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Fig. 1. In utero transplantation. Pregnant monkeys were anesthetized by intramuscular admin-
istration of ketamine hydrochloride (Ketalar). Cynomolgus ES cells genetically modified to
express GFP (109 cells/fetus) were injected into the fetal abdominal cavity or liver through a 23-
gage needle using an ultrasound-guided technique around the end of the first trimester (left). The
full term is 165 d. The weight of the fetus at the time of transplantation was estimated at 20 g,
which is equivalent to that of an adult mouse (right).

frozen samples, embed samples (5 X 5 X 3 mm) in OCT compound containing 10% sucrose,
freeze them in liquid nitrogen, and store them at —80°C.

3.3. In Situ Detection of Transplanted Cell Progeny

You may examine tissue sections for in vivo fate of transplanted cell progeny by
in situ PCR, which amplifies marker (GFP) sequences (10,13). 1t is especially useful
when it is difficult to identify cells by staining specific surface markers, when GFP
fluorescence is hampered by the high autofluorescence of tissue samples, or when the
transgene expression is shut down (“silenced”) in vivo.

3.3.1. Cell Wall Permeabilization

1. (Optional) If a tissue section is embedded in paraffin, then dewax it by dipping the slide in
xylene three times, each for 10 min, and then in 100% ethanol three times, each for 10 min.
Air-dry the slide.

2. Soak the slide in 20 pg/mL proteinase K/PBS and incubate it at 37°C for 10 min (see
Note 9).
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Fig. 2. Teratoma formation in a cynomolgus fetus after transplantation of allogeneic ES cells.
(A) A tumor (4 x 3 X 2.5 cm) was detected in the thoracic cavity 3 mo after allogeneic transplan-
tation of ES cells expressing GFP. The tumor was observed in (B) a bright field and (C) a dark
field (C) under a fluorescence stereomicroscope. GFP was expressed in the tumor, clearly indi-
cating that the tumor was derived from transplanted ES cells. (D) The GFP gene was also detected
in the tumor cells by in sitw PCR (stained black). Bar in B and C = 1 cm. Bar in D = 50 um.

3.
4.

Soak the slide in 0.1% Triton X-100/PBS for 5 min and wash it with PBS twice, each for 5 min.
Soak the slide in 95% ethanol for 10 min and then in 100% ethanol twice, each for 10 min,
to remove proteins and air-dry it.

3.3.2. In Situ PCR

1.

w

Attach a slide frame to the slide (from Subheading 3.3.1., step 4) and incubate it at 95°C
for 5 min.

Apply a master mix of in situ PCR to the slide at room temperature (see Note 10 and Table 1).
Cover the slide with a film (see Note 11).

Place the slide upside down in a PTC100 Peltier thermal cycler and start a cycling program
(i.e., 94°C for 1 min and 55°C for 2 min with 15 cycles; see Note 12),

3.3.3. Detection

1.

2

Remove the slide frame gently after PCR (from Subheading 3.3.2., step 4) and soak the
slide in two changes of PBS for 5 min each.

Dropwise add an horseradish peroxidase-labeled anti-Digoxigenin solution (diluted 1:100
with 2% BSA and 5% horse serum in PBS) onto the slide and incubate it at 37°C for 2 h.
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Table 1

In Situ PCR Reaction Mixture

Master mix Volume per reaction Final concentration

10X PCR buffer (Mg?* free) 2.5 uL 1X

25 mM MgCl, 4.5 uL. 4.5 mM

dNTPs mixture (2.5 mM each) 3uL 420 uM dATP

Digoxigenin (DIG) DNA labeling mix (Roche) 3ulL 420 pM 4dCTP
420 uM dGTP
378 uM dTTP
42 uM DIG-dUTP

Forward primer (10 uM) 2ul 0.8 uM

Reverse primer (10 pM) 2 uL 0.8 uM

Takara Taq polymerase (5 U/uL) 0.8 uL 0.16 U/uL.

‘Water 7.2 uL NA

Total volume of master mix 25 ul NA

NA, not applicable.
Primer set for the GFP sequence: 5-CGT CCA GGA GCG CAC CAT CTT C-3" and 5’-GGT CTT
TGC TCA GGG CGG ACT-3".

w

6.

