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NON-CYTOTOXIC ORIP REPLICON

STATEMENT OF GOVERNMENT RIGHTS

The invention was made, at least in part, with a grant from
the Government of the United States of America (grant
CA22443 from the National Institutes of Health). The Gov-
ernment may have certain rights to the invention.

BACKGROUND OF THE INVENTION

Mammalian transcriptional activators have often been
identified and characterized by transfection assays that
require one or more templates to be transported and
assembled in the nuclei of recipient cells. Recent efforts to
understand the mechanisms of transcriptional activation on
defined templates in vitro have helped define both cis-acting
sequences and protein domains essential for gene regulation
(Natarajan et al., 1999; Neely et al., 2002; Utley et al., 1994;
Wallberg et al., 2000). However, limitations of this approach
include the inability to assess contributions to transcription
mediated by the trafficking of the transcription factors prior to
or during chromatin assembly (Archer et al., 1992; Smith et
al., 1997).

EBNA-1, encoded by Epstein-Barr virus (EBV), is a mul-
tifunctional protein essential for both EBV’s extrachromo-
somal replication and positive and negative regulation of
multiple viral promoters (Gahn et al., 1995; Lee et al., 1999;
Sugden et al., 1989). EBNA-1 also positively regulates het-
erologous promoters when the family of repeats (FR)
enhancer to which it binds in oriP is placed upstream of those
promoters (Ceccarelli et al., 1998; Langle-Rouault et al.,
1998; Mackey et al., 1999; Reisman et al., 1986; Wu et al.,
2002). Studies of templates with or without FR microinjected
into the cytoplasm or nuclei of cells that express EBNA-1
indicated that a significant contribution of EBNA-1 to the
activation of transcription occurs in the cytoplasm (Langle-
Rouault et al., 1998). Other studies have been interpreted to
mean that EBNA-1 activates transcription on extrachromo-
somal but not integrated templates (Kang et al., 2001). These
observations indicate that EBNA-1 likely uses multiple
mechanisms to contribute to the support of transcription. If
EBNA-1 can affect the transcription of integrated templates,
EBNA-1 might regulate cellular genes during the latent phase
of the EBV life cycle and, perhaps, in EBV-associated
tumors.

EBV causes Burkitt’s lymphoma (BL), which is endemic
in Africa. BL is an aggressive B cell malignancy with a high
proliferative rate that may be fatal within months if not treated
promptly (Evens et al., 2002). Activation of the c-myc onco-
gene through reciprocal chromosomal translocations that jux-
tapose c-Myc to one of the Ig loci characterizes most BLs
(Boxer et al., 2001). Additionally, many BLs carry point
mutations in the p53 tumor suppressor gene or other defects in
the p14ARF-MDM2-p53 pathway, or have pl16INK4a genes
activated by promoter methylation or homozygous deletion
(Lindstrom et al., 2001; Lindstrom et al., 2002). Thus, BL.
involves multiple genetic events likely to promote cellular
proliferation and inhibit apoptosis. In areas where BL is
endemic, virtually all cases are associated with EBV
(Niedobitek et al., 2001). Multiple viral genes are used by
EBYV to induce and maintain proliferation of infected B cells,
but most of these genes are not expressed in BL, tumors (Rowe
et al., 1987), making it difficult to know what, if anything,
EBYV contributes to the survival of BL tumors.

Vectors derived from EBNA-1 are being considered for
gene therapy in people (Banerjee et al., 1995; Calos, 1996;
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Cui et al., 2001; Franken et al., 1996; Harada et al., 2000,
Phillips et al., 1999; Sclimenti et al., 1998; Stoll et al., 2001;
Wohlgemuth et al., 1996). U.S. Pat. No. 4,686,186 discloses
an EBV vector system which includes oriP and EBNA-1.
However, EBNA-1, when overexpressed ina cell, is cytotoxic
to that cell. This cytotoxicity limits its use in certain cell
culture applications as well as in gene therapy. EBNA-1 may
also be oncogenic (Wilson et al., 1996), further limiting its
use. This increased risk of tumor development has been attrib-
uted in part to the transcriptional activation of host genes by
EBNA-1 (Tsimbouri et al., 2002).

What is needed is an improved extrachromosomal vector
system.

SUMMARY OF THE INVENTION

The invention provides a vector encoding a derivative of a
wild-type protein of a lymphotrophic herpes virus, which
wild-type protein corresponds to EBNA-1 of EBV. The
derivative is noncytotoxic relative to the corresponding wild-
type protein when expressed efficiently in a cell, e.g., a
eukaryotic cell such as a vertebrate or mammalian cell, sup-
ports maintenance of an extrachromosomal template contain-
ing a DNA sequence corresponding to oriP of EBV, binds
such a DNA sequence in a template, and activates transcrip-
tion from such a template, but does not substantially activate
transcription from an integrated template and/or host cell
gene (a substantial activation of transcription is an activation
of greater than 5-fold), e.g., a derivative of the invention may
increase transcription from an integrated template and/or host
cell gene by no more than 5-fold, for instance, less than
2-fold, relative to a control.

A “template” as used herein is a DNA molecule which is
specifically bound by a wild-type protein of a lymphotrophic
herpes virus, which wild-type protein corresponds to EBNA-
1, as a result of the presence in that template of a DNA
sequence which binds the wild-type protein with an affinity
that is at least 10% that of the binding of a DNA sequence
corresponding to oriP of EBV by the wild-type protein and
from which template transcription is optionally initiated and/
or enhanced after the protein binds and/or the maintenance of
which template in a cell is enhanced. An “integrated tem-
plate” is one which is stably maintained in the genome of the
cell, i.e., integrated into a chromosome of that cell. An “extra-
chromosomal template” is one which is maintained stably
maintained in a cell but which is not integrated into the
chromosome. A “noncytotoxic” protein is one which, when
efficiently expressed in a eukaryotic cell, i.e., a cell which is
not infected with a lymphotrophic herpes virus, does not
result in substantial cell death, e.g., more than 40% of'the cells
survive.

A “derivative” as used herein is a protein which is modified
relative to a corresponding wild-type protein, i.e., the deriva-
tive has a modification which includes a deletion, insertion or
substitution, or any combination thereof, of at least one amino
acid in a region corresponding to the unique (nonrepetitive)
region in LR 1, which modification is associated with the lack
of substantial transcriptional activation from an integrated
template and the lack of cytotoxicity of the derivative. Like
the corresponding wild-type protein, the derivative dimerizes
and binds DNA containing a DNA sequence which binds the
corresponding wild-type protein with an affinity that is at
least 10% that of the binding of a DNA sequence correspond-
ing to oriP of EBV by the wild-type protein, is not signifi-
cantly degraded, e.g., by the ubiquitin/proteosome pathway
and/or does not elicit a significant immune response associ-
ated with MHC class I presentation of antigen, and/or local-
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izes to the nucleus when present in a cell or organism, as a
result of the presence of a DNA binding and dimerization
sequence, a repeat of Gly-Gly-Ala, Gly-Ala-Gly, Ala-Gly-
Ala, Ala-Gly-Gly, Gly-Gly-Gly, or a combination thereof,
and a nuclear localization sequence, respectively. “LLR1”is a
sequence in a lymphotrophic herpes virus which corresponds
to residues 40 to 89 in EBNA-1 having SEQ ID NO:1,e.g.,G
RGRGRGRGRG  GGRPGAPGGS GSGPRHRDGV
RRPQKRPSCI GCKGTHGGT (SEQ ID NO:2), at least a
portion of which in wild-type EBNA-1 is a transcriptional
activation domain for integrated templates. The “unique
region” of LR1 corresponds to residues 60 to 89 of EBNA-1.
In one embodiment, a derivative of the invention lacks the
following sequence SGSGPRHRDGVRRPQKRPSCI GCK-
GTHGGT (SEQ ID NO:3), or lacks a portion thereof. In one
embodiment, the derivative has substantial identity, e.g., at
least 80% or more, e.g., 85%, 90% or 95% and up to 100%,
amino acid sequence identity, to a wild-type protein corre-
sponding to EBNA-1, e.g., SEQ ID NO:1, for instance, sub-
stantial identity to residues from about residue 90 to the
residue corresponding to the C-terminus of the wild-type
protein, or any integer in between, and optionally also has
substantial identity from residue 1 to about residue 20, and up
to about residue 60, or any integer in between, of the corre-
sponding wild-type protein. “About” as used herein with
respect to a particular residue means within 5 residues of the
specified residue, e.g., within 1, 2, 3, 4 or 5 residues of residue
“X” corresponding to residue “X” in SEQ ID NO: 1.

As described herein, cells were established with integrated
EBNA-1-responsive templates and it was shown that
EBNA-1 activates transcription from these chromatin-em-
bedded templates dose dependently. A mutational analysis of
EBNA-1 identified a domain required for transcriptional acti-
vation of integrated templates, but not of transfected tem-
plates. The ability of EBNA-1 to activate transcription from
both integrated and transfected templates can be inhibited by
a derivative of EBNA-1 lacking the amino acids required for
activation from integrated templates. EBNA-1’s mode of
activating transfected templates is therefore genetically dis-
tinct from that for activating integrated templates, which
likely reflects either its trafficking or its control of template
structure.

Thus, in one embodiment, the present invention provides a
derivative of EBNA-1 lacking at least a portion of LRI,
including a deletion of one or more, e.g., 2, 3, 4, 5, or more,
residues between residues corresponding to residue 64 to 90
of EBNA-1, and optionally including a substitution of one or
more, e.g., 2, 3, 4, 5 or more, amino acids, which derivative is
not cytotoxic when expressed efficiently in cells, e.g., human
cells, relative to EBNA-1 but supports extrachromosomal
maintenance and replication of oriP containing vectors, and
does not substantially activate transcription of host cell genes.
Thus, vectors encoding such derivatives are excellent vectors
for human gene therapy.

As also described herein, EBNA-1, a viral protein that is
found in all EBV-associated malignancies, is required for the
survival of EBV-positive Burkitt’s lymphoma. Inhibition of
EBNA-1 decreased survival of these tumor cells by inducing
apoptosis. Expression of EBNA-1 in uninfected cells also can
inhibit apoptosis induced by expression of p53 in the absence
of the EBV genome. These findings demonstrate that
EBNA-1 is important for the continued survival of EBV-
associated Burkitt’s lymphoma, and, by extension, for other
B cell tumors with which EBV is associated. Further, EBV
promotes survival of the tumor cells even long after their

20

25

30

35

40

45

50

55

60

65

4

explantation. Thus, efficient inhibitors of EBNA-1’s func-
tions would likely prove useful in the therapy of EBV-asso-
ciated malignancies.

Accordingly, the invention provides a recombinant plas-
mid comprising a DNA segment which encodes a noncyto-
toxic derivative of a wild-type protein from a lymphotrophic
herpes virus, which wild-type protein corresponds to EBNA-
1. The derivative lacks sequences present in the wild-type
protein that activate transcription from integrated templates,
but is capable of activating transcription from extrachromo-
somal templates having a DNA sequence which specifically
binds the derivative as well as the wild-type protein, i.e., the
DNA sequence corresponds to oriP of EBV.

In one embodiment, a recombinant vector is provided
which includes a DNA segment which encodes a noncyto-
toxic derivative of a wild-type protein from a lymphotrophic
herpes virus which corresponds to EBNA-1 of Epstein-Barr
virus (EBV), which derivative activates transcription from an
extrachromosomal template after the derivative binds a DNA
sequence in the extrachromosomal template which binds the
wild-type protein with an affinity at least 10% that of the
binding of a DNA sequence which corresponds to oriP of
EBV to the wild-type protein, which derivative lacks
sequences present in the corresponding wild-type protein that
activate transcription from an integrated template. Preferably,
the derivative has a nuclear localization sequence and at least
three consecutive tripeptide sequences, e.g., Gly-Gly-Ala,
Gly-Ala-Gly, Ala-Gly-Ala, Ala-Gly-Gly, Gly-Gly-Gly, or
any combination thereof. In one embodiment, the recombi-
nant plasmid encodes a derivative of EBNA-1 having a dele-
tion of at least 1, 2, 3, 4, 5, 6, 7, 8 or more residues, in the
unique region of LR1, for instance, a deletion of at least 1, 2,
3,4, 5, 6,7, 8 or more residues, between residue 64 and up to
residue 89. In one embodiment, the derivative activates tran-
scription from extrachromosomal templates at levels at least
2%, e.g., 5%, 10%, 15%, 18%, 20% or more that of the
corresponding wild-type protein, or increases transcription
from extrachromosomal templates by at least 10-fold, 20-fold
ormore, relative to a negative control. In one embodiment, the
recombinant plasmid further comprises the DNA sequence
which binds the derivative and wild-type protein.

In another embodiment, a vector is provided. The vector
includes a DNA segment which encodes a noncytotoxic
derivative of a wild-type protein from a lymphotrophic virus,
which wild-type protein corresponds to EBNA-1. The deriva-
tive lacks sequences present in the corresponding wild-type
protein which activate transcription from an integrated tem-
plate but is capable of activating transcription from an extra-
chromosomal template having a DNA sequence which binds
the derivative (and wild-type protein) with an affinity thatis at
least 10% that of the binding of a DNA sequence which
corresponds to oriP to the wild-type protein. The vector also
includes the DNA sequence and a multiple cloning site
(MCS) sequence suitable for cloning one or more heterolo-
gous polynucleotides, e.g., a heterologous open reading
frame. In one embodiment of the invention, the vector is a
plasmid which includes a plasmid backbone, a DNA segment
encoding the derivative, a heterologous open reading frame,
i.e., a nonlymphotrophic herpes virus open reading frame,
optionally operably linked to a heterologous promoter, and a
DNA sequence from a lymphotrophic herpes virus that is
capable in cis of assisting in maintaining the plasmid in an
eukaryotic host cell as a plasmid and when the derivative of
the invention is expressed in the cell. It may also be desirable
to include a marker gene, i.e., a gene or encoded gene product
which is detectable or capable of detection, e.g., GFP or
luciferase, or a selectable gene such as an antibiotic resistance
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gene, e.g., a hygromycin B resistance gene or neomycin phos-
photransferase gene, in the plasmid, which marker gene or
selectable gene is not present in the host cell prior to intro-
duction of the plasmid. As the derivative of the wild-type
protein from the lymphotrophic herpes virus acts in trans with
the ori sequence, one can either position both the trans-acting
and cis-acting fragments on a recombinant plasmid, or place
the cis-acting fragment in the plasmid, and the trans-acting
fragment in the genome of the cell, e.g., a cell not infected by
EBV.

Also provided is a eukaryotic host comprising a recombi-
nant vector. The recombinant vector includes a DNA segment
encoding a noncytotoxic derivative of a wild-type protein
from a lymphotrophic herpes virus, which wild-type protein
corresponds to EBNA-1. The derivative lacks sequences
present in the wild-type protein which activate transcription
from an integrated template but activates transcription from
an extrachromosomal template having a DNA sequence
which binds the derivative (or wild-type protein) with an
affinity that is at least 10% that of the binding of a DNA
sequence which corresponds to oriP to the wild-type protein.
In one embodiment, the derivative has a nuclear localization
sequence and optionally at least three repeats of Gly-Gly-Ala,
Gly-Ala-Gly, Gly-Gly-Gly, Ala-Gly-Ala, Ala-Gly-Gly, or
any combination thereof. In yet another embodment, a
eukaryotic host is provided which has a recombinant plasmid
with a plasmid backbone, a heterologous open reading frame,
and a DNA sequence from a lymphotrophic herpes virus
which supports maintenance and replication of the recombi-
nant plasmid in a host which expresses a derivative of the
invention. The DNA segment encoding a derivative of the
invention may be part of the plasmid or introduced to the host
by transformation or transduction of the host with another
vector, e.g., a recombinant viral vector. The DNA sequence
and DNA segment assist in maintaining the plasmid as a
plasmid. In one embodiment, the host cell is a human B-lym-
phoblast.

Thus, a recombinant plasmid vector is provided which is
useful to transform a wide range of eukaryotic cells and
permit stable replication and expression thereof, a eukaryotic
vector which permits stable replication of recombinant plas-
mids in latently infected eukaryotic cells, and an eukaryotic
host which permits stable replication of the plasmid.

Further provided is a method to maintain and express a
heterologous open reading frame in a cell. The method
includes contacting a cell with a recombinant plasmid com-
prising a heterologous open reading frame and a DNA com-
prising a DNA sequence which binds a wild-type protein
which corresponds to EBNA-1, wherein the affinity of the
binding of a DNA sequence and the wild-type protein is at
least 10% that of a DNA sequence which corresponds to oriP
of EBV and the wild-type protein. The cell expresses a DNA
segment which encodes a noncytotoxic derivative of a wild-
type protein from a lymphotrophic herpes virus which corre-
sponds to EBNA-1, which derivative lacks sequences present
in the wild-type protein which activate transcription from an
integrated template but which activates transcription from an
extrachromosomal template having the DNA sequence. Pref-
erably, the DNA sequence includes an origin of replication for
Epstein-Barr virus, e.g., oriP, and the heterologous openread-
ing frame codes for a protein of interest, e.g., a therapeutic or
prophylactic protein which, when expressed in an effective
amount in an organism such as a mammal provides a benefi-
cial result, e.g., prevents, inhibits or treats a disease, e.g., one
amenable to gene therapy, or induces a prophylactic or thera-
peutic immune response.

5

20

25

30

35

40

45

50

55

60

65

6

The invention also provides a method to maintain and
express a heterologous open reading frame in a cell. The
method includes contacting a cell with a recombinant plasmid
comprising a heterologous open reading frame, a DNA
sequence which binds the wild-type protein with an affinity
that is at least 10% that of the binding of a DNA sequence
which corresponds to oriP by the wild-type protein corre-
sponding to EBNA-1, and a DNA segment which encodes a
noncytotoxic derivative of a wild-type protein corresponding
to EBNA-1, which derivative lacks sequences present in the
wild-type protein which activate transcription from an inte-
grated template, and which derivative activates transcription
of the heterologous open reading frame.

Further provided is a therapeutic method. The method
includes administering to a mammal in need of such therapy
an effective amount of a recombinant plasmid comprising a
heterologous open reading frame, a DNA sequence which
binds the wild-type protein with an affinity of at least 10%
relative to the binding of the wild-type protein to a DNA
sequence, corresponds to oriP and binds a wild-type protein
corresponding to EBNA-1, and a DNA segment which
encodes a noncytotoxic derivative of a wild-type protein cor-
responding to EBNA-1, which derivative lacks sequences
present in the wild-type protein which activate transcription
from an integrated template, and which derivative activates
transcription of the heterologous open reading frame. In one
embodiment, the mammal has or is at risk of having cystic
fibrosis or other diseases associated with aberrant expression
of CFTR, e.g., decreased expression of a functional CFTR,
and a recombinant plasmid of the invention which includes a
heterologous open reading frame encoding a functional
CFTR is administered to intranasally or intrabronchially

The invention also provides a method to inhibit EBV-asso-
ciated tumors. EBV-associated tumors include but are not
limited to lymphomas and carcinomas. The method includes
administering to a human having such a tumor an effective
amount of a vector comprising a DNA segment encoding a
noncytotoxic derivative of a wild-type protein from a lym-
photrophic herpes virus which corresponds to EBNA-1
which derivative activates transcription from an extrachro-
mosomal template after the derivative binds a DNA sequence
in the extrachromosomal template which corresponds to oriP
of EBV. In another embodiment, the derivative is adminis-
tered to the human, e.g., in a delivery vehicle such as a
liposome, a fusion polypeptide, or isolated protein. The
derivative lacks sequences present in the wild-type protein
which activate transcription of an integrated template.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Characterization of integrated template DNAs in
clones of BJAB cells. (A) Structures of the two templates,
FR-TK-luciferase and TK -luciferase, which were introduced
into BJAB cells. The positions of the two primers used to
characterize the templates and the sizes of their products
generated by PCR are also shown. ORF, open reading frame.
(B) Agarose gel resolving PCR products of DNAs isolated
from two clones of BJAB cells into which FR-TK-luciferase
(clones 2-12 and 2-14) was introduced and two clones into
which TK-luciferase (clones 3-6 and 3-33) was introduced.
The gel also includes the products derived by amplifying
known amounts of the parental plasmids to serve as size
markers and to permit estimates of the number of template
molecules integrated into each cell.

