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Antiviral interferons induced by
Newcastle disease virus (NDV) drive
a tumor-selective apoptosis

Teridah Ernala Ginting®, Salomo Christian, Young Othiwi Larasati, Jeremiah Suryatenggara,
Ivet Marita Suriapranata & George Mathew

Newcastle disease virus (NDV) strongly induces both type | and Ill antiviral interferons (IFNs-a/-3 and
IFN-X, respectively) in tumor cells while it induces mainly type Il IFN in normal cells. Impairment of
antiviral type | IFN signaling in tumor cells is thought to be the reason for effective oncolysis. However,
there is lack of clarity why lentogenic strain NDV can also induce oncolysis. NDV infection caused
apoptosis in normal and tumor cells as demonstrated with the caspase-3 enzyme activation and
annexin-V detection. The apoptosis response was inhibited by B18R protein (a type | IFN inhibitor)

in tumor cellsi.e. A549 and U87MG, and not in normal cells i.e. NB1RGB and HEK293. Similarly, UV-
inactivated medium from NDV infection was shown to induce apoptosis in corresponding cells and the
response was inhibited in A549 and U87MG cells with the addition of B18R protein. Treatment with
combination of IFNs-a/-3/-X or IFNs-a/-3 or IFN-X in NB1RGB, HEK293, A549 and U87MG showed that
caspase activity in IFNs-a/-3/-X\ group was the highest, followed with IFN-a/-3 group and IFN-X group.
This suggests that tumor-selectivity of NDV is mainly because of the cumulative effect of type | and Ill in
tumor cells that lead to higher apoptotic effect.

Potential use of oncolytic viruses are being evaluated as anticancer agent due to their selective killing of tumor
cells with the minimal damage to normal cells. Among the studied oncolytic viruses, Newcastle disease virus
(NDV) is a bird pathogen from the family Paramyxoviridae, and the only kind which is naturally does not infect
mammalian. Due to its safety, efficacy and tumor-selective properties, NDV has been investigated as a novel
oncolytic agent in vitro, in vivo as well as in clinical trials'~'°

Virus infection results in signals to release antiviral interferons (IFN)'!-13. These signals can be recognized
by the membrane bound Toll-like receptors (TLR) that are involved in sensing viral glycoprotein, and the cyto-
plasmic RIG-like receptors (RLR) that is mainly responsible for sensing RNA viruses. This process activates
transcription factors, most often interferon regulatory factor (IRF)3, IRF7 and nuclear factor kappa B (NFxB),
that subsequently initiates transcription and expression of IFNs type I and I1I'2!%1° TFNs trigger many signaling
pathways that modulate biological responses including antiviral, pro-apoptosis, tumor-suppressive and immu-
nomodulatory effects in autocrine and paracrine fashion'6-?*. There are 3 major types of IFN: type I IFNs consists
of 17 members including IFN-q, -3, w, € and k that signal through IFNAR (interferon-alpha/beta receptor); type
ITIFN consists of IFN-~ that signals through IFNGR (interferon-gamma receptor); and type III IFNs consists of
IFN-X1, -X2, -X\3 and -\ that signal through IFNLRI1 (interferon-lambda receptor 1). Type I and III IFNs show
similar antiviral effect through similar signaling pathway. Upon binding to their corresponding receptors, both
type of IFNs will activate the Janus Kinase (JAK) and Signal Transduction and Activation of Transcription (STAT)
proteins followed by transcription of ISGs (interferon stimulated genes).

