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performed according to the method described previously
[16]. LLC-MKy cells (1 x 10%) in 6-well plates were
infected at an MOI of 3 with SeV/AF-GFP, SeV/AM-GFP,
SeV/AMAF-GFP or SeV/AMAFAHN-GFP and incubated
in serum-free MEM at 37 °C. Three days after transduc-
tion, the cells were recovered and solubilized in a sample
buffer (Biolabs) for SDS-PAGE. Proteins separated by SDS-
PAGE were transferred to Immobilon-PVDF membranes
(Millipore). The membranes were probed with a rabbit
polyclonal anti-M antibody [16] or mouse monoclonal
anti-F, ¥236 [23], and anti-HN, HN-2 [24], antibodies.
Secondary antibodies were goat anti-rabbit IgG (Santa
Cruz Biotechnology) or goat anti-mouse IgG+IgM (Bio-
science) conjugated with horseradish peroxidase. The
protein bands were detected by chemiluminescence using
ECL Western blotting detection reagents (Amersham Bio-
sciences) following the manufacturer’s protocol.

Quantitative analysis of cytotoxicity

Confluent CV-1 cells grown in 96-well plates were infected
at an MOI of 0.1, 0.3, 1, 3, 10 or 30 with SeV/AF-
GFP, SeV/AM-GFP, SeV/AMAF-GFP, SeV/AMAFAHN-
GFP or SeV/PLmutAMAFAHN-GFP and incubated at
37°C in serum-free MEM. The culture supernatants were
collected 3 days after transduction and assayed with a
cytotoxicity detection kit (Roche) that measures lactase
dehydrogenase (LDH) activity released from damaged
cells [25].

SEAP assay

Confluent LLC-MKy cells grown in 96-well plates were
infected at an MOI of 3 with SeV'®+*SEAP/AF-GFP,
SeV!8+SEAP/AMAF-GFP or SeV'8+SEAP/PLmutAMAF-
AHN-GFP and incubated in serum-free MEM at 37°C.
The culture supernatants were collected every 24 h and
assayed for SEAP activities using an SEAP reporter assay
kit (Toyobo) with an LAS 1000 image analyser (Fuji Film).
Means were calculated from three replicate samples.

In vivo study of M-, F- and
HN-genes-deleted SeV vector

Twelve BALB/cA mice (Charles River), 7 weeks old
weighing 20-25g, were used. In half of the mice,
submandibular lymph nodes (SMLN) were removed
before injection. Mice were anaesthetised with diethyl
ether, and 5 ul of SeV/AF-GFP (5 x 10° GFP-CIU/head)
or SeV/PLmutAMAFAHN-GFP (5 x 10°% GFP-CIU/head)
was injected into the ear auricle intradermally (n = 3).
GFP expression was assessed by examining the ear auricle
under a fluorescence stereomicroscope. The surface of
the auricle was photographed and the GFP intensity was
quantified with NIH image software. Sera of injected mice
were collected at weekly intervals and stored at - 80°C
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until the measurement of neutralizing and total anti-SeV
antibody levels.

Immunohistochemical staining

The auricle was frozen and sliced into 10 um thick
sections with a cryotome (Coldtome CM-502; Sakura
Seiki). The frozen sections were pretreated with 0.3%
Hy0; in methanol. Migrated macrophages and pan-T
cells were detected using a rabbit polyclonal anti-CD11b
(Santa Cruz) and anti-CD3 (Santa Cruz) antibodies,
respectively, followed by using a Histofine SAB-PO(R)
kit (Nichirei). Immunopositive cells were visualised with
3, 3'-diaminobenzidine tetrahydrochloride (DAB) and
counterstained with hematoxylin.

Ex vivo transduction using the M-, F-
and HN-genes-deleted SeV vector

MC57G cells, an isogenic cell line of C57BL/6, were
inoculated with SeV/AF-GFP or SeV/PLmutAMAFAHN-
GFP at an MOI of 3. Two days later, the cells were
transplanted subcutaneously in the back of C57BL/6
mice. Sera of transplanted mice were collected at weekly
intervals.

