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Purpose: To study the phenotypes, distribution, and morphologies of different antigen-presenting cells (APCs) in the
murine cornea.

Methods: Intravitreal injection of fluorescently tagged ovalbumin (OVA) or antibodies to MHC-IF)|#4/80, CD11c,

B7-1, and B7-2 was performed to label cells in the murine cornea. Light and transmission electron microscopy were used
to examine corneal histology. Intravital microscopy, epifluorescence microscopy, and confocal microscopy were used to
evaluate the labeled cells. In vitro staining was performed to validate the in vivo staining and localize the labeled cells.
Three-dimensional rotatable images were taken to evaluate relationships between two differently labeled cells.

Results: Histological examination revealed no observable change in the cornea following intravitreal injection. In vivo
staining showed that OV/cells and cells positive for MHC-II, F4/80, CD11c, B7-1, or B7-2 were noted throughout the
cornea with a decreasing density from limbus toward the central cornea. Two populations with distinct morphological
features were identified among these APCs. Labeled cells were found beneath the epithelium or in the shallow stroma in
the central and paracentral cornea, but in all layers in the peripheral cornea. A number‘aried@D11¢ cells were

also positive for OVA, MHC-II, B7-1, or B7-2. Rotatable images showed a close contact between two differently labeled
cells.

Conclusions: Intravitreal injection of labeled antibodies can be adapted to visualize labeled cells in the cornea. APCs with
distinct morphologies, phenotypes, and distribution may contribute to the immunologically privileged feature of the cor-
nea.

Antigen-presenting cells (APCs), such as dendritic cellAPCs with B7-2 activate Th2 cells and induce immune toler-
(DCs), macrophages, and B cells, serve as the immune serdiace by producing IL-10 and IL-4 [8,9]. A recent study has
nels to the foreign world. DCs are characterized by expreshown that B7-1 and B7-2 are critical in the induction of ante-
sion of major histocompatibility complex (MHC) molecules, rior chamber-associated immune deviation (ACAID), a sys-

a dendritic appearance, and the capacity for presenting antémic tolerance induced by injection of soluble antigen into
gens [1-3]. They are more potent than macrophages in initiathe anterior chamber of the eye [10]. Therefore, it seems likely
ing and perpetuating secondary immune responses, and plathat under certain conditions, B7-1 and/or B7-2 not only pro-
pivotal role in immunity and immune tolerance [4]. Macroph-mote activation of T cells but also participate in the induction
ages are another important population of APCs. These celtd immune tolerance. APCs have been found in ocular tissues
are involved not only in antigen presenting processes and phuch as the uveal tract [11-13], retina [14-16] and cornea [17-
agocytosis [5], but also in immune regulation in other organ49]. The majority of the bone marrow (BM)-derived cells in
and tissues due to their active secretion of a range of impahe mouse iris-ciliary body was shown to be of macrophage
tant biologically active molecules [6,7]. It has been showrand DC lineage. These APCs, particularly F4f@0nocytes/
that costimulatory molecules B7-1 and B7-2 are expressed anacrophages, have been proposed as one of the immune regu-
the surface of APCs and are involved in the activation of Tatory components within the anterior segment of the eye that
cells. APCs with B7-1 mainly stimulate Thl cells, whereass involved in the induction of ACAID [20,21]. Moreover, as

a soluble protein, ovalbumin (OVA) can be ingested, processed,
and presented by professional APCs. The processing speed of
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In view of the fact that the cornea directly contacts the
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for APCs have largely relied on the expression of MHC-Ilhoused in the animal care facilities of the Oregon Health &
antigens. The MHC-fIcells were primarily found in the lim- Science University. All experiments were performed in accor-
bus and peripheral cornea of the guinea pig, hamster, mouskance with the ARVO Statement for the Use of Animals in
and human [17-19,23-26]. However, the phenotype of theg®phthalmic and Vision Research.

