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PURPOSE. To establish a murine model of primary acquired ocular toxoplasmosis (OT)
and to investigate the immune mediator profiles in the aqueous humor (AH).

METHODS. C57BL/6 mice were perorally infected with Toxoplasma gondii. The ocular
fundus was observed, and fluorescein angiography (FA) was performed. The AH, cere-
brospinal fluid (CSF), and serum were collected before infection and at 28 days post-
infection (dpi); the immune mediator levels in these samples were analyzed using multi-
plex bead assay.

RESULTS. Fundus imaging revealed soft retinochoroidal lesions at 14 dpi; many of these
lesions became harder by 28 dpi. FA abnormalities, such as leakage from retinal vessels
and dilation and tortuosity of the retinal veins, were observed at 14 dpi. Nearly all these
abnormalities resolved spontaneously at 28 dpi. In the AH, interferon-γ , interleukin (IL)-
1α, IL-1β, IL-6, IL-10, IL-12(p40), IL-12(p70), CCL2/MCP-1, CCL3/MIP-1α, CCL4/MIP-1β,
CCL5/RANTES, and CXCL1/KC levels increased after infection. All these molecules except
IL-1α, IL-4, and IL-13 showed almost the same postinfection patterns in the CSF as they
did in the AH. The tumor necrosis factor α, IL-4, and IL-5 levels in the AH and CSF of
the T. gondii–infected mice were lower than those in the serum. The postinfection IL-1α,
IL-6, CCL2/MCP-1, CCL4/MIP-1β, and granulocyte colony-stimulating factor levels in the
AH were significantly higher than those in the CSF and serum.

CONCLUSIONS. A murine model of primary acquired OT induced via the natural infection
route was established. This OT model allows detailed ophthalmologic, histopathologic,
and immunologic evaluations of human OT. Investigation of AH immune modulators
provides new insight into OT immunopathogenesis.

Keywords: Toxoplasma gondii, cytokine, chemokine, aqueous humor, cerebral spinal
fluid

An intracellular protozoan parasite, Toxoplasma gondii,
can be acquired by ingesting undercooked food or

water contaminated with tissue cysts or oocysts or via mater-
nal/fetal transmission, organ transplantation, or an acci-
dent.1,2 This parasite preferentially infects the eyes and
brain, leading to ocular toxoplasmosis (OT) and toxoplas-
mic encephalitis (TE), respectively.1,2 OT is a major cause
of posterior uveitis, which can result in blindness, and TE
causes brain abscesses, which can be lethal.1,2

Old retinal scars are hallmarks of OT, and the presence
of pigmented old scars near the active lesion in the retina
strongly suggests that an active lesion is from a congenital
infection recurrence. However, OT is known to develop not
only from recurrences of congenital infection but also from
postnatally acquired primary infections,3–8 which account
for the majority of OT cases.4,9,10 Additionally, evidence
of OT followed by an outbreak of toxoplasmosis, that is,
the detection of both immunoglobulin (Ig) G and IgM, has
confirmed that primary acquired OT may be more frequent
than previously thought.11–15

The eyes, like the brain, possess inherent immune privi-
lege, so immune responses to T. gondii infection in the eyes
might differ from those in other systemic organs. Immune
reactions to T. gondii infection are associated with a T-
helper 1 (Th1) response, defined by interleukin (IL)-12 and
interferon (IFN)-γ production.16,17 Immune system–related
factors have been under scrutiny for their roles in toxoplas-
mosis.16–20 Although TE has been actively investigated in
both humans and mice,21–27 the immunopathogenic mecha-
nisms of OT are complex and remain incompletely under-
stood.

