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Fig. 25. Biodistribution ef PEG-Ad vector in Meth-A tumor-bearing mice. BALB/c mice were
intradermally inoculated with Meth-A cells into the flank at 2 x 10° cells/mouse. One week later, these
mice were intravenously injected with unmodified Ad-Luc or PEG-Ad-Luc with various modification
ratios at 10'' VP/mouse. At 6 h after vector injection, tumor and liver were harvested, and then real-time
PCR was carried out for detecting viral geneme in DNA isolated from them. Data represent the mean + SD
of results from four mice.
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Fig. 26. Anti-tumor efficacy of systemic injection of PEG-Ad-TNFa. Meth-A tumor-bearing BALB/c
mice were intravenously injected with Ad-Luc, Ad-TNFa, or PEG-Ad-TNFa (89% modification ratio) at
10'° VP/mouse. Tumor volume was measured two or three times per week. Each point represents the mean
* SE from 6-8 mice.
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Fig. 27. Histopathological examination of liver after i.v. injection of PEG-Ad-TNFo. Meth-A
tumor-bearing BALB/c mice were intravenously injected with Ad-Luc, Ad-TNFa, or PEG-Ad-TNFa (89%
modification ratio) at 10'® VP/mouse. After 48 h, livers were harvested, placed in neutral 10% formalin,
and embedded in paraffin. Sections (5-um) were prepared for hematoxylin and eosin staining and
histopathological examination. Original magnification is x300.

180



(A) PEG-Ad-HSVtk, 107 VP, GCV (+)
PEG-Ad-HSVtk, 10" VP, GCV (+)
Ad-HSVitk, 101° VP, GCV (+)

O
——
——
2500 —8— Ad-HSVtk, 10" VP, GCV (+)
—A—
-
—&—

Ad-HSVtk, 101! VP, GCV (-)
PBS, GCV (+)
PBS, GCV (-)

Tumor volume (mms3)
Y
(4]
o
=]

(B)

Relative body weight

0 2 4 6 8
Days after vector injection

Fig. 28. Tumor growth (A) and body weight change (B) in Meth-A tumor-bearing mice treated with
HSVtk/GCV system. Meth-A tumor-bearing BALB/c mice were intravenously injected with Ad-Luc,
Ad-HSVtk, or PEG-Ad-HSVtk (90% modification ratio) at 10'® or 10'! VP/mouse. These mice were treated
once daily with intraperitroneal injection of GCV (50 mg/kg/day) for 10 days. The tumor volume (A) and
body weight (B) were monitored. Each point represents the mean + SD of results from six mice.
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Fig. 29. Histopathological examination of liver after HSVtk/GCV treatment. Meth-A tumor-bearing
BALB/c mice were intravenously injected with Ad-HSVtk or PEG-Ad-HSVtk (90% modification ratio) at
10'% or 10" VP/mouse. These mice were treated once daily with intraperitroneal injection of GCV (50
mg/kg/day). On day 7 after vector injection, livers were harvested, placed in neutral 10% formalin, and
embedded in paraffin. Sections (5-um) were prepared for hematoxylin and eosin staining and
histopathological examination. Original magnification is x300.
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Fig. 30. Transduction efficiency of PEG-Ads modified with various PEG. A549 cells were transduced
with unmodified Ad-Luc, PEG(2K)-Ad-Luc, PEG(5K)-Ad-Luc, or PEG(20K)-Ad-Luc at 10000 VP/cell.
The modification ratio of PEG-Ad are indicated as follows: L, 30-40%; M, 50-60%; H, 80-90%. After 24
h-cultivation, luciferase activity was measured. Data represents the mean + SD of results from triplicate
culture.
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Fig. 31. In vivo gene expression of PEG-Ads modified with various PEG after i.v. administration into
Meth-A tumor-bearing mice. Meth-A tumor-bearing BALB/c mice were intravenously injected with
unmodified Ad-Luc, PEG(2K)-Ad-Luc. PEG(5K)-Ad-Luc, or PEG(20K)-Ad-Luc at 10' VP/mouse.
Modification ratio of each PEG-Ad was 30-40%. Two days later, liver and tumor were harvested and
homogenized with buffer. Luciferase activity was measured using the kit according to the manufacture’s
instructions. Data represent the mean + SD or results from five mice.
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Fig. 32. Gene expression pattern in Meth-A tumor-bearing mice injected i.v. with various PEG-Ads.
Meth-A tumor-bearing mice were i.v. injected with unmodified or various PEGylated Ad-Luc at 10'° VP,
Two days later, liver and tumor were harvested and homogenized with buffer. Luciferase activity was then
measured using the kit according to the manufacture’s instructions. Data represent the mean + SE of results
from five mice.
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Fig. 33. Inhibitory effect of RGD peptide on gene transduction with RGD-PEG-Ad. B16BL6 cells
were transduced with unmodified Ad-Luc, AdRGD-Luc, or RGD-PEG-Ad-Luc at 3000 VP/cell in the
presence ot absence of RGD peptide (200 pg/ml). Twenty-four hours later, luciferase activity was
measured using the kit according to the manufacture’s instructions. Data represent the mean + SE of results
from three independent cultures.
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Fig. 34. Gene expression in liver of mice injected iv. with RGD-PEG-Ad. BALB/c mice were
intravenously injected with unmodified Ad-Luc, AJRGD-Luc, or RGD-PEG-Ad-Luc at 1.5 x 10"
VP/mouse. Two days later, livers were harvested and homogenized with buffer. Luciferase activity was
then measured using the kit according to the manufacture’s instructions. Data represent the mean = SE of
results from four mice.

