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Abstract Virotherapy is emerging as an alternative treat-
ment of cancer. Among the candidate oncolytic viruses
(OVs), Newcastle disease virus (NDV) has emerged as a
promising non-engineered OV. In the present communi-
cation, we explored the oncolytic potential of R,B Muk-
teshwar strain of NDV using SW-620 colon cancer cells.
SW-620 cells were xenografted in nude mice and after
evaluation of the safety profile, 1 x 10’ plaque forming
units (PFU) of NDV were inoculated as virotherapeutic
agent via the intratumoral (I/T) and intravenous (I/V) route.
Tumor growth inhibition was compared with their respec-
tive control groups by gross volume and histopathological
evaluation. Antibody titer and virus survival were mea-
sured by hemagglutination inhibition (HI)/serum neutral-
ization test (SNT) and real-time PCR, respectively. During
the safety trial, the test strain did not produce any abnormal
symptoms nor weight loss in BALB/c mice. Significant
tumor lytic activity was evident when viruses were injected
via the I/T route. There was a 43 and 57% tumor growth
inhibition on absolute and relative tumor volume basis,
respectively, compared with mock control. On the same
basis, the I/V route treatment resulted in 40 and 16% of
inhibition, respectively. Histopathological examination
revealed that the virus caused apoptosis, followed by
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necrosis, but immune cell infiltration was not remarkable.
The virus survived in 2/2 mice until day 10 and in 3/6 mice
by day 19, with both routes of administration. Anti-NDV
antibodies were generated at moderate level and the titer
reached a maximum of 1:32 and 1:64 via the I/T and I/'V
routes, respectively. In conclusion, the test NDV strain was
found to be safe and showed oncolytic activity against the
SW-620 cell line in mice.

Introduction

Cancer is one of the leading causes of death in humans and
animals worldwide. At present, cancer treatment relies upon
surgery, chemotherapy and radiotherapy, however, there is an
urgent need for new approaches which can effectively com-
plement these three mainstays of cancer treatment. Despite a
continued improvement in patient care, survival rates of
patients have not changed appreciably in the past 20 years [7].

Among the possible alternative approaches, viruses hold
the great promise in the treatment of cancers. During
transformation, tumor cells acquire a variety of defects that
make them selectively permissive to viral replication [20].
This property has been harnessed as a novel form of cancer
treatment known as oncolytic virotherapy and the potential
candidate viruses are known as oncolytic viruses (OVs)
[16]. In the last 20 years, several reports have confirmed
that intratumorally- or systematically-delivered viruses can
display such antitumor activities [33].

Among the candidates, Newcastle disease virus (NDV), a
variant of avian paramyxovirus 1 (APMV-1; species Avian
avulavirus 1), has received significant attention as an
effective oncolytic agent for virotherapy [39]. Taxonomi-
cally, the species Avian avulavirus 1 is classified under the
genus Avulavirus of the family Paramyxoviridae. NDV is
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known among veterinarians for causing Newcastle or Rani-
khet disease in poultry [13]. Since the initial reports on the
use of NDV as an oncolytic agent, the virus has become one
of the highly preferred non-engineered OVs [41]. Many of its
strains, notably 73-T, MTH-68, PV701 and NDV-HUJ, have
been investigated in different phases of clinical trials
[26, 49]. Despite the huge progress in this area at a global
level, virotherapy is virtually an unexplored area of research
in India. Only recently, work on NDV [24, 25] and chicken
anemia virus [38] has been initiated and evidence of the
oncolytic potential of these viruses has been limited to cell
culture assays. Our study evaluated the oncolytic potential of
the R,B Mukteshwar strain of NDV in SW-620 colon cancer
cells in nude mice. Growth inhibition or regression of tumor
xenografts was used as an indication of the oncolytic effi-
ciency of the virus. The characteristics of this commonly
available mesogenic vaccine have been described in detail by
Dey et al. [8]. Along with the oncolytic potential of the test
strain, virus survival during the virotherapeutic process is
important for potential clinical application because the host
immune system lacks the ability to distinguish between
disease-causing pathogens and therapeutic viruses. There-
fore, we aimed to evaluate both virus survival and host
immune responses against NDV, to understand the obstacles
posed by the immune system during virotherapy.

