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Abstract 

Background: Apoptosis is a programmed cell death in which certain cellular components are packed into small 

membrane vacuoles by immune cells. Different strains of rabies virus (RABV) have their own biological features, 

but their effects on apoptosis have been little known. The aim of current research was to evaluate Beclin 1 effect 

on apoptosis in the mouse infected with the street rabies virus. 
Materials and Methods: Exogenous Beclin1 overexpressed by the pIRES2-EGFP-Beclin1 vector in the cortex 

of NMRI mice. To evaluate the apoptosis, TUNEL assay was done on brain tissues of the rabid mice. 

Results: TUNEL assay data showed that small apoptotic cells were seen in the four groups that received the 

vector alone or with the SRABV, but no significant changes were observed. There are no signs of apoptosis in 

mouse normal brain cells. 

Conclusion: It was previously proven that overexpression of exogenous Beclin1 could induce autophagy but this 

study showed that overexpression of Beclin 1 does not cause apoptosis in rabies-infected cells. 
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Introduction 

Rabies virus (RABV) causes lethal encephalitis in 

mammals and poses a serious Public health threat in 

many parts of the world. Despite the availability of 

effective vaccines and possible protection by 

postexposure treatment, more than 60,000 humans die 

by rabies worldwide every year, with more than 15 

million receiving postexposure prophylaxis. Rabies 

virus (RABV), has high neurotropism and belongs to 

the genus Lyssavirus in the family Rhabdoviridae (1). 

The genome of the RABV is a single negative-

stranded RNA of approximately 12 kb and encodes 

five structural proteins: nucleoprotein (N), 

phosphoprotein (P), matrix protein (M), glycoprotein 

(G) and large protein (L) (2). The only approved 

strategy for combating rabies virus (RABV) is 

vaccination by dead RABV in conjugation with 

immunoglobulins against RABV (3). Different 

strategies have been recruited for developing drugs or 

increasing the efficacy of the vaccination, such as 

vaccination by live genetically modified RABV to 

induce long-lasting immune protection (4) and 

employing monoclonal antibodies for controlling rabies 

(5).  

The studies have shown that the pathogenicity of rabies 
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virus is inversely related to apoptosis and is affected 

by viral proteins N, M, and G (6). High levels of rabies 

virus glycoprotein have been shown to be a key factor 

in inducing apoptosis (7). Induction of apoptosis 

during rabies virus infection can be either caspase-

dependent or caspase-independent (8). Apoptosis, as a 

type of cell death, is an active and energy-dependent 

level (9). Many viruses produce special products to 

control this biological process. In contrast, the 

immune system uses this pathway to fight many 

pathogens, including viruses. 

Since mitochondria are the major crossroads for the 

integration of proapoptotic and anti-apoptotic signals, 

it has been reported that various viruses regulate 

cellular apoptosis at the mitochondrial level. Bax 

multi-domain protein proapoptosis plays a critical role 

in inducing mitochondrial apoptosis. It has been 

documented that the CVS strain induces Bax gene 

expression (10). 

Beclin1 (Atg6/ /Vps30) is a well-known key regulator 

of apoptosis that belongs to the Class III 

phosphatidylinositol 3-kinase complex. It is necessary 

for the construction of a lipidic signal molecule 

(PI(3)P) on the phagophore membrane and 

autophagosome formation (11, 12). It implicated in 

numerous biological processes, including adaptation 

to stress, endocytosis, cytokinesis, immunity, 

tumorigenesis, aging, and cell death (13, 14). 

Acetylated Beclin1, inhibits autophagosome 

formation and result in a deficiency in 

macroautophagy in sporadic Alzheimer’s disease 

(15). It was previously proven that overexpression of 

exogenous Beclin1 could induce autophagy. 

According to the contents, the aim of the study was to 

evaluate the Beclin1 effect on apoptosis in the mouse 

infected with the street rabies virus. 

Methods 

Ethical issues  

Animals were maintained according to Pasteur 

institute of Iran guidelines for animals care and 

control. Animals were kept in the separate cages in a 

room with controlled temperature, light period (12 

hours light/dark cycle), humidity (40-60%), and free 

access to food and water throughout the study. The 

Institutional Animal Ethics Committee in Pasteur 

Institute of Iran approved all experimental protocols 

of the present study (Certificate No: 

IR.PII.REC.1395.49).  

Grouping 

The male, six-weeks-old NMRI mice weighing 25-30g 

were purchased from the Pasteur institute of Iran and 

randomly divided into 3 groups. After the anesthetics of 

the NMRI mice with the combination of ketamine (100 

mg/kg) and Xylene (10 mg/kg), the cannula was 

inserted into the cortex of the brain using a stereotaxic 

device (Figure 1). In each group, 30 LD50 of viruses 

were injected into each mouse intra-cranially. Group 

one (control group) received no treatment just saline. 