Quantitation of neutraliziﬁg and total
anti-SeV antibodies

To quantify neutralizing antibody against SeV, serial
1:5 dilutions of sera previously inactivated at 56°C
for 30 min were mixed with wild-type SeV carrying the
GFP gene (SeV'8+GFP (wild)) at 37°C for 1h. These
virus-serum mixtures were inoculated to LLC-MK, cells
in 96-well plates and cultured in serum-free MEM at
37°C for 3 days. The remaining infectivity of SeV'8+GFP
(wild) was estimated by measuring the fluorescence of
GFP with a fluorescence microplate reader (Cytofluor II;
Biosearch/Millipore). Results are expressed as percent
inhibition by setting the values from the cells infected
with SeV'®+GFP (wild) alone as 0% and those from the
uninfected cells as 100%. Total anti-SeV antibody level
in the sera was subsequently measured by a test kit
for HVJ (Denka Seiken) according to the manufacturer’s
protocol. In this test, the quantities of anti-SeV antibody
were measured as relative ones represented by OD450
because the absolute quantity of anti-SeV antibody could
not be determined. Those were determined using 1:300
dilutions of the sera and measured simultaneously.

Characterization of serum antibodies
by Western blotting

The mixture of NP and HN viral proteins which
was prepared from infected cells and whole virion
proteins were separated by SDS-PAGE and transferred
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to Immobilon-PVDF membranes (Millipore) as described
before. Sera collected from transplanted mice were used
as the first antibody. Secondary antibodies were goat anti-
mouse IgG+I1gM conjugated with horseradish peroxidase.

Results and discussion

Establishment of M-, F- and
HN-expressing packaging cell line

For the recovery of SeV/AMAFAHN virion particles
from cDNA, the missing M, F and HN genes must
be complemented in trans. To establish such an M-,
F- and HN-expressing packaging cell line, a Cre/loxP
induction system [22] was employed as has been reported
[15,16]. Moreover, we previously established an M/F-
expressing packaging cell line (LLC-MKy/F7/M#33),
in which M- and F-genes-deleted SeV (SeV/AMAF)
was successfully recovered [17]. Therefore, it was
thought that the introduction of the HN gene into
LLC-MK5/F7/M#33 would make this cell line capable
of supporting the recovery of SeV/AMAFAHN. Early-
passage LLC-MKy/F7/M#33 cells were transfected with
pCALNdLw/HN. After incubation at 37°C for 2 weeks,
clones were selected and expanded. The HN protein
expression was examined by the Western blot analysis of
the cellular proteins after infection with the Cre-encoding
adenovirus vector, AXCANCre [21], at a MOI of 5. The
clones expressing the HN protein were then subjected to
two rounds of subcloning, resulting in the final selection
of one cell line, LLC-MK,/F7/M#33/A/HN7.

Construction of a vector with M, F and
HN gene deletions

SeV genomic ¢DNA carrying the GFP gene in place of
the M, F and HN genes (SeV/AMAFAHN-GFP) was
constructed (Figure 1A). The GFP gene in SeV cDNA
allows us to confirm easily the successful recovery of
the SeV/AMAFAHN vector. Using the established cell
line and the plasmid-based reverse genetics technology
[26], we propagated SeV/AMAFAHN-GFP, leading to
a titer of 1 x 10® CIU/ml in the culture supernatant.
During the reconstitution of SeV/AMAFAHN-GFP, some
degree of cytotoxicity toward the packaging cell lines,
which had not been observed with previous SeV vector
reconstitutions, was observed (data not shown). The
cause of this cytotoxicity is still obscure, but one possibility
is that the L protein might be expressed in relative excess
and drive the transcription and replication of the vector
beyond the capacity of the packaging cells because of the
shorter genome size of SeV/AMAFAHN-GFP. Based on
this hypothesis, we prepared the SeV/PLmutAMAFAHN-
GFP vector, which has amino acid substitutions in P
(L511F) and L (N1197S, K1795E). These substitutions
had been identified in SeV strains capable of persistent
infection in vitro with slightly reduced transcription and
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replication [27]. As expected, SeV/PLmutAMAFAHN-
GFP was propagated without obvious cytotoxicity during
reconstitution, leading to a titer of 5 x 108 CIU/ml in the
culture supernatant.

