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Interleukin 15 (IL15) and IL7 are two cytokines essential for T cell development and
homeostasis. In order to improve the antitumor activity by Newcastle disease virus
(NDV)-modified tumor vaccine, we generated a recombinant NDV co-expressing
IL15 and IL7 (LX/IL(15+7)) through incorporation of a 2A self-processing peptide
into IL15 and IL7 using reverse genetics. B16 cells infected with LX/IL(15+7)
expressed both IL15 and IL7 stably. The cytotoxicity assay showed that murine mel-
anoma cells modified with LX/IL(15+7) could significantly enhance the antitumor
immune response in vitro. Then, the antitumor effects of tumor vaccine modified
with recombinant virus were tested in the murine tumor models. We observed
strong antitumor responses induced by LX/IL(15+7)-modified tumor cells both in
prophylaxis and therapeutic models. Although the tumor-infiltrating CD4" T cells
and CD8" T cells were both increased, the antitumor activity of the tumor vaccine
modified with LX/IL(15+7) was dependent on CD8" T cells. Taken together, our
data strongly indicated that tumor vaccine modified with NDV strain LX/IL(15+7) is

a promising agent for cancer immunotherapy.
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1 | INTRODUCTION

Newcastle disease virus (NDV), a member of the genus Avulavirus,
has a non-segmented, single-stranded, negative-sense RNA that con-
tains 6 structural genes in the following order (3'-5'): nucleoprotein
(NP), phosphoprotein (P), matrix protein (M), fusion protein (F),
hemagglutinin-neuraminidase (HN) and large polymerase protein
(L).1 NDV has been considered as an effective and safe agent for
cancer therapy for more than 50 years.*® NDV can selectively repli-
cate in tumor cells, as most of these cells are defective in interfering
pathways.”® Therefore, NDV has been used clinically as an oncolytic
agent against many types of cancer.”*!

Newcastle disease virus has been used to treat cancer in at least
the following three ways: (i) lysing tumor cells directly;” (i) modifying
tumor cells as the vaccine to stimulate antitumor immune

1213 and as a vector to deliver therapeutic genes.**

responses;
Whole-cell autologous tumor vaccines modified with NDV (ATV-
NDV) are made from nonlytic NDV infected tumor cells, which have
been y-ray irradiated.*® Clinical trials have demonstrated the antitu-
mor effects of ATV-NDV in many kinds of cancer. With the develop-
ment of recombinant DNA technology, many recombinant NDV
strains have been successfully generated from cloned cDNA, and
most recombinant viruses expressing immune-modulate genes have
exhibited an enhancing antitumor response.

Interleukin 7, one of y-chain cytokines, plays a critical role in
lymphocyte development and homeostasis of naive and memory
CD8* T cells.X® IL15, another v-chain cytokine, is dedicated to the
prolonged maintenance of memory T cell responses, which makes
IL15 an attractive candidate for adjuvant immunotherapy.l”1? IL7
and IL15 support the generation of long-living memory stem T cells,
which could differentiate into potent effectors not only able to effi-
ciently target cancer cells, but also capable of persisting and mediat-
ing a dynamic cancer immunosurveillance.?° Therefore, ATV-NDV
co-expressing IL7 and IL15 may enhance T cell responses and
achieve better therapeutic efficacy against tumors.

Foot-and-mouth disease virus (FMDV) 2A, a self-processing pep-
tide from FMDV, has become a useful approach for the expression
of multiple proteins under the control of a single promoter.

Previously, we constructed several recombinant viruses using a
reverse genetic platform of nonlytic NDV strain LX.23 In this study,
we generated recombinant LX strain (LX/IL(15+7)) co-expressing IL7
and IL15 through incorporation of a 2A self-processing peptide
between the above genes. This recombinant LX/IL(15+7) expressed
two heterogenous genes simultaneously. Tumor cells modified with
LX/IL(15+7) exhibited increasing preventive and therapeutic effects
of cancer both in vitro and in vivo.

