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Adipose-derived stromal cells (ASCs) are one of the
most promising stem cell populations that differ-
entiate into the mesodermal as well as neural
lineages in vitro. In this study, we examined the
neural differentiating potential of human ASCs by
a neurosphere culture method. Neurospheres
derived from human ASCs expressed Nestin and
Musashi-1 genes, which are marker genes for
neural stem cells. When these cells were labeled
with green fluorescent protein gene transfection by
Sendai virus vector and transplanted into the head
region of mouse embryos using a whole embryo
culture system, these cells were incorporated into
the craniofacial development. Some transplanted
cells appeared to migrate along the second bran-
chial arches, implicating some similarity to the
cranial neural crest cells. Although preliminary, our
results support an idea that ASC-derived neuro-
spheres have properties of neural progenitors in
vitro and in vivo.
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dipose-derived stromal cells (ASCs) were
originally reported as a subtype of the
mesenchymal stem cells (MSCs) isolated
from liposuction aspirates differentiating
into the mesodermal tissues such as bone, cartilage,
arid adipose tissue.” Characterization of ASCs has
recently been studied world wide by many groups,
including ours.>™* ASCs are now regarded as one of
the most promising adult stem cells for regenerative
medicine because they can be harvested safely by
liposuction, and a good yield can be anticipated.

Advances in stem cell research have resulted in
a novel concept of cellular plasticity of differentiation
beyond the boundary of germ layers. MSCs and
ASCs can differentiate into neuronal (and thus
ectodermal) derivatives, although these cells are
primarily mesodermal.>® Recent reports further
indicate that stem cells with neural characteristics
can be isolated from the mesodermal tissues such as
the dermis and the heart.”” In these cases, the cells
were harvested by a neurosphere method, which
was originally developed as a culture method of
isolating spheres of neural stem cells from the
embryonic and adult brain.'®*? However, it is to be
elucidated whether this method is also applicable
for obtaining neural stem cells from the adipose
tissue or ASCs.

In this study, the neurospheres expressing
neural stem cell marker genes were obtained from
human ASCs. We also transplanted these cells into
mouse embryos cultured in vitro to examine whether
these cells behave similar to neuronal cells in vivo.
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Fig1l Neurosphere formation of adipose-derived stromal cells cultured in neurosphere medium for 5 days (A), 6 days (B),

and 7 days (C) (magnification x200).

MATERIALS AND METHODS

Isolation of Human ASCs and Neurosphere
Cell Culture

SCs were isolated from the human liposuction

aspirates as reported previously.® The suctioned
fat was digested with 0.075% collagenase in phosphate-
buffered saline (PBS) for 30 minutes on a shaker at
37°C. Mature adipocytes and connective tissues were
eliminated by centrifugation. Blood cells were also
eliminated by treating with erythrocyte lysis buffer,
and resultant ASC pellets were obtained. Alternatively,
ASCs could be isolated from the fluid portions of
liposuction aspirates by treating with erythrocyte lysis
buffer and density gradient centrifugation with Ficoll
(GE Healthcare Bio-sciences, Piscataway, NJ).

Neurosphere culture was performed as described
previously with slight modification." Freshly isolated
ASCs were plated ata density of 2 x 10 cells in 10 cm
uncoated dishes and cultured in the neurosphere
culture medium at 37°C in an atmosphere of 5% CO, in
humid air. The neurosphere medium was a Dulbecco’s
Modified Eagle’s Medium/F12 (1:1)-based medium
supplemented with human recombinant epidermal
growth factor (EGF, 20 ng/mL, PeproTech, Rocky Hill,

NJ), human recombinant basic fibroblast growth factor
(FGF, 20 ng/mL, Kaken Pharmaceutical, Tokyo,
Japan), 2% B27 supplement (Gibco, Carlsbad, CA),
100 U/mL penicillin, and 100 pg/mL streptomycin.
Half of the medium was replaced with a fresh medium
on the fourth to fifth day, and the passaging was
performed on the eighth day.

Quantitative Real-Time Reverse-Transcriptase
Polymerase Chain Reaction

Total mRINA was extracted using RNeasy-mini kit
(Qiagen, Hilden, Germany) from the neurosphere
cells derived from passage one ASCs, which were
precultured in the normal medium containing M199
medium and 10% fetal bovine serum (FBS). The
preculturing was necessary for reducing the contam-
ination of blood cells. Control mRNA was also
extracted from the passage one undifferentiated
ASCs cultured in M199 plus 10% FBS.

Expressions of undifferentiated neural stem cell
marker genes Nestin and Musashi-1*> and adipogenic
differentiation marker Leptin were analyzed by real-
time quantitative reverse-transcription polymerase
chain reaction (RT-PCR) using an ABI PRISM 7700

A Nestin
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Fig 2 Quantitative real-time reverse-transcription polymerase chain reaction analysis of gene expressions of neural stem
cell marker Nestin (A), Musashi-1 (B), and adipogenic differentiation marker Leptin (C). Control = undifferentiated adipose-
derived stromal cells; Sphere = neurospheres. Assays were performed in triplicate, and standard errors are indicated by

error bars.
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(Applied Biosystems, Foster City, CA), as reported
previously. Gene expression of the target sequence
was normalized to that of the housekeeping gene
B-actin. Transcript level in the control (undifferen-
tiated ASC) group was arbitrarily expressed as 1.
TagMan chemistry and assay by design primers and
probe sets were used for human Nestin, Musashi-1,
Leptin, and B-actin. All the primers and probe sets
were purchased from Applied Biosystems.

