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Altered expression and changing distribution of the
nerve growth associated protein GAP-43 during
ocular HSV-1 infection in the rabbit
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This research examines changes that occur in neurons during corneal herpes
simplex virus (HSV-1) infection and focuses on the nerve growth associated
protein GAP-43. Cornea and trigeminal ganglion (TG) of New Zealand white
rabbits were examined after inoculation of the McKrae and 17 Syn* strains of
HSV-1 to the cornea. Rabbit tissues were taken during acute, latent and induced
reactivation stages of infection. Systemic immunosuppression (intravenous
injections of cyclophosphamide and dexamethasone) was used to induce
reactivation. Western blotting, immunoblotting and autoradiography with the
same antibody were used respectively to verify antibody specificity, measure
changes in GAP-43 concentration and localize GAP-43 to neurons in the TG.
During acute infection, corneal GAP-43 increased significantly whileno change
was seen in the TG. GAP-43 content was elevated in TG and cornea during viral
latency (post-inoculation days 84 -154) for both HSV-1 strains. When latent
virus was reactivated, the corneal concentration of GAP-43 was more than
double that of normal rabbits and the concentration of GAP-43 in TG was
reduced compared to the non-reactivated, latently-infected TG. In summary,
HSV-1 infected TG neurons expressed more GAP-43 than control neurons and
immunosuppressive therapy led not only to viral reactivation and increased
GAP-43 concentrations in cornea but also to decreased GAP-43 concentrations
in TG. These results suggest that factors which maintain HSV-1 latency and
induce reactivation could be linked to elements regulating GAP-43 expression.
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Introduction

Herpes simplex viruses types 1 and 2 (HSV-1, HSV-
2) infections are significant medical problems.
Infecting eyes, skin, brain and genitals, the virus
can cause serious morbidity and mortality. Primary
infections are often asymptomatic and usually occur
between the ages of 6 months and 5 years.
Following an initial infection, the virus becomes
latent in the cell bodies of sensory ganglia
(primarily the trigeminal ganglion in the case of
ocular HSV-1). Over 90% of clinically significant
corneal abnormalities result from reactivation of
latent virus. Stress, fever, trauma and immunosup-
pression can trigger HSV-1 reactivation; however,
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the likelihood of viral reactivation depends more
upon the strain of latent virus than the immunolo-
gic status of infected individuals (Kaufman and
Rayfield, 1988; Kennedy and Steiner, 1994). For
viral latency to exist in an animal model, there
must be no virus detected in cell-free tissue samples
at the time of sacrifice; yet following a period of
culture of explanted tissues, infectious virus must
be detectable. The molecular events that establish
and maintain viral latency are attributed to the
infected neuron (Fawl and Roizman, 1994; Stevens,
1994); however, these molecular mechanisms, like
those responsible for reactivating latent virus, are
not understood.

The nerve growth-associated protein, GAP-43, is
perhaps most strongly implicated in axonal out-
growth during development and in regeneration
following axonal damage (Skene and Willard,
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1981a,b), but GAP-43 is also implicated in synaptic
plasticity (Fishman and Valenzuela, 1991; Hens et
al, 1993). In fact, GAP-43 expression is so intimately
correlated with these processes that it is often
considered an indicator of them (Gispen, 1993).
GAP-43 is a protein kinase C substrate that was
independently discovered by several investigators
and given a different name in each instance, B-50,
neuromodulin, F1, P57, pp46 and y5 (for review see,
Coggins and Zwiers, 1991). In the brain, GAP-43
expression is highest in early stages of postnatal
development (Jacobson et al, 1986). At maturity, the
protein is most abundant in pyramidal cells of the
hippocampus (Neve et al, 1988) and the cerebral
cortex (Benowitz et al, 1989). GAP-43 expression
appears to be constitutive in the peripheral nervous
system (Tetzlaff et al, 1989; Martin and Bazan, 1992;
Stewart ef al, 1992) but it can be regulated as
evidenced by the increased expression seen after
injury and during axonal regeneration and sprout-
ing (Meiri et al, 1988; Skene and Willard, 1981a).
GAP-43 can interact with at least two different
second messenger systems, those mediated by
inositol lipids (Jolles et al, 1980) and those
mediated by calmodulin (Andreasen et al, 1983;
Alexander et al, 1987). These interactions are
regulated by phosphorylation and intracellular
calcium concentrations (for review see Coggins
and Zwiers, 1991; Gispen, 1993). GAP-43 could
also modulate the activity of certain G-proteins,
particularly G, (Strittmatter ef al, 1991; Coggins et
al, 1993).

