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Recombinant oncolytic Newcastle disease @
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Abstract

Background: Anaplastic thyroid cancer (ATC) is one of the most aggressive of all solid tumors for which no effective
therapies are currently available. Oncolytic Newcastle disease virus (NDV) has shown the potential to induce oncolytic
cell death in a variety of cancer cells of diverse origins. However, whether oncolytic NDV displays antitumor effects in
ATC remains to be investigated. We have previously shown that the oncolytic NDV strain FMW (NDV/FMW) induces
oncolytic cell death in several cancer types. In the present study, we investigated the oncolytic effects of NDV/FMW
in ATC.

Methodes: In this study, a recombinant NDV expressing green fluorescent protein (GFP) was generated using an NDV
reverse genetics system. The resulting virus was named after FFMW/GFP and the GFP expression in infected cells was
demonstrated by direct fluorescence and immunoblotting. Viral replication was evaluated by end-point dilution assay
in DF-1 cell lines. Oncolytic effects were examined by biochemical and morphological experiments in cultural ATC cells
and in mouse models.

Results: IFMW/GFP replicated robustly in ATC cells as did its parent virus (NDV/FMW) while the expression of GFP
protein was detected in lungs and spleen of mice intravenously injected with rEMW/GFP. We further showed that
rFMW/GFP infection substantially increased early and late apoptosis in the ATC cell lines, THJ-16 T and THJ-29 T
and increased caspase-3 processing and Poly (ADP-ribose) polymerase (PARP) cleavage in ATC cells as assessed
by immunoblotting. In addition, rFMW/GFP induced lyses of spheroids derived from ATC cells in three-dimensional
(3D) cultures. We further demonstrated that rFMW/GFP infection resulted in the activation of p38 MAPK signaling, but
not Erk1/2 or JNK, in THJ-16 T and THJ-29 T cells. Notably, inhibition of p38 MAPK activity by SB203580 decreased
rFMW/GFP-induced cleavage of caspase-3 and PARP in THJ-16 T and THJ-29 T cells. Finally, both rFEMW/GFP and its
parent virus inhibited tumor growth in mice bearing THJ-16 T derived tumors.
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potential as a novel therapeutic strategy for ATC.

Apoptosis,

Conclusion: Taken together, these data indicate that both the recombinant reporter virus rEMW/GFP and its parent
virus NDV/FMW, display oncolytic activities in ATC cells in vitro and in vivo and suggest that oncolytic NDV may have
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Background

Anaplastic thyroid cancer (ATC) is the most aggressive type
among thyroid cancers, accounting for a significant portion
of thyroid cancer death [1]. Current treatments for ATC pa-
tients such as surgery, radiotherapy and chemotherapy have
no effect in increasing patients’ survival [2]. Therefore, the
development of novel therapeutic approaches for ATC is
urgently needed.

Oncolytic viruses (OVs) are naturally occurring or engi-
neered viruses that selectively infect and replicate in cancer
cells, triggering direct oncolysis. Several preclinical studies
have demonstrated that OV-based therapy is effective in
the treatment of ATC [3]. A series of studies by Portella &
colleagues has shown that oncolytic adenovirus strains
dl1520 (Onyx-015) and dl1922-947, alone or in combin-
ation with rationally designed molecularly-targeted drugs,
displayed antitumor activities in ATC cells and in in vivo
mouse models [4-9]. Similarly, the adenovirus strain,
ONYX-411, induced cell death in ATC cell lines and sup-
pressed the growth of xenograft tumors in nude mice [10].
In addition to oncolytic adenoviruses, oncolytic vaccina vi-
ruses also displayed antitumor activities in ATC cells and
in xenograft models [11, 12]. Wong et al. investigated the
oncolytic effects of oncolytic vaccina virus strains NV1023
and GLV-1 h68 in ATC in the preclinical setting [13-16].
Other OVs such as measles virus has also been demon-
strated to induce cytotoxicity in ATC cells [17]. Together,
these studies strongly indicate that OVs hold promise for
the treatment of patients with ATC.

