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Short communication

Attempted modulation of herpes simplex virus (HSV)
infection of neurons in culture by fibroblast growth
factor
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It has been suggested that fibroblast growth factor (FGF) receptors may medi-
ate entry of herpes simplex virus (HSV) to susceptible cells. We investigated
the possible modulation of acute lytic HSV infection of cultured rat neurons
by basic FGF, using cell-specific markers and indirect immunostaining.
Dissociated neural cell cultures were prepared from the medial septal region
of the basal forebrain, the hippocampus and dorsal root ganglion (DRG). The
proportion of neurons in the cultures was enhanced by the addition of cyto-
sine arabinoside (2uM) in the hippocampal and DRG cultures and by inver-
sion of the coverslips in septal cultures. The percentage of MAP2+ and neuro-
filament* neurons in these cultures varied between 9 and 95%. Cultures were
treated with basic FGF (4-5ng ml) continuously and infected with wild-type
HSV-1, untreated uninfected cultures acting as controls. Both FGF binding
and FGF receptors were demonstrated in hippocampal, and to a much lesser
extent, DRG neurons. In repeated experiments it was found that FGF treat-
ment did not have a significant effect on lytic infection in any of the neuronal
populations studied as assessed by the development of viral antigen expres-
sion and comparison of identified neurons in FGF, treated versus untreated,
infected cultures. Our data show that FGF does not have a ‘neuroprotective’
effect on HSV infection of either central or peripheral neurons.
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The most important neurological disease caused by
herpes simplex virus (HSV) is herpes simplex
encephalitis (HSE), usually produced by HSV-1,
which if untreated, has a mortality rate in the region
of 50% with severe sequelae in those surviving the
infection (Kennedy et al, 1988; Kennedy, 1988). The
information gained from studies of in vitro HSV-
host neural cell interactions can provide data which
may be relevant to the neuropathogenesis of HSE.
The modulation of HSV infection of neural cells in
culture may also have implications for neuroprotec-
tion from viral infection in vivo. Further, there is
some very indirect evidence implicating a viral role
in the pathogenesis of Alzheimer’s disease and
there is some pathological similarity between this
disease and HSE (Itzhaki, 1988).
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We have shown previously that nerve growth fac-
tor (NGF) treatment of cultured rat phaeochromocy-
toma (PC12) cells altered the susceptibility of these
cells to acute lytic HSV infection (Clements and
Kennedy, 1989). This modulation appeared to be
mediated by an NGF-induced slowing of the lytic
cycle in these cells, possibly due to a delay in the
transition from early to late HSV polypeptide syn-
thesis. In the current study we have examined the
possible modulating effect of another growth factor,
namely fibroblast growth factor (FGF), on HSV
infection of cultured neurons obtained from three
different sources. The possible effects of FGF in
these systems are of interest since there is some evi-
dence to suggest that FGF receptors may mediate
entry of HSV-1 into susceptible cells (Kaner et al,
1990). We therefore postulated that FGF pretreat-
ment of cultured neurons might lead to a less per-
missive HSV infection in these cells compared with
untreated cultures due to either non-specific factors
or the saturation of FGF receptors on neurons.
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Hippocampal neurons have previously been shown
to possess FGF receptors (Walicke et al, 1989), and
these cells undergo pathological changes in both
HSV encephalitis and Alzheimer’s disease (Booss
and Esiri, 1986; Tomlinson, 1992). The cholinergic
neurons of the basal forebrain are of considerable
interest since they undergo degeneration in
Alzheimer-type dementias (Coyle et al, 1983;
Pearson et al, 1983). It has also been shown that
adult medial septal cells of the basal forebrain
group do not die after excitotoxic ablation of their
target neurons in the hippocampus (Sofroniew et al,
1990) and it is possible that trophic support for
these cells may be obtainable in the form of growth
factors from sources other than target neurons.
Although there is little evidence for FGF receptors
on medial septal cells (Ferguson and Johnson Jnr,
1991), FGF can prevent the degeneration of these
cells after injury (Anderson ef al, 1988). In addition,
DRG neurons were studied as a source of peripheral
rather than central neurons to provide comparative
data.