2 | MATERIALS AND METHODS

2.1 | Animals

Pathogen-free 6-week-old female C57BL/6 mice were obtained from
SLC (Shanghai, China). Animal care and experimental procedures
were performed under specific-pathogen-free (SPF) conditions. All
animal protocols were approved by the Institutional Laboratory Ani-

mal Care and Use Committee at Soochow University.

2.2 | Cells and viruses

Newcastle disease virus strain, LX/RFP (recombinant NDV LX strain
expressing red fluorescent protein) and LX/IL(15+7) (recombinant LX
strain co-expressing IL7 and IL15) were grown in 10-day-old embry-
onated SPF eggs. The chicken fibroblast cell line (DF-1) and murine
melanoma cell line (B16-F10) obtained from the American Type Cul-
ture Collection (Manassas, VA, USA) were maintained in high-glucose
DMEM supplemented with 10% FBS, penicillin (100 U/mL) and
streptomycin (100 mg/mL). Cells were incubated at 37°C in a tissue
culture incubator equilibrated with 5% CO,.

2.3 | Construction of recombinant Newcastle
disease virus co-expressing interleukin 7 and
interleukin 15

To construct pLX/IL(15+7) (based on the NDV LX strain), a
1062 bpcDNA containing 1L15-2A-1L7 (murine IL15 and IL7 gene
separated by 2A-coding sequence) flanked by NDV gene end (GE),
intergenic (IG), gene start (GS) sequences (Figure 1) were con-
structed by fusion PCR with four pairs of primers (Table 1).

The resultant PCR product was digested with Agel and Avrll and
inserted into the Agel-to-Avrll window of a subclone, nucleotides
2311-8157 in the antigenomic cDNA of NDV strain LX. This sub-
clone encompassed the downstream sequence of the P gene, and
the upstream sequence of the M gene. The murine IL7-coding
sequence was inserted into nucleotide position 3143 in the antige-
nomic cDNA because it allowed flanking by a set of GE, IG and GS.
This subclone was digested with Sac Il and Spel, and then assembled
into the full-length antigenomic cDNA to result in the full-length
clone pLX/IL(15+7).

The recombinant virus LX/IL(15+7) was rescued by cotransfect-
ing BSR T7/5 cells with pLX/IL(15+7) and support plasmids (N, P
and L) from ZJ1 strain as previously described.?* Then, the super-
natant from the transfected BSR T7/5 cells was collected and inocu-
lated into allantoic cavities of 10-day-old embryonated SPF eggs.
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FIGURE 1 Construction of recombinant virus. A, Schematic representation of recombinant LX construct. The coding sequence interleukin
15 (IL15) and IL7 was inserted into the sequence between P and M genes of LX genome. B, Multistep growth curve for LX and LX/IL(15+7).
The virus titers were determined in triplicate by TCID50 in DF-1 cells at 0, 8, 16, 24, 32 and 40 h post-infection. The data shown are

representative of the 3 experiments

TABLE 1 Primers used for the generation of recombinant virus

Primer Sequences (5'-3')

PU GGGCATGATGAAGATCCTGGACCCTGGTTGTG

PD GGTGGCGTTCTACCCGTGTTTTTTCTAAGAGGAGCTTGGTGCAGATACC-GTG

15U TTAGAAAAAACACGGGTAGAACGCCACCATGAAAATTTTGAAACCATA

15R CCTGCCAACTTGAGCAGGTCAAAGTTCAAAAGCTGTTTCACAGGCGCTC-TCCTCTTTCTGGACGTGTTGATGAACATTTG
7F GAACTTTGACCTGCTCAAGTTGGCAGGGGACGTCGAGTCCAACCCTGGGCCTATGTTCCATGTTTCTTTTAGATATATC
7D TGTTGGACCTTGGGTTTGCAGTTATATA CTGCCCTTCAAAATTTTATTC

MU TGACTGCAAACCCAAGGTCCAAC

MD GCCCTCTACACCGTTGATGTTCAAAGAGC

96 hour later, the allantoic fluid was screened for the virus produc-
tion by hemagglutination assay (HA) using 0.5% chicken red blood
cells. The recombinant viruses were also determined by sequencing

for the correct insertion of the heterogenous genes.