Soak the slide in two changes of PBS for 5 min each.

Dropwise add a Vector SG solution onto the slide, stain it for 3—10 min, and gently wash it
with water for 10 min.

Dropwise add a Kernechtrot solution and incubate the slide at room temperature for 1-2 min
to stain nucleotides and gently wash it with water for 10 min.

Mount the slide with glycerol and observe it under a light microscope (see Note 13 and Fig, 2D).

4, Notes

1.

i

Although we use NOD/SCID mice (lack of B and T lymphocytes but presence of natural
killer cells), SCID mice are usually used in many other laboratories to form teratomas from
ES cells. NOD/SCID mice are more highly immunodeficient than SCID mice; thus,
NOD/SCID mice may be better in the setting of xenotransplantation.

Cynomolgus or rhesus monkeys are the most appropriate to work with because of ES cell
availability and their size. In the monkey fetus, “the window of opportunity” for successful
tolerance induction may be earlier and narrower than thought (14). To avoid immune
responses, transplantation at earlier days (around 40-50 d) may be better.

It is not necessary to disperse ES cell clumps to single cells when transplanting ES cells
into mice (or other animals). We transplanted about 1 X 106 ES cells (corresponding to two
confluent 60-mm dishes) per site in mice. There is, however, considerable variation among
reports: from 10-15 clumps (200 cells) per site (2) to 5 x 10 cells per site (15). ES cells
are usually transplanted subcutaneously into the hind leg muscle, testis capsule, or abdom-
inal cavity. In our experiments, a teratoma was formed in any site. It is recommended to
choose injection sites you can observe easily from the outside and from which you can easily
excise tumors.

For ultrasound-guided transplantation operations, endotracheal intubation is not necessary.
We prefer a small convex transducer rather than a big linear transducer because of the small
size of the monkey fetus. Although a needle adapter is available, we prefer the freehand
technique.
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6.

11.
12.
13.

Asano et al.

You may puncture transplacentally when the placenta is located anteriorly. Bleeding from
the placenta usually stops spontaneously. However, we recommend every effort to avoid this
approach by manipulation.

The survival rate with this in utero transplantation technique is currently 100%, excluding
those fetuses that died from massive teratoma formation.

Uterine atony requiring oxytocin administration is quite rare in primates.

The treatment with proteinase K may need longer time depending on samples.

The amount of master mix per slide is 25 pL for Takara cat. no. 9066 and 65 UL for cat. no.
9067.

Slides are attached to the Takara slide seal kit. Be careful not to trap air under films.

The PCR conditions should be optimized for each in siru PCR.

The results should be observed within the same day. On the following day, the tissue would
peel off, making examination difficult.
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Abstract

Background Sendai virus (SeV) is a new class of cytoplasmic RNA vector
that is free from genotoxicity that infects and multiplies in most mammalian
cells, and directs high-level transgene expression. We improved the vector
by deleting all of the envelope-related genes from the SeV genome and thus
reducing its immunogenicity.

Methods The matrix (M), fusion (F) and hemagglutinin-neuraminidase
(HN) genes-deleted SeV vector (SeV/AMAFAHN) was recovered in a newly
established packaging cell line. Then, the generated SeV/AMAFAHN vector
was characterised by comparing with single gene-deleted type SeV vectors.

Results This SeV/AMAFAHN vector carrying the green fluorescent protein
gene in place of the envelope-related genes could be propagated to a
titer of more than 108 cell infectious units/ml. This vector showed an
efficient transduction capability in vitro and in vivo, and the cytopathic
effect and induction of neutralizing antibody in vivo were greatly reduced
compared with those of single gene-deleted type SeV vectors. No activity of
neutralizing antibody or anti-HN antibody was seen when SeV/AMAFAHN
was transduced ex vivo. Additional introduction of amino acid mutations that
had been identified from SeV strains causing persistent infections was also
effective for the reduction of cytopathic effects.

Conclusions The deletion of genes from the SeV genome and the additional
mutation are very effective for reducing both the immunogenic and cytopathic
reactions to the SeV vector. These modifications are expected to improve the
safety and broaden the range of clinical applications of this new class of
cytoplasmic RNA vector. Copyright © 2006 John Wiley & Sons, Ltd.