Dissociated cell cultures obtained from the hip-
pocampus, medial septal region and DRG were pre-
pared from E18 Sprague-Dawley rats as previously
described in detail (Deloulme et al, 1991; Kennedy
et al, 1983). Embryonic rat hippocampal neurons of
this age are known to possess FGF receptors
(Wanaka et al, 1991). Embryonic rat DRG neurons of
this age do possess FGF receptors, but, unlike hip-
pocampal neurons, rapidly lose them postnatally by
P1 (Wanaka et al, 1991). The cultures growing on
glass coverslips were transferred to serum-free
medium and medial septal and DRG cells were cul-
tured with NGF (Sigma) 100 ng ml' continuously.
Experimental cultures were treated with basic FGF
(bFGF) at a concentration of 4-5 ng ml? 4 h after
the cultures were initiated. Two different sources of
bFGF were used namely Boehringer (measured con-
centration on ELISA in medium used, 4 ng ml)
and R&D (measured concentration in medium used
5 ng ml?). The experimental results obtained with
both bFGFs were very similar.

The FGF used had demonstrable bioactivity as
when added to cultures of BHK cells, at the experi-
mental concentration, it stimulated an increase in
cells of 45% compared to unstimulated cells in a
period of 4 days. In addition before adding bFGF
there was no detectable (<5pg ml') bFGF in either
the FCS or SATO medium used. Hippocampal and
DRG cultures were treated with 2 uM cytosine ara-
binoside for 48 h at day 2 and day 5. Septal cultures
treated with cytosine arabinoside do not survive
this procedure (possibly due to cytosine arabinoside
blocking essential NGF receptors). Septal neurons
cultured on inverted coverslips do not require
antimitotic treatment to inhibit non-neuronal cells.

Cells were infected on the seventh day of culture.
Wild-type HSV-1 (Glasgow strain 17) of non-syncy-
tial morphology, ts*syn* (Brown et al, 1973) was

used. Viral infection of cell cultures was performed
as previously described (Clements and Kennedy,
1989; Kennedy et al, 1983), using a multiplicity of
infection (moi) of one plaque forming unit (pfu)/cell
in most experiments. After virus absorption for 1 h
at 37°C the virus innoculum was removed, the
coverslips were washed and then fed with appropri-
ate fresh Sato-medium with NGF for medial septal
and DRG cultures but with added FGF for all exper-
imentally infected cultures (hippocampal neurons
are not NGF-dependent (Cheng and Mattson, 1991;
Walicke et al, 1986)). The infected cultures were
then incubated for 24 h at 37°C with 5% CO,. The
cells were then fixed for 15 min in 4%
paraformaldehyde in phosphate buffered saline
(PBS) and then for 10 min in methanol at —20°C.

Immunostaining of cultures was carried out as
previously described (Clements and Kennedy 1989;
Kennedy et al 1983). Rabbit anti-HSV-1 was sup-
plied by DAKO (High Wycombe, Bucks, UK), neu-
rons were identified using anti-neurofilament anti-
body (anti-NF) (Wood and Anderton, 1981) sup-
plied by Affiniti (Mamhead, Exeter, UK) (1217) and
anti-MAP2 from Sigma (Poole, Dorset, UK) (M4403)
(Matus et al, 1986). Astrocytes in these cultures
could be identified with the glial fibrillary acid pro-
tein (GFAP) (Bignami et al, 1972). The anti-MAP2
used did not stain any of the GFAP positive cells.
Cultures were also stained with antibodies to galac-
tocerebroside (GC) to identify oligodendrocytes
(Raff et al, 1983) and fibronectin (FN) to identify
fibroblasts (Kennedy, 1982).

Cultures were incubated with the primary anti-
bodies for 60 min at room temperature, washed in
PBS and exposed to the appropriate fluorescent-
labelled secondary antibody for 60 min. These were
fluorescein-labelled goat anti-mouse IgG-1 and anti-
rabbit IgG, and rhodamine-labelled goat anti-mouse
IgG and anti-rabbit IgG. Double-labelling immuno-
fluorescence was carried out on infected coverslips
with a combination of anti-neurofilament or MAP2
antibodies and anti-HSV antibody. Infected cells in
hippocampal and septal cultures were labelled with
a combination of mouse IgG1 anti-MAP2 and rabbit
polyclonal anti-HSV-1 antibodies. DRG cultures
were labelled with a combination of mouse IgG-1
anti-neurofilament NA1217 serum antibody and
rabbit polyclonal anti-HSV-1 antibody. Following
this, combinations of the appropriate fluorescein or
rhodamine-conjugated antibodies were added. To
demonstrate FGF receptors in these cultures and
anti-FGF receptor antibody (Upstate Biotechnology
Ltd, New York) was used followed by rhodamine
conjugated goat anti-mouse IgG.

