










increased in EIU in comparison with control animals (Figure
4).

As peripheral corneal blood vessels could be described
by in vivo CM to explain inflammatory cell infiltration in the
anterior stroma, we particularly examined the corneolimbic

junction in phalloidin immunostaining on flat-mount corneas
and found networks of vessels similar to those observed using
in vivo CM (Figure 2).

Figure 3. Immunofluorescence images on flat-mounted corneas in a model of endotoxin-induced uveitis analyzed with a 3D laser confocal
microscope with a 20X enlargement. Immunostainings with anti-CD68 for macrophages (A), anti-TCR alpha/beta for lymphocytes (B), anti-
MCA967 for granulocytes (C), and IgG1 mouse antibody for isotypic control (D) were revealed with secondary antibody, Alexa Fluor (in
green) while the nuclear chromatin was stained with propidium iodide (in red). A double immunostaining with Alexa Fluor 488 phalloidin
(in green), and antibody to CD68 (in red) was performed to localize the macrophages among the corneal layers, notably on the endothelium
(E).
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DISCUSSION
In uveitis, the role of the corneal endothelium has not been
widely studied, and little is known about the mechanisms of
keratic precipitate formulation, probably because the
endothelium is hard to access, making investigation difficult.
The original technique developed in this study to analyze the
endothelium consisted in correlating ex vivo
immunohistochemistry images on flat-mount corneas with in
vivo confocal microscopy. Corneas were dissected,
immunostained, reverted, and flat-mounted to have a full
access to the endothelium so that different layers of the cornea
could be studied by confocal microscopy. Comparing this
technique with in vivo CM is quite useful because ex vivo
immunostaining results improved interpretations of in vivo
CM images.

Involvement of the corneal endothelium inside
intraocular inflammation could therefore be defined.
Endothelial modifications and mechanisms of formation and
cellular composition of keratic precipitates were highlighted.
Indeed, this study showed a break in the tight junction
proteins, ZO-1 and occludin, in endothelial cells in EIU by
immunofluorescence. Endothelial cellular density in uveitis
progressively decreased after the 6 h time point until the 72 h
time point (the minimal endothelial cellular density) and
began to increase again at 96 h, but these differences were not
statistically significant. With specular microscopy, some
authors also demonstrated a decrease in cell density in uveitis
compared with normal endothelium [9] also without a
statistically significant difference [10]. Endothelial
expression of adhesion molecules such as ICAM-1 has been
previously displayed in experimental autoimmune uveitis
(EAU) [11] and E-selectin in the EIU [12]. In the current
article, we emphasized overexpression of ICAM-1 by
endothelial cells and inflammatory cells in EIU, suggesting a

probable active inflammatory cell aggregation mechanism
against the endothelium to form keratic precipitates. The
correlation of in vivo CM images showing hyperreflective
round dots on endothelium and corresponding to
inflammatory cells with immunohistochemistry on flat-
mounted corneas helped to specify the exact cellular
composition of keratic precipitates. Thus, macrophages,
granulocytes, and T lymphocytes could be identified, and
these results agreed with the nature of inflammatory cells
infiltrating the anterior chamber in EIU in the literature [13].
Furthermore, granulocytes were described in the
subendothelial plane of cornea in keratouveitis [14], and
macrophages were found on the surface of the corneal
endothelium in cytomegalovirus retinitis [15].

Endothelial changes represent only a part of the overall
inflammatory corneal modifications occurring in uveitis that
could be entirely analyzed with HRT II. Epithelial
modifications and infiltration of inflammatory cells in the
anterior stroma were imaged by in vivo CM, which confirmed
the histological and electronic microscopic results of Behar-
Cohen et al. [16] in EIU. Peripheral corneal blood vessels –
probably coming from the major arterial circle of the iris –
were observed by HRT II and in immunostaining to initiate
margination of inflammatory cells that infiltrated anterior
stroma, recalling phenomena described in conjunctiva in LPS-
induced conjunctivitis by Liang et al. [6]. LPS may thus
stimulate the blood vessel margin in conjunctiva or in
peripheral cornea for inflammatory cell recruitment
depending on the injection site (subconjunctival or
subcutaneous). In the current model, systemic injection of
LPS might induce inflammatory cell diapedesis in vessels
derived from the major arterial circle of iris via two
concomitant pathways, through uvea to the anterior chamber
and through the limbus to the anterior stroma. It is interesting

Figure 4. Double immunostaining with anti-CD54 ICAM-1 (in green) and with propidium iodide (in red) on corneas. The corneas were
analyzed with a confocal microscope with a 200 X enlargement. Immunofluorescence of ICAM-1 is very weak in control animals (A) and
was increased 24 h after the LPS injection (B). Some polymorphonuclear cells (arrow) are visible on the endothelium. Double
immunofluorescence with IgG1 mouse antibody for isotypic control (revealed by secondary Alexa Fluor in green) and with propidium iodide
(in red) was performed in EIU (C) with a 250X enlargement. Intensities of staining were the same for each assay.
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to note that the posterior stroma was completely protected
from infiltration between the anterior stroma and the
endothelium, suggesting an active defense mechanism inside
the cornea, which needs to be described in greater detail.

A better understanding of the HRT II images, thanks to
these two new tools, will be useful to develop this noninvasive
technique in clinical practice and to investigate endothelial
alterations in uveitis. The routine in vivo CM examination of
keratic precipitates in patients with uveitis could provide
information on the etiology and the degree of inflammatory
activity as Wertheim et al. suggested [4]. Furthermore, the
advancements in the knowledge of in vivo CM will help to
develop in vivo animal experiments in the future to reduce the
number of experimental animals used in accordance with the
current guidelines.
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