Newcastle disease virus (NDV) is a member of the
Avulavirus genus in the Paramyxoviridae family. Natur-
ally occurring strains of NDV and recombinant NDV ex-
pressing immunoregulatory factors have demonstrated
the potential to kill cancer cells of diverse origin in both
preclinical and clinical studies [18, 19]. However
whether oncolytic NDV displays antitumor effects in
ATC remains to be investigated. We have previously
shown that either naturally occurring or recombinant
oncolytic NDV expressing apoptin triggers oncolytic cell
death in lung and liver tumor cell lines and
tumor-bearing mice [20-24]. The aim of the present
study was to determine the oncolytic efficacy of NDV
using a recombinant NDV-expressing GFP protein in
ATC cell lines and mouse model. To better understand
oncolytic NDV infection process in cancer cells, we

generated a recombinant NDV expressing the green
fluorescent protein (GFP). We evaluated the efficacy of
the recombinant NDV in ATC cell lines and in mouse
models. Our results show that the GFP-expressing re-
porter NDV, exhibits potent oncolytic activities in ATC
cell lines and in a mouse model of thyroid cancer.

Methods

Cells, viruses and regent

Chicken embryo fibroblast cell line, DF1 (cat no. GNO30),
was obtained and authenticated by the Cell Bank of the
Chinese Academy of Science (Shanghai, China). Cells were
maintained in DMEM supplemented with 10% fetal bovine
serum (FBS). THJ-16 T and THJ-29 T cells were kindly pro-
vided by the Mayo Foundation for Medical Education and
Research to Dr. Quentin Liu [25]. THJ-16 T cells were cul-
tured in RPMI-1640 containing 5% FBS, 10 mM HEPES
(Thermo Fisher) and 1 mM sodium pyruvate (Thermo
Fisher). THJ-29 T cells were cultured in RPMI-1640 con-
taining 5% FBS and 1 mM sodium pyruvate. A virulent
strain of NDV/FMW (GenBank accession number:
GU564399) was prepared as reported previously [20].
SB203580, a specific p38 inhibitor, was purchased from
Selleckchem which was prepared with dimethyl sulfoxide
(DMSO) and stored at — 20°C.

Construction of GFP-labelled recombinant NDV/FMW

The construction of the recombinant NDV/FMW express-
ing GFP was performed essentially as described in our
previous study for the generation of the recombinant
NDV/EMW  expressing apoptin [24]. To construct
rEMW-GFP, a GFP-labeled fragment flanked by the appro-
priate  NDV-specific RNA transcriptional signals was
inserted into the Apal site created between the P and M
genes of pT7”NDV/FMW. The resulted plasmid was named
as IFMW-GFP and sequencing verified. Viruses were res-
cued from complementary cDNA using methods described
previously [24]. The resultant recombinant virus, rFEMW/
GFP was prepared, stored and titered as previously de-
scribed [20-22, 24].

Live cell imaging

THJ-16 T and THJ-29 T cells were cultured in 6-well
plates and infected with NDV/EMW or rEMW/GEP at a
multiplicity of infection (MOI) of 10. Cells were
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observed using fluorescence microscopy (Olympus
IX81). Live cell imaging of bright-field and fluorescence
was recorded at 24 h post-infection.

Immunofluorescence assay

THJ-16 T and THJ-29 T cells for immunofluorescence
assay were seeded on coverslips (NEST, 801008) in 24
wells plate and fixed in 4% paraformaldehyde (PFA) for
30 min, then the cells were permeabilized in 0.2% Triton
X-100 for 15 min. Non-specific binding sites were
blocked by incubation with 3% Bovine Serum Albumin
(BSA) for 60 min. Cells were then incubated with pri-
mary anti-HN antibody (1:50) overnight at 4 °C. After
washed, secondary antibodies (1:1000) were added to
appropriate wells. After 60 min, Nuclei were stained
with DAPI (5 pg/mL, Sigma) in PBS. Images were
acquired using a confocal microscope (Leica TCS SP5 x)
and images were captured with a camera controlled. Im-
ages from each experiment were acquired using the
same exposure time during the same imaging session.