Mouse Whole Embryo Culture and
Transplantation of Neurosphere-Like Cells

Neurospheres derived from human ASCs were
transfected with green fluorescent protein (GFP)
gene using the Sendai virus vector (DNAVEC
Corp. Tsukuba, Japan), as reported previously.'**®
The original vector SeV/AF lacks the F gene
encoding fusion protein necessary for penetration
of ribonucleoprotein complex into infected cells,
and is thus nontransmissible and nonpatho-
genic.'* The modified SeV/AF vector has addi-
tional mutations to reduce its cytotoxicity,’® and
we used the modified vector in the present study.
Neurospheres were incubated for 1 hour in the
medium with the modified SeV/AF carrying the
GFP gene at a multiplicity of infection of 250 and
rinsed with PBS.

Mouse whole embryo culture was performed
as reported previously.’®1® Nine mouse embryos
at embryonic day (E) 8 were dissected out without
damaging yolk sacs, and the GFP-transfected neuro-
sphere cells were transplanted using micropipettes
into the head region of the embryos. The embryos
were cultured for approximately 40 hours, and
presence or absence of the GFP-positive transplanted
cells was investigated under a fluorescent dissecting
microscope. All experimental procedures were per-
formed at the University of Tokyo under approval of
the ethical committee.

RESULTS

We first cultured human ASCs in the neuro-
sphere culture medium containing EGF and
basic FGF without serum. On the third day of culture
of freshly prepared ASCs, the floating ASCs started
to form small masses (data not shown). The neuro-
sphere-like cellular aggregates were clearly observed
on the fifth day (Fig 1A). The number and the size of
the spheres became increasingly larger within the
next 2 days (Fig 1, B and C). The passaging was
performed on the eighth day when the spheres were
dissociated and resuspended in the new medium.

ADIPOSE-DERIVED NEUROSPHERE / Nagase et al

The spheroids were newly formed after culturing
again for several days (data not shown), suggesting
self renewal of the neurosphere cells.

To characterize the neurosphere cells, we next
examined expressions of neural stem cell marker
Nestin and Musashi-1 genes and adipocyte marker
Leptin by quantitative real-time RT-PCR. Expressions
of Nestin and Musashi-1 genes were remarkably up-
regulated in the neurosphere cells compared with the
control ASCs without culturing in the neurosphere
medium (Fig 2, A and B), suggesting characteristics
of neural progenitor. Conversely, Leptin expression

Fig 3 Neural crest-like migrations of green fluorescent
protein (GFP)-transfected, adipose-derived stromal cell-
derived neurospheres grafted into mouse embryo cultured
in vitro. (A) Appearances of mouse embryos cultured for 40
hours from embryonic day 8. (B and C) Fluorescent views
of embryos. GFP-positive neurosphere cells were arranged
in a row (arrows), suggesting their migration along second
branchial arch. Bars = 500 pm.

51

Copyright © 2007 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.



THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 18, NUMBER 1 January 2007

was dramatically reduced in the neurospheres
(Fig 2C), indicating loss of adipogenic potential.

To investigate functions of the neurosphere cells
in vivo, we labeled these cells by the modified Sendai
virus vector carrying the GFP gene and transplanted
them into the head region of the E8 mouse embryos.
After the embryos were cultured for approximately
40 hours in vitro, the transplanted GFP-positive cells
were clearly observed and appeared viable in only
two embryos of the nine cultured embryos. The
GFP-positive cells were incorporated into the cranio-
facial region as well as the heart and the trunk in
these two embryos (Fig 3). Notably, the transplanted
cells were arranged in a row along the second
branchial arch (arrows in Fig 3, B and C) in a quite
similar pattern to the neural crest cells migrating
within the second branchial arch. Although not
confirmatory, this result suggests a infriguing possi-
bility that neurosphere cells derived from ASCs have
neural crest-like properties.

Di1SCUSSION

SCs are probably one of the most well-known

stem cells among plastic surgeons. ASCs were
originally reported by Zuk et al' from the clinical
samples of liposuction aspirates. According to their
broad spectrum of differentiation potential, ASCs
have been used in a number of preclinical animal
studies of in vivo regeneration of a various tissues
such as bone, 2% c:ar’cilage,22 vessels,*?32* goft
tissue,* bone marrow,” and so on. Even a clinical
case was reported, in which a calvarial defect was
repaired by ASCs combined with scaffold.?® Several
groups reported neural differentiation of ASCs in
vitro,>#* and Kang et al®® reported functional
recovery of the rat model with cerebral infarction
after ASC transplantation in vivo.

The neurosphere method was originally
reported by Reynolds et al'®'! and is one of the
most frequently used methods for isolating neural
stem cells from the embryo or from the adult central
nervous systems. However, this method has not yet
been applied for obtaining neural stem cells from
adipose tissue or the ASC population. In this
preliminary study, we obtained neurospheres from
the ASCs in human liposuction aspirates. Prolifera-
tion of these cells was quite rapid, possibly faster
than other neurospheres from various tissue origins
such as the dermis and the heart”™” suggesting
advantages of ASCs as a origin of neuronal progeni-
tors for regenerative medicine. These neurosphere
cells expressed Nestin and Musashi-1, marker genes
for neural stem cells, probably reflecting their
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tendency of differentiating into neuronal progeni-
tors. This view is further supported by inhibition of
their expression of Leptin, a marker for adipogenic
differentiation and maturation.

