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Successful gene therapy depends largely on vectors that can efficiently deliver the therapeutic genes into the target
tissues and cells. Recombinant adenovirus (Ad) vectors continue to be the preferred vectors for gene therapy because
they can easily be grown to high titers and can efficiently transfer genes into both dividing and nondividing cells.
However, there are some limitations such as the time-consuming and labor-intensive procedures for vector construction,
coxsackievirus-adenovirus receptor (CAR)-dependent gene transfer, immunologic side effects, lack of tissue specificity,
lack of regulation of gene expression, etc. In this paper, I review our approach to the development of advanced recom-
binant Ad vectors. The next generation of Ad vectors have not only become promising vectors for gene therapy but also

important tools for gene transfer into mammalian cells.
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Fig. 1. Adenovirus Genome
Viral DNA is expressed as map units (mu).
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Fig. 2. Mechanism of Recombinant Adenovirus Vector
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Construction of Luciferase-Expressing Adenovirus Vectors by an Improved in vifro Ligation Method
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Fig. 4. Development of Adenovirus Vectors with Highly Efficient Expression by Optimizing cis-Regulatory Elements

SK HEP-1 and HeLa cells were transduced with various adenovirus vectors at MOI of 10 for 1.5 h. After culture for 48 h, luciferase production was measured
by a luminescent assay. All data represent the mean=+S.D. of four experiments. In vivo experiment, the adenovirus vectors (1X10° PFU) were intravenously inject-
ed into the mice. Forty-eight hours later, the heart, lung, kidney, spleen and liver were isolated and luciferase production was measured by luminescent assay. All
data represent the mean=+S.E. of five mice. The relative expression levels were described by designating the value of Ad-CMVLI as 1.0.
WPRE: Woodchuck hepatitis virus posttranscriptional regulation element, BGH: bovine growth hormone.
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Fig. 5. Characteristics of Gene Delivery by Various Fiber-Modified Adenovirus Vectors
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Fig. 6. Construction of Luciferase-Expressing Adenovirus Vectors Containing both RGD and K7 Peptides in the Fiber Knob by an

Improved in vitro Ligation Method

First, pAdHM41 was digested by Clal, and ligated with the oligonucleotides, which contains a binding site with Clal-digested fragment and corresponds to the
flexible linker ((GS)4) and K7 (KKKKKKK) peptide, resulting in pAdHM41-K7 (C). The oligonucleotides were designed such that the positive recombinant plas-
mid lacks a Clal site for convenience of selection (generation of self-ligated parental plasmid was reduced by the digestion of ligation sample with Clal). Second,
pAdHM41-K7 (C) was digested with Csp45I and ligated with oligonucleotides, which contains a binding site with Csp45I-digested fragment and corresponds to the
RGD peptide. The oligonucleotides were designed such that the positive recombinant plasmid lacks a Csp45I site for convenience of selection, resulting in
pAdHM41-RGD (HI)-K7(C) . Finally, pAdHM41-RGD (HI) -K7 (C)-L2 was constructed by the ligation of I-Ceul/PI-Scel-digested pAdHM41-RGD (HI) -K7 (C)
with I-Ceul/PI-Scel-digested pCMVLI. Luciferase-expressing adenovirus vectors containing RGD and K7 peptide in the HI loop or C terminal of the fiber knob,
respectively, (Ad-RGD (HI)-K7(C)-L2) were produced by transfection of the Pacl-digested pAdHM41-RGD (HI)-K7 (C)-L2 into 293 cells.

NIH3T3 B16
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Luciferase production

Fig. 7. Enhanced Luciferase Production in NIH3T3 and B16 Cells by Various Fiber-Modified Adenovirus Vectors
NIH3T3 and B16 cells were transduced with 300 VP (vector particles) /cell of Ad-L2, Ad-RGD (HI)-L2, Ad-K7 (C)-L2, or Ad-RGD (HI)-K7(C)-L2 for 1.5 h.
After culture for 48 h, luciferase production was measured by a luminescent assay. The data are expressed as mean+S.D.(n=4).
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Fig. 9. Luciferase Production in Mice after the Systemic Ad-
ministration of Ad-L2, Ad/AFAP-L2, Ad/AF-S35-L2, or
Ad/AFAP-S35-L2

Ad-L2, Ad/AFAP-L2, Ad/AF-S35-L2, or Ad/AFAP-S35-L2 (3.0X
10'° VP) were intravenously injected into the mice. Forty-eight hours later,
the heart, lung, liver, kidney, and spleen were isolated, and luciferase
production was measured by luminescent assay. All data represent the mean
+S.E. of five mice.
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Fig. 10. GFP Expression in Human CD34* Cells Transduced with Ad5GFP or Ad35GFP

Human CD34+ cells were suspended in the medium containing the cytokine cocktail (3 X105 cells/ml) . The cells were seeded into a 24-well plate (1X105 cells/
well), and equal volumes of the adenovirus vectors were applied to the cells 16—18 h after seeding. The medium containing the cytokine cocktail was added 1.5 h
after transduction. The cells were incubated without removal of adenovirus vectors and washing. Forty-eight hour later, GFP expression in the cells were measured
by flow cytometry. Percentages of GFP-positive cells and means of fluorescence intensity (MFI) were shown.
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Fig. 11. Regulated Luciferase Expression in SK HEP-1 Cells Transduced with Adenovirus-Mediated Tet-off or Tet-on Systems

SK HEP-1 cells were transduced with AdOff-L2 (MOI1=100) or Ad-rtTA-tTS-L (MOI=50), and cultured with medium only or medium containing various
concentrations of doxycycline. After culture for 48 h, luciferase production in the cells was determined. Luciferase production in the non-transduced cells was 0.5+
0.2 pg/105 cells. The regulation factor is the ratio of maximum luciferase production to minimum luciferase production. The data are expressed as mean+S.D. (n=

Jor4).
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Fig. 12. Adenovirus-Mediated RNA Interference

HeLa cells were transduced with AARGD-siL, AARGD-HI, or AARGD-
null (3000 VP/cell), together with luciferase-expressing adenovirus vector,
AdRGD-Luc (30 VP/cell), for 1.5h. After culture for 48 h, luciferase
production was measured by a luminescent assay. The data are expressed as
mean+S.D. (n=4).
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