cells and their presence in the central cornea remains contre
versial [23,27-29]. Recent studies [30,31] identified distinct TABLE 1. GROUPS DESIGNED FOR IN VIVO IMMUNOFLUORESCENT
subtypes of DCs with either BM-derived DC or Langerhans STAINING

cell characteristics in the murine corneal tissues. Brissett(Group  Number of mice (eyes)  Reagents injected intravitreally
Storkus et al. [32] have shown that the BM-derived cells the

predominantly reside in the cornea stroma are macrophage ; jg 3;;_]1
However, the phenotype, distribution, and morphological fea , 36) FA4/80
ture of APCs in the murine cornea have not been well chara 36) CDile
terized. To address these issues, the present study extensiv 36 B7.1
examined murine corneal APCs by combining intravitreal in- p 36) 72
jection of fluorescently tagged OVA and antibodies, intravital . 36) OVA = MEC.IT
microscopy, whole mount ocular tissue processing, and col 3(6) OVA + FA/80
focal microscopy techniques. Based on the morphological fei 3(6) OVA = CDI1le
tures, we identified APCs of two major phenotypes through 1, 3(6) MHC-IT = F4/80
out the cornea with a decreasing density from limbus towar 11 3(6) MIIC-IT + CD1lc
the central cornea. 12 3(6) F4/80 + CD1le
13 3(6) F4/80 + B7-1
METHODS 14 3(6) F4/80 + B7-2
Animals. Female BALB/c mice from the animal facility at 15 3(6) CDilc+B7-1
Sun Yat-Sen University (GuangZhou, China), 6-8 weeks o 16 3(6) CDllc +B7-2
age and 20-26 g body weight, were used for histological e)_17 3(6) isotype control (mouse, hamster, rat TgG)

amination, slit lamp microscopy, epifluorescece microscopy.

and confocal fluorescence microscopy observation. A subsdp Visualize the labeled cells in the comex, fifty-one BALB/c mice
of studies including intravital microscopy, epifluorescece mi~ << divided into 17 groups andiof fluorescently tagged OVA or
9 Py, €p antibodies were injected into these murine vitreous bodies, respec-

croscopy, and confocaI. fluorescence microscopy were ?'%R,ew, according to designed combinations. Except for OVA, all were
conducted on BALB/c mice with the same age and body weighfntibodies against the indicated cell surface molecules.

TABLE 2. ANTIBODIES USED IN THIS STUDY AND THEIR SPECIFICITIES

Primary Antibody Specificity Companies

-A Mouse anti-mouse MHC-II antigen Pharmingen. San Diego, CA

CDlle Hamster anti-mouse pl50. 95, DC/LC Serotec, Raleigh, NC
marker

B7-1/CD80 Hamster anti-mouse B7-1 co-stimulatory Pharmingen. San Diego. CA
molecule

B7-2/CD86 Rat anti-mouse B7-2 co-stimulatory Pharmingen. San Diego. CA
molecule

F4/80 Rat anti-mouse F4/80 monocytes- Serotec, Raleigh. NC
macrophages marker

Mouse IgGay, Control antibody for I-A® (MHC-II) antigen ~ Pharmingen. San Diego, CA

