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ABSTRACT

The present invention relates to a high efficiency method of
introducing DNA into linear DNA viruses such as poxvirus,
a method of producing libraries in linear DNA viruses such
as poxvirus, and methods of selecting polynucleotides of
interest based on cell nonviability or other phenotypes.
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METHODS OF PRODUCING A LIBRARY AND
METHODS OF SELECTING POLYNUCLEOTIDES
OF INTEREST

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of U.S.
Provisional Appl. No. 60/192,586, filed Mar. 28, 2000; U.S.
Provisional Appl. No. 60/203,343, filed May 10, 2000; U.S.
Provisional Appl. No. 60/263,226, filed Jan. 23, 2001; and
U.S. Provisional Appl. No. 60/271,426, filed Feb. 27, 2001;
each disclosure of which is herein incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a high efficiency
method of introducing DNA into poxvirus, a method of
producing libraries in poxvirus, and methods of isolating
polynucleotides of interest based on cell nonviability or
screening methods.

[0004] 2. Background Art
[0005] Identification of Disease Genes.

[0006] In the past decade it has become apparent that
many diseases result from genetic alterations in signaling
pathways. These include diseases related to unregulated cell
proliferation such as cancers, atherosclerosis and psoriasis,
as well as inflammatory conditions such as sepsis, rheuma-
toid arthritis and tissue rejection. The finding that these
proliferative diseases are based on genetic defects is the
basis of new approaches for disease management by design-
ing drugs which modulate cell signaling. In order to develop
highly specific drugs, i.e., drugs which potently interfere
with uncontrolled cell proliferation but which have low
toxicity or side effects, it is important to identify the genes
encoding polypeptides involved in the cellular signal trans-
duction pathways whose aberrant function may result in the
loss of growth control.

[0007] Although tremendous progress in understanding
relevant signal transduction pathways has been made in
recent years, it is clear that many of the genes involved in the
development of proliferative disorders remain to be discov-
ered.

[0008] Toxic Sequences.

[0009] Several approaches have been employed for the
identification and isolation of cell proliferation genes such as
oncogenes and tumor suppressor genes. Traditional
approaches include detection of cytogenetic abnormalities in
tumor cells, kindred analysis of familial forms of cancer, and
loss of heterozygosity analysis in tumor cells. Each of these
classical genetic approaches is limited in the type of gene
which can be isolated or in the extensive time and labor
required. A faster approach would be to identify disease
genes using in vitro techniques. However, a major technical
limitation to the cloning of many disease genes is their
negative or toxic effect on cell proliferation when present in
multiple copies, such as when carried on a vector.

[0010] One approach for identifying toxic sequences
involves the selection of variants that have lost certain
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malignancy traits, namely “revertants.” In this method, cells
transformed by a variety of oncogenes are subsequently
treated with a cytotoxic agent which kills dividing cells.
“Revertants™ that have lost the ability to rapidly divide are
thus selected. However, revertant lines typically are difficult
to identify and separate from the majority of rapidly growing
transformed parental cells. In addition, the method may
preclude the isolation of certain classes of revertants. The
selection procedure may itself induce epigenetic or cytoge-
netic changes, thus further complicating the identification of
genes responsible for the revertant phenotype.

[0011] Zarbl et al. developed an alternative assay for the
selection of revertant tumor cells (Zarbl et al., 1991, Envi-
ronmental Health Perspectives 93:83-89). This selection
protocol is based on the prolonged retention of a fluorescent
molecule within the mitochondria of a number of trans-
formed cells relative to non-transformed cells. However, the
approach is limited to particular transformation mechanisms
because the prolonged dye retention phenotype is neither
essential nor sufficient for cell transformation.

[0012] Other methods used to identify cell proliferation
genes involve biochemical approaches for analyzing cell
cycle regulators (Serrano et al., 1993, Nature 366:704-707;
Xiong et al., 1993, Nature 366:701-704), random sequenc-
ing of expressed sequence tags (ESTs) and homology com-
parison (Lennon et al., 1996, Genomics 33:151-152), and
methods for identifying differentially expressed genes, such
as differential display (Liang et al., 1995, Methods Enzymol.
254:304-321).

[0013] None of these approaches, however, offers a way to
directly assess gene function as a method of identifying
genes of interest, especially negative regulators of prolif-
eration. Instead, candidates are identified based on a pre-
sumed (or identifiable) biochemical function or an abnormal
pattern of expression. These candidates are then tested
further for involvement in cancer. Such tests include muta-
tion detection in primary cancers or cell lines, experiments
using somatic cells (for example, to determine the effect of
ectopic expression), or experiments in transgenic mice or
knockout mice containing inactivated genes.

[0014] A more recent method for identifying cell prolif-
eration genes involves the isolation of variants of trans-
formed cells to identify a cell proliferation promoting activ-
ity. See U.S. Pat. No. 5,998,136. This selection system
comprises the creation of growth arrested tumor cell lines or
cells which undergo apoptosis by, for example, the expres-
sion of a gene encoding a growth suppressor or apoptosis-
inducing gene product under the control of an inducible
promoter, and selection of revertants that allow the cells to
survive. Induction of the suppressor or apoptosis-inducing
product causes suppression of tumor cell growth and/or cell
death. Growth-proficient revertants cells are identified by
virtue of their continued proliferation.

[0015] The identification of toxic molecules such as tumor
suppressor genes and other inhibitors of cell proliferation to
screen for potential new drugs is difficult using current
technology. For example, it would be of great value to
identify dominant negative mutations of signaling molecules
that might be used to inhibit the unregulated growth of
transformed cells. Those negative or toxic mutations that
result in inhibition of cell growth or in cell death may be
masked in a library or other population of cells due to the
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low efficiency of transfection. Additionally, such negative or
toxic mutations cannot be selected for or screened using
current technology because cells expressing such variants
are lost from the population of transformants. These limi-
tations may have been addressed to a limited extent by the
use of inducible promoter systems, see, for example, those
described in Levinson, A. D., “Gene Expression Technol-
ogy,” In D. V. Goeddel (Ed.), Methods in Enzymology,
Academic Press, p. 497 (1991). However, this approach is
labor-intensive, is not applicable to certain situations, and
has met with varied success depending on the cell type and
origin of the promoter utilized.

[0016] As alluded to above, there are methods to identify
positive regulators of cell growth such as oncogenes, but
approaches to isolate toxic genes such as tumor suppressor
genes are limited. In addition to those described above,
methods for isolating negative regulators include genetic
analysis based on anti-sense RNA technologies.

[0017] Another approach is a method of selection subtrac-
tion by tagging a clone in an expression library, cloning the
tagged clone into a vector, delivering the tagged clone to a
target cell, and comparing tags before and after selection
whereby toxic genes and the attached tags disappear. See
WO 99/47643.

[0018] Yet another approach selects all transformants in a
population of cells before those transformants expressing
negative or toxic variants are lost from the population. See
WO 97/08186. This method comprises use of a cloning
vector encoding a recombinant immunoglobulin molecule
(rAb) that is specific for a particular hapten and expressed on
the cell surface. Cells receiving the vector express the rAb
early after transfection, and are separated from the non-
recipient cells by the ability to bind the cognate hapten
conjugated to a solid surface, such as beads. This method
does not distinguish recipients expressing a gene or cDNA
of interest, ¢.g., a negative or toxic variant, from the remain-
ing recipients.

[0019] Differentially Expressed Sequences.

[0020] Cloning, sequencing, and identification of function
of mammalian genes is a first priority in a genomic based
drug discovery. In particular, it is important to identify and
make use of genes which are spatially and/or temporally
regulated in an organism, for example, genes involved in
differentiation and growth regulation.

[0021] Animal model systems such as the fruit fly and the
worm are often used in gene identification because of ease
of manipulation of the genome and ability to screen for
mutants. While these systems have their limitations, large
numbers of developmental mutations have been identified in
those organisms either by monitoring the phenotypic effects
of mutations or by screening for expression of reporter genes
incorporated into developmentally regulated genes.

[0022] Many features of the mouse make it the best animal
model system to study gene function. However, the mouse
has not been used for large scale classical genetic mutational
analysis because random mutational screening and analysis
is very cumbersome and expensive due to long generation
times and maintenance costs.

[0023] A disadvantage in using animal models for the
identification of genes is the need to establish a transgenic
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animal line for each mutational event. This disadvantage is
alleviated in part by using embryonic stem (ES) cell lines
because mutational events may be screened in vitro prior to
generating an animal. ES cells are totipotent cells isolated
from the inner cell mass of the blastocyst. Methods are well
known for obtaining ES cells, incorporating genetic material
into ES cells, and promotion of differentiation of ES cells.
ES cells may be caused to differentiate in vitro or the cells
may be incorporated into a developing blastocyst in which
the ES cells will contribute to all differentiated tissues of the
resulting animal. Vectors for transforming ES cells and
suitable genes for use as reporters and selectors are also well
known.

[0024] Gene entrapment strategies also have been
employed to identify developmentally regulated genes. One
type of entrapment vector is called a “promoter trap,” which
consists of a reporter gene sequence lacking a promoter.

[0025] Its integration is detected when the reporter is
integrated “in-frame” into an exon. In contrast, a “gene trap”
vector targets the more prevalent introns of the eucaryotic
genome. The latter vector consists of a splice-acceptor site
upstream from a reporter gene. Integration of the reporter
into an intron results in a fusion transcript containing RNA
from the endogenous gene and from the reporter gene
sequence.

[0026] Gene trap vectors may be made more efficient by
incorporation of an internal ribosomal entry site (IRES) such
as that derived from the 5' non-translated region of encepha-
lomyocarditis virus (EMCV). Placement of a IRES site
between the splice acceptor and the reporter gene of a gene
trap vector means the reporter gene product need not be
translated as a fusion product with the endogenous gene
product, thereby increasing the likelihood that integration of
the vector will result in expression of the reporter gene
product.

[0027] Gossler, A., et al. Science 244:463-465 (1989)
describe the use of enhancer trap gene trap vectors for use
in identifying developmentally regulated genes. The gene
trap vector consists of the mouse En-2 splice acceptor
upstream from lacZ (reporter) and a selector gene (hBa-neo).
This and other current methods requires elaborate screening
procedures for linking a mutation to a particular spacial/
temporal scheme or event whereby the mutation is detected
in the relevant tissue.

[0028] A more recently developed method is complemen-
tation trapping. See WO 99/02719. This method makes use
of known genes whose expression is restricted to specific
tissue, tissues or specialized cells (“restricted expression™)
to facilitate identification and manipulation of new genes
and their associated transcription control elements which
have similar patterns of expression. The method comprises
(i) transforming a eucaryotic cell with a DNA sequence
encoding a first indicator component under the control of a
promoter having restricted expression; (ii) transforming the
cell of (i) or a descendent of the cell of step (i), by operably
integrating into the cell’s genome DNA lacking a promoter
but which comprises a sequence encoding a second indicator
component; (iii) producing tissue or specialized cells from
the cell of (ii); and (iv) monitoring the tissue or specialized
cells of (iii) for a detectable indicator resulting from both the
first and second indicator components.
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[0029] Expression Libraries.

[0030] A basic tool in the field of recombinant genetics is
the conversion of poly(A)" mRNA to double-stranded (ds)
¢DNA, which then can be inserted into a cloning vector and
expressed in an appropriate host cell. A substantial number
of variables affect the successful cloning of a gene of interest
and cDNA cloning strategy thus must be chosen with care.
A method common to many c¢DNA cloning strategies
involves the construction of a “cDNA library” which is a
collection of cDNA clones derived from the poly(A)"
mRNA derived from a cell of the organism of interest.

[0031] A mammalian cell may contain up to 30,000 dif-
ferent mRNA sequences, and the number of clones required
to obtain low-abundance mRNAs, for example, may be
much greater. Methods of constructing genomic eukaryotic
DNA libraries in different expression vectors, including
bacteriophage lambda, cosmids, and wviral vectors, are
known. Some commonly used methods are described, for
example, in Maniatis et al., Molecular Cloning: A Labora-
tory Manual, Cold Spring Harbor Laboratory, publisher,
Cold Spring Harbor, N.Y. (1982).

[0032] Once a genomic ¢cDNA library has been con-
structed and expressed in host cells, it is necessary to isolate
from the thousands of host cells the particular cell or cells
which contain the particular gene of interest. Many different
methods of isolating target genes from cDNA libraries have
been utilized, with varying success. These include, for
example, the use of nucleic acid probes, which are labeled
mRNA fragments having nucleic acid sequences comple-
mentary to the DNA sequence of the target gene. When this
method is applied to ¢cDNA clones of abundant mRNAs in
transformed bacterial hosts, colonies hybridizing strongly to
the probe are likely to contain the target DNA sequences.
The identity of the clone then may be proven, for example,
by in situ hybridization/selection (Goldberg et al., Methods
Enzymol., 68:206 (1979)) hybrid-arrested translation (Pater-
son et al., Proceedings of the National Academy of Sciences,
74:4370 (1977)), or direct DNA sequencing (Maxam and
Gilbert, Proceedings of the National Academy of Sciences,
74:560 (1977); Maat and Smith, Nucleic Acids Res., 5:4537
(1978)).

[0033] Such methods, however, have major drawbacks
when the object is to clone mRNAs of relatively low
abundance from cDNA libraries. For example, using direct
in situ colony hybridization, it is very difficult to detect
clones containing cDNA complementary to mRNA species
present in the initial library population at less than one part
in 200. As a result, various methods for enriching mRNA in
the total population (e.g. size fractionation, use of synthetic
oligodeoxynucleotides, differential hybridization, or immu-
nopurification) have been developed and are often used
when low abundance mRNAs are cloned. Such methods are
described, for example, in Maniatis et al., Molecular Clon-
ing: A Laboratory Manual, supra.

[0034] Use of mammalian expression libraries to isolate
cDNAs encoding mammalian proteins such as those
described above would offer several advantages. For
example, the protein expressed in a mammalian host cell
should be functional and should undergo any normal post-
translational modification. A protein ordinarily transported
through the intracellular membrane system to the cell sur-
face should undergo the complete transport process. A
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mammalian expression system also would allow the study of
intracellular transport mechanisms and of the mechanism
that insert and anchor cell surface proteins to membranes.
Further, use of a mammalian system would make it possible
to isolate polynucleotides based on functional expression of
mammalian RNA or protein.

[0035] One common mammalian host cell, called a “COS”
cell, is formed by infecting monkey kidney cells with a
mutant viral vector, designated simian virus strain 40
(SV40), which has functional early and late genes, but lacks
a functional origin of replication. In COS cells, any foreign
DNA cloned on a vector containing the SV40 origin of
replication will replicate because SV40 T antigen is present
in COS cells. The foreign DNA will replicate transiently,
independently of the cellular DNA.

[0036] With the exception of some recent lymphokine
cDNAs isolated by expression in COS cells (Wong, G. G.,
et al, Science 228:810-815 (1985); Lee, F. ¢t al., Proc. Natl.
Acad. Sci. USA 83.2061-2065 (1986); Yokota, T., et al,
Proc. Natl. Acad. Sci. USA 83:5894-5898 (1986); Yang, Y.,
et al., Cell 47:3-10 (1986)), however, few cDNAs in general
are isolated from mammalian expression libraries. There
appear to be two principal reasons for this: First, the existing
technology (Okayama, H. et al., Mol. Cell. Biol. 2:161-170
(1982)) for construction of large plasmid libraries is difficult
to master, and library size rarely approaches that accessible
by phage cloning techniques. (Huynh, T. et al., In: DNA
Cloning Vol. I, A Practical Approach, Glover, D. M. (ed.),
IRL Press, Oxford (1985), pp. 49-78). Second, the existing
vectors are, with one exception (Wong, G. G., et al., Science
228:810-815 (1985)), poorly adapted for high level expres-
sion, particularly in COS cells. The reported successes with
lymphokine cDNAs do not imply a general fitness of the
methods used, since these cDNAs are particularly easy to
isolate from expression libraries: Lymphokine bioassays are
very sensitive ((Wong, G. G., et al., Science 228:810-815
(1985); Lee, F. et al., Proc. Natl. Acad. Sci. USA 83:2061-
2065 (1986); Yokota, T. et al., Proc. Natl. Acad. Sci. USA
83:5894-5898 (1986); Yang, Y. et al., Cell 47:3-10 (1986))
and the mRNAs are typically both abundant and short
(Wong, G. G. et al., Science 228:810-815 (1985); Lee, F., et
al,, Proc. Natl. Acad. Sci. USA 83:2061-2065 (1986);
Yokota, T., et al., Proc. Natl. Acad. Sci. USA 83:5894-5898
(1986); Yang, Y, et al., Cell 47:3-10 (1986)).

[0037] Thus, expression in mammalian hosts previously
has been most frequently employed solely as a means of
verifying the identity of the protein encoded by a gene
isolated by more traditional cloning methods. For example,
Stuve et al., J Virol. 61(2):327-335 (1987), cloned the gene
for glycoprotein gB2 of herpes simplex type I strain 333 by
plaque hybridization of M13-based recombinant phage vec-
tors used to transform competent E. coli IM101. The identity
of the protein encoded by the clone thus isolated was verified
by transfection of mammalian COS and Chinese hamster
ovary (CHO) cells. Expression was demounstrated by immu-
nofluorescence and radioimmunoprecipitation.

[0038] Oshima et al. used plaque hybridization to screen a
phage lambda gt1l cDNA library for the gene encoding
human placental beta-glucuronidase. Oshima et al., Proceed-
ings of the National Academy of Sciences, U.S.A. 84:685-
689 (1987). The identity of isolated cDNA clones was
verified by immunoprecipitation of the protein expressed by
COS-7 cells transfected with cloned inserts using the SV40
late promoter.
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[0039] Transient expression in mammalian cells has been
employed as a means of confirming the identity of genes
previously isolated by other screening methods. Gerald et
al,, Journal of General Virology 67:2695-2703(1986).
Mackenzie, Journal of Biological Chemistry 261:14112-
14117 (1986); Seif et al., Gene 43:1111-1121 (1986); Orkin
et al., Molecular and Cellular Biology 5(4):762-767 (1985).
These methods often are inefficient and tedious and require
multiple rounds of screening to identify full-length or over-
lapping clones. Prior screening methods based upon expres-
sion of fusion proteins are inefficient and require large
quantities of monoclonal antibodies. Such drawbacks are
compounded by use of inefficient expression vectors, which
result in protein expression levels that are inadequate to
enable efficient selection.

[0040] Seed et al., U.S. Pat. No. 5,506,126 developed a
cloning technique based upon transient expression of anti-
gen in eukaryotic cells and physical selection of cells
expressing the antigen by adhesion to an antibody-coated
substrate, such as a culture dish. This method for cloning
cDNA encoding a cell surface antigen comprises preparing
a cDNA library; introducing this cDNA library into eukary-
otic mammalian cells; culturing the cells under conditions
allowing expression of the cell surface antigen; exposing the
cells to a first antibody or antibodies directed against the cell
surface antigen, thereby allowing the formation of a cell
surface antigen-first antibody complex; subsequently expos-
ing the cells to a substrate coated with a second antibody
directed against the first antibody, thereby causing cells
expressing the cell surface antigen to adhere to the substrate
via the formation of a cell surface antigen-first antibody-
second antibody complex; and separating adherent from
non-adherent cells. However, this method is limited to the
isolation and cloning of proteins which are expressed and
transported to the cell surface, whose expression does not
adversely affect cell viability, and for which specific anti-
body has been isolated.

[0041] Poxvirus Vectors.

[0042] Poxvirus vectors are used extensively as expres-
sion vehicles for protein and antigen expression in eukary-
otic cells. The ease of cloning and propagating vaccinia in a
variety of host cells has led to the widespread use of
poxvirus vectors for expression of foreign protein and as
vaccine delivery wvehicles (Moss, B. 1991, Science
252:1662-7).

[0043] Customarily, a foreign protein coding sequence is
introduced into the poxvirus genome by homologous recom-
bination. In this method, a previously isolated foreign DNA
is cloned in a transfer plasmid behind a vaccinia promoter
flanked by sequences homologous to a region in vaccinia
which is non-essential for viral replication. The transfer
plasmid is introduced into vaccinia virus-infected cells to
allow the transfer plasmid and vaccinia virus genome to
recombine in vivo via homologous recombination. As a
result of the homologous recombination, the foreign DNA is
transferred to the viral genome.

[0044] Although homologous recombination is efficient
for transferring previously isolated foreign DNA of rela-
tively small size into vaccinia virus, the method is much less
efficient for transferring large inserts, for constructing librar-
ies, and for transferring foreign DNA which is deleterious to
bacteria.
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[0045] Alternative methods using direct ligation vectors
have been developed to efficiently construct chimeric
genomes in situations not readily amenable for homologous
recombination (Merchlinsky, M. et al., 1992, Virology
190:522-526; Scheiflinger, F. et al., 1992, Proc. Natl. Acad.
Sci. USA. 89:9977-9981). In such protocols, the DNA from
the genome is digested, ligated to insert DNA in vitro, and
transfected into cells infected with a helper virus (Merch-
linsky, M. et al., 1992, Virology 190:522-526, Scheiflinger,
F. et al, 1992, Proc. Natl. Acad. Sci. USA 89:9977-9981). In
one protocol, the genome was digested at a unique NotI site
and a DNA insert containing elements for selection or
detection of the chimeric genome was ligated to the genomic
arms (Scheiflinger, F. et al., 1992, Proc. Natl. Acad. Sci.
USA. 89:9977-9981). This direct ligation method was
described for the insertion of foreign DNA into the vaccinia
virus genome (Pfleiderer et al., 1995, J. General Virology
76:2957-2962). Alternatively, the vaccinia WR genome was
modified by removing the NotI site in the HindIII F fragment
and reintroducing a Notl site proximal to the thymidine
kinase gene such that insertion of a sequence at this locus
disrupts the thymidine kinase gene, allowing isolation of
chimeric genomes via use of drug selection (Merchlinsky,
M. et al., 1992, Virology 190:522-526).

[0046] The direct ligation vector vNotl/tk allows one to
efficiently clone and propagate previously isolated DNA
inserts at least 26 kilobase pairs in length (Merchlinsky, M.
et al,, 1992, Virology, 190:522-526). Although large DNA
fragments are efficiently cloned into the genome, proteins
encoded by the DNA insert will only be expressed at the low
level corresponding to the thymidine kinase gene, a rela-
tively weakly expressed early class gene in vaccinia. In
addition, the DNA will be inserted in both orientations at the
Notl site.

[0047] The cloning methods and the selection methods
above have a number of drawbacks and limitations. There-
fore it is desirable, and the objective of the present invention,
to develop cloning and selection methods that would permit
the identification and isolation of novel genes based on
functional analysis.

BRIEF SUMMARY OF THE INVENTION

[0048] In accordance with one aspect of the present inven-
tion, there is provided a method of high efficiency cloning
using a linear DNA virus vector such as vaccinia virus
vector, comprising tri-molecular recombination.

[0049] In accordance with another aspect of the present
invention, there is provided a method of producing a library
using a linear DNA virus vector such as vaccinia virus
vector.

[0050] In accordance with yet another aspect of the
present invention, there is provided a method of cloning a
polynucleotide which negatively affects cell viability.

[0051] In accordance with yet another aspect of the
present invention, there is provided a method of cloning a
polynucleotide in a nondividing cell.

[0052] In accordance with yet another aspect of the
present invention, there is provided a method of directly or
indirectly selecting a polynucleotide which negatively
affects cell viability from a plurality of polynucleotides.



US 2003/0022157 Al

[0053] In accordance with yet another aspect of the
present invention, there is provided a method of directly or
indirectly selecting a polynucleotide which encodes an
epitope from a plurality of polynucleotides.

[0054] In accordance with another aspect of the present
invention, there is provided a method of directly or indi-
rectly selecting a polynucleotide which alters a phenotype of
a cell.

[0055] In accordance with yet another aspect of the
present invention, there is provided a method of modifying
a linear DNA virus vector such as vaccinia virus.

[0056] In accordance with a further aspect of the present
invention, there is provided a kit for producing a library
using tri-molecular recombination. In one embodiment, the
invention provides a kit for producing an antisense expres-
sion library comprising a linear DNA viral genome such as
vaccinia virus or two fragments thereof, and two vectors for
producing a transfer plasmid containing a polynucleotide
insert in each of two orientations. In another embodiment,
the invention provides a kit for producing a protein expres-
sion library comprising a linear DNA genome such as
vaccinia virus or two fragments thereof, and three vectors
for producing a transfer plasmid containing a polynucleotide
insert in each of three translation reading frames.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

[0057] FIG. 1. Nucleotide Sequence of p7.5/tk (SEQ ID
NO: 1) and pEL/tk (SEQ ID NO:3). The nucleotide
sequence of the promoter and beginning of the thymidine
kinase gene for v7.5/tk and vEL/tk. The partial thymidine
kinase amino acid sequence is also shown (SEQ ID NO:2).

[0058] FIG. 2. Southern Blot Analysis of Viral Genomes
p7.5/tk and pEL/tk. The viruses v7.5/tk and vEL/tk were
used to infect a well of a 6 well dish of BSC-1 cells at high
multiplicity of infection (moi) and after 48 hours the cells
were harvested and the DNA was isolated using DNAzol
(Gibeco). The final DNA product was resuspended in 50
microliters of TE 8.0 and 2.5 microliters were digested with
HindIII, HindIII and Apal, or HindIIl and Notl, electro-
phoresed through a 1.0% agarose gel, and transferred to
Nytran (Schleicher and Schuell) using a Turboblotter (Schle-
icher and Schuell). The samples were probed with p7.5/tk
(A) or pEL/ik (B) labeled with **P using Random Primer
DNA Labeling Kit (Bio-Rad) in QuickHyb (Stratagenc).
The lower portion of the figure denotes a map of the HindIII
J fragment with the positions of the HindIII, Notl, and Apal
sites illustrated. The leftmost 0.5 kilobase fragment has
electrophoresed off the bottom of the gel.

[0059] FIG. 3. Restriction Enzyme Analysis of Virus
Genomes Using CHEF Gel. BSC-1 cells were infected at
high multiplicity of infection (moi) by vaccinia WR, vEL/tk,
v7.5/tk, or vNotl/tk. After 24 hours the cells were harvested
and formed into agarose plugs. The plugs were equilibrated
in the appropriate restriction enzyme buffer and 1 mM
PMSF for 16 hours at room temperature, incubated with
restriction enzyme buffer, 100 ng/ml Bovine Serum Albumin
and 50 units NotI or Apal for two hours at 37° C. (Notl) or
room temperature (Apal) and electrophoresed in a 1.0%
agarose gel on a Bio-Rad CHEFII apparatus for 15 hours at
6 V/cm with a switching time of 15 seconds. The leftmost
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sample contains lambda DNA, the second sample contains
undigested vaccinia DNA, and the remainder of the samples
contain the DNA samples described above each well
digested with Apal or Notl where VEL refers to vEL/tk and
v7.5 refers to v7.5/tk. The lower portion of the figure is a
schematic map showing the location of the Notl and Apal
sites in each virus.

[0060] FIG. 4. Analysis of v7.5/tk and vEL/tk by PCR.
One well of a 6 well dish of BSC-1 cells was infected with
v7.5/tk, vEL/tk, vNotl/tk, vpNotl, vNotl/lacZ/tk, or wild
type vaccinia WR at high multiplicity of infection (moi) and
after 48 hours the cells were harvested, and the DNA was
isolated using DNAzol (Gibco). The final DNA product was
resuspended in 50 microliters of TE (10 mM TrisHC,
pH8.0. 1 mM EDTA) and used in a PCR with primers
MM407 and MM408. The primers are separated by 518
nucleotides in vaccinia WR and yield a fragment containing
the N terminus of the thymidine kinase gene. The products
were electrophoresed through a 2% agarose gel. The left-
most sample contains phiX 174 Haelll digestion products;
all others contain the PCR product using primers MM407
and MM408 with the DNA sample indicated above the well.

[0061] FIG. 5. Promoter strength of recombinant viruses.
The units of p-glu activity were determined as described by
Miller (10) as adapted for 96-well plates.

[0062] The A, s values were determined on a microplate
reader (Dynatech MR3000) and the p-glu activity was
determined by comparison to f-glu (Clontech) standards
analyzed in the same assay.

[0063] FIG. 6. Plaque assay on vEL/tk. Ten-fold dilutions
of vEL/tk were incubated with Hutk cells (top to bottom) for
one hour at 37° C. in 1 ml of E-MEM (Gibco) with 10%
Fetal Bovine Serum for one hour, the media was replaced
with 3 ml of E-MEM with 5% methyl cellulose (Sigma
M-0387), 5% Fetal Bovine Serum and HAT supplement
(Gibco), 25 or 125 mM bromodeoxyuridine, or no drug,
incubated for 48 hours at 37° C., and stained with 0.5%
Crystal Violet (Sigma C 0775), 20% ethanol, 7.5% formal-
dehyde.

[0064] FIG. 7. Schematic of the Tri-Molecular Recombi-
nation Method.

[0065] FIG. 8. Modifications in the nucleotide sequence
of the p7.5/tk vaccinia transfer plasmid. Four new vectors,
p7.5/ATGO/tk (SEQ ID NO:4), p7.5/ATG1l/tk (SEQ ID
NO:5), p7.5/ATG2/tk (SEQ ID NO:6), and p7.5/ATG3/tk
(SEQ ID NO:7) have been derived as described in the text
from the p7.5/tk vaccinia transfer plasmid. Each vector
includes unique BamHI, Smal, Pstl, and Sall sites for
cloning DNA inserts that employ either their own endog-
enous translation initiation site (in vector p7.5/ATGO/tk) or
make use of a vector translation initiation site in any one of
the three possible reading frames (p7.5/ATG1/tk, p7.5/
ATG3/tk, and p7.5/ATG4/tk).

[0066] FIG. 9. Schematic of a direct selection method
using CTL.
[0067] FIG. 10. Schematic of the strategy to identify

shared tumor antigen.

[0068] FIG. 11. CML selected recombinant vaccinia
c¢DNA clones stimulate tumor specific CTL. (A) CML
Selected vaccinia clones were assayed for the ability, fol-
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lowing infection of B/C.N, to stimulate tumor specific CTL
to secrete interferon gamma (IFNy). The amount of cytokine
was measured by ELISA, and is represented as OD490 (14).
An OD490 of 1.4 is approximately equal to 4 ng/ml of IFNy,
and an OD490 of 0.65 is approximately equal to 1 ng/ml of
IENy. (B) CML selected clones sensitize host cells to lysis
by tumor specific CTL. Monolayers of B/C.N in wells of a
6 well plate were infected with moi=1 of the indicated
vaccinia virus clones. After 14 hours of infection the
infected cells were harvested and along with the indicated
control targets labeled with >*Cr. Target cells were incubated
with the indicated ratios of tumor specific Cytotoxic T
Lymphocytes for 4 hours at 37° C. and percentage specific
lysis was determined (15). This experiment was repeated at
least three times with similar results.

[0069] FIG. 12. The tumor antigen is encoded by a
ribosomal protein L3 gene. Sequence of H2.16 and rpl.3
from amino acid position 45 to 56. (A) The amino acid (in
single letter code) (SEQ ID NO:8) and nucleotide sequence
(SEQ ID NO:9) of ¢cDNA clone rpL.3 (GenBank Accession
no. Y00225). (B) A single nucleotide substitution at C170T
of the H2.16 tumor ¢cDNA (SEQ ID NO:10) is the only
sequence change relative to the published 1.3 ribosomal
allele. This substitution results in a T541 amino acid substi-
tution in the protein (SEQ ID NO:11).

[0070] FIG. 13. Identification of the peptide epitope rec-
ognized by the tumor specific CTL. (A) CML assay to
identify the peptide recognized by tumor specific CTL.
Target cells were labeled with **Cr (15). During the 3*Cr
incubation samples of B/C.N cells were incubated with 1 uM
peptide L3, 5,(I54), 100 uM 13, .(T54) or 100 uM
peptide 13,5 5,(I54). Target cells were incubated with the
indicated ratios of tumor specific Cytotoxic T Lymphocytes
for 4 hours at 37° C. and percentage specific lysis was
determined. This experiment was repeated at least three
times with similar results. (B) Titration of peptide L3,
(I54). Target cells were labeled with >'Cr. During the >'Cr
incubation samples of B/C.N cells were incubated either
with no peptide addition (D) or with the indicated concen-
trations (1 uM, 10 nM, 1 aM) of L34 54(I54) (), BCA 39
cells were included as a positive control (A). Target cells
were incubated with the indicated ratios of Tumor Specific
Cytotoxic T Lymphocytes for 4 hours at 37° C. and per-
centage specific lysis was determined. The experiment was
repeated twice with similar results.

[0071] FIG. 14. Analysis of L3 expressed by each cell
line. (A) Sau3AI map of published rpl.3 and H2.16. Shown
above is the Sau3Al restriction map for the published
ribosomal protein 1.3 gene (Top), and for H2.16 (Bottom).
Digestion of cDNA for the published L3 sequence generates
fragments of 200, 355, 348, 289, and 84 bp. The pattern for
H2.16 is identical except for an extra Sau3Al site at position
168 caused by the C170T. This results in a 168 bp digestion
product in place of the 200 bp fragment. (B) The BCA
tumors express both 1.3 alleles. RT-PCR products generated
from each cell line or from vH2.16 were generated using 1.3
specific primers and then digested with Sau3Al, and
resolved on a 3% agarose gel for 2 hours at 80 volts. (C) The
Immunogenic [.3 allele is expressed at greatly reduced
levels in B/C.N, BCB 13, and Thymus. L3 specific RI-PCR
products from each indicated sample were generated using
a >?P end labeled 5 prime PCR primer. No PCR product was
observed when RNA for each sample was used as template
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for PCR without cDNA synthesis, indicating that no sample
was contaminated with genomic DNA. The PCR products
were gel purified to ensure purity, digested with Sau3AlI, and
resolved on a 3% agarose gel for 15 hours at 60 volts. No
PCR product was observed in a control PCR sample that had
no template added to it. This result has been reproduced a
total of 3 times.

[0072] FIG. 15. Immunization with iL3 is immunoprotec-
tive. (A) Immunization with H2.16 induces tumor specific
CTL. Balb/c mice (2/group) were immunized by subcuta-
neous injection with 5x10° pfU of vH2.16, or control vector
v7.5/tk. Seven days later splenocytes were harvested and
restimulated with peptide L35 55(154) (26). Five days fol-
lowing the second restimulation the lymphocytes were
tested in a chromium release assay as described in FIG. 11.
The L3, 5(I54) peptide was used at a 1 micromolar con-
centration, and the 13,5 54(T54) peptide was used at a 100
micromolar concentration. Similar results were obtained
when the immunization experiment was repeated. (B)
Female Balb/cByJ mice were immunized as indicated (27).
The mice were challenged by SC injection with 200,000
viable BCA 34 tumor cells into the abdominal wall. Data are
from day 35 post challenge. These data are representative of
4 independent experiments.

[0073] FIG. 16. Influenza-specific cytolytic activity of
CD4+CD45RA+human T cells stimulated in the presence of
IL12 and IL18. Naive human CD4+CD45RA+ T cells were
isolated from PBL of an HLLA-A2+ normal donor and
stimulated in vitro with autologous dendritic cells pulsed
with heat-inactivated influenza virus. The dendritic cells
were derived from PBMC by culture with GM-CSF+IL-4
(1000 U/ml each) for 7 days. DC were pulsed with heat-
inactivated influenza virus (1000 HAU) and transferred to
monocyte conditioned medium for 3 more days to induce
maturation prior to T cell stimulation. Cultures of naive T
cells and antigen-pulsed dendritic cells received rhIL-2 (20
U/ml), rhIL-12 (20 U/ml, R & D Systems), rhIl-18 (10
ng/ml, R & D Systems), rhIFN-y (1 ng/ml), and mouse
anti-human IL-4 (50 mg/ml, Pharmingen). Cells were
restimulated after 7 days using identical conditions with
fresh autologous DC pulsed with virus. Cytotoxic activity
was assayed at day 14 in a 4 hr >’Cr release assay using
autologous monocytes+/-heat-inactivated virus or K562
control targets.

[0074] FIG. 17. CD4+ cytotoxic T cell response. Naive
CD4+ mouse T lymphocytes from heterozygous DO11.10
transgenic females were cultured for 9 days in the presence
of BALB/c bone marrow-derived mature dendritic cells
pulsed with OVA 323-339 (10 mM). Recombinant murine
cytokines were purchased from R & D Systems and used at
the same concentrations as indicated above for the human
cytokines. Rat ant-mouse IL-4 (11IB11, Pharmingen) was
used at 50 mg/ml. B/c.N (H-2%) targets were incubated 72
hours with rmIFN-y (1000 U/ml) to induce expression of
class II MHC molecules prior to a 4 hr **Cr release assay.
The four panels demonstrate that OVA (323-339) specific
cytotoxic cells are efficiently induced only in the presence of
all 4 cytokines and anti-IL.-4 antibody. As expected for this
OVA (323-339) class II MHC restricted response, all the T
cells recovered were CD4 positive.

[0075] FIG. 18. Gene isolation in solution. Schematic of
a method for selection of longer length cDNA from single
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strand circles rescued from a phagemid library. DNA frag-
ments identified through RDA or Modified Differential
Display are employed to select more full length cDNA.

[0076] FIG. 19. An example of ADCC during a 4 hour
incubation of normal PBL derived monocytes with human
breast cancer SK-BR-3 cells sensitized with 1 mg/ml Her-
ceptin (humanized anti-Her2/neu antibody) at different
ADCC Effector to Target ratios.

[0077] FIG. 20. Tolerance Induction. DBA/2 (H-2%) mice
were immunized with 107 C57B1/6 (H-2%) spleen cells
intraperitoneally and, in addition, were injected with either
saline or 0.5 mg monoclonal anti-CD40 ligand antibody
(MR1B, anti-CD154) administered both at the time of
immunization and two days later. On day 10 following
immunization, spleen cells from these mice were removed
and stimulated in vitro with either C57B1/6 or control
allogeneic C3H (H-2k) spleen cells that had been irradiated
(20 Gy). After 5 days in vitro stimulation, C57B1/6 and C3H
specific cytolytic responses were assayed at various effec-
tor:target ratios by >*Cr release assay from specific labeled
targets, in this case, either C3H or C57B1/6 dendritic cells
pulsed with syngeneic spleen cell lysates.

[0078] FIG. 21. Attenuation of poxvirus-mediated cyto-
pathic effects.

DETAILED DESCRIPTION OF THE
INVENTION

[0079] In one embodiment, the invention provides a
method of selecting a target polynucleotide, comprising: (a)
introducing into a population of host cells a library of insert
polynucleotides; wherein at least one of the insert polynucle-
otides comprises the target polynucleotide; and wherein
expression of the target polynucleotide directly or indirectly
promotes host cell death; (b) culturing said host cells; and (c)
collecting insert polynucleotides from those host cells which
undergo cell death.

[0080] In a further embodiment, the method further com-
prises: (d) introducing the collected polynucleotides into a
population of host cells, wherein expression of the target
polynucleotide directly or indirectly promotes host cell
death; (e) culturing said host cells; and (f) collecting insert
polynucleotides from those host cells which undergo cell
death.

[0081] In a further embodiment, the method further com-
prises repeating steps (d)-(f) one or more times, thereby
enriching for the target polynucleotide.

[0082] In a further embodiment, the method further com-
prises purifying the collected polynucleotides.

[0083] Ina further embodiment, the host cells are adherent
to a solid support.

[0084] In a further embodiment, expression of the target
polynucleotide indirectly promotes cell death upon exposure
of the host cells to an agent.

[0085] In a further embodiment, the agent comprises a
member selected from the group consisting of: a physical
agent, a chemical agent, and a biological agent.

[0086] In a further embodiment, the physical agent is
selected from the group consisting of: radiation, UV radia-
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tion, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

[0087] In a further embodiment, the chemical agent is
selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

[0088] In a further embodiment, the biological agent is
selected from the group consisting of an antisense construct,
an infectious agent, a therapeutic agent, an antibody, a
cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

[0089] In a further embodiment, the biological agent is
conjugated to a toxin.

[0090] In another embodiment, the biological agent effects
cell death by a process selected from the group consisting of:
CTL-induced cytotoxicity, antibody-dependent cellular
cytotoxicity and complement-dependent cytotoxicity.

[0091] Ina further embodiment, the biological agent com-
prises a cytotoxic T lymphocyte (CTL), wherein said CTL
expresses surface CD4, wherein said target polynucleotide
encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class Il major
histocompatibility molecule (MHC).

[0092] In a further embodiment, expression of said target
polynucleotide effects a cellular process selected from the
group consisting of cellular differentiation, growth regula-
tion, cellular proliferation, apoptosis, and hormonal
response.

[0093] In a further embodiment, cell death is the result of
apoptosis.

[0094] In a further embodiment, apoptosis is induced
through expression of a apoptosis-related gene product
which directly promotes apoptosis.

[0095] In a further embodiment, apoptosis is induced
through expression of an apoptosis-related gene product
which indirectly promotes apoptosis.

[0096] In a further embodiment, the apoptosis-related
gene product comprises a death domain containing receptor
expressed on the surface of said host cells, and wherein said
host cells are contacted with a ligand for said death domain
containing receptor.

[0097] In a further embodiment, those cells which have
undergone apoptosis are released from said substrate.

[0098] In a further embodiment, the released host cells, or
contents thereof, are collected by removing the liquid
medium in which said host cells are cultured.

[0099] In a further embodiment, those host cells which
have undergone apoptosis are fully or partially lysed,
thereby releasing their cytoplasmic contents into the liquid
medium in which said host cells are cultured.

[0100] In a further embodiment, the released host cell
contents are collected by removing the liquid medium in
which said host cells are cultured.

[0101] In a further embodiment, the cell death is the result
of a cytotoxic T-lymphocyte induced lytic event.

[0102] In a further embodiment, the target polynucleotide
encodes a target epitope for a cytotoxic T lymphocyte
(CTL).
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[0103] In a further embodiment, the CTL is a CD4+ CTL.

[0104] In a further embodiment, the target epitope is
expressed on the surface of said host cells in the context of
a native MHC molecule expressed on said host cell, and
wherein said host cells are contacted with CTLs which are
restricted for said MHC molecule and specific for said target
epitope.

[0105] In a further embodiment, the MHC molecule is
selected from the group consisting of a class I MHC mol-
ecule and a class I MHC molecule.

[0106] In a further embodiment, the MHC molecule is a
class II MHC molecule.

[0107] In a further embodiment, the target polynucleotide
is fused to a polynucleotide encoding [i-80 fragment of the
class II MHC molecule invariant chain.

[0108] In a further embodiment, those cells which have
undergone a CTL-mediated lytic event are released from
said substrate.

[0109] In a further embodiment, the released host cells, or
contents thereof, are collected by removing the liquid
medium in which said host cells are cultured.

[0110] In a further embodiment, those host cells which
have undergone a CTL-mediated lytic event are fully or
partially lysed, thereby releasing their cytoplasmic contents
into the liquid medium in which said host cells are cultured.

[0111] In a further embodiment, the released host cell
contents are collected by removing the liquid medium in
which said host cells are cultured.

[0112] In a further embodiment, the cell death is the result
of expression of a suicide gene product.

[0113] In a further embodiment, the suicide gene product
is selected from the group consisting of a diphtheria toxin A
chain polypeptide, a Pseudomonas exotoxin A chain
polypeptide, a ricin A chain polypeptide, an abrin A chain
polypeptide, a modeccin A chain polypeptide, and an alpha-
sarcin polypeptide.

[0114] In a further embodiment, the host cells are progeni-
tor cells comprising a suicide gene operably associated with
a tissue-restricted promoter; wherein expression of said
target polynucleotide directly or indirectly induces transcrip-
tion of said tissue-restricted promoter, resulting in expres-
sion of said suicide gene; and wherein expression of said
suicide gene promotes death of those progenitor cells har-
boring said target polynucleotide.

[0115] In a further embodiment, the host cell is a RAW
cell, and wherein said suicide gene is operably associated
with the TRAP promoter.

[0116] In a further embodiment, the target polynucleotide
directly or indirectly regulates osteoclast differentiation.

[0117] In a further embodiment, the suicide gene encodes
the Diphtheria toxin A subunit.

[0118] In a further embodiment, the tissue-restricted pro-
moter is identified by gene expression profiling of said host
cells under different conditions in microarrays of ordered
cDNA libraries.
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[0119] In a further embodiment, those host cells express-
ing said suicide gene product are released from said sub-
strate.

[0120] In a further embodiment, the released host cells, or
contents thereof, are collected by removing the liquid
medium in which said host cells are cultured.

[0121] In a further embodiment, those host cells express-
ing said suicide gene product are fully or partially lysed,
thereby releasing their cytoplasmic contents into the liquid
medium in which said host cells are cultured.

[0122] In a further embodiment, the released host cell
contents are collected by removing the liquid medium in
which said host cells are cultured.

[0123] In a further embodiment, cell death occurs within
a period selected from the group consisting of: 48 hours after
expression of said insert polynucleotide, 24 hours after
expression of said insert polynucleotide, and 12 hours after
expression of said insert polynucleotide.

[0124] In a further embodiment, said library of polynucle-
otides is constructed in a eukaryotic virus vector.

[0125] In a further embodiment, the eukaryotic virus vec-
tor is an animal virus vector.

[0126] In a further embodiment, the eukaryotic virus vec-
tor is a plant virus vector.

[0127] In a further embodiment, the eukaryotic virus vec-
tor is capable of producing infectious viral particles in cells
selected from the group consisting of insect cells, plant cells,
and mammalian cells.

[0128] In a further embodiment, the eukaryotic virus vec-
tor is attenuated.

[0129] In a further embodiment, the eukaryotic virus vec-
tor is capable of producing infectious viral particles in
mammalian cells.

[0130] In a further embodiment, the attenuation is by
genetic mutation.

[0131] In a further embodiment, the attenuation is by
reversible inhibition of virus replication.

[0132] In a further embodiment, the naturally-occurring
genome of said eukaryotic virus vector is DNA.

[0133] In a further embodiment, the naturally-occurring
genome of said eukaryotic virus vector is linear, double-
stranded DNA.

[0134] In a further embodiment, the eukaryotic virus vec-
tor is selected from the group consisting of an adenovirus
vector, a herpesvirus vector and a poxvirus vector.

[0135] In a further embodiment, the eukaryotic virus vec-
tor is a poxvirus vector.

[0136] In a further embodiment, the poxvirus vector is
selected from the group consisting of an orthopoxvirus
vector, an avipoxvirus vector, a capripoxvirus vector, a
leporipoxvirus vector, and a suipoxvirus vector.

[0137] In a further embodiment, the poxvirus vector is an
orthopoxvirus vector selected from the group consisting of
a vaccinia virus vector and a raccoon poxvirus vector.
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[0138] In a further embodiment, the orthopoxvirus vector
is a vaccinia virus vector.

[0139] In another embodiment, the invention provides a
method of selecting a target polynucleotide, comprising: (a)
introducing into a population of host cells a library of insert
polynucleotides; wherein said library is constructed in a
linear DNA virus vector; wherein at least one of said insert
polynucleotides comprises said target polynucleotide; and
wherein expression of said target polynucleotide directly or
indirectly prevents death of a host cell comprising said target
polynucleotide; (b) culturing said host cells; and (c) collect-
ing insert polynucleotides from those host cells which do not
undergo cell death.

[0140] TIn a further embodiment, the method further com-
prises: (d)introducing said collected polynucleotides into a
population of host cells, and wherein expression of said
target polynucleotide directly or indirectly prevents death of
a host cell comprising said target polynucleotide; (e)cultur-
ing said host cells; and (f)collecting insert polynucleotides
from those host cells which do not undergo cell death.

[0141] In a further embodiment, the method further com-
prises repeating steps (d)-(f) one or more times, thereby
enriching for said target polynucleotide.

[0142] TIn a further embodiment, the method further com-
prises purifying said collected polynucleotides.

[0143] In another embodiment, the invention provides a
method of selecting a target polynucleotide, comprising: (a)
introducing into a population of host cells a library of insert
polynucleotides; wherein said library is constructed in a
linear DNA virus vector; wherein at least one of said insert
polynucleotides comprises said target polynucleotide;
wherein exposure of said host cells to an agent promotes cell
death; and wherein expression of said target polynucleotide
directly or indirectly prevents death of a host cell comprising
said target polynucleotide; (b) culturing said host cells; (¢)
exposing said host cells to said agent; and (d) collecting
insert polynucleotides from those host cells which do not
undergo cell death.

[0144] In a further embodiment, the method further com-
prises: (¢) introducing said collected polynucleotides into a
population of host cells, wherein exposure of said host cells
to an agent promotes cell death; and wherein expression of
said target polynucleotide directly or indirectly prevents
death of a host cell comprising said target polynucleotide; (f)
culturing said host cells; (g) exposing said host cells to said
agent; and (h) collecting insert polynucleotides from those
host cells which do not undergo cell death.

[0145] In a further embodiment, the method further com-
prised repeating steps (¢)-(h) one or more times, thereby
enriching for said target polynucleotide.

[0146] In a further embodiment, the method further com-
prises purifying said collected polynucleotides.

[0147] In a further embodiment, said cell death is the
result of a cellular effect selected from the group consisting
of cell lysis, expression of a suicide gene product, a cyto-
toxic T-lymphocyte induced lytic event, apoptosis, loss of
viability, loss of membrane integrity, loss of structural
stability, cell disruption, disruption of cytoskeletal elements,
inability to maintain membrane potential, arrest of cell
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cycle, inability to generate energy, growth arrest, cytotoxic
effects, cytostatic effects, genotoxic effects, and growth
suppressive effects.

[0148] In a further embodiment, cell death occurs within
a period selected from the group consisting of: 48 hours after
expression of said insert polynucleotide, 24 hours after
expression of said insert polynucleotide, and 12 hours after
expression of said insert polynucleotide.

[0149] Ina further embodiment, the host cells are adherent
to a solid support.

[0150] In a further embodiment, the agent is a member
selected from the group consisting of: a physical agent, a
chemical agent, and a biological agent.

[0151] In a further embodiment, the physical agent is
selected from the group consisting of: radiation, UV radia-
tion, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

[0152] In a further embodiment, the chemical agent is
selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

[0153] In a further embodiment, the biological agent is
selected from the group consisting of an antisense construct,
an infectious agent, a therapeutic agent, an antibody, a
cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

[0154] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is conju-
gated to a toxin.

[0155] In a further embodiment, the biological agent
effects cell death by a process selected from the group
consisting of: CTL-induced cytotoxicity, antibody-depen-
dent cellular cytotoxicity and complement-dependent cyto-
toxicity.

[0156] In a further embodiment, the biological agent com-
prises a cytotoxic T lymphocyte (CTL), wherein said CTL
expresses surface CD4, wherein said target polynucleotide
encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class II major
histocompatibility molecule (MHC).

[0157] In a further embodiment, expression of said target
polynucleotide effects a cellular process selected from the
group consisting of cellular differentiation, growth regula-
tion, cellular proliferation, apoptosis, and hormonal
response.

[0158] In a further embodiment, the cell death is the result
of apoptosis.

[0159] In a further embodiment, apoptosis is induced
through expression of an apoptosis-related gene product
which directly promotes apoptosis.

[0160] In a further embodiment, apoptosis is induced
through expression of an apoptosis-related gene product
which indirectly promotes apoptosis.

[0161] In a further embodiment, the apoptosis-related
gene product comprises a death domain containing receptor
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expressed on the surface of said host cells, and wherein said
host cells are contacted with a ligand for said death domain
containing receptor.

[0162] In a further embodiment, those cells which have
undergone apoptosis are released from said support.

[0163] In a further embodiment, the released host cells, or
contents thereof, are removed from said cells which do not
undergo cell death.

[0164] In a further embodiment, those host cells which
have undergone apoptosis are fully or partially lysed,
thereby releasing their cytoplasmic contents into the liquid
medium in which said host cells are cultured.

[0165] In a further embodiment, the released host cell
contents are removed from said cells which do not undergo
cell death.

[0166] In a further embodiment, cell death is the result of
expression of a suicide gene product.

[0167] In a further embodiment, expression of said target
polynucleotide directly or indirectly inhibits expression of a
suicide gene encoding said suicide gene product.

[0168] In a further embodiment, the suicide gene product
is selected from the group consisting of a diphtheria toxin A
chain polypeptide, a Pseudomonas exotoxin A chain
polypeptide, a ricin A chain polypeptide, an abrin A chain
polypeptide, a modeccin A chain polypeptide, and an alpha-
sarcin polypeptide.

[0169] In a further embodiment, the host cells are pro-
genitor cells comprising a suicide gene operably associated
with a tissue-restricted promoter; wherein exposure to said
agent induces transcription from said tissue-restricted pro-
moter, resulting in expression of said suicide gene; and
wherein expression of said target polynucleotide directly or
indirectly inhibits expression of said suicide gene, thereby
preventing death of said progenitor cells comprising said
target polynucleotide.

[0170] In a further embodiment, the host cell is a RAW
cell, wherein said agent is the RANK ligand (RANKL), and
wherein said tissue-restricted promoter is the TRAP pro-
moter.

[0171] In a further embodiment, the target polynucleotide
directly or indirectly regulates osteoclast differentiation.

[0172] In a further embodiment, the suicide gene encodes
the Diphtheria toxin A subunit.

[0173] In a further embodiment, the tissue-restricted pro-
moter is identified by gene expression profiling of said host
cells under different conditions in microarrays of ordered
cDNA libraries.

[0174] In a further embodiment, the expression profiling
compares gene expression under different conditions in host
cells infected with a eukaryotic virus expression vector,
wherein said eukaryotic virus expression vector is the vector
used to construct said library of polynucleotides.

[0175] In a further embodiment, the host cells are non-
dividing cells comprising a suicide gene operably associated
with a proliferation-specific promoter; wherein exposure to
said agent induces transcription from said proliferation-
specific promoter, resulting in expression of said suicide
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gene; and wherein expression of said target polynucleotide
directly or indirectly inhibit sexpression of said suicide
gene, thereby preventing death of said non-dividing cells
comprising said target polynucleotide.

[0176] In a further embodiment, the proliferation-specific
promoter is identified by gene expression profiling of said
host cells under different conditions in microarrays of
ordered cDNA libraries.

[0177] In a further embodiment, the expression profiling
compares gene expression under different conditions in host
cells infected with a eukaryotic virus expression vector,
wherein said eukaryotic virus expression vector is the vector
used to construct said library of polynucleotides.

[0178] In a further embodiment, those host cells express-
ing said suicide gene product are released from said support.

[0179] In a further embodiment, the released host cells, or
contents thereof, are removed from said cells which do not
undergo cell death.

[0180] In a further embodiment, those host cells express-
ing said suicide gene product are fully or partially lysed,
thereby releasing their cytoplasmic contents into the liquid
medium in which said host cells are cultured.

[0181] In a further embodiment, the released host cell
contents are removed from said cells which do not undergo
cell death.

[0182] In a further embodiment, cell death occurs within
a period selected from the group consisting of: 48 hours after
expression of said insert polynucleotide, 24 hours after
expression of said insert polynucleotide, and 12 hours after
expression of said insert polynucleotide.

[0183] In another embodiment, the invention provides a
method of selecting a target polynucleotide, comprising: (a)
introducing into a population of host cells a library of insert
polynucleotides; wherein said library is constructed in a
linear DNA virus vector; wherein at least one of said insert
polynucleotides comprises the target polynucleotide; and
wherein expression of said target polynucleotide directly or
indirectly alters a phenotype in a cell comprising said target
polynucleotide; (b) culturing said host cells; and (c) collect-
ing insert polynucleotides from those host cells which
exhibit said altered phenotype.

[0184] In a further embodiment, the method further com-
prises: (d) introducing said collected polynucleotides into a
population of host cells, and wherein expression of said
target polynucleotide directly or indirectly alters a pheno-
type of a host cell comprising said target polynucleotide; (¢)
culturing said host cells; and (f) collecting insert polynucle-
otides from those host cells which exhibit said altered
phenotype.

[0185] In a further embodiment, the method further com-
prises repeating steps (d)-(f) one or more times, thereby
enriching for said target polynucleotide.

[0186] Ina further embodiment, method further comprises
purifying said collected polynucleotides.

[0187] In a further embodiment, the altered phenotype is
the expression of a reporter gene product.

[0188] In a further embodiment, the reporter gene product
is selected from the group consisting of an epitope, chloram-
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phenicol acetyl transferase (CAT), green fluorescent protein
(GFP), blue fluorescent protein (BFP), yellow fluorescent
protein (YFP), red fluorescent protein (RFP), luciferase and
[p-galactosidase.

[0189] In a further embodiment, expression of said target
polynucleotide indirectly promotes expression of said
selectable gene product in said host cells upon exposure of
said host cells to an agent.

[0190] In a further embodiment, the agent is a member
selected from the group consisting of: a physical agent, a
chemical agent, and a biological agent.

[0191] In a further embodiment, the physical agent is
selected from the group consisting of: radiation, UV radia-
tion, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

[0192] In a further embodiment, the chemical agent is
selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

[0193] In a further embodiment, the biological agent is
selected from the group consisting of an antisense construct,
an infectious agent, a therapeutic agent, an antibody, a
cytotoxic T-lymphoeyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

[0194] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is conju-
gated to a toxin.

[0195] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is labeled.

[0196] In a further embodiment, the biological agent
effects cell death by a process selected from the group
consisting of: CTL-induced cytotoxicity, antibody-depen-
dent cellular cytotoxicity and complement-dependent cyto-
toxicity.

[0197] In a further embodiment, the biological agent com-
prises a cytotoxic T lymphocyte (CTL), wherein said CTL
expresses surface CD4, wherein said target polynucleotide
encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class II major
histocompatibility molecule (MHC).

[0198] In a further embodiment, expression of said target
polynucleotide effects a cellular process selected from the
group consisting of cellular differentiation, growth regula-
tion, cellular proliferation, apoptosis, and hormonal
response.

[0199] In a further embodiment, the host cells are pro-
genitor cells comprising a selectable gene product operably
associated with a tissue-restricted promoter; wherein expres-
sion and secretion of a product encoded by said target
polynucleotide directly or indirectly induces transcription of
said tissue restricted promoter, resulting in expression of
said selectable gene product.

[0200] In a further embodiment, the host cell is a RAW
cell, and wherein said selectable gene product is operably
associated with the TRAP promoter.

Jan. 30, 2003

[0201] In a further embodiment, the target polynucleotide
directly or indirectly regulates osteoclast differentiation.

[0202] In a further embodiment, the tissue-restricted pro-
moter is identified by gene expression profiling of said host
cells under different conditions in microarrays of ordered
¢DNA libraries.

[0203] In a further embodiment, the host cells are non-
dividing cells comprising a selectable gene product operably
associated with a proliferation-specific promoter; wherein
expression and secretion of a product encoded by said target
polynucleotide directly or indirectly induces transcription of
said proliferation-specific promoter, resulting in expression
of said selectable gene product.

[0204] In a further embodiment, the proliferation-specific
promoter is identified by gene expression profiling of said
host cells under different conditions in microarrays of
ordered cDNA libraries.

[0205] In another embodiment, the invention provides a
method of selecting a target polynucleotide, comprising: ()
dividing host cells comprising a library of insert polynucle-
otides into pools; wherein said library is constructed in a
linear DNA virus vector; wherein at least one of said insert
polynucleotides comprises the target polynucleotide; and
wherein expression of said target polynucleotide and secre-
tion of the product of said target polynucleotide directly or
indirectly alters a phenotype of an indicator cell; (b) cultur-
ing said host cell pools in the presence of indicator cells; (c)
collecting insert polynucleotides from those host cell pools
in which said indicator cells exhibit an altered phenotype.

[0206] In a further embodiment, the method further com-
prises: (d) introducing said collected polynucleotides into
host cells; (e) dividing the host cells of (d) into pools;
wherein expression of said target polynucleotide directly or
indirectly alters a phenotype of said indicator cells; (f)
culturing said host cell pools in the presence of indicator
cells; (g) collecting insert polynucleotides from those host
cell pools in which said indicator cells exhibit an altered
phenotype.

[0207] In a further embodiment, the method further com-
prises repeating steps (d)-(g) one or more times, thereby
enriching for said target polynucleotide.

[0208] In a further embodiment, the method further com-
prises purifying said collected polynucleotides.

[0209] In a further embodiment, the altered phenotype is
the expression of a reporter gene product.

[0210] In a further embodiment, the reporter gene product
is selected from the group consisting of an epitope, chloram-
phenicol acetyl transferase (CAT), green fluorescent protein
(GFP), blue fluorescent protein (BFP), yellow fluorescent
protein (YFP), red fluorescent protein (RFP), luciferase and
B-galactosidase.

[0211] In a further embodiment, the indicator cells are
selected from the group consisting of: tumor cells, meta-
static tumor cells, primary cells, transformed primary cells,
immortalized primary cells, dividing cells, non dividing
cells, terminally differentiated cells, pluripotent stem cells,
committed progenitor cells, uncommitted stem cells, pro-
genitor cells, muscle cells, epithelial cells, nervous system
cells, circulatory system cells, respiratory system cells,



US 2003/0022157 Al

endocrine cells, endocrine-associated cells, skeletal system
cells, connective tissue cells, musculoskeletal cells, chon-
drocytes, osteoblasts, osteoclasts, myocytes, fully differen-
tiated blood cells, fully differentiated epidermal cells, neu-
rons, glial cells, kidney cells, liver cells, muscle cell
progenitors, epithelial cell progenitors, nervous system cell
progenitors, circulatory system cell progenitors, respiratory
system cell progenitors, endocrine cell progenitors, endo-
crine-associated cell progenitors, skeletal system cell pro-
genitors, connective tissue cell progenitors, musculoskeletal
cell progenitors, chondrocyte progenitors, osteoblast pro-
genitors, osteoclast progenitors, myocyte progenitors, blood
cell progenitors, epidermal cell progenitors, neuron progeni-
tors, glial cell progenitors, kidney cell progenitors, liver cell
progenitors and any combination thereof.

[0212] In a further embodiment, the target polynucleotide
alters a phenotype of said indicator cells upon exposure of
said host cells to an agent.

[0213] In a further embodiment, the agent is selected from
the group consisting of: a physical agent, a chemical agent,
and a biological agent.

[0214] In a further embodiment, the physical agent is
selected from the group consisting of: radiation, UV radia-
tion, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

[0215] In a further embodiment, the chemical agent is
selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

[0216] In a further embodiment, the biological agent is
selected from the group consisting of an antisense construct,
an infectious agent, a therapeutic agent, an antibody, a
cytotoxic T-lymphoeyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

[0217] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is conju-
gated to a toxin.

[0218] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is labeled.

[0219] In a further embodiment, the biological agent
effects cell death by a process selected from the group
consisting of: CTL-induced cytotoxicity, antibody-depen-
dent cellular cytotoxicity and complement-dependent cyto-
toxicity.

[0220] Ina further embodiment, the biological agent com-
prises a cytotoxic T lymphoeyte (CTL), wherein said CTL
expresses surface CD4, wherein said target polynucleotide
encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class II major
histocompatibility molecule (MHC).

[0221] In a further embodiment, expression of said target
polynucleotide effects a cellular process selected from the
group consisting of cellular differentiation, growth regula-
tion, cellular proliferation, apoptosis, and hormonal
response.
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[0222] In a further embodiment, the indicator cells are
progenitor cells comprising a selectable gene product oper-
ably associated with a tissue-restricted promoter; wherein
expression of said target polynucleotide directly or indi-
rectly induces transcription of said tissue-restricted pro-
moter, resulting in expression of said selectable gene prod-
uct.

[0223] In a further embodiment, the indicator cell is a
RAW cell, and wherein the marker gene is operably asso-
ciated with the TRAP promoter.

[0224] In a further embodiment, the target polynucleotide
directly or indirectly regulates osteoclast differentiation in
said indicator cells.

[0225] In a further embodiment, the indicator cells are
non-dividing cells comprising a marker gene operably asso-
ciated with a proliferation-specific promoter; wherein
expression of said target polynucleotide in said host cells
directly or indirectly induces transcription of said prolifera-
tion-specific promoter, resulting in expression of said
marker gene.

[0226] In another embodiment, the invention provides a
method of selecting a target polynucleotide encoding a
secreted product, comprising: (a) introducing into a popu-
lation of host cells a library of insert polynucleotides;
wherein at least one of said insert polynucleotides comprises
said target polynucleotide; and wherein expression of said
target polynucleotide directly or indirectly alters a pheno-
type in a population of indicator cells; (b) culturing said
pools of host cells in the presence of said indicator cells; and
(c) collecting insert polynucleotides from those host cell
pools in the presence of which said selectable gene product
is expressed.

[0227] In a further embodiment, the method further com-
prises: (d) dividing said collected insert polynucleotides into
sub-pools; (e) introducing said polynucleotide sub-pools
into sub-pools of host cells, wherein expression of said
target polynucleotide and secretion of said product directly
or indirectly promotes expression of a selectable gene prod-
uct in a population of indicator cells; (f) culturing said host
cell sub-pools in the presence of said indicator cells; and (g)
collecting insert polynucleotides from those sub-pools of
host cells in the presence of which said selectable gene
product is expressed.

[0228] In another embodiment, the invention provides a
method of selecting a target polynucleotide encoding a
secreted product, comprising: (a) introducing into a popu-
lation of host cells a library of insert polynucleotides;
wherein at least one of said insert polynucleotides comprises
the target polynucleotide; and wherein expression of said
target polynucleotide and secretion of said product directly
or indirectly inhibits expression of a selectable gene product
in a population of indicator cells, said indicator cells
expressing said selectable gene product upon exposure to an
agent; (b) culturing said host cell subpools in the presence of
said indicator cells; (c) exposing said indicator cells to said
agent; and (d) collecting insert polynucleotides from those
host cell pools in the presence of which said selectable gene
product is not expressed.

[0229] In a further embodiment, the method further com-
prises: (¢) dividing said collected insert polynucleotides into
sub-pools; (f) introducing said polynucleotide sub-pools into



US 2003/0022157 Al

sub-pools of host cells, wherein expression of said target
polynucleotide and secretion of said product directly or
indirectly inhibits expression of a selectable gene product in
a population of indicator cells, said indicator cells express-
ing said selectable gene product upon exposure to an agent;
(g) culturing said host cell sub-pools in the presence of said
indicator cells; (h) exposing said indicator cells to said
agent; and (i) collecting insert polynucleotides from those
sub-pools of host cells in the presence of which said select-
able gene product is not expressed.

[0230] In a further embodiment, the method further com-
prised repeating steps (¢)-(i) one or more times, thereby
enriching for said target polynucleotide.

[0231] In a further embodiment, the method further com-
prises purifying said collected polynucleotides.

[0232] In a further embodiment, the library of insert
polynucleotides is an antisense library.

[0233] In a further embodiment, the agent is a member
selected from the group consisting of: a physical agent, a
chemical agent, and a biological agent.