24 | Growth kinetics of the virus

The growth kinetics of the recombinant viruses was determined by a
multistep growth assay in DF-1 cells. Briefly, DF-1 cells were inocu-
lated with 10-fold serial diluted viruses at 37°C.

The medium contained 10% uninfected egg allantoic fluid as a
source of exogenous protease. The supernatant was collected at 8-
hour intervals and viral titers were determined by limiting dilution on
DF-1 cells.

2.5 | Expression of interleukin 7 and interleukin 15
in tumor cells infected with recombinant virus

For the present study, 1 x 10° B16-F10 cells irradiated with
200 Gy via a ®°Go source were infected with 100 hemagglutination
units (HAU) of NDV for 1 hour at 37°C. Uninfected viruses were
removed by replacing supernatant with equal volume of fresh med-
ium after centrifugation at 350 g for 5 minutes (ms). Then, the
supernatants were harvested at 24, 48 and 72 hour post-infection.
The expressions of IL7 and IL15 in the supernatants were measured
using ELISA as described by mouse IL7 DuoSet ELISA and IL15 Duo-
Set ELISA (R&D Systems, Minneapolis, MN USA), respectively.

As for the cleavage efficiency of the two heterogenous genes
mediated by 2A, the fusion form protein of IL15-2A-IL7 was also
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measured. Briefly, the fusion proteins in the supernatants were cap-
tured using IL15 antibody-coated plates from IL15 DuoSet ELISA,
and the amount of fusion protein was determined using the detect-
ing antibody from IL7 DuoSet ELISA.

2.6 | Production of tumor vaccine modified with
Newcastle disease virus

B16 cells irradiated with 200 Gy through a ®°Go source were
infected with recombinant NDV strains at a ratio of 100 HAU per

10° cells as described previously.*®

2.7 | Cytotoxicity assays

Cytotoxicities of splenocytes were measured using the CytoTox 96
nonradioactive cytotoxicity assay (Promega, Madison, WI, USA).
Briefly, B16 (5.5 x 10° cells/well) or EL-4 (2.5 x 10° cells/well) were
plated on 96-well U-bottom plates (Corning Costar, Cambridge, MA,
USA) as target. The splenocytes (effector) were added to the plates at
a total volume of 100 pL in E:T ratios of 100:1, 50:1 and 25:1, respec-
tively. The plates were then incubated for 6 hour at 37°C in a humidi-
fied 5% CO, chamber. After centrifugation, 50 pL supernatants were
transferred to fresh 96-well flat-bottom plates, and 50 pL substrate
mix was added. Next, 50 uL stop solution was added into each well
30 minutes later, and the absorbance was measured at 492 nm. The
cytotoxicities of slenocytes at each E:T ratio were calculated using
the following formula: (A492 nm[experimental] — A492 nmleffector
spontaneous] — A492 nmltarget spontaneous]) x 100/(A492 nm[tar-
get maximum] — A492 nmltarget spontaneous]).

2.8 | Prophylaxis experiments

Mice were immunized subcutaneously (s.c.) with a 25G5/8 needle at
the left flank with 1 x 10 irradiated B16-F10 cells, 1 x 10° irradi-
ated B16-F10 cells modified with LX/RFP or 1 x 10° irradiated B16-
F10 cells modified with LX/IL(15+7) twice with 1-week (wk) intervals.
Two weeks after the last immunization, mice were injected s.c. with
1 x 10° B16-F10 or EL-4 cells at the right flank. The tumor sizes
were monitored daily from day 5 post-tumor implant. Tumor volumes
were calculated using the formula V = 1/2 (L x W?), where L is the

length (longest dimension) and W is the width (shortest dimension).