Hamster IgG Control antibody for CD11c. B7-1 Serotec, Raleigh, NC

Rat IgG 1 Control antibody for F4/80. B7-2 Serotec, Raleigh, NC

Different antibodies were used to examine the immune cells of the murine cornea. All primary antibodies and OVA were ogitjugated
either Alexa Fluor 488g(eer) or Alexa Fluor 594red) using the Monoclonal Antibody Labeling Kit according to the manufacturer’s (Mo-
lecular Probes, Eugene, OR) instructions.
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Histological examination: Corneas were examined un- then dehydrated in a graded ethanol series and embedded in
der a dissection microscope before intravitreal injection, an&pon. Ultrathin sections were cut at 50 nm, stained in aque-
only those without signs of inflammation or other abnormali-ous 2% uranyl acetate, and viewed under a H600 transmis-
ties were used in the studies. In order to assess if the injectigion electron microscope (Hitachi, Tokyo, Japan).
technique itself altered corneal APCs, six normal BALB/c mice  In vivo immunofluorescent labeling: Intravitreal injec-
were anesthetized by inhalation of 1.7% isoflurane in oxygerion of fluorescently labeled reagents was performed on six
A glass micropipette (approximately 8t diameter) was fit-  mice after they were anesthetized as described above. At 1, 4,
ted onto a sterile infant feeding tube and mounted onto a 08, 12, and 24 h after this injection, the mice were examined
ml Hamilton syringe. A Hamilton automatic dispensing appawith a slit lamp microscope while awake. Our result showed
ratus was used to inject twd isotype controls into the right that intensified fluorescence was observed at 1 h and thereaf-
eye vitreous body. The left eyes were used as controls. Twenter. This result indicated that the intravitreously injected
four h later, the mice were sacrificed and the enucleated eyf#igaorescently labeled reagents could readily enter the anterior
were used for light and transmission electron microscopy. Sighamber. For the purpose of visualizing the labeled cells in
eyes (including 3 injected eyes and 3 normal eyes) were fixdtle cornea, 2l of fluorescently tagged OVA (50g) or anti-
in 4% paraformaldehyde for 24 h and used for light microbodies were injected into the vitreous body of BALB/c mice
copy. Paraffin sections {(n) were prepared and stained with as described above (Table 1 and Table 2). These mice were
hematoxylin and eosin (H&E). The other 6 eyes were fixed imnesthetized with one I/min of 1% to 2% isoflurane in oxygen
2.5% buffered glutaraldehyde overnight and then in 1% osand the labeled cells in the cornea were visualized by intravi-
mium tetroxide for 1.5 h at 4C. The corneal tissues were tal microscopy as described previously [33] at 4, 12, and 24 h

Figure 1. Histology of the cornea, iris-ciliary body, and retina in the normal mouse and the mouse receiving intravitieal ihjgbt
micrograph of the normal cornea, iris-ciliary body, and retn&) and the cornea, iris-ciliary body, and retina of mice receiving intravitreal
injection B,D). The corneal epithelium, endothelium, and stroma are arranged in order and no inflammatory cells and edema are observed.
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after injection. The microscopic images were captured by dehyde in the dark for 4-6 h at°€. Corneal whole-mount
Kappa CF11 DSP color video camera coupled to an imaggpecimens were prepared as previously reported [34] and flat-
intensifier and recorded at 30 frames/s and 500x350 pixelstened by multiple radial cuts from the limbus to the paracen-
The mice were sacrificed at 24 h after injection and théral area. The corneal whole-mounts were placed on slides with
eyes were immediately removed and fixed in 4% paraformathe epithelium facing upwards, embedded in Slow Fade

Figure 2. Ultrastructure of the cornea from the normal mouse and the mouse receiving intravitreal injection. Electropmiériigra
normal corneaA: epithelium,C: endothelium) and the cornea of mouse receiving intravitreal inje&iapithelium,D: endothelium). The
mitochondrion has no ectasia, the mitochondrial outer and inner membranes are intact, and the mitochondria cristae aaligng@eorm
endoplasmic reticulum does not dilate. The nuclear membrane has integrity and the chromatin is distributed uniformlycellaéainter
substance does not broaden and the cellular junctions were normal. The arrows indicate the location of different micsobtgaritle
chondrion, E: endoplasmic reticulum, N: nuclear membrane; C: chromatin, J: cellular junction. The magnifidadinaBris 12,000X while
the magnification irC andD is 22,500X.
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antifade mounting medium (Molecular Probes, Eugene, OR3ity per square millimeter of cells was expressed asa%an

and covered. Standard epifluorescence microscopy witfihe randomized block design was used to compare the differ-
Axioplan 2 imaging and Axiophot 2 universal microscopesence in cell density among different portions of the same cor-
(Carl Zeiss, Germany) and confocal fluorescence microscopyea, and a p<0.05, as determined by the student’s T-test, was
with LSM 510 and LSM 510 META laser scanning micro- considered significant. The number of eyes used for statistical
scopes (Carl Zeiss) were used to examine the labeled cellsanalysis is shown in Table 1.

the corneal whole-mounts. Three-dimensional rotatable im-

ages were generated using 64 sections from confocal micros- RESULTS

copy with the Zeiss LSM analysis software. Toexamine whether intravitreal injection ofikreagent could

Frozen sections were also made from additional mice thaesult in a visible change, we investigated the cornea using
received intravitreal injection of the same reagents or antlight and transmission electron microscopy. Light microscopy
bodies. At 24 h after injection, the eyes were embedded irevealed that there was no change in the cornea, iris-ciliary
OCT and frozen immediately. Longitudinal sections with 5body and retina from mice receiving intravitreal injection and
um thickness were made and viewed by epifluorescence mihat no inflammatory cells or edema were observed in the an-
croscopy. terior segment of the eye (Figure 1). Transmission electron

