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(57) ABSTRACT 

Cells capable of at least, in part, complementing adenovirus 
E2A function of an adenovirus defective in E2A function. 
Such cells include a nucleic acid encoding adenovirus E2A 
or a functional part, derivative and/or analogue thereof, 
integrated into the cell’s genome. The cell may have E2A 
nucleic acid derived from a temperature sensitive adenovi 
rus. Methods for producing an adenovirus particle contain 
ing an adenovirus vector With a functional deletion of E2A 
are also disclosed. Such methods involve providing a cell 
With the functionally deleted adenovirus vector, culturing 
the cell, and harvesting viral particle. The functional dele 
tion can comprise a deletion of nucleic acid encoding E2A. 
In such a method, the nucleic acid encoding adenovirus E2A 
in the cell’s genome has no sequence overlap With the vector 
leading to replication competent adenovirus and/or to the 
formation of an adenovirus vector comprising E2A function. 
In the method, the adenovirus vector may further include a 
functional deletion of El-region encoding nucleic acid. 
Methods for providing cells of an individual With a nucleic 
acid of interest, Without risk of administering simulta 
neously a replication competent adenovirus vector, compris 
ing administering the individual one of the previously 
described preparations are also disclosed. 
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MEANS AND METHODS FOR NUCLEIC ACID 
DELIVERY VEHICLE DESIGN AND NUCLEIC 

ACID TRANSFER 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
09/298,745, now US. Pat. No. , incorporated by 
reference, Which is a continuation-in-part of US. patent 
application No. 08/793,170 ?led Mar. 25, 1997, pending, 
incorporated herein by reference, Which is the national stage 
?ling of PCT/NL96/00244 ?led Jun. 14, 1996, incorporated 
herein by reference, claiming priority from EP 95201611.1 
?led June 15, 1995 and EP 95201728.3 ?led Jun. 26, 1995, 
all of Which are incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates to the ?eld of recom 
binant DNA technology, more in particular to the ?eld of 
gene therapy. Speci?cally, the present invention relates to 
gene therapy using materials derived from adenovirus, in 
particular human recombinant adenovirus, and relates to 
novel virus derived vectors and novel packaging cell lines 
for vectors based on adenoviruses. Furthermore, this inven 
tion also pertains to the screening of replication-competent 
and revertant E1 and/or E2A adenoviruses from recombinant 
adenoviruses used in gene therapy. 

BACKGROUND 

[0003] The current generation of adenoviral vectors for 
gene therapy contains deletions of the early region 1 (“E1”), 
Where neW genetic information can be introduced. The E1 
deletion renders the recombinant virus replication defective. 
It Was generally thought that E1-deleted vectors Would not 
express any other adenoviral genes, because E1 is reported 
to trigger the transcription of the other adenoviral genes. It 
has been shoWn by us and others that these vectors express 
several early (e.g., E2A) and late genes (e.g., ?ber and 
penton-base) in the absence of E1. This means that delivery 
of a therapeutic gene using E1-deleted adenoviral vectors 
Will result in expression of the therapeutic protein and 
adenoviral proteins. A cytotoxic immune response is evoked 
against such transduced cells. It has been shoWn that cyto 
toxic T-lymphocytes (“CTLs”) directed against both the 
transgene product and products encoded by the vector are 
activated, folloWing vector administration into immunocom 
petent animals (Song et al., Hum. Gene Ther. 8: 1207, 1997; 
Yang et al., J. Virol. 70: 7209, 1996). Activated CTLs 
subsequently eradicate transduced cells from the recipient. 
Consistent With this, the longevity of transgene expression is 
signi?cantly extended in immuno-de?cient and immuno 
compromised animals. 

[0004] Expression of at least some adenoviral genes in a 
target cell is at least in part due to background replication of 
the recombinant adenoviral vector genome and/or back 
ground activity of promoters driving the respective aden 
oviral genes (Yang et al., Nature Genet. 7: 362, 1994; Lusky 
et al., J. Virol. 72: 2022, 1998). As a result of the expression 
of at least some adenovirus proteins in a target cell in a 
recipient, an immune response may be mounted against 
transduced cells. Such an immune response is often not 
desired, especially When long-term expression of a trans 
gene is aimed for. One mechanism by Which adenovirus 
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proteins in a target cell in a recipient may cause the immune 
system of the recipient to remove the target cell is the 
folloWing. Proteins encoded by expressed adenovirus genes 
can be processed into small peptides in a proteosome of the 
target cell. Peptides produced during this processing can 
subsequently be presented at the cell surface of the trans 
duced cells in the complex of MHC class-I and [32-micro 
globulin molecules. Finally, one or more of the peptides may 
be recogniZed as non-self peptides by circulating CTLs 
Whereupon transduced cells can be eradicated from the 
recipient (revieWed in Ploegh, Science 280: 248, 1998). 

DISCLOSURE OF THE INVENTION 

[0005] In one aspect the present invention provides at least 
in part a solution to the problem of undesired removal of 
target cells in a recipient. 

[0006] The present invention also provides, at least in part, 
a solution for the immune response against viral proteins. To 
this end, the invention provides improved recombinant 
adenoviral vectors that, in addition to deletion of E1, are also 
deleted for the adenoviral early 2A gene (“E2A gene” or 
“E2A”). The protein encoded by E2A is expressed from 
recombinant E1-deleted adenoviral vectors. In addition to 
that, residual expression of E2A from E1-deleted recombi 
nant adenoviral vectors induces the expression of the viral 
late genes, since DNA binding protein (“DBP”) has a 
positive regulatory effect on the adenovirus major late 
promoter (“MLP”) and, therefore, on the expression of the 
late genes (Chang et al., J Virol. 64: 2103, 1990). Deletion 
of the E2A gene from the recombinant adenoviral genome 
Will therefore improve the characteristics of recombinant 
adenoviral vectors. First, deletion of E2A Will eliminate the 
synthesis of DBP. Second, it Will inhibit the background 
replication of the recombinant adenoviral backbone. Third, 
it Will reduce the residual expression of the late genes. 
Finally, it Will increase the capacity of the vector to harbor 
larger and/or multiple transgenes. 

[0007] The E2A gene encodes the 72-kDa protein single 
stranded DBP Whose activity is pivotal for the adenovirus 
DNA replication (revieWed in The Molecular Repertoire of 
Adenoviruses II, Springer-Verlag 1995). Therefore, manu 
facturing of vectors that are deleted for E2A requires a cell 
line that complements for the deletion of E2A in the recom 
binant adenoviral vector. Major hurdles in this approach are: 

[0008] a) that E2A should be expressed to very high 
levels and 

[0009] b) that constitutive expression of E2A is toxic 
for cells and, therefore, impossible to achieve (Kles 
sig et al., Mol. Cell Biol. 4: 1354, 1984). 

[0010] The current invention, therefore, involves the use 
of a temperature sensitive mutant of E2A derived from a 
temperature sensitive adenovirus under control of strong 
viral enhancer sequences, e.g., the cytomegalovirus 
enhancer for the generation of E2A complementing cell 
lines. DBP (ts125E2A) from hAd5ts125 is inactive at 39° C., 
but is fully active at 32° C. High levels of this protein can 
be maintained in the neW complementing cells of the inven 
tion at the non-permissive temperature, until the sWitch is 
made to the permissive temperature. The invention also 
provides means and methods to use the complementing cell 
line, comprising E2A, tsE2A, or both E1 and tsE2A, for the 
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generation of E2A- or E1- and E2A-deleted adenoviral 
vectors. The invention also involves inducible expression of 
E2A or tsE2A. 

[0011] The invention also provides neW cell lines that 
complement for E2A or for both the E1 and the E2A deletion 
in the vector. The invention also provides neW recombinant 
adenoviral vectors deleted for E2A or both E1 and E2A. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. 1 depicts the temperature dependent groWth 
of PER.C6. PER.C6 cells Were cultured in Dulbecco’s 
Modi?ed Eagle Medium supplemented With 10% Fetal 
Bovine Serum (FBS, Gibco BRL) and 10 mM MgCl2 in a 
10% CO2 atmosphere at either 32° C., 37° C. or 39° C. At 
a total of 1><106 PER.C6 cells Were seeded per 25 cm2 tissue 
culture ?ask (Nunc) and the cells Were cultured at either 32° 
C., 37° C. or 39° C. At each of days 1-8, cells Were counted. 
The groWth rate and the ?nal cell density of the PER.C6 
culture at 39° C. are comparable to that at 37° C. The groWth 
rate and ?nal density of the PER.C6 culture at 32° C. Were 
slightly reduced as compared to that at 37° C. or 39° C. 

