Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 91(5): 621-625, Sep./Oct. 1996 619

Rabies Virus Infection of Cultured Adult Mouse Dorsal Root
Ganglion Neurons
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Aninvitro model of adult dorsal root ganglion neuronsinfection by rabiesvirusisdescribed. Viral
marked neurotropism is observed, and the percentage and the degree of infection of the neurons is
higher than in non neuronal cells, even if neurons arethe minority of the cellsin the culture. The neuritic

treeisalso heavily infected by the virus.
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Rabies virus targets are mainly located in the
central nervous system (CNS). Most pathological
effectsof thisviral infection take placethere (Jack-
son & Reimer 1989, King & Turner 1993, Mrak &
Young 1994). However, it is known that rabies
virus use the retrograde axoplasmic transport in
order to arrive to the CNS where it expresses its
pathogenic role, and gives rise to a fatal
encephalopathy. In vivo evidences, show that up-
take and transmission of the virus by the periph-
eral nervous system are fundamental stepsin the
infection. Interruption of retrograde axoplasmic
transport by ligation, sectioning or local aplication
of some drugs (capable of inhibiting the assembly
of microtubules) can prevent thein vivo infection
(Baer et al. 1965, 1968, Tsiang 1993, King &
Turner 1993, Mrak & Young 1994). Dorsal root
ganglion (DRG) neurons are believed to be acru-
cial bridge alowing rabies virus to pass from pe-
riphery to CNS. In experimental animals, immun-
ofluorescent virus particles have been observed in
DRG neurons (Charlton & Casey 1979). Intramus-
cular injections of virus suspensions resultsin an
early arrival of the virus to sensory neurons (18-
60 hr postinfection) and the number of infected
cells increase with time (Murphy et al. 1973,
Coulon et al. 1989). In vitro experiments demon-
strate that DRG neurons are capable to transport
the virus in both, retrograde and anterograde di-
rections(Tsiang et al. 1989). However, all reported
in vitro experimentsinvolving DRG neurons and
rabies virus are made using embryonic tissues
(Tsiang et al. 1983, Lycke & Tsiang 1987, Mrak
& Young 1994) which are different from the adult
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cells. For example, the growth factor dependence
of DRG neurons changeswithtimeasshowninin
vitro (Buchman & Davies 1993) and knockout
experiments (Klein 1994). The majority of DRG
neurons from adult animals survive in NGF-im-
munized animals, but embryonic DRG neurons do
not (Rich et al. 1985). In addition, sciatic section
in newborn animals resultsin ahigher DRG neu-
rons mortality than the same procedure in adult
animals (Otto et al. 1987). Finally, adult isolated
DRG neurons can be maintained in culture with-
out the addition of growth factors. In contrast, em-
bryonic DRG neurons, require NGF in order to
survive (Eichler & Rich 1989, Ruit et al. 1992).
In other models of viral infection, the degree
of differentiation attained by the neurons deter-
mines some aspects of the infection. For example,
HIV-1 gene expression and replication in neuronal
and glial cell lines are augmented by the addition
tothe cell of nerve growth factor at concentrations
which induces neuronal differentiation (Ensoli et
a. 1994). In contrast, theinfection of human SH-
SY5Y neuroblastoma cells by HIV-1 isinhibited
by differentiating agents like retinoic acid or
dibutyril CAMP (Vesanen et a. 1994). Human cy-
tomegalovirusreplicationin HCN-1A cells (aneu-
ronal cell line) largerly depends on differentiation.
Release of infectious progeny from the differenti-
ated cellsis greater by 100- to -1000 fold, and the
cytopathic effect appeared earlier and ismore pro-
nounced in differentiated cells (Poland et al. 1994).
Considering that DRG neurons are an entry
door to the CNS, that DRG neurons from adults
areknown to be different from the embryonic neu-
rons, and that viral infection and replication varies
depending on the differentiation degree of the neu-
rons, we have decided to study the in vitro infec-
tion of adult neurons by rabies virus. Our results
show a high degree of neurotropism of rabies vi-
rus toward adult mouse DRG neurons. This sys-
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tem may represent an usefull tool to understand
important stepsin rabiesinfection as binding and
entry to the adult neurons, and viral replication and
transport.

