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Abstract

Herpes simplex viruses (HSV) are highly pervasive pathogens in the human host with a
seroconversion rate upwards of 60% worldwide. HSV type 1 (HSV-1) is associated with the
disease, herpetic stromal keratitis, the leading cause of infectious corneal blindness in the
industrialized world. Individuals suffering from genital herpes associated with HSV type 2
(HSV-2) are found to be two to three fold more susceptible in acquiring human immunodeficiency
virus (HIV). The morbidity associated with these infections is principally due to the inflammatory
response, the development of lesions, and scarring. Chemokines have become an important aspect
in understanding the host immune response to microbial pathogens due in part to the timing of
expression. In this paper, we will explore the current understanding of chemokine production as it
relates to the orchestration of the immune response to HSV infection.

1. Introduction

1.1 General properties of herpes simplex viruses

Herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) are neurotropic viruses that are
members of the family alphaherpesviridae [42]. Both types of HSV are transmissible from
person to person via infectious mucosal secretions which come in contact with mucosal
epithelia that line surface apertures of the body [9, 42, 57]. Herpes simplex viruses can cause
a variety of diseases including keratitis, cold sores, encephalitis, genital herpes, cutaneous
herpes, and meningitis [12, 42]. HSV-1 and HSV-2 enter the epithelium of the host and
initiate a lytic replicative cycle [18, 40-42, 57, 70]. HSV enters its target cell through a
multistep process which includes envelope glycoproteins (g) that surround the viral particle
[42, 64]. The initial interaction begins with the binding of gC and gB to heparin sulfate
proteoglycans that are found on the surface of target cells [42, 64]. After the attachment of
the viral particle to the host cell, another viral glycoprotein, gD, interacts with other host cell
surface receptors, including herpesvirus entry mediator A, which is a TNF receptor family
member, and nectins, that allow for the fusion of the virion envelope to the cell’s plasma
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membrane via gB, gD, gH, and gL [42, 64]. Local replication commences with transcription
of viral lytic genes [18, 33, 40-42, 57, 64, 70]. Following a lytic replicative cycle, the virus
enters sensory nerve endings in the basal aspect of the epithelium and undergoes retrograde
transport to associated sensory ganglia [18, 42, 64, 70]. Within the sensory ganglia, HSV
undergoes a second stage of lytic infection. Depending on the extent of the infection, HSV
may travel further to the central nervous system. Following acute infection of sensory
ganglia, the virus establishes latency in a subpopulation of neurons [18, 42, 64, 70]. Periodic
reactivation from latency during periods of stress or immune suppression results in the re-
infection of the initial port of entry [18, 42, 70].

Clearance of the virus from the host is dependent on both the host’s innate and adaptive
immune responses. Polymorphonuclear cells (PMNs) are the first and most predominant cell
to infiltrate the area of infection releasing a number of soluble factors including cytokines,
chemokines, and tissue degrading enzymes including matrix metalloproteinases [6, 22, 45,
96, 97]. Likewise, natural killer (NK) cells and subsequently, macrophages and T cells are
recruited to the site of inflammation. Chemokine expression has become an interest in the
scientific community as it relates to the immune response to infectious agents and the
pathology that develops from this response.

1.2 Herpes simplex virus type 1

The cornea is a transparent, avascular tissue composed of a surface epithelium, corneal
stroma, and endothelium that covers the anterior portion of the eye [70]. It is the avascular
nature of the cornea that preserves the visual axis providing a translucent conduit for
subsequent processing of an image by the lens and retina of the eye. However, experimental
evidence suggests ocular HSV-1 can limit the visual axis through neovascularization and
infiltration of leukocytes attracted to the infection through the production of chemokines
[103]. Experimental infection of the cornea initiates in the surface epithelium in the
outermost squamous layer of cells. HSV-1 spreads from cell-to-cell in a polarized fashion to
the next layer of cells, wing cells [70]. The virus is able to travel to the sensory nerve
endings that can be found in the basal aspect of the epithelium [70].

One clinically significant disease that is caused by HSV-1 is herpetic stromal keratitis
(HSK) an intense inflammatory response triggered by the viral infection of the corneal
stroma [3, 45, 54]. If left untreated, the chronic inflammatory response leads to the
formation of lesions, scarring, and eventually blindness.