[0013] FIG. 2 depicts DBP levels in PER.C6 cells trans 
fected With pcDNA3, pcDNA3WtE2A or 
pcDNA3ts125E2A. Equal amounts of Whole-cell extract 
Were fractionated by SDS-PAGE on 10% gels. Proteins Were 
transferred onto Immobilon-P membranes and DBP protein 
Was visualiZed using the aDBP monoclonal B6 in an ECL 
detection system. All of the cell lines derived from the 
pcDNA3ts 125E2A transfection express the 72-kDa E2A 
encoded DBP protein (left panel, lanes 4-14; middle panel, 
lanes 1-13; right panel, lanes 1-12). In contrast, the only cell 
line derived from the pcDNAWtE2A transfection did not 
express the DBP protein (left panel, lane 2). No DBP protein 
Was detected in extract from a cell line derived from the 
pcDNA3 transfection (left panel, lane 1), Which serves as a 
negative control. Extract from PER.C6 cells transiently 
transfected With pcDNA3ts125 (left panel, lane 3) served as 
a positive control for the Western blot procedure. These data 
con?rm that constitutive expression of WtE2A is toxic for 
cells and that using the ts125 mutant of E2A can circumvent 
this toxicity. 

[0014] FIG. 3 depicts DBP expression in 
pcDNA3ts125E2A transfected 293 cells. Equal amounts of 
Whole-cell extract Were fractionated by SDS-PAGE on 10% 
gels. Proteins Were transferred onto Immobilon-P mem 
branes and DBP protein Was visualiZed using the aDBP 
monoclonal B6 in an ECL detection system. Clone 20 (lane 
8) from the pcDNA3ts125E2A transfected 293 cells 
expressed the full-length ts125E2A encoded 72-kDa DBP. 
No E2A encoded DBP Was detected in the extract from a cell 
line (clone 4) derived from the pcDNA3 transfected 293 
cells (lane 1), Which serves as a negative control. Extract 
from PER.C6 cells stably expressing ts125E2A encoded 
DBP (polyclonal cell line 5) (lane 2) served as a positive 
control for the Western blot procedure. The other 293 clones 
either did not express ts125E2A encoded DBP (clones 21 
and 22, lanes 9 and 10 respectively) or expressed aberrant 
products running With a faster (clones 3, 12, 16 and 18, lanes 
4-7) or sloWer (clone 2, lane 3) mobility in SDS/PAGE. 

[0015] FIG. 4 depicts suspension groWth of 
PER.C6ts125E2A cell line c5-9. PER.C6ts125E2Ac5-9 
cells Were seeded in a 125ml tissue culture Erlenmeyer at a 
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seeding density of 3><105 cells per ml in a total volume of 20 
ml serum-free medium. Cells Were further cultured at 125 
RPM on an orbital shaker at 39° C. in a 10% CO2 atmo 
sphere. Cells Were counted at each of days 1-6. The mean 
groWth curve from 8 cultures is shoWn. 
PER.C6ts125E2Ac5-9 performs Well in serum-free suspen 
sion culture. The maximum cell density of approximately 
2><10 cells per ml is reached Within 5 days of culture. 

[0016] FIG. 5 depicts groWth curve PER.C6 and 
PER.C6tsE2A. PER.C6 cells or PER.C6ts125E2A (c8-4) 
cells Were cultured at 37° C. or 39° C., respectively. At day 
0, a total of 1><10° cells Was seeded per 25 cm2 tissue culture 
?ask. At the indicated time points, cells Were counted. The 
groWth of PER.C6 cells at 37° C. is comparable to the 
groWth of PER.C6ts125E2A c8-4 at 39° C. This shoWs that 
constitutive over-expression of ts125E2A has no adverse 
effect on the groWth of cells at the non-permissive tempera 
ture of 39° C. 

[0017] FIG. 6 depicts stability of PER.C6ts125E2A. For 
several passages, the PER.C6ts125E2A cell line clone 8-4 
Was cultured at 39° C. in medium Without G418. Equal 
amounts of Whole-cell extract from different passage num 
bers Were fractionated by SDS-PAGE on 10% gels. Proteins 
Were transferred onto Immobilon-P membranes and DBP 
protein Was visualiZed using the aDBP monoclonal B6 in an 
ECL detection system. The expression of ts125E2A encoded 
DBP is stable for at least 16 passages, Which is equivalent to 
approximately 40 cell doublings. No decrease in DBP levels 
Was observed during this culture period, indicating that the 
expression of ts125E2A is stable, even in the absence of 
G418 selection pressure. 

[0018] FIG. 7 depicts revertant-free manufacturing of 
DE1/E2A vectors. The recombinant adenoviral vector DNA 
Was screened for reversion of the E2A deleted phenotype by 
PCR. As shoWn in the left panel, E2A sequences Were 
ampli?ed from the DNA samples (+) and control samples (—) 
spiked With both 1, 10 and 40 molecules using primer set A, 
as evidenced by the ampli?cation of a 260 base pair (“bp”) 
DNA fragment. In contrast, no E2A sequences Were ampli 
?ed from the non-spiked samples, shoWing that reversion of 
the E2A-deleted did not occur. As shoWn in the right panel, 
the PCR reactions With primer set B yielded the expected 
DNA fragment of 169 bp in the samples containing the 
recombinant adenoviral vector DNA From the negative 
control samples containing the Water instead of DNA (—), no 
DNA fragment of 169 bp Was ampli?ed. These data shoW 
that elimination of overlap betWeen adenoviral sequences in 
the vector and cell line prevents reversion of the E2A 
deleted phenotype. 

[0019] FIG. 8 depicts transduction of HeLa cells With 
IG.Ad/CMV.LacZ and IG.Ad/CMV.LacZDE2A. HeLa cells 
Were infected With a multiplicity of infection (“m.o.i.” of 
either 0, 10, 100 or 1000 viral particles IG.Ad/CMV.LacZ or 
IG.Ad/CMV.LacZDE2A per cell. Forty-eight hours post 
infection, cells Were stained With X-gal solution. IG.Ad/ 
CMV.LacZDE2A transduced HeLa cells stained at least as 
good as did IG.Ad/CMV.LacZ, at all m.o.i.’s. 

[0020] FIG. 9 depicts luciferase activity in infected A549 
and HeLa cells. HeLa and A549 cells Were infected With a 
moi. of either 0, 10, 100, 1,000 or 10,000 virus particles 
(“vp”) IG.Ad/CLIP.Luc or IG.Ad/CLIP.LucDE2A per cell. 
TWo days post infection, cells Were lysed and the luciferase 
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activity Was determined. Both the IG.Ad/CLIP.LucDE2A 
infected HeLa and A549 cells produce more luciferase 
enzyme than the IG.Ad/CLIP.Luc infected HeLa and A549 
and HeLa cells, at all m.o.i.’s tested. 

[0021] FIG. 10 depicts the expression of DBP, Penton and 
Fiber. A549 cells Were infected With a moi. of either 0, 100, 
1,000 or 10,000 vp/cell IG.Ad/CLIP or IG.Ad.CLIPDE2A. 
Seventy-tWo hours post infection, cell extracts Were pre 
pared and equal amounts of Whole cell extract Were frac 
tionated by SDS-PAGE on 10% gels. The proteins Were 
visualiZed With the aDBP monoclonal B6, the polyclonal 
a-Penton base Ad2-Pb571 or the polyclonal a-knob domain 
of ?ber E641/3, using an ECL detection system. Cells 
infected With IG.Ad.CLIP express both E2A encoded DBP, 
Penton base and Fiber proteins. The proteins co-migrate 
With the respective proteins in the positive control (lane P, 
extract from PER.C6 cells infected With IG.Ad.CLIP har 
vested at starting CPE). In contrast, no DBP, penton-base or 
?ber Was detected in the non-infected A549 cells or cells 
infected With IG.Ad.CLIPDE2A. These data shoW that dele 
tion of the E2A gene did not only eliminate residual DBP 
expression, but also the residual expression of the late 
adenoviral proteins penton-base and ?ber. 