Immunoblot assay

THJ-16 T and THJ-29 T cells were seeded in 60-mm
dishes and infected with vehicle or rTFMW/GFP at 10
MOIL. Cells were harvested using scraper and lysed in lysis
buffer (Roche, USA) at 6, 12 or 24 h. Cell samples were
loaded and separated by 10 or 15% SDS-PAGE and subse-
quently transferred to nitrocellulose membranes (Apply-
gen Technologies Inc. Beijing, China) using a transblot
turbo system. Membrane was blocked with 5% milk
diluted in TBST buffer (0.05% Tween-20) for 3 h and
incubated with primary antibody at 4 °C overnight. The
antibodies for GFP-tag (1:10000, Sigma, SAB4301138),
HN (1:500, Santa cruz, SC-53562), P-actin (1:10000,
Sigma, A1978), caspase-3 (1:1000, Cell signaling technol-
ogy, 9662S), PARP (1:1000, Cell signaling technology,
9532S), phospho-p38 (1:1000, Cell signaling technology,
9215S), total p38 (1:1000, cell signaling technology,
9212S), phospho-Erk1/2 (1:8000, Promega, V803A), total
Erk1/2 (1:8000, Promega, V114A), phospho-JNK (1:2000,
Cell signaling technology, 9251S) and total JNK (1:1000,
Cell signaling technology, 9253S) were used. After
washed three times with TBST, the membranes were
incubated with horseradish peroxidase-conjugated sec-
ondary antibody (1:10000, Invitrogen, USA) for 1 h at
room temperature with continuous rocking. The blots
were detected using ECL Western Blot Substrate kit
(Thermo Fisher, USA) [20].

GFP expression in vivo

rFMW/GFP (1 x 10’ TCID50 per dose) was injected
intravenously (i.v) into BALB/c mice. To assess GFP ex-
pression in organs, mice were euthanized 24 h following
virus injection. Heart, liver, spleen, lungs and kidneys
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were harvested. Cells were lysed and GFP protein was
visualized by IB.

Viral titer assay

DF1 cells were seeded in 96-well plates and then
infected with 10-fold serially diluted viruses. Viral titer
was measured by end-point dilution assay (50% tissue
culture infective dose (TCID50]/ml) and the TCID50
was calculated by the method of Reed and Muench
(Reed and Muench, 1938).

Cell viability assay

Cell viability was quantified using the 3-(4,5-dimethylthia-
z0l-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
based on the formation of formazan crystals from tetrazo-
lium by living/metabolically active cells. THJ-16 T and
THJ-29 T cells were seeded in 96-wells plates (5000 cells/
well), and then the cells were vehicle-infected or infected
with varying MOI of rTEMW/GEFP (0.01, 0.1, 1, and 10) for
24, 48, 72 h. Cell growth inhibition was determined as
previously described [22].

Spheroid formation

THJ-16 T and THJ-29 T spheroids were prepared from
monolayer cells which were trypsinised and plated in
ultra-low attachment 96-well plates (1000 cells/well). The
cells were containing in serum-free DMEM/F12 medium
supplemented with 10 ng/ml basic fibroblast growth fac-
tor (bFGF), 20 ng/ml epidermal growth factor (EGF) and
1 x B27. After 7 days, the propagated spheroid bodies were
observed and counted by light microscope.

In vivo oncolysis
Female age-matched (6 weeks old) nude mice were
housed in specific pathogen-free (SPF) conditions.
THJ-16 T cell suspension (5 x 10° cells in 100 uL PBS/
mouse) was injected subcutaneously in the right flank to
induce tumor development. When tumors reached an
average volume of 200 mm?, the rEMW/GFP treatments
were initiated by intratumoral injection. Mice were ran-
domly divided into two groups (eight mice per group):
(a) vehicle control, (b) intratumoral administration with
rFMW/GFP (1 x 10" TCID50 per dose). Mice were
injected three times weekly. After 1 week, four mice
(of eight) were euthanized to make into slices. The
slices were subjected to either hematoxylin-eosin
(H&E) staining or terminal deoxynucleotidyl transfer-
ase dUTP nick end labeling (TUNEL) assay as previ-
ously described [24]. The total proteins of tumor
tissue samples were harvested from the other four
mice in each group to test GFP and HN expression
by immunoblot assay.

