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Figure 5. ELISA analysis of MIP-2, KC, IL-1, and IL-6 protein
expression in A. fumigatus-induced mouse cornea. A shows protein
expression levels of MIP-2, KC, IL-1B, and IL-6 for the infected
group on days 1, 3, 5, and 7 post-infection. B shows protein
expression levels of MIP-2 and KC in the MIP-2 treated group. Here,
the MIP-2 protein expression levels were lower compared to the
infected group. C shows protein expression levels of MIP-2 and KC
in the IL-1 treated group. This bar chart illustrates that the protein
expression levels of MIP-2 and KC on days 1 and 3 were lower
compared to the infected group on those same days. The asterisks
indicate significance levels assessed via ANOVA followed by post-
hoc tests: one asterisk indicates p<0.05 and two asterisks denote
p<0.01.
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inflammatory response of the PMNs [23,24]. KC is also a
chemokine and signals to neutrophils, but its role is considered
to be much weaker than that of MIP-2, although the
concentration of KC is much higher than that of MIP-2 [14].
This study suggests that MIP-2 is the most important
chemokine in FK pathogenesis, and maintenance of high
levels of MIP-2 protein is directly related to the severity of
corneal lesions. Despite high expression of KC at the mRNA
level, KC is expressed far less than MIP-2 at the protein level.
In addition, the expression levels of KC are higher at an early
stage but decline rapidly three days post-infection, which is
consistent with the phenomenon observed by Kernacki et al.
[16] in Pseudomonas aeruginosa keratitis in mice. This
finding also illustrates that KC is not the key chemokine
responsible for the development of FK. Furthermore, when
mice were given a subconjunctival injection of MIP-2
polyclonal antibody, the severity of corneal disease was
significantly reduced. MIP-2 expression in A. fumigatus and
C. albicans keratitis peaked at the earliest time. Therefore,
early intervention by administration of MIP-2 antibody had
the greatest impact on the development of FK. The reason for
this phenomenon may due to inhibition of the auto-
amplification loop.

IL-1P is a cytokine with a wide range of roles and is
produced by inflammatory cells as well as by resident corneal
cells [17]. Runder et al. [25] discovered that /L-1f mRNA and
protein expression levels were significantly elevated in mice
with Pseudomonas aeruginosa Keratitis and that expression
levels were correlated with the severity of disease. When mice
received injections with anti-IL-1p polyclonal antibody, the
severity of corneal disease was significantly reduced, and this
was accompanied by a reduction in corneal PMN cells,
bacterial load, and MIP-2 mRNA and protein expression. In
this study, IL-1p was the proinflammatory cytokine with the
highest expression levels in A. fumigatus and C. albicans
keratitis, and the IL-1[ expression levels were related closely
to corneal disease severity and inflammatory cell infiltration.
When experimental mice were subconjunctivally injected
with IL-1B polyclonal antibodies, the corneal inflammatory
responses were significantly reduced at an early stage (one to
three days post-infection). This indicates that IL-18 may play
a central role in the pathogenesis of FK and that treatment
targeted at the expression of IL-1B may be a potential
therapeutic strategy for FK. Although the disease process
rebounded at the middle and late stages after treatment, this
may be explained by the efficacy of the antibody, which may
have disappeared or been deactivated by the later stage,
allowing the pathogens to survive and induce the host
inflammatory responses. In addition, one and three days after
administration of IL-1B polyclonal antibody, the protein
expression of MIP-2 and KC significantly decreased in the
IL-1p treated group. Five to seven days post-infection, the
protein levels of the two cytokines rose markedly but
remained lower than the levels observed in the infected group.
These data were consistent with rebounding of the discase
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process at the middle and late stages of infection and also
showed that IL-1P played a role in regulating the expression
of MIP-2 and KC.

IL-6 is a multifunctional cytokine known to upregulate
the immune response thus generating humoral or cellular
immune reactions and stimulating liver cells to synthesize
acute phase proteins to form an acute phase inflammatory
response [26]. IL-6 is critical in the host defense of the cornea
during infection with Pseudomonas aeruginosa. Effective
recruitment of neutrophils into the cornea is dependent on the
production of IL-6, and IL-6 has been demonstrated to be a
protective factor in corneal infection [27]. In this study, IL-6
was expressed in the corneas of both the infected group and
normal mice, but the protein levels were the lowest out of the
four inflammatory cytokines measured, which suggests that
IL-6 is not the key inflammatory mediator in FK. Based on
the confirmed roles of IL-6, a high-level expression of IL-6 at
the early stage (one day post-infection) may be induced by the
body’s stress response secondary to acute infection. Increased
expression of IL-6 at the late stage (seven days post-infection)
may play a role in stimulating lymphocyte activation,
proliferation, and differentiation, and it may be important in
promoting the humoral and cellular immune responses. This
hypothesis is supported by the fact that lymphocytes in the
body recognize specific pathogenic antigens and generate
immune responses through a series of mechanisms that are
most active five to seven days after infection. Since the acute
phase response and the specific immune response are the
body's most important defense mechanisms, IL-6 may also be
a protective factor in the pathogenesis of FK.

In brief, this study is an initial exploration into the
expression, regulation, and effects of the four major
inflammatory cytokines in the inflammation process observed
with FK. Based on the analyses presented in this study, MIP-2
is a crucial chemokine for the onset of FK in mice, and IL-1
is the major cytokine responsible for regulation of MIP-2 and
KC. Persistent, high-level expression of MIP-2 and IL-1p is
an important factor in promoting corneal impairment. In
contrast, the expression of IL-6 may play an important role in
protecting the mouse against FK. After isolating a crucial
player responsible for the course of FK, specific polyclonal
neutralizing antibodies may be potentially used to inhibit the
major chemokines and cytokines thus effectively relieving the
corneal damage. This result is encouraging, and it will be
important in the future to explore this information to help
develop new therapeutics aimed at the major inflammatory
cytokines in FK.
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