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Figure 2 Stable SeV-mediated transgene expression in cynomolgus ES cells. Fluorescent ES cell colonies were plucked under a fluorescent iicrostope once
at 1 month after infection and the cells were further propagated. (a) Phase-contrast (upper) and fluorescence (lower) images of a cynomolgus ES cell colony
at day 370 after infection. Bar = 100 ym. {b) Flow cytometric analysis of SeV-infected cynomolgus ES cells at day 370 after infection (shown in green). The
percentage of GFP-positive cells is indicated. Uninfected, parental cynomolgus ES cells are indicated by another Tine (white area). (c) The percentage of
GFP-positive cells (upper} and menn fluorescence intensity per GFP-positive cell (lower} after infection with the SeV vector at 10 TUfcell are showr as a

function of time (days}.
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Figure 3 DNA-independent replication and transcription of SeV vector.
Total cellular RNA and DNA were extracted from cynomelgus ES cells at
day 284 after infection with the SeV vector. RNA-PCR () and DNA-PCR
(b} for the SeV RNA genome or GFP sequence were conducted, The
cynomolgus fl-actin sequence was used as an internal control. In the RNA-
PCR (a), negafive results oblained without reverse transcriptase
(designated RT—) confirmed that the amplified products were not derived
from cellular DNA, M, 100-kb DNA ladder; ¢ES, naive cynomolgus ES
cells; cES{Transfectant, cynomolgus ES cells stably expressing the GFP
gene after transfection® cES[SeV, cynomolgus ES cells infected with the
SeV vector; wtSeV, wild-type SeV genome; mTransfectant, a GFP-positive
mouse cell line after transfection.
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diluted out. (iv) The SeV vector is much less unlikely to
generate wild-type virus in oitro or in vivo than
oncoretroviral and lentiviral vectors, since homologous
recombination between RNA genomes is very rare
indeed in negative-strand RNA viruses.”” (v) The SeV
genome js not subject to cellular epigenetic modifications

such as methylation, and thus it is unlikely that
methylation-based silencing of transgene expression
occurs.

No cytotoxic or differentiating effect on ES cells
associated with the SeV infection was observed in our
study. However, the wild-type SeV contains immuno-
genic surface proteins, hemagglutinin-neuraminidase
(HN) and F proteins, which potentially induce antibody
responses.’®*! For future clinical applications, it would
be desired that as many viral genes as possible are
deleted from the vector backbone to permit reapplica-
tion, improve the safety, and lessen the possible toxicity
of SeV vectors. To this end, we have developed a series of
attenuated SeV vectors that are F gene-deleted,® F gene-
deleted with preferable mutations,> M gene-deleted,? or
have deletions of both F and M genes.** The modified
vectors would be safer for in »ive use.

Ribavirin at high concentrations seems toxic to ES
cells; presumably, it directly hampers viability and
proliferation potential of ES cells. However, we cannot
tell whether the observed toxicity is simply due to its
toxicity to ES cells, as feeder cells are more highly
sensitive to ribavirin than ES cells. In fact, while feeder
cells died at 1 mM of ribavirin, cocultured ES cells were
alive at this concentration for some time. Cynomolgus ES
cells lose pluripotency and proliferation potential with-
out feeder cells. Thus, the observed toxicity to ES cells
may also be a secondary event following the injury of
feeder cells. Whether the cytotoxicity is primary or
secondary, it will be necessary to find modified com-
pounds of less cytotoxicity.
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Figure 4 Pluripotency of SeV-infected cynomlgus ES cells. Tumors formed in NOD-SCID mice after inoculation of the SeV-infected eynomolgus ES cells
(a}. The tumor was fluorescing ((b), bright field; (c), dark field). Fluorescence was observed uniformly in the tumor under a fluorescent microscope ((d),
bright field; (¢), dark field). The tumor contained all three embryonic germ layer cells; cartilage (f}, ciliated columnar epithelium (g), skin (i), and sebaceous

gland (i) (stained with hematoxylin and eosin). Bar =100 pm.

