










been of interest to treat recurrent HSK with anti-inflammatory
drugs.

Our results have shown that LOR, a COX inhibitor, could
not only provide protection against HSK recurrences but also
exert a beneficial effect on the prognosis of recurrent HSK in
a mouse model. Moreover, to the best of our knowledge, this
was the first study demonstrating that LOR exerted its effects

Figure 4. Influence of LOR on the histopathological and
immunohistochemical studies in mouse corneas 14 days after UV
irradiation. The typical histologic findings of cornea stained with
hematoxylin and eosin (A, B) are shown. A: The cornea in the saline-
treated group shows marked inflammation, obvious edema, profound
neovascularization, and significant hypercellularity in the stroma.
B: The cornea in the LOR-treated group exhibits only scattered
inflammatory cells, mild stromal swelling, and less
neovascularization. Corneal tissues (C-F) were analyzed by
immunohistochemistry to determine the expression of NF-κB.
Immunohistochemical staining with an antibody against activated
NF-κB was performed to detect the expression of NF-κB. Sections
incubated without a primary antibody served as negative controls.
All tissue sections were counterstained with hematoxylin. These
samples were representative of all corneas examined. Brown staining
indicates activated NF-κB. C,D: The cornea in the mock-infected
group and the cornea in LOR alone group show that NF-κB activity
is only observed very faintly in the base cells of epithelium
(arrowheads). E: Recurrence induced wide spread positive staining
of NF-κB, which was most robust in the stroma (arrows) of the saline-
treated group. F: Scant immunoreactivity of NF-κB was observed in
the stroma of the LOR-treated group (arrows). Original
magnifications, 400X.

through the inhibition of NF-κB and subsequent decrease in
expression of cytokines, reducing inflammatory response.

At the cellular level, LOR likely prevents recurrence and
inhibits stromal opacity directly by reducing the expression of
cytokines. Consistent with previous reports [7], we observed
a significant upregulation of TNF-α level in mice with UVB-
induced HSV reactivation [16,17]. TNF-α, whose expression
is regulated by NF-kB activation, is among the first to be
produced in chronic inflammation and tissue damage during
the development of HSK [7,8,18]. It enhances synthesis of
inflammatory mediators and contributes to the recruitment of
inflammatory cells. In this study, LOR inhibited the
expression of TNF-α as well as the development of corneal
inflammation.

Given the pivotal role NF-κB plays in the immune system
and inflammatory diseases, we investigated its activation
during recurrent HSK in mice. Consistent with several reports
addressing the role of NF-κB activation in corneal
neovascularization and lipopolysaccharide-induced keratitis
[19,20], we clearly demonstrate that there is a significant and
persistent upregulation of activated NF-κB in the cornea
during HSK recurrence. The NF-κB p65 immunoreactivity
was associated with corneal inflammation leading to
neovascularization and opacity. The ameliorated clinical
lesion of HSK after LOR treatment was accompanied by a
dramatic reduction in recurrence-induced activation of NF-
κB. At the molecular level, the increased expression of TNF-
α is due to the activation of the transcriptional factor, NF-κB
[7,8]. On the other hand, TNF-α can act as a potent inducer of
NF-κB activation [21]. Then sustained NF-κB activation and
elevated expression of TNF-α trigger the perpetuated
inflammatory reactions. In the present study, we have
demonstrated that LOR treatment blocked signaling through
NF-κB, dampened the pro-inflammatory response to HSV-1,
and thereby reduced corneal opacity. Previous reports have
shown that NF-κB can function as an upstream regulator of
COX-2, controlling its transcription [22,23]. COX inhibitors
can exert their anti-inflammatory activities by blocking the
NF-κB signaling pathways via one or several steps in the
activation cascade [24-27]. Moreover, the non-steroidal anti-
inflammatory drugs (NSAIDs) may exert their effects via the
NF-κB pathway, independent of COX inhibition [28]. The
concrete mechanism by which LOR inhibits the NF-κB
activation has yet to be elucidated.

Previous reports have unveiled that HSV-1 interferes
with cellular signal transduction and transcription factor
activity, especially the activation of NF-κB, thus promoting
viral replication and expression of pro-inflammatory proteins.
Accordingly, HSV-1 infection can act as a stimulant for NF-
κB expression. Moreover, this persistent activation of NF-κB
is one of the immune evasion tactics that HSV-1 has acquired
to limit the efficacy of innate or acquired immunity [9-12]. As
such, the suppressed viral replication may be mediated
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through the inhibition of NF-κB activity. In support of this
concept, glucocorticoid, resveratrol, and tetranortriterpenoid
treatment have been shown to effectively inhibit the activation
of NF-κB and thereby effectively suppress HSV-1 infection
[29-32]. UVB irradiation functions as an inducer for viral
reactivation in the recurrent HSK model. We speculate that
UV irradiation induces the elevated NF-κB activation and
subsequent mediator production, leading to herpes viral
reactivation. Although we have shown in a previous study the
therapeutic effect of lornoxicam on corneal damage after high
intensity UVB irradiation via inhibition of NF-kB activation,
the concrete mediators and detailed mechanisms between NF-
κB activation and viral reactivation need further investigation
[33]. Since patients undergoing excimer laser keratectomy or
penetrating keratoplasty are at high risk for developing herpes
viral infection or reactivation [34-37], further studies will
address the potential efficacy of prophylactic LOR treatment
in those patients.

Of note, since NF-κB is essential in maintaining normal
host defense and broadly involved in multiple cell regulation
[29,38], precautions should be taken when considering the
targeting NF-kB as a novel therapeutic approach. In the
current study, valuable information is provided by the LOR
alone groups in which the NF-κB signaling pathway was
selectively unaffected under a similar physiologic response
after LOR treatment. Although we did not observe any
abnormalities in mice that were systemically administered
LOR until the end of the experiment, it is uncertain if
undesirable effects may occur after long-term usage.

In conclusion, based on previous reports showing
antiviral activity of COX inhibitors against ocular infection
with HSV-1 [4-6], we extended those previous findings by
exploring the intrinsic mechanism underlying the protective
activity of LOR. The results reported herein may shed new
light on the development of novel therapeutic and
prophylactic approaches to treating recurrent HSK.
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