FIG. 2. Transcription of integrated templates induced by
EBNA-1 is dose dependent. (A) Structures of retroviral vec-
tors employed to establish EBNA-1"s dose-dependent induc-
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tion of transcription. The control vector expresses [3-galac-
tosidase (LacZ), and both it and the vector expressing
EBNA-1 also express enhanced GFP (eGFP), whose transla-
tion is mediated by an internal ribosomal entry site (IRES).
LTR, long terminal repeat. (B) Fluorescence-activated cell
sorter profiles reflecting the sorting of infected cells as a
function of the level of their expression of eGFP and the level
of'expression of EBNA-1 as measured by Western blotting in
one set of infected, sorted cells 48 hours following infection.
(C) Mean RLU obtained in two independent experiments
performed in duplicate were normalized by setting the RL.U
output from cells infected with LacZ virus expressing low
GFP to 1. The differences in RLU in cells with integrated
FR-TK-luciferase infected with a retrovirus expressing
EBNA-1 and sorted for different levels of expression of eGFP
are statistically significant (P<0.05; Jonckhere-Terpstra test).
The error bars indicate standard errors of the means.

FIG. 3. Mutational analysis of EBNA-1 identifies a tran-
scriptional activation domain within LR1. (A) Derivatives of
EBNA-1 are depicted schematically. EBNA-1 has two highly
charged regions within its amino terminus, LR1 (shaded
boxes) and LR2. The nuclear localization signal of EBNA-1
is found adjacent to a putative flexible linker domain or JD
and is represented in all derivatives by the hatched boxes. The
Gly-Gly-Ala repeats span about 225 residues in the B95-8
strain of EBV. The derivative used in these studies contains
only three Gly-Gly-Ala repeats. wt, wild-type. (B) Western
blot analysis demonstrating expression levels of the various
derivatives relative to that of wild-type EBNA-1. The mem-
brane was simultaneously probed with antibodies to EBNA-1
and f-actin, which served as a loading control. The relative
levels of expression of the transfected derivatives of EBNA-1
were corrected for loading error, and OD units obtained from
ImageQuant analysis are represented as OD units per trans-
fected cell at the bottom of each lane. (C) Mean luciferase
results corrected for transfection efficiency obtained from at
least three independent transfections performed in duplicate
are depicted graphically. The increases in transcription over
empty vector (mean increase [n-fold] over BJAB cells lacking
integrated FR-TK-luciferase, 10; average number of RLU,
5,425+231) mediated by wt-EBNA-1 (mean increase [n-fold]
over empty vector, 26 [P=5.3x1076]; average number of
RLU, 85,000+3,780), A359-369 (mean increase [n-fold] over
empty vector, 21 [P=0.009]; average number of RLU,
95,900+17,800), shuffled JD (mean increase [n-fold] over
empty vector, 56 [P=0.05]; average number of RLU, 116,
000+£10,700), and 2XIL.R1 (mean increase [n-fold] over
empty vector, 46.7 [P=0.007]; average number of RLU,
21,200£31,000) are significant. The apparent increases in
transcription over wild-type EBNA-1 mediated by the
shuffled JD and 2XI.R1 derivatives are not statistically sig-
nificant (P>0.05). The derivatives A65-89 (mean increase
[n-fold] over empty vector, 1.5 [P=0.85]; average number of
RLU, 6,510+491), 2XILR2 (mean increase [n-fold] over
empty vector, 2.5 [P=0.21]; average number of RLU,
9,169+1,070); and dnE1 (mean increase [n-fold] over empty
vector, 2.4 [P=0.33]; average number of RL.U, 8,957+1,800)
were found to have no effect on transcription from the inte-
grated template.

FIG. 4. The ability of EBNA-1 to activate transcription
from transfected templates is independent of its ability to
activate transcription from integrated templates. (A) The
mean CAT activities obtained in three independent experi-
ments performed in duplicate normalized to the CAT activity
obtained in cells transfected with FR-TK-CAT and an empty
vector control are depicted graphically. The CAT activity
obtained from cells transfected with a vector encoding wild-
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type (wt) EBNA-1 was 150-fold higher than that obtained
from cells transfected with a control plasmid (P=0.002). The
CAT activity obtained from cells transfected with a vector
encoding A65-89 was 24-fold higher than that obtained from
cells transfected with a control plasmid (P=0.001). The
derivative 2XI.R2 was also found to increase transcription
from the transfected template 20-fold over cells transfected
with a control plasmid (P=0.002), while the dnE1 derivative
had no effect on transcription from this template (P=0.3). (B)
The A65-89 derivative of EBNA-1 activates transcription
from transfected templates in a dose-dependent fashion
(P=0.003; Jonckhere-Terpstra test). BJAB cells were trans-
fected with 50 ng of a plasmid encoding FR-TK-luciferase
with increasing amounts of plasmids encoding either wild-
type EBNA-1 or A65-89. Luciferase activity was assayed 48
hours posttransfection and is represented on the y axis as
induction (n-fold) over cells transfected with a vector encod-
ing FR-TK-luciferase in the absence of EBNA-1. The error
bars indicate standard errors of the means.

FIG. 5. The derivative of EBNA-1 with amino acids 65 to
89 deleted inhibits wild-type EBNA-1’s transcription func-
tion in a dominant-negative manner. (A) Graphic representa-
tion of the results of three independent experiments per-
formed in duplicate using BJAB cells stably transfected with
FR-TK-luciferase plus 2 pg of a vector encoding EBNA-1
and either no vector or increasing amounts of a vector encod-
ing A65-89. (B) Graphic representation of the results of three
independent experiments performed in duplicate in which
BJAB cells were transiently transfected with a plasmid
encoding FR-TK-luciferase along with 3 pg of one encoding
EBNA-1 and no vector or increasing amounts of the vector
encoding A65-89. The decrease in luciferase activity medi-
ated by A65-89 is statistically significant in both panels
(P=0.004; Jonckhere-Terpstra test). The error bars indicate
standard errors of the means.

FIG. 6. Inhibition of EBNA-1 by a dominant negative,
dnE1, can select for loss of EBV DNA in the EBV-positive
Akata cell line. (A) The EBV-negative 293/EBNA-1 and
BJAB and the EBV-positive Akata and 721 cell lines were
infected with a retrovirus expressing dnE1 (Dom Neg 1).
Infected cells were sorted and plated in limiting dilutions.
Clones that grew after 14 days were expanded, and Western
analyses were performed. Wild-type EBNA-1 is detected in
293/EBNA-1 (293) and 721 cell lines, but not in BJAB cells
or in Akata clones 2, 3, and 5. Dom Neg 1 can be detected in
all cell lines infected with Dom Neg 1-expressing retrovirus.
(B) DNA was harvested from each of the surviving clones,
and Southern analyses were performed. EBV DNA readily
can be detected in the EBV-positive cell line 721 infected with
either the control or Dom Neg 1-expressing retrovirus. How-
ever, EBV-DNA has been lost from the Akata clones 2,3, 5, 6,
and 8 that were infected with Dom Neg 1, which correlates
with the loss of EBNA-1 expression in clones 2, 3, and 5 (see
A above). EBV DNA from the Akata clones infected with
control retrovirus was readily detected.

FIG. 7. Inhibition of EBNA-1 leads to a dose-dependent
decrease in survival. (A) The EBV-positive, normal B cell
line, 721, was infected with the control retrovirus or ones
expressing Dom Neg 1 or Dom Neg 2 (EBNA-1 with a dele-
tion of residues 65-89, i.e., A65-89). Infected cells were
sorted 72 hours postinfection for the top 15%, middle 15%,
and bottom 15% of green intensity. The sorted cells were
collected, and Western blots were performed. (B) Cells were
infected and sorted for the top 15% green, middle 15% green,
and bottom 15% of green expression, and were assayed for
survival. The decrease in survival between low, middle, and
high GFP expression of cells infected with Dom Neg 1 or 2 is
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statistically significant in all three of the EBV-positive cell
lines tested (P<0.05, Jonckhere-Terpstra test).

FIG. 8. The Dom Negderivatives of EBNA-1 do not inhibit
growth of EBV-negative B cells, whereas efficient expression
of wild-type EBNA-1 does. The EBV-negative B cell line,
BJAB, was infected with retroviruses expressing control,
Dom Neg 1 or 2, or wild-type EBNA-1. Infected cells were
sorted 48 hours postinfection for the highest 15%, middle
15%, and lowest 15% intensity of GFP expression, plated in
limiting dilutions, and scored for survival. The average sur-
vival of cells infected with the control virus was calculated
and was set at 100% survival (average). The survival of cells
infected with wild-type EBNA-1 sorted for low, middle, and
high was 11%, 3%, and 0.1%, respectively. Survival of cells
infected with Dom Neg 1 sorted for low, middle, and high was
129%, 129%, and 86%, respectively. Survival of the cells
infected with Dom Neg 2 sorted for low, middle, and high was
93%, 93%, and 51%, respectively.

FIG.9. Inhibition of EBNA-1’s functions by Dom Neg 1 or
2 leads to apoptosis of EBV-positive cells without their prior
loss of viral DNA or EBERs. (A) The EBV-positive normal B
cellline, 721, was infected with retroviruses expressing either
control or Dom Neg 1. Morphologic evidence of apoptosis
was present in 5-25% of 721 cells infected with Dom Neg 1 in
three independent assays, which was 4-fold greater than the
evidence of apoptosis identified in cells infected with control
virus (P<0.05). (B) Seventy-two hours postinfection, the
EBV-positive BL cell line, Okul, was scored for the fraction
of green cells staining positively for apoptosis by the TUNEL
assay. In three independent infections, each performed in
duplicate, the fraction of cells infected with Dom Neg 1 or 2
that stained positively by the TUNEL assay ranged from 20%
to 45%, which was seven to eight times higher than that of
cells infected with the control retrovirus (P<0.05). (C) Okul
cells were infected, and, at 72 hours, were stained with
annexin V conjugated to Alexa Fluor® 647. Green cells were
sorted plus or minus annexin V, their DNA was isolated, and
the number of molecules of EBV DNA was assayed by real-
time PCR and normalized to values of actin. The number of
EBV DNA molecules does not change significantly in cells
that are undergoing apoptosis. (D) Okul cells were infected,
and cells were sorted 72 hours postinfection for the top 15%,
middle 15%, and bottom 15% of green intensity. Reverse
transcription followed by PCR was performed on each frac-
tion to determine relative expression levels of the EBERI,
EBER2, and actin genes. Below each lane are shown expres-
sion levels of each of the bands adjusted for the intensity of
the actin amplification product relative to the intensity of the
actin product from the uninfected cells. The levels of EBER1
and EBER2 are not related to the survival of the infected
Okul cells.

FIG. 10. Expression of EBNA-1 in DLDI1 cells inhibits
p53’s ability to kill cells. (A) The p53-negative human colon
carcinoma cell line, DLD1, was transfected with DNA encod-
ing p53 to induce apoptosis in the presence of a DNA-encod-
ing EGFP, and an empty vector (control) or DNAs encoding
wild-type EBNA-1, Dom Neg 1 or 2, or LANA-1. Forty-eight
hours posttransfection, the cells were stained by the TUNEL
assay, and the fraction of TUNEL-positive, green cells was
measured in three independent transfections performed in
duplicate. EBNA-1 inhibited p53’s ability to induce apopto-
sis 5-fold (P<0.05). Importantly, Dom Neg 1 and 2 had no
effect on p53’s ability to induce apoptosis. LANA-1 was
found to inhibit p53’s ability to induce apoptosis by 50%,
which was consistent with what has been reported (Friborg et
al., 1999). (B) DLDI1 cells were transfected with plasmid
DNAs expressing EGFP, with or without cells expressing p53
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and EBNA-1. Approximately 24 hours posttransfection, cells
were trypsinized and plated on gridded tissue culture plates.
The number of cells expressing EGFP per grid (low power
field) was counted 48 hours and 96 hours posttransfection,
and 100-200 cells were counted per plate. There was a statis-
tically significant reduction in the number of cells expressing
EGFP and transfected with p53 by 48 hours (15 EGFP-ex-
pressing cells per field) compared with control (25 EGFP-
expressing cells per field) or EBNA-1 (24 EGFP-expressing
cells per field) (P=0.04). This reduction was also seen at 96
hours posttransfection (P=0.02). Fewer green cells trans-
fected with p53 and EBNA-1 (15 EGFP-expressing cells per
field) were found when compared with the control (P=0.08) at
48 hours by 96 hours, EBNA-1, when coexpressed with p53,
increased the number of green cells per field (15 EGFP-
expressing cells per field) compared with cells transfected
with p53 alone (seven EGFP-expressing cells per field)
(P=0.02). At 96 hours, there is no statistically significant
difference in the number of green cells, transfected with GFP
from those transfected with GFP plus EBNA-1 (P=0.5), indi-
cating that under these experimental conditions in which
EBNA-1 inhibits apoptosis, EBNA-1 alone is not inhibiting
survival or proliferation of DLD1 cells.

FIG. 11. Outlined are multiple events in the normal devel-
opment of B cells that can lead to apoptosis (Defrance et al.,
2002). Infection with EBV leads to survival of B cells with
nonfunctional B cell receptors (BCR), avoiding apoptosis
associated with peripheral B cell homeostasis, and results in
latent infection within long-term memory B cells (Kuppers
and Kanzler, 1997; Babcock et al.,, 1998). Inhibition of
EBNA-1 results in apoptosis in all of the EBV-infected B cells
tested.

FIG.12. Anexemplary EBNA-1 sequence (SEQ ID NO:1).

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

An “origin of replication” (“ori”) is a DNA sequence, e.g.,
in a lymphotrophic herpes virus, that when present in a plas-
mid in a cell is capable of maintaining linked sequences in the
plasmid, and/or a site at or near where DNA synthesis ini-
tiates. An ori for EBV includes FR sequences (20 imperfect
copies of a 30 bp repeat), and preferably DS sequences,
however, other sites in EBV bind EBNA-1, e.g., Rep*
sequences can substitute for DS as an origin of replication
(Kirshmaier and Sugden, 1998). Thus, a DNA sequence
which binds a protein corresponding to EBNA-1 includes FR,
DS and Rep* sequences.

A “lymphotrophic™ herpes virus is a herpes virus that rep-
licates in a lymphoblast (e.g., a human B lymphoblast) and
becomes a plasmid for a part of its natural life-cycle. After
infecting a host, these viruses latently infect the host by
maintaining the viral genome as a plasmid. Herpes simplex
virus (HSV) is not a “lymphotrophic” herpes virus. Exem-
plary lymphotropic herpes viruses include, but are not limited
to EBV, Kaposi’s sarcoma herpes virus (KSHV); Herpes
virus saimiri (HS) and Marek’s disease virus (MDV).

A “vector” or “construct” (sometimes referred to as gene
delivery or gene transfer “vehicle”) refers to a macromolecule
or complex of molecules comprising a polynucleotide to be
delivered to a host cell, either in vitro or in vivo. The poly-
nucleotide to be delivered may comprise a coding sequence of
interest for gene therapy. Vectors include, for example, viral
vectors (such as adenoviruses, adeno-associated viruses
(AAV), lentiviruses, herpesvirus and retroviruses), liposomes
and other lipid-containing complexes, and other macromo-
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lecular complexes capable of mediating delivery of a poly-
nucleotide to a host cell. Vectors can also comprise other
components or functionalities that further modulate gene
delivery and/or gene expression, or that otherwise provide
beneficial properties to the targeted cells. Such other compo-
nents include, for example, components that influence bind-
ing or targeting to cells (including components that mediate
cell-type or tissue-specific binding); components that influ-
ence uptake of the vector nucleic acid by the cell; components
that influence localization of the polynucleotide within the
cell after uptake (such as agents mediating nuclear localiza-
tion); and components that influence expression of the poly-
nucleotide. Such components also might include markers,
such as detectable and/or selectable markers that can be used
to detect or select for cells that have taken up and are express-
ing the nucleic acid delivered by the vector. Such components
can be provided as a natural feature of the vector (such as the
use of certain viral vectors which have components or func-
tionalities mediating binding and uptake), or vectors can be
modified to provide such functionalities. A large variety of
such vectors are known in the art and are generally available.
When a vector is maintained in a host cell, the vector can
either be stably replicated by the cells during mitosis as an
autonomous structure, incorporated within the genome of the
host cell, or maintained in the host cell’s nucleus or cyto-
plasm.

A “recombinant viral vector” refers to a viral vector com-
prising one or more heterologous genes or sequences. Since
many viral vectors exhibit size constraints associated with
packaging, the heterologous genes or sequences are typically
introduced by replacing one or more portions of the viral
genome. Such viruses may become replication-defective,
requiring the deleted function(s) to be provided in trans dur-
ing viral replication and encapsidation (by using, e.g., a
helper virus or a packaging cell line carrying genes necessary
for replication and/or encapsidation). Modified viral vectors
in which a polynucleotide to be delivered is carried on the
outside of the viral particle have also been described (see,
e.g., Curiel et al., 1991).

“Gene delivery,” “gene transfer,” and the like as used
herein, are terms referring to the introduction of an exogenous
polynucleotide (sometimes referred to as a “transgene”) into
a host cell, irrespective of the method used for the introduc-
tion. Such methods include a variety of well-known tech-
niques such as vector-mediated gene transfer (by, e.g., viral
infection/transfection, or various other protein-based or lipid-
based gene delivery complexes) as well as techniques facili-
tating the delivery of “naked” polynucleotides (such as elec-
troporation, “gene gun” delivery and various other techniques
used for the introduction of polynucleotides). The introduced
polynucleotide may be stably or transiently maintained in the
host cell. Stable maintenance typically requires that the intro-
duced polynucleotide either contains an origin of replication
compatible with the host cell or integrates into a replicon of
the host cell such as an extrachromosomal replicon (e.g., a
plasmid) or a nuclear or mitochondrial chromosome. A num-
ber of vectors are known to be capable of mediating transfer
of genes to mammalian cells, as is known in the art.

By “transgene” is meant any piece of a nucleic acid mol-
ecule (for example, DNA) which is inserted by artifice into a
cell either transiently or permanently, and becomes part of the
organism if integrated into the genome or maintained extra-
chromosomally. Such a transgene includes at least a portion
of'an open reading frame of a gene which is partly or entirely
heterologous (i.e., foreign) to the transgenic organism, or may
represent an open reading frame or a portion thereof of a gene
homologous to an endogenous gene of the organism, which
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portion optionally encodes a polypeptide with substantially
the same activity as the corresponding full length polypep-
tide, e.g., wild-type polypeptide, or at least one activity of the
corresponding full length polypeptide.