NDV is a strong inducer of antiviral type I and IIT IFNs in human cell lines, with stronger induction of IFN-o
and -3 was observed in tumor cells relative to normal cells®. Different interferon signaling pathway between nor-
mal and tumor cells was the initiation of NDV tumor-selectivity mechanism. Unlike the normal cells, tumor cells
exhibit impaired antiviral IFN signaling, in particular to type I IFNs, which allows virus to replicate efficiently.
The defects in tumor cells can be deregulated IFN receptor expression, non-responsiveness to antiviral enzymes
and impairment of STAT1 signaling®’. Despite its inability to replicate, lentogenic non-lytic NDV strain at low
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Log,, TCID;,
hours p.i.
Cell name Tissue 24 |48 |72
NBIRGB Skin fibroblast <l |<1|<1
Normal
HEK293 Transformed embryonic kidney | <1 | <1 | <1
A549 Non-small lung carcinoma <l |<1|<1
Tumor
U87MG Glioblastoma multiforme <1l |<1|<1

Table 1. Replication of NDV at 0.001 MOI in normal and tumor cells. Virus titer at each time point was
measured with fifty-percent endpoint method according to Reed and Muench*®.

MOTI still possesses oncolytic ability; and many tumor cells which do not display defective IFN yet still are killed
by NDV25:30-32,

Apoptosis is a multi-pathway program that leads to cell death. It can generally be divided into two nonex-
clusive signaling cascades involving death receptors (extrinsic pathways) or mitochondria (intrinsic pathway).
In both pathways, cysteine aspartyl-specific proteases (caspases) that cleave cellular substrates are activated.
NDYV induces apoptosis through both pathways, although primarily through mitochondrial pathway mediated
by induction of endoplasmic reticulum stress, release of cytochrome ¢ and increase expression of CD95*%33%7,
It has also been shown that NDV induced higher apoptosis in cells overexpressing antiapoptotic Bcl protein and
in melanoma cells overexpressing antiapoptotic Livin protein®-*®. IFN-« induces apoptosis in malignant cells
through the activation of caspases-1, 2, 3, 8 and 9 and independent of Fas signaling®. Furthermore, IFN-o and
-3 induce apoptosis through the upregulation of transcriptional activity of p53 tumor suppressor. Consequently,
little is known for the preferential lysis of the tumor cells in regards of distinct IFNs secretion induced by NDV.

In our previous study we observed the cytotoxicity and tumor selectivity of NDV and a difference in antiviral
type I and III secretion in both normal and tumor cells following NDV infection®. In this study we examine the
role of distinct IFNs in inducing apoptosis. We hypothesize that there is a tumor selective mechanism with regard
of NDV-induced IFN and this mechanism further triggers apoptosis in tumor cells.

Results

NDV at 0.001 MOI did not replicate in tumor and normal cells.  In order to demonstrate that antitu-
mor effect of NDV was caused by induced proinflammatory response rather than direct effect of virus replication,
we used lentogenic NDV at 0.001 MOI for infection. We used this dose because it was enough to induce high
IFNs production in our previous study?. We infected NB1RGB, HEK293, A549 and U87MG cells at for 72 hours.
Supernatant from each cell was collected every 24 hours and titrated for virus TCID5, according to the relative
fluorescence level. Virus titer in the medium samples of all cell type tested, were less than 1 log,, TCID5, from
each time point (24, 48 and 72 hours p.i.) (Table 1). Flow cytometry analysis and immunofluorescence staining
of NDV antigen on cell surface showed that all infected cells expressed NDV protein at 24 hours p.i. (Figs 1a,b,
S1). However, because TCIDs, result did not show positive wells, we confirmed that virus was not released to the
medium at 0.001 MOL

NDV causes apoptosis in tumor cells and it is inhibited by B18R, a type | IFN inhibitor. We
previously observed that NDV was able to cause higher cytotoxicity in tumor cell lines rather than normal cell
lines, by using MTT (3-(4,5-dimethylthiazol-2-Y1)-2,5-diphenyltetrazolium bromide) reagent®. In continuation
with our former study, here we investigated if the cytotoxicity post NDV infection was an apoptosis process.
Colorimetric assay was used to measure the cleaved caspase-3 enzyme. The results were presented in absorbance
graph (Fig. 2a) to show significance level; and relative activity graph (2B) to omit different absorbance intensity
in each group. We infected normal (NB1RGB and HEK293) and tumor cells (A549 and U87MG) with 0.001 MOI
NDYV to observe apoptosis activity. We used 0.001 MOI NDV at which the dose had been shown insufficient
for NDV to replicate in both normal and tumor cells (Table 1) but was enough to induce high proinflammatory
cytokines?, and caspase activity higher than apoptosis inducer such as staurosporine (Fig. S2).