Best Mode of The Invention 

[0022] According to a presently preferred embodiment of 
the invention, a cell according to the invention is capable of 
at least, in part, complementing adenovirus E2A function of 
an adenovirus defective in E2A function. Such a cell 
includes a nucleic acid encoding adenovirus E2A or a 
functional part, derivative and/or analogue thereof, inte 
grated into the genome of the cell. Preferably, the cell has 
E2A nucleic acid derived from a temperature sensitive 
adenovirus such as but not limited to adenovirus ts125. More 
preferably, such a cell further includes a nucleic acid encod 
ing adenovirus E1-region proteins or a functional part, 
derivative and/or analogue thereof. Such a cell could be 
derived from the “PER.C6” cell line (commercially avail 
able from IntroGene, by, and deposited, under ECACC 
deposit accession number 96022940 under the provisions of 
the Budapest Treaty With the Centre for Applied Microbi 
ology and Research Authority (European Collection of Ani 
mal Cell Cultures), Porton DoWn, Salisbury, Wiltshire SP4, 
0] G, United Kingdom, an International Depository Author 
ity, in accordance With the Budapest Treaty, on Feb. 29, 
1996. 

[0023] The invention also includes a method for producing 
an adenovirus particle containing an adenovirus vector With 
a functional deletion of E2A. Such a method involves 
providing a cell as previously described With the function 
ally deleted adenovirus vector, culturing the cell, and har 
vesting the virus particle. In such a method, the functional 
deletion can comprise a deletion of at least part of the 
nucleic acid encoding E2A. In such a method, the nucleic 
acid encoding adenovirus E2A in the genome of the cell 
preferably has no sequence overlap With the vector Which 
leads to replication competent adenovirus and/or to the 
formation of an adenovirus vector comprising E2A function. 
In the method, the adenovirus vector preferably further 
comprises a functional deletion of E1-region encoding 
nucleic acid, comprising providing one of the previously 
described cells With the adenovirus vector, culturing the cell 
and harvesting the virus particle. In such a method, the 
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nucleic acid encoding adenovirus E1-region preferably does 
not comprise sequence overlap With the vector Which leads 
to replication competent adenovirus and/or to the formation 
of an adenovirus vector comprising an E1 function. Further 
more, in the method, the adenovirus vector further com 
prises at least one nucleic acid of interest. 

[0024] The invention also includes an adenovirus vector 
comprising a functional deletion of adenovirus E2A. Such a 
functional deletion is preferably a deletion of at least part of 
the nucleic acid encoding E2A. The deletion may encompass 
the entire coding region of E2A. Such an adenovirus vector 
preferably includes a deletion corresponding to a deletion of 
nucleotides 22443 to 24032 in adenovirus 5. The deletion 
can include a deletion of nucleic acid encoding E1-region 
proteins. The deletion of nucleic acid encoding E1-region 
proteins can comprise a deletion corresponding to a deletion 
of nucleotides 459 to 3510 in adenovirus 5. Again, the 
adenovirus vector preferably further includes at least one 
nucleic acid of interest. 

[0025] An adenovirus vector according to the invention 
can, but does not necessarily, also comprise at least a 
deletion of a region Which in adenovirus 5 corresponds to 
nucleotides 22418-24037 or a deletion of a region Which in 
adenovirus 5 corresponds to nucleotides 22443-24032. Such 
vectors can further comprise at least nucleic acid Which in 
adenovirus 5 corresponds to nucleotides 3534-22347 and/or 
nucleotides 24060 until the right ITR or at least 3534-22417 
and/or 24038 until the right ITR or at least nucleic acid 
Which in adenovirus 5 corresponds to nucleotides 3534 
22442 and/or nucleotides 24033 until the right ITR. 

[0026] The invention also includes preparations of aden 
ovirus vector containing adenovirus particles Wherein the 
adenovirus vector comprises a functional deletion of E2A. 
Such an adenovirus vector preferably further includes a 
deletion of nucleic acid encoding E1-region proteins, and 
may be free of adenovirus vectors comprising E2A function. 
In such a case, the preparation may be free of adenovirus 
vectors comprising nucleic acid encoding a functional E2A, 
or a functional part, derivative and/or analogue thereof. The 
preparation is preferably free of adenovirus vectors com 
prising nucleic acid encoding E1-region proteins or parts, 
derivatives and/or analogues thereof. 

[0027] The invention also includes a method for providing 
cells of an individual With a nucleic acid of interest, Without 
risk of administering simultaneously a replication competent 
adenovirus vector, comprising administering the individual 
one of the previously described preparations. 

[0028] The invention is further described by the use of the 
folloWing illustrative Examples. 

EXAMPLE I 

[0029] Generation of producer cell lines for the production 
of recombinant adenoviral vectors deleted in E1 and E2A or 
E1 and E2A 

[0030] Here is described the generation of cell lines for the 
production of recombinant adenoviral vectors that are 
deleted in E1 and E2A. The producer cell lines complement 
for the E1 and E2A deletion from recombinant adenoviral 
vectors in trans by constitutive expression of the E1 and E2A 
genes, respectively. The pre-established Ad5-E1 trans 
formed human embryo retinoblast cell line PER.C6 (com 



US 2002/0164802 A1 

mercially available from IntroGene, by (now Crucell, NV) 
of Leiden, NL, see also, International Patent Appln. WO 
97/00326) and Ad5 transformed human embryo kidney cell 
line 293 (Graham et al., J Gen. Virol. 36: 59, 1977) Were 
further equipped With E2A expression cassettes. 

[0031] The adenoviral E2A gene encodes a 72 kDa DBP 
Which has a high af?nity for single stranded DNA. Because 
of its function, constitutive expression of DBP is toxic for 
cells. The ts125E2A mutant encodes a DBP Which has a 
ProQSer substitution of amino acid 413 (van der Vliet, J 
Virol. 15: 348, 1975). Due to this mutation, the ts125E2A 
encoded DBP is fully active at the permissive temperature of 
32° C., but does not bind to ssDNA at the non-permissive 
temperature of 39° C. This alloWs the generation of cell lines 
that constitutively express E2A, Which is not functional and 
is not toxic at the non-permissive temperature of 39° C. 
Temperature sensitive E2A gradually becomes functional 
upon temperature decrease and becomes fully functional at 
a temperature of 32° C., the permissive temperature. 

[0032] A. Generation of Plasmids Expressing the Wild 
Type E2A—or Temperature Sensitive ts125E2A Gene. 

[0033] pcDNA3WtE2A: The complete Wild-type E2A cod 
ing region Was ampli?ed from the plasmid pBR/Ad.Bam 
rITR (ECACC deposit P97082122) With the primers DBP 
pcr1 and DBPpcr2 using the ExpandTM Long Template PCR 
system according to the standard protocol of the supplier 
(Boehringer Mannheim). The PCR Was performed on a 
Biometra TRIO THERMOBLOCK, using the folloWing 
ampli?cation program: 94° C. for 2 minutes, 1 cycle; 94° C. 
for 10 seconds+51° C. for 30 seconds+68° C. for 2 minutes, 
1 cycle; 94° C. for 10 seconds+58° C. for 30 seconds+68° 
C. for 2 minutes, 10 cycles; 94° C. for 10 seconds+58° C. for 
30 seconds+68° C. for 2 minutes With 10 seconds extension 
per cycle, 20 cycles; 68° C. for 5 minutes, 1 cycle. The 
primer DBPpcr1: CGG GAT CCG CCA CCA TGG CCA 
GTC GGG AAG AGG AG (5‘ to 3‘) (SEQ ID NO:1) contains 
a unique BamHI restriction site (underlined) 5 ‘ of the KoZak 
sequence (italic) and start codon of the E2A coding 
sequence. The primer DBPpcr2: CGG AAT TCT TAAAAA 
TCAAAG GGG TTC TGC CGC (5‘ to 3‘) (SEQ ID NO:2) 
contains a unique EcoRI restriction site (underlined) 3 ‘ of 
the stop codon of the E2A coding sequence. The bold 
characters refer to sequences derived from the E2A coding 
region. The PCR fragment Was digested With BamHI/EcoRI 
and cloned into BamHI/EcoRI digested pcDNA3 (Invitro 
gen), giving rise to pcDNA3WtE2A. 

