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Abstract Rabies is an acute viral infection that causes
encephalomyelitis in almost all warm blooded animals and
is invariably fatal once the clinical signs appear. The pre-
sent study was carried out to assess the effect of recom-
binant human interferon alpha (rhIFN o-2A) treatment on
the survival of rabies infected mice and its correlation with
cytokines expression. The gene expression of TNF-o and
IL-6 was measured by SYBR Green Real Time PCR for
two groups—“Pre-exposure” (mice were inoculated with
rhIFN a-2A prior to rabies infection) and “Post-exposure”
(mice were inoculated with thIFN o-2A post rabies virus
infection). Delayed mortality was observed in interferon
treated infected groups. In addition, statistically significant
decrease (P < 0.0001) in the expression of TNF-o and IL-6
was observed, both in the pre-exposure and post-exposure
groups. These findings indicate that modulation of cytokine
secretion using exogenous biologicals such as rhIFN may
offer novel therapeutic approaches to treat diseases such as
rabies.

Keywords Rabies - Interferon - Cytokines - Therapeutic

Introduction

Rabies is known since antiquity, yet the present situation is
quite poignant. A highly effective and 100 % preventable
post-exposure prophylaxis already exists [33], despite this,
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rabies continues to pose a significant health problem
particularly in rural communities. In addition, once the
clinical signs and symptoms appear, vaccination and
immunoglobulin are ineffective and the disease invariably
proves to be fatal. However, an interesting case of com-
plete recovery of a symptomatic patient after experimental
therapy of antivirals during drug-induced coma [12, 35] has
opened up new avenue for effective therapeutics.

The use of synthetic immunomodulators such as Hepon
[29], anti-viral drugs and interferon or interferon inducers
against rabies has previously been reported in various ani-
mal models [10]. Bovine parainfluenza type 3 virus and
Influenza virus vaccine have also demonstrated protection
against rabies virus (RV) in rabbits [13] and hamsters [34]
respectively. Investigators have previously demonstrated
success against RV even with Polyriboinosinic—Polyribo-
cytidylic acid (poly I:C) [13], a synthetic double stranded
RNA and a potent interferon inducer [16]. The underlying
mechanism of poly I:C is presumed to be stimulation of high
levels of serum interferon [11], though it appears to be a
poor inducer in man, thus limiting its use [6, 8]. However,
Levy et al. have showed that high levels of serum interferon
can be induced in primates on conjugation of poly I:C to
poly-L-lysine and carboxymethylcellulose [16]. In addition,
the effect of exogenous interferon treatment in RV infected
mice or monkeys has also been investigated by many
researchers [9, 10, 24, 32]. However, the mechanism behind
the reported protective activity of exogenous interferon is
not clear. Recently Tohamy et al., demonstrated that pre-
treating rabies infected mice with interferon significantly
reduced cytogenetic changes [31]. These reports formed the
basis of the present study which is an attempt to investigate
the role of recombinant human interferon alpha (rhIFN o-
2A) on prognosis and expression of innate immunity
cytokines during rabies infection.
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Materials and methods
Animals, virus, interferon and antibodies

Three to four week old Swiss Albino mice were inoculated
with CVS-11, a fixed RV strain. Roferon-A—recombinant
human interferon alpha-2a (thIFN o-2A) of 3 million IU
(MIU), by Roche Pharmaceutical was also included in the
study. Light Diagnostics™ Rabies Polyclonal DFA reagent
(Goat IgG FITC Conjugate) specific as anti-RV nucleo-
protein (N), reactive with all lyssaviruses; was obtained
from Merck, Millipore, Inc.

Animal infection and tissue collection

Mice were divided into five groups of six mice each.
Groupl (CVS)- mice were i.c inoculated with 10LDs, (in
30 pL) of CVS; Group 2 (Interferon)- mice were i.c
inoculated with 30 pL of 3 x 10° IU/mL of interferon;
Group 3 (Pre-exposure)- mice were primed with 30 pL of
3 x 10° IU/mL interferon followed by 30 pL of 10LDs, of
CVS 24 h later; Group 4 (Post-exposure)- mice were i.c
inoculated with 30 puL of 10LDsy of CVS and 24 h post
infection (p.i), 30 pL of 3 x 10° IU/mL interferon was
given; Group 5 (Control)- Phosphate buffered saline (PBS)
inoculated mice served as controls. All the procedures were
conducted in accordance with guidelines under animal
protocols approved by the Institute Animal Ethics Com-
mittee and Committee for the Purpose of Control and
Supervision of Experimental Animals (CPCSEA) guide-
lines. All groups of mice were observed daily twice for
clinical findings. In virus infected groups, when moribund,
mice were euthanized; brain tissues were harvested and
stored at —80 °C until further processing. By day 7 p.,
mice from all the groups were sacrificed and brain tissues
were harvested.