Analysis of cell groups from NDV infection revealed significant caspase-3 activity in NBIRGB, A549 and
U87MG cell lines, although absorbance activity in U87MG cells was lower. This suggested that NDV induced
apoptosis on those cells tested, and different response between cell types might be present. On the other hand,
NDV infection in HEK293 cells did not show any significant difference on caspase-3 activity (Fig. 2b,c).

To determine whether type I IFN was responsible for the observed apoptosis activity, we included treatment
of B18R protein to same cells. B18R protein is a type I IFN inhibitor expressed by vaccinia virus***!. Higher
caspase-3 activity inhibition by B18R supplementation was seen in A549 and U87MG tumor cells (52.6% and
31.3%, respectively) rather than in NB1IRGB and HEK293 normal cells (9.2% and —6.1%, respectively) as seen in
Fig. 2b, although the significant difference in Caspase-3 activity between NDV and NDV-inhibitor groups was
only observed in A549 cells (Fig. 2a).

This result suggested a type I IFN role in apoptosis in A549 and U87MG tumor cells. To confirm the func-
tional role of B18R as type I IFN inhibitor we tested two concentrations of B18R, i.e. 2 and 4 ug/mL to complex
with NDV during infection in A549 cells. A549 cell line was chosen in this experiment as it showed good response
to treatment with B18R (Fig. 2a). The result confirmed that B18R protein inhibited apoptosis in a dose-dependent
manner in A549 cell lines (Fig. 2d).
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Figure 1. NDV protein expression on normal and tumor cells surface. (a) Flow cytometry analysis image of
each cell types was representative from two or three replicates. Normal (NBIRGB and HEK293) and tumor
(A549 and U87MG) cell lines were infected with 0.001 MOI NDV. NDV antigen was evaluated at 5 minutes
(immediately) or 24 hours pi (5 min and 24 hr, respectively). Untreated group was noninfected wells and the
cells were collected together with 5 min group for flow cytometry analysis. The statistical analysis of all data
was presented in (b). Average (%) is percentage NDV positive cells from at least duplicate wells. *P < 0.05,
**P <0.01.

NDV-induced soluble mediators in the medium induces apoptosis and it is inhibited by
B18R. To demonstrate that oncolysis was induced by soluble mediators and not a direct killing by virus rep-
lication, we prepared bioassay of supernatants from NDV-infected cells. First, NBIRGB, HEK293, A549 and
U87MG cells were infected at 0.001 MOI NDV. Supernatants were collected at 48 hours, and any virus present was
inactivated under UV light. Inactivation was confirmed by TCIDj, after first passage in A549 cells. Inactivated
supernatants were then applied to corresponding cell culture at 20% or 50% v/v (20% (NDV) and 50% (NDV),
respectively). We also included 20% or 50% v/v inactivated supernatant from non-treated cells (20% (NT) and
50% (NT), respectively) to ensure that the observed effect was induced by NDV. Result shown in Fig. 3a,b indi-
cated that all cell lines demonstrated apoptosis activity at concentration 50% v/v NDV supernatant. A549 cells
was the most responsive cell type relative to the non-treated cells where high apoptosis level was detected even at
20% supernatant concentration. Most cell lines did not exhibit apoptosis activity at appreciable level when treated
with supernatant from non-treated cells. Our results confirmed that apoptosis was driven by soluble mediators
induced by NDV in a dose-dependent manner.