1.3 Herpes simplex virus type 2

HSV-2 is the causative agent of genital herpes of which approximately 500,000 new cases
arise annually [33]. It has been estimated that 33% of the adult population is seropositive for
this sexually transmitted disease, making HSV-2 the most common sexually transmitted
pathogen worldwide [33, 73, 78, 92]. Genital herpes infection can result in complications
including urinary retention and meningoencephalitis [33, 73, 78, 92]. Approximately 3,500
births in the United States are impacted by HSV-2 infection which can lead to fatal infant
encephalitis [18]. Even though a relatively large percentage of the population is seropositive
for HSV-2, only a small percent are subjected to these complications. Hormones have been
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implicated in the susceptibility to infection in the female host [86]. Specifically, mice
exposed to progesterone are rendered more susceptible to infection [37] whereas estradiol-
treated mice are found to be resistant to infection [27]. Although the role of ovarian sex
hormones in susceptibility to genital HSV-2 infection is not completely defined, immune
suppression [27], changes in the vaginal epithelial thickness [72], and modulation of a cell
membrane receptor, nectin-1-8 [48], may all influence the infectious process.

One common denominator in the recruitment process of leukocytes into the inflamed HSV-
infected tissue is the expression of chemokines. Although a necessary process in attracting
immune effector cells required to control replication and spread of the virus, chemokine
expression and the ensuing inflammatory response has detrimental consequences to the host
especially when considering the eye. Understanding the sequential expression of
chemokines relative to ocular HSV-1 infection is pertinent to the development of a strategy
that will ultimately control local inflammation and the collateral damage without rendering
increased susceptibility to the host.

2. HSV-1 Infection of the Eye

2.1 Innate Immune Response to Ocular HSV-1 Infection

After initial infection of the virus into the cornea, an innate immune response is triggered to
clear the pathogen. Toll-like receptors (TLR), a family of pattern recognition molecules, are
known to respond to pathogens and serve as early warning molecules that induce the
expression of proinflammatory molecules [5]. Of the twelve TLR subtypes found in the
mouse, TLR2 and TLR9 are expressed by corneal epithelium [36]. HSV-1 stimulates TLR2
by unknown means resulting in the activation of NF-xB and production of IL-6 [46]. HSV-1
which contains CpG motifs [106] is recognized by TLR9 resulting in the expression of type
I IFN [44]. In addition to the production of type | IFNs, the infected resident cells of the
cornea as well as neighboring cells (most probably through TLR signaling and NF-xB
activation) are known to release inflammatory cytokines including IL-1a, IL-6, and TNF-a
[34, 88]. The absence or hindrance of these cytokines has been linked to a significant
reduction in the incidence of HSK [6, 22, 101]. It is thought that IL-1a leads to the induction
of IL-6 by resident corneal cells [6] that, in turn, elicits production of macrophage
inflammatory protein-1a (CCL3) and -2 (CXCL2) [22] ultimately recruiting PMNSs into the
infected tissue. PMNSs infiltrate the stroma underlying the infected epithelial cells
contributing to clearance of the virus and limiting viral dissemination within 24 hr post
infection [6, 96, 97]. PMNs are thought to be a rich source of iNOS and TNF-a [13], the
latter of which up-regulates ICAM-1 expression [69] facilitating the adherence of leukocytes
to the endothelium [89]. The administration of monoclonal antibody to ICAM-1 [15] or use
of ICAM-1 deficient mice [67] has not been found to diminish the infiltration of cells or the
clinical course of herpetic disease following corneal infection. However, ICAM-1 does play
a key role in preventing herpetic encephalitis [15, 67] suggesting pathways independent of
ICAM-1 expression are involved initially in the recruitment of cells into the cornea whereas
controlling virus spread in the central nervous system involves ICAM-1 expression. After
the initial infiltration of neutrophils, macrophages and NK cells infiltrate the area but PMNs
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remain the predominant cell type residing in the inflamed cornea up to the first 96 hr post
infection [93].