MATERIALSAND METHODS

Virus- The Challenge Virus Standard (CVS)
strain of fixed rabies virus was used. Virus were
obtained from supernatants of BHK-21 infected
cells. Cell monolayers were cultured on 75 cm?
plastic flasks and infected at confluence with 2 ml
viral suspension (10°° LDc). The cells were in-
cubated for 4 days at 33°C in Minimun Essential
Medium without fetal calf serum. Thecultureflasks
were frozen and thawed twice to recover intracel-
lular virus, the supernatants were centrifuged to
remove cell debris, divided into aliquots and
stored at -70°C until use (Kaplan & Koprowski
1973).

Titration of virus - In vivo, virus titers were
obtained using intracerebral injection in young
mice. Animals were observed daily, and deaths
were recorded. In vitro, virustiters were obtained
by counting the number of fluorescent foci in
VERO infected cells (Kaplan & Koprowski 1973).

Dorsal root ganglion cell cultures - Two 18-
20 g ICR micewere used per culture. Theanimals
were killed by cervical dislocation, followed by
removal of the vertebral column under alaminar
flow hood. Gangliawere collected with forcepsin
DMEM with antibiotics, and dissociated with col-
lagenase (1 mg/ml prepared in DMEM) during 2
hr. Dissociation was completed by pipeting through
a narrow mouth Pasteur pipete. The cell suspen-
sionwascentrifuged (200 x g, 10 min), the super-
natant was discarded and the pellet resuspended in
1 ml of DMEM supplemented with 10% fetal calf
serum (FCS). After counting in an hemocytometer,
1000 living (Trypan blue negative) neurons/well
were seeded on 24 well dishes with round glass
coverdips coated with poli-I-lisine (10 ng/ml). Af-
ter 48 hr in culture, the medium was changed and
replaced by DMEM additioned with cytosine ara-
binoside (10> M) in order to reduce the prolifera-
tion of non neuronal cells. Three days after, the
cultures were ready for infection (Matsumoto et
al. 1974, Lycke & Tsiang 1987).

Infection of DRG cell cultures - On fifth day,
the medium were washed and the cultures were
infected with 500 mi of 10'1 or 102 dilution (in
DMEM+ 10% FCS) of the stock rabies virus sus-
pension. After incubation 6 hr at 37°C, the inocu-
lum was removed and replaced with fresh culture
medium without cytosine arabinoside and incu-
bated for 48 hr. To defineif the infection detected
needslivevirus, some cellswereinfected with U.V.
inactivated virus. In addition to define if detect-

ablebinding of thevirusoccursonly toliving cells,
some paraformal dehyde fixed DRG cultures were
infected.

Fluorescence - Controls and rabies virus in-
fected cultures were processed with a hamster an-
tirabies 1gG conjugated with fluorescein
isothiocyanate, diluted 1/30 in Evans blue. The
fluorescent conjugate was prepared by Immunol-
ogy and Virology Laboratories of the National 1n-
stitute of Health from Colombia. The coverdips
with the cultures were washed with phosphate buff-
ered saline (pH 7.0), fixed with paraformal dehyde
4% for 30 min at room temperature, washed,
permeabilized with 0.1% Triton X-100 and incu-
bated at 37°C with the conjugated antibody for 30
min. Incubation for 10 min at room temperature
with bisbenzimide (5 mg/100 ml) wasfollowed by
washing with distilled water, air drying and mount-
ing with buffered glycerol, pH 9.0. Cultures were
observed and photographed under fluorescence
epiillumination. Control wellswere processed ina
similar fashion, but in the absence of rabies virus
or in the absence of primary antibody. In order to
control if the viral particles were located within
the cells, some infected cells were treated for
immunodetection, but without permeabilization.