Materials and methods
Virus, cells, culture media and animals

R,B Mukteshwar strain of NDV was obtained as a vaccine
vial from a commercial source. Each vial was labeled to
contain 1 x 10® EIDs, of virus in lyophilized form. Vero
and SW-620 cell lines were propagated in DMEM and
RPMI-1640 culture media, respectively, supplemented
with 10 % fetal bovine serum (Invitrogen).The cells were
grown under 5% CO, concentration at 37 °C. To generate a
xenograft, 1 x 10% SW-620 cells were used in each mouse.
Virus safety was determined in Balb/c mice while tumor
regression experiments were conducted on nu/nu nude
mice at the animal research facility, Zydus lab, Ahmed-
abad. All the required permissions were obtained from the
ethical committee to carry out both experiments.

Virus counting

The vaccine was reconstituted in the vial in 1 ml of NDV
diluent (provided by Biological Product Lab, Gujarat state)
and all further dilutions were made from this suspension.
Viruses were counted as hemagglutination (HA) units,
using serial dilutions of 25 pl of viral suspension and 1%
chicken red blood cells (RBC) [42]. 100 pl of virus
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suspension was used to calculate the tissue culture infective
dose-50 (TCIDsg) [2] and plaque forming units (PFU) [23]
in Vero cells. The HA titer was obtained as 1:128, whereas
TCIDsg and PFU were calculated as 1 x 10%1%/ml and
4.2(=4) x 10’/ml, respectively. The PFU count was used for
the safety trial and virotherapy experiments, whereas the
HA units and TCIDs, were used during the hemaggluti-
nation inhibition (HI) experiment and serum neutralization
test (SNT), respectively.

Virus safety determination

The virus was inoculated intravenously at 2 x 10’ PFU in
immune-competent Balb/c mice. Safety was determined on
the basis of absence of any undesirable gastro-intestinal,
respiratory and nervous system signs, as well as death in
the inoculated group. Weight values of inoculated mice
were compared with control mice (Student’s t test).

Tumor xenografts generation and treatments

Nude mice were injected with 1 x 10° SW-620 cells using the
subcutaneous route along with Matrigel (BD bioscience), a
connective tissue equivalent, in a 1:1 ratio. After 10 days,
when tumors reached a palpable size of about 200-300 mm?
(calculated using the formula: [length x widthz]/Z) [15],
animals were divided into four groups (Table 1). In the
treatment group, NDV was inoculated via the I/T and I/V
routes ata dose of 1 x 10’ PFU per animal, in 50 (I/T) and 100
pl (I/V) of sterile normal saline. The control groups were
inoculated with a similar volume of normal saline solution
(NSS), as per the designated route of administration. The
tumor volumes were measured on alternate days. On day 10,
two mice were sacrificed from each group. A 1800 mm®
tumor volume for the treatment group was set as the endpoint
of the experiment. The mean of the absolute tumor volumes
of the treatment and control groups were compared using the
Student’s t test. As the mean volumes of the two groups, for
both treatment routes, were unequal at the beginning of the
experiment, the relative tumor volume (RTV) was calculated
for the two groups using the formula: RTV = volume on day
n/volume at day 1.

Table 1 Grouping of nude mice for study of oncolytic potential of
NDV

S. no. Type of experiment Number
1 NDV inoculation by I/T route (NDV-I/T) 8
2 NDV inoculation by I/V route (NDV-1/V) 8
3 Mock control for I/T route (Control-1/T) 6
4 Mock control for I/V route (Control-1/V) 6

On day 10 two mice were sacrificed from each group
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Histopathology of tumor mass

Tumor mass was aseptically collected from sacrificed mice
and halved. One part of each tumor lump was used for
histopathological evaluation using hematoxyllin and eosin
staining method, and the other part was collected in RNA
protecting agent (RNAlater, Qiagen) and used for virus
survival determination.

NDYV survival in tumor mass

The survival of therapeutic virus was determined using
real-time PCR. Total RNA was isolated from 100 mg of
tumor mass using Trizol (Invitrogen). The initial process-
ing of sample was carried out as per manufacturer’s
instructions. The tissue was snap-frozen with liquid nitro-
gen and triturated in RNAase-free pestle and mortar.
Subsequently, 100 ng of total RNA were used for each
reaction. The one-step Tagman chemistry-based, NDV
real-time PCR kit (Vetmax, Invitrogen) was used for viral
RNA amplification. NDV RNA (10,000 molecules/pl)
supplied with the kit was used as reference control. After
preparation of the master mix, one-step real-time PCR was
carried out using an Applied Biosystem Real-Time PCR
Instrument (ABI, 7500). The annealing temperature was
55 °C and other parameters were set as per the ABI
instruction manual. The real-time PCR instrument calcu-
lated the cycle threshold (C,) values, which were used as
the final result.

