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Figure 2. Immunostaining in a model of
endotoxin-induced uveitis analyzed
with a confocal microscope with 20X
enlargement. Conjunctivas stained with
anti-CCRS antibody were revealed with
secondary antibody, Alexa Fluor (in
green), while nuclear chromatin was
stained with propidium iodide (in red) in
control rats (A) and in EIU rats 6 h (B)
and 24 h (C) after LPS injection. Ciliary
bodies were stained with the same
antibodies in control rats (D) and in EIU
rats 6 h (E) and 24 h (F) after LPS
injection. CCRS expression (in green)
was higher in the conjunctiva and ciliary
bodies of the rats with EIU than of the
controls.

Figure 3. CCRS immunostaining of
conjunctiva and ciliary bodies in a
model of endotoxin-induced uveitis
analyzed with a confocal microscope
with 20X enlargement. Conjunctiva was
stained with CCR4 (in green) and
propidium iodide for nuclei (in red) in
control rats (A) and of EIU rats 6 h (B)
and 24 h (C) after LPS injection.
Staining of ciliary bodies was
performed in control rats (D) and in EIU
rats at 6 h (E) and 24 h (F).
Immunostaining (in green) was positive
in all cases but comparable in the
conjunctiva and the ciliary body.
Immunostaining did not show any clear
differences between control rats and rats
with EIU.

Molecular biology: semi-quantitative real-time polymerase
chain reaction: To quantify RNA expression of RANTES,
MDC, CCR4, and CCRY in the conjunctiva and ciliary body,
reverse transcription polymerase chain reaction (RT-PCR)
was performed on conjunctival and ciliary body extracts from
controls and rats with EIU at 6 h and 24 h. RNA expression of
RANTES, MDC, and CCRY in the conjunctiva and ciliary body
was significantly higher in EIU rats at 6 h than in EIU rats at
24 h and in control rats (Figure 4 and Figure 5). For CCR4,
there was no significant difference in the conjunctiva and in
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ciliary body between the controls and the EIU rats at 6 h and
24 h (Figure 5).

DISCUSSION

Expression of the inflammatory markers, RANTES, MDC,
CCRS, and CCR4, was analyzed in the conjunctiva and ciliary
bodies using two different techniques, immunostaining and
molecular  biology. A positive staining in
immunohistochemistry was observed with all the markers
studied in the conjunctiva and ciliary body of EIU rats, but
this technique provided more qualitative than quantitative
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analyses of chemokines and chemokine receptors. To that conjunctival inflammation might reproduce the

compare the level of expression of these markers, we
combined the molecular biology technique with semi-
quantitative real-time PCR since it is a more precise tool to
quantify gene expression. In our study, semi-quantitative PCR
confirmed the immunostaining results. Indeed, the protein and
RNA expressions of RANTES, MDC, and CCRS were higher
in the conjunctiva and ciliary body of EIU rats (at 6 h and 24
h) than of the control rats on. In immunohistochemistry,
RANTES, MDC, and CCRS expressions peaked 24 h after the
LPS injection while in PCR, their RNA expression peaked at
6 h. The time difference between the peak of protein and RNA
expression could be explained by the time needed to
synthesize protein from RNA. Both methods found that there
were no differences in the CCR4 level between EIU rats and
controls, which is quite different from our previous report in
humans [17] where CCR4 was overexpressed by conjunctival
epithelial cells. This difference is probably explained by the
fact that EIU is a quickly systemic induced, short-term uveitis
model that does not fully reproduce the complexity of human
uveitis.. In this model, it is possible that in addition to the local
ocular inflammation, there is an upregulation of epithelial
cells by LPS systemic stimulation, which could therefore
corroborate to our results published in patients with uveitis.
Nevertheless, our goal was to compare surface and uvea
immunopathological changes, and this model showed that
expression of RANTES, MDC, CCR4, and CCRS5 in EIU was
quite similar in the conjunctiva and ciliary body, indicating

intraocular inflammation generated in this uveitis model
probably by local extension and diffusion. This study showed
an overexpression of RANTES, MDC, and CCRS in EIU
animals compared to controls and confirmed previous
publications in which RANTES was found by RT-PCR in the
ciliary body in EIU animals [22,23]. In the literature, high
levels of interleukin-1 (IL-1), IL-6, IL-10, tumor necrosis
factor (TNF)-a, RANTES, interferon (IFN)-y, monocyte
chemotactic protein 1 (MCP-1), and macrophage
inflammatory protein 2 (MIP-2) were found in EIU animals
[21-26]. Therefore, Th1 and Th2 cytokine profiles in EIU have
not been well defined, probably because inflammatory
pathways in EIU mostly involve neutrophils and macrophages
[27-29]. Nevertheless, lymphocytes also infiltrate the iris and
ciliary body and seem to have a fundamental role in the
pathogenesis of EIU [27,30,31], so discrimination of Th1/Th2
systems should be helpful in understanding lymphocyte
functions in EIU. In our study, Thl activation seemed to
predominate in this model with high levels of CCRS
overexpression and no increased expression of CCR4, but Th2
participation with MDC was also noted. The Th1 response is
usually thought to play a central role in other animal model
studies of uveitis. Indeed, in experimental autoimmune uveitis
(EAU), which is a Thl inflammation induced by a retinal
antigen, Thl participation is recognized [2] with the
overexpression of chemokines related to the Th1 system such
as MIP-1 a and RANTES as well as the chemokine receptor,
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CCRS5 [32]. In the current study, the analysis of chemokines
and chemokine receptors in EIU partially confirmed the Th1
activation in the immunopathological process of EAU. There
was no difference for the expression of the Th2-specific
chemokine receptor, CCR4, between the EIU and control
animals in our study, which is similar to findings for EAU
where low levels of CCR4 were found [33].

In conclusion, chemokine and chemokine receptor
analysis showed that inflammation on the ocular surface
reproduced intraocular phenomena by extension in this
experimental model of uveitis, EIU. Further studies on human
uveitis and other experimental models of uveitis could
compare the chemokine profile in intraocular fluid and ocular
surface samples. If the ocular surface mimics intraocular
inflammatory pathways, the conjunctiva could provide a new
and easier access for uveitis studies with less invasive exams
than anterior chamber paracentesis or vitrectomy samples.
Chorioretinal biopsies, like conjunctival impressions, could
be developed to investigate inflammatory activity and
pathophysiological mechanisms in uveitis.
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