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Toll-like receptors (TLRs) expressed by the corneal epithelium represent a first line of host defense to
microbial keratitis. The current study examined the role of TLR2, TLR4, and TLR9 and the common adaptor
molecule myeloid differentiation factor 88 (MyD88) in a Staphylococcus aureus model of corneal inflammation.
The corneal epithelia of C57BL/6, TLR2™/~, TLR4~'~, TLR9™/~, and MyD88~'~ mice were abraded using a
trephine and epithelial brush and were exposed to heat- or UV-inactivated S. aureus clinical strain 8325-4 and
other clinical isolates. Corneal thickness and haze were measured by in vivo confocal microscopy, neutrophil
recruitment to the corneal stroma was quantified by immunohistochemistry, and cytokine production was
measured by enzyme-linked immunosorbent assay. The exposure of corneal epithelium to S. aureus induced
neutrophil recruitment to the corneal stroma and increased corneal thickness and haze in control C57BL/6
mice but not in TLR2™/~ or MyD88 '~ mice. The responses of TLR4~'~ and TLR9 ™'~ mice were similar to
those of C57BL/6 mice. S. aureus-induced cytokine production by corneal epithelial cells and neutrophils was
also significantly reduced in TLR2™'~ mice compared with that in C57BL/6 mice. These findings indicate that
S. aureus-induced corneal inflammation is mediated by TLR2 and MyD88 in resident epithelial cells and

infiltrating neutrophils.

Staphylococcus aureus is a major cause of bacterial kera-
titis worldwide, especially with the increased incidence of
infections by methicillin-resistant S. aureus (4, 5, 29, 30).
When S. aureus penetrates the corneal epithelium and the
corneal stroma, there is rapid bacterial replication, produc-
tion of toxins, including hemolytic a-toxin, and severe tissue
damage, leading to corneal opacity. S. aureus infection also
stimulates extensive neutrophil infiltration to the corneal
stroma, and subsequent degranulation and release of cyto-
toxic mediators further contribute to the pathogenesis of
this disease (11, 13, 25, 26, 37).

Our laboratory has focused on the interaction of microbial
pathogens in the cornea and on identifying pathways that lead
to neutrophil recruitment to the corneal stroma and loss of
corneal clarity. We demonstrated that bacterial products acti-
vate the Toll-like receptor (TLR) family of pathogen recogni-
tion molecules on corneal epithelial cells to produce CXC
chemokines, which then facilitate neutrophil recruitment from
limbal vessels into the corneal stroma, leading to corneal haze
(18). We examined three members of the TLR family, TLR2,
which binds lipoproteins, TLR4, which binds bacterial lipo-
polysaccharide (LPS), and TLRY, which binds unmethlyated
CpG-rich DNA, and reported that specific activation of TLR2,
TLR4, and TLRY in the mouse corneal epithelium induces this
sequence of events and that corneal inflammation induced by
the activation of these TLRs is completely dependent on the
common adaptor molecule myeloid differentiation factor 88
(MyDS88) (15).
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In the current study, we examined the role of TLRs and
MyDS8S8 in the host response to UV-inactivated S. aureus, which
can adhere to corneal epithelial cells (14) and allowed us to
examine the role of TLRs in the absence of toxin production.
We found that (i) clinical and laboratory strains of S. aureus
induced neutrophil recruitment to the corneal stroma and in-
creased corneal haze and thickness, (ii) corneal inflammation
and CXC chemokine production are dependent on TLR2 and
MyDS8S, but not on TLR4 or TLRY, and (iii) S. aureus-induced
neutrophil activation is dependent on TLR2. Together, these
findings demonstrate a critical role for the TLR2/MyDS88 path-
way in the host response to S. aureus.

MATERIALS AND METHODS

S. aureus strains and preparation. S. aureus (strain 8325-4) isolates were
incubated in 10 ml of tryptic soy broth (Difco, Detroit, MI) at 37°C overnight and
subcultured 1:100 in fresh tryptic soy broth; a log-phase culture was grown to an
optical density of 0.3 at 650 nm (approximately 108 CFU/ml), washed three times
with phosphate-buffered saline (BioWhittaker), and diluted in phosphate-buff-
ered saline. Clinical strains were obtained from University Hospitals of Cleve-
land, and the laboratory-derived Wood strain was obtained from Molecular
Probes, Inc. Heat-inactivated S. aureus isolates were incubated at 85°C for 15
min. For UV-inactivated S. aureus, we utilized a UV Stratalinker (Stratagene) at
a setting of 2400 for 15 min, and bacterial killing by both methods was confirmed
by incubating treated bacteria on blood agar plates.