Immunogenicity of NDV in mice

At the time of animal sacrifice, blood was collected asep-
tically and serum was harvested. Generation of anti-NDV
antibodies was determined by SNT and HI test [2, 42]. HI
was done in 96-well V-bottom microtiter plates (Laxbro)
using 2-fold dilutions of serum samples against 4 HA unit
of vaccine virus, with 1% of pooled chicken RBC. SNT
was determined on Vero cells at 100 TCIDs of virus, with
a 2-fold dilution of serum. Only virus and positive serum
were used as control in both tests. The last dilution, where
HA inhibition and the cytopathic effect (CPE) were
blocked, was used as HI and SNT titer, respectively.

Results

Safety trial

During the 15-days safety experiment period, no adverse
respiratory, gastrointestinal or neurological signs were

observed in any of the inoculated animal. These animals
maintained similar weight as control mice and remained

active during the entire experimental period. Even during
the virotherapy experiment, no inadvertent death was
noticed in any of the virus-treated immune-deficient mice
(data not shown).

Gross tumor growth inhibition

Tumor growth inhibition, based on mean tumor volume,
was evident and conspicuous in both treatment groups,
compared with that of corresponding mock controls. After
starting with the same tumor volume at day one, in both
groups, the mean tumor volume in the NDV-I/T group
reached a value of 1823.52 mm3, compared with 3123.57
mm? in the control-I/T group (58% of control). Similarly,
the mean tumor volume in the NDV-I/V and control-I/V
groups were 1753.06 and 2934.13 mm? (59.9% of control),
respectively, on day 19 (Table 2; Figure 1). The maximum
growth inhibition observed with the I/T and I/V route was
43 and 40%, respectively (Figure 2). A significant differ-
ence was observed from day 15 and 17 onwards with the
I/T and I/V treatments, respectively (Table 2).

As tumor volumes were not the same at the beginning of
therapy, the efficiency of treatment was also evaluated by
calculating the relative tumor volume (RTV). The effi-
ciency of treatment in the NDV-I/T group was evident: the
tumor volume increased very slowly and reached a maxi-
mum value of 5.2, with no further increase until day 19,
compared with 9.1 in the control group. This was mirrored
by an actual inhibition of tumor growth of 57 % in the
NDV-I/T group, relative to the control-I/T group. In the I/V
groups, at the start of the experiment, the tumor volume of
treatment-1/V group was lower than that of the control-I/V
group; therefore the therapy efficacy was lower in the
treatment-I/V than in the control-I/V group. On day 19,
RTV of NDV-I/V group was 6.76, compared with 7.9 in
the control-I/V group, hence, the actual inhibition was 16%
(Figure 2).

Histopathology of tumor sections

Histopathology analysis of tumors from control mice
revealed the uninterrupted tumor growth with continuous
mitotic activity. Very little apoptosis/necrosis and immune
cells infiltration were observed in these sections. On the
other hand, tumors from treatment group mice showed
massive areas of necrosis upon histopathological exami-
nation. The necrosis was even more pronounced in tumors
from the NDV-I/T group than in those from the NDV-I/V
group. Upon closer observation, it was evident that the
cells were undergoing apoptosis, leading to necrosis (Fig-
ure 3, A-D). The necrotic areas were infiltrated with
modest numbers of immune cells, including macrophages
and lymphocytes.
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Table 2 Comparison of mean of tumour volumes in SW-620 cell line xenografts, in treatment and control groups

