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Abstract
Chandipura virus (CHPV) is a tropical pathogen, suggesting its 
involvement in childhood encephalitis syndrome in India. No 
reports are available in adult human beings for its pathogenic-
ity. Similarly, in adult mice, the virus does not develop patho-
genesis by parenteral route except for intracranial route of in-
fection. The virus is remarkably nonpathogenic to adult im-
munocompromised nude mice. In vitro in tissue culture, the 
CHPV infects and kills many types of cells. All of these proper-
ties could qualify the CHPV to be a candidate virus for tumor 
therapy. To prove this, an experimentally induced tumor in a 
mouse was infected with live CHPV. The results showed that 
intra-tumoral injection reduced the volume of tumor and in-
creased the longevity of the mice. The study concludes that 
the CHPV may be a safe tumor therapy virus. More precisely, 
the discovery of CHPV protein with oncolytic potential may 
lead to the development of novel drugs/therapeutics.

© 2020 S. Karger AG, Basel

Introduction

Cytopathic effects, especially cell lysis, are often seen 
as a pathogenic effect of a particular virus. Diverting that 
of cancer specific, however, would be a cancer treatment 

technique. The idea of using viruses in the cancer care 
dates back to the beginning of the 20th century when 
spontaneous regression of tumor was found in patients 
with malignancies following vaccination with rabies or 
viral infection [1, 2]. Laboratory studies have confirmed 
the lysing of experimentally induced murine tumors with 
Newcastle disease virus and influenza virus [3]. An onco-
lytic virus exclusively infects and lyses the cancer cells, 
while the normal cells remain unharmed. Oncolytic vi-
ruses derive their specificity by exploiting cell surface re-
ceptor or intracellular aberrations in gene expression that 
arise in malignancies during tumor development [4]. De-
spite the defects in apoptosis-inducing gene(s), many tu-
mor cells retain the apoptotic signaling pathway intact. 
Thus, if an effective apoptotic signal is given, these tumor 
cells will die [5]. The greatest benefit of the oncolytic virus 
is its capacity to be modified in response to the require-
ments by in vitro genetic manipulation [6]. Many onco-
lytic viruses were either a wild virus or a genetically engi-
neered virus [7]. To date, 2 genetically modified onco-
lytic viruses are licensed for marketing as a drug. First one 
is Oncorine (E1B-deleted adenovirus) [8] and the second 
one is T-vec (Talimogene laheparepvec), a second-gener-
ation oncolytic herpes simplex virus type 1 armed with 
GM-CSF. It was recently approved in the USA and Eu-
rope as the first oncolytic virus drug [9, 10].

Chandipura virus (CHPV, family Rhabdoviridae and 
genus vesiculovirus) is associated with acute encephalitis 
and fatal in young children residing in Andhra Pradesh, 
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Maharashtra, and Gujarat [11, 12]. Children under the 
age of 15 years are susceptible; adults, being refractory to 
the natural infection. Similarly, mice susceptibility stud-
ies showed that the CHPV was lethal to young mice, but 
adults were only susceptible to infection through the in-
tracranial route [13]. CHPV induces cell death in a variety 
of cell lines, such as Vero, baby hamster kidney (BHK), 
RAW, rhabdosarcoma, etc [14]. Susceptibility to broad 
spectrum cells and nonpathogenic to adult animals sup-
port its use in oncotherapy. In this study, we tested the 
CHPV in the mice model for the utility of an oncolytic 
agent.

Methods

Cells and Virus
Vero E6 & BHK (clone 21) cell lines were obtained from the 

National Center for Cell Science, India. The cells were cultured and 
maintained in Dulbecco’s modified Eagle’s medium, supplement-
ed with 10% Fetal Calf Serum (FCS, Gibco, Ireland). The CHPV 
strain (NIV id. 034267) was originally isolated from the Andhra 
Pradesh outbreak [11]. The virus propagated and maintained in 
Vero E6 cells was used in this study.

