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Purpose: The utility of adenoviral vectors for studying gene transfer in the cochlea has been
demonstrated in numerous studies. Most studies have used a first generation E1/E3 deleted
vector with the transgene driven by a CMV promoter and have suggested that gene expression
using this system lasts only a few days. Using a luciferase expression system, a variety of
promoters and adenoviral constructs were tested on postnatal rat organ of Corti cultures and
adult mouse utricular cultures. Intensity of luciferase expression was used to determine the
promoter and vector combination that maximized gene expression in terms of degree and
duration. Using a green fluorescent protein expression system the distribution of vector within
the organ of Corti and macular cultures was determined. The data suggest that robust gene
expression can be maintained in auditory neuroepithelium using a variety of promoters. The
potential to deliver genes to hair cells as well as damaged neuroepithelium was demonstrated
by treating cultures that had been pretreated with aminoglycosides. By varying the promoters
used, low to high level expression can be achieved for varying time periods. This combined with
the observation that adenovirus can be concentrated into a small volume makes this vector ideal
for auditory and vestibular applications.

Inroduction: Adenovirus has emerged as an attractive vectoring system for gene therapy over
the past decade. Multiply deficient virus vectors with the capacity to carry 10 to 11 KB of foreign
DNA have been built and the utilization of these vectors in the clinic and research settings has
proceeded at a rapid pace. Several modified adenovectors have been developed that delete
sets of early regions that express adenoviral proteins shown to modify the host cell (in particular
E1A, E1B and E4). In these studies we have evaluated adenovectors deleted of E1A, E1B, and
E3 (GV10) and vectors deleted of E1A, E1B, E3 and E4 (GV11).

Materials and Methods:

« Cultures: Adult utricles or P3 rat cochleae were cultured on Millicel membranes in DMEM
supplemented with N1 and glucose. Cultures were maintained under standard conditions and
medium changed every three days.

« Luciferase Assay: To determine luciferase expression the entire explant was directly
extracted in reporter lysis buffer, the amount of total protein determined by Bio-Rad protein
assay and the amount of luciferase activity determined by luminescence and expressed as
relative light units per microgram of total protein.
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Figure 1. Schematic of adenovirus vectors were constructed and produced as previously described.
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Figure 2. P3 organ of Corti explants were infected after 1 day to 2 months in culture and the level of
luciferase trangene expression determined 1 day post infection. These data suggest that there may be
subtle changes over time in culture that may affect infectability at high doses of vector. Some published
studies have suggested that P3 organ of Corti explants can mature in vitro over time, which could lead to
these potential differences.
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Figure 3. P3 organ of Corti explants were infected with GV11 vectors that express luciferase from different
promoters (1e9 particle dose). At 4 days post infection the cultures were evaluated for the level of trans-
gene expression. The highest level of expression was seen with the human CMV promoter (AdL.11D) and
cBA promoter (AdcBA.L.11D).
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Figure 4. P3 organ of Corti explants were infected with GV11 vectors that express luciferase from different
promoters (1e9 pu dose) and the amount of trangene expression followed over time. Luciferase expres-
sion from all three promoters drops from 1 day to two weeks and is then relatively the same from 2 weeks
to 4 weeks. Interestingly, the mouse CMV promoter shows a very dramatic reduction of expression over
time.
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Figure 5. Adult CBA/J mouse macular explants were infected with AdL and AdL.11D. Luciferase expression
was monitored over time and found to be similar for both vectors at the dose administered (1e9 pu).
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Figure 6. Adult CBA/J adult mouse macular explants were maintained in vitro with and without neomycin
and vector expression followed over time. No differences in expression were observed after neomycin
treatment of explant cultures.

Effect of Promoter on Expression in C57B6 Mouse Adult Macular Explants
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Figure 7. Adult C57B6 mouse macular explants were infected with GV11 vectors that express luciferase
from different promoters (1€9 pu dose) and the amount of trangene expression followed over time. Contrary
to the rat neonatal explant data expression maintained a steady state or increased dependent on promoter.