Gene structure of the recovered SeV
vector

The vector gene structure was confirmed by RT-PCR.
The DNA fragment of SeV/AMAFAHN-GFP from the
5'-terminus of the P gene to the 3'-terminus of the
L gene containing the GFP gene was amplified from
the vector genome, and the amplified fragment was
compared with the corresponding fragments amplified

(A) GFP NP P M F HN L
SeV/GFP bt e G S SRR o
(wild type) [ ‘
SeV/AF-GFP e SN WO -
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Figure 1. Conmstruction of M-, F- and HN-genes-deleted SeV
vector carrying the GFP gene, and confirmation of its structure.
(A) The structures of recombinant SeV genomes. The open
reading frame of the GFP gene was inserted with the SeV end
and start signals (EIS) in the respective positions of the deleted
gene(s). The positions of the primers for RT-PCR are shown by
arrows. (B) Viral genome structure was confirmed by RT-PCR.
The DNA fragment of SeV/AMAFAHN-GFP (AMAFAHN) from
the 5'-terminal of the P gene to the 3’-terminal of the L
gene (containing the GFP gene) was amplified from the vector
genome, and the fragment was compared to the corresponding
fragments amplified from the vector genomes of SeV/AF-GFP
(AF) and SeV/AMAF-GFP (AMAF). (C) Viral proteins were
detected by Western blot analysis. LLC-MK» cells were infected
with SeV18+GFP (wild), SeV/AF-GFP (AF), SeV/AM-GFP (AM),
SeV/AMAF-GFP (AMAF) or SeV/AMAFAHN-GFP (AMAFAHN)
at an MOI of 3. The viral proteins in the cells 2 days after
transduction were detected by Western blotting using anti-M,
anti-F, anti-HN and anti-SeV (which mainly detects NP protein)
antibodies after transferring the proteins to a PVDF membrane
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from the vector genomes of SeV/AF-GFP and SeV/AMAF-
GFP. Amplification of 1719-bp, 3576-bp and 4773-bp

DNAs for SeV/AMAFAHN-GFP, SeV/AMAF-GFP and .

SeV/AF-GFP, respectively, was expected based on the
genome structures. The results of RT-PCR clearly showed
that SeV/AMAFAHN-GFP had the M, F and HN genes
deleted from its genome. (Figure 1B). In the case of
SeV/PLmutAMAFAHN-GFP, the deletion of the M, F
and HN genes was examined by RT-PCR as in the case of
SeV/AMAFAHN-GFP, and newly introduced mutations
in the P and L parts were also confirmed by determining
the sequences of the DNA fragment amplified from the
¢DNA (data not shown). The absence of the M, F and
HN genes was also confirmed by Western blot analysis
of the protein expression of LLC-MKj cells infected at an
MOI of 3 with SeV/AF-GFP, SeV/AM-GFP, SeV/AMAF-
GFP or SeV/AMAFAHN-GFP. In these analyses, anti-M,
anti-F, anti-HN or anti-SeV (which mainly detects the
NP protein) antibodies were used. The NP protein,
but not M, F or HN proteins, was detected in the
cells transduced with SeV/AMAFAHN-GFP (Figure 1C).
Similarly, neither the M nor the F protein was observed
in cells transduced with SeV/AMAF-GFP. These results
clearly indicated the absence of the envelope genes in
these vectors.