In vitro immunofluorescent staining: Corneal whole- microscopy revealed a normal mitochondrial appearance and
mounts were isolated from normal BALB/c mice using thearrangement. There were no pathological changes in the cel-
procedure described above. Corneal tissues were fixed for 8flar junction, endoplasmic reticulum, nuclear membrane,
min at 4°C in 1% paraformaldehyde-PBS followed by exten-chromatin, and intercellular substance (Figure 2).
sive washing with PBS. To block nonspecific staining, cor-  Slit lamp microscopy was used for observing the distri-
neas were incubated in PBS containing 2% bovine serum ddution of injected fluorescently labeled reagents. Intense fluo-
bumin for 15 min at room temperature and subsequently werescence was observed in the anterior chamber at 1 h (Figure
blocked for 20 min at 37C with 10ug/ml anti-Fglll/1l re- 3) and was followed by a gradual decrease in the fluorescent
ceptor monoclonal antibody (CD16/CD32; BD Biosciencesntensity from 4 to 24 h after intravitreal injection. At 24 h
Pharmingen, San Diego, CA) diluted in PBS. Afterward, corafter injection, the intensity of fluorescence in the anterior
neas were immunostained with MHC-II, F4/80, or CD11lcchamber was weak and the iris could be clearly seen. No sub-
(1:40) or isotype-matched control antibodies for 2 h at rooneonjunctival accumulation of fluorescence was observed at
temperature. Finally, the corneas were mounted according &my time point after intravitreal injection of the fluorescently
the method stated above and observed with epifluorescentabeled reagents.
microscopy. Cells positive for OVA, MHC-II, F4/80, CD11c, B7-1, or

Statistical analysis: To compare the density of B7-2 were intravitally observed in different portions of the
fluorescently labeled cells in different portions of the corneagornea by 4, 12, and 24 h after intravitreal injection. In gen-
the cornea, roughly 3.3 mm in diameter, was divided into foueral, the background was very strong and labeled cells were
parts: central, paracentral, peripheral, and limbus accordingaguely observable at 4 and 12 h (Figure 4). By 24 h, back-
to the method described previously [17]. Labeled cells werground staining was much less and labeled cells could be
counted using a calibrated eyepiece graticule under aglearly seen. Therefore, mice were sacrificed at 24 h and the
epifluorescence microscopy with a 20X objective lens. Counteorneas were evaluated using epifluorescence and confocal
ing was performed randomly in three separate fields of eaahicroscopy. The two techniques provided similar results. There
unique area in the corneal whole-mounts, and the average devere too many labeled cells to count in the limbus. A gradu-
ally decreasing density of labeled cells was noted from lim-
bus towards the central cornea regardless of the fluorescent-
conjugated reagent used. Except for the Bgells, the den-
sity of different labeled cells was significantly different among
peripheral, paracentral, and central cornea (p<0.05; Figure 5
and Figure 6A-F). Cells labeled with OVA usually showed
somewhat stronger staining as compared with antibody-labeled
cells. Staining using isotype control antibodies was rarely de-
tected in corneal cells, therefore excluding appreciable non-
specific uptake of antibody.