[0034] pcDNA3tsE2A: The complete ts125E2A-coding 
region Was ampli?ed from DNA isolated from the tempera 
ture sensitive adenovirus mutant H5ts125 (Ensinger et al., J. 
Virol. 10: 328, 1972; van der Vliet et al., J Virol. 15: 348, 
1975). The PCR ampli?cation procedure Was identical to 
that for the ampli?cation of WtE2A. The PCR fragment Was 
digested With BamHI/EcoRI and cloned into BamHI/EcoRI 
digested pcDNA3 (Invitrogen), giving rise to 
pcDNA3tsE2A. The integrity of the coding sequence of 
WtE2A and tsE2A Was con?rmed by sequencing. 

[0035] B. GroWth Characteristics of Producer Cells for the 
Production of Recombinant Adenoviral Vectors Cultured at 
32°, 37° and 39° C. 

[0036] PER.C6 cells Were cultured in Dulbecco’s Modi 
?ed Eagle Medium (“DMEM”, Gibco BRL) supplemented 
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With 10% FBS and 10 mM MgCl2 in a 10% CO2 atmosphere 
at either 32° C., 37° C. or 39° C. At day 0, a total of 1><106 
PER.C6 cells Were seeded per 25 cm2 tissue culture ?ask 
(Nunc) and the cells Were cultured at either 32° C., 37° C. 
or 39° C. At each of days 1-8, cells Were counted. FIG. 1 
shoWs that the groWth rate and the ?nal cell density of the 
PER.C6 culture at 39° C. are comparable to that at 37° C. 
The groWth rate and ?nal density of the PER.C6 culture at 
32° C. Were slightly reduced as compared to that at 37° C or 
39° C. No signi?cant cell death Was observed at any of the 
incubation temperatures. Thus PER.C6 performs very Well 
both at 32° C. and 39° C., the permissive and non-permissive 
temperature for ts125E2A, respectively. 

[0037] C. Transfection of PER.C6 and 293 With E2A 
Expression Vectors; Colony Formation and Generation of 
Cell Lines. 

[0038] One day prior to transfection, 2><106 PER.C6 cells 
Were seeded per 6 cm tissue culture dish (Greiner) in 
DMEM, supplemented With 10% FBS and 10 mM MgCl2 
and incubated at 37° C. in a 10% CO2 atmosphere. The next 
day, the cells Were transfected With 3, 5 or 8pg of either 
pcDNA3, pcDNA3WtE2A or pcDNA3tsE2A plasmid DNA 
per dish, using the LipofectAMINE PLUSTM Reagent Kit 
according to the standard protocol of the supplier (Gibco 
BRL), except that the cells Were transfected at 39° C. in a 
10% CO2 atmosphere. After the transfection, the cells Were 
constantly kept at 39° C., the non-permissive temperature 
for ts125E2A. Three days later, the cells Were put on 
DMEM, supplemented With 10% PBS, 10 mM MgCl2 and 
0.25 mg/ml G418 (Gibco BRL) and the ?rst G418 resistant 
colonies appeared at 10 days post transfection. As shoWn in 
Table 1, there Was a dramatic difference betWeen the total 
number of colonies obtained after transfection of pcDNA3 
(~200 colonies) or pcDNA3tsE2A (~100 colonies) and 
pcDNA3WtE2A (only 4 colonies). These results indicate that 
the constitutive expression of E2A is toxic and the toxicity 
of constitutively expressed E2A can be overcome by using 
a temperature sensitive mutant of E2A (ts125E2A) and 
culturing of the cells at the non-permissive temperature of 
39° C. 

TABLE 1 

Number of colonies after transfection of PER.C6 With 
E2A expression vectors: 

plasmid number of colonies cell lines established 

pcDNA3 ~2OO 4/4 
PcDNA3WtE2A 4 1/4 
PcDNA3tsE2A ~1OO 37/45 

[0039] PER.C6 cells Were transfected With either 
pcDNA3, pcDNA3WtE2A or pcDNA3WtE2A and cultured 
in selection medium containing 0.25 mg/ml G418 at 39° C. 
All colonies (4/4) picked from the pcDNA3 transfection and 
82% (37/45) of the colonies from the pcDNA3tsE2A trans 
fection Were established to stable cell lines. In contrast, only 
25% (1/4) of the colonies from the pcDNA3WtE2A trans 
fection could be established to a cell line. 

[0040] From each transfection, a number of colonies Was 
picked by scraping the cells from the dish With a pipette. The 
detached cells Were subsequently put into 24 Well tissue 
culture dishes (Greiner) and cultured further at 39° C. in a 
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10% CO2 atmosphere in DMEM, supplemented With 10% 
PBS, 10 mM MgCl2 and 0.25mg/ml G418. As shown in 
Table 1, 100% of the pcDNA3 transfected colonies (4/4) and 
82% of the pcDNA3tsE2A transfected colonies (37/45) Were 
established to stable cell lines (the remaining 8 
pcDNA3tsE2A transfected colonies greW sloWly and Were 
discarded). In contrast, only 1 pcDNA3WtE2A-transfected 
colony could be established. The other 3 died directly after 
picking. 
[0041] Next, the E2A expression levels in the different cell 
lines Were determined by Western blotting. The cell lines 
Were seeded on 6 Well tissue culture dishes and sub-con?u 
ent cultures Were Washed tWice With PBS (NPBI) and lysed 
and scraped in RIPA(1% NP-40, 0.5% sodium deoxycholate 
and 0.1% SDS in PBS, supplemented With 1 mM phenyl 
methylsulfonyl?uoride and 0.1 mg/ml trypsin inhibitor). 
After 15 minutes incubation on ice, the lysates Were cleared 
by centrifugation. Protein concentrations Were determined 
by the Bio-Rad protein assay, according to standard proce 
dures of the supplier(BioRad). Equal amounts of Whole-cell 
extractWere fractionated by SDS-PAGE on 10% gels. Pro 
teins Were transferred onto Immobilon-P membranes (Mil 
lipore) and incubated With the aDBP monoclonal antibody 
B6 (Reich et al., Virology 128: 480, 1983). The secondary 
antibody Was a horseradish-peroxidase-conjugated goat anti 
mouse antibody (BioRad). The Western blotting procedure 
and incubations Were performed according to the protocol 
provided by Millipore. The complexes Were visualiZed With 
the ECL detection system according to the manufacturer’s 
protocol (Amersham). FIG. 2 shoWs that all of the cell lines 
derived from the pcDNA3tsE2A transfection express the 
72-kDa E2A protein (left panel, lanes 4-14; middle panel, 
lanes 1- 13; right panel, lanes 1- 12). In contrast, the only 
cell line derived from the pcDNAWtE2A transfection did not 
express the E2A protein (left panel, lane 2). No E2A protein 
Was detected in extract from a cell line derived from the 
pcDNA3 transfection (left panel, lane 1), Which serves as a 
negative control. Extract from PER.C6 cells transiently 
transfected With pcDNA3ts125 (left panel, lane 3) served as 
a positive control for the Western blot procedure. These data 
con?rm that constitutive expression of WtE2A is toxic for 
cells and that using the ts125 mutant of E2A can circumvent 
this toxicity. 
[0042] In contrast to PER.C6 cells, the culturing of 293 
cells at 39° C. is troublesome. Therefore, the transfection of 
293 cells With either pcDNA3, pcDNA3WtE2A or 
pcDNA3tsE2AWas performed at 37° C. in an atmosphere of 
10% CO2, a semi-permissive temperature for ts125E2A 
encoded DBP. A day prior to transfection, 293 cells Were 
seeded in DMEM, supplemented With 10% FBS and 10 MM 
MgCl2, at a density of 3.6><105 cells per 6 cm tissue culture 
dish (Greiner). Five hours before transfection, cells received 
fresh medium. Cells Were transfected With 7.2 pg of either 
pcDNA3, pcDNA3WtE2A or pcDNA3tsE2A plasmid DNA 
using the Calcium Phosphate Transfection System according 
to the standard protocol of the supplier (Gibco BRL). TWo 
days post transfection, cells Were put on selection medium, 
i.e., DMEM supplemented With 10% PBS, 10 mM MgCl2 
and 0.1 mg/ml G418. The ?rst colonies appeared at day 12 
post transfection. As shoWn in Table 2, the total number of 
colonies obtained after transfection of pcDNA3 (18 100 
colonies) or pcDNA3tsE2A (~25 colonies) Was signi?cantly 
higher than that obtained after transfection of 
pcDNA3WtE2A (only 2 colonies). Atotal of 22 clones from 

Nov. 7, 2002 

the pcDNA3tsE2A transfection Were picked by scraping the 
cells from the dish With a pipette. The detached cells Were 
subsequently put into 96 Well tissue culture dishes (Greiner) 
and cultured further at 37° C. in a 10% CO2 atmosphere in 
DMEM, supplemented With 10% PBS, 10 mM MgCl2 and 
0.1 mg/ml G418. Sixteen out of the 22 picked colonies could 
be established as cell lines (the 6 remaining colonies greW 
badly and Were discarded). 