(kDa)
160

Tat-hexon
105 Hexon

Fig. 35. SDS-PAGE analysis of Tat-Ad.

Table 3. The surface charge of Tat-Ad.

Vector Surface charge (mV)
Unmodified Ad -18.7
Tat-Ad +2.3
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Fig. 36. Transduction efficiency of Tat-Ad in A549 and B16BL6 cells. A549 and B16BL6 cells were
transduced with unmodified Ad-Luc, AARGD-Luc, or Tat-Ad-Luc at 10000 VP/cell. After 24 h-cultivation,
luciferase activity was measured using the kit according to the manufacture’s instructions. Data represent
the mean + SD of results from triplicate culture.
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Fig. 37. Transduction efficiency of Tat-Ad in KG-1a cells. KG-1a cells were transduced with unmodified
Ad-Luc, AdRGD-Luc, or Tat-Ad-Luc at 10000 VP/cell. After 24 h-cultivation, luciferase activity was

measured using the kit according to the manufacture’s instructions. Data represent the mean + SD of results
from triplicate culture.
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Abstract: Stem cells, including embryonic stem (ES) cells, mesenchymal stem cells (MSCs),
and hematopoietic stem cells (HSCs), are defined by their capacity for self-renewal and
multilineage differentiation. Efficient gene transfer into stem cells is essential for the basic
research in developmental biology and for therapeutic applications in gene-modified regenerative
medicine. Adenovirus (Ad) vectors, based on Ad type 5, can efficiently and transiently introduce
the exogenous gene into many cell types via the primary receptor, coxsackievirus, and adenovirus
receptor (CAR). However, some kinds of stem cells, such as MSCs and HSCs, cannot be
efficiently transduced with conventional Ad vectors based on Ad serotype 5 (Ad5), because of
the lack of CAR expression. To overcome this problem, fiber-modified Ad vectors and an Ad
vector based on another serotype of Ad have been developed. Here, we review the advances
in the development of Ad vectors suitable for stem cells and discuss their application in basic

biology and clinical medicine.