As shown in Table 3, at least two morphologically differ-
ent populations of cells were labeled for MHC-II, CD11c, F4/
Figure 3. Slit lamp microscopy on the anterior segment aftego'_ B7-1, or B7-2in th? murine cornea. However, morpho-
intravitreal injection of fluorescently labeled reagents. Intense fluological features were different for the each surface marker.
rescence was observed in the anterior chamber 1 h after intravitrda®r the MHC-IT cells, approximately two thirds of them had
injection ofgreerfluorescently labeled OVA using slit lamp micros- a dendritic appearance with a small cell body, many long den-
copy. @A: showing the fluorescence in the whole anterior chamberdrites, and intense staining (Figure 6G). These cells were found
B: showing the fluorescence in the central anterior chamber.) at the limbus, peripheral, and paracentral cornea, but were un-
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detectable in the central area (Figure 6A-C). The other orleetween peripheral and central cornea regarding the
third of MHC-II* cells possessed round or irregular shapesoexpressive ratios of cell surface markers.
with a large cell body, a few, short dendrites, and weak stain- To assess the locations of the positively labeled cells in
ing (Figure 6H). These cells were seen throughout the cornélae anterior-posterior axis of the murine cornea, frozen sec-
in a decreasing cell density from the limbus toward the centetions were prepared following in vivo immunofluorescent
The morphological characteristics of CD1tells were simi-  staining. Cells positive for OVA and F4/80 were detected be-
lar to those of MHC-Ii cells (Figure 61). The majority of F4/ neath the epithelium or in the anterior stroma and paralleled
80", B7-1', and B7-2 cells were round, oblong, or irregular, the arrangement of corneal collagen fibrous sheets in the cen-
with a large cell body and a few, short dendrites (Figure 6J,Kjral and paracentral cornea. However, these cells were present
Theses cells were dense in the peripheral area, where thieyall layers of the cornea at the peripheral part (Figure 8A,B).
were extremely elongated (Figure 6L), and also extendet@he locations of MHC-H and CD11¢t cells were similar to
through the paracentral region, where they were slightly rathose of OVA and F4/80cells, except that dendrites project-
mose (Figure 6M), and into the central cornea where they weneg longitudinally into the epithelium or into the stroma were
more round or oblong (Figure 6N). Some cells were brightpccasionally seen (Figure 8C).
while others were weakly stained. With a careful examination = Three-dimensional rotatable images disclosed a close re-
at medium-power magnification of 400X, we noted that dationship between certain labeled cells. Interestingly, a few
minority of F4/80, B7-1*, and B7-2 cells, similar to the first cells seemed to contact each other at a portion of the cell body
population of MHC-It cells, was also dendriform. However or the dendrites (Figure 9), although the physiological role of
their staining was weaker. OVAells, like F4/80, B7-1',and  these contacts remains to be investigated.
B7-2* cells, were visualized throughout the cornea with a de-  To validate the in vivo staining experiments and elimi-
creasing density from peripheral to central areas (Figure 6Dwate the possibility that cells were labeled because of nonspe-
F). These cells exhibited a round, oblong, or irregular shapsfic antibody ingestion, we performed the in vitro immunof-
in the murine cornea (Figure 60). luorescent staining using antibodies to MHC-II, F4/80 and
To examine the phenotypes of these positively labele€D11c. Cells identified in the cornea were comparable with
cells in the murine cornea, we costained the cornea using thfigose observed by in vivo staining. However, the in vitro stain-
antibody and OVA combinations as listed in Table 1 (Group Thg resulted in a stronger background and the labeled cells
to 16). About 90% of F4/8@nd 57% of CD1I'ccells, mostly  were vaguely observed (Figure 10).
showing round or irregular shapes, were positive for OVA

(Figure 7A,B). Only about 25% of F4/8@ells were posi- DI SCUSSION
tively costained with anti-CD11c (Figure 7C). Approximately Using confocal fluorescence microscopy and other techniques
91% of CD11t cells and 69% of F4/8¢ells were MHC-II  after intravitreal injection of fluorescently tagged antibodies,

positive (Figure 7D,E). Approximately 60% of CD1bells we have demonstrated that there are at least two populations
(Figure 7F) and 50% of F4/80ells were B7-1 or B7-2 posi- of APCs with a decreasing density from limbus towards cen-
tive. About 52% of OVAcells were MHC-It cells withround  ter in the murine cornea. All the positively labeled cells were
or irregular appearance (Table 4). There was no differendeund beneath the epithelium or in the anterior stroma in the

200,
M Peripheral cornea
[l Paracentral cornea
1601 [ Central cornea
o
E 120
E *
© |
S 80
40
0