2.9 | Therapeutic experiments

Mice were inoculated s.c. with 5 x 10% B16-F10 cells at the right
flank with a 25G5/8 needle. The tumor vaccines were injected s.c.
into the left flank at days 5 and 9 post-tumor inoculation. The tumor
sizes were measured daily from day 5 post-challenge.

2.10 | In vivo depletion of CD4" or CD8" cells

CD4" or CD8" cells depletion were performed by i.p. injections of
1 mg GK1.5 (rat anti-mouse CD4 mAb) or 500 pg 53-6.7 (rat

anti-mouse CD8 mADb) 2 days before the first immunization in each

mouse, and the injections were repeated 7 days later.

2.11 | Flow cytometry

Antibodies (Abs) against murine antigens (Ags) were purchased from
BD Biosciences (Franklin Lakes, NJ, USA): FITC-conjugated CD4
(RM4-5), FITC-conjugated NK1.1 (PK136), PE-conjugated anti-CD3¢
(145-2C11), PerCP Cy5.5-conjugated Gr-1 (RB6-8C5), allophyco-
cyanin-conjugated CD11b (M1/70) and PerCP Cy5.5-conjugated
CD8a (53-6.7). All stainings were performed in FACS buffer (1 xPBS,
1% BSA and 0.1% NaN3) in the presence of purified anti-CD16/32 at
the saturation to block unspecific staining for 30 minutes at 4°C. The
flow cytometric results were analyzed with FACS Calibur (BD Bio-
sciences, San Jose, CA, USA) using CellQuest software.

2.12 | Immunohistochemistry and histopathology

After the mice were killed, tumor tissues were removed aseptically
and immediately fixed in 4% formalin at room temperature for
2 days. The fixed tissues were processed through graded concentra-
tions of ethanol and xylene and were then embedded in paraffin wax.
Tissue sections of 4-5 mm were mounted on adhesive glass slides
and were stained with HE. Tumor sections were then deparaffinized
and treated with 0.08% H,02 for 30 minutes to block endogenous
peroxidase. Slides were incubated with rat anti-CD4 (GK1.5; Abcam,
Cambridge, MA, USA) or rat anti-CD8 (2.43; Abcam, Cambridge, MA,
USA) at 4°C overnight, followed by incubation with HRP-conjugated
rabbit anti-rat Ig. Diaminobenzidine was used to develop the staining
reaction, and nuclear counterstaining was performed with hema-
toxylin. Slides were coded and examined by a pathologist who was

blinded for the experimental history of the animals.

2.13 | Statistical analysis

All data were analyzed by Student t-test and expressed as
means + SEM; data were analyzed using GraphPad Prism 5 software
for Windows (GraphPad Software, San Diego, CA, USA), and differ-
ences were considered statistically significant when P < .05. The sig-

nificance levels are marked *P < .05 and **P < .01.

3 | RESULTS

3.1 | Construction of recombinant Newcastle
disease virus co-expressing interleukin 7 and
interleukin 15

The heterogeneous gene containing IL15-2A-1L7 was inserted into
the noncoding region between P and M genes of LX genome accord-
ing to the rule of six (Figure 1A). Then, recombinant plasmid derived
from LX cDNA containing the heterogeneous gene was cotrans-
fected to BSR T7/5 cells with the support plasmids. After the propa-
gation on embryonated chicken eggs, resultant recombinant virus
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FIGURE 2 Expression of the interleukin 15 (IL15) and IL7 in tumor cells infected with LX/IL(15+7). A, Irradiated B16 were incubated with
LX/IL(15+7) or LX/RFP (100 HAU virus per 10° cells). After incubation for 24, 48, 72 and 96 h, the supernatants were collected and analyzed

for the production of IL15 and IL7 (A) or IL15-2A-IL7 (B) by ELISA

designated as LX/IL(15+7) was readily rescued. Then, the titers of
the recombinant virus from allantoic fluids were determined, and the
results showed that HA titers of LX/IL(15+7) and LX/RFP are similar.
Sequencing of recombinant virus LX/IL(15+7) confirmed that the
insertion of the heterologous genes did not induce any mutation

during virus rescue.