Keywords: Adenovirus; stem cell; gene therapy; regenerative medicine; review

Introduction

Adenovirus (Ad) is a nonenveloped virus containing an
icosahedral protein capsid with a diameter of approximately
80 nm. At least 51 serotypes of human Ad have been
identified and classified into six different subgroups (A—
F), many of which are associated with respiratory, gas-
trointestinal, or ocular diseases. Of them, Ad serotype 5
(Ad5) and Ad serotype 2, both belonging to subgroup C,
have been the most extensively studied for use as vectors in
gene therapy applications. Ad capsids consist of three major
protein components: the hexon, the penton base, and the
fiber. Hexon proteins comprise each geometrical face of the
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capsid, while penton bases associate with fiber proteins to
form penton capsomer complexes at each of the 12 vertices
(Figure 1A). The two components of the penton capsomer,
the fiber and penton base, interact with distinct cell surface
receptors during the entry of Ad into susceptible cells. Fiber
proteins consist of three distinct domains: the tail, the shaft,
and the knob. Each domain has distinct functions in host
cell infection. The amino-terminal tail anchors the fiber to
the Ad capsid through association with the penton base.! The
shaft extends away from the virion surface and, in AdS, is
composed of 22 pseudorepeats of 15 amino acids in a triple-
p-spiral conformation.? By extending the knob away from
the virion, the shaft facilitates its interaction with the host

(1) Weber, J, M.; Talbot, B. G.; Delorme, L. The orientation of the
adenovirus fiber and its anchor domain identified through mo-
lecular mimicry. Virology 1989, 168, 180—182.

(2) Green, N. M.; Wrigley, N. G.; Russell, W. C.; Martin, S. R.;
McLachlan, A. D. Evidence for a repeating cross-f3 sheet structure
in the adenovirus fibre. EMBO J. 1983, 2, 1357—1365.
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Figure 1. Structure and gene transduction pathway of the Ad vector. (A) The double-stranded virus genome is packaged within
an icosahedral protein capsid. Hexon proteins comprise each geometrical face of the capsid, while penton bases associate with
fiber proteins to form penton capsomer complexes at each of the 12 vertices. The fiber is composed of the tail, shaft, and knob
domain. (B) The Ad vector binds to CAR following internalization in the cells and releases the viral DNA into the nuclei.

receptor.! The trimeric subunits of the carboxyl C-terminal
knob domain are responsible for binding to the host’s primary
cellular receptor.®*

Human Ad5 contains a linear, approximately 36 kb,
double-stranded DNA genome encoding more than 70 gene
products. The viral genome contains five early transcription
units (E1A, E1B, E2, E3, and E4), two early delayed
(intermediate) transcription units (pIX and 1Va2), and five
late units (L1—L5), which mostly encode structural proteins
for the capsid and internal core. Inverted terminal repeats
(ITRs) at the end of the viral genome function as replication
origins. The E1A gene is the first transcription unit to be
activated shortly after infection and is essential to the
activation of other promoters and the replication of the viral
genome. In the first-generation Ad vectors, the E1 (E1A and
E1B) gene is deleted and the virus propagated in El-
transcomplementing cell lines, such as 293,° 911, or PER.C6
cells.” The E3 region-encoded proteins modulate the host
defense but are not required for viral replication in vitro;
thus, the E3 region is often deleted to enlarge the packagable

(3) Heary, L. J; Xia, D.; Wilke, M. E.; Deisenhofer, J.; Gerard, R.
D. Characterization of the knob domain of the adenovirus type 5
fiber protein expressed in Escherichia coli. J. Virol. 1994, 68,
5239-5246.

(4) Louis, N.; Fender, P.; Barge, A.; Kitts, P.; Chroboczek, J. Cell-
binding domain of adenovirus serotype 2 fiber. J. Virol. 1994,
68, 4104—-4106.

(5) Graham, F. L.; Smiley, J.; Russell, W. C.; Nairn, R. Characteristics
of a human cell line transformed by DNA from human adenovirus
type 5. J. Gen. Virol. 1977, 36, 59—174.
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size limit for foreign genes. Since up to 3.2 and 3.1 kb of
the E1 and E3 regions, respectively, can be deleted® and
approximately 105% of the wild-type genome can be
packaged into the virus without affecting the viral growth
rate and titer,” E1/E3-deleted Ad vectors allow the packaging
of approximately 8.1—8.2 kb of foreign genes.?®

The coxsackievirus and adenovirus receptor (CAR), which
is a broadly distributed type I membrane protein, has been
identified as the primary receptor for Ad of subgroups A
and C—F.19712 The entry of Ad5 into cells is initiated by the

