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Abstract
The endoplasmic reticulum (ER) is a multifunctional organelle that responds to cellular stress. ER
response mechanism is mediated by unfolded protein response (UPR) or ER-associated degradation
(ERAD) pathway. Depending on the host cell type and virus, viral infections could cause stress to the ER,
activate or inhibit autophagy. Autophagy is a conserved dissociation process during growth,
differentiation, survival, etc. We decided to infect the mouse brain’s tissues with street rabies virus
(SRABV) and study some transcription factors involved in ER stress and autophagy. Total RNA was
extracted from the tissue, and cDNA was synthesized. Using speci�c primers, the real-time PCR was
performed. The expression of Hprt, CCAATenhancer-binding protein homologous protein (CHOP),
Apoptosis signal-regulating kinase1 (Ask-1), Transcription factor 6(ATF-6) and Caspase 3(Casp3) genes
were examined. SRABV has increased the signi�cant changes in mRNA expression of ATF-6, CHOP, and
Ask-1 in the control group (group V) in the brain of infected mice (p < 0.05). Induction or inhibition of drug-
induced autophagy (Rapamycin and 3-methyl adenine) in infected cells (group R &T) is caused ER stress
and made tremendous changes in all ATF-6, CHOP, Ask-1 and Casp3. Treatment with pIRES-EGFP-
beclin1vector and rapamycin in infected cells (group D) is caused by changes in all parameters except
Casp3. An increase in Casp3 is observed only when the vector and virus are injected together into the
cells (group B). Autophagy and protection against cell death result from SRABV infection by activating
the ER stress pathways, followed by a marked increase in ATF-6, CHOP, Ask-1, and Casp3 levels.

Introduction
An important velar organelle in eukaryotic cells is ER. ER is a multifunctional organelle elaborated in the
construction, secretion, folding of proteins, membranes, lipids, and calcium homeostasis. The ER is
closely related in structure and function to the nucleus [1], mitochondria[2], and endosomes[3]. ER
homeostasis ensures the normal functions of cells. During cellular stress such as hypoxia, calcium
overload, and Reactive oxygen species (ROS) attack, the ER dysfunctions occur and its ability to correct
protein folding losses, resulting in the accumulation of unfolded and misfolded proteins in the lumen and
imbalance in calcium homeostasis[4] (Fig. 1). Autophagy is a tightly conserved decay process, which
occurs at a low level in many eukaryotic normal cellular events, including growth, differentiation, survival,
and homeostasis [5–9]. There are three types of autophagy; micro-autophagy, macro-autophagy
(generally called autophagy), and chaperone-mediated autophagy. During autophagy, cytoplasmic
ingredients are located in bi-membrane vesicles called autophagosomes. Autophagosomes fused with
lysosomes to make autolysosomes for the breakdown and resumption of large molecules[10, 11]. Beclin1
is an important autophagy stimulant member of the class III phosphatidyl 3-kinase complex (PI3K)
family. That works as a molecular signal in phagophore membrane and autophagosome formation[12].
Tri methyl adenine (3-MA) is a blocker of autophagosome formation and a well-known inhibitor of PI3K.
3-MA is an autophagosome formation blocker and a known inhibitor of PI3K, so it is also an autophagy
inhibitor[13].
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However, in most cases, autophagy acts as a survival process by rescuing the cells from different stress
conditions. Still, it can be used as a tactic to escape the immune system by some viruses, such as
classical swine fever virus (CSFV), dengue virus (DENV), and hepatitis C virus (HCV)[14–17]. In recent
years, scientists have found more about virus-host interactions, revealing important signaling pathways
between virus and a diversity of cellular organelles. Their Knowledge have shown autophagy has a
critical role in different human diseases[18–20] .Regular and planned destruction of cells is called
apoptosis. Apoptosis performing requires coordinated interaction and activation of several paths with
each other. Two distinct kind of apoptosis are: extrinsic pathway which trigger by death receptor
activation and intrinsic pathway that lead to events related to mitochondrial injuries[21]. The pathways
overlap and reinforce each other to eventually activate the Caspase and help with the proteolysis of
damaged cellular organelles[22]. Certain previous studies have demonstrated that some viruses can
modify apoptosis, autophagy, and UPR in the animal infected tissue or organs [23–26]. Rabies are still a
threat to people's health globally, as it always gives rise to death from the disease. Rabies is a negative-
sense RNA virus that belongs to the Rhabdoviridae family and the genus Lyssavirus. Its 12 kDa genome
encodes four important proteins: nucleocapsid protein (N), matrix protein (M), RNA-dependent RNA
polymerase (L), and glycoprotein (G)[27]. In previous studies had claimed that the attenuated strain of
rabies virus causes cell death by apoptosis, but enough information had not been provided about rabies
wild-type strains[28–30]. We decided to survey the effects of ER stress caused by SRABV (a wild-type
strain of rabies) for the �rst time to see how it differs from the vaccine strains[31].