" F4/80 OVA CD11c MHC-IIl B7-1 B7-2

Figure 5. Differently labeled cells in the normal murine cornea. Den-
Figure 4. Intravital micrography of OVA+ cells in the murine cor- sity of differently labeled cells in the normal murine cornea (cells/
nea. OVA cells in the paracentral region of the murine cornea arenn®). A significant difference (p<0.05) in cell density among three
detected by intravital microscopy 12 h after intravitreal injectionportions (periphery, paracenter, and center) of the normal cornea is
(X200). The background is somewhat stronger. noted for all but B7-1cells (asterisk).
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Figure 6. Distribution and morphology of labeled cells in the murine cornea at 24 h after intravitreal injection of flueropjugeged
reagents. Adecreasing density of positive cells is observed from peripheral to centralkc@rneeripheral corned,E: paracentral cornea,
C,F: central corned-C: MHC-II* cells,D-F: OVA* cells). Two populations of each antibody labeled cells, i.e., dendridridiC-11* cell,

|: CD11c cells) and round or irregular shapkels MHC-II* cell,|: CD11c cells,J: F4/80 cell,K: B7-1 cell) are identified. F4/8Cells seem

to be more elongated in the peripheral atdaglightly ramose in the paracentral regibh)(and more round or oblong in the central cornea
(N). All OVA* cells show round, oblong or irregular shap@s (
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TABLE 3. MORPHOLOGICAL FEATURES AND DISTRIBUTION OF POSITIVE CELLS IN THE MURINE CORNEA

Phenotype Morphology Proportions Distribution
MHC-IT" cells  dendritic appearance with a small about two distributed at the liumbus, penpheral and
or CDIlle” cell body but many long dendrites thirds paracentral cornea, but undetectable in
cells the central area
round or irregular shapes with a about one throughout the comea in a decreasing
large cell body and a few short thard cell density from the limbus toward the
dendrtes center
F4/807 cells, round, oblong or irregular in majority throughout the comea with different
B7-1 cellsor  appearance, with a large cell body shapes in different areas
B7-2" cells and a few short dendrites
dendriform in appearance minority difficult to address their distribution
OVAT" cells round, oblong or nregular shapes all throughout the comnea with a decreasing

density from peripheral to central parts

Morphological features and distribution of labeled cells in the murine cornea at 24 h after intravitreal injection of flecropjogated
reagents were observed using confocal fluorescence microscopy. The corneas were examined at medium-power magnification (400X).

10 um

10 pim
| |

Figure 7. Phenotypes of APCs in the normal cornea shown in confocal microscopy images. Corneas are double stained@\amdith
antibodies, followed by examination of wholemounts under the confocal microscopy. A number d{A&4¢86er) and CD11¢(B: greer)
cells are positive for OVAA,B: red). A few of F4/80 cells are positively costained with anti-CD1%x (ed F4/80,greenCD11c). A number
of CD11c cells O: greer) and F4/80cells E: red) are also MHC-II positivel: red E: greer). More than half of CD1cells are double
stained for B7-2K: red CD11c,greenB7-2). Double-labeled cells are yellow.
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central and paracentral cornea but were noted in all layers pbssibility that death and/or fixation alter the detection of cell
the peripheral cornea. Double staining revealed that a numbsurface molecules. Comparing fixed tissue staining with stain-
of F4/80 and CD11¢tcells were also positive for OVA, MHC- ing of live tissue, we believe that background staining is mini-
Il, B7-1, or B7-2. Rotatable images showed a close contachized in vivo. In fact, this technique omits a number of pro-
between certain labeled cells. cedures and reagents used in in vitro experiments, thereby
Previously we used an intravital microscopy technique t@nhancing the reliability of the results. Moreover, intravitreal
visualize cells in the iris labeled via injecting relevant reagentmjection of fluorescently labeled antibodies may allow a dy-
or antibodies into the anterior chamber [35]. However, thisiamic observation on the labeled cells in the cornea using in-
route of injection could damage the cornea despite cautioigvital microscopy. Therefore, combination of intravitreal
taken during the injection. In this study, we developed a useénjection of labeled reagents with intravital microscopy may
ful method of labeling cells in the cornea by intravitreal injecbe a useful technique to follow changes of immune cells in
tion of fluorescently tagged reagents coupled with intravitathe cornea.
microscopy and confocal fluorescence microscopy. Using these APCs in the cornea have received enormous attention
techniques, our study showed that the injected reagents readilyring the past decades, mainly because of the concept that
enter the anterior chamber, as evidenced by intense fluorese cornea is an immunologically privileged tissue. Our stud-
cence in the anterior chamber shortly after intravitreal injecies confirm the previously described results in which APCs
tion. Although a barrier was generally thought to be present atre distributed more densely in the limbus and peripheral cor-
the endothelial level of the cornea, these fluorescently labeletka than in the paracentral or central cornea [17]. Numerous
reagents could subsequently penetrate into the cornea wiliPCs are present in the limbus and in the portion of the cor-
negligible damage to the eye. As a result, labeled cells coultea adjacent to it. The densely distributed APCs in the limbus
be clearly observed using confocal microscopy and there wasd peripheral cornea are of great importance to the immune
only weak background in the corneal whole-mounts at 24 h
In order to compare the similarity between in vivo staining
and in vitro staining, two complementary experiments, i.e., in
vitro staining and isotype-matched control antibody staining