[0234] In a further embodiment, the physical agent is
selected from the group consisting of: radiation, UV radia-
tion, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

[0235] In a further embodiment, the chemical agent is
selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

[0236] In a further embodiment, the biological agent is
selected from the group consisting of an antisense construct,
an infectious agent, a therapeutic agent, an antibody, a
cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

[0237] In a further embodiment, the biological agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said biological agent is conju-
gated to a toxin.

[0238] In a further embodiment, the biological agent
effects cell death by a process selected from the group
consisting of: CTL-induced cytotoxicity, antibody-depen-
dent cellular cytotoxicity and complement-dependent cyto-
toxicity.

[0239] In a further embodiment, the biological agent com-
prises a cytotoxic T lymphocyte (CTL), wherein said CTL
expresses surface CD4, wherein said target polynucleotide
encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class II major
histocompatibility molecule (MHC).

[0240] In a further embodiment, expression of said target
polynucleotide effects a cellular process selected from the
group consisting of cellular differentiation, growth regula-
tion, cellular proliferation, apoptosis, and hormonal
response.

[0241] In a further embodiment, the indicator cells are
progenitor cells comprising a selectable gene product oper-
ably associated with a tissue-restricted promoter; wherein
expression and secretion of a product encoded by said target
polynucleotide directly or indirectly inhibits transcription of
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said tissue-restricted promoter, thereby blocking expression
of said selectable gene product.

[0242] In a further embodiment, the indicator cell is a
RAW cell, wherein said agent is the RANK Ligand
(RANKL), and wherein said tissue-restricted promoter is the
TRAP promoter.

[0243] Ina further embodiment, the target polynucleotides
expressing a secreted product which directly or indirectly
regulates osteoclast differentiation in indicator cells.

[0244] In a further embodiment, the tissue-restricted pro-
moter is identified by gene expression profiling of said
indicator cells under different conditions in microarrays of
ordered cDNA libraries.

[0245] In a further embodiment, the indicator cells are
non-dividing cells comprising a selectable gene product
operably associated with a proliferation-specific promoter;
and wherein expression and secretion of a product encoded
by said target polynucleotide directly or indirectly inhibits
transcription of said proliferation-specific promoter, thereby
blocking expression of said selectable gene product.

[0246] In a further embodiment, the proliferation-specific
promoter is identified by gene expression profiling of said
indicator cells under different conditions in microarrays of
ordered cDNA libraries.

[0247] In a further embodiment of each of methods above
and herein, the cell death may be the result of a cellular
effect selected from the group consisting of cell lysis,
expression of a suicide gene product, a cytotoxic T-lympho-
cyte induced lytic event, apoptosis, loss of viability, loss of
membrane integrity, loss of structural stability, cell disrup-
tion, disruption of cytoskeletal elements, inability to main-
tain membrane potential, arrest of cell cycle, inability to
generate energy, growth arrest, cytotoxic effects, cytostatic
effects, genotoxic effects, and growth suppressive effects.

[0248] In a further embodiment of each of methods above
and herein, the population of host cells is selected from the
group consisting of: tumor cells, metastatic tumor cells,
primary cells, transformed primary cells, immortalized pri-
mary cells, dividing cells, non dividing cells, terminally
differentiated cells, pluripotent stem cells, committed pro-
genitor cells, uncommitted stem cells, progenitor cells,
muscle cells, epithelial cells, nervous system cells, circula-
tory system cells, respiratory system cells, endocrine cells,
endocrine-associated cells, skeletal system cells, connective
tissue cells, musculoskeletal cells, chondrocytes, osteo-
blasts, osteoclasts, myocytes, fully differentiated blood cells,
fully differentiated epidermal cells, neurons, glial cells,
kidney cells, liver cells, muscle cell progenitors, epithelial
cell progenitors, nervous system cell progenitors, circulatory
system cell progenitors, respiratory system cell progenitors,
endocrine cell progenitors, endocrine-associated cell pro-
genitors, skeletal system cell progenitors, connective tissue
cell progenitors, musculoskeletal cell progenitors, chondro-
cyte progenitors, osteoblast progenitors, osteoclast progeni-
tors, myocyte progenitors, blood cell progenitors, epidermal
cell progenitors, neuron progenitors, glial cell progenitors,
kidney cell progenitors, liver cell progenitors and any com-
bination thereof.

[0249] In a further embodiment of each of methods above
and herein, the solid support is selected from the group
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consisting of: tissue culture plastic, glass, polystyrene,
polypropylene, polyethylene, dextran, nylon, amylases,
natural and modified celluloses, polyacrylamides, gabbros,
magnetite, soluble material, partially soluble material,
insoluble material, magnetic material, and nonmagnetic
material.

[0250] In a further embodiment of each of methods above
and herein, the solid support has a structure selected from
the group consisting of: spherical, bead-like, bead, cylindri-
cal, test tube-like, tube-like, tube, rod-like, rod, flat, sheet-
like, sheet, test strip, strip-like, strip, bead, microbead, well,
plate, tissue culture plate, petri plate, microplate, microtiter
plate, flask, stick, vial, and paddle.

[0251] In a further embodiment of each of methods above
and herein, the library of insert polynucleotides is selected
from the group consisting of: a cDNA library, a genomic
library, a combinatorial polynucleotide library, a library of
natural polynucleotides, a library of artificial polynucle-
otides, a library of polynucleotides endogenous to the host
cells, a library of polynucleotides exogenous to the host
cells, an antisense library, and any combination thereof.

[0252] In a further embodiment of each of methods above
and herein, the library of insert polynucleotides is con-
structed in said eukaryotic virus vector by a method com-
prising: (a) providing host cells comprising a linear DNA
virus genome which has been cleaved to produce a first viral
fragment and a second viral fragment, wherein said first
fragment is nonhomologous with said second fragment; (b)
providing a population of transfer plasmids comprising said
insert polynucleotides in operable association with a vector
transcriptional control region, a 5' flanking region, and a 3'
flanking region; wherein said 5' flanking region is homolo-
gous to said first viral fragment and said 3' flanking region
is homologous to said second viral fragment; and wherein
said transfer plasmids are capable of homologous recombi-
nation with said first and second viral fragments such that a
viable virus genome is formed; (¢) introducing said transfer
plasmids into said host cells under conditions wherein a
transfer plasmid and said first and second viral fragments
undergo in vivo homologous recombination, thereby pro-
ducing a viable modified virus genome comprising an insert
polynucleotide; and (d) collecting said modified virus
genome.

[0253] In a further embodiment of each of methods above
and herein, the first and second viral fragments are produced
by infecting said host cells with a virus comprising said
linear DNA virus genome, and wherein said virus genome is
cleaved in vivo.

[0254] In a further embodiment of cach of methods above
and herein, the first and second viral fragments are produced
by cleaving an isolated linear DNA virus genome in vitro,
and wherein said first and second viral fragments are intro-
duced into said host cells.

[0255] In a further embodiment of each of methods above
and herein, the virus genome comprises a first recognition
site for a first restriction endonuclease; and wherein said first
and second viral fragments are produced by digesting said
viral genome with said first restriction endonuclease, and
isolating said first and second viral fragments.

[0256] In a further embodiment of each of methods above
and herein, the virus genome further comprises a second
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recognition site for a second restriction endonuclease; and
wherein said first and second viral fragments are produced
by digesting said viral genome with said first restriction
endonuclease and said second restriction endonuclease, and
isolating said first and second viral fragments.

[0257] In a further embodiment of each of methods above
and herein, the first and second recognition sites are physi-
cally arranged in said genome such that the region extending
between said first and second viral fragments is not essential
for virus infectivity.

[0258] In a further embodiment of each of methods above
and herein, the modified virus genome is packaged in an
infectious viral particle.

[0259] In a further embodiment of each of methods above
and herein, the modified virus genome is defective in an
essential gene and said host cell comprises a complementing
copy of said essential gene.

[0260] In a further embodiment of each of methods above
and herein, the complementing copy of said essential gene
is operably associated with an inducible promoter.

[0261] In a further embodiment of each of methods above
and herein, the inducible promoter is selected from the group
consisting of: a differentiation-induced promoter, a cell
type-restricted promoter, a tissue-restricted promoter, a tem-
porally-regulated promoter, a spatially-regulated promoter, a
proliferation-induced promoter, a cell-cycle specific pro-
moter.

[0262] In a further embodiment of each of methods above
and herein, the linear DNA virus genome is a herpes virus
genome.

[0263] In a further embodiment of each of methods above
and herein, the linear DNA virus genome is an adenovirus
genome.

[0264] In a further embodiment of each of methods above
and herein, the linear DNA virus genome is a poxvirus
genome.

[0265] In a further embodiment of each of methods above
and herein, the poxvirus genome is a vaccinia virus genome.

[0266] In a further embodiment of each of methods above
and herein, the transfer plasmid and said first and second
viral fragments are introduced into a host cell comprising a
helper virus, wherein said host cell is non-permissive for the
production of infectious virus particles of said helper virus.

[0267] In a further embodiment of each of methods above
and herein, the helper virus is an avipoxvirus.

[0268] In a further embodiment of each of methods above
and herein, the helper virus is a fowlpox virus.

[0269] In a further embodiment of each of methods above
and herein, the 5' and 3' flanking regions of said transfer
plasmids are capable of homologous recombination with a
vaccinia virus thymidine kinase gene.

[0270] In a further embodiment of each of methods above
and herein, the 5' and 3' flanking regions of said transfer
plasmids are capable of homologous recombination with a
vaccinia virus HindIII J fragment.

[0271] In a further embodiment of each of methods above
and herein, the transfer plasmid comprises an insert poly-
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nucleotide operably associated with a promoter selected
from the group consisting of a vaccinia virus p7.5 promoter,
a synthetic early/late promoter, and a vaccinia virus MH5
early/late promoter.

[0272] In a further embodiment of each of methods above
and herein, the transfer plasmid comprises the sequence
shown in SEQ ID NO:

[0273] In a further embodiment of each of methods above
and herein, the library of polynucleotides is constructed in a
eukaryotic virus vector.

[0274] In a further embodiment of each of methods above
and herein, the host cells are infected with said library at an
MOI selected from the group consisting of: from about 1 to
about 10, about 1 to about 5, and about 1.

[0275] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is an animal virus
vector.

[0276] In a further embodiment of each of methods above
and herein, wherein said eukaryotic virus vector is a plant
virus vector.

[0277] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is capable of pro-
ducing infectious viral particles in cells selected from the
group consisting of insect cells, plant cells, and mammalian
cells.

[0278] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is attenuated.

[0279] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is capable of pro-
ducing infectious viral particles in mammalian cells.

[0280] In a further embodiment of each of methods above
and herein, the attenuation is by genetic mutation.

[0281] In a further embodiment of each of methods above
and herein, the attenuation is by reversible inhibition of virus
replication.

[0282] TIn a further embodiment of each of methods above
and herein, the naturally-occurring genome of said eukary-
otic virus vector is DNA.

[0283] In a further embodiment of each of methods above
and herein, the naturally-occurring genome of said eukary-
otic virus vector is linear, double-stranded DNA.

[0284] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is selected from the
group consisting of an adenovirus vector, a herpesvirus
vector and a poxvirus vector.

[0285] In a further embodiment of each of methods above
and herein, the eukaryotic virus vector is a poxvirus vector.

[0286] In a further embodiment of each of methods above
and herein, the poxvirus vector is selected from the group
consisting of an orthopoxvirus vector, an avipoxvirus vector,
a capripoxvirus vector, a leporipoxvirus vector, and a sui-
poxvirus vector.

[0287] In a further embodiment of each of methods above
and herein, the poxvirus vector is an orthopoxvirus vector
selected from the group consisting of a vaccinia virus vector
and a raccoon poxvirus vector.
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[0288] In a further embodiment of each of methods above
and herein, the orthopoxvirus vector is a vaccinia virus
vector.

[0289] In a further embodiment of each of methods above
and herein, the host cells are permissive for the production
of infectious viral particles of said virus.

[0290] In a further embodiment of each of methods above
and herein, the vaccinia virus is attenuated.

[0291] In a further embodiment of each of methods above
and herein, the attenuation is by genetic mutation.

[0292] In a further embodiment of each of methods above
and herein, the attenuation is by reversible inhibition of virus
replication.

[0293] In a further embodiment of each of methods above
and herein, the vaccinia virus vector is derived from strain
MVA.

[0294] In a further embodiment of each of methods above
and herein, the vaccinia virus vector is derived from strain
D4R.

[0295] In a further embodiment of each of methods above
and herein, the insert polynucleotide is in operable associ-
ated with a transcriptional control sequence.

[0296] In a further embodiment of each of methods above
and herein, the transcriptional control sequence functions in
the cytoplasm of a poxvirus-infected cell.

[0297] In a further embodiment of each of methods above
and herein, the transcriptional control sequence comprises a
promoter.

[0298] In a further embodiment of each of methods above
and herein, the promoter is constitutive.

[0299] In a further embodiment of each of methods above
and herein, the promoter is a vaccinia virus p7.5 promoter.

[0300] In a further embodiment of each of methods above
and herein, the vector comprises the sequence shown in SEQ
ID NO: .

[0301] In a further embodiment of each of methods above
and herein, the promoter is a synthetic early/late promoter.

[0302] In a further embodiment of each of methods above
and herein, the vector comprises the sequence shown in SEQ
ID NO:

[0303] In a further embodiment of each of methods above
and herein, the transcriptional control sequence comprises a
transcriptional termination region.

[0304]

[0305] “Poxvirus” includes any member of the family
Poxviridae, including the subfamililes Chordopoxviridae
(vertebrate poxviruses) and Entomopoxviridae (insect pox-
viruses). See, for example, B. Moss in: Virology, B. N.
Fields, D. M. Knipe et al., Eds., Raven Press, p. 2080 (1990).
The chordopoxviruses comprise, inter alia, the following
genera: Orthopoxvirus (e.g., vaccinia); Avipoxvirus (e.g.,
fowlpox); Capripoxvirus (e.g, sheeppox) Leporipoxvirus
(e.g., rabbit (Shope) fibroma, and myxoma); and Suipoxvi-
rus (e.g., swinepox). The entomopoxviruses comprise three
genera: A, B and C.

Vaccinia Virus and Other Poxviruses
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[0306] In the present invention, orthopoxviruses are pre-
ferred. Vaccinia virus is the prototype orthopoxvirus, and
has been developed and is well-characterized as a vector for
the expression of heterologous proteins. In the present
invention, vaccinia virus vectors, particularly those that have
been developed to perform trimolecular recombination, are
preferred. However, other orthopoxviruses, in particular,
raccoon poxvirus have also been developed as vectors and in
some applications, have superior qualities.

[0307] Vaccinia virus, like other members of the pox virus
group, is distinguished by its large size and complexity. The
DNA of vaccinia virus is similarly large and complex.
Vaccinia DNA is about 180 kilodaltons in size, for instance,
compared with a DNA size of only 3.6 megadaltons for
simian virus 40 (§V40). The DNA molecule of vaccinia is
double-stranded and terminally crosslinked so that a single
stranded circle is formed upon denaturation of the DNA.
Vaccinia DNA has been physically mapped using a number
of different restriction enzymes and a number of such maps
are presented in an article by Panicali et al., J. Virol. 37,
1000-1010 (1981) which reports the existence of two major
DNA variants of the WR strain of vaccinia virus (ATCC No.
VR 119), which strain has been most widely used for the
investigation and characterization of pox viruses. The two
variants differ in that the S (“small”) variant (ATCC No. VR
2034) has a 6.3 megadalton deletion not occurring in the
DNA of the L (“large™) variant (ATCC No. VR 2035). Maps
obtained by treatment of the variants with the restriction
enzymes Hind III, Ava I, Xho I, Sst I, and Sma I are
presented in the aforementioned article.

[0308] Vaccinia, a eukaryotic virus, reproduces entirely
within the cytoplasm of a host cell. It is a lytic virus, i.e. a
virus, the replication of which in a cell results in lysis of the
cell. The virus is considered non-oncogenic. The virus has
been used for approximately 200 years in vaccines for
inoculation against smallpox and the medical profession is
well acquainted with the properties of the virus when used
in a vaccine.

[0309] Concerning the structure of the vaccinia genome,
the cross-linked double strands of the DNA are characterized
by inverted terminal repeats each approximately 8.6 mega-
daltons in length, representing about 10 kilobasepairs (kbp).
Since the central portions of the DNA of all pox viruses are
similar, while the terminal portions of the viruses differ more
strongly, the responsibility of the central portion for func-
tions common to all the viruses, such as replication, is
suggested, whereas the terminal portions appear responsible
for other characteristics such as pathogenicity, host range,
etc. If such a genome is to be modified by the rearrangement
or removal of DNA fragments therefrom or the introduction
of exogenous DNA fragments thereinto, while producing a
stable viable mutant, the portion of the naturally-occurring
DNA which is rearranged, removed, or disrupted by the
introduction of exogenous DNA thereinto must be non-
essential to the viability and stability of the vaccinia virus.
Such non-essential portions of the genome have been found
to be present in the WR strain of vaccinia virus, for instance
within the region present within the L-variant but deleted
from the S-variant or within the Hind III F-fragment of the
genome. See, for example, Paoletti et al., U.S. Pat. No.
5,972,597.
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[0310] Attenuated and Defective Viral Vectors Such As
Vaccinia Virus.
[0311] A limitation of wild type vaccinia virus as an

expression vector for lethality based selection is that the
virus has cytopathic effects in many mammalian cells. The
kinetics of these effects is very dependent on the host cells.
For many tissue culture lines, cytopathic effects that result in
release from a monolayer are not significant until well after
48 to 72 hours infection. This allows a 2 to 3 day time frame
for high level expression of recombinant genes and selection
of a non-viable or non-adherent phenotype independent of
the intrinsic cytopathic effects of the vector. This has been
shown to be adequate for immunoselection, and, because of
the toxicity of suicide gene constructs, is expected to be
adequate for studies of genes that regulate differentiation in
many but not necessarily all cell types. There is, therefore,
a need for a pox virus vector with attenuated cytopathic
effects so that, wherever necessary, the time frame of selec-
tion can be extended.

[0312] For example, certain attenuations are achieved
through genetic mutation. Many vaccinia virus mutants have
been characterized. These may be fully defective mutants,
i.e., the production of infectious virus particles requires
helper virus, or they may be conditional mutants, e.g.,
temperature sensitive mutants. Conditional mutants are par-
ticularly preferred, in that the virus-infected host cells can be
maintained in a non-permissive environment, e.g., at a
non-permissive temperature, during the period where host
gene expression is required, and then shifted to a permissive
environment, €.g., a4 permissive temperature, to allow virus
particles to be produced. Alternatively, a fully infectious
virus may be “attenuated” by chemical inhibitors which
reversibly block virus replication at defined points in the
infection cycle. Chemical inhibitors include, but are not
limited to hydroxyurea and 5-fluorodeoxyuridine. Virus-
infected host cells are maintained in the chemical inhibitor
during the period where host gene expression is required,
and then the chemical inhibitor is removed to allow virus
particles to be produced.

[0313] Modified Vaccinia Ankara (MVA) is a highly
attenuated strain of vaccinia virus that was derived during
over 570 passages in primary chick embryo fibroblasts
(Mayr, A. et al., Infection 3:6-14 (1975)). The recovered
virus deleted approximately 15% of the wild type vaccinia
DNA which profoundly affects the host range restriction of
the virus. MVA cannot replicate or replicates very ineffi-
ciently in most mammalian cell lines. A unique feature of the
host range restriction is that the block in non-permissive
cells occurs at a relatively late stage of the replication cycle.
Expression of viral late genes is relatively unimpaired but
virion morphogenesis is interrupted (Suter, G. and Moss, B.,
Proc Natl Acad Sci USA 89:10847-51 (1992); Carroll, M. W.
and Moss, B., Virology 238:198-211 (1997)). The high
levels of viral protein synthesis even in non-permissive host
cells make MVA an especially safe and efficient expression
vector. However, because MVA cannot complete the infec-
tious cycle in most mammalian cells, in order to recover
infectious virus for multiple cycles of selection it will be
necessary to complement the MVA deficiency by coinfection
or superinfection with a helper virus that is itself deficient
and that can be subsequently separated from infectious MVA
recombinants by differential expansion at low MOI in MVA
permissive host cells.

[0314] As an alternative to MVA, some strains of vaccinia
virus that are deficient in an essential early gene have been
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shown to have greatly reduced inhibitory effects on host cell
protein synthesis. Attenuated poxviruses which lack defined
essential early genes have also been described. See, e.g.,
U.S. Pat. No. 5,766,882, by Falkner, et al. Examples of
essential early genes which may be rendered defective
include, but are not limited to the vaccinia virus 171, F18R,
D13L, D6R, ASL, J1R, E7L, F11L, E4L, I1L, J3R, J4R,
H7R, and A6R genes. A preferred essential early gene to
render defective is the D4R gene, which encodes a uracil
DNA glycosylase enzyme.

[0315] Vaccinia viruses defective in defined essential
genes are easily propagated in complementing cell lines
which provides the essential gene product. As used herein,
the term “complementation” refers to a restoration of a lost
function in trans by another source, such as a host cell,
transgenic animal or helper virus. The loss of function is
caused by loss by the defective virus of the gene product
responsible for the function. Thus, a defective poxvirus is a
non-viable form of a parental poxvirus, and is a form that
can become viable in the presence of complementation. The
host cell, transgenic animal or helper virus contains the
sequence encoding the lost gene product, or “complemen-
tation element.” The complementation element should be
expressible and stably integrated in the host cell, transgenic
animal or helper virus, and preferably would be subject to
little or no risk for recombination with the genome of the
defective poxvirus.

[0316] Viruses produced in the complementing cell line
are capable of infecting non-complementing cells, and fur-
ther are capable of high-level expression of early gene
products. However, in the absence of the essential gene
product, host shut-off, DNA replication, packaging, and
production of infectious virus particles do not take place.

[0317] In particularly preferred embodiments described
herein, selection of desired insert polynucleotides expressed
in a complex library constructed in vaccinia virus is accom-
plished through coupling induction of expression of the
complementation element to expression of the insert poly-
nucleotide. Since the complementation element is only
expressed in those host cells expressing the insert polynucle-
otide, only those host cells will produce infectious virus
which is easily recovered.

[0318] In another preferred aspect, inactivation of the
library constructed in a virus vector is carried out by treating
a sample of the library constructed in a virus vector with
4'-aminomethyl-trioxsalen (psoralen) and then exposing the
virus vector to ultraviolet (UV) light. Psoralen and UV
inactivation of viruses is well known to those of ordinary
skill in the art. See, e.g., Tsung, K., et al., J. Virol. 70:165-
171 (1996), which is incorporated herein by reference in its
entirety.

[0319] Psoralen treatment typically comprises incubating
a cell-free sample of the virus vector with a concentration of
psoralen ranging from about 0.1 ug/ml to about 20 ug/ml,
preferably about 1 ug/ml to about 17.5 ug/ml, about 2.5
ug/ml to about 15 pug/ml, about 5 ug/ml to about 12.5 ug/ml,
about 7.5 ug/ml to about 12.5 wug/ml, or about 9 ug/ml to
about 11 ug/ml. Accordingly, the concentration of psoralen
may be about 0.1 ug/ml, 0.5 ug/ml, 1 wg/ml, 2 wg/ml, 3
pg/ml, 4 pg/ml, 5 pug/ml, 6 ug/ml, 7 ug/ml, 8 ug/ml, 9 ug/ml,
10 ug/ml, 11 pg/ml, 12 pg/ml, 13 pg/ml, 14 pug/ml, 15 ug/ml,
16 pg/ml, 17 pg/ml, 18 ug/ml, 19 ug/ml, or 20 ug/ml.
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Preferably, the concentration of psoralen is about 10 pg/ml.
As used herein, the term “about” takes into account that
measurements of time, chemical concentration, temperature,
pH, and other factors typically measured in a laboratory or
production facility are never exact, and may vary by a given
amount based on the type of measurement and the instru-
mentation used to make the measurement.

[0320] The incubation with psoralen is typically carried
out for a period of time prior to UV exposure. This time
period preferably ranges from about one minute to about 20
minutes prior to the UV exposure. Preferably, the time
period ranges from about 2 minutes to about 19 minutes,
from about 3 minutes to about 18 minutes, from about 4
minutes to about 17 minutes, from about 5 minutes to about
16 minutes, from about 6 minutes to about 15 minutes, from
about 7 minutes to about 14 minutes, from about 8 minutes
to about 13 minutes, or from about 9 minutes to about 12
minutes. Accordingly, the incubation time may be about 1
minute, about 2 minutes, about three minutes, about 4
minutes, about 5 minutes, about 6 minutes, about 7 minutes,
about 8 minutes, about 9 minutes, about 10 minutes, about
11 minutes, about 12 minutes, about 13 minutes, about 14
minutes, about 15 minutes, about 16 minutes, about 17
minutes, about 18 minutes, about 19 minutes, or about 20
minutes. More preferably, the incubation is carried out for 10
minutes prior to the UV exposure.

[0321] The psoralen-treated viruses are then exposed to
UV light. The UV may be of any wavelength, but is
preferably long-wave UV light, e.g., about 365 nm. Expo-
sure to UV is carried out for a time period ranging from
about 0.1 minute to about 20 minutes. Preferably, the time
period ranges from about 0.2 minute to about 19 minutes,
from about 0.3 minute to about 18 minutes, from about 0.4
minute to about 17 minutes, from about 0.5 minute to about
16 minutes, from about 0.6 minute to about 15 minutes, from
about 0.7 minute to about 14 minutes, from about 0.8 minute
to about 13 minutes, from about 0.9 minute to about 12
minutes from about 1 minute to about 11 minutes, from
about 2 minutes to about 10 minutes, from about 2.5 minutes
to about 9 minutes, from about 3 minutes to about 8 minutes,
from about 4 minutes to about 7 minutes, or from about 4.5
minutes to about 6 minutes. Accordingly, the incubation
time may be about 0.1 minute, about 0.5 minute, about 1
minute, about 2 minutes, about three minutes, about 4
minutes, about 5 minutes, about 6 minutes, about 7 minutes,
about 8 minutes, about 9 minutes, about 10 minutes, about
11 minutes, about 12 minutes, about 13 minutes, about 14
minutes, about 15 minutes, about 16 minutes, about 17
minutes, about 18 minutes, about 19 minutes, or about 20
minutes. More preferably, the virus vector is exposed to UV
light for a period of about 5 minutes.

[0322] The terms “vacciniavirus” and “poxvirus” are used
interchangeably herein. The preferred embodiments relating
to vaccinia virus may be modified in ways apparent to one
of ordinary skill in the art for use with any poxvirus vector.
In the direct selection method, vectors other than poxvirus or
vaccinia virus may be used.

[0323]

[0324] Vaccinia virus vectors are not currently used to
identify previously unknown genes of interest from a com-
plex population of clones, such as a cDNA or other library,
because a high efficiency, high titer-producing method of

The Tri-Molecular Recombination Method
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cloning does not exist for vaccinia. The standard methods of
cloning in vaccinia virus are in vivo homologous recombi-
nation and in vitro direct ligation. Using homologous recom-
bination, the cloning efficiency is in the range of approxi-
mately 0.1% or less, and although the cloning efficiency
using direct ligation is higher, the resulting titer is relatively
low. Thus, the use of vaccinia virus vector has been limited
to the cloning of previously isolated DNA for the purposes
of protein expression and vaccine development.

[0325] Tri-molecular recombination is a novel, high effi-
ciency, high titer-producing method for cloning in vaccinia
virus. Using the tri-molecular recombination method, the
present inventor has achieved cloning efficiencies of at least
90%, and titers at least 30-fold, at 100-fold, i.e., at least 2
orders of magnitude higher, than those obtained by direct
ligation.

[0326] Thus, in one embodiment, the invention provides a
method of high efficiency cloning using a vaccinia virus
vector, comprising tri-molecular recombination.

[0327] By “tri-molecular recombination” or a “tri-molecu-
lar recombination method” is meant a method of producing
a vaccinia virus genome which contains insert polynucle-
otide (e.g. insert DNA), comprising introducing two non-
homologous fragments of a vaccinia virus genome and a
transfer vector or transfer polynucleotide (e.g. transfer
DNA) containing insert polynucleotide (e.g. DNA) into a
recipient cell, and allowing the three polynucleotide (e.g.
DNA) molecules to recombine in vivo. As a result of the
recombination, a single vaccinia virus genome molecule is
produced which comprises each of the two vaccinia genome
fragments and the insert polynucleotide (e.g. DNA).

[0328] Thus, the tri-molecular recombination method
comprises: (a) providing a recipient cell which comprises
packaging function; (b) introducing into the cell (i) transfer
vector or transfer polynucleotide (e.g. DNA), and (ii) two
fragments of vaccinia virus genome; and (c¢) culturing the
cells under conditions such that the transfer polynucleotide
(e.g. DNA) and the two fragments undergo trimolecular
recombination.

[0329] By “cloning” is meant the use of in vitro and in
vivo recombination techniques to insert one or a plurality of
polynucleotide sequences into a vector. In order to success-
fully clone a polynucleotide, it is often necessary to employ
methods for generating polynucleotide fragments, for join-
ing the fragments to vector molecules, for introducing the
composite polynucleotide molecule into a host cell in which
it can replicate, and for selecting the clone having a poly-
nucleotide insert, for example by virtue of a resistance
marker such as thymidine kinase™ (tk7), from among the
cells containing either no vector or vector alone without an
insert. Such methods are well known in the art, and include
the methods described herein.

[0330] By “cloning efficiency” or “efficiency of cloning”
is meant the ratio of recombinant virus to total virus pro-
duced during tri-molecular recombination. As shown in
Example 2, the efficiency may be calculated by dividing the
titer of recombinant virus by the titer of total virus and
multiplying by 100%. For example, the titer is determined
by plaque assay of crude virus stock on appropriate cells
either with selection (e.g., for recombinant virus) or without
selection (e.g., for recombinant virus plus wild type virus).
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Methods of selection are well-known 1n the art and include
BrdU resistance due to disruption of the tk gene as described
herein and other well-known methods. See Examples 1 and
2.

[0331] By “high efficiency cloning” is meant a cloning
efficiency of at least 1%, and more preferably a cloning
efficiency of at least 2%, 2.264%, 3%, 3.5%, 3.571%, 5%,
10%, 20%, 30%, 40%, 50%., 60%, 70%, 75%, 80%, 85%,
90%, 95%, or 99%.

[0332] A number of selection systems may be used,
including but not limited to the thymidine Kinase such as
herpes simplex virus thymidine kinase (Wigler, et al., 1977,
Cell 11:223), hypoxanthine-guanine phosphoribosyltrans-
ferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci.
USA 48:2026), and adenine phosphoribosyltransferase
(Lowy, et al., 1980, Cell 22:817) genes which can be
employed in tk™, hgprt™ or aprt™ cells, respectively. Also,
antimetabolite resistance can be used as the basis of selec-
tion for the following genes: dhfr, which confers resistance
to methotrexate (Wigler, et al., 1980, Natl. Acad. Sci. USA
77:3567, O’Hare, et al., 1981, Proc. Natl. Acad. Sci. USA
78:1527); gpt, which confers resistance to mycophenolic
acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA
78:2072); neo, which confers resistance to the aminoglyco-
side G-418 (Colberre-Garapin, et al., 1981, J. Mol. Biol.
150:1); and hygro, which confers resistance to hygromycin
(Santerre, et al., 1984, Gene 30:147).

[0333] Together, the two fragments or arms of the vaccinia
virus genome contain all the genes necessary for viral
replication and for production of infectious viral particles.
See the Examples for examples of structures of vaccinia
virus vector useful in the trimolecular recombination
method. Preferred structures are presented in Examples 1
and 2. See Falkner et al.,, US. Pat. No. 5,770,212 for
guidance concerning essential regions for vaccinia replica-
tion.

[0334] However, naked vaccinia genomic DNA cannot
produce infectious progeny without virus-encoded protein
protein(s)/function(s) associated with the incoming viral
particle. The virus-encoded function, also referred to as
“packaging function,” includes an RNA polymerase that
recognizes the transfected vaccinia DNA as a template and
initiates transcription and, ultimately, replication of the
transfected DNA. See Dorner, et al. U.S. 5,445,953.

[0335] Thus, to produce infectious progeny virus, the
recipient cell preferably contains packaging function. The
packaging function may be provided by helper virus, i.e., a
virus that, together with the transfected naked genomic
DNA, provides appropriate proteins and factors necessary
for replication and assembly of progeny virus.

[0336] The helper virus may be a closely related virus, for
instance, a poxvirus of the same poxvirus subfamily as
vaccinia, whether from the same or a different genus. In such
a case it is advantageous to select a helper virus which
provides an RNA polymerase that recognizes the transfected
DNA as a template and thereby serves to initiate transcrip-
tion and, ultimately, replication of the transfected DNA. The
use of a heterologous virus to package the modified DNA
molecule, such as the use of temperature sensitive (is)
vaccinia, fowlpox, or ectromelia (mouse pox) virus as a
helper for vaccinia virus constructs, minimizes recombina-
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tion events between the helper virus genome and the trans-
fected genome which take place when homologous
sequences of closely related viruses are present in one cell.
See Fenner & Comben, Virology 5:530 (1958); Fenner,
Virology 8:499 (1959).

[0337] Alternatively, the necessary packaging function in
the recipient cell is supplied by a genetic element other than
a helper virus, such as a plasmid or retrovirus or other
expression vector suitable for expressing the required helper
virus function. See Dorner, et al. U.S. Pat. No. 5,445,953.

[0338] The two vaccinia genomic fragments are unable to
ligate with each other, i.e., they do not contain compatible
cohesive ends or alternatively, they have been treated with
a dephosphorylating enzyme. Further, the two fragments are
nonhomologous, such that they are unable to recombine
with one another.

[0339] By “insert polynucleotide” (e.g. “insert DNA”) is
meant one or more polynucleotide segments. Polynucle-
otides are also referred to herein as nucleic acid. An insert
polynucleotide may be DNA. A polynucleotide (e.g. DNA)
segment may be naturally occurring, non naturally occur-
ring, synthetic, or a combination thereof. A polynucleotide
(e.g. DNA) segment may be any length. It may be endog-
enous or exogenous to the vector, such as vaccinia virus, or
it may be endogenous or exogenous to the host cell, it may
be a previously known sequence or an unknown sequence.
It may be a gene, a cDNA, a combinatorial sequence, etc.
Insert polynucleotides may also be referred to herein by the
term “candidate polynucleotides” or “test polynucleotides”
or other equivalents, especially in reference to selection
methods of the invention.

[0340] By “transfer plasmid” is meant a vector containing
insert polynucleotide (e.g. DNA) positioned between a 5'
flanking region and a 3' flanking region. The 5' flanking
region shares homology with one of the vaccinia genome
fragments, and the 3' flanking region shares homology with
the other of the vaccinia genome fragments. Preferably, the
transfer plasmid contains a suitable promoter, such as a
strong, constitutive vaccinia promoter, upstream of the insert
DNA. The term “vector” means a polynucleotide (e.g. DNA)
construct containing a polynucleotide (e.g. DNA) sequence
which is operably linked to a suitable control sequence
capable of effecting the expression of the polynucleotide
(e.g. DNA) in a suitable host. Such control sequences
include a promoter to effect transcription, an optional opera-
tor sequence to control such transcription, a sequence encod-
ing suitable mRNA ribosome binding sites, sequences which
control the termination of transcription and translation, and
other control sequences as are well known in the art. The
vector may be a plasmid, a phage particle, or simply a
potential genomic insert. Once transformed into a suitable
host, the vector may replicate and function independently of
the host genome, or may in some instances, integrate into the
genome itself. In the present specification, “plasmid” and
“vector” are sometimes used interchangeably. However, the
invention is intended to include such other form of vector
which serves equivalent function as and which are, or
become, known in the art. Typical expression vectors for
mammalian cell culture expression, for example, are based
on pRK5 (EP 3 07,247), pSV16B (WO 91/08291) and
pVL1392 (Pharmingen).

[0341] However, transfer plasmid is not limited to a vector
or a plasmid. Any polynucleotide (e.g. DNA) segment in
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circular or linear or other suitable form may act as a vehicle
for transferring the polynucleotide (e.g. DNA) insert to the
vaccinia vector in the tri-molecular recombination method.
Other suitable “plasmids” include lambda phage, polynucle-
otide (e.g. DNA) fragments, ctc., as described herein or
otherwise known in the art. A plurality of plasmids may be
a “primary library” such as those described herein for
lambda.

[0342] Preferably, the insert polynucleotides are operably
associated with poxvirus expression control sequences,
more preferably, strong constitutive poxvirus promoters.

[0343] Nucleic acid is “operably associated” when it is
placed into a functional relationship with another nucleic
acid sequence. This can be a gene and a regulatory
sequence(s) which are connected in such a way as to permit
gene expression when the appropriate molecules (e.g., tran-
scriptional activator proteins) are bound to the regulatory
sequences(s). For example, DNA for a presequence or
secretory leader is operably linked to DNA for a polypeptide
if it is expressed as a preprotein that participates in the
secretion of the polypeptide; a promoter or enhancer is
operably linked to a coding sequence if it affects the tran-
scription of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it affects the tran-
scription of the sequence; or a ribosome binding site is
operably linked to a coding sequence if it is positioned so as
to facilitate translation. Generally, “operably associated”
means that the polynucleotide (e.g. DNA) sequences being
linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do not
have to be contiguous. Linking is accomplished by ligation
at convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice.

[0344] By “control sequences” is meant polynucleotide
(e.g. DNA) sequences necessary for the expression of an
operably associated coding sequence in a particular host
organism. The control sequences that are suitable for
prokaryotes, for example, include a promoter, optionally an
operator sequence, and a ribosome binding site. Eukaryotic
cells are known to utilize promoters, polyadenylation sig-
nals, and enhancers. For a library cloned in apoxvirus vector,
preferably, if the control sequence is a transcriptional control
sequence, it is one which functions in the cytoplasm of a
poxvirus-infected cell.

[0345] Poxvirus transcriptional control sequences com-
prise a promoter and a transcription termination signal. Gene
expression in poxviruses is temporally regulated, and pro-
moters for early, intermediate, and late genes possess dif-
ferent structures. Certain poxvirus genes are expressed con-
stitutively (i.e., early to late), and promoters for these
“carly-late” genes bear hybrid structures. Synthetic early-
late promoters have also been developed. See Hammond J.
M., et al., J. Virol. Methods 66:135-8 (1997); Chakrabarti S.,
et al, Biotechniques 23:1094.-7 (1997). In the present
invention, any poxvirus promoter may be used, but use of
early, late, or constitutive promoters may be desirable based
on the host cell and/or selection scheme chosen. Typically,
the use of constitutive promoters is preferred.

[0346] Examples of early promoters include the 7.5-kD
promoter (also a late promoter), the DNA pol promoter, the
tk promoter, the RNA pol promoter, the 19-kD promoter, the
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22-kD promoter, the 42-kD promoter, the 37-kD promoter,
the 87-kD promoter, the H3' promoter, the H6 promoter, the
D1 promoter, the D4 promoter, the D5 promoter, the D9
promoter, the D12 promoter, the 13 promoter, the M1
promoter, and the N2 promoter. See, e.g., Moss, B., “Pox-
viridae and their Replication” IN Virology, 2d FEdition, B. N.
Fields, D. M. Knipe et al., Eds., Raven Press, p. 2088 (1990).
Early genes transcribed in vaccinia virus and other poxvi-
ruses recognize the transcription termination signal
TTTTTNT, where N can be any nucleotide. Transcription
normally terminates approximately 50 bp upstream of this
signal. Accordingly, if heterologous genes are to be
expressed from poxvirus early promoters, care must be taken
to eliminate occurrences of this signal in the coding regions
for those genes. See, e.g., Earl, P. L., et al., J. Virol
64:2448-51 (1990).

[0347] Example of late promoters include the 7.5-kD
promoter, the MIL promoter, the 37-kD promoter, the 11-kD
promotor, the 111 promoter, the 121 promoter, the 13L
promoter, the 151 promoter, the 171 promoter, the 28-kD
promoter, the H1L promoter, the H3L promoter, the H5L
promoter, the H6L promoter, the HS8L promoter, the D11L
promoter, the D12L promotor, the D13L promoter, the A1L
promoter, the A2L. promoter, the A3L promoter, and the P4b
promoter. See, e.g., Moss, B., “Poxviridae and their Repli-
cation” IN Virology, 2d Edition, B. N. Fields, D. M. Knipe
et al., Eds., Raven Press, p. 2090 (1990). The late promoters
apparently do not recognize the transcription termination
signal recognized by early promoters.

[0348] Preferred constitutive promoters for use in the
present invention include the synthetic early-late promoters
described by Hammond and Chakrabarti, the MH-5 early-
late promoter, and the 7.5-kD or “p7.5” promoter. Examples
utilizing these promoters are disclosed herein.

[0349] Asdiscussed above, certain selection and screening
methods based on host cell death require that the mecha-
nisms leading to cell death occur prior to any cytopathic
effect (CPE) caused by virus infection. The kinetics of the
onset of CPE in virus-infected cells is dependent on the virus
used, the multiplicity of infection, and the type of host cell.
For example, in many tissue culture lines infected with
vaccinia virus at an MOI of about 1, CPE is not significant
until well after 48 to 72 hours post-infection. This allows a
2 to 3 day time frame for high level expression of immu-
noglobulin molecules, and antigen-based selection indepen-
dent of CPE caused by the vector. However, this time frame
may not be sufficient for certain selection methods, espe-
cially where higher MOIs are used, and further, the time
before the onset of CPE may be shorter in a desired cell line.
There is, therefore, a need for virus vectors, particularly
poxvirus vectors such as vaccinia virus, with attenuated
cytopathic effects so that, wherever necessary, the time
frame of selection can be extended.

[0350] By “recipient cell” or “host cell” or “cell” is meant
a cell or plurality of cells into which polynucleotides (e.g.
DNA) is introduced for the tri-molecular recombination
method or a direct or indirect selection method described
below, preferably a eukaryotic cell or cell line, preferably an
animal, vertebrate, mammalian, rodent, mouse, primate, or
human cell or cell line. Additional examples of host cells are
disclosed herein. The host cells may also comprise packag-
ing function.
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[0351] Polynucleotides (e.g. DNA) may be introduced
into host cells by any method known to those of skill, for
example, by lipofection (such as with anionic liposomes
(see, e.g., Felgner et al., 1987 Proc. Natl. Acad Sci. U.S.A.
84:7413 or cationic liposomes (see, ¢.g., Brigham, K. L. et
al. Am. J Med Sci. 298(4):278-2821(1989); U.S. Pat. No.
4,897,355 (Eppstein, et al.)), by clectroporation, by calcium
phosphate precipitation (see generally, Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989),
by protoplast fusion, by spheroplast fusion, or by the DEAE
dextran method (Sussman et al., Cell. Biol. 4:1641-1643
(1984)). When the selected method is lipofection, the
nucleic acid can be complexed with a cationic liposome,
such as DOTMA:DOPE, DOTMA, DOPE, DC-cholesterol,
DOTAP, Transfectam® (Promega), Tfx® (Promega), Lipo-
TAXI™ (Stratagene), PerFect Lipid™ (Invitrogen), Super-
Fect™ (Qiagen). When the nucleic acid is transected via an
anionic liposome, the anionic liposome can encapsulate the
nucleic acid. Preferably, polynucleotide (e.g. DNA) is intro-
duced by liposome-mediated transfection using the manu-
facturer’s protocol (such as for Lipofectamine; Life Tech-
nologies Incorporated).

[0352]

[0353] Trimolecular recombination has been used by the
present inventors to construct cDNA libraries in vaccinia
virus with titers of the order of 107 pfu. There are several
factors that limit the complexity of these ¢cDNA or other
libraries. These include: the size of the primary cDNA
library or other library that can be constructed in a plasmid
vector, and the labor involved in the purification of large
quantities (hundreds of micrograms) of vaccinia virus, pox-
virus, or other vector DNA. Modifications of trimolecular
recombination that would allow for vector (e.g. vaceinia or
other poxvirus DNA) recombination with transfer poly-
nucleotides (e.g. primary ¢cDNA libraries or other libraries
constructed in bacteriophage lambda or DNA or phagemids
derived therefrom), or that would allow separate vector (e.g.
vaccinia virus) DNA arms to be generated in vivo following
infection with a modified viral vector could greatly increase
the quality and titer of the libraries (¢.g. vaccinia virus
cDNA or other libraries) that are constructed using these
methods.

[0354] Transfer of ¢cDNA Inserts from a Bacteriophage
Lambda Library to Vaccinia Virus.

[0355] Lambda phage vectors have several advantages
over plasmid vectors for construction of cDNA libraries or
other libraries. Plasmid libraries (¢.g. cDNA or other DNA
insert) or linear polynucleotide (e.g. DNA) libraries are
introduced into bacterial cells by chemical/heat shock trans-
formation, or by electroporation. Bacterial cells are often
transformed preferentially by smaller plasmids, resulting in
a potential loss of representation of longer polynucleotides
(e.g., cDNA or other insert DNA) in a library. In addition,
transformation is a relatively inefficient process for intro-
ducing foreign polynucleotides (e.g., cDNA or other insert
DNA) into a cell requiring the use of expensive commer-
cially prepared competent bacteria in order to construct a
library (e.g. a cDNA library).

[0356] In contrast, lambda phage vectors can tolerate
polynucleotide inserts (e.g., cDNA or other insert DNA) of
12 kilobases or more without any size bias. Lambda vectors

Modifications of Trimolecular Recombination
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are packaged into virions in vitro using high efficiency
commercially available packaging extracts so that the
recombinant viral (lambda) genomes can be introduced into
bacterial cells by infection. This results in primary libraries
with higher titers and better representation of large poly-
nucleotide (e.g. cDNA or DNA) inserts than is commonly
obtained in plasmid libraries.

[0357] To enable transfer of polynucleotide inserts (e.g.
cDNA inserts or other inserts) from a library constructed in
a lambda vector to vaccinia virus, the lambda vector must be
modified to include vaccinia virus DNA sequences that
allow for homologous recombination with the vaccinia virus
DNA. For example, the vaccinia virus HindIII J fragment
(vaccinia tk gene) contained in plasmid p7.5/ATGO/tk can be
excised using HindIIl and SnaBI (3 kb of vaccinia DNA
sequence), and subcloned into the HindIII/SnaBI sites of
pT7Blue3 (Novagen cat no. 70025-3) creating pT7B3.Vtk.
The vaccinia tk gene can be excised from this vector with
Sacl and SnaBI and inserted into the Sacl/Smal sites of
Lambda Zap Express (Stratagene) to create lambda. Vtk. The
lambda. Vtk vector will contain unique Notl, BamHI, Smal,
and Sall sites for insertion of EDNA downstream of the
vaccinia 7.5 k promoter. Libraries (e.g., cDNA or other DNA
libraries) can be constructed in lambda.Vtk employing
methods that are well known in the art.

[0358] DNA from a library (e.g. cDNA or other library)
constructed in lambda.Vtk, or any similar bacteriophage that
includes polynucleotide (e.g. cDNA inserts or other insert
DNA) with flanking vaccinia DNA sequences to promote
homologous recombination, can be employed to generate
cDNA (or other insert DNA or polynucleotide) recombinant
vaccinia virus. Methods are well known in the art for
excising a plasmid from the lambda genome by coinfection
with a helper phage (ExAssist phage, Stratagene cat no.
211203). Mass excision from a lambda based library creates
an equivalent library (e.g. cDNA or other library) in a
plasmid vector. Plasmids excised from, for example, the
lambda.Vtk polynucleotide (e.g. cDNA) library will contain
the vaccinia tk sequences flanking the polynucleotide (e.g.
cDNA or other DNA) inserts. This plasmid DNA can then be
used to construct vaccinia recombinants by trimolecular
recombination.

[0359] Another embodiment of this method is to purify the
lambda DNA directly from the initial lambda.Vtk library,
and to transfect this recombinant viral (lambda) DNA or
fragments thereof together with the two large vaccinia virus
DNA fragments for trimolecular recombination.

[0360] Generation of Vaccinia Arms in Vivo.

[0361] Purification and transfection of vaccinia DNA
“arms” or fragments are a limiting factor in the construction
of vaccinia libraries (e.g. ¢cDNA or other libraries) by
trimolecular recombination. Modifications to the method to
allow for the requisite generation of vaccinia arms in vivo
would allow for more efficient construction of larger librar-
ies (e.g. cDNA or other libraries) in vaccinia virus.

[0362] Cells (e.g. packaging or host cells) can be modified
to express a restriction endonuclease that recognizes a
unique site introduced into the vaccinia virus genome. When
vaccinia virus infects these cells (e.g. packaging or host
cells) the restriction endonuclease will digest the vaccinia
DNA, generating “arms” that can only be repaired, ie.,
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rejoined, by trimolecular recombination. Examples of
restriction endonucleases include the bacterial enzymes Notl
and Apal, the Yeast endonuclease VDE (R. Hirata, Y.
Ohsumi, A. Nakano, H. Kawasaki, K. Suzuki, Y. Anraku.
1990J. Biological Chemistry 265: 6726-6733), the Chlamy-
domonas eugametos endonuclease [-Ceul and others well-
known in the art. For example, a vaccinia strain containing
unique Notl and Apal sites in the tk gene has already been
constructed, and a strain containing unique VDE and/or
I-Ceul sites in the tk gene could be readily constructed by
methods known in the art.

[0363] Constitutive expression of a restriction endonu-
clease would be lethal to a cell, due to the fragmentation of
the chromosomal DNA by that enzyme. To avoid this
complication, in one embodiment cells (e.g. packaging or
host cells) are modified to express the gene(s) for the
restriction endonuclease(s) under the control of an inducible
promoter.

[0364] Apreferred method for inducible expression would
utilize the Tet-On Gene Expression System (Clontech). In
this system expression of the gene encoding the endonu-
clease is silent in the absence of an inducer (tetracycline).
This makes it possible to isolate a stably transfected cell line
that can be induced to express a toxic gene, i.e., the
endonuclease (Gossen, M. et al., Science 268: 1766-1769
(1995)). The addition of the tetracycline derivative doxycy-
cline induces expression of the endonuclease. In a preferred
embodiment, BSC1 cells (e.g. packaging or host cells) will
be stably transfected with the Tet-On vector controlling
expression of the Notl gene. Confluent monolayers of these
cells will be induced with doxycycline and then infected
with v7.5/tk (unique Notl site in tk gene), and transfected
with polynucleotide (e.g. ¢cDNA or DNA) recombinant
transfer plasmid or transfer polynucleotide (e.g. transfer
DNA) or lambda phage or phagemid DNA. Digestion of
exposed vaccinia DNA at the unique Notl site, for example
in the tk gene or other sequence, by the Notl endonuclease
encoded in the host cells produces two large vaccinia DNA
fragments which can give rise to full-length viral DNA only
by undergoing trimolecular recombination with thetransfer
polynucleotide, transfer plasmid or phage DNA. Digestion
of host cell chromosomal DNA by Notl is not expected to
prevent production of infectious viral recombinants because
the host cells are not required to proliferate during viral
replication and virion assembly.

[0365] In another embodiment of this method to generate
vaccinia arms in vivo, a vaccinia strain is constructed that
contains a unique endonuclease site in the tk gene or other
sequence and the cDNA encoding the endonuclease under
the control of the T7 bacteriophage promoter at another site
in the vaccinia genome. Infection of cells that express the T7
RNA polymerase would result in expression of the endonu-
clease, and subsequent digestion of the vaccinia DNA by the
endonuclease.

[0366] In a preferred embodiment, the endonuclease is
Notl. In another preferred embodiment, the v7.5/tk strain of
vaccinia is modified by insertion of a cassette containing the
¢DNA encoding Notl with expression controlled by the T7
promoter into the HindIII C or F region (Coupar, E. H. B. et
al., Gene 68: 1-10 (1988); Flexner, C. et al., Nature 330:
259-262 (1987)), generating v7.5/tk/T7Notl. A cell line is
stably transfected with the cDNA encoding the T7 RNA
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polymerase under the control of a mammalian promoter as
described (0. Elroy-Stein, B. Moss. 1990 Proc. Natl. Acad.
Sci. USA 87: 6743-6747). Infection ofthis cell line (e.g.
packaging cell line) with v7.5/tk/T7Notl will result in T7
RNA polymerase dependent expression of Notl, and subse-
quent digestion of the vaccinia DNA into arms. Infectious
full-length viral DNA can only be reconstituted and pack-
aged from the digested vaccinia DNA arms following tri-
molecular recombination with a transfer plasmid or phage
DNA.

[0367] In yet another embodiment of this method, the T7
RNA polymerase can be provided by co-infection with a T7
RNA polymerase recombinant helper virus, such as fowlpox
virus (P. Britton, P. Green, S. Kottier, K. L. Mawditt, Z.
Penzes, D. Cavanagh, M. A. Skinner. 1996 J. General
Virology 77: 963-967).

[0368] A unique feature of trimolecular recombination
employing these various strategies for generation of large
vaccinia DNA fragments in vivo is that digestion of the
vaccinia DNA may but does not need to precede recombi-
nation. It suffices that only recombinant virus escapes
destruction by digestion. This contrasts with trimolecular
recombination employing transfection of vaccinia DNA
digested in vitro where, of necessity, vaccinia DNA frag-
ments are created prior to recombination. It is possible that
the opportunity for bimolecular recombination prior to
digestion will yield a greater frequency of recombinants than
can be obtained through trimolecular recombination follow-
ing digestion.

[0369] Production of a Library Using a Poxvirus Vector
Such As Vaccinia Virus

[0370] In one embodiment, the trimolecular recombina-
tion method is used in the production of a library, preferably
an expression library. In this embodiment, a cDNA library is
prepared by extracting total RNA, mRNA, size-fractionated
RNA, etc. from a cell, synthesizing a series of complemen-
tary double-stranded cDNA fragments from the RNA and
introducing these cDNA fragments into cells in tissue cul-
ture, by, for example, first cloning the fragments into a
vector, preferably a poxvirus vector. The cells are main-
tained under conditions which allow them to express the
protein, or alternatively only the transcript, encoded by the
cDNA.

[0371] Alternatively, the tri-molecular recombination
method is used to produce a genomic library or a combina-
torial library The methods of the invention are applicable to
a wide variety of libraries including mixtures of cDNAs
cloned in sense or anti-sense orientation, mixtures of frag-
ments of genomic DNA or cDNA, fragments of individual
cDNAs and mixtures of artificial sequences. Libraries
include combinatorial libraries made up of natural and/or
artificial sequences. In a preferred embodiment, the library
is an expression library. Libraries may comprise a plurality
of insert polynucleotides (e.g. DNAs). The insert polynucle-
otides (e.g. DNAs) may comprise any DNA or other poly-
nucleotide segment as described above.

[0372] By “cDNA” is meant complementary or copy DNA
produced from an RNA template by the action of RNA-
dependent DNA polymerase (reverse transcriptase). Thus a
“cDNA clone” means a duplex DNA sequence complemen-
tary to an RNA molecule of interest, carried in a cloning
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vector. The ¢cDNA may be from mRNA, a portion of a
mRNA, a pre-mRNA including introns, or an intron. Alter-
natively, the cDNA may be from viral RNA. Molecular
cloning methods for ds cDNA have been reviewed, for
example, by Williams, “The Preparation and Screening of a
c¢DNA Clone Bank,” in Williamson, ed., Genetic Engineer-
ing, Vol. 1, p. 2, Academic Press, New York (1981); Mania-
tis, “Recombinant DNA”, in Prescott, ed., Cell Biology,
Academic Press, New York (1980); and Efstratiadis et al.,
“Cloning of Double-Stranded DNA,” in Stelo et al., Genetic
Engineering, Vol. 1, p. 15, Plenum Press, New York (1979).

[0373] By “cDNA library” is meant a collection of recom-
binant DNA molecules containing cDNA inserts which
together comprise all or a portion of the genome of an
organism. Such a cDNA library may be prepared by art-
recognized methods described, for example, in Maniatis et
al., Molecular Cloning: A Laboratory Manual, supra. Gen-
erally, RNA is first isolated from the cells of an organism
from whose genome it is desired to clone a particular gene.
Preferred for the purposes of the present invention are
animal cells, including insect cells, mammalian cells, and
particularly human cells, or cell lines derived from these
organisms. Alternatively, RNA can be isolated from a tumor
cell derived from an animal tumor, and preferably from a
human tumor. Thus, a library may be prepared from, for
example, a human adrenal tumor, but any tumor may be
used.

[0374] By “expression library” is meant a recombinant
vector in which insert polynucleotide (e.g. DNA) is cloned
and which allows expression of at least RNA, and preferably
also expression of protein encoded by the insert polynucle-
otide (e.g. DNA).

[0375] The insert polynucleotide (e.g. DNA) may be
cloned in two vectors for producing a transfer plasmid
containing a polynucleotide (¢.g. DNA) insert in each of two
orientations. The invention also provides a kit for producing
a transcription expression library comprising poxvirus and
two transfer plasmids for inserting polynucleotide (e.g.
DNA) in each orientation. In another embodiment, the
invention provides a kit for producing a protein expression
library comprising a vaccinia virus genome or two frag-
ments thereof, and three vectors for producing a transfer
plasmid containing a polynucleotide (e.g. DNA) insert in
each of three translation reading frames.

[0376] The tri-molecular recombination method allows
the use of vaccinia virus as a high efficiency cloning vector
suitable for producing libraries. As such, vaccinia virus now
may be used to identify previously unknown genes of
interest from a complex population of clones, such as a
cDNA or other library. Further, its ability to replicate in
nondividing cells and its potential to express proteins at a
high level in nondividing cells allows vaccinia virus to be
used for cloning and isolating sequences that positively or
negatively affect growth, differentiation, or cell viability.

[0377] Thus, in one embodiment, the invention provides a
method of producing a library in nondividing cells compris-
ing the trimolecular recombination method. Nondividing
cells include terminally differentiated cells. Nondividing
cells include musculoskeletal cells such as, for example,
chondrocytes, osteoblast, osteoclasts, and myocytes. Other
examples of nondividing cells are fully differentiated blood
and epidermal cells, neurons, glial cells, kidney and liver
cells.
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[0378] In a preferred embodiment, the library is produced
in a cell line which efficiently produces recombinant vector,
such as BSC-1 or HeLa cells for libraries cloned in vaccinia
virus, and the progeny recombinant vector population is
transferred to a second population of cells in which the direct
or indirect selection method is used. The library may be
amplified by several passages in the efficient cell line before
the direct or indirect selection method is used in the cell line
in which the insert polynucleotide is functionally selected.

[0379] In another embodiment, the invention provides a
method of isolating an insert polynucleotide in a cell which
is dead or which has ceased dividing. For example, the
present inventor has used the tri-molecular recombination
method to select polynucleotides encoding a target epitope
recognized by particular cytotoxic T lymphocytes (CTLs).
(See Examples 3 and 4.) In this experiment, monolayer of
calls was infected with a complex library produced using
tri-molecular recombination, the monolayer was incubated
under conditions allowing expression of the target epitope,
and epitope-specific CTLs were added to the cell monolayer.
After CTL-mediated induction of lysis in cells expressing
the target epitope, vaccinia virus DNA was recovered from
cells that had become nonadherent or that had lysed.

[0380] Selection of Non-Viable Cells Infected with a
cDNA Library Constructed in Adenovirus, Herpesvirus or
Other Vectors

[0381] Herpesvirus.

[0382] A method has been described for the generation of
helper virus free stocks of recombinant, infectious Herpes
Simplex Virus amplicons (T. A. Stavropoulos, and C. A.
Strathdee. J. Virology 72:7137-7143 (1998)). A polynucle-
otide library (e.g. cDNAor other library) constructed in such
a plasmid amplicon vector could be packaged into a library
of infectious amplicon particles using this method. Such a
library could be employed in the indirect or direct selection
methods (e.g. lethality/adherence based selection methods)
of this invention. For example, a library (e.g. cDNA or other
library) constructed in a herpes amplicon vector could be
used to infect a monolayer of target cells. Then, for example,
tumor specific CTL added to this infected monolayer would
induce lysis of cells that express polynucleotides (e.g. cDNA
or other DNA) encoding the target antigen. Amplicons
recombinant for such polynucleotides (¢.g. cDNA or other
DNA) might then be recovered from non-viable cells
released from the monolayer. However, since in the absence
of helper virus the amplicons are replication defective and
are not packaged into infectious particles, the amplicon
vector recovered from these selected cells could not be
employed directly to infect fresh target cells for another
cycle of selection. It would be necessary to recover the
amplicon vector DNA for transformation into bacteria.
Amplicon plasmid DNA could then be re-extracted from
bacteria following antibiotic selection and packaged into
infectious viral particles by cotransfection of amplicon DNA
and packaging defective HSV genomic DNA into packaging
cells. The infectious amplicon particles harvested could then
be used to infect a fresh population of target cells for another
round of selection. A more rapid means of recovering
infectious amplicons would be, for example, to transfect
cells employed as targets for CTL selection with the pack-
aging defective HSV genomic DNA. This would, however,
severely restrict the functional host range for selection to a
few highly transfectable cell lines, i.e. Cos 7 and 293 cells.
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[0383]

[0384] Methods have been described for the production of
recombinant Adenovirus (Miyake, S. et al., Proc. Natl.
Acad. Sci. USA 93: 1320-1324 (1996); He, T. C. et al., Proc.
Natl. Acad. Sci. USA 95: 2509-2514 (1998)). Although
current methods yield relatively low viral titers and con-
struction of a representative (e.g. cDNA) library in aden-
ovirus has not been reported, it is possible that a cDNA
library or other library could be constructed in an Adenovi-
rus vector using either of these methods. Insertion of cDNA
or other insert polynucleotide (e.g. DNA) into the E4 region
of Adenovirus results in a replication competent recombi-
nant virus. Such a library could be employed in the direct
(e.g. lethality/adherence based) and indirect selection meth-
ods of this invention.

[0385] For example, a tumor cDNA library constructed in
an adenovirus vector could be used to infect a monolayer of
target (e.g. host) cells. Tumor specific CTL added to this
infected monolayer would induce lysis of cells that express
cDNA recombinants encoding the target antigen. Adenovi-
rus recombinants for the cDNA encoding the target antigen
recognized by CTL could then be recovered from cells
released from the monolayer as described for selection from
a vaccinia virus cDNA library. The virus recovered from the
selected cells is infectious and could be employed for
additional cycles of selection.

[0386]

[0387] In comparison with either herpesvirus or adenovi-
rus, there are significant advantages to vaccinia virus based
vectors for the construction and manipulation of libraries,
preferably representative and other cDNA libraries. Employ-
ing current technology, the titers that have been reported for
primary adenoviral constructs are relatively low compared
to what can be achieved through trimolecular recombination
with vaccinia virus. Although not being bound by any
theories, there are a number of factors that may contribute to
the high titers obtained for recombinant vaccinia virus using
the tri-molecular recombination method. Vaccinia virus,
because it replicates in the cytoplasm of the host cell, may
undergo more frequent recombination events with transfer
DNA than other mammalian DNA viruses like adenovirus
and herpesvirus, which replicate in the nucleus and are
presumed to require translocation of transfer plasmids to the
nucleus for recombination. The frequency of transfer plas-
mid recombination events in vaccinia virus infected cells
may be further enhanced because vaccinia virus, but not
adenovirus or herpesvirus, replicates plasmids in the cyto-
plasm in a sequence independent manner (M. Merchlinsky,
B. Moss. Cancer Cells 6: 87-93 (1988)). Although higher
titer libraries can be constructed in the herpes amplicon
vector than in adenovirus, manipulation of these libraries is,
as described above, hampered by the complexity of pack-
aging infectious amplicons. These technical issues no doubt
account for the fact that there has to date been no reported
use of the current methods to construct a cDNA library in
either adenovirus or herpesvirus based vectors.

Adenovirus.

Advantages of Vaccinia Virus.

[0388] Method of Selecting a Target Polynucleotide From
a Population
[0389] In addition to selecting a target epitope, the inven-

tion provides a method of selecting target polynucleotides,
directly or indirectly, based on a phenotype such as nonad-
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herence or nonviability. Thus, in one embodiment, the
invention provides a method of directly selecting a target
polynucleotide comprising: (a) providing a plurality of cells
which comprise vector comprising insert polynucleotides,
and (b) culturing the cells under conditions such that the
insert polynucleotides are expressed and wherein a cell
expressing a target polynucleotide becomes nonadherent, (c)
collecting or removing the nonadherent cell or cell contents,
thereby directly selecting the target polynucleotide.

[0390] Alternatively, polynucleotides may be selected
based on a phenotype such as adherence or viability, or
another phenotype, as is further described herein.

[0391] In further embodiments, the invention provides a
method of selecting target polynucleotides based on any
altered phenotype. By “altered phenotype” or “changed
physiology” or other grammatical equivalents herein is
meant that the phenotype of the cell is altered in some way,
preferably in some detectable and/or measurable way. As
will be appreciated in the art, a strength of the present
invention is the wide variety of cell types and potential
phenotypic changes which may be tested using the present
methods. Accordingly, as described above, any phenotypic
change which may be observed, detected, or measured may
be the basis of the screening methods herein.

[0392] Suitable phenotypic changes include, but are not
limited to: gross physical changes such as changes in cell
morphology, cell growth, cell viability, adhesion to sub-
strates or other cells, and cellular density; changes in the
expression of one or more RN As, proteins, lipids, hormones,
cytokines, or other molecules; changes in the equilibrium
state (i.e. half-life) or one or more RNAs, proteins, lipids,
hormones, cytokines, or other molecules; changes in the
localization of one or more RNAs, proteins, lipids, hor-
mones, cytokines, or other molecules; changes in the bio-
activity or specific activity of one or more RNAs, proteins,
lipids, hormones, cytokines, receptors, or other molecules;
changes in the secretion of ions, cytokines, hormones,
growth factors, or other molecules; alterations in cellular
membrane potentials, polarization, integrity or transport;
changes in infectivity, susceptibility, latency, adhesion, and
uptake of viruses and bacterial pathogens; etc. By “capable
of altering the phenotype” herein is meant that the target
polynucleotide can change the phenotype of the cell in some
detectable and/or measurable way. See, e.g., below, and
Example 24.

[0393] An altered phenotype may be detected by any
method known in the art, such as expression of a marker
(e.g. indicator) gene. An indicator/marker gene includes an
epitope, sometimes called an antigen TAG, an enzyme (such
as one that generates a novel or chromogenic product), a
selectable marker, or a fluorescent molecule, such as green
fluorescent protein (GFP), blue fluorescent protein (BFP),
yellow fluorescent protein (YFP), red fluorescent protein
(RFP), luciferase, f-galactosidase, and CAT, and others
disclosed herein or known in the art. When antigen TAGs are
used, preferred embodiments utilize cell surface antigens.
The epitope is preferably any detectable peptide which is not
generally found on the cytoplasmic membrane, although in
some instances, if the epitope is one normally found on the
cells, increases may be detected, although this is generally
not preferred.