By “transgenic cell” is meant a cell containing a transgene.
For example, a stem cell transformed with a vector containing
an expression cassette can be used to produce a population of
cells having altered phenotypic characteristics. A “recombi-
nant cell” is one which has been genetically modified, e.g., by
insertion, deletion or replacement of sequences in a nonre-
combinant cell by genetic engineering.

The term “wild-type” or “native” refers to a gene or gene
product that has the characteristics of that gene or gene prod-
uct when isolated from a naturally occurring source. A wild-
type gene is that which is most frequently observed in a
population and is thus arbitrarily designated the “normal” or
“wild-type” form of the gene. In contrast, the term “modified”
or “mutant” refers to a gene or gene product that displays
modifications in sequence and or functional properties (i.e.,
altered characteristics) when compared to the wild-type gene
or gene product. It is noted that naturally-occurring mutants
can be isolated; these are identified by the fact that they have
altered characteristics when compared to the wild-type gene
or gene product.

The term “transduction” denotes the delivery of a poly-
nucleotide to a recipient cell either in vivo or in vitro, via a
viral vector and preferably via a replication-defective viral
vector.

The term ‘“heterologous™ as it relates to nucleic acid
sequences such as gene sequences and control sequences,
denotes sequences that are not normally joined together, and/
or are not normally associated with a particular cell. Thus, a
“heterologous” region of a nucleic acid construct or a vector
is a segment of nucleic acid within or attached to another
nucleic acid molecule that is not found in association with the
other molecule in nature. For example, a heterologous region
of a nucleic acid construct could include a coding sequence
flanked by sequences not found in association with the coding
sequence in nature, i.e., a heterologous promoter. Another
example of a heterologous coding sequence is a construct
where the coding sequence itself is not found in nature (e.g.,
synthetic sequences having codons different from the native
gene). Similarly, a cell transformed with a construct which is
not normally present in the cell would be considered heter-
ologous for purposes of this invention.

By “DNA” is meant a polymeric form of deoxyribonucle-
otides (adenine, guanine, thymine, or cytosine) in double-
stranded or single-stranded form found, inter alia, in linear
DNA molecules (e.g., restriction fragments), viruses, plas-
mids, and chromosomes. In discussing the structure of par-
ticular DNA molecules, sequences may be described herein
according to the normal convention of giving only the
sequence in the 5' to 3' direction along the nontranscribed
strand of DNA (i.e., the strand having the sequence comple-
mentary to the mRNA). The term captures molecules that
include the four bases adenine, guanine, thymine, or cytosine,
as well as molecules that include base analogues which are
known in the art.

As used herein, the terms “complementary” or “comple-
mentarity” are used in reference to polynucleotides (i.e., a
sequence of nucleotides) related by the base-pairing rules.
For example, the sequence “A-G-T,” is complementary to the
sequence “T-C-A”” Complementarity may be “partial,” in
which only some of the nucleic acids’ bases are matched
according to the base pairing rules. Or, there may be “com-
plete” or “total” complementarity between the nucleic acids.
The degree of complementarity between nucleic acid strands
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has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particu-
lar importance in amplification reactions, as well as detection
methods that depend upon binding between nucleic acids.

DNA molecules are said to have “5' ends” and “3' ends”
because mononucleotides are reacted to make oligonucle-
otides or polynucleotides in a manner such that the 5' phos-
phate of one mononucleotide pentose ring is attached to the 3'
oxygen of its neighbor in one direction via a phosphodiester
linkage. Therefore, an end of an oligonucleotide or poly-
nucleotide is referred to as the “5' end” if its 5' phosphate is
not linked to the 3' oxygen of a mononucleotide pentose ring
and as the “3' end” if its 3' oxygen is not linked to a 5'
phosphate of a subsequent mononucleotide pentose ring. As
used herein, a nucleic acid sequence, even if internal to a
larger oligonucleotide or polynucleotide, also may be said to
have 5' and 3' ends. In either a linear or circular DNA mol-
ecule, discrete elements are referred to as being “upstream” or
5' of the “downstream” or 3' elements. This terminology
reflects the fact that transcription proceeds in a 5'to 3' fashion
along the DNA strand. The promoter and enhancer elements
that direct transcription of a linked gene are generally located
5' or upstream of the coding region. However, enhancer ele-
ments can exert their effect even when located 3' of the pro-
moter element and the coding region. Transcription termina-
tion and polyadenylation signals are located 3' or downstream
of the coding region.

A “gene,” “polynucleotide,” “coding region,” “sequence, ”
“segment,” “fragment,” or “transgene” which “encodes” a
particular protein, is a nucleic acid molecule which is tran-
scribed and optionally also translated into a gene product,
e.g., a polypeptide, in vitro or in vivo when placed under the
control of appropriate regulatory sequences. The coding
region may be present in either a cDNA, genomic DNA, or
RNA form. When present in a DNA form, the nucleic acid
molecule may be single-stranded (i.e., the sense strand) or
double-stranded. The boundaries of a coding region are deter-
mined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A gene
can include, but is not limited to, cDNA from prokaryotic or
eukaryotic mRNA, genomic DNA sequences from prokary-
otic or eukaryotic DNA, and synthetic DNA sequences. A
transcription termination sequence will usually be located 3'
to the gene sequence.

The term “control elements™ refers collectively to pro-
moter regions, polyadenylation signals, transcription termi-
nation sequences, upstream regulatory domains, origins of
replication, internal ribosome entry sites (“IRES”), enhanc-
ers, splice junctions, and the like, which collectively provide
for the replication, transcription, post-transcriptional pro-
cessing and translation of a coding sequence in a recipient
cell. Not all of these control elements need always be present
so long as the selected coding sequence is capable of being
replicated, transcribed and translated in an appropriate host
cell.

The term “promoter” is used herein in its ordinary sense to
refer to a nucleotide region comprising a DNA regulatory
sequence, wherein the regulatory sequence is derived from a
gene which is capable of binding RNA polymerase and initi-
ating transcription of a downstream (3' direction) coding
sequence.

By “enhancer” is meant a nucleic acid sequence that, when
positioned proximate to a promoter, confers increased tran-
scription activity relative to the transcription activity result-
ing from the promoter in the absence of the enhancer domain.

By “operably linked” with reference to nucleic acid mol-
ecules is meant that two or more nucleic acid molecules (e.g.,
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a nucleic acid molecule to be transcribed, a promoter, and an
enhancer element) are connected in such a way as to permit
transcription of the nucleic acid molecule. “Operably linked”
with reference to peptide and/or polypeptide molecules is
meant that two or more peptide and/or polypeptide molecules
are connected in such a way as to yield a single polypeptide
chain, i.e., a fusion polypeptide, having at least one property
of each peptide and/or polypeptide component of the fusion.
The fusion polypeptide is preferably chimeric, i.e., composed
of heterologous molecules.

“Homology” refers to the percent of identity between two
polynucleotides or two polypeptides. The correspondence
between one sequence and to another can be determined by
techniques known in the art. For example, homology can be
determined by a direct comparison of the sequence informa-
tion between two polypeptide molecules by aligning the
sequence information and using readily available computer
programs. Alternatively, homology can be determined by
hybridization of polynucleotides under conditions which
form stable duplexes between homologous regions, followed
by digestion with single strand-specific nuclease(s), and size
determination of the digested fragments. Two DNA, or two
polypeptide, sequences are “substantially homologous” to
each other when at least about 80%, preferably at least about
90%, and most preferably at least about 95% of the nucle-
otides, or amino acids, respectively match over a defined
length of the molecules, as determined using the methods
above.

By “mammal” is meant any member of the class Mamma-
lia including, without limitation, humans and nonhuman pri-
mates such as chimpanzees and other apes and monkey spe-
cies; farm animals such as cattle, sheep, pigs, goats and
horses; domestic mammals such as dogs and cats; laboratory
animals including rodents such as mice, rats, rabbits and
guinea pigs, and the like.

By “derived from” is meant that a nucleic acid molecule
was either made or designed from a parent nucleic acid mol-
ecule, the derivative retaining substantially the same func-
tional features of the parent nucleic acid molecule, e.g.,
encoding a gene product with substantially the same activity
as the gene product encoded by the parent nucleic acid mol-
ecule from which it was made or designed.

By “expression construct” or “expression cassette” is
meant a nucleic acid molecule that is capable of directing
transcription. An expression construct includes, at the least, a
promoter. Additional elements, such as an enhancer, and/or a
transcription termination signal, may also be included.

The term “exogenous,” when used in relation to a protein,
gene, nucleic acid, or polynucleotide in a cell or organism
refers to a protein, gene, nucleic acid, or polynucleotide
which has been introduced into the cell or organism by arti-
ficial or natural means, or in relation a cell refers to a cell
which was isolated and subsequently introduced to other cells
orto an organism by artificial or natural means. An exogenous
nucleic acid may be from a different organism or cell, or it
may be one or more additional copies of a nucleic acid which
occurs naturally within the organism or cell. An exogenous
cell may be from a different organism, or it may be from the
same organism. By way of a non-limiting example, an exog-
enous nucleic acid is in a chromosomal location different
from that of'natural cells, or is otherwise flanked by a different
nucleic acid sequence than that found in nature.

The term “isolated” when used in relation to a nucleic acid,
peptide, polypeptide or virus refers to a nucleic acid
sequence, peptide, polypeptide or virus that is identified and
separated from at least one contaminant nucleic acid,
polypeptide or other biological component with which it is
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ordinarily associated in its natural source. Isolated nucleic
acid, peptide, polypeptide or virus is present in a form or
setting that is different from that in which it is found in nature.
For example, a given DNA sequence (e.g., a gene) is found on
the host cell chromosome in proximity to neighboring genes;
RNA sequences, such as a specific mRNA sequence encoding
a specific protein, are found in the cell as a mixture with
numerous other mRNAs that encode a multitude of proteins.
The isolated nucleic acid molecule may be present in single-
stranded or double-stranded form. When an isolated nucleic
acid molecule is to be utilized to express a protein, the mol-
ecule will contain at a minimum the sense or coding strand
(i.e., the molecule may single-stranded), but may contain
both the sense and anti-sense strands (i.e., the molecule may
be double-stranded).

The term “recombinant DNA molecule” as used herein
refers to a DNA molecule that is comprised of segments of
DNA joined together by means of molecular biological tech-
niques.

The term “recombinant protein” or “recombinant polypep-
tide” as used herein refers to a protein molecule that is
expressed from a recombinant DNA molecule.

The term “peptide”, “polypeptide” and protein™ are used
interchangeably herein unless otherwise distinguished.

The term “sequence homology” means the proportion of
base matches between two nucleic acid sequences or the
proportion amino acid matches between two amino acid
sequences. When sequence homology is expressed as a per-
centage, e.g., 50%, the percentage denotes the proportion of
matches over the length of a selected sequence that is com-
pared to some other sequence. Gaps (in either of the two
sequences) are permitted to maximize matching; gap lengths
of 15 bases or less are usually used, 6 bases or less are
preferred with 2 bases or less more preferred. When using
oligonucleotides as probes or treatments, the sequence
homology between the target nucleic acid and the oligonucle-
otide sequence is generally not less than 17 target base
matches out of 20 possible oligonucleotide base pair matches
(85%); preferably not less than 9 matches out of 10 possible
base pair matches (90%), and more preferably notless than 19
matches out of 20 possible base pair matches (95%).

The term “selectively hybridize” means to detectably and
specifically bind. Polynucleotides, oligonucleotides and frag-
ments of the invention selectively hybridize to nucleic acid
strands under hybridization and wash conditions that mini-
mize appreciable amounts of detectable binding to nonspe-
cific nucleic acids. High stringency conditions can be used to
achieve selective hybridization conditions as known in the art
and discussed herein. Generally, the nucleic acid sequence
homology between the polynucleotides, oligonucleotides,
and fragments of the invention and a nucleic acid sequence of
interest is at least 65%, and more typically with preferably
increasing homologies of at least about 70%, about 90%,
about 95%, about 98%, and 100%.

Two amino acid sequences are homologous if there is a
partial or complete identity between their sequences. For
example, 85% homology means that 85% of the amino acids
are identical when the two sequences are aligned for maxi-
mum matching. Gaps (in either of the two sequences being
matched) are allowed in maximizing matching; gap lengths of
5 or less are preferred with 2 or less being more preferred.
Alternatively and preferably, two protein sequences (or
polypeptide sequences derived from them of at least 30 amino
acids in length) are homologous, as this term is used herein, if
they have an alignment score of at more than 5 (in standard
deviation units) using the program ALIGN with the mutation
data matrix and a gap penalty of 6 or greater. See Dayhoff,
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1972. The two sequences or parts thereof are more preferably
homologous if their amino acids are greater than or equal to
50% identical when optimally aligned using the ALIGN pro-
gram.

The term “corresponds to” is used herein to mean that a
polynucleotide sequence is homologous (i.e., is identical, not
strictly evolutionarily related) to all or a portion of a reference
polynucleotide sequence, or that a polypeptide sequence is
identical to a reference polypeptide sequence. In contradis-
tinction, the term “complementary to” is used herein to mean
that the complementary sequence is homologous to all or a
portion of a reference polynucleotide sequence. For illustra-
tion, the nucleotide sequence “TATAC” corresponds to a ref-
erence sequence “TATAC” and is complementary to a refer-
ence sequence “GTATA”.

The following terms are used to describe the sequence
relationships between two or more polynucleotides: “refer-
ence sequence”, “comparison window”, “sequence identity”,
“percentage of sequence identity”, and “substantial identity”.
A “reference sequence” is a defined sequence used as a basis
for a sequence comparison; a reference sequence may be a
subset of a larger sequence, for example, as a segment of a
full-length cDNA or gene sequence given in a sequence list-
ing, or may comprise a complete cDNA or gene sequence.
Generally, a reference sequence is at least 20 nucleotides in
length, frequently at least 25 nucleotides in length, and often
at least 50 nucleotides in length. Since two polynucleotides
may each (1) comprise a sequence (i.e., a portion of the
complete polynucleotide sequence) that is similar between
the two polynucleotides, and (2) may further comprise a
sequence that is divergent between the two polynucleotides,
sequence comparisons between two (or more) polynucle-
otides are typically performed by comparing sequences of the
two polynucleotides over a “comparison window” to identify
and compare local regions of sequence similarity.

A “comparison window”, as used herein, refers to a con-
ceptual segment of at least 20 contiguous nucleotides and
wherein the portion of the polynucleotide sequence in the
comparison window may comprise additions or deletions
(i.e., gaps) of 20 percent or less as compared to the reference
sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. Optimal align-
ment of sequences for aligning a comparison window may be
conducted by the local homology algorithm of Smith and
Waterman (1981), by the homology alignment algorithm of
Needleman and Wunsch (1970), by the search for similarity
method of Pearson and Lipman (1988), by computerized
implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package Release 7.0, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by inspection, and the best alignment
(i.e., resulting in the highest percentage of homology over the
comparison window) generated by the various methods is
selected.

The term “sequence identity” means that two polynucle-
otide sequences are identical (i.e., on a nucleotide-by-nucle-
otide basis) over the window of comparison. The term “per-
centage of sequence identity” means that two polynucleotide
sequences are identical (i.e., on a nucleotide-by-nucleotide
basis) over the window of comparison. The term “percentage
of sequence identity” is calculated by comparing two opti-
mally aligned sequences over the window of comparison,
determining the number of positions at which the identical
nucleic acid base (e.g., A, T, C, G, U, or I) occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison (i.e., the window
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size), and multiplying the result by 100 to yield the percent-
age of sequence identity. The terms “substantial identity” as
used herein denote a characteristic of a polynucleotide
sequence, wherein the polynucleotide comprises a sequence
that has at least 85 percent sequence identity, preferably at
least 90 to 95 percent sequence identity, more usually at least
99 percent sequence identity as compared to a reference
sequence over a comparison window of at least 20 nucleotide
positions, frequently over a window of at least 20-50 nucle-
otides, wherein the percentage of sequence identity is calcu-
lated by comparing the reference sequence to the polynucle-
otide sequence which may include deletions or additions
which total 20 percent or less of the reference sequence over
the window of comparison.

As applied to polypeptides, the term “substantial identity”
means that two peptide sequences, when optimally aligned,
such as by the programs GAP or BESTFIT using default gap
weights, share at least about 80 percent sequence identity,
preferably at least about 90 percent sequence identity, more
preferably at least about 95 percent sequence identity, and
most preferably at least about 99 percent sequence identity.

As used herein, “substantially pure” means an object spe-
cies is the predominant species present (i.e., on a molar basis
it is more abundant than any other individual species in the
composition), and preferably a substantially purified fraction
is a composition wherein the object species comprises at least
about 50 percent (on a molar basis) of all macromolecular
species present. Generally, a substantially pure composition
will comprise more than about 80 percent of all macromo-
lecular species present in the composition, more preferably
more than about 85%, about 90%, about 95%, and about 99%.
Most preferably, the object species is purified to essential
homogeneity (contaminant species cannot be detected in the
composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular
species.

A “protective immune response” and “prophylactic
immune response” are used interchangeably to refer to an
immune response which targets an immunogen to which the
individual has not yet been exposed or targets a protein asso-
ciated with a disease in an individual who does not have the
disease, such as a tumor associated protein in a patient who
does not have a tumor.

A “therapeutic immune response” refers to an immune
response which targets an immunogen to which the individual
has been exposed or a protein associated with a disease in an
individual who has the disease.

The term “prophylactically effective amount” is meant to
refer to the amount necessary to, in the case of infectious
agents, prevent an individual from developing an infection,
and in the case of diseases, prevent an individual from devel-
oping a disease.

The term “therapeutically effective amount” is meant to
refer to the amount necessary to, in the case of infectious
agents, reduce the level of infection in an infected individual
in order to reduce symptoms or eliminate the infection, and in
the case of diseases, to reduce symptoms or cure the indi-
vidual.

“Inducing an immune response against an immunogen” is
meant to refer to induction of an immune response in a naive
individual and induction of an immune response in an indi-
vidual previously exposed to an immunogen wherein the
immune response against the immunogen is enhanced.

II. Preparation of Expression Cassettes
To prepare expression cassettes for transformation herein,
the recombinant DNA sequence or segment may be circular
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or linear, double-stranded or single-stranded. A DNA
sequence which encodes an RNA sequence that is substan-
tially complementary to a mRNA sequence encoding a gene
product of interest is typically a “sense” DNA sequence
cloned into a cassette in the opposite orientation (i.e., 3' to 5'
rather than 5' to 3'). Generally, the DNA sequence or segment
is in the form of chimeric DNA, such as plasmid DNA, that
can also contain coding regions flanked by control sequences
which promote the expression of the DNA in a cell. As used
herein, “chimeric” means that a vector comprises DNA from
at least two different species, or comprises DNA from the
same species, which is linked or associated in a manner which
does not occur in the “native” or wild-type of the species.

Aside from DNA sequences that serve as transcription
units, or portions thereof, a portion of the DNA may be
untranscribed, serving a regulatory or a structural function.
For example, the DNA may itself comprise a promoter that is
active in eukaryotic cells, e.g., mammalian cells, or in certain
cell types, or may utilize a promoter already present in the
genome that is the transformation target of the lymphotropic
virus. Such promoters include the CMV promoter, as well as
the SV40 late promoter and retroviral LTRs (long terminal
repeat elements), e.g., the MMTV, RSV, MLV or HIV LTR,
although many other promoter elements well known to the art
may be employed in the practice of the invention.

