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Argentine haemorrhagic fever (AHF) is a systemic febrile syndrome characterized by several haemato-
logical and neurological alterations caused by Junin virus (JUNV), a member of the Arenaviridae family.
Newborn mice are highly susceptible to JUNV and the course of infection has been associated with the
viral strain used. Galectin-3 (Gal-3) is an animal lectin that has been proposed to play an important role
in some central nervous system (CNS) diseases. In this study, we analysed Gal-3 expression at the tran-

Keywords: scriptional and translational expression levels during JUNV-induced CNS disease. We found that Candid
Cisrt;ficgft:;ion 1 strain induced, with relatively low mortality, a subacute/chronic CNS disease with significant glia acti-
GFAP vation and upregulation of Gal-3 in microglia cells as well as in reactive astrocytes that correlated with
Microglia viral levels. Our results suggest an important role for Gal-3 in viral-induced CNS disease.
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Argentine haemorrhagic fever (AHF) is a systemic febrile syndrome
that is characterised by several haematological alterations, and is
caused by Junin virus (JUNV), a member of the Arenaviridae family
[17]. Patients with AHF frequently present with central nervous
system (CNS) involvement in the acute period [15]. In addition,
although treatment with serum from convalescent patients reduces
mortality from 30% to 1%, about 10-15% of patients who receive
this treatment present with delayed neurological syndrome [7].
Interestingly, pathological findings in the CNS of both humans and
animal models do not reflect the severity of the disease [3,4]. In
addition, although it has been shown in animals that JUNV can
reach the CNS via a neural route [13], the mechanism(s) behind
JUNV pathogenesis remain poorly understood. Newborn mice are
extremely susceptible to JUNV, and high lethality (>90%) has been
reported upon exposure to virulent strains [4]. Histopathological
studies found that relatively mild meningo-encephalitis correlated
with JUNV antigen detection in the cytoplasm of neurons, and to
a lesser extent, in the cytoplasm of astrocytes; however, neurons
do not usually show major alterations [6,11]. In surviving animals,
the chronic stage of AHF is characterised by a gradual disappear-
ance of JUNV antigen, coupled with glial activation (including a
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prominent astrocyte reaction associated with enhanced glial fibril-
lary acid protein (GFAP) expression) and a lack of correlation with
the distribution of viral antigens [12].

Galectins are members of a growing family of [3-galactoside-
binding animal lectins, composed of one or two carbohydrate-
recognition domains (CRDs), containing approximately 130 amino
acids each [14,22]. Galectin-3 (Gal-3) has been shown to play a
pivotal role in diverse physiological functions, such as cell growth,
apoptosis, and mRNA splicing; as well as in pathological processes,
as an inflammatory mediator [26]. Although Gal-3 has also been
associated with microglial activation in mouse brains in a mouse
model of experimental autoimmune disease [23], its role in the CNS
under pathological conditions is poorly understood.

C57BL/6 mice were obtained from the Veterinary School, UNLP.
JUNV vaccine Candid 1 strain (C#1) and viral stock preparations
were described previously [5,16]. Groups of 12 newborn (<48 h old)
animals were inoculated, intracerebrally (ic) with 20 wL of virus,
containing 102 or 10* plaque-forming units (PFU). Control mice
received an equal volume of mock-infected Vero cell supernatants.
All animals received water and food ad libitum.

Mice were sacrificed (with the exception of spontaneous death)
at 10 (acute) or 40 (subacute/chronic) days post-inoculation (dpi),
and their brains were harvested. One hemisphere was frozen at
—70°C for later RNA or protein extraction, and the other was fixed
with 4% buffered paraformaldehyde, for subsequent histological
examination and immunohistochemical staining.

Paraffin-embedded, 6-pm thick sections from fixed brain
samples were stained with haematoxylin and eosin (H&E). Rat
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monoclonal anti-Gal-3 (M3/38 hybridoma) antibodies were used
for Gal-3 detection. Rabbit polyclonal anti-F4/80 (Abcam, USA)
and anti-GFAP (Dako, Denmark) antibodies were used to detect
activated microglia and astrocytes, respectively [2]. Anti-species
biotinylated antibodies and peroxidase-conjugated streptavidin
were purchased from Dako (Denmark). FITC-conjugated anti-rabbit
antibodies and Alexa 546-conjugated goat anti-rat antibodies were
purchased from Invitrogen (USA). Immunoperoxidase labelling
and immunofluorescence staining was performed as previously
described [6,20].