Cytopathic effect of SeV is efficiently
diminished by M, F and HN gene
deletion

Infection with SeV vectors causes a cytopathic effect (CPE)
in some types of cells. Therefore, it was important to
characterise the newly recovered SeV/AMAFAHN-GFP
and SeV/PLmutAMAFAHN-GFP in terms of CPE. The
CPE was investigated in CV-1 cells, which are known to
be very sensitive to SeV infection-dependent cytotoxicity
[17]. CV-1 cells plated in 96-well plates were trans-
duced with SeV/AF-GFP, SeV/AM-GFP, SeV/AMAF-GFP,
SeV/AMAFAHN-GFP and SeV/PLmutAMAFAHN-GFP,
respectively, and incubated in serum-free MEM for 3 days.
Then, their CPE was quantitatively measured by using
Decker’s method [25]. The CPE of SeV/AMAFAHN-GFP
was approximately equal to that of SeV/AMAF-GFP.
However, that of SeV/PLmutAMAFAHN-GFP was greatly
reduced as compared to that of all other types of SeV
vectors (Figure 2A). Morphological damage to the cells
infected with vectors at an MOI of 20 was also exam-
ined under a fluorescence microscope. CV-1 cells trans-
duced with SeV/PLmut AMAFAHN-GFP showed little CPE
(Figure 2B). Thus, the combination of the deletion of all
envelope-related genes and the amino acid substitutions
in P and L was found to be quite effective in reduc-
ing the CPE of SeV invitro. In addition to membrane
fusion and apoptosis, rapid transcription and replica-
tion increase SeV-induced cytotoxicity. The substitutions
in P and L that induce slightly reduced transcription
and replication [27] brought about additional reduction
of CPE.
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Figure 2. Analysis of SeV infection-dependent cytotoxicity.
(A) Quantitative measurement using SeV infection-sensitive
cells. CV-1 cells were infected with SeV/AF-GFP, SeV/AM-GFP,
SeV/AMAF-GFP, SeV/AMAFAHN-GFP or SeV/PLmutAMAF-
AHN-GFP at an indicated MOI. Cytotoxicity was determined
by the quantity of LDH released from damaged cells. The assay
was carried out 3 days after infection using the supernatants of
cultures in serum-free medium. The percentage of cytotoxicity
(%) was calculated using the low control (0%) from the
supernatant of uninfected cells and the high control (100%) from
the supernatant of cell lysates after treatment with 2% Triton
X-100. Cytopathic effect of a wild-type SeV (SeV8+GFP (wild))
was also examined and shown in the thin line. (B) Morphology
of CV-1 cells infected with respective SeV vectors at an MOI of
20 on day 3 after infection

Quantitative analysis of foreign gene
expression of M-, F- and
HN-genes-deleted SeV

To quantify the expression level of a foreign gene(s)
carried in SeV/AMAFAHN, the gene for the secreted
form of human placental alkaline phosphatase (SEAP),
which is an easily detectable marker of protein produc-
tion, was inserted upstream of the open reading frame of
NP. The thus-generated SeV8*SEAP/PLmutAMAFAHN-
GFP vector was used for the SEAP assay. LLC-MK; cells
were infected at an MOI of 3 with SeV'8+SEAP/AF-GFP,
SeVI8*SEAP/AMAF-GFP [17] or SeV'8*SEAP/PLmutA-
MAFAHN-GFP and the culture supernatants were col-
lected every 24 h. The expression level of SEAP in the cul-
ture supernatant of SeV'®+SEAP/PLmutAMAFAHN-GFP
was rather low as compared to that of SeV'8*SEAP/AF-
GFP, but was similar to that of SeV!8*SEAP/ AMAF-GFP
(Figure 3). This supported the notion that the M protein
might participate not only in viral assembly and budding,
but also in the control of transgene transcription [28].