3.2 | Growth kinetics of recombinant virus

The growth kinetics of the parental and recombinant viruses was
compared by detecting the virus titers in DF-1 cells. Growth kinetics
of LX/IL(15+7) and LX are similar at the selected time points (Fig-
ure 1B). Although, the titers of LX/IL(15+7) were a little lower than
that of the parental strains at 16, 18, 24 and 32 hour post-inocula-
tion, the differences are not significant in each group. The parental
and recombinant strains exhibited similar virus titers at 40 and

48 hour post-inoculation.

3.3 | Expression of interleukin 7 and interleukin 15
in tumor cells infected with recombinant virus

In order to define the expression level of IL15 and IL7 by recombi-
nant viruses, B16-F10 cells were used. IL15 and IL-7 were simulta-
neously expressed on the supernatants from B16-F10 cells infected
with LX/IL(15+7), while no product of each protein could be
detected in LX/RFP-infected tumor cells. The highest amount of
IL15 and IL7 productions were at 48 h after the infection, which

was approximately 9 and 7 ng/mlL, respectively (Figure 2A). As
shown in Figure 2B, the cleavage efficiency assay showed that
<15% heterogenous proteins (approximately 1.5 ng/mL at 48 hour

post-virus infection) are expressed as fusion proteins (IL15-2A-IL7).

3.4 | Cytotoxicity of splenocytes stimulated by
tumor cells modified with LX/IL(15+7)

To determine the antitumor activity induced by LX/IL(15+7)-modi-
fied tumor cells in vitro, splenocytes were stimulated with irradiated
B16, B16 cells infected with LX/RFP or B16 cells infected with LX/
IL(15+7), and specific killings against either B16-F10 cells were com-
pared. LX/RFP modified B16-F10 cells significantly enhanced the
cytotoxicity of splenocytes as compared with non-virus modified
cells. Notably, the cytotoxicity was further enhanced as tumor cells
were modified with LX/IL(15+7) (Figure 3A).

To determine whether the killing capacities of the stimulated
splenocytes are specific, EL-4 cells were used as the targets. No
cytotoxicity was detected in any of the three groups, indicating that
the killing capacity stimulated by NDV-modified tumor cells was
tumor-specific (Figure 3B).

3.5 | Prophylaxis with tumor vaccine modified with
LX/IL(15+7)

The in vivo protective effects of LX/IL(15+7)-modified tumor vaccine

were assessed in murine melanoma model. C57BL/6 mice were
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FIGURE 3 Cytotoxicity assay of tumor vaccine modified with LX/IL(15+7). Splenocytes harvested from C57BL/6é mice were incubated with
irradiated B16-F10 cells or irradiated B16-F10 cells infected LX/IL(15+7) for 6 d, and used as effector cells. The killing capacity against B16-
F10 (A) or EL-4 (B) cells was measured using CytoTox 96 nonradioactive cytotoxicity assay kit. The data shown are representative of the 3

experiments. *P < .05 and **P < .01

immunized with irradiated B16-F10 cells (B16), LX/RFP-modified
B16-F10 cells (B16-LX/RFP) or LX/IL(15+7)-modified B16-F10 cells
(B16-LX/IL(15+7)). Mice immunized with B16-LX/IL(15+7) or B16-
LX/RFP exhibited a significant reduction in tumor growth, as com-
pared with mice immunized with irradiated B16-F10 cells (Fig-
ure 4A). immunization with B16-LX/IL(15+7) further
inhibited tumor growth compared with the B16-LX/RFP group. To

further determine whether the protective immune response is

Moreover,

tumor-specific, immunized mice were challenged with EL-4 cells. The
tumor growth curves of mice immunized with B16-LX/IL(15+7) and
irradiated B16-F10 cells are similar (Figure 4B), suggesting that the
antitumor response induced by B16-LX/IL(15+7) is tumor-specific.