The second and third group received vector one hour 

post virus inoculation. 3µg of vectors (pIRES2-EGFP 

or pIRES2-EGFP-Beclin) were injected into the brains 

of mice using Poly plus transfection kit (poly plus, 

France) (16-18).  

TUNEL assay 

For histological analysis, after the anesthetics of the 

mice with the combination of ketamine (100 mg/kg) 

and Xylene (10 mg/kg), transcardial perfusion was 

performed with 10% paraformaldehyde and brain 

samples were placed in 10% formalin for 72 hours. 

After Paraffin-embedded specimens’ production, 

samples were cut into 4 μm sections. Moreover, a 

positive (mouse brain's cancer cell) and a negative 

control (mouse brain's normal cell) were probed with 

TUNEL assay. The procedure was performed according 

to the manufacturer’s protocol (TUNEL Assay Kit-

HRP-DAB (ab206386, Abcam). Counterstaining was 

done by methyl green for morphological evaluation and 

characterization of normal and apoptotic cells. 

Results 

Apoptosis in pIRES-EGFP-Beclin1 treated mice 

TUNEL assay was carried out 72 hpi to appraise the 

apoptosis in five groups. Slides were prepared from 

paraffin-embedded specimens’ in each group of mice 

and at least 5 fields of each slide were tested for 

investigation of apoptotic signs. All images are taken at 

40 magnification. Mice that had received only the 

empty vector (Fig. 2A) and the Beclin 1 containing 

vector (Fig.2 B) showed very little apoptotic bodies. In 

the groups that received SRABV (Fig.2 C) or SRAVB 

and pIRES2-EGFP-Beclin1 vector (Fig.2 D), a slight 

apoptosis was seen but no significant differences were 

observed comparing with the positive control (Fig.2 F). 
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There are no signs of apoptosis in normal brain cells 

and negative control (Fig.2 E & G). 

Discussion 

Rabies is one of the zoonotic diseases, which, after 

clinical symptoms appear, are not treated. Today, 

rabies is still leads to death in the world. For 

researchers, discovered a treatment for human rabies 

remains a problem. Autophagy involves the various 

pathways that cells utilize to render cytoplasmic 

components to lysosomes for demolition (19). Rabies 

phosphoprotein binds to the BECN1 gene and RABV 

replication stimulates by induction of 

BECN1signaling pathway, which is related to 

incomplete autophagy. That process would be a 

potential target for antiviral drugs against RABV (20).  

By reducing the complications of the rabies disease, 

some scientists suggest further study on the 

mechanism of action and side effects of the virus in 

cells. It can be said that not much information is 

available about the SRABV. SRABV behaviors are 

very different from challenge RABV or vaccinal 

strains’ of RABV.  

The pathogenicity of RABV strains depend on the 

glycoprotein. The glycoprotein gene expression have 

been correlated with apoptosis reversely. Glycoprotein 

gene expression inhibits the proapoptotic genes (21) 

then infected cells are not destroyed. It enables the virus 

to remain in host cell’s neurons .Prabhavathy (22) 

compared the ability of apoptosis induction in the 

Indian SRABV and challenge RABV in murine 

neuroblastoma cell line. He found that SRABV 

glycoprotein gene expression was low and proapoptotic 

genes’ expression were high. Some scientists suggested 

that the pathogenesis of a fixed strain of the rabies virus 

(CVS-11) in mice begins with induction of apoptosis 

with the RABV replication (23). Taji et al. (24) 

demonstrated that the Beclin1 overexpression in 

MDCK cells diminishes telomerase activity and 

increased apoptosis. The results of our experiments 

were in line with the results of other researchers. We 

performed a TUNEL assay to observe the effect of 

pIRES2-EGFP-Beclin1 and pIRES2-EGFP used 

 
 

Figure 1. Street rabies virus detection with UV microscopy. A) Left: Normal BSR cells Right: BSR cells’ infected with SRABV. B) SRABV 

in vivo inoculation. The sample prepared from the brain tissue of rabid mice after 24hour and stained with anti-rabies nucleocapsid FITC-

labeled antibody. Left: Cannulation using a stereotaxic device in the cortical part of the mouse brain. Right: Mice one day after Cannulation. 
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vectors on the apoptosis in brain cells of mice. Our 

findings did not show any significant increase in the 

amounts of apoptosis in all groups. That is, in the brain 

cells of mice, none of the vectors or SRABV induced 

apoptosis. Data reveal important points about the 

behavior of SRBV in apoptosis in a mouse model; 

remember that in addition to the little information that 

exists about this type of SRBV, there is a handful of 

in vivo studies. 

Conclusion 

We found exogenous Beclin1 overexpression have no 

significant effect on apoptosis in rabies infected mice 

model. This may be due to overexpression of RABV 

glycoprotein, which inhibits the expression of 

apoptosis related genes. 
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