Induction of Tumor in Nude Mice
The NIH nude mice, 30-day-old males, were used in this ex-

periment. The study was carried out in strict accordance with the 
recommendations of the Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPCESA), India, 
and the protocol was approved by the Institute Animal Ethics 
Committee (IAEC), National Institute of Virology, Pune. All ef-
forts were made to minimize the suffering of mice. The mice were 
injected with 1 million BHK cells via subcutaneous (sc) route in 
the back region just above the head of the tail. The cells were al-
lowed to grow in the mouse. Size of the visible tumor was measured 
on the 14th day after injection by taking a longitudinal (l) and 
transverse (t) length (in mm) using digital caliber and the volume 
was calculated using the formula (l + t2)/2. On the 14th day post 
induction of tumor, the mice were divided into 2 groups. A group 
of mice (n = 6) was injected with 25 μL (107 pfu/mL) of the CHPV 
each in 4 different sites on the tumor, and the other group (n = 3) 
was injected with Dulbecco's modified Eagle's medium and used 
as an uninfected control. The tumor size was measured at an inter-
val of 7 days up to 28 days PI. The volume was expressed in mm3. 
The experiment was repeated twice, and survival statistics were 
performed in GraphPad Prism 5.04, GraphPad Software, San Di-
ego, CA, USA.

Result

On 14th day post-injection of cells in nude mice, the 
tumor formed by the BHK cells was 30–50 mm3 in size. 
The same day was considered as day zero and the tumor 

was infected with the virus. In the graph, the interval was 
determined after virus infection (shown in Fig. 1). The 
tumor progressed rapidly in the control group mice and 
reached the size of 100–120 mm3 at 7th day post-infection 
(21st day post tumor induction). The control mice subse-
quently died. The infected mice, however, displayed no 
substantial tumor development up to 14 days PI (28 days 
post tumor induction). The tumor volume on 7th and 
14th day PI ranged from 38 to 51 and 43–60 mm3 respec-
tively. Subsequently, on 21st day PI (35th day post tumor 
induction) the tumor grew and reached a size of 47–148 
mm3. Some of the infected mice survived up to 23 days 
PI. In the infected mice, the median survival time was 22 
days and greater than control mice (12 days) (p < 0.0005) 
(shown in Fig. 2).

Discussion

The CHPV had been tested for its oncolytic ability in 
a mouse tumor model. However, the virus stopped the 
tumor progression for some time but later failed to stop 
the tumor progression. The mean survival time in the 
mice infected with CHPV was doubled compared with 
the mice not infected with CHPV. The results upheld 
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Fig. 1. Reduction in volume of tumor infected with CHPV in mice. 
In nude mice the tumor was induced and then infected with CHPV 
(In). The uninfected tumor-bearing mice were kept as a control 
group (C). The tumor was measured using a digital caliber to take 
longitudinal (l) and transverse (t) lengths (in mm), and the volume 
was determined using the formula (l + t2)/2. The graph showing 
individual mouse tumor volume at different time points. The ex-
periment was replicated twice and the findings were identical. 
CHPV, Chandipura virus.
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CHPV’s oncolytic potential. We were not able to estab-
lish any specific mechanism of oncolysis action by CHPV. 
Nonetheless, we say that predilection of CHPV to spe-
cific cell types and killing the infected cells may be the 
possible mechanism of action. Oncolytic viruses mediate 
several possible pathways for the destruction of tumor 
cells [15]. As a result of viral replication, the virus itself is 
capable of directly lysing the cells. CHPV does not repli-
cate in nude mice, but it may have been replicated in the 
BHK cells in the tumor. Replication of the virus may al-
low progressive infection of surrounding tumor cells and 
may lead to cell lysis in a higher percentage of cells. Cell 
lysis mediated by virus replication may be attributed for 
regression of tumors. When the immune system cleansed 
the virus, the tumor grew, killing the mice carrying the 
tumor. Early production of CHPV-specific IgM clears 
the virus from the circulation [13]. In the cancer treat-
ment, cytopathic effect such as cell lysis can be exploited. 
Oncolytic virus has the property of infecting and killing 
the cancer cells without harming the normal cells. The 
CHPV has broad spectrum cell susceptibility and kills 
the transformed cells [14]. Nonpathogenicity to the adult 
humans and animals [11, 16] further convinces the use-
fulness of CHPV as a safe candidate for oncotherapy with 
viruses.

The study concludes that CHPV could be a potential 
cancer therapy agent. Because of its selective killing of 

tumor cells, this virus could be used to remove residual 
tumor cells from an area where the tumor has been re-
moved by surgical procedures. The results confirmed the 
oncolytic potential of the CHPV even though the data are 
preliminary.
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Fig. 2. CHPV-infected tumor-bearing nude mice survive longer 
than uninfected mice. The percent survival of infected and unin-
fected mice was measured in GraphPad Prism software v 5.04 us-
ing survival statistics application. There was a statistically signifi-
cant difference between the infected group and uninfected group 
in longevity using the Kaplan-Meier survival analysis (p < 0.0005). 
CHPV, Chandipura virus.
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