(6) Fallaux, F. J.; Kranenburg, O.; Cramer, S. J.; Houweling, A.; Van
Ormondt, H.; Hoeben, R. C.; Van Der Eb, A. J. Characterization
of 911: A new helper cell line for the titration and propagation
of early region l-deleted adenoviral vectors. Hum. Gene Ther.
1996, 7, 215-222.
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Ormondt, H.; van der Eb, A. J.; Valerio, D.; Hoeben, R. C. New

helper cells and matched early region [-deleted adenovirus vectors

prevent generation of replication-competent adenoviruses. Hum.

Gene Ther. 1998, 9, 1909—1917.
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Sci. U.S.A. 1994, 91, 8802—8806.
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Figure 2. Characteristics of gene delivery by various types of Ad vectors. The conventional Ad vector infects via CAR. The
AdRGD vector contains a RGD peptide motif in the HI loop of the fiber knob and infects via av integrin as well as CAR. The
AdK7 vector contains a polylysine peptide in the C-terminus of the fiber knob and infects via heparan sulfate as well as CAR.
It is uncertain whether the AdK7 vector infects via CAR. The Ad35 and AdF35 vectors, which contain a fiber protein derived
from the Ad5 fiber tail and the Ad35 fiber knob and shaft, infect via CD46.

attachment of fiber on the surface of the capsid to the CAR
on the cell surface (Figure 2). The affinity of the RGD (Arg-
Gly-Asp) peptide at the penton base of the Ad5 capsid for
the cell surface molecules of the integrin family, such as
ofs, 03, 0sf1, and By, aids in the internalization of Ad5
into the cell.'*~!5 Furthermore, heparan sulfate glycosami-
noglycans have also been reported to serve as primary
attachment sites for Ad2 and Ad5.'¢ The abundant expression
of these receptors in various cells determines the wide
tropism of Ad vectors. Internalized Ad reaches the endosomal
pathway and avoids lysosomal degradation (Figure 1B).
Inside the endosome, a stepwise disassembly program takes
place, allowing the Ad to release its genome into the nucleus.
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94, 3352-3356.
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The coxsackievirus-adenovirus receptor protein can function as
a cellular attachment protein for adenovirus serotypes from
subgroups A, C, D, E, and F. J. Virol. 1998, 72, 7909—7915.
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Integrins avf33 and avf5 promote adenovirus internalization but
not virus attachment. Cell 1993, 73, 309—319.

(14) Davison, E.; Diaz, R. M.; Hart, I. R.; Santis, G.; Marshall, J. F.
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types 2 and 5. J. Virol. 2001, 75, 8772-8780.

During this process, the pH of the endosome decreases,
leading to the release of the fiber from the virion and the
dissociation of the penton base.!” The resulting endosome
rupture allows viral DNA to escape from inside the degraded
capsid and to enter the nucleus (Figure 1B). During this
process, the terminal protein plays a crucial role in transio-
cating the Ad genome into the nucleus. This uncoating
process of the Ad starts immediately after internalization and
ends 40 min after infection with the translocation of the Ad
into the nucleus. As early as 60 min after infection, the Ad
begins to transcribe its genome in the host cell.!8
Although Ad vectors mediate extremely high transduction
efficiency, gene transfer with Ad vectors is less efficient in
some kinds of cells, such as mesenchymal stem cells (MSCs),
hematopoietic stem cells (HSCs), dendritic cells, T cells,
smooth muscle cells, skeletal muscle cells, and others because
of the scarcity of CAR on their cell surfaces. Modification
of the Ad fiber proteins has been used to successfully
overcome this obstacle.'®2 One is constructed by the addition
of foreign peptides to the HI loop or C-terminus of the fiber
knob of an Ad vector.?!=%5 Enhanced gene transfer has been

(17) Seth, P.; Fitzgerald, D. J.; Willingham, M. C.; Pastan, 1. Role of
alow-pH environment in adenovirus enhancement of the toxicity
of a Pseudomonas exotoxin-epidermal growth factor conjugate.
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dismantling of adenovirus 2 during entry into cells. Cell 1993,
75, 477—486.