To confirm that oncolytic activity was secondary to IFNs induction, we included B18R protein into the bio-
assay. In this experiment we cultured cells in whole UV-inactivated supernatant (Fig. 3¢,d) with and without
B18R. Apoptosis activity was inhibited in tumor A549 and U87MG cells (11.7% and 23.2% inhibition, respec-
tively), although significant difference between supernatant only and supernatant with inhibitor groups were
observed only in U87MG tumor cells. Nevertheless, we ascertained that inhibition would be more significant
when higher inhibitor concentration was added. Apoptosis inhibition was not observed in NB1IRGB normal cells,
suggesting that apoptosis in this cell line was independent from type I IFN signaling. Apoptosis inhibition was
also observed in HEK293 cells (8.8% inhibition), but the relative activities were lower than those of tumor cells.

Different action of type | and Il IFNs for inducing apoptosis in normal and tumor cells. To
demonstrate the effect of type I and type III IFNs for inducing apoptosis, we incubated NBIRGB, HEK293, A549
and U87MG cells with combinations of IFN-q, -3 and -\ (IFN-o3X\) or IFN-a and -3 (IFN-a3) or only IFN-X\
for 24 hours. In all cell lines tested (Fig. 4a,b), highest apoptosis activity was observed in IFN-af3\ group and
followed with IFN-af3 groups and the differences when compared to mock-treated cells were statistically signif-
icant. Meanwhile, treatment with IFN-X showed very low caspase activity, indicating that IFN-X alone, at such
condition, has very low effect to induce apoptosis.

Discussion

A paucity of information is available to explain the mechanisms of NDV tumor selective oncolysis. Impaired
antiviral signaling in tumor cells, in particular interferons, has been proposed as the basis of NDV tumor selec-
tivity?s-2%42. However, many tumor cells with competent antiviral IFN signaling can still be killed by NDV?30-3243,
Considering the potency of NDV to be as a strong type I and III IFN inducers, with much stronger induction of
type I IFN was observed in tumor cells®; in this study we investigate the effect of NDV-induced antiviral interfer-
ons to stimulate apoptosis in tumor cells.
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Figure 2. Apoptosis in normal and tumor cells after NDV infection. Apoptosis activity in normal cells,
NB1RGB and HEK293, and tumor cells, U87MG and A549, after infection with NDV or NDV-B18R complex
(NDV + inh) for 24 hours or 36 hours (for U87MG) (a). (b) is the relative of treatment to mock group from data
(a) and percentage of inhibition is noted. (c) is annexin V flow cytometry analysis of normal cells, NBIRGB
and HEK293, and tumor cells, U87MG and A549. (d) is dose-dependent apoptosis inhibition by B18R protein
in A549 cells. Error bar is standard deviation from triplicate wells. *P <0.05, **P < 0.01, ***P < 0.001,

#EHEP <0.0001.

We demonstrated in the present work that oncolytic activity of NDV LaSota was a consequence of a selec-
tive induction of apoptosis in tumor cells despite the low virulence or low dose usage of the virus. We were able
to confirm with TCIDs, and flow cytometry of NDV antigen that our virus was lentogenic and the dose used
was very low that was insufficient for the virus to replicate. In the next part, we infected normal (NBIRGB and
HEK293) and tumor cells (A549 and U87MG) with NDV to observe apoptosis induction through the measure-
ment of caspase-3 enzyme activity. We used a low MOI to ensure that cell death was unlikely because of virus rep-
lication. Result showed that NDV infection induced apoptosis in tumor A549 and U87MG cells unlike in normal
cell HEK293. However, apoptosis was inhibited by B18R supplementation in A549 and U87MG tumor cells rather
than in HEK293 normal cells. This suggests apoptosis induced by NDV infection was a type I IFN dependent and
it is unique to tumor cells A549 and U87MG. B18R protein is a protein encoded by vaccinia virus that act as sol-
uble IFN-o/3 binding protein. The protein can bind to cell surface and inhibits the antiviral response signaled by
IFN-0/3%*4!, In this study we treated cells with B18R together with NDV during infection to ensure B18R binds
to cell surface thus prevent IFN-o/3 from initiating signal transduction leading to apoptosis. In addition, we
observed a higher caspase activity in NB1RGB normal cells which is possibly a physiological apoptosis as a result
of early NDV infection. Several studies have concluded that the fibroblast apoptosis is as a phase of tissue repair
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Figure 3. Apoptosis in normal and tumor cells induced by UV-inactivated NDV supernatant. Caspase-3
activity of normal NB1RGB and HEK293 cells, and tumor A549 and U87MG cells after treated with 20% or
50% v/v UV-inactivated culture medium from NDV-infected cells (a). A set of UV-inactivated supernatant
from mock infected wells were also prepared. (b) Is the relative activity of treated to mock groups from data
(a). Normal and tumor cells were treated with 100% v/v UV-inactivated supernatant and supplemented with
B18R (c). The relative activity is represented in (d) and percentage of inhibition is noted. Error bar is standard
deviation of absorbance from triplicate measurements. *P <0.05, **P < 0.01, ***P < 0.001.
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Figure 4. Apoptosis activity after different IFNs treatment. Normal cells (NBIRGB and HEK293) and tumor
cells (A549 and U87MG) (a) were coincubated with combination of IFN type I and III (IFN-a3\) or IFN type
I only (IFN-af3) or IEN type III only (IFN-X) for 24 hours. Cells lysates were collected and tested for caspase-3
activity. The relative activity is the ratio of absorbance between treated and mock-treated cell. (b) Error bar is
standard deviation of absorbance from triplicate wells. *P < 0.05, **P < 0.01, ***P < 0.001.