Because uveitis can be caused by various infectious
pathogens, including T. gondii, as well as by noninfectious
diseases, it is difficult to accurately diagnose the underlying
cause of uveitis. Particularly in atypical cases or when high
vitreous opacity prevents examination of the ocular fundus,
ophthalmic findings alone are insufficient to differentiate OT
from other ocular inflammatory disorders. To prevent ocular
tissue damage and adverse visual outcomes, early diagno-
sis and treatment are necessary. Although OT diagnosis can
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be confirmed on the basis of responsiveness to specific treat-
ment or results from biological or polymerase chain reaction
assays,1,2,28 these approaches are time consuming, expen-
sive, and insufficiently sensitive.29,30

Recently, analysis of immune mediator profiles in the
aqueous humor (AH) has been reported as useful in confirm-
ing not only OT diagnosis and stage differences but also
uveitis reactivation.31–35 Analysis of these AH profiles may
provide direct insight into the immunopathogenesis under-
lying uveitis-induced retinal damage. However, there are few
reports concerning such molecules in the AH of OT patients,
and these details remain unknown.36–44

Although there are anatomic, biochemical, and immuno-
logical differences between mice and humans, a murine
model of OT can provide key information about human
OT6 and would expedite an exact evaluation of the
immunopathogenesis of this disease. Some active experi-
mental murine research on immune profiles in the AH of OT
has been performed via intravitreal or peritoneal injections
of the parasite, which are unnatural infection routes.41,45–48

However, knowledge about immune profiles in the AH
during OT from a natural infection route is lacking.

The present study aimed to establish a murine model of
primary acquired OT induced via the natural infection route
and to clarify primary acquired OT-specific immunopatho-
genesis via comparisons of postinfection immune mediator
levels among the AH, cerebrospinal fluid (CSF), and serum.
Experimental animal models of OT will contribute not only
to the understanding of the immunopathogenesis of human
OT but also to the clinical use of the AH immune mediator
profile as a diagnostic tool for various types of uveitis.

METHODS

Parasites, Mice, and Toxoplasmosis Induction

We adhered to the guidelines established in the ARVO State-
ments for the Use of Animals in Ophthalmic and Vision
Research. The experiments were approved by the Ethics
Committee of Graduate School of Medicine, Chiba Univer-
sity (project no. A28-261). The cysts of an avirulent T. gondii
strain, Fukaya (type II), were obtained from the brains
of C57BL/6 mice (susceptible strain) previously infected
perorally. Inbred male C57BL/6 mice were purchased from
SLC Co. (Hamamatsu, Japan) and used at age 12 to 16
weeks old. All mice had normal findings on physical and
ophthalmic examinations and had no detectable serum anti-
bodies directed against T. gondii before infection. The mice
were infected perorally with 10 cysts of T. gondii on day 0.49

Normal, uninfected mice were used as controls.

Ophthalmic Examinations

The ocular fundus was observed before infection and at 7,
14, and 28 days post-infection (dpi) using a fundus camera
(Kowa’s Genesis-Df Handheld, Kowa, Nagoya, Japan) and
fluorescein angiography (FA) was performed as described
previously50 before infection and at 14 and 28 dpi in
conscious mice.

Histopathology and Immunohistochemistry

At 28 dpi, the mice were exsanguinated while under
deep anesthesia with pentobarbital, then perfused with
phosphate-buffered saline solution. Their eyes and brain

were isolated, fixed in 12% buffered formalin, embedded
in paraffin, and stained with hematoxylin and eosin.49

Images were acquired on a light microscope (BX41; Olym-
pus, Tokyo, Japan) equipped with a charge-coupled device
camera (FX630; Olympus).

For immunohistochemical analysis, eyes were embed-
ded directly in O.C.T. compound (Tissue-Tek, Torrance,
CA, USA) and flash frozen. Sections (5 μm thick) were
cut on a cryostat (CM1510S; Leica, Nussloch, Germany),
fixed in 75% acetone and 25% EtOH, and stained using
a polyclonal rabbit anti-T. gondii antibody with an Alexa
Fluor 488–conjugated goat anti-rabbit antibody (Molecu-
lar Probes; Invitrogen, Carlsbad, CA, USA) as a secondary
antibody.19 Rhodamine-labeled Dolichos biflorus agglutinin
(Vector Laboratories, Burlingame, CA, USA) was used to visu-
alize the cyst wall.19 Cell nuclei were stained with DAPI
(Invitrogen). Images were acquired on a fluorescence micro-
scope (IX71, Olympus) equipped with a charge-coupled
device camera (QImaging QIClick; Nippon Roper, Tokyo,
Japan). The images were processed with imaging software
(QCapture Pro 7.0, Nippon Roper).