HEK-293 cells. Human embryonic kidney 293 cells stably transfected with TLR2,
TLR3, or TLR4 were obtained from Eicke Latz (University of Massachusetts
Medical School, Worchester, MA) and maintained in Dulbecco’s modified Eagle’s
medium containing 4.5 g/liter glucose with L-glutamine (BioWhittaker), 10% low
endotoxin-fetal calf serum (Atlanta Biological), and 10 wg/ml Cipro (Cellgro) at
37°C in a humidified atmosphere of 5% CO,. A total of 1 X 10° adherent
cells/well were stimulated overnight in duplicate with S. aureus and TLR con-
trols, and TLR activation was determined using an enzyme-linked immunosor-
bent assay (ELISA) for secreted interleukin-8 (IL-8) (R & D Systems, Minne-
apolis, MN). Given that the background can be variable among transfected cell
lines, data are reported as the ratio of IL-8 in ligand-stimulated cells to that in
unstimulated cells (media alone).
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FIG. 1. S. aureus-induced TLR activation in IL-8/TLR reporter cells. A human embryonic kidney (H-K) cell line expressing TLR2, TLR3, or
TLR4 was incubated overnight with specific ligand Pam3Cys (TLR2), poly(I:C) (TLR3), or LPS (TLR4) or with S. aureus (number of bacteria/
well). IL-8 production was measured by ELISA and presented as a ratio of stimulated to unstimulated cells. Data represent the means of three
wells per experimental group. The experiment was repeated three times with similar results.

Reagents. Pam;CysK, was purchased from EMC Microcollections (Tiibingen,
Germany). Ultrapure LPS (Escherichia coli O111:B4) (TLR4/MD2) and
poly(I:C) (TLR3) were purchased from InvivoGen (San Diego, CA) and used at
a concentration of 100 ng/ml LPS and Pam3Cys and 125 ng/ml poly(1:C).

Source of mice. C57BL/6 mice (6 to 8 weeks old) were purchased from the
Jackson Laboratory (Bar Harbor, ME). TLR2-deficient, TLR4-deficient, and
MyD88-deficient mice were generously provided by Shizuo Akira (Research
Institute for Microbial Disease, Osaka University, Osaka, Japan). TLR2™/~ and
TLR4 '~ were fully backcrossed to C57BL/6 mice, and age-matched littermates
were used for MyD88 ™/~ mice. All animals were housed under specific patho-
gen-free conditions in microisolator cages and maintained according to institu-
tional guidelines and the ARVO Statement for the Use of Animals in Ophthal-
mic and Vision Research.

In vivo model of S. aureus-induced corneal inflammation. Mice were anesthe-
tized by a intraperitoneal injection of 0.4 ml 2,2,2-tribromoethanol (1.2%). A
1-mm? area of the central cornea was incised using a sterile trephine (Miltex,
Tuttlingen, Germany), and the epithelial layer within that area was abraded using
an Algerbrush II (Alger, Lago Vista, TX). Histology showed that the abrasion
did not include the stroma (not shown). A 1-pl aliquot containing heat- or
UV-inactivated S. aureus or saline was applied to the denuded cornea.

In vivo confocal microscopy. In vivo analysis of the corneal infiltration was
evaluated by a ConfoScan 3 microscope system (Nidek Technologies, Fremont,
CA) as described previously (15). Mice were anesthetized and immobilized on a
platform, and a transparent gel (GenTeal; Novartis Ophthalmics, Duluth, GA)
was used to provide contact between the corneal surface and the 40X objective.
Images were captured using NAVIS software (NAVIS; Lucent Technologies,
Murray Hill, NJ) and stored as a stack for analysis of corneal thickness and haze.
Stromal thickness was defined as the distance between the basal epithelium and
corneal endothelium, and stromal haze was defined as stromal thickness times
the combined light intensity of each image of the corneal stroma. These values
were exported to Microsoft Excel and then to Prism (GraphPad Software, San
Diego, CA) to generate a curve, and the area under the curve was calculated and
compared with baseline measurements of naive mouse corneas.