[0394] An altered phenotype may also be detected by
FACS as described herein, by optical properties, such as
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inherent optical properties, or those resulting from dyes, etc.,
and other detection methods, such as binding of an antibody,
ligand, etc., as described herein. Such an antibody, ligand,
etc., may be labeled or may be conjugated to a toxin. Many
other methods for detecting an altered phenotype are well
known in the art, and may also be described herein.

[0395] A target polynucleotide may alter a phenotype of a
cell comprising said target polynucleotide. Alternatively, a
target polynucleotide may alter a phenotype of a second cell
(i.e. an indicator cell) as described elsewhere herein. When
the phenotype of a second cell is altered, it may be preferable
to divide the host cells into pools which also comprise the
indicator cells. Then insert polynucleotides are collected
from those pools in which an altered phenotype of an
indicator cell is detected.

[0396] The selection methods include one or a combina-
tion of the modifications, uses, and other embodiments
described herein and also provide for the exclusion of any
one or more modifications, uses and other embodiments. For
example, the invention provides a method for selection
based on immunological methods which include antibody-
based methods, but which exclude CD8+ CTL-based meth-
ods. As another example, the method may include selection
of DNA inserts in dividing cells, but exclude selection in
tumor cells. As yet another example, the selection method
may include mechanisms based on nonadherence, but
exclude nonadherence due to lysis. As a further example, the
selection method may include direct selection, but exclude
CTL-mediated selection.

[0397] Preferably, the plurality of cells comprise a library.
Thus, the “vector comprising insert polynucleotides™ is
preferably a plurality of insert polynucleotides which rep-
resent a library, and which is cloned in a vector. Alterna-
tively, the plurality of cells may contain a single type of
insert polynucleotide cloned in a vector, i.e., the plurality of
cells represents a single “clone.” Preferably, at least one of
the insert polynucleotides is a target polynucleotide, i.e., a
polynucleotide of interest, which is selectable by at least one
direct selection method of the invention. As mentioned
above, “insert polynucleotides” may also be referred to
herein as “candidate polynucleotides™ or other grammatical
equivalents.

[0398] In the embodiment wherein the plurality of cells
comprise a library, the library may be any type of library
such as cDNA, genomic DNA, combinatorial, etc., as
described elsewhere herein or otherwise known in the art.
The insert polynucleotides may be natural or synthetic or a
mixture of natural and synthetic products. They may be
generated, for example, in vivo or in vitro, enzymatically, or
chemically. The insert polynucleotides may be from any
source such as a cell line, a biological sample, a patient
sample, etc. Preferably, the insert polynucleotides are cloned
in vaccinia virus. Preferably, the insert polynucleotide is one
or a plurality of products of tri-molecular recombination,
including progeny thereof, preferably infectious progeny.

[0399] The methods herein are applicable to a wide variety
of expression libraries including mixtures of cDNAs cloned
in sense or anti-sense orientation, mixtures of fragments of
genomic DNA or ¢cDNA or both, fragments of individual
cDNAs and mixtures of artificial sequences. The insert
polynucleotide (e.g. DNA) may be cloned in each of two
orientations or may be cloned in each of three translation



US 2003/0022157 Al

reading frames. Preferably, the insert polynucleotides are
operably associated with strong constitutive expression con-
trol sequences, preferably strong constitutive poxvirus pro-
moters such as the 7.5K vaccinia virus promoter or a strong
synthetic early/late (E/L) promoter.

[0400] By “host cell” or “recipient cell” or “library cell” is
meant a cell or plurality of cells into which DNA is intro-
duced for the tri-molecular recombination method or a direct
or indirect selection method described below. Preferably, the
host cells adhere to a solid support. However, normally
nonadherent cells and cell types may be made to adhere to
a solid support by use of a molecule such as a protein, an
antibody, or poly L-lysine on the surface of the solid support.
Other means for attaching cells to a solid support are well
known in the art. The host cells may also comprise pack-
aging function. Host cells are eukaryotic cells or cell lines,
preferably animal, vertebrate, mammalian, or human cells or
cell lines. Host cells may be cells derived from primary
tumors, cells derived from metastatic tumors, primary cells,
cells which have lost contact inhibition, transformed pri-
mary cells, immortalized primary cells, cells which may
undergo apoptosis, and cell lines derived therefrom.

[0401] Cells and cells lines for use as host or recipient or
library cells according to the present invention include those
disclosed in scientific literature such as American Type
Culture Collection publications including American Type
Culture Collection Catalogue of Cell Lines and Hybridomas,
7th ed., ATCC, Rockville, Md. (1992) and subsequent edi-
tions, which list deposited cell lines as well as culture
conditions and additional references.

[0402] For example, host cells according to the present
invention include the monkey kidney cell line, designated
“CO0S,” including COS cell clone M6. COS cells are those
that have been transformed by SV40 DNA containing a
functional early gene region but a defective origin of viral
DNA replication. Also preferred are murine “WOP” cells,
which are NIH 3T3 cells transfected with polyoma origin
deletion DNA.

[0403] Other examples of host cells for use in the dis-
closed methods are monkey kidney CVI line transformed by
SV40(COS-7, ATCC CRL 165 1); human embryonic kidney
line (293, Graham et al. J. Gen Virol. 36:59 (1977)); baby
hamster kidney cells (BHK, ATCC CCL 10); chinese ham-
ster ovary-cells-DHFR (CHO, Urlaub and Chasin, Proc.
Natl. Acad. Sci. (USA) 77:4216, (1980); mouse sertoli cells
(TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey
kidney cells (CVI ATCC CCL 70); african green monkey
kidney cells (VERO-76, ATCC CRL-1587); human cervical
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A,
ATCC CRL 1442); human lung cells (W138, ATCC CCL
75); human liver cells (hep G2, HB 8065); mouse mammary
tumor (MMT 060562, ATCC CCL 51); TRI cells (Mather et
al., Annals N.Y. Acad. Sci 383:44-68 (1982)); human B cells
(Daudi, ATCC CCL 213); human T cells (MOLT-4, ATCC
CRL 1582); and human macrophage cells (U-937, ATCC
CRL 1593).

[0404] Preferred cell types for use in the invention will
vary with the cellular phenotype to be modulated. Suitable
cells include, but are not limited to, mammalian cells,
including animal (rodents, including mice, rats, hamsters
and gerbils), primates, and human cells, particularly includ-
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ing tumor cells of all types, including breast, skin, lung,
cervix, colorectal, leukemia, brain, ete.

[0405] The murine stem cell line RAW (Hsu, H. et al,
Proc Natl Acad Sci USA 96(7):3540-45 (1999); Owens, J.
M. et al., J Cell Physiol 179:170 (1999)) and pluripotent
stem cell line C3H10T1/2 (Denker, A. et al., Differentiation
64,67-76 (1999)) are especially preferred for studies of
osteoclast and chondrocyte or osteoblast differentiation.

[0406] However, the choice of cells or cell lines is not
limited to those described herein, and may be any cell or cell
line. As indicated below, the choice depends on the system
under study, or the particular polynucleotide which is
desired to be isolated. For example, to select or isolate an
epitope recognized by a human CD8* CTL, it is preferable
to use a host cell which expresses human class I MHC
molecules, and to select or isolate an epitope recognized by
a human CD4* CTL, it is preferable to use a host cell which
expresses or can be induced to express human class I MHC
molecules, to allow the CTL to recognize the encoded
epitope in association with the appropriate MHC molecules.
As another example, to select or isolate a polynucleotide
which is growth suppressive or toxic in breast cancer, it is
preferable to use as host cells breast cancer cell lines such as
21INT, 21PT, 21MT-1, AND 21MT-2. Band et al., Cancer
Res. 50:7351-7 (1990). Once a growth suppressive poly-
nucleotide is isolated, it may be tested in non transformed
controls, such as normal breast epithelial cell line HI6N2, to
determine whether its growth suppressive activity is specific
for tumor cells.

[0407] Many cell types can be used in the selection
method of the invention. Cells include dividing cells, non
dividing cells, terminally differentiated cells, pluripotent
stem cells, committed progenitor cells and uncommitted
stem cells.

[0408] Cells and cell types also include muscle cells such
as cardiac muscle cells, skeletal muscle cells and smooth
muscle cells; epithelial cells such as squamous epithelial
cells, including endothelial cells, cuboid epithelial cells and
columnar epithelial cells; nervous tissue cells such as neu-
rons and neuroglia. Also included are progenitor cells of
each of these cells.

[0409] Cells that can be used in the selection method of the
present invention also include nervous system cells such as
neurons, including cortical neurons, inter neurons, central
effector neurons, peripheral effector neurons and bipolar
neurons;

[0410] and neuroglia, including Schwann cells, oligoden-
drocytes, astrocytes, microglia and ependyma. Also included
are progenitor cells of each of these cells.

[0411] Additionally, endocrine and endocrine-associated
cells may also be used such cells as pituitary gland cells
including epithelial cells, pituicytes, neuroglia, agranular
chromophobes, granular chromophils (acidophils and baso-
phils); adrenal gland cells including epinephrine-secreting
cells, non-epinephrine-secreting cells, medullary cells, cor-
tical cells (cells of the glomerulosa, fasciculata and reticu-
laris); thyroid gland cells including epithelial cells (principal
and parafollicular); parathyroid gland cells including epi-
thelial cells (chief cells and oxyphils); pancreas cells includ-
ing cells of the islets of Langerhans (alpha, beta and delta
cells); pineal gland cells including parenchymal cells and
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neuroglial cells; thymus cells including parafollulicular
cells; cells of the testes including seminiferous tubule cells,
interstitial cells (“Leydig cells™), spermatogonia, spermato-
cytes (primary and secondary), spermatids, spermatozoa,
Sertoli cells and myoid cells; cells of the ovary including
ova, oogonia, oocytes, granulosa cells, theca cells (internal
and external), germinal epithelial cells and follicle cells
(primordial, vesicular, mature and atretic). Also included are
progenitor cells of each of these cells.

[0412] Also included are muscle cells such as myofibrils,
intrafusal fibers and extrafusal fibers; skeletal system cells
such as osteoblasts, osteocytes, osteoclasts and their pro-
genitor cells. Also included are progenitor cells of each of
these cells.

[0413] Circulatory system cells are also included such as
heart cells (myocardial cells); cells of the blood and lymph
including erythropoietin-sensitive stem cells, erythrocytes,
leukocytes (such as eosinophils, basophils and neutrophils
(granular cells) and lymphocytes and monocytes (agranular
cells)), thrombocytes, tissue macrophages (histiocytes),
organ-specific phagocytes (such as Kupffer cells, alveolar
macrophages and microglia), B-lymphocytes, T-lympho-
cytes (such as cytotoxic T cells, helper T cells and suppres-
sor T cells), megaloblasts, monoblasts, myeloblasts, lym-
phoblasts, proerythroblasts, megakaryoblasts,
promonocytes, promyelocytes, prolymphocytes, early nor-
moblasts, megakaryocytes, intermediate normoblasts, meta-
myelocytes (such as juvenile metamyelocytes, segmented
metamyelocytes and polymorphonuclear granulocytes), late
normoblasts, reticulocytes, bone marrow cells, and dendritic
cells (such as mature, immature, etc). Also included are
progenitor cells of each of these cells.

[0414] Respiratory system cells are also included such as
capillary endothelial cells and alveolar cells; as are urinary
system cells such as nephrons, capillary endothelial cells,
granular cells, tubule endothelial cells and podocytes; diges-
tive system such as simple columnar epithelial cells,
mucosal cells, acinar cells, parietal cells, chief cells,
zymogen cells, peptic cells, enterochromaffin cells, goblet
cells, Argentaffen cells and G cells; and sensory cells such
as auditory system cells (hair cells); olfactory system cells
such as olfactory receptor cells and columnar epithelial
cells; equilibrium/vestibular apparatus cells including hair
cells and supporting cells; visual system cells including
pigment cells, epithelial cells, photoreceptor neurons (rods
and cones), ganglion cells, amacrine cells, bipolar cells and
horizontal cells are also included. Also included are pro-
genitor cells of each of these cells.

[0415] Additionally, mesenchymal cells, stromal cells,
fibroblasts, hair cells/follicles, adipose (fat) cells, cells of
simple epithelial tissues (squamous epithelium, cuboidal
epithelium, columnar epithelium, ciliated columnar epithe-
lium and pseudostratified ciliated columnar epithelium),
cells of stratified epithelial tissues (stratified squamous epi-
thelium (keratinized and non-keratinized), stratified cuboi-
dal epithelium and transitional epithelium), goblet cells,
endothelial cells of the mesentery, endothelial cells of the
small intestine, endothelial cells of the large intestine, endot-
helial cells of the vasculature capillaries, endothelial cells of
the microvasculature, endothelial cells of the arteries, endot-
helial cells of the arterioles, endothelial cells of the veins,
endothelial cells of the venules, etc.;cells of the connective
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tissue include chondrocytes, adipose cells, periosteal cells,
endosteal cells, odontoblasts, osteoblasts, osteoclasts and
osteocytes, endothelial cells, hepatocytes, keratinocytes and
basal keratinocytes, muscle cells, cells of the central and
peripheral nervous systems, prostate cells, and lung cells,
cells in the lung, breast, pancreas, stomach, small intestine,
and large intestine; epithelial cells such as sebocytes, hair
follicles, hepatocytes, type II pneumocytes, mucin-produc-
ing goblet cells, and other epithelial cells and their progeni-
tors of the skin, lung, liver, and gastrointestinal tract may be
used in the methods of the present invention, preferably the
selection and screening methods. Also included are progeni-
tor cells of each of these cells.

[0416] Cells useful in the inventions herein also include
progenitor cells of all the cells above and elsewhere herein.

[0417] By a “plurality” or “population” or “library” of
cells is meant at least two cells, with at least about 10%, 10%,
10°, 10°, 107, 10%, 10° being particularly preferred. The
plurality or population can contain a mixture of different cell
types from either primary or secondary cultures although
samples containing only a single cell type are preferred, for
example, the population can be from a cell line, including
tumor cell lines. The cells may be in any cell phase, either
synchronous or not, including M, G1, S, and G2. In a
preferred embodiment, cells that are replicating or prolifer-
ating are used. Alternatively, non-replicating cells may be
used.

[0418] By “solid support” is meant any support capable of
binding a cell, which may be in any of various forms, as is
known in the art. Well-known supports include tissue culture
plastic, glass, polystyrene, polypropylene, polyethylene,
dextran, nylon, amylases, natural and modified celluloses,
polyacrylamides, gabbros, and magnetite. The nature of the
carrier can be either soluble to some extent or insoluble for
the purposes of the present invention. The support material
may have virtually any possible structural configuration as
long as the coupled molecule is capable of binding to a cell.
Thus, the support configuration may be spherical, as in a
bead, or cylindrical, as in the inside surface of a test tube, or
the external surface of a rod. Alternatively, the surface may
be flat such as a sheet, test strip, etc. Preferred supports
include polystyrene beads. The support configuration may
include a tube, bead, microbead, well, plate, tissue culture
plate, petri plate, microplate, microtiter plate, flask, stick,
strip, vial, paddle, etc., etc. A solid support may be magnetic
or non-magnetic. Those skilled in the art will know many
other suitable carriers for binding cells, or will be able to
readily ascertain the same.

[0419] Cells may be directly or indirectly bound to a solid
support, as is well known in the art. For example, cells may
be indirectly attached via one or more molecules such as
protein, antibody, receptor, ligand, poly L-lysine, or may be
indirectly attached via other cells. In one embodiment, cells
are attached to a solid support via antibody. In a preferred
embodiment, the cells are attached to a magnetic solid
support, such as magnetic beads, via antibody. (See, for
example, Dynal Technical Handbook, “Biomagnetic Tech-
niques in Molecular Biology”, 1995.)

[0420] By “tissue culture” or “cell culture” or “culture” or
“culturing” is meant the maintenance or growth of animal
tissue or cells in vitro under conditions that allow preser-
vation of cell architecture, preservation of cell function,
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further differentiation, or all three, as well as permitting
expression of insert polynucleotides. “Primary tissue cells”
are those taken directly from tissue, i.e., a population of cells
of the same kind performing the same function in an
organism. Treating such tissue cells with the proteolytic
enzyme trypsin, for example, dissociates them into indi-
vidual primary tissue cells that grow or maintain cell archi-
tecture when seeded onto culture plates. Cell cultures arising
from multiplication of primary cells in tissue culture are
called “secondary cell cultures.” Most secondary cells
divide a finite number of times and then die. A few second-
ary cells, however, may pass through this “crisis period,”
after which they are able to multiply indefinitely to form a
continuous “cell line.”

[0421] A recipient cell containing a target polynucleotide
may become “nonadherent” or “nonviable” by any mecha-
nism, which may include lysis, inability to adhere, loss of
viability, loss of membrane integrity, loss of structural
stability, disruption of cytoskeletal elements, inability to
maintain membrane potential, arrest of cell cycle, inability
to generate energy, etc. Thus, cells containing target poly-
nucleotides may be collected, i.e., recovered or separated
from remaining cells, by any physical means such as aspi-
ration, washing, filtration, centrifugation, cell sorting, fluo-
rescence activated cell sorting (FACS), etc. Collected cells
or polynucleotides may also be referred to herein as “recov-
ered” cells or polynucleotides, or as “isolated” cells or
polynucleotides.

[0422] For example, cells containing target polynucle-
otides may lyse and thereby release recombinant vaccinia
into the culture media or may become nonadherent and
therefore lift away from the solid support. Thus, in a
preferred embodiment, released recombinant vaccinia and/
or nonadherent cells are separated from adherent cells by
aspiration or washing of the liquid medium, e.g. culture
medium.

[0423] In another embodiment, a recipient cell containing
a target polynucleotide may become “adherent” or “viable”
by any mechanism. In this embodiment, host cells which do
not contain a target polynucleotide undergo lysis, are unable
to adhere, are not viable in culture, lose membrane integrity,
lose structural stability, become disrupted in their cytoskel-
etal elements, are unable to maintain membrane potential,
are arrested in cell cycle, are unable to generate energy, etc.
Cells containing a target polynucleotide fail to lyse, do
adhere, remain viable, retain or gain membrane integrity,
retain or gain structural stability, retain or gain cytoskeletal
elements, maintain or gain membrane potential, are not
growth cycle arrested, or generate energy, etc. Thus, cells
not containing target polynucleotides, or their contents, may
be removed from those containing target polynucleotides by
any physical means of separation such as aspiration, wash-
ing, filtration, centrifugation, cell sorting, fluorescence acti-
vated cell sorting (FACS), etc. For example, cells which do
not contain a target polynucleotide may be removed from the
cells which do contain a target polynucleotide by washing or
aspiration. The remaining cells containing target polynucle-
otides are then collected.

[0424] Method of Enriching for Target Polynucleotides

[0425] The methods of the invention are useful to enrich
for target polynucleotides from a plurality of test polynucle-
otides, such as a complex library including cDNA and other
libraries.
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[0426] A single round of direct or indirect selection may
not necessarily result in isolation of a pure set of target
polynucleotides; the mixture obtained after a first round may
be enriched for the desired polynucleotides but may also be
contaminated with non-target insert sequences. For
example, selection of cytotoxic and cytostatic target poly-
nucleotides may require or benefit by several rounds of
selection, which thus increase the proportion of cells con-
taining target polynucleotides. To achieve increased purifi-
cation, the material obtained after the first round is used to
infect a second population of cells and the resulting subli-
brary is subjected to a second round of selection.

[0427] Thus, in this embodiment, the invention provides a
method of producing a subpopulation of target polynucle-
otides comprising the direct or indirect selection method,
and further comprising: isolating target polynucleotides
from the selected (e.g. nonviable) cells, introducing the
target polynucleotides into a second plurality of host cells,
and separating the selected cells (e.g. non-viable or contents
thereof). In yet a further embodiment, the method comprises
additional rounds of infection of new host cells and direct or
indirect selection. Thus, the method provides multiple
rounds of enrichment to produce subpopulations, or subli-
braries, which comprise a progressively decreasing ratio of
nontarget polynucleotides, i.e., decreased background.

[0428] Following collection of the target polynucleotides
as described above and elsewhere herein, or following
enrichment of the target polynucleotides from the library as
described above, those polynucleotides which have been
recovered are “isolated,” i.e., they are substantially removed
from their native environment and are largely separated
from polynucleotides in the library which do not encode
antigen-specific immunoglobulin subunit polypeptides. For
example, cloned polynucleotides (i.e. insert polynucle-
otides) contained in a vector are considered isolated for the
purposes of the present invention. It is understood that two
or more different polynucleotides which effect the same or
similar phenotype may be collected or recovered by the
methods described herein. Accordingly, a mixture of target
polynucleotides is also considered to be “isolated.” Further
examples of isolated polynucleotides include those main-
tained in heterologous host cells or purified (partially or
substantially) DNA molecules in solution. For example, a
polynucleotide contained in a virus vector is “isolated” after
it has been recovered and plaque purified, and a polynucle-
otide contained in a plasmid vector is isolated after it has
been expanded from a single bacterial colony. However, a
polynucleotide contained in a clone that is a member of a
mixed library and that has not been isolated from other
clones of the library is not “isolated” for the purposes of this
invention.

[0429] Given that a phenotype may be effected by more
than one polynucleotide, it is contemplated that several
suitable polynucleotides, e.g., two, three, four, five, ten, 100
or more polynucleotides, may be recovered from the first
step of this embodiment, each of which may be a target a
polynucleotide. It is contemplated that each different poly-
nucleotide recovered from the library may be separately
isolated. However, these polynucleotides may be isolated as
a group of polynucleotides which effect the same or similar
phenotypes and these polynucleotides may be “isolated”
together. Such mixtures of polynucleotides, whether sepa-
rately isolated or collectively isolated, may be introduced
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into host cells in the second step, as explained below, either
individually, or with two, three, four, five, ten, 100 or more
of the polynucleotides pooled together.

[0430] Following collection or recovery, target polynucle-
otides may be purified (partially or substantially) from
protein such as viral and or cellular proteins and other
components, using well-known techniques such as those
described in the examples (see, e.g., Example 2).

[0431] Uses and Modifications of the Direct or Indirect
Selection Methods

[0432] The present invention provides an alternative
method of identification of polynucleotides (e.g. gene
sequences) whose expression elicits growth suppression,
apoptosis or any other phenotype selectable by the present
invention. It is based on the isolation from an expression
library of one or more cells expressing a target polynucle-
otide, such that expression of the target polynucleotide
causes cell lysis or otherwise compromises cell integrity or
cell viability. For example, the target polynucleotide may be
toxic or may sensitize the cell to an agent. The target
polynucleotide may inhibit the ability of a cell to remain
adherent, such as due to a cytoskeletal effect or an effect on
ATP production.

[0433] The direct or indirect selection method exploits
various cell-disrupting mechanisms to isolate polynucle-
otides of interest from a library. Cell-disrupting mechanisms
which may be used include the following: immune system-
mediated disruption such as by CTLs, antibody-dependent
cellular cytotoxicity (ADCC), and complement-dependent
cytotoxicity (CDC); disruption by toxic sequences such as
apoptosis-inducing polynucleotides, cell cycle arresters,
tumor suppressor genes, dominant negative oncogene vari-
ants, cell proliferation inhibitors, and CDXK inhibitors; nega-
tive regulation of essential genes by antisense expression;
and induction of suicide gene expression. These and other
cell disruption mechanisms are not mutually exclusive with
one another and many overlap.

[0434] This method has many applications such as isola-
tion of growth suppressive molecules (DNA, RNA, polypep-
tides, or peptides) with specificity against certain cell types,
and identification of new genes involved in negative growth
regulation (i.c., tumor suppressive genes, genes involved in
control of apoptosis, cellular senescence, sensitivity to
chemical, physical or biological treatments, etc.), drug sus-
ceptibility, cell cycle regulation, cell differentiation, or trans-
formation.

[0435] Thus, examples of target polynucleotides are those
that decrease growth rate or kill cells under normal condi-
tions of growth or under specific conditions, including
sensitization of cells to certain physical, chemical or bio-
logical treatments that have no or low effect on the majority
of cells in, for example, a library-carrying cell population.

[0436] Alternatively, an indirect selection method may be
used, wherein the host cells lyse or otherwise are compro-
mised in cell integrity or cell viability, and wherein target
polynucleotides are selected which allow such cells to
remain intact.

[0437] Target polynucleotides may be cell proliferation
genes which, when aberrantly expressed or regulated, may
induce or otherwise be involved in the development of cell

Jan. 30, 2003

proliferative disorders. Such cell proliferative disorders
include, but are not limited to cancers, arteriosclerosis,
psoriasis, viral disease, as well as inflammatory conditions
such as arthritis or sepsis. Cell proliferation genes include
dominant transforming genes, such as oncogenes and other
genes encoding products involved in the induction of cell
growth and recessive cell proliferation genes, such as genes
encoding tumor suppressors, genes involved in the induction
of apoptosis or genes involved in viral growth.

[0438] Isolation of Growth-suppressive Genetic Elements
with Cell-Specific Activity.

[0439] Target polynucleotides include those that are
growth suppressive for certain cell types (for example,
tumor cells, virus infected cells, cells of certain tissue, etc.)
but that have no or low effect on other cell types, such as the
parent cell type. Isolation of clones that are specifically toxic
for certain cell type may require additional selection of the
isolated mixture of clones in the cell type of different origin
in order to define those clones that have selective biological
activity against the cells of choice.

[0440] Selection of cytotoxic and cytostatic target poly-
nucleotides may require or benefit by several rounds of
selection, which thus increase the proportion of cells con-
taining target polynucleotides. Isolation of target polynucle-
otides that are not cytotoxic or cytostatic by themselves, but
which display growth suppressive activity under certain
conditions of cell maintenance or treatment requires appli-
cation of the appropriate selection. Such selection is pref-
erably noncytotoxic or low-cytotoxic by itself and should
not lead to significant cell death or growth arrest in host cells
which do not contain a target polynucleotide. For example,
polynucleotides restoring the activity of the p53 pathway by
blocking p53 inhibitors (such as papilloma virus protein E6
or cellular p53 inhibitor MDM?2) are expected to cause cell
sensitization to DNA-damaging treatments since p53 plays
a role of negative growth regulator that is activated under
conditions of genotoxic stress.

[0441] The direct or indirect selection method is not
limited to the isolation of cytotoxic or cytostatic elements. It
can be used for isolation of genetic elements that induce any
cell phenotype (i.c. expression of cell surface antigens,
alterations in cell adhesion, cell size, etc.) that can be used
as a selective trait to enrich or to exhaust a cell population.

[0442] In a preferred embodiment, the methods disclosed
herein are used to select for modulators of cellular pheno-
types. Cellular phenotypes that may be selected for include,
but are not limited to, cellular apoptosis, including cell cycle
regulation, toxicity to small molecules, the expression of any
number of moieties including receptors (particularly cell
surface receptors), adhesion molecules, cytokine secretion,
protein-protein interactions, transcriptional activation of
particular promoters, etc.

[0443] Additionally, cells containing such target poly-
nucleotides may be collected or isolated, for example, by
fluorescence-activated cell sorting (FACS). Fluorescence
activated cell sorting (FACS), also called flow cytometry, is
used to sort individual cells on the basis of optical proper-
ties, including fluorescence. It is useful for screening large
populations of cells in a relatively short period of time.

[0444] Rapid and inexpensive screens or selections such
as by FACS would be of particular interest for identifying
drug candidates such as modulators of cell cycle regulation.
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[0445] Further, cells containing target polynucleotides
may be collected, for example, by magnetic beads. Such
methods are described in more detail herein and are also well
known in the art.

[0446] The hallmark of a malignant cell is uncontrolled
proliferation. This phenotype is acquired through the accu-
mulation of gene mutations, the majority of which promote
passage through the cell cycle. Cancer cells ignore growth
regulatory signals and remain committed to cell division.
Classic oncogenes, such as ras, lead to inappropriate tran-
sition from GI to S phase of the cell cycle, mimicking
proliferative extracellular signals. Cell cycle checkpoint
controls ensure faithful replication and segregation of the
genome. The loss of cell cycle checkpoint control results in
genomic instability, greatly accelerating the accumulation of
mutations which drive malignant transformation. Hence,
checkpoint regulators, such as p53 and ATM (ataxia telang-
iectasia mutated), also function as tumor suppressors. Thus,
modulating cell cycle checkpoint pathways with therapeutic
agents could exploit the differences between normal and
tumor cells, both improving the selectivity of radio- and
chemotherapy, and leading to novel cancer treatments.

[0447] Target polynucleotides may modulate cell cycle
regulation, by, for example, suppressing or activating a cell
cycle checkpoint pathway, or ameliorating or inducing
checkpoint defects. Thus, in a preferred embodiment, host
cells are sorted in a FACS machine by assaying cell param-
eters, including, but not limited to, cell viability, cell pro-
liferation, and cell phase. In this embodiment, preferred
cellular parameters or assays are cell viability assays, assays
to determine whether cells are arrested at a particular cell
cycle stage (“cell proliferation assays™), and assays to deter-
mine at which cell stage the cells have arrested (“cell phase
assays”). By assaying or measuring one or more of these
parameters, it is possible to detect not only alterations in cell
cycle regulation, but alterations of different steps of the cell
cycle regulation pathway. In this manner, rapid, accurate
screening of insert polynucleotides may be performed to
identify those that modulate cell cycle regulation, viability,
growth, proliferation, etc. It may be possible to alter the
activities of certain enzymes, for example kinases, phos-
phatases, proteases or ubiquitination enzymes, that contrib-
ute to initiating cell phase and/or other changes.

[0448] Ina preferred embodiment, the methods are used to
evaluate cell cycle regulation. Cells cycle through various
stages of growth, starting with the M phase, where mitosis
and cytoplasmic division (cytokinesis) occurs. The M phase
is followed by the G1 phase, in which the cells resume a high
rate of biosynthesis and growth. The S phase begins with
DNA synthesis, and ends when the DNA content of the
nucleus has doubled. The cell then enters G2 phase, which
ends when mitosis starts, signaled by the appearance of
condensed chromosomes. Terminally differentiated cells are
arrested in the G1 phase, and no longer undergo cell
division. In this embodiment, preferred cellular parameters
or assays are cell viability assays, assays to determine
whether cells are arrested at a particular cell cycle stage
(“cell proliferation assays™), and assays to determine at
which cell stage the cells have arrested (“cell phase assays”™).
By separating cells based on one or more of these param-
eters, it is possible to detect not only alterations in cell cycle
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regulation, but alterations of different steps of the cell cycle
regulation pathway, and to isolate target polynucleotides
which confer such alteration.

[0449] In one embodiment, an MVA vaccinia virus vector
or other attenuated virus is used.

[0450] In a preferred embodiment, the methods outlined
herein are performed on cells that are not arrested in the GI
phase; that is, they are rapidly or uncontrollably growing and
replicating, such as tumor cells. In this manner, insert
polynucleotides are evaluated to target polynucleotides that
alter cell cycle regulation, i.e. cause cells to arrest at cell
cycle checkpoints, such as G1, although arresting in other
phases such as S, G2 or M are also desirable. Alternatively,
insert polynucleotides are evaluated to find those that cause
proliferation of a population of cells, i.c. that allow cells that
are generally arrested in G1 to start proliferating again; for
example, peripheral blood cells, terminally differentiated
cells, stem cells in culture, etc.

[0451] Thus, the direct or indirect selection method is
useful for isolating the following polynucleotides: poly-
nucleotides encoding epitopes and antigens; any toxic
sequence, for example, apoptosis-inducing genes, genes that
arrest cell cycle, tumor suppressor genes, dominant negative
oncogene variants, inhibitors of cell proliferation, and CDK
inhibitors; essential genes; and genes that induce expression
of a suicide gene construct (i.c., a suicide gene operably
associated with a regulated promoter). Among genes that
induce expression of a suicide gene include those that
promote cell cycle progression and thereby induce a cell
cycle specific suicide gene construct (i.e., operably associ-
ated with a cell-cycle specific promoter), those that promote
differentiation and thereby induce a spatially or temporally
regulated suicide gene construct (i.e., operably associated
with a spatially-regulated or temporally-regulated promoter)
or a tissue or cell specific suicide gene construct (i.e.,
operably associated with a tissue- or cell-specific promoter)
(collectively, differentiation-specific promoters), those that
interact with another protein in a two-hybrid transcription
system and thereby induce expression of a suicide gene.

[0452] Thus, the invention provides a method of directly
selecting a target polynucleotide comprising: (2) providing a
plurality of cells which comprise (i) packaging function, (ii)
transfer plasmid comprising a 5' flanking region, an insert
polynucleotide, and a 3' flanking region, (iii) a first virus
fragment comprising a sequence homologous to the 5'
flanking region, and (iv) a second virus fragment comprising
a sequence homologous to the 3' flanking region; (b) cul-
turing the cells under conditions such that the transfer
plasmid and virus fragments undergo trimolecular recombi-
nation, and the insert polynucleotides are expressed, and (¢)
removing the nonviable cell or the target polynucleotide,
thereby directly selecting the target polynucleotide.

[0453] Prior to the direct or indirect selection in a cell line
of choice, two or several rounds of replication in Hel.a or
another cell line favorable for vaccinia replication may be
necessary to dilute out the helper virus from the tri-molecu-
lar recombination.

[0454] Thus, preferably, the method comprises contacting
a plurality of cells with infectious progeny produced by
tri-molecular recombination, culturing said cells under con-
ditions such that the insert polynucleotides are expressed,
and removing a nonviable cell expressing the target.
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[0455] Immune System-Mediated Selection.

[0456] In one embodiment, antigen-specific cytotoxic
mechanisms such as cell, antibody, and complement-medi-
ated cytotoxicity, may be used to isolate host cells express-
ing a protein of interest. Thus, cytotoxic T cells (CTL),
antibody-toxin conjugates, antibody-dependent cellular
cytotoxicity (ADCC), and complement-dependent cytotox-
icity (CDC) may be used to select any antigen capable of
inducing CTL or antibody.

[0457] The immune-based direct selection method may be
used to identify target antigens in tumor cells, target antigens
in other cells against which it is desirable to induce cell-
mediated or humoral immunity, or any target epitope which
is capable of inducing specific CTL or antibody. For
example, the differential immunogenicity methods of the
invention can be applied to identify immunogenic molecules
of cells infected with virus, fungus or mycobacteria by
tolerization of mice with uninfected cells followed by immu-
nization with infected cells at different times after infection.
Isolated CTLs or antibodies can be employed to select
polynucleotides (e.g. recombinants) that encode target anti-
gens in a plasmid or viral expression library. For example,
an expression library can be constructed with cDNA isolated
from the infected cell in a vaccinia virus vector using
tri-molecular recombination.

[0458] One use of this approach is to identify pathogen-
encoded antigens and host cell antigens whose expression is
altered during infection. Such antigens may be useful as a
vaccine against infection by the pathogen.

[0459] Pathogens include all pathogenic agents known in
the art. Pathogens include, but are not limited to: wviral
pathogens, such as human immunodeficiency virus (HIV),
Epstein Barr virus, hepatitis virus, herpes virus, human
papillomavirus, cytomegalovirus, respiratory syncytial
virus; fungal pathogens, such as Candida albicans, Pneu-
mocystis carnii; and mycobacterial pathogens, such as M.
tuberculosis, M avium.

[0460] Pathogens also include the bacteria Pseudomonas
aeruginosa, Mycobacterium tuberculosis, Hemophilus influ-
enzae, Staphylococcus aureus, Mycoplasma prneumoniae,
Escherichia coli, Streptococcus pneumoniae, Neisseria gon-
orrhaea, Streptococcus viridans, Streptococcus pyogenes,
Proteus mirabilis, Proteus vulgaris, Salmonella typhimu-
rium, Shigella dysentereae, Clostridium difficile, and Keb-
siella pneumontae, and the fungi Candida albicans,
Aspergillus flavus, Aspergillus fumagatus, and Histoplasma-
tus capsulatum.

[0461] Pathogens also include those listed elsewhere
herein and otherwise known in the art.

[0462] Cytotoxic T Lymphocytes.

[0463] In this version of immune-system based selection,
epitope-specific CTLs are used to select target polynucle-
otides expressing an epitope of interest.

[0464] The possibility that altered features of a tumor cell
are recognized by the immune system as non-self and may
induce protective immunity is the basis for attempts to
develop cancer vaccines. Whether or not this is a viable
strategy depends on how the features of a transformed cell
are altered. Appreciation of the central role of mutation in
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tumor transformation gave rise to the hypothesis that tumor
antigens arise as a result of random mutation in genetically
unstable cells.

[0465] Although random mutations might prove immuno-
genic, it would be predicted that these would induce specific
immunity unique for each tumor. This would be unfavorable
for development of broadly effective tumor vaccines.

[0466] An alternate hypothesis, however, is that a tumor
antigen may arise as a result of systematic and reproducible
tissue specific gene deregulation that is associated with the
transformation process. This could give rise to qualitatively
or quantitatively different expression of shared antigens in
certain types of tumors that might be suitable targets for
immunotherapy. Early results, demonstrating that the immu-
nogenicity of some experimental tumors could be traced to
random mutations (De Plaen, et al., 1988, Proc. Natl. Acad.
Sci. USA 85: 2274-2278; Srivastava, & Old, 1989, Immu-
nol. Today 9: 78), clearly supported the first hypothesis.

[0467] There is, however, no a priori reason why random
mutation and systematic gene deregulation could not both
give rise to new immunogenic expression in tumors. Indeed,
more recent studies in both experimental tumors (Sahas-
rabudhe, et al., 1993,J. Immunology 151:6202-6310; Tori-
goe, et al., 1991, J. Immunol. 147:3251) and human mela-
noma (van Der Bruggen, et al., 1991, Science 254:1643-
1647; Brichard, et al., 1993, J. Exp. Med. 178:489-495;
Kawakami, et al., 1994, Proc. Natl. Acad. Sci. USA
91:3515-3519; Boel, et al., 1995, Immunity 2:167-175; Van
den Eynde, et al., 1995, J. Exp. Med. 182: 689-698) have
clearly demonstrated expression of shared tumor antigens
encoded by deregulated normal genes. The identification of
MAGE-1 and other antigens common to different human
melanoma holds great promise for the future development of
multiple tumor vaccines.

[0468] The most widespread and to date most successful
approach to identify immunogenic molecules uniquely
expressed in tumor cells is to screen a cDNA library with
tumor-specific CTLs (cytotoxic T lymphocytes). Applica-
tion of this strategy has identified several gene families
expressed predominantly in human melanoma. Two major
limitations of this approach, however, are that (1) screening
requires labor intensive transfection of numerous small
pools of recombinant DNA into separate target populations
in order to assay T cell stimulation by a minor component of
some pool; and (2) target cells must be highly transfectable
in order to take up cDNA for screening. Only two commonly
employed cell lines have the requisite properties, Cos 7 and
293. However, since a fundamental property of T cells is that
they are restricted to recognize peptide epitopes presented in
association with MHC molecules, these African Green Mon-
key cells do not express the appropriate human MHC
molecules. Although it is possible to co-transfect MHC
genes, it is often unclear which of the six possible MHC
class I or MHC class II alleles in a heterozygous individual
are required for presentation of the target peptide epitope.
By constructing cDNA libraries in an infectious vector with
a very broad host range, it is possible to employ as the target
cell autologous fibroblasts, epithelial cells or EBV trans-
formed B cells that naturally express the full complement of
relevant MHC molecules. In contrast, alternatives to screen-
ing cDNA libraries, such as the use of tandem HPLC/mass
spectrometry to screen peptides eluted from tumor cells,
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have the limitation that very large numbers of tumor cells are
required for peptide purification, quantities which are not
normally available from patient samples.

[0469] In a preferred embodiment, human tumor-specific
T cells are isolated by stimulation with either autologous
tumor or autologous antigen presenting cells pulsed with
tumor cell lysates and these T cells are employed to screen
expression libraries generated from tumor cell DNA, RNA
or cDNA to identify reactive target antigens.

[0470] Thus, in this embodiment of the invention, tumor-
specific or infection-specific CTLs generated in animals are
used to screen expression libraries generated from tumor cell
or infected cell DNA, RNA or ¢cDNA to identify reactive
target antigens. To this end, animals tolerized with a non-
tumorigenic or non-infected human cell line are immunized
with tumor cells or infected cells derived from the non-
tumorigenic or non-infected cell line. In an alternative
embodiment, tumor-specific or infection-specific CTLs gen-
erated in vitro are used to screen expression libraries. The
resulting CTLs, which are tumor-specific or infection-spe-
cific and not cross-reactive with normal cells, can be used to
screen expression libraries constructed from tumor cell- or
infected cell-derived DNA, RNA or ¢cDNA. Clones so
identified in the library encode target antigens which are
candidates for the immunogenic compositions and vaccines
of the invention. Improved and modified vaccinia virus
vectors for efficient construction of such DNA libraries
using a “trimolecular recombination” approach are
described to improve screening efficiency.

[0471] Animals, such as normal or transgenic mice, may
be tolerized with normal cells or lysates thereof prior to
immunizing with tumor cells or cells infected with a patho-
gen, or a lysate thereof. Tolerance induction is preferred
because the animal’s immune response would otherwise be
dominated by specificity for a large number of broadly
expressed human proteins that are not specifically associated
with tumor transformation or infection. In a particularly
preferred embodiment, and to enhance the efficiency of this
approach, it is convenient to work with human tumors that
are derived from an immortalized, non-tumorigenic human
cell line by in vitro carcinogenesis or oncogene transforma-
tion. This provides a ready source of the normal control cells
for an extended tolerization protocol in both neonatal and
adult mice. For example, CTLs generated by this approach
(sce Examples 15-18) can be employed in a selection
procedure (such as that described in Examples 3-4) to isolate
recombinant clones (i.e. target polynucleotides) that encode
the target antigens from a tumor cDNA library, for example,
such as that constructed in vaccina virus by tri-molecular
recombination (see Example 2).

[0472] Antibody-Based Selection.

[0473] In other versions of immune-based selection, the
host cells are exposed to an antibody or plurality of anti-
bodies directed against an epitope of interest. This results in
formation of an antigen-antibody complex at the cell sur-
face. Alternatively, the complexes are contacted with a
second antibody or plurality of antibodies directed against
the first antibody. The second antibody may be conjugated
with a toxin, or alternatively, the first antibody is conjugated
with a toxin.

[0474] Alternatively, complement-dependent cytotoxicity
(CDC) or antibody-dependent cellular cytotocity (ADCC) is
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used to select target polynucleotides. See U.S. Pat. No.
5,500,362 for ADCC and CDC assays. Such assays may be
modified for use in the present selection method by, for
example, omitting the *'Cr labeling of cells, as will be
apparent to one of ordinary skill in the art. See, e.g.
Hellstrom et al., Proc. Natl. Acad. Sci. USA 82:1499-1502
(1985). The complement or cell mediators of ADCC may be
added to the antigen-antibody complexes. Alternatively, the
antibody and cell mediators of ADCC may be combined
prior to contacting the host cells.

[0475] Cells expressing the antigen are thus induced to
undergo lysis or other mechanisms leading to nonadherence.
Nonviable cells, and the cell contents of lysed cells are
separated from viable cells. Alternatively, the antibody is
labeled and the cells are separated by FACS. In another
alternative, the cells adhere to a magnetic solid support, such
as a magnetic bead, via antibody on the surface of the solid
support and are separated from nonadherent cells by the use
of a magnet.

[0476] As used herein, the term “antibody” (Ab) or
“monoclonal antibody” (Mab) is meant to include intact
molecules as well as antibody fragments (such as, for
example, Fab and F(ab"), fragments) which are capable of
specifically binding to the protein encoded by a target
polynucleotide. If ADCC- or complement-mediated cell
killing is utilized in the direct or indirect selection method,
the antibodies preferably include an Fc portion. Mouse
IgG, and IgG; and human IgG, and IgG; isotypes are most
commonly associated with antibody-dependent cellular
cytotoxicity and complement-dependent cytotoxicity

[0477] These antibodies can be, for example, polyclonal or
monoclonal antibodies. The present invention also includes
chimeric, single chain and humanized antibodies, as well as
Fab fragments, or the product of an Fab expression library.
Various procedures known in the art can be used for the
production of such antibodies and fragments.

[0478] The antibodies used according to the present inven-
tion may be directed against the antigen of interest or against
a family of related antigens. A single antibody or a group of
antibodies may be used, the choice depending upon the
nature of the target antigen, its anticipated frequency, and
other variables that will be apparent to those of skill. Target
antigens expressed on the surfaces of host cells will form an
antigen-antibody complex. Methods of preparing antibodies
or fragments thereof for use according to the present inven-
tion are known to those of skill and/or disclosed in the
scientific literature listed below.

[0479]

[0480] The present invention may also be used to directly
select for the cognate receptor of a known ligand, hapten, or
epitope, for example, by contacting host cells containing an
expression library with a labeled ligand or a ligand conju-
gated to a toxin. The known ligand may be soluble or may
be associated with membrane bilayers or a solid support
such as beads, etc. The known ligand may be another
receptor, or fragment thereof, which binds the receptor
encoded by the target polynucleotide. In another embodi-
ment, the ligand of a known receptor is identified. For
example, insert polynucleotide (e.g. DNA) is cloned in-
frame with a polynucleotide (e.g. DNA) sequence encoding
a receptor transmembrane domain. The transmembrane

Receptors and Ligands.
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domain may be naturally occurring, or nonnaturally occur-
ring. The transmembrane domain directs the polypeptide
(candidate ligand) encoded by the insert polynucleotide (e.g.
DNA) to be expressed on the cell surface. See U.S. Pat. No.
5,866,341. The cells are contacted with receptor polypeptide
or a fragment thereof. The receptor or receptor fragment
may be labeled or may be conjugated to a toxin. The receptor
or receptor fragment may be soluble, hydrophobic, associ-
ated with membranes, associated with membrane vesicles,
associated with lipid bilayers, associated with lipid bilayer
vesicles, associated with a solid support such as beads, etc.
Labels for ligands, receptors, etc., include those in Example
14 for antibodies.

[0481] As another example, the host cells are contacted
with an antibody which recognizes the receptor or ligand
encoded by the target polynucleotide. Alternatively, the host
cells are contacted with known ligand, and the antibody
recognizes the ligand, the receptor, or the ligand-receptor
complex.

[0482] As used herein, the term “receptors” means any
protein capable of specifically binding a ligand, hapten, or
epitope. Examples of receptors that may identified by bind-
ing known ligand, epitopes, or haptens, include adhesion
molecules such as cadherins, selecting, fasciclins, integrins,
leukocyte adhesion receptor, neuroglian, VLA family mol-
ecules and the like. Examples of receptors that may identi-
fied by binding to known growth factors include growth
hormone receptors, insulin receptors, interleukin receptors
and the like. Examples of receptors that may identified by
binding to known ligands include chemokine receptors and
G-protein coupled receptors. Examples of specific protein
binding interactions useful in the instant invention are
described in Creighton, T. E., in Proteins, Structure and
Molecular Principles, W. H Freeman and Company, New
York, N.Y. (1984); and, adhesion molecules are described in
Pigott, R., et al., in The Adhesion Molecule, Academic
Press, Harcourt Brace & Co., New York, N.Y. (1993).

[0483] Nondividing Cells.

[0484] A major technical obstacle to identifying candidate
pharmaceutical targets is the nondividing state of terminally
differentiated such as musculoskeletal or other cells.
Because vectors currently used for library production do not
replicate in nondividing cells, it is not possible to recover a
gene of interest in nondividing cells by conventional meth-
ods. Moreover, it is difficult to identify an expressed gene in
a library based on its function using some current cloning
vectors because of the low expression level of cloned genes.
Although vaccinia-based vectors replicate in nondividing
cells and express polypeptides encoded by insert polynucle-
otides (e.g. DNA) at a high level, the very low cloning
efficiency of vaccinia using homologous recombination and
the low titers obtained through direct ligation have pre-
cluded the use of vaccinia virus for library production.

[0485] The trimolecular recombination method of the
present invention overcomes the obstacle of low cloning
efficiency or low titer in vaccinia virus. As described herein,
recombination efficiencies of 90% to 100% and relatively
high titers have been achieved using trimolecular recombi-
nation. This contrasts with efficiencies of less than 1% using
standard methods. For example, combining trimolecular
recombination, in vitro stem cell differentiation of cells such
as musculoskeletal cells, and direct or indirect selection,
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allows for the identification of genes that control growth and
development. The genes identified are candidate pharma-
ceutical targets.

[0486] Additionally, it will be possible to identify insert
polynucleotides (e.g. DNAs) which stimulate proliferation
of nondividing cells, for example, using a cell cycle-specific
promoter or a promoter induced during proliferation,
coupled to a suicide gene. The nonadherent cells are those
that express an insert polynucleotide (e.g. DNA) which
induces proliferation, while the normally nondividing cells
which do not contain such an insert remain adherent.

[0487]

[0488] One of the most powerful tools available to
molecular biologists for gene discovery has been the ability
to efficiently screen representative cDNA libraries con-
structed in lambda phage. Many microbial and some classes
of mammalian genes were first detected and isolated by
using functional or biochemical assays to screen lambda
phage libraries. In spite of the enormously important
advances enabled by this technology, lambda phage only
grow in bacterial cells, thus, they are not useful for func-
tional studies in eucaryotic cells. No bioassay that depends
on cell differentiation or protein processing characteristic of
mammalian cells can be employed to screen lambda phage
libraries. The presently available solutions to this problem
are to employ relatively inefficient methods for introducing
DNA into mammalian cells by transfection or, if the effi-
ciency of an infectious vector is crucial, to employ cDNA
libraries constructed in a retroviral vector. This latter
approach is indeed powerful but it too suffers from signifi-
cant limitations. Retroviral expression depends on integra-
tion of the viral genome into nuclear DNA. This gives rise
to numerous influences on expression levels that are a
function of the locus of integration. More importantly, the
retroviral genome cannot be recovered from cells that are no
longer dividing. As a result this technology also cannot be
applied to bioassays for which the readout is either terminal
differentiation or cell death. T his is not just an uninteresting
special situation. It is fundamental to identifying critical
genes involved in many important biological processes
including the pathways whereby stem cells give rise to fully
differentiated, non-proliferating tissue components, the
mechanisms of apoptosis, as well as the targets of immune
cytotoxicity described above.

[0489] The methods described here open this door to
discovery. They teach how to construct a representative
¢DNA library in a vector infectious for mammalian cells and
they describe how genes that function in cell differentiation
or cell death can be selected from such a library. The viral
vectors described can be employed as the “lambda phage” of
mammalian cells.

[0490]

[0491] In another embodiment, a target polynucleotide is
selected based on its induction of a suicide gene construct.
The target polynucleotide may encode a transcript and/or a
polypeptide which stimulates expression of the suicide gene.
By “suicide gene construct” or “suicide gene” is meant a
nucleic acid which causes cell death when expressed. Poly-
nucleotides useful as suicide genes include apoptosis-induc-
ing genes such as p53 and other toxic sequences and cell
death-inducing sequences which are known in the art, and

Functional Gene Discovery.
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include those disclosed herein. In this embodiment, the host
cells are engineered to comprise a suicide gene construct, as
described in Examples 7, 11, and 12, and in the section
below. Preferred suicide genes include the toxins disclosed
in Example 14 (antibody section) such as Pseudomonas
exotoxin A chain, diphtheria A chain, ricin A chain, abrin A
chain, modeccin A chain, alpha-sarcin, etc.

[0492] Sensitization to an Agent.

[0493] In another modification, the method can be used to
select target polynucleotides which sensitize host cells to
killing by an agent. Such an agent may include an infective
agent, a DNA-damaging agent, a therapeutic agent, an
antisense construct, etc.

[0494] Thus, in this embodiment, the direct selection
method comprises: providing a plurality of host cells which
contain recombinant vector comprising insert polynucle-
otides; culturing the host cells under conditions such that the
insert polynucleotides are expressed; exposing the host cells
to a compound which induces death in a cell expressing the
target polynucleotide; removing the nonviable cell or the
target polynucleotide, thereby directly selecting the target
polynucleotide.

[0495] Alternatively, an indirect selection method may be
used, wherein the host cells are sensitive to an agent, and the
target polynucleotide desensitizes cells to that agent. Thus,
viable cells would be selected in an indirect selection
method.

[0496] Antisense.

[0497] Antisense molecules are usually single stranded
DNA or RNA molecules, or their substituted analogues,
which down-regulate expression of gene products, for
example, by binding to the target RNA through Watson and
Crick base pairing and prevent the translation of these RNAs
or enhancing mRNA degradation (Stein C A, Antisense
Nucleic Acid Drug Dev 8(2): 129-32 (1998); Crooke S T,
Antisense Nucleic Acid Drug Dev 8(2): 115-22 (1998);
Akhtar S, J Drug Target. 5(4):225-34 (1998); Mizuno, T., et
al., Proc. Natl. Acad. Sci. USA, 81, (1983); Crooke S T,
Biotechnol Genet Eng Rev 15:121-57 (1998); Zamecnik, in
Prospects for Antisense Nucleic Acid Therapy of Cancer and
Aids, ed., Wickstrom, Wiley-Liss, New York)). They are
usually 15 to 30 nucleotides long, but can be as long as the
full length RNA transcript and have been used widely to
inhibit expression of various proteins (Zamecnick, P. C. and
Stevenson, M. L. Proc. Natl. Acad. Sci, USA, 75, 280
(1978); Agrawal, S., Proc. Natl. Acad. Sci., USA, 85, 7089,
(1988)).

[0498] Thus, in another embodiment, a target polynucle-
otide which encodes a product necessary or essential for cell
adherence, viability, etc., is isolated based on antisense
inhibition of the endogenous transcript. In this embodiment,
the insert polynucleotides are cloned in the library vector in
either orientation.

[0499] In an alternative embodiment, a target polynucle-
otide which encodes a negative regulator of a product
necessary for cell adherence, viability, etc., is selected based
on antisense inhibition of the endogenous transcript. Thus,
the host cells are unable to adhere, or to remain viable, or to
grow, etc., and a target polynucleotide is selected that allows
host cells to adhere, remain viable, or grow, etc. In this
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embodiment, the insert polynucleotides are cloned in the
library vector in either orientation.

[0500] By “antisense” is meant nucleotide sequences
which are complementary to a specific DNA or RNA
sequence. The term “antisense strand” is used in reference to
a nucleic acid strand that is complementary to the “sense”
strand. Antisense molecules may be produced by any
method, including synthesis by ligating the insert polynucle-
otides in a reverse orientation to a viral promoter which
permits the synthesis of a complementary strand. Once
introduced into a cell, this transcribed strand combines with
natural sequences produced by the cell to form duplexes.
These duplexes then block either transcription or translation
of the natural sequence. In this manner, nonviable pheno-
types may be generated. The designation “negative” is
sometimes used in reference to the antisense strand, and
“positive” is sometimes used in reference to the sense strand.

[0501]

[0502] Many mammalian cells in culture require the pres-
ence of factors in the media which permit growth. In the
absence of such factors, many cell types do not grow in
tissue culture. In several cases the relevant factors have been
defined. For example, in the absence of exogenous interleu-
kin-2, certain T cells do not proliferate in culture.

[0503] Melanoma formation proceeds via a series of steps
through which normal melanocytes evolve into fully meta-
static melanomas. During this process the progressing tumor
cells gradually lose their requirements for specific exog-
enous factors (Table 1). Normal melanocytes require factors
such as phorbol ester, fibroblast growth factor (FGF), mel-
anocyte stimulating hormone-alpha (MSH-ct), insulin, or
insulin-like growth factor-1 (IGF-1). In contrast, metastatic
melanoma cells often require none of these factors. Cell
lines with intermediate phenotypes require progressively
fewer factors. Genes responsible for circumventing the
requirement for various growth factor can be identified by
introducing libraries produced from cell lines arrested at
later stages of transformation into cell lines arrested at
earlier stages of transformation. The recipient cell line
contains a suicide gene which is activated if the cells go
beyond their usual stage of transformation, thus allowing the
direct or indirect selection of genes involved in tumorigen-
esis and metastasis.

Differentiation Genes.

TABLE 1

GRADUAL LOSS OF THE GROWTH FACTOR REQUIREMENT OF
MELANOCYTES DURING MELANOMA FORMATION

MELANOMA PROGRESSION
Cell Type Requirements Phenotype
Melanocyte TPA Normal
FGF
a-MSH
IGF-1
Newvus TPA Similar to melanocyte
FGF
a-MSH
IGF-1
Early melanoma FGF1 Immortalized
a-MSH
IGF-1
Primary melanoma IGF-1 Tumorigenic
Metastatic melanoma Migratory
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[0504] The direct or indirect selection method may be
used to isolate genes involved in differentiation using any
tissue or cell specific promoter to drive a suicide gene. For
example, to identify a gene involved in myeloid cell devel-
opment, hematopoictic stem cells would be engineered to
contain a suicide gene under the control of a myeloid
cell/tissue specific promoter such as CD11b. The hemato-
poietic stem cells are then used as host cells in the tri-
molecular recombination method and/or direct or indirect
selection method. As another example, murine ES cells are
engineered which express a suicide gene upon differentia-
tion into myeloid cells. In this example, the ES cells may be
electroporated with CD11b promoter driving a suicide gene
and selected with hygromycin to obtain stable clones. After
transfer into the ES cells, target polynucleotides would be
selected by expression of the suicide gene, or alternatively,
by lack of expression of the suicide gene.

[0505] Examples of other tissue restricted promoters are
listed below but this invention may be carried out using any
promoter with restricted expression. “Tissue restricted pro-
moters” are also referred to herein and elsewhere as differ-
entiation-specific promoters, and other grammatically
equivalent or art-known terms.

[0506] Neural: Neuron specific RIf subunit of cAMP-PK
promoter, Tryptophan Hydroxylase promoter, Neural spe-
cific enolase promoter, Tyrosine hydroxylase promoter, Tal
a-tubulin promoter;

[0507] Lung: all collagen gene promoter, rat clara
cell 10 protein promoter, human surfactant protein
SP-C promoter, preproendothelin promoter;

[0508] Liver: human apolipoprotein E promoter;

[0509] Heart: alpha B crystallin promoter, murine
alpha myosin heavy chain promoter;

[0510] Thymus: Ick proximal promoter;

[0511] T cells: CD2 promoter, CD4 promoter, CD3
promoter;

[0512] B cells: IGEu, CD19 promoter;

[0513] Osteoclast and osteoblast specific promoter:
Mouse pro-al(I) promoter, Tartrate Resistant Acid
Phosphatase (TRAP) promoter, CD11b promoter.

[0514] A wide variety of cells may be used as recipients,
including stem cells, pluripotent cells such as zygotes,
embryos, ES cells, other cells such as lymphoid and myeloid
stem cells, neural stem cells, transformed cells such as
tumour cells, infected cells, differentiated cells, etc. Suicide
gene constructs may be introduced into the cells by any
convenient means, for example, conventional techniques
such as transfection (e.g. lipofection, calcium phospate
precipitation, electroporation, etc.), microinjection, viral
infection, or any other means known in the art and/or
disclosed herein.

[0515] Examples of ES cell lines which may be used in
this invention arc: porcine (e.g. U.S. Pat. No. 5,523,226,
“Transgenic Swine Compositions and Methods”); murine
(e.g. D3, R1, CGRS8, AB1 ES cell lines); primate (e.g. rhesus
monkey); rodent; marmoset; avian (e.g. chicken); bovine;
rabbit; sheep; and horse.
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[0516]

[0517] Musculoskeletal diseases are highly prevalent in
our society. With the continual aging of our population the
physical, mental and financial burden of conditions like
osteoarthritis (which affects 40 million Americans) and
osteoporosis (which affects 25 million Americans) are pre-
dicted to increase significantly. Thus, there is a tremendous
demand for the development of effective therapeutic inter-
ventions for these diseases. Unfortunately, our limited
understanding of both the etiology of these diseases and the
basic molecular and cellular biology of the musculoskeletal
system has greatly hampered efforts to identify potential
targets for therapeutic intervention. Tissue culture tech-
niques have been developed that allow progenitor stem cells
to develop in vitro into functionally mature, terminally
differentiated cells such as chondrocytes, osteoblasts, osteo-
clasts, and myocytes. Using these techniques, it is possible
to investigate the regulation of musculoskeletal cell differ-
entiation.

[0518] A major technical obstacle to identifying candidate
pharmaceutical targets is the nondividing state of terminally
differentiated musculoskeletal cells. The vectors currently
used for library production do not replicate in nondividing
cells, thus it is not possible to recover a gene of interest by
current methods. Moreover, it is difficult to identify an
expressed gene based on its function using some current
cloning vectors because of the low expression level of
cloned genes. Although vaccinia-based vectors replicate in
nondividing cells and express polypeptides encoded by
insert polynucleotides (¢.g. DNA) at a high level, the very
low cloning efficiency of homologous recombination and the
low titers obtained using direct ligation has limited vaccin-
ia’s utility as a vector for library production. Thus, vaccinia
vectors have not been used to identify previously unknown
polynucleotides (e.g. genes) of interest from a complex
population of clones (i.e. insert polynucleotides).

[0519] The trimolecular recombination method of the
present invention overcomes the obstacle of low cloning
efficiency in vaccinia virus. As described herein, recombi-
nation efficiencies of 90% to 100% with relatively high titers
have been achieved using trimolecular recombination. This
contrasts with efficiencies of less than 1% using standard
methods. Combining trimolecular recombination, in vitro
musculoskeletal cell differentiation, and direct or indirect
selection allows the identification of genes that control
growth and development. The genes identified are candidate
pharmaceutical targets.

[0520]

[0521] The genes that regulate differentiation of mature
tissues from precursors or stem cells have been especially
difficult to study because terminally differentiated cells often
cease to proliferate. As a result it is in effect impossible to
recover specific functional genes that induce differentiation
following DNA transfection or retroviral transduction in
current methods. It is, however, possible to design a system
using poxvirus or other vectors that takes advantage of
differentiation-induced c¢ell death. Under these conditions,
genes that promote differentiation can be isolated from a
vaccinia or other library that expresses polynucleotides (e.g.
cDNA) of the differentiated cell type by “lethality based
selection” or other selection methods of the invention.

Genes Involved in Musculoskeletal Disease.

Stem Cells.
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[0522] Every differentiated cell is distinguished from its
precursors by expression of some specific gene product.
Transcriptional activation of the promoter for that gene often
serves as a surrogate marker of differentiation. If a construct
of that specific promoter driving expression of a toxin such
as the diphtheria A chain is transfected into a proliferating
precursor, then any gene that promotes differentiation will
result in cell death. If a differentiation promoting insert is
introduced as a recombinant in a vector (e.g. a vaccinia
expression vector), then it can be readily recovered from
dying differentiating cells. These methods are applicable to
any stem cell population that can be induced to differentiate
into a defined cell type or tissue. Stem cells have been
described for a wide variety of tissues including but not
limited to different types of blood cells, epidermal cells,
neurons, glial cells, kidney cells, and liver cells. Also among
these are the different stem cells of the musculoskeletal
system including the precursors of chondrocytes, osteo-
blasts, osteoclasts, and myocytes.

[0523] Osteoclasts.

[0524] Bone is the only organ that contains a cell type, the
osteoclast, whose function is to destroy the organ in which
it develops and resides. This destruction, or resorption, of
bone occurs throughout life and in the healthy individual is
counterbalanced by de novo bone formation in a processs
called bone remodeling. The genetic control of osteoclast
differentiation is a well understood example of stem cell
differentiation. The methods and strategies of the present
invention can be applied to identify genes that regulate stem
cell differentiation in pathways leading to differentiated cells
such as osteoclasts. This is illustrated specifically for the
analysis of osteoclast differentiation.

[0525] Strategies are described to detect and isolate genes
that positively or negatively regulate differentiation includ-
ing genes that are expressed in the differentiating cell itself
or that are a secreted product of another cell which influ-
ences differentiation in a paracrine fashion. In any case a cell
type or cell line that can be induced to differentiate into
mature osteoclasts in response to a specific signal, prefer-
ably RANK Ligand (RANKL), is employed to detect and
isolate polynucleotides (e.g. genes expressed in a recombi-
nant vaccinia virus library) that regulate osteoclast differ-
entiation. In a preferred embodiment, RAW cells are
employed. RAW cells are a continuously growing murine
myelomonocytic cell line that can be induced to differentiate
into osteoclasts by treatment with a range of concentrations
of RANK ligand (RANKL), preferably 10 ng/ml (Hsu, H. et
al., Proc Natl Acad Sci USA 96(7):3540-45 (1999); Owens,
J. M. et al, J Cell Physiol 179:170 (1999)). These or
similarly responsive cells can be transfected with a suicide
gene construct comprising a promoter that normally drives
expression of a gene product that is recognized as a marker
of fully differentiated osteoclasts but which is linked in this
construct to a suicide gene. In a preferred embodiment the
promoter is that of the osteoclast differentiation marker
TRAP and the suicide gene encodes the A chain of diph-
theria toxin (TRAP/DT-A).

[0526] Detection and Isolation of Genes that Positively
Regulate Differentiation

[0527] DNA Sense Strand Based Strategy.

[0528] A vaccinia library, preferably a cDNA library, is
constructed for functional gene selection, for example, using
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cDNA derived from cells that include but are not limited to
mature bone marrow derived osteoclasts, or RAW cells or
other precursors that have been induced to differentiate into
osteoclasts. cDNA may be isolated from either fully mature
cells or cells that have been induced to initiate the differ-
entiation program but have not yet completed the process
and may express higher levels of the downstream regulatory
products. RAW cells or other osteoclast progenitor cells that
have been transfected with a TRAP/D'T-A or similar suicide
gene construct are infected with the vaccinia cDNA library.
Infection at a multiplicity of infection (MOI) of between 0.1
and 10 is preferred. Any vaccinia recombinant that encodes
a gene product that promotes differentiation to the mature
TRAP expressing phenotype will result in synthesis of the
suicide gene, and death of the host cell. Such cells and their
contents will be released from the cell monolayer. Vaccinia
virus recombinants extracted from the cells and cell contents
released into the culture supernatant (i.e. liquid medium or
culture medium) are enriched for the desired vaccinia
recombinants. This selection process can be repeated
through multiple cycles until the desired level of enrichment
is achieved. TRAF6 (Lomaga, M. A. ¢t al., Genes Dev 13:
1015 (1999)), c-Fos (Wang, Z. Q. et al., Nature 360: 741
(1992)), and ¢-Src (Soriano, P. et al., Cell 64: 693 (1991)),
are examples of the type of positive regulators of osteoclast
differentiation that can be isolated through this method.