Mateﬁa?s and methods

Cell culture

Cynomolgus ES cells (CMK6) were maintained on a
feeder layer of mitomycin C (Kyowa, Tokyo, Japan)-
treated mouse (BALB/c) embryonic fibroblasts as de-
scribed previously.’® The culture medium consisted of
Dulbecco’s modified Eagle’s medium (DMEM)/Fi2
(Invitrogen, Carlsbad, CA, USA) supplemented with
15% ES cell-qualified fetal calf serum (FCS; Invitrogen),
0.1 mM 2-mercaptoethanol (Sigma, St Louis, MO, USA),
2 mM glutamine (Invitrogen), 0.1 mM nonessential amino
acids (Invitrogen), and antibiotics {100 U/ml penicillin
and 100 pg/ml streptomycin, Irvine Scientific, Santa Ana,
CA, USA). The ES cell colonies were routinely passaged
every 3—4 days after dissociation with a combined
approach of 0.25% trypsin (Invitrogen) digestion and
mechanical cutting, Alkaline phosphatase staining was
conducted with an Alkaline Phosphatase Chromogen Kit
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{Biomeda, Foster City, CA, USA). Embryoid bodies were
produced by culturing ES cell aggregates in Petri dishes.
LLC-MK2 cells (1 x10% were grown in six-well plates
and cultured in Eagle’s minimal essential . medium
(Invitrogen) supplemented with 10% FCS.

Vectors

The F-defective SeV vector carrying the GFP gene was

constructed as previously described.® The vector titer
was 1.8 x 16° TU/m] determined by counting fluorescent
cells after the infection of LLC-MK2 cells. Gene transfer
was conducted by adding various concentrations of the
SeV vector solution to culture media. After 24h of
incubation, the cells were washed twice with phosphate-
buffered saline (PBS) and fresh medium was added. In
some experiments, ribavirin (1-B-D-ribofuranosyl-1,2,4-
triazole-3-carboxamide; Sigma) was added at various
concentrations to the culture media after infection. The
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Figure 5 Stable transgene expression during differentiation, A day-20 cystic embryeid body was observed under a fluorescent phase-contrast microscope,
confirming that the embryoid body was fluorescing ((a), bright field; (b), dark field). After infection witit the SeV vector, fluorescent cymomolgus ES cells
differentiated into neural cells. Double immunostaining with anti-GFP (green} and ant-MAP-2 (red} confirmed that differentinted neural cells expressed

GFP (c). Yellow cells indicate GFP-expressing newrons. SeV-infected,

fluorescent cynomolgus ES cells also differentinted into fluorescent hematopoietic

cells. A clonogenic hematopoietic colony was fluorescing ((d) bright field; (e), dark field). A cytospin specimen of hematopoietic colony cells (Wright-Giemsa
staining} showed that the cells were mature granulocytes (f). The infected ES cell-derived, fuorescent neutrophils were positive for NBY (stained in black

(g)). Bar=100 pm (a, b, g); 50 pm (c, P; 500 pm (d, e).

viral particles in infected cells were quantified by a
hemagglutination assay as described previously.?®

An adenovirus serotype 5-based vector carrying the
GFP gene was constructed as reported.? It contained the
cytomegalovirus {(CMV) promoter, simian virus (SV)~40
intron, and 5V-40 polyadenylation signal. An AAV
serotype 2-based vector expressing the GFP gene under
the control of the chicken B-actin promoter with the CMV
immediate-carly cnhancer (a gift from Dr ] Miyazaki)

was prepared as described previously.? Gene transfer
experiments were performed using 3.4 x 13* genome
copies {g.c.)/cell of the adenoviral vector or
24 x10* g.c./cell of the AAV vector. The period of
exposure was 48 h.