Do the ASC-derived neurosphere cells behave as
neuronal progenitors in vivo? OQur attempt of grafting
these cells into the cultured mouse embryo revealed
that some of the cells migrate along the second
branchial arch and contribute to craniofacial mor-
phogenesis. Their migratory pattern is quite similar to
that of cranial neural crest cells, as we reported
previously.'® The neural crest cells are an embryonic
cellular population characterized by extensive migra-
tion and a unique repertoire of differentiation.?® The
neural crest cells are often regarded as stem or
progenitor cells for peripheral neurons and Schwann
cells, and the craniofacial skeletal mesenchyme is also
neural-crest derived.'”*?%3° Recent studies indicate
that the neural crest stem cells can be harvested from
the seemingly “mesodermal” tissues of adult ani-
mals, such as the dermis,” the hair follicular dermal
papilla,® or the heart,” by means of the neurosphere
method, implicating that it is also the case in the
adipose tissue. Because our data are preliminary and
we have a small sample size, further studies such as
those with detailed expression analysis of neural/
neural crest marker genes and large-scale in vivo
grafting are necessary to confirm this interesting idea.
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Induction of Efficient Antitumor Immunity Using Dendritic
Cells Activated by Recombinant Sendai Virus and Its
Modulation by Exogenous IFN- Gene'
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Hiroko Nagata-Takeshita,* Makoto Inoue,* Tsugumine Zhu,* Mamoru Hasegawa,*
Yoichi Moroi,’ Masutaka Furue,” and Katsuo Sueishi*

Dendritic cell (DC)-based cancer immunotherapy has been paid much attention as a new and cancer cell-specific therapeutic in
the last decade; however, little clinical outcome has been reported. Current limitations of DC-based cancer immunotherapy
include sparse information about which DC phenotype should be administered. We here report a unique, representative, and
powerful method to activate DCs, namely recombinant Sendai virus-modified DCs (SeV/DC), for cancer immunotherapy. In vitro
treatment of SeV without any bioactive gene solely led DCs to a mature phenotype. Even though the expression of surface markers
for DC activation ex vivo did not always reach the level attained by an optimized amount of LPS, superior antitumor effects to
B16F1 melanoma, namely tumor elimination and survival, were obtained with use of SeV-GFP/DC as compared with those seen
with LPS/DC in vivo, and the effect was enhanced by SeV/DC-expressing IFN- (SeV-murine IFN- (mIFN-g)/DC). In case of the
treatment of an established tumor of B16F10 (7-9 mm in diameter), a highly malignant subline of B16 melanoma, SeV-modified
DCs (both SeV-GFP/DC and SeV-mIFN-B/DC), but not immature DC and LPS/DC, dramatically improved the survival of
animals. Furthermore, SeV-mIFN-B/DC but not other DCs could lead B16F10 tumor to the dormancy, associated with strongly
enhanced CD8" CTL responses. These results indicate that rSeV is a new and powerful tool as an immune booster for DC-based
cancer immunotherapy that can be significantly modified by IFN-J, and SeV/DC, therefore, warrants further investigation as a

promising alternative for cancer immunotherapy. The Journal of Immunology, 2006, 177: 3564-3576.

ancer vaccines have focused on the induction of CTLs

that specifically attack tumor cells in an Ag-restricted

manner without exerting a significantly harmful effect on
nontumnor cells. The induction of tumor-specific CD4" T cells is
also important not only in helping the CD8" CTL response but
also in mediating antitumor effector functions through the induc-
tion of eosinophils and macrophages (1). To boost these immune
responses, several substances have been used as cancer vaccines,
including gene-modified autologous tumor cells, peptide vaccine,
plasmid DNA, and Ag-loaded dendritic cells (DCs)® (2). Despite
current extensive efforts by physicians and scientists in clinical
studies of cancer immunotherapy, very little clinical outcome has
been reported (3).
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DCs are the most potent and professional APCs that determine
either Th1 or Th2 polarization of naive T cells, and they have been
a promising tool for cancer immunotherapy. The immature state of
DCs is known to be appropriate for Ag processing, and in turn,
they must be matured to fully activated DCs, which express high
levels of cell surface MHC-Ag complex and costimulatory mole-
cules, for a sufficiently productive CTL response (4). Since the first
promising clinical study of a DC-based cancer vaccine was re-
ported in 1996 (5), similar studies have been performed using this
type of vaccine against several cancers, including metastatic mel-
anoma, all over the world (6-7). These early clinical trials sug-
gested the potential of DC-based immunotherapy, but the exten-
sive follow-up studies concluded that the current strategy remains
immature as a standard therapeutic for cancer treatment (2).

Current issues of DC-based cancer immunotherapy include a
lack of information regarding the following points: 1) the most
effective DC subtypes, 2) the optimal conditions and activation
stimuli to generate activated DCs showing optimal antitumor effect
in vivo, 3) the optimal route for administration, and 4) the optimal
dose and frequency of DC vaccinations (2). Because no one knows
what the optimal performance and precise clinical indications of
DC-based cancer immunotherapy are at present, preclinical assess-
ment regarding these points in detail is absolutely required to ob-
tain more data about DC therapy in clinical settings.