Other elements functional in the host cells, such as introns,
enhancers, polyadenylation sequences and the like, may also
be a part of the recombinant DNA. Such elements may or may
not be necessary for the function of the DNA, but may provide
improved expression of the DNA by affecting transcription,
stability of the mRNA, or the like. Such elements may be
included in the DNA as desired to obtain the optimal perfor-
mance of the transforming DNA in the cell.

The recombinant DNA to be introduced into the cells may
contain either a selectable marker gene or a reporter gene or
both to facilitate identification and selection of transformed
cells from the population of cells sought to be transformed.
Alternatively, the selectable marker may be carried on a sepa-
rate piece of DNA and used in a co-transformation procedure.
Both selectable markers and reporter genes may be flanked
with appropriate regulatory sequences to enable expression in
the host cells. Useful selectable markers are well known in the
art and include, for example, antibiotic and herbicide-resis-
tance genes, such as neo, hpt, dhft, bar, aroA, puro, hyg, dapA
and the like. See also, the genes listed on Table 1 of Lundquist
et al. (U.S. Pat. No. 5,848,956).

Reporter genes are used for identifying potentially trans-
formed cells and for evaluating the functionality of regulatory
sequences. Reporter genes which encode for easily assayable
proteins are well known in the art. In general, a reporter gene
is a gene which is not present in or expressed by the recipient
organism or tissue and which encodes a protein whose
expression is manifested by some easily detectable property,
e.g., enzymatic activity. Exemplary reporter genes include the
chloramphenicol acetyl transferase gene (cat) from Tn9 of E.
coli, the beta-glucuronidase gene (gus) of the uid A locus of .
coli, the green, red, or blue fluorescent protein gene, and the
luciferase gene. Expression of the reporter gene is assayed at
a suitable time after the DNA has been introduced into the
recipient cells.

The general methods for constructing recombinant DNA
which can transform target cells are well known to those
skilled in the art, and the same compositions and methods of
construction may be utilized to produce the DNA useful
herein. For example, Sambrook et al. (1989) provides suitable
methods of construction.
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The recombinant DNA can be readily introduced into the
host cells, e.g., mammalian, bacterial, yeast or insect cells, or
prokaryotic cells, by transfection with an expression vector
comprising the recombinant DNA by any procedure useful
for the introduction into a particular cell, e.g., physical or
biological methods, to yield a transformed (transgenic) cell
having the recombinant DNA so that the DNA sequence of
interest is expressed by the host cell. In one embodiment, at
least one of the recombinant DNAs which is introduced to a
cell is maintained extrachromosomally. In one embodiment,
one recombinant DNA is maintained extrachromosomally
while another is stably integrated into its genome.

Physical methods to introduce a recombinant DNA into a
host cell include calcium-mediated methods, lipofection, par-
ticle bombardment, microinjection, electroporation, and the
like. Biological methods to introduce the DNA of interest into
a host cell include the use of DNA and RNA viral vectors.
Viral vectors, e.g., retroviral or lentiviral vectors, have
become a widely used method for inserting genes into
eukaryotic, such as mammalian, e.g., human, cells. Other
viral vectors useful to introduce genes into cells can be
derived from poxviruses, e.g., vaccinia viruses, herpes
viruses, adenoviruses, adeno-associated viruses, baculovi-
ruses, and the like.

“Transfected,” “transformed” or “transgenic” is used
herein to include any host cell or cell line, which has been
altered or augmented by the presence of at least one recom-
binant DNA sequence. The host cells of the present invention
are typically produced by transfection with a DNA sequence
in a plasmid expression vector, as an isolated linear DNA
sequence, or infection with a recombinant viral vector.

To confirm the presence of the recombinant DNA sequence
in the host cell, a variety of assays may be performed. Such
assays include, for example, molecular biological assays well
known to those of skill in the art, such as Southern and
Northern blotting, RT-PCR and PCR; biochemical assays,
such as detecting the presence or absence of a particular gene
product, e.g., by immunological means (ELISAs and Western
blots) or by other molecular assays.

To detect and quantitate RNA produced from introduced
recombinant DNA segments, RT-PCR may be employed. In
this application of PCR, it is first necessary to reverse tran-
scribe RNA into DNA, using enzymes such as reverse tran-
scriptase, and then through the use of conventional PCR
techniques amplify the DNA. In most instances PCR tech-
niques, while useful, will not demonstrate integrity of the
RNA product. Further information about the nature of the
RNA product may be obtained by Northern blotting. This
technique demonstrates the presence of an RNA species and
gives information about the integrity of that RNA. The pres-
ence or absence of an RNA species can also be determined
using dot or slot blot Northern hybridizations. These tech-
niques are modifications of Northern blotting and only dem-
onstrate the presence or absence of an RNA species.

While Southern blotting and PCR may beused to detect the
recombinant DNA segment in question, they do not provide
information as to whether the recombinant DNA segment is
being expressed. Expression may be evaluated by specifically
identifying the peptide products of the introduced DNA
sequences or evaluating the phenotypic changes brought
about by the expression of the introduced DNA segment in the
host cell.

II1. Polypeptides

The polypeptide derivatives of the invention can be syn-
thesized in vitro, e.g., by the solid phase peptide synthetic
method or by recombinant DNA approaches (see above). The
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solid phase peptide synthetic method is an established and
widely used method, which is described in the following
references: Stewart et al., 1969; Merrifield, 1963; Meien-
hofer, 1973; Bavaay and Merrifield, 1980; and Clark-Lewis et
al., 1997. These polypeptides can be further purified by frac-
tionation on immunoaffinity or ion-exchange columns; etha-
nol precipitation; reverse phase HPL.C; chromatography on
silica or on an anion-exchange resin such as DEAE; chro-
matofocusing; SDS-PAGE; ammonium sulfate precipitation;
gel filtration using, for example, Sephadex G-75; or ligand
affinity chromatography.

Once isolated and characterized, chemically modified
derivatives, of a given polypeptide derivative can be readily
prepared. For example, amides of the polypeptide of the
present invention may also be prepared by techniques well
known in the art for converting a carboxylic acid group or
precursor, to an amide. A preferred method for amide forma-
tion at the C-terminal carboxyl group is to cleave the polypep-
tide from a solid support with an appropriate amine, or to
cleave in the presence of an alcohol, yielding an ester, fol-
lowed by aminolysis with the desired amine.

Salts of carboxyl groups of a polypeptide of the invention
may be prepared in the usual manner by contacting the pep-
tide with one or more equivalents of a desired base such as, for
example, a metallic hydroxide base, e.g., sodium hydroxide;
a metal carbonate or bicarbonate base such as, for example,
sodium carbonate or sodium bicarbonate; or an amine base
such as, for example, triethylamine, triethanolamine, and the
like.

N-acyl derivatives of an amino group of the polypeptide
may be prepared by utilizing an N-acyl protected amino acid
for the final condensation, or by acylating a protected or
unprotected polypeptide. O-acyl derivatives may be pre-
pared, for example, by acylation of a free hydroxy polypep-
tide or polypeptide resin. Either acylation may be carried out
using standard acylating reagents such as acyl halides, anhy-
drides, acyl imidazoles, and the like. Both N- and O-acylation
may be carried out together, if desired.

Formyl-methionine, pyroglutamine and trimethyl-alanine
may be substituted at the N-terminal residue of the polypep-
tide. Other amino-terminal modifications include aminooxy-
pentane modifications (see Simmons et al., 1997).

A derivative of the invention is a polypeptide which, rela-
tive to a corresponding wild-type polypeptide, has a modified
amino acid sequence. The modifications include the deletion,
insertion or substitution of at least one amino acid residue in
aregion corresponding to the unique region of LR1 in EBNA-
1, and may include a deletion, insertion and/or substitution of
one or more amino acid residues in regions corresponding to
other residues of EBNA-1, e.g., about residue 1 to about
residue 40, residues about 90 to about 328 (“Gly-Gly-Ala”
repeat region), residues about 329 to about 377 (LR2), resi-
dues about 379 to about 386 (NLS), residues about 451 to
about 608 (DNA binding and dimerization), or residues about
609 to about 641, so long as the resulting derivative has the
desired properties, e.g., dimerizes and binds DNA containing
an ori corresponding to oriP, localizes to the nucleus, is not
cytotoxic, and activates transcription from an extrachromo-
somal but does not substantially active transcription from an
integrated template. Substitutions include substitutions
which utilize the D rather than L form, as well as other well
known amino acid analogs, e.g., unnatural amino acids such
as o, a-disubstituted amino acids, N-alkyl amino acids, lactic
acid, and the like. These analogs include phosphoserine,
phosphothreonine, = phosphotyrosine,  hydroxyproline,
gamma-carboxyglutamate; hippuric acid, octahydroindole-
2-carboxylic acid, statine, 1,2,3,4,-tetrahydroisoquinoline-3-
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carboxylic acid, penicillamine, ornithine, citruline, c.-me-
thyl-alanine, para-benzoyl-phenylalanine, phenylglycine,
propargylglycine, sarcosine, e-N,N,N-trimethyllysine, e-N-
acetyllysine, N-acetylserine, N-formylmethionine, 3-meth-
ylhistidine, 5-hydroxylysine, w-N-methylarginine, and other
similar amino acids and imino acids and tert-butylglycine.

Conservative amino acid substitutions are preferred—that
is, for example, aspartic-glutamic as polar acidic amino acids;
lysine/arginine/histidine as polar basic amino acids; leucine/
isoleucine/methionine/valine/alanine/glycine/proline as non-
polar or hydrophobic amino acids; serine/threonine as polar
or uncharged hydrophilic amino acids. Conservative amino
acid substitution also includes groupings based on side
chains. For example, a group of amino acids having aliphatic
side chains is glycine, alanine, valine, leucine, and isoleucine;
a group of amino acids having aliphatic-hydroxyl side chains
is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group
of'amino acids having aromatic side chains is phenylalanine,
tyrosine, and tryptophan; a group of amino acids having basic
side chains is lysine, arginine, and histidine; and a group of
amino acids having sulfur-containing side chains is cysteine
and methionine. For example, it is reasonable to expect that
replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a
similar replacement of an amino acid with a structurally
related amino acid will not have a major effect on the prop-
erties of the resulting polypeptide. Whether an amino acid
change results in a functional polypeptide can readily be
determined by assaying the specific activity of the polypep-
tide.

Amino acid substitutions falling within the scope of the
invention, are, in general, accomplished by selecting substi-
tutions that do not differ significantly in their effect on main-
taining (a) the structure of the peptide backbone in the area of
the substitution, (b) the charge or hydrophobicity of the mol-
ecule at the target site, or (c¢) the bulk of the side chain.
Naturally occurring residues are divided into groups based on
common side-chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gln, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and

(6) aromatic; trp, tyr, phe.

The invention also envisions polypeptides with non-con-
servative substitutions. Non-conservative substitutions entail
exchanging a member of one of the classes described above
for another.

Acid addition salts of the polypeptide or of amino residues
of the polypeptide may be prepared by contacting the
polypeptide or amine with one or more equivalents of the
desired inorganic or organic acid, such as, for example,
hydrochloric acid. Esters of carboxyl groups of the polypep-
tides may also be prepared by any of the usual methods known
in the art.

Analogs include structures having one or more peptide
linkages optionally replaced by a linkage selected from the
group consisting oft —CH,NH—, —CH,S—, —CH,—
CH,—, —CH—CH-(cis and trans), —CH—CF-trans),
—COCH,—, —CH(OH)CH,—, and —CH,SO—, by meth-
ods known in the art and further described in the following
references: Spatola, 1983; Spatola, 1983,; Morley, 1980;
Hudson et al., 1979 (—CH,NH—, CH,CH,—); Spatola et
al., 1986 (—CH,—S); Hann, 1982 (—CH—CH—, cis and
trans); Almquist et al., 1980 (—COCH,—); Jennings-White
etal., 1982 (—COCH,—); Szelke et al. European Appln. EP
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45665 (—CH(OH)CH,—); Holladay et al., 1983 (—C(OH)
CH,—); and Hruby, 1982 (—CH,S—); each of which is
incorporated herein by reference. A particularly preferred
non-peptide linkage is —CH,NH—. Such analogs may have
greater chemical stability, enhanced pharmacological prop-
erties (half-life, absorption, potency, efficacy, etc.), altered
specificity (e.g., a broad-spectrum of biological activities),
reduced antigenicity, and be economically prepared.

IV. Compositions, Formulations and Uses of the Vectors

The vectors of the invention may be employed in vitro, ex
vivo, i.e., cells to be introduced to an eukaryotic organism,
e.g., a mammal, or in vivo, e.g., as a gene transfer vector
useful to transfer therapeutic or prophylactic gene products.
The amount of vector(s) administered will vary depending on
various factors including, but not limited to, the vector(s)
chosen, the condition or disease, and whether prevention or
treatment is to be achieved. Administration of the vectors in
accordance with the present invention may be continuous or
intermittent. Both local and systemic administration is con-
templated.

Recombinant viruses such as recombinant retroviruses,
lentiviruses, adenoviruses, and adeno-associated viruses
(AAV), plasmid vectors or liposome-polynucleotide com-
plexes, may be employed to deliver a polynucleotide encod-
ing a derivative of the invention to a cell, and recombinant
viruses such as recombinant herpes viruses, plasmid vectors
or liposome-polynucleotide complexes, may be employed to
deliver a vector comprising DNA sequence corresponding to
oriP and a heterologous open reading frame to a cell. The use
of plasmid- or liposome-based vectors, e.g., oriP-based vec-
tors, and/or vectors encoding the Gly-Gly-Ala repeat of
EBNA-1 permit large fragments of DNA to be introduced to
a cell and maintained extrachromosomally, replicated once
per cell cycle, partitioned to daughter cells efficiently, and
elicit substantially no immune response. In particular,
EBNA-1, the only viral protein required for the replication of
the oriP-based expression vector, does not elicit a cellular
immune response because it has developed an efficient
mechanism to bypass the processing required for presentation
of'its antigens on MHC class I molecules (Levitskaya et al.,
1997). Further, EBNA-1 can act in trans to enhance expres-
sion of the cloned gene, inducing expression of a cloned gene
up to 100-fold in some cell lines (Langle-Rouault et al., 1998;
Evans et al., 1997). Finally, the manufacture of such oriP-
based expression vectors is inexpensive.

One application of oriP-based expression vectors is the
delivery of a wild-type gene to cells in which both alleles for
the gene are defective. An oriP plasmid can be constructed
which supports expression of EBNA-1, the gene of interest,
and a selectable marker. Lei et al. (1996) used an oriP-based
vector to deliver the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) gene to transformed human airway
epithelial cells defective in cAMP-dependent chloride trans-
port. Transfection of this vector into the indicated cells led to
the restoration of cAMP-dependent chloride transport. The
rate of loss for oriP plasmids is a function of the number of
cell cycles through which a host cell passes without selection
(Kirchmaier et al., 1995; Wohlgemuth et al., 1996). Gener-
ally, the plasmids are lost at about 3%/cell/generation in the
absence of selection. Because most cells in adults proliferate
slowly or not at all, oriP/EBNA-1 vectors are likely to be
maintained in them for long times. Therefore, airway epithe-
lial cells in adults are likely ideal targets for this type of
therapy. If oriP plasmids are targeted to rapidly dividing cells,
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it may be necessary to re-administered them periodically or
provide the cells which carry the oriP plasmids with a selec-
tive advantage.

OriP-based expression vectors can also be used to target
genes to tumour cells. Hirai et al. (1997) developed a system
to target therapeutic agents to EBV-positive cells. They
designed an oriP plasmid which contained the HSV thymi-
dine kinase gene driven by its native promoter. EBNA-1-
positive and -negative cells were transfected with this plasmid
via envelope proteins from inactivated haemagglutinating
virus of Japan (HVJ, or Sendai virus), treated with 30 mM
gancyclovir at 3 days post-transfection and monitored for
viability at different time points. After 3 days of treatment
with gancyclovir, less than 10% of the EBNA-1-positive cells
were viable, whereas toxicity was not detected in EBNA-1-
negative cell lines. This approach, in which HVJ-liposomes
are used to target oriP plasmids to EBNA-1-positive cells,
may prove valuable for treating EBV-associated malignan-
cies. HVIJ-liposomes have been successfully used to deliver
marker genes into bone marrow cells and human primary
fibroblasts (Satob et al., 1991) and so are a delivery system for
oriP-based expression vectors.

To introduce a vector into target cells other than B lympho-
cytes, inoculation of naked DNA, e.g., using electroporation,
iontophoresis or particle-mediated delivery, complexing the
DNA with polycations such as cationic lipids or cationic
polymers (Dubensky et al., 1984; Felgner et al., 1989; Perales
etal., 1994; Wolff et al., 1990) or polyanions (Kaneda, 2001),
e.g., liposome-mediated gene transfer, may be employed.
These methods may be employed to deliver the gene repeat-
edly if rapidly proliferating cells are the requisite targets for
gene transfer.

OriP-based vectors not only are potentially effective tools
in gene therapy, but may also be used to advantage in cell
culture. An oriP vector into which a gene of interest has been
cloned can be maintained extrachromosomally in many
mammalian cells which express EBNA-1 (Yates et al., 1984).
The EBNA-1 moiety of this replicon can be expressed either
as a gene integrated into the host cell or as a gene incorporated
into the vector. The former approach has the advantage of a
10-to 100-fold increase in the number of transfected cells that
support extrachromosomal replication of the oriP vector
(Peterson et al., 1991). The latter approach provides versatil-
ity to the use of a single vector in many cell types.

OriP/EBNA-1 replicons have been used to study gene
expression with at least three different goals. First, the
expressed genes have been dissected genetically to elucidate
their functions via the phenotypes they induce. The efficient
expression of genes from oriP vectors facilitates these experi-
ments (Langle-Rouault et al., 1998; Evans et al., 1997). Sec-
ond, the transcriptional regulation of genes expressed from
oriP vectors has been analysed genetically. These analyses
allow mutagenesis of cis-acting elements within a promoter
and measurements of transcription from the promoter in a
population of cells which have been selected to maintain the
plasmid replicon. Third, the plasmid nature of oriP vectors
allows their ready isolation from transtected cells and has
permitted the development of selections in mammalian cells
for expressed genes which compensate for defects in the
recipient cells.

A major application of genes expressed from oriP vectors
has been to analyse genetically cis- and trans-acting elements
of EBV itself. Genetic studies of EBNA-1, EBNA-2, LMP-1,
oriP and oriLyt have all been conducted with oriP expression
vectors. This use of oriP vectors has been extended to the
study of cellular genes too. For example, the [.1 retrotrans-
poson has been introduced into an oriP vector and its rate of
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transposition to the host cell genome measured (Moran et al.,
1996). Mutations introduced into an open reading frame of
the retrotransposon affected the rate of retrotransposition and
confirmed the role of this open reading frame in retrotrans-
position.

The chromatin structure of genes inserted into oriP vectors,
as exemplified by the HIV provirus, appears similar or iden-
tical to that of genes integrated into the cellular genome
(Stanfield-Oakley et al., 1996). These observations make
oriP/EBNA-1 vectors desirable vehicles for the analysis of
the regulation of gene expression. Stretches of 50 kbp of DNA
from the human c-myc locus have been cloned into a F-factor
plasmid which contains oriP, propagated in E. coli, purified,
and then introduced into EBV-positive cells which provide
EBNA-1 in trans. Cis-acting enhancers from the immunoglo-
bulin locus were shown to activate transcription of c-myc
even when the enhancers were located 30 kbp away (Mautner
etal, 1996).