Immunohistochemistry. Eyes from control and infected mice were enucleated
at 24 h posttreatment and snap-frozen in liquid nitrogen, and 5-pm sections from
the center of the eye (as determined by noncontiguous iris morphology) were
fixed in 4% formaldehyde for 30 min. The slides were washed with 0.05 M Tris
buffer (TBS, pH 7.6), and sections were incubated for 2 h with anti-neutrophil
antibody NIMP-R14 (1.91 pg/ml) in 1% fetal calf serum-TBS as described
previously (15, 18). Sections were washed as described above and incubated with
fluorescein isothiocyanate-conjugated rabbit anti-rat antibody (Vector Labora-
tories, Burlingame, CA) diluted 1:200 in 1% fetal calf serum-TBS for 45 min.
After being washed, the slides were mounted in Vectashield (Vector Laborato-
ries, Burlingame, CA). The number of neutrophils in the corneal stroma per
section was counted by fluorescence microscopy (magnification, X40) (Olympus
Optical Co. Ltd., Tokyo, Japan).

Measurement of cytokines in the corneas. To measure cytokine production in
the corneal epithelium, corneas were carefully dissected so that there were no
attached limbuses, irises, or lenses. The epithelial layer was teased apart from the
stroma after 20 min of incubation at 37°C with 20 mM EDTA and placed into
RPMI 1640 medium. Samples were disrupted by sonication for 88 s with 40%
duty cycle (Vibracell; Sonics and Material, Danbury, CT). Cytokines were mea-

sured by ELISA using commercially available antibodies according to the man-
ufacturer’s instructions (R & D Systems, Minneapolis, MN).

In vitro neutrophil activation. Mice were injected with 1 ml of 9% casein at
—19 h and —3 h. After euthanasia, cells were recovered from peritoneal lavage,
washed, and layered onto sterile 90% Percoll gradient (Pharmacia Biotech,
Piscataway, NJ). Cells were then centrifuged at 4°C at an average centrifugal
force of 65,000 X g. The neutrophil population (>95%) was recovered from the
second layer on the gradient as determined by cytology. Neutrophils were then
washed in Hank’s balanced salt solution, incubated in Dulbecco’s modified Ea-
gle’s medium for 2 h at 37°C with 50 ng/ml granulocyte-macrophage colony-
stimulating factor, and stimulated for 15 h with S. aureus or TLR ligands.
Cytokines in the culture supernatants were measured by ELISA (R & D Systems,
Minneapolis, MN), and viability was >95%, as determined by trypan blue ex-
clusion.

Statistics. Student’s ¢ test was used to analyze data (Prism), and statistical
significance was defined as a P value of <0.05.

RESULTS

S. aureus activates TLR2 in a reporter cell line. To deter-
mine which TLRs are directly activated by S. aureus, human
embryonic kidney cells expressing TLR2, TLR3, or TLR4 were
incubated with heat-inactivated bacteria overnight, and activa-
tion was determined by IL-8 production. As shown in Fig. 1,
cells expressing TLR2, -3, and -4 were activated by only specific
ligands Pam3Cys, poly(I:C), and LPS, respectively. S. aureus
strain 8325-4 stimulated TLR2, but not TLR3 or TLR4, indi-
cating that S. aureus specifically activates this receptor.

TLR2 plays a pivotal role in S. aureus-induced corneal in-
flammation. To determine whether TLR2 is important in the
development of corneal inflammation in response to inacti-
vated S. aureus, corneas of C57BL/6 and TLR2 ™/~ mice were
abraded as described above and heat- or UV-inactivated S.
aureus (strain 8325-4) isolates were added topically. After 24 h,
the epithelia had healed in all animals, as determined by flu-
orescein exclusion (data not shown). Neutrophil infiltration to
the corneal stroma was examined by immunohistochemistry,
and corneal thickness and haze were measured by in vivo
confocal microscopy. As shown in Fig. 2A and B, the number
of neutrophils in the corneal stroma increased according to the
number of bacteria added to the corneal surface. Neutrophil
recruitment to the corneas of TLR2™/~ mice was significantly
lower than that of C57BL/6 mice at each concentration.

Our previous studies demonstrated that neutrophil infiltra-
tion is also associated with changes in the corneal structure,
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FIG. 2. Corneal inflammation in C57BL/6 and TLR2 '~ mice induced by S. aureus strain 8325-4. Corneas of control C57BL/6 mice and
TLR2 /" mice were abraded and exposed to either heat- or UV-inactivated S. aureus strain 8325-4. After 24 h, mice were sacrificed and examined
by in vivo confocal microscopy to measure corneal thickness and haze. Neutrophils were detected in 5-wm corneal sections by immunohistochem-
istry and counted from limbus to limbus. (A and B) Neutrophils in C57BL/6 mice and TLR2 ™/~ mice. (C and D) Corneal haze. (E and F) Corneal
thickness. Data are the means = standard errors of the means (SEM) (error bars) of five mice per group. P values are noted. Experiments were

repeated with similar results.

which are detected as increased corneal thickness and haze (15).
To determine whether TLR2 also has a role in the development
of increased corneal haze and thickness, corneas of C57BL/6
and TLR2™/~ mice treated as described above were exam-
ined by in vivo confocal microscopy using a Nidek ConfoS-
can. As shown in Fig. 2C to F, corneal thickness and haze
values for TLR2™/~ mice were significantly lower than those
for control mice.