(19) Mizuguchi, H.; Hayakawa, T. Targeted adenovirus vectors. Hurm.
Gene Ther. 2004, 15, 1034—1044.

(20) Xu, Z.-L..; Mizuguchi, H.; Sakurai, F.; Koizumi, N.; Hososno,
T.; Kawabata, K.; Watanabe, Y.; Yamaguchi, T.; Hayakawa, T.
Approaches to improving the kinetics of adenovirus-delivered
genes and gene products. Adv. Drug Delivery Rev. 2005, 57, 781~
802.

VOL. XXXX NO. XXXX MOLECULAR PHARMACEUTICS C

93
94
95
96
97
98
99
100
101
102
103
104
1056
106
107
108
109
110
111
112
113



BATCH: mplal5

114
115
116
117
118
119
120
121
122
123
124

USER: ckt69

reviews

DIV: @xyv04/datal/CLS_pj/GRP_mp/JOB_i01/DIV_mp0500925

DATE: January 4, 2006

Kawabata et al.

reported, on the basis of the use of mutant fiber proteins
containing either an RGD peptide (AdRGD vector)?' =% or
a stretch of lysine residues [K7 (KKKKKKK) peptide}
(AdK7 vector),?1>26 which target ov integrins or heparin
sulfates on the cell surface, respectively (Figure 2). Altered
vector tropism was reported with the substitution of the AdS
fiber protein with that of Ad belonging to subgroup B, such
as Ad types 3, 11, and 35.2773! These fiber-modified Ad
vectors infect cells via CD46, CD80, and CD86, which have
recently been identified as the cellular receptors of Ad
belonging to subgroup B (Figure 2).32736 Mercier et al.

(21) Wickham, T.J.; Tzeng, E.; Shears, L. L., II; Roelvink, P. W.; Li,
Y.; Lee, G. M.; Brough, D. E; Lizonova, A.; Kovesdi, I. Increased
in vitro and in vivo gene transfer by adenovirus vectors containing
chimeric fiber proteins. J. Virol. 1997, 71, 8221—8229.
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independent cell entry mechanism. J. Virol. 1998, 72, 9706—9713.
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lousova, N.; Curiel, D. T. Characterization of an adenovirus vector
containing a heterologous peptide epitope in the HI loop of the
fiber knob. J. Virol. 1998, 72, 1844—1852.
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4782-4790.
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from group C. J. Virol. 1999, 73, 2537-2540.
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by a retargeted adenovirus vector. J. Virol. 2000, 74, 2567—2583.

(31) Mizuguchi, H.; Hayakawa, T. Adenovirus vectors containing
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described the creation of a chimeric Ad vector encoding the
reovirus attachment protein o1, which targets cells expressing
junctional adhesion molecule 1.3

Several groups have developed an Ad vector from the
entire Ad type 35 (Ad35) or Ad type 11 (Adl11) and have
demonstrated that the Ad35 and Ad11 vectors exhibit higher
transduction efficiencies into hematopoietic progenitor and
dendritic cells compared with the conventional AdS vector
(Figure 2).337% As other approaches to changing the vector
tropism, modification of the Ad vector with the antibodies,
the fusion protein composed of CAR and the cell binding
domain, cationic lipid, or macromolecules has been re-
ported.'™?0 Here, we highlight the genetic manipulations of
stem cells by the Ad vector and fiber-modified Ad vector
for basic research and therapeutic usage. Recent advances
in Ad vector-mediated gene transfer into stem cells, such as
embryonic stem (ES) cells, mesenchymal stem cells (MSCs),
and hematopoietic stem cells (HSCs), will be discussed.