FGF binding in these cultures was demonstrated
with biotinylated bFGF Boehringer, (1415-417)
using immunohistochemistry with peroxide
labelled anti-biotin Sigma, (A4541) and DAB as a
substrate and also by immunofluorescence using a
fluorescein conjugated antibiotin antibody Sigma,



(F6762). Double-labelling experiments were also
carried out by sequential labelling with biotinylated
bFGF and fluorescein labelled anti-biotin antibody
followed by anti-FGF receptor antibody and rho-
damine conjugated secondary antibody.

The percentage of cells labelled with antibodies
was assessed using a Zeiss Axioplan fluorescent
microscope (Welwyn Garden City, Herts, UK)
equipped with epi-illumination and phase contrast
optics as previously described (Clements and
Kennedy, 1989; Kennedy et al, 1983). At least 1,000
cells/coverslip were counted. Statistical analysis
was carried out using Student’s {-test.

Following incubation of uninfected (initially hip-
pocampal and DRG) cultures with biotinylated
bFGF it was found that approximately 85% of hip-
pocampal neurons bound FGF on their surface com-
pared with approximately 5% of neurons in DRG
cultures. This labelling was inhibited by preincuba-
tion of cultures with excess bFGF (100 ng ml) and
could be proportionately reduced by incubating the
biotinylated bFGF with anti-FGF prior to applica-
tion. No binding was seen when non-biotinylated
bFGF was used. Following incubation of cultures
with anti-FGF receptor antibody, it was found that
80-90% of neurons in hippocampal cultures were
labelled, whereas in DRG cultures only 5-10% of
neurons were labelled and with a much lower
intensity of staining. In double labelling experi-
ments with anti-FGF receptor antibody and biotiny-
lated FGF it was found that approximately 85% of
hippocampal neurons were co-labelled with both

Table 1 Effect of FGF treatment on HSV infection of septal neurons
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fluorescent antibodies, although FGF staining inten-
sity was greater than anti-receptor staining.

The results of FGF treatment on HSV infection of
medial septal neurons are summarised in Table 1. A
consistent feature in these experiments was the
wide variation in counts of both infected and unin-
fected cells with large standard deviations. The
untreated cultures comprised approximately 80%
MAP2* neurons, >10% GI'AP* astrocytes and occa-
sional FN* or GC* cells. The average number of
cells/coverslip prior to infection was similar with
and without FGF (data not shown). Following infec-
tion it can be seen that there was no significant dif-
ference in the percentage of total cells infected.
Infection was defined as a cell showing viral anti-
gen expression. When double-labelling experiments
were carried out using a combination of neurofila-
ment/MAP2 and anti-herpes antibodies, it was
found that although the percentage of identified
infected neurons with and without FGF treatment,
appeared different, this difference was not signifi-
cant (P = 0.05), indicating that FGF did not alter the
susceptibility of medial septal neurons to infection
and/or slow the viral lytic cycle. It was also calcu-
lated that the infected neurons comprised 22-31%
of the total cell population in these cultures.

The results of FGF treatment on HSV infection of
hippocampal neurons are summarised in Table 2.
The untreated cultures comprised approximately
66% MAP2* neurons, 25% GFAP* astrocytes and a
small number of GC* and FN* cells. Following
infection the percentage of the total cells infected

No FGF With FGF *P value
Mean SD Mean SD
i % Neurons in uninfected culture 79.2 15.6 82.4 10.3 >0.10
il % Neurons in infected culture 68 12.1 85.9 742 0.05
iii % Total cells infected 46.1 29 29.8 15.2 >0.10
iv % Neurons infected 31.1 23 22.3 15 >0.10
Figures are based on a total of 10 abservations in 5 independent experiments
*P values compare percentages with and without FGF treatment
Table 2 Effect of FGF treatment on HSV infection of hippocampal neurons
No FGF With FGF *P value
Mean SD Mean SD
i % Neurons in uninfected culture 70.8 12 54.7 45.5 > 0.10
ii % Neurons in infected culture 63.8 19 75.6 16.9 >0.10
iii % Total cells infected 37.3 30.6 36 12.7 >0.10
iv % Neurons infected 29.6 26.4 32.4 22, >0.10