Direct fluorescent antibody test (FAT)

To detect the presence of rabies antigen in harvested tissues
from Group 1, Group 3 and Group 4, impression smears
were made and the slides were stained using the Rabies
Polyclonal DFA reagent (Merck, Millipore, Inc.) as per
CDC protocol for post-mortem diagnosis of rabies in ani-
mals [4]. Briefly, touch impression smears were made on
glass slides from the harvested brain tissues and allowed to
air dry. 1:20 diluted DFA reagent was added, enough to
cover the smear area and incubated in humid chambers at
37 °C for 30 min in dark. The slides were then washed
(3 x 10 min) with 1x PBS and air dried (in dark) and
observed under a fluorescent microscope.

Total RNA extraction

Harvested mice brains were homogenized in PBS, cen-
trifuged and supernatant was added to the AVL (lysis
buffer) provided in the kit. Total RNA was extracted
manually using a QIAamp® Viral RNA mini kit (Qiagen
India Pvt. Ltd., New Delhi, India) as per the manufacturer’s
instructions. The extracted viral RNA was stored in a
—80 °C freezer until further processing.

Nested RT-PCR

To confirm the results of direct fluorescent antibody test,
nested RT-PCR specific for N gene was performed on
extracted RNA using a protocol by Nagaraj et al. with
minor modifications [21] using gene specific primers
(Table 1). The first-round PCR was performed using a one-
step Reverse Transcriptase PCR (RT-PCR) kit (Qiagen)
and the second-round PCR was carried out using a PCR
Master Mix (Fermentas Inc., Maryland, USA) as per the
manufacturer’s instructions. The PCR products were then
run on agarose gel electrophoresis (1.5 % agarose gel

Table 1 Amplification primers for outer and inner nested RT-PCR, pro-inflammatory genes and housekeeping gene

Gene Direction (5'-3") Sequence Product length (bp)

(Outer) N Forward GCTCTAGAACACCTCTACAATGGATGCCGACAA 1477

(Outer) P Reverse GGATTGAC(AG)AAGATCTTGCTCAT

(Inner) N Forward TTGT(AG)GA(TC)CAATATGAGTACAA 762
Reverse CTGGCTCAAACATTCTTCTTA

GAPDH Forward GGAGAAGCTGCCAATGGATA 218
Reverse GTGGTCTTCACGTTCGCATT

TNF-o Forward TTGACCTCAGCGCTGAGTTG 374
Reverse CCTGTAGCCCACGTCGTAGC

IL-6 Forward GTACTCCAGAAGACCAGAGG 308
Reverse TGCTGGTGACAACCACGGCC
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infused with SybrSafe® Invitrogen dye for visualization);
for the confirmation. The nested PCR product had a size of
762 bp.

Real-time SYBR Green PCR

Total RNA extracted (as described earlier) was also used
for detection of innate cytokines namely TNF-o and IL-6
(Table 1) using Takara One Step SYBR® Ex Tag™ qRT-
PCR Kit as per manufacturer’s instructions. Glyceralde-
hyde-3 phosphate dehydrogenase (GAPDH) was used as an
endogenous reference gene. Briefly, 2 pL. RNA template
was added to 18 pL reaction mixture (as per manufac-
turer’s instructions) with 0.8 uM primer for each of the
target genes. The cycling conditions used were: RT step
42 °C/300 s; RT inactivation 95 °C/10 s; 40 cycles of
Denaturation, 94 °C/30 s; Annealing 54 °C (GAPDH),
50 °C (TNF-a), 55 °C (IL-6), for 45 s and Extension
72 °C/60 s; followed by melt curve analysis, 95 °C/60 s;
increase in temperature from 60 °C to 95 °C at R-0.2 °C.
Amplification, data acquisition and analysis were carried
out by using ABI Step One instrument. Relative gene
expression of cytokines was analysed using the compara-
tive Ct method (2~22€T method) [17, 28].