Quantification - Counts were made on color
photographic prints. Eigth random views of each
coverdip were photographed twice (onewith fluo-
rescein and other with bisbenzimidefilters). Total
number of cells was determined by counting the
number of nuclei (stained by bisbenzimide). The
number of infected cellswas determined by count-
ing the number of fluorescein labeled cells. Neu-
ronswereidentified by their large size and charac-
teristic morphology in culture (round somaand well
developed neuritic tree). Cell numbers were ex-
pressed as total number of cells (infected,
uninfected, neurons, non neuronal cells). Datawere
obtained from eleven wells of 101 dilution and
ten wells of 102 virus dilution.

Satistical analysis - Data reported here were
obtained from three different cultures. In order to
defineif cultured adult DRG neuronswere prefer-
entially infected by rabies virus (neurotropism),
Chi-sguare tests were used to compare (for each
dilution of virus) the total number of infected ver-
sus uninfected neurons and non neuronal cells.We
have also tested if the dilution (10" or 102) of the
virus interfereswith the total number of infected
neuronal or non neuronal cells.

RESULTS

Morphology - Phase contrast - All cultures
(infected and uninfected) presented large cellswith
highly refringent soma and well developed neu-
ritic trees (Fig. 1). These morphological features
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Fig. 1. phase contrast aspect of infected DRG cell cultures.
Neurons (N) with large, refringent round soma and well de-
veloped neuritic tree (arrows) are present. Many non neuronal
are also observed. Bar = 100mm.

were characteristic of healthy DRG neurons. A
large number of nonneuronal cells were also
present in the cultures. |mmunofluorescence- DRG
cellsshowed avariable degree of infection depend-
ing on cell type. Many neurons are infected and
many of them heavily. The soma from infected
neurons appeared as large immunofluorescent
sphereswith well labelled neuritic trees (Fig. 2a).
Most non neuronal cellswere also infected but not
asheavily asneurons (Fig. 2b). Mock infected cul-
tures were used as control and were devoided of
detectable immunoreactivity (Fig. 2c). Non
permeabilized cultures showed afaint labelingin
a small number of cells (data not shown). Fixed
cultures showed no immunoreactivity.
Quantification - No statistical differenceswere
detected in the three cultures used in each dilution
therefore we pool data from all of them. For dilu-
tion at 1071, total cell counts showed that neurons
weretheminority of cellsin the cultures (19.42%).
However, theimmunofluoresce dataindicated that
81.41% of the neuronsand 25.81% of the non neu-
ronal cells were infected by rabies virus and this
differencewas statistically significative (p<0.001).
For dilution 102 the results are similar (p<0.001)
(Table). The percentage of neurons was only
17.59%, but 81.61% of them was infected. Non
neuronal cellsrepresented 82.41% of thetotal, but

C

Fig 2: immunofluorescence detection of infected cells (expo-
sure time of 60 sec for al photographies). A: adult DRG cells
heavily infected by rabies virus appear as large immunofluo-
rescent spheres (N). Neuritic trees are also infected (arrows).
B: infected non neuronal cells are shown (arrows). They are
not as heavily labeled as neurons. C: control uninfected DRG
cell cultures. No virus was added and the culture was pro-
cessed for immunohistochemistry. No immunoreactive cells
are present. Bar = 50 mm.
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TABLE
Comparison of neuronal vs non neuronal cells infected with two vird dilutions
Dilution 1 Dilution 2
Infected Uninfected Infected Uninfected
Neurons 609 139 688 155
Non neurona cells 801 2,302 626 3,323
Total 1,410 2,441 1,314 3,478

Neurons exhibit a high risk of infection. Relative risk = 3.15, p<0.001 (dilution 1). Relative risk = 5.15, p<0.001
(dilution 2). No differences in neuronal infection are observed between dilutions 1 and 2. p>0.05. Non neuronal
cells infection is smaller in dilution 2 compared to dilution 1. p<0.001.

only 15.85% of them were infected. This differ-
ence in degree of infection between neuronal and
non neuronal cells was aso highly significative
(p<0.001).

For the two dilutions tested, there were no sta-
tistical differences in the number of infected and
uninfected neurons (p>0.05), but in dilution
2 (10°2) the number of non neuronal cellsinfected
was smaller thanin dilution 1 (10'1) (p<0.001). In
other words, non neuronal cells presented a higher
risk of infection (relative risk 1.53) with dilution
1 thanwith dilution 2.