Gene Transfer into Stem Cells

Stem cells are defined as cells which possess the abilities
of self-renewal and multilineage differentiation. Stem cells
have been isolated from a wide variety of tissues, and in
general, their differentiation potential may reflect the local
environment. They lack tissue-specific characteristics but
under the influence of appropriate signals can differentiate
into specialized cells with a phenotype distinct from that of
their precursor. Gene therapy applications that target stem
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and CD86 (B7.2) as cellular attachment receptors. Virology 2004,
322, 349—359.
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cells offer great potential for the treatment of many kinds of
diseases. Despite this promise, clinical success has been
limited by poor rates of gene transfer and poor levels of gene
expression. Therefore, an efficient gene delivery system
needs to be developed for stem cell gene therapy.

Gene Transfer into Embryonic Stem Cells. ES cells are
pluripotent cell lines derived from the inner cell mass of the
developing blastocyst.*~4¢ With the establishment of human
ES (hES) cells, they have been used as a renewable source
of transplantable tissue-specific stem cells.”~* ES cells
differentiate spontaneously in vitro in a random manner into
a mixture of differentiated cells. The protocols for the
differentiation of ES cells enriched for a specific lineage have
been developed in both the mouse ES (mES)*! cell and
hES cell systems,>> although the differentiated cells are
still relatively heterogeneous. Therefore, further research is
needed to allow controlled directed differentiation of ES cells
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Lemckert, A.; Ophorst, O.; Koel, B.; Van Meerendonk, M.; Quax,
P.; Panitti, L.; Grimbergen, 1.; Bout, A.; Goudsmit, J.; Havenga,
M. Replication-deficient human adenovirus type 35 vectors for
gene transfer and vaccination: Efficient human cell infection and
bypass of preexisting adenovirus immunity. J. Virol. 2003, 77,
8263—8271.

(43) Stone, D.; Ni, S.; Li, Z. Y.; Gaggar, A.; DiPaolo, N.; Feng, Q.;
Sandig, V.; Lieber, A. Development and assessment of human
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5090—5104.
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cell lines derived from human blastocysts. Science 1998, 282,
1145—-1147.
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J. A. In vitro differentiation of transplantable neural precursors
from human embryonic stem cells. Nat. Biotechnol. 2001, 19,
1129—1133.
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L.; Tzukerman, M. Insulin production by human embryonic stem
cells. Diabetes 2001, 50, 1691—1697.
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679.
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into pure cultures of committed cells. One of the most
powerful techniques for controlled differentiation is genetic
manipulation. Electroporation methods,>* retroviral vec-
tors,’>% lentiviral vectors,”’™ and a supertransfection
method based on a replication system using the polyoma
replication origin and large T antigen®® have been used for
exogenous gene expression in ES cells, although lentiviral
vectors have been shown to be ineffective at expressing
exogenous genes in mES cells, but not in hES cells.’” In
plasmid-based systems such as eletroporation and super-
transfection methods, stable cell lines are generated by
selection using a drug resistance gene. All these methods
mediate long-term constitutive gene expression, although a
long-term gene expression system such as that as described
above may be problematic for use in therapeutic applications,
because the gene is continuously expressed even after cell
differentiation. There is thus a need for efficient vector
systems for transient expression.

The Ad vector has been thought to be inappropriate for
gene transfer into ES cells.®' It has been reported that the
retrovirus vector preferentially transduced ES cells, while
the Ad vector containing the cytomegalovirus (CMV)
promoter preferentially transduced embryonic fibroblasts as
feeders in the ES culture.t! However, it was found that the
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9202—-9206.
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Ther. 2002, 6, 162—168.
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delivery in mouse embryonic stem cells. Artif. Organs 2004, 28,
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Figure 3. Improved transduction efficiency in the stem cells by the optimized Ad vectors. (A) mES cells were transduced with
the LacZ-expressing conventional Ad5 vector containing the CMV promoter (top) or EF-1a promoter (bottom). (B) hMSCs were
transduced with the LacZ-expressing Ad5 vector (top) or AdK7 vector (bottom). Both vectors have the CA promoter. (C) Human
CD34+ cells were transduced with the GFP-expressing Ad5 vector (top) or Ad35 vector (bottom). Both vectors have the CMV

promoter. MF1 is the mean fluorescence intensity.