Total RNA samples from mouse brains were extracted using
TriReagent (Molecular Research Center), according to the manu-
facturer’s instructions. cDNA was synthesised from 1 g of total
RNA by reverse transcription using MMLV reverse transcrip-
tase (Promega, Argentina) and random hexamers (Byodinamics,
Argentina). After incubation for 1h at 42°C, samples were heat-
inactivated and kept at 4°C until further use. One pwL of cDNA
from each sample was used for Real-Time PCR (qPCR), as described
previously [21], with minor differences. Briefly, PCR amplifica-
tion and analysis was performed with a Line-Gene instrument
(Bioer) and LineGene K Flourescence Quantitative Detection Sys-
tem (Version 4.0.00 software). The TAQurate™ GREEN Real-Time
PCR MasterMix (Epicentre) was used for all reactions, following the
manufacturer’s instructions. Normalised expression values were
calculated from absolute quantities of the gene of interest and a
housekeeping gene. Standard curves for absolute quantification
were generated from purified amplicons, following confirmation of
their sequences. The concentrations of standard stocks, expressed
as the number of amplicon copies per volume unit, were cal-
culated from their absorbance at 260 nm. Stock solutions were
serially diluted 10-fold, to obtain a standard series ranging from
107 to 10* copies of amplicon per pL of standard. The primers
used were as follow: B-actin F 5CGTCATCCATGGCGAACTG3'; -
actin R 5’GCTTCTTTGCAGCTCCTTCGT 3’; GFAP F 5 TCCTGGAACA-
GCAAAACAAG3’; GFAP R 5'CAGCCTCAGGTTGGTTTCAT3'; Gal-
3 F: 5'GACCACTGACGGTGCCCTAT3’; Gal-3 R: 5'GGGGTTAAA-
GTGGAAGGCAA3'; JUNV F 5'CGCACAGTAAGGGGATCCTAGGC3;
JUNV R 5’GGCATCCTTCAGAACATC3’; and ionised calcium-binding
adapter molecule 1 (Ibal) F 5’CAGACTGCCAGCCTAAGACA3’; Ibal
R 5 AGGAATTGCTTGTTGATCCC3’ as marker of activated microglia
[2].

Total brain lysates from mock and JUNV-infected mice were
obtained by homogenisation in RIPA buffer [5]. Western blotting
was performed as previously described [5]. Briefly, protein sam-
ples were separated by SDS-PAGE on 10% polyacrylamide gels and
transferred to PVDF membranes. Blotted membranes were incu-
bated overnight at4 °Cwith PBS 0.1% Tween-20 (PBST) 5% skimmed
milk. After washing with PBST, membranes were incubated with
one of the following primary antibodies: mouse monoclonal anti-
[3-actin (GenScript), or the already described anti-Gal-3, anti-GFAP,
anti-F4/80 (Abcam) or our own rabbit polyclonal anti-N protein of
JUNV for 1h at 37°C. Membranes were washed again and incu-
bated with anti-mouse-HRP (Santa Cruz Biotechnology), anti-rat
biotinylated (Dako), or anti-rabbit HRP (Dako) secondary antibod-
ies, respectively, for another hour at 37 °C. Membranes incubated
with anti-rat biotinylated antibody were incubated for a further
hour at 37 °C with streptavidin HRP (Dako). Bands were detected
by enhanced chemiluminescence (ECL) (Amersham) and quan-
tified using LabWorksTM 4.6 (Image Acquisition and Analysis
Software).