[0529] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0530]

[0531] A limitation of the insert expression strategy is that
certain regulatory products, for example those encoded by
very long cDNA, may be difficult to clone as a functional
full-length product. Antisense inhibition is an alternative
strategy that does not depend on cloning of full-length
c¢DNA. In this case, total cDNA derived from the same cells
as in the sense strand based strategy is cloned into the
vaccinia transfer plasmid in a manner preventing translation,
such as in reverse orientation. The resulting insert cannot
produce the normal product but can down-regulate expres-
sion of the endogenous mRNA and/or protein sequence,
such as by hybridizing to and inhibiting translation or
promoting degradation of complementary cellular mRNA
sequences. RAW cells or other progenitor cells containing
insert polynucleotides (e.g. DNA) in a vector and also
containing TRAP/DT-A or similar suicide construct are
treated with an agent that induces differentiation, for
example, 10 ng/ml RANKL. Under these conditions almost
all host cells differentiate and undergo suicide gene-medi-
ated death. Only cells containing a recombinant vector with
an insert that inhibits expression of an essential regulator of
differentiation will survive and remain adherent. Virus
extracted from the remaining adherent monolayer will,
therefore, be enriched for sequences homologous to the
desired positive regulators of differentiation.

[0532] This selection process can also be repeated through
several cycles until the desired degree of enrichment of
recombinants in the adherent monolayer is achieved. The
antisense polynucleotide (e.g. gene) fragments obtained can
be employed to select the actual full-length coding

DNA Antisense Strand Based Strategy.
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sequence. TRAF6 (Lomaga, M. A. et al., Genes Dev 13:1015
(1999)), c-Fos (Wang, Z. Q. et al., Nature 360: 741 (1992)),
and c-Src (Soriano, P. et al., Cell 64: 693 (1991)), are
examples of the types of positive regulators of osteoclast
differentiation that can be isolated through this method.

[0533] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0534] Detection and Isolation of Genes that Negatively
Regulate Differentiation.

[0535] DNA Sense Strand Based Strategy.

[0536] A vaccinia library is constructed from insert poly-
nucleotides (such as DNA, for example, cDNA) derived
from cells that include but are not limited to bone marrow
derived osteoclastic progenitors, an enriched fraction of
progenitors, or RAW cells or other precursors that have been
induced to differentiate into osteoclasts. Polynucleotides
such as cDNA may be isolated from cells that include but are
not limited to immature precursor cells or cells that have
been induced to initiate the differentiation program but have
not yet completed the process and may express higher levels
of the downstream regulatory products.

[0537] 1t is of particular interest to determine whether
other alternative cell types that have irreversibly differenti-
ated from the same stem cell population express inhibitory
factors for differentiation of the alternative lineages. For
example, dendritic cells differentiate from the same precur-
sors that under other conditions give rise to osteoclasts.
cDNA is cloned in the sense orientation for infection of
indicator (i.e. host) cells transfected with TRAP/DT-A or
similar suicide construct as described above. The indicator
(ic. hosty cells are treated with an agent that induces
differentiation, preferably 10 ng/ml RANKL. Under these
conditions almost all transfectants differentiate and undergo
suicide gene mediated cell death. Only cells that are infected
with, i.e., contain, a vaccinia recombinant that inhibits
differentiation will survive and remain adherent. Virus
extracted from the remaining adherent cells will, therefore,
be enriched for sequences homologous to the desired nega-
tive regulators of differentiation. This selection process can
be repeated through several cycles until the desired degree
of enrichment of recombinants (i.e. target polynucleotides)
in the adherent monolayer is achieved. A negative intracel-
lular regulator of osteoclast differentiation has not yet been
isolated. However, it has been suggested that the Est-1
transcription factor plays such a role in differentiation of B
lymphocytes (Bories, J. C. et al. Nature 377(6550):635-8
(1995)).

[0538] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0539] DNA Antisense Based Strategy.

[0540] Polynucleotides such as total cDNA derived from
the same cells as in the sense strand based strategy above is
cloned into the vaccinia vector in reverse orientation so that
the recombinant gene product synthesized in infected cells
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cannot encode the normal gene product but can hybridize to
and inhibit translation or promote degradation of comple-
mentary cellular mRNA sequences. If the targeted sequence
encodes an essential factor that inhibits cell differentiation,
then in the absence of an effective inhibitory signal RAW
cells or other progenitor cells transfected with TRAP/DT-A
or similar suicide construct will either spontaneously differ-
entiate or will differentiate in response to otherwise subop-
timal signals. Differentiation to the mature TRAP expressing
phenotype will result in synthesis of the toxin, i.e., suicide
gene, and death of the infected cell. Such cells and their
contents will be released from the cell monolayer. Vaccinia
virus recombinants extracted from the cells and cell contents
released into the culture supernatant (i.¢. liquid medium or
culture medium) are enriched for sequences homologous to
the desired negative regulators of differentiation. This selec-
tion process can be repeated through multiple cycles until
the desired level of enrichment is achieved. The antisense
gene fragments obtained can be employed to select the
actual full-length coding sequence. A negative intracellular
regulator of osteoclast differentiation has not as yet been
isolated. However, it has been suggested that the Est-1
transcription factor plays such a role in differentiation of B
lymphocytes (Bories, J. C. et al. Nature 377(6550):635-8
(1995)).

[0541] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0542] Detection and Isolation of Secreted Products that
Regulate Differentiation

[0543] Many of the methods described so far select for
polynucleotides (e.g. genes) that promote cell lethality or
loss of adherence. In a preferred embodiment of the methods
described so far it is envisioned that the insert polynucle-
otide (¢.g. cDNA, gene or other DNA) populations tested are
or can be both expressed and function in the same type of
cell. In another embodiment polynucleotides (e.g. cDNA,
gene or other DNA) expressed in one type of cell may
function in the activation or differentiation of another type of
cell. If such gene products can also function in autocrine
fashion when they are introduced into the target indicator
cell, then the strategies that can be employed remain the
same, only the source of polynucleotide (c.g. cDNA, gene,
or other insert DNA) incorporated into a vaccinia library is
different. However, if the polynucleotide (e.g. cDNA, gene,
or other insert DNA) to be identified and isolated functions
only in paracrine fashion, such that it is being produced in
one cell and affects activation or differentiation of a second
cell, then the strategy of “lethality based” (e.g. lysis/nonad-
herence based) selection described in the previous para-
graphs is not applicable since the expressing cell does not
itself become non-viable or non-adherent. Nevertheless, as
described below, the efficiency with which vaccinia recom-
binants can be introduced in a wide variety of cells and the
high level of expression from replicating viral genomes is a
great advantage for screening functional gene expression
even where direct selection is not possible.

[0544] A vaccinia library is constructed in the sense ori-
entation from insert polynucleotides (¢.g. DNA, preferably
c¢DNA) derived from cells that include but are not limited to
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bone marrow derived stromal cells and/or lymphoid cells.
Producer cells are selected that do not either induce or
inhibit induction of differentiation of RAW cells or other
osteoclast progenitors. These may include but are not limited
to fibroblastoid or lymphoid cells and cell lines or RAW
cells themselves. In a preferred embodiment, RAW cells are
employed as an indicator target for differentiation. These or
similarly responsive cells are transfected with an indicator
gene (e.g. reporter gene) construct comprising a promoter
that normally drives expression of a gene product that is
recognized as a marker of fully differentiated osteoclasts but
which is linked in this construct to expression of an easily
detected indicator gene (e.g. reporter gene) product. In a
preferred embodiment the promoter is that of the osteoclast
differentiation marker TRAP and the indicator gene (e.g.
reporter gene) encodes the enzyme luciferase (TRAP/lu-
ciferase).

[0545] Multiple cultures of producer cells are separately
infected with recombinant vaccinia virus expanded from a
small initial pool, preferably an initial pool of between 1 and
1000 viral pfu is expanded to 10 to 10,000 pfu prior to
infection of between 100 and 10,000 producer cells. Each
pool of infected producer cells is cocultured with indicator
cells that have been transfected with TRAP/luciferase or a
similar indicator construct.

[0546] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0547] Secreted Molecules that Induce Differentiation.

[0548] Membrane expression or secretion of any recom-
binant polynucleotide (e.g, gene or other insert DNA) that
promotes differentiation of the indicator cells to the mature
TRAP expressing phenotype will result in synthesis of
luciferase in those cells and, upon addition of luciferase
assay reagents as is well known in the art, will give rise to
a readily detectable signal from wells that express that
recombinant gene product. Vaccinia recombinants are
extracted from positive wells and further diluted to isolate in
a repetition of the same assay with producer and indicator
cells the specific recombinant with differentiation promoting
activity. RANKL (Lacey, D. L. et al., Cell 93:165-76 (1998))
is itself an example of a positive regulator of osteoclast
differentiation that could have been isolated through this
method.

[0549] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0550] Secreted Molecules that Inhibit Differentiation.

[0551] RAW cells or other progenitor cells transfected
with TRAP/luciferase or similar indicator construct are
treated with an agent that induces differentiation, in a
preferred embodiment with RANKL at the lowest concen-
tration that, in the absence of vaccinia recombinants, repro-
ducibly induces differentiation and a positive indicator sig-
nal in every microculture of producer and indicator cells.
Under these conditions, only microcultures that include a
producer cell infected with a recombinant gene that leads to
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membrane expression or secretion of an inhibitor of osteo-
clast differentiation to the mature TRAP expressing pheno-
type will fail to induce luciferase synthesis and, upon
addition of luciferase assay reagents, will not give rise to a
readily detectable signal. Vaccinia recombinants are
extracted from these negative wells and further diluted to
isolate in a repetition of the same assay with producer and
indicator cells the specific recombinant with differentiation
inhibiting activity. Osteoprotegerin (OPG), Simonet, W. S.
et al., Cell 89:309-19 (1997), which is identical to osteo-
clastogenesis inhibitory factor (OCIF), Yasuda, H. et al,
FEndocrinology 139:1329-37 (1998), is an example of a type
of negative regulator of osteoclast differentiation that can be
isolated through this method.

[0552] The invention also provides for the use of this
method to isolate insert polynucleotides (e.g. DNA)
involved in differentiation of other cells and progenitors,
such as those described herein and others well-known in the
art.

[0553]

[0554] Genes whose aberrant expression or function may
contribute to cell proliferation disorders fall into two general
categories: (1) dominant transforming genes, including
oncogenes, and (2) recessive cell proliferation genes, includ-
ing tumor suppressor genes and genes encoding products
involved in programmed cell death (“apoptosis™).

[0555] Oncogenes generally encode proteins that are asso-
ciated with the promotion of cell growth. Because cell
division is a crucial part of normal tissue development and
continues to play an important role in tissue regeneration,
oncogene activity, properly regulated, is essential for the
survival of the organism. However, inappropriate expression
or improperly controlled activation of oncogenes may drive
uncontrolled cell proliferation and result in the development
of severe diseases, such as cancer. Weinberg, 1994, C A
Cancer J. Clin. 44:160-170.

[0556] Tumor suppressor genes, on the other hand, nor-
mally act as “brakes” on cell proliferation, thus opposing the
activity of oncogenes. Accordingly, inactivation of tumor
suppressor genes, €.g., through mutations or the removal of
their growth inhibitory effects may result in the loss of
growth control, and cell proliferative diseases such as cancer
may develop. Weinberg, 1994, C A Cancer J Clin. 44:160-
170.

[0557] Related to tumor suppressor genes are genes whose
product is involved in the control of apoptosis; rather than
regulating proliferation of cells, they influence the survival
of cells in the body. In normal cells, surveillance systems are
believed to ensure that the growth regulatory mechanisms
are intact; if abnormalities are detected, the surveillance
system switches on a suicide program that culminates in
apoptosis.

[0558] Several genes that are involved in the process of
apoptosis have been described. See, for example, Collins
and Lopez Rivas, 1993, TIBS 18:307-308; Martin et al.,
1994, TIBS 19:26-30. Gene products which have been
implicated in the control of or participation in apoptosis
include bel-2 (Korsymeyer, 1992, Immunol. Today 13:285-
288), c-myc (Shi et al., 1992, Science 257:212-214; Evan et
al., 1992, Cell 69:119-128), p53 (Rotter et al., 1993, Trends
Cell. Biol. 3:46-49), TRPM-2/SGP (Kryprianou et al., 1991,

Cell Proliferation Genes.
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Cancer Res. 51:162-166), and Fas/APO-1 (Itoh et al., 1991,
Cell 66:233-243). Cells that are resistant to apoptosis have
an advantage over normal cells, and tend to outgrow their
normal counterparts and dominate the tissue. As a conse-
quence, inactivation of genes involved in apoptosis may
result in the progression of tumors, and, in fact, is an
important step in tumorigenesis.

[0559] Mutations in tumor suppressor genes and genes
encoding products involved in the control of apoptosis are
typically recessive; i.c., both copies of the gene, the mater-
nally inherited copy and the paternally inherited one, must
be inactivated by mutation to remove the effect of the gene
product. Usually, a single functional copy of such genes is
sufficient to maintain tumor suppression. Predisposition to
certain hereditary cancers involves mutant tumor suppressor
genes. For example, if an individual inherits a single defec-
tive tumor suppressor gene from her father, initially her
health will be uncompromised, since each cell still contains
a functional copy of the gene inherited from her mother.
However, as cells divide, mutations accumulate. Thus, at
one point, the remaining normal copy in a cell may be
inactivated by mutation to remove the function of the tumor
suppressor, thereby completing one of the steps toward
tumor formation. Such a cell may give rise to descendant
cells which represent the early stages of cancer.

[0560] Of course, individuals who inherit a full normal
complement of tumor suppressor genes can develop cancer
as well. However, because two inactivating mutations are
required, the development of the disease is much less
frequent in such “normal” individuals, i.e., not predisposed
to cancer.

[0561] Tumor suppressor genes and oncogenes participate
in growth control pathways in normal cells in such a way
that the appropriate level of cell division is maintained.
Disruption of these pathways by mutation of the component
genes, oncogenes or tumor suppressor genes, is the under-
lying cause of cancer. Growth control in complex organisms
like humans is a very important and complicated process.
Thus, multiple genetic pathways for growth control are
involved. Some pathways operate in all cell types in the
body. Other pathways are much more specific and function
only in certain cells.

[0562] For example, signaling pathways in cell lines
derived from a certain tumor type can be studied with the
present invention. The invention can be used to study the
role of the HER-2/neu oncogene in breast carcinoma by
expressing dominant negative mutations of signaling pro-
teins in breast cancer cell lines. HER-2/neu (c-erbB-2) is
overexpressed in 30% of breast tumors and its presence is
correlated with lower survival rates of patients with these
tumors (Elledge, R. M., et al., Seminars in Oncclogy 19:244
(1992). The HER-2/neu protein demonstrates close
sequence homology with, but is distinct from, the epidermal
growth factor receptor (EGFR) (Scheuter, A. L., et al.,
Science 229:976 (1985)). The unregulated growth charac-
teristics of HER-2/neu-positive tumors is hypothesized to
arise, at least in part, from the effect of HER-2/neu on
intracellular signaling pathways (Kumar, R., et al., Mol
Cell. Biol. 11: 979 (1991)). The invention described herein
can be used to isolate cells expressing dominant negative
mutations of cellular signaling proteins known to interact
with the EGF receptor such as PI3K, PLCyl, Grb2, Syp, Nck,
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She, and p9i in several cell lines derived from breast tumors
(see Table 2).

TABLE 2

Properties of cell lines derived from carcinoma of the breast

Tumorigenic
HER2/ in Nude
Cell Type EGFR neu Mice Derived From
MDA-MB- + — + Human
468 adenocarcinoma of
breast, from pleural
effusion
MDA-MB- — + — Human carcinoma of
453 breast from effusion
MCF-7 — — + Human
adenocarcinoma of
breast, from pleural
effusion
SKBR-3 + + + Human

adenocarcinoma of
breast, from malignant
pleural effusion

[0563] For another example, efficient study of regulatory
proteins, such as early events in the Ras-regulated serine/
threonine kinase pathways, requires a transfection system
that allows rapid selection of transfected cells. The present
invention will allow an analysis of when this pathway
diverges into the Ras-MEK-MAPK axis and the RasMEKK-
SEK-SAPK (JNK) axis (Sanchez, ., et al., Nature 372:794
(1994); Yan, M., et al., Nature 372:798 (1994); Derijard, B.,
et al., Science 267:682 (1995)).

[0564] Apart from understanding the genetic basis for one
of the major causes of cell death, discovery of new cell
proliferation genes has significant medical and commercial
benefits. The potential value of such genes derives from
opportunities to diagnose and treat cell proliferation disor-
ders, such as cancer, more successfully and efficiently.

[0565] Cell proliferation genes can be of medical value in
the identification of individuals predisposed to cancer.
Because early detection and surgical resection play a vital
role in survival rates, methods that facilitate early diagnosis
are extremely important. One way to decrease the length of
time between the appearance of tumor tissue and its detec-
tion is to survey candidate patients more frequently and
more thoroughly. However, such methods of surveillance
are expensive; thus it is necessary to limit scrutiny to high
risk individuals. Consequently, information about genetic
predisposition to cancer is extremely desirable. Because
most genes that influence hereditary cancer are also involved
in tumor progression, isolation of genes by somatic cell
genctics has the potential to uncover such predisposing
genes. Germline testing for such genes offers the chance to
rate an individual’s probability of contracting cancer, and
expensive cancer screening efforts may be limited to those
most likely to benefit from them.

[0566] Cell proliferation genes can be of medical value in
the classification of already existing tumors based on geno-
type. Lowe et al., 1994, Science 266:807-810. In the past,
oncologists have relied on histological examination of
biopsy specimens. Though useful, histological analyses are
gencrally hampered by their subjectivity and imprecision.
Methods that classify tumors based on their genetic com-
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position have the potential to improve the reliability of
classification. Detailed knowledge about tumor genotype
may serve as a prognostic indicator for the tumor and may
assist in guiding the therapeutic choice.

[0567] Identification and isolation of cell proliferation
genes affords important therapeutic opportunities. Numer-
ous approaches use information about cell proliferation
genes including, but not limited to the following: 1) transfer
of wildtype tumor suppressor genes into tumor cells that
have lost tumor suppressor activity; 2) inhibition of the
activity of oncogenes in tumors, an approach that is being
followed by several pharmaceutical companies in the devel-
opment of ras farnesylation inhibitors; and 3) selective
induction of tumor suppressor genes in normal cells to
induce a state of temporary cell cycle arrest. These methods
have the potential to be much more selective and efficacious
than conventional chemo- or radiotherapy.

[0568] Tumor Suppressor Genes.

[0569] Many tumor suppressor genes cause growth arrest
when overexpressed in normal cells, as well as in certain
tumor cell lines. Examples for tumor suppressor genes
include p53 (Lin et al., 1992, Proc. Natl. Acad. Sci. U.S.A.
89:9210-4), Rb (Francke et al., 1976, Cytogenet. Cell Genet.
16:131-134; Cavanee et al., 1983, Nature 305:779-784;
Friend et al., 1987, Proc. Natl. Acad. Sci. U.S.A. 84:9059,
Lee et al., 1987, Nature 329:642-645; Huang et al., 1988,
Science 242:1563-1566; Harbour et al., 1988, Science
241:353-357; Yokota et al., 1988, Oncogene 3:471-475) and
p16 (Kamb et al., 1994, Science 264:436-440; Nobori et al.,
1994, Nature 368:753-756). Generally, tumor suppressor
genes trigger growth arrest in cells at one of several posi-
tions in the cell cycle. Most frequently, however, tumor
suppressors are found to cause growth arrest at the G,/S
stage.

[0570] Though the details of growth control pathways are
known in only a few cases, it is generally believed that
overexpression of tumor suppressor genes in cell lines that
contain inactivating mutations downstream in the respective
growth control pathways will not have a growth inhibitory
effect. In order to result in a growth arresting effect in the
target cell, any particular tumor suppressor must be
expressed in an appropriate cell line which contains intact
downstream components of its respective growth control
pathway. For example, overexpression of pl6 in cells that
are retinoblastoma-negative (Rb~) has little or no effect on
growth, while overexpression of pl6 in a wide variety of
Rb™ lines, for example the Rb* melanoma cell line HS294T
(Horuk et al., 1993, J. Biol. Chem. 268:541-546), causes G,
arrest. Stone et al., 1996, Cancer Res., in press. The reason
is that Rb participates in a growth control pathway along
with p16, acting downstream of p16; consequently, overex-
pression of p16 in the absence of Rb protein has no growth
arresting effect.

[0571] In one embodiment of the invention, a selection
system has been designed based on the tumor suppressor
p16, which is described in more detail, infra.In another
embodiment of the invention, selection systems are designed
based on the gene encoding Rb. Overexpression of Rb is
known to cause arrest in many cell lines.

[0572] In still another embodiment, selection systems are
generated based on the breast cancer susceptibility tumor
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suppressor gene BRCA1. BRCA1 has been shown to arrest
growth of breast epithelial cell lines (Holt et al, 1996, Nat.
Genet. 12:298-302).

[0573] In another embodiment of the invention, selection
systems are designed based on the p53 pathway. Regulated
expression of p53 and its downstream targets, such as the
CDK inhibitor p21 induces either apoptosis or G1 arrest in
a variety of cell lines.

[0574] In still other embodiments of the invention, other
tumor suppressor genes are used in order to design selection
systems for the identification of novel cell proliferation
genes. In principal, any gene whose expression can be
manipulated to cause cell growth arrest, can be used.
Examples include, but are not limited to, WT1, VHL,
BRCAZ, NF1, NF2, P15, P21, P18, P19, P27, P57.

[0575] CDK Inhibitors.

[0576] In one embodiment of the invention, selection
systems are generated based on expression of CDK inhibi-
tors in suitable host cells.

[0577] All CDK inhibitors defined to date, including p15,
pl6, p18, pl19, p21, p27, p57 cause cell cycle arrest when
they are overexpressed in certain cell lines. In some cases,
such as p16, some details are already known with respect to
downstream pathway components. In other cases, most
details of the pathway of growth control within which the
genes function are still to be elucidated. Apart from their
preferred in vitro targets, i.e., CDK4 and CDKG6 in the cases
of p15, p16, and p18, and CDK4, CDK6, and CDK2 (and
CDK4, CDK®6) in the case of p21, p27, and p57, the
identification of components of the pathways that act down-
stream by direct or indirect selection systems will greatly
facilitate the ability to manipulate these growth control
pathways to achieve a therapeutic advantage.

[0578] Many cell lines respond to ectopic expression of
CDK inhibitors by entering a state of arrest, and may be used
for CDK inhibitor based selection systems accordingly.
Exceptions are lines that have lost the activity of down-
stream mediators of the CDK inhibitor pathways. For
example, Rb™ cell lines cannot be forced into arrest by
overexpression of p16. In addition, certain cell lines may
have incurred mutations in downstream genes other than Rb.
For instance, specific mutations in CDK4 render the mutant
protein resistant to inhibition by p16. This defect has been
shown to result from single amino acid substitutions in
CDK4 protein that prevent binding of p16 to the enzyme
without impairing catalytic activity. Wolfel et al., 1995,
Science 269:1281-1284. Similar mutations could interfere
with the ability of other CDK inhibitors to carry out their
tumor suppressor activity. Recipient cell lines should have
intact growth control pathways downstream of the particular
CDK inhibitor such that they respond to ectopic CDK
inhibitor expression by entering cell cycle arrest.

[0579]

[0580] In another embodiment, selection systems are gen-
erated based on dissection of oncogene pathways. For
example, a dominant-negative oncogene or a dominant-
negative fragment of an oncogene may be ectopically
expressed such that growth is inhibited or apoptosis is
induced.

Oncogene Pathways.
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[0581] Many forms of dominant-negative oncogene
mutants have been engineered. For example, in the case of
receptor tyrosine Kinases, receptor mutants lacking an intact
enzymatic domain have been shown to dominant-negatively
inhibit the function, and thus signal transduction, of the
wild-type receptor. Redemann et al., 1992, Mol. Cell. Biol.
12:491-498; Kashles et al., 1991, Mol. Cell. Biol. 11:
1454-1463; Millauer et al., 1994, Nature 367. 576-579.
Further, naturally occurring dominant negative oncogenes
have been identified, which have variable effects that depend
heavily on the specific cell line in which they are expressed.
Below (Table 3) are listed several examples from the litera-
ture of the effects of dominant negative proto-oncogenes on
the growth and/or transformation properties of specific cells.

TABLE 3
RECIPIENT
GENE CELL EFFECT REFERENCE
¢-JUN  MCF7 inhibition of Chen et al., 1996,
colony Mol. Carcinog. 15:215-226
formation
EGF-R Rat-1 inhibition of Daub et al., 1996,
DNA synthesis Nature 379:557-560
GRB2  NIH3T3 inhibition of Xie et al., 1995, J.

transformation  Biol. Chem. 270:30717-30724
inhibition of Denko et al., 1995,

growth in soft Somat. Cell. Mol. Genet. 21:
agar 241-253

ras-induced Pickett et al., 1995,

promoter Mol. Cell. Biol. 15:

activation 6777-6784

natural growth Arsura et al., 1995,

RAF NIH3T3

RAF GH4

MAX  NIH3T3

regulation Mol. Cell. Biol. 15:
6702-6709
RAS SK-N-MC  inhibition of van Weering et al.,
ERK2 1995, Oncogene 11:2207-2214

activation

inhibition of Simonson et al.,

c-FOS 1996, I. Biol. Chem. 271:
activation 7782

SRC endothelial

[0582] In principle, dominant negative proto-oncogenes
can serve in the same way as tumor suppressor genes to
arrest cells or prevent cell growth under certain conditions,
thus providing a basis for selection of target polynucleotides.

[0583] Genes Involved in Degenerative Disease.

[0584] Interleukin 1 (“IL-17) is a major pro-inflammatory
and immunoregulatory protein that stimulates fibroblast
differentiation and proliferation, the production of prostag-
landins, collagenase and phospholipase by synovial cells
and chondrocytes, basophil and eosinophil degranulation
and neutrophil activation. Oppenheim, J. H. et al, Immunol-
ogy Today, 7, pp. 45-56 (1986). As such, it is involved in the
pathogenesis of chronic and acute inflammatory and autoim-
mune diseases. For example, in rheumatoid arthritis, IL-1 is
both a mediator of inflammatory symptoms and of the
destruction of the cartilage proteoglycan in afflicted joints.
Wood, D. D. et al., Arthritis Rheum 26, 975, (1983);
Pettipher, E. J. et al., Proc. Natl. Acad. Sci. USA 71, 295
(1986); Arend, W. P. and Dayer, J. M., Arthritis Rheum 38,
151 (1995). IL-1 is also a highly potent bone resorption
agent. Jandiski, J. J., J. Oral Path 17, 145 (1988); Dewhirst,
F. E. et al, J. Immunol. 8, 2562 1985). It is alternately
referred to as “osteoclast activating factor” in destructive
bone diseases such as osteoarthritis and multiple myeloma.
Bataille, R. et al,, Int. J. Clin. Lab. Res. 21(4), 283 (1992).
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In certain proliferative disorders, such as acute myelogenous
leukemia and multiple myeloma, IL-1 can promote tumor
cell growth and adhesion. Bani, M. R, J. Natl. Cancer Inst.
83, 123 (1991); Vidal-Vanaclocha, F., Cancer Res. 54, 2667
(1994). In these disorders, IL-1 also stimulates production of
other cytokines such as IL-6, which can modulate tumor
development (Tartour et al., Cancer Res. 54, 6243 (1994).
IL-1 is predominantly produced by peripheral blood mono-
cytes as part of the inflammatory response and exists in two
distinct agonist forms, IL-1c and IL-1f3. Mosely, B. S. et al.,
Proc. Nat. Acad. Sci., 84, pp. 4572-4576 (1987); Lonne-
mann, G. et al., Eur.J. Immunol., 19, pp. 1531-1536 (1989).

[0585] IL-1p is synthesized as a biologically inactive
precursor, pIL-18. pIL-1p lacks a conventional leader
sequence and is not processed by a signal peptidase. March,
C. J.,, Nature, 315, pp. 641-647 (1985). Instead, pIL-1{ is
cleaved by interleukin-1.beta. converting enzyme (“ICE”)
between Asp-116 and Ala-117 to produce the biologically
active C-terminal fragment found in human serum and
synovial fluid. Sleath, P. R., et al., J. Biol. Chem., 265, pp.
14526-14528 (1992); A. D. Howard et al., J. Immunol., 147,
pp. 2964-2969 (1991). ICE is a cysteine protease localized
primarily in monocytes. It converts precursor IL-1f to the
mature form. Black, R. A. et al., FEBS Lett., 247, pp.
386-390 (1989); Kostura, M. J. et al., Proc. Natl. Acad. Sci.
USA, 86, pp. 5227-5231 (1989). Processing by ICE is also
necessary for the transport of mature IL-1f through the cell
membrane.

[0586] ICE, or its homologs, also appears to be involved
in the regulation of programmed cell death or apoptosis.
Yuan, J. et al., Cell, 75, pp. 641-652 (1993); Miura, M. et al.,
Cell, 75, pp. 653-660 (1993);Nett-Fiordalisi, M. A. et al., J.
Cell Biochem., 17B, p. 117 (1993). In particular, ICE or ICE
homologs are thought to be associated with the regulation of
apoptosis in neurodegenerative diseases, such as Alzhe-
imer’s and Parkinson’s disecase. Marx, J. and M. Baringa,
Science, 259, pp. 760-762 (1993); Gagliardini, V. et al,,
Science, 263, pp. 826-828 (1994). Therapeutic applications
for inhibition of apoptosis may include treatment of Alzhe-
imer’s disease, Parkinson’s disease, stroke, myocardial inf-
arction, spinal atrophy, and aging.

[0587] ICE has been demonstrated to mediate apoptosis
(programmed cell death) in certain tissue types. Steller, H.,
Science, 267, p. 1445 (1995); Whyte, M. and Evan, G.,
Nature, 376, p. 17 (1995); Martin, S. J. and Green, D. R.,
Cell, 82, p. 349 (1995); Alnemri, E. S, et al., J. Biol. Chem.,
270, p. 4312 (1995); Yuan, J. Curr. Opin. Cell Biol,, 7, p. 211
(1995). A transgenic mouse with a disruption of the ICE
gene is deficient in Fas-mediated apoptosis (Kuida, K. et al.,
Science 267, 2000 (1995). This activity of ICE is distinct
from its role as the processing enzyme for pro-IL-1f. It is
conceivable that in certain tissue types, inhibition of ICE
may not affect secretion of mature IL-1f3, but may inhibit
apoptosis.

[0588] Enzymatically active ICE has been previously
described as a heterodimer composed of two subunits, p20
and pl0 (20 kDa and 10 kDa molecular weight, respec-
tively). These subunits are derived from a 45 kDa proen-
zyme (p45) by way of a p30 form, through an activation
mechanism that is autocatalytic. Thornberry, N. A. et al.,,
Nature, 356, pp. 768-774 (1992). The ICE proenzyme has
been divided into several functional domains: a prodomain
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(p14), a p22/20 subunit, a polypeptide linker and a pl0
subunit. Thornberry et al., supra; Casano et al., Genomics,
20, pp. 474-481 (1994).

[0589] Full length p45 has been characterized by its cDNA
and amino acid sequences. PCT patent applications WO
91/15577 and WO 94/00154. The p2° and pl0 cDNA and
amino acid sequences are also known. Thornberry et al.,
supra. Murine and rat ICE have also been sequenced and
cloned. They have high amino acid and nucleic acid
sequence homology to human ICE. Miller, D. K. et al., Ann.
N.Y. Acad. Sci., 696, pp. 133-148 (1993); Molincaux, S. M.
et al., Proc. Nat. Acad. Sci., 90, pp. 1809-1813 (1993). The
three-dimensional structure of ICE has been determined at
atomic resolution by X-ray crystallography. Wilson, K. P,, et
al., Nature, 370, pp. 270-275 (1994). The active enzyme
exists as a tetramer of two p20 and two p10 subunits.

[0590] Additionally, there exist human homologs of ICE
with sequence similarities in the active site regions of the
enzymes. Such homologs include TX (or ICE.sub.rel-II or
ICH-2) (Faucheu, et al., EMBO J., 14, p. 1914 (1995);
Kamens J., et al,, J. Biol. Chem., 270, p. 15250 (1995);
Nicholson et al., J. Biol. Chem., 270 15870 (1995)), TY (or
ICE.sub.rel-IT) (Nicholson et al., J. Biol. Chem., 270, p.
15870 (1995); ICH-1 (or Nedd-2) (Wang, L. et al., Cell, 78,
p- 739 (1994)), MCH-2, (Fernandes-Alnemri, T. et al.,
Cancer Res., 55, p. 2737 (1995), CPP32 (or YAMA or
apopain) (Fernandes-Alnemri, T. et al., J. Biol. Chem., 269,
p. 30761 (1994); Nicholson, D. W. et al., Nature, 376, p. 37
(1995)), and CMH-1 (or MCH-3) (Lippke, et al., J. Biol.
Chem., (1996); Fernandes-Alnemri, T. et al., Cancer Res.,
(1995)). Each of these ICE homologs, as well as ICE itself,
is capable of inducing apoptosis when overexpressed in
transfected cell lines. Inhibition of one or more of these
homologs with the peptidyl ICE inhibitor Tyr-Val-Ala-Asp-
chloromethylketone results in inhibition of apoptosis in
primary cells or cell lines. Lazebnik et al., Nature, 371, p.
346 (1994).

[0591] Accordingly, the direct or indirect selection method
may identify molecules similar to ICE that are involved in
diseases such as chronic and acute forms of IL-1-mediated
diseases, apoptosis-mediated diseases, as well as inflamma-
tory, autoimmune, proliferative, infectious, or degenerative
diseases. Degenerative diseases include Parkinson’s Dis-
case, Pick’s Disease, Alzheimer’s Disease, as well as
Rosenthal fibres in Cerebellar Astrocytomas, Cytoplasmic
bodies in muscle and Mallory bodies in Alcoholic Liver
Disease. Additional IL-1- and apoptosis-mediated diseases
include inflammatory diseases, autoimmune diseases, pro-
liferative disorders, infectious discases, degenerative dis-
eases, necrotic diseases, osteoarthritis, acute pancreatitis,
chronic pancreatitis, asthma, adult respiratory distress syn-
drome, glomerulonephritis, rheumatoid arthritis, systemic
lupus erythematosus, scleroderma, chronic thyroiditis,
Graves’ disease, autoimmune gastritis, insulin-dependent
diabetes mellitus (Type I), autoimmune hemolytic anemia,
autoimmune neutropenia, thrombocytopenia, chronic active
hepatitis, myasthenia gravis, inflammatory bowel disease,
Crohn’s disease, psoriasis, graft vs. host disease, osteoporo-
sis, multiple myeloma-related bone disorder, acute myelog-
enous leukemia, chronic myelogenous leukemia, metastatic
melanoma, Kaposi’s sarcoma, multiple myeloma sepsis,
septic shock, Shigellosis, Alzheimer’s disease, Parkinson’s
disease, cerebral ischemia, myocardial ischemia, spinal

Jan. 30, 2003

muscular atrophy, multiple sclerosis, AIDS-related encepha-
litis, HIV-related encephalitis, aging, alopecia, and neuro-
logical damage due to stroke.

[0592]

[0593] In another embodiment, direct or indirect selection
is based on the phenomenon of apoptosis, i.e., programmed
cell death.

[0594] Cells in culture can be induced to undergo apop-
totic death by a variety of stimuli, depending on the par-
ticular cells. For example, certain cells enter apoptosis after
exposure to glucocorticoids, tumor necrosis factors, or other
natural agents. In addition, many cell types undergo apop-
tosis when exposed to radiation or chemotherapeutics. Fur-
ther, cells may be engineered to contain genes which have
been implicated in the control of or participation in apop-
tosis under the control of an inducible promoter. Such genes
include, but are not limited to bel-2 (Korsymeyer, 1992,
Immunol. Today 13:285-288), c-myc (Shi et al., 1992,
Science 257:212-214; Evan et al., 1992, Cell 69:119-128),
p53 (Rotter et al., 1993, Trends Cell. Biol. 3:46-49), TRPM-
2/SGP (Kryprianou et al., 1991, Cancer Res. 51:162-166),
and Fas/APO-1 (Itoh et al., 1991, Cell 66:233-243).

[0595] Cell types which can be induced to undergo apo-
ptosis include, for example, lymphocytes, tumor cells
derived from lymphocytes, and tumors of epithelial cell
origin. Activation of the FAS antigen receptor in maturing
lymphocytes activates an apoptosis program. FAS antigen
can be activated either by exogenous application of a FAS
antibody (Velcich et al., 1995, Cell Growth Differ. 6:749-
757) or by ectopic expression of an activated form of the
receptor. Treatment with certain steroid hormones or cross-
linking of the T cell receptors on the cell surface using, for
example, an antibody, can also induce apoptosis in lympho-
cytes, related cell or tumor lines, and tumors of epithelial
origin The 3DO line, for instance, responds to receptor
cross-linking by undergoing apoptosis (Vito et al., 1996,
Science 271:521-525), while murine thymoma W7 cells
undergo apoptosis in response to dexamethasone (Bourgeois
et al., 1993, Mol. Endocrinol. 7:840-851). Other cell lines
undergo apoptosis when cultured at low density or in the
absence of specific serum factors (Ishizaki et al, 1995, Mol.
Endocrinol. 7:840-851). In Friend erythroleukemia cells,
overexpression of p53 results in apoptosis (Abrahamson et
al., 1995, Mol. Cell. Biol. 15:6953-6960). Overexpression of
certain oncogenes in some tumor lines may, paradoxically,
also induce apoptosis (Harrington et al., 1994, Curr. Opin.
Genet. Dev. 4:120-129). The morphogen retinoic acid
induces programmed cell death in the P19 embryonic stem
cell (Okazawa et al., 1996, J. Cell Biol. 132:955-968). It is
also possible to use various forms of trauma to induce
apoptosis in a variety of cell types. For instances, treatment
of many cell types by DNA-damaging agents (e.g., certain
chemotherapeutics, radiation) causes an apoptotic response.
Such mechanisms may be used in the direct or indirect
selection system of the invention. For example, genes which
induce cell death may be used as a suicide gene.

[0596] Cell Cycle Regulators and FACS.

[0597] The method of the invention is useful to identify
target polynucleotides causing cells to arrest in a growth
phase or to move out of one growth phase and into another.
In some embodiments, it may be desirable to identify

Apoptosis.
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polynucleotides causing cell arrest, for example at GI.
Alternatively, a polynucleotide may cause host cells arrested
in a particular growth phase to move past that phase or to
move into another phase. Similarly, it may be desirable in
some circumstances to isolate polynucleotides that acceler-
ate movement of a non-arrested but slowly moving cell type
into either the next phase or just through the cell cycle, or to
delay the onset of the next phase. For example, it may be
possible to alter the activities of certain enzymes, for
example kinases, phosphatases, proteases or ubiquitination
enzymes, that contribute to initiating cell phase changes.

[0598] In a preferred embodiment, a light scattering assay
is used as the viability assay, as is well known in the art.
When viewed in the fluorescence activated cell sorter
(FACS), cells have particular characteristics as measured by
their forward and 90 degree (side) light scatter properties.
These scatter properties represent the size, shape and granule
content of the cells. These properties account for two
parameters to be measured as a readout for the viability.
Briefly, the DNA of dying or dead cells generally condenses,
which alters the 90 degree scatter; similarly, membrane
blebbing can alter the forward scatter. Alterations in the
intensity of light scattering, or the cell-refractive index
indicate alterations in viability.

[0599] Thus, in general, for light scattering assays, a
standard is determined for a particular cell type by the
forward and side scattering properties of a live cell popu-
lation. This standard for scattering is subsequently used for
comparison to the host cells.

[0600] In a preferred embodiment, the viability assay
utilizes aviability dye. There are a number of known viabil-
ity dyes that stain dead or dying cells, but do not stain
growing cells. For example, annexin V is a member of a
protein family which displays specific binding to phospho-
lipid (phosphotidylserine) in a divalent ion dependent man-
ner. This protein has been widely used for the measurement
of apoptosis (programmed cell death) as cell surface expo-
sure of phosphatidylserine is a hallmark early signal of this
process. Suitable viability dyes include, but are not limited
to, annexin, ethidium homodimer-1, DEAD Red, propidium
iodide, SYTOX Green, ¢tc., and others known in the art; see
the Molecular Probes Handbook of Fluorescent Probes and
Research Chemicals, Haugland, Sixth Edition,; see Apop-
tosis Assay on page 285 in particular, and Chapter 16.

[0601] Protocols for viability dye staining for cell viability
are known, see Molecular Probes catalog, supra. In this
embodiment, the viability dye such as annexin is labeled,
either directly or indirectly, and combined with a cell
population.

[0602] Annexin is commercially available, ie., from
PharMingen, San Diego, Calif., or Caltag Laboratories,
Millbrae, Calif. Preferably, the viability dye is provided in a
solution wherein the dye is in a concentration of about 100
ng/ml to about 500 ng/ml, more preferably, about 500 ng/ml
to about 1 ||g/ml, and most preferably, from about 1 ||g/ml to
about 5 pg/ml. In a preferred embodiment, the viability dye
is directly labeled; for example, annexin may be labeled with
a fluorochrome such as fluorecein isothiocyanate (FITC),
Alexa dyes, TRITC, AMCA, APC, tri-color, Cy5, and others
known in the art or commercially available. In an alternate
preferred embodiment, the viability dye is labeled with a
first label, such as a hapten such as biotin, and a secondary
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fluorescent label is used, such as fluorescent streptavidin.
Other first and second labeling pairs can be used as will be
appreciated by those in the art.

[0603] Once added, the viability dye is allowed to incu-
bate with the cells for a period of time, and washed, if
necessary. The cells are then sorted as outlined below to
remove the viable cells and retain the nonviable cells.

[0604] In a preferred embodiment, exclusion dye staining
is used as the viability assay. Exclusion dyes are those which
are excluded from living cells, i.e. they are not taken up
passively (they do not permeate the cell membrane of a live
cell). However, due to the permeability of dead or dying
cells, they are taken up by dead cells. Generally, but not
always, the exclusion dyes bind to DNA, for example via
intercalation, and does not fluoresce, or fluoresces poorly, in
the absence of intercalation. Preferably, the exclusion dye
does bind DNA,; this eliminates the need for a wash step.
Alternatively, exclusion dyes that require the use of a
secondary label may also be used. Preferred exclusion dyes
include, but are not limited to, ethidiurn bromide; ethidium
homodimer-1; propidium iodine; SYTOX green nucleic acid
stain; Calcein AM, BCECF AM; fluorescein diacetate;
TOTO® and TO-PRO™ (from Molecular Probes; supra, see
chapter 16) and others known in the art.

[0605] Protocols for exclusion dye staining for cell viabil-
ity are known, see the Molecular Probes catalog, supra. In
general, the exclusion dye is added to the cells at a concen-
tration of from about 100 ng/ml to about 500 ng/ml, more
preferably, about 500 ng/ml to about 1 ug/ml, and most
preferably, from about 0.1 ug/ml to about 5 ug/ml, with
about 0.5 ug/ml being particularly preferred. The cells and
the exclusion dye are incubated for some period of time,
washed, if necessary, and then the cells sorted as outlined
below, to remove non-viable cells from the population.

[0606] In addition, there are other cell viability assays
which may be run, including for example enzymatic assays,
which can measure extracellular enzymatic activity of either
live cells (i.e. secreted proteases, etc.), or dead cells (i.e. the
presence of intracellular enzymes in the media; for example,
intracellular proteases, mitochondrial enzymes, etc.). See
the Molecular Probes Handbook of Fluorescent Probes and
Research Chemicals, Haugland, Sixth Edition, chapter 16 in
particular.

[0607] In a preferred embodiment, at least one cell viabil-
ity assay is run, with at least two different cell viability
assays being preferred, when the fluors, are compatible.
When only 1 viability assay is run, a preferred embodiment
utilizes light scattering assays (both forward and side scat-
tering). When two viability assays are run, preferred
embodiments utilize light scattering and dye exclusion, with
light scattering and viability dye staining also possible, and
all three being done in some cases as well. Viability assays
thus allow the separation of nonviable or dying cells from
viable ones.

[0608] In addition to a cell viability assay, a preferred
embodiment utilizes a cell proliferation assay. By “prolif-
eration assay” herein is meant an assay that allows the
determination that a cell is either proliferating, i.e. replicat-
ing, or not replicating.

[0609] In a preferred embodiment, the proliferation assay
is a dye inclusion assay. A dye inclusion assay relies on
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dilution effects to distinguish between cell phases. Briefly, a
dye (generally a fluorescent dye as outlined below) is
introduced to cells and taken up by the cells. Once taken up,
the dye is trapped in the cell, and does not diffuse out. As the
cell population divides, the dye is proportionally diluted.
That is, after the introduction of the inclusion dye, the cells
are allowed to incubate for some period of time; cells that
lose fluorescence over time are dividing, and the cells that
remain fluorescent are arrested in a non-growth phase.

[0610] Generally, the introduction of the inclusion dye
may be done in one of two ways. Either the dye cannot
passively enter the cells (e.g. it is charged), and the cells
must be treated to take up the dye; for example through the
use of a electric pulse. Alternatively, the dye can passively
enter the cells, but once taken up, it is modified such that it
cannot diffuse out of the cells. For example, enzymatic
modification of the inclusion dye may render it charged, and
thus unable to diffuse out of the cells. For example, the
Molecular Probes CellTracker™ dyes are fluorescent chlo-
romethyl derivatives that freely diffuse into cells, and then
glutathione S-transferase-mediated reaction produces mem-
brane impermeant dyes.

[0611] Suitable inclusion dyes include, but are not limited
to, the Molecular Probes line of CellTracker™ dyes, includ-
ing, but not limited to CellTracker™ Blue, CellTracker™
Yellow-Green, CellTracker™ Green, CellTracker™ Orange,
PKH26 (Sigma), and others known in the art; see the
Molecular Probes Handbook, supra; chapter 15 in particular.

[0612] In general, inclusion dyes are provided to the cells
at a concentration ranging from about 100 ng/ml to about 5
ug/ml, with from about 500 ng/ml to about 1 zg/ml being
preferred. A wash step may or may not be used. The cells and
the inclusion dye are incubated for some period of time, to
allow cell division and thus dye dilution. The length of time
will depend on the cell cycle time for the particular cells; in
general, at least about 2 cell divisions are preferred, with at
least about 3 being particularly preferred and at least about
4 being especially preferred. Because of the length of time
required, vaccinia virus MVA or another vector less cyto-
pathic than vaccinia is preferred.

[0613] The cells are then sorted as outlined below, to
create populations of cells that are replicating and those that
are not. As will be appreciated by those in the art, in some
cases, for example when screening for anti-proliferation
agents, the bright (i.c. fluorescent) cells are collected; in
other embodiments, for example for screening for prolifera-
tion agents, the low fluorescence cells are collected. Alter-
ations are determined by measuring the fluorescence at
either different time points or in different cell populations,
and comparing the determinations to one another or to
standards.

[0614] Inone embodiment, at least one proliferation assay
is run, with more than one being preferred. Thus, a prolif-
eration assay results in a population of proliferating cells and
a population of arrested cells.

[0615] In another embodiment, either after or simulta-
neously with one or more of the proliferation assays outlined
above, at least one cell phase assay is done. A “cell phase”
assay determines at which cell phase the cells are arrested,
M, G1, S, or G2.

[0616] In a preferred embodiment, the cell phase assay is
a DNA binding dye assay. Briefly, a DNA binding dye is
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introduced to the cells, and taken up passively. Once inside
the cell, the DNA binding dye binds to DNA, generally by
intercalation, although in some cases, the dyes can be either
major or minor groove binding compounds. The amount of
dye is thus directly correlated to the amount of DNA in the
cell, which varies by cell phase; G2 and M phase cells have
twice the DNA content of G1 phase cells, and S phase cells
have an intermediate amount, depending on at what point in
S phase the cells are. Suitable DNA binding dyes are
permeant, and include, but are not limited to, Hoechst 33342
and 33258, acridine orange, 7-AAD, LDS 751, DAPI, and
SYTO 16, Molecular Probes Handbook, supra; chapters 8
and 16 in particular.

[0617] In general, the DNA binding dyes are added in
concentrations ranging from about 1 gg/ml to about 5 pg/ml.
The dyes are added to the cells and allowed to incubate for
some period of time; the length of time will depend in part
on the dye chosen. In one embodiment, measurements are
taken immediately after addition of the dye. The cells are
then sorted as outlined below, to create populations of cells
that contain different amounts of dye, and thus different
amounts of DNA; in this way, cells that are replicating are
separated from those that are not. As will be appreciated by
those in the art, in some cases, for example when screening
for anti-proliferation agents, cells with the least fluorescence
(and thus a single copy of the genome) can be separated
from those that are replicating and thus contain more than a
single genome of DNA. Alterations are determined by
measuring the fluorescence, for example, at different time
points or in different cell populations, and comparing the
determinations to one another or to standards.

[0618] In a preferred embodiment, the cell phase assay is
a cyclin destruction assay. In this embodiment, the host cells
contain a fusion nucleic acid which comprises nucleic acid
encoding a cyclin destruction box and a nucleic acid encod-
ing a detectable molecule. “Cyclin destruction boxes™ are
known in the art and are sequences that cause destruction via
the ubiquitination pathway of proteins containing the boxes
during particular cell phases. That is, for example, G1
cyclins may be stable during G1 phase but degraded during
S phase due to the presence of a G1 cyclin destruction box.
Thus, by linking a cyclin destruction box to a detectable
molecule, for example green fluorescent protein, the pres-
ence or absence of the detectable molecule can serve to
identify the cell phase of the cell population. In a preferred
embodiment, multiple boxes are used, preferably each with
a different fluor, such that detection of the cell phase can
occur.

[0619] A number of cyclin destruction boxes are known in
the art, for example, cyclin A has a destruction box com-
prising the sequence RTVLGVIGI) (SEQ ID NO: 12); the
destruction box of cyclin B1 comprises the sequence RTAL-
GDIGN (SEQ ID NO:13). See Glotzer et al., Nature
349:132-138 (1991). Other destruction boxes are known as
well:  YMTVSIIDRFMQDSCVPKKMLOQLVGVT  (rat
cyclin B) (SEQ ID NO: 14); KFRLLQETMYMTVSI-
IDRFMOQNSCVPKK (mouse cyclin B) (SEQ ID NO:15);
RAILIDWLIQVQMKFRLLQETMYMTYVS (mouse cyclin
131) (SEQ ID NO:16); DRFLQAQLVCRKKLQWGI-
TALLLASK (mouse cyclin 132) (SEQ ID NO:17); and
MSVLRGKLQLVGTAAMLL (mouse cyclin A2) (SEQ ID
NO:18).
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[0620] The nucleic acid encoding the cyclin destruction
box is operably linked to nucleic acid encoding a detectable
molecule. The fusion proteins are constructed by methods
known in the art. For example, the nucleic acids encoding
the destruction box is ligated to a nucleic acid encoding a
detectable molecule. By “detectable molecule” herein is
meant a molecule that allows a cell or compound comprising
the detectable molecule to be distinguished from one that
does not contain it, i.e., an epitope, sometimes called an
antigen TAG, a specific enzyme, or a fluorescent molecule.
Preferred fluorescent molecules include but are not limited
to green fluorescent protein (GFP), blue fluorescent protein
(BFP), yellow fluorescent protein (YFP), red fluorescent
protein (RFP), and enzymes including luciferase and f-ga-
lactosidase. When antigen TAGs are used, preferred embodi-
ments utilize cell surface antigens. The epitope is preferably
any detectable peptide which is not generally found on the
cytoplasmic membrane, although in some instances, if the
epitope is one normally found on the cells, increases may be
detected, although this is generally not preferred. Similarly,
enzymatic detectable molecules may also be used; for
example, an enzyme that generates a novel or chromogenic
product.

[0621] Accordingly, the results of sorting after cell phase
assays generally result in at least two populations of cells
that are in different cell phases. In addition, positive controls
can be used. For example, in the cell cycling assays, agents
known to alter cell cycling may be used. For example, p21
is a molecule known to arrest cells in the G1 cell phase, by
binding G1 cyclin-CDK complexes.

[0622] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of cell
biology, cell culture, molecular biology, transgenic biology,
microbiology, virology, recombinant DNA, and immunol-
ogy, which are within the skill of the art. Such techniques are
explained fully in the literature. See, for example, Molecular
Cloning A Laboratory Manual, 2nd Ed., Sambrook et al., ed.,
Cold Spring Harbor Laboratory Press: (1989); Molecular
Cloning: A Laboratory Manual, Sambrook et al., ed., Cold
Springs Harbor Laboratory, New York (1992), DNA Clon-
ing, Volumes I and II (D. N. Glover ed., 1985); Oligonucle-
otide Synthesis (M. J. Gaited., 1984); Mullis et al. U.S. Pat.
No. 4,683,195; Nucleic Acid Hybridization (B. D. Hames &
S. J. Higgins eds. 1984); Transcription And Translation (B.
D. Hames & S. J. Higgins eds. 1984); Culture Of Animal
Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized
Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical
Guide To Molecular Cloning (1984); the treatise, Methods
In Enzymology (Academic Press, Inc., New York); Gene
Transfer Vectors For Mammalian Cells (J. H. Miller and M.
P. Calos eds., 1987, Cold Spring Harbor Laboratory); Meth-
ods In Enzymology, Vols. 154 and 155 (Wu et al. eds.),
Immunochemical Methods In Cell And Molecular Biology
(Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (D.
M. Weir and C. C. Blackwell, eds., 1986); Manipulating the
Mouse Embryo, (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., 1986); and in Ausubel et al,,
Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md. (1989).

[0623] General principles of antibody engineering are set
forth in Antibody Engineering, 2nd edition, C. A. K. Bor-
rebaeck, Ed., Oxford Univ. Press (1995). General principles
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of protein engineering are set forth in Protein Engineering,
A Practical Approach, Rickwood, D., et al., Eds., IRL Press
at Oxford Univ. Press, Oxford, Eng. (1995). General prin-
ciples of antibodies and antibody-hapten binding are set
forth in: Nisonoff, A., Molecular Immunology, 2nd ed.,
Sinauer Associates, Sunderland, M A (1984); and Steward,
M. W, Antibodies, Their Structure and Function, Chapman
and Hall, New York, N.Y. (1984). Additionally, standard
methods in immunology known in the art and not specifi-
cally described are generally followed as in Current Proto-
cols in Immunology, John Wiley & Sons, New York; Stites
et al. (eds), Basic and Clinical-Immunology (8th ed.), Apple-
ton & Lange, Norwalk, Conn. (1994) and Mishell and Shiigi
(eds), Selected Methods in Cellular Immunology, W.H. Free-
man and Co., New York (1980).

EXAMPLES
Example 1

Construction and Characterization of Vaccinia
Expression Vectors

[0624] This example describes the construction and char-
acterization of a new set of direct ligation vectors designed
to be universally applicable for the generation of chimeric
vaccinia genomes. The aim was to modify the genome of
vNotl/tk so as to acquire direct ligation vectors which are
more universally useful. First, the insertion site was changed
by placing the sites for two unique restriction enzymes at the
beginning of the thymidine kinase gene. This allows one to
fix the orientation of the insert polynucleotide (¢.g. DNA)
and eliminates the production of contaminating wildtype
genomes after religation of viral arms. Second, in order to
generate a direct ligation vector which would express high
levels of protein, the thymidine kinase gene was preceded by
a strong constitutive vaccinia virus promoter.

[0625] These new ligation vectors contain a pair of unique
restriction sites, Notl and Apal, to eliminate religation of
poxvirus arms and fix the orientation of the insert polynucle-
otide (e.g. DNA) behind strongly expressing constitutive
vaccinia promoters. The insertion cassette has been placed at
the beginning of the thymidine kinase gene in vaccinia to
utilize drug selection in the isolation of recombinants.

[0626] Materials and Methods
[0627]

[0628] Pairs of oligonucleotides were constructed which,
when annealed, contained the 7.5 k gene promoter (MM436:
GGCCAAAAATTGAAAAACTAGATCTATT-
TATTGCACGCGGCCGCCATGGGCCC (SEQ ID NO:19)
and MM437: GGCCGGGCCCATGGCGGCCGCGTG-
CAATAAATAGATCTAGTTTTTCAATTTTT (SEQ ID
NO:20)), or the synthetic EL promoter (MM438: GGC-
CAAAAATTGAAATTT-
TATTTTTTTTTTTTGGAATATAAAGCGGCCGCCAT
GGGCCC (SEQ ID NO:21) and MM439: GGCCGGGC-
CCATGGCGGCCGCTTTATATTCC
AAAAAAAAAAAATAAAATTTCAATTTTT (SEQ 1D
NO:22))

[0629] and restriction sites for Notl and Apal. The double-
stranded oligonucleotides were annealed by ramping from
94° C. to 20° C. over two hours and ligated into the NotI site

Plasmid Construction.
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present in pJNotl/tk, a plasmid containing the HindIIl J
fragment from vNotl/tk, resulting in plasmids p7.5/tk and
pEL/tk.

[0630] A Polymerase Chain Reaction (PCR) was per-
formed on pBI221 a plasmid containing the E. coli gusA
gene encoding for f-glucuronidase (B-glu), using primers
MM440 (GGGAAAGGGGCGGCCGCC ATGTTACGTC-
CTGTAGAAACC) (SEQ ID NO:23) and MM441
(GGGAAAGGGGGGCCCTCATTGTTTGC-
CTCCCTGCTG) (SEQ ID NO:24), or MM440 and MM442
(GGGAAAGGGGCGGCCGCCTC  ATTGTTTGCCTC-
CCTGCTG) (SEQ ID NO:25),

[0631] and the resulting fragment was cloned into pCRII
(TA® cloning kit, Invitrogen). The plasmids were excised
with Notl (MM440/MM442 product) and cloned into pJNot/
tk digested with Notl yielding pJNot/tk-GUS, or excised
with Notl and Apal (MM440/MM441 product), and inserted
into pEL/tk and p7.5/tk previously digested with Apal and
Notl yielding p7.5/tk-GUS and pEL/tk-GUS.

[0632] Pairs of oligonucleotides were constructed which,
when annealed, contained the 7.5 k gene promoter and the
nucleotide sequence encoding for a cytotoxic T-cell epitope
for ovalbumin (11) (SIINFEKL; SEQ ID NO:26) (750va:
GGCCAAAAAT TGAAAAACTA GATCTATTTA TIG-
CACCATG AGTATAATCA ACTTTGAAAA ACTG-
TAGTGA (SEQ ID NO:27) and 750varv: GGCCTCACTA
CAGTTTTTCA AAGTTGATTA ATACTCATGG
TGCAATAAAT AGATCTAGTT TTTCAATTTTT (SEQ ID
NO:28)) or the EL promoter and the peptide SIINFEKL
(SEQ ID NO: 29) ELova: GGCCAAAAATTGAAATTT-
TATTTTTTTTTTITGGAATATAAACCATGAGTAT AAT-
CAACTTTGAAAAACTGTAGTGA (SEQ ID NO:30) and

Elovarv: GGCCTCACTACAGTTTTTCAAAGTTGAT-
TATACTCATGGTTTATATTCCAAA
AAAAAAAAATAAAATTTCAATTTTT (SEQ ID
NO:31)).

[0633] The double-stranded oligonucleotides were

annealed by ramping from 94° C. to 20° C. over two hours
and ligated into the Notl site present in pJNotl/tk, a plasmid
containing the HindIII J fragment from vNotl/tk resulting in
plasmids p7.5/tk-ova and pEL/tk-ova.

[0634] Generation of Recombinant Viruses.

[0635] Cells and viruses were maintained and manipulated
as described by Earl, et al. (1991, In Ausubel, et al., (eds.),
Current Protocols in Molecular Biology. Greene Publishing
Associates/Wiley Interscience, New York). Recombinant
viruses were made using homologous recombination by
infecting CV-1 cells at a multiplicity of infection (moi) of
0.05 and two hours later transfecting DNA into the infected
cells using lipofectamine (Life Technologies Incorporated)
as suggested by the manufacturer. After 72 hours the cells
were harvested and isolated plaques were selected by pas-
sage in Hutk™ cells in the presence of bromodeoxyuridine
(Earl, et al., 1991, In Ausubel, et al. (eds.), Current Protocols
in Molecular Biology. Greene Publishing Associates/Wiley
Interscience, New York) or HAT supplemented media (Weir,
et al., 1982, Proc. Nat. Acad. Sci. USA, 79:1210-1214).

[0636] Vaccinia virus was generated from viral DNA by
rescue with fowlpox virus (Scheiflinger, et al., 1992, Proc.
Natl. Acad. Sci. USA 89:9977-9981). Vaccinia virus was
isolated from infected Hela cells by banding and sedimen-
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tation in sucrose (Earl, et al., 1991, In Ausubel, et al. (eds.),
Current Protocols in Molecular Biology. Greene Publishing
Associates/Wiley Interscience, New York). The purified
virions were treated with Proteinase K (Bochringer Man-
nheim) and gently extracted with buffer saturated phenol,
phenol:chloroform (50:50), and chloroform before precipi-
tation with 2.5 volumes of ethanol in 0.3M sodium acetate
and resuspended in TE (10 mM TrisHCI, pH8.0. 1 mM
EDTA (Earl, et al., 1991, In Ausubel, et al. (eds.), Current
Protocols in Molecular Biology. Greene Publishing Associ-
ates/Wiley Interscience, New York). Confluent wells of
BSC-1 cells from a 12 well dish were infected with fowlpox
virus and after a two hour incubation at 37° C. were
transfected with 0.6 ug full length vaccinia DNA using
Lipofectamine (Life Technologies Incorporated) as sug-
gested by the manufacturer. After 24, 48, and 72 hours the
cells were harvested, lysed by three freeze-thaw cycles and
screened by plaque assay on BSC-1 cells (Earl, et al., 1991,
In Ausubel, et al., (eds.), Current Protocols in Molecular
Biology. Greene Publishing Associates/Wiley Interscience,
New York).

[0637] Generation of Recombinant Viruses by Direct
Ligation. The 1.1 kB Eco RI/Eco RV restriction endonu-
clease fragment containing ovalbumin from pHbeta-Ova-
neo (Pulaski, et al,, 1996, Proc. Natl. Acad. Sci. USA,
93:3669-3674) was inserted into the EcoRI and EcoRV sites
of pBluescript KS+ (Stratagene), generating pBS.ova. The
DNA product from a Polymerase Chain Reaction (PCR) on
pBS.ova using primers VVOLZ5 (GCAGGTGCGGCCGC-
CGTGGATCCCCCGGGCTGCAGG) (SEQ ID NO:31) and
VVTLZ3 (GTACCGGGCCCACAAAAA CAAAATTAGT-
TAGTTAGGCCCCCCCTCGA) (SEQ ID NO:32) was
digested with Apal and Notl (Life Technologies, Inc.), gel
purified from low melting point agarose (Bio-Rad) using
beta Agarase (Life Technologies, Inc.) following the recom-
mendations of the manufacturer, and cloned into pBluescript
KS+ that had been digested with Notl and Apal, generating
pBS.VVova. A DNA. fragment encoding ovalbumin was
excised from pBS.VVova by digestion of this plasmid with
Apal and Notl and purified after electrophoresis through a
low melting point agarose gel using beta Agarase. One
microgram of purified vEL/tk DNA was digested with Apal
and Notl and centrifuged through a Centricon 100 concen-
trator (Amicon) to remove the small intervening fragment.
The vEL/tk DNA arms and the DNA fragment encoding
ovalbumin were ligated overnight at room temperature, at a
4:1 (insert: virus) molar ratio, in 30 microliters with 5 units
T4 DNA Ligase. The ligation product was transfected using
lipofectamine (Life Technologies, Inc.) into a well of con-
fluent BSC-1 cells from a 12 well plate two hours after
infection with fowlpox virus at 1 pfu/cell. Three days later
the cells were harvested and isolated plaques were selected
by passage in Hutk- cells in the presence of bromodeox-
yuridine (Earl, et al., 1991 In Ausubel, et al (eds.), Current
Protocols in Molecular Biology. Greene Publishing Associ-
ates/Wiley Interscience, New York).

[0638] Analysis of Viral DNA Genomes.

[0639] BSC-1 cells were infected at high multiplicity of
infection (moi) by vaccinia WR, VEL/tk, v7.5/tk, or vNotl/
tk. After 24 hours the cells were harvested and resuspended
in Cell Suspension Buffer (Bio-Rad Genomic DNA Plug
Kit) at 1x107 cells/ml. An equal volume of 2% CleanCut
agarose (Bio-Rad) preincubated at 50° C. was added and the



US 2003/0022157 Al

cell suspension was formed into 100 ul plugs. After hard-
ening at 4° C. the plugs were treated as previously described
to digest protein (Merchlinsky, et al., 1989. J. Virol
63:1595-1603). The plugs were equilibrated in the appro-
priate restriction enzyme buffer and 1 mM PMSF for 16
hours at room temperature, incubated with restriction
enzyme buffer, 100 ng/ml Bovine Serum Albumin and 50
units Notl or Apal for two hours at 37° C. (Notl) or room
temperature (Apal)-prior to electrophoresis.

[0640] One well of a 6 well dish of BSC-1 was infected
with v7.5/tk or vEL/tk at high multiplicity of infection (moi)
and after 48 hours the cells were harvested, pelleted by low
speed centrifugation, rinsed with Phosphate-Buffered Saline
(PBS), and the DNA was isolated using DNAzol (Gibco).
The final DNA product was resuspended in 50 microliters of
TE (10 mM TrisHCL, pH8.0. 1 mM EDTA) and 2.5 micro-
liters were digested with HindIIl, HindIII and Apal, or
HindIII and Notl, electrophoresed through a 1.0% agarose
gel, and transferred to Nytran (Schleicher and Schuell) using
a Turboblotter (Schleicher and Schuell). The samples were
probed with p7.5/tk (FIG. 2A) or pEL/tk (FIG. 2B) labeled
with **P using Random Primer DNA Labeling Kit (Bio-Rad)
in QuickHyb (Stratagene) and visualized on Kodak XAR
film.

[0641] One well of a 6 well dish of BSC-1 cells was
infected with v7.5/tk, vEL/tk, vNotl/tk, vpNotl, vNotl/lacZ/
tk, or wild type vaccinia WR at high multiplicity of infection
(moi) and after 48 hours the cells were harvested, pelleted by
low speed centrifugation, rinsed with Phosphate-Buffered
Saline (PBS), and the DNA was isolated using DNAzol
(Gibeco). The final DNA product was resuspended in 50
microliters of TE (10 mM TrisHCL, pH8.0. 1 mM EDTA)
and used in a PCR (30 cycles, 1 minute 94° C., 2 minutes 55°
C., 3 minutes 72° C., MJ Research PTC-100) with primers
MM407 (GGTCCCTATTGTTACAGATGGAAGGGT)
(SEQ ID NO:33) and MM408 (CCTTCGTTTGCCAI-
ACGCTCACAG) (SEQ ID NO:34). The nucleotide
sequence was determined by >°S sequencing using Seque-
nase Version 2.0 DNA Sequencing Kit (Amersham), and
visualized after electrophoresis through 8% denaturing poly-
acrylamide gels by exposure to Bio-Max film (Kodak).