To determine whether the effect of TLR2 was specific for
S. aureus strain 8325-4, corneas of C57BL/6, TLR2™/~ and
TLR4 ™/~ mice were abraded and exposed to 1 X 107 heat-inac-
tivated bacteria of either the Wood strain of S. aureus (Fig. 3A)
or a methicillin-resistant hospital isolate (Fig. 3B). As shown in
the upper panels of Fig. 3, both strains of S. aureus induced a
significant increase in the number of neutrophils in the corneal
stroma compared with that in H,O controls in C57BL/6 mice
and TLR4™/~ mice; however, the number of neutrophils in
TLR2™/~ corneas was significantly lower. Consistent with this
finding, there was no significant difference in stromal thickness
and haze between C57BL/6 mice and TLR4 '~ mice exposed

to either isolate of S. aureus, whereas stromal haze was signif-
icantly reduced in TLR2™/~ mice compared with that in
C57BL/6 mice and TLR4~/~ mice. Stromal thickness showed
results similar to those of stromal haze, although the difference
between C57BL/6 mice and TLR2™/~ mice exposed to the
Wood strain was not statistically significant.

Taken together with results shown in Fig. 2, these findings
clearly demonstrate an essential role for TLR2, but not TLR4,
in S. aureus-induced corneal inflammation.

MyD88 is required for the development of S. aureus-induced
corneal inflammation. As TLR2 has been shown to signal
through the common adaptor molecule MyD88 (15, 32), we
next examined whether MyDS88 is required for S. aureus-in-
duced corneal inflammation. Corneas of MyD88 ™/~ mice and
control littermates were abraded, and 3 X 107 heat-inactivated
S. aureus (Wood strain) isolates were added to the corneal
surface. Neutrophil infiltration and corneal thickness and haze
were measured as described above.

Figure 4 shows that S. aureus-induced neutrophil infiltration
and increased thickness and haze were significantly reduced in
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FIG. 3. Corneal inflammation induced by S. aureus (Staph) laboratory strain and methicillin-resistant S. aureus clinical isolate. Corneas of

C57BL/6, TLR2™/~,

and TLR4 ™/~ mice were treated as described in the legend for Fig. 2 and exposed to (A) heat-inactivated Wood strain of S.

aureus or (B) a clinical isolate from University Hospitals of Cleveland. Neutrophils, corneal thickness, and haze were measured as described in the
text. Data are the means = SEM (error bars) of five mice per group. The P value was <0.05 for C57BL/6 versus TLR2™/~ mice but not C57BL/6

versus TLR4/

MyD88 '~ mice, indicating that MyD88 has an essential role
in S. aureus-induced corneal inflammation.

TLRY is not required for the development of S. aureus-
induced corneal inflammation. TLRO is the receptor for CpG-
rich bacterial DNA, and the activation of this receptor by CpG
oligonucleotides can induce corneal inflammation (15). Fur-
thermore, TLRY can be activated by heat-inactivated bacteria

mice. Experiments were repeated twice with similar results.

to induce a cellular response (17). To determine whether
TLR9 has a role in corneal inflammation induced by inacti-
vated S. aureus, corneas of C57BL/6 and TLR9 /™ mice were
abraded and exposed to 1 X 107 S. aureus heat-inactivated
strain 8325-4, and neutrophil infiltration and corneal thickness
and haze were measured as described above. As shown in Fig. 5,
neutrophil infiltration and corneal thickness and haze were
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FIG. 4. The role of MyD88 in S. aureus (Staph)-induced corneal inflammation. Corneas of control and MyD88 '~ mice were treated as
described in the legend for Fig. 2 and exposed to heat-inactivated S. aureus Wood strain. Neutrophils, corneal thickness, and haze were measured
as described in the text. Data are the means = SEM (error bars) of five mice per group. The P value was <0.05 for C57BL/6 versus MyD88 "/~

mice. Similar results were found in repeat experiments.

increased in control C57BL/6 and TLRY9 /" mice, with no
significant differences between the two groups. These data
indicate that TLR9 has no essential role in S. aureus-induced
corneal inflammation.