TABLE 2 

Number of colonies after transfection of 293 With E2A 
expression vectors: 

plasmid number of colonies 

pcDNA3 ~100 
PcDNA3WtE2A 2 
PcDNA3tsE2A 25 

[0043] Selection of colonies derived from 293 cells trans 
fected With E2A expression cassettes. Cell line 293 Was 
transfected With either pcDNA3, pcDNA3WtE2A or 
pcDNA3WtE2A and cultured in selection medium contain 
ing 0.1 mg/ml G418 at 37° C. 

[0044] Next, the E2A expression level in 8 different cell 
lines Was determined by Western blotting. The cell lines 
Were seeded on 6 Well tissue culture dishes and sub-con?u 
ent cultures Were Washed tWice With PBS (NPBI) and lysed 
and scraped in RIPA(1% NP-40, 0.5% sodium deoxycholate 
and 0.1% SDS in PBS, supplemented With 1 mM phenyl 
methylsulfonyl?uoride and 0.1 mg/ml trypsin inhibitor). 
After 15 minutes incubation on ice, the lysates Were cleared 
by centrifugation. Protein concentrations Were determined 
by the BioRad protein assay, according to standard proce 
dures of the supplier (BioRad). Equal amounts of Whole-cell 
extract Were fractionated by SDS-PAGE on 10% gels. 
Proteins Were transferred onto Immobilon-P membranes 
(Millipore) and incubated With the aDBP monoclonal anti 
body B6 (Reich et al., Virology 128: 480, 1983). The 
secondary antibody Was a horseradish-peroxidase-conju 
gated goat anti mouse antibody (BioRad). The Western 
blotting procedure and incubations Were performed accord 
ing to the protocol provided by Millipore. The complexes 
Were visualiZed With the ECL detection system according to 
the manufacturer’s protocol (Amersham). FIG. 3 shoWs, 
that, in contrast to the PER.C6tsE2A cell lines, only clone 20 
(lane 8) from the pcDNA3tsE2A transfected 293 cells 
expressed the full-length ts125E2A encoded 72-kDa DBP. 
No E2A encoded DBP Was detected in extract from a cell 
line (clone 4) derived from the pcDNA3 transfected 293 
cells (lane 1), Which serves as a negative control. Extract 
from PER.C6 cells stably expressing ts125E2A encoded 
DBP (polyclonal cell line 5) (lane 2) served as a positive 
control for the Western blot procedure. The other 293 clones 
either did not express ts125E2A encoded DBP (clones 21 
and 22, lanes 9 and 10 respectively) or expressed aberrant 
products running With a faster (clones 3, 12, 16 and 18 lanes 
4-7) or sloWer (clone 2, lane 3) mobility in SDS/PAGE. 
These results shoW that generation of E2A complementing 
cell line by using temperature sensitive mutants of E2A is 
not speci?c for PER.C6 cells, but that it applies to eukaryotic 
cells in general (e.g., 293 cells). In addition, the 293 data 
shoW that keeping the temperature sensitive E2A encoded 
DBP as inactive as possible is crucial for easy generation of 
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such cell lines. The 293 cell lines Were generated at an 
intermediate temperature of 37° C., a temperature at Which 
ts125E2A encoded DBP is only partially inactivated. This 
explains the high number of cell lines expressing aberrant 
DBP products. 

[0045] D. Complementation of E2A Deletion in Adenovi 
ral Vectors on PER.C6- and 293 Cells Constitutively 
Expressing Full-length ts125E2A Encoded DBP. 

[0046] The adenovirus Ad5.dl802 is an Ad 5 derived 
vector deleted for the major part of the E2A coding region 
and does not produce functional DBP (Rice et al.,] Virol. 56: 
767, 1985). Ad5.dl802 Was used to test the E2A trans 
complementing activity of PER.C6 cells constitutively 
expressing ts125E2A. Parental PER.C6 cells or 
PER.C6tsE2A clone 3-9 Were cultured in DMEM, supple 
mented With 10% FBS and 1 mM MgCl2 at 39° C. . d 10% 
CO2 in 25 cm2 ?asks and either mock infected or infected 
With Ad5.dl802 at an moi. of 5. Subsequently, the infected 
cells Were cultured at 32° C. and cells Were screened for the 
appearance of a cytopathic effect (CPE) as determined by 
changes in cell morphology and detachment of the cells 
from the ?ask. Table 3 shoWs that full CPE appeared in the 
Ad5.dl802 infrected PER.C6tsE2A clone 3-9 Within 2 days. 
No CPE appeared in the Ad5.dl802 infected PER.C6 cells or 
the mock infected cells. These data shoW that PER.C6 cells 
constitutively expresing ts125E2A complement in trans for 
the E2A deletion in the Ad5.dl802 vector at the permissive 
temperature of 32° C. 

[0047] These cells are therefore suitable for production of 
recombinant adenoviral vector that are de?cient for func 
tional E2A. 

TABLE 3 

Complementation of E2A deletion in adenoviral vectors on PER.C6 
cells and PER.C6 cells constitutively expressing temperature 

sensitive E2A. 

320 C. day 2 

PER.C6 mock — 

PER.C6 d1802 — 

PER.C6ts125c3-9 mock — 

PER.C6ts125c3-9 d1802 Full CPE 

[0048] Parental PER.C6 cells or PER.C6ts125E2A clone 
3-9 Were infected With Ad5.dl802, an Ad5 adenovirus 
deleted for the E2A gene, at moi. of 5. Subsequently, the 
infected cells Were cultured at 32° C. and cells Were 
screened for the appearance of a cytopathic effect (CPE) as 
determined by changes in cell morphology and detachment 
of the cells from the ?ask. 

[0049] The 293tsE2A clones c2, c16, c18 and c20 and the 
293pcDNA3-clone c4 Were tested for their E2A trans 
complementing activity as folloWs. The cell lines Were 
cultured in DMEM, supplemented With 10% FBS and 10 
mM MgCl2 at 39° C. and 10% CO2 in 6 Well plates and 
either mock infected or infected With IG.Ad.CLIP.Luc (see 
beloW) at an moi. of 10. Subsequently, the infected cells 
Were cultured at either 32° C. or 39° C. and cells Were 
screened for the appearance of a cytopathic effect (CPE) 3 
days post infection, as determined by changes in cell mor 
phology and detachment of the cells from the ?ask. Table 4 
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shoWs that no CPE appeared in the control cell line 
293pcDNA3-c4. Moreover, the cell lines expressing aber 
rant forms of DBP either failed to complement this vector 
(clones 16 and 18) or Were intermediate in the trans 
complementing ability (clone 2). Only the 293 cell line 
expressing full-length ts125E2A encoded DBP (i. e., clone 
20) fully complemented for the E2A deletion in the vector 
IG.Ad.CLIP.Luc at the permissive temperature of 32° C. No 
CPE appeared at the non-permissive temperature of 39° C. 

TABLE 4 

Complementation of E2A deletion in adenoviral vectors on 293 
cells and 293 cells constitutively expressing temperature sensitive E2A. 

Cell line CPE at 320 C. CPE at 390 C. 

[0050] The 293ts125E2A clones c2, c16, c18 and c20 and 
the 293pcDNA3-clone c4 Were tested for their E2A trans 
complementing activity as folloWs. The cell lines Were either 
mock infected or infected With IG.Ad.CLIP.Luc at an moi. 
of 10. Subsequently, the infected cells Were cultured at either 
32° C. or 39° C. and cells Were screened for the appearance 

of a cytopathic effect (CPE) 3 days post infection, as 
determined by changes in cell morphology and detachment 
of the cells from the ?ask. 

[0051] E. Serum-free 
PER.C6tsE2A Cell Lines. 