2.2 Chemokine Expression during the Innate Immune Response to Ocular HSV-1 infection

Evidence for the expression of chemokines in the cornea following HSV-1 infection was
first described using end-point PCR in which KC (CXCL1), CXCL2, IFN-y-inducible
protein 10 (CXCL10), monocyte chemoattractant protein-1 (CCL2), MIP-1p (CCL4), and
regulated upon activation, normal T cell expressed (CCL5) were observed [90]. While
trauma to the cornea in the form of scarification induced the expression, continued
expression of CCL2, CCL5, and CXCL10 were noted out to 72 hr post infection whereas
other chemokine mRNA levels precipitously dropped in both BALB/c and outbred ICR
mice [14, 90]. Of the chemokines noted above, CXCL1 and CXCL2 specifically target
neutrophils principally through the receptor, CXCR2 [11, 82, 99, 104]. Neutralization of
CXCL2 with antibody leads to a reduction in PMN infiltration into the cornea [54, 104].
Likewise, CXCR2 knockout mice infected with HSV-1 show a minimal infiltration of PMNs
into the cornea [3]. Even with a reduction in PMN influx, HSK still develops in the CXCR2
deficient mice which is thought to be due to an increase in 1L-6 expression driven by
elevated virus titers ultimately facilitating angiogenesis [3]. Although evidence suggest IL-6
can drive neovascularization through vascular endothelial growth factor (VEGF) in the
cornea, the kinetics of expression of VEGF during the infectious process in this model
suggests other dynamics are involved including T cells that are known to contribute to HSK
[16, 83] and are a source of VEGF [63].

Whereas CXCL2 is thought to be induced by IL-6 [57], another CXC chemokine, CXCL10
has been found to be the only chemokine that is constitutively expressed in the cornea as
determined by PCR [14, 90] and ELISA [10]. CXCL10 levels rapidly rise in the cornea
following HSV-1 infection and neutralization of the chemokine dramatically reduces corneal
edema and infiltrating cells [10]. The lone receptor for CXCL10 is CXCR3 expressed by
NK cells, macrophages, dendritic cells, and activated T cells [21, 23, 47, 77, 94]. However,
CXCR3 knockout mice ocularly infected with HSV-1 show a transient suppression of PMN
(Gr-1*CD11b*Mac-37) recruitment into the cornea [Carr, unpublished observation] calling
into question the role of CXCR3 and its ligands in PMN recruitment. However, other studies
at different anatomical sites have described PMN infiltration as a result of CXCL10
expression [8, 105]. It is tempting to speculate that CXCL10 may up-regulate CD11a on
PMNs enhancing the adhesion to the endothelium as has been reported for Thl cells [2]
facilitating diapedesis into the stroma of the cornea. However, formal proof of this notion
requires additional studies.

Of the CC chemokine ligands expressed during ocular HSV-1 infection, CCL2 is strongly
expressed throughout the initial course of acute infection as measured by PCR [14, 90]. The
role of CCL2 in the development of HSK may be peripheral to its effects on the recruitment
of leukocytes into the cornea since the administration of neutralizing antibody to CCL2 has
no effect on the incidence of HSK in HSV-1-infected mice [99]. In constrast, the
administration of anti-CCL3 antibody significantly reduces the severity of corneal opacity
[99]. The kinetics of CCL3 expression suggest it is not a stimulus for the recruitment of
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leukocytes into the cornea until 7-10 days post infection, at time which seems to correlate
with the onset of HSK [99]. Consistent with this finding, mice deficient in CCL3 expression
reportedly show little cellular infiltration in the cornea throughout the time course of
infection with low to undetectable levels of Thl cytokines including IL-2 and IFN-y [98]
normally found during acute ocular infection [93]. Ironically, the CCL3 knockout mice clear
the virus at the same time as wild type control animals [99] which calls into question the
mechanism of virus clearance. Since there is apparently little leukocyte infiltration including
PMNs that are known to control HSV-1 replication in the eye [97] with a paucity of CD4* T
cells or IFN-y present as well [99], it is puzzling what mechanism(s) controls the virus.

Similar to CCL2, CCLS5 is also expressed throughout the course of acute HSV-1 infection
[14]. CCL5 operating through its receptor CCR5 is a strong chemoattractant for T cells and
NK cells [53, 80] but also influences PMN recruitment as well [71]. It is interesting to note
that while HSV-1 tends to subvert immune activation, CCL5 is induced by HSV-1 through
NF«B and IFN regulatory factor 3 pathways [56].