Keywords Sendai virus; cytoplasmic RNA vector; gene deletion; reduced
cytotoxicity; genotoxicity-free; gene therapy

Introduction

A new class of cytoplasmic RNA vectors is thought to provide advanced
transgene expression systems that can overcome recent problems of genetic
disturbance caused by presently available vectors. The Sendai virus (SeV)
vector, based on SeV (belonging to the genus Respirovirus of the family
Paramyxoviridae), infects and multiplies in most mammalian cells, and directs
high-level transgene expression. Its replication is independent of nuclear
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functions, and there is no DNA phase during its life
cycle, so that the possible transformation of cells due
to the integration of vector materials into the cellular
genome is not a concern [1]. These properties make
SeV vectors very promising for applications to gene
therapy (cytoplasmic gene therapy) and vaccination via
the expression of thérapeutic genes and antigens [2,3].
In particular, a clinical trial protocol for therapeutic
induction of angiogenesis, which is for the treatment
of critical limb ischemia using an SeV vector carrying the
fibroblast growth factor-2 gene [4,5], has been approved
by the Ministry of Health, Labour and Welfare (MHLW) of
Japan and will begin soon. In addition, cancer treatments
including treatments for brain tumors [6] and many types
of aggressive tumors [7], and a variety of vaccination
protocols such as for the human immunodeficiency virus
[8,91, using SeV vectors are planned.

The viral envelope comprises a lipid bilayer derived
from the host plasma membrane and two inserted
viral glycoproteins, fusion (F)and hemagglutinin-
neuraminidase (HN) proteins. Beneath the envelope is a
lining consisting of the matrix or membrane (M) protein.
The F and HN proteins are primarily required during
the entry of SeV into cells. The F protein is involved in
virus penetration, hemolysis and cell fusion [10]. The HN
protein mediates the viral attachment to cells by inter-
acting with cell-surface sialic acid containing receptor(s).
The HN protein is known to be one of the major tar-
gets of the host humoral immune responses against SeV
infection, and to induce NK and cytotoxic T lymphocyte
responses [11,12]. The M protein promotes vesiculation
of the membrane and the release of particles into the
extracellular medium without the aid of other viral pro-
teins [13,14]. We previously succeeded in the recovery
of high titers of F-gene-deleted (SeV/AF) [15], M-gene-
deleted (SeV/AM) [16], HN-gene-deleted (SeV/AHN),
and both M- and F-genes-deleted (SeV/AMAF) [17] SeV
vectors in addition to other types of SeV vectors [18]
by using packaging cell lines that express the respective
proteins encoded by the deleted gene(s). All the vectors
showed efficient infectivity and transgene expression in
various types of cell lines and primary cells in vitro. Dele-
tion of the F gene made the SeV vector non-transmissible,
deletion of the M gene worked well to render the vec-
tor incapable of directing the formation of particles in
infected cells, and deletion of the HN gene was expected to
reduce the host immune response against the SeV vector.
The single-gene-deleted SeV vectors were also rescued
and propagated by another group [19], but multiple-
genes-deleted SeV vectors have not been propagated at
high titer. For the wide-range application of SeV vectors,
such as for the treatment of chronic diseases, virus-gene-
derived protein expression should be reduced as much
as possible. High-level transgene expression from the SeV
vector results from the high-level transcription associated
with the genome replication that is directed by nucleo-
protein (NP), phospho (P) and large (L) proteins [20]. To
keep the high-level expression of SeV vectors, the NP, P
and L genes should not be removed. Therefore, the most

Copyright © 2006 John Wiley & Sons, Ltd.
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advanced SeV vector, which reduces the viral genome
as much as possible, is the M-, F- and HN-genes-deleted
SeV vector (SeV/AMAFAHN) at present. However, the
recovery of SeV/AMAFAHN has hitherto been very dif-
ficult because the efficient complementation of all three
proteins (M, F and HN) needed to form the virion particle
was essential for its propagation.

