
plasma, the intraocular RNA levels for TGF β, TNF-α and 
IL-6 are elevated, whereas those for IL-1-α are depressed. 
IL-6 is believed to play a role in controlling parasitic 
growth and inflammation (Lyons et al. 2001). 

Human retinal pigmented epithelial cells respond to 
infection with T. gondii in vitro by secreting IL-1β (23-
fold increase), IL-6 (10-fold increase), granulocyte mac-
rophage colony-stimulating factor (8-fold increase) and 
intercellular adhesion molecule 1 (5-fold increase). These 
molecules may play a critical immunoregulatory role in 
the pathophysiological processes that are associated with 
OT (Nagineni et al. 1996, 2000). TGF-β, on the other hand, 
promotes replication of T. gondii (Nagineni et al. 2002).

In a murine model of OT, focal ocular inflammation, 
with involvement of the retinal pigmented epithelium, 
was observed two weeks after inoculation with an aviru-
lent strain of T. gondii. By the fourth week, the ocular 
inflammatory response had abated and ocular cysts 
were rarely observed. In many of the retinal lesions, no 
parasitic DNA could be detected. These findings indi-
cate that the formation of retinal lesions was instigated 
by the inflammatory response to the infection, not by the 
parasite itself. Treatment of the mice with a monoclonal 
antibody against CD4(+)- and CD8(+) T-cells, IFN- γ or 
TNF-α led to a marked increase in the number of reti-
nal lesions. These lesions were often associated with the 
presence of parasites, as well as with a severe inflamma-
tory response (Gazzinelli et al. 1994).

In human OT, the levels of IL-6 are markedly raised 
in the aqueous humour, but not in the serum (Murray et 
al. 1990). In patients with acute retinal necrosis, the ocu-
lar levels of IL-6 have been reported to be 5-fold higher 
than in those with OT. In the latter, the ocular levels of 
IFN-γ and IL-10 were raised in about 50% of the cases; 
IL-2 was rarely detected in either patient category. A dis-
tinct role for either T(H)-1 or T(H)-2 cells in the patho-
genesis of either OT or acute retinal necrosis could not 
be demonstrated (Ongkosuwito et al. 1998). 

CONCLUSIONS

In clinically manifested cases of retinal vasculitis 
and vitritis, which are the hallmarks of active OT, an 
imbalance in the IL-17/IL-27 axis appears to be a prereq-
uisite for inflammatory and tissue-hypersensitivity re-
sponses. This imbalance tends to be more pronounced in 
patients who have been infected with Toxoplasma post-
natally than in those with congenital infection. T(reg)-
cells may thus play a crucial role in ocular inflammation 
and their dysregulation or malfunction could contribute 
to the severity of OT and to its recurrence. These factors 
could partially account for the long-suspected, but still 
unconfirmed, autoimmune characteristics of recurrent 
OT. Similar immunoregulatory phenomena have been 
reported in the inflammatory states associated with 
organ transplantation and overt autoimmune diseases 
(Afzali et al. 2007). 
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