TABLE 4. COEXPRESSION OF CELL SURFACE MARKERS ON NORMAL
MURINE CORNEAL CELLS

were performed to exclude the artifactual effect and validat Cells expressing marker one that
results of the in vivo staining. In vitro immunofluorescent stain- Marker one Marker two  coexpress marker two (%)
ing of corneal wholemounts also demonstrated that the pos F4/80 OVA 89.7 £ 8.9%

tively labeled cells were not the result of nonspecific inges  F4/80 (Dllc 248+9.1%

tion of antibodies. Cell morphologies and distributions ac: E’gg Iﬁ{ﬁf‘ﬂ g?éf i?ﬁf

quired from these in vitro staining results were essentially ider 45 7 538+ 16 50/2

tical to those of in vivo staining, indicating the de facto pres ¢D11c OVA 56.9 +12.6%

ence of these cells in the cornea. Moreover, the control e EBHC IE'I_HIC—II %ii ;'”3?3’
perlme'r!t using |SOng-matchgd immunoglobulin excluded th C;Dllg B72 627+ 1;:2(;/2
possibility of nonspecific staining. OVA MHC-II 52.0 = 15.2%

Our study showed that intravitreal injection of
fluorescently labeled antibodies did not influence the corne@ examine the phenotypes of these positively labeled cells in the
histologically or ultrastructurally. In conventional histologi- murine cornea, the cornea were costained with the combinations of
cal orimmunohistochemical studies, one cannot eliminate thntibodies and OVA in two-color phenotype analysis.

Figure 8. Location of labeled cells in the vertical axis of the cornea. Frozen sections are prepared and stained wéth amdilfodA,
followed by epifluorescence microscopy examination. O&&ls are distributed beneath the epithelium in the central4opand present in

all layers of the peripheral corneé®)( The dendrites projecting from MHC:kells are present longitudinally into the epithelium and stroma
(C). Arrowheads indicate the epithelium location and the arrow indicates the location of endothelium.
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surveillance in the cornea and may also be pathologically ireroscopy disclosed a flat-shaped morphology of the labeled
volved in the development of inflammatory diseases frequentlgells in the central or paracentral cornea, with a few dendrites
seen in the peripheral cornea [36]. Frozen sections revealefl MHC-II* and CD11¢t cells projecting longitudinally into
that all of the positive cells were located beneath the epith¢he corneal epithelium or stroma. The morphological features
lium or in the anterior stroma and paralleled the arrangemeand arrangement of these APCs in the cornea may not only
of corneal collagen fibers in the central and paracentral coallow the light to readily enter the eye but also contribute to
nea. Three-dimensional images obtained using confocal mihe corneal transparency.

Figure 9. Three-dimensional rotatable confocal microscopy images for observing the relationship between labeled cells-ITleelMHC
contacts an OVAcell at a portion of the cell body and the dendwtethe frontal imageB: the lateral imagered OVA, greenMHC-I).

Figure 10. MHC-II positive
cells stained in vivo and in
vitro shown by epifluorescence
microscopy. MHC-It cells
stained in vivo 24 h after
intravitreal injection A andC)
and in vitro B andD) in the
paracentral region of the mu-
rine cornea are observed by
epifluorescence microscopy.
The background in vitro stain-
ing is stronger than that in vivo
staining. The labeled cells in
vitro staining appear to be
vaguely seen as compared with
those in vivo staining.
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