The plethora of chemokines and pro-inflammatory cytokines produced in the cornea during
the innate immune response (i.e., 0-5 days post infection) may be generated from several
sources. With the exception of CXCL10, CXCL1, CXCL2, CXCL9, CCL2, CCL3, and
CCLS5 are not constitutively expressed in the cornea (Fig. 1). Analysis by confocal
microscopy has found the endothelial layer of the cornea expresses very modest amounts of
the CXCL10 in uninfected mice (Carr, unpublished observation). Consistent with previous
results [90], scarification of the cornea (a process typically employed to infect mice) alone
elicits a rise in CCL3, CCL5, and CXCL10 expression (Fig. 1). Following infection,
CXCL1, CCL2, CCL5, CXCL9, and CXCL10 are induced or up-regulated within 36 hr.
Analysis of CCL5 and CXCL10 expression by confocal microscopy show two different
patterns of expression. CCL5 is expressed in the epithelial layers of the eye co-localizing
with HSV-1 antigen as well as within the stroma of the cornea [Carr, Wuest, Tomanek,
Ramsey, Ash, Lane, and Kuziel, submitted]. By comparison, CXCL10 expression chiefly
co-localizes with HSV-1 antigen expression in the epithelial layers of the cornea with
punctate staining in the endothelium (Carr, unpublished observation). The expression profile
of CCL5 and CXCL10 suggest the resident population generates most if not all of the
CXCL10 within the first 24 hr post infection whereas CCL5 is produced principally by
resident cells but may also be provided by the infiltrating PMNs that are found within the
stroma 24 hr post infection [Carr et al., submitted]. It is likely that as the infection spreads
over the next several hours, chemokines generated including CCL2, CCL5, CXCL1,
CXCL2, CXCL9, and CXCL10 are produced by multiple sources including the resident
fibroblasts, epithelial, and endothelial cells as well as infiltrating PMNs, macrophages, NK
cells, and dendritic cells [11, 25, 82, 87, 100]. Collectively, the initial cascade of chemokine
expression is complex but may be divided into two principal pathways involving CXCL10
and IL-6 (Fig. 2).

The delayed expression of CCL3 in the cornea is associated with a secondary wave of PMNs
and some T cells into the stroma (day 10 post infection) [99]. Since CCL3 targets
monocytes, T cells, natural killer (NK) cells, basophils, eosinophils, dendritic cells (DCs),
and hematopoietic progenitors [11, 12, 82], it is currently unknown what events transpire to
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recruit the subsequent wave of cells. However, CCL3 is central to the effect since
neutralizing this chemokine with antibody or suppressing expression with IL-10 reduces
leukocyte recruitment into the cornea [99].

2.3 Adaptive Immune Response to Ocular HSV-1 Infection

Following the innate response to infection, preferential recruitment of Th1 CD4* T cells into
the cornea is observed [35, 65]. Although it is currently unknown why there is a preferential
recruitment of CD4* T cells into the cornea of HSV-1-infected mice, the expression of
CXCR3 and CCR5 on activated T cells and the presence of CCL5 and CXCLJ9 in the cornea
may influence the recruitment process [80, 81, 102]. The presence of CD4* T cells is crucial
in controlling local virus replication and spread [7, 26] as well as the development of HSK
[25, 58]. However, bystander activation of CD4* T cells in addition to virus antigen
stimulation may also contribute to HSK development [24]. The continued expression of
chemokines including CXCL2, CCL2, CCL3, CCL4, CCL5, and CXCL10 in the cornea
would also provide the maintenance of leukocytes in the tissue recruited from the periphery
and facilitate collateral damage to the cornea stroma [84]. Collectively, chemokines are
instrumental in the initial trafficking of cells into the infected anterior segment of the eye as
well as the development of HSK. Blockinig their expression could lead preserve the visual
axis pending local virus replication is controlled. A summary of chemokines expressed
during the acute HSV-1 ocular infection are found in Table 1.