For the in vivo oncolysis study of growth curve, ten
mice were included in each group ((a) vehicle control,
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(b) intratumoral administration with rFMW/GFP (1 x
107 TCID50 per dose), (c) intratumoral administration
with NDV/FMW (1 x 10" TCID50 per dose), was treated
for 3 weeks. Tumor growth was monitored at 5-day
intervals for 50 days using and volume was determined
with digital caliper according to the formula: volume
= (greatest diameter) x (smallest diameter)?/2. Euthan-
asia: Treat mice in an inhalation anesthesia machine
(Shanghai Biowill Co., LTD, Model: BW-AMS503) with
5% isoflurane (Sigma, cat no. Y0000858); 2.4 L/min
N20; 1.2 L/min O2. Observe the mice. (The depth of
anesthetization is sufficient when the following vital
criteria are reached: regular spontaneous breathing. No
reflex after setting of pain stimuli between toes, and no
response to pain.) Carotid after anesthesia mice was
killed off. The animals were tested in a biosafety cabinet
of the SPF laboratory animal center of the Dalian
Medical University (Dalian, China), complying with the
national guidelines for the care and use of laboratory
animals and were approved by the experimental animal
ethics committee at Dalian Medical University.

Statistical analysis

For all experiments, statistical analysis was first per-
formed using a one-way analysis of variance (ANOVA)
to determine statistical significance between groups for
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each endpoint assessed. Multiple comparisons between
treatment groups and controls were evaluated using
Dunnett’s LSD test. To assess the in vivo oncolytic
effects, statistical significance between groups was calcu-
lated using the LSD post-test and SPSS 11.0 software
(SPSS Inc., Chicago, IL, USA). p-values< 0.05 was con-
sidered statistically significant.

Results

Construction of recombinant NDV expressing GFP

We have previously shown that the NDV strain FMW
(NDV/FMW) exhibits strong oncolytic activity in vitro
and in vivo [20-23]. To better monitor the NDV/FMW
infection process in cancer cells, we generated recom-
binant NDV carrying the GFP reporter gene (Fig. 1la).
The construction of the recombinant NDV/FMW ex-
pressing GFP (hereafter as rFMW/GFP) was performed
utilizing the reverse genetics rescue system, which was
employed in our previous study for the generation of the
recombinant NDV/EMW expressing apoptin [24].

GFP expression in rFMW/GFP-infected ATC cells
(THJ-16 T and THJ-29 T) was demonstrated by direct
fluorescence and immunoblotting (Fig. 1b and c). The
expression of HN protein was detected in NDV/
FMW:-infected cells (Fig. 1c). Importantly, detection of
GFP was accompanied by the expression of HN protein

Control NDV/FMW  Ad-GFP

performed twice

rFMW/GFP

THJ-16T

Fig. 1 Construction and identification of the recombinant rFMW/GFP. a PCR amplification of the DNA construct using Apal-tagged primers was
carried out and subsequently introduced into the Anti-sense cDNA of the NDV strain, FMW. b THJ-16 T and THJ-29 T cells were infected with vehicle,
NDV/FMW (10 MOI), adenovirus-GFP-Tag or rFEMW/GFP (10 MOI) and imaged by fluorescence microscopy. Live cell imaging using bright-field and
fluorescence microscopy was recorded at 24 h post-infection. ¢ Protein levels of GFP-tagged and HN proteins were analyzed by immunoblotting (IB).
d rFFMW/GFP (1 x 107 TCIDS0 per dose) was iv. injected into BALB/c mice. Mice were sacrificed 24 h post virus injection. Heart, liver, spleen, lungs and
kidneys were harvested and GFP protein expression was assessed by IB. 3-actin was used as a control for equal loading. All IB experiments were
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in rEMW/GFP-infected cells (Fig. 1c), indicating the rep-
lication of rEMW/GFP in infected cells. In addition, the
stability of the recombinant virus was evaluated by in-
oculating rFMW/GFP into SPF embryonated chicken
eggs after five serial passages. GFP insertion was subse-
quently confirmed by RT-PCR assay (data not shown).
To determine the in vivo distribution of rFMW/GFP,
expression of GFP protein in organs from mice intraven-
ously injected with rFMW/GFP was analyzed by
immunoblotting. GFP protein was detected in spleen
and lung (Fig. 1d), indicating the tissue tropism of
rEMW/GFP and demonstrates the successful construc-
tion of a recombinant oncolytic NDV expressing GFP.