Immune Mediator Assays

At 0 dpi and 28 dpi, blood, AH, and CSF samples were
collected. Blood was taken from the left ventricles; the mice,
while under deep anesthesia with pentobarbital, were then
perfused with cold phosphate-buffered saline solution to
remove the whole blood. Serum was collected via centrifu-
gation of the clotted blood. The AH was collected using a 30-
gauge needle inserted at the limbus. The CSF was collected
from the cisterna magna.51 These samples were pooled and
stored at −80°C until analysis. Each experimental group was
composed of six animals (12 eyes), and each experiment was
performed three times.

The Bio-Plex Pro Mouse Cytokine 23-plex Assay (Bio-
Rad, Tokyo, Japan) was used for the analysis of the following
immune mediators in accordance with the manufacturer’s
recommendations: IFN-γ , IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-9, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-17A, tumor
necrosis factor α (TNF-α), CCL2/MCP-1 (monocyte chemo-
tactic protein-1), CCL3/MIP-1α (macrophage inflamma-
tory protein-1α), CCL4/MIP-1β (macrophage inflammatory
protein-1β), CCL5/RANTES (regulated on activation, normal
T-cell expressed and secreted), CCL11/eotaxin, CXCL1/KC
(IL-8 homologue keratinocyte-derived chemokine), granu-
locyte colony-stimulating factor (G-CSF), and granulocyte-
macrophage colony-stimulating factor (GM-CSF). The data
were analyzed with the Bio-Plex Manager software V1.1
(Bio-Rad).

Statistics

The values shown are the means ± SD of three independent
experiments. The level differences between the uninfected
and infected groups for each target molecule were evaluated
using Student’s t-test. The level differences between the AH
and CSF, AH and serum, and CSF and serum for the target
molecules were evaluated with an ANOVA followed by
a post hoc Tukey–Kramer test. A P value <0.05 was
considered significant. All statistical analyses were
performed using Statcel for Excel, 4th ed (OMS Publishing
Co., Tokyo, Japan).



Immune Mediator Profiles in Aqueous Humor of OT IOVS | March 2021 | Vol. 62 | No. 3 | Article 9 | 3

FIGURE 1. Representative ophthalmic observations. Panels A, B,
and C show mouse nos. 13, 14, and 3, respectively. The upper parts
of A,B, and C show fundus photographs, and the lower panels show
fluorescein angiograms. Images a and d of panels A and B, and
images a and c of panel C show mice before infection with T. gondii.
Images b and e of panels A and B were taken at 14 dpi. Images c
and f of panels A and B, and images b, d, and e of panel C were
taken at 28 dpi. The black arrows in the fundus photographs and the
white arrows in fluorescein angiogram images show different views
of the same lesions. (A) The dense exudative lesion (black arrow) in
image b shows active retinochoroiditis initially characterized by soft,
small, multifocal, individual, slightly white-gray discolorations of the
fundus. Image e shows the leakage of fluorescein dye (white arrow)
from the area of this dense exudative lesion in image b. The exuda-
tive retinochoroiditis seen in image b became smaller and harder
over time, as seen in image c (black arrow). The many hard white
areas in image c (black arrowheads) indicate inactive lesions. Image
f shows no further fluorescein leakage (white arrow). (B) The soft
exudative lesions in image b indicate active lesions (arrowhead).
The retinal vein was dilated and tortuous (black arrow). Image e
shows a clear view of the dilatation and tortuosity of the retinal
vein and fluorescein dye leakage (white arrow). Image c shows a

RESULTS

Ophthalmic Findings

Retinochoroidal lesions, such as focal exudative areas of
retinochoroidal inflammation, were first observed at 14 dpi
(Fig. 1). They were seen primarily at the posterior pole.With-
out treatment, these active lesions became harder over the
next 14 days.