[0642] Determination of f-Glucuronidase Activity.

[0643] A well of BSC-1 cells from a 12 well plate was
infected at an moi of 1 with vNotl/tk-GUS, v7.5/tk-GUS and
vEL/tk-GUS, the cells were harvested 20 hours post infec-
tion, resuspended in 0.5 ml PBS, and disrupted by three
cycles of freeze-thawing. The extract was clarified by a short
microfuge spin (one minute, 14,000 rpm) and the superna-
tant was analyzed for f-glu units as described by Miller,
1972, Experiments in Molecular Genetics, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y. as adapted for
96-well plates. The A,,s values were determined on a
microplate reader (Dynatech MR3000) and the -glu activ-
ity was determined by comparison to p-glu (Clontech)
standards analyzed in the same assay.

[0644] Analysis of Cytotoxic T Cell Response.

[0645] Confluent monolayers of MC57G cells in wells of
a 6 well plate were infected at an moi of 1 with vEL/tk,
v7.5/tk-ova, vEL/tk-ova, VEL/tk-ovaFL clone 1, and VEL/
tk-ovaFL clone 2 (VEL,/tk-ovaFL are virus clones of full
length ovalbumin generated by direct ligation). At 16 hours
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post infection cells were harvested, labeled with 100 micro-
curies **Chromium (Dupont) for 1 hour at 37° C., and 10*
cells were added to wells of a 96 well round bottom plate in
quadruplicate. A sample of uninfected MC57G cells incu-
bated with 1 micromolar purified ova 257-264 peptide was
also incubated with >*Cr as a positive control and untreated
MC57G cells were used as a negative control. T cells
specific for ova 257-264 were added to target cells at ratios
of 2:1 and 10:1. Cells were incubated at 37° C. for 4 hours,
supernatants were harvested, and **Cr release determined.
Spontaneous release was derived by incubating target cells
with media alone and maximal release was determined by
incubating target cells with 5% Tritonx 100. Percentage of
specific lysis was calculated using the formula: % specific
lysis=((experimental release-spontaneous release)/(maximal
release-spontaneous release))x100. In each case the mean of
quadruplicate wells was used in the above formula.

[0646]
[0647]

[0648] The vaccinia WR genome is approximately 190
kilobases in length and rich in A and T residues. The
complete sequence of the vaccinia WR genome was pro-
vided by P. Earl of the Bernard Moss laboratory (Laboratory
of Viral Diseases, NIAID, NIH, Bethesda, Md.). A restric-
tion enzyme search of the complete sequence of the vaccinia
WR genome using Mac Vector (IBI) revealed a lack of
restriction sites for Apal, Ascl, Bsp120I, Fsel, Rsrll, Sfil,
Srfl and Sgfl. The ready availability of highly active and
pure preparations of the enzyme as well as the generation of
a staggered end upon digestion led us to choose to use Apal
as the second site in conjunction with the Notl site already
present in vNot/tk.

[0649] Vaccinia virus based expression vectors are most
useful when the foreign protein is expressed constitutively.
The expression of foreign proteins during the early stage of
viral replication is essential for cytotoxic T cell response
(Bennick, et al. 1990, Topics Microbiol. Immunol. 163:153-
184) and high levels of total protein expression have been
observed using promoters active during the late stage of
viral replication. We decided to incorporate the promoters
corresponding to the constitutively expressed 7.5 k gene
(Mackett, et al., 1984, J. Virology, 49:857-864) and a
constitutively expressed synthetic promoter EL noted for
high level expression.

[0650] A useful feature of vNotl/tk that must be retained
in any new vector is the ability to discriminate for recom-
binant viral genomes using selection against an active thy-
midine kinase gene. The introduction of the Apal site within
the coding sequence for the tk gene necessitates an increase
in the total number of amino acids in order to accommodate
the restriction enzyme site. A comparison of the amino acid
sequence for thymidine kinase genes from a variety of
animal and wviral species showed the region of greatest
heterogeneity was at the N terminus of the protein, suggest-
ing that this region of the protein could tolerate a modest
increase in the number of amino acids.

[0651] The recombination-independent cloning vectors
were constructed by making plasmid intermediates contain-
ing the modified thymidine kinase (tk) gene and replacing
the tk sequence in the vNotl/tk genome by homologous
recombination. Two sets of oligonucleotide pairs were con-

Results

Construction of Direct Ligation Vectors.
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structed which, when annealed, contained the promoter for
the 7.5k gene or the synthetic EL sequence and restriction
sites for Notl and Apal. The modified thymidine kinase
genes were constructed by annealing the double-stranded
oligonucleotides and ligating the product into the Notl site
present at the beginning of the thymidine kinase gene in
pINotl/tk, a plasmid containing the HindIII J fragment from
vNotl/tk. The oligonucleotide pairs annealed to and elimi-
nated the Notl site in pJNotl/tk generating a new Notl site
closely followed by an Apal site after the promoter and
flanking the nucleotides coding for the initial methionine in
the thymictine kinase gene resulting in plasmids p7.5/tk and
pEL/tk (FIG. 1). The acquisition of the Apal site was
verified by restriction enzyme analysis of plasmid DNA and
the nucleotide sequence of the thymidine kinase gene pro-
moter was determined and found to be as depicted in FIG.
1.

[0652] The recombinant viruses derived from p7.5/tk and
pEL/tk were isolated using a strategy relying on positive
drug selection in the presence of HAT (hypoxanthine, ami-
nopterin, thymidine) (Weir, et al., 1982, Proc. Nat. Acad.
Sci. USA 79:1210-1214). The viruses vpNotl, a virus that
contains a copy of pBR322 inserted at the Notl site of
vNotl/tk (Merchlinsky, et al., 1992, Virology 190:522-526),
and vNotl/lacZ/tk, a virus with a copy of the lacZ gene
interrupting the thymidine kinase in vNotI~ (Merchlinsky, et
al,, 1992, Virology. 190:522-526) are thymidine kinase
negative (tk™) viruses that are identical to vNotl/tk except for
the inserted DNA at the beginning of the tk gene. The
plasmids p7.5/tk and pEL/tk were recombined with vpNotl
and vNotl/lacZ/tk helper viruses in CV-1 cells and the
infected monolayers were harvested and passaged in the
presence of HAT media on Hutk™ cells. Individual plaques
were passaged and isolated an additional three rounds on
Hutk™ cells before expansion and analysis.

[0653] Analysis of the Structure of the Viral Genomes.

[0654] The growth of v7.5/tk and vEL/tk virus in HAT
supplemented media implies these viruses, in contrast to
vpNot and vNot/lacZ/tk, contain an active thymidine kinase
(tk) gene. However, an active tk gene could arise from
multiple crossovers which delete the 7.5k or EL promoter
sequences, generating a virus with the normal tk promoter.
The v7.5/tk and vEL/tk genomes should contain a unique
site for both Notl and Apal within the HindIII J fragment.
The genomic structure of the isolated virus stocks was
analyzed by restriction enzyme digestion of DNA in agarose
plugs derived from virus infected cells using Notl or Apal
and electrophoresis of the products through 1% agarose
(FIG. 3). Uncut vaccinia WR (lane 2) migrates at a size of
190 kilobase pairs as compared to multimers of bacterioph-
age lambda (lane 1). After digestion with Notl vaccinia WR
is cleaved into two fragments approximately 150 and 40
kilobase pairs in length (7th lane from left) whereas the
vNot/tk, vEL/tk, and v7.5/tk were cleaved into fragments of
about 110 and 80 kilobase pairs. When the same samples
were digested with Apal, only one fragment the size of the
uncut genome was observed for both vaccinia WR and
vNot/tk while vEL/tk and v7.5/tk gave the same sized
fragments observed after digestion with Notl. Therefore,
both v7.5/tk and vEL/tk contain a unique site for both Apal
and Notl, the sites are at the same locus as the Notl site in
vNot/tk, and the sites are in a more central location in the
genome than the HindIII F fragment which contains the Notl
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site in vaccinia WR. The background of cellular DNA
fragments was more pronounced in the Apal digestion,
which has a six base pair recognition site, than for the Notl
digest.

[0655] The genomes for vEL/tk and v7.5/tk were analyzed
by Southern blotting to confirm the location of the Apal and
Notl sites in the HindIII J fragment as shown in FIG. 2. The
filters were hybridized to >?P labeled HindIII J fragment
derived from the p7.5/tk or pEL/tk. The genomes for v7.5/tk
and vEL/tk have an Apal site that does not appear in
vNotl/tk (compare lanes 7 and 8 to lane 5 in each blot)
whereas digestion with Notl and HindIIl yield a set of
fragments of equivalent size. The 0.5 kilobase HindIII/NotI
or HindIIl/Apal fragment from the left hand side of HindIII
J produced from Notl or Apal digestion has electrophoresed
off the bottom of the agarose gel.

[0656] The definitive characterization of the promoter
sequence utilized products of Polymerase Chain Reaction
(PCR). A pair of primers flanking the beginning of the tk
gene were used to generate a DNA fragment from the viruses
vNotl/tk, v7.5/tk, or vEL/tk and their cognate plasmids as
shown in FIG. 4. The PCR products for v7.5/tk and vEL/tk
are the same size as those observed for the plasmids used to
generate the viruses (p7.5/tk and pEL/tk) and larger than
those seen for vaccinia WR and vNotl/tk. The PCR frag-
ments were cloned into the plasmid pCRII, the nucleotide
sequence was determined and shown to match the sequence
displayed in FIG. 1.

[0657] Quantitation of Promoter Activity.

[0658] The v7.5/tk and VEL/tk vectors have been designed
to constitutively express elevated levels of insert protein in
comparison to vNotl/tk. The level of RNA synthesis was
measured by infecting confluent BSC-1 cells in the presence
and absence of cytosine arabinoside (AraC) at an moi of 5,
harvesting the cells, isolating the RNA using Trizol (Life
Technologies) and analyzing the level of thymidine kinase
RNA synthesis by primer extension (Weir, et al, 1990,
Nucleic Acids Research 16:10267-10282). Incubation with
AraC blocks viral DNA replication, allowing one to identify
the class of viral promoter.

[0659] The carly class of viral promoters are active prior
to DNA replication and will be unaffected by AraC in the
infection. Late promoters are only expressed after the onset
of DNA replication and their activity is abrogated in the
presence of AraC. Perusal of the products on a denaturing
polyacrylamide gel demonstrated that significantly more
(estimated to be at least ten fold) tk RNA primer extension
products were synthesized in VEL/tk infections as compared
to vNot/tk. In cells infected with vNot/tk a single RNA start
site insensitive to AraC incubation was observed whereas in
vEL/tk infections two distinct start sites, one resistant to
AraC and corresponding to the appropriate early start site
(Davison, et al., 1989, J. Mol. Biol. 210:749-769), and one
species sensitive to AraC and corresponding to the appro-
priate late start of RNA (Davison, et al. 1989, J. Mol. Biol.
210:771-784) were observed (data not shown). The pattern
of RNA species derived from infection with v7.5/tk was
similar to that observed for vEL/tk with the absolute levels
of RNA expression intermediate to that observed for vEL/tk
and vNot/tk.

[0660] In order to verify the levels of expression for genes
inserted into the viral vectors the F. coli gusA gene encoding
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for B-glucuronidase (-glu) was cloned into vNotl/tk, v7.5/
tk and VEL/tk viral vectors and the relative promoter
strength was measured. The DNA fragment encoding for the
p-glu gene was inserted into plasmids containing each
promoter generating pJNot/tk-GUS, p7.5/tk-GUS and pEL/
tk-GUS. The correct orientation of the insert p-glu gene in
pINot/tk was verified by restriction enzyme analysis. The
plasmids were recombined with vNotl/tk and the recombi-
nant viruses identified by staining with X-glu (Carroll, et al.,
1995, BioTechniques 19:352-355), passaged for three
rounds through Hutk™ cells, and expanded to generate the
viral stocks vNotl/tk-GUS, v7.5/tk-GUS and vEL/tk-GUS.
The structures of the recombinant viruses were verified by
Southern blot analysis.

[0661] The level of expression of B-glu by vNotl/tk-GUS,
v7.5~57.5/tk-GUS and vEL/tk-GUS was measured from
infected confluent monolayers of BSC-1 cells in the pres-
ence or absence of AraC (FIG. 5). The level of B-glu
expression for the v7.5/tk-GUS and vEL/tk was much higher
than that observed for vNotl/tk-GUS and highest (approxi-
mately twenty fold higher) in the vEL/tk-GUS. Expression
of f-glu was observed for all three viruses in the presence of
cytosine arabinoside, indicating that each promoter is a
member of the early class of viral promoters. The level of
[-glu in vNotl/tk-GUS was unchanged in the presence or
absence of AraC indicating that this promoter is only active
early during infection, whereas the B-glu levels in v7.5/tk-
GUS and vEL/tk-GUS were lower in the presence of AraC,
indicating these promoters are active both early and late
times during infection.

[0662] Biochemical Characterization of Virus Vectors.
The v7.5/tk and vEL/tk vectors were initially isolated by
growth in the presence of HAT supplemented media and are
designed to contain an active tk gene to allow selection for
viruses with inserts via passage in Hutk™ cells in the pres-
ence of bromodeoxyuridine (Earl, et al., 1991, In Ausubel,
et al. (eds.), Current Protocols in Molecular Biology. Greene
Publishing Associates/Wiley Interscience, New York). Both
vectors were tested by plaque assay in Hutk™ cells using
drug selection and the results for vEL/tk are shown in FIG.
6. Incubation without drug or with HAT supplement at a
concentration sufficient to interfere with plaque formation
for vpNot or vNot/lacZ/tk, (data not shown), gave an equiva-
lent number of like-sized plaques. Surprisingly, an equal
number of plaques, albeit much smaller in size, were
observed for vEL/tk with incubation in 25 mM bromode-
oxyuridine, a concentration sufficient to interfere with the
ability of vaccinia WR to plaque on Hutk™ cells (data not
shown). Addition of 125 mM bromodeoxyuridine was suf-
ficient to inhibit plaque formation for vEL/tk (FIG. 6) and
v7.5/tk (data not shown). The higher concentration of bro-
modeoxyuridine did not interfere with the growth of tk™
viruses such as vNotl/lacZ/tk (data not shown) or affect the
viability of the Hutk™ cell line.

[0663] Construction of Recombinant Virus by Direct Liga-
tion.

[0664] Direct ligation vectors will only be useful for the
generation of complex expression libraries if the production
of infectious virus from the naked DNA is facile and
efficient. Previously, helper virus activity was supplied in
cells transfected with DNA ligation products by coinfection
with conditionally lethal temperature sensitive virus (Mer-

Jan. 30, 2003

chlinsky, et al., 1992, Virology. 190:522-526) or fowlpox
(Scheiflinger, et al,, 1992, Proc. Natl. Acad. Sci. USA,
89:9977-9981). Since high levels of replicating wild type
virus interfere with the ability to package viral DNA and
vaccinia virus can recombine with the input DNA, only
conditionally defective vaccinia virus can be used as helper
(Merchlinsky, et al., 1992, Virology, 190:522-526). Fowlpox
should be a superior helper virus as it is used at 37° C., will
not revert to a highly replicating strain, and, since it does not
recombine with vaccinia DNA or productively infect pri-
mate cell lines, can be used at higher moi than vaccinia. In
order to determine if fowlpox can serve as an efficient helper
virus a series of wells from a 12 well plate containing BSC-1
cells were infected with varying Mois of fowlpox and
transfected with full length vaccinia WR DNA, the cells
were harvested after 24, 48, or 72 hours and the virus titer
was determined as shown in Table 4. Transfection of DNA
without fowlpox or fowlpox infection alone resulted in no
plaques. The level of rescued vaccinia increased with later
harvest and was proportional to the moi of the fowlpox
infection.

TABLE 4
FPV moi Day harvested Titer (pfu x 1077)
0.2 1 0
2 0.12
3 300
0.5 1 0
2 0.23
3 500
1.0 1 0
2 1.1
3 700
[0665] Table 4.
[0666] Packaging of vaccinia DNA by fowlpox virus.

Vaccinia DNA was transfected into BSC-1 cells infected
with fowlpox virus using lipofectamine as described in
Materials and Methods. The cells were harvested at 1, 2, or
3 days post transfection, lysed by freeze-thaw cycles and
assayed for infectious virus by plaque assay on BSC-1 cells.

[0667] A 1.1 kilobase pair fragment of the ovalbumin
cDNA (Pulaski, et al., 1996, Proc. Natl. Acad. Sci. USA
93:3669-3674) was used as a model insert to study the
generation of functional recombinant virus by direct liga-
tion. The ovalbumin insert was modified to include a Notl
site at its 5' end, translation stop codons, a vaccinia tran-
scriptional stop signal and an Apal site at its 3' end. This
insert was digested with Notl and Apal and ligated with
purified vEL/tk DNA arms that had been digested with Notl
and Apal. The ligation mix was transfected into fowlpox
infested BSC-1 cells, cells were harvested, and after three
days the cell extract was passaged on Hutk™ cells, cells in the
presence or absence of 125 mM bromodeoxyuridine. The
titer obtained without drug selection was 2.7x10> pfu and
with drug selection 2.8x10° pfu. Individual plaques were
picked from Hutk™ cells in the presence and absence of
bromodeoxyuridine and tested for the presence of the oval-
bumin insert by dot blot hybridization with an ovalbumin
cDNA probe. All 15 plaques picked in the presence of
bromodeoxyuridine, and all 10 plaques picked in its absence
contained the ovalbumin insert. These viruses were named
vEL/tk-ovaFL. Two individual clones were expanded fur-
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ther and tested for the ability to sensitize host cells to lysis
by ova 257-264 specific cytotoxic T lymphocytes (CTL).
The results of this experiment are shown in Table 5. As
controls, vacecinia recombinant for an ova 257-264 mini-
gene, v7.5/tk-ova and vEL/tk-ova, were generated by
homologous recombination. These ova peptide recombinant
viruses were tested in concert with the vEL/tk-ovaFL clones
for the ability to sensitize host cells to lysis by ova specific
CTL. As shown in Table 5, infection with either full length
or minigene ovalbumin vaccinia recombinants was as effi-
cient as pulsing with 1 uM purified OVA 257-264 peptide for
sensitization of target cells to lysis by OVA-specific CTL.

TABLE 5

Effector:Target Ratio

MC57G Cells 2:1 10:1
(Percent Specific Lysis)

Untreated -1.3 -1.3
ova257-264 peptide, 1 4M 54 83
vEL/tk -0.5 0
v7.5/tk-ova Homologous Recombination 50 78
vEL/tk-ova Homologous Recombination 47 71
vEL/tk-ovaFL Direct Ligation Clone 1 48 70
vEL/tk-ovaFL Direct Ligation Clone 2 46 74

[0668] Table 5.

[0669] Cell mediated lymphocytotoxicity (CML) assay on
recombinant vaccinia virus infected cells. Virally infected
MC57G cells were generated as described in (Materials and
Methods). One sample of MC57G cells was treated with
ova257-264 peptide (1 uM), another sample of cells was left
untreated. Cells were incubated with two different ratios of
ova specific cytotoxic T lymphocytes for 4 hours at 37° C.
and percent specific lysis was determined as described in
Materials and Methods.

[0670] Discussion

[0671] Large DNA viruses are particularly useful expres-
sion vectors for the study of cellular processes as they can
express many different proteins in their native form in a
variety of cell lines. In addition, gene products expressed in
recombinant vaccinia virus have been shown to be effi-
ciently processed and presented in association with MHC
class I for stimulation of cytotoxic T cells. The gene of
interest is normally cloned in a plasmid under the control of
a promoter flanked by sequences homologous to a non-
essential region in the virus and the cassette is introduced
into the genome via homologous recombination. A panoply
of vectors for expression, selection and detection have been
devised to accommodate a variety of cloning and expression
strategies. However, homologous recombination is an inef-
fective means of making a recombinant virus in situations
requiring the generation of complex libraries or when the
insert polynucleotide (e.g. DNA) is large. An alternative
strategy for the construction of recombinant genomes rely-
ing on direct ligation of viral DNA “arms” to an insert and
the subsequent rescue of infectious virus has been explored
for the genomes of poxvirus (Merchlinsky, et al., 1992,
Virology 190:522-526; Pfleiderer, et al., 1995, J. General
Virology 76:2957-2962; Scheiflinger, et al, 1992, Proc.
Natl. Acad. Sci. USA 89:9977-9981), herpesvirus (Rixon, et
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al., 1990, J. General Virology 71:2931-2939) and baculovi-
rus (Ernst, et al., 1994, Nucleic Acids Research 22:2855-
2856).

[0672] Poxviruses are ubiquitous vectors for studies in
eukaryotic cells as they are easily constructed and engi-
neered to express foreign proteins at high levels. The wide
host range of the virus allows one to faithfully express
proteins in a variety of cell types. Direct cloning strategies
have been devised to extend the scope of applications for
poxvirus viral chimeras in which the recombinant genomes
are constructed in vitro by direct ligation of DNA fragments
to vaccinia “arms” and transfection of the DNA mixture into
cells infected with a helper virus (Merchlinsky, et al., 1992,
Virology 190:522-526; Scheiflinger, et al., 1992, Proc. Natl.
Acad. Sci. USA 89:9977-9981). This approach has been
used for high level expression of foreign proteins (Pfleiderer,
et al., 1995, J. Gen. Virology 76:2957-2962) and to effi-
ciently clone fragments as large as 26 kilobases in length
(Merchlinsky, et al., 1992, Virology 190:522-526).

[0673] Naked vaccinia virus DNA is not infectious
because the virus cannot utilize cellular transcriptional
machinery and relies on its own proteins for the synthesis of
viral RNA. Previously, temperature sensitive conditional
lethal (Merchlinsky, et al., 1992, Virology 190:522-526) or
non-homologous poxvirus fowlpox (Scheiflinger, et al.,
1992, Proc. Natl. Acad. Sci. USA 89:9977-9981) have been
utilized as helper virus for packaging. An ideal helper virus
will efficiently generate infectious virus but not replicate in
the host cell or recombine with the vaccinia DNA products.
Fowlpox virus has the properties of an ideal helper virus as
it is used at 37° C., will not revert to a highly replicating
strain, and, since it does not recombine with vaccinia DNA
or productively infect primate cell lines, can be used at
relatively high moi.

[0674] The utility of the vaccinia based direct ligation
vector vNotl/tk, has been described by Merchlinsky, et al.
(1992, Virology 190:522-526). This genome lacks the Notl
site normally present in the HindIII F fragment and contains
a unique Notl site at the beginning of the thymidine kinase
gene in frame with the coding sequence. This allows the
insertion of DNA fragments into the Notl site and the
identification of recombinant genomes by drug selection.
The vNotl/tk vector will only express foreign proteins at the
level of the thymidine kinase gene, a weakly expressed gene
only made early during viral infection. Thus, the vNotl/tk
vector can be used to efficiently clone large DNA fragments
but does not fix the orientation of the DNA insert or lead to
high expression of the foreign protein.

[0675] This example describes the construction and char-
acterization of a pair of vaccinia DNA vector genomes
v7.5/tk and VEL/tk suitable for direct ligation. The v7.5/tk
and vEL/tk vectors were designed to contain unique restric-
tion sites for Notl and Apal at the beginning of the thymidine
kinase gene allowing the oriented cloning of DNA and
eliminating the intact genomes arising from relegation of
vaccinia vector arms.

[0676] To induce high levels of protein expression the
sequences encoding for the viral 7.5 k promoter and a
synthetic EL promoter devised by Chakrabarti and Moss
were used to replace the endogenous thymidine kinase
promoter. The levels of expression induced by either pro-
moter was much higher than that observed in vNotl/tk and
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the promoters were active at all times post infection. These
continuous expression vectors are applicable in cases depen-
dent on early expression, such as T-cell epitope presentation,
as well as for bulk expression of proteins.

[0677] Use of the thymidine Kinase gene as the insertion
site for foreign DNA allows selection for recombinants and
against helper or wild type genomes. The level of tk expres-
sion in v7.5/tk and vEL/tk should be much higher than in
vaccinia WR or vNot/tk. However, the Apal site at the
beginning of the tk gene in v7.5/tk and vEL/tk was formed
from vNot/tk by adding extra nucleotides at the Notl site.
The additional nucleotides increase the amino acid sequence
at the N terminus of the wild type tk gene from Met-Asn-Gly
to Met-Gly-Pro-Ala-Ala-Asn-Gly (SEQ ID NO:35) in v7.5/
tk and vEL/tk. Modifications in the expression level and N
terminal amino acid sequence of the thymidine kinase gene
may increase (more protein) or decrease (different sequence)
the sensitivity of the virus to bromodeoxyuridine. Plaques,
albeit smaller, were observed with v7.5/tk and VEL/tk infec-
tion at a concentration of bromodeoxyuridine sufficient to
completely suppress plaque formation for wild type vaccinia
WR. Plaque formation was suppressed at five-fold higher
concentrations of bromodeoxyuridine, a level of drug that
does not interfere with the viability of the cells or impede the
ability of tk™ virus to form plaques. The explanation for the
altered sensitivity to bromodeoxyuridine awaits further char-
acterization of the protein as the altered thymidine kinase
gene may have a different reaction rate for formation of the
triphosphate form of the bromodeoxyuridine or a reduced
ability to bind bromodeoxyuridine.

[0678] The development of direct ligation vectors has
increased the possible applications for poxvirus expression
vectors. The v7.5/tk and vEL/tk vectors were designed to
incorporate the advantages of oriented cloning, high levels
of expression of foreign protein, and the selection for
recombinant viruses, into direct ligation vectors. They were
shown to express high levels of proteins at all times during
infection. The utility of these vectors was demonstrated by
constructing recombinants containing a CTL epitope for
ovalbumin (constructed by homologous recombination with
a plasmid) or the ovalbumin coding sequence (constructed
by direct ligation protocol) and showing how both recom-
binants were able to elicit a strong CTL response.

[0679] The application of these vectors to protocols for
construction of complex expression libraries requires effi-
cient production of recombinants and strong selection to
eliminate or minimize wild type and contaminants. The use
of two restriction sites allows one to design cloning strate-
gies for the oriented cloning of DNA fragments such as
products of PCR (Pfleiderer, et al., 1995, J. General Virology
76:2957-2962) and increases the frequency of the desired
recombinant as wild type genomes can no longer be gener-
ated by ligation of vaccinia arms. When v7.5/tk or vEL/tk
DNA previously digested with Notl and Apal was trans-
fected into cells infected with fowlpox the virus titer was one
hundred fold lower than for intact uncut DNA. Also, all
plaques isolated in the presence and absence of bromode-
oxyuridine (15 with bromodeoxyuridine and 10 without)
during the isolation of the vEL/tk-ovaFL. contained the
ovalbumin insert. The efficiency of infectious virus forma-
tion is also increased with the use of fowlpox, helper virus
at relatively high moi. Also, transfection of large DNA
fragments varies with the type and preparation of lipid
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(Miles Carroll, personal communication) and we are pres-
ently assaying different lipid mixtures and cell types as well
as investigating other parameters to find optimum conditions
for the direct ligation protocol. The v7.5/tk and vEL/tk
vectors provide a set of universally applicable direct ligation
cloning vectors for poxviruses.

Example 2

Trimolecular Recombination

[0680] Production of an Expression Library. This example
describes a tri-molecular recombination method employing
modified vaccinia virus vectors and related transfer plasmids
that generates close to 100% recombinant vaccinia virus
and, for the first time, allows efficient construction of a
representative DNA library in vaccinia virus.

[0681]

[0682] The previously described vaccinia virus transfer
plasmid pJ/K, a pUC 13 derived plasmid with a vaccinia
virus thymidine kinase gene containing an in-frame Not I
site (Merchlinsky, M. et al., Virology 190:522-526), was
further modified to incorporate a strong vaccinia virus
promoter followed by Not I and Apa I restriction sites. Two
different vectors, p7.5/tk and pEL/tk, included, respectively,
either the 7.5K vaccinia virus promoter or a strong synthetic
early/late (E/L) promoter (FIG. 1). The Apa I site was
preceded by a strong translational initiation sequence includ-
ing the ATG codon. This modification was introduced within
the vaccinia virus thymidine kinase (tk) gene so that it was
flanked by regulatory and coding sequences of the viral tk
gene. The modifications within the tk gene of these two new
plasmid vectors were transferred by homologous recombi-
nation in the flanking tk sequences into the genome of the
Vaccinia Virus WR strain derived vNotI™ vector to generate
new viral vectors v7.5/tk and VEL/tk. Importantly, following
Not I and Apa I restriction endonuclease digestion of these
viral vectors, two large viral DNA fragments were isolated
each including a separate non-homologous segment of the
vaccinia tk gene and together comprising all the genes
required for assembly of infectious viral particles. Further
details regarding the construction and characterization of
these vectors and their alternative use for direct ligation of
DNA fragments in vaccinia virus are described in Example
1.

[0683] Generation of an Increased Frequency of Vaccinia
Virus Recombinants.

[0684] Standard methods for generation of recombinants
in vaccinia virus exploit homologous recombination
between a recombinant vaccinia transfer plasmid and the
viral genome. Table 6 shows the results of a model experi-
ment in which the frequency of homologous recombination
following transfection of a recombinant transfer plasmid
into vaccinia virus infected cells was assayed under standard
conditions. To facilitate functional assays, a minigene
encoding the immunodominant 257-264 peptide epitope of
ovalbumin in association with H-2Kb was inserted at the
Not 1 site in the transfer plasmid tk gene. As a result of
homologous recombination, the disrupted tk gene is substi-
tuted for the wild type viral tk+ gene in any recombinant
virus. This serves as a marker for recombination since tk—
human 143B cells infected with tk— virus are, in contrast to
cells infected with wild type tk+ virus, resistant to the toxic

Construction of the Vectors.
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effect of BrdU. Recombinant virus can be scored by the viral
pfu on 143B cells cultured in the presence of 125 mM BrdU.

[0685] The frequency of recombinants derived in this
fashion is of the order of 0.1% (Table 6).

TABLE 6

Generation of Recombinant Vaccinia Virus
by Standard Homologous Recombination

Titer w/o  Titer w/
Virus* DNA BrdU BrdU % Recombinant* *
vaccinia — 4.6 x 107 3.0 x 10° 0.006
vaccinia 30 ng pE/Lova 3.7 x 107 3.2 x 10* 0.086
vaccinia 300 ng pE/Lova 2.7 x 107 1.5 x 10* 0.056

*vaccinia virus strain vINotI
*#9% Recombinant = (Titer with BrdU/Titer without BrdU) x 100

[0686] This recombination frequency is too low to permit
efficient construction of a cDNA library in a vaccinia vector.
The following two procedures were used to generate an
increased frequency of vaccinia virus recombinants.

[0687] (1) One factor limiting the frequency of viral
recombinants generated by homologous recombination fol-
lowing transfection of a plasmid transfer vector into vaccinia
virus infected cells is that viral infection is highly efficient
whereas plasmid DNA transfection is relatively inefficient.
As a result many infected cells do not take up recombinant
plasmids and are, therefore, capable of producing only wild
type virus. In order to reduce this dilution of recombinant
efficiency, a mixture of naked viral DNA and recombinant
plasmid DNA was transfected into Fowl Pox Virus (FPV)
infected mammalian cells. As previously described by others
(Scheiflinger, F., et al.,, 1992, Proc. Natl. Acad. Sci. USA
89:9977-9981), FPV does not replicate in mammalian cells
but provides necessary helper functions required for pack-
aging mature vaccinia virus particles in cells transfected
with non-infectious naked vaccinia DNA. This modification
of the homologous recombination technique alone increased
the frequency of viral recombinants approximately 35 fold
to 3.5% (Table 7).

TABLE 7

Generation of Recombinant Vaccinia Virus
by Modified Homologous Recombination

Titer w/o Titer w/

Virus DNA BrdU BrdU % Recombinant™®
FPV None 0 0 0

None vaccinia WR 0 0 0

FPV vaccinia WR 89 x10° 2.0 x 10% 0.002

FPV vaccinia WR + 53 x10° 1.2 x10° 2.264

pE/Lova (1:1)
FPV vaccinia WR + 8.4 x10° 3.0 x10* 3.571

pE/Lova (1:10)

*% Recombinant = (Titer with BrdU/Titer without BrdU) x 100

[0688] Table 7.

[0689] Confluent monolayers of BSC1 cells (5x10° cells/
well) were infected with moi=1.0 of fowlpox virus strain
HP1. Two hours later supernatant was removed, cells were
washed 2x with Opti-Mem I media, and transfected using
lipofectamine with 600 ng vaccinia strain WR genomic
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DNA either alone, or with 1:1 or 1:10 (vaccinia:plasmid)
molar ratios of plasmid pE/Lova. This plasmid contains a
fragment of the ovalbumin cDNA, which encodes the SIIN-
FEKL epitope (SEQ ID NO:26), known to bind with high
affinity to the mouse class | MHC molecule Kb. Expression
of this minigene is controlled by a strong, synthetic Early/
Late vaccinia promoter. This insert is flanked by vaccinia tk
DNA. Three days later cells were harvested, and virus
extracted by three cycles of freeze/thaw in dry ice isopro-
panol/37° C. water bath. Crude virus stocks were titered by
plaque assay on human TK-143B cells with and without
BrdU.

[0690] (2) A further significant increase in the frequency
of viral recombinants was obtained by transfection of FPV
infected cells with a mixture of recombinant plasmids and
the two large (approximately 80 kilobases and 100 kilo-
bases) fragments of vaccinia virus v7.5/tk DNA produced by
digestion with Not I and Apa I restriction endonucleases.
Because the Not I and Apa I sites have been introduced into
the tk gene, each of these large vaccinia DNA arms includes
a fragment of the tk gene. Since there is no homology
between the two tk gene fragments, the only way the two
vaccinia arms can be linked is by bridging through the
homologous tk sequences that flank the inserts in the recom-
binant transfer plasmid. The results in Table 8 show that
>99% of infectious vaccinia virus produced 1in triply trans-
fected cells is recombinant for a DNA insert as determined
by BrdU resistance of infected tk— cells.

TABLE 8

Generation of 100% Recombinant Vaccinia Virus
Using Tri-Molecular Recombination

Titer w/o  Titer w/
Virus DNA BrdU BrdU % Recombinant*
FPV Uncut v7.5/tk 2.5%x10° 6.0 x 10° 0.24
FPV Notl/Apal v7.5/tk arms 2.0 x 10% 0 0
FPV  Notl/Apal v7.5/tk 6.8 x 10* 7.4 x 10* 100

arms + pE/Lova (1:1)

*% Recombinant = (Titer with BrdU/Titer without BrdU) x 100

[0691] Table 8.

[0692] Genomic DNA from vaccinia strain V7.5/tk (1.2
micrograms) was digested with Apal and Notl restriction
endonucleases. The digested DNA was divided in half. One
of the pools was mixed with a 1:1 (vaccinia:plasmid) molar
ratio of pE/Lova. This plasmid contains a fragment of the
ovalbumin cDNA, which encodes the SIINFEKL epitope,
known to bind with high affinity to the mouse class I MHC
molecule K. Expression of this minigene is controlled by a
strong, synthetic Early/Late vaccinia promoter. This insert is
flanked by vaccinia tk DNA. DNA was transfected using
lipofectamine into confluent monolayers (5x10° cells/well)
of BSC1 cells, which had been infected 2 hours previously
with moi=1.0 FPV. One sample was transfected with 600 ng
untreated genomic V7.5/tk DNA. Three days later cells were
harvested, and the virus was extracted by three cycles of
freeze/thaw in dry ice isopropanol/37° C. water bath. Crude
viral stocks were plaqued on TK-143 B cells with and
without BrdU selection.

[0693] Construction of a Representative cDNA Library in
Vaccinia Virus. A cDNA library is constructed in the vac-
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cinia vector to demonstrate representative expression of
known cellular mRNA sequences.

[0694] Additional modifications have been introduced into
the p7.5/tk transfer plasmid and v7.5/tk viral vector to
enhance the efficiency of recombinant expression in infected
cells. These include introduction of translation initiation
sites in three different reading frames and of both transla-
tional and transcriptional stop signals as well as additional
restriction sites for DNA insertion.

[0695] First, the HindIII J fragment (vaccinia tk gene) of
p7.5/tk was subcloned from this plasmid into the HindIII site
of pBS phagemid (Stratagene) creating pBS.Vtk.

[0696] Second, a portion of the original multiple cloning
site of pBS.Vtk was removed by digesting the plasmid with
Smal and Pstl, treating with Mung Bean Nuclease, and
ligating back to itself, generating pBS.Vtk. MCS-. This
treatment removed the unique Smal, BamHI, Sall, and PstI
sites from pBS.Vtk.

[0697] Third, the object at this point was to introduce a
new multiple cloning site downstream of the 7.5 k promoter
in pBS.VIk MCS-. The new multiple cloning site was
generated by PCR using 4 different upstream primers, and a
common downstream primer. Together, these 4 PCR prod-
ucts would contain either no ATG start codon, or an ATG
start codon 1in each of the three possible reading frames. In
addition, each PCR product contains at its 3 prime end,
translation stop codons in all three reading frames, and a
vaccinia virus transcription double stop signal. These 4 PCR
products were ligated separately into the Notl/Apal sites of
pPBS. Vtk. MCS~, generating the 4 vectors, p7.5/ATGO/tk,
p7.5/ATG1/tk, p7.5/ATG3/tk, and p7.5/ATG4/tk whose
sequence modifications relative to the p7.5/tk vector are
shown in FIG. 8. Each vector includes unique BamHI,
Smal, Pstl, and Sall sites for cloning DNA inserts that
employ either their own endogenous translation initiation
site (in vector p7.5/ATGO/tk) or make use of a vector
translation initiation site in any one of the three possible
reading frames (p7.5/ATG1/tk, p7.5/ATG3/tk, and p7.5/
ATGA/tk).

[0698] In a model experiment cDNA was synthesized
from poly-A+ mRNA of a murine tumor cell line (BCA39)
and ligated into each of the four modified p7.5/tk transfer
plasmids. The transfer plasmid is amplified by passage
through procaryotic host cells such as E. coli as described
herein or as otherwise known in the art. Twenty micrograms
of Not I and Apa I digested v/tk vaccinia virus DNA arms
and an equimolar mixture of the four recombinant plasmid
cDNA libraries was transfected into FPV helper virus
infected BSC-1 cells for tri-molecular recombination. The
virus harvested had a total titer of 6x10° pfu of which greater
than 90% were BrdU resistant.

[0699] In order to characterize the size distribution of
cDNA inserts in the recombinant vaccinia library, individual
isolated plaques were picked using a sterile pasteur pipette
and transferred to 1.5 ml tubes containing 100 ul Phosphate
Buffered Saline (PBS). Virus was released from the cells by
three cycles of freeze/thaw in dry ice/isopropanol and in a
37° C. water bath. Approximately one third of each virus
plaque was used to infect one well of a 12 well plate
containing tk— human 143B cells in 250 i final volume. At
the end of the two hour infection period each well was
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overlayed with 1 ml DMEM with 2.5% fetal bovine serum
(DMEM-2.5) and with BrdU sufficient to bring the final
concentration to 125 ug/ml. Cells were incubated in a CO,
incubator at 37° C. for three days. On the third day the cells
were harvested, pelleted by centrifugation, and resuspended
in 500 4l PBS. Virus was released from the cells by three
cycles of freeze/thaw as described above. Twenty percent of
each virus stock was used to infect a confluent monolayer of
BSC-1 cells in a2 50 mm tissue culture dish in a final volume
of 3 ml DMEM-2.5. At the end of the two hour infection
period the cells were overlayed with 3 ml of DMEM-2.5.
Cells were incubated in a CO,, incubator at 37° C. for three
days. On the third day the cells were harvested, pelleted by
centrifugation, and resuspended in 300 ul PBS. Virus was
released from the cells by three cycles of freeze/thaw as
described above. One hundred microliters of crude virus
stock was transferred to a 1.5 ml tube, an equal volume of
melted 2% low melting point agarose was added, and the
virus/agarose mixture was transferred into a pulsed field gel
sample block. When the agar worms were solidified they
were removed from the sample block and cut into three
equal sections. All three sections were transferred to the
same 1.5 ml tube, and 250ul of 0.5M EDTA, 1% Sarkosyl,
0.5 mg/ml Proteinase K was added. The worms were incu-
bated in this solution at 37° C. for 24 hours. The worms were
washed several times in 5004l 0.5x TBE buffer, and one
section of each worm was transferred to a well of a 1% low
melting point agarose gel. After the worms were added the
wells were sealed by adding additional melted 1% low
melting point agarose. This gel was then electorphoresed in
a Bio-Rad pulsed field gel electrophoresis apparatus at
200volts, 8 second pulse times, in 0.5x TBE for 16 hours.
The gel was stained in ethidium bromide, and portions of
agarose containing vaccinia genomic DNA were excised
from the gel and transferred to a 1.5 ml tube. Vaccinia DNA
was purified from the agarose using B-Agarase (Gibco)
following the recomendations of the manufacturer. Purified
vaccinia DNA was resuspended in 50 gl ddH,O. One
microliter of each DNA stock was used as the template for
a Polymerase Chain Reaction (PCR) using vaccinia TK
specific primers MM428 and MM430 (which flank the site
of insertion) and Klentaq Polymerase (Clontech) following
the recommendations of the manufacturer in a 20 ul final
volume. Reaction conditions included an initial denaturation
step at 95° C. for 5 minutes, followed by 30 cycles of: 94°
C. 30 seconds, 55° C. 30 seconds, 68° C. 3 minutes. Two and
a half microliters of each PCR reaction was resolved on a
1% agarose gel, and stained with ethidium bromide. Ampli-
fied fragments of diverse sizes were observed. When cor-
rected for flanking vector sequences amplified in PCR the
inserts range in size between 300 and 2500 bp.

[0700] Representative expression of gene products in this
library was established by demonstrating that the frequency
of specific cDNA recombinants in the vaccinia library was
indistinguishable from the frequency with which recombi-
nants of the same cDNA occur in a standard plasmid library.
This is illustrated in Table 9 for an IAP sequence that was
previously shown to be upregulated in murine tumors.

[0701] Twenty separate pools with an average of either
800 or 200 viral pfu from the vaccinia library were amplified
by infecting microcultures of 143B tk- cells in the presence
of BrdU. DNA was extracted from each infected culture
after three days and assayed by PCR with sequence specific
primers for the presence of a previously characterized
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endogenous retrovirus (IAP, intracisternal A particle)
sequence. Poisson analysis of the frequency of positive
pools indicates a frequency of one IAP recombinant for
approximately every 500 viral pfu (Table 9). Similarly,
twenty separate pools with an average of either 1,400 or 275
bacterial cfu from the plasmid library were amplified by
transformation of DH5a. bacteria. Plasmid DNA from each
pool was assayed for the presence of the same IAP sequence.
Poisson analysis of the frequency of positive pools indicates
a frequency of one IAP recombinant for every 450 plasmids
(Table 9).

TABLE 9

Limiting dilution analysis of IAP sequences in a recombinant
Vaccinia library and a conventional plasmid cDNA library

#Wells Positive

by PCR Fa u Frequency

#PFU/well Vaccinia Library

800 18/20 0.05 2.3 1/350

200 6/20 0.7 0.36 1/560
#CFU/well Plasmid Library
1400 20/20 0 — —

275 9/20 0.55 0.6 1/450
F, = fraction negative wells; u = DNA precursors/well = -InF,

[0702] Similar analysis was carried out with similar results
for representation of an alpha tubulin sequence in the
vaccinia library. The comparable frequency of arbitrarily
chosen sequences in the two libraries constructed from the
same tumor cDNA suggests that although construction of the
Vaccinia library is somewhat more complex and is certainly
less conventional than construction of a plasmid library, it is
equally representative of tumor cDNA sequences.

[0703] Discussion

[0704] The above-described tri-molecular recombination
strategy yields close to 100% viral recombinants. This is a
highly significant improvement over current methods for
generating viral recombinants by transfection of a plasmid
transfer vector into vaccinia virus infected cells. This latter
procedure yields viral recombinants at a frequency of the
order of only 0.1%. The high yield of viral recombinants in
tri-molecular recombination makes it possible, for the first
time, to efficiently construct genomic or cDNA libraries in a
vaccinia virus derived vector. In the first series of experi-
ments a titer of 6x10° recombinant virus was obtained
following transfection with a mix of 20 micrograms of Not
I and Apa I digested vaccinia vector arms together with an
equimolar concentration of tumor cell cDNA. This techno-
logical advance creates the possibility of new and efficient
screening and selection strategies for isolation of specific
genomic and cDNA clones.

[0705] The tri-molecular recombination method as herein
disclosed may be used with other viruses such as mamma-
lian viruses including vaccinia and herpes viruses. Typically,
two viral arms which have no homology are produced. The
only way that the viral arms can be linked is by bridging
through homologous sequences that flank the insert in a
transfer vector such as a plasmid. When the two viral arms
and the transfer vector are present in the same cell the only
infectious virus produced is recombinant for a DNA insert in
the transfer vector.
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[0706] Libraries constructed in vaccinia and other mam-
malian viruses by the tri-molecular recombination method of
the present invention may have similar advantages to those
described here for vaccinia virus and its use in identifying
target antigens in the CTL screening system of the invention.
Similar advantages are expected for DNA libraries con-
structed in vaccinia or other mammalian viruses when
carrying out more complex assays in eukaryotic cells. Such
assays include but are not limited to screening for DNA
encoding receptors and ligands of eukaryotic cells.

Example 3

Direct Selection Using Target Epitope-Specific
Cytotoxic T Cells

[0707] In this example, a model system was assayed to
determine the level of enrichment that can be obtained
through a procedure that selects for DNA recombinants that
encode the target epitopes of tumor specific cytotoxic T
cells.

[0708]

[0709] A specific vaccinia recombinant that encodes a well
characterized ovalbumin peptide (SIINFEKL) (SEQ ID
NO:26) was diluted with non-recombinant virus so that it
constituted either 0.2%, 0.01%, or 0.001% of viral pfu. This
ovalbumin peptide is known to be processed and presented
to specific CTL in association with the murine class I MHC
molecule H-2K®. An adherent monolayer of MC57G cells
that express H-2K® were infected with this viral mix at
m.o.i.=1 (approximately 5x10° cell/well). MC57G cells do
not themselves express ovalbumin peptide, but do express
H-2K®, which allows them to associate with and present
ovalbumin peptide to the T cells.

[0710] Following 12 hours of infection with the recombi-
nant vaccinia virus expressing ovalbumin peptide, ovalbu-
min peptide-specific CTL, derived by repeated in vitro
stimulation of ovalbumin primed splenic T cells with the
immunodominant ovalbumin SIINFEKL peptide, were
added for 30 min.

[0711] During this time, some of the adherent cells
infected with a recombinant particle that leads to expression
of the ovalbumin peptide interacted with a specific cytotoxic
T cell and underwent a lytic event. Cells that underwent a
lytic event were released from the monolayer. After 30 min,
the monolayer was gently washed, and the floating cells and
the remaining adherent cells were separately harvested

[0712] Virus extracted from each cell population was
titred for the frequency of ovalbumin recombinant viral pfu.
Virus extracted from floating cells was then used as input to
another enrichment cycle with fresh adherent MC57G cells
and ovalbumin peptide-specific CTL. It was observed that,
following enrichment of VVova to greater than 10% of total
virus, further enrichment of the recombinant virus was
accelerated if the m.o.i. in succeeding cycles was reduced
from 1 to 0.1. The results, presented in Table 10, demon-
strate marked enrichment of VVova recombinant virus from
an initial concentration of 0.2% to 49% or from 0.01% to
39% in 5 enrichment cycles and from 0.001% to 18% in 6
enrichment cycles. Note that with 5x10° adherent MC57G
cells per well and m.o.i=1, an initial concentration of
0.001% VVova recombinant virus is equivalent, on average,

Methods and Results
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to seeding only 5 recombinant pfu among 5x10° wild type
vaccinia virus in a single culture well. A very substantial
enrichment is achieved even under these conditions.

TABLE 10

Multiple Cycles of Enrichment for Vvova

% Vvova in floating cells*

Enrichment Cycle # Exp. 1 Exp. 3 Exp. 3
moi = 1 0 0.2 0.01 0.001
1 2.1 0.3 nd
2 4.7 1.1 nd
3 9.1 4.9 nd
4 14.3 179 1.4
5 24.6 3.3
6 18.6
moi = 0.1 5 48.8 39.3

*Vvova = (Titer with BrdU/Titer without BrdU) x 100
nd = not determined

[0713] Discussion

[0714] The above described selection method for isolating
DNA clones that encode target epitopes of specific cytotoxic
T cells from a viral library is far more efficient than existing
methods for accomplishing this same goal. Prior to the
present invention, the most widely employed method
requires transfection of numerous small pools of recombi-
nant plasmids into separate target populations in order to
assay T cell simulation by a minor component of some pool.
Because this requires screening out many negative plasmid
pools, it is a far more labor intensive procedure than the
positive selection method described herein. For a given
investment of resource, the method described here can detect
positive DNA clones that occur at a much lower frequency
than would otherwise be possible. The design principle of
this strategy can be directly extended to screening and
selection of DNA clones with specific antibodies as well as
with CTL.

Example 4

A Deregulated Ribosomal Protein L3 Gene
Encodes a Shared Murine Tumor Rejection Antigen

[0715] We have developed novel antigen discovery tech-
nology that allows for the selection of genes encoding CTL
epitopes from a cDNA library constructed in a poxvirus.
Using this technology we have determined that a shared
murine tumor antigen is encoded by an alternate allele of the
ribosomal protein L3 gene. The immunogenic L3 gene is
expressed at significant albeit reduced levels in normal
tissues including thymus. Immunization with a vaccinia
recombinant of the immunogenic .3 cDNA induces protec-
tive immunity against tumor challenge. It is of particular
interest that a deregulated allele of a housekeeping gene can
serve as an immunoprotective antigen and that thymic
expression does not preclude immunogenicity of an upregu-
lated tumor product. These observations emphasize that
tolerance to a self-protein is not absolute but must be defined
in relation to quantitative levels of expression. The riboso-
mal protein described may be representative of a class of
shared tumor antigens that arise as a result of deregulated
expression of a self-protein without compromising immune
tolerance to normal tissues. Such antigens would be suitable
for immunotherapy of cancer in vital organs.
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[0716] Methods

[0717] Total RNA was isolated from BCA 39 tumor cells
using the Perfect RNA Total RNA Isolation Kit™ (5 Prime
3 Prime, Inc., Boulder, CO). Poly A+ mRNA was isolated
from the total RNA using Dynabeads™ (Dynal, Lake Suc-
cess, N.Y.). Two micrograms of poly A+ mRNA was con-
verted to double stranded cDNA using the Great Lengths
cDNA Synthesis Kit™ (Clontech, Palo Alto, Calif.). The
double stranded cDNA was then inserted in vaccinia virus
vector v7.5/tk (5).

[0718] Balb/cByJ (Jackson Labs) mice were immunized
intraperitoneally with 2x10° irradiated (6,500 cGy) BCA 34
cells. Two weeks later the mice were boosted by subcuta-
neous injection of 2x10° irradiated BCA 34 cells. One week
following the second immunization splenocytes were har-
vested, divided into 12 parts and cultured in 12 well plates
with 6x10° irradiated (10,000 cGy), mitomycin C treated
BCA 34 cells per well. At weekly intervals viable T cells
were purified using Lympholyte-M (Accurate Chemical,
Westbury, N.Y.) and cultured in 12 well plates at 1.5x10° T
cells per well. To each well was also added 4x10° irradiated
(5000 cGy) Balb/c spleen, along with 6x10° irradiated,
mitomycin C treated BCA 34 cells.

[0719] A specific vaccinia recombinant that encodes the
well characterized ovalbumin 257-264 peptide (SIINFEKL)
that is immunodominant in association with H-2K® was
diluted with non-recombinant virus so that it initially con-
stituted either 0.2%, 0.01%, or 0.001% of total viral pfu. An
adherent monolayer of MC57G cells (H-2") were infected
with this viral mix at m.o.i.=1 (approximately 5x10° cells/
well). Following 12 hours infection, ovalbumin peptide-
specific CTL, derived by repeated in vitro stimulation of
ovalbumin primed splenic T cells with the immunodominant
SIINFEKL peptide, were added. During this incubation
those adherent cells which were infected with a recombinant
particle that expresses the ovalbumin peptide are targeted by
specific cytotoxic T cell and undergo a lytic event which
causes them to be released from the monolayer. Following
incubation with CTL, the monolayer is gently washed, and
both floating cells and the remaining adherent cells are
separately harvested. Virus extracted from each cell popu-
lation was titred for the frequency of recombinant (BRdU
resistant) viral pfu. Virus extracted from floating cells was
then used as input to another enrichment cycle with fresh
adherent MC57G cells and ovalbumin peptide-specific CTL.
It was observed that following enrichment of VVova to
greater than 10% of total virus, further enrichment of the
recombinant virus was accelerated if the m.o.i. in succeeding
cycles was reduced from 1 to 0.1.

[0720] Confluent monolayers of BCN in wells of a 12 well
plate were infected with moi=1.0 vaccinia BCA39 cDNA
library. At 12 hours post-infection the monolayers were
washed 3x with media, and 2.5x10° CTL were added the
wells in a 250 ul volume. The T cells and targets were
incubated at 37° C. for 4 hours.

[0721] Following the incubation the supernatant was har-
vested, and the monolayer gently washed 3x with 250 ul
media. Virus was released from the cells by freeze/thaw, and
titers determined by plaque assay on BSC1 cells. The
selected virus population (floating cells in cultures that
received specific T cells) was amplified on BSC1 cells in one
well of a 12 well plate for 2 days. The virus was then
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harvested and titered. This viral stock was subjected to three
additional enrichment cycles. The selected virus population
was not amplified prior to the next cycle.

[0722] Virus from the fourth enrichment cycle was divided
into 40 pools of 5 pfu each. Each pool was amplified on
BSC1 cells in a 96 well plate, with 1 pool/well. After 4 days
the virus was harvested (PI), and used to infect monolayers
of BCN in a 96 well plate at moi=5, with 1 pool per well. As
a control, a monolayer of BCN was infected with moi=5
vNotl/tk (Merschlinsky et al., Virology 190:522 (1992)). At
5 hours post-infection, 2x10* washed CTL were added to
each well. The final volume in each well was 225 ul. The
cells were incubated at 37° C. for 18 hours. The cells were
then pelleted by centrifugation, 150 ul supernatant was
harvested and tested for IFNy by ELISA. Twenty seven of
the forty pools of 5 pfu were positive for the ability to
stimulate CTL. Suggesting, by Poisson analysis, that spe-
cific recombinants were enriched to greater than 20%.
Individual clones were picked from 5 positive pools and
assayed as above.

[0723] Monolayers of B/C.N in a 6 well plate were
infected with moi=1.0 of v7.5/tk, vF5.8, or vH2.16. At 14
hours post-infection cells were harvested along with the
control targets: B/C.N, BCA 34, and BCA 39. The target
cells were labeled with 100 microcuries “Chromium
(Dupont, Boston, Mass.) for 1 hour at 37° C., and 10" cells
were added to wells of a 96 well round bottom plate in
quadruplicate. Tumor specific CTL were added to target
cells at the indicated ratios. Cells were incubated at 37° C.
for 4 hours. Supernatants were harvested and *'Cr release
determined. Spontaneous release was derived by incubating
target cells with media alone. Maximal release was deter-
mined by incubating target cells with 5% Tritonx 100.
Percentage of specific lysis was calculated using the for-
mula: % specific lysis=((experimental release-spontaneous
release)/(maximal release-spontaneous release))x100. In
each case the mean of quadruplicate wells was used in the
above formula.

[0724] Two micrograms of total RNA was converted to
cDNA using a dT primer and Superscript I[I™ Reverse
Transcriptase (BRL, Gaithersburg, Md.). cDNA was used as
the template for a PCR using L3 specific primers; L3.FLS
(CGGCGAGATGTCTCACAGGA) (SEQ ID NO:36) and
L3.FLAS (ACCCCACCATCTGCACAAAG) (SEQ ID
NO:37); and Klentaqg DNA Polymerase Mix (Clontech) in a
20 microliter final volume. Reaction conditions included an
initial denaturation step of 94° C. for 3 minutes, followed by
30 cycles of: 94° C. 30 seconds, 60° C. for 30 seconds, 68°
C. for 2 minutes. These PCR products contained the region
of L3 between position 3 and 1252. The PCR products were
purified using Centricon 100™ columns (Amicon, Beverly,
Mass.), digested with Sau3Al, and resolved on a 3% Aga-
rose/ethidium bromide gel.

[0725] Adult female Balb/cByJ mice (2 mice per group)
were immunized by subcutaneous injection of 5x10° pfu of
vH2.16, or v7.5/tk. Seven days following the immunization
splenocytes were harvested and cultured in 12 well plates
along with 1 micromolar peptide 1.3, ,(I54). After seven
days the viable T cells were purified using Lympholyte-M,
and 1x10° T cells were added to wells of a 12 well plate
along with 1 micromolar peptide and 4x10° irradiated (5000
cGy) Balb/c spleen cells per well.
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[0726] Adult female Balb/cByJ mice were immunized by
subcutaneous injection of 10x10° pfu of vH2.16, vPKIa,
v7.5/tk or Phosphate Buffered Saline. Secondary immuni-
zations were given 21 days later. Mice were challenged with
tumor by subcutaneous injection of 2x10° BCA 34 cells
twenty one (primary immunization only) or fourteen days
following immunization.

[0727]

[0728] Prospects for development of broadly effective
tumor vaccines have been advanced by evidence that several
self-proteins can be recognized as tumor antigens by
immune T cells (Van den Eynde et al, J. Exp. Med.
173:1373 (1991); M. B. Bloom et al., J. Exp. Med. 185:453
(1997); Van Der Bruggen et al., Science 254:1643 (1991);
Gaugler et al., J. Exp. Med. 179:921 (1994); Boel et al,
Immunity 2:167 (1995); Van Den Eynde et al., J. Exp. Med.
182:689 (1995); Kawakami et al., Proc. Natl. Acad. Sci.
U.SA. 91:3515 (1994); Kawakami et al., Proc. Natl. Acad.
Sci. US.A. 91:6458 (1994); Brichard et al., J. Exp. Med.
178:489 (1993)). Such normal, nonmutated gene products
may serve as common target antigens in tumors of certain
types arising in different individuals. Clinical evidence for
induction of protective immunity following vaccination with
such shared tumor antigens is, currently, very limited (Marc-
hand et al., Int. J. Cancer 80:219 (1999); Rosenberg et al.,
Nat. Med. 4:321 (1998); Overwijk et al., Proc. Natl. Acad.
Sci. 96:2982 (1999); Brandle et al., Eur. J Immunol. 28:4010
(1998)). It is, moreover, not at all clear whether the T cell
responses to these self-proteins represent a surprising break-
down in immunological tolerance or are a consequence of
qualitative or quantitative changes in the expression of the
self-proteins in tumor cells. In the latter case, normal tissue
tolerance could be maintained and vaccine induced immu-
nity to self-proteins whose expression is systematically
altered in tumors might be applicable even to cancer of vital
organs. We report here that a ribosomal protein allele that is
systematically deregulated in multiple murine tumors during
the transformation process is a tumor rejection antigen and
that the principal correlate of immunogenicity is a dramatic
change in quantitative expression in tumors relative to
normal tissues and thymus.

[0729] Previously, we have reported that cross-protective
immunity is induced among three independently derived
murine tumor cell lines (Sahasrabudhe et al., J. Immunology
151:6302 (1993)). These tumors, BCA 22, BCA 34, and
BCA 39 were derived by in vitro mutagenesis of indepen-
dent subcultures of the B/C.N line, a cloned, immortalized,
anchorage-dependent, contact inhibited, nontumorigenic
fibroblast cell line derived from a Balb/c embryo (Collins et
al, Nature 299:169 (1982); Lin et al., INCI 74:1025 (1985)).
Strikingly, immunization with any of these tumor cell lines,
but not with B/C.N provided protection against challenge
with not only homologous tumor cells, but also against
challenge with the heterologous tumor cell lines. Following
immunization with any of these three tumor cell lines, CD8+
cytolytic T lymphocyte (CTL) lines and clones could be
gencrated which in vitro displayed crossreactive specificity
for the same three tumors, but not for the non-tumorigenic
B/C.N cells from which they derived.

[0730] In order to move from an immunological definition
to a molecular definition of this shared tumor antigen(s), we
developed a novel and efficient method for the identification

Results and Discussion
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of genes that encode CTL target epitopes. In this approach
a cDNA library from the BCA 39 tumor cell line was
constructed in a modified vaccinia virus expression vector
(Merchlinsky et al., Virology 238:444 (1997); E. Smith et
al., Manuscript in preparation). Five hundred thousand
plaque forming units (pfu) of this library were used to infect
a monolayer of antigen-negative B/C.N cells at a multiplic-
ity of infection (moi) of 1. Following 12 hours infection,
BCA 34 tumor specific CTL were added to the target cell
monolayer at an effector to target ratio that gives approxi-
mately 50% lysis in a standard >Cr release assay. CTL
specific for the heterologous BCA 34 tumor cell line were
used in order to facilitate the identification of antigen(s)
which are shared between these two tumor cell lines. Since
adherence is an energy dependent process, it was expected
that cells that undergo a CTL mediated lytic event would
come off of the monolayer and could be recovered in the
supernatant. By harvesting virus from floating cells follow-
ing cell mediated lymphocytotoxicity (CML), it was pos-
sible to enrich for viral recombinants that had sensitized the
host cell to lysis. An essential feature of this procedure is that
it lends itself to repetition. The virus harvested following
one cycle of enrichment can be used as input for additional
cycles of selection using fresh monolayers and fresh CTL
until the desired level of enrichment has been achieved. In
a model experiment with CTL specific for a known recom-
binant, it was possible to demonstrate that specific recom-
binants could be enriched from an initial dilution of 0.001%
to approximately 20% in 6 cycles of selection (Table 10). At
this level it is a simple matter to pick individual plaques for
further characterization.

[0731] The poxvirus expression library was subjected to 4
cycles of selection with tumor-specific CTL. Individual
plaques of the selected viral recombinants were expanded
and used to infect separate cultures of B/C.N cells. These
cells were assayed for the ability to stimulate specific CTL
to secrete interferon gamma (IFNy) (FIG. 11A), or for
sensitization to lysis by the tumor-specific CTL (FIG. 11B).
Ten viral clones were isolated all of which conferred upon
B/C.N the ability to stimulate a line of tumor-specific CTL
to secrete IFNy. All 10 clones contained the same sized
(1,300 bp) insert (Smith et al., unpublished data). Sequence
analysis confirmed that clones F5.8 and H2.16 contained the
same full-length cDNA. It appeared, therefore, that all ten
clones were recombinant for the same ¢cDNA. In all, 6 of 6
CTL lines that were generated by immunization with BCA
34 demonstrated specificity for this antigen.

[0732] A search of GenBank revealed that this cDNA is
highly homologous to the murine ribosomal protein L.3 gene
(Peckham et al., Genes and Development 3:2062 (1989)).
Sequencing the entire H2.16 clone revealed only a single
nucleotide substitution that coded for an amino acid change
when compared to the published 1.3 gene sequence. This
C170T substitution generates a Threonine to Isoleucine
substitution at amino acid position 54. The F5.8 clone also
contained this nucleotide substitution.

[0733] Since CTL recognize antigen as peptide presented
by a Major Histocompatibility Complex (MHC) molecule, it
was of interest to identify the peptide epitope recognized by
these class I MHC-restricted tumor-specific CD8+ T cells. It
was considered likely that the altered amino acid (Ile 54)
would be included in the peptide recognized by the CTL.
This hypothesis was supported by the demonstration that a
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vaccinia virus clone recombinant for only the first 199 bp
(63 amino acids) of H2.16 (VH2,,,) was able to sensitize
B/C.N to lysis by tumor-specific CTL (Smith et al., unpub-
lished data). A Computer screen of peptide-binding motifs
suggested that there are two epitopes encoded within this
region that could associate with high affinity to the class I
MHC molecule K (FIG. 12) (Parker et al., J. Immunology
152:163 (1994)). These two peptides, L3,5 54 (154) and
L3 . (I54) were synthesized and tested for the ability to
sensitize B/C.N cells to lysis by tumor-specific CTL. As
shown in FIG. 13A, peptide 1%, . (154) sensitized B/C.N
to lysis, while 13,5 5., (154), and the wild type L35 56 (T54)
did not. It was determined that 10 oM L3, 5, (I54) was
sufficient to sensitize targets to lysis by CTL, whereas 100
mM L3, 56 (T54) did not (FIG. 13B). These results dem-
onstrate that peptide L3 . ., (I54) is a target epitope recog-
nized by the tumor-specific CTL.

[0734] To analyze expression of the different 1.3 gene
products, oligo-dT primed cDNA was synthesized from
RNA of tumors and the B/C.N cell line from which they
derived. The first strand ¢cDNA was subjected to PCR
amplification using a pair of primers which amplify nearly
the entire mouse L3 mRNA. Sequence analysis of these PCR
products showed that B/C.N and BCB13 L3 ¢cDNA con-
tained a C at position 170 (same as published sequence).
BCB 13 is a tumor cell line that was derived from the B/C.N
cell line, but that is not immunologically cross-protective
with the BCA tumor cell lines (Sahasrabudhe et al., J
Immunology 151:6302 (1993)). Sequence analysis of the
PCR products from the crossreactive BCA 39, BCA 34, and
BCA 22 tumors suggested that these cell lines express two
different species of L3 mRNA. One species contains a C at
170, and the other contains a T at 170, as in the H2.16 clone.
The sequence of all 1.3 cDNAs were identical except for this
one base substitution.

[0735] There are two possible ways to account for the
origin of the new L3 RNA in tumor cells. Either the 1.3
(C170T)gene expressed in these tumors is a somatic mutant
of the wild type gene or there are multiple germ line alleles
of L3, at least one of which gives rise to an immunogenic
product when deregulated during the process of tumor
transformation. We considered the first hypothesis unlikely
because the crossreactive BCA 39, BCA 34, and BCA 22
tumors were independently derived. It would be remarkable
if the same mutant epitope was generated in all three tumors.
On the other hand, Southern blots of different restriction
digests of genomic DNA from BCA 39 and B/C.N suggested
that there are multiple copies of the 1.3 gene in the mouse
genome (Smith et al., unpublished data). The L3 gene has
also been reported to be multi-allelic in both the rat and the
cow (Kuwano et al., Biochemical and Biophysical Research
Communications 187:58 (1992); Simonic et al., Biochemica
el Biophysica Acta 1219:706 (1994)). Further analysis was
required to test the hypothesis that different L3 alleles in the
germ line are subject to differential regulation in tumors and
normal cells.