Material And Methods

Ethical consideration
Animals were maintained according to NIH guidelines for animal care and control. Animals were kept in
separate cages in a room with controlled temperature, light period (12-hour light/dark cycle), humidity
(40–60%), and free access to food and water during the study. All experimental protocols in the present
study were approved by the Institutional Animal Ethics Committee in Pasteur Institute of Iran (Certi�cate
No. IR.PII.REC.1395.49).

Animals and Virus
The accession number of the SRABV strain used in this study was KX148186 in GenBank [32]. We used 70
male NMRI mice aged 21 days and weighing 16 ± 2 g. Mice were divided into 7 groups V, R, T, A, B, D, and
E. Mice in Group V received SRABV(8.398LD 50) while injecting rapamycin and 3-MA to group R and T,
respectively. Group A inoculated SRABV 12 hours before treatment with 3 µg of pIRES-EGFP-beclin1
vector while group B received SRABV and 3 µg of pIRES-EGFP-beclin1 vector concurrently. Mice in groups
D and E were treated with 3 µg of pIRES-EGFP-beclin1 vector and rapamycin or 3-MA one hour after
SRABV inoculation. It should be noted that virus, pIRES-EGFP-beclin1 vector, and drugs were injected in a
unilateral Intra Cerebro Ventricular (ICV) Injection manner, (data not shown). 3-MA (Sigma, USA) and
rapamycin (Sigma, USA) were injected at a concentration of 400 nM and 40 µg/µl, respectively.
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RNA Extraction, Reverse Transcription, and Quantitative RT-
PCR Assay
According to the manufacturer’s speci�cations, total RNA from 20mg of brain tissues was extracted using
All-In-One DNA/RNA/Protein Miniprep Kit (BioBasic Inc., Markham, Ontario, Canada). The RNA
concentration was measured, and total RNA was reverse transcribed into 20 µl cDNA using the reverse
transcription kit instructions (Addscript cDNA Synthesis Kit Addbio, Korea). Firstly, the reaction mixture
was set at 25ºC for 10 minutes; after that, reverse transcription was performed at 50ºC for 60 minutes
then the reaction was inactivated at 80 ºC for 5 minutes. Following reverse transcription, the Rotor-Gene Q
Real-Time PCR system evaluated the expression of candidate genes q-PCR reaction (Qiagen™). The total
volume of the reaction was 25 µl with 12.5 µl RealQ Plus 2x Master Mix Green (Ampliqon A/S, Denmark),
0.5 µl of each speci�c primers, 10 µl molecular grade water, and 1.5 µl of cDNA template. The following
cycling conditions were used: 95°C for 15 min, followed by 40 cycles of 95°C for 15–30 minutes, 55–
65°C for 30 seconds, and 72°C for 30 seconds. The oligo’s Primers are listed in Table 1. The target genes
were normalized against Hypoxanthine-guanine phosphoribosyltransferase (Hprt) used as an internal
control and reference gene. The relative quantitative ΔΔCT method was used to evaluate the expression
of target genes in this study.

Table 1
Primers used throughout this study.

Gene primer Product size Used for

RT-PCR

Hprt Forward: 5′ CTCAACTTTAACTGGAAAGAATGT 3′ 99 bp 33

Reverse: 5′ GGGCTGTACTGCTTAACC 3′

CHOP Forward :CCAGGAAACGAAGAGGAAGAATCA   This study

Reverse : ATGTGCGTGTGACCTCTGTTG

ASK-1 Forward : GCCATGTTCAAGGTGGGGA   "

Reverse : CTCCGCCGACATGGACTCTG

ATF-6 Forward : GACAACCAGAAAGACAGTTACAGCTA   "

Reverse : AGGTGGAGGCATATAAAGCAATGG

Casp3 Forward : TGGACTCTGGGATCTATCTGGAC   "

Reverse : TCCGTACCAGAGCGAGATGAC

Statistical Analysis
The natural logarithm of Ct in different groups was calculated, and the date was reported as mean
(SD).Virus group was considered as reference treatment and in each gene category; Dunnett's test applied
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multiple comparisons. As the analysis comprised multiple testing, to control the False Discovery Rate,
Benjamin and Hochberg's method was used[33]. To plot the differences between groups and the control
treatment ggplot2 package was used[34]. Statistical analysis was done by R version 4.1.1(R Core Team
(2021). R: A language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/.)