TLR2-dependent S. aureus-induced chemokine production
by corneal epithelial cells. Previous studies showed that CXC
chemokines CXCL1/KC and CXCL2/macrophage inflamma-
tory protein 2 (MIP-2) contribute to neutrophil recruitment to
the corneal stroma (8, 18). To determine whether S. aureus
stimulates chemokine production and to determine the role of
TLR2, corneas of C57BL/6 and TLR2 ™/~ mice were abraded
and exposed to 3 X 107 S. aureus. After 5 h, which is prior to
neutrophil infiltration, corneas were dissected and corneal ep-
ithelium was separated from the stroma after incubation with
EDTA. The epithelial layer was sonicated, and chemokines
were measured by ELISA. As shown in Fig. 6, corneas of
C57BL/6 mice produced CXCL1/KC and CXCL2/MIP-2 in
response to S. aureus stimulation; however, chemokine pro-
duction in corneas of TLR2™/~ mice was significantly reduced
compared with that in control corneas, indicating an essential
role for TLR2 in S. aureus-induced chemokine production by
corneal epithelial cells.
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TLR2-dependent S. aureus-induced cytokine production by
neutrophils. Activation of TLR2 on human neutrophils in-
duces cytokine production and modulates the expression of
neutrophil surface molecules (10, 27). As neutrophils recruited
to the corneal stroma are likely to be activated by S. aureus, we
examined the role of TLR2 in the neutrophil response to S.
aureus. A highly enriched (>98%) population of neutrophils
was isolated from peritoneal lavage cells from C57BL/6 and
TLR2 /™ mice and incubated with S. aureus. IL-6, tumor ne-
crosis factor alpha, CXCL1/KC, and CXCL2/MIP-2 were mea-
sured by ELISA. As shown in Fig. 7, S. aureus induced pro-
duction of each of these cytokines by C57BL/6 neutrophils,
whereas cytokine production by TLR2 ™/~ neutrophils was sig-
nificantly different from that by C57BL/6 neutrophils, although
unlike the synthetic TLR2 ligand, Pam3Cys was not ablated.
These data indicate that TLR2 is an important, though not
exclusive, mediator of S. aureus-induced neutrophil activation.

DISCUSSION

S. aureus is a common commensal of normal individuals,
where it is detected on the skin and periocular tissue. Proximity
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FIG. 5. The role of TLRY in S. aureus (Staph)-induced corneal inflammation. Corneas of control and TLR9™/~ mice were treated as described
in the legend for Fig. 2 and exposed to heat-inactivated S. aureus strain 8325-4. Neutrophils, corneal thickness, and haze were measured as
described in the text. Data are the means = SEM (error bars) of five mice per group. The P value was >0.05 for C57BL/6 versus TLR9 ™/~ mice.

A repeat experiment showed similar results.
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FIG. 6. S. aureus (Staph.)-induced chemokine production by corneal epithelial cells. Corneas of control and TLR2™/~ mice were treated as
described in the legend for Fig. 2 and exposed to UV-inactivated S. aureus strain 8325-4. After 5 h, corneas were dissected and epithelia were
removed and sonicated. CXCL1/KC and CXCL2/MIP-2 in the supernatants were measured by ELISA. The P value was <0.05 for C57BL/6 versus
TLR2/~ mice for both chemokines. A repeat experiment showed similar results. Error bars indicate SEM.

to the cornea is likely to be via the tear film, where bacteria are
exposed to antimicrobial components, such as B-defensins, ly-
sozymes, and phospholipases. S. aureus is readily killed by tear
components, especially phospholipase A, (24), but bacterial
products can stimulate a local inflammatory response (15, 18,
28). In a murine model of S. aureus keratitis, a topical appli-
cation of 1 X 10® bacteria to scarred corneas caused keratitis in
A/J and BALB/c, though not C57BL/6, mouse strains as mea-
sured by slit lamp examination (7). In the model described
here, we used C57BL/6 mice as all the knockout gene mice are
on this background. Consistent with the previous study (7), we
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saw no changes by slit lamp examination (data not shown);
however, when we examined early subclinical responses using
in vivo confocal microscopy, we found consistent increases in
stromal thickness and haze in response to S. aureus that were
dependent on functional TLR2 and MyDSS.