[0736] The nucleotide sequence of the published I3 from
position 168 to 171 is GACC. The sequence of H2.16 in this
same region is GATC (FIG. 12). This new palindrome is the
recognition sequence for a number of restriction endonu-
cleases, including Sau3Al. As shown in the restriction map
of FIG. 14A, a Sau3A I digest of L3 is expected to generate
fragments of 200, 355, 348, 289, and 84 base pairs, while a
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Sau 3AT digest of H2.16 would generate a 168 bp fragment
in place of the 200 bp fragment. This difference in the Sau
3AT digestion products was used to confirm that the three
BCA cell lines express at least two different L3 alleles. The
L3 RT-PCR products from all 5 cell lines and thymus RNA
was digested with Sau 3AI and analyzed on an agarose gel.
As shown in FIG. 14B all 3 BCA lines express both versions
of L3. Remarkably, when this assay was repeated using
greater amounts of starting material, the 168 bp fragment
was also detectable in the digests of B/C.N, BCB13 and
normal thymus cDNA (Smith et al., unpublished data). To
enhance the sensitivity of this assay, the PCR was repeated
using a P32 end-labeled 5' L3 specific primer. The radiola-
beled PCR products were digested with Sau3Al and
resolved on an agarose gel. As shown in FIG. 14C, B/C.N,
BCB 13 and thymus contain the 168 bp fragment. Quanti-
tative analysis indicates that the ratio of 200 bp:168 bp
fragments in the BCA tumors is 2:1 while the ratio of the
same fragments detected in B/C.N, BCB13, and thymus is
approximately 20:1. Low levels of expression of this immu-
nogenic L3 allele was also observed when RNA from
kidney, heart, and skeletal muscle was analyzed (Smith et
al., unpublished data). These results suggest that gene
deregulation associated with the transformation process in
the crossreactive tumors leads to the expression of higher
levels of this germ line L3 (C170T) allele, and that this
altered 1.3 gene was not generated by somatic mutation of
the 1.3 gene that is predominantly expressed in normal
tissues. We have termed this new L3 allele (C170T), the
immunogenic L3 allele (iL.3).

[0737] 1t is particularly intriguing that the immunogenic
L3 allele is also expressed, albeit at a 10 fold reduced level,
in normal thymus. This level of expression is evidently not
sufficient to tolerize all T cells with functional avidity for the
level of deregulated iL3 expressed in some tumors. The
observation that although B/C.N and BCB13 express low
levels of iL.3, they are not susceptible to lysis by the tumor
specific CTL suggests, however, that higher affinity T cells
have been tolerized. To our knowledge this is the first
instance in which a tumor antigen has been reported to be
expressed in the thymus. These observations emphasize that
tolerance to a self-protein is not absolute but must be defined
in relation to quantitative levels of expression (Targoni et al.,
J. Exp. Med. 187:2055 (1998), C. J. Harrington et al,,
Immunity 8:571 (1998)).

[0738] If broadly effective vaccines are to be developed
based on expression of shared tumor antigens, then it is
critical to demonstrate that such antigens can be immuno-
protective. The largest number of shared antigens have been
identified for human tumors, but clinical Immunotherapy
trials employing these antigens have so far been inconclu-
sive, in part because of uncertainty regarding optimal vac-
cination strategies (Pardoll, D. M., Nat. Med. 4:525 (1998)).
In mice, where immunotherapeutic strategies could be more
thoroughly investigated, very few shared tumor antigens
have been identified. It was, therefore, of considerable
interest to determine whether immunization with iL.3 recom-
binant vaccinia virus would induce tumor specific CTL and
protect mice from tumor challenge (Overwik et al., Proc.
Natl. Acad. Sci. 96:2982 (1999); Moss, B., Science 252:1662
(1991); Irvine et al., J. Immunology 154:4651 (1995);
McCabe et al., Cancer Research 55:1741 (1995); Estin et al.,
Proc. Natl. Acad. Sci. 85:1052 (1988); J. Kantor et al., JNCI
84:1084 (1992); V. Bronte et al., Proc. Natl. Acad. Sci.
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94:3183 (1997)). Immunization of Balb/c mice with vac-
cinia virus recombinant for the il.3 gene (H2.16) generated
CTL that were able to lyse both BCA 34 and BCA 39 tumor
cells, but not B/C.N in vitro (FIG. 15A). Mice immunized
twice or even once with vaccinia virus recombinant for il.3
were able to reject challenge with BCA 34 tumor cells
(FIGS. 15B and 15C). Mice immunized with empty viral
vector, or control vaccinia recombinant for the Inhibitor
Protein of cAMP-dependent Protein Kinase (PKla) were
unable to reject this tumor challenge (Olsen, S. R. and Uhler,
M. D, J. Biol. Chem. 266:11158 (1991); Mueller et al,,
Manuscript in Preparation). These results demonstrate that
the i3 self-protein is an immunoprotective tumor antigen.

[0739] We have developed a new strategy to identify
genes that encode CTL epitopes based on CTL mediated
selection from a tumor cDNA library in a modified vaccinia
virus vector (Merchlinsky et al., Virology 238:444 (1997);
E. Smith et al., manusecript in preparation). We have applied
this strategy to identify a deregulated housekeeping gene
that encodes a tumor rejection antigen shared by three
independently derived murine tumors. This ribosomal pro-
tein may be representative of a larger class of immunopro-
tective shared tumor antigens that become immunogenic as
a result of deregulated expression of self-proteins without
compromising immune tolerance to normal tissues. Such
antigens would be well suited for immunotherapy of cancer
in vital organs.

Example 5

Cytotoxic CD4* T Lymphocytes

[0740] The method described for direct selection of vac-
cinia cDNA recombinants that encode T cell target epitopes
exploits T cell lytic activity to release from an adherent
monolayer those target cells that are sensitized to lysis by
infection with specific vaccinia recombinants which encode
antigens recognized by the T cell. This is a simple basis for
fractionating cells that have undergone a CD8 T cell medi-
ated lytic event from other cells that have not been sensitized
to CTL lysis.

[0741] Similarly, as would be appreciated by one of ordi-
nary skill in the art, this method can be performed using
cytotoxic CD4+ T cells. To be applicable to CD4+ T cells,
it would be necessary to either induce cytotoxic CD4+ cells
or to employ an independent method of fractionating cells
that express the target antigen. It has been reported that
selection of human cytotoxic CD4+ T cells in vitro is
strongly promoted by the synergistic activity of IL-12 and
IL-18 (Hashimoto, W. et al., J. Immunol. 163:583-9 (1999)).
We initially confirmed that this cytokine combination pro-
motes selection of human cytotoxic CD4+ T cells and
extended the observation to a murine primary CD4+ T cell
response.

[0742] Naive CD4+ CD45RA+ T cells were isolated from
PBL of an HLLA-A2+ normal donor and stimulated in vitro
with autologous dendritic cells pulsed with heat-inactivated
influenza virus. The dendritic cells were derived from
PBMC by culture with GM-CSF+IL-4 for 7 days. DC were
pulsed with heat-inactivated influenza virus (1000 HAU)
and transferred to monocyte conditioned medium for 3 more
days to induce maturation prior to T cell stimulation. Cul-
tures of naive T cells and antigen-pulsed dendritic cells
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received rhll-2 (20 U/ml), rhIL-12 (20 U/ml, R & D
Systems), rhIL-18 (10 ng/ml, R & D Systems), thIFN-g (1
ng/ml), and mouse anti-human IL-4 (50 mg/ml, Pharmin-
gen). Cells were restimulated after 7 days using identical
conditions with fresh autologous DC pulsed with virus.
Cytotoxic activity was assayed at day 14 in a 4 hr 5Cr
release assay using autologous monocytes+/—heat-inacti-
vated virus or K562 control targets. The results shown in
FIG. 16 demonstrate the induction of a striking flu-specific
CD4+ cytotoxic T cell response.

[0743] We wished to determine whether a similar cyto-
toxic CD4+ response could be induced with murine CD4+ T
cells specific for a non-viral antigen. Naive CD4+ mouse T
lymphocytes from heterozygous DO11.10 transgenic
females were cultured for 9 days in the presence of BALB/c
bone marrow-derived mature dendritic cells pulsed with
OVA 323-339(10 mM). Recombinant murine cytokines
were purchased from R & D Systems and used at the same
concentrations as indicated above for the human cytokines.
Rat anti-mouse IL-4 (11B11, Pharmingen) was used at 50
mg/ml. B/c.N (H-,%) targets were incubated 72 hours with
rmIFN-g (1000 U/ml) to induce expression of class II MHC
molecules prior to a 4 hr **Cr release assay. The four panels
of FIG. 17 demonstrate that OVA (323-339) specific cyto-
toxic cells are efficiently induced only in the presence of all
4 cytokines and anti-IL-4 antibody. As expected for this
OVA (323-339) class II MHC restricted response, all the T
cells recovered were CD4 positive.

[0744] Construction of Recombinant Libraries that Target
Endosomal Expression.

[0745] In order to be applicable to selection of CD4+
epitopes, the vector must be modified so that endogenously
synthesized recombinant proteins can be processed in asso-
ciation with class I MHC. A strategy to accomplish this was
described by Sanderson, S. et al., Proc Natl Acad Sci USA
92:7217-21 (1995) who demonstrated that proteins fused to
class IT invariant chain (Ii), when synthesized endogenously,
are targeted to the endosomal pathway and can be efficiently
processed and presented as peptide-MHC class II com-
plexes. It was determined that an amino terminal fusion of
the Ii-80 fragment encompassing the first 80 amino acid
residues of the invariant chain fused to either ovalbumin or
hen egg lysozyme allowed efficient processing and presen-
tation of OVA and HEL peptide epitopes in association with
class I MHC. Thus, the 1i-80 sequence is incorporated into
the vaccinia expression system for selection of target
epitopes of class II MHC restricted CD4+ T cells.

[0746] An alternative strategy to confer lytic activity on
CD4+ T cells is to transduce or transfect such cells with a
Fas Ligand recombinant in a retroviral or other vector. A
similar strategy has been demonstrated to confer lytic activ-
ity on cells that are not otherwise programmed for this
function (Zhang, H-G. et al., Nature Biofech. 16:1045-9
(1998)). Importantly, the Iytic activity remains antigen spe-
cific. T cells modified in this fashion are be employed to
select vaccinia cDNA recombinants that encode their target
epitopes without bias to their specificity that might be
imposed by IL-12/IL-18 driven selection for cytolytic activ-

ity.
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Example 6

Additional Screening Strategies

[0747] Products of trimolecular recombination such as
libraries, may also be subject to indirect selection methods
such as screening methods as an alternative to the direct
selection methods of the invention. In some cases, such as
when a target epitope is recognized by non-cytolytic CD4+
T lymphocytes, the strategy of “lethality based” selection
described in the embodiments and examples of this inven-
tion may not be applicable because the expressed function
(ie., the target epitope or target polynucleotide) does not
render the expressing cell non-viable or non-adherent (e.g.,
via recognition and lysis by a cytotoxic T cell, or by direct
toxicity of the gene product). Nevertheless, the efficiency
with which vaccinia recombinants can be introduced in a
wide variety of cells and the high level of expression
obtained from a replicating viral genome is a great advan-
tage for screening functional gene expression even where
direct selection is not possible. An example of such screen-
ing is described in an earlier embodiment of the invention to
detect and isolate genes that encode secreted molecules that
regulate stem cell differentiation.

[0748] Similar screening strategies are possible using
many biological assays, as would be appreciated by the
person of ordinary skill in the art. For example, cells
expressing recombinants can be screened for the ability to
induce antigen-specific immune cells such as non-cytotoxic
T cells to secrete lymphokines or cytokines. In one version
of this strategy, antigen-specific, non-cytolytic CD4+ T cells
are stimulated in microcultures with a defined number of
antigen presenting cells (APC) (preferably at an effector-
:target ratio of between 5:1 and 100:1) that have been
infected with recombinant vaccinia virus. Preferably, the
APC are infected with recombinant vaccinia virus that is
expanded from a small initial pool. Preferably an initial pool
of between 1 and 1000 viral pfu is expanded to 10 to 10,000
pfu. Any microculture that includes APC infected with a
recombinant viral pool that includes a recombinant that
encodes the specific target antigen will have activated T cells
induced to secrete a characteristic lymphokine, preferably
IFN-g, or TNFa, or GM-CSF. Sensitive bioassays for these
cytokines are known in the art. Viral recombinants extracted
from those microcultures that score positive in the bioassay
are enriched for recombinants that encode the target antigen.
Further similar rounds of screening can be performed with
dilutions of these recombinants to isolate a viral cDNA
recombinant that encodes the specific target antigen.

Example 7

Identification of Genes Involved in Muskuloskeletal
Stem Cell Differentiation and Disease Using
Suicide and Other Reporter Gene Constructs

[0749] Functionally mature and terminally differentiated
cells of the musculoskeletal system, as defined by the
expression of a specific gene product (a marker) that is only
produced in those cells, are derived from stem cells. These
stem cells are instructed to initiate the appropriate differen-
tiation program by soluble factors, which initiate a signaling
cascade that results in new gene expression. The products of
new gene expression are directly involved in the cellular
differentiation process. It has been demonstrated in other cell
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systems that the signal that normally initiates this differen-
tiation process can be circumvented by introducing a down-
stream gene into the stem cell. Culture systems have been
developed that reproduce the normal differentiation of chon-
drocytes, osteoblasts, and osteoclasts from progenitor cells.
Appropriate markers are used to evaluate the authenticity
and purity at various stages of differentitation.

[0750] Recombinant libraries will be prepared in vaccina
virus from developing and mature cells of each cell type.
The libraries will be used to infect a stern cell line which has
been modified to contain a suicide gene construct such that
if the differentiation program is initiated, the cell will die and
release its recombinant virus. This virus, containing the gene
that regulates the differentiation program, can be readily
recovered by washing, aspiration, etc., as described herein.
To verify the function of the recovered target polynucle-
otides in humans, the full-length human cDNA may be
isolated and introduced into human primary stem cells,
which can then be assessed for development into the appro-
priate lineage.

[0751] Combining trimolecular recombination, in vitro
musculoskeletal cell differentiation, and direct selection
allows for the identification of genes that control growth and
development. The genes identified are candidate pharma-
ceuticals or pharmaceutical targets.

[0752] Stem cells.

[0753] The genes that regulate differentiation of mature
tissues from precursors or stem cells have been especially
difficult to study because terminally differentiated cells often
cease to proliferate. As a result it is in effect impossible to
recover specific functional genes that induce differentiation
following DNA transfection or retroviral transduction. It is,
however, possible to design a system in which differentia-
tion results in cell death. Under these conditions, genes that
promote differentiation can be isolated from a vaccinia
library that expresses cDNA of the differentiated cell type by
“lethality based selection.” Every differentiated cell is dis-
tinguished from its precursors by expression of some spe-
cific gene product. Transcriptional activation of the pro-
moter for that gene often serves as a surrogate marker of
differentiation. If a construct of that specific promoter driv-
ing expression of a toxin such as the diphtheria A chain is
transfected into a proliferating precursor, then any gene that
promotes differentiation will result in cell death. If that gene
is introduced as a recombinant in a vaccinia expression
vector, then it can be as readily recovered from dying
differentiated cells as from the targets of CTL lysis. These
methods are applicable to any stem cell population that can
be induced to differentiate into a well-defined cell type or
tissue. Stem cells have been described for a wide variety of
tissues including but not limited to different types of blood
cells, epidermal cells, neurons, glial cells, kidney cells, and
liver cells. Among these also are the different stem cells of
the musculoskeletal system including the precursors of
chondrocytes, osteoblasts, osteoclasts, and myocytes.

[0754] Osteoclasts.

[0755] Bone is the only organ that contains a cell type, the
osteoclast, whose function is to destroy the organ in which
it develops and resides. This destruction, or resorption, of
bone occurs throughout life and in the healthy individual is
counterbalanced by de novo bone formation in a processs
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called bone remodeling. The genetic control of osteoclast
differentiation is one of the best understood examples of
stem cell differentiation. The methods and strategies of this
invention can be applied to identify genes that regulate stem
cell differentiation just as they have been applied to identify
the targets of immune cytotoxicity. This is illustrated spe-
cifically for the analysis of osteoclast differentiation.

[0756] Strategies are described to detect and isolate both
genes that positively or negatively regulate differentiation
including genes that are expressed in the differentiating cell
itself or that are a secreted product of another producing cell
that influences differentiation in a paracrine fashion. In all
cases a cell type or cell line that can be induced to differ-
entiate into mature osteoclasts in response to a specific
signal, preferably RANK Ligand (RANKL), is employed to
detect and isolate recombinant vaccinia virus expressing
genes that regulate osteoclast differentiation. In a preferred
embodiment, RAW cells are employed. RAW cells are a
continuously growing murine myelomonocytic cell line that
can be induced to differentiate into osteoclasts by treatment
with a range of concentrations of RANK ligand (RANKL),
preferably 10 ng/ml (Hsu, H. et al., Proc Natl Acad Sci USA
96(7):3540-45 (1999); Owens, J. M. et al., J Cell Physiol
179:170 (1999)). These or similarly responsive cells can be
transfected with a suicide gene construct comprising a
promoter that normally drives expression of a gene product
that is recognized as a marker of fully differentiated osteo-
clasts but which is linked in this construct to expression of
a suicide gene. In a preferred embodiment the promoter is
that of the osteoclast differentiation marker TRAP and the
suicide gene encodes the A chain of diphtheria toxin (TRAP/
DT-A).

[0757] Detection and Isolation of Genes that Positively
Regulate Differentiation

[0758]

[0759] A vaccinia ¢cDNA library is constructed for func-
tional gene selection from ¢DNA derived from cells that
include but are not limited to mature bone marrow derived
osteoclasts, or RAW cells or other precursors that have been
induced to differentiate into osteoclasts. cDNA may be
isolated from either fully mature cells or cells that have been
induced to initiate the differentiation program but have not
yet completed the process and may express higher levels of
the downstream regulatory products. RAW cells or other
osteoclast progenitor cells that have been transfected with a
TRAP/DT-A or similar suicide gene construct are infected
with the vaccinia cDNA library, infection at a multiplicity of
infection (MOI) of between 0.1 and 10 is preferred. Any
vaccinia recombinant that encodes a gene product that
promotes differentiation to the mature TRAP expressing
phenotype will result in synthesis of the toxin, and death of
the infected cell. Such cells and their contents will be
released from the cell monolayer. Vaccinia virus recombi-
nants extracted from the cells and cell contents released into
the culture supernatant are enriched for the desired vaccinia
recombinants. As described for selection of recombinants
that encode cytotoxic target antigens, this selection process
can be repeated through multiple cycles until the desired
level of enrichment is achieved. TRAF6 (Lomaga, M. A. et
al., Genes Dev 13:1015 (1999)), c-Fos (Wang, Z. Q. et al.,
Nature 360:741 (1992)), and c-Src (Soriano, P. et al., Cell

DNA Sense Strand Based Strategy.
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64:693 (1991)), are examples of positive regulators of
osteoclast differentiation that could have been isolated
through this method.

[0760] DNA Antisense Strand Based Strategy.

[0761] A limitation of the cDNA expression strategy is
that certain regulatory products encoded by very long cDNA
may be difficult to clone as a functional intact product.
Antisense inhibition is an alternative strategy that does not
depend on cloning of full-length cDNA. In this case, total
cDNA derived from the same cells as in the sense strand
based strategy is cloned into the vaccinia transfer plasmid in
reverse orientation so that the recombinant gene product
synthesized in infected cells cannot encode the normal gene
product but can hybridize to and inhibit translation or
promote degradation of complementary cellular mRNA
sequences. To detect sequences required for differentiation,
RAW cells or other progenitor cells transfected with TRAP/
DT-A or similar suicide construct are treated with an agent
that induces differentiation, in a preferred embodiment with
10 ng/ml RANKL. Under these conditions almost all trans-
fectants differentiate and undergo suicide gene mediated cell
death. Only cells that have been infected with a vaccinia
recombinant that inhibits expression of an essential regulator
of differentiation will survive and remain adherent. Virus
extracted from the remaining adherent monolayer will,
therefore, be enriched for sequences homologous to the
desired positive regulators of differentiation. This selection
process can also be repeated through several cycles until the
desired degree of enrichment of recombinants in the adher-
ent monolayer is achieved. The antisense gene fragments
obtained can be employed to select the actual full-length
coding sequence. TRAF6 (Lomaga, M. A. et al., Genes Dev
13.1015 (1999)), c-Fos (Wang, Z. Q. et al., Nature 360:741
(1992)), and ¢-Src (Soriano, P. et al., Cell 64:693 (1991)),
are examples of positive regulators of osteoclast differen-
tiation that could have been isolated through this method.

[0762] Detection and Isolation of Genes that Negatively
Regulate Differentiation.

[0763] DNA Sense Strand Based Strategy.

[0764] A wvaccinia cDNA library is constructed from
cDNA derived from cells that include but are not limited to
bone marrow derived osteoclastic progenitors, an enriched
fraction of progenitors, or RAW cells or other precursors that
have been induced to differentiate into osteoclasis. cDNA
may be isolated from cells that include but are not limited to
immature precursor cells or cells that have been induced to
initiate the differentiation program but have not yet com-
pleted the process and may express higher levels of the
downstream regulatory products. It is of particular interest to
determine whether other alternative cell types that have
irreversibly differentiated from the same stem cell popula-
tion express inhibitory factors for differentiation of the
alternative lineages. For example, dendritic cells differenti-
ate from the same precursors that under other conditions
give rise to osteoclasts. cDNA is cloned in the sense orien-
tation for infection of indicator cells transfected with TRAP/
DT-A or similar suicide construct as described above. The
indicator cells are treated with an agent that induces differ-
entiation, preferably 10 ng/ml RANKL. Under these condi-
tions almost all transfectants differentiate and undergo sui-
cide gene mediated cell death. Only cells that are infected
with a vaccinia recombinant that inhibits differentiation will
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survive and remain adherent. Virus extracted from the
remaining adherent monolayer will, therefore, be enriched
for sequences homologous to the desired negative regulators
of differentiation. This selection process can be repeated
through several cycles until the desired degree of enrichment
of recombinants in the adherent monolayer is achieved. A
negative intracellular regulator of osteoclast differentiation
has not as yet been isolated. However, it has been suggested
that the Est-1 transcription factor plays such a role in
differentiation of B lymphocytes (Bories, J. C. et al. Nature
377(6550):635-8 (1995)).

[0765] DNA Antisense Based Strategy.

[0766] Total cDNA derived from the same cells as in the
sense strand based strategy is cloned into the vaccinia vector
in reverse orientation so that the recombinant gene product
synthesized in infected cells cannot encode the normal gene
product but can hybridize to and inhibit branslation or
promote degradation of complementary cellular mRNA
sequences. If the targeted sequence encodes an essential
factor that inhibits cell differentiation, then in the absence of
an effective inhibitory signal RAW cells or other progenitor
cells transfected with TRAP/DT-A or similar suicide con-
struct will either spontaneously differentiate or will differ-
entiate in response to otherwise suboptimal signals. Differ-
entiation to the mature TRAP expressing phenotype will
result in synthesis of the toxin, and death of the infected cell.
Such cells and their contents will be released from the cell
monolayer. Vaccinia virus recombinants extracted from the
cells and cell contents released into the culture supernatant
are enriched for sequences homologous to the desired nega-
tive regulators of differentiation. As described for selection
of recombinants that encode cytotoxic target antigens, this
selection process can be repeated through multiple cycles
until the desired level of enrichment is achieved. The
antisense gene fragments obtained can be employed to
isolate the actual full-length coding sequence. A negative
intracellular regulator of osteoclast differentiation has not as
yet been isolated. However, it has been suggested that the
Est-1 transcription factor plays such a role in differentiation

of B Ilymphocytes (Bories, J. C. et al. Nature
377(6550):635-8 (1995)).
[0767] Detection and Isolation of Secreted Products that

Regulate Differentiation

[0768] In another embodiment of the epresent invention,
inserts are selected based on autocrine or paracrine activity.
Thus, gene products such as proteins or peptides expressed
in a host cells may function on that host cell after being
secreted, or may function on a second cell after being
secreted. Such second cell may be the same type of cell as
the host cell or may be a different type of cell from the host
cell. The secreted gene product may modulate differentia-
tion, such as activating or inhibiting differentiation. If the
gene to be identified and isolated functions only in paracrine
fashion, that is being produced in one cell that affects
activation or differentiation of a second cell, then the strat-
egy of “lethality based” selection described in the previous
paragraphs is not applicable since the expressing cell does
not itself become non-viable or non-adherent. Nevertheless,
as described below, the efficiency with which vaccinia
recombinants can be introduced in a wide variety of cells
and the high level of expression from replicating viral
genomes is a great advantage for screening functional gene
expression even where direct selection is not possible.
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[0769] A vaccinia library is constructed in the sense ori-
entation from ¢cDNA derived from cells that include but are
not limited to bone marrow derived stromal cells and/or
lymphoid cells. Producer cells are selected that do not either
induce or inhibit induction of differentiation of RAW cells or
other osteoclast progenitors. These may include but are not
limited to fibroblastoid or lymphoid cells and cell lines or
RAW cells themselves. In a preferred embodiment, RAW
cells are employed as an indicator target for differentiation.
These or similarly responsive cells are transfected with an
indicator gene (e.g. reporter gene) construct comprising a
promoter that normally drives expression of a gene product
that is recognized as a marker of fully differentiated osteo-
clasts but which is linked in this construct to expression of
an ¢asily detected indicator gene (e.g. reporter gene) prod-
uct. In a preferred embodiment the promoter is that of the
osteoclast differentiation marker TRAP and the indicator
gene (e.g. reporter gene) encodes the enzyme luciferase
(TRAP/luciferase).

[0770] Multiple cultures of producer cells are separately
infected with recombinant vaccinia virus expanded from a
small initial pool, preferably an initial pool of between 1 and
1000 viral pfu is expanded to 10 to 10,000 pfu prior to
infection of between 100 and 10,000 producer cells. Each
pool of infected producer cells is cocultured with indicator
cells that have been transfected with TRAP/luciferase or a
similar indicator construct.

[0771] Secreted Molecules that Induce Differentiation.

[0772] Membrane expression or secretion of any recom-
binant gene product that promotes differentiation of the
indicator cells to the mature TRAP expressing phenotype
will result in synthesis of luciferase in those cells and, upon
addition of luciferase assay reagents as is well known in the
art, will give rise to a readily detectable signal from wells
that express that recombinant gene product. Vaccinia recom-
binants are extracted from positive wells and further diluted
to isolate in a repetition of the same assay with producer and
indicator cells the specific recombinant with differentiation
promoting activity. RANKL (Lacey, D. L. et al., Cell
93:165-76 (1998)) is itself an example of a positive regulator
of osteoclast differentiation that could have been isolated
through this method.

[0773] Secreted Molecules that Inhibit Differentiation.

[0774] RAW cells or other progenitor cells transfected
with TRAP/luciferase or similar indicator construct are
treated with an agent that induces differentiation, in a
preferred embodiment with RANKL at the lowest concen-
tration that, in the absence of vaccinia recombinants, repro-
ducibly induces differentiation and a positive indicator sig-
nal in every microculture of producer and indicator cells.
Under these conditions, only microcultures that include a
producer cell infected with a recombinant gene that leads to
membrane expression or secretion of an inhibitor of osteo-
clast differentiation to the mature TRAP expressing pheno-
type will fail to induce luciferase synthesis and, upon
addition of luciferase assay reagents, will not give rise to a
readily detectable signal. Vaccinia recombinants are
extracted from these negative wells and further diluted to
isolate in a repetition of the same assay with producer and
indicator cells the specific recombinant with differentiation
inhibiting activity. Osteoprotegerin (OPG), Simonet, W. S.
et al., Cell 89:309-19 (1997), which is identical to osteo-
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clastogenesis inhibitory factor (OCIF), Yasuda, H. et al.,
Endocrinology 139:1329-37 (1998), is an example of a type
of negative regulator of osteoclast differentiation that can be
isolated through this method.

[0775] Vector Construction
[0776] TRAP/DT-A.
[0777] The pTH-1 vector has been described (I. H. Max-

well, F. Maxwell, and L. M. Glode. 1986 Cancer Research
46: 4660-4664). This vector contains the diptheria toxin A
chain gene, with expression controlled by the human met-
allothionein ITA promoter. The metallothionein IIA promoter
can be excised from this vector by digestion with Xmalll
and Ncol, and replaced with another promoter. The pTH-1
vector is digested with Xmalll, blunt ended with T4 DNA
Polymerase, and then digested with Ncol. These manipula-
tions remove the metallothionein IIA promoter, and leave
the vector with a 5" blunt end, and a 3' Ncol overhang. The
TRAP _1g46.,2) promoter can be excised from pBSmTRAPS'
(S. V. Reddy, T. Scarcez, J. J. Windle, R. J. Leach, J. E.
Hundley, J. M. Chirgwin, J. Y. Chou, and G. D. Roodman.
1993 J. Bone and Mineral Research 8: 1263-1270) with
Smal and BglIl. The TRAP promoter is prepared for inser-
tion into pTH-1 by ligation of an oligodeoxynucleotide
adapter that converts the BglII overhang into a Ncol over-
hang. This adapter is constructed from 2 single stranded
oligodeoxynucleotides. BgllI-Ncol Sense: 5' GATCTCGG-
TAACCGC 3' (SEQ ID NO:38); BgllI-Ncol Antisense: 5'
CATGGCGGTTACCGA 3' (SEQ ID NO:39). These two
oligos are annealed together, and then ligated onto the TRAP
molecule using T4 DNA Ligase. The modified TRAP is then
inserted into the blunt/Ncol sites of pTH-1.

[0778] Other DT-A constructs, pIBI30-DT-A, and a plas-
mid with an attenuated DT-A sequence, pIBI30-176 have
been reported (Palmiter et al., Cell 50:435-43 (1987)). One
possible advantage of the attenuated sequence is that a
transfectant with leaky expression is less likely to undergo
spontaneous lysis.

[0779]

[0780] The pKB5 vector was constructed by insertion of
the mouse TRAP promoter (-1846 bp to +2 bp (positions are
relative to the ATG start codon of TRAP)) into the Kpnl and
Bglll sites of the pGL2 Basic vector (Promega). In this
vector the TRAP promoter controls expression of the
luciferase gene. Construction of this vector has been
described (S. V. Reddy, T. Scarcez, J. J. Windle, R. J. Leach,
J. E. Hundley, J. M. Chirgwin, J. Y. Chou, and G. D.
Roodman. 1993 J. Bone and Mineral Research 8: 1263-
1270).

[0781]

[0782] For synthesis of murine and human RANKL in
bacteria, the murine and human OPGL ¢cDNA was cloned
into the Smal and Hind3 sites of pGEX-2TK (Amersham
Pharmacia) to generate a GST fusion protein. Following
purification of the fusion protein on glutathione sepharose,
the glutathione S-tyransferase (GST) affinity tag is separated
from the recombiannt protein by digestion with thrombin.
Approximately 30 mg of purified RANKL can be recovered
from a 1 liter bacterial culture.

TRAP/Luciferase.

GST-OPGL.
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[0783] Preparation of Total Bone Marrow Cell Suspen-
sion.

[0784] Long bones (tibias and femurs) are removed from
4-6 day old euthanized pups. Bones will be dissected free of
adherent soft tissue and curretted with a scalpel blade into 2
or 3 ml of prewarmed Medium 199 with Hank’s Salts
(Sigma, St. Louis, Mo.), pH 7.0, buffered with 10 mM
HEPES containing 100 #g/ml penicillin\streptomycin. The
resulting suspension of cells and bone fragments will be
gently triturated ten times with a transfer pipette whose tip
has been cut back to a diameter of approximately 5 mm.

[0785] Mesenchymal Stem Cells and Their Role in the
Musculoskeletal System

[0786] Mesenchymal stem cells are pluripotent and have
the capacity to differentiate into mature cells with the
phenotypic expression of fat, muscle, bone, cartilage, liga-
ment, and tendon (Gerson, S. et al., Nature Med. 5, 262-64
(1999); Majumdar, M. et al.,, J. Cell. Physiol. 176, 57-66
(1998)). Mesenchymal stem cells are critical during limb
development and populate the limb bud, giving rise to the
various mature mesenchymal tissues in the limb (Johnson,
R., and Tabin, C. Cell 90,979-990 (1997)). The signals
necessary for this process are poorly defined but are reca-
pitulated in adult tissues during skeletal repair processes.

[0787] Mesenchymal stem cells remain in post-embryonic
tissues and are present in periosteum, perichondrium,
muscle, bone marrow and at other sites (Bruder, S. et al., J.
Cell. Biochem. 64, 278-94 (1997)). These cells retain the
capacity to undergo differentiation and develop the charac-
teristics of differentiated cells necessary for skeletal repair
processes. Successful skeletal repair involves the capacity of
these cells to respond to appropriate stimuli. Fracture heal-
ing is an example of this process, whereby mesenchymal
cells proliferate, undergo chondrogenesis, with subsequent
bone formation occurring by endochondral ossification.
Ultimately this results in fracture union and healing with
subsequent remodeling of the new bone. More complete
knowledge of the genes involved in this process will provide
targets to improve repair processes and provide the possi-
bility of therapeutic intervention.

[0788] In other diseases of the musculoskeletal system,
adequate repair rarely, if ever, occurs. An example of inad-
equate repair involves repair of articular cartilage defects.
Joint formation is completed during embryologic develop-
ment and the joint surface is composed of articular chon-
drocytes embedded in a highly specialized matrix. Articular
cartilage is a low friction surface that is highly resistant to
compressive and shear forces. Mature articular chondrocytes
are terminally differentiated and have little capacity to
initiate repair. Loss of the articular surface, with exposure of
the underlying subchondral bone, occurs with increasing
frequency with aging and is the pathological process that
occurs in osteoarthritis.

[0789] Currently there are several therapies that have been
used to repair articular cartilage defects, but none of these
treatments have had a high degree of efficacy. In a procedure
call mosaic-plasty, cores of articular cartilage and underly-
ing bone are taken from one location and transplanted to a
new location, filling in an articular cartilage defect. Fre-
quently, several separate cores are required to fill a defect.
While there is an attempt to harvest the tissue from sites with
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minimal need for the cartilage, this procedure has significant
donor morbidity. Similarly, while there is an attempt to
match the donor cartilage to the normal contour of the
cartilage defect, incongruency of the repaired cartilage
inevitably remains and the wear resistance of the trans-
planted tissue is limited.

[0790] Other procedures currently in use depend upon the
development of normal tissue from transplanted cells. In the
first case, terminally differentiated articular chondrocytes
are harvested from a joint surface, the cell population
expanded in culture, and transplanted into the defective
surface (Brittberg, M. et al., N. Fng. J. Med. 331, 889-895
(1994)). The cells are placed under a covering of periosteum.
Although early results suggested excellent reconstitution of
the tissue, later results are less promising (Buckwalter, J.
Bull. Am. Acad. Orthop. Surg. 44, 24-26 (1996)). In the
second case, periosteum is harvested from the bone surface
and placed over the cartilage defect with the cambium layer,
which contains the highest proportion of mesenchymal cells,
facing the defect. In both of these cases, the cellular trans-
plants are performed in association with preparation of the
underlying subchondral bone surface. However, instead of
forming ahyaline cartilage surface with a high content of
aggregating proteoglycans, a fibrocartilaginous reparative
tissue, characterized by the expression of type I collagen and
an absence of aggregating proteoglycans, forms. This tissue
has inferior mechanical properties compared to normal
articular cartilage. Similar results have been reported in
combination with cell and perichondrial tissue transplanta-
tion. Since one of the important differences between fibro-
cartilage and hyaline cartilage is the production of type II
collagen and aggrecan by hyaline cartilage, identification of
genes and signals important in the maintenance of these
genes could have tremendous clinical relevance for the
development of effective reparative tissue.

[0791]

[0792] Chondrogenesis is the formation of cartilage cells
and tissues from mesenchymal stem cells. At an early stage
of limb development mesenchymal cells condense and shift
from the production of type I to type II collagen (Erlebacher,
A. et al., Cell 80, 371-378 (1995)). The cells also begin to
produce and secrete aggregating proteoglycans. A highly
cellular and distinct lining tissue surrounds this early carti-
lage anlagen, which is the earliest precursor to the skeleton.
This lining tissue persists and becomes the periosteurni, in
areas where it surrounds bone, and the perichondrium, in
areas where it surrounds cartilage. The periosteal and peri-
chondrial tissue contains mesenchymal stem cells and dur-
ing development, additional cartilage cells differentiate form
this tissue as the skeleton increases in width during devel-
opment (Erlebacher, A. et al., Cell 80, 371-378 (1995)). In
the adult, this tissue provides a reservoir of cells for skeletal
repair processes.

[0793] As development proceeds, the chondrocytes
undergo a process of maturation that results in endochondral
bone formation. In the center of the cartilaginous anlagen,
chondrocytes hypertrophy, and increase approximately 5 to
10-fold in size. Associated with cell hypertrophy is an
increase in alkaline phosphatase activity and the expression
of type X collagen. Type X collagen is a globular collagen
which is expressed only in chondrocytes undergoing termi-
nal differentiation and committed to completion of endoch-

Chondrogenesis.
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ondral ossification (Castagnola, P. et al., J Cell Biol 102,
2310-2317 (1986)). Although the mechanisms involved in
the process are not understood, the phenotypic changes are
essential for normal bone development and defects in type X
collagen expression are associated with chondrodysplasias
(Warman, M. L. et al., Nature Genet. 5, 79-82 (1993)).
Terminally differentiated chondrocytes undergo apoptosis
and the calcified cartilage serves as a template for the
primary bone formation. Vascular in growth into the region
of calcified cartilage precedes bone formation. As the central
region of the bone becomes ossified, the cartilaginous
regions move toward opposite ends of the long bone and
constitute the growth plate which is necessary for skeletal
growth throughout development. The process of chondro-
cyte hypertrophy and terminal differentiation continues
through adolescence. The entire process is recapitulated
during fracture healing.

[0794] C3H10T1/2 Cells: A Model for Chondrogenesis
and Osteoblastogenesis.

[0795] Several cell lines have been used to study chon-
drogenesis and the factors associated with this process.
C3H10T1/2 cells are a multipotential murine embryonic
mesenchymal cell line with the potential to undergo chon-
drogenesis, osteogenesis, myogenesis, and adipogenesis
(Denker, A. et al., Differentiation 64, 67-76 (1999)). These
cells can undergo muscle differentiation and myotubule
formation following treatment with 5-azacytidine. Chondro-
genesis and adipocitogenesis also occur following this treat-
ment (Taylor, S. and Jones, P., Cell 17, 771-79 (1979)).
C3H10T1/2 cells are particularly responsive to differentia-
tion following treatment with BMPs. In the presence of
BMPs the cells can undergo differentiation along three
lineages (Atkinson, B. et al. J. Cell Biochem. 65, 325-39
(1997); Katagiri, T. et al., Biochem. Biophys. Res. Commun.
172,295-299 (1990); Wang, E. et al., Growth Factors 9,
57-71 (1993)), although myogenic ditferentiation is inhib-
ited. However, in high density cultures, BMP treatment
preferentially favors chondrogenesis. TGF-f also stimulates
chondrogenesis in these cells, as does azacytadine. Similar
to primary mesenchymal cells, N-cadherin is induced during
chondrogenesis and appears to play an important role in this
process (Haas, A., and Tuan, R. Differentiation 64, 77-89
(1999)).

[0796] Sox 9 is a member of the Sox family, a group of
transcription factors important in developmental processes
(Pevny, L., and Lovell-Badge, R. Curr. Opin. Genet. Dev. 7,
338-44 (1997)). Sox9 expression is high in chondroprogeni-
tor cells and in chondrocytes during endochondral bone
formation (Wright, E. et al., Nar. Gener. 9, 15-20 (1995)).
Sox9 appears to be an important regulator of type II col-
lagen, a chondrocyte specific gene (Lefebvre, V. et al., Mol.
Cell Biol. 17, 2336-2346 (1997)). Zehentner, B., Dony, C.,
and Burtscher, H.J. Bone Min. Res. 14,1734-41 (1999) have
recently shown that BMP-2 causes a 4-fold induction in
Sox9 expression in C3H10T1/2 cells and a marked up-
regulation of type II collagen gene expression. While the
plating density of the C3H10T1/2 cells was not defined in
this study, low levels of type II collagen were expressed
under basal conditions. Surprisingly, type X collagen, a
marker of a differentiated chondrocyte committed to endo-
chondral bone formation, was induced. In control cultures,
no type X collagen could be observed, while high levels
were observed following BMP-2 treatment (200 ng/ml).
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Anti-sense oligonucleotides to Sox9 partially inhibited the
induction of type I and type X collagen expression (Zehent-
ner, B., Dony, C., and Burtscher, H. J. Bone Min. Res. 14,
1734-41 (1999)). Thus, marked induction of chondrocyte
specific genes occurs in C3H10T1/2 cells following BMP-2
treatment. The hedgehog proteins can synergistically
enhance differentiation of C3H10T1/2 cells (Nakamura, T.
et al.,, Biochem. Biophys. Res. Commun. 247, 465-69
(1997)).

[0797] Osteoblast differentiation has been characterized in
C3H10T1/2 cells (Katagiri, T. et al., Biochem. Biophys. Res.
Commun. 172, 295-299 (1990); Wang, E. et al., Growth
Factors 9, 57-71 (1993); Harada, H. et al., J. Biol. Chem.
274, 6972-6978 (1999)). BMP-2 stimulates the differentia-
tion of osteoblasts, and differential display has been used
with C3H10T1/2 cells to clone osteoblast-specific genes
following differentiation (Kobayashi, T. et al., Gene 198,
341-49 (1997)). The osteoblast phenotype is characterized
by the expression of several genes, including alkaline phos-
phatase, osteocalcin, and osteopontin. CBFA1 (core-binding
factor) has been identified as a transcription factor essential
for osteoblast differentiation. Targeted disruption of this
gene in mice results in the absence of osteoblast formation
(Komori, T. et al., Cell 89, 755-64 (1997)) and this gene is
involved in the human disorder cleidocranial dysplasia (Lee,
B. et al,, Nar. Gener. 16, 307-10 (1997)). Recently, it has
been shown that co-transfection of BMP-4 and CBFAl
synergistically enhanced the expression of the osteocalcin,
osteopontin, alkaline phosphatase, and type I collagen
genes. The expression of osteocalcin, alkaline phosphatase,
and osteopontin were undetectable in mock-transfected
cells, but were highly expressed in the CBFA1 and BMP-4
transfected cells (Harada, H. et al., J. Biol. Chem. 274,
6972-6978 (1999)).

[0798]

[0799] Chondrocytes express type II collagen, and are
distinguished from other mesenchymal cells by the expres-
sion of this structural collagen. Chondrocytes can further
differentiate into cells that calcify cartilage, ultimately lead-
ing to bone formation. This process is called endochondral
ossification. Chondrocytes which undergo endochondral
ossification, such as growth plate chondrocytes or chondro-
cytes in skeletal repair processes (fracture healing) express
type X collagen. Articular chondrocytes (which line the
joint) do not express type X collagen, but in arthritis, these
cells begin to express this gene. Thus, type X collagen is a
marker of both reparative and disease processes involving
chondrocytes.

[0800] C3H10T1/2 cells are a multipotential murine
embryonic mesenchymal cell line that normally express type
I collagen and are induced to express type II collagen when
they undergo chondrogenesis. Chondrogenesis is enhanced
by high deunsity plating of the cultures and by growth factors.
Zehentner, et al., J. Bone Min. Res. 14:1734-41, (1999) show
that BMP-2 markedly enhances the expression of type II
collagen. Even more importantly, type X collagen, which
cannot be detected in control cultures, is strongly expressed
in the treated cultures. Other markers of chondrogenic
differentiation, including aggrecan, are markedly induced.

Osteoarthritis and Type X Collagen Expression.
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[0801] Detection and Isolation of Genes that Positively or
Negatively Regulate Differentiation of Chondrocytes and
Osteoblasts.

[0802] As described earlier, the invention comprises meth-
ods to detect and isolate genes that either positively or
negatively regulate stem cell differentiation including genes
that are expressed in the differentiating cell itself and that are
a secreted or membrane product of another producing cell
that influences differentiation in a paracrine fashion. In a
preferred embodiment, the method is applied to detect and
isolate recombinant vaccinia virus expressing genes that
regulate differentiation of chondrocytes and osteoblasts. One
or more cell types or cell lines are required that can be
induced to differentiate into chondrocytes or osteoblasts in
response to a specific signal. In a preferred embodiment,
high density cultures of C3H10T1/2 cells are induced by
BMP-2 to differentiate into chondrocytes. In another pre-
ferred embodiment continued differentiation of the same
pluripotent C3H10T1/2 cells into osteoblasts is induced by
TGEFB (Joyce, M. et al,, J. Cell Biol 110:2195-207 (1990)).
Further discrimination in the readout of cell differentiation is
possible by employing C3H10T1/2 cells transfected with
promoter/suicide or promoter/indicator constructs (as previ-
ously described for isolation of genes that regulate osteoclast
differentiation) where, in this case, the promoter is specific
for expression of either a marker of chondrocyte differen-
tiation or a marker of osteoblast differentiation. As markers
of chondrocyte differentiation, type II collagen or aggrecan
are preferred, and type X collagen is especially preferred. As
a marker of osteoblast differentiation, osteocalcin is espe-
cially preferred.

[0803] The most important and meaningful information
regarding the collagen promoter construct is whether or not
it is expressed in a manner consistent with the in vivo
expression pattern. If it is not, then it is uncertain that it
would be a good marker or endpoint for the differentiated
phenotype. Tissue specific expression patterns have been
examined in mice transgenic for either the mouse type X
collagen promoter (Ann. NY Acad Sci. 785:248-50, 1996) or
the chicken type X promoter (Nature 365: 56-61, 1993).
Interestingly, the chicken type X collagen promoter (in the
mouse), provides an expression pattern identical to the in
vivo expression of the mouse type X collagen gene. The
mouse type X collagen promoters tested were expressed in
a number of different tissues, including brain, skin, and in
some cases hypertrophic chondrocytes. More importantly, a
mutation that should cause a chondrodysplasia (and does in
the chicken constructs) did not cause this using the mouse
sequences. Thus, the chicken promoter, at least, appears to
offer expression with the specificity of the normal gene. The
mouse promoter appears to be less specific. The chicken
type X collagen promoter is preferred for this embodiment
of the invention.

[0804] Vector Construction
[0805] Osteocalcin-DT-A.

[0806] The OC2 promoter will be excised from pOC2CAT
with Xhol and HindIIl. Adapters will be ligated onto this
molecule in order to convert the Xhol overhang into a
Xmalll overhang. This will be done using oligos Xhol-
Xmalll sense: 5 GGCCGAAATAACCGC 3' (SEQ ID
NO:40), and Xhol-Xmalll antisense: 5' TCGAGCGGT-
TATTTC 3' (SEQ ID NO:41). The HindIII overhang will be
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converted into a Necol overhang using oligos H3-Ncol sense
5" AGCTTCGGTAACCGC 3' (SEQ ID NO:42), and
H3-Ncol antisense 5' CATGGCGGTTACCGA 3' (SEQ ID
NO:43). These adapters will be annealed together, and then
ligated onto the OC2 molecule. The adapter modified OC2
promoter will then be inserted into the Xmalll and Ncol sites
of pTH-1.

[0807]

[0808] The pGL3-Basic Vector (Promega) contains a pro-
moterless luciferase gene. The 1.1 Kb Osteocalcin promoter
has been described (B. Frenkel, C. Capparelli, M. van
Auken, J. Bryan, J. L. Stein, G. S. Stein, J. B. Lian. 1997.
Endocrinology 138: 2109-2116). The OC2 promoter is
available in vector pOC2-CAT. The OC2 promoter can be
excised from this vector with Xhol and HindIII, and inserted
into the matching Xhol and HindIII sites of pGL3-Basic
Vector. This new vector, pOC2-Luc, will have the luciferase
gene controlled by the OC2 promoter.

[0809] Chicken Collagen X-DT-A.

[0810] The B640-CAT construct has been described (S. W.
Volk, P. Luvalle, T. Leask, P. S. Leboy. 1998 J. Bone Min.
Res. 13: 1521-1529). This vector contains the Chick Col-
lagen X “B” Fragment/promoter controlling expression of
the CAT gene. The “B” Fragment/promoter can be excised
from this construct using Pstl and Sall. Adapters will be
ligated onto this molecule in order to convert the Pstl
overhang into a Xmalll overhang. This will be done using
oligos Pstl-Xmalll sense: 5' GGCCGGAAATAACCGCT-
GCA 3' (SEQ ID NO:44), and PstI-Xmalll antisense: 5'
GCGGTTATTTCC 3' (SEQ ID NO:45). The Sall overhang
will be converted into a Ncol overhang using oligos Sall-
Neol sense 5' CTGAGGAAATAACCGC 3' (SEQ ID
NO:46), and Sall-Ncol antisense 5' CATGGCGGT-
TATTTCC 3' (SEQ ID NO:47). These adapters will be
annealed together, and then ligated onto the Chick Collagen
X promoter molecule. The adapter modified Chick Collagen
X promoter will then be inserted into the Xmalll and Ncol
sites of pTH-1.

[0811] Chicken Collagen-X-Luciferase. The B640-Lu-
ciferase was constructed by insertion of the 1610 bp
upstream “B” fragment and promoter of Chick Collagen X
into the Spel and Sall sites of pRLnull (Promega). In this
vector the Chick Collagen X “B” Fragment/promoter con-
trols expression of the luciferase gene. Construction of this
vector has been described (S. W. Volk, P. Luvalle, T. Leask,
P. S. Leboy. 1998 J. Bone Min. Res. 13: 1521-1529).

[0812] All of the elements required to apply the methods
of this invention to detect and isolate genes that regulate
differentiation of chondrocytes and osteoblasts are available:
(1) Precursor cells, C3H10T1/2, can be induced to differen-
tiate into either chondrocytes or osteoblasts by addition of
well-defined soluble factors, BMP-2 under high density
culture conditions for chondrocytes and TGFb for osteo-
blasts; (ii) tissue-specific markers of differentiation are
known, type X collagen for chondrocytes and osteocalcin
for osteoblasts, whose promoters have been isolated and can
be employed for construction of differentiation sensitive
suicide or other reporter gene (e.g. indicator gene) con-
structs; (iii) representative vaccinia cDNA libraries in either
the sense or antisense orientation can be constructed from
precursors of chondrocytes and osteoblasts such as

Osteocalcin—Luciferase.
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C3H10T1/2 that are either undifferentiated or have been
induced to differentiate by specific factors. To screen for
genes that encode positive or negative regulators that act in
paracrine fashion, cDNA vaccinia libraries can be con-
structed from total bone marrow or enriched stromal or
lymphoid cells. Employing these reagents, all of the same
strategies previously described to detect and isolate genes
that regulate osteoclast differentiation can be applied to
chondrocyte and osteoblast differentiation. Some issues of
special interest in this situation include whether differenti-
ated osteoblasts express factors that inhibit differentiation to
chondrocytes and vice versa. Examples of positive regula-
tors of differentiation that could have been isolated through
this method include CBFA1 (Mundlos, S. et al., Cell 89:773
(1997); Otto, F. et al., Cell 89:765 (1997); Inada, M. et al.,
Dev Dyn 214:279 (1999)); Ihh, indian hedgehog signaling
(Vortkamp, A. et al., Science 273:613 (1996); St-Jacques, B.
et al., Genes Dev 13:2072 (1999)); and PTHrP, parathyroid
hormone-related peptide (Lanske, B. et al., J Clin Invest
104:399 (1999); Karaplis, A. C. et al., Genes Dev 8:277
(1994)).

[0813] Human Differentiation Factors and Stem Cells.

[0814] The C3H10T1/2 precursor to osteoblasts and chon-
drocytes and the previously described RAW precursor to
osteoclasts are of murine origin. Although the gene products
identified through use of these cell lines will also be of
murine origin, there are strong and numerous precedents for
homology between factors that regulate differentiation of
homologous tisues in mice and humans. In general, the
murine genes isolated can be used to isolate human
homologs which can then be tested for the ability to regulate
differentiation of the corresponding human stem cells. In an
increasing number of instances human stem cells are becom-
ing available. In particular several human stem cell lines
have been recently isolated by SV40 transformation from
both embryonic cartilage and adult cartilage, Moulton P J. et
al., British Journal of Rheumatology. 36(5):522-9 (1997);
Goldring M B. and Berenbaum F. Osteoarthritis & Cartilage.
7(4):386-8, (1999). These cell lines will have to be induced
to express type X collagen. It is expected that they will
provide suitable human material to directly detect and
isolate human genes that regulate chondrocyte and osteo-
blast differentiation.

Example 8

Preparation of cDNA and Transfer Plasmid
[0815] Isolation of Total RNA.

[0816] Several commercial vendors, including Qiagen and
Eppendorf, provide the reagents and materials necessary for
the isolation of total RNA from tissue and cells grown in
culture. Cells grown in monolayer cultures are harvested
directly from culture flasks using a lysis solution that
contains guanidine isothiocyanate (GITC) and beta-mercap-
toethanol (B-ME). Following lysis, ethanol is added and the
RNA is isolated by binding of the lysed sample to a silica gel
based membrane (Qiagen), or to an RNA Binding Matrix
(Eppindorf). The bound RNA is washed, and high quality
RNA is eluted in water.

[0817] Isolation of mRNA.

[0818] Oligo (dT),s chains covalently coupled to magnetic
beads (Dynal) are used to select Poly A+ mRNA from total
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RNA. Briefly, total RNA is hybridized with the dT beads in
10 mM Tris-HCL, pH 7.5, 0.5M LiCl, 1 mM EDTA.
Following binding the beads and bound mRNA are isolated
using a magnet, washed with 10 mM Tris-HCI pH 8, 0.15M
LiCl, 1 mM EDTA, and the mRNA is ¢luted with water.

[0819]

[0820] Double stranded cDNA is synthesized from the
mRNA isolated above using a variant of the protocol origi-
nally described by Gubler and Hoffman (Gene, 25: 263
(1983)).

[0821]

[0822] Up to 5 micrograms of mRNA can be converted to
cDNA using either a dT, primer or random heptamer
primers. In either case the primer is modified at its 5' end to
include the recognition sequence for a restriction endonu-
clease such as Sall. The mRNA is incubated with the primer
at 70° C. for 10 minutes, chilled on ice, 4 ul 5x First Strand
Buffer (250 mM Tris-HCI pH 8.3, 375 mM KCl, 15 mM
MgCL), 1ul 0.1IM DTT, 1 gl 10 mM dNTP mix and a
RNaseH deficient Moloney Murine Leukemia Virus
(M-MLYV) Reverse Transcriptase (RT) (Superscript II, Life
Technologies) is added to a final volume of 20 microliters.
The first strand reaction is allowed to proceed for 1 hour at
37° C. The reaction is terminated by placement on ice.

[0823]

[0824] 91 ul water, 30 ul second strand buffer (100 mM
Tris-HCI pH 6.9, 450 mM KCl, 23 mM MgCl,, 0.75 mM
beta-NAD+, 50 mM (NH4),S0,), 3 ul 10 mM dNTP mix, 10
units F. coli DNA Ligase, 40 units F. coli DNA Polymerase
I, and 2 units E. coli RNase H are added to the first strand
reaction to give a final volume of 150 ul. The second stand
reaction is incubated at 16° C. for 2 hours, after which 10
units of T4 DNA Polymerase is added, and incubated at 16°
C. for another 10 minutes. The reaction is halted by the
addition of 10 ul 0.5M EDTA. The cDNA is purified by
extraction  with  phenol:chloroform:isoamyl  alcohol
(25:24:1), followed by precipitation with ethanol and salt
(NaCl, NaOAc, or NH,0Ac).

[0825]

c¢DNA Synthesis.

First Strand.

Second Strand.

Modification of ¢cDNA for Ligation.

[0826] The cDNA may be modified for ligation into the
transfer vectors by either of 2 methods.

[0827] Method 1.

[0828] The cDNA is phosphorlyated using T4 Polynucle-

otide Kinase (PNK) and ATP. The ¢cDNA is then digested
with the restriction endonuclease whose recognition
sequence was built into the cDNA synthesis primer. For
example, Sall can be used. cDNA modified with this pro-
cedure will be blunt ended at it’s 5' end, and will have a Sall
overhang at it’s 3' end.

[0829] Method 2.

[0830] A phosphorylated adapter containing for example,
a BamHI overhang, is ligated onto the cDNA using T4 DNA
Ligase and an overnight incubation at 14° C. Following
ligation the cDNA is digested with Sall. This cDNA will
contain a BamHI overhang atit’s 5' end, and a Sall overhang
at it’s 3' end.
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[0831] Size Selection.

[0832] Small molecular weight cDNAs (<600 bp) may be
removed prior to cloning by size selection. Methods of size
selection include size exclusion column chromatography, or
separation through an agarose gel. In the latter method, the
cDNA is resolved by electrophoresis through a 0.8% agar-
ose/Tris Boric Acid EDTA (TBE) gel. ¢cDNA smaller than
600 bp is removed by excising the portion of the gel that
contains this small cDNA, the gel is then run in reverse to
concentrate the cDNA, which is then excised and purified
from the agarose using methods that are well known in the
art.

[0833] Preparation of Transfer Vector.

[0834] The transfer vectors may be prepared for cloning
by known means. A preferred method involves cutting 1-5
micrograms of vector with the appropriate restriction endo-
nucleases (for example Smal and Sall or BamHI and Sall)
in the appropriate buffers, at the appropriate temperatures for
at least 2 hours. Linear digested vector is isolated by
electorphoresis of the digested vector through a 0.8% aga-
rose gel. The linear plasmid is excised from the gel and
purified from agarose using methods that are well known.

[0835] Ligation.

[0836] The cDNA and digested transfer vector are ligated
together using well known methods. In a preferred method
50-100 ng of transfer vector is ligated with varying concen-
trations of cDNA using T4 DNA Ligase, using the appro-
priate buffer, at 14° C. for 18 to 24 hours.

[0837] Transformation.

[0838] Aliquots of the ligation reactions are transformed
by electroporation into . coli bacteria such as DH10B or
DHS5 alpha using methods that are well known. The trans-
formation reactions are plated onto LB agar plates contain-
ing a selective antibiotic (ampicillin) and grown for 14-18
hours at 37° C. All of the transformed bacteria are pooled
together, and plasmid DNA is isolated using well known
methods.

[0839] Preparation of buffers mentioned in the above
description of preferred methods according to the present
invention will be evident to those of skill.

Example 9

Introduction of Vaccinia Virus DNA Fragments and
Transfer DNA into Tissue Culture Cells for
Trimolecular Recombination

[0840] A cDNA or other library is constructed in the 4
transfer plasmids as described in Example 2, or by other
art-known techniques. Trimolecular recombination is
employed to transfer this cDNA library into vaccinia virus.
Confluent monolayers of BSC1 cells are infected with
fowlpox virus HP1 at a moi of 1-1.5. Infection is done in
serum free media supplemented with 0.1% Bovine Serum
Albumin. The BSC1 cells may be in 12 well or 6 well plates,
60 mm or 100 mm tissue culture plates, or 25 cm?, 75 cm?,
or 150 em? flasks. Purified DNA from v7.5/tk or VEL/tk is
digested with restriction endonucleases Apal and Notl. Fol-
lowing these digestions the enzymes are heat inactivated,
and the digested vaccinia arms are purified using a centricon
100 column. Transfection complexes are then formed
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between the digested vaccinia DNA and the transfer plasmid
c¢DNA library. A preferred method uses Lipofectamine or
Lipofectamine Plus (Life Technologies, Inc.) to form these
transfection complexes. Transfections in 12 well plates
usually require 0.5 micrograms of digested vaccinia DNA
and 10 ng to 200 ng of plasmid DNA from the library.
Transfection into cells in larger culture vessels requires a
proportional increase in the amounts of vaccinia DNA and
transfer plasmid. Following a two hour infection at 37° C.
the fowlpox is removed, and the vaccinia DNA, transfer
plasmid transfection complexes are added. The cells are
incubated with the transfection complexes for 3 to 5 hours,
after which the transfection complexes are removed and
replaced with 1 ml DMEM supplemented with 2.5% Fetal
Bovine Serum. Cells are incubated in a C0, incubated at 37°
C. for 3 days. After 3 days the cells are harvested, and virus
is released by three cycles of freeze/thaw in dry ice/isopro-
panol/37° C. water bath.

Example 10

Transfection of Mammalian Cells

[0841] This example describes alternative methods to
transfect cells with vaccinia DNA and transfer plasmid.
Trimolecular recombination can be performed by transfec-
tion of digested vaccinia DNA and transfer plasmid into host
cells using for example, calcium-phosphate precipitation (F.
L. Graham, A. J. Van der Eb (1973) Virology 52: 456-467,
C. Chen, H. Okayama (1987) Mol. Cell. Biol. 7: 2745-2752),
DEAE-Dextran (D. J. Sussman, G. Milman (1984) Mol.
Cell. Biol. 4: 1641-1643), or electroporation (T. K. Wong, E.
Neumann (1982) Biochem. Biophys. Res. Commun. 107:
584-587, E. Neumann, M. Schafer-Ridder, Y. Wang, P. H.
Hofschneider (1982) EMBO J. 1: 841-845).

Example 11

Direct Selection for Binding Partners Using Two
Hybrid System and Suicide Gene Constuct

[0842] The two hybrid system is based on the fact that
many eucaryotic transcriptional activators are comprised of
two physically and functionally separable domains, a DNA-
binding domain (DNA-BP) and an activation domain (AD).
The two domains are normally part of the same protein.
However, the two domains can be separated and expressed
as distinct proteins. Two additional proteins (X and Y) are
expressed as fusions to the DNA-BP and AD peptides. If X
and Y interact, the AD is co-localized to the DNA-BP bound
to the promoter, resulting in the transcription of the suicide
gene.

[0843] The following is an example of the two hybrid
transcriptional activation direct selection system. This sys-
tem is composed of two fusion polynucleotides, one of
which may be expressed by a tissue- or cell- or differentia-
tion-specific promoter or a constitutive promoter and the
second is found in a poxvirus vector:

[0844] 1) a fusion of known protein X with the GAL4
DNA-BP;

[0845] 2) a fusion of a test protein Y with the VP16
activation domain;

[0846] where protein X and Y interact (for example, the
SV40 large T antigen which associates with the p53 protein).
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A third construct provides the GAL4 DNA binding site, the
minimal promoter of the adenovirus Elb, and the suicide
gene.

[0847] ES, or any readily transected cells such as Cos 7 or
293 cells, are “seeded” with the first and third constructs
either before or after infection with a library cloned in a
poxvirus or other vector. The constructs preferably also
contain a selectable marker such as PGK neo. The poxvirus
vector contains insert polynucleotides fused to the VP16
activation domain preceded by a strong constitutive poxvi-
rus promoter. The inserts may be in each reading frame. The
ES cells are cultured and nonviable cells are removed from
viable/adherent cells.

[0848] Examples of protein binding partners that would be
identified using this method are as follows:

[0849] 1) the GAL4 DNA binding domain fused to the
Fos leucine zipper domain (DFosLZ), and

[0850] 2) the VP16 activation domain fused to the Jun
leucine zipper (AJunl.Z); or

[0851] 1) the GAL4 DNA binding domain fused to the
Jun leucine zipper domain (DJunl.Z), and

[0852] 2) the VP 16 activation domain fused to the Fos
leucine zipper (AFosLZ).

[0853] The construction of these fusions have been pre-
viously described in Dang et al., (1991) Molecular and
Cellular Biology 11:954-962, and components to create the
vectors of this system (except leucine zipper components)
may be obtained from Clontech-Mammalian Matchmaker
two hybrid assay Kkit.

[0854] An example of a gene system whose expression is
dependent on the presence of two interacting fusion proteins
is the G5E1b promoter, which contains 5 copies of the 17
mer GAL4 DNA binding site 5' of the minimal promoter of
the Adenovirus Elb, driving the expression of a CAT
reporter gene (e.g. indicator gene). For a direct selection
method, the CAT gene is replaced by a suicide gene.
Alternatively, the CAT gene or other maker is used in an
indirect selection method such as a screening method.

Example 12
[0855] Genetic Recombination-Dependent Suicide Gene

[0856] This system makes use of a recipient cell contain-
ing a stuffer DNA fragment flanked by lox sites preceding a
suicide gene. See Lasko, et al., (1992), Proc. Natl. Acad. Sci.
USA 89:6232-6236 for description of a vector containing a
stuffer DNA fragment flanked by lox sites preceding a
reporter gene (e.g. indicator gene). The expression of the
suicide gene is dependent on the removal of the stuffer DNA
sequence mediated by the Cre recombinase enzyme through
site directed recombination of lox sites found flanking the
stuffer DNA. The Cre gene is under transcriptional control
of a differentially expressed gene. Cells that are induced by
a target polynucleotide to undergo differentiation express
Cre, which removes the stuffer DNA fragment from the
suicide gene contruct, allowing, the suicide gene to be
expressed and the target polynucleotide to be selected.

Example 13

Analysis of Isolated Target Polynucleotides and
Isolation of Full-Length cDNA

[0857] DNA scquencing, DNA or RNA blotting, immu-
noprecipitation, immuno-blotting, and other methods of
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analyzing insert DNA isolated according to the methods of
the present invention, and encoded products thereof, may be
carried out by any convenient methods known to those of
skill. For example, the immunoprecipitation protocol of
Clark et al, Leukocyte Typing II, Vol. II, pp. 155-167
(1986), is one preferred method. Southern, Northern, or
other blot analysis methods known to those of skill may be
employed, using hybridization probes prepared by known
methods, such as that of Hu et al. (Gene 18:271-277 (1982)).
DNA sequencing also may be accomplished by known
methods, including the dideoxynucleotide method of Sanger
et al., Proc. Natl. Acad. Sci. (USA) 74:5463-5467 (1977).

[0858] Selection of Full Length cDNA.

[0859] This section presents methods for facilitating selec-
tion of corresponding full length cDNAs from fragments of
differentially expressed genes or other target polynucle-
otides identified by methods of the invention. A single
stranded biotinylated probe is synthesized from isolated
c¢DNA fragments and is used to select the longer cDNA that
contain a complementary sequence by solution hybridiza-
tion to single stranded circles rescued from a phagemid
tumor cDNA library. This method is especially well-suited
to the use of DNA fragments isolated by the modified
differential display method employing two arbitrary primers.
The same arbitrary primers employed for PCR amplification
of a given fragment in differential display can be modified
to generate a single stranded hybridization probe from that
fragment. This avoids the need to sequence, select and
synthesize a new pair of fragment specific primers for each
new fragment of interest.

[0860] (i) The two oligonucleotides of a pair of PCR
primers employed in differential display are modified:
(biotin-dT)-dT-(biotin-dT) is incorporated at the 5' end of
one primer and a phosphate is incorporated at the 5' end of
the second primer. These modified primers are incorporated
by PCR into the two strands of a differential display frag-
ment that was selected following the original PCR amplifi-
cation with the same unmodified arbitrary primers. From
this double stranded PCR product, the strand labelled with
a 5' phosphate is digested with A exonuclease to generate a
single stranded biotin-labeled probe.