Currently, “virotherapy” is an indicative term for tumor-selec-
tive oncolytic virus therapy for cancer, namely “oncolytic viro-
therapy” (8). However, the first use of the term virotherapy ap-
peared in a Japanese article in 1960, demonstrating the modest
antitumor effect of a direct intratumor (i.t.) and/or intradermal in-
jection of bovine vaccinia virus for patients with skin cancers (9).

0022-1767/06/$02.00
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This use of the term virotherapy, therefore, included the concept of
“immunostimulatory virotherapy.”

In the last decade, we extensively examined the use of recom-
binant Sendai virus (SeV) as a novel and powerful gene transfer
agent as the cytoplasmic gene expression system (10-12). SeV, a
member of family Paramyxoviridae, has a nonsegmented nega-
tive-strand RNA genome and makes use of sialic acid residue on
surface glycoprotein or asialoglycoprotein present on most cell
types as a receptor (13, 14). As SeV uses a cytoplasmic transcrip-
tion system, it can mediate gene transfer to a cytoplasmic location,
avoiding possible malignant transformation due to genetic alter-
ation of host cells (10, 15), that is a safety advantage of SeV.
Furthermore, there are technical advantages in the use of rSeV as
a gene therapy vector; first, the infectious activity of SeV particles
is stable to be easily concentrated to high titers by ultracentrifu-
gation, which is in clear contrast to the features of retroviral vec-
tors. Second, and most importantly, the modalities of target cell
processing and viral transduction are technically nondemanding
and feasible in clinical situations that require transduction into
large numbers of target cells, including hemopoietic stem cells
(16). Despite these advantageous features of SeV in clinical gene
therapy strategies over the other vector systems (10-12), the re-
lated immune responses due to virus administration in vivo have
been hazardous to expand the use of this mode of vector in the
clinical setting, similar to other viral vectors including adenovi-
ruses. During extensive assessment of the mechanisms of immune
responses against SeV, we found that ex vivo infection of SeV to
immature DCs resulted in their maturation and activation sponta-
neously, suggesting their possible use for cancer immunotherapy
as an immunostimulatory virotherapy.

In the present study, for the first time, we show that i.t. admin-
istration of replication-competent SeV-modified DCs (SeV/DCs)
induces a dramatically efficient antitumor effect on established tu-
mors in vivo, an effect comparable to that seen with DCs treated
with LPS that is well-known as a strong DC stimulator irrelevant
to clinical use. Furthermore, we here show that antitumor immu-
nity against an IFN-B-sensitive tumor, a B16 melanoma, is
strongly enhanced by the use of SeV/DCs expressing a foreign
IFN-B gene.

Materials and Methods

Mice and tumor cell lines

Female 6- to 8-wk-old C57BL/6 mice (H-2°, for B16 melanomas) and
C3H/HeN mice (H-2%, for MH134) of Charles River grade were obtained
from KBT Orientals and kept under specific pathogen-free and humane
conditions. Murine malignant melanoma B16F1 and B16F10 cells were
purchased from American Culture Collections (ATCC). MH134, a murine
hepatocellular carcinoma cell line, and X5563, a plasmacytoma cell line
derived from C3H/HeN mice, were maintained as described (17). An NK-
sensitive lymphoma cell line, YAC-1, and a T cell lymphoma cell line of
C57BL/6 mice origin, EL-4, were also purchased from ATCC. These cell
lines were maintained in complete medium (RPMI 1640 medium; Sigma-
Aldrich) supplemented with 10% FCS (BioWest), penicillin, and strepto-
mycin under a humidified atmosphere containing 5% CO, at 37°C.

Recombinant SeVs

rSeVs were constructed as described previously (10). In brief, the entire
c¢DNA-coding jelly fish enhanced GFP (for SeV-GFP), luciferase (for SeV-
luciferase), and murine IFN-3 (for SeV-mIFN-f3) were amplified by PCR,
using primers with a NofI site and new sets of SeV E and S signal sequence
tags for an exogenous gene, and then inserted into the Nofl site of the
cloned genome. Template SeV genomes with an exogenous gene and plas-
mids encoding N, P, and L proteins (plasmids pGEM-N, pGEM-P, and
pGEM-L, respectively) were conjugated with commercially available cat-
ionic lipids, then cotransfected with UV-inactivated vaccinia virus vI7-3
into LLMCK2 cells. Forty hours later, the cells were disrupted by three
cycles of freezing and thawing and injected into the chorioallantoic cavity
of 10-day-old embryonated chicken eggs. Subsequently, the virus was re-
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covered and the vaccinia virus was eliminated by a second propagation in
eggs. Virus titer was determined using chicken RBC in a hemagglutination
assay, and viruses were kept frozen at —80°C until use. Expression of
miIFN-B was confirmed by Western blotting in the culture medium of
COS7 cells and DCs transfected with SeV-mIFN-$ (data not shown).