Days Intratumoral route Percent to control Intravenous route Percent to control
Control NDV Control NDV
Mean + SEM Mean + SEM Mean + SEM Mean + SEM
1 342.0 £ 834 344.5 £+ 34.6 100.7 348.4 £ 34.1 248.9 £ 53.9 71.4
3 603.9 £+ 138.5 489.9 £ 46.3 81.1 5249 +£ 753 356.0 £ 61.0 67.8
5 783.2 £ 159.1 720.4 + 98.2 89.7 771.0 &+ 107.9 469.0 &+ 7 60.8
8 1092.1 £+ 193.5 905.1 £+ 121.1 80.7 1042.1 + 149.5 651.1 &+ 80.2 62.4
10 1363.2 &+ 186.9 1079.4 £ 178.7 71.9 12772 £ 173.1 827.5 £ 101.0 64.7
12 1799.6 + 236.0 1225.8 + 207.1 68.1 1525.7 4+ 2232 983.0 &= 139.8 64.4
15 2369.3 & 290.6 1384.5 + 232.9 58.4% 1983.5 + 267.7 1220.6 & 183.0 61.5
17 2757.8 &+ 290.6 1574.8 £ 264.8 57.1% 2527.0 £ 311.9 1509.7 £+ 207.4 59.7%
19 3123.5 £+ 463.5 1823.5 + 284.5 58.3% 2924.1 £+ 355.4 1753.0 &= 203.9 59.9%

* Significant difference at 95% confidence interval, P < 0.05

Fig. 1 Nude mice showing SW-620 xenograft, after 19 days of NDV virotherapy. Mice from (A) I/T-control group; (B) I/T-NDV group; (C) I/
V-control group and (D) I/V-NDV group

Antibody response against NDV

routes, respectively. The SNT and HI test results are shown
in Figure 4.

During virotherapy, virus-induced antibody production in

nude mice was observed with both the intratumoral and the

intravenous route of administration. Anti-NDV antibodies

were generated at moderate levels, and the maximum
antibody titers were 1:32 and 1:64, via the I/T and I/V
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NDYV survival in tumor xenograft

When virus RNA was measured by real-time PCR in the
tumor masses, the virus survival was recorded in 2/2 mice
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Fig. 2 Graphs showing comparison of mean RTV and inhibition of
tumor growth with I/T and I/V routes of NDV virotherapy. (A) Mean
RTYV of control and treatment groups. (B) Mean volumes of treatment
group to percent of control group

on day 10 and in 3/6 mice on day 19, in both treatment
groups. However, a very low level of virus load was
detected by day 19 (Table 3).

Discussion

Among many candidate oncolytic viruses, NDV has
emerged as a promising oncolytic agent [49] because of its
efficacy and encouraging safety profile [39]. NDV is a
natural pathogen of poultry, with limited pathogenicity in
other mammalian species and humans [40, 42]. Safety data
of the test NDV strain were also similar to previous reports
of pre-clinical and clinical trials [26, 27]. The safety profile
observed during virotherapy experiments was especially
encouraging based on the lack of adverse effects normally
observed with most chemotherapeutic drugs.

The partial but significant tumor growth inhibition
observed in this study was in line with reports from other
laboratories [35, 43, 46, 47] which used NDV as oncolytic
agent and showed a tumor growth inhibition in the range of
30-65%. Similarly, Yan et al. [46] reported a 58.7% and
42.7% growth inhibition with recombinant and unmodified
NDV, respectively. In line with these results, 30%, 40%
and 60% tumor growth inhibition has been reported when
NDV treatment was administered once, twice and three
times, respectively [47].

In the literature similar results have been published with
colon cancer cell lines. One study reported 68% inhibition
of tumor growth in HT-29 colon carcinoma cells [35] and
another group found that 2/10 mice showed appreciable
response to NDV treatment against CT-26 colon cancer
cells [43]. These colon xenografts were also found to be
susceptible to oncolytic viruses other than NDV [9], which
underscores the growing importance of oncolytic
virotherapy.

Partial tumor regression of higher magnitude was
reported with tumors other than colorectal carcinomas
[6, 44, 45]. In sharp contrast to the present work, complete
or near-complete regression were achieved in these study
models with non-recombinant NDV strains [29, 30, 35, 36]
and with different recombinant NDVs
[3, 10, 28, 37, 43, 48]. These results may be due to the use
of higher and multiple doses, as well as to the use of
purified viruses [5, 6, 45]. An oncolytic response, although
modest, was observed in SW-620 cells with the I/V route of
administration of NDV treatment, which was encouraging.
Earlier studies with mice models [35, 43, 45] and clinical
trials [11, 18, 27, 34] have reported the utility and efficacy
of the I/V route for virotherapy.

According to our literature search, this is the first in vivo
study of tumor lytic potential of NDV (and possibly with
any oncolytic virus) in India. Previous reports were limited
to in vitro oncolysis evaluation only. Our work strongly
suggests the inherent oncolytic potential of NDV Muk-
teshwar strain towards colon cancer cells. Further research
and experiments, using higher doses of virus and virus
modifications, are warranted to improve our understanding
of this topic.