Prolonged transgene expression of
M-, F- and HN-genes-deleted SeV in vivo

We next examined the transduction efficiency of
SeV/PLmut AMAFAHN-GFEP in vivo. SeV/PLmutAMAF-

J Gene Med 2006; 8: 1151~1159.
DOI: 10.1002/jgm



SeV Lacking All Envelope-Related Genes

I seV'™*SEAP/AF-GFP
SeV'®*SEAP/AMAF-GFP
SeV'**SEAP/PLMuUtAMAFAHN-GFP

0.75 ¢

0.5 |

Relative SEAP activity

0.25 ¢

p.i. days

Figure 3. Comparison of expression performance of SeV
vectors carrying the SEAP gene. The culture medium
of LLC-MK; cells was collected every 24 h after infec-
tion with SeV!8*SEAP/AF-GFP, SeV'STSEAP/AMAF-GFP or
SeVI8+SEAP/AMAFAHN-GFP at an MOI of 3. SEAP activity
was determined as a relative activity by setting the value from
the medium of uninfected cells as zero (0) and that from the
medium of SeV'8+SEAP/AF-GFP-infected cells (MOI = 3, 1 day
post-infection.) as one (1). Average of three experiments; bar:
SD

AHN-GFP or SeV/AF-GFP was administered intra-
dermally to the ear auricles of BALB/cA mice
(5 x 10° CIU/head). We can directly observe the flu-
orescence from expressed GFP over a period of time
through the skin surface of the ear auricle without
sacrificing animals. Efficient transduction from both
vectors was confirmed and the level of GFP expres-
sion was approximately equal between SeV/AF-GFP
and SeV/PLmutAMAFAHN-GFP (Figure 4A). However,
the peak of expression was prolonged in the case of
SeV/PLmutAMAFAHN-GFP (Figure 4B). In an additional
study, SeV vectors were administered after the removal
of submandibular lymph nodes in order to avoid direct
transduction to them. In this case, GFP expression derived
from SeV/PLmutAMAFAHN-GFP was significantly pro-
longed (Figure 4B). In fact, both anti-CD11b (macrophage
marker) and anti-CD3 (Pan-T cell marker) staining of the
frozen sections of the inoculated auricles showed the
delayed migration of macrophages and T cells to the site
of SeV/PLmutAMAFAHN-GFP administration compared
with that of SeV/AF-GFP (Figures SA and 5B). These
-results clearly indicate that the immunoreaction against
SeV/PLmutAMAFAHN-GFP is weak and delayed com-
pared to that against SeV/AF-GFP. Efficient transduction
and prolonged expression of SeV/PLmutAMAFAHN were
also observed in the cases of transduction to the airway
epithelial cells and neuronal cells in the brain (data not
shown).

Humoral immune reaction of M-, F- and
HN-genes-deleted SeV in vivo

We next examined the effect of SeV/PLmutAMAFAHN-
GFP on the induction of anti-SeV antibodies and
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Figure 4. Gene transfer by M-, F- and HN-genes-deleted SeV
vector in vivo. (A) Gene transfer to the ear auricle. SeV/AF-GFP
or SeV/PLmutAMAFAHN-GFP (5 x 105 GFP-ClU/head) was
administered to the ear auricle of BALB/cA mice with or without
submandibular lymph nodes (SMLN) by a single intradermal
injection (n = 3). GFP expression was detected by a fluorescent
stereomicroscope from the skin surface of the ear auricle under
a fixed condition. (B) Quantitative analysis of GFP fluorescence.
The expression of GFP was calculated by multiplying its
fluorescence intensity and its area by NIH image software and
expressed as relative ones

neutralizing antibodies. SeV/PLmutAMAFAHN-GFP or
SeV/AF-GFP was administered to BALB/cA mice, and sera
of mice were collected weekly for 3 weeks. Phosphate-
buffered saline (PBS)-injected mice were used as controls.
The level of serum neutralizing antibodies in the mice
administered SeV/PLmutAMAFAHN-GFP was reduced
to about half of that in the mice administered SeV/AF-
GFP (Figure 5C). On the other hand, the overall quantity
of anti-SeV antibodies was only slightly reduced by
using the new SeV vector. The envelope proteins of
SeV/PLmutAMAFAHN-GFP particles supplied by the
packaging cells may contribute to the induction of both
overall anti-SeV antibodies and a certain amount of
neutralizing antibodies against the vector.