Generation of DCs and transfection with SeVs

When preparing murine bone marrow-derived DCs (mBM-DCs), we paid
serious attention to maintaining an endotoxin-free condition using endo-
toxin-free reagents throughout this study. mBM-DCs were generated as
previously described with minor modification (18, 19). Briefly, bone mar-
row cells from CS7BL/6 or C3H/HeN mice were collected and passed
through a nylon mesh, and RBC and lineage-positive (B220, CD5, CD11b,
Gr-1, TER119, 7/4) cells were depleted by using the SpinSep mouse he-
mopoietic progenitor enrichment kit (StemCell Technologies). These lin-
eage-negative cells (5-10 X 10Y5 ml/well) were cultured in 50 ng/ml
GM-CSF (PeproTech) and 25 ng/ml IL-4 (PeproTech) in endotoxin-free
complete medium in 6-well plates. On day 4, haif of the culture medium
was replaced by fresh medium supplemented with GM-CSF and IL-4 at the
same concentration. On day 7, DCs were collected and used for subsequent
experiments. For SeV-mediated transduction, DCs (1 X 10° cells/ml) were
simply incubated with SeVs at an indicated multiplicity of infection (MOI)
without any supplementation.

In vitro cytotoxic assay with IFN-B

B16F1, B16F10, and MH134 cells were seeded in 96-well plates at 5000
cells/well, and 24 h later, recombinant murine IFN-3 (rmIFN-83; PBL Bio-
medical Laboratories) was added to each well at various concentrations.
Forty-eight hours later, cell viability was assessed by a modified MTT
assay using a Cell Counting Kit-8 (Dojin Laboratories). Results were cal-
culated as the percentage of viability = (OD of sample — OD of blank)/
(OD of A — OD of blank) X 100, where OD corresponds to A wells
without rmIFN-S.

Influence of MHC class 1 expression on tumor cells by IFN-f3

B16F1, B16F10, and MH134 cells (1 X 105/mI) were incubated in the
presence or absence of rmIFN-$ (1000 U/ml) at 37°C for 48 h. B16 or
MH134 cells were collected and stained with FITC-conjugated anti-mouse
H-2K® or H-2K* (BD Pharmingen), respectively, and were analyzed using
a FACSCalibur (BD Biosciences). Dead cells were excluded by staining
with propidium iodide.

Luciferase assay

The collected mBM-DCs were treated with lysis buffer (Promega) with a
protease inhibitor mixture (10), centrifuged, and 20 wl of the supernatant
was subjected to luciferase assay. Light intensity was measured after 10 s
of preincubation at room temperature using a luminometer (model
LB9507; EG&G Berthold) with 10 s integration. Protein concentrations
were measured by Bradford’s method using a commercially available pro-
tein assay system (Bio-Rad) (11). The data were expressed as relative light
units per milligram of protein, and each sample was measured more than
twice.

Flow cytometric analysis for costimulation-related molecules on
DCs

DCs were plated in fresh medium (1 X 10° cells/ml) and were incubated
with SeV-GFP or SeV-mIFN-B, each at a MOI of 40, or LPS (2 pg/L) for
48 h. Biotinylated anti-mouse I-Ab, CD40, CD80, CD86, CCR7, ICAM-1,
and allophycocyanin-conjugated anti-CD11c¢ (BD Pharmingen) mAbs were
used for each primary Ab. The collected DCs were centrifuged and incu-
bated with 100 ul of the supernatant from cultured hybridoma-producing
anti-mouse CD16/32 mAb (2.4G2; from ATCC) for 30 min at 4°C. The
cells were incubated with primary Abs for 30 min at 4°C, and biotinylated
Abs were detected by subsequent staining with streptavidin-PE (BD
Pharmingen). Just before application to the cytometer, we added 125 ng of
propidium iodide to cell suspension to exclude dead cells. Cells were an-
alyzed using a FACSCalibur with the CellQuest software (BD Biosciences
Japan). Data analysis was performed using FlowJo 4.5 software (Tree
Star).

Cytokine production of cultured DCs

The cultured DCs were plated in fresh medium (1 X 10° cells/ml) and were
incubated with SeV-GFP or SeV-mIFN-8 (MOI of 40) or LPS (2 ug/l) for
48 h. The culture medium were harvested and were measured the concen-
tration of murine IFN-3, IFN-v, IL-12 p70, TNF-a, and IL-18 by quanti-
tative sandwich enzyme immunosorbent assay using mouse IFN-8, IFN-y,
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IL-12 p70, TNF-«, and IL-13 ELISA kit (R&D Systems) according to the
manufacturer’s instructions.

DC-based immunotherapy of the established tumor

B16F 1 melanoma: early treatment regimen (see Fig. 2). For tumor lysate
preparation, B16 melanoma cells were harvested and processed by three
rapid cycles of freezing and thawing. As a control, mBM-DCs with neither
tumor lysate nor stimulator were used. The other mBM-DCs were pulsed
with tumor lysate (ratio of DC number to number of tumor cells for 1y-
sate == 1:3) for 18 h and then were incubated with SeV-GFP (MOI = 40;
SeV-GFP/DCs), SeV-mIFN-S (MOI = 40; SeV-mIFN-5/DCs), or LPS (2
ug/L; LPS/DCs) for 8 h. Then all DCs were added with 50 -ug/ml poly-
myxin B (Sigma-Aldrich) and were carefully washed two times before
injection. Intradermal implantation (CS7BL/6 for 1 X 10° B16F1 cells)
was done onto the abdomen on day 0, and 1 X 10° DCs were injected i.t.
on days 3, 10, and 17. For all injections, materials were suspended in a
100-u1 volume of PBS. The size of tumors was assessed using microcali-
pers three times a week, and the volume was calculated by the following
formula: (tumor volume; mm®) = 0.5236 X (long axis) X (short axis) X
(height) (20).