FA abnormalities were first observed at 14 dpi (Fig. 1). FA
showed multifocal disruptions of the blood–retinal barrier,
with late-phase fluorescein dye leakage into the sensory
retina (Fig. 1Ae). Dilated and tortuous retinal veins were
observed at 14 dpi, but by 28 dpi, these abnormalities
decreased in severity (Fig. 1B). At 28 dpi, late hyperfluores-
cence was observed (Figs. 1Cd, 1Ce). FA showed no appar-
ent abnormalities in the hard regions observed by fundus
camera (Figs. 1Af, 1Bf). Most abnormalities identified with
FA at 14 dpi resolved spontaneously by 28 dpi.

Histopathological and Immunohistochemical
Findings

Uninfected mouse eyes and brains displayed normal
morphology (Figs. 2A, 2B, and 2M). In the eye at 28 dpi,
inflammatory cells were present in the anterior chamber
(Fig. 2C) and vitreous (Figs. 2D and 2E). Retinal vasculi-
tis and perivasculitis were evident around the larger retinal
blood vessels (Figs. 2F and 2G). The retinas were edema-
tous, folded, and displayed disorganized retinal architec-
ture (Fig. 2F). Retinitis with inflammatory cell infiltration,
pigment migration into the sensory retina, and disorganiza-
tion of the retinal architecture were evident (Figs. 2H and 2I).
Toxoplasma cysts were present with no visible host reaction
(Figs. 2J–2L). In the brain at 28 dpi, inflammatory cells (Fig.
2N), vasculitis (Fig. 2O), and Toxoplasma cysts were present
(Fig. 2P).

Immune Mediator Profiles

Figure 3A shows the measured Th1 cytokine levels. The
postinfection IFN-γ , IL-12(p40), and IL-12(p70) levels were
much higher in the AH and CSF compared with baselines
levels; however, there were no differences between these
levels, except for IL-12(p40), in the serum. The postinfec-
tion IL-12(p40) level in the serum was higher than that in
uninfected mice but much lower than the postinfection IL-
12(p40) levels in the AH or CSF. In uninfected mice, the IFN-
γ and IL-12(p70) levels in the AH and CSF were much lower
than those in the serum. In T. gondii–infected mice, the IL-
12(p40) level in the CSF was much higher than that in the
AH, but both levels were much higher than that in the serum.
Regarding TNF-α, the postinfection level was much higher

less-dilated and less-tortuous retinal vein (black arrow) and many
hard foci, indicating inactive lesions (black arrowheads). Image f
shows a slightly less dilated and less tortuous vein compared with
image e, indicating the inactive phase (white arrow). Because image
d was taken without an excitation filter, the image was converted
into grayscale. (C) The soft exudative lesions in image b are areas of
active retinochoroiditis (black arrow). Hard white lesions indicate
inactive lesions (black arrowheads). Image d shows a hyperfluo-
rescent area indicating a disruption of the blood–retinal barrier at
early phase (white arrow). Image e, taken 2 minutes, 32 seconds
after image d, shows enlarged fluorescein leakage (white arrow).
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FIGURE 2. Histological and immunohistochemical findings at 0 and 28 dpi. Representative images of eye (A–L) and brain (M–P) sections.
(A) Whole eye from an uninfected mouse. (B) Retina of an uninfected mouse eye. No infiltration of inflammatory cells was detected in
the uninfected eyes. (C) Inflammatory cells were seen in the anterior chamber (black arrows). (D) Numerous inflammatory cells were
present in the vitreous (black arrows). (E) Higher magnification image of the section shown in panel D. (F) Retinal vasculitis (black
arrowhead), retinal fold (black arrow), and a subretinal granuloma (black star). The retina was edematous. Retinal degeneration, cellular layer
disorganization, and subretinal granulomatous inflammation overlying the choroiditis foci were common, as were retinal pigment epithelium
hyperplasia and hypertrophy. (G) Vasculitis was evident (black arrowhead). (H) An area of retinitis with accumulation of inflammatory cells
and disorganization of the retinal architecture. Pigment migration into the retina (black star). (I) Higher magnification image of the section
shown in H. Pigment migration into the sensory retina (black star). (J) Toxoplasma cyst present in the inner nuclear layer, with no host
reaction (black arrow). (K) Higher-magnification image of the section shown in panel J; note the many tiny nuclei in the cyst (black
arrow). (L) Toxoplasma cyst in the inner plexiform layer (white arrow) detected with immunohistochemistry using anti-T. gondii antibody
(green) and Dolichos-binding lectin (red; cyst wall). (M) Brain from an uninfected mouse. The insert shows a blood vessel. (N) Infiltration
of inflammatory cells in the brain (black arrows). (O) Vasculitis in the brain (black arrow). (P) Toxoplasma cyst (black arrow) filled with
bradyzoites in the brain. A–K and M–P: Hematoxylin & eosin stain. Scale bars: 100 μm (A); 10 μm (B–P).
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FIGURE 3. In vivo cytokine and chemokine production in the aqueous humor (AH), cerebral spinal fluid (CSF), and serum. Cytokine and
chemokine levels were determined using a Bio-Plex Assay. Th1 (A), Th2 and Treg (B), and Th17 (C) cytokine profiles. (D) Chemokine and
proinflammatory growth factor profiles. Values are the means ± SD of 3 independent experiments. Samples from 6 mice were pooled.White
bars, uninfected mice; black bars, infected mice. * and ** show significant differences with P < 0.05 and P < 0.01, respectively, between
uninfected and infected mice. + and ++ show significant differences with P < 0.05 and P < 0.01, respectively, between the AH and CSF,
AH and serum, and CSF and serum of uninfected (dotted line) or infected (solid line) mice.
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than the baseline level in the CSF; for both uninfected and
T. gondii–infected mice, the levels in the AH and CSF were
significantly lower than those in sera.