choice of a promoter is important for the efficient expression
of exogenous genes in mES cells (Figure 3A). In the transient
expression system using a cationic liposomeé—plasmid com-
plex, the EF-la (elongation factor 10)) and CA promoter
(f-actin promoter/CMV enhancer) were shown to be highly
active in mES cells while the CMV promoter was inactive.®?
More recently, we reported that the Ad vector containing
the EF-1a or CA promoter has mediated the efficient
expression of the reporter gene in mES cells, whereas the
Ad vector containing the Rous sarcoma virus (RSV) or the
CMV promoter has exhibited little expression.* Because
CAR was highly expressed in mES cells but not in feeder
cells, the Ad vector could be a powerful tool for the genetic
manipulation of mES cells when an appropriate promoter is
used. To date, although we have no idea about the expression
of CAR in hES cells, the Ad vector was reported to mediate
the reporter gene expression in both mES cells and hES
cells,* suggesting that hES cells may also express CAR on
their cell surfaces.

As a result of the comparative analysis of mES cells
transduced with various types of fiber-modified Ad vectors,
the conventional Ad vector exhibited highly efficient and
specific transduction, whereas the AARGD and AdK7 vectors
transduced mES cells and feeder cells (embryonic fibroblasts)
to the same degree.® Therefore, the conventional Ad vector

(62) Chung, S.; Andersson, T.; Sonntag, K. C.; Bjorklund, L.; Isacson,
0.; Kim, K. S. Analysis of different promoter systems for efficient
transgene expression in mouse embryonic stem cell lines. Stem
Cells 2002, 20, 139—145.
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Mizuguchi, H. Efficient gene transfer into mouse embryonic stem
cells with adenovirus vectors. Mol. Ther. 2005, 12, 547~554.

(64) Smith-Arica, J. R.; Thomson, A. J.; Ansell, R.; Chiorini, J.;
Davidson, B.; McWhir, J. Infection efficiency of human and
mouse embryonic stem cells using adenoviral and adeno-associ-
ated viral vectors. Cloning Stem Cells 2003, 5, 51—62.
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containing the EF-1a or CA promoter should be appropriate
when only ES cells are transduced. In turn, the AARGD or
AdKT7 vector is adequate when both ES cells and feeder cells
are transduced.

The conventional Ad vector containing the EF-1a pro-
moter was applied for the transduction of functional genes.
It is well-known that the activation of signal transducer and
activator of transcription 3 (STAT3) is essential for leukemia
inhibitory factor (L.IF)-mediated mES cell self-renewal, and
the inhibition of LIF/STAT3 signaling leads to either
apoptosis or differentiation.®® It is also known that transcrip-
tion factor Nanog maintains the pluripotency of mES cells
in a manner that is independent of LIF/STAT3 signaling.%6:¢7
Ad vector-mediated STAT3F (STAT3 dominant-negative
mutant) transduction strongly promoted mES cells to cell
differentiation into three germ layers without any nonspecific
toxicity.®* The co-infection of the STAT3F-expressing Ad
vector and the Nanog-expressing Ad vector showed that the
differentiation suppressing ability of Nanog negated the
differentiation promoting function of STAT3F and that mES
cells maintained their undifferentiated state.®> Thus, the
differentiation of ES cells could be controlled by the
transduction of differentiation-key regulator genes with the
Ad vector. ES cells might differentiate into hematopoietic
progenitor, pancreatic f cells, or neurons by the Ad vector-
mediated introduction of HoxB4,%8%° Pax4,” or nuclear
receptor-related I,7! respectively.

Gene Transfer into Mesenchymal Stem Cells. MSCs,
which reside within the stromal compartment of bone

(65) Niwa, H.; Burdon, T.; Chambers, I.; Smith, A. Self-renewal of
pluripotent embryonic stem cells is mediated via activation of
STAT3. Genes Dev. 1998, 12, 2048—2060.

(66) Mitsui, K.; Tokuzawa, Y.; Itoh, H.; Segawa, K.; Murakami, M.;
Takahashi, K.; Maruyama, M.; Maeda, M.; Yamanaka, S. The
homeoprotein Nanog is required for maintenance of pluripotency
in mouse epiblast and ES cells. Cell 2003, 113, 631—642.
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