B16F10 melanoma and MHI134 hepatocellular carcinoma: later treat-
ment regimen (see Fig. 4). To examine the potentials of cancer vaccines
tested here to treat highly malignant phenotypes in vivo, we further as-
sessed “later treatment regimen” when the tumors were well-established
and vascularized (7-9 mm in diameter) (3).

DCs were collected as described above, except for control DCs which
were pulsed with tumor lysate but not stimulated. Intradermal implantation
(C57BL/6 for 1 X 10° BI6F10 cells and C3H/HeN for 1 X 10° MH134
cells) was done onto the abdomen on day 0, and 1 X 10° DCs were injected
it. on days 10, 17, and 24. The size of tumors was assessed as described
above.

31 Cr release assay for cytolytic activity of NK cells and CTLs

Prepared DCs were it. administered three times into tumor-bearing
C57BL/6 mice (B16F10) or C3H/HeN mice (MH134) at 1 X 10° cells/100
w1 on days 10, 17, and 24. One week after the last immunization, spleno-
cytes were obtained and contaminated erythrocytes were depleted by
0.83% ammonium chloride. For NK cell-lysis assay, the splenocytes were
directly used as NK effector cells. For CIL assay, 4 X 10% splenocytes
were cultured with 1 uM TRP-2 peptide (H-2"-restricted peptide = SVY-
DFFVWL) (21) for B16 melanoma model, or with 3 X 10° inactivated
MH134 cells treated with 100 pg/ml mitomycin for the MH134 model in
1 ml of complete medium in a 24-well culture plate. Two days later, 30
TU/ml human rfL-2 was added to the medium. After 5 days, the cultured
cells were collected and used as CTL effector cells. Target cells (YAC-1,
TRP2-peptide-pulsed EL-4, lymphocytic choriomeningitis virus (LCMV)
peptide (H-2b-restricted peptide = AVYNFATCGI) pulsed EL-4 (for third
party of B16), MH134 cells, and X5633 (for third party of MH134)) were
labeled with 100 uCi Na,*'CrO, for 1.5 h, and Cr release assay was per-
formed as previously described (22). The percentage of specific S1Cr re-
lease of triplicates was calculated as follows: ((experimental cpm — spon-
taneous cpm)/(maximum cpm — spontaneous cpm)) X 100. Spontaneous
release was always <10% of maximal Cr release (target cells in 1% Triton
X-100).

In vivo depletion of immune cell subsets

Anti-CD4 and anti-CD8 mAbs (250 ug/dose) were derived from GKI1.5
and 53-6.72 hybridoma cells, respectively (23, 24). Anti-asialo GM1
(Wako) was given i.p. (50 pg/dose) for NK cell depletion. Elimination of
CD4™ or CD8™ cells in tumor-bearing mice (n = 4-5 in each group) was
done by i.p. injection of mAbs on days 5, 6, 7, 10, 13, 16, 19, 21, 24, 27,
and 30 after the primary tumor inoculation. Flow cytometry confirmed
>98% depletion of the target cells for at least 7 days after injection in all
animals.

Histopathological analysis

B16F10 tumor was treated twice (days 10 and 17), and freshly excised
tumor tissues on day 20 were divided into the longitudinal two sections; the
half was embedded in Tissue-Tec OCT compound (Sakura) and the other
was embedded in paraffin. Paraffin sections were stained with H&E. The
cryostat sections were subjected to immmnochemical examinations with
mAbs specific to CD4 (L3T4; BD Pharmingen) or CD8 (Ly-2; BD Pharm-
ingen). Tumor area was measured by Macscope (Mitani). CD4- or CDS§-
positive cells were counted in total viable tumor area and peripheral stro-
mal tissue within 0.5 mm from the margins of tumor tissue under the
optical measure-assisted microscope.

“VIROTHERAPY” FOR CANCER IMMUNOTHERAPY

Statistical analysis

All data were expressed as the mean + SEM, and were analyzed by one-
way ANOVA with Fisher’s adjustment, except for animal survival. Sur-
vival was plotted using Kaplan-Meier curves and statistical relevance was
determined using log-rank comparison. A probability value of p < 0.05
was considered significant.

Results
Transfection efficiency of SeV into mBM-DCs and their
spontaneous activation

Immature mBM-DCs from BL/6 mice, propagated in the presence
of GM-CSF and IL-4 for 7 days, were collected and transfected by
SeV-luciferase or SeV-GFP for investigating gene transduction ef-
ficiency. As shown in Fig. 1a, left panel, dose-dependent luciferase
expression was shown and the optimized expression was found
around MOI = 40-100. Repeated FACS analyses for DCs trans-
fected by SeV-GFP demonstrated that >90% of GFP-positive DCs
were detected at more than MOI = 40, a finding representatively
shown with forward scatter/side scatter (fsc/ssc) gating at MOI =
40 (Fig. 1b), therefore, all of the following experiments were per-
formed at this titer as an optimal dose.