SCIENTIFICREPORTS| (2019)9:15160 | https://doi.org/10.1038/s41598-019-51465-6


https://doi.org/10.1038/s41598-019-51465-6

www.nature.com/scientificreports/

Healthy cells Tumor cells Healthy cells Tumor ceIIs

IFN type | IFN type | IFN IFN type
type llI land Il
Antiviral effect No antiviral effect Low cell death Higher degree

a b of cell death

Figure 5. Model of NDV tumor-selectivity. (a) Previously proposed NDV tumor-selectivity was through the
defective of type I IFN signaling in tumor cells®®. (b) Higher death in tumor cells is due to cumulative effect of
type I and III IFNs induced by NDV in tumor cells rather than normal cells.

or wound healing after inflammation potentially because of the induction of cytokines, growth factors or extra-
cellular matrices*~*. In our previous study, we have observed that NBIRGB exhibited relatively high cell death
at 24 hours after NDV infection, but the cells viability would increase until 72 hours at when the observation was
terminated®. In this study we observed that apoptosis was not inhibited by B18R supplementation in NBIRGB,
confirming the tumor-specific type I IFN dependent apoptosis.

We further evaluated to determine if NDV-induced soluble mediators might account for apoptosis. Set of
cell groups, normal and tumor, were treated with inactivated supernatants derived from NDV infected cells
and apoptosis activity was measured. Apoptosis was observed in all cell types to a certain degree, however, they
demonstrated apoptosis in dose-dependent fashion. This suggests the presence of apoptosis-inducing mediators
contained in the media. Similar to former study with NDV infection, the addition of B18R into the medium was
able to lower caspase-3 activity in A549 and U87MG tumor cells and not in NBIRGB normal cells. To simulate
the content of interferons in the media, we also performed experiments on tumor and normal cells treated with
commercially available recombinant IFN-q, -3 and -X. NBIRGB, HEK293, A549 and U87MG cells received com-
binations of interferons at the same concentration i.e. a total 3000 IU per well. Caspase activity assay showed that
all cells treated with mixed IFN-q, -3 and -X exhibit higher caspase activity, followed by treatment with IFN-q,
-3. Meanwhile, treatment with IFN-X alone did not show any remarkable apoptosis activity in those cell lines.