Replication characteristics of FFMW/GFP

To investigate whether GFP insertion caused any repli-
cation defect in NDV/FMW, the growth characteristics
of TFMW/GFP and its parent virus were evaluated in a
single-step growth cycle in DF-1 cell lines. The insertion
of GFP into the NDV/FMW genome did not signifi-
cantly influence viral replication kinetics and total viral
yield during the 72 h post-infection (hpi) period com-
pared to the parental NDV/FMW strain (Fig. 2a). How-
ever, detection of GFP was accompanied by the
expression of HN protein in rFMW/GFP-infected
THJ-16 T and THJ-29 T cells by confocal microscopy
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(Fig. 2b), indicating the successful replication of rTEMW/
GFP in the ATC cell lines tested.

Oncolytic activity of rFMW/GFP in ATC cell lines using 2D
and 3D cultures

We proceeded to determine whether rFMW/GFP
induced growth inhibition in ATC cell lines. FFMW/GFP
infection induced a significant reduction in viability of
THJ-16 T and THJ-29 T cell lines in a time and
concentration-dependent manner compared to mock
infections (Fig. 3a). Similar results were obtained in par-
ent NDV/FMW-infected THJ-16 T and THJ-29 T cells
(data not shown). To examine whether the rFMW/
GFP-induced growth inhibition of ATC cells was due to
apoptosis, caspase-3 and Poly (ADP-ribose) polymerase
(PARP) cleavage, two classical markers of apoptosis, was
demonstrated in rFMW/GFP-treated THJ-16 T and
THJ-29 T cells at 12 hpi as assessed by immunoblotting
(Fig. 3b). Together, these data indicated that rTFMW/GEFP
induced apoptosis in ATC cells.

Given that tumor spheroids are considered a useful in
vitro model to mimic the biological properties of
tumors, we examined whether the effects of rTFMW/GFP
on spheroids derived from ATC cells in a three-
dimensional (3D) culture system. Upon rFMW/GFP
infection at an MOI of 10 for 48 h, rTFMW/GFP-infected

a THJ-16T
.40 NDVIFMW =
. E, W (FMW/GFP NS _ E
3 (=) — 2 b=
s =8
7] 9 2 (2] e
S0 S0
= .>": [
> 1
2 3

MERGE

rFFMW/GFP Ad-GFP_ NDV/FMW T

THJ-29T

410 NDVIFMW
W FMW/GFP

NS
—

w

N

-

o

DAPI MERGE

THJ-16T
Fig. 2 Replication characteristics of fFMW/GFP. a THJ-16 T and THJ-29 T

THJ-29T

cells were infected with NDV/FMW (0.01 MOI) or rFMW/GFP (0.01 MOI)
for 24, 48 and 72 h respectively. Virus yield was determined at different intervals. Each assay was repeated three times. Data are presented as the
mean + SD for three independent experiments. b THJ-16 T and THJ-29 T cells were infected with NDV/FMW (10 MOI), Adenovirus-GFP-Tag or rFMW/GFP
(10 MOI) for 24 h, stained with rabbit anti-HN polyclonal antibody and visualized by confocal microscopy using three channels (405, 488 and 643 nm).
DAPI was used for nuclear staining
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Fig. 3 Oncolytic activity exhibited by rFMW/GFP against ATC cells in both 2D and 3D cultures. a THJ-16 T and THJ-29 T cells were vehicle-infected or
infected with varying MOI of rFMW/GFP (001, 0.1, 1 and 10) for 24, 48, 72 h respectively. Cell growth inhibition was determined using the MTT assay. b THJ-
16 T and THJ-29 T cells were infected (similar to A above) with the same as in A for 6, 12 and 24 h. Expression levels of total and cleaved caspase-3 and
PARP were analyzed by IB. 3-actin was used as a control for equal loading. ¢ 3D cultures of THJ-16 T and THJ-29 T cells were infected (similar to A above)
for 48 h and examined for spheroid formation. Results are expressed as number of spheroids/1000 cells + SEM, **p < 0.001. (Scale bar = 100 um). Data are
representative of the mean + SEM (***p < 0.001)

THJ-16 T or THJ-29 T cells did not grow under these
conditions compared to mock-infected cells (Fig. 3c).