To elucidate the possible immune cells associated with preven-
tive effects induced by B16-LX/IL(15+7), the phenotype of immune
cells from immunized mice were analyzed by flow cytometry 7 days
after the tumor challenge. The number of splenocytes were signifi-
cantly increased in B16-LX/IL(15+7) immunized mice, as compared
with other groups (Figure 4C). The percentages of T cell, CD4",
CD8", DC and macrophages were similar in each group. The percent-
age of NK in the B16-LX/IL(15+7) group was significantly higher
than in the B16-LX/RFP group (Figure 4C).

Tumor-infiltrating lymphocytes (TIL) were also examined, and a
dramatic enhancement of the presences of T, CD4" T and CD8" T
cells were observed in both B16-LX/IL(15+7) and B16-LX/RFP
groups, as compared with the B16 group (Figure 4D).

3.6 | Therapeutic effects of tumor vaccine modified
with LX/IL(15+7)

To determine the therapeutic effects of LX/IL(15+7)-modified tumor
vaccine, murine melanoma model were used. C57BL/6 mice were
inoculated s.c. with 5 x 10* B16-F10 cells. On day 5, each animal
was immunized with irradiated B16-F10 cells, B16-LX/RFP or B16-
LX/IL(15+7), respectively. The immunization was repeated on day 9.
As shown in Figure 5A, mice immunized with B16-LX/RFP or B16-
LX/IL(15+7) exhibited significant reduction in tumor growth, as com-
pared with mice immunized with irradiated B16-F10 cells. The tumor

growth was further inhibited in the mice immunized with tumor cells

modified with NDV co-expressing IL15 and IL7, as compared with
the LX/RFP group. Mice treated with EL-4-LX/IL(15+7) were not
protected from B16 tumors, suggesting that the therapeutic effect
of B16-LX/IL(15+7)-modified tumor cells was tumor-specific.

To test whether using IL15 and IL7 as adjuvant is sufficient to
induce antitumor responses, the group of mice immunized with irra-
diated B16 cell plus IL7 (2 pg/mice) and IL15 (1 pg/mice) was also
included. Irradiated B16 cells alone or plus IL7 and IL15 exhibited
similar tumor growth curve, suggesting that NDV LX strain serves as
a better carrier for IL7 and IL15 to generate tumor vaccines than
using B16 with exogenous IL7 and 15 proteins (Figure S1).

To gain more insight into the immune responses induced by
B16-LX/IL(15+7),
cytometry on day 18 after tumor inoculation. The splenocyte num-
bers and the percentages of CD4" T, CD8" T, dendritic cells,
macrophages and NK cells were not significantly different among

splenocytes and TIL were analyzed by flow

each group (Figure 5B).

Tumor-infiltrating lymphocytes were also phenotypically ana-
lyzed (Figure 5C), and CD3" T cell frequencies were significantly
increased in the B16-LX/IL(15+7) group, as compared with the B16
group or the B16-LX/RFP group. CD3" CD8" T cells accounted for
approximately 13% of TIL in B16-LX/IL(15+7)-immunized mice,
which was also significantly higher than those in the B16-F10 or
B16-LX/RFP group. The prevalence of CD3" CD4" T cells was also
significantly higher in the B16-LX/IL(15+7) group than that in the
B16-F10 or the B16-LX/RFP group. The tumor tissues that con-
tained large areas of necrosis in B16-LX/IL(15+7)-treated mice were
observed by HE staining (Figure 5D). The increased CD4" and
CD8"* T cell infiltration in the tumors of B16-LX/IL(15+7)-treated
mice was also confirmed by immunohistochemistry (Figure 5D).
Taken together, tumor cells modified with LX/IL(15+7) effectively
suppressed tumor growth and promoted both CD4* and CD8* T
cell infiltrations in the tumor.

