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Herpes simplex virus (HSV) is neurotropic and when inoculated on the
mouse footpad is retrogradely transported to the associated dorsal root gan-
glia (DRG), where infection is established. Previous observations suggest
that, after HSV infection, sensory ganglion neurons may mount a sprouting
response. In our HSV-infected DRG model, we investigate this issue by (1)
examining expression of growth-associated protein (GAP-43), a molecule
known to be induced by growing axons, and (2) determining ultrastructural-
ly whether HSV-infected dorsal roots contain neurites. In a time course
study, we show that GAP-43 is induced both in HSV-infected DRG and their
central processes. The increase in GAP-43 is first seen 2 weeks following uni-
lateral footpad inoculation in both cell bodies and dorsal roots, and is sus-
tained at 1 month post inoculation in roots but not in perikarya. Large bun-
dles of unmyelinated small caliber axons, lacking Schwann cell ensheath-
ment, are observed by electron microscopy in dorsal roots 2 weeks and 1
month following inoculation. These profiles resemble developing or regener-
ating neurites and are rarely seen in roots of mock-infected or uninfected
controls. The increased GAP-43 immunoreactivity and ultrastructural
changes shown here, in conjunction with previously documented selective
neuropeptide and enzyme alterations, confirm that a sprouting response is
mounted in sensory ganglia following acute HSV infection.
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Introduction

Herpes simplex viruses types 1 and 2 (HSV-1, -2)
are neurotropic. [Following peripheral inoculation,
these viruses are retrogradely transported in nerve
processes to the associated sensory gangha, where
acute and/or latent infection is established in neu-
rons (Stevens and Cook, 1971; Cook et al, 1974;
McLennan and Darby, 1980; Stroop et al, 1984).
Many neurobiological responses to HSV in senso-
ry ganglia.of infected animals have been document-
ed during the acute and latent states in the weeks
following inoculation. There is severe neuronal
death (Henken and Martin, 1993) and an influx of
inflammatory cells (Gebhardt and Hill, 1988, 1990).
There are selective alterations of host neuropeptide
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and enzyme constituents. Galanin is transiently
increased (Henken and Martin, 1992a, b), calcitonin
gene-related peptide (CGRP) is unaffected (Henken
and Martin, 1992a), substance P (unpublished
observation) and fluoride-resistant acid phos-
phatase (FRAP) are reversibly decreased (Tenser et
al, 1991). In a genital HSV infection model, neurite
sprouting has been noted (Soffer and Martin, 1989).
The selective neuropeptide and enzyme alterations
and the presence of sprouts, are consistent with
neurobiological responses seen during regeneration
of peripheral processes following injury (Tenser,
1985; Hokfelt et al, 1987, Villar et al, 1989, 1991)
suggesting that sensory ganglion neurons may enter
a growth mode in response to neuronal loss
induced by HSV infection.

To test this hypothesis directly, we have exam-
ined alterations in growth-associated protein (GAP-
43) in mouse dorsal root ganglia (DRG) and dorsal
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roots, and examined these roots ultrastructurally,
following unilateral HSV inoculation of the footpad.
GAP-43 is a growth cone membrane protein (Skene
et al, 1986) that is expressed at high levels in peri-
ods of axon growth during development and regen-
eration (Skene and Willard, 1981a, b; Jacobson et al,
1986; Verhaagen ef al, 1986; Basi el al, 1987;
Coggeshall et al, 1991; Gispen et al, 1991). We show
that GAP-43 is induced in HSV infected ganglia and
dorsal roots; moreover, the levels are similar to
those seen in roots after sciatic nerve transection. In
addition, we demonstrate that large numbers of
unensheathed neurites are present in dorsal roots
following peripheral HSV inoculation. The induc-
tion of GAP-43 and the presence of sprouts are con-
sistent with changes seen during regeneration in
DRG following sciatic nerve axotomy (Coggeshall et
al, 1991; Tanaka and Webster, 1991).

Results

To compare relative differences in GAP-43 levels in
HSV-2 infected ganglia and roots and their con-
tralateral uninfected equivalents, a Western blot
analysis was employed. Increased levels of GAP-43
were found in infected ganglia and roots by this
method. To localize and quantify the increased lev-
els of GAP-43, immunocytochemistry followed by
image analysis was performed on decalcified longi-
tudinal sections of spinal cord with their associated
ganglia. Increased immunoreactivity was found in
DRG perikarya as well as in dorsal roots, 2 weeks
and 1 month following inoculation. Ultra-
structurally, bundles containing very large numbers
of unmyelinated fibers (> 100) were found in infect-
ed dorsal roots, but not in uninfected roots.

Western blotting

In an initial attempt to examine the relative differ-
ences in GAP-43 levels in HSV-2 infected and unin-
fected dorsal roots, a Western blot analysis was per-
formed (Figure 1). Five days post inoculation (dpi)
no difference is seen in the intensity of the bands
(not shown). However, at 14 and 28 dpi a clear
increase in the amount of GAP-43 immunoreactivity
is seen when compared to either mock-infected or
normal control mice. GAP-43 expression at 14 and
28 dpi was similar to that seen in dorsal roots 14
days after sciatic nerve transection. The specificity
of the antiserum has been well documented (Curtis
et al, 1991); however, the higher molecular weight
immunoreactive bands, similar to proteins previ-
ously noted in peripheral nerve samples (Tetzlaff
and Bisby, 1989; Curtis, unpublished observations),
are currently unidentified.

Immunocytochemistry

To localize and quantitate the increased GAP-43
expression, immunocytochemistry was performed
on decalcified tissue sections. In a previous study
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Figure 1 Western analysis of GAP-43 (43 kd band, arrow)
immunoreactivity in L4 and L5 dorsal roots. Increased
immunoreactivity is seen 14 days following axotomy (D14-
AXOTOMY) when compared to non-axotomized animals
(CONTROL). GAP-43 immunoreactivity at both 14 and 28 days
following HSV-2 inoculation (D14-HSV, D28-HSV), is greater
than in control animals or mock-infected roots (D14-SHAM, D28-
SHAM).

Figure 2 GAP-43 immunoreacted section of L4 DRG (right side
of pictures) and dorsal root (left side of pictures) 14 days follow-
ing unilateral HSV-2 inoculation of the footpad in the same
mouse. (a) Ipsilateral infected side. (b) Contralateral uninfected
side. GAP-43 is seen as a dark brown immunoprecipitate. Note
the increase in the number and intensity of GAP-43 antigen-posi-
tive cell bodies in DRG as well as the increase in antigen in the
dorsal root on the infected side. Counterstained with H&E.
Magnification = 210x.