Cells respond to virus infection by secreting mainly type I and IIT IFN antiviral cytokines. Although both
types of IFNs act through distinct receptors, they induce similar signal transduction events, ISGs and biological
activities in vitro'>**. Considering that NDV infection induces different IFNs secretion in tumor and normal cells,
with the majority type [ and I1I in tumor cell, and type III in normal cells?*, here we provide evidence of different
IFNs secretion regulates tumor selective apoptosis. Normal cells used in this study, i.e. NB1IRGB and HEK293
secreted mainly IFN-X with low or no IFN-« and -8, therefore they showed relatively weak apoptosis inhibition
when B18R was added. In contrast, tumor cells such as A549 and U87MG that secreted high level of IFN-a,
-3 and -\ demonstrated significant apoptosis inhibition by B18R. Remarkably, experiments with commercially
available IFNs confirmed that apoptosis was higher when IFN-« and - were present, regardless of IFN-X. Our
results strongly suggest that NDV-induced apoptosis in current study is a type I IFN dependent process.

IFN-« induces apoptosis in malignant cells through the activation of caspases-1, 2, 3, 8 and 9 and independent
of Fas signaling®. Furthermore, IFN-«a and -3 induce apoptosis through the upregulation of transcriptional activ-
ity of p53 tumor suppressor??%. It was reported that IFN-X also has the potential to induce apoptosis in colorectal
carcinoma cell line'®, however, in current study we observed only a little effect of IFN-X to induce apoptosis in
NB1RGB, HEK293, A549 and U87MG. Because in some studies, induction of apoptosis by interferons required
more than 36 hours stimulation'®*, thus a longer incubation might be needed to see similar effect in other cell lines.

In summary here, our data explain that NDV preferentially induces apoptosis in tumor cells because of the
cumulative effects of IFNs, in particular IFN-o and -3, rather than impairment of IFN signaling (Fig. 5). In an in
vivo condition, secreted IFN-o and -3 by tumor cells might act in paracrine fashion to the surrounding tumor
cells acting as tumor-selective apoptosis agent, thus we propose that NDV infection at a low MOl is a potent anti-
tumor immunostimulation agent for cancer therapy.

Our study however does also present several limitations. First, we may need to test apoptosis activity in several
time points and in escalating MOI to observe a much higher response. Although we were confident to see apop-
tosis effect at 24 hours after IFNs treatment as what was seen in NBIRGB and A549 cells, apparently it was not
adequate for HEK293 and U878MG cells. Second, in our study we could not provide more elaborate flow cytom-
etry data of cytotoxicity together with apoptosis. However, we have tested the cytotoxicity in our previous study?
and we are confident that NDV is tumor selective to all cell lines used in this study. Our findings suggest the
importance of interferons’ role as antitumor in NDV infection which may not limited in apoptosis inducer only.

Materials and Methods

Cells. Human non-malignant cell lines i.e. NB1RGB (skin fibroblast) and HEK293 (transformed embryonic
kidney) and tumor cell lines i.e. A549 (non-small lung carcinoma) and U87MG (glioblastoma multiforme) were
purchased from RIKEN BioResource Center — Cell Bank (Tsukuba, Ibaraki, Japan) or American Type Culture
Collection (ATCC, Rockville, MD, USA). A549 and U87MG tumor cell lines express high IFN-q, -3 and -\, while
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NBI1RGB, HEK293 non-malignant cell lines express low IFN-q, -3 and high IFN-X after NDV infection, thus
suitable for the study of IFN signaling®. A549 cells were grown in F12-K medium; U87MG and HEK293 cells
in DMEM high glucose medium; NB1RGB cells in MEMa medium. All growth media were supplemented with
10% fetal bovine serum (FBS), 100 IU/mL penicillin and 100 ug/mL streptomycin. Media and antibiotics were
obtained from Gibco (Carlsbad, CA, USA) and FBS was obtained from (Biowest, Nuaillé, France). Cells were
cultured at 37°C in 5% CO,.