Histopathological evaluation of the tumors was expected
to reveal massive areas of necrosis [3, 29, 30, 34], preceded
by apoptosis [6, 47] with an increase in cell fusion [3]. As
part of the host response, infiltration of immune cells,
development of granulation tissue and complete replace-
ment of tumor tissue with normal tissue were observed in
previous studies [3, 18, 29, 37, 43, 45]. Necrosis is con-
sidered a hallmark of viral activity against tumor cells.
Necrosis must be preceded by apoptosis or syncytia for-
mation. Apoptosis with chromatin condensation and frag-
mentation were seen in many areas of the tumor mass,
however, syncytia formations were not easily observed. A
likely explanation for this is that SW-620 tumor cells may
lack fusion-stimulating proteins [3, 31] or the syncytia had
been converted into necrotic areas. The low level of tumor
cell infiltration is in agreement with Reichard et al. [36] but
several other studies showed higher levels of immune cell
infiltration and suggested they were an oncolytic factor
[48].

In nude mice, antibody response was observed by both
the I/T and I/V routes of treatment. As previously reported,
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Fig. 3 Photomicrograph of SW-620 colon cancer cells xenograft tumors in nude mice after NDV treatment. (A) Un-inoculated control (10X);
(B) Necrosis at 10X magnification; (C) Necrosis at 40X magnification; (D) Apoptosis in many cells (40X)

nude mice can also generate some antibody response [4].
Most of the earlier reports on mice experiments with NDV
or with a few other oncolytic viruses did not report the
occurrence of an antibody response. Hence, we compared
the results from our work with those from the few available
reports of mice studies with other oncolytic viruses
[12, 17, 21, 32] and with NDV-based clinical trials
[11, 18, 27, 34].

Very high titers had been obtained in clinical trials or
mice studies with vaccinia virus and vesicular stomatitis
virus (VSV). The high titer observed in human trials may
be due to the immunocompetent host and the high dose of
NDV used (up to 1 x 10'> PFU). The exceptional
immunogenicity of vaccinia virus and VSV can explain the
high titer observed in mice experiments. However, in our
opinion, a moderate level of immunogenicity may be a
useful feature of NDV in virotherapy.

In the present work, the oncolytic activity of NDV was
sustained for a few days with antibodies (two weeks post-
infection), however, subsequently, the virus was cleared by
the immune system. Clinical trials revealed that the virus
can be detected, even though antibody responses and tumor
lysis were more efficient after generation of anti-NDV
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antibodies [34]. Contrary to this notion, a few studies
showed that VSV and vaccinia virus were cleared as soon
as the antibody response was generated [12, 17, 21, 32].
It is thought that oncolytic activity will last until the
virus remains in the tumor micro-environment. In line with
the present work, two [1, 9, 19] to three weeks [22, 32]
viral survival was observed with different techniques and
virus/tumor models. Some studies reported a very short
survival period (5 days), whereas we observed a longer
survival time [21]. Longer virus survival was reported in
mice studies with other recombinant viruses [14, 15] and is
linked to better tumor lysis activity. The type and dose of
virus, the immune status of the host and tumor burden may
be important factors for the final outcome and should be
considered when devising a therapeutic protocol. Based on
the survival data and immune clearance results, the NDV
virotherapeutic agent could survive in the tumor mass for at
least 3 weeks; its levels were probably reduced after week
2, which might be due to immune clearance of the virus.
The safety profile, intrinsic oncolysis potential, ability to
survive in the tumor mass and moderate immunogenicity
are thought to be highly useful features of the R,B Muk-
teshwar strain of NDV and make the virus a promising
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Fig. 4 Bar graphs showing antibody titers against NDV in SW-620
xenograft bearing nude mice after NDV inoculation on day 10 and 19
post-virus inoculation by HI test and SNT. (A) I/T route and (B) I/'V
route

Table 3 Results of real-time PCR for survival of NDV in tumour

mass
Group Ct Value
Positive  Mice Mice Sacrificed
Control  Sacrificed at day 19
atday 10 (N =6)
N=2)
SW- 25 25 31 NA 34 NA 34 38 NA
620-
v
SW- 25 184 224 20.8 NA NA 272 36 NA
620-1T

NA = No amplification

oncolytic candidate. Further research and experiments with
higher viral doses and genetic modifications of the virus
may lead to its use in the clinical setting.
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