To determine whether CD4+ or CD8+ T cells are critical for the
antitumor activity induced by the B16-LX/IL(15+7), in vivo depletion
of CD4" or CD8" T cells were performed using specific Abs (Fig-
ure 5E). Depletion of CD4" T cells did not dampen the therapeutic
effects of B16-LX/IL(15+7), while CD8+ T cell depletion inhibited



XU ET AL - 285
Cancer Science Rl e
(A) (B) 2000
2500 +
c’g -l 016 g -a= B16
= 2000 4 1500 1
E == B16-LX/RFP £ == B16-LX/IL(15+7)
o o -8 B16-LX/IL(15+7) GEJ
3 3 1000 1
(o]
; 1000 - z
o
g g 500 -
= 500 - 2
0 = T T 1 0 - T T T T 1
5 6 7 8 9 10 11 5 6 7 8 9 10 11
Days post challenge (d) Days post challenge (d)
40 1
© 42 @ TT
— =3 m B16
=) 8 10l B16-LX/RFP
x 91 c
X $ O B16-LX/IL(15+7)
o 7]
Z %5 20+ I
» 61 o
2 cu
> g r
2 3. 3 101
Q &) I_*l
Q.
? ¢ “Nal wul ki
0 1 0 - . .

B16-LX/RFP 816 LX/IL(15+7)

@40, ..
I m B16

,E' 30 - o B16-LX/RFP
'*5 0O B16-LX/IL(15+7)
<
g 20/ _ o
c 5
At |
& 10+

0 w

T cell CD4*T CD8*T DC Macrophage NK

T cell CD4*T CD8*T DC Macrophage NK

FIGURE 4 Prophylaxis effect of tumor vaccine modified with LX/IL(15+7). Mice were immunized with irradiated B16, B16-LX/RFP or B16-
LX/IL(15+7) twice with 1-week intervals, respectively, then mice were challenged with 1 x 10° B16-F10 cells (A) or 1 x 10° EL-4 cells (B)
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and frequencies of total T, CD4" T, CD8+ T and NK cells in the spleen (C) and tumor-infiltrating lymphocytes (TIL) (D) were analyzed. The
experiments were performed with 6 mice per group. The data shown are representative of the 3 experiments. *P < .05 and **P < .01

the therapeutic effects of B16-LX/IL(15+7). These results indicate
that the antitumor response of B16-LX/IL(15+7) was mainly medi-
ated by CD8" T cells.

4 | DISCUSSION

To enhance the antitumor effects of NDV-modified tumor vaccines,
we generated recombinant virus co-expressing IL15 and IL7 using a
reverse genetics system of nonlytic NDV strain LX. Then, the growth

kinetics of the recombinant virus, heterogenous gene expression,

and both in vitro and in vivo antitumor effects of virus-infected
tumor cells were determined. Our results showed that the additional
expression of these two cytokines significantly enhances the antitu-
mor effects of recombinant NDV-modified tumor vaccine.

Newecastle disease virus, a bird virus with a genome of non-seg-
mented negative-strand RNA, was observed to infect tumor cells of
humans and mice. The replication of NDV is confined to cytoplasm
of infected cells, and the genome of NDV never integrates into the
host, which makes it very safe in cancer therapy.?? NDV can be clas-
sified as either lytic or nonlytic. The lytic strains produce infectious

progeny virus particles, which infect other tumor cells, whereas
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FIGURE 5 Therapeutic effects of tumor vaccine modified with LX/IL(15+7). Tumor growth of melanoma-bearing mice. C57BL/6 mice were
inoculated s.c. at the right flank with 5 x 10* cultured B16-F10 cells. On day 5, the left flank of each animal was injected s.c. with irradiated
B16 cells, B16-LX/(RFP), B16-LX/IL(15+7) or EL-4-LX/IL(15+7). The inoculation of vaccines was repeated on day 9. The tumor volumes were
monitored daily (A). Mice were sacrificed on day 13 post-tumor inoculation. Total numbers and frequencies of immune cells in the spleen (B)
and frequencies of tumor-infiltrating lymphocytes (TIL) (C) were analyzed. (D) HE and immunochemistry staining for CD4* and CD8" T cells of
tumor tissue from melanoma-bearing mice on day 13 post-tumor inoculation (x200 magnification). (E) Mice i.p. injections of 1 mg GK1.5 (rat
anti-mouse CD4 mAb) or 500 ng 53-6.7 (rat anti-mouse CD8 mAb) 2 d before the first administration of B16-LX/IL(15+7), and the injections
were repeated 7 days later. The tumor volumes were monitored daily. The experiments were performed with 6 mice per group. The data