Results
Our study showed that during the SRABV infection, all parameters (ASK-1, ATF-6, CHOP) except Casp3
was increased in the control group, which consisted of mice that received an only virus.We decided to
evaluate the effect of both activator and inhibitor drugs’ of autophagy in comparison with the control
group. The results were demonstrated signi�cant differences in ASK-1, ATF-6, CHOP and Casp3 when
rapamycin and 3-MA administrated in all groups. In fact, the changes of these four parameters in all two
groups of R (rapamycin) and T (3-methyl adenine) were incremental and signi�cant.

Comparison of relative mRNA expression of ASK-1 in the brain of all tested mice displayed that there is
signi�cant change only in the D group (P < 0.05) (Fig. 2). Group D has included mice that received a virus,
pIRES-EGFP-beclin1vector, and rapamycin simultaneously.

We have studied the mRNA expression of ATF-6 we observed a signi�cant difference in group D while the
P-value was less than 0.05 (Fig. 2).

Investigation of the Casp3 variable in groups A and B revealed signi�cant differences when p-value was
0.05(Fig. 3). Mice in group A were received pIRES-EGFP-beclin1vector 12 hours before SRABV inoculation,
but group B received pIRES-EGFP-beclin1vector and virus simultaneous.

Looking at Fig. 4, we found that assuming p < 0.05, signi�cant changes of CHOP could be seen in group
D. However, the results of the recent group were consistent with other results.

Discussion
There is insu�cient data about the mechanism of cell exposure to ER stress caused by wild-type rabies
species. We decided to affect the SRABV on the mouse nervous system cells and observe the results.
Since our work was the �rst study of SRABV, we had to compare the results of our research with the
research that scientists have done on other viruses.

It is accepted that patients with hepatitis B e antigen (HBeAg)-positive have chronic HBV infection. The
two types of large HBV surface antigens (LHBs) mutant, pre-S1, and pre-S2 can remain in the ER and
escape immune system invasion. Pre-S mutants can start ER stress to enforce oxidative DNA injury and
genomic inconstancy, leading to hepatocellular carcinoma(HCC)[35]. Also, the hepatitis C virus is one of
the leading causes of chronic liver disease, cirrhosis, and HCC. Expression of HCV and HBV proteins in
hepatocytes induces ER stress and causes the release of calcium from the ER[36]. Calcium can either
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activate caspase and apoptosis via the calpain pathway or lead to autophagy by activating AMPK
(5’adenosine monophosphate-activated protein kinase) and Mammalian Target of rapamycin (mTOR).
Several documents have suggested that during viral infection, the interferon response is triggered by
double-stranded RNA of the virus, and then synthesized polypeptides of the virus arouse the ER[37]. They
have stated that during viral infection, the released proteins bind to the BiP (Binding immunoglobulin
protein) and release ER stress transducers such as Protein kinase RNA like ER-localized kinase (PERK),
ATF-6, and Inositol-requiring enzyme 1α (IRE1α). Dengue virus can escape the host immune system by
managing the UPR, simplifying its replication, and activating autophagy[38]. Dengue virus regulates host
pathways to activate ataxia telangiectasia mutated (ATM) signaling which is the �rst response to
infection and then lead to production of ROS following stress in the endoplasmic reticulum (ER).
Inhibition of ER stress response diminishes autophagosome e�ciency, decreases virus titers, and
produces less ROS. Limiting ATM activation, only reduces transcription of ER stress response proteins
[39]. Yang et al.[40] found that the expression of glucose-regulated protein 78 (GRP78, the ER stress
marker) was enhanced in Pseudorabies virus (PVR) infection, demonstrating that PRV infection corrupted
the ER hemostasis, activated the CHOP-Bcl2 pathway, and induced apoptosis in the last phases of PVR
infection. Liu et al. [41] observed that in HEP-Flury and CVS-11 strains, phosphoproteins of rabies virus
could attach to beclin1 and evolved defective autophagy via the caspase2-mediated signaling pathways
to increase viral infection genome replication. It should be noted that both strains are attenuated, and
their use is limited to vaccine production and research, so they differ from the circulating wild type strain.