Suspension Culture of 

[0052] Large-scale production of recombinant adenoviral 
vectors for human gene therapy requires an easy and scal 
able culturing method for the producer cell line, preferably 
a suspension culture in medium devoid of any human or 
animal constituents. To that end, the cell line PER.C6tsE2A 
c5-9 (designated c5-9) Was cultured at 39° C. and 10% CO2 
in a 175 cm2 tissue culture ?ask (Nunc) in DMEM, supple 
mented With 10% FBS and 10mM MgCl2. At sub-con?u 
ency (70-80% con?uent), the cells Were Washed With PBS 
(NPBI) and the medium Was replaced by 25 ml serum free 
suspension medium Ex-cellTM 525 (JRH) supplemented 
With 1><L-Glutamin (Gibco BRL), hereafter designated 
SFM. TWo days later, cells Were detached from the ?ask by 
?icking and the cells Were centrifuged at 1000 rpm for 5 
minutes. The cell pellet Was re-suspended in 5 ml SFM and 
0.5 ml cell suspension Was transferred to an 80 cm2 tissue 
culture ?ask (Nunc), together With 12 ml fresh SFM. After 
2 days, cells Were harvested (all cells are in suspension) and 
counted in a Burker cell counter. Next, the cells Were seeded 
in a 125 ml tissue culture Erlenmeyer (Corning) at a seeding 
density of 3><105 cells per ml in a total volume of 20 ml 
SFM. Cells Were further cultured at 125 RPM on an orbital 

shaker (GFL) at 39° C. in a 10% CO2 atmosphere. Cells 
Were counted at day 1-6 in a Burker cell counter. In FIG. 4, 
the mean groWth curve from 8 cultures is shoWn. 
PER.C6tsE2A c5-9 performs Well in serum free suspension 
culture. The maximum cell density of approximately 2><106 
cells per ml is reached Within 5 days of culture. 
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[0053] F. Growth Characteristics of PER.C6 and PER.C6/ 
E2A at 370 C. and 390 C. 

[0054] PER.C6 cells or PER.C6ts125E2A (c8-4) cells 
Were cultured in DMEM supplemented With 10% FBS and 
10 rnM MgClZin a 10% CO2 atmosphere at either 37° C. 
(PER.C6) or 39° C. (PER.C6ts125E2A c8-4). At day 0, a 
total of 1><106 cells Were seeded per 25 cm2 tissue culture 
?ask (Nunc) and the cells Were cultured at the respective 
ternperatures. At the indicated time points, cells Were 
counted. FIG. 5 shoWs that the growth of PER.C6 cells at 
37° C. is comparable to the groWth of PER.C6ts125E2A 
c8-4 at 39° C. This shoWs that constitutive eXpression of 
ts125E2A encoded DBP has no adverse effect on the groWth 
of cells at the non-perrnissive temperature of 39° C. 

[0055] G. Stability of PER. C6ts125E2A. 

[0056] For several passages, the PER.C6ts125E2A cell 
line clone 8-4 Was cultured at 39° C. and 10% CO2 in a 25 
cm2 tissue culture ?ask (Nunc) in DMEM, supplemented 
With 10% FBS and 10 rnM MgCl2 in the absence of selection 
pressure (G418). At sub-con?uency (70-80% con?uent), the 
cells Were Washed With PBS (NPBI) and lysed and scraped 
in RIPA (1% NP-40, 0.5% sodium deoXycholate and 0.1 % 
SDS in PBS, supplemented with 1 rnM phenylrnethylsulfo 
nyl?uoride and 0.1 rng/rnl trypsin inhibitor). After 15 min 
utes incubation on ice, the lysates Were cleared by centrifu 
gation. Protein concentrations were determined by the 
BioRad protein assay, according to standard procedures of 
the supplier (BioRad). Equal amounts of Whole-cell eXtract 
Were fractionated by SDS-PAGE on 10% gels. Proteins Were 
transferred onto Irnrnobilon-P membranes (Millipore) and 
incubated With the aDBP monoclonal antibody B6 (Reich et 
al., Virology 128: 480, 1983). The secondary antibody Was 
a horseradish-peroxidase-conjugated goat anti rnouse anti 
body (BioRad). The Western blotting procedure and incu 
bations were performed according to the protocol provided 
by Millipore. The complexes Were visualiZed With the ECL 
detection system according to the rnanufacturer’s protocol 
(Arnersharn). FIG. 6 shoWs that the eXpression of ts125E2A 
encoded DBP is stable for at least 16 passages, Which is 
equivalent to approximately 40 cell doublings. No decrease 
in DBP levels Was observed during this culture period, 
indicating that the eXpression of ts125E2A is stable, even in 
the absence of G418 selection pressure. 

EXAMPLE II 

[0057] Plasrnid based system for the generation of recom 
binant adenoviral vectors deleted in E1 and E2A 

[0058] A. Generation of pBr/Ad.Barn-rITR (ECACC 
deposit P97082122). 
[0059] In order to facilitate blunt end cloning of the 
inverted terminal repeat (“ITR”) sequences, wild-type 
human adenovirus type 5 (Ad5) DNA Was treated With 
KlenoW enzyme in the presence of eXcess dNTPs. After 
inactivation of the KlenoW enzyme and puri?cation by 
phenol/chloroforrn extraction folloWed by ethanol precipi 
tation, the DNA Was digested With BarnHI. This DNA 
preparation Was used Without further puri?cation in a liga 
tion reaction With pBr322 derived vector DNA prepared as 
folloWs: pBr322 DNA Was digested With EcoRV and 
BarnHI, de-phosphorylated by treatment With TSAP enZyrne 
(Life Technologies) and puri?ed on LMP agarose gel (Sea 
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Plaque GTG). After transformation into cornpetent E.c0li 
nDH5a (Life Techn.) and analysis of arnpicillin resistant 
colonies, one clone Was selected that shoWed a digestion 
pattern as eXpected for an insert extending from the BarnHI 
site in Ad5 to the right ITR. 

[0060] Sequence analysis of the cloning border at the right 
ITR revealed that the most 3‘G residue of the ITR was 
missing, the remainder of the ITR Was found to be correct. 
The missing G residue is complemented by the other ITR 
during replication. 

[0061] B. Generation of pBr/Ad.Sal-rITR (ECACC 
Deposit P97082119). 
[0062] pBr/Ad.Barn-rITR Was digested With BarnHI and 
SalI. The vector fragrnent including the adenovirus insert 
Was isolated in LMP agarose (SeaPlaque GTG) and ligated 
to a 4.8 kb SalI-BarnHI fragrnent obtained from Wt Ad5 
DNA and puri?ed With the Geneclean II kit (Bio 101, Inc.). 
One clone Was chosen and the integrity of the Ad5 sequences 
was determined by restriction enzyme analysis. Clone pBr/ 
Ad.Sal-rITR contains adeno type 5 sequences from the SalI 
site at bp 16746 up to and including the rITR (missing the 
most 3‘ G residue). 

[0063] C. pBr/Ad.Cla-Barn 
P97082117). 
[0064] Wt Adeno type 5 DNA Was digested With ClaI and 
BarnHI, and the 20.6-kb fragment was isolated from gel by 
electro-elution. pBr322 Was digested With the same enzymes 
and puri?ed frorn agarose gel by Geneclean. Both fragments 
were ligated and transformed into cornpetent DH5a. The 
resulting clone pBr/Ad.Cla-Barn Was analyZed by restriction 
enzyme digestion and shoWn to contain an insert With 
adenovirus sequences from bp 919 to 21566. 

[0065] D. Generation of pBr/Ad.A?II-Barn (ECACC 
Deposit P97082114). 
[0066] Clone pBr/Ad.Cla-Barn Was lineariZed With EcoRi 
(in pBr322) and partially digested With A?II. After heat 
inactivation of A?II for 20 minutes at 65° C., the fragment 
ends Were ?lled in With KlenoW enzyme. The DNA Was then 
ligated to a blunt double stranded oligo linker containing a 
PacI site (5‘-AATTGTCTTAATTAACCGCTTAA-3‘ (SEQ 
ID NO:3)). This linker was made by annealing the folloWing 
tWo oligonucleotides: 5‘-AATTGTCTTAATTAACCGC-3‘ 
(SEQ ID N014) and 5‘-AATTGCGGTTAATTAAGAC-3 ‘ 
(SEQ ID NO:5), folloWed by blunting With KlenoW enZyrne. 
After precipitation of the ligated DNA to change buffer, the 
ligations Were digested With an eXcess PacI enzyme to 
remove concaterners of the oligo. The 22016 bp partial 
fragment containing Ad5 sequences from bp 3534 up to 
21566 and the vector sequences Was isolated in LMP aga 
rose (SeaPlaque GTG), re-ligated and transformed into 
cornpetent DH5a. One clone that Was found to contain the 
PacI site and that had retained the large adeno fragment was 
selected and sequenced at the 5‘ end to verify correct 
insertion of the PacI linker in the (lost) A?II site. 