Statistical analyses

Results for each of the innate cytokine gene expression
were expressed as mean £+ SEM for each group under the
study. Evaluation of the significances of the differences
between the means of parameters was performed using
one-way ANOVA and Tukey test. In all cases, P < 0.05
was considered significant. Graphs were plotted and sta-
tistical analyses were done using GraphPad Prism 5 Soft-
ware (GraphPad Software, San Diego, CA).

Results
Clinical manifestations

All the experimental groups under study were observed
daily for clinical findings and mortality, if any. No clinical
abnormality or mortalities were observed in group 2 (In-
terferon) and group 5 (control), considering which at the
end of observation period; a complete necropsy was per-
formed in all the animals following euthanasia. All tissues
and organs were grossly checked but no abnormalities were
noted. In RV inoculated groups i.e. group 1 (CVS), group 3
(Pre-exposure) and group 4 (Post-exposure) characteristic
clinical changes were observed in mice in the form of
ruffling of fur, toe walking, hunched back, hind limb
paralysis, complete immobilization, tremors and finally

death (Fig. 1). Signs in all three CVS infected groups
began to appear on day 3 p.i. but hind limb paralysis was
more pronounced by day 5 p.i. Interestingly, while com-
plete immobilization was observed by day 6 p.i. in all three
groups, it started culminating into death in group 1 and was
more pronounced in group 3 by day 7 p.i. but no mortality
was observed in group 4. Mice in post-exposure group
continued to remain immobile and exhibited tremors till
day 7 p.i.

Antigen detection

In addition to the clinical manifestations, characterization
of central nervous system (CNS) invasion in all three CVS
infected groups was ascertained by immunofluorescence
(FAT) and conventional nested RT-PCR. FAT results were
interpreted and graded based on staining intensity and
distribution of antigen (Fig. 2a, b). It is important to
emphasize that there appeared to be no difference in anti-
gen distribution pattern or staining intensity in the FAT
results between the pre-exposure and post-exposure groups.
Immunofluorescence results were confirmed and found to
be in consensus with results of nested PCR (Fig. 2c).

Effect on innate immunity cytokines

In order to assess the effect of rhIFN on expression of
innate immunity cytokines, mRNA levels of TNF-o and
IL-6 were determined using real time SYBR green PCR. It
was observed that TNF- o and IL-6 levels were found to be
upregulated between 1.9 and 7.9 fold in groups inoculated
with only CVS or only IFN at 7 d.p.i. However, a 16 fold
downregulation in the levels of TNF-o was observed in the
pre-exposure group as oppose to the 4 fold decrease in
post-exposure group. Similarly, an evident downregulation
in IL-6 levels was observed in the interferon treated groups
with a little over 2-fold downregulation in post-exposure
group that exhibited delayed mortality (Fig. 3).

Discussion

Interferon, has been known to modify the immune response
of the CNS—behaviourally as well as neurophysiologically
[5, 27] and our previous study has shown that exogenously
administered thIFN o can effectively modify cytokine
expression in the brain [20]. Our results were similar to that
reported by Tohamy et al., where pre treatment of mice
with IFN, 24 h before infection delayed the onset of
specific rabies signs [31]. Therefore, based on development
of characteristic signs of illness in the pre-exposure and
post-exposure groups, we speculated that priming with
interferon in the pre-exposure group can lead to local
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Fig. 1 Clinical manifestations recorded over the duration of exper-
imentation in the animals a Ruffled fur, b Toe walking, ¢ Hunched
back, d Hind limb paralysis and e Complete immobilization; f shows

production of cytokines and recruitment of lymphocytes.
This in turn leads to an amplified cytokine response that
aggravated on RV infection and hence may be responsible
for intensifying the development of disease signs. This
speculation was also based on an earlier report that sug-
gests that RV induced pro-inflammatory response of
IL-10/B or TNF-o may activate the pS5 TNF-a capable of
recruiting lymphocyte leading to a cascade of cytokine
response [30].