2.4 HSV-1 Latency in the Trigeminal Ganglion

After the successful infection of the cornea by HSV-1, a series of events occur that can lead
to a stable latent neuronal infection in the trigeminal ganglion (TG) within one to two weeks
postinfection [39, 41, 49]. Following an initial round of replication in the corneal epithelium,
the virus is able to enhance its ability to access the axonal termini through mechanisms that
are not understood, and through retrograde axonal transport enter the neuronal cell bodies in
which another stage of lytic replication begins [49, 70]. After this brief replication cycle in
the neuronal cell bodies, the lytic cycle genes are repressed and latency is established with
minimal viral gene expression [49]. Infectious HSV-1 can consistently be detected in the TG
out to approximately ten days postinfection [12]. By day thirty postinfection, latency is
established as defined by the lack of detectable infectious virions [12]. Even though
infectious virions are not readily detected during latency, HSV-1 latency associated
transcripts or LATSs can be detected in the TG, and an associated local immune response is
evident [28, 49] With latency established, the immune system continually surveys the area
with CD8* T cells as the principal cell type that is thought to prevent reactivation [39].
Along these lines, CD8" T cells greatly outnumber CD4* T cells in the TG [49] and are
thought to control the infection through non-cytolytic mechanisms using cytokines such as
IFN-y and TNF-a with minimal destruction to neurons [38, 50, 51, 95].

During latent infection, real time PCR detection of CXCR3 and CCR5 expression have been
reported [12]. Although unproven, it is likely these chemokine receptors are found on the
CD8™ T cells present in the TG during latency [29, 38]. Although ligands for CXCR3
including CXCL9 and CXCL10 have not been evaluated during latency, one ligand for
CCR5, CCLJ5, has been detected [28]. Exposing latently infected mice to the potent anti-
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viral compound acyclovir has been found to reduce CCL5 expression in the TG, the
continued presence of CD8 cells suggest additional signals provide a stimulus for retainment
of these effector cells within the tissue [29].

2.5 Reactivation of HSV-1

Due to a variety of environmental cues including UV light, stress, and immunosuppression,
the virus is able to reactivate in the latently infected neurons of the TG. Through antegrade
transport, the virus can again be detected in the corneal epithelium and stroma [68, 70]. The
reactivation cycle can be repeated eliciting chronic and episodic immune activation which
leads to progressive scarring of the cornea resulting in decreased vision, glaucoma, iritis,
cataract, and necrotizing retinitis [70]. While there is experimental evidence to suggest
regulatory T cells may control ocular pathogenesis [91], how these cells impact on local
chemokine expression is not understood.

3.0 HSV-2 infection of the genitalia

3.1 Immune response to genital HSV-2 infection

During initial infection of the mucosa of the vagina with HSV-2, the virus begins to
replicate in the epithelium, typically restricted to the epidermis or cervicovaginal epithelium
[43]. The initial host response to infection includes the induction of type I IFNs (i.e., IFN-a
species) through TLR9 recognition of HSV-2 CpG motifs [52]. The IFN-responsive
pathway, double-stranded RNA-dependent protein kinase but not 2/,5’-oligoadenylate
synthetases is essential for resistance to infection as mice deficient in this pathway are
highly susceptible to HSV-2-mediated mortality (Tomanek, Silverman, Williams, and Carr,
manuscript in preparation). In addition to type | IFN production, IL-12, 11L-15, IL-18, NK
cells, and PMNs are important first lines of defense against HSV-2 replication and spread [1,
31, 59]. Current evidence suggests the resident populations of Langerhans cells [19] do not
traffic to the inguinal/iliac lymph nodes with most migrating cells consisting of B
lymphocytes [40]. T lymphocytes including v8 T cells are essential components of the
adaptive immune response in controlling genital infection with HSV-2 [55, 60, 66, 73].
CD4* T cells produce the majority of IFN-y in response to genital HSV-2 infection [32, 61].
Neutralization of IFN-vy leads to an increase in virus titer and a decrease in T cell recruitment
into the vaginal tissue [61, 73]. B cell production of antibody is initiated in the draining
lymph nodes and appears to have only a modest impact on HSV-2 titers suggesting a limited
role for B lymphocytes in the control of genital HSV-2 infection [17, 62, 75]. Manifestations
of genital herpes include macules, papules, and vesicles resulting in the development of
ulcers in the genital region [33]. Due to these ulcerations, other pathogens are able to enter
into the vaginal mucosa. Recent studies have shown that patients who are infected with
HSV-2 have a higher risk of contracting HIV-1 than patients who are HSV-2 seronegative
with a two to three fold increase in susceptibility [79].