A third application of oriP/EBNA-1 plasmids is to select
for expressed genes in a library of oriP vectors which carry a
c¢DNA or genomic DNA that complement a defect in a recipi-
ent cell or otherwise provide the recipient cell a selective
advantage. This application has been used effectively to
search for wild-type genes which when mutant render cells
susceptible to efficient killing with ultraviolet light. The wild-
type cDNA of a gene mutated in cells of a patient with
xeroderma pigmentosum group C (XP-C) was recovered on
an oriP vector after its selection in XP-C cells exposed to
UV-light in cell culture (Legerski et al., 1992). An analogous
selection has been used successfully to isolate a wild-type
cDNA of the CSA gene mutated in hereditary Cockayne
Syndrome. This application will also be rendered more facile
by the use of YAC and BAC libraries in which the vectors have
incorporated oriP (Simpson et al., 1996; Henning et al.,
1995).

For gene therapy, the vectors of the invention may be
introduced to any mammal, e.g., a mammal having symptoms
of a genetically-based disorder, an acquired disorder or an
infectious disease which is amenable to gene-based therapy,
including but not limited to bovine, ovine, equine, caprine,
canine, feline, and porcine, as well as primates, particularly
humans.

In one embodiment, gene transfer in vivo is obtained by
introducing an expression vector into the mammalian host,
either as naked DNA, recombinant virus or DNA complexed
to charged carriers, e.g., cationic lipid carriers. The vectors
may provide for integration into the host cell genome for
stable maintenance of the transgene encoding the derivative
of the invention or for episomal expression of a prophylactic
or therapeutic transgene. The introduction into the mamma-
lian host may be by any of several routes, including intrave-
nous or intraperitoneal injection, intratracheally, intrathe-
cally, parenterally, intraarticularly, intranasally,
intramuscularly, topical, transdermal, application to any
mucous membrane surface, corneal instillation, and the like.
For instance, an expression vector is introduced into a circu-
lating bodily fluid or into a body orifice or cavity, such as lung,
colon, vagina, and the like, or intrathecal administration,
which may result in wide dissemination of the vector follow-
ing such routes of administration. In one embodiment, aero-
sol administration is employed to introduce a vector into a
body orifice or cavity. Any physiologically acceptable
medium may be employed for administering the DNA,
recombinant virus or lipid carriers, such as deionized water,
saline, phosphate-buffered saline, 5% dextrose in water, and
the like, depending upon the route of administration. Other
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components may be included in the formulation such as buft-
ers, stabilizers, biocides, and the like.

The amount of naked DNA, recombinant virus or com-
plexes used is an amount sufficient to provide for adequate
dissemination to a variety of tissues after entry of the DNA,
recombinant virus or complexes into the bloodstream and to
provide for a therapeutic or prophylactic level of expression
in at least some transfected or infected tissues. A therapeutic
or prophylactic level of expression is a sufficient amount of
expression to prevent, treat or palliate a disease or infection of
the mammal.

The formulations and compositions described herein may
also contain other ingredients such as antimicrobial agents, or
preservatives. Furthermore, the active ingredients may also
be used in combination with other therapeutic agents Kits of
the invention will generally include the DNA either as naked
DNA or complexed to lipid carriers, and/or an isolated deriva-
tive of the invention. Additionally, lipid carriers may be pro-
vided in a separate container for complexing with the pro-
vided DNA. The DNA either for direct administration or for
complexing with lipid carriers, or the lipid carrier/DNA com-
plexes, and/or an isolated derivative of the invention may be
present as concentrates which may be further diluted prior to
use or they may be provided at the concentration of use, where
the vials may include one or more dosages. Conveniently,
single dosages may be provided in sterile vials so that the
physician or veterinarian may employ the vials directly,
where the vials will have the desired amount and concentra-
tion of agents. Thus, a vial may contain the DNA, the DNA/
lipid carrier and/or an isolated derivative of the invention in
appropriate proportional amounts. When the vials contain the
formulation for direct use, usually there will be no need for
other reagents for use with the method.

For parenteral administration, sterile liquid pharmaceuti-
cal compositions, solutions or suspensions can be utilized by,
for example, intraperitoneal injection, subcutaneous injec-
tion, intravenously, or topically. The vectors can be also be
administered intravascularly or via an implantable device,
e.g., a needle, catheter, shunt, or stent.

In addition, the vectors can be formulated for inhalation.
The liquid carrier for pressurized compositions can be halo-
genated hydrocarbon or other pharmaceutically acceptable
propellent. Such pressurized compositions are typically lipid
encapsulated or associated for delivery via inhalation. For
administration by intranasal or intrabronchial inhalation or
insufflation, the vectors may be formulated into an aqueous or
partially aqueous solution, which can then be utilized in the
form of an aerosol, for example, for treatment of conditions
affecting the respiratory tract, such as cystic fibrosis.

For viral delivery, vector particles which have been purified
or concentrated may be preserved by first adding a sufficient
amount of a formulation buffer to the media containing the
particles, in order to form an aqueous suspension. The for-
mulation buffer may be an aqueous solution that contains a
saccharide, a high molecular weight structural additive, and a
buffering component in water. As utilized within the context
of'the resent invention, a “buffering compound” or “buffering
component” should be understood to refer to a substance that
functions to maintain the aqueous suspension at a desired pH.
The aqueous solution may also contain one or more amino
acids.

The particles can also be preserved in a purified form. More
specifically, prior to the addition of the formulation bufter, the
crude particles may be clarified by passing it through a filter,
and then concentrated, such as by a cross flow concentrating
system.
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The crude particle preparation can also be purified by ion
exchange column chromatography. In general, the crude par-
ticle preparation is clarified by passing it through a filter, and
the filtrate loaded onto a column containing a highly sul-
fonated cellulose matrix. The particles are eluted from the
column in purified form by using a high salt buffer. The high
salt buffer is then exchanged for a more desirable buffer by
passing the eluate over a molecular exclusion column. A
sufficient amount of formulation buffer is then added, as
discussed above, to the purified vector particle and the aque-
ous suspension is either dried immediately or stored, prefer-
ably at =70° C. The aqueous suspension in crude or purified
form can be dried by lyophilization or evaporation at ambient
temperature. Within the evaporative method, water is
removed from the aqueous suspension at ambient tempera-
ture by evaporation. Within one embodiment, water is
removed through spray drying.

The aqueous solutions used for formulation may be com-
posed of a saccharide, high molecular weight structural addi-
tive, a buffering component, and water. The solution may also
include one or more amino acids. The combination of these
components act to preserve the activity of the particles upon
freezing and lyophilization, or drying through evaporation.

The lyophilized or dehydrated viruses may be reconsti-
tuted using a variety of substances, but are preferably recon-
stituted using water. Particles of the present invention may be
administered to a wide variety of locations including, for
example, into sites such as the cerebral spinal fluid, bone
marrow, joints, arterial endothelial cells, rectum, buccal/sub-
lingual, vagina, the lymph system, to an organ selected from
the group consisting of lung, liver, spleen, skin, blood and
brain, or to a site selected from the group consisting of tumors
and interstitial spaces. Within other embodiments, the vector
particle may be administered intraocularly, intranasally, sub-
lingually, orally, topically, intravesically, intrathecally, topi-
cally, intravenously, intraperitoneally, intracranially, intra-
muscularly, or subcutaneously.

V. Exemplary Genes Useful in the Vectors of the Invention

A gene delivery vector may be designed to express any
open reading frame, including but not limited to a therapeutic
protein capable of preventing, inhibiting, stabilizing or
reversing an inherited or noninherited genetic defect in
metabolism, immune regulation, hormonal regulation, enzy-
matic or membrane associated structural function, or a pro-
phylactic protein. Diseases which are amenable to treatment
by a gene delivery vector of the invention include but are not
limited to cystic fibrosis, Parkinson’s disease, thalassemia,
phenylketonuria, Lesch-Nyhan syndrome, severe combined
immunodeficiency (SCID), Duchenne’s Muscular Dystro-
phy, inherited emphysema, hypercholesterolemia, adenosine
deaminase deficiency, f-globin disorders, al antitrypsin
(AAT) deficiency, hemophilia A, hemophilia B, Gaucher’s
disease, storage disease mucopolysaccharidosis type VII,
hereditary lactose intolerance, diabetes, and leukemia, and
the therapeutic gene may encode factor V111, factor IX, factor
V, adenosine deaminase, e.g., to treat leukemia arising from
retroviral insertion (Schmidt et al., 2003), lactase, p-glucu-
ronidase, antithrombin 111, protein C, prothombin, or throm-
bomodulin.

In addition the vectors can be used to produce anti-sense
nucleic acids in cells. Antisense therapy involves the produc-
tion of nucleic acids that bind to a target nucleic acid, typi-
cally an RNA molecule, located within cells. Antisense
therapy generally employs oligonucleotides that are comple-
mentary to mRNA molecules (“sense strands”) which encode
acellular product. Exemplary modes by which sequences can
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be targeted for therapeutic applications include: blocking the
interaction of a protein with an RNA sequence (e.g., the
interaction of RNA virus regulatory proteins with their RNA
genomes); and targeting sequences causing inappropriate
expression of cellular genes or cell proliferation (e.g., genes
associated with cell cycle regulation; genetic disorders; and
cancers (protooncogenes)). Exemplary potential target
sequences are protooncogenes, oncogenes/tumor suppressor
genes, transcription factors, and viral genes.

In addition, the vectors of the present invention can be used
to deliver DNA sequences encoding catalytic RNA molecules
into cells. For example, DNA sequences encoding a ribozyme
ofinterest can be cloned into a vector of the present invention.
Such a ribozyme may be a hammerhead ribozyme capable of
cleaving a viral substrate, or an undesirable messenger RNA,
such as that of an oncogene. The DNA-encoding ribozyme
sequences can be expressed in tandem with tRNA sequences,
with transcription directed from, for example, mammalian
tRNA promoters.

Thus, exemplary gene products of interest for use with the
vectors of the invention include but are not limited to, DNA
sequences which code for an antisense or ribozyme sequence
such as one to HIV-REV or a BCR-ABL sequence, code for
proteins such as transdominant negative mutants which spe-
cifically prevent the integration of HIV genes into the host cell
genomic DNA, replication of HIV sequences, translation of
HIV proteins, processing of HIV mRNA, or virus packaging
in human cells; code for wild-type conductance regulator
(CFTR), wild-type p53, granulocyte macrophage colony
stimulating factor (GM-CSF), as well as the LDL (low den-
sity lipoprotein) receptor, apo(a), phenylalanine hydroxylase,
ornithine transcarboxylase (OTC), molecules which have
superoxide dismutase activity, endothelial prostaglandin syn-
thase, alpha-1 antitrypsin, erythropoietin, cytokines, e.g.,
1L-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-11,
1L-12, 1L-13, I1.-14, IL-15, and IL.-18, the gamma chain of
cytokine receptors (Kennedy and Sugden, 2003 ), alpha inter-
feron, gamma interferons, G-CSF or tumor necrosis factors
(TNFs), polypeptide or peptide hormones, blood clotting fac-
tors, phosphorylases, and kinases. Representative examples
of antisense sequences include, but are not limited to, anti-
sense thymidine kinase, antisense dihydrofolate reductase,
antisense IL-1 receptor, antisense BER2, antisense ABL,
antisense Myc, and antisense ras, as well as antisense
sequences which block any of the enzymes in the nucleotide
biosynthetic pathway, or antisense sequences for influenza
virus, HIV, HSV, HPV, CMV, and HBV. Proteins of therapeu-
tic interest for the treatment of coronary heart disease and
congestive heart failure include fibroblast growth factors such
as FGF-2 and beta adrenergic receptors.

Prophylactic compositions may comprise a vector encod-
ing a gene product for which is desirable to produce an
immune response, e.g., a response to pathogens including
viruses, e.g., gB of HSV, bacteria, yeast and fungi, or tumor
antigens.

The invention will be further described by the following
nonlimiting examples.

EXAMPLE I

Materials and Methods

Cell culture. The BJAB cell line, an EBV-negative Bur-
kitt’s lymphoma derivative, has been previously described
(Steinitz et al., 1975). Cells were grown in RPMI 1640
medium (GibcoBRL) supplemented with 10% fetal bovine
serum, 40 U of penicillin/ml, and 50 pg of streptomycin/ml at
37°C. in a 5% CO, humidified atmosphere.
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Transfection and cloning. Electroporation of 5x10° cells
was performed in 500 pl of complete medium with 250V and
a capacitance of 960 uF using a Bio-Rad (Hercules, Calif.)
generator. BIAB cells with integrated EBV-responsive tem-
plates were established by cotransfecting DNAs expressing
the puromycin resistance gene and DNAs expressing either
FR-thymidine kinase (TK)-luciferase or TK-luciferase.
Forty-eight hours posttransfection, cells were plated in lim-
iting dilutions on 96-well plates in the presence of 1 pg of
puromycin/ml. The cells were grown for 2 to 3 weeks, and the
proliferating cells were counted. Those microwell cultures
with a >90% probability of being derived from single cells
were expanded and screened for the presence of luciferase
activity. All clones that demonstrated a background luciferase
activity of <10 relative light units (RLU) per 10° cells were
expanded and tested for responsiveness to EBNA-1. Once
isolated, the clones were propagated continuously in the pres-
ence of 1 ug of puromycin/ml.

PCR. Clones of cells resistant to puromycin were screened
by PCR for the integration of FR-TK-luciferase or TK-lu-
ciferase. Colonies identified in the cloning assay were
expanded, and total cellular DNA was extracted from 5x10°
cells using the DNeasy kit from Qiagen (Valencia, Calif.).
The protocol was modified to include a 4 hour proteinase K
digestion instead of the 15 minute digestion suggested by the
manufacturer. After quantification, 50 ng of DNA was sub-
jected to PCR in the presence of 5 U of Herculase polymerase
(Invitrogen, Carlsbad, Calif.) for 25 cycles in a 25 pl total
volume. The primers used for the PCR were 5'-GAC GGC
CAG TGC CAA GCT CG-3' (sense sequence; SEQ ID
NO:17) and 5'-GAC GCA GGC AGT TCT ATG CGG-3'
(antisense sequence; SEQ ID NO: 18).

Plasmids. Some of the derivatives of EBNA-1 used in this
study have been previously described (Mackay et al., 1999).
Mutants of EBNA-1 with deletions of amino acids 65 to 89 or
359 to 369 were constructed using whole-plasmid PCR.
Amino acids 65 to 89 were replaced with a unique NgoMIV
restriction site encoding a glycine and an alanine, while
amino acids 359 to 369 were replaced with a unique Xbal site
encoding an arginine and a serine. The PCR products were
purified and digested with either NgoMIV or Xbal, ligated,
and propagated in Escherichia coli. Recovered DNAs were
sequenced within the EBNA-1 open reading frame to ensure
accuracy of the PCR product. The amino acid composition
from 396 to 455 of the shuffled joining domain (JD) derivative
remained the same as the composition within wild-type
EBNA-1, but its sequence had been randomized (J. Wang,
personal communication).

Reporter plasmids expressing FR-TK-luciferase, TK-Iu-
ciferase, or FR-TK-CAT have been previously described
(Middletonetal., 1992). Briefly, each plasmid with or without
FR contains the herpes simplex virus TK promoter driving the
expression of either the luciferase or chloramphenicol acetyl-
transferase (CAT) gene.

Retroviral propagation and infection. The retroviruses
used in this study are derived from a vesicular stomatitis virus
G protein-pseudotyped murine leukemia virus (Ory et al.,
1996). To construct a retrovirus expressing wild-type EBNA-
1, the parent retroviral plasmid encoding [-galactosidase
(lacZ) was digested with Agel and Avrll and blunted with the
Klenow fragment of DNA polymerase 1. The desired frag-
ment was purified and ligated with the open reading frame of
EBNA-1 derived from digesting a plasmid encoding EBNA-1
with BglII and Xhol treated with the Klenow fragment. The
orientation of the insert within the recovered DNA was con-
firmed by digestion with restriction endonucleases. Retrovi-
ruses were generated by transfecting 293-HEK cells with 3 pig
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of'a plasmid encoding the Gag-Pol elements, 1 pg of'plasmids
encoding the vesicular stomatitis virus G protein, and 5 pg of
a plasmid carrying the retroviral backbone encoding either
[-galactosidase or EBNA-1 using the Lipofectamine 2000
reagent (Invitrogen) as described by the manufacturer.
Twenty-four hours post-transfection, the culture medium was
supplemented with 50 mM HEPES. On days 2 to 4 posttrans-
fection, the culture supernatant was collected, filtered
through a 0.45 um pore size filter, and stored at —80° C. The
titers of the viral stocks were estimated by infecting 293-HEK
cells plated at 5x10* per well of a 24-well plate with 1:5 serial
dilutions of viral stocks. Infected cells were identified by the
expression of green fluorescent protein (GFP), also encoded
by each of the viruses from an internal ribosomal entry site,
and titers were calculated according to a Poisson distribution.

BJAB cells growing exponentially were centrifuged and
resuspended at 5x10° per ml prior to infection. One milliliter
of cells was then infected at a multiplicity of infection of 1 by
incubating the suspension in complete medium supple-
mented with 50 mM HEPES and 100 pg of Polybrene (Sigma,
St. Louis, Mo.)/ml for 1 hour at 4° C. with gentle rocking.
After the incubation period, the cells were collected by cen-
trifugation, resuspended in 10 ml of complete medium, and
incubated at 37° C. Forty-eight hours postinfection, the
infected cells were sorted on a FACS-Vantage or FACS-DIVA
(Becton Dickinson, San Jose, Calif.), enriching for the green
population of cells. Luciferase assays were performed on 10°
sorted green cells as described below.

Reporter assays. Forty-eight hours posttransfection, the
efficiency of transfection was estimated by counting GFP-
positive cells, and the transfected cells were collected by
centrifugation, washed with phosphate-buffered saline, and
resuspended in cell culture lysis buffer at a concentration of
5x10 per ul. A total of 20 pl of lysed cells was analyzed for
luciferase activity (Mitchell et al., 1995). RLU were normal-
ized to the efficiency of transfection by subtracting the RLU
obtained from 10° untransfected cells from the RLU obtained
from 10° transfected cells and dividing by the transfection
efficiency. A total of 10° cells was assayed for CAT activity
using thin-layer chromatography as previously described
(Kaykas et al., 2001). Chloramphenicol-labeled with '*C was
purchased from NEN-Life Science (Boston, Mass.). The CAT
activity was normalized by dividing the percent acetylated
chloramphenicol by the total number of transfected cells and
multiplying the resulting number by 10°. The normalized
numbers are referred to as acetylation units.

Prior to using the CAT assay, the linear range of the assay
was established with EBV-negative BJAB cells transfected
with a CAT reporter with or without vector expressing
EBNA-1. A range of cellular lysates was used in the assay,
and the acetylated forms of CAT were separated from the
unacetylated forms by thin-layer chromatography. The thin-
layer chromatography plates were exposed to a Phosphorlm-
ager screen, and the optical densities (OD) of the bands were
quantified by ImageQuant version of 5.0 (Molecular Dynam-
ics, Sunnyvale, Calif.). The CAT assay was found to be linear
from an OD of 10* to 10° U. The measurements of CAT
activity obtained from cells transfected with various deriva-
tives of EBNA-1 were within this linear range.