Virus. Lentogenic NDV LaSota strain was received from PT. IPB-Shigeta Animal Pharmaceuticals, Bogor,
Indonesia, which is used for anti-NDV vaccine production. Virus was inoculated in the allantoic cavity of
10-day-old embryonated chicken eggs. Eggs were incubated at 37 °C for 48 hours, followed by embryo inac-
tivation at —4 °C overnight. Possibly contaminated eggs with appearance such as cloudy or reddish allantoic
fluid or broken yolk, were discarded. Allantoic fluid was collected and cleared from debris at 5000 x g, 4°C,
for 30 minutes. Titer of infectious particle was confirmed by end point dilution assay tissue culture infective
dose 50 (TCIDs,) according to previous method with modification®. Collected allantoic fluid was tested for
microbial contaminants by inoculation in TSA (tryptone soy agar) containing lecithin and polysorbate prepared
according to manufacturer’s protocol (Microbial Content Test Agar — Scharlau, Barcelona, Spain) (Supplementary
Informations, Fig. S3). All experiment using living virus and cell culture was conducted in biosafety level-2 con-
tainment of Mochtar Riady Institute for Nanotechnology (MRIN) and approved by MRIN ethics committee
(Protocol number: 01.1312012).

NDV infectivity in tumor and normal cells.  Confluent normal and tumor cells were set up in a 6-well
plate. Plates were washed with PBS, then infected with NDV at multiplicity of infection (MOI) 0.001 for 60 min-
utes at 37 °C. Excess virus was removed and cells were washed. Cultures were then overlaid with maintenance
medium (similar to growth medium except that FBS was replaced with 0.3% BSA Fraction V (Gibco). A hun-
dred microliter culture supernatants were collected at 24, 48, and 72 hours post-infection and stored at —80°C
upon use for virus growth assay and apoptosis assay. For virus growth assay supernatants from each time point
were ten-fold serially diluted and titred for virus in A549 cells with end point dilution assay. After 5 days incu-
bation, plates were formalin-inactivated and incubated with mouse monoclonal anti-NDV immunoglobulin
(IgG) (Abcam, Cambridge, UK) 1:200 dilution, followed by incubation with goat anti-mouse IgG alexa fluor
488-conjugated (Invitrogen, Carlsbad, CA, USA). Fluorescence was measured in Varioskan Lux microplate reader
(Thermo Fisher Scientific, Singapore). TCIDj, value was calculated with Reed and Muench method*.

Flow cytometry analysis of NDV proteins on infected cells. Normal and tumor cells were infected
with NDV at 0.001 MOI for 5minutes or 24 hours. For 5 minutes infection, cells were washed after 5 minutes
with PBS twice and then detached with Accutase (Gibco). For 24 hours infection, cells were incubated with
virus for 60 minutes at 37 °C, washed with PBS twice, resuspended with maintenance medium and incubated for
24 hours at 37 °C. Untreated cells were prepared for infection negative control. Medium was removed and cells
were detached with Accutase. Any infectious virus was inactivated with 10% formalin and then cells were washed.
For the detection of NDV protein on cell surface, cells were incubated with mouse monoclonal anti-NDV (6H12)
alexa fluor 488-conjugated (Novus Biologicals, LLC, Littleton, CO, USA) at 1:50 dilution for 30 minutes at room
temperature. The level of surface NDV antigen was analyzed in FITC green stain FL1 channel of flow cytometer
BD Accuri (Becton Dickinson, Franklin Lakes, NJ, USA). Data were analysed using CSampler software (Becton
Dickinson).

Immunofluorescence assay. A total of 1 x 10 of normal and tumor cells were seeded in a 2 X 2 cm sterile
coverslips a day before treatment. On the next day, cells were infected with 0.001 MOI NDV diluted with mainte-
nance medium for 60 minutes at 37 °C. Cells were then washed, media were replaced with maintenance medium
and cover slips were incubated for 24 hours at 37 °C. Cover slips were washed 3 times with PBS and fixed in 10%
formalin for 30 minutes, followed with PBS wash and incubation with mouse monoclonal anti-NDV (6H12) alexa
fluor 488-conjugated (Novus Biologicals) in PBS (1:1000) for 60 minutes in dark at room temperature. Cover slips
were washed with PBS and incubated with 4'6-diamidino-2-phenylindole (DAPI) (Cell Signaling Technology,
Danvers, MA, USA) diluted in PBS to bring to 1 ug/mL final concentration at room temperature for 5 minutes,
followed with PBS wash and observation under fluorescent microscope. NDV antigen was observed in FITC
channel, while nucleus counterstaining was observed in DAPI channel (Supplementary Informations, Fig. S1).