Figures are based on a total of 9 observations in 5 independent experiments

*P values compare percentages with and without FGF treatment
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Figure 1 Rat hippocampal culture. Cells in culture were treated with basic FGF and infected with HSV. They were then double-
labelled with a combination of anti-MAP2 and anti-HSV antibodies followed by the appropriate fluorescein and rhodamine labelled
secondary antibodies. In (A) infected neurons are shown labelled with anti-MAP2 but only three of them (B) express HSV antigens. In
the uninfected control cultures (C) neurons are labelled with anti-MAP2 and in (D) show no expression of HSV antigens. (x 570).

Table 3 Effect of FGF treatment on HSV infection of DRG neurons

No FGF With FGF *P value
Mean SD Mean SD
i % Neurons in uninfected culture 77.1 9.5 82.1 8.3 >0.10
il % Neurons in infected culture 67.8 25.9 57 5.1 > 0.10
iii % Total cells infected 36.3 15.7 34.8 2.5 >0.10
iv % Neurons infected 35.1 16.9 45.5 3.9 > 0.10

Figures are based on a total of 9 observations in 5 independent experiments

was similar with and without FGF treatment with  on neuronal infection. The percentage of infected
no significant difference. The percentage of identi-  neurons was 29-32% of the total of the cell popula-
fied infected neurons was similar with and without  tion in these cultures which is similar to the case
FGF treatment (Figure 1). We interpret this result as  with the medial septal neurons.

indicating no positive evidence of an effect of FGF The results of FGF treatment on HSV infection of




DRG neurons are summarised in Table 3. These
experiments were carried out to provide compara-
tive data with the two central neuronal cultures and
also since we had previously obtained data using
NGF in this culture system (Clements and Kennedy,
1989). The untreated cultures comprised approxi-
mately 85% neurons, >10% Schwann cells and
occasional FN* fibroblasts. As was the case in the
other culture systems the total number of cells prior
to infection with and without FGF was comparable
(data not shown). The percentage of infected identi-
fied neurons was 35-45% of the total cell popula-
tion and was similar with and without FGF treat-
ment.

We have previously shown that NFG can modu-
late the HSV lytic cycle in PC12 cells but not DRG
neurons where its effects were minimal (Clements
and Kennedy, 1989). In the current experiments the
effects of FGF could be assessed as an independent
factor. Hippocampal neurons are well recognised to
possess FGF receptors (Wanaka et al, 1991; Walicke
et al, 1989); this was confirmed in the current study
by use of appropriate antibody staining. Further,
FGF, but not NGF, promotes the survival of dissoci-
ated hippocampal neurons in culture and also
enhances neurite extension (Cheng and Mattson,
1991). Although FGF has also been reported to have
trophic effects on septal neurons in culture
(Walicke, 1988), FGF receptor mRNA has not been
demonstrated in these neurons (Wanaka et al,
1991). For these reasons we considered that com-
parison of FGF’s neuroprotective effects during HSV
infection in the two culture systems would be of
interest. Neurons obtained from rat DRG were also
studied as a source of peripheral neurons to com-
pare with those obtained from central sources and
these cultures would not be expected to possess
FGF receptors. The very low FGF receptor expres-
sion in cultured DRG neurons was also confirmed
in this study. FGF is also of interest for two other
reasons. First, there is evidence to suggest that it
plays an important role in the interaction between
neuronal and glial cells in the CNS through its addi-
tional ability to stimulate the proliferation and mat-
uration of these cells in vitro (Pettmann et al, 1986).
Second, and relevant to the current study, the FGF
receptor has been implicated (Kaner et al, 1990) as a
means of cellular entry of HSV-1 although more
recent evidence has added contrary data. Thus,
HSV infection of cultured rat L6 cells as well as
smooth muscle cells, fibroblasts, endothelial cells
and neuroblastoma cells can all occur in the
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