DISCUSSION

Therdative susceptibility of different cell types
from DRG gangliawas explored in vitro, and as-
suming that all cellswerein areal monolayer, they
should be equally accessible to the virus. Even if
neurons represent only a minority of the cellsin
our cultures (about one fifth), most of them were
infected and the neuritic tree was conspicoudly in-
vaded by rabiesvirus. Thisneurotropismisin good
agreement with the experiments carried out using
embryonic DRG cells: in 1983, Tsiang and co-
worker showed that embryonic (E15) mouse DRG
cells were infected by rabies virus. Licke and
Tsiang (1987), using E15-E17 wistar rats DRG
cellsestablished that rabiesviruswastaken by DRG
neurons and retrogradely transported in vitro. In
1989 Tsiang and coworkers also demonstrate de
existence of anterograde transport of rabies virus
by embryonic DRG rat neurons. However, to the
best of our knowledge, no published dataexistson
thein vitro infection of adult DRG neurons by ra-
biesvirus. It is well known that embryonic DRG
neurons are different in many aspects from adult
DRG neurons. Depending on the developmental
stage, embryonic DRG neurons need NGF, BDNF
or NT-3 for their survival (Eichler & Rich 1989,
Buchman & Davies 1993). In contrast, the vast
majority of adult rat DRG neurons survivein cul-
ture in the absence of NGF or other neurotrophic

factors (Lindsay & Harmar 1989). Besides, it has
been demonstrated that the percentage of DRG
neurons expressing MRNA from the nicotinic re-
ceptor a3 subunit varies with age, from a 14% at
E81t022% at 1 month postnatal (Boyd et al. 1991).
Thisobservation is particularly important if nico-
tinic receptors participate on theinitial stepsof the
infection. Asaready stated, viral infection and rep-
lication may also depend on the devel opmental age
of the neurons (Ensoli et al. 1994, Polland et al.
1994, Vesanen et al. 1994).

The reason for the high susceptibility of neu-
ronsto beinfected by rabiesvirusisstill unknown.
Itisbelieved that the virusinteract with membrane
receptors before entering the cells. The exact na-
ture of these receptors is under considerable con-
troversy. Glycolipids and nicotinic acetylcholine
receptors are the most accepted candidates (King
& Turner 1993). Both type of molecules are ex-
pressed by DRG cells (Halvorsen & Berg 1986)
but the knowledge on nicotinic receptors on these
cellsis still fragmentary. An interesting finding
was the observation that neurons are not suscep-
tible to a “dilution effect” (at least in the range
used). On the other hand, it appears that non neu-
ronal cellsareless affected when the viral suspen-
sionarediluted. This phenomenon stresstheinvitro
expression of rabies virus neurotropism. We have
no explanation for this difference, but it would be
tempting to especul ate that at higher dilutions, itis
possibleto distinguish between somekind of “spe-
cific binding” (in neurons) from “unespecific bind-
ing” in non neuronal cells.

It is important to consider another important
fact. Invitro, aswell asin vivo, DRG neurons ex-
hibit an important neuritic tree. An interesting
posibility that may help to understand the high lev-
els of infection of neuronsisthe fact that the neu-
ritic tree represents a large amount of the mem-
brane and cytoplasm of the DRG neurons. Indeed,
in vitro, neurites are often heavily infected by ra-
biesvirus. Thisisin agreement with the capability



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 91(5), Sep./Oct.1996 623

of DRG cells to transport rabies virus in both di-
rections (retrograde and anterograde). A possible
scenarioisthat DRG neuronsin vitro, increase their
contact surface with the virus by means of their
neuritic tree. If thisincrease is combined with the
presence of “receptors’ the high levels of infec-
tion supported by DRG neurons can be explained.
We can conclude that adult DRG cells can be
infected in vitro by rabies virus. In addition the
virus show a high tropism towards DRG neurons,
even in conditions where much more non neuronal
cellsthan neurons are present in the cultures.
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