We next assessed the surface markers of DCs treated with SeV-
expressing GFP or mIFN-B without any other stimulant, directly
compared with a well-known strong but clinically irrelevant DC
activator, LPS, at 2 ug/ml for 48 h of exposure, which had been
shown to be the optimal dose for mDC activation in our prelimi-
nary data (data not shown). As shown in Fig. 1c, repeated FACS
analyses showed that DCs treated with SeV-GFP or SeV-mIFN-
resulted in the high-level expression of the costimulatory mole-
cules tested here, namely MHC class II, CD80, and CD86 mole-
cules, which did not reach the level seen in the DCs treated with
LPS. In comparison to their sharp expression patterns on LPS/DC,
those seen on SeV-GFP or SeV-mIFN-B showed broad expression,
suggesting the result of the broad expression of transgene seen in
Fig. 1b. Other surface markers related to trafficking (CCR7) and
adhesion (ICAM-1) were also up-regulated on DCs treated with
SeV-GFP or SeV-mIFN-B which were nearly comparable to the
level seen on LPS/DC. These results thus demonstrated that SeV
could not only effectively transfer exogenous genes into DCs, but
also spontaneously transform immature DCs to near fully activated
mature DCs without other manipulation irrespective of the exog-
enous mIFN-3 expression. In turn, LPS-activated DCs were seri-
ously resistant to SeV-mediated gene transfer (usually <5%, data
not shown).

To assess further phenotype of DCs activated by SeV, release of
typical cytokines was examined by ELISA. As shown in Fig. 14,
up-regulation of type I IFN, e.g., IFN-B8, was seen in DCs treated
with SeV-GFP or SeV-mIFN-8, but not in immature DCs and
LPS/DCs. In contrast, strongest expression of other cytokines
tested, including Th1 cytokines (p70 subunit of IL-12 and IFN-%),
was seen in LPS/DCs.

Together with these results, SeV induces spontaneous matura-
tion and activation of mBM-DCs, however, their phenotype is not
equal to those seen in the treatment with LPS.

SeV/DC therapy induces complete elimination of BI6F1
melanoma in vivo

Next, we asked whether DCs activated by SeV might have thera-
peutic potentials against an immune-competent murine melanoma
model. We tested this by an early treatment regimen as follows.
First, to assess the effective route for antitumor activity of DC
therapy, i.t., distant s.c., and i.v. (via tail vein, i.v.) injections of
tumor lysate-pulsed DCs activated by SeV-GFP was started and
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FIGURE 1. Gene transfer efficiency of SeV to bone marrow-derived immature DCs and their spontaneous activation. Seven days after cultivation to

generate immature DCs under IL-4 and GM-CSF, DCs were treated by SeV-luciferase or SeV-GFP. Forty-eight hours later, DCs were subjected to each
analysis. Each experiment was done in triplicate or more and showed similar results. a, Quantitative optimization of dose-dependent gene expression
efficiency using SeV-luciferase (left graph) and SeV-GFP (upper right two graphs: positive cell ratio, bottom: MFI, mean fluorescent intensity). Optimized
expression was seen around MOI = 40-100. b, Scattered plots for fsc/ssc gating of DCs transfected with SeV-GFP at MOI = 40. Note 2 major populations
of GFP-expressing DCs, GFP"#" (66.0%) and GFP**¥ (26.6%) (bottom ri ght panel). ¢, Expression level of activation markers (CD40, CD80, CD86, MHC
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analysis were given below. d, Typical cytokine secretion from DCs treated with LPS, SeV-GFP, or SeV-mIFN-3. Immature DCs were used as negative

control.

repeated three times every week 3 days after B16F1 (low malig-
nant subline) cell inoculation. Efficient antitumor effect was only
seen in the case of i.t. injection (Fig. 24), a finding similar to the
previous report by the other group in use of naive DCs (25). There-
fore, the following experiments were done via the i.t. route.
Next, we directly compared the antitumor effect of i.t. admin-
istration of immature DC, LPS/DCllysate, SeV-GFP/DC/lysate,
and SeV-mIFN-B/DC/lysate by early treatment regimen indicated

in Fig. 2b. In this study, we used immature DCs without tumor
lysate as a control, because it has been known that ex vivo uptake
of tumor Ag itself led DCs to activated state (26). Because B16
melanoma-burden mice were well-known to start to die around 2
wk after inoculation irrespective of tumor size, we here evaluated
two more parameters, namely survival and the number of mice
with eliminated tumor, to assess the beneficial effects of cancer
vaccines.
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FIGURE 2. Assessment of antitumor activity of DCs modified by SeV against low-malignant murine melanoma B16F1. Three days after tumor cell

inoculation, DCs were injected i.t. according to the indicated regimen (a, bottom scheme: early treatment regimen). Tumor lysate was pulsed to immature
DCs which were subsequently treated with LPS, SeV-GFP, or SeV-mIFN-8, and these DCs were used for DC immunotherapy 8 h later. DC treatment was
done three times. The data demonstrated were the total of three independent experiments. a, Time course of the tumor volume treated with SeV-GFP/
DC/lysate via different administration routes (distant s.c.: s.c. injection, i.v.: i.v. injection via tail vein, and i.t.: intratumor injection). Numbers indicate
tumor-bearing animals that survived over 28 days. b, Experimental design to assess the stimulator dependent antitumor effect of DCs. ¢, Dot plots indicating
the tumor size of B16F1 melanoma following DC therapy. Numbers below indicate the dead animals within day 28. d, Survival curve of the mice bearing
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Tumor size. As shown in Fig. 2¢, six animals of the untreated
group and 1 of the LPS/DC/lysate group were dead within day 28.
The tumor size on day 28 was efficiently disturbed by DC immu-
notherapy modified by SeV-GFP, SeV-mIFN-8, or LPS. However,
a similar finding was also seen in the use of immature DCs, sug-
gesting the results of spontaneous activation of DCs in vivo via i.t.
route, as previously described by the other group (25).