In this study, we succeeded in the establishment of
a packaging cell line that expresses all three envelope
proteins, M, F and HN, by using a Cre/loxP induction
system. Using this cell line, we succeeded in producing
the SeV vector deleted for the M, F and HN genes at
a titer of more than 108 cell infectious units (CIU)/ml.
SeV/AMAFAHN possesses only the NP, P and L genes
in its genome. This vector showed efficient transduction
capability and reduced cytopathic effect. Importantly, the
immune reaction against SeV was also reduced when
SeV/AMAFAHN was used in vivo and ex vivo.

Materials and methods

Cells and viruses

Monkey kidney cell lines, LLC-MKy; and CV-1, were
maintained in monolayer cultures in minimal essential
medium (MEM) (Invitrogen) supplemented with 10%
fetal bovine serum and penicillin-streptomycin in the
presence of 5% COz. The molecular clone of SeV Z
strain with attenuated virulence was used as the starting
material for genome modifications in this study. The F, M
or both M/F gene(s)-deleted SeV vectors were prepared
by using LLC-MK, cells stably transformed with the F
gene (LLC-MK2/F7 [15], M gene (LLC-MK2/F7/M62
[161), or both M and F genes (LLC-MK2/F7/M#33
[17]). The SeV/AMAFAHN was prepared in a new
packaging cell line (LLC-MK2/F7/M#33/A/HN7; this
report). An adenovirus vector, AXxCANCre [21], expressing
Cre recombinase, was used for the induction of respective
protein(s) encoded by these deleted gene(s).

Plasmid construction

For the construction of genomic c¢DNA of M-, F-
and HN-genes-deleted SeV carrying the green fluores-
cent protein (GFP) gene, LitmusSalINhelhfrag-AMAFGFP
that was used to generate the ¢cDNA of SeV/AMAF-
GFP (pSeV/AMAF-GFP) containing the GFP and HN
genes in the Sal I/Nhe I site in LITMUS38 (NEB)
[17] was utilised. Inverse polymerase chain reac-
tion (PCR) was conducted with primer pairs of 5'-
GAGGTCGCGCGTTAATTAAGCTTTCACCTCAAACAAGC-
ACAGATCATGG-3" and 5'-GCATGTTTCCCAAGGGGAGA-
GTTAATTAACCAAGCACTCACAAGGGAC-3' to introduce
the Pac I site just behind the P gene. The PCR product
was digested with Pac 1 and Dpn I and then self-
ligated; thus both GFP and HN genes were deleted
from LitmusSallNhelhfrag-AMAFGFP and generated
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LitmusSalINhelhfrag-AMAFAHN-Pac 1. To insert the
GFP gene with end and start signals (EIS) between
the P and L genes, PCR was conducted with primer
pairs of 5-CTGCGATCGCGCCCCAAGCAGACACCACCT-
3" and 5-TACGCGATCGCTGATAATGGTCGTGATCAT-3’
on pSeV18+/AF-GFP [15] as a template. The amplified
GFP fragment was digested with Sgf I and inserted into
the Pac 1 site of LitmusSallNhelhfrag-AMAFAHN-Pacl
to generate LitmusSallNhelhfrag-AMAFAHN-GFP. The
5.9 kb Sal 1- and Nhe I-digested fragment containing the
GFP gene was substituted for the corresponding fragment
of pSeV18+/AMAF-GFP to generate pSeV/AMAFAHN-
GFP. To introduce the mutations of persistent infec-
tion into the P and L genes, site-directed mutagene-
sis was conducted using a QuickChange site-directed
mutagenesis kit (Stratagene) with the primer pairs
5/-ctcaaacgcatcacgtetcTtTeectecaaagagaage-3' (sense)
and 5'-gcttctctttggagggAaAgagacgtgatgegtitgag-3’ (anti-
sense) for L511F in the P gene, and 5'-gttctatcttectgacTC-
tatagacctggacacgcttac-3’ (sense) and 5'-gtaagcegtgtecaggt-
ctataGAgtcaggaagatagaac-3’ (antisense) for N1197S
and 5'-ctacctattgagceccttagttgacGaAgataaagataggeta-3'
(sense) and 5'-tagcctatctttatcTtCgtcaactaaggggctcaatagg-
tag-3’ (antisense) for K1795E in the L gene used on
pSeV/AMAFAHN-GFP as a template. Thus, full-length
genomic ¢cDNA of pSeV/PLmutAMAFAHN-GFP was gen-
erated and its structure was confirmed by sequencing.
For the plasmid expressing the HN protein under the
control of the Cre/loxP induction system [22] a PCR-
generated 1.8 kb fragment containing the HN gene from
SeV cDNA was inserted into the Swa I site of pCAL-
NdLw [22] to generate pCALNdLw/HN, in which the
HN gene was located after the drug-resistant gene sand-
wiched between loxP sequences. Hence, the expression of
the HN protein in pCALNdLw/HN-introduced cells, LLC-
MK2/F7/M#33/A/HN7, was induced after expressing Cre
recombinase from AxCANCre.