Flow cytometry
GFP and SSEA-4 expression was analyzed on a FACScan
{Becton Dickinson, Franklin Lakes, NJ, USA) using the

27
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Figure 6 Ribavirin-regulated transgene expression. (a) A rhesus kidney cell line (LLC-MK2) was infected with the SeV vector at 3 TUfcell. Ribavirin was
started at various concentrations on day 2 after the infection. The formation of viral particles in the infected LLC-MK2 cells was examined by the
hemagglutination assay. (b) The ribavirin-treated LLC-MEK2 cells were observed under a fluorescent microscope after an 8-day exposure of ribavirin (upper,
dark field; lower, bright field). (c) Ribavirin was added at various concentrations to the SeV-infected, flnorescent cynomolgus ES cells. The GFP expression
1oas assessed by flow cytometry after a 3-day exposure of ribavirin. (d) The fractions of SSEA-4-positive ES cells were assessed by flow cytometry with anti-

SSEA+4

before and after a 3-day exposure of ribavirin and are shown as a function of time (days) in the left panel. A gray bar indicates ribavirin treatment.

ES cells were stained for alkaline phosphatase (in red) at day 21 after a 3-day exposure of 0.75 mM ribavirin and are shown in the right panel. Bar =100 pm.

CellQuest software (Becton Dickinson). For SSEA-4
staining, cells were incubated with a primary antibody,
anti-SSEA-4 (MC-813-70; Chemicon, Temecula, CA,
USA), and then a sccondary antibody, PE-conjugated
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F(ab)2 fragment of rabbit anti-mouse immunoglobulins
{DakoCytomation, Glostrup, Denmark). Cocultured
BALB/c feeder cells could be distinguished from
cynomolgus ES cells by using PE-conjugated anti-mousc



H-2d (5F1-1.1; PharMingen, San Diego, CA, USA), which
does not react to cynomolgus cells but does react to
BALB/c cells.

Teratorna formation

Cynomolgus ES cells (approximately 10° cells per site)
were injected subcutaneously into the hind leg of 6- to 8-
week-old nonobese diabetic/severe combined immuno-
deficient mice (Jackson Laboratery, Bar Harbor, ME,
USA). The resulting tumors (usually 9-12 weeks after the
injection) were dissected and fixed in 4% paraformalde-
hyde. For histological analysis, samples from the tumors
were embedded in paraffin and stained with hematoxy-
lin and eosin. To observe GFP fluorescence, samples
were embedded in OTC compound (Sakura, Zoeter-
woude, Netherlands), frozen, sectioned, and examined
under a fluorescence microscope.

Hematopoietic differentiation

The mouse bone marrow stromal cell line OP9 was
maintained in e-modified minimum essential medium
{Invitrogen) supplemented with 20% FCS as described
previously.*® For induction of hematopoietic differentia-
tion, ES cells were seeded onto a mitomycin C-treated
confluent OP9 cell layer in six-well plates. Medium to
support the differentiation was described elsewhere.®
Cells at day 18 were placed in Methocult GF+ media
(StemCell Technologies, Vancouver, Canada) at 1 x 10*
and 1 % 10° cells per plate and clonogenic hematopoietic
colonies were produced. After 14 days, individual
colonies were removed and spun onto glass slides. Cells
were stained with the Wright-Giemsa method. The nitro
blue tetrazolium (NBT, Sigma) reduction test was
performed on the cells as a granulocyte functional assay
according to a previously described method.®