Expression in adult mouse macular cultures

Figure 8. Adult mouse macular
cultures were treated with Adf
from 1e5 to 5e6 pu and

1 x 10° PU vector/culture maintained in vitro. GFP

expression increased with
increasing dose of vector.
Expression remained stable
for 5 weeks and declined to
undetectable levels by week 7.
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Effect on neomycin pretreatment

Figure 9. Adult mouse macular
cultures were pretreated with
0.1 mM neomycin for 12 hrs
and then treated with Adf from
1e5 to 5e6 pu and maintained

1 x 10° PU vector/culture

0 PU vector/culture in vitro. There was no statisti-

cally significant difference
between neomycin and non
neomycin treated cultures in
terms of number of cells
expressing GFP or intensity of
GFP expression.
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Figure 10. Adult mouse
macular cultures were treated
with Adf.11D in concentrations
of 1e5 to 5e6 pu and
maintained in vitro. Total
number of cells expressing
GFP was similar to Adf treated
cultures, however GFP
expression appeared to be ata
lower level/cell. However,
expression extended for a
longer time period as shown in
Figure 11.
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intensity was determined by
measuring total fluorescence/unit
area for 6 utricles. The highest
dose of vector for each culture
condition was used. The Neo (-)
Adf (+) cultures at one week
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cence levels.
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Total Number of Cells Expressing GFP Figure 12. GFP expressing cells

were counted by dividing utricles
into 5 high power fields and
counting all positive cells in each
area. Average count/hpf was
then determined. There was no
statistically significant difference
in number of gfp expressing cells
when comparing Adf and

Adf.11D treated cultures.
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Conclusion:
« Promoter choice affects level and duration of gene expression.

» There appear to be differences in level and duration of gene expression in neonatal and adult
culture systems.

« E4 deleted vectors are effective and appear to give a more prolonged duration of expression.

References:
Brough DE, Lizonova A, Hsu C, Kulesa V, Kovesdi . A gene transfer vector-cell system for complete functional
complementation of adenovirus early regions E1 and E4. J Virol. 1996 Sept;70(9):6497-501.
Brough DE, Hsu C, Kulesa V, Lee GM, Cantolupo LJ, Lizonova A, Kovesdi I. Activation of transgene expression by early region
4 is responsible for high level of persistent transgene expression from adenoviral vectors in vivo. J Virol. 1997 Dec;
71(12):9206-213.
Dazert S, Aletsee C, Brors D, Gravel C, Sendtner M, Ryan A. In vivo adenoviral transduction of the neonatal rat cochlea and
middle ear. Hear Res. 2001 Jan;151(1-2):30-40.
Kanzaki S, Ogawa K, Camper SA, Raphael Y. Transgene expression in neonatal mouse inner ear explants mediated by first
and advanced generation adenovirus vectors. Hear Res. 2002 Jul;169(1-2):112-20.
Kawamoto K, Oh SH, Kanzaki S, Brown N, Raphael Y. The functional and structural outcome of inner ear gene transfer via the
vestibular and cochlear fluids in mice. Mol Ther. 2001 Dec;4(6):575-85.
Li Duan M, Bordet T, Mezzina M, Kahn A, Ulfendahl M. Adenoviral and adeno-associated viral vector mediated gene transfer in
the guinea pig cochlea. Neuroreport. 2002 Jul 19;13(10):1295-9.
Luebke AE, Steiger JD, Hodges BL, Amalfitano A. A modified adenovirus can transfect cochlear hair cells in vivo without
compromising cochlear function.Gene Ther. 2001 May;8(10):789-94.
Luebke AE, Foster PK, Muller CD, Peel AL. Cochlear function and transgene expression in the guinea pig cochlea, using

and ad directed gene transfer. Hum Gene Ther. 2001 May 1;12(7):773-81.

Raphael Y, Frisancho JC, Roessler BJ. Adenoviral-mediated gene transfer into guinea pig cochlear cells
in vivo. Neurosci Lett. 1996 Mar 29;207(2):137-41.

Staecker H, Li D, O'Malley BW Jr, Van De Water TR. Gene expression in the mammalian cochlea: a study of multiple vector
systems.Acta Otolaryngol. 2001 Jan;121(2):157-63.

Suzuki M, Yamasoba T, Kondo K, Kaga K. Transfection of young guinea pig vestibular cells in vitro with an adenovirus vector.
Neuroreport. 2001 Dec 21;12(18):4013-7.

Weiss MA, Frisancho JC, Roessler BJ, Raphael Y. Viral-mediated gene transfer in the cochlea. Int J Dev Neurosci. 1997
Jul;15(4-5):577-83,

TR

GENVEC

Work supported by GenVec, Inc. to the University of Maryland School of Medicine under a Sponsored Research Agreement.