Insertion of the SEAP gene

To quantify the expression of a foreign gene carried in
the SeV genome, the gene for the secreted form of human
placental alkaline phosphatase (SEAP) was inserted
upstream of the open reading frame of the NP gene. The
SEAP gene with the EIS element [17] was introduced into
the Not I site located in the non-coding sequence between
the start (S) signal and the translation initiation codon
(ATG) of the NP gene of pSeV/PLmutAMAFAHN-GFP to
generate pSeV'8TSEAP/PLmutAMAFAHN-GFP.

Cloning and analysis of packaging cell
lines

LLC-MKy/F7/M#33 cells were transfected with pCAL-
NdLw/HN using LipofectAMINE PLUS reagent (Invitro-
gen) according to the manufacturer’s instruction. Two
weeks after transfection, viable clones of single cell origin
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in 96-well plates were expanded in 12-well plates, and,
when they reached a nearly confluent state, they were
infected with AXCANCre at an multiplicity of infection
(MOI) of 5 [21,22]. After culturing for 2 days at 32°C,
the cells were recovered and subjected to semiquantita-
tive Western blotting with anti-HN antibody according to
a method described previously [16].

M-, F- and HN-genes-deleted SeV vector
recovery from cDNA

Preparation of cell lysate containing RNPs and primary
virions of SeV/AMAFAHN-GFP was carried out accord-
ing to the method described previously [16] with minor
modification. Briefly, approximately 1 x 107 LLC-MKj
cells seeded in @10-cm dish were transfected with
pSeV/AMAFAHN-GFP and pCAG-plasmids each carrying
the NP, P, M, F, HN or L gene (Ban et al., personal com-
munication). The cells were cultured in MEM containing
trypsin (7.5 pug/ml). Twenty-four hours after transfection,
the cells were overlaid with LLC-MK2/F7/M#33/HN7
cells after induction of M, F and HN proteins by AxCANCre
infection at an MOI of 5 and cultured for another 48 h. The
cells were harvested and lysed by repeating a freeze/thaw
cycle three times in Opti-MEM (Invitrogen). The cell
lysate was infected into new LLC-MK2/F7/M#33/HN7
cells after AXCANCre infection. After that, these cells
were cultured at 32°C in MEM containing trypsin for 10
to 20 days. When spread of GFP expression to neighbour
cells was seen by fluorescence microscopy, it was con-
sidered that viral vectors were recovered in the culture
supernatants. Those viral vectors were further amplified
by several rounds of propagation. Titers were determined
by the proportion of GFP-expressing cells (GFP-CIU) per
milliliter [15]. The culture supernatant of the fourth pas-
sage was collected and stored at —80°C, after adding
bovine serum albumin (BSA) solution to a final concen-
tration of 1% (w/v), until usage in all the experiments
described below.

RT-PCR

Total viral RNA from SeV/AMAFAHN-GFP was
extracted from the supernatant containing viral par-
ticles using a QIAamp viral RNA minikit (Qia-
gen). Reverse-transcription (RT)-PCR was performed
in a one-step process using the Superscript RT-PCR
system (Invitrogen). RT-PCR amplication was per-
formed with random hexamers and the primer pair
5-AGAGAACAAGACTAAGGCTACC-3' (forward primer
specific for the P gene) and 5'-TATTCAACCAAAGATCCT-
GGAACCC-3’ (reverse primer specific for the L gene)
probed.

Detection of viral proteins by Western
blotting

Analysis of viral proteins by sodium dodecyl sul-
fate/polyacrylamide gel electrophoresis (SDS-PAGE) was
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