Neural differentiation

The induction of neural differentiation was carried out as
described previously® Day~4 embryoid bodies were
plated onto tissue cuiture dishes and nestin-positive cells
were selected in DMEM/FI2 medium supplemented
with 5 pg/ml of insulin (Sigma), 50 pg/ml of transferrin
(Sigma), 30 nM selenium chloride (Sigma), and 5 pug/ml
of fibronectin (Sigma) for 5 days. Cells were then
trypsinized and plated in polyornithine-coated dishes
(15 pg/ml) and expanded in N2 medium® supplemen-
ted with 1pg/ml of laminin (Sigma) and 10 pg/ml of
basic fibroblast growth factor (bFGF; Roche, Basel,
Switzerland) for 6 days. Differentiation was induced by
removal of bEGF. To confirm the neural differentiation,
cells were stained with anti-human MAP-2. Briefly, cells
were fixed in 4% paraformaldehyde in PBS and
incubated with anti-human MAP-2 (HM-2; Sigma;
diluted 1:4000) and then by Alexa Fluor 594-labeled
antibody (diluted 1:500; Molecular Probe, Eugene, OR,
USA). The samples were examined under a fluorescence
microscope.

DNA-PCR

DNA-PCR for the SeV genome and GFP sequences was
carried out as follows, DNA was extracted using the
QIAamp DNA mini kits (Qiagen, Hilden, Germany) and
250 ng was used for each PCR with ExTaq (Takara, Shiga,
Japan). Amplification conditions were 30 cycles of 94°C
for Imin, a variable anncaling temperature (noted
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below) for 1 min, and 72°C for 1 min. The amplified
products were run on 2% agarose gel and visualized by
ethidium bromide staining. Primer sequences, annealing
temperatures and product sizes were as follows: the SeV
vector genome sequence: 5-AGA GAA CAA GAC TAA
GGC TAC C-3' and 5-ACC TTG ACA ATC CTIG ATG
TGG-3 (55°C, 580 bp); the GFP sequence: 5-CGT CCA
GGA GCG CAC CAT CTT C-3 and 5¥-GGT CIT TGC
TCA GGG CGG ACT-3' (60°C, 356 bp). the cynomolgus
B-actin sequence: 5¥-CAT TGT CAT GGA CTCTGG CGA
CGG-3 and 5-CAT CTC CTG CTC GAA GTIC TAG
GGC-3' (60°C, 234 bp).

RNA-PCR

RNA-PCR for the SeV RNA genomic sequence was
carried out as follows. Total RNA was extracted using
RNA STAT-60 (Tel-Test, Friendswood, TX, USA). Reverse
transcription was conducted by using Tagman reverse
transcription reagents (Applied Biosystems, Foster City,
CA, USA). The product (250 ng) after the reverse
transcription was used for the subsequent PCR as
described above.
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Transplanmtwn of neural stesi cells derived from embryomc stem cells in a prtmate model of
' Pm?kﬂwonsdﬁauw '

N R fE—

’ JO—E N P R 2R P AR AR P8
ES #if2
SR
BIN= 2/ - mEmsi 1588
\PET J
([ - Summary - )

Nenr_al transplantation, as a treatment fof advanced Parkinson's dis-
ease (PD), has been studied for more than a decade with the aim of
‘replacing degenerated dopamine (DA) neurons. - In some ope_n-labeled'
_clinical studies, fetal midbrain cells relieved motor symptoms when
i;nplante.c'l in PD paﬁents.' H_owever, in double-blind trials, the benefits ‘

. -were small and _bothefsome off—medication dyskinesias were observed in
some patients. _Prog_res_sive ernbryonic stem (ES) cell research has
raised hopes of cfeating novel cell replacement therapies for PD.
Neuronal stem cells (NSCs) were generated efficiently by cultivating
cynomolgus monkey ES cells in astrocyte—condmoned medium under
free-floating conditions. _’I‘ransplantatlon of these NSCs into the puta-
men of cynomolgus monkeys tr_éated with MPTP, a selective toxin for
m.idbrain DA heurons, fesi:ored striatal DA functions This may indicate

e ' that ES cells are suitable donor cells for humans Further research is

' necessary to avoid adverse effects such as teratoma.formation and '

dyskmesms and to control mulusystem degeneratlons

. J

Muramatsu, Shin-ichi
Division of Neurology, Department of Medicine, Jichi Medical School
E-mail : muramats@jichi.ac.jp
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