Figure 3B shows the measured Th2 and Treg cytokine
levels. Compared with baseline levels, the IL-10 level in the
AH was higher, the IL-4, IL-10, and IL-13 levels in the CSF
were higher, and the serum levels of these cytokines were
not different after T. gondii infection. In uninfected mice,
the IL-10 and IL-13 levels in the AH and CSF were much
lower than those in the serum. The postinfection IL-9 level
in the CSF was much higher than that in the serum. The IL-4
and IL-5 levels in the AH and CSF were significantly lower
than those in sera for both uninfected and T. gondii–infected
mice.

Figure 3C shows the measured Th17 cytokine levels.
Compared with baseline levels, the postinfection IL-1α, IL-
1β, and IL-6 levels in the AH were higher, the postinfection
IL-1β and IL-6 levels in the CSF were higher, and the postin-
fection IL-17A level in the serum was lower. In uninfected
mice, the IL-17A and IL-1β levels in the AH and CSF were
much lower than those in sera, and the IL-1β level in the AH
was much higher than that in the CSF. The postinfection IL-6
level in the AH was much higher than those in the CSF and
serum. The IL-1α level in the AH was significantly higher
than those in the CSF and serum of both uninfected and T.
gondii–infected mice.

Figure 3D shows the measured chemokine and the proin-
flammatory growth factor levels. Compared with baseline
levels, the postinfection levels of these chemokines in the
AH and CSF were much higher, whereas those in the serum
were not different. In uninfected mice, the CCL3/MIP-1α
and CCL4/MIP-1β levels in the AH and CSF were much
lower than those in the serum. In T. gondii–infected mice,
the CCL2/MCP-1 and CCL4/MIP-1β levels in the AH were
much higher than those in the CSF and serum, whereas the
CCL3/MIP-1α level in the CSF was much higher than those
in the AH and serum; additionally, the CCL5/RANTES levels
in the AH and CSF and the CXCL1/KC level in the AH were
much higher than those in sera. In both uninfected and T.
gondii–infected mice, the G-CSF level in the AH was signif-
icantly higher than those in the CSF and serum. IL-2, IL-
3, CCL11/eotaxin, and GM-CSF were undetectable or only
faintly detectable in all examined samples (data not shown).

DISCUSSION

In the present study, we report a murine model of primary
acquired OT induced via the natural infection route, that is,
peroral infection. Ophthalmologic and histopathologic find-
ings revealed that our model at 28 dpi is at the subacute
stage; additionally, T. gondii cysts with no host reaction were
found in the retina and brain, indicating that this model at
28 dpi is also at the chronic stage.