In contrast, other parameters, survival, and tumor elimination
ratio showed interesting results.

Survival. Significant prolongation of survival of animals was
found only in groups of SeV-GFP/DC/lysate and SeV-mIFN-S/
D(ysate (Fig. 24).

Number of mice with tumor eliminated. Ten of 14 mice (71.4%)
treated with SeV-GFP/DC and 8 of 9 (88.9%) treated with SeV-
mIFN-B/DC completely eliminated the tumor at day 75 (Fig. 2e),
findings that were also confirmed microscopically (data not
shown).

These results indicated that DC immunotherapy was beneficial
for treating B16F1 melanoma in immune-competent mice, in
views of survival and tumor elimination, and the therapeutic ef-
fects of DCs modified with SeV were equal or possibly more to
that with strong DC activator LPS, an effect that was significantly
improved by exogenous IFN- expression.

Limited responses of mIFN-B protein as well as mIFN-f3 gene
therapies on highly malignant and less immunogenic BIGF10
melanoma in vivo

Direct efficacy evaluation demonstrated in Fig. 2 suggests the po-
tential use of SeV-mediated modification of DC functions for can-
cer immunotherapy; however, significant and clear improvement
over LPS/DC was not found. Furthermore, immature DCs showed
significant reduction of tumor size, suggesting that the tumor
model of low malignant BI6F1 melanoma was not appropriate to
evaluate the potentials of SeV/DCs. Therefore, we next tried to
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treat a highly malignant and less immunogenic subtype of B16
melanoma, namely B16F10, using SeV/DCs. Before this trial, we
first assessed the biological effects of mIFN-B in vitro and of pro-
tein and gene therapy with mIFN-$ in vivo.

As shown in Fig. 3, mild and dose-dependent growth inhibition
was seen in B16F1 cells in vitro, and the effect was more pro-
nounced in B16F10 cells, indicating that B16 melanomas are sen-
sitive to IFN-B, similar to findings in clinical settings (27). In
contrast, murine hepatocellular carcinoma, MH134, was not ap-
parently sensitive to IFN-$ (Fig. 3a).

Next, we treated B16F10 tumors in vivo with m[FN-8 protein,
which has been a standard clinical therapeutic, as well as with
SeV-mIFNS as a gene therapy, by a treatment regimen beginning
at a later stage of tumor development (tumor diameter = 7--9 mm).
As shown in Fig. 3b, both treatments tended to delay the growth of
the B16F10 tumors; however, the tumor volume had relapsed by
about day 30. The relapse of tumor growth was likely due to
withdrawal of the local concentration of mIFN-f, because in
vivo expression of SeV-mediated gene transfer has been shown
to be transient (11).

These findings suggest that protein and gene therapies by
miFN-$ contributed to the suppression of tumor growth of
B16F10 tumors in vitro and in vivo; however, the effect was not
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FIGURE 3. Antitumor activity of murine IFN-$ against murine tumor
cells in vitro (@) and in vivo (b). a, In vitro cytotoxicity of mIFN-8 to
murine melanomas (lower malignancy, B16F1; higher malignancy,
B16F10) and a hepatocellular carcinoma (MH134). After 48-h culturing in
the presence of mIFN- protein, cell viability was assessed. The viability
of MH134 ([]) was not affected by mIFN-f, and in contrast, melanomas
were sensitive to mIFN-f3, suggested by the observed dose-dependent ef-
fects. Note that B16F10 (O) was more sensitive than B16F1(A) to mIFN-S.
b, Antitamor activity of protein (A) and gene (@) therapies of mIFN-$ in
vivo. Ten days after tumor cell inoculation, when the established tumor
was well-vascularized, protein or gene therapy was started according to the
indicated regimen (b, bottom scheme: late treatment regimen).
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sufficient to control a highly malignant cell type, even though the
tumor cells are sensitive to mIFN-B. This could be explained be-
cause the duration of local concentration of mIFN-£ might not be
sufficient to show the long-lasting antitumor effect.

Modudation of antitumor effects and immune responses to IFN-
B-sensitive, established tumors by SeV/DCs expressing mIFN-f3

Antitumor effect. IFN-f3 is known to be an antitumor cytokine via
multiple mechanisms, including a direct antiproliferative effect,
enhancement of NK cell activity, and up-regulation of tumor Ag
and MHC class I and II (28). Therefore, we next asked whether DC
therapy modulated by exogenous mI/FN-{3 genes might affect the
antitumor effect as well as immune responses against B16F10
melanoma.

First, we assessed MHC class I expression and its modulation by
mIFN-S3 by flow cytometry analyses, because it is well-known that
the expression of this molecule on tumor cells is required to be
recognized by antitumor CTLs induced by cancer immunotherapy
(29). As shown in Fig. 4aq, the baseline expression of MHC class
I (H-2¥) was high, and the level wa