The cornea and TG provide a unique system in
which to study GAP-43 in vivo because the cornea
is considered one of the most densely innervated
epithelia (Rézsa and Beuerman, 1982). We have
previously demonstrated a correlation between
GAP-43 content and HSV infection in the rabbit
in the trigeminal ganglion (TG) following corneal
inoculation with HSV-1 (Martin et al, 1994) and in
dorsal root ganglia following footpad inoculation
with HSV-2 in the mouse (Henken et al, 1995).
Here, using the rabbits infected with -either
McKrae or 17 Syn* strains of HSV-1, we examine
in greater detail how ocular HSV-1 infection
affects GAP-43 expression by measuring changes
in the concentration of this protein in the
neuronal cell bodies of TG and in their terminal
processes in the cornea during the three principal
stages of HSV-1 infection, the acute stage (primary
infection), the latent stage (when non-replicating
virus resides in the TG) and the reactivation stage
(when virus begins to replicate in latently infected
cells). In this study, systemic immunosuppression
induced with intravenous injections of cyclopho-
sphamide (Cx) and dexamethasone (Dx) was used
to reactivate latent virus (Stroop and Schaefer,
1986; Rivera et al, 1988; Beyer et al, 1989, 1990;
Haruta et al, 1989). We did not want to physically
interact with the cornea to induce reactivation

because direct stimulation of the nerve fibers
could induce GAP-43 expression (Dorster et al,
1991; Schreyer and Skene, 1991; Gato et al, 1994)
and complicate interpretation of the data.

Using a well characterized monoclonal antibody
(Schreyer and Skene, 1991), Western blots con-
firmed absence of (1) detectable antibody cross-
reactivity with proteins other than GAP-43 and (2)
detectable proteolysis of GAP-43 in the samples.
The same monoclonal antibody was also used to
immunohistochemically localize GAP-43 to the
neuronal cell bodies of TG (data not shown) and
measure changes in GAP-43 content by radio-
immunoassay of tissue extracts. Some of these data
have been reported in abstract form (Martin et al,
1994).

Results

Western blotting

Western blotting with monoclonal antibody 91E12
was performed to verify that immunoreactivity
seen on immunoblots and in tissue sections
corresponded to native GAP-43. Figure 1 shows
results of Western blots that were processed using
extracts from skeletal muscle (negative control),
cornea and TG taken from uninfected control
rabbits. The GAP-43 immunoreactivity in these
12% polyacrylamide gels migrated with an appar-
ent molecular weight of 50 kDa. There were no
other immunoreactive proteins in these extracts.
This result was also seen using tissues from HSV-1
infected rabbits. The results from Western blotting
were similar to immunoblots (below) in that
skeletal muscle displayed no immunoreactivity.
Furthermore, both the Western blots (Figure 1)
and the immunoblots (Figures 2 and 3 and Table
1) indicated that, in uninfected rabbits, the
immunoreactivity of corneal extracts was always
greater than the TG extracts.

Immunoblotting

The immune reaction between the monoclonal
antibody 91E12 and [**I]protein A was used to
quantitate the relative enrichment of GAP-43 in
extracts of cornea and TG. Immunoblotting experi-
ments reported in Figures 2 and 3 determined GAP-
43 content in cornea and TG at different stages of
HSV-1 infection with two different virus strains,
McKrae and 17 Syn*. Several stages of HSV-1 in-
fection were analyzed: The acute stage (5 dpi), the
latent stage (84 dpiand 154 dpi) and the reactivated
stage (initiated 6 days prior to sacrifice at 84 dpiand
154 dpi). Assays for GAP-43 immunoreactivity used
2 pg of protein from cornea and TG. These assays
were linear between 0.5 and 4 ug of protein (r=0.97)
for cornea and (r=0.99) for TG. Skeletal muscle
extracts displayed no immunoreactivity, even when
assayed at protein concentrations far exceeding
those of cornea and TG (5 pg, 10 pug or 200 ug).