3.2 Chemokines and HSV-2

The recruitment of leukocytes into the vaginal tissue following HSV-2 infection appears to
include IFN-y induction of the adhesion molecules intercellular adhesion molecule-1 and
vascular cell adhesion molecule-1 [76] since neutralizing IFN-y diminishes lymphocyte

Curr Top Microbiol Immunol. Author manuscript; available in PMC 2014 June 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Carr and Tomanek

Page 8

infiltration into the infected tissue [74]. The expression of IFN-y has also been associated
with CCL5 production [30] found in the vagina following HSV-2 infection [4, 33]. The role
of CCL5 expression in recruiting leukocytes into the infected tissue has not been described.
However, plasmid DNA containing CCL5 has been found to enhance survival of HSV-2
infected mice [85]. Manipulating local expression of selective chemokines including
CXCL2 and CCL3 using plasmid DNA suggests these chemokines may also play a
significant role in protection for the host during genital virus infection by facilitating CD4*
T cell immunity and elevating IFN-y production by NK cells [20]. However, there are a
number of unresolved questions that remain as to those chemokines that initiate the
inflammatory cascade as well as those that are critical for resistance to genital HSV-2.

4. Perspective

Chemokines are a significant group of soluble factors that contribute in the clearance of
HSV-1 and HSV-2 pathogens from the host. Although necessary for an optimal immune
response to the virus, chemokines initiate a frank inflammatory response that can result in a
significant detrimental outcome to the host as it pertains to preservation of the visual axis.
This chapter highlights the role of chemokines as they relate to the innate and adaptive
immune response following ocular HSV-1 infection. Evidence suggests that curtailing
expression of selective chemokines during HSV-1 infection of the eye may favor
preservation of sight without consequences to controlling virus replication and spread. This
observation suggests that while many chemokines are redundant in function and/or
promiscuous in binding multiple receptors, selectivity in tissue expression of chemokines
and targeting specific effector cells by those chemokines expressed in a given tissue may
ultimately dictate the inflammatory response of the host and outcome of the infection.
Understanding this process will prove beneficial in developing anti-inflammatory therapies
for individuals experiencing chronic HSV reactivation.
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Abbreviations

HSV Herpes simplex virus
PMN polymorphonuclear cell
NK natural killer

HSK herpetic stromal keratitis
IL interleukin

DC dendritic cell

Thl T helper 1 cell

TG trigeminal ganglion
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IFN interferon
TNF tumor necrosis factor
TLR Toll-like receptor
VEGF vascular endothelial growth factor
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Figure 1.
Expression of inflammatory cytokines and chemokines in the cornea of HSV-1 infected

mice. C57BL/6 female mice (n=6/timepoint) were left alone (basal) or scarified (0) and
infected with HSV-1 (McKrae strain, 1000 plaque forming units (PFU)/eye. Twenty-four to
thirty-six hours postinfection, the mice were euthanized, perfused, and the cornea was
removed and homogenized in a buffer containing a cocktail of protease inhibitors. The
supernatant was clarified (10,000 x g, 5 min) and assayed for cytokine/chemokine content
by ELISA. Bars represents mean + SEM for each analyte under measure.
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Figure2.
Chemokine expression in the cornea following HSV-1 infection. Three different scenarios

can operate in the production of chemokines within the cornea following ocular HSV-1
infection. In 1a, HSV-1 DNA CpG motifs bind to the intracellular toll-like receptor (TLR)9
eliciting the production of CXCL10 through NFxB activation. In 1b, HSV-1 enters the
epithelial cell and following transcription induces the production of IFN-a which induces
CXCL10 production. In 2, HSV-1 activation of NFxB stimulates IL-1a synthesis leading to
IL-6 production resulting in CXCL2 and CCL3 expression. These chemokines draw in
PMNs and T cells. PMNs can secrete CXCL9 and CXCL10 which can recruit additional
leukocytes including macrophages, dendritic cells, NK cells, and T cells.
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Table 1

Group Name Detection Reference
CXC
CXCL1 RT-PCR and ELISA 90, Fig. 1
CXCL2 RT-PCR and ELISA | 3,6, 10, 22, 54, 90, 98, 104
CXCL9 ELISA 10, Fig. 1
CXCL10 | RT-PCR and ELISA 10, 14, 90, Fig. 1
cC
CCL2 RT-PCR and ELISA 14, 90, 98, 99, Fig. 1
CCL3 RT-PCR and ELISA 10, 22, 90, 98, 99, Fig. 1
CCL5 RT-PCR and ELISA 10, 14, 90, Fig. 1
RANTES CCL5 CCR1, CCR4, CCR5
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