There are some differences between our model and
human OT. In an immunocompetent patient, resolution is
reported to take six to eight weeks.52 Over time, the lesion
may become whiter, surrounded by an area of hyperpigmen-
tation, that is, scar formation.Here, resolution began to occur
at 28 dpi, which was 14 days after clinical manifestations
appeared. Apparent scar formation with pigmentation could
not be observed using the fundus camera and FA, proba-
bly because we conducted observations for only 28 days.
However, both disorganization of the retinal pigment epithe-
lium and pigment migration into the retina were found by

histopathological examination even at 28 dpi, suggesting an
enlargement of the forming scar with pigmentation.

The pathologic findings from our model were relatively
mild compared with those of other murine models.53–56

The reasons might be as follows: Many murine models
of primary acquired OT are infected through unnatu-
ral routes, that is, intraperitoneal or intravitreal infec-
tion,6,53–55,57 whereas our model uses the natural peroral
infection route. Because mouse eyes are very small, the
intravitreal infection itself causes remarkable mechanical
damage.54 Additionally, because the immune mechanisms
between intraperitoneal infection and peroral infection are
different,58 the associated pathologic outcomes are differ-
ent as well. Some congenital OT models were investi-
gated pathologically,56,59 and the peroral infection route
was reported to cause fewer ocular pathologic changes
compared with congenital infection.59 Thus the route of
infection might affect the pathologic outcome. Moreover,
differences in parasite factors (such as the pathogenicity of
T. gondii strains48,60 and primary parasite load), host factors
(such as mouse strain), or clinical stage factors (such as
congenital or acquired, primary or recurrent, and acute or
chronic) might influence the pathologic findings.

Table summarizes the findings of our present study and
previous reports concerning immune mediator profiles in
the AH, CSF, and serum during T. gondii infection. There are
some contradictory results in Table, which might be related
to the differences in human genetic predisposition and ages
of the study participants,60 in addition to the differences
mentioned above in the pathologic findings.

There are five articles in which immune modu-
lator profiles in T. gondii–infected mouse AH were
analyzed.41,45–48 Although the present work confirms previ-
ous reports regarding the postinfection levels of IL-6 and
CXCL1/KC in the AH, other immune modulator profiles
were partially different. These results indicate that IL-6
and CXCL1/KC have universal roles in the AH during OT,
whereas other immune modulators might have specific roles
depending on the particulars of the experimental design,
such as infection route and parasite, host, and clinical
factors.

Here, as in many previous reports, the IFN-γ , IL-12(p40),
and IL-12(p70) levels in the AH and CSF increased after T.
gondii infection.22,24,25,36–38,40–43,45–48,61 Together with those
reports, our findings indicate that, even in immunoprivi-
leged organs, IFN-γ and IL-12 still play important roles
in the subacute and chronic phases of T. gondii infection.
However, Rochet et al.48 reported that the levels of IFN-
γ and IL-12 in the AH of mice are completely different
according to the T. gondii strain. Additionally, the AH IFN-
γ levels of Colombian patients did not increase, whereas
those of French patients did,42 indicating that a strain differ-
ence of T. gondii might affect IFN-γ levels. Furthermore, in
TE patients with AIDS, there were no significant differences
in the IFN-γ levels in the CFS and serum compared with
control patients.61 Here, the postinfection serum IFN-γ and
IL-12(p40) levels were very low. The serum IFN-γ level has
been reported to increase during the acute phase of toxo-
plasmosis but decrease during the chronic phase,22,44,62–66

although elevated serum IFN-γ and IL-12 levels have also
been reported in the chronic phase.63,64

TNF-α is a proinflammatory cytokine that plays a crucial
protective role during T. gondii infection.65 Here, the TNF-
α levels in the AH and CSF were undetectable or very
low compared with that in the serum for both uninfected
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and T. gondii–infected mice, although the postinfection CSF
TNF-α level was significantly increased. Many reports have
described that the serum TNF(-α) level increases during
the acute phase of T. gondii infection22,23,44,62,63,66,67 and
decreases thereafter.44,62,66 However, increased serum TNF-
α levels in the chronic phase have also been reported.63

Here, the T-cell growth factor IL-268 was undetectable in all
samples.