[0067] E. Generation of pBr/Ad.Barn-rITRpac#2 
(ECACC Deposit P97082120) and pBr/Ad.Barn-rITR#8 
(ECACC Deposit P97082121). 
[0068] To alloW insertion of a PacI site near the ITR of 
Ad5 in clone pBr/Ad.Barn-rITR, about 190 nucleotides were 
removed betWeen the ClaI site in the pBr322 backbone and 

(ECACC Deposit 
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the start of the ITR sequences. This Was done as follows: 
pBr/Ad.Bam-rITR Was digested With ClaI and treated With 
nuclease Bal31 for varying lengths of time (2 minutes, 5 
minutes, 10 minutes and 15 minutes). The extent of nucle 
otide removal Was followed by separate reactions on pBr322 
DNA (also digested at the ClaI site), using identical buffers 
and conditions. Bal31 enZyme Was inactivated by incubation 
at 75° C. for 10 minutes, and the DNA Was precipitated and 
re-suspended in a smaller volume TE buffer. To ensure blunt 
ends, DNA’s Were further treated With T4 DNA polymerase 
in the presence of excess dNTPs. After digestion of the 
(control) pBr322 DNA With SalI, satisfactory degradation 
(~150 bp) Was observed in the samples treated for 10 
minutes or 15 minutes. The 10 minutes or 15 minutes treated 
pBr/Ad.Bam-rITR samples Were then ligated to the above 
described blunted PacI linkers (See pBr/Ad.A?II-Bam). 
Ligations Were puri?ed by precipitation, digested With 
excess PacI and separated from the linkers on an LMP 
agarose gel. After re-ligation, DNA’s Were transformed into 
competent DH5a and colonies analyZed. Ten clones Were 
selected that shoWed a deletion of approximately the desired 
length and these Were further analyZed by T-track sequenc 
ing (T7 sequencing kit, Pharmacia Biotech). TWo clones 
Were found With the PacI linker inserted just doWnstream of 
the rITR. After digestion With PacI, clone #2 has 28 bp and 
clone #8 has 27 bp attached to the ITR. 

[0069] F. Generation of pWE/Ad.A?II-rITR (ECACC 
Deposit P97082116). 
[0070] Cosmid vector pWE15 (Clontech) Was used to 
clone larger Ad5 inserts. First, a linker containing a unique 
PacI site Was inserted in the EcoRI sites of pWE 15 creating 
pWE.pac. To this end, the double stranded PacI oligo as 
described for pBr/Ad.A?II-BamHI Was used but noW With 
its EcoRI protruding ends. The folloWing fragments Were 
then isolated by electro-elution from agarose gel: pWE.pac 
digested With PacI, pBr/A?II-Bam digested With PacI and 
BamHI and pBr/Ad.Bam-rITR#2 digested With Bam-HI and 
PacI. These fragments Were ligated together and packaged 
using 1 phage packaging extracts (Stratagene) according to 
the manufacturer’s protocol. After infection into host bac 
teria, colonies Were groWn on plates and analyZed for 
presence of the complete insert. pWE/Ad.A?II-rITR con 
tains all adenovirus type 5 sequences from bp 3534 (A?II 
site) up to and including the right ITR (missing the most 3‘G 
residue). 
[0071] G. Generation of pWE/Ad.A?II-EcoRI. 

[0072] pWE.pac Was digested With ClaI and 5‘ protruding 
ends Were ?lled using KlenoW enZyme. The DNA Was then 
digested With PacI and isolated from agarose gel. pWE/ 
A?II-rITR Was digested With EcoRI and after treatment With 
KlenoW enZyme digested With PacI. The large 24-kb frag 
ment containing the adenoviral sequences Was isolated from 
agarose gel and ligated to the ClaI-digested and blunted 
pWE.pac vector using the Ligation ExpressTM kit from 
Clontech. After transformation of Ultra-competent XL10 
Gold cells from Stratagene, clones Were identi?ed that 
contained the expected insert. pWE/A?II-EcoRI contains 
Ad5 sequences from bp 3534-27336. 

[0073] H. Generation of pWE/Ad.A?II-rITRDE2A: 

[0074] Deletion of the E2A coding sequences from pWE/ 
Ad.A?II-rITR (ECACC deposit P97082116) has been 
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accomplished as folloWs. The adenoviral sequences ?anking 
the E2A coding region at the left and the right site Were 
ampli?ed from the plasmid pBr/Ad.Sal.rITR (ECACC 
deposit P97082119) in a PCR reaction With the Expand PCR 
system (Boehringer) according to the manufacturer’s proto 
col. The folloWing primers Were used: Right ?anking 
sequences (corresponding Ad5 nucleotides 24033 to 25180): 

[0075] DE2A.SnaBI: 5‘-GGC GTA CGT AGC CCT 
GTC GAA AG-3‘ (SEQ ID NO:6) 

[0076] DE2A.DBP-start: 5‘-CCA ATG CAT TCG 
AAG TAC TTC CTT CTC CTA TAG GC-3‘ (SEQ 
ID NO:7). 

[0077] The ampli?ed DNA fragment Was digested With 
SnaBI and NsiI (NsiI site is generated in the primer 
DE2A.DBP-start, underlined). In addition, a unique BstBI 
site is generated in this primer (italics). 

[0078] Left ?anking sequences (corresponding Ad5 
nucleotides 21557 to 22442): 

[0079] DE2A.DBP-stop: 5‘-CCA ATG CAT ACG 
GCG CAG ACG G-3‘ (SEQ ID NO:8) 

[0080] DE2A.BamHI: 5‘-GAG GTG GAT CCC ATG 
GAC GAG-3‘ (SEQ ID NO:9) 

[0081] The ampli?ed DNA Was digested With BamHI and 
NsiI (NsiI site is generated in the primer DE2A.DBP-stop, 
underlined). Subsequently, the digested DNA fragments 
Were ligated into SnaBI/BamHI digested pBr/Ad.Sal-rITR. 
Sequencing con?rmed the exact replacement of the DBP 
coding region With a unique NsiI site and BstBI site in 
plasmid pBr/Ad.Sal-rITRDE2A. The unique NsiI site and 
BstBI site can be used to introduce an expression cassette for 
a gene to be transduced by the recombinant vector. 

[0082] The deletion of the E2A coding sequences Was 
performed such that the splice acceptor sites of the 100K 
encoding L4-gene at position 24048 in the top strand Was 
left intact. In addition, the polyadenylation signals of the 
original E2A-RNA and L3-RNAs at the left-hand site of the 
E2A coding sequences Were left intact. This ensures proper 
expression of the L3-genes and the gene encoding the 100K 
L4-protein during the adenovirus life cycle. 

[0083] Next, the plasmid pWE/Ad.A?II-rITRDE2A Was 
generated. The plasmid pBr/Ad.Sal-rITRDE2A Was 
digested With BamHI and Spel. The 3.9-Kb fragment in 
Which the E2A coding region Was replaced by the unique 
NsiI site and BstBI site Was isolated. The pWE/Ad.A?II 
rITR Was digested With BamHil and SpeI. The 35 Kb DNA 
fragment, from Which the BamHI/SpeI fragment containing 
the E2A coding sequence Was removed, Was isolated. The 
fragments Were ligated and packaged using 1 phage-pack 
aging extracts according to the manufacturer protocol (Strat 
agene), yielding the plasmid pWE/Ad.A?II-rITRDE2A. 
Note that there is no sequence overlap betWeen the aden 
oviral sequences present in pWE/Ad.A?II-rITRDE2A and 
the E2A sequences present in the expression vectors 
pcDNA3tsE2A and pcDNAWtE2A or the cell lines derived 
from this vector. 