shown are representative of the 3 experiments. *P < .05 and **P < .01

nonlytic strains cannot. The lytic NDV strains are often used to lyse
tumor cells directly, such as 73-T.2% The nonlytic strains unable to
produce infectious progenies are commonly used to modify tumor
cells as ATV-NDV, such as Ulster and LX.*3

Antitumor immunity is mainly mediated by T cells. Therefore,
recombinant NDV-expressing cytokines that can promote T cell
responses will exhibit more powerful effects against cancer. IL15
and IL7 play integral roles in T cell development, differentiation and
maintenance. IL7 contributes to survival of naive and memory
CD8" T cells.?* IL15 induces proliferation of naive and memory
CD8" T cells, and contributes to the maintenance of long-lasting
memory CD8" T cells.?> Although both IL7 and IL15 have roles in
the maintenance and self-renewal of memory precursors, effector
CD8"* T cells actually need both IL7 and IL15 for optimal prolifera-
tion and to become long-lived memory cells.2¢?” Therefore, tumor
cells modified with recombinant NDV co-expressing IL7 and IL15
may have superior effects against tumors than those with parental
virus. To co-express multiple genes by recombinant viruses, an inter-
nal ribosome entry site (IRES) is often used. When using IRES to
express two genes in one mRNA, the gene upstream or downstream
of the IRES is translated by different mechanisms, which often cause
a lower expression of the gene downstream of the IRES. These limi-
tations might be solved using self-processing peptides (2A peptides),
which process themselves during the translation, resulting in the
“self-cleavage” of their primary polyproteins. In fact, recombinant
NDV LX/IL(15+7) generated by the incorporation of a 2A self-pro-
cessing peptide into IL15 and IL7 exhibited a near-equimolar expres-
sion in virus-infected tumor cells. Although heterogenous genes are
expressed stably by the recombinant NDV LX/IL(15+7), the expres-
sion level of each gene is much lower compared with recombinant
viruses expressing only one of these genes, which were approxi-
mately 6-fold higher for IL15 expression?® and 15-fold higher for IL7
expression.'® The possible reason is the large burden to the recom-
binant virus resulting from the insertion of additional genes.

The NDV genome encodes 6 structural proteins, NP-P-M-F-HN-
L and NP. The insertion of the heterogeneous gene may inhibit the
viral replication. Here, we inserted the fusion gene (IL15-2A-IL7)
between P and M, and found that replication kinetics of the recom-
binant NDV were similar to those for the parental strain, indicating
that the insertion of the foreign gene in the whole genome did not
inhibit the viral replication.

To test the antitumor effects of LX/IL(15+7)-modified tumor

cells, both in vitro and in vivo experiments were performed. First,

we demonstrated that the tumor-specific cytotoxicity has been sig-
nificantly enhanced when using LX/IL(15+7) virus in comparison with
LX/RFP virus to modify tumor vaccines in vitro. Then, the preventive
and therapeutic effects of recombinant NDV-modified tumor vaccine
were tested on the B16-F10 melanoma model. CD8" T cells have a
central role in antitumor immunity. The increased percentage of
tumor-infiltrating CD8" T cells is often correlated with improved
clinical outcome in several cancers.'® Although both CD4* and CD8"
T cells are increased in tumor microenvironment, the antitumor
immune response induced by tumor cells modified with LX/IL(15+7)
is dependent on CD8" T cells.

Thus, we demonstrated that tumor cells modified with recombi-
nant NDV co-expressing IL15 and IL7 genes could greatly promote
the prophylaxis and therapeutic efficacy. This warrants future studies
on the mechanisms of the antitumor effects of this virus.
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