No neutralizing antibody production
after M-, F- and HN-genes-deleted SeV
transduction ex vivo

We then examined whether the envelope gene dele-
tions reduce the induction of humoral immunoreaction
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Figure 5. Immune reaction to SeV vectors introduced by in vivo
transduction. Immunohistochemical analysis of the migrations
of (A) macrophages and (B) T lymphocytes. The frozen sections
of ear auricles of BALB/cA mice intradermally administered
with SeV/AF or SeV/PLmutAMAFAHN. (C) Sera from mice
administered with SeV/AF-GFP or SeV/PLmutAMAFAHN-GFP
were assayed for overall anti-SeV antibodies as well as
neutralizing antibodies directed against SeV. Neutralizing
antibody level is shown as a percent inhibition of SeV8+GFP
(wild) infectivity

in the case of ex vivo transduction. Isogenic cells (MC57G;
1 x 10° cells) transduced by SeV/PLmutAMAFAHN-GFP
or SeV/AF-GFP were transplanted subcutaneously in
the backs of C57BL/6 mice. Sera were collected at
weekly intervals, and the levels of anti-SeV and SeV-
neutralizing antibodies were measured. Figure 6A shows
that, in comparison with the overall quantity of anti-
SeV antibody produced in the case of transduction
with SeV/AF-GFP, the production of anti-SeV antibody
was greatly reduced when SeV/PLmutAMAFAHN-GFP
was used. Furthermore, neutralizing antibody was unde-
tectable in mice transplanted with cells transduced
by SeV/PLmutAMAFAHN-GFP even at 28 days after
the transplantation. The serum antibodies were char-
acterised by Western blot analysis. Anti-HN and anti-
M antibodies were not detected in the serum from
the mice transplanted with SeV/PLmutAMAFAHN-GFP-
transduced cells (Figure 6B). However, anti-NP antibody
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Figure 6. Immune reaction to SeV vectors following trans-
plantation of SeV-infected cells. (A) Serum levels of anti-SeV
antibody (left) following transplantation of isogenic cells
(1 x 10°% cells/head) infected with SeV/AF-GFP or SeV/PLmutA-
MAFAHN-GFP at an MOI of 3 were examined. Neutralizing
antibody level was measured in the sera on days 28 after trans-
plantation (right). (B) Serum was analysed by Western blotting.
The purified M protein, the mixture of NP and HN viral proteins
that were prepared from infected cells, and whole virion proteins
were loaded and transferred to a membrane. Western blotting
was carried out using sera collected from mice transplanted with
isogenic cells infected with SeV vectors as a primary antibody

was detected in mice transplanted with either SeV/AF-
GFP- or SeV/PLmutAMAFAHN-GFP-transduced cells. As
the HN protein is known to be one of the major tar-
gets for neutralizing antibodies against SeV [29], the
abolishment of neutralizing antibody in the case of
SeV/PLmutAMAFAHN-GFP would be caused by the
absence of anti-HN antibody in the serum. Also, we
previously showed that deletion of both the M and F
genes from the vector genome made the SeV vector
non-transmissible and caused a lack of the formation
of particles that might have enhanced the immunogenic-
ity [12]. These results clearly indicate that the deletion of
all three envelope-related genes (M, F and HN) from the
SeV genome significantly reduced the humoral immune
reaction against the SeV vector, especially in ex vivo trans-
duction.