All newborn animals inoculated with 10 PFU of the C#1 strain of
JUNV died before 21 dpi; while, in contrast, those receiving 102 PFU
had a 30% mortality rate at the end of the observation period (spon-
taneous death was not observed in mock-infected animals). Viral
infection was confirmed by qPCR in all JUNV-infected animals, and
no virus was detected in mock-infected animals (data not shown).
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Fig. 1. Upregulation of Gal-3 in JUNV-infected mice correlated with glia activation
markers. (A) Real-time PCR shows enhanced transcription of Gal-3, GFAP and Iba1, in
samples taken from the brains of animals inoculated with C#1 versus mock-infected
animals, at 10 and 40 dpi. (B) Western blot analysis: Gal-3, GFAP and F4/80 protein
expression at 10 and 40 dpi were also higher in the brains of animals inoculated with
C#1 versus mock-infected animals. Both RNA (A) and protein levels (B) of JUNV were
higher at 40 dpi compared to 10 dpi. Results are representative of three different
experiments. *, p<0.05.

Significantly higher levels of both JUNV RNA and protein were
detected at 40 dpi versus 10 dpi (Fig. 1A and B). After normalisa-
tion with actin (a housekeeping gene), qPCR revealed significantly
higher levels of Gal-3 mRNA, GFAP, and Iba1, in samples collected at
both 10 and 40 dpi versus uninfected controls (Fig. 1A). In general,
Western blotting analysis supports these qPCR results (see Fig. 1B)
with both procedures showing higher levels at 40 dpi compared to
10 dpi.

Based on H&E staining, mock-infected mice showed no signs of
disease in the acute (Fig. 2A) or chronic stage (data not shown).
In contrast, C#1-infected animals showed signs of mild meningo-
encephalitis, such as brain congestion, perivascular cuffing of
polymorphs and mononuclear cells, little neuronal necrosis, and
moderate cerebral infiltration of inflammatory cells during the
acute stage (Fig. 2B); which persisted until the end of the obser-
vation period (data not shown).

In order to examine the tissue distribution of Gal-3, GFAP and
F4/80 antigens, sections from control and JUNV-infected mouse
brains were analysed by immunohistochemistry. At 10 dpi, Gal-
3, GFAP and F4/80 immunoreactivity was almost undetectable
in the brains of mock-infected mice, and only slightly visible in
the CNS of JUNV-infected mice (data not shown). At 40 dpi, con-
trol samples showed clear GFAP staining (Fig. 3E and F), but very
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Fig. 2. Histopathology of JUNV-infected animals. Representative haematoxylin and
eosin staining of hippocampus sections from mock- (A) or C#1-infected animals
(B). Control animals showed normal tissue; whereas C#1-infected animals at 10 dpi
showed moderate parenchymal infiltration of mononuclear cells, some neuronal
necrosis, and small vessels with perivascular cuffing. Similar observations were
made at 40 dpi. 200x.
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Gal-3

Fig. 3. Tissue distribution of Gal-3, GFAP and Iba1l in JUNV-infected animals. Rep-
resentative slides from immunohistochemical staining of Gal-3, GFAP and F4/80,
on hippocampus and cerebellum sections of mock-infected mice (A-B, E-F and I-]),
and C#1-infected mice at 40 dpi (C-D, G-H and K-L), respectively, showing different
antigen distribution patterns. Slides were counterstained with haematoxylin. 150x.

faint Gal-3 and F4/80 immunolabelling (Fig. 3 A-B and I-], respec-
tively). In contrast, in C#1-infected samples, an increased number
of immunoreactive Gal-3, GFAP and F4/80 cells was observed (Fig. 3
C-D, G-H and K-L, respectively).

In addition, most F4/80-positive cells were found in close prox-
imity to other mononuclear cells suggesting the presence of an
infiltrating cell exudate. In contrast, activated astrocytes (GFAP-
positive cells) showed a more lesion-independent distribution.
For Gal-3-positive cells,immunohistochemistry results suggest the
presence of both infiltrating macrophages and activated microglia,
and, in some cases, activated astrocytes.

Finally, to identify cells expressing Gal-3, CNS sections from
JUNV-infected mice were double-labelled and analysed by confocal
immunofluorescence microscopy: revealing that most of the F4/80
positive cells and some GFAP positive cells were also positive for
Gal-3 (Fig. 4A-F).