[0861] (ii) Single stranded (ss) DNA circles are rescued
from a phagemid cDNA library using the M13K07 packag-
ing defective phage as helper virus. This library is con-
structed in the pcDNA3.1/Zeo(+) phagemid (Invitrogen,
Carlsbad, Calif.) with insertion of (Apal)oligo-dT primed
c¢DNA between the Apal and Eco RV restriction sites. A key
manipulation to achieve the efficient ligation necessary for
construction of a high titer cDNA library is to insure that
cDNA inserts are 5' phosphorylated by treating with T4
polynucleotide kinase prior to ligation. The biotin-labeled
single stranded probe generated from the differential display
fragment is hybridized in solution to the ssDNA circles of
the phagemid library. The biotin-labeled hybridization com-
plexes can then be separated from unrelated ssDNA on
streptavidin magnetic beads and the ss circles eluted for
further analysis (FIG. 18).

[0862] As a test of this enrichment method, a model
plasmid mix was prepared that included 1% of a specific
arbitrarily selected recombinant clone, 3f IAP. Abiotinylated
ss-probe was prepared from the 3f RDA fragment and used
to select single stranded phagemid circles from the 1%
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plasmid mix. Following elution from streptavidin beads, the
single stranded circles were hybridized to a sequence spe-
cific oligonucleotide in order to prime synthesis of the
second plasmid strand prior to bacterial transformation.
Plasmid DNA was prepared from 63 transformed colonies.
63 of 63 of these plasmid preparations expressed the target
3F IAP insert. This method therefore appears to be very
efficient.

[0863] The same method appears to work with similar
efficiency in the more stringent case of a differential display
fragment (B4) representing a previously unidentified
sequence that is expressed in all four murine tumors at a
concentration approximately 10 fole greater than in the
non-tumorigenic parental cells. 5 out of 5 transformants
randomly picked following selection of single strand circles
with the 200 bp B4 DNA fragment had longer inserts that
were positive by PCR with sequence specific primers. This
method therefore appears to be very efficient.

Example 14

Antibodies

[0864] Standard reference works setting forth general
principles of immunology include Current Protocols in
Immunology, John Wiley & Sons, New York; Klein, J.,
Immunology: The Science of Self-Nonself Discrimination,
John Wiley & Sons, New York (1982); Kennett, R., et al.,
eds., Monoclonal Antibodies, Hybridoma: A New Dimen-
sion in Biological Analyses, Plenum Press, New York
(1980); Campbell, A., “Monoclonal Antibody Technology”
in Burden, R., et al., eds., Laboratory Techniques in Bio-
chemistry and Molecular Biology, Vol. 13, Elsevere,
Amsterdam (1984).

[0865] Host cells comprising recombinant vaccinia virus
or other recombinant vector are contacted with antibody
specific for an epitope of interest. Target epitopes expressed
on the cell surface form complexes with the antibodies. The
antibody may be conjugated to or bound to or associated
with a toxic agent, and thereby cause the target cells to
become nonviable. or nonadherent. Alternatively, the anti-
body is labeled and FACS is used to separate cells or
complement-dependent cytotoxicity (CDC) or antibody-de-
pendent cellular cytotocity (ADCC) is used to select target
polynucleotides. See U.S. Pat. No. 5,500,362 for ADCC and
CDC assays. Such assays may be modified for use in the
present selection method by, for example, omitting the >*Cr
labeling of cells, as will be apparent to one of ordinary skill
in the art. See, e.g. Hellstrom et al., Proc. Natl. Acad. Sci.
USA 82:1499-1502 (1985).

[0866] Cells which bind target antigen-specific antibody
are lysed or otherwise become nonviable or nonadherent or
are sorted via one of the techniques described above, oth-
erwise disclosed herein or known in the art. Nonadherent
cells or recombinant vector DNA are separated from the
adherent cells which do not express the target antigen.

[0867] The initial rounds of selection may employ a panel
of antibodies directed against an epitope or group of
epitopes common to the family of antigens to which the
target antigen belongs. This will be sufficient to narrow the
number of clones for future rounds. Two such rounds may be
adequate, but the number of rounds may vary as mentioned
above. Alternatively, a single round of selection may be
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performed employing a single first antibody or a group of
first antibodies recognizing only the target antigen.

[0868] Antibodies generated against a target epitope can
be obtained by direct injection of the epitope or polypeptide
into an animal or by administering the polypeptides to an
animal, preferably a nonhuman. The antibody so obtained
will then bind the polypeptide itself. In this manner, even a
sequence encoding only a fragment of the polypeptide can
be used to generate antibodies binding the whole native
polypeptide. Such antibodies can then be used to isolate the
polynucleotide encoding the polypeptide from an expression
library using the method of the present invention.

[0869] For preparation of monoclonal antibodies, any
technique which provides antibodies produced by continu-
ous cell line cultures can be used. Examples include the
hybridoma technique (Kohler and Milstein, 1975, Nature,
256:495-497), the trioma technique, the human B-cell hybri-
doma technique (Kozbor et al., 1983, Immunology Today
4:72), and the EBV-hybridoma technique to produce human
monoclonal antibodies (Cole, et al., 1985, in Monoclonal
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp.
77-96).

[0870] Techniques described for the production of single
chain antibodies (U.S. Pat. No. 4,946,778) can be adapted to
produce single chain antibodies to immunogenic polypep-
tide products of interest.

[0871] Antibodies useful in the present invention may also
be obtained from a patient, preferably a mammalian patient
such as a small or large animal, including dogs, cats, horses,
birds, monkeys, ferrets, gerbils, hamsters, rats, mice, goats,
cows, donkeys, etc., preferably a human patient Antibodies
may be obtained from a patient sample such as a tissue
sample or fluid sample, preferably a serum sample.

[0872] Antibodies may be obtained from a patient having
a disease, recovering from a disease, or recovered from a
disease. For example, such diseases include an infectious
disease, an infection, a cancer, an autoimmune disease and
a degenerative discase, or any disease as disclosed herein or
otherwise known in the art.

[0873] Infectious agents causing infectious diseases and
infections include those described herein or otherwise
known in the art. Alternatively, antibody may be obtained
from pooled patient samples.

[0874] The antibodies useful in the present invention may
be prepared by any of a variety of methods. For example,
cells expressing the target protein or an antigenic fragment
thereof can be administered to an animal in order to induce
the production of sera containing polyclonal antibodies. In
another method, a preparation of target protein is prepared
and purified to render it substantially free of natural con-
taminants. Such a preparation is then introduced into an
animal in order to produce polyclonal antisera of greater
specific activity.

[0875] In a highly preferred method, antibodies useful in
the present invention are monoclonal antibodies (or target
protein-binding fragments thereof). Such monoclonal anti-
bodies can be prepared using hybridoma technology (Kohler
et al., Nature 256:495 (1975); Kohler et al., Eur. J. Immunol.
6:511 (1976); Kohler et al., Eur. J. Immunol. 6:292 (1976);
Hammerling et al., In: Monoclonal Antibodies and T-Cell
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Hybridomas, Elsevier, N.Y., (1981) pp. 563-681). In general,
such procedures involve immunizing an animal (preferably
a mouse) with an target protein antigen or, more preferably,
with a target protein-expressing cell. Suitable cells can be
recognized by their capacity to bind an anti-target protein
antibody. Such cells may be cultured in any suitable tissue
culture medium; however, it is preferable to culture cells in
Earle’s modified Eagle’s medium supplemented with 10%
fetal bovine serum (inactivated at about 56° C.), and supple-
mented with about 10 g/l of nonessential amino acids, about
1,000 U/ml of penicillin, and about 100 g/ml of streptomy-
cin. The splenocytes of immunized mice are extracted and
fused with a suitable myeloma cell line. Any suitable
myeloma cell line may be employed in accordance with the
present invention; however, it is preferable to employ the
parent myeloma cell line (SP20), available from the Ameri-
can Type Culture Collection, Mannassas, Va. After fusion,
the resulting hybridoma cells are selectively maintained in
HAT medium, and then cloned by limiting dilution as
described by Wands et al. (Gastroenterology 80:225-232
(1981)). The hybridoma cells obtained through such a selec-
tion are then assayed to identify clones which secrete
antibodies capable of binding the target protein antigen.

[0876] Alternatively, additional antibodies capable of
binding to the target protein antigen may be produced in a
two-step procedure through the use of anti-idiotypic anti-
bodies. Such a method makes use of the fact that antibodies
are themselves antigens, and that, therefore, it is possible to
obtain an antibody which binds to a second antibody. In
accordance with this method, target-protein specific anti-
bodies are used to immunize an animal, preferably a mouse.
The splenocytes of such an animal are then used to produce
hybridoma cells, and the hybridoma cells are screened to
identify clones which produce an antibody whose ability to
bind to the target protein-specific antibody can be blocked
by the target protein antigen. Such antibodies comprise
anti-idiotypic antibodies to the target protein-specific anti-
body and can be used to immunize an animal to induce
formation of further target protein-specific antibodies.

[0877] It will be appreciated that Fab and F(ab'), and other
fragments of the antibodies of the present invention may be
used according to the methods disclosed herein. Such frag-
ments are typically produced by proteolytic cleavage, using
enzymes such as papain (to produce Fab fragments) or
pepsin (to produce F(ab"), fragments). Alternatively, target
protein-binding fragments can be produced through the
application of recombinant DNA technology or through
synthetic chemistry.

[0878] In a preferred embodiment, the antibody or anti-
body fragment is conjugated with a toxic agent which kills
cells that express a target protein. Toxic agents useful in the
invention include toxins (e.g. an enzymatically active toxin
of bacterial, fungal, plant or animal origin, or fragments
thereof). Examples of suitable toxins include diphtheria
toxin, ricin, and cholera toxin.

[0879] Enzymatically active toxins and fragments thereof
which can be used include diphtheria A chain, nonbinding
active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI,
PAPII and PAP-S), momordica charantia inhibitor, curin,
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crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin,
restrictocin, phenomycin, enomycin and the tricothecenes.

[0880] Further suitable labels for the target protein-spe-
cific antibodies of the present invention are provided below.
Examples of suitable enzyme labels include malate dehy-
drogenase, staphylococcal nuclease, delta-5-steroid
isomerase, yeast-alcohol dehydrogenase, alpha-glycerol
phosphate dehydrogenase, triose phosphate isomerase, per-
oxidase, alkaline phosphatase, asparaginase, glucose oxi-
dase, beta-galactosidase, ribonuclease, urease, catalase, glu-
cose-6-phosphate  dehydrogenase, glucoamylase, and
acetylcholine esterase.

[0881] Examples of suitable radioisotopic labels include
3H, 11111‘1, 1251, 1311, 32P, 358, 14C, Slcr, 57TO, SSCO, 59Fe,
7556, 152Eu, QOY’ 67Cu’ 217Ci, 211At, 212Pb, 47SC, 109Pd, elc.

[0882] Examples of suitable non-radioactive isotopic
labels include *°*’Gd, **Mn, ***Dy, >2Tr, and *°Fe.

[0883] Examples of suitable fluorescent labels include an
12Ey label, a fluorescein label, an isothiocyanate label, a
rhodamine label, a phycoerythrin label, a phycocyanin label,
an allophycocyanin label, an o-phthaldehyde label, and a
fluorescamine label.

[0884] Examples of chemiluminescent labels include a
luminal label, an isoluminal label, an aromatic acridinium
ester label, an imidazole label, an acridinium salt label, an
oxalate ester label, a luciferin label, a luciferase label, and an
aequorin label.

[0885] Examples of nuclear magnetic resonance contrast-
ing agents include heavy metal nuclei such as Gd, Mn, and
iron.

[0886] Typical techniques for binding the above-described
labels to antibodies are provided by Kennedy et al., Clin.
Chim. Acta 70:1-31 (1976), and Schurs et al., Clin. Chim.
Acta 81:1-40 (1977). Coupling techniques mentioned in the
latter are the glutaraldehyde method, the periodate method,
the dimaleimide method, the m-maleimidobenzyl-N-hy-
droxy-succinimide ester method, all of which methods are
incorporated by reference herein.

[0887] Conjugates of the antibody and cytotoxic agent are
made using a variety of bifunctional protein coupling agents
such as N-succinimidyl-3-(2-pyridyldithiol) proprionate
(SPDP), iminothiolane (IT), bifunctional derivatives of imi-
doesters (such as dimethyl adipimidate HCL), active esters
(such as disuccinimidyl suberate), aldehydes (such as dim-
ethyl adipimidate HCL), active esters (such as disuccinim-
idyl suberate), aldehydes (such as glutaraldehyde), bis-azido
compounds (such as bis-p-(azidobenzoyl) hexanediamine),
bis-diazonium derivatives (such as bis-p(diazoniumben-
zoyl)-ethylenediamine), diisocyantes (such as toluene 2,6-
diisocyanate), and bis-active fluorine compounds (such as
1,5-difluoro-2,4-dinitrobenzene). For example, aricin immu-
notoxin can be prepared as described in Vitetta et al.,
Science 238: 1098 (1987). Carbon-14 labeled 1-isothiocy-
anatobenzyl-3-methyldiethylene triaminepentaacetic acid
(MX-DTPA) is an exemplary chelating agent for conjuga-
tion of radionucleotide to the antibody.

Example 15

Induction of Cytotoxic T Cells Specific for Human
Tumors in HLA and Human CD8 Transgenic Mice

[0888] In this example, HLA and human CDS transgenic
mice were tolerized with a non-tumorigenic, immortalized



US 2003/0022157 Al

normal human cell line, i.c., parent cell line, that does not
express costimulator activity for murine T cell. After toler-
ization, the mice were subsequently immunized with B7
(costimulator) transfected tumor cells derived from the
parent cell line by in vitro mutagenesis or oncogene trans-
formation. The HLA transgene permits selection of a high
affinity, HLA-restricted T cell repertoire in the mouse thy-
mus. In addition, a human CDS8 transgene is required
because murine CD8 does not interact efficiently with
human class | MHC. Subsequent to immunization with B7
transfected tumor cells, splenic CD8+ T cells are isolated
and stimulated again in vitro in the absence of costimulation
with non-tumorigenic, immortalized human cells. Two path-
ways of tolerance induction for antigens shared by the
tumorigenic and non-tumorigenic cell lines may be activated
through these manipulations. As known to those skilled in
the art, antigen exposure in very young mice favors toler-
ance induction by mechanisms that may include both clonal
deletion and induction of T cell anergy. Further, restimula-
tion of activated T cells through their antigen-specific recep-
tors in the absence of costimulator activity induces apoptotic
elimination of those T cells. This immunization regimen
enriched for tumor-specific CTL that did not crossreact with
the homologous normal cells.

[0889] A series of tumor cell lines were used that were all
derived from a single immortalized, non-tumorigenic cell
line. The non-tumorigenic cells were used to induce toler-
ance to the large number of normal human proteins that are
also expressed in tumor cells. Availability of a panel of
tumors independently derived from the same normal cells by
diverse carcinogens or oncogene transformation makes it
possible to filter out antigenic changes that are carcinogen
specific or that may arise by random genetic drift during in
vitro propagation of a tumor cell line.

[0890] Cytotoxic T cells specific for human bladder tumor
cell lines were induced and isolated from (HLA-A2/K°x
human CD8)F; hybrid double transgenic mice that had been
tolerized to the normal cell line from which the tumors
derive. Neonatal mice were injected mtraperitoneally with
5x10 non-tumorigenic SV-HUC. Seven weeks later they
were immunized with 5x10° B7.1 transfected ppT11.B7
tumor cells. ppT11 is one of several independent tumor cell
lines derived from SV-HUC by in vitro carcinogenesis
(Christian, et al., 1987, Cancer Res. 47: 6066-6073; Pratt, et
al., 1992, Cancer Res. 52: 688-695; Bookland, et al., 1992,
Cancer Res. 52: 1606-1614). One week after immunization,
spleen was removed and a single cell suspension prepared.
CDS8 positive T cell precursors were enriched on anti-Lyt-2
coated MACS (Magnetic cell sorting beads) as recom-
mended by the manufacturer (Miltenyi Biotech, Sunnyvale,
Calif ). 1.5x10° CDS8 enriched T cells were then restimulated
in vitro with 4x10° SV-HUC in 3 ml of RPMI 1640+10%
fetal bovine serum. The rationale is that any SV-HUC
specific T cells that escape neonatal tolerance induction and
are activated in vivo by stimulation with crossreactive
determinants of ppT11.B7, might now be induced to
undergo apoptosis by restimulation in vitro with costimula-
tor activity negative SV-HUC cells. After 24 hours, T cells
are again stimulated with ppT11.B7 in the presence of 2000
Units/ml of recombinant murine IL-6. On day 7 the cycle of
SV-HUC stimulation followed 24 hours later by restimula-
tion with ppT11.B7 is repeated. This second round of
stimulation with ppT11.B7 is carried out in the presence of
10 nanogram/ml recombinant murine IL-7 and 50 Units/ml
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recombinant murine IL-2. CTL activity is determined 5 days
later by standard chromium release assay from labeled
targets SV-HUC, ppT11.B7 and YAC-1, a cell line sensitive
to non-specific killing by murine NK cells. The results in
Table 11 show that CTL from ppT11.B7 immunized mice
that were not previously tolerized to SV-IIUC are equally
reactive with SV-HUC and ppT11 target cells. In contrast,
following neonatal tolerization with SV-HUC, cytolytic T
cells at an effector:target ratio of 5:1 are significantly more
reactive with ppT11.B7 tumor cells than with SV-HUC.
Note that B7 costimulator activity is not required at the
effector stage as similar results are obtained with B7 trans-
fected or non-transfected target cells.

[0891] Table 11:

[0892] Tumor-specific response in (HLA-A2/K°xhuman
CD8)F  hybrid transgenic mice neonatally tolerized with
SV-HUC parental cells and then immunized with B7
costimulator transfected ppT11. B7 human bladder tumor
cells.

TABLE 11
Tolerogen: None SV-HUC
Immunogen: ppT11.B7 ppT11.B7
Effector:Target Ratio

Target 5:1 10:1 2:1 51
SV-HUC 29 68 14 19
ppT11.B7 14 70 17 51
YAC-1 6 6 nd 3

nd = not done

[0893] The significance of this experimental protocol is
that it offers a means of selecting murine, HLA-restricted
cytolytic T cells specific for human epithelial tumor cells. As
noted previously, it has proved exceedingly difficult to
isolate such T cells directly from either patient PBL or tumor
infiltrating lymphocytes of tumors other than melanoma and
perhaps renal cell carcinoma. In addition, this same strategy
can be implemented in two stages. Differentially immuno-
genic molecules of the human tumor can first be identified
employing tumor-specific CTL restricted to a variety of
different animal MHC. These antigens can subsequently be
characterized in human subjects or transgenic mice for the
ability to be processed and presented in association with
different human HLA types. An advantage of this two stage
approach is that numerous different MHC molecules are
available in a variety of inbred strains and these can be
employed to capture an equally broad range of tumor-
specific immunogenic peptides in the initial screening. See
also Example 25.

Example 16

Induction of Cytotoxic T Cells Specific for Target
Antigens of Tumors or Infected Cells

[0894] Human tumor-specific T cells have been induced in
vitro by stimulation of PBL with autologous tumors or
autologous antigen presenting cells pulsed with tumor
lysates (van Der Bruggen, P. et al., Science 254: 1643-1647
(1991); Yasumura, S. et al., Cancer Res. 53: 1461-68 (1993);
Yasumura, S. et al, Int. J. Cancer 57: 297-305 (1994);
Simons, J. W. et al., Cancer Res. 57: 1537-46 (1997); Jacob,
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L. et al., Int. J. Cancer 71:325-332 (1997); Chaux, P. et al.,
J. Immunol. 163:2928-2936 (1999)). PBL have been derived
from either patients deliberately immunized with tumor,
with tumor modified to enhance its immunogenicity, or with
tumor extracts, or patients whose only prior stimulation was
in the natural course of disease. T cells with reactivity for
infectious agents could be similarly derived by in vitro
stimulation of T cells with autologous cells that have been
either infected in vitro or were infected in vivo during the
natural course of exposure to the infectious agent. The
conditions described in Example 5 to promote stimulation of
primary cytotoxic CD4+ T cell responses in the presence of
IL-2, IFNg, anti-I[.-4, 11.-12 and IL-18 have also been
determined to promote primary cytotoxic CD8+ T cell
responses. CD4+ and CD8+ T cells or antibody selected
under these or other conditions to be specific for either tumor
cells or cells infected with either a virus, fungus or myco-
bacteria or T cells or antibodies specific for the target
antigens of an autoimmune disease could be employed in the
selection and screening methods of this invention to detect
and isolate cDNA that encode these target antigens and that
have been incorporated into a representative ¢cDNA library
using the methods of this invention.

[0895] In spite of demonstrated success in the induction of
human T cell responses in vitro against a number of antigens
of tumors and infected cells, it is not certain that these
represent the full repertoire of responses that might be
induced in vivo. Because safety considerations limit the
possibilities of experimental immunization in people, there
is a need for an alternative animal model to explore immune
responses to human disease antigens. The major obstacle to
developing such a model is that numerous molecules
expressed in normal human cells are strongly immunogenic
in other species. It is, therefore, be necessary to devise a
means of inducing tolerance to normal human antigens in
another species in order to reveal immune responses to any
human disease-specific antigens. It is now recognized that
activation of antigen-specific T lymphocytes requires two
signals of which one involves presentation of a specific
antigenic complex to the T cell antigen receptor and the
second is an independent costimulator signal commonly
mediated by interaction of the B7 family of molecules on the
surface of the antigen presenting cell with the CD28 mol-
ecule on the T cell membrane. Delivery of an antigen-
specific signal in the absence of a costimulator signal not
only fails to induce T cell immunity but results in T cell
unresponsiveness to subsequent stimulation (Lenschow, D.
J.etal,, Ann. Rev. Immunol. 14:233-258 (1996)). Additional
studies have revealed a key role for another pair of interac-
tions between the CD40 molecule on the antigen presenting
cell and CDA40 ligand on the T cell. This interaction results
in upregulation of the B7 costimulator molecules (Roy, M.
et al., Eur. J. Immunol. 25:596-603 (1995)). In the presence
of anti-CD40 ligand antibody either in vivo or in vitro, the
interaction with CD40 is blocked, B7 costimulator is not up
regulated, and stimulation with a specific antigenic complex
results in T cell tolerance rather than T cell immunity
(Bluestone, J. A. et al., Immunol. Rev. 165:5-12 (1998)).
Various protocols to block either or both CD40/CD40 ligand
interactions and B7/CD28 interactions have been shown to
effectively induce transplantation tolerance (Larsen, C. et
al., Nature 381:434-438 (1996); Kirk et al., Nature Medicine
5:686-693 (1999)). An example of the effect of anti-CD40
ligand antibody (anti-CD 154) in blocking the reactivity of
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murine T cells to specific transplantation antigens is shown
in FIG. 20. DBA/2 (H-2% mice were immunized with 107
C57B1/6 (H-2") spleen cells intraperitoneally and, in addi-
tion, were injected with either saline or 0.5 mg monoclonal
anti-CD40 ligand antibody (MR1, anti-CD154, Pharmingen
09021D) administered both at the time of immunization and
two days later. On day 10 following immunization, spleen
cells from these mice were removed and stimulated in vitro
with either C57B1/6 or control allogeneic C3H (H-2¥)
spleen cells that had been irradiated (20 Gy). After 5 days in
vitro stimulation, C57B1/6 and C3H specific cytolytic
responses were assayed at various effector:target ratios by
51Cr release assay from specific labeled targets, in this case,
either C3H or C57B1/6 dendritic cells pulsed with syngeneic
spleen cell lysates. The results in FIG. 20 show that sig-
nificant cytotoxicity was induced against the control C3H
alloantigens in both saline and anti-CD 154 treated mice
whereas a cytotoxic response to C57B1/6 was induced in the
saline treated mice but not the anti-CD 154 treated mice.
This demonstrates specific tolerance induction to the antigen
employed for immune stimulation at the time CD40/CD40
ligand interactions were blocked by anti-CD154.

[0896] A tolerization protocol similar to the above
employing either anti-CD154 alone or a combination of
anti-CD154 and anti-B7 or anti-CD28 could be employed to
induce tolerance to normal human xenoantigens in mice
prior to immunization with a human tumor. In one embodi-
ment, the normal antigens would be expressed on immor-
talized normal cells derived from the same individual and
tissue from which a tumor cell line is derived. In another
embodiment, the normal and tumor antigens would derive
from cell lysates of normal and tumor tissue of the same
individual each lysate pulsed onto antigen presenting cells
for presentation to syngeneic murine T cells both in vivo and
in vitro. In a preferred embodiment, the tumors would derive
by in vitro mutagenesis or oncogene transformation from an
immortalized, contact-inhibited, anchorage-dependent, non-
tumorigenic cell line so that very well-matched non-tumori-
genic cells would be available for tolerance induction.

[0897] An alternative to the tolerization protocols is deple-
tion of T cells that are activated by normal antigens prior to
immunization with tumor. Activated T cells transiently
express CD69 and CD25 with peak expression between 24
and 48 hours post-stimulation. T cells expressing these
markers following activation with normal cells or normal
cell lysates can be depleted with anti-CD69 and anti-CD25
antibody coupled directly or indirectly to a matrix (e.g. solid
surface) such as magnetic beads. Subsequent immunization
of the remaining T cells with tumor cells or tumor cell
lysates either in vitro or in vivo following adoptive transfer
will preferentially give rise to a tumor-specific response.

[0898] In one embodiment, the mice to be tolerized to
normal human cells or lysates and subsequently immunized
with tumor cells or lysates are any of a variety of commer-
cially available inbred and outbred strains. Because murine
T cells are restricted to recognize peptide antigens in asso-
ciation with murine MHC molecules which are not
expressed by human cells, effective tolerization or stimula-
tion requires either transfection of human cells with murine
MHC molecules or re-presentation of human normal and
tumor antigens by mouse antigen presenting cells. Dendritic
cells are especially preferred as antigen presenting cells
because of their ability to re-present antigenic peptides in
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both the class I and class Il MHC pathways (Huang, et al.,
Science 264:961-965 (1994); Inaba, et al, J. Exp. Med.
176:1702 (1992); Inaba, et al., J. Exp. Med. 178:479-488
(1993)). In another embodiment, mice double transgenic for
human HLA and human CD8 or CD4 are employed. The
HLA transgene permits selection of a high affinity, HLA-
restricted T cell repertoire in the mouse thymus. In addition,
a human CD8 or CD4 transgene is required because murine
CDS8 and CD4 do not interact efficiently with the cognate
human class I or class II MHC molecules. The use of
non-transgenic mice to generate human tumor-specific T
cells would lead to identification of any human tumor
antigens that can be processed in association with murine
MHC molecules. Since multiple murine strains with diverse
MHC molecules are available, this could encompass a wide
range of antigens. However, it would have to be separately
determined by stimulation of human T cells with autologous
antigen presenting cells whether these tumor-specific anti-
gens also express peptides that can be processed and pre-
sented in association with human HLA. Such peptides may
or may not overlap with those initially detected in associa-
tion with murine MHC molecules but would derive from the
same set of proteins. By employing HLA transgenic mice it
is possible to more directly address the relevance of anti-
genic peptides to human MHC. There can, however, be no
assurance that peptide processing will be identical in murine
and human antigen presenting cells. It is essential, therefore,
to confirm that HLA-restricted, human tumor antigen-spe-
cific T cells are indeed also crossreactive on human tumor
cells. Finally, no matter how the issue of processing and
presentation in association with human HLA is addressed, it
must in all cases be determined whether human T cells are
reactive to the identified antigens or whether they have been
rendered tolerant, perhaps due to expression of the same or
a related antigen in some other non-homologous normal
tissue. Relevant information on this point can be obtained
through in vitro stimulation of human T cell responses with
the identified antigens or antigenic peptides presented by
autologous antigen presenting cells. Ideally, it would be
shown that patients with antigen positive tumors have an
increased frequency of T cells reactive with the purported
tumor-specific antigen. To demonstrate that the antigen-
specific human T cells induced can be effective in eradicat-
ing tumors, the selected human T cells could be adoptively
transferred into SCID mice bearing a human tumor
xenograft as described by Renner, C. et al., Science 264:833-
835 (1994). However, definitive evidence for clinical rel-
evance would await the results of a human clinical trial.

[0899] Conditions for in vitro stimulation of primary
human T cell responses are described in Example 5 and are
applicable to both CD4+ and CD8+ responses. The strate-
gies described for induction of either human or murine T cell
or antibody responses specific for human tumors are equally
applicable to induction of T cell or antibody responses to
target antigens of human cells infected with either a virus,
fungus or mycobacteria. Indeed, in this case the same
uninfected cell population affords an immediately available
normal control population for tolerance induction and to
confirm infectious specificity.

[0900] The construction of transgenic mice is well known
in the art and is described, for example, in Manipulating the
Mouse Embroy: A laboratory Manual, Hogan, et al., Cold
Spring Harbor Press, second edition, 1994. Human CD8
transgenic mice may be constructed by the method of
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LaFace, et al., J. Exp. Med. 182:1315-25 (1995). Construc-
tion of new lines of transgenic mice expressing the human
CD8alpha and CD8beta subunits may be made by insertion
of the corresponding human c¢DNA into a human CD2
minigene based vector for T cell-specific expression in
transgenic mice (Zhumabekov, et al., J. Immunol. Methods
185:133-140 (1995)). HLA class I transgenic mice may be
constructed by the methods of Chamberlain, et al., Proc.
Natl. Acad. Sci. USA 85:7690-7694 (1988) or Bernhard, et
al., J. Exp. Med. 168: 1157-62 (1988) or Vitiello, et al., J.
Exp. Med. 173: 1007-1015 (1991) or Barra, et al., J. Immu-
nol. 150: 3681-9 (1993).

[0901] Construction of additional HLLA class I transgenic
mice may be achieved by construction of an H-2Kb cassette
that includes 2 kb of upstream regulatory region together
with the first two introns previously implicated in gene
regulation (Kralova, et al., 1992, EMBO J. 11: 4591-4600).
Endogenous translational start sites are eliminated from this
region and restriction sites for insertion of HLA cDNA are
introduced into the third exon followed by a polyA addition
site. By including an additional 3 kb of genomic H-2Kb
sequence at the 3' end of this construct, the class I gene can
be targeted for homologous recombination at the H-2Kb
locus in embryonic stem cells. This has the advantage that
the transgene is likely to be expressed at a defined locus
known to be compatible with murine class I expression and
that these mice are likely to be deficient for possible com-
petition by H-2Kb expression at the cell membrane. It is
believed that this will give relatively reproducible expres-
sion of diverse human HLA class I cDNA introduced in the
same construct.

Example 17

Independent Human Tumor Cell Lines Derived
from a Non-Tumorigenic, Immortalized Cell Line

[0902] This example describes a set of human tumors
independently derived by different carcinogens or oncogene
transformation from the same cloned, non-tumorigenic
parental cell line. The parental cell line is useful for toler-
izing mice and the independently-derived tumors useful for
immunizing mice in the generation of tumor antigen-specific
CTLs. A similar approach is used to generate infection-
induced or infectious agent-encoded antigens. Likewise, this
approach is easily modified to generate any differentially-
expressed antigen, such as those that are development-
specific or induced under certain conditions.

[0903] Additionally, the availability of related normal and
tumor cell lines has considerable advantages for the molecu-
lar and immunological analysis of potential cancer vaccines.
It provides a readily available source of normal control cells
and RNA, and also makes it possible to focus on molecular
features that are carcinogen independent. Molecular features
that are shared by several independent tumors are unlikely to
be the products of random genetic drift during in vitro
propagation.

[0904] A set of human uroepithelial tumors derived from
an SV40 immortalized human uroepithelial cell line, SV-
HUC, were developed in the laboratory of Dr. Catherine
Reznikoff (University of Wisconsin, Madison). The parent
cell line is contact inhibited, anchorage dependent and
non-tumorigenic in nude mice (Christian, et al., 1987, Can-
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cer Res. 47: 6066-6073). A series of independent tumor cell
lines were derived by either ras transformation (Pratt, et al.,
1992, Cancer Res. 52: 688-695) or in vitro mutagenesis of
SV-HUC with different carcinogens including some that are
bladder-specific (Bookland, et al., 1992, Cancer Res. 52:
1606-1614). Transformed cells were initially selected on the
basis of altered in vitro growth requirements and each was
shown to be tumorigenic in nude mice. A subset of these
tumors is selected that retain the phenotype of transitional
cell carcinoma. Table 12 lists the parental cells and the
carcinogens employed to derive these 5 tumor lines in vitro.

TABLE 12

Human Uroepithelial Cell Lines

Parental Line Immortalization

SV-HUC SV40 immortalized normal bladder epithelial cells

Tumor Line Carcinogen or Oncogene transformation

MC pT7 3-methylcholanthrene

MC ppT11-A3 3-methylcholanthrene followed by 4-aminobiphenyl

MC ppT11-HA2  3-methylcholanthrene followed by
N-hydroxy-4-acetylaminobiphenyl

HA-T2 N-hydroxy-4-aminobiphenyl

SV-HUC/ras-T El/ras

[0905] Experiments apply both representational difference
analysis and modified differential display to identify gene
fragments differentially expressed in the MC ppT11-A3
tumor (ppT11 A3) relative to the parental SV-HUC. All
differentially expressed fragments are tested by Northern
analysis and RNase protection assay for parallel expression
in mRNA of the other tumor cell lines. Only those DNA
clones expressed in at least 3 of the 5 SV-HUC derived
tumor cell lines are selected for further characterization.

[0906] Similar analysis of tumor-specific antigens can be
carried out as described in the other Examples with tumors
derived from SV40 large T or HPV E6 or E7 immortalized
cell lines representative of other human tissues. Published
examples include: prostatic epithelium (Parda et al., 1993,
The Prostate 23: 91-98), mammary epithelium (Band et al.,
1990, Cancer Res. 50: 7351-73-57), and bronchial epithe-
lium (Gerwin et al., 1992, Proc. Natl. Acad. Sci. USA 89:
2759-2763; Klein-Szanto et al., 1992, Proc. Natl. Acad. Sci.
USA 89: 6693-6697).

[0907] Tt will be important to confirm for each tumor
encoded target antigen identified by T cells or antibodies
reactive with in vitro derived tumor ¢ell lines, that the same
antigen is also expressed in a significant proportion of
tumors that arise spontaneously in vivo. Antigen expression
should be characterized in a panel of at least 20 patient
tumors. This sample size is sufficient to estimate the pro-
portion of patients expressing the antigen with a standard
error no greater than 0.11% (SE=sqrt[p*(1-p)/n] where
p=true proportion and n=sample size. SE is maximal for
p=0.5, so that for 10/20 patients, SE=+0.11; for any other
value of p, SE is smaller.) In some cases, as a surrogate for
antigen expression, it will be possible to screen for expres-
sion of a tumor-specific cDNA. However, in other instances,
it may be necessary to assay antign expression more directly.
For T cell defined antigens this introduces a requirement for
expression of the appropriate MHC restriction element. If
this MHC molecule is not naturally expressed in some
tumors, it needs to be introduced by transfection or infection
with a viral recombinant.
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Example 18

Identifying Target Antigens For Use in Vaccines

[0908] The subsections below describe two strategies that
can be used to identify target antigens or epitopes that are
candidates for use in immunogenic formulations or vaccines
or other therapeutic methods. The two strategies described
herein may be applied to identify target epitopes which
include, but are not limited to, tumor specific epitopes,
epitopes specific to a cell infected with a virus, fungus or
mycobacteria, epitopes specific to an autoimmune disease,
or any epitope capable of inducing a specific CTL response,
either naturally or upon immunization. See also Example 25.

[0909] Induction of Cytotoxic T Lymphocytes Specific for
Human Tumors and Their Use to Select DNA Recombinants
That Encode Target Epitopes

[0910] Cytotoxic T cells specific for human tumors are
induced in animals which have been tolerized with a non-
tumorigenic, immortalized normal human cell line that does
not express costimulator activity. These animals are subse-
quently immunized with costimulator transfected (e.g., B7
transfected) tumor cells derived by in vitro mutagenesis or
oncogene transformation from that same normal immortal-
ized human cell line. An alternative source of matched
normal and tumor cell pairs that could be employed in this
same fashion is to derive normal and tumor cell lines from
different tissue samples of the same patient. For purposes of
immunization, costimulator activity could also be intro-
duced in these tumor cells by transfection with murine B7.
This immunization regimen gives rise to tumor-specific CTL
that are not crossreactive on the homologous normal cells.
The primary purpose of inducing tumor-specific CTL is that
they can be employed, as described below, to select for
clones of recombinant tumor DNA that encode the target
antigen. Such antigens, because they are differentially
immunogenic in tumor as compared to normal cells, are
candidates for immunogenic formulations or vaccines.
Mammals of different species, most commonly diverse
strains of inbred mice, can be employed for this purpose.
Whether a particular formulation or vaccine is immunogenic
in any particular individual will depend on whether specific
peptides derived from that antigen can be processed and
presented in association with the particular MHC molecules
expressed by that individual. To narrow the focus of this
selection process to antigens from which peptides can be
derived that associate with a particular human HLLA mol-
ecule, it is possible, as described in other Examples, to
derive directly HLA restricted CTL from HLA and human
CDS8 transgenic mice. Alternatively, differentially immuno-
genic molecules of the human tumor can be initially iden-
tified employing tumor-specific CTL restricted to any animal
MHC. Antigens so identified can subsequently be charac-
terized for the ability to be processed and presented in
association with different human HLA types by primary in
vitro stimulation of human peripheral blood lymphocytes
(PBL), or, as described in other Examples, by immunization
of HLLA and human CDS transgenic mice. The HLLA trans-
gene permits selection of a high affinity, HLA-restricted T
cell repertoire in the mouse thymus. In addition, a human
CD8 transgene is most preferable because murine CD8 does
not interact efficiently with human class I MHC.

[0911] The method to determine differential immunoge-
nicity can be carried out in normal mice if genes encoding
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mouse MHC molecules are introduced into the human cell
lines by transfection (Kriegler, M., 1991, Gene transfer and
expression: A laboratory manual, W.H. Freeman and Co.,
New York). Alternatively, antigens of the human cell lines
may be re-presented by murine professional antigen pre-
senting cells in vivo (Huang, et al., 1994, Science, 264:961-
965) and in vitro (Inaba, et al., 1992, J. Exp. Med. 176:1702;
Inaba, et al., 1993, J. Exp. Med. 178:479-488). To induce T
cell tolerance during re-presentation of human antigens by
murine dendritic cells it may be necessary to block costimu-
lator activity with anti-B7.1 and anti-B7.2 antibodies. Speci-
ficity of the CTL generated in this way may be determined
by comparing lysis of human tumor and normal target cells
that have been transfected with HLA class I or that have
been infected with HLA class I or that have been infected
with HLA class I recombinant vaccinia virus.

[0912] Since immunogenicity of antigen in any individual
depends on whether peptides derived from the antigen can
be presented to T cells in association with MHC molecules
of that particular individual, it may be separately determined
by immunization of human volunteers or of human CD8 and
HLA transgenic mice, which human HLA molecules are
able to present peptides of any identified antigen. The two
issues of immunogenicity and HLA associated presentation
can be addressed simultaneously if HLA transgenic mice
rather than normal mice are employed in the initial immu-
nization.

[0913] The construction of transgenic mice is well known
in the art and is described, for example, in Manipulating the
Mouse Embryo: A laboratory Manual, Hogan, et al., Cold
Spring Harbor Press, second edition, 1994. Human CD8
transgenic mice may be constructed by the method of
LaFace, et al., J. Exp. Med. 182: 1315-25 (1995). Construc-
tion of new lines of transgenic mice expressing the human
CD8alpha and CD8beta subunits may be made by insertion
of the corresponding human cDNA into a human CD2
minigene based vector for T cell-specific expression in
transgenic mice (Zhumabekov, et al., J. Immunol. Methods
185:133-140 (1995)). HLA class I transgenic mice may be
constructed by the methods of Chamberlain, et al., Proc.
Natl. Acad. Sci. USA 85:7690-7694 (1988) or Bernhard, et
al., J. Exp. Med. 168: 1157-62 (1988) or Vitiello, et al., J.
Exp. Med. 173: 1007-1015 (1991) or Barra, et al., J. Immu-
nol. 150: 3681-9 (1993).

[0914] Construction of additional HLA class I transgenic
mice may be achieved by construction of an H-2Kb cassette
that includes 2 kb of upstream regulatory region together
with the first two introns previously implicated in gene
regulation (Kralova, et al., 1992, EMBO J. 11: 4591-4600).
Endogenous translational start sites are eliminated from this
region and restriction sites for insertion of HLA cDNA are
introduced into the third exon followed by a polyA addition
site. By including an additional 3 kb of genomic H-2Kb
sequence at the 3' end of this construct, the class I gene can
be targeted for homologous recombination at the H-2Kb
locus in embryonic stem cells. This has the advantage that
the transgene is likely to be expressed at a defined locus
known to be compatible with murine class I expression and
that these mice are likely to be deficient for possible com-
petition by H-2Kb expression at the cell membrane. It is
believed that this will give relatively reproducible expres-
sion of diverse human HLLA class I cDNA introduced in the
same construct.
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[0915] Most preferably, the tumor cell lines are a panel of
tumor cell lines that are all derived from a single immor-
talized, non-tumorigenic cell line. Non-tumorigenic cells are
most preferable for inducing tolerance to the large number
of normal human proteins that are also expressed in tumor
cells.

[0916] Preferably, screening is performed on such a panel
of tumor cell lines, independently derived from the same
normal cells by diverse carcinogens or oncogene transfor-
mation. Screening of such a panel of tumor cell lines makes
it possible to filter out antigenic changes that are carcinogen
specific or that may arise by random genetic drift during in
vitro propagation of a tumor cell line.

[0917] The tumor-specific CTLs generated as described
above can be used to screen expression libraries prepared
from the target tumor cells in order to identify clones
encoding the target epitope. DNA libraries constructed in a
viral vector infectious for mammalian cells as described
herein can be employed for the efficient selection of specific
recombinants by CTLs. Major advantages of these infec-
tious viral vectors are 1) the ease and efficiency with which
recombinants can be introduced and expressed in mamma-
lian cells, and 2) efficient processing and presentation of
recombinant gene products in association with MHC mol-
ecules of the infected cell. At a low multiplicity of infection
(m.o.i.), many target cells will express a single recombinant
which is amplified within a few hours during the natural
course of infection.

[0918] A representative DNA library is constructed in
vaccinia virus. Preferably, a tri-molecular recombination
method employing modified vaccinia virus vectors and
related transfer plasmids is used to construct the represen-
tative DNA library invacciniavirus. This method generates
close to 100% recombinant vaccinia virus (see Example 2).

[0919] In a preferred embodiment (see also Example 1), a
vaccinia virus transfer plasmid pJ/K, a pUC 13 derived
plasmid with a vaccinia virus thymidine kinase gene con-
taining an in-frame Not I site, is further modified to incor-
porate one of two strong vaccinia virus promoters, e.g.,
either a 7.5K vaccinia virus promoter or a strong synthetic
early/late (E/L) promoter, followed by Not I and Apa I
restriction sites. The Apa I site is preferably preceded by a
strong translational initiation sequence including the ATG
codon. This modification is preferably introduced within the
vaccinia virus thymidine kinase (tk) gene so that it is flanked
by regulatory and coding sequences of the viral tk gene.
Each of the two modifications within the tk gene of a
plasmid vector may be transferred by homologous recom-
bination in the flanking tk sequences into the genome of the
Vaccinia Virus WR strain derived vNotl "vector to generate
two new viral vectors.

[0920] Importantly, following Not I and Apa I restriction
endonuclease digestion of these two viral vectors, two large
viral DNA fragments can be isolated each including a
separate non-homologous segment of the vaccinia tk gene
and together comprising all the genes required for assembly
of infectious viral particles.

[0921] In one embodiment, such modifications are intro-
duced in the Modified Virus Ankara (MVA) strain of vac-
cinia, which is replication deficient in mammalian cells
(Meyer, et al., 1991. J. Gen. Virol. 72:1031-1038).
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[0922] In a preferred embodiment, the following method
is used to enrich for, and select for those cells infected with
the recombinant viruses that express the target epitopes of
specific cytotoxic T cells. An adherent monolayer of cells is
infected with a recombinant viral library, e.g. a vaccinia
recombinant viral library, at m.o . less than or equal to 1. It
is important that these cells do not themselves express the
target epitopes recognized by specific CTLs but that these
epitopes are represented in the viral library. In addition, for
selection by CTLs, the infected cells must express an
appropriate MHC molecule that can associate with and
present the target peptide to T cells.

[0923] After 12 hours infection with recombinant virus,
the monolayer is washed to remove any non-adherent cells.
CTLs of defined specificity are added for 30 min. During
this time, some of the adherent cells infected with a recom-
binant particle that leads to expression of the target epitope
will interact with a specific CTL and undergo a lytic event.
Cells that undergo a lytic event are released from the
monolayer and can be harvested in the floating cell popu-
lation. The above-described protocol is repeated for prefer-
ably five or more cycles, to increase the level of enrichment
obtained by this procedure.

[0924] Screening Cytotoxic Lymphocytes Generated
Against Products of Genes Differentially Expressed in
Tumor Cells for Activity Against Authentic Tumor Cells

[0925] The products of genes that are differentially
expressed in a tumor are used to generate HLLA-restricted
CTLs (e.g., by immunization of transgenic animals or in
vitro stimulation of human PBL with antigen presenting
cells that express the appropriate MHC). The CTLs so
generated are assayed for activity against authentic tumor
cells in order to identify the differentially expressed gene
which encodes the effective target epitope.

[0926] Inessence, this approach to identify tumor-specific
antigens is the reverse of the strategy described in the
preceding section. Rather than isolating CTLs generated
against authentic tumor cells to screen expression libraries
of tumor-specific cDNA, the tumor-specific cDNA or gene
products (i.e., the product of genes differentially expressed
in tumors) are used to generate CTLs which are then
screened using authentic tumor. This strategy is quite advan-
tageously used to identify target epitopes for many human
tumor types where it has not been possible to generate
tumor-specific CTL directly from patients. This strategy
provides an additional advantage in that cryptic tumor
antigens can be identified. Rather than only assaying for
what is immunogenic on a tumor cell, this embodiment of
the invention allows for the evaluation and assessment of
tumor cell products that can become immunogenic if the
representation of tumor-specific T cells is first augmented by
vaccination.

[0927] Differentially expressed genes derived from the
tumor can be identified using standard techniques well
known to those skilled in the art (e.g., see Liang & Pardee,
1992, Science 257:967-971, which is incorporated by ref-
erence herein in its entirety). Preferably, the improved
differential display methods described in Sections 9.2 and
9.3, infra, may be used to reduce false positives and enhance
the efficiency for isolating full length cDNAs corresponding
to the identified DNA fragments. Each differentially
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expressed gene product is potentially immunogenic, and
may be represented as a low-abundance or high abundance
transcript.

[0928] In order to identify the differentially expressed
gene products that might be candidates for tumor immuno-
therapy, it is necessary to have a means of delivering the
product for immunization in an environment in which T cell
responses to peptides associated with human HLA can be
induced. To this end, the differentially expressed cDNA is
incorporated into an expression vector, preferably a viral
vector (such as the vaccinia vectors described herein) so that
quantities of the gene product adequate for immunization are
produced. Immunization can be accomplished using the
recombinantly expressed gene product formulated in a sub-
unit vaccine (e.g., mixed with a suitable adjuvant that can
promote a cell mediated immune response). Preferably a
recombinant viral expression vector, such as vaccinia, can be
used to immunize (Bennock & Yewdell, 1990, Current
Topics In Microbiol. and Immunol. 163:153-178). Most
preferably, transgenic mice are employed which express a
human class I MHC molecule, so that HLA-restricted
murine cytotoxic T cells specific for the gene product can be
induced and isolated (Shirai, M., et al., 1995, J. Immunol.
154.2733-42; Wentworth et al., 1996, Eur. J. of Immunol.
26:97-101). Alternatively, human PBL are stimulated in
vitro with antigen presenting cells that express homologous
HLA.

[0929] The significance of HLA compatibility is that T
cells recognize peptides that bind to, and are transported to
the surface of antigen presenting cells in association with
major histocompatibility molecules. T cells of HLA trans-
genic mice are, therefore, primed to recognize a specific
peptide in association with the expressed human HLA and
crossreactivity with human tumor cells depends on expres-
sion of that same tumor peptide in association with the same
HLA molecule.

[0930] The CTLs induced by the immunization can be
tested for cross reactivity on HLLA compatible tumors that
express the corresponding mRNA. The CTLs can be assayed
for their ability to kill authentic tumor cells in vitro or in
vivo. To this end, assays described in other Examples can be
used, or other similar assays for determining tumor cell
specificity and killing which are well known to those skilled
in the art.

[0931] Using this approach, target epitopes which are
particularly good candidates for tumor immunotherapy in
human patients are identified as those which meet the
following criteria: (a) the gene is differentially expressed in
multiple human tumors; (b) the gene products are immuno-
genic in association with HLA; and (c) the specific CTLs
induced are cross reactive on human tumor cells.

Example 19

Construction of MVA Trimolecular Recombination
Vectors

[0932] In order to construct a Modified Vaccinia Ankara
(MVA) vector suitable for trimolecular recombination, two
unique restriction endonuclease sites must be inserted into
the MVA tk gene. The complete MVA genome sequence is
known (GenBank U94848). A scarch of this sequence
revealed that restriction endonucleases Ascl, Rsrll, Sfil, and
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Xmal do not cut the MVA genome. Restriction endonu-
cleases Ascl and Xmal have been selected due to the
commercial availability of the enzymes, and the size of the
recognition sequences, 8 bp and 6 bp for Ascl and Xmal
respectively. In order to introduce these sites into the MVA
tk gene a construct will be made that contains a reporter gene
(c.g. indicator gene) (E. coli gusA) flanked by Xmal and
Ascl sites. The Gus gene is available in pCRIL.Gus (M.
Merchlinsky, D. Eckert, E. Smith, M. Zauderer. 1997 Virol-
ogy 238: 444-451). This reporter gene (e.g. indicator gene)
construct will be cloned into a transfer plasmid containing
vaccinia tk DNA flanks and the early/late 7.5 k promoter to
control expression of the reporter gene (e.g. indicator gene).
The Gus gene will be PCR amplified from this construct
using Gus specific primers. Gus sense 5' ATGTTACGTC-
CTGTAGAAACC 3' (SEQ ID NO:48), and Gus Antisense
5" TCATTGTTTGCCTCCCTGCTG 3' (SEQ ID NO:49).
The Gus PCR product will then be PCR amplified with Gus
specific primers that have been modified to include Notl and
Xmal sites on the sense primer, and Ascl and Apal sites on
the antisense primer. The sequence of these primers is:
NX-Gus Sense 5 AAAGCGGCCGCCCCGGGATGT-
TACGTCC 3' (SEQ ID NO:50) AA-Gus antisense 5'
AAAGGGCCCGGCGCGCCTCATTGTTTGCC 3' (SEQ
ID NO:51).

[0933] This PCR product will be digested with Notl and
Apal and cloned into the NotlI and Apal sites of p7.5/tk (M.
Merchlinsky, D. Eckert, E. Smith, M. Zauderer. 1997 Virol-
ogy 238: 444-451). The 7.5k-Xmal-gusA-Ascl construct
will be introduced into MVA by conventional homologous
recombination in permissive QT35 or BHK cells. Recom-
binant plaques will be selected by staining with the Gus
substrate X-Glu (5-bromo-3 indoyl-b-D-glucuronic acid,
Clontech) (M. W. Carroll, B. Moss. 1995 Biotechniques 19:
352-355). MVA-Gus clones, which will also contain the
unique Xmal and Ascl sites, will be plaque purified to
homogeneity. Large scale cultures of MVA-Gus will be
amplified on BHK cells, and naked DNA will be isolated
from purified virus. After digestion with Xmal and Ascl the
MVA-Gus DNA can be used for trimolecular recombination
in order to construct cDNA expression libraries in MVA.

[0934] MVA is unable to complete its life cycle in most
mammalian cells. This attenuation can result in a prolonged
period of high levels of expression of recombinant cDNAs,
but viable MVA cannot be recovered from infected cells. The
inability to recover viable MVA from selected cells would
prevent the repeated cycles of selection required to isolate
functional cDNA recombinants of interest. A solution to this
problem is to infect MVA infected cells with a helper virus
that can complement the host range defects of MVA. This
helper virus can provide the gene product(s) which MVA
lacks that are essential for completion of its life cycle. It is
unlikely that another host range restricted helper virus, such
as fowlpox, would be able to complement the MVA
defect(s), as these viruses are also restricted in mammalian
cells. Wild type strains of vaccinia virus would be able to
complement MVA. In this case however, production of
replication competent vaccinia virus would complicate addi-
tional cycles of selection and isolation of recombinant MVA
clones. A conditionally defective vaccinia virus could be
used which could provide the helper function needed to
recover viable MVA from mammalian cells under nonper-
missive conditions, without the generation of replication
competent virus.
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[0935] The wvaccinia D4R open reading frame (orf)
encodes a uracil DNA Glycosylase enzyme. This enzyme is
essential for vaccinia virus replication, is expressed early
after infection (before DNA replication), and disruption of
this gene is lethal to vaccinia. It has been demonstrated that
a stably transfected mammalian cell line expressing the
vaccinia D4R gene was able to complement a D4R deficient
vaccinia virus (G. W. Holzer, F. G. Falkner. 1997 J. Virology
71: 4997-5002). A D4R deficient vaccinia virus would be an
excellent candidate as a helper virus to complement MVA in
mammalian cells.

[0936] In order to construct a D4R complementing cell
line the D4R orf will be cloned from vaccinia strain v7.5/tk
by PCR amplification using primers D4R-Sense 5' AAAG-
GATCCATAATGAATTCAGTGACTGTATCACACG 3
(SEQ ID NO:52) and D4R Antisense 5' CTTGCGGCCGC
TTAATAAATAAACCCTTGAGCCC 3' (SEQ ID NO:53).
The sense primer has been modified to include a BamHI site,
and the anti-sense primer has been modified to include a
Notl site. Following PCR amplification and digestion with
BamHI and NotI the D4R orf will be cloned into the BamHI
and Notl sites of pIRESHyg (Clontech). This mammalian
expression vector contains the strong CMV Immediate Early
promoter/Enhancer and the ECMYV internal ribosome entry
site (IRES). The D4RIRESHyg construct will be transfected
into BSC1 cells and transfected clones will be selected with
hygromycin. The IRES allows for efficient translation of a
polycistronic mRNA that contains the D4Rorf at the 5' end,
and the Hygromycin phosphotransferase gene at the 3' end.
This results in a high frequency of Hygromycin resistant
clones being functional (the clones express D4R). BSC1
cells that express D4R (BSC1.D4R) will be able to comple-
ment D4R deficient vaccinia, allowing for generation and
propagation of this defective strain.

[0937] To construct D4R deficient vaccinia, the D4R orf
(position 100732 to 101388 in vaccina genome) and 983 bp
(5" end) and 610 bp (3' end) of flanking sequence will be
PCR amplified from the vaccinia genome. Primers D4R
Flank sense 5" ATTGAGCTCTTAATACTTTTGTCGGG-
TAACAGAG 3' (SEQ ID NO:54) and D4R Flank anti sense
5' TTACTC GAGAGTGTCGCAATTTGGATTTT 3' (SEQ
ID NO:55) contain a Sac (Sense) and Xhol (Antisense) site
for cloning and will amplify position 99749 to 101998 of the
vaccinia genome. This PCR product will be cloned into the
Sacl and Xhol sites of pBluescript II KS (Stratagene),
generating pBS.D4R.Flank. The D4R gene contains a
unique EcoRI site beginning at nucleotide position 3 of the
657 bp orf, and a unique Pstl site beginning at nucleotide
position 433 of the orf. Insertion of a Gus expression
cassette into the EcoRI and Pstl sites of D4R will remove
most of the D4R coding sequence. A 7.5 k promoter—Gus
expression vector has been constructed (M. Merchlinsky, D.
Eckert, E. Smith, M. Zauderer. 1997 Virology 238: 444-
451). The 7.5-Gus expression cassette will be isolated from
this vector by PCR using primers 7.5 Gus Sense 5' AAA-
GAATTCCTTTATTGTCATCGGCCAAA (SEQ ID NO:56)
and 7.5Gus antisense 5' AATCTGCAGTCATTGTTTGC-
CTCCCTGCTG 3' (SEQ ID NO:57). The 7.5 Gus sense
primer contains an EcoRI site and the 7.5 Gus antisense
primer contains a Pstl site. Following PCR amplification the
7.5Gus molecule will be digested with EcoRI and PstI and
inserted into the EcoRI and Pstl sites in pBS.D4R.Flank,
generating pBS.D4R™/7.5Gus*. D4R~/Gus* vaccinia can be
gencrated by conventional homologous recombination by
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transfecting the pBS.D4R7/7.5Gus™ construct into v7.5/tk
infected BSC 1.D4R cells. D4R™/Gus™ virus can be isolated
by plaque purification on BSC1.D4R cells and staining with
X-Glu. The D4R~ virus can be used to complement and
rescue the MVA genome in mammalian cells.

Example 20

Construction and Use of D4R Trimolecular
Recombination Vectors

[0938] Poxvirus infection can have a dramatic inhibitory
effect on host cell protein and RNA synthesis. These effects
on host gene expression could, under some conditions,
interfere with the selection of specific poxvirus recombi-
nants that have a defined physiological effect on the host
cell. Some strains of vaccinia virus that are deficient in an
essential carly gene have been shown to have greatly
reduced inhibitory effects on host cell protein synthesis.
Therefore, production of recombinant cDNA libraries in a
poxvirus vector that is deficient in an early gene function
may be advantageous for selection of certain recombinants
that depend on continued active expression of some host
genes. Disruption of essential viral genes prevents viral
replication. Replication defective strains of vaccinia are
rescued by providing the missing function through
transcomplementation, such as by an host cell-encoded or
helper virus-encoded gene under the control of an inducible
promoter.

[0939] Infection of a cell population with a poxvirus
library constructed in a replication deficient strain should
greatly attenuate the effects of infection on host cell signal
transduction mechanisms, differentiation pathways, and
transcriptional regulation. An additional and important ben-
efit of this strategy is that expression of the essential gene
under the control of a inducible promoter can itself be the
means of selecting recombinant virus that directly or indi-
rectly lead to activation of that transcriptional regulatory
region. Examples include the promoter of a gene activated
as a result of crosslinking surface immunoglobulin receptors
on early B cell precursors or the promoter of a gene that
encodes a marker induced following stem cell differentia-
tion. Additional examples of inducible promoters include
cell type-restricted promoters, tissue-restricted promoters,
temporally-regulated promoters, spatially-regulated promot-
ers, proliferation-induced promoters, cell-cycle specific pro-
moters, etc., such as those described herein or well-known
in the art. If such a promoter drives expression of an
essential viral gene, then only those viral recombinants that
directly or indirectly activate expression of that transcrip-
tional regulator will replicate and be packaged as infectious
particles. This method has the potential to give rise to much
lower background then selection methods based on expres-
sion of dipA or a CTL target epitope because uninduced cells
will contain no replication competent vaccinia virus that
might be released through non-specific bystander effects.
The selected recombinants can be further expanded in a
complementing cell line or in the presence of a comple-
menting helper virus or transfected plasmid.

[0940] A number of essential early vaccinia genes have
been described. Preferably, a vaccinia strain deficient for the
D4R gene could be employed. The vaccinia D4R open
reading frame (orf) encodes a uracil DNA glycosylase
enzyme. This enzyme is required for viral DNA replication
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and disruption of this gene is lethal to vaccinia (A. K. Millns,
M. S. Carpenter, and A. M. Delange. 1994 Virology
198:504-513). It has been demonstrated that a stably trans-
fected mammalian cell line expressing the vaccinia D4R
gene is able to complement a D4R deficient vaccinia virus
(G. W. Holzer, F. G. Falkner. 1997 J. Virology 71: 4997-
5002). In the absence of D4R complementation, infection
with the D4R deficient vaccinia results in greatly reduced
inhibition of host cell protein synthesis (Holzer and
Falkner). It has also been shown that a foreign gene inserted
into the tk gene of D4R deficient vaccinia continues to be
expressed at high levels, even in the absence of D4R
complementation (M. Himly, M. Pfleiderer, G. Holzer, U.
Fischer, E. Hannak, F. G. Falkner, and F. Dorner. 1998
Protein Expression and Purification 14: 317-326). The rep-
lication deficient D4R strain is, therefore, well-suited for
selection of viral recombinants that depend on continued
active expression of some host genes for their physiological
effect.

[0941] To implement this strategy for selection of specific
recombinants from representative ¢cDNA libraries con-
structed in a D4R deficient vaccinia strain the following cell
lines and vectors are required:

[0942] 1. D4R expressing complementing cell line is
required for expansion of D4R deficient viral stocks.

[0943] 2. The D4R gene must be deleted or inacti-
vated in a wviral strain suitable for trimolecular
recombination.

[0944] 3. Plasmid or viral constructs must be gener-
ated that express D4R under the control of different
inducible promoters, e.g., cell-specific promoters,
tissue-specific promoters, proliferation-specific pro-
moters, etc., such as the promoter for expression of
type X collagen following induction of chondrocyte
differentiation from C3H10T1/2 progenitor cells.
Stable transfectants of these constructs in the rel-
evant cell line are required to rescue specific recom-
binants. Alternatively, a helper virus expressing the
relevant construct can be employed for induction in
either cell lines or primary cultures.

[0945]

[0946] A D4R complementing cell line is constructed as
follows. First, the D4R orf (position 100732 to 101388 in
vaccinia genome) is cloned from vaccinia strain v7.5/tk by
PCR amplification using the following primers:

[0947] D4R-sense, 5' AAAGAATTCA TAAT-
GAATTC AGTGACTGTA TCACACG 3' (SEQ ID
NO:58);

[0948] and D4R-antisense: 5 CTTGGATCCT
TAATAAATAA ACCCTTGAGC CC 3' (SEQ ID
NO:59).

[0949] The sense primer is modified to include an EcoRI
site, and the anti-sense primer is modified to include a
BamHI site (both underlined). Following standard PCR
amplification and digestion with EcoRI and BamHI, the
resulting D4R orf is cloned into the EcoRI and BamHI sites
of pIRESneo (available from Clontech, Palo Alto, Calif.).
This mammalian expression vector contains the strong CMV
immediate early promoter/enhancer and the ECMYV internal
ribosome entry site (IRES). The D4R/IRESneo construct is

Construction of a D4R Complementing Cell Line
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transfected into BSCI cells and transfected clones are
selected with G418. The IRES allows for efficient translation
of a polycistronic mRNA that contains the D4Rorf at the 5
end, and the neomycin phosphotransferase gene at the 3'
end. This results in a high frequency of G418 resistant clones
being functional (the clones express D4R). Transfected
clones are tested by northern blot analysis using the D4R
gene as probe in order to identify clones that express high
levels of D4R mRNA. BSCI cells that express D4R
(BSC1.D4R) are able to complement D4R deficient vac-
cinia, allowing for generation and propagation of D4R
defective viruses.

[0950] Construction of D4R Deficient Vaccinia Vector

[0951] A D4R-deficient vaccinia virus, suitable for trimo-
lecular recombination as described in Example 19, supra, is
constructed by disruption of the D4R orf (position 100732 to
101388 in vaccinia genome) through the insertion of an F.
coli GusA expression cassette into a 300-bp deletion, by the
following method.

[0952] TIn order to insert the GusA gene, regions flanking
the insertion site are amplified from vaccinia virus as
follows. The left flanking region is amplified with the
following primers:

[0953] D4R left flank sense: 5'AATAAGCTIT
GACTCCAGAT ACATATGGA 3' (SEQ ID NO:60);
and

[0954] D4R left flank antisense: 5' AATCTGCAGC
ACCAGTTCCA TCTTT 3' (SEQ ID NO:61).

[0955] These primers amplify a region extending from
position 100167 to position 100960 of the vaccinia genome,
and have been modified to include a HindIII (Sense) and Pstl
(Antisense) site for cloning (both underlined). The resulting
PCR product is digested with HindIII and Pstl, and cloned
into the HindIIl and Pstl sites of pBS (available from
Stratagene), generating pBS.D4R.LF. The right flanking
region is amplified with the following primers:

[0956] D4R right flank sense: 5' AATGGATCCT
CATCCAGCGG CTA 3' (SEQ ID NO:62); and

[0957] D4R right flank antisense: 5' AATGAGCTCT
AGTACCTACA ACCCGAA 3' (SEQ ID NO:63).

[0958] These primers amplify a region extending from
position 101271 to position 101975 of the vaccinia genome,
and have been modified to include a BamHI (Sense) and
Sacl (Antisense) site for cloning (both underlined). The
resulting PCR product is digested with BamHI and Sacl, and
cloned into the BamHI and Sacl sites of pBS.D4R.LF,
creating pBS.D4R.LF/RF.

[0959] An expression cassette comprising the GusA cod-
ing region operably associated with a poxvirus synthetic
early/late (E/L) promoter, is inserted into pBS.D4R.LF/RF
by the following method. The E/L promoter-Gus cassette is
derived from the pEL/tk-Gus construct described in Merch-
linsky, M., et al., Virology 238: 444-451 (1997). The Notl
site immediately upstream of the Gus ATG start codon is
removed by digestion of pEL/tk-Gus with Notl, followed by
a fill in reaction with Klenow fragment and religation to
itself, creating pEL/tk-Gus(NotI-). The E/L-Gus expression
cassette is isolated from pEL/tk-Gus(Notl-) by standard
PCR using the following primers:
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[0960] EL-Gus sense: 5  AAAGTCGACG
GCCAAAAATT GAAATTTT 3' (SEQ ID NO:64);

and

[0961] EL-Gus antisense: 5' AATGGATCCT CAT-
TGTTTGC CTCCC 3' (SEQ ID NO:65).

[0962] The EL-Gus sense primer contains a Sall site and
the EL-Gus antisense primer contains a BamHI site (both
underlined). Following PCR amplification the EL-Gus cas-
sette is digested with Sall and BamHI and inserted into the
Sall and BamHI sites in pBS.D4R.LF/RF generating
pBS.D4R-/EL.Gus. This transfer plasmid contains an EL-
Gus expression cassette flanked on both sides by D4R
sequence. There is also a 300 bp deletion engineered into the
D4R orf.

[0963] D4R~/Gus* vaccinia viruses suitable for trimolecu-
lar recombination are generated by conventional homolo-
gous recombination following transfection of the pBS.D4R-/
ELGus construct into v7.5/tk-infected BSC1.D4R cells.
D4R~/Gus* virus are isolated by plaque purification on
BSC1.D4R cells and staining with X-Glu (M. W. Carroll, B.
Moss. 1995. Biotechniques 19: 352-355). This new strain is
designated v7.5/tk/Gus/D4R.