IL-10 plays a key role in immune system regulation and
prevents excessive tissue damage during T. gondii infec-
tion.17,69 Here, the postinfection IL-10 levels were signifi-
cantly higher in the AH and CSF, in agreement with previ-
ous reports,25,36,40–42,47,48 but the serum IL-10 levels were
not significantly different. The levels of other Th2- and
Treg-type cytokines in the AH and serum did not change
following T. gondii infection, which is not unexpected given
that T. gondii infection induces a Th1-polarized immune
response. However, some prior studies reported different
findings.36–38,41–45,47,48,63 In patients infected with type I/III
T. gondii strains, a Th2 response was associated with more
severe clinical characteristics.37 IL-4 and IL-13 levels have
been positively correlated with the number and size of active
lesions, and IL-5 has been described as a predictor of OT
recurrence.37

After T. gondii infection, the proinflammatory cytokine
IL-17A recruits neutrophils to the site of inflammation.41,70

Here, minimal amounts of IL-17A were detected in the AH
and CSF of both uninfected and T. gondii–infected mice. In
murine studies of very acute or subacute T. gondii infection,
the reported expression levels of IL-17A in the retina or IL-
17 levels in the AH were variable.20,41,45,47,48 In human acute
OT, some studies found a significant elevation of the AH IL-
17(A) level compared with that in control subjects,36,38,41–43

whereas other studies did not find a significant difference
between these groups.37,42 Thus T. gondii strain differences
might cause different results regarding the IL-17 levels in the
AH, as they do for IFN-γ levels.37,42,48 Notably, the serum
IL-17A level was significantly lower in T. gondii–infected
mice compared with uninfected mice in the present study.
We previously reported significant leukocytopenia, espe-
cially lymphocytopenia, after T. gondii infection.71 Thus the
postinfection number of IL-17A-producing Th17 cells might
be decreased in the peripheral blood, or these cells might
be accumulated at the site of inflammation, accounting for
the decreased serum IL-17A level of T. gondii–infected mice
in this model.

IL-1 modulates the host immune defenses against T.
gondii infection.63 Here, the postinfection IL-1α level in the
AH and IL-1β levels in the AH and CSF, but not in the
serum, increased significantly over baseline levels. In both
mouse and human OT, the AH IL-1β level was contradic-
tory.36–38,42,43,48 Serum IL-1β levels were reported to rise
significantly during chronic T. gondii infection in camels.72

IL-6 is a multifunctional cytokine, produced by Th2 cells
and several other cells, found in high concentrations in
intraocular fluids during uveitis.31,34–36,38,40,73–77 Here, the
postinfection IL-6 levels in the AH and CSF, but not in
the serum, were significantly higher than baseline levels,
consistent with previous reports.21,22,25,36–43,45–48 The AH IL-
6 levels were reported to be higher in patients with active
OT compared with those whose disease was nonactive.40

In serum, IL-6 levels have been reported to increase during
the acute-phase22,46,63,66,67 and decrease thereafter22,66 or
to not differ from baseline levels or not differ between
phases.39,44,78 These data indicate that IL-6 in the AH plays

a crucial role in the immunopathogenesis of active OT and
that IL-6 in the AH but not in the serummight be an indicator
of disease status.

Chemokines plays a pivotal role in the recruitment of
inflammatory cells during T. gondii infection.18,79,80 We
previously reported that the expression of chemokines was
upregulated in the retina and brain of T. gondii–infected
mice.20 The chemokine/cytokine cross-talk may change
during the stages of OT.44,81 Our study demonstrated that
the postinfection levels of chemokines, such as CCL2/MCP-1,
CCL3/MIP-1α, CCL4/MIP-1β, CCL5/RANTES, and CXCL1/KC,
in the AH and CSF, but not in the serum, were significantly
increased over baseline levels, in agreement with other
work.25,36–38,41–45,47,48 In contrast with our present study, the
serum CCL2/MCP-1 level was reported to increase during the
acute phase of Toxoplasma infection44,62,67 and to decrease
during the chronic phase.44,62 However, some reports show
opposing findings: the serum level of CCL2/MCP-1 was
significantly lower in patients with active OT than in healthy
subjects, which suggests that a reduced serum level of
CCL2/MCP-1 is associated with active OT and could be used
as a marker of disease activity.78 In HIV-infected patients, the
levels of these chemokines were not increased in the CSF.26