Although the capacity of several JUNV strains to induce exper-
imental murine CNS disease has been extensively investigated
[4]; the C#1 strain has only been examined in terms of mortality
rates versus age [18]. Therefore, in the present study, we further
characterised this experimental model in order to enable inves-
tigations into the disease at the subacute/chronic stage. In fact,
while infecting mice with 10% PFU resulted in 100% mortality, a
100-fold decrease in viral inoculum still induced CNS disease in all
inoculated animals, with a relatively low mortality (30%).

To the best of our knowledge, this is the first description of an
experimental model of C#1-induced CNS disease.

To study the expression of Gal-3 in this system, we correlated
Gal-3 levels with JUNV burden, at both the transcriptional and
translational levels, coupled with the degree of glial activation.
Interestingly, we found an increase in glial activation with time,
which correlated with significantly higher levels of Gal-3 and JUNV
at both the RNA and protein levels.

Immunohistochemistry analysis clearly demonstrates an
increase in Gal-3, GFAP and F4/80 positive cells at 40 dpi, although
the tissue distribution was not similar. Double-labelling analysis
revealed that most Gal-3-positive cells were activated microglia;
whereas some cells with an astrocyte phenotype also showed
colocalisation of Gal-3 and GFAP, in agreement with recent stud-
ies on hypoxia-ischemia [2,27]. However, these observations
are in contrast with previous studies conducted on a mouse

F4/80

Fig. 4. Confocal microscopy analysis of Gal-3, F4/80 or GFAP JUNV-infected animals
at 40 dpi. Confocal image following double-immunostaining for Gal-3 and F4/80.
Most Gal3-positive cells (A) were also positive for F4/80 (B). The merged image is
shown in (C). In addition, some Gal-3-positive cells (D) were also GFAP-positive (E).
The merged image is shown in (F). Scale bar, 20 pm.

model of prion disease, where Gal-3 was expressed only in
brain macrophages/microglia, but not in activated astrocytes [9].
Although this apparent contradiction may be explained by differ-
ences between these diseases; it should be noted that because
Gal-3 expression is lower in astrocytes than activated microglia,
astrocytes may require a certain degree of activation before Gal-3
can be detected by this technique. In any case, the ability of
astrocytes to express Gal-3 has been confirmed in recent in vitro
studies [8].

The functional roles of Gal-3 in the CNS have only recently
begun to emerge [1,8,23]. Considering that Gal-3 induces the acti-
vation of chemokine receptors [25], and is a potent chemoattractant
molecule for monocytes and macrophages associated with the
phagocytosis of microorganisms and apoptotic cells [24], it is con-
ceivable that increased expression of Gal-3 in JUNV-induced CNS
disease might be involved in the phagocytosis of infected cells.

Both detrimental and beneficial roles have been associated with
enhanced Gal-3 expression in the CNS. For example, in an experi-
mental prion disease model, increased Gal-3 expression has been
associated with a detrimental role in activated microglia [19].
On the other hand, in cerebral ischemia, it has been suggested
that some Gal-3-positive cells represent a specific population
of insulin-like growth factor I-positive resident microglial cells,
with protective rather than damaging properties [10]. Because
astrocyte activation may represent a beneficial cell response to
viral-induced CNS damage [6], the role of Gal-3 expression in
reactive astrocytes in viral-induced CNS damage must be deter-
mined.

In conclusion, we report the first description of a murine CNS
disease induced by the C#1 strain of JUNV. The use of the C#1 strain
is advantageous for biosafety reasons, and because of its wide avail-
ability. Since JUNV-induced CNS disease is strain dependent, the use
of the C#1 strain in future studies may enable more standardised
comparisons. We also present the first study of Gal-3 expression
in a viral-induced CNS disease, and propose that Gal-3 expression
by activated microglia/macrophages and astrocytes after viral CNS
infection may play a role in the subsequent CNS disease. Further
experiments using a transgenic animal model, such as Gal-3 knock-
out mice, may help us better understand the specific role of Gal-3
in the pathogenesis of JUNV-induced CNS disease.
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