[0964] DNA purified from v7.5/tk/Gus/D4R is used to
construct representative vaccinia cDNA libraries by trimo-
lecular recombination carried out in the BSC1.D4R comple-
menting cell line.

[0965] Preparation of Host Cells Expressing D4r under the
Control of Inducible Promoters

[0966] Host cells which express the D4R gene upon
induction of an inducible promoter are prepared as follows.
Plasmid constructs are generated that express the vaccinia
D4R gene under the control of an inducible promoter.
Examples of inducible promoters include, but are not limited
to cell-specific promoters, tissue-specific promoters, prolif-
eration-specific promoters, and the promoter for a marker of
differentiation, such as type X collagen. The vaccinia D4R
orf is amplified by PCR using primers D4R sense and D4R
antisense described above. These PCR primers are modified
as needed to include desirable restriction endonuclease sites.
The D4R orf is then cloned in a suitable eukaryotic expres-
sion vector (which allows for the selection of stably trans-
formed cells) in operable association of any appropriate
promoter such as the type X collagen promoter employing
methods known to those skilled in the art.

[0967] The construct is then stably transfected into a cell
line suitable for selection or screening, for example,
C3H110T1/2 progenitor cells. The resulting host cells are
used in the selection and screening methods described
throughout the application, using libraries prepared in v7.5/
tk/Gus/D4R. Differentiation results in the induction of
expression of the D4R gene product. Expression of D4R
complements the defect in the v7.5/tk/Gus/D4R genomes in
which the libraries are produced, allowing the production of
infectious virus particles.

Example 21

Method to Identify Upstream Genes

[0968] Once a polynucleotide of interest is identified, the
methods of the present invention may be used to identify
other polynucleotides (e.g., genes) that regulate expression
of that polynucleotide.
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[0969] The method is similar to those previously described
herein. This example uses a marker of breast cancer trans-
formation, e.g., C35, as the polynucleotide being regulated.
However, any polynucleotide for which an upstream regu-
lator is desired may be used in this method.

[0970] The transcriptional regulatory region of, for
example, C35 is cloned into a DNA construct in which it can
drive expression of a selective gene product such as an
epitope, suicide gene, or a gene that complements an oth-
erwise replication defective viral vector. This construct is
transferred into and expressed in host cells that do not
normally express C35, e.g. normal non-tumorigenic breast
epithelial cells. The host cells are then infected with a viral
library recombinant for cDNA derived from a cell popula-
tion that is undergoing or has undergone tumor transforma-
tion. Specific recombinants of any cDNA that induces
expression of C35 are selected through activation of the
selective construct. Expression of the selected cDNAs can
then be characterized in a diverse panel of normal and tumor
tissues to identify those genes that may serve as unique
target molecules for cancer therapy (e.g., not expressed in
adult normal tissues). Such therapy could include induction
of immune responses or administration of therapeutic anti-
bodies specific for products of the newly identified cDNAs.

[0971] For example, genes could be identified that regu-
late a polynucleotide of interest involved in tumor transfor-
mation such as a marker of tumor transformation. Upstream
regulators may be, in some cases, even more useful as a
therapeutic targets than the polynucleotides/genes they regu-
late. For example, genes that regulate expression of a
polynucleotide encoding a marker of tumor transformation
may be especially useful because they have particular prop-
erties such as surface membrane expression or are involved
in particular pathways such as signal transduction that are
therapeutic modes different from the initial polynucleotide
of interest. In addition, such upstream regulators may be
relevant to tumor transformation in a wider range of tissues
than the initial polynucleotide of interest. For example, the
same upstream genes that regulate overexpression of C35 in
human breast and bladder cancer may also regulate overex-
pression of different tumor markers in lung and/or prostate
cancer. Modes of therapy that target this upstream regulator
(in contrast to targeting C35) would be useful in not only
breast and bladder cancer but also in lung or prostate cancer.

[0972] Using this method, upstream regulators of any
polynucleotide—including those isolated by methods other
than methods of the invention—for which the promoter
region has been identified can be isolated or identified.

Example 22

Attenuation of Poxvirus Mediated Host Shut-Off by
Reversible Inhibitor of DNA Synthesis

[0973] As discussed infra, attenuated or defective virus is
sometimes desired to reduce cytopathic effects. Cytopathic
effects during virus infection might interfere with selection
and identification of target polynucleotides that regulate
specific gene expression in the host cell. Such effects can be
attenuated with a reversible inhibitor of DNA synthesis such
as hydroxyurea (HU) (Pogo, B. G. and S. Dales, Biogenesis
of vaccinia: separation of early stages from maturation by
means of hydroxyurea. Virology, 1971.43 (1): 144-51). HU
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inhibits both cell and viral DNA synthesis by depriving
replication complexes of deoxyribonucleotide precursors
(Hendricks, S. P. and C. K. Mathews, Differential effects of
hydroxyurea upon deoxyribonucleoside triphosphate pools,
analyzed with vaccinia virus ribonucleotide reductase. J Biol
Chem, 1998. 273(45):29519-23). Inhibition of viral DNA
replication blocks late viral RNA transcription while allow-
ing transcription and translation of genes under the control
of early vaccinia promoters (Nagaya, A., B. G. Pogo, and S.
Dales, Biogenesis of vaccinia: separation of early stages
from maturation by means of rifampicin. Virology, 1970.
40(4):1039-51). Thus, treatment with reversible inhibitor of
DNA synthesis such as HU allows the detection of effects of
target polynucleotides (under the control, for example, of an
carly viral promoter) on host gene expression. Following
appropriate incubation, HU inhibition can be reversed by
washing the host cells so that the viral replication cycle
continues and infectious recombinants can be recovered
(Pogo, B. G. and S. Dales, Biogenesis of vaccinia: separa-
tion of early stages from maturation by means of hydrox-
yurea. Virology, 1971. 43(1):144-51).

[0974] The results in FIG. 21 demonstrate that induction
of type X collagen synthesis, a marker of chondrocyte
differentiation, in C3H10T1/2 progenitor cells treated with
BMP-2 (Bone Morphogenetic Protein-2) is blocked by vac-
cinia infection but that its synthesis can be rescued by HU
mediated inhibition of viral DNA synthesis. When HU is
removed from cultures by washing with fresh medium, viral
DNA synthesis and assembly of infectious particles pro-
ceeds rapidly so that infectious viral particles can be isolated
as soon as 2 hrs post-wash. C3H10T1/2 cells were infected
with WR vaccinia virus at MOI=1 and 1 hour later either
medium or 400 ng/ml of BMP-2 in the presence or absence
of 2 mM HU was added. After a further 21 hour incubation
at 37° C., HU was removed by washing with fresh medium.
The infectious cycle was allowed to continue for another 2
hours to allow for initiation of viral DNA replication and
assembly of infectious particles. At 24 hours RNA was
extracted from cells maintained under the 4 different culture
conditions. Northern analysis was carried out using a type X
collagen specific probe. The uninduced C3H10T1/2 cells
have a mesenchymal progenitor cell phenotype and as such
do not express type X collagen (first lane from left). Addi-
tion of BMP-2 to normal, uninfected C3H10T1/2 cells
induces differentiation into mature chondrocytes and expres-
sion of type X collagen (compare first and second lanes from
left), whereas addition of BMP-2 to vaccinia infected
C3H10T1/2 cells fails to induce synthesis of type X collagen
(third lane from left). In the presence of 2 mM HU, BMP-2
induces type X collagen synthesis even in vaccinia virus
infected C3H10T1/2 cells (fourth lane from left).

[0975] This strategy for attenuating viral cytopathic
effects is applicable to other cell types and to selection of
target polynucleotides that regulate expression of other host
genes.

Example 23
[0976] Expression Profiling
[0977] Many of the screening and/or selection methods

described herein depend on expression of host cell genes or
host cell transcriptional regulatory regions, which are
directly or indirectly modified by target polynucleotides. It



US 2003/0022157 Al

is important to note that many preferred embodiments of the
present invention host cells are infected with a eukaryotic
virus vector, preferably a poxvirus vector, and even more
preferably a vaccinia virus vector. It is well understood by
those of ordinary skill in the art that some host cell protein
synthesis is rapidly shut down upon poxvirus infection in
some cell lines, even in the absence of viral gene expression.
This problem is not intractable, however, because in certain
cell lines, inhibition of host protein synthesis remains
incomplete until after viral DNA replication. See Moss, B.,
“Poxviridae and their Replication™ IN Virology, 2d Edition,
B. N. Fields, D. M. Kanipe et al., Eds., Raven Press, p. 2096
(1990). It may be desirable to rapidly screen a variety of host
cells for their ability to express gene products which are
upregulated by a target polynucleotides upon infection by a
virus vector, preferably a poxvirus vector, and even more
preferably a vaccinia virus vector; and to screen desired host
cells for differential expression of cellular genes upon virus
infection. Expression profiling methods may be used to
perform such screening. For example, expression profiling
using microarrays is described in Duggan, D. J., et al,,
Nature Genet. 2 1 (1 Suppl):10-14 (1999), which is incor-
porated herein by reference in its entirety.

[0978] According to this method, expression profiling is
used to compare host cell gene expression patterns in
uninfected host cells and host cells infected with a eukary-
otic virus expression vector, preferably a poxvirus vector,
even more preferably a vaccinia virus vector, where the
particular eukaryotic virus vector is the vector used to
construct the library of the present invention. In this way,
suitable host cells which continue to undergo expression of
the necessary inducible proteins upon infection with a given
virus, can be identified.

[0979] Expression profiling is also used to compare host
cell gene expression patterns in a given host cell, for
example, comparing expression patterns when the host cell
is infected with a fully infectious virus vector, and when the
host cell is infected with a corresponding attenuated virus
vector. Expression profiling in microarrays allows large-
scale screening of host cells infected with a variety of
attenuated viruses, where the attenuation is achieved in a
variety of different ways, as described above.

[0980] Using this method, expression profiling in microar-
rays may be used to identify suitable host cells, suitable
transcription regulatory regions, and/or suitable attenuated
viruses in any of the selection/screening methods described
herein.

Example 24

Additional Target Polynucleotides

[0981] As discussed above, in some embodiments, a first
plurality of cells is screened. That is, the cells into which the
library is introduced are screened for an altered phenotype.
Thus, in this embodiment, the effect of the insert polynucle-
otides is seen in the same cells in which it is made; i.e. an
autocrine effect. Also discussed above, in some embodi-
ments, the library is introduced into a first plurality of cells,
and the effect of the insert polynucleotides is screened in a
second or third plurality of cells, different from the first
plurality of cells, i.e. generally a different cell type. That is,
the effect of the insert polynucleotides is due to an extra-
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cellular effect on a second cell; i.e. an endocrine or paracrine
effect. This is done using standard techniques. The first
plurality of cells may be grown in or on one media, and the
media is allowed to touch a second plurality of cells, and the
effect measured. Alternatively, there may be direct contact
between the cells. Thus, “contacting” is functional contact,
and includes both direct and indirect. In this embodiment,
the first plurality of cells may or may not be screened.

[0982] If necessary, the cells are treated to conditions
suitable for the expression of the insert polynucleotides (for
example, when inducible promoters are used), to produce
the insert polynucleotides.

[0983] Thus, the methods of the present invention com-
prise introducing a library of insert polynucleotides into a
plurality of cells, a cellular library. Each of the insert
polynucleotides may comprise a different, generally ran-
domized, nucleotide sequence, or may be a portion of a
cDNA, etc, as described above. The plurality of cells is then
screened, as has been described above, for a cell exhibiting
an altered phenotype. The altered phenotype is due to the
presence of a target polynucleotide.

[0984] By “altered phenotype” or “changed physiology”
or other grammatical equivalents herein is meant that the
phenotype of the cell is altered in some way, preferably in
some detectable and/or measurable way. As will be appre-
ciated in the art, a strength of the present invention is the
wide variety of cell types and potential phenotypic changes
which may be tested using the present methods. Accord-
ingly, as described above, any phenotypic change which
may be observed, detected, or measured may be the basis of
the screening methods herein. Suitable phenotypic changes
include, but are not limited to: gross physical changes such
as changes in cell morphology, cell growth, cell viability,
adhesion to substrates or other cells, and cellular density;
changes in the expression of one or more RNAs, proteins,
lipids, hormones, cytokines, or other molecules; changes in
the equilibrium state (i.e. half-life) or one or more RNAs,
proteins, lipids, hormones, cytokines, or other molecules;
changes in the localization of one or more RNAs, proteins,
lipids, hormones, cytokines, or other molecules; changes in
the bioactivity or specific activity of one or more RNAs,
proteins, lipids, hormones, cytokines, receptors, or other
molecules; changes in the secretion of ions, cytokines,
hormones, growth factors, or other molecules; alterations in
cellular membrane potentials, polarization, integrity or
transport; changes in infectivity, susceptibility, latency,
adhesion, and uptake of viruses and bacterial pathogens; etc.
By “capable of altering the phenotype” herein is meant that
the target polynucleotide can change the phenotype of the
cell in some detectable and/or measurable way.

[0985] The altered phenotype may be detected in a wide
variety of ways, as is described above and below, and will
generally depend and correspond to the phenotype that is
being changed. Generally, the changed phenotype is
detected using, for example: microscopic analysis of cell
morphology; standard cell viability assays, including both
increased cell death and increased cell viability, for example,
cells that are now resistant to cell death via virus, bacteria,
or bacterial or synthetic toxins; standard labeling assays
such as fluorometric indicator assays for the presence or
level of a particular cell or molecule, including FACS or
other dye staining techniques; biochemical detection of the
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expression of target compounds after killing the cells; etc. In
some cases, as is more fully described herein, the altered
phenotype is detected in the cell in which the randomized
nucleic acid was introduced; in other embodiments, the
altered phenotype is detected in a second cell which is
responding to some molecular signal from the first cell.

[0986] An altered phenotype of a cell indicates the pres-
ence of a target polynucleotide. By “transdominant™ herein
is meant that the target polynucleotide indirectly causes the
altered phenotype by acting on a second molecule, which
leads to an altered phenotype. That is, a transdominant
expression product has an effect that is not in cis, i.e., a trans
event as defined in genetic terms or biochemical terms. A
transdominant effect is a distinguishable effect by a molecu-
lar entity (i.c., the encoded peptide or RNA) upon some
separate and distinguishable molecule; that is, not an effect
upon the encoded entity itself. As such, transdominant
effects include many well-known effects by pharmacologic
agents upon molecules or pathways in cells or physiologic
systems; for instance, the $-lactam antibiotics have a trans-
dominant effect upon peptidoglycan synthesis in bacterial
cells by binding to penicillin binding proteins and disrupting
their functions. An exemplary transdominant effect by a
peptide encoded by a target polynucleotide is the ability to
inhibit NF-KB signaling by binding to IKB-a at a region
critical for its function, such that in the presence of sufficient
amounts of the encoded peptide (or encoded RNA), the
signaling pathways that normally lead to the activation of
NF-KB through phosphorylation and/or degradation of
IKB-a are inhibited from acting at IKB-a because of the
binding of the encoded peptide or encoded RNA. In another
instance, signaling pathways that are normally activated to
secrete IgE are inhibited in the presence of encoded peptide.
Or, signaling pathways in adipose tissue cells, normally
quiescent, are activated to metabolize fat. Or, in the presence
of a peptide, intracellular mechanisms for the replication of
certain viruses, such as HIV-I, or Herpes viridae family
members, or Respiratory Syncytial Virus, for example, are
inhibited.

[0987] A transdominant effect upon a protein or molecular
pathway is clearly distinguishable from randomization,
change, or mutation of a sequence within a protein or
molecule of known or unknown function to enhance or
diminish a biochemical ability that protein or molecule
already manifests. For instance, a protein that enzymatically
cleaves [-lactam antibiotics, a f-lactamase, could be
enhanced or diminished in its activity by mutating sequences
internal to its structure that enhance or diminish the ability
of this enzyme to act upon and cleave f-lactam antibiotics.
This would be called a cis mutation to the protein. The effect
of this protein upon f-lactam antibiotics is an activity the
protein already manifests, to a distinguishable degree. Simi-
larly, a mutation in the leader sequence that enhanced the
export of this protein to the extracellular spaces wherein it
might encounter f-lactam molecules more readily, or a
mutation within the sequence that enhance the stability of
the protein, would be termed cis mutations in the protein.
For comparison, a transdominant effector of this protein
would include an agent encoded by a target polynucleotide,
independent of the -lactamase, that bound to the f3-lacta-
mase in such a way that it enhanced or diminished the
function of the f3-lactamase by virtue of its binding to
[-lactamase.
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[0988] In general, cis-effects are effects within molecules
wherein elements that are interacting are covalently joined
to each other although these elements might individually
manifest themselves as separable domains. Trans-effects
(transdominant in that under some cellular conditions the
desired effect is manifested) are those effects between dis-
tinct molecular entities, such that molecular entity A, not
covalently linked to molecular entity B, binds to or other-
wise has an effect upon the activities of entity B. As such,
most known pharmacological agents are transdominant
effectors.

[0989] In a preferred embodiment, once a cell with an
altered phenotype is detected, the cell is isolated from the
plurality which do not have altered phenotype. This may be
done in any number of ways, as is known in the art, and will
in some instances depend on the assay or screen. Suitable
isolation techniques include, but are not limited to, FACS,
lysis selection using complement or CTLs cell cloning,
scanning by Fluorimager, expression of a “survival” protein,
expression of a suicide gene, induced expression of a cell
surface protein or other molecule that can be rendered
fluorescent or taggable for physical isolation; expression of
an enzyme that changes a non-fluorescent molecule to a
fluorescent one; overgrowth against a background of no or
slow growth; death of cells and isolation of DNA or other
cell vitality indicator dyes, etc., including those described
above.

[0990] In a preferred embodiment, the target polynucle-
otide is isolated from the positive cell, as described above.

[0991] In a preferred embodiment, either the target poly-
nucleotide or the molecule it encodes is used to identify
interacting molecules, i.e. the molecules with which the
encoded target molecule interacts. As will be appreciated by
those in the art, there may be primary interacting molecules,
to which the encoded target molecule binds or acts upon
directly, and there may be secondary interacting molecules,
which are part of the signalling pathway affected by the
encoded target molecule; these might be termed “validated
targets”.

[0992] In a preferred embodiment, the target polynucle-
otide is used to pull out interacting molecules. For example,
as outlined herein, if the target molecules are proteins, the
use of epitope tags or purification sequences can allow the
purification of primary interacting molecules via biochemi-
cal means (co-immunoprecipitation, affinity columns, etc.).
Alternatively, the encoded peptide, when expressed in bac-
teria and purified, can be used as a probe against a cDNA
expression library made from mRNA of the relevant cell
type. Or, encoded peptides can be used as “bait” in either
yeast or mammalian two or three hybrid systems. Such
interaction cloning approaches have been very useful to
isolate DNA-binding proteins and other interacting protein
components. The peptide(s) can be combined with other
pharmacologic activators to study the epistatic relationships
of signal transduction pathways in question. It is also
possible to synthetically prepare labeled peptide regulator
polypeptide and use it to screen a cDNA library expressed in
bacteriophage for those ¢cDNAs which bind the peptide.
Furthermore, it is also possible that one could use cDNA
cloning wvia viral libraries to “complement” the effect
induced by the peptide. In such a strategy, the peptide would
be required to be stochiometrically titrating away some
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important factor for a specific signaling pathway. If this
molecule or activity is replenished by over-expression of a
cDNA from within a cDNA library, then one can clone the
target. Similarly, cDNAs cloned by any of the above library
systems can be reintroduced to mammalian cells in this
manner to confirm that they act to complement function in
the system the peptide acts upon. Other methods described
above may be used to isolate molecules which regulate or
interact with peptides and RNA encoded by target poly-
nucleotides

[0993] Once primary interacting molecules have been
identified, secondary interacting molecules may be identi-
fied in the same manner, using the primary interacting as the
“bait”. In this manner, signalling pathways may be eluci-
dated. Similarly, regulator molecules specific for secondary
interacting molecules may also be discovered, to allow a
number of regulator molecules to act on a single pathway,
for example for combination therapies.

[0994] The screening methods of the present invention
may be useful to screen a large number of cell types under
a wide variety of conditions. Generally, the host cells are
cells that are involved in disease states, and they are tested
or screened under conditions that normally result in unde-
sirable consequences on the cells. When a suitable target
polynucleotide is found, the undesirable effect may be
reduced or eliminated. Alternatively, normally desirable
consequences may be reduced or eliminated, with an eye
towards elucidating the cellular mechanisms associated with
the disease state or signalling pathway.

[0995] Ina preferred embodiment, the present methods are
useful in cancer applications. The ability to rapidly and
specifically kill tumor cells is a cornerstone of cancer
chemotherapy. In general, using the methods of the present
invention, libraries can be introduced into any tumor cell
(primary or cultured), and target polynucleotides identified
which by themselves induce apoptosis, cell death, loss of
cell division or decreased cell growth. This may be done de
novo, or by biased randomization toward known peptide
agents, such as angiostatin, which inhibits blood vessel wall
growth. Alternatively, the methods of the present invention
can be combined with other cancer therapeutics (e.g. drugs
or radiation) to sensitize the cells and thus induce rapid and
specific apoptosis, cell death, loss of cell division or
decreased cell growth after exposure to a secondary agent.
Similarly, the present methods may be used in conjunction
with known cancer therapeutics to screen for agonists to
make the therapeutic more effective or less toxic. This is
particularly preferred when the chemotherapeutic is very
expensive to produce such as taxol.

[0996] Known oncogenes such as v-Abl, v-Src, v-Ras, and
others, induce a transformed phenotype leading to abnormal
cell growth when transfected into certain cells. This is also
a major problem with micro-metastases. Thus, in a preferred
embodiment, non-transformed cells can be transfected with
these oncogenes, and then libraries introduced into these
cells, to select for target polynucleotides which reverse or
correct the transformed state. One of the signal features of
oncogene transformation of cells is the loss of contact
inhibition and the ability to grow in soft-agar. When trans-
forming viruses are constructed containing v-Abl, v-Src, or
v-Ras in viral vectors, infected into target 3T3 cells, and
subjected to puromycin selection, all of the 3T3 cells hyper-
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transform and detach from the plate. The cells may be
removed by washing with fresh medium. This can serve as
the basis of a screen, since cells which express a target
polynucleotides will remain attached to the plate and form
colonies.

[0997] Similarly, the growth and/or spread of certain
tumor types is enhanced by stimulatory responses from
growth factors and cytokines (PDGF, EGF, Heregulin, and
others) which bind to receptors on the surfaces of specific
tumors. In a preferred embodiment, the methods of the
invention are used to inhibit or stop tumor growth and/or
spread, by finding target polynucleotides capable of block-
ing the ability of the growth factor or cytokine to stimulate
the tumor cell. The introduction of libraries into specific
tumor cells with the addition of the growth factor or cytok-
ine, followed by selection of target polynucleotides which
block the binding, signaling, phenotypic and/or functional
responses of these tumor cells to the growth factor or
cytokine in question.

[0998] Similarly, the spread of cancer cells (invasion and
metastasis) is a significant problem limiting the success of
cancer therapies. The ability to inhibit the invasion and/or
migration of specific tumor cells would be a significant
advance in the therapy of cancer. Tumor cells known to have
a high metastatic potential (for example, melanoma, lung
cell carcinoma, breast and ovarian carcinoma) can have
libraries introduced into them, and target polynucleotides
selected which in a migration or invasion assay, inhibit the
migration and/or invasion of specific tumor cells. Particular
applications for inhibition of the metastatic phenotype,
which could allow a more specific inhibition of metastasis,
include the metastasis suppressor gene NM23, which codes
for adinucleoside diphosphate kinase. Thus intracellular
peptide activators of this gene could block metastasis, and a
screen for its upregulation (by fusing it to a reporter gene
(e.g. indicator gene)) would be of interest. Many oncogenes
also enhance metastasis. Peptides which inactivate or coun-
teract mutated RAS oncogenes, v-MOS, v-RAF, A-RAF,
v-SRC, v-FES, and v-FMS would also act as anti-metastat-
ics. Target polynucleotides which block the release of com-
binations of proteases required for invasion, such as the
matrix metalloproteases and urokinase, could also be effec-
tive antimetastatics.

[0999] In a preferred embodiment, the libraries of the
present invention are introduced into tumor cells known to
have inactivated tumor suppressor genes, and successful
reversal by either reactivation or compensation of the knock-
out would be screened by restoration of the normal pheno-
type. A major example is the reversal of p53-inactivating
mutations, which are present in 50% or more of all cancers.
Since p53’s actions are complex and involve its action as a
transcription factor, there are probably numerous potential
ways a target polynucleotides could reverse the mutation.
One example would be upregulation of the immediately
downstream cyclin-dependent kinase p21CIP1/WAF 1. To
be useful such reversal would have to work for many of the
different known p53 mutations. This is currently being
approached by gene therapy; one or more small molecules
which do this might be preferable.

[1000] Another example involves screening of target poly-
nucleotides which restore the constitutive function of the
brca-1 or brca-2 genes, and other tumor suppressor genes
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important in breast cancer such as the adenomatous poly-
posis coli gene (APC) and the Drosophila discs-large gene
(Dlg), which are components of cell—cell junctions. Muta-
tions of brca-1 are important in hereditary ovarian and breast
cancers, and constitute an additional application of the
present invention.

[1001] In a preferred embodiment, the methods of the
present invention are used to create novel cell lines from
cancers from patients. A target polynucleotide which inhibits
the final common pathway of programmed cell death should
allow for short- and possibly long-term cell lines to be
established. Conditions of in vitro culture and infection of
human leukemia cells will be established. There is a real
need for methods which allow the maintenance of certain
tumor cells in culture long enough to allow for physiological
and pharmacological studies. Currently, some human cell
lines have been established by the use of transforming
agents such as Epstein-Barr virus that considerably alters the
existing physiology of the cell. On occasion, cells will grow
on their own in culture but this is a random event. Pro-
grammed cell death (apoptosis) occurs via complex signal-
ing pathways within cells that ultimately activate a final
common pathway producing characteristic changes in the
cell leading to a non-inflammatory destruction of the cell. It
is well known that tumor cells have a high apoptotic index,
or propensity to enter apoptosis in vivo. When cells are
placed in culture, the in vivo stimuli for malignant cell
growth are removed and cells readily undergo apoptosis.
The objective would be to develop the technology to estab-
lish cell lines from any number of primary tumor cells, for
example primary human leukemia cells, in a reproducible
manner without altering the native configuration of the
signaling pathways in these cells. By introducing target
polynucleotides which inhibit apoptosis, increased cell sur-
vival in vitro, and hence the opportunity to study signalling
transduction pathways in primary human tumor cells, is
accomplished. In addition, these methods may be used for
culturing primary cells, i.e. non-tumor cells.

[1002] In apreferred embodiment, the present methods are
useful in cardiovascular applications. In a preferred embodi-
ment, cardiomyocytes may be screened for the prevention of
cell damage or death in the presence of normally injurious
conditions, including, but not limited to, the presence of
toxic drugs (particularly chemotherapeutic drugs), for
example, to prevent heart failure following treatment with
adriamycin; anoxia, for example in the setting of coronary
artery occlusion; and autoimmune cellular damage by attack
from activated lymphoid cells (for example as seen in post
viral myocarditis and lupus). Insert polynucleotides are
introduced into cardiomyocytes, the cells are subjected to
the insult, and target polynucleotides are selected that pre-
vent any or all of: apoptosis; membrane depolarization (i.c.
decrease arrythmogenic potential of insult); cell swelling; or
leakage of specific intracellular ions, second messengers and
activating molecules (for example, arachidonic acid and/or
lysophosphatidic acid).

[1003] In apreferred embodiment, the present methods are
used to screen for diminished arrhythmia potential in car-
diomyocytes. The screens comprise the introduction of the
insert polynucleotides encoding candidate target polynucle-
otides, followed by the application of arrythmogenic insults,
with screening for target polynucleotides that block specific
depolarization of cell membrane. This may be detected using
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patch clamps, or via fluorescence techniques). Similarly,
channel activity (for example, potassium and chloride chan-
nels) in cardiomyocytes could be regulated using the present
methods in order to enhance contractility and prevent or
diminish arrhythmias.

[1004] Inapreferred embodiment, the present methods are
used to screen for enhanced contractile properties of cardi-
omyocytes and diminish heart failure potential. The intro-
duction of the libraries of the invention followed by mea-
suring the rate of change of myosin polymerization/
depolymerization using fluorescent techniques can be done.
Target polynucleotides which increase the rate of change of
this phenomenon can result in a greater contractile response
of the entire myocardium, similar to the effect seen with
digitalis.

[1005] Inapreferred embodiment, the present methods are
useful to identify target polynucleotides that will regulate
the intracellular and sarcolemmal calcium cycling in cardi-
omyocytes in order to prevent arrhythmias. Target poly-
nucleotides are selected that regulate sodium-calcium
exchange, sodium proton pump function, and regulation of
calcium-ATPase activity.

[1006] Inapreferred embodiment, the present methods are
useful to identify molecules that diminish embolic phenom-
ena in arteries and arterioles leading to strokes (and other
occlusive events leading to kidney failure and limb
ischemia) and angina precipitating a myocardial infarct are
selected. For example, target polynucleotides which will
diminish the adhesion of platelets and leukocytes, and thus
diminish the occlusion events. Adhesion in this setting can
be inhibited by the libraries of the invention being inserted
into endothelial cells (quiescent cells, or activated by cytok-
ines, i.e. IL-1, and growth factors, i.e. PDGF/EGF) and then
screening for target polynucleotides that either: 1) down-
regulate adhesion molecule expression on the surface of the
endothelial cells (binding assay); 2) block adhesion mol-
ecule activation on the surface of these cells (signaling
assay); or 3) release in an autocrine manner peptides that
block receptor binding to the cognate receptor on the adher-
ing cell.

[1007] Embolic phenomena can also be addressed by
activating proteolytic enzymes on the cell surfaces of endot-
helial cells, and thus releasing active enzyme which can
digest blood clots. Thus, delivery of the libraries of the
invention to endothelial cells is done, followed by standard
fluorogenic assays, which will allow monitoring of pro-
teolytic activity on the cell surface towards a known sub-
strate. Target polynucleotides can then be selected which
activate specific enzymes towards specific substrates.

[1008] Inapreferred embodiment, arterial inflammation in
the setting of vasculitis and post-infarction can be regulated
by decreasing the chemotactic responses of leukocytes and
mononuclear leukocytes. This can be accomplished by
blocking chemotactic receptors and their responding path-
ways on these cells. Libraries can be inserted into these cells,
and the chemotactic response to diverse chemokines (for
example, to the IL-8 family of chemokines, RANTES) is
inhibited in cell migration assays.

[1009] In a preferred embodiment, arterial restenosis fol-
lowing coronary angioplasty can be controlled by regulating
the proliferation of vascular intimal cells and capillary
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and/or arterial endothelial cells. Libraries can be inserted
into these cell types and proliferation in response to specific
stimuli is monitored. One application may be target poly-
nucleotides which block the expression or function of c-myc
and other oncogenes in smooth muscle cells to stop their
proliferation. A second application may involve the expres-
sion of libraries in vascular smooth muscle cells to selec-
tively induce their apoptosis. Application of therapeutics
derived from these target polynucleotides require targeted
drug delivery; this is available with stents, hydrogel coat-
ings, and infusion-based catheter systems. Target polynucle-
otides which downregulate endothelin-1A receptors or
which block the release of the potent vasoconstrictor and
vascular smooth muscle cell mitogen endothelin-1 may also
be candidates for therapeutics. Target polynucleotides can be
isolated from these libraries which inhibit growth of these
cells, or which prevent the adhesion of other cells in the
circulation known to release autocrine growth factors, such
as platelets (PDGF) and mononuclear leukocytes.

[1010] The control of capillary and blood vessel growth is
an important goal in order to promote increased blood flow
to ischemic areas (growth), or to cut-off the blood supply
(angiogenesis inhibition) of tumors. Libraries can be
inserted into capillary endothelial cells and their growth
monitored. Stimuli such as low oxygen tension and varying
degrees of angiogenic factors can regulate the responses, and
target polynucleotides isolated that produce the appropriate
phenotype. Screening for antagonism of vascular endothelial
cell growth factor, important in angiogenesis, would also be
useful.

[1011] In a preferred embodiment, the present methods are
useful in screening for decreases in atherosclerosis produc-
ing mechanisms to find target polynucleotides that regulate
LDL and HDL metabolism. Libraries can be inserted into the
appropriate cells (including hepatocytes, mononuclear leu-
kocytes, endothelial cells) and target polynucleotides
selected which lead to a decreased release of LDL or
diminished synthesis of LDL, or conversely to an increased
release of HDL or enhanced synthesis of HDL. Target
polynucleotides can also be isolated from libraries which
decrease the production of oxidized LDL, which has been
implicated in atherosclerosis and isolated from atheroscle-
rotic lesions. This could occur by decreasing its expression,
activating reducing systems or enzymes, or blocking the
activity or production of enzymes implicated in production
of oxidized LDL, such as 15-lipoxygenase in macrophages.

[1012] Inapreferred embodiment, the present methods are
used in screens to regulate obesity via the control of food
intake mechanisms or diminishing the responses of receptor
signaling pathways that regulate metabolism. Target poly-
nucleotides that regulate or inhibit the responses of neu-
ropeptide Y (NPY), cholecystokinin and galanin receptors,
are particularly desirable. Libraries can be inserted into cells
that have these receptors cloned into them, and inhibitory
target polynucleotides selected that are secreted in an auto-
crine manner that block the signaling responses to galanin
and NPY. In a similar manner, target polynucleotides can be
found that regulate the leptin receptor.

[1013] Inapreferred embodiment, the present methods are
useful in neurobiology applications. Libraries may be used
for screening for anti-apoptotics for preservation of neuronal
function and prevention of neuronal death. Initial screens
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would be done in cell culture. One application would include
prevention of neuronal death, by apoptosis, in cerebral
ischemia resulting from stroke. Apoptosis is known to be
blocked by neuronal apoptosis inhibitory protein (NAIP);
screens for its upregulation, or effecting any coupled step
could yield peptides which selectively block neuronal apo-
ptosis. Other applications include neurodegenerative dis-
eases such as Alzheimer’s disease and Huntington’s disease.

[1014] Inapreferred embodiment, the present methods are
useful in bone biology applications. Osteoclasts are known
to play a key role in bone remodeling by breaking down
“old” bone, so that osteoblasts can lay down “new” bone. In
osteoporosis one has an imbalance of this process. Osteo-
clast overactivity can be regulated by inserting libraries into
these cells, and then looking for target polynucleotides that
produce: 1) a diminished processing of collagen by these
cells; 2) decreased pit formation on bone chips; and 3)
decreased release of calcium from bone fragments.

[1015] The present methods may also be used to screen for
agonists of bone morphogenic proteins, hormone mimetics
to stimulate, regulate, or enhance new bone formation (in a
manner similar to parathyroid hormone and calcitonin, for
example). These have use in osteoporosis, for poorly healing
fractures, and to accelerate the rate of healing of new
fractures. Furthermore, cell lines of connective tissue origin
can be treated with candidate libraries and screened for their
growth, proliferation, collagen stimulating activity, and/or
proline incorporating ability on the target osteoblasts. Alter-
natively, libraries can be expressed directly in osteoblasts or
chondrocytes and screened for increased production of col-
lagen or bone.

[1016] Inapreferred embodiment, the present methods are
useful in skin biology applications. Keratinocyte responses
to a variety of stimuli may result in psoriasis, a proliferative
change in these cells. Libraries can be inserted into cells
removed from active psoriatic plaques, and target polynucle-
otides isolated which decrease the rate of growth of these
cells.

[1017] Inapreferred embodiment, the present methods are
useful in the regulation or inhibition of keloid formation (i.e.
excessive scarring). Libraries are inserted into skin connec-
tive tissue cells isolated from individuals with this condition,
and target polynucleotides are isolated that decrease prolif-
eration, collagen formation, or proline incorporation.
Results from this work can be extended to treat the excessive
scarring that also occurs in burn patients. If a common
peptide motif is found in the context of the keloid work, then
it can be used widely in a topical manner to diminish
scarring post burn.

[1018] Similarly, wound healing for diabetic ulcers and
other chronic “failure to heal” conditions in the skin and
extremities can be regulated by providing additional growth
signals to cells which populate the skin and dermal layers.
Growth factor mimetics may in fact be very useful for this
condition. Libraries can be inserted into skin connective
tissue cells, and target polynucleotides isolated which pro-
mote the growth of these cells under “harsh” conditions,
such as low oxygen tension, low pH, and the presence of
inflammatory mediators.

[1019] Cosmeceutical applications of the present inven-
tion include the control of melanin production in skin
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melanocytes. A naturally occurring peptide, arbutin, is a
tyrosine hydroxylase inhibitor, a key enzyme in the synthe-
sis of melanin. Libraries can be inserted into melanocytes
and known stimuli that increase the synthesis of melanin is
applied to the cells. Target polynucleotides can be isolated
that inhibit the synthesis of melanin under these conditions.

[1020] In a preferred embodiment, the present methods are
useful in endocrinology applications. The library technology
can be applied broadly to any endocrine, growth factor,
cytokine or chemokine network which involves a signaling
peptide or protein that acts in either an endocrine, paracrine
or autocrine manner that binds or dimerizes a receptor and
activates a signaling cascade that results in a known phe-
notypic or functional outcome. The methods are applied so
as to isolate a peptide which either mimics the desired
hormone (i.e., insulin, leptin, calcitonin, PDGF, EGF, EPO,
GMCSF, IL1-17, mimetics) or inhibits its action by either
blocking the release of the hormone, blocking its binding to
a specific receptor or carrier protein (for example, CRF
binding protein), or inhibiting the intracellular responses of
the specific cells to that hormone. Selection of target poly-
nucleotides which increase the expression or release of
hormones from the cells which normally produce them
could have broad applications to conditions of hormonal
deficiency.

[1021] In apreferred embodiment, the present methods are
useful in infectious disease applications. Viral latency (her-
pes viruses such as CMV, EBV, HBYV, and other viruses such
as HIV) and their reactivation are a significant problem,
particularly in immunosuppressed patients (patients with
AIDS and transplant patients). The ability to block the
reactivation and spread of these viruses is an important goal.
Cell lines known to harbor or be susceptible to latent viral
infection can be infected with the specific virus, and then
stimuli applied to these cells which have been shown to lead
to reactivation and viral replication. This can be followed by
measuring viral titers in the medium and scoring cells for
phenotypic changes. Libraries can then be inserted into these
cells under the above conditions, and target polynucleotides
are isolated which block or diminish the growth and/or
release of the wvirus. As with chemotherapeutics, these
experiments can also be done with drugs which are only
partially effective towards this outcome, and target poly-
nucleotides isolated which enhance the virucidal effect of
these drugs.

[1022] One example of many is the ability to block HIV-1
infection. HIV-1 requires CD4 and a co-receptor which can
be one of several seven transmembrane G-protein coupled
receptors. In the case of the infection of macrophages,
CCR-5 is the required co-receptor, and there is strong
evidence that a block on CCR-5 will result in resistance to
HIV-1 infection. There are two lines of evidence for this
statement. First, it is known that the natural ligands for
CCR-5, the CC chemokines RANTES, MIP1a and MIP1b
are responsible for CD8+ mediated resistance to HIV. Sec-
ond, individuals homozygous for a mutant allele of CCR-5
are completely resistant to HI'V infection. Thus, an inhibitor
of the CCR-5/HIV interaction would be of enormous interest
to both biologists and clinicians. One infects a cell line that
expresses CCR-5 with viral vectors containing library.
Using an antibody to CCR-5 one can use FACS to sort
desired cells based on the binding of this antibody to the
receptor. All cells which do not bind the antibody will be
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assumed contain target polynucleotides which inhibit
expression of this antibody binding site. These target poly-
nucleotides can be further assayed for their ability to inhibit
HIV-1 entry.

[1023] Viruses are known to enter cells using specific
receptors to bind to cells (for example, HIV uses CD4,
coronavirus uses CD13, murine leukemia virus uses trans-
port protein, and measles virus usesCD44) and to fuse with
cells (HIV uses chemokine receptor). Libraries can be
inserted into target cells known to be permissive to these
viruses, and target polynucleotides are isolated which block
the ability of these viruses to bind and fuse with specific
target cells.

[1024] In a preferred embodiment, the present invention
finds use with infectious organisms. Intracellular organisms
such as mycobacteria, listeria, salmonella, pneumocystis,
yersinia, leishmania, T. cruzi, can persist and replicate
within cells, and become active in immunosuppressed
patients. There are currently drugs on the market and in
development which are either only partially effective or
ineffective against these organisms. Libraries can be inserted
into specific cells infected with these organisms (pre- or
post-infection), and target polynucleotides selected which
promote the intracellular destruction of these organisms in a
manner analogous to intracellular “antibiotic peptides” simi-
lar to magainins. In addition target polynucleotides can be
selected which enhance the cidal properties of drugs already
under investigation which have insufficient potency by
themselves, but when combined with a specific peptide from
a candidate library, are dramatically more potent through a
synergistic mechanism. Finally, target polynucleotides can
be isolated which alter the metabolism of these intracellular
organisms, in such a way as to terminate their intracellular
life cycle by inhibiting a key organismal event.

[1025] Antibiotic drugs that are widely used have certain
dose dependent, tissue specific toxicities. For example renal
toxicity is seen with the use of gentamicin, tobramyein, and
amphotericin; hepatotoxicity is seen with the use of INH and
rifampin; bone marrow toxicity is seen with chlorampheni-
col; and platelet toxicity is seen with ticarcillin, etc. These
toxicities limit their use. Libraries can be introduced into the
specific cell types where specific changes leading to cellular
damage or apoptosis by the antibiotics are produced, and
target polynucleotides can be isolated that confer protection,
when these cells are treated with these specific antibiotics.

[1026] Furthermore, the present invention finds use in
screening for target polynucleotides that block antibiotic
transport mechanisms. The rapid secretion from the blood
stream of certain antibiotics limits their usefulness. For
example penicillins are rapidly secreted by certain transport
mechanisms in the kidney and choroid plexus in the brain.
Probenecid is known to block this transport and increase
serum and tissue levels. Insert polynucleotides can be intro-
duced into specific cells derived from kidney cells and cells
of the choroid plexus known to have active transport mecha-
nisms for antibiotics. Target polynucleotides can then be
isolated which block the active transport of specific antibi-
otics and thus extend the serum half life of these drugs.

[1027] Inapreferred embodiment, the present methods are
useful in drug toxicities and drug resistance applications.
Drug toxicity is a significant clinical problem. This may
manifest itself as specific tissue or cell damage with the
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result that the drug’s effectiveness is limited. Examples
include myeloablation in high dose cancer chemotherapy,
damage to epithelial cells lining the airway and gut, and hair
loss. Specific examples include adriamycin induced cardi-
omyocyte death, cisplatinin-induced kidney toxicity, vinc-
ristine-induced gut motility disorders, and cyclosporin-in-
duced kidney damage. Libraries can be introduced into
specific cell types with characteristic drug-induced pheno-
typic or functional responses, in the presence of the drugs,
and target polynucleotides isolated which reverse or protect
the specific cell type against the toxic changes when exposed
to the drug. These effects may manifest as blocking the drug
induced apoptosis of the cell of interest, thus initial screens
will be for survival of the cells in the presence of high levels
of drugs or combinations of drugs used in combination
chemotherapy.

[1028] Drug toxicity may be due to a specific metabolite
produced in the liver or kidney which is highly toxic to
specific cells, or due to drug interactions in the liver which
block or enhance the metabolism of an administered drug.
Libraries can be introduced into liver or kidney cells fol-
lowing the exposure of these cells to the drug known to
produce the toxic metabolite. Target polynucleotides can be
isolated which alter how the liver or kidney cells metabolize
the drug, and specific molecules identified which prevent the
generation of a specific toxic metabolite. The generation of
the metabolite can be followed by mass spectrometry, and
phenotypic changes can be assessed by microscopy. Such a
screen can also be done in cultured hepatocytes, cocultured
with readout cells which are specifically sensitive to the
toxic metabolite. Applications include reversible (to limit
toxicity) inhibitors of enzymes involved in drug metabolism.

[1029] Multiple drug resistance, and hence tumor cell
selection, outgrowth, and relapse, leads to morbidity and
mortality in cancer patients. Libraries can be introduced into
tumor cell lines (primary and cultured) that have demon-
strated specific or multiple drug resistance. Target poly-
nucleotides can then be identified which confer drug sensi-
tivity when the cells are exposed to the drug of interest, or
to drugs used in combination chemotherapy. The readout can
be the onset of apoptosis in these cells, membrane perme-
ability changes, the release of intracellular ions and fluores-
cent markers. The cells in which multidrug resistance
involves membrane transporters can be preloaded with fluo-
rescent transporter substrates, and selection carried out for
peptides which block the normal efflux of fluorescent drug
from these cells. Libraries are particularly suited to screen-
ing for encoded peptides which reverse poorly characterized
or recently discovered intracellular mechanisms of resis-
tance or mechanisms for which few or no chemosensitizers
currently exist, such as mechanisms involving LRP (lung
resistance protein). This protein has been implicated in
multidrug resistance in ovarian carcinoma, metastatic malig-
nant melanoma, and acute myeloid leukemia. Particularly
interesting examples include screening for target polynucle-
otides which reverse more than one important resistance
mechanism in a single cell, which occurs in a subset of the
most drug resistant cells, which are also important applica-
tions. Applications would include screening for inhibitors of
both MRP (multidrug resistance related protein) and LRP for
treatment of resistant cells in metastatic melanoma, for
inhibitors of both p-glycoprotein and LRP in acute myeloid
leukemia, and for inhibition (by any mechanism) of all three
proteins for treating pan-resistant cells.
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[1030] Inapreferred embodiment, the present methods are
useful in improving the performance of existing or devel-
opmental drugs. First pass metabolism of orally adminis-
tered drugs limits their oral bioavailability, and can result in
diminished efficacy as well as the need to administer more
drug for a desired effect. Reversible inhibitors of enzymes
involved in first pass metabolism may thus be a useful
adjunct enhancing the efficacy of these drugs. First pass
metabolism occurs in the liver, thus inhibitors of the corre-
sponding catabolic enzymes may enhance the effect of the
cognate drugs. Reversible inhibitors would be delivered at
the same time as, or slightly before, the drug of interest.
Screening of libraries in hepatocytes for inhibitors (by any
mechanism, such as protein downregulation as well as a
direct inhibition of activity) of particularly problematical
isozymes would be of interest. These include the CYP3A4
isozymes of cytochrome P450, which are involved in the
first pass metabolism of the anti-HI'V drugs saquinavir and
indinavir. Other applications could include reversible inhibi-
tors of UDP-glucuronyltransferases, sulfotransferases,
N-acetyltransferases, epoxide hydrolases, and glutathione
S-transferases, depending on the drug. Screens would be
done in cultured hepatocytes or liver microsomes, and could
involve antibodies recognizing the specific modification
performed in the liver, or cocultured readout cells, if the
metabolite had a different bioactivity than the untransformed
drug. The enzymes modifying the drug would not necessar-
ily have to be known, if screening was for lack of alteration
of the drug.

[1031] Inapreferred embodiment, the present methods are
useful in immunobiology, inflammation, and allergic
response applications. Selective regulation of T lymphocyte
responses is a desired goal in order to modulate immune-
mediated diseases in a specific manner. Libraries can be
introduced into specific T cell subsets (TH1, TH2, CD4+,
CD8+, and others) and the responses which characterize
those subsets (cytokine generation, cytotoxicity, prolifera-
tion in response to antigen being presented by a mono-
nuclear leukocyte, and others) modified by members of the
library. Target polynucleotides can be selected which
increase or diminish the known T cell subset physiologic
response. This approach will be useful in any number of
conditions, including: 1) autoimmune discases where one
wants to induce a tolerant state (select a peptide that inhibits
T cell subset from recognizing a self-antigen bearing cell);
2) allergic diseases where one wants to decrease the stimu-
lation of IgE producing cells (select peptide which blocks
release from T cell subsets of specific B-cell stimulating
cytokines which induce switch to IgE production); 3) in
transplant patients where one wants to induce selective
immunosuppression (sclect peptide that diminishes prolif-
erative responses of host T cells to foreign antigens); 4) in
lymphoproliferative states where one wants to inhibit the
growth or sensitize a specific T cell tumor to chemotherapy
and/or radiation; 5) in tumor surveillance where one wants
to inhibit the killing of cytotoxic T cells by Fas ligand
bearing tumor cells; and 5) in T cell mediated inflammatory
diseases such as Rheumatoid arthritis, Connective tissue
diseases (SLE), Multiple sclerosis, and inflammatory bowel
disease, where one wants to inhibit the proliferation of
disease-causing T cells (promote their selective apoptosis)
and the resulting selective destruction of target tissues
(cartilage, connective tissue, oligodendrocytes, gut endothe-
lial cells, respectively).
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[1032] Regulation of B cell responses will permit a more
selective modulation of the type and amount of immuno-
globulin made and secreted by specific B cell subsets.
Libraries can be inserted into B cells and target polynucle-
otides selected which inhibit the release and synthesis of a
specific immunoglobulin. This may be useful in autoim-
mune diseases characterized by the overproduction of auto
antibodies and the production of allergy causing antibodies,
such as IgE. Target polynucleotides can also be identified
which inhibit or enhance the binding of a specific immuno-
globulin subclass to a specific antigen either foreign of self.
Finally, target polynucleotides can be selected which inhibit
the binding of a specific immunoglobulin subclass to its
receptor on specific cell types.

[1033] Similarly, target polynucleotides which affect
cytokine production may be selected, generally using two
cell systems. For example, cytokine production from mac-
rophages, monocytes, etc. may be evaluated. Similarly,
molecules which mimic cytokines, for example erythropo-
etin and IL 1-17, may be selected, or molecules that bind
cytokines such as TNF-.alpha., before they bind their recep-
tor.

[1034] Antigen processing by mononuclear leukocytes
(ML) is an important early step in the immune system’s
ability to recognize and eliminate foreign proteins. Insert
polynucleotides can be introduced into ML cell lines and
target polynucleotides selected which alter the intracellular
processing of foreign peptides and sequence of the foreign
peptide that is presented to T cells by MLs on their cell
surface in the context of Class I MHC. One can look for
members of the library that enhance immune responses of a
particular T cell subset (for example, the peptide would in
fact work as a vaccine), or look for a library member that
binds more tightly to MHC, thus displacing naturally occur-
ring peptides, but nonetheless the agent would be less
immunogenic (less stimulatory to a specific T cell clone).
This target polynucleotide would in fact induce immune
tolerance and/or diminish immune responses to foreign
proteins. This approach could be used in transplantation,
autoimmune diseases, and allergic diseases.

[1035] The release of inflammatory mediators (cytokines,
leukotrienes, prostaglandins, platelet activating factor, his-
tamine, neuropeptides, and other peptide and lipid media-
tors) is a key element in maintaining and amplifying aber-
rant immune responses. Libraries can be inserted into MLs,
mast cells, eosinophils, and other cells participating in a
specific inflammatory response, and target polynucleotides
selected which inhibit the synthesis, release and binding to
the cognate receptor of each of these types of mediators.

[1036] Ina preferred embodiment, the present methods are
useful in biotechnology applications. Library expression in
mammalian cells can also be considered for other pharma-
ceutical-related applications, such as modification of protein
expression, protein folding, or protein secretion. One such
example would be in commercial production of protein
pharmaceuticals in CHO or other cells. Libraries resulting in
target polynucleotides which select for an increased cell
growth rate (perhaps peptides mimicking growth factors or
acting as agonists of growth factor signal transduction
pathways), for pathogen resistance (see previous section),
for lack of sialylation or glycosylation (by blocking gly-
cotransferases or rerouting trafficking of the protein in the
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cell), for allowing growth on autoclaved media, or for
growth in serum free media, would all increase productivity
and decrease costs in the production of protein pharmaceu-
ticals

[1037] Target polynucleotides encoding polypeptides or
peptides displayed on the surface of circulating cells can be
used as tools to identify organ, tissue, and cell specific
peptide targeting sequences. Any cell introduced into the
bloodstream of an animal expressing a library targeted to the
cell surface can be selected for specific organ and tissue
targeting. The target polynucleotide sequence identified can
then be coupled to an antibody, enzyme, drug, imaging agent
or substance for which organ targeting is desired.

[1038] Other target polynucleotides which may be
selected using the present invention include: 1) target poly-
nucleotides which block the activity of transcription factors,
using cell lines with reporter genes; 2) target polynucle-
otides which block the interaction of two known proteins in
cells, using the absence of normal cellular functions, the
mammalian two hybrid system or fluorescence resonance
energy transfer mechanisms for detection, and 3) target
polynucleotides may be identified by tethering a random
peptide to a protein binding region to allow interactions with
molecules sterically close, i.e. within a signalling pathway,
to localize the effects to a functional area of interest.

Example 25

In Vitro Depletion of T Cells Specific for
Alloantigens

[1039] Human peripheral blood T lymphocytes were
stimulated in vitro with autologous dendritic cells (DC) that
were pulsed with lysate from allogeneic prostate tumor cell
lines. After several cycles of restimulation with dendritic
cells pulsed with tumor lysate, the CTL were tested for
reactivity against tumor and the normal prostate epithelial
cells from which they were derived by oncogene transfor-
mation. The NK-sensitive target, K5 62, was included as a
control for non-specific lysis. The results in Table 13 dem-
onstrate that these T cells were not only capable of lysing the
tumor, but were equally reactive against the normal prostate
cells. These data indicate that a strong T cell response is
induced to tissue-specific antigens and/or alloantigens that
are common to tumor and normal cells from the same donor
and that are presented to allogeneic T cells by the dendritic
cells. In order to isolate a minority population of tumor-
specific T cells, it is therefore preferred to induce tolerance
or otherwise deplete T cells reactive to normal cellular
antigens of the tumor donor.

[1040] Bisindolylmaleimide VIII (Bis VIII) is one of a
class of protein kinase C (PKC) inhibitors that has been
shown to mediate apoptotic events. This compound dramati-
cally enhances T cell sensitivity to activation induced cell
death (AICD) (Zhou, T., et al. 1999. Nature Medicine
5:42-48). Mouse splenic T cells activated by plate bound
anti-CD3 antibody underwent dose dependent apoptosis in
the presence of Bis VIII. A dose of 10 mM induced almost
100% T cell death. This property provides a method for the
in vitro elimination of alloactivated T cells.

[1041] The protocol for T cell stimulation was modified as
follows. 3x10* immature DCs were incubated with 1x10°
irradiated, apoptotic non-tumorigenic cells in 1 ml volumes
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of a 24-well plate for four hours in a 37° C., 5% CO,,
humidified incubator. 5x10° naive T cells (from the DC
donor) were added to the wells for 24 hours. 10 mM Bis VIII
was then added and incubation continued for another
24-hours. This resulted in killing of 95% of the total number
of T cells, presumably those activated by normal prostate
antigens and allogeneic MHC molecules. All cells were
removed from the wells and washed at least 3 times to
remove residual Bis VIII. The remaining tumor-specific T
cells were “rescued” by restimulation for 12 days in vitro
with fresh DCs pulsed with irradiated, apoptotic tumor cells.
The selected cells continued to be restimulated every 12
days with tumor-pulsed DCs or irradiated tumor and autolo-
gous filler cells until their numbers were sufficient for
cytokine ELISA and **Cr release assays. These CD8* CTL
were specific for a shared antigen expressed by 2 prostate
tumor cell lines, but did not recognize the normal prostate
epithelial cells nor K562 (Table 14). The difference in
recognition at an effector:target cell ratio of 5:1 is significant
enough for use in antigen discovery. These CTL may be
cloned and expanded to identify the shared antigen(s) being
recognized.

TABLE 13
Target 18:1 5:1 2.51
KiGT (tumor) 37 27 18
FNC267B1 32 28 15
(normal)
K562 13 6 3

[1042] Table 13.

[1043] Non-tumor specific CTL induced by repeated
stimulation with tumor-pulsed dendritic cells. Human
peripheral blood T lymphocytes were serially stimulated by
autologous dendritic cells pulsed with allogeneic tumor cell
lysate (KiGT). After 3 stimulations, CTL were tested for the
ability to lyse tumor cells or the normal prostate epithelial
cells from which the tumor was derived by oncogene
transformation. Numbers represent percent specific lysis at
the indicated effector:target cell ratios in a standard 4 hour
“chromium release assay.
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TABLE 14
Target 30:1 10:1 5:1
KiGT (tumor) 62 60 48
30Gy (tumor) 69 58 44
FNC267B1 (normal) 16 9 6
K562 2 0 0

[1044]

[1045] Prostate tumor specific CTL induced by the bis
VIII tolerance method. As described in the text, a protein
kinase C inhibitor, bis VIII, was employed to deplete human
T cells reactive to antigens of normal prostate epithelial cells
(FNC267B 1). The remaining tumor-specific T cells were
rescued by stimulation with autologous dendritic cells
pulsed with the KiGT tumor. Specificity of the selected T
cells was tested in a chromium release assay. Shared anti-
gens expressed by a closely related tumor cell line (30 Gy)
are also recognized.

[1046] The present invention is not to be limited in scope
by the specific embodiments described which are intended
as single illustrations of individual aspects of the invention,
and any constructs, viruses or enzymes which are function-
ally equivalent are within the scope of this invention.
Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent to
those skilled in the art from the foregoing description and
accompanying drawings. Such modifications are intended to
fall within the scope of the appended claims.

[1047] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference. The disclosure and claims of U.S.
application Ser. No. 08/935,377, filed Sep. 22, 1997; U.S.
Application No. 60/192,586, filed Mar. 28, 2000; US.
Application No. 60/265,880; filed Feb. 5, 2001; U.S. Appli-
cation No. 60/271,422, filed Feb. 27, 2001; and U.S. Appli-
cation No. 60/271,424, filed Feb. 27, 2001, are herein
incorporated by reference.

Table 14.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 65
<210>
<211>
<212>
<213>
<220>
<221>
<223>

SEQ ID NO 1

LENGTH: 69

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc feature

<400> SEQUENCE: 1

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatggg cccggeccgcec

aacggcgga

<210> SEQ ID NO 2

OTHER INFORMATION: Nucleotide Sequence of p7.5/tk

60

69
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<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: tk coding sequence

<400> SEQUENCE: 2

Met Gly Pro Ala Ala Asn Gly Gly
1 5

<210> SEQ ID NO 3

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Nucleotide Sequence of pEL/tk

<400> SEQUENCE: 3
ggccaaaaat tgaaatttta tttttttttt ttggaatata aagcggccge catgggcccg

gccgccaacg gcgga

<210> SEQ ID NO 4

<211> LENGTH: 145

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Nucleotide Sequence of p7.5/ATG0/tk

<400> SEQUENCE: 4

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccgtgga tcccccggge
tgcaggaatt cgatatcaag cttatcgata ccgtcgacct cgaggggggg cctaactaac
taattttgtt tttgtgggcc cggcecce

<210> SEQ ID NO 5

<211> LENGTH: 148

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Nucleotide Sequence of p7.5/ATG1l/tk
<400> SEQUENCE: 5

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatggt ggatcccceccg
ggctgcagga attcgatatc aagcttatcg ataccgtcga cctcgagggg gggcctaact
aactaatttt gtttttgtgg gcccggcece

<210> SEQ ID NO 6

<211> LENGTH: 149

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Nucleotide Sequence of p7.5/ATG2/tk
<400> SEQUENCE: 6

ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatgag tggatccccce

gggctgcagg aattcgatat caagcttatc gataccgtcg acctcgaggg ggggcctaac

60

75

60

120

145

60

120

60

120
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taactaattt tgtttttgtg ggcccggcece

<210> SEQ ID NO 7

<211> LENGTH: 150

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Nucleotide Sequence of p7.5/ATG3/tk

<400> SEQUENCE: 7
ggccaaaaat tgaaaaacta gatctattta ttgcacgcgg ccgccatgac gtggatcccc
cgggctgcag gaattcgata tcaagcttat cgataccgtc gacctcgagg gggggcctaa

ctaactaatt ttgtttttgt gggcccggce

<210> SEQ ID NO 8

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(36)

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: rpL3

<400> SEQUENCE: 8

gcc ttt ctg ggt tac aag gct ggec atg acc cac atc
Ala Phe Leu Gly Tyr Lys Ala Gly Met Thr His Ile
1 5 10

<210> SEQ ID NO 9

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: rpL3

<400> SEQUENCE: 9

Ala Phe Leu Gly Tyr Lys Ala Gly Met Thr His Ile
1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(36)

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: H2.16

<400> SEQUENCE: 10

gcc ttt ctg ggt tac aag gct ggc atg atc cac atc
Ala Phe Leu Gly Tyr Lys Ala Gly Met Ile His Ile
1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: H2.16

60

120

150

36

36
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<400> SEQUENCE: 11

Ala Phe Leu Gly Tyr Lys Ala Gly Met Ile His Ile
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: cyclin A destruction box of unknown origin
<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: Destructicn box of cyclin A

<400> SEQUENCE: 12

Arg Thr Val Leu Gly Val Ile Gly Asp
1 5

<210> SEQ ID NO 13

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: cyclin Bl destruction box of unknown origin
<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Destruction box of cyclin Bl

<400> SEQUENCE: 13

Arg Thr Ala Leu Gly Asp Ile Gly Asn
1 5

<210> SEQ ID NO 14

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Rattus sp.

<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: Destruction box of rat cyclin B

<400> SEQUENCE: 14

Tyr Met Thr Val Ser Ile Ile Asp Arg Phe Met Gln Asp Ser Cys Val
1 5 10 15

Pro Lys Lys Met Leu Gln Leu Val Gly Val Thr
20 25

<210> SEQ ID NO 15

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Destruction box of mouse cyclin B

<400> SEQUENCE: 15

Lys Phe Arg Leu Leu Gln Glu Thr Met Tyr Met Thr Vval Ser Ile Ile
1 5 10 15

Asp Arg Phe Met Gln Asn Ser Cys Val Pro Lys Lys
20 25

<210> SEQ ID NO 16

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Mus sp.
<220> FEATURE:

<221> NAME/KEY: misc _feature
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<223> OTHER INFORMATION: Destruction box of mouse cyclin 131
<400> SEQUENCE: 16

Arg Ala Ile Leu Ile Asp Trp Leu Ile Gln Val Gln Met Lys Phe Arg
1 5 10 15

Leu Leu Gln Glu Thr Met Tyr Met Thr Val Ser
20 25

<210> SEQ ID NO 17

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Destruction box of mouse cyclin 132

<400> SEQUENCE: 17

Asp Arg Phe Leu Gln Ala Gln Leu Val Cys Arg Lys Lys Leu Gln Trp
1 5 10 15

Gly Ile Thr Ala Leu Leu Leu Ala Ser Lys
20 25

<210> SEQ ID NO 18

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Mus sp.

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Destruction box of mouse cyclin A2

<400> SEQUENCE: 18

Met Ser Val Leu Arg Gly Lys Leu Gln Leu Val Gly Thr Ala Ala Met
1 5 10 15

Leu Leu

<210> SEQ ID NO 19

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 7.5k gene promoter MM436

<400> SEQUENCE: 19

ggccaaaaat tgaaaaacta gatctattta ttgcacgecgg ccgccatggg ccc 53

<210> SEQ ID NO 20

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 7.5k gene promoter MM437

<400> SEQUENCE: 20

ggccgggccc atggcggceccg cgtgcaataa atagatctag tttttcaatt ttt 53

<210> SEQ ID NO 21

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature
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<223> OTHER INFORMATION: Synthetic EL promoter MM438
<400> SEQUENCE: 21

ggccaaaaat tgaaatttta tttttttttt ttggaatata aagcggccgc catgggecce

<210> SEQ ID NO 22

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: Synthetic EL promoter MM439

<400> SEQUENCE: 22

ggccgggccc atggcggceccg ctttatattc caaaaaaaaa aaataaaatt tcaattttt

<210> SEQ ID NO 23

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: Primer MM440

<400> SEQUENCE: 23

gggaaagggg cggccgccat gttacgtcct gtagaaacc

<210> SEQ ID NO 24

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Primer MM441

<400> SEQUENCE: 24

gggaaagggg ggccctcatt gtttgcctcc ctgetg

<210> SEQ ID NO 25

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Primer MM442

<400> SEQUENCE: 25

gggaaagggg cggccgcctc attgtttgcc tccctgcectg

<210> SEQ ID NO 26

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc feature

<223> OTHER INFORMATION: Cytotoxic T-cell epitope for ovalbumin (11)

<400> SEQUENCE: 26

Ser Ile Ile Asn Phe Glu Lys Leu
1 5

<210> SEQ ID NO 27
<211> LENGTH: 70
<212> TYPE: DNA

59

59

39

36

39
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 75ova

<400> SEQUENCE: 27
ggccaaaaat tgaaaaacta gatctattta ttgcaccatg agtataatca actttgaaaa

actgtagtga

<210> SEQ ID NO 28

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 75ovarv

<400> SEQUENCE: 28
ggcctcacta cagtttttca aagttgatta atactcatgg tgcaataaat agatctagtt

tttcaatttt t

<210> SEQ ID NO 29

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: ELova

<400> SEQUENCE: 29
ggccaaaaat tgaaatttta tttttttttt ttggaatata aaccatgagt ataatcaact

ttgaaaaact gtagtga

<210> SEQ ID NO 30

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: ELovarv

<400> SEQUENCE: 30
ggcctcacta cagtttttca aagttgatta tactcatggt ttatattcca aaaaaaaaaa

ataaaatttc aattttt

<210> SEQ ID NO 31

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Primer V V 0 L Z 5

<400> SEQUENCE: 31

gcaggtgcgg ccgccgtgga tccccecggge tgcagg

<210> SEQ ID NO 32

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature

60

70

60

71

77

77

36
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<223> OTHER INFORMATION: Primer V V T L Z 3
<400> SEQUENCE: 32
gtaccgggcc cacaaaaaca aaattagtta gttaggcccc ccctega 47
<210> SEQ ID NO 33
<211> LENGTH: 27
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc _feature
<223> OTHER INFORMATION: Primer MM407
<400> SEQUENCE: 33
ggtccctatt gttacagatg gaagggt 27
<210> SEQ ID NO 34
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: Primer MM408
<400> SEQUENCE: 34
ccttcgtttg ccatacgete acag 24

<210> SEQ ID NO 35

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Partial sequence of tk gene at N terminus

<400> SEQUENCE: 35

Met Gly Pro Ala Ala Asn Gly
1 5

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: L3 specific primer L3.F1l.S

<400> SEQUENCE: 36

cggcgagatg tctcacagga 20

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: L3 specific primer L3.F1.AS

<400> SEQUENCE: 37