All reporter assay results are presented as increases
(n-fold) in transcription. To calculate the increase, the activity
detected from cells lacking the reporter gene was subtracted
from the activity obtained from cells in the presence of the
reporter gene. The increase in transcription was calculated by
dividing the RL.U or acetylation units obtained from the cells
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transfected with the various derivatives of EBNA-1 by the
RLU or acetylation units obtained from cells transfected with
the empty vector.

Western blot analysis. Forty-eight hours after transfection,
the cells were counted and the efficiency of transfection was
measured by the expression of GFP. The cells were washed
with phosphate-buffered saline, resuspended at 2x10*ul in
1x sample buffer (0.05% sodium dodecyl sulfate, 2 mM Tris-
HCI [pH 6.8], 0.1% 2-mercaptoethanol, 0.2% glycerol, and
0.02% bromophenol blue), and incubated for 30 minutes on
ice. The lysates were sonicated and incubated at 95° C. for 10
minutes. Protein lysates approximately equivalent to 5x10°
cells were separated in an 8% sodium dodecy] sulfate-poly-
acrylamide gel, transferred electrophoretically to a nitrocel-
Iulose membrane (Bio-Rad), and blocked overnight with 5%
nonfat dry milk. For the primary antibody, a rabbit antiserum
affinity purified against the C-terminus of EBNA-1 was used
to detect wild-type EBNA-1 and the six derivatives. A murine
monoclonal antibody conjugated to fluorescein isothiocyan-
ate was used to detect -actin (Sigma, St. Louis, Mo.). For the
secondary antibody, goat anti-rabbit antibody conjugated to
peroxidases was used and detected with the ECL. Western
blotting analysis system (Amersham Pharmacia Biotech, Pis-
cataway, N.J.).

The intensity of each protein band was estimated using
ImageQuant version 5.0 software. The loading error was cor-
rected by normalizing to the intensity of -actin detected in
cells transfected with wild-type EBNA-1. The OD of each
derivative of EBNA-1 was confirmed to be in the linear range
by using different exposures of the membrane to film, and this
signal was multiplied by the p-actin correction factor. The
[-actin-corrected number was divided by the total number of
transfected cells loaded per lane, and the amount of EBNA-1
derivative detected relative to wild-type EBNA-1 was
expressed as the OD per transfected cell.

Statistical analysis. All statistical analyses were performed
using Mstat version 3.21 (N. Drinkwater, McArdle Labora-
tory for Cancer Research, University of Wisconsin Medical
School), which is available at http://mcardle.oncology.wis-
c.edu/mstat. The nonparametric Wilcoxon rank sum test was
used in all cases unless otherwise indicated.

Results

EBNA-1 activates transcription from nuclear templates
dose dependently. In order to determine unambiguously if
EBNA-1 can activate transcription from templates within the
nucleus, multiple clones with integrated templates were
established. BJAB cells, an EBV-negative Burkitt’s lym-
phoma-derived cell line, were used as host cells, and PCR was
used to screen the derived clones for integration of the
luciferase gene expressed from the HSV-1 TK promoter plus
orminus FR (FIG. 1A). FIG. 1B shows an ethidium bromide-
stained 1% agarose gel that separates amplified DNA from
two clones with FR-TK-luciferase and two clones with TK-
luciferase integrated into the cellular DNA. A standard curve
is shown, demonstrating the sensitivity of the assay to be less
than one copy of DNA per cell. A total of 80 puromycin-
resistant clones was initially isolated, and of these, 20 had the
luciferase gene present as shown by either PCR or luciferase
assay. The luciferase activity in about 10° cells of each clone
varied from 10° to 10° RLU, which is 2 to 2x10> times greater
than that in untransfected BJAB cells (data not shown). Of the
clones identified as having the luciferase gene integrated into
the cellular genome, 25% had background luciferase activity
of <10* RLU per 10° cells. Multiple clones with low levels of
luciferase activity were characterized to permit detection of
transcription that might be activated by EBNA-1. 100% ofthe
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clones isolated with background luciferase activity of <10*
RLU per 10° cells were detectably responsive to EBNA-1
(data not shown).

Two BJAB clones stably expressing FR-TK-luciferase and
two clones stably expressing TK-luciferase were chosen for
further characterization. These cells were infected with ret-
roviral vectors expressing §-galactosidase or EBNA-1 (FIG.
2A). The infected cells were sorted to yield those with the
lowest 30%, middle 30%, and highest 30% green signals,
which were confirmed to express corresponding levels of
EBNA-1 by Western blot analysis (FIG. 2B). EBNA-1 acti-
vated transcription dose dependently (P<0.05; Jonckhere-
Terpstra test) from those integrated templates with its binding
sites in FR present in cis (FIG. 20).

Genetic analysis of EBNA-1 transcriptional activation. Six
derivatives of EBNA-1 were analyzed to identify elements
within it that could contribute to its transcription of either
integrated or newly introduced templates (FIG. 3A). All
derivatives were constructed to contain both the EBNA-1
nuclear localization signal and its DNA-binding and dimer-
ization domain to insure that they would have the ability to
home to the nucleus and to bind DNAs site specifically. A
rabbit antibody to the EBNA-1 DNA-binding and dimeriza-
tion domain was used in order to detect each of the derivatives
with equal efficiency (FIG. 3B). Expression vectors for wild-
type EBNA-1 and these six derivatives were introduced into a
clone of BJAB cells in which FR-TK-luciferase was inte-
grated, and the levels of luciferase activity were measured
(FIG. 3C). Three derivatives (A359-369, shuffle JD, and
2XLR1) stimulated luciferase activity to the same level as did
wild-type EBNA-1 (P<0.05). These derivatives lack the
charged, unique sequences in linking region 2 (LR2), have
had the amino acids of the putative JD randomized, and lack
all of LR2, respectively. The last derivative, 2XI.R1, has LR1
substituted for LR2. LR1 and [LR2 are the linking regions of
EBNA-1 and have been shown to contribute to the activation
of transcription and replication mediated by EBNA-1
(Mackey et al., 1999; Wu et al., 2002). In vitro, the linking
regions are essential for linking DNAs to which EBNA-1
binds site specifically (Ceccarelli et al., 1998; Mackey et al.,
1995; Mackey etal., 1999; Mackey et al., 1997; Middleton et
al., 1992). In vivo, they are essential for tethering EBNA-1 to
chromosomes (Marechal et al., 1999).

The derivative shuffled JD activated transcription like
wild-type EBNA-1, demonstrating that the EBNA-1
sequence between 379 and 450 is not critical for this function.
All ofthe derivatives that activated transcription as efficiently
asdid wild-type EBNA-1 had LR1 intact (FIG.3A). A deriva-
tive of EBNA-1 with the unique sequences within LR1
deleted, A65-89, lost the ability to promote transcription
(FIG. 3C). In fact, both of the derivatives lacking intact LR1
(A65-89 and 2XI.R2) behaved as did a dominant-negative
derivative of EBNA-1 (dnE1), which also lacks [LR1, failing
to activate transcription from integrated templates (FIG. 3C)
significantly over the level of the empty-vector control (in-
crease over empty vector, 2.4-fold; P=0.33). This failure dem-
onstrates that DNA binding by EBNA-1 to a template is not
sufficient for transcriptional activation and that the amino
terminus is important for activity from an integrated template.
The signals measured with dnE1 are statistically the same as
with the empty vector, and both are robust enough to ensure
that the signals measured with A65-89 and 2XI.R2 are real but
indistinguishable from the negative controls. Importantly, the
derivatives dnE1, 2XT.R1, and 2XI.R2 affected transcription
in a second clone of BJAB cells carrying integrated FR-TK-
luciferase, as did the clones documented in FIG. 3C with the
same rank order of activities (data not shown). This finding
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confirms that transcription of the integrated FR-TK-lu-
ciferase template mediated by the various derivatives of
EBNA-1 is independent of integration events. Taken together,
these measurements identify LR1 and pinpoint its unique
residues, 65 to 89, as being important for EBNA-1’s activa-
tion of the transcription of integrated templates.

There was no correlation between the levels of expression
of the EBNA-1 derivatives and whether they stimulated
luciferase activity. Abrogation of transcriptional activity
mediated by EBNA-1 could not be attributed to low levels of
expression, as five out of the six derivatives studied (A65-89,
dnE1, shuffled JD, 2XI.R2, and 2XIL.R1) were found to be
expressed at higher levels than wild-type (FIG. 3C). The other
three derivatives of EBNA-1, A65-89, dnE1l, and 2XLR2,
failed to activate transcription appreciably over the control
transfected cells (FIGS. 3B and C). The last derivative stud-
ied, A359-369, was expressed at levels similar to those of
wild-type EBNA-1 and activated transcription from inte-
grated templates as efficiently as did wild-type EBNA-1
(FIGS. 3B and C).

A derivative of EBNA-1 can selectively activate transcrip-
tion of transfected templates. To determine if the domains
within EBNA-1 required to activate transcription of inte-
grated templates were also required to activate the transcrip-
tion of transfected templates, plasmids encoding EBNA-1 or
one of'its derivatives were transfected into EB V-negative cells
along with a plasmid expressing FR-TK-CAT. The signals
from these experiments were normalized to the CAT activity
expressed from FR-TK-CAT in the presence of an empty
vector rather than to TK-CAT because the latter vector has a
higher spontaneous level of activity than does FR-TK-CAT
(Reisman et al., 1986; Wysokenski et al., 1989). EBNA-1
lacking all of LR1 (2X1.R2) and EBNA-1 lacking only amino
acids 65 to 89 failed to activate the transcription of integrated
templates (FIG. 3C) but activated the transcription of the
transfected template about 10-fold over the control value
(FIG. 4A; P=0.009). The dominant-negative derivative,
dnE1, failed to activate either template and thus served as a
negative control in the experiments. To confirm these obser-
vations, BJAB cells were transfected with a plasmid DNA
encoding FR-TK-luciferase with increasing amounts of plas-
mid DNAs encoding either wild-type EBNA-1 or the deriva-
tive of EBNA-1 lacking amino acids 65 to 89 (FIG. 4B). The
A65-89 derivative activated transcription from a transfected
template dose dependently (P<0.005; Jonckhere-Terpstra
test). EBNA-1 therefore encodes a function that activates the
transcription of transfected templates but not of integrated
templates.

The ability of EBNA-1 to support transcription is inhibited
by coexpression of A65-89. One derivative of EBNA-1, dnE1,
has been well characterized as a dominant-negative mutant of
EBNA-1 that inhibits both EBNA-1’s activation of transcrip-
tion and its support of replication, at least in part by compet-
ing for wild-type site-specific DNA binding (Kirchmaier et
al., 1997). The mutant of EBNA-1 with the deletion of the
transcriptional activation domain found within amino acids
65 to 89 may inhibit transcription mediated by EBNA-1.
Expression of increasing amounts of the A65-89 derivative
resulted in significant inhibition of the ability of EBNA-1 to
activate transcription from both integrated (FIG. 5A) and
transfected (FIG. 5B) templates (P=0.004; Jonckhere-Terp-
stra test).

Discussion

Multiple clones of EBV-negative cells were established
with EBNA-1-responsive templates integrated into the cellu-
lar DNA. The transcription of these integrated templates can
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beincreased by EBNA-1 in all clones isolated with <10*RLU
per 10° cells at baseline (data not shown); the increase in
transcription mediated by EBNA-1 in these clones was pro-
portional to the level of expression of EBNA-1 (FIG. 2). Such
clones constituted about 25% ofthose isolated. A recent study
also analyzed EBNA-1 activation of transcription from inte-
grated templates but failed to detect it (Kang et al., 2001).
That study used uncloned populations of cells in which the
high basal levels of reporter expression likely masked the
stimulation that EBNA-1 would yield in the responsive cells,
thereby limiting the ability to detect transcriptional activity
from integrated templates (Kang et al., 2001). The present
study of six derivatives of EBNA-1 showed that amino acids
65 to 89 are essential to activate transcription from integrated
templates. This domain of EBNA-1 contributed to transcrip-
tion from transfected templates but was not required for the
activation of gene expression from these templates (FIGS. 3
and 4). A derivative of EBNA-1 lacking its first 330 residues,
which include LR1 and its Gly-Gly-Ala repeats, also failed to
activate transcription from an integrated template (data not
shown) but has been found to activate transcription of trans-
fected templates (Kirchmaier et al., 1997). It was further
shown that a derivative of EBNA-1 lacking amino acids 65 to
89 inhibits the ability of wild-type EBNA-1 to activate tran-
scription from both integrated and transfected templates
(FIG. 5).

The different contributions to transcription of EBNA-1
may play distinct roles in the EBV life cycle. DNAs of herp-
esviruses are packaged free of nucleosomes in the viral capsid
(Cui etal., 2001). Following infection of cells, the viral DNA
must enter the nucleus and be packaged into chromatin
(Dyson et al., 1985; Leinbach et al., 1980). EBNA-1, there-
fore, likely affects gene expression both from naked viral
DNA, represented by the transfected templates, and from
chromatin-embedded viral DNA, represented by the inte-
grated template in the present experiments.

These findings indicate that EBNA-1 contributes to tran-
scription by two genetically separable mechanisms which can
be distinguished by using integrated templates or those intro-
duced by transfection. These two templates differ in that the
transfected templates enter the cell as naked DNA and need to
be shuttled into the nucleus while the integrated templates are
present in the nucleus bound as chromatin. Previous studies
have found that EBNA-1-responsive templates microinjected
into the cytoplasm of cells had a 100-fold increase in tran-
scriptional activity, while those injected into the nucleus had
a 5-to 20-fold increase in the presence of EBNA-1 (Langle-
Rouault et al., 1998). These results indicate that EBNA-1
apparently contributes to transcription from nuclear tem-
plates, but much of its ability to activate transcription might
come from its ability to localize plasmids to the nucleus
(Langle-Rouault et al., 1998). In the present studies, EBNA-1
activated transcription from transfected templates by up to
120-fold over background (FIGS. 2 and 4). One derivative,
dnE1, has both the EBNA-1 nuclear localization sequence
and its DNA-binding domain intact but failed to affect the
transcription of transfected templates (FIG. 3C). These two
domains of EBNA-1 should be sufficient to shuttle FR-posi-
tive DNAs into the nucleus. The failure of dnE1 to activate
transcription leads to the hypothesis that EBNA-1 contributes
to the activation of transcription by modulating the formation
of chromatin on naked templates to which it can bind. This
hypothesis is supported by recent work by Avolio-Hunter et
al. in which EBNA-1 was shown to destabilize nucleosomes
in vitro (Avolio-Hunter et al., 2001). The derivative of
EBNA-1 lacking amino acids 65 to 89 failed to activate tran-
scription from integrated templates (FIG. 3C) but was able to
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activate transcription from a transfected template by at least
24-fold (17% of wild-type function) dose dependently (FIGS.
4A and B). A similar mutant of EBNA-1 with a slightly
different deletion (residues 61 to 83) increases the transcrip-
tion of transfected templates by only 1% (Wu et al., 2002).
These findings indicate that EBNA-1 contributes to transcrip-
tion from both transfected and integrated templates but has at
least one function that acts only on transfected templates.

Analyses ofadditional derivatives of EBNA-1 indicate that
LR1 is important to activate transcription of integrated tem-
plates. The derivative 2XI.R2 lacks LR1 and activated tran-
scription on transfected templates better than does dnEl
(FIG. 4A) (Mackey et al., 1999), but is no better than dnE1 in
stimulating transcription on integrated templates (FIG. 3C).
The LR1 domain of EBNA-1 also clearly contributed to the
transcription of transfected templates; a derivative in which
LR2 is replaced with LR1 supported transcription of trans-
fected templates at wild-type levels (FIG. 4A) (Mackey et al.,
1999). The idea that LR1 contributes to transcription on both
integrated and transfected templates is also supported by the
deletion of its unique residues, 65 to 89, dominantly inhibit-
ing wild-type EBNA-1 activation of each kind of template
(FIG. 5). However, LR2 can also contribute to transcription
on transfected templates. A deviation of EBNA-1 in which
LR1 is replaced with LR2 stimulates transcription of trans-
fected templates by 20-fold, which is about 13% of wild-type
activity (FIG. 4A).

The fact that EBNA-1’s contributions to the transcription
oftranstected or integrated templates can be separated geneti-
cally may have an unexpected benefit. Vectors derived from
EBNA-1 are being considered for gene therapy in people
(Banerjee et al., 1995; Calos, 1996; Cui et al., 2001; Franken
et al., 1996; Harada et al., 2000; Phillips et al., 1999; Scli-
mentietal., 1998; Stoll et al., 2001; Wohlgemuth et al., 1996).
However, EBNA-1 has been found to be associated with an
increase risk of tumor development in some strains of trans-
genic mice (Wilson et al., 1996). This risk has been attributed
in part to EBNA-1’s transcriptional activation of host genes
(Tsimbouri et al., 2002). The A65-89 derivative of EBNA-1
supports long-term extrachromosomal replication of oriP
plasmids, as does wild-type EBNA-1 (unpublished observa-
tions), but likely does not activate the expression of host cell
genes. Thus, it may prove to be an ideal partner in human gene
therapy using oriP vectors.

EXAMPLE 1II

Materials and Methods

Cell Culture and Transient Transfection. EBV-negative B
cell lines used in these experiments include BJAB (Klein et
al., 1974) and DB75 (Ben-Bassat et al., 1977). EBV-positive
B cell lines used in these experiments include 721 (Kavathas
etal., 1980), Okul (Nonkwelo et al., 1997), AG-876 (Pizzo et
al., 1978),11/17-3 (Sugden et al., 1979), Akata (Takadaet al.,
1991), GG68 (Weigel et al., 1983), and Savl (Ruf et al.,
1999). The EBV-positive cell lines, RPMI 1788 (CCL-156),
Daude (CCL-213), and Namalwa (CRI1.-1432), are described
in the ATCC catalog. DLD1 cells (CCL-221), an EBV-nega-
tive colon carcinoma cell line, and SAOS2 (HTB-85), a
human osteosarcoma cell line, are available from the ATCC.
The VM-10 cell line (Wu et al., 1993; Wu et al., 1994) was
kindly provided by A. Levine (Institute for Advanced Studies,
Princeton). VM10 cells were grown at 39° C. and apoptosis
was induced by a temperature shift to 32° C.

Retroviral Production and Infection. The dominant-nega-
tive EBNA-1 (Dom Neg 1) was described (Kirchmaier et al.,
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1997; Mackey et al., 1999). The derivative of EBNA-1 lack-
ing amino acids 65-89 (Dom Neg 2) inhibits transcription
mediated by wild-type EBNA-1, but supports replication of
an oriP plasmid with efficiency similar to that of wild-type
EBNA-1 (Example I). Retroviruses were produced and puri-
fied as described in Example 1.

Analyses of Cells. Infected cells were sorted by fluores-
cence-activated cell sorter (FACS) Vantage or DIVA (Becton
Dickinson), and the population of cells expressing the highest
levels of GFP (top 50%) was collected. Different numbers
(1-240) of cells were directly deposited into multiple wells of
96-well plates containing 200 pl of culture medium with or
without irradiated human fibroblast feeder layers. Wells con-
taining surviving and proliferating cells were identified visu-
ally at 10-14 days after sorting. The cloning efficiency was
determined by using the Poisson distribution where the clon-
ing efficiency=[-1n(number of negative wells)]/number of
cells plated per well. y-irradiated, human fibroblast feeder
layers increased the cloning efficiency of AG876 and Okul
cells 10- to 15-fold but were shown to have no effect on the
fraction of cells with decreased survival mediated by Dom
Neg 1 or 2.