In conclusion, we have successfully recovered and
propagated a high titer of more than 108 CIU/ml of a new
SeV vector (SeV/AMAFAHN), in which all envelope-
related genes were deleted from the vector genome
using a newly established packaging cell line. Amino
acid substitutions in P and L proteins that induce a
slower rate of transcription caused additional attenuation
of this vector (SeV/PLmutAMAFAHN). This new vector
showed efficient transduction capability both in vitro and
in vivo. Furthermore, in vivo as well as ex vivo experiments
showed a significant reduction of its immunogenicity
compared with that of SeV/AF. That is, the deletion of
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gene(s) from the SeV genome and additional introduction
of amino acid substitutions into P and L is a very effective
way to- reduce both the immunogenic and cytopathic
reactions induced by the SeV vector. These modifications
are expected to improve the safety and broaden the
range of clinical applications of SeV vectors such as
for vaccine treatments [8,9] and cell-based treatment
for hematopoietic damage including repeated dosing.
The new vector, SeV/PLmutAMAFAHN, is one of the
most advanced genotoxicity-free cytoplasmic RNA virus
vectors. This vector will also become a possible source for
further improvement of SeV vector systems by introducing
the additional mutations on the NP gene to modify the
immune response against the vector and for alternative
vector candidates such as virus-like particles (VLPs) and
self-replicating ribonucleoprotein (RNP) complexes [3].
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Eradication of the Sendai virus vector genome in primate embryonic stem cells by Knockout

Serum Replacement (KSR)

Yukiko Kishi'*, Makoto Inoue?, Yujiro Tanaka', Tamako Ikeda', Hiroaki Shibata!”®, Mamoru

Hasegawaz, Yutaka Hanazono'

"Division of Regenerative Medicine, Center for Molecular Medicine, Jichi Medical University,
Tochigi 329-0498; ’DNAVEC Corporation, Ibaraki 305-0856; *National Institute of Biomedical
Innovation, Ibaraki, 305-0843, Japan; *JSPS Research Fellow.

Background. Efficient and regulated transgene expression in primate embryonic stem (ES) cells is
highly desirable for future applications of the cells. We have previously shown that Sendai virus
(SeV) vector can introduce foreign genes efficiently and stably into cynomolgus monkey ES cells
without spoiling pluripotency of the cells. For most of clinical applications, however, the transient
expression of genes of interest would be suitable and the removal of the SeV genome from the
infected cells would be required before transplantation of the cells into human subjects in such cases.
To this end, we have already shown that SeV-mediated transgene expression levels can be reduced
by the addition of an anti-virus drug, ribavirin, to the culture medium. Ribavirin, however, cannot
completely eradicate the SeV genome in the infected ES cells and shows cytopathic effects at high
concentrations. In the present study, we examined the effect of the Knockout Serum Replacement
(KSR) against the SeV vector replication in cynomolgus ES cells. Methods and Results.
Cynomolgus ES cells were infected with the SeV vector (F-defective) carrying the green fluorescent
protein (GFP) gene. We plucked fluorescent ES-cell colonies under a fluorescent microscope after
infection and propagated them in the regular FBS-supplemented medium (GFP-positive cells >
90%). We cultured GFP-positive ES cells in the 20% KSR-supplemented medium in the presence of
1.5% or 15% FBS. In the former condition (20% KSR/1.5% FBS), the GFP expression dramatically
decreased to zero and the SeV genome was not detectable even as assessed by PCR at 77 days after
the exposure of KSR, whereas the GFP expression in the latter condition (20% KSR/15% FBS)
remained unchanged. On the other hand, the GFP expression was still reversible when GFP-positive
ES cells dropped to 12% in the KSR-supplemented medium: When we returned the medium to the
regular FBS-supplemented one at the time, the GFP expression was restored. The KSR inhibitory
effect on the SeV-mediated GFP expression was not observed in the rhesus monkey kidney cell line
LLC-MK2, a standard control cell line for SeV infection. Discussion. Although KSR was
originally developed to maintain ES cells in an undifferentiated state, the present results show that
the exposure of ES cells to KSR-supplemented media eradicates the SeV genome and spoils the SeV
vector-mediated transgene expression in the cells. This inhibitory effect can be cancelled by the
addition of 15% FBS. Thus, KSR-supplemented media would be useful for the eradication of the

SeV genome and complete reduction of its transgene expression in primate ES cells.