Our research showed high expression of ASK-1 gene mRNA in group D. This result was quite predictable
because SRABV, a pathogenic virus, activates autophagy to preserve neurons and thus increases virus
replication. Therefore the SRABV activates the path of IRE1α, and then ASK-1increase causes autophagy.
Also, we observed a signi�cant increase in mRNA expression of the ATF-6 gene in group D. The presence
of abnormal proteins leads to the production of GRP78, which activates ATF- 6, then stimulates the UPR
for response to ER stress. Previous or simultaneous injections of pIRES-EGFP-beclin1 and the SRABV did
not make a difference in response to ER stress, injections of both of them increased Casp3, and we found
signi�cant changes only in the A and B groups. As we expected, the increase of Casp3 got to lead to
apoptosis. When we looked at changes in the CHOP gene, we found that it was signi�cant only in group
D. This might be due to activation of the eukaryotic initiation factor 2α (eIf2α) and IRE1α pathways or
abnormal proteins' production during the SRABV infection process, which lead to increased expression of
ATF-6.

In general, comparing the results of our research with the published articles of other scientists, it can be
concluded that SRABV infection may have increased abnormal proteins and ER stress, which ultimately
led to the activation of the UPR or ERAD pathway. Activation of this pathway initially prolongs cell
survival through autophagy, but it leads to apoptosis and cell death as the infection progresses. The
authors believe that more detailed research is needed to investigate the mechanism of ER stress during
the wild-type rabies infection process.
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Figure 1

The endoplasmic reticulum response mechanism to stress is mediated by UPR / ERAD pathway. It
prevents protein translation and then activates the transcription of genes that enhance the folding
potency of ER proteins, including; lectins, chaperones, and calcium pumps [42, 43]  ATF6 ,  IRE1α , and
 PERK  are three important molecules mediate separate signal pathways to provide an allied response to
ER stress with activation of the UPR[5], [6] . On the other hand, the linking of ER sensors with  BIP/ GRP78
is interrupted due to the abnormal proteins, and they are activated.  eIf2α  is phosphorylated by PERK,
which leads to a decrease in mRNA translation, along with an increase in mRNAs translation such as
activating  ATF4 and CHO, also known as the ATF4 downstream target 8. ATF-6 and ER-resident proteins
that BIP separates in the ER membrane . When ER stress occurs by BIP and ATF6 dissociated, the
translocation of ATF-6 to the Golgi apparatus (where it is matured into an active transcription factor by
proteases) facilitated [8]. Soluble splited ATF6 immigrates to the nucleus and leads to ERAD gene
expression, including X-box binding protein 1 (XBP1) and ER chaperones [9]. The unique role of ATF-6 is
instant linking to the quality control of protein folding, involving the demotion of misfolded proteins and
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the recovery of the correct protein folding. Because the knock-out of double alleles of ATF-6 is lethal in
mice, only ATF-6 deletion impacts resistance to ER stress[9].

Figure 2

Comparison of relative mRNA expression of ASK-1 in brain of 7 groups of mice. Changes in rapamycin
(autophagy stimulant) and 3-MA (autophagy inhibitor) groups were signi�cant compared to the control
(SRABV) group (*, p<0. 05). Only in group D, mRNA expression of Ask-1 gene showed signi�cant change
(*, p<0. 05).
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Group V: Street rabies virus

Group R: Rapamycin

Group T: 3-Methyl adenine

Group A: pIRES-EGFP-beclin1vector in vivo transfection 12 hours before virus injection.

Group B: pIRES-EGFP-beclin1vector and virus injection was simultaneously.

Group D: virus, pIRES-EGFP-beclin1vector and rapamycin inject together

Group E: virus, pIRES-EGFP-beclin1vector and 3-methyl adenine inject together.
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Figure 3

Comparison of relative mRNA expression of ATF-6 in all groups. The changes in rapamycin and 3-MA
groups have increased compared to the control group (SRABV) (p <0.05).Also, mRNA expression of the
ATF-6 gene in group D showed signi�cant changes (*, p<0. 05).
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Figure 4

Comparison of relative mRNA expression of Casp3 in tested groups. As expected changes in rapamycin
and 3-MA groups were increased signi�cantly compared with the control (SRABV) group (*, p<0. 05).
mRNA expression of the Casp3 gene in group A and B showed signi�cant changes (*, p<0. 05).
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Figure 5

Comparison of relative mRNA expression of CHOP in all groups of mice. Signi�cant incremental changes
were observed in rapamycin and 3-MA groups compared with the control (SRABV) group (*, p<0. 05).
Meanwhile, the study of Casp3 mRNA expression in groups D showed signi�cant changes (*, p<0. 05).