Apoptosis Assays. To measure apoptosis after cell sorting,
cells were collected and stained with Hoechst 33342 and
propidium iodide (Sigma); the total number of cells and apo-
ptotic cells were counted on a hemocytometer by fluorescent
microscopy. In all cases, 100-200 GFP-positive cells were
examined microscopically.

Labeling of DNA strand breaks by terminal deoxynucle-
otidyltransferase was performed on both DLD1 and Okul
cells according to the in situ cell death detection kit, TMR red
(Roche Molecular Biochemicals, Indianapolis). In all cases,
100-200 green cells were counted and scored for the number
of cells TUNEL-positive by using a Zeiss Axiovert 200M.

PCR. The different methods based on PCR have been
described (Nanbo et al., 2002). Cellular actin oligonucle-
otides included forward primer: 5' TCA CCCACA CTG TGC
CCATCTACGA3'(SEQIDNO:4); reverse primer: 5° CAG
CGGAAC CGCTCATTG CCA ATG G 3' (SEQ ID NO:5);
and probe: 5' ATG CCC TCC CCC ATG CCA TCC TGC GT
3' (SEQ ID NO:6).

BALF-5 oligonucleotides included forward primer: 5'
CGG AAG CCC TCT GGA CTT C 3' (SEQ ID NO:7);
reverse primer: 5' CCC TGT TTA TCC GAT GGA ATG 3'
(SEQ ID NO:8); and probe: 5' TGT ACA CGC ACG AGA
AAT GCG CC 3' (SEQ ID NO:9).

OriP specific oligonucleotides included forward primer: 5'
GGCGCAAGTGTGTGTAATTTG T 3' (SEQ ID NO:10);
reverse primer: 5' GGG COG GCC AAG ATA GG 3' (SEQID
NO:11); and probe: 5' CTC CAG ATC GCA GCA ATC GCG
C3'(SEQ ID NO:12).

Akata Strain EBER 1 oligonucleotides included AGGAC-
CTACGCTGCCCTAGA (SEQ ID NO:13) and GCTGGTG-
GTC CGCATGTTTT (SEQ ID NO:14), and Akata Strain
EBER 2 oligonucleotides included AGGACAGCCGTTGC-
CCTAGTGGTTTCG (SEQID NO:15) and GTATTCGGCT-
TGTCCGCTGTTTTT (SEQ ID NO:16).

Western Blot, Southern Blot, and Statistical Analysis. The
methods for detecting EBNA-1, LMP 1, and EBV-viral DNA
and statistical analysis have been described (Example I;
Shimizu et al., 1996). The Wilcoxon rank sum test was used
unless otherwise stated.

Results

Inhibition of EBNA-1 Results in Decreased Survival of
EBV-Positive Cells. Retroviral vectors expressing a Dom
Neg 1, and enhanced GFP (EGFP) expressed from an internal
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ribosomal entry site (IRES) were used to infect EBV-positive
and -negative, normal and tumor B cells. Control retroviruses
used the same bicistronic message with EGFP expressed
from the IRES but, in place of Dom Neg 1, had either 3-ga-
lactosidase (LacZ) or a polylinker sequence. Dom Neg 1 has
been shown to inhibit two functions of EBNA-1, its support of
extrachromosomal replication and of transcription, to 3% of
wild-type levels (Kirchmaier et al., 1997). Dom Neg 1’s
ability to inhibit EBNA-1’s functions is primarily dependent
on its ability to bind DNA site specifically and competitively
displace wild-type EBNA-1 from the DNA (Kirchmaier etal.,
1997). Infected cells were identified by their expression of
EGFP, sorted by FACS, and tested for survival by colony
formation after limiting dilutions. Two EBV-negative and ten
EBV-positive cell lines, including seven BL. tumor lines, were
tested, and survival data are shown in Table 1. When the cell
lines 11/17-3, Akata, Daudi, GG67, Namalwa, and Savl were
analyzed as a group, the inhibition of EBNA-1 by infection
with a retrovirus expressing Dom Neg 1 resulted in a statis-
tically significant decrease in survival compared with cells
infected with a control retrovirus (P=0.007, Wilcoxon rank
sum test). 721, RPMI 1788, Okul, and AG876 cells were
infected multiple times with a retrovirus expressing Dom Neg
1 and inhibition of EBNA-1 in these cell lines significantly
decreased survival (P=0.0004, 0.04, 0.04, and 0.02, respec-
tively).

TABLE 1
Survival, %

Cell line Dom Neg 1 DomNeg2 N EBV status
BJAB 95«5 123 11 6 Negative
DG75 100 1 Negative
721 3x2 10£6 7* Positive
RPMI 1788 333 6* Positive
Okul 14 =10 15+9 3% Positive
AG-876 5123 42 £10 6* Positive
11/17-3 10 1 Positive
Akata 30 1 Positive
Daudi 45 11 3 Positive
GG68 40 =7 2 Positive
Namalwa 34+13 2 Positive
Savl 303 2 Positive

Survival of each cell line infected with a control retrovirus was normalized
to 100% and it not shown. Survival of cells infected with Dom Neg 1 or 2
was calculated by multiplying, by 100, the cloning efficiency of cells
infected with the Dom Neg-expressing virus divided by the cloning effi-
ciency of cells infected with the control virus. The mean survival and SE of
the means are shown. N, the number of observations made for each cell line.
*Statistical analysis using the Wilcoxon rank sum test reveals P values <
0.05, indicating a significant decrease in survival when these cell lines were
infected with retroviruses expressing Dom Neg 1 or 2. The remaining cell
lines were grouped according to their EBV status, and statistical analysis
revealed a significant decrease (P = 0.007) in survival mediated by infection
of these EBV-positive cells with a retrovirus expressing Dom Neg 1.

Whereas EBV DNA is generally maintained extrachromo-
somally, a few tumor cell lines have their viral DNA inte-
grated into host chromosomes. One such cell line is Nama-
Iwa, whose survival was reduced by 50-85% by inhibiting
EBNA-1’s functions (Table 1). This finding likely indicates
that EBNA-1’s support of transcription, not just its support of
extrachromosomal replication, is important for survival of
EBV-positive BL cells. A derivative of EBNA-1 that has been
shown to inhibit EBNA-1’s ability to activate transcription
(Example I), but supports replication of an EBV-derived plas-
mid at wild-type levels, was used to test whether EBNA-1’s
activation of transcription likely contributes to survival of
EBV-positive BL cells. This derivative, termed Dom Neg 2,
was inserted into a retroviral vector and, along with Dom Neg
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1, was used to infect one EBV-negative cell line, BIAB, and
three EBV-positive cell lines 721, Okul, and AG876. Cells
from the 721 line have been derived by infection of normal B
cells in vitro, whereas Okul and AG876 cells have been
derived from BL tumors. Expression of Dom Neg 2 inhibited
survival in all EBV-positive cell lines tested as efficiently as
does Dom Neg 1 (Table 1). Remarkably, a significant reduc-
tion in survival was seen in Okul and AG876 cells, which fail
to express LMP1, a viral gene required for proliferation of
normal EBV-positive cells (P<0.05; Rickinson et al., 1987,
Kelly et al., 2002; and unpublished observations). Inhibiting
EBNA-1 with a Dom Neg derivative that inhibits transcrip-
tional activation mediated by EBNA-1, inhibits survival of
EBV-positive normal and BL cells.

Inhibition of EBNA-1 Decreased Survival of Cells in a
Dose-Dependent Manner. In the present experiments, some
cells transduced with the Dom Neg derivatives of EBNA-1
survived (Table 1). It was unclear whether their survival
reflects differences in the level of expression of the inhibitory
genes, or an ability ofa subset of EBV-positive cells to survive
independent of EBV, as has been demonstrated for atypical
BL-derived cells lines such as Akata (Shimizu et al., 1994).
Infection of EBV-positive Akata cells with the retrovirus
expressing Dom Neg 1 does select survivors that have lost
EBV DNA (FIG. 6B). However, 721 cells that survive infec-
tion with the retrovirus expressing Dom Neg 1 retained viral
DNA and expressed low levels of the inhibitor (FIG. 6).
Therefore, it was determined whether cells survive because
the level of expression of the Dom Neg 1 or 2 derivatives is
insufficient to inhibit EBNA-1’s functions. Because the level
of'expression of Dom Neg 1 and 2 proteins detected in sorted
populations corresponded to intensities of EGFP used to sort
the populations (FIG. 7), the level of expression of GFP could
be used to select cells with different levels of these inhibitors
of EBNA-1. EBV-negative BJAB cells and three EBV-posi-
tive cell lines, 721, Okul, and AG876, were infected with the
control, Dom Neg 1, or 2 retroviruses. These infected popu-
lations of cells were then FACS sorted for those with the top
15%, middle 15%, or bottom 15% intensities of GFP, and the
sorted cells were plated in limiting dilutions. The inhibition of
survival by both Dom Neg 1 and 2 is dose-dependent in the
three EBV positive cell lines tested (P<0.05 in all cases,
Jonckhere-Terpstra test; FIG. 7B), whereas varying levels of
expression of the control virus had no eftect on their survival
(data not shown). Survival of the EBV-negative BJAB cells
was independent of the levels of expression of any of the
retroviruses (data not shown). Inhibiting EBNA-1 inhibits
survival of EBV-positive normal and tumor cells in a dose-
dependent manner, holding promise that the effective inhibi-
tion of EBNA-1’s functions in patients would kill EBV-posi-
tive tumors efficiently.

Dom Neg 1 or 2 Do Not Affect Survival of EBV-Negative
Cells as Can EBNA-1. EBNA-1 is the only viral protein
consistently expressed in all EBV-associated tumors (Leight
et al., 2000). Its protein level of expression in EBV-positive
cells appears to be regulated, because the number of mol-
ecules of EBNA-1 per cell is not proportional to the viral
DNA present in those cells (Sternas et al., 1990). Further-
more, it was found that transient, high-level expression of
EBNA-1 in cells can limit their ability to proliferate (FIG. 8).
These findings make it essential to test whether the Dom Neg
derivatives of EBNA-1 share this phenotype. They do not; for
example, when BJAB cells were infected with control, Dom
Neg 1-, or 2-expressing retroviruses, sorted 48 hours later for
the 15% most, 15% middle, and 15% least green, and plated
in limiting dilutions, all survived to proliferate similarly (FIG.
8 and data not shown). However, BJAB cells in parallel
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experiments infected with a retrovirus expressing wild-type
EBNA-1 survived less well than when infected with the other
three retroviruses (FIG. 8). Efficient expression of EBNA-1
resulted in the accumulation of large, multinucleated cells,
whereas cells infected with either Dom Neg 1 or 2 appeared to
be phenotypically normal (data not shown). Therefore, cells
infected with a retrovirus expressing wild-type EBNA-1 do
not appear to be dying through necrosis or apoptosis; rather,
the cells appear to be arrested in mitosis with a disruption in
cytokinesis, resulting in the accumulation of large, multi-
nucleated cells. The Dom Neg derivatives of EBNA-1 are not
inhibiting survival of EBV-negative cells, as can the efficient
expression of wild-type EBNA-1.

Inhibition of EBNA-1 Results in Apoptosis of EBV-Posi-
tive Cells. The fate of the EBV-positive cells in which
EBNA-1 was inhibited was examined to determine the
mechanism by which the cells failed to survive. The survival
of EBV-negative BJAB cells and EBV-positive 721, RPMI
1788, AG876, Daudi, and Okul cells was assayed by infect-
ing them with control or Dom Neg 1 virus, sorting for infected
cells, and monitoring their proliferation in bulk cultures.
BJAB cells infected with either virus proliferated similarly,
whereas the EBV-positive cells infected with Dom Neg 1
virus grew more slowly than when infected with the control
virus (data not shown). EBV-positive cells would be killed
were EBV to undergo productive infection in them. There-
fore, cells were assayed for the expression of EBV lytic
antigens and a background staining was detected in 1.5% and
1.9% in control and Dom Neg 1-virus-infected 721 cells at 3
days postinfection, respectively. This similar background
level of staining indicates that the inhibition of EBNA-1 does
not induce EBV’s lytic cycle. Analysis of the nuclear mor-
phology of these normal, EBV-positive cells was revealing,
however; staining them with DNA-specific dye, Hoechst
33342, and propidium iodide for apoptotic bodies showed
that cells infected with Dom Neg 1 had a 4-fold increase in
apoptosis relative to cells infected with a control virus (FIG.
9A). These initial observations were confirmed by detecting
apoptotic cells stained with an antibody to active caspase 9
and by detecting annexin V binding by FACS (data not
shown).

To extend those observations to an EBV-positive BL cell
line, Okul cells were infected with a control virus or either
Dom Neg 1 or 2. Seventy-two hours postinfection, the cells
were scored for the presence of apoptosis by terminal deoxy-
nucleotidyltransferase-mediated dUTP nick end labeling
(TUNEL) assay. The fraction of cells found positive by the
TUNEL assay was increased 7- or 8-fold in cells infected with
either Dom Neg 1 or 2 compared with cells infected with
control virus (FIG. 9B, P<0.05). This apoptosis could result
by inhibiting EBNA-1 directly or by EBNA-1’s inhibition,
leading to loss of viral DNA, and, thereby, other EBV func-
tions. To determine whether loss of the EBV genome contrib-
uted to the death of the EBV-positive cells, Okul cells were
infected with the control retrovirus or a retrovirus encoding
Dom Neg 1 or 2. Green, apoptotic cells were identified by
staining with annexin V 72 hours postinfection and separated
from green, nonapoptotic cells by FACS. DNA from the cell
populations was harvested, and the average number of EBV
DNA molecules measured per cell by using real-time PCR.
The number of viral genomes in those cells undergoing apo-
ptosis resulting from the inhibition of EBNA-1 was similar to
that in nonapoptotic cells (FIG. 9C) and unlikely to underlie
the observed apoptosis. These cells, therefore, are not dying
as a result of loss of the viral genome 72 hours after the
inhibition of EBNA-1. This conclusion is consistent with the
findings that the level of endogenous EBNA-1 is unchanged
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in 721 cells infected with high levels of Dom Neg 1 or 2 for 72
hours (FIG. 7A). Inhibiting EBNA-1 in EBV-positive normal
and tumor cells inhibited their survival, at least in part, by
resulting in apoptosis, whereas loss of the EBV genome is not
required for their death.

The observation that inhibiting EBNA-1’s functions
results in apoptosis of EBV-positive cells indicates that
EBNA-1 itself directly or indirectly through other EBV genes
inhibits apoptosis. Most EBV-positive cells, for example,
express two small nonpolyadenylated RNAs, the EBERs,
which can affect apoptosis (Nanbo et al., 2002; Komano etal.,
1999; Komano et al., 1998; Kitagawa et al., 2000). To deter-
mine whether loss of the expression of the EBERs underlies
the induction of apoptosis of the EBV-positive BL cell line,
Okul, cells were infected with the control retrovirus or a
retrovirus encoding Dom Neg 1 or 2 and sorted 72 hours
postinfection for the top 15% green, middle 15% green, and
the bottom 15% of green expression. Total RNA was
extracted from the cells and reverse transcription, followed by
PCR (Nanbo et al., 2002), was performed in a linear range of
the assay to determine relative levels of EBER expression
(FIG. 9D). Increasing expression of Dom Neg inhibitors of
EBNA-1 had no effect on levels of expression of EBERs.
Therefore, loss of expression of EBERs cannot explain the
10-fold decrease in survival resulting from the inhibition of
EBNA-1 in Okul cells (FIG. 7B).

EBNA-1 Can Inhibit Apoptosis in the Absence of the Viral
Genome. Apoptosis was induced by efficient expression of
p53 intwo p53-negative cell lines, SAOS2 and DLLD1, as well
as in VMI10 cells in the presence or absence of transfected
EBNA-1. EBNA-1 reduced the number of TUNEL-positive
cells by 80% in the DLD 1 cell line (FIG. 10A, P<0.05).
Importantly, both Dom Neg 1 and 2 failed to inhibit apoptosis
(FIG. 10A). The apoptosis induced by transfection of a p53-
expressing vector in SAOS?2 cells, and by temperature shift in
VMI10 cells, which carry a ts-allele of p53 (Wu et al., 1993;
Wuetal., 1994), was inhibited by about 50% by expression of
EBNA-1 (data not shown). An analogue of EBNA-1, LANA-
1, encoded by ORF73 of Kaposi’s sarcoma herpes virus
(Rainbow et al., 1997), has been found to inhibit p53-medi-
ated apoptosis and served as a positive control in these assays
(Friborg et al., 1999). Furthermore, it was demonstrated that
expression of EBNA-1 in the presence of p53 leads to a
statistically significant increased survival of transfected cells
up to 96 hours posttransfection (FIG. 10B), indicating that the
diminution of TUNEL-positive cells is not a result of EBNA-
1’s inhibiting their survival. EBNA-1 in the absence of other
EBV genes can inhibit apoptosis. Most EBV-positive BLL
cells are functionally p53-negative (Farrell et al., 1991);
therefore, EBNA-1’s ability to inhibit apoptosis is not limited
to the inhibition of p53, whereas LANA-1 inhibits p53
directly, and, thus, inhibits only p53-dependent apoptosis
(Friborg et al., 1999).

Discussion

That EBV, and EBNA-1 in particular, can inhibit apoptosis
in B cells likely contributes to the persistence of EBV-in-
fected cells in vivo. EBV can infect and induce B cells to
proliferate during most stages of their development, includ-
ing pro-B, preB, immature, and mature B cells (Nilsson,
1992). It appears that the majority of the B cells progressing
through these stages of development die through apoptosis

—

5

20

25

35

40

45

50

55

60

65

40

(Defrance et al., 2002; FIG. 11). Infection of these cells with
EBV would require EBV to inhibit apoptosis for infected
cells to persist in vivo. A striking example of EBV’s poten-
tially rescuing such cells from apoptosis is the identification
of Hodgkin and Reed-Sternberg cells, which have nonfunc-
tional rearrangements of their Ig loci but survive in the pres-
ence of EBV infection (Kuppers et al., 1997). EBV infection
also can drive the expansion of a large fraction of peripheral
B cells (Robinson et al., 1980) and be maintained in memory
B cells (Kuppers et al., 1997; Babcock et al., 1998), cases
again in which EBNA-1’s inhibition of apoptosis would
allow EBV to persist in vivo. In addition to EBNA-1’s inhib-
iting apoptosis in infected cells, LMP 1, another viral gene
usually expressed in EBV-infected B cell, has been thought to
inhibit apoptosis. Recent findings with conditional mutants,
however, indicate that LMP1’s functioning drives prolifera-
tion of B cells, whereas its absence leads to quiescence but not
to apoptotic death (U. Dirmeier, B. S., and W. Hammer-
schmidt, unpublished findings). Additionally, when the EBV-
positive, normal B cell line 721 was infected with Dom Neg
1 and 2, the expression of LMP1 was found to be independent
of their survival (data not shown). Thus EBNA-1’s ability to
block apoptosis likely allows EBV to persist in vivo and is a
survival factor for BL.