Regulating p38 MAPK signaling by rFMW/GFP

We sought to explore the potential signaling pathways
involved in rTFMW/GFP-triggered oncolytic cell death in
ATC cells. We examined the role of the MAPK pathway
(Erk1/2, JNK and p38) as potential downstream signaling
MAPK proteins, as we had previously shown these to be
implicated in NDV/FMW-induced cytotoxic effects on
lung cancer cells [20, 21]. p38 MAPK signaling was acti-
vated in both THJ-16 T and THJ-29 T cells upon
rEMW/GEFP infection at 12 hpi and in THJ-29 T cells at
24 hpi. While phosphorylation of either Erk1/2 or JNK
was not significantly altered in either cell line (Fig. 4a).
In addition, we examined other critical pathways such as
Akt and p53 signaling which are generally involved in
cell survival and apoptosis in THJ-16 T and THJ-29 T
cells infected with rFMW/GFP. As shown in the
Additional file 1: Figure S1, total AKT level and p53
level were all downregulated after a 24-h infection with
rEMW/GFP, suggesting that both Akt and p53 signaling
might play a role in the antitumor effects by rFMW/
GFP. But change in p-Akt (S473) was not consistent

between the two cell lines upon infection with rTEFMW/
GFP (Additional file 1: Figure S1). To investigate the role
of p38 MAPK pathway in rFMW/GFP-induced cell
death in ATC cells, the specific p38 MAPK inhibitor,
SB203580, was added to THJ-16 T and THJ-29 T cells
30 min prior to virus infection. Treatment with
SB203580 significantly reduced rEMW/GFP-induced cell
death in both cell lines at 24 hpi. Compared to
mock-infected controls (virus only) (Fig. 4b). Inhibition
of p38 MAPK activity by SB203580 decreased rFMW/
GFP-induced cleavage of caspase-3 and PARP in
THJ-16 T and THJ-29 T cells (Fig. 4c). These data
suggest a role for p38 MAPK in rFMW/GFP-induced
oncolysis of ATC cells.

Antitumor effects of FFMW/GFP in mice bearing 26 T-
deprived tumors

The oncolytic effects of rTFEMW/GFP and its parent virus
NDV/EMW were investigated in mice bearing tumors
derived from THJ-16 T cells. The design of these in vivo
experiments were based on previous studies from our
lab and others [21, 22, 24, 26, 27]. Tumor sections were
examined by H&E staining and TUNEL assay. H&E
staining of tumors treated with rFMW/GFP showed
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24 h. Protein levels of p-p38, total p38, p-Erk1/2, total Erk1/2, p-JNK and total JNK were analyzed by immunoblotting (IB). B-actin was used as a
control for equal loading. b THJ-16 T and THJ-29 T cells were infected with vehicle or 10 MOI rEMW/GFP following pre-treatment with the p38
MAPK inhibitor, SB203580 (10 uM). Cell growth inhibition was determined using the MTT assay. Data are presented as the mean + SEM, 0.001
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characteristic apoptotic cells (Fig. 5a). In addition, the
TUNEL assay revealed pyknotic chromatin in virus-
inoculated tumors (Fig. 5a). In contrast, fewer necrotic
and apoptotic cells were detected in PBS-treated con-
trols. Interestingly, immunoblotting analysis of tumor
lysates demonstrated GFP and HN expression in rTEMW/
GFP-inoculated tumors but not in PBS-treated tumors
(Fig. 5b). Moreover, viruses isolated from tumors
infected with rEMW/GFP, was shown to be infectious
(data not shown), indicating that rEMW/GFP replicated
in virus-treated tumors.

Consistent with these in vivo data, significant tumor
regression was observed in mice inoculated with either
rEMW/GEFP or parent virus compared to control groups
(Fig. 5¢). However, there was no significant difference in
tumor growth inhibition between rFMW/GFP and par-
ent virus. Non-tumor-bearing mice injected with either
rEMW/GFP or parent virus survived and remained
healthy during the course of this in vivo study.

Discussion

Although oncolytic NDV is emerging as a novel cancer
therapeutic approach in the treatment of a variety of
cancer types, including thyroid cancer [28], only one
early report by Zamarin et al. showed NDV as an effect-
ive oncolytic agent against thyroid cancer cell lines in an
in vitro study [18]. In addition, no clinical trial has been
initiated with oncolytic NDV for thyroid cancer. There-
fore, to our knowledge; this is the first report demon-
strating that oncolytic NDV targets ATC in vitro and in

vivo. We showed that the NDV/FMW strain and its de-
rived recombinant expressing GFP, FFMW/GFP, induced
cytotoxicity in ATC cells in both 2D and 3D cultures
and in mice bearing ATC cell-derived tumors. Thus, our
study suggests the use of oncolytic NDV as a promising
therapeutic strategy for ATC.