G-CSF contributes to the robust proinflammatory
response induced by T. gondii infection.82 Here, the postin-
fection G-CSF levels in the AH and CSF tended to be
higher. The AH G-CSF levels increased in a toxoplasmo-
sis reactivation mouse model45 and in human OT.36–38,42,43

CCL11/eotaxin simulates eosinophil migration.83 GM-CSF
is a major inflammation mediator that also functions in
maintaining homeostasis,84 and it seems to be specifi-
cally produced during viral uveitis.36 Neither CCL11/eotaxin
nor GM-CSF was detected in any samples in this study.
CCL11/eotaxin was reported to be selectively induced in
the serum of patients who developed OT, although the
CCL11/eotaxin level was lower in toxoplasmosis patients
than in healthy donors.44 Serum GM-CSF levels were higher
in the acute stage of toxoplasmosis than in the chronic
stage.44

The postinfection IL-1α, IL-6, CCL2/MCP-1, CCL4/MIP-1β,
and G-CSF levels in the AH were much higher than those in
the CSF and serum, indicating that these molecules might
play an important role in the eye of this model. However,
the postinfection levels of many immune mediators, except
TNF-α, IL-4, and IL-5, in the AH and CSF were significantly
higher than those in the serum, which suggests that, in
this model, these molecules might play vital roles specif-
ically in immune-privileged organs, that is, the eyes and
brain, rather than in systemic organs during toxoplasmo-
sis. Furthermore, our study demonstrated that the postin-
fection profiles of these molecules, except IL-1α, IL-4, and
IL-13, in the AH and CSF were very similar. Therefore,
although OT immunopathogenesis might be very similar to
TE immunopathogenesis, some OT-specific immune mecha-
nisms may exist. This possibility needs further investigation
because there are only a few reports concerning the levels of
these immune mediators in the CSF, and there are no reports
simultaneously investigating the levels of these molecules in
both the AH and CSF (Table).

Table also shows AH immune modulator profiles of virus
uveitis/acute retinal necrosis and idiopathic uveitis. Elevated
concentrations of these molecules in the AH have been
reported for different uveitis types, and diverse profiles
can characterize specific diseases.31,32,34,36,38,85 Investigat-
ing these profiles will extend our understanding of the
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immunopathogenic mechanisms of uveitis.32 There are only
few reports directly comparing these molecules in the
AH between OT and other uveitis, and their findings are
contradictory.35,36,38,40 Consequently, the profiles of these
molecules will be useful diagnostic and prognostic tools for
clinicians in the future,86 when more precise investigations
reveal the association between these molecules and each
uveitis.

This study analyzed immune mediator levels only at the
subacute to chronic phase. Therefore a further analysis of
these molecules at the acute phase is needed to understand
human OT more in detail so that AH assessment can be
used for early diagnosis. Because differences among the
ophthalmic findings in congenital/recurrent OT and post-
natally primary acquired OT, and in OT caused by different
T. gondii strains are a subject of discussion,6 to improve the
reliability of applying animal OT models to understanding
human OT, the generation of a congenital/recurrence model
is required in the future, as well as models using different
strains of T. gondii. Additionally, the investigation of anti-
body titers in the AH and serum using an animal model of
OT is also needed, because some patients do not show posi-
tive serum IgM,87 indicative of chronic infection, making it
difficult to diagnose human OT.

In summary, this murine primary acquired OT model
allows detailed ophthalmological and immunological
evaluations and provides new insight into human OT
immunopathogenesis. Additionally, investigating AH
immune modulators may be useful for the differential
diagnosis of uveitis, and these inflammatory molecules may
provide targets for therapeutic intervention.
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