[0084] I. Generation of the Adapter Plasmids. 

[0085] Adapter plasmid pMLP.TK (European patent 
application no. EP 95202213) Was modi?ed as folloWs: 
SV40 polyA sequences Were ampli?ed With primer SV40-1 
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(introduces a BamHI site) and SV40-2 (introduces a BglII 
site). In addition, Ad5 sequences present in this construct 
(from nt. 2496 to nt. 2779; Ad5 sequences nt. 3511 to 3794) 
Were ampli?ed With primers Ad5-1 (introduces a BglII site) 
and Ad5-2. 

[0086] SV40-1: 5‘-GGGGGATCCGAACTTGTT 
TATTGCAGC-3‘ (SEQ ID NO: 10). 

[0087] SV40-2:5‘-GGGAGATCTAGACATGATAA 
GATAC-3‘ (SEQ ID NO:11). 

[0088] Ad5-1: 5‘-GGGAGATCTGTACTGAAAT 
GTGTGGGC-3‘ (SEQ ID NO:12). 

[0089] Ad5-2:5‘-GGAGGCTGCAGTCTCCAACG 
GCGT-3‘ (SEQ ID NO: 13). 

[0090] Both PCR fragments Were digested With BglII and 
ligated. The ligation product Was ampli?ed With primers 
SV40-1 and Ad5-2 and digested With BamHI and A?II. The 
digested fragment Was then ligated into pMLP.TK predi 
gested With the same enZymes. The resulting construct, 
named pMLPITK, contains a deletion in adenovirus E1 
sequences from nt. 459 to nt. 3510. 

[0091] This plasmid Was used as the starting material to 
make a neW vector in Which nucleic acid molecules com 

prising speci?c promoter and gene sequences can be easily 
exchanged. First, a PCR fragment Was generated from 
pZipDMo+PyF101(N_) template DNA (described in PCT/ 
NL96/00195) With the folloWing primers: LTR-1: 5‘-CTG 
TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA 
AAAATA CAT AAC TG-3‘ (SEQ ID NO:14) and LTR-2: 
5‘-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT 
ACC GCT AGC GTT AAC CGG GCG ACT CAG TCA 
ATC G-3‘ (SEQ ID NO: 15). PWo DNA polymerase (Boe 
hringer Mannheim) Was used according to manufacturer’s 
protocol With the folloWing temperature cycles: once 5 
minutes at 95° C.; 3 minutes at 55° C.; and 1 minute at 72° 
C., and 30 cycles of 1 minute at 95° C., 1 minute at 60° C., 
1 minute at 72° C., folloWed by once for 10 minutes at 72° 
C. The PCR product Was then digested With BamHI and 
ligated into pMLP10 (Levrero et al., 1991; Gene 101, 
195-202) digested With PvuII and BamHI, thereby generat 
ing vector pLTR10. This vector contains adenoviral 
sequences from bp 1 up to bp 454 folloWed by a promoter 
consisting of apart of the Mo-MuLV LTR having its Wild 
type enhancer sequences replaced by the enhancer from a 
mutant polyoma virus (PyF101). The promoter fragment 
Was designated L420. Sequencing con?rmed correct ampli 
?cation of the LTR fragment; hoWever, most 5‘ bases in the 
PCR fragment Were missing so that the PvuII site Was not 
restored. Next, the coding region of the murine HSA gene 
Was inserted. pLTR10 Was digested With BstBI folloWed by 
KlenoW treatment and digestion WithNcoI. The HSA gene 
Was obtained by PCR ampli?cation on pUC 18-HSA (Kay et 
al., 1990; J. Immunol. 145, 1952-1959) using the folloWing 
primers: HSA1, 5‘-GCG CCA CCA TGG GCA GAG CGA 
TGG TGG C-3‘ (SEQ ID NO: 16) and HSA2, 5‘-GTT AGA 
TCT AAG CTT GTC GAC ATC GAT CTA CTAACA GTA 
GAG ATG TAG AA-3‘ (SEQ ID NO:17). The 269 bp 
ampli?ed fragment Was sub-cloned in a shuttle vector using 
the NcoI and BglII sites. Sequencing con?rmed incorpora 
tion of the correct coding sequence of the HSA gene, but 
With an extra TAG insertion directly folloWing the TAG stop 
codon. The coding region of the HSA gene, including the 
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TAG duplication, Was then excised as a NcoI (sticky)-SalI 
(blunt) fragment and cloned into the 3.5 kb NcoI (sticky)/ 
BstBI (blunt) fragment from pLTR10, resulting in pLTR 
HSA10. 

[0092] Finally, pLTR-HSA10 Was digested With EcoRI 
and BamHI after Which the fragment containing the left ITR, 
packaging signal, L420 promoter and HSA gene Was 
inserted into vector pMLPITK digested With the same 
enZymes and thereby replacing the promoter and gene 
sequences. This resulted in the neW adapter plasmid pAd5/ 
L420-HSA that contains convenient recognition sites for 
various restriction enZymes around the promoter and gene 
sequences. SnaBI and AvrII can be combined With HpaI, 
NheI, KpnI, and HindIII to exchange promoter sequences, 
While the latter sites can be combined With the ClaI or 
BamHI sites 3‘ from HSA coding region to replace genes in 
this construct. 

[0093] Another adapter plasmid that Was designed to 
alloW easy exchange of nucleic acid molecules Was made by 
replacing the promoter, gene and polyA sequences in pAd5/ 
L420-HSA With the CMV promoter, a multiple cloning site, 
an intron and a polyA signal. For this purpose, pAd/L420 
HSA Was digested With AvrII and BglII folloWed by treat 
ment With KlenoW to obtain blunt ends. The 5.1 kb fragment 
With pBr322 vector and adenoviral sequences Was isolated 
and ligated to a blunt 1570 bp fragment from pcDNA 1/ amp 
(Invitrogen) obtained by digestion With HhaI and AvrII 
folloWed by treatment With T4 DNA polymerase. This 
adapter plasmid Was named pAd5/Clip. 

[0094] The adapter plasmid pCMV.LacZ Was generated as 
folloWs: The plasmid pCMV.TK (EP 95-202 213) Was 
digested With HindIII, blunted With KlenoW and dNTPs and 
subsequently digested With SalI. The DNA fragment con 
taining the CMV promoter Was isolated. The plasmid 
pMLP.nlsLacZ (EP 95-202 213) Was digested With KpnI, 
blunted With T4 DNApolymerase and subsequently digested 
With SalI. The DNA fragment containing the LacZ gene and 
adjacent adenoviral sequences Was isolated. Next, the tWo 
DNA fragments Were ligated With T4 DNA ligase in the 
presence of ATP, giving rise to pCMV.nlsLacZ. 

[0095] The adapter plasmid pAd5/CLIP.LacZWas gener 
ated as folloWs: The E. coli LacZ gene Was ampli?ed from 
the plasmid pMLP.nlsLacZ (EP 95-202 213) by PCR With 
the primers 5‘GGGGTGGCCAGGGTACCTCTAG 
GCTTTTGCAA (SEQ ID NO:18) and 5‘GGGGGGATC 
CATAAACAAGTTCAGAATCC (SEQ ID NO:19). The 
PCR reaction Was performed Ex Taq (Takara) according to 
the suppliers protocol at the folloWing ampli?cation pro 
gram: 5 minutes 94° C., 1 cycle; 45 seconds 94° C. and 30 
seconds 60° C. and 2 minutes 72° C.,5 cycles; 45 seconds 
94° C. and 30 seconds 65° C. and 2 minutes 72° C., 25 
cycles; 10 minutes 72° C., 1 cycle; 45 seconds 94° C. and 30 
seconds 60° C. and 2 minutes 72° C., 5 cycles, 1 cycle. The 
PCR product Was subsequently digested With Kpn1 and 
BamHI and the digested DNA fragment Was ligated into 
KpnI/BamHI digested pcDNA3 (Invitrogen), giving rise to 
pcDNA3.nlsLacZ. Next, the plasmid pAd/CLIP Was 
digested With Spel. The large fragment containing part of the 
5‘ part CMV promoter and the adenoviral sequences Was 
isolated. The plasmid pcDNA3.nlsLacZ Was digested With 
SpeI and the fragment containing the 3‘ part of the CMV 
promoter and the LacZ gene Was isolated. Subsequently, the 
