In systemic S. aureus infection, TLR2 has an important role
both in bacterial clearance and in the host response, as
TLR2/~ mice are more susceptible to systemic infection (33)
and cardiac dysfunction (19) than are control mice. In the
current study, we found that as few as 3 X 10* inactivated
bacteria stimulated neutrophil infiltration and development of
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FIG. 7. S. aureus-induced cytokine production by peritoneal neutrophils. A highly purified population of neutrophils from C57BL/6 and
TLR2™/~ mice was incubated overnight with 1 X 108 S. aureus or the TLR2 ligand Pam3Cys, and cytokine production was measured by ELISA.
Values are means = SEM (error bars) of three replicate wells. Similar results were found in a repeat experiment. TNF-a, tumor necrosis factor

alpha.
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corneal haze compared to that with trauma control, and neu-
trophil recruitment increased with exposure to higher numbers
of bacteria. Although bacteria were inactivated using either
UV irradiation or heat rather than phospholipase A,, our
findings were consistent with regards to TLR usage: using
three bacterial isolates, including strain 8325-4, and two meth-
ods of bacterial inactivation, we found that the development of
keratitis was dependent on TLR2 and MyD88 and indepen-
dent of TLR4 and TLRY. Although we cannot eliminate the
possibility that TLR9 might contribute in the absence of TLR2,
it is clear that TLR2 is the dominant receptor. The TLR2
ligand on S. aureus was shown to be lipoprotein rather than
peptidoglycan or lipoteichoic acid, as TLR2 activity is reduced
after lipase treatment (9, 34). Proteinase K treatment of S.
aureus extracts did not affect TLR2 activity (9), which is con-
sistent with results from the current study in which protein
denaturation by heat treatment had no effect on S. aureus-
induced TLR2 responses.

The common adaptor molecule MyD88 is a key mediator of
TLRs and IL-1 and IL-18 (32, 36). In the current study, we
showed that it is also important in TLR2 signaling in the
cornea (15). Although IL-1R rather than TLR2 is important in
a mouse model of S. aureus dermatitis (23), the current study
showed that MyD88 and TLR2 are essential for keratitis in-
duced by inactivated S. aureus. Future studies will determine
whether secondary signaling through IL-1R/MyD88 also oc-
curs with live S. aureus.

In addition to providing new findings in the host response to
S. aureus, the current study further confirms the presence and
functionality of TLR2 and MyDS88 in the cornea. We and
others have reported the presence and potential roles of
TLR2, TLR3, TLR4, TLRS, and TLRY in the cornea, although
the findings between murine models and in human corneal
epithelial cells are not always in agreement (2). TLR2, which is
clearly functional in the murine model, can be activated by S.
aureus in corneal epithelial cells (21). TLR3 and TLRS5, which
are activated by double-stranded RNA and bacterial flagellin,
respectively, are also present and functional in human corneal
epithelial cells (16, 22, 38) Although TLRY has not been de-
scribed in human corneal epithelial cells, TLR9 activation in
the mouse cornea induces keratitis (15) and TLR9 short inter-
fering RNA reduces the severity of Pseudomonas aeruginosa
keratitis (12). In contrast, there are conflicting reports of the
role of TLR4 in the cornea; two reports indicate it is nonfunc-
tional due to either an intracellular location or the absence of
costimulatory molecules (1, 35), whereas another report shows
that TLR4 is functional (31). The underlying difference for this
discrepancy is not clear, but LPS can induce keratitis in murine
and rabbit models of epithelial abrasion (15, 18, 28).

We predict that the initial role of TLR2 and MyDS88 in S.
aureus Keratitis is activating basal and intermediate corneal
epithelial cells to produce chemotactic and proinflammatory
cytokines that mediate neutrophil recruitment to the corneal
stroma. As neutrophils express most TLRs (6, 10), a second
role for this pathway would therefore be S. aureus-induced
activation of neutrophils and further production of CXC che-
mokines in the corneal stroma. Results from the current study
demonstrate that S. aureus-stimulated neutrophils produce
high levels of CXC chemokines in a TLR2/MyD88-dependent
manner. Activated neutrophils would also degranulate and
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release cytotoxic mediators, such as nitric oxide and myeloper-
oxidase, which cause tissue damage and loss of corneal clarity
(3, 18).

In summary, although infection with live S. aureus also in-
volves toxin production, neutrophil infiltration is a common
feature of the pathogenesis of S. aureus keratitis and culture-
negative keratitis, and the findings presented in the current
study demonstrate important roles for TLR2 and MyDS8S8 in
CXC chemokine production and neutrophil recruitment to the
cornea.
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