Development of an in vitro Model System for Newcastle Disease Virus
Persistence in Bladder Cancer Cells
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Introduction
•

Newcastle disease virus (NDV) is a negative-stranded RNA virus known as
avian paramyxovirus type-1 (APMV1), belonging to the genus Avulavirus in
a family paramyxoviridae (Alexander et al., 1997).

•

NDV is shown to have promising oncolytic properties against many types
of cancer cells by infecting, replicating, killing tumour cells while sparing
normal cells (Ahmad et al., 2015; Rangaswamy e tal., 2017).

•

•

•
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Susceptibility of tumour cells to NDV is attributed to changes during
oncogenesis that include defects in host interferon pathways resulting in
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NDV has been known to develop viral persistency since early 1960s.
Figure 2 | TCCSUP cells were infected with NDV at MOI of 0.1 and incubated for a period of 5 days. At this time, cells underwent lytic crisis and floating off the culture flask.
However, the studies couldn’t explain the molecular mechanism
Adding a new growth media to the remaining attached cells resulted in their growth to confluence. These cells were re-infected again 3 times and are termed persistently
associated with persistent infection.
infected (PI) cells (TCCSUPPi).
A velogenic NDV AF2240 has recently being reported to develop persistent
infection in SW480 colorectal cancer (Chia et al., 2014) and in EJ28
bladder cancer (Chin et al., 2018) respectively. However, ultrastructural
(a)
features of persistently infected (PI) bladder cancer cells with NDV and its
Vi
associated molecular pathways through the use of RNA-seq has not been
studied so far.
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Visual difference between uninfected
TCCSUP and TCCSUPPi monolayers at 24hrs

TEM analysis indicates virus-induced structures

Here, we developed an in vitro model of persistent infection in TCCSUP
with NDV AF2240 and characterized it. We demonstrate how PI cells didn’t
show characteristics elongation as found in mock infected TCCSUP. We
further examine the ultrastructural morphology of PI cells using TEM
analysis.
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To develop and characterize an in vitro model of persistently infected TCCSUP
bladder cancer cell lines.
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Figure 3 | Photomicrograph of cell monolayers at 24hrs. Uninfected TCCSUP cells
and persistently infected TCCSUP cells. (a) Are normal TCCSUP cells without NDV
infection. (b) TCCSUPPi did not show characteristic elongation and spreading
observed in the mock infected TCCSUP.
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Figure 6 | Ultrastructure of persistent NDV AF2240 infection in TCCSUP cells. (a)
Acutely infected cells at MOI of 3 and fixed at 72 hpi. At 5000 Mg, the cells
present with some swollen endosomes (E), and virion (Vi). (b) Represent
TCCSUPPi cells at passage 15, the cells present with so many mitochondria in
the cytoplasm(Mi), and sparsely distributed virion (Vi). Less virions is observed
in the PI cells compared to acutely infected cell. The arrow marks the viral
particles.
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Figure 4 | RT-PCR amplification of NP gene of NDV. Products were resolved on
1.5% (w/v) agarose gel and stained with SYBR Safe. Lane M: 1kb DNA ladder
(GeneRuler), Lane N: Negative control for PCR without addition of template, Lane
1: Positive control for PCR with NDV RNA. Lane 2: Untreated TCCSUP, Lane 3:
TCCSUPPi.

Figure 1 | NDV structure and replication. (a) Structure and composition of
paramyxovirus type-1. NP:Nucleocapsid Protein, P: Phosphoprotein, M: Matrix
Protein, F:Fusion Protein, HN:Haemagglutinin–Neuraminidase Protein, L: Large
Protein. (b) Genome organisation of paramyxovirus type-1 and the minus
strand RNA virus genome encoding genes. (c) Viral replication, cell killing, viral
release and spread in tumour cells is not inhibited in contrast to normal cells. It
is supposed that cancer cells acquired defects in the IFN pathway during the
process of tumourigenesis leading to a lack of antiviral defence.

PI experimental workflow
Development of persistently infected TCCSUP cells
Few cells survived 5 days post
infection (5dpi)
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Whole transcriptome (RNA-seq) experiments are underway to elucidate the
mechanism involved in development of persistence in TCCSUP cells and
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identify possible molecular network associated with persistence infection.
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Passage 10

RT-PCR and TEM analyses revealed that TCCSUP cells are persistently infected
with NDV AF2240.
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the cells were killed by day 5. Only small numbers of cells survived the
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The infection of TCCSUP with NDV produced a lytic crisis in which majority of
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This study presents the successful development of NDV persistency of
infection in TCCSUP bladder cancer cells in vitro.
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Figure 7 | Neutralization of IFN-β in PI cells. Control cells or PI cells were pretreated with antibody against IFN-β at 24 hrs prior to infection with wNDV.
Supernatants were harvested at 48 hpi and measure for their levels of IFN-β
expression by ELISA. The data shown are means of triplicates. Error bars
represent standard errors of the means.

Conclusions and Future work
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Flow cytometry analysis indicates 85% of PI cells
expressed GFP at different passages until passage
15 after infecting with rNDV-GFP
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Figure 5 | Analysis of GFP expressing cells in persistently infected TCCSUPPI. (a) Flow
cytometric analysis of GFP expressing cells at passage 5, 10 and 15 respectively. (b)
Percentage of GFP expressing cells in mock, passage 5, 10, and 15. No differences in
GFP expression between the passages at p = 0.05.

•

Finding from this study will help in facilitating the use of NDV in treatment of
bladder cancer in the clinic.
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