Caspase-3 enzyme activity assay in NDV-infected cells.  Activity of apoptosis was evaluated by meas-
uring activation of caspase-3 enzyme using CaspACE assay System (Promega, Madison, WI, USA). Cells (5 x 10°)
in each well of a 12-well plate were infected with NDV at 0.001 MOI treated with B18R recombinant protein (eBi-
oscience — Thermo Fisher Scientific, Singapore), a type I IFN inhibitor. Virus suspension was pre-incubated with
B18R for 30 minutes to bring to room temperature, followed with 60 minutes infection at 37 °C. Cells were then
incubated in maintenance medium for 24 hours (or 36 hours for U87MG cells) at 37 °C. U87MG cells required
longer incubation for observable color change. Mock-treated cells were prepared for negative control. Cells were
harvested with Accutase, washed and proteins were extracted in 70 pL of cell lysis buffer provided in the kit.
Protein concentration of lysate was measured by using Quick Start Bradford Dye reagent (Bio-Rad, Hercules,
CA, USA). Caspase-3 activity was measured by mixing 50-100 pg protein extracts with caspase assay buffer
(Promega), dimethylsulphoxide/DMSO (VWR International, Solon, OH, USA), dithiothreitol/DTT (Bio-Rad)
100mM and AC-DEVD-pNA substrate (Promega) 0.2 mM in total 100 uL reaction mixture. Mixture was incu-
bated at room temperature overnight and free pNA level was measured at 405nm. Each assay was conducted
using protein extracts at the same concentration. Data were taken from triplicate reaction.
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NDV supernatant assay. Cells were washed and then infected with NDV at 0.001 MOI. Mock-infected
wells were treated with PBS. Culture supernatant was collected at 48 hours p.i. and UV-exposed for 30 minutes at
room temperature for inactivation of virus. To confirm that virus was inactivated well, supernatant was passaged
in A549 cells once and supernatant was evaluated by TCID;,*. Supernatant was added to newly prepared cell
culture in a 12-well plate at a concentration of 20% or 50% v/v (supernatant:fresh maintenance medium). Final
volume of medium was 1 mL. For experiment using B18R, an undiluted (100% v/v) UV-inactivated supernatant
was used. Plates were incubated for 24 hours at 37 °C and cell lysate was subjected to caspase-3 colorimetric activ-
ity (Promega).

Interferons combination assay. Human interferons used were commercially available recombinant pro-
teins i.e. IFN-o (PBL Assay Science, Piscataway, NJ, USA), IFN-(3 (R&D System, MN, USA) and IFN-X (PBL).
Confluent normal and tumor cell lines were prepared in a 12-well plates. Cells were washed and medium was
replaced with fresh maintenance medium supplemented with IFN-q, -3 and -~ (1000 IU each) or IFN-q, -3 (1500
IU each) or IFN- (3000 IU) in 1 mL medium. Plates were then incubated for 24 hours at 37 °C and cell lysate was
subjected to caspase-3 activity (Promega).

Annexin-V flow cytometry. For detection of apoptosis, cells were detached with Accutase (Gibco) and
washed twice in PBS. Cells were incubated at room temperature with Annexin V-FITC (Cell signaling, Danvers,
MA, USA) in 1:25 dilution in binding buffer for 30 minutes. Cells were then treated with 10% formalin for another
30 minutes to inactivate virus*’. Cells were washed, resuspended with PBS and then analyzed in BD Accuri flow
cytometer (Becton Dickinson). Data were processed in CSampler software (Becton Dickinson).

Statistics. Data were analyzed by two-tailed unpaired Student’s t test for groups comparing NDV to mock
group. The P-values of <0.05 was considered statistically significant (*P <0.05, **P < 0.01, ***P < 0.001,
365D < 0,0001).
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