Others have used the conditional expression of a Dom Neg
derivative of EBNA-1 in one cell line in which EBV DNA is
integrated (IB4) and failed to detect an effect of expression of
the Dom Neg EBNA-1 on cell survival (Kang et al., 2001).
The use of a retrovirus to deliver Dom Neg derivatives to
multiple cell lines allowed us to detect a decrease in survival
mediated by the inhibition of EBNA-1’s functions. The
present findings indicate that EBV is required to sustain BLs
long after they have evolved to accumulate cellular mutations
that render them independent of normal cellular controls.
EBYV shares this characteristic with human papillomaviruses
that cause cervical carcinomas (Goodwin et al., 2000; Good-
win and DiMaio, 2001). Tumors caused by these two human
tumor viruses should be treatable by specific antiviral thera-
pies. For EBV-associated BL and, perhaps, for other EBV-
associated malignancies, targeting EBNA-1 successfully
should provide a potent therapy for these human cancers.
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<160>

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ser Asp Glu

1

Lys

Arg

Arg

Arg

65

Gly

Gly

Gly

Gly

Gly

145

Gly

Ala

Ala

Gly

Gly

225

Gly

Gly

Gly

Ala

Ala

305

Gly

Arg

Arg

Gly

Arg

Gly

50

His

Cys

Ala

Gly

Ala

130

Gly

Gly

Gly

Gly

Ala

210

Gly

Ala

Ala

Gly

Gly

290

Gly

Ala

Gly

Arg

Asp

Gly

35

Gly

Arg

Lys

Gly

Ala

115

Gly

Gly

Ala

Gly

Gly

195

Gly

Ala

Gly

Gly

Ala

275

Gly

Gly

Gly

Arg

Gly

Thr

20

Gly

Gly

Asp

Gly

Ala

100

Gly

Ala

Ala

Gly

Gly

180

Ala

Gly

Gly

Gly

Gly

260

Gly

Ala

Ala

Ala

Gly

340

Arg

SEQ ID NO 1
LENGTH:
TYPE :
ORGANISM: Epstein-Barr virus

641

1

Gly

5

Ser

Asp

Arg

Gly

Thr

85

Gly

Gly

Gly

Gly

Gly

165

Ala

Gly

Ala

Gly

Ala

245

Ala

Gly

Gly

Gly

Gly

325

Gly

Gly

Pro

Gly

Asn

Pro

Val

70

His

Gly

Ala

Gly

Ala

150

Ala

Gly

Ala

Gly

Ala

230

Gly

Gly

Ala

Gly

Gly

310

Gly

Ser

Arg

NUMBER OF SEQ ID NOS:

Gly

Pro

His

Gly

55

Arg

Gly

Ala

Gly

Gly

135

Gly

Gly

Gly

Gly

Ala

215

Gly

Ala

Ala

Gly

Ala

295

Ala

Gly

Gly

Glu

18

Thr

Glu

Gly

40

Ala

Arg

Gly

Gly

Gly

120

Ala

Gly

Gly

Ala

Gly

200

Gly

Ala

Gly

Gly

Ala

280

Gly

Gly

Gly

Gly

Arg

SEQUENCE LISTING

Gly

Gly

Arg

Pro

Pro

Thr

Ala

105

Ala

Gly

Gly

Ala

Gly

185

Gly

Gly

Gly

Gly

Gly

265

Gly

Ala

Ala

Arg

Arg

345

Ala

Pro

10

Ser

Gly

Gly

Gln

Gly

Gly

Gly

Gly

Ala

Gly

170

Ala

Ala

Ala

Gly

Ala

250

Ala

Gly

Gly

Gly

Gly

330

Gly

Arg

Gly

Gly

Arg

Gly

Lys

75

Ala

Gly

Gly

Ala

Gly

155

Ala

Gly

Gly

Gly

Ala

235

Gly

Gly

Gly

Gly

Gly

315

Arg

Arg

Gly

Asn

Gly

Gly

Ser

60

Arg

Gly

Gly

Ala

Gly

140

Gly

Gly

Gly

Ala

Ala

220

Gly

Gly

Gly

Ala

Ala

300

Gly

Gly

Gly

Gly

Gly

Ser

Arg

45

Gly

Pro

Ala

Ala

Gly

125

Gly

Ala

Gly

Gly

Gly

205

Gly

Ala

Ala

Ala

Gly

285

Gly

Ala

Gly

Gly

Ser

Leu

Gly

Gly

Ser

Ser

Gly

Gly

110

Ala

Ala

Gly

Gly

Ala

190

Gly

Gly

Gly

Gly

Gly

270

Gly

Gly

Gly

Ser

Ser

350

Arg

Gly

15

Pro

Arg

Gly

Cys

Ala

Ala

Gly

Gly

Ala

Ala

175

Gly

Ala

Gly

Gly

Ala

255

Ala

Ala

Ala

Ala

Gly

335

Gly

Glu

Glu

Gln

Gly

Pro

Ile

80

Gly

Gly

Gly

Ala

Gly

160

Gly

Gly

Gly

Ala

Ala

240

Gly

Gly

Gly

Gly

Gly

320

Gly

Gly

Arg
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Ala

Ser

385

Gly

Tyr

Ala

Gly

Phe

465

Ile

Thr

Ser

Pro

Pro

545

Tyr

Asp

Ile

Trp

Asp

625

Glu

Arg

370

Ser

Arg

His

Ile

Pro

450

Gly

Ala

Thr

Lys

Gln

530

Gly

Phe

Ala

Arg

Phe

610

Asp

355

Gly

Gln

Arg

Gln

Glu

435

Arg

Lys

Glu

Asp

Thr

515

Cys

Pro

Met

Ile

Val

595

Pro

Gly

Arg

Ser

Pro

Glu

420

Gln

Gly

His

Gly

Glu

500

Ser

Arg

Gly

Val

Lys

580

Thr

Pro

Asp

Gly

Ser

Phe

405

Gly

Gly

Gln

Arg

Leu

485

Gly

Leu

Leu

Pro

Phe

565

Asp

Val

Met

Glu

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Lymphotrophic herpes virus

PRT

<400> SEQUENCE:

Gly
1
Ala

Arg

Gly

Arg

Pro

Pro

Thr
50

50

2

Arg

Ser

390

Phe

Gly

Pro

Gly

Gly

470

Arg

Thr

Tyr

Thr

Gln

550

Leu

Leu

Cys

Val

Gly
630

Gly

375

Ser

His

Pro

Ala

Asp

455

Gln

Ala

Trp

Asn

Pro

535

Pro

Gln

Val

Ser

Glu

615

Gly

360

Arg

Gly

Pro

Asp

Asp

440

Gly

Gly

Leu

Val

Leu

520

Leu

Gly

Thr

Met

Phe

600

Gly

Asp

Gly

Ser

Val

Gly

425

Asp

Gly

Gly

Leu

Ala

505

Arg

Ser

Pro

His

Thr

585

Asp

Ala

Gly

Gly Arg Gly Arg Gly Arg Gly
5

Glu

Pro

Gly

410

Glu

Pro

Arg

Ser

Ala

490

Gly

Arg

Arg

Leu

Ile

570

Lys

Asp

Ala

Asp

Lys

Pro

395

Glu

Pro

Gly

Arg

Asn

475

Arg

Val

Gly

Leu

Arg

555

Phe

Pro

Gly

Ala

Glu
635

365

Arg Pro Arg Ser Pro
380

Arg Arg Pro Pro Pro
400

Ala Asp Tyr Phe Glu
415

Asp Val Pro Pro Gly
430

Glu Gly Pro Ser Thr
445

Lys Lys Gly Gly Trp
460

Pro Lys Phe Glu Asn
480

Ser His Val Glu Arg
495

Phe Val Tyr Gly Gly
510

Thr Ala Leu Ala Ile
525

Pro Phe Gly Met Ala
540

Glu Ser Ile Val Cys
560

Ala Glu Val Leu Lys
575

Ala Pro Thr Cys Asn
590

Val Asp Leu Pro Pro
605

Glu Gly Asp Asp Gly
620

Gly Glu Glu Gly Gln
640

Arg Gly Gly Gly Arg Pro Gly

10

15

Gly Gly Ser Gly Ser Gly Pro Arg His Arg Asp Gly Val Arg

20

25

30

Gln Lys Arg Pro Ser Cys Ile Gly Cys Lys Gly Thr His Gly

35

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:

PRT

30

40

45



US 7,465,580 B2
47

-continued

48

<213> ORGANISM: Lymphotrophic herpes virus
<400> SEQUENCE: 3

Ser Gly Ser Gly Pro Arg His Arg Asp Gly Val Arg Arg Pro Gln Lys
1 5 10 15

Arg Pro Ser Cys Ile Gly Cys Lys Gly Thr His Gly Gly Thr
20 25 30

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 4

tcacccacac tgtgcccate tacga 25

<210> SEQ ID NO 5

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 5

cagcggaacc gctcattgec aatgg 25

<210> SEQ ID NO 6

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic probe

<400> SEQUENCE: 6

atgccctecece ccatgeccate ctgegt 26

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 7

cggaagccct ctggactte 19

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 8

ccetgtttat ccgatggaat g 21

<210> SEQ ID NO 9

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic probe

<400> SEQUENCE: 9
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tgtacacgca cgagaaatgce gcc

<210> SEQ ID NO 10

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 10

ggcgcaagtyg tgtgtaattt gt

<210> SEQ ID NO 11

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic primer

<400> SEQUENCE: 11

gggcgggeca agatagg

<210> SEQ ID NO 12

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic probe

<400> SEQUENCE: 12

ctccagateg cagcaatege go

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 13

aggacctacyg ctgccctaga

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 14

getggtggte cgcatgtttt

<210> SEQ ID NO 15

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A synthetic oligonucleotide

<400> SEQUENCE: 15
aggacagcceg ttgcectagt ggttteg
<210> SEQ ID NO 16

<211> LENGTH: 24
<212> TYPE: DNA

23
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27
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-continued

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: A

Sequence
synthetic oligonucleotide

<400> SEQUENCE: 16

gtattcgget tgtccgetgt tttt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: A

Sequence
synthetic primer

<400> SEQUENCE: 17

gacggccagt gccaagceteg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: A

Sequence
synthetic primer
<400>

SEQUENCE: 18

gacgcaggca gttctatgeg g

24

20

21

What is claimed is:

1. A recombinant vector comprising a DNA segment which
encodes a recombinant protein that has the following
sequences: an amino acid sequence with at least 90% amino
acid sequence identity to residue 1 to residue 40 of a wild-type
EBNA-1 protein of Epstein-Barr virus (EBV) having SEQ ID
NO:1 which is N-terminal to at least three consecutive trip-
eptides selected from any combination of the following trip-
eptides Gly-Gly-Ala, Gly-Ala-Gly, Gly-Gly-Gly, Ala-Gly-
Ala, or Ala-Gly-Gly, which are N-terminal to an amino acid
sequence with at least 90% amino acid sequence identity to
residues 328 to 641 of SEQ ID NO:1, wherein the recombi-
nant protein lacks residues 65 to 89 of the wild-type EBNA-1
protein, wherein the recombinant protein binds an oriP of
EBYV with an affinity that is at least 10% that of the binding of
the wild-type EBNA-1 protein, is noncytotoxic and activates
transcription at levels at least 5% that of the wild-type
EBNA-1 protein from an extrachromosomal template having
an oriP of EBV which is capable of binding the wild-type
EBNA-1 protein.

2. The recombinant vector of claim 1 wherein the DNA
segment comprises a first DNA fragment encoding residues 1
to 40 of the wild-type EBNA-1 protein and a second DNA
fragment encoding residues from residue 328 to the C-termi-
nal residue of the wild-type EBNA-1 protein.

3. The recombinant vector of claim 2 wherein the DNA
segment further comprises a third DNA fragment inserted
between the first and second DNA fragments, which third
DNA fragment comprises a portion of an open reading frame.

4. The recombinant vector of claim 3 wherein the third
DNA fragment encodes L.R2 of the wild-type EBNA-1 pro-
tein.

5. The recombinant vector of claim 1 further comprising
the DNA sequence having oriP of EBV.

6. The recombinant vector of claim 5 further comprising a
heterologous open reading frame.
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7. The recombinant vector of claim 6 wherein the heterolo-
gous open reading frame is operably linked to a transcrip-
tional regulatory element.

8. The recombinant vector of claim 7 wherein the transcrip-
tional regulatory element is a promoter.

9. The recombinant vector of claim 7 wherein the transcrip-
tional regulatory element includes an enhancer.

10. The recombinant vector of claim 6 wherein the heter-
ologous open reading frame encodes a therapeutic or prophy-
lactic gene product.

11. The recombinant vector of claim 1 or 10 further com-
prising a selectable gene or a marker gene.

12. The recombinant vector of claim 1 which encodes a
recombinant protein with at least 95% amino acid sequence
identity to residues 1 to 40 and to residues 328 to 641 of SEQ
ID NO:1.

13. The recombinant vector of claim 1 which comprises the
Gly-Gly-Ala repeat region of the wild-type EBNA-1 protein.

14. The recombinant vector of claim 1 wherein the recom-
binant protein activates transcription from the extracbromo-
somal template at levels at least 10% that of the wild-type
EBNA-1 protein.

15. The recombinant vector of claim 1 which is a plasmid.

16. The recombinant vector of claim 1 which is a recom-
binant virus.

17. The recombinant vector of claim 1 wherein the amino
acid sequence with at least 90% amino acid sequence identity
to residues 328 to 641 of SEQ ID NO:1 has a wild-type
EBNA-1 nuclear localization sequence.

18. A derivative encoded by the recombinant vector of
claim 1.

19. A method to maintain and express a heterologous open
reading frame in a cell, comprising contacting a cell with a
recombinant plasmid comprising the heterologous open read-
ing frame and a DNA sequence which is capable of binding a
wild-type EBNA-1 protein with an affinity that is at least 10%
that of an oriP of EBV, which cell expresses a DNA segment
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which encodes a recombinant protein, wherein the recombi-
nant protein has the following sequences: an amino acid
sequence with at least 90% amino acid sequence identity to
residue 1 to residue 40 of a wild-type EBNA-1 protein of EBV
having SEQ ID NO:1 which is N-terminal to at least three
consecutive tripeptides selected from any combination of the
following tripeptides Gly-Gly-Ala, Gly-Ala-Gly, Gly-Gly-
Gly, Ala-Gly-Ala, or Ala-Gly-Gly, which are N-terminal to an
amino acid sequence with at least 90% amino acid sequence
identity to residues 328 to 641 of SEQ ID NO:1, wherein the
recombinant protein lacks residues 65 to 89 of the wild-type
EBNA-1 protein, wherein the recombinant protein binds an
oriP of EBV with an affinity that is at least 10% that of the
binding of the wild-type EBNA-1 protein, is noncytotoxic,
and activates transcription at levels at least 5% that of the
wild-type EBNA-1 protein from an extrachromosomal tem-
plate having an oriP of EBV which is capable of binding the
wild-type EBNA-1 protein.

20. A method to maintain and express a heterologous open
reading frame in a cell, comprising contacting a cell with a
recombinant plasmid comprising the heterologous open read-
ing frame and a DNA sequence which is capable of binding a
wild-type EBNA-1 protein with an affinity thatis at least 10%
that of an oriP of EBV, and a DNA segment which encodes a
recombinant protein, wherein the recombinant protein has the
following sequences: an amino acid sequence with at least
90% amino acid sequence identity to residue 1 to residue 40
of'a wild-type EBNA-1 protein of EBV having SEQ ID NO:1
that is N-terminal to at least three consecutive tripeptides
selected from any combination of the following tripeptides
Gly-Gly-Ala, Gly-Ala-Gly, Gly-Gly-Gly, Ala-Gly-Ala, or
Ala-Gly-Gly, which are N-terminal to an amino acid
sequence with at least 90% amino acid sequence identity to
residues 328 to 641 of SEQ ID NO:1, wherein the recombi-
nant protein lacks residues 65 to 89 of the wild-type EBNA-1
protein, wherein the recombinant protein binds an oriP of
EBYV with an affinity that is at least 10% that of the binding of
the wild-type EBNA-1 protein, is noncytotoxic. and activates
transcription at levels at least 5% that of the wild-type
EBNA-1 protein from an extrachromosomal template having
an oriP of EBV which is capable of binding the wild-type
EBNA-1 protein.

21. The method of claim 19 wherein the DNA segment is
on a second recombinant plasmid.

22. The method of claim 19 or 20 wherein the heterologous
open reading frame encodes a therapeutic or prophylactic
gene product.

23. The method of claim 19 or 20 wherein the heterologous
open reading frame is operably linked to a promoter to form
an expression cassette.

24. The method of claim 19 or 20 wherein the recombinant
protein activates transcription from the plasmid at levels at
least 10% that of the corresponding wild-type protein.

25. The method of claim 19 or 20 wherein the cell is a
cultured or primary cell.
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26. The method of claim 25 wherein the cell is a mamma-
lian cell.

27. The method of claim 19 or 20 wherein a mammal is
contacted with the recombinant plasmid.

28. A recombinant vector comprising:

a DNA segment which encodes a recombinant protein that
is noncytotoxic relative to a wild-type EBNA-1 protein
having SEQ ID NO:1, which recombinant protein has
the following sequences: an amino acid sequence with at
least 90% amino acid sequence identity to residue 1 to
residue 40 of a wild-type EBNA-1 protein of EBV hav-
ing SEQ ID NO:1 that is N-terminal to at least three
consecutive tripeptides selected from any combination
of the following tripeptides Gly-Gly-Ala, Gly-Ala-Gly,
Gly-Gly-Gly, Ala-Gly-Ala, or Ala-Gly-Gly, which are
N-terminal to an amino acid sequence with at least 90%
amino acid sequence identity to residues 328 to 641 of
SEQ ID NO:1, wherein the recombinant protein lacks
residues 65 to 89 of the wild-type EBNA-1 protein,
wherein the recombinant protein binds an oriP of EBV
with an affinity that is at least 10% that of the wild-type
EBNA-1 protein, and activates transcription at levels at
least 5% that of the wild-type EBNA-1 protein from an
extrachromosomal template having an oriP of EBV
which is capable of binding the wild-type EBNA-1 pro-
tein;

the DNA sequence which binds the wild-type protein; and

a DNA fragment with a multiple cloning site sequence 3'to
a promotetr.

29. The vector of claim 28 further comprising a heterolo-
gous open reading frame inserted into a cloning site in the
multiple cloning site sequence.

30. The recombinant vector of claim 28 which encodes a
recombinant protein with at least 95% amino acid sequence
identity to residues 1 to 40 and residues 328 to 641, and lacks
residues about 65 to 89, of the wild-type EBNA-1 protein
having SEQ ID NO:1.

31. The recombinant vector of claim 1 which encodes a
recombinant protein having at least 90% amino acid sequence
identity to residues 1 to 64 and residues 90 to 641 of SEQ ID
NO:1.

32. The recombinant vector of claim 31 which encodes a
recombinant protein having residues 1 to 64 and residues 90
to 641 of SEQ 1D NO:1.

33. The method of claim 19 or 20 wherein the recombinant
protein has at least 90% amino acid sequence identity to
residues 1 to 64 and residues 90 to 641 of SEQ 1D NO:1.

34. The method of claim 33 wherein the recombinant pro-
tein has residues 1 to 64 and residues 90 to 641 of SEQ 1D
NO:1.

35. The vector of claim 28 wherein the recombinant protein
has at least 90% amino acid sequence identity to residues 1 to
64 and residues 90 to 641 of SEQ ID NO:1.

36. The vector of claim 35 wherein the recombinant protein
has residues 1 to 64 and residues 90 to 641 of SEQ ID NO:1.
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