Upregulation in the levels of TNF-o in CVS infected
group was as expected. Some previous reports indicate a
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survival chart of animals under study. Graphs depict number of
animals v/s days post infection in experimental groups

positive correlation between RV infection and TNF-o
expression [15, 22, 30]. Nuovo et al. have shown that TNF-
o is expressed not by rabies infected cells but by the non-
infected cells that are in close proximity of the virally
infected cell [22]. We therefore hypothesize that rhIFN
appears to somehow limit the infectivity of RV and
therefore subsequently limit or suppress the expression of
TNF-o in both pre-exposure and post-exposure group;
which could be a possible explanation for the downregu-
lation observed in both IFN treated RV infected groups.
However, further immunohistochemical studies are
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Fig. 2 Detection of rabies nucleoprotein antigen by FAT using FITC
tagged antibody. The presence of well-distributed, punctiform
nucleoproteins showing apple green fluorescence was considered as
a positive. a Normal mouse brain, b rabies infected mouse brain,
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Fig. 3 Results of fold change in expression for a TNF-o and b IL-6
are expressed as the mean + SEM for each group. Evaluation of the
significance of differences between the means of parameters was

warranted to investigate the extent of RV infection and
inflammation as well as TNF-a localization. It follows
that our results support the hypothesis put forward by
Nuovo et al., that inhibition of cytokine expression may
have some therapeutic potential. A 16 fold downregula-
tion in the level of TNF-a observed in the pre-exposure
group may be a result of the amplified immune response
generated prior to infection suggesting that over-sup-
pression may not always be beneficial. This is crucial
since cytokine-mediated neuroprotection is concentration
dependent and may get hampered when concentrations are
either too low or too high [3]. Though, decrease in TNF- o
levels has proven to be beneficial in several cases like
Guillian-Barre syndrome (GBS), a disease often confused
with the paralytic form of rabies [26]. In some other cases,
inhibition or absence of TNF-a is known to decrease the
severity of CNS autoimmune disease such as experi-
mental allergic encephalomyelitis (EAE) [23].

1477 bp

762 bp

¢ detection of rabies N gene using nested RT-PCR—Lane I Ladder,
Lane 2 1477 bp product of the first round (outer), Lane 3 762 bp
product of the second round (inner) of PCR

X E3 CVS

! E=3 Interferon
E3 Pre-exposure
Post-exposure

Study Groups

performed using the One way ANOVA and Tukey test. In all cases
P <0.05 was considered significant. (*P < 0.05; **P < 0.01;
***P < 0.0001)

A similar trend was observed with IL-6 expression
though neuroprotective effects of IL-6 are found to be
independent of TNF-a [3]. While a 4-7 fold upregulation
was observed in groups administered with either interferon
or CVS, an evident downregulation was observed in the
post-exposure groups exhibiting relatively prolonged sur-
vival. These findings are interesting since lower IL-6 levels
are associated with greater survival rates in RV infection.
Delayed mortality in CVS infected mice deficient for the
p55 Kd TNF-o receptor (pSSTNFR ™) is also found to be
correlated with lower levels of IL 6 in the brain [2].
Decrease in mRNA expression of IL-2 and more pro-
nounced IL-6 expression has also been reported in paws of
dogs immunized with the anti-rabies vaccine (ARV) [25].
Our results are similar to a previous study that reported
higher levels of IL-6 on day 7 p.i. in only rabies infected
group as well as infected- vaccinated group as compared to
control mice. However, lower levels of IL-6 were
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observed, together with greater survival rates in the group
infected, vaccinated and treated with an immunomodulator
such as Propionibacterium acnes [18, 19]. It is evident that
though viral infection and in some cases vaccination too,
both by themselves may be capable of stimulating the
cytokine response, introduction of an immunomodulator in
combination can significantly alter the gene expression, at
times leading to even downregulation or inhibition that
may prove beneficial to the host.

These findings suggest that the use of thIFN alongwith
vaccine can offer better protection post-exposure to the
virus. This is similar to theory proposed by many
researchers nearly a decade ago that recommend the use of
vaccines in combination with exogenous interferon or an
interferon inducer such as poly I:C as intervention post
exposure to RV [1, 8, 34]. In addition, administration of
booster doses of interferon may prove beneficial [9, 10].
Interferon therapy has also been employed to treat and
successfully help recover a patient infected with West Nile
Virus encephalitis [14]. Interferon treatment is also found
to reduce the infectivity of vesicular stomatitis virus
(VSV), another member of rhabdoviridae by inhibiting the
transport of the envelope glycoprotein to the plasma
membrane [7]. It is evident from the study that exogenous
rhIFN o could not prevent the onset of rabies in either the
pre or post exposure group but delayed mortality was
observed in the latter suggesting that rhIFN holds some
potential as candidate for post exposure intervention in
rabies infection.
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