To better track oncolytic NDV in vitro and in vivo,
several oncolytic NDV strains such as D90, F3aa and
Italien, have been engineered to express GFP [26, 27,
29-31]. In our previous study, the oncolytic NDV strain
FMW was used as a vector to express apoptin to en-
hance the effects of NDV/FMW in cancer cells [24]. In
the present study, the GFP gene was inserted into the
genome of NDV/FMW and the resultant virus, rEMW/
GFP, replicated robustly in ATC cells as did its parent
virus. Furthermore, GFP expression was observed in
rFMW/GFP-infected ATC cell lines and in tumor sec-
tions from mice bearing ATC cell-derived tumors, indi-
cating that fFMW/GEFP can be used as a reporter virus
to probe the infection process in vitro and in vivo.
Moreover, analysis of the distribution of rFMW/GFP
indicated that expression of GFP protein was detected in
lung and spleen of mice intravenously injected with
rFMW/GEFP, in line with a previous study by Bian et al.
in mice intravenously injected with the recombinant
NDV strain, NDFL-EGFP [32]. Interestingly, in non-
human primates, intravenous injection with oncolytic
NDV resulted in the accumulation of the viral RNA in
the respiratory tract, spleen and liver [33]. Together, our
data add further knowledge to the current understanding
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Fig. 5 In vivo antitumor effects of rFFMW/GFP. a One week after treatment, tumor tissue samples from four different animals from each treatment
group (of eight) were subjected to either hematoxylin-eosin (H&E) staining (Tumor necrosis indicated by the arrows) or TUNEL assay (Arrowheads
indicate brown 3,3-diaminobenzidine chromogen in cell nuclei) or b immunoblot analysis of GFP and HN expression. 3-actin was used as a loading
control. Scale bar =50 um. ¢ Mice were treated as described above for 3 weeks. Tumor volumes were measured at 5-day intervals for 50 days after
injections and expressed as the mean + SEM (n = 10) in tumor volume-time curves. Differences in tumor regression were significant between virus-treated
and vehicle control groups. Data are expressed as mean + SEM and are representative of two independent experiments (0.001 < **p < 0.005; ***p < 0.0001)
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of the preclinical efficacy of FEMW/GEFP in thyroid cancer
cells, in addition to the administration of oncolytic NDV
in animal models.

Our previous studies have shown that NDV/FMW
induces apoptosis in a variety of cancer cells, during
which the MAPK pathways were disturbed [20-23].
Analysis of the signaling pathway involved in rEMW/
GFP-induced apoptosis revealed that p38MAPK, but not
Erk1/2 or JNK, was activated in infected ATC cells. Fur-
thermore, inactivation of p38MAPK activity attenuated
the cytotoxic effects of fTEMW/GFP on ATC cells, sup-
porting a role of p38 MAPK in rFMW/GFP-induced
oncolytic activity in thyroid cancer cells. These data to-
gether with our previous observations that p38 MAPK
plays a role in NDV/FMW:-triggered apoptosis in lung
cancer cells [20, 21], highlight that p38 MAPK plays a
role in the induction of apoptosis by oncolytic NDV in a
variety of cancer types.

In summary, we present evidence showing that both
the recombinant reporter virus rFMW/GFP and its
parent virus NDV/FMW display oncolytic activities in
ATC cells in vitro and in vivo. Furthermore, FEMW/GFP
will be an important tool for tracing the efficacy of
NDV/EMW in target cancer cells and for further eluci-
dating the mechanism(s) by which NDV/FEMW induces
oncolytic cell death.

Conclusions

In the present study, we identified recombinant reporter
virus rTEMW/GEP display oncolytic activities in ATC cells
via p38 MAPK signaling pathway and represent a novel po-
tential therapeutic strategy for ATC.

Additional file

Additional file 1: Figure S1. Akt and p53 signaling in the antitumor
effects by rFMW/GFP. THJ-16 T and THJ-29 T cells were infected with
rFFMW/GFP for 6, 12 and 24 h. Protein levels of p-Akt (5473), total Akt and
p-53 were analyzed by immunoblotting (1B). 3-Actin was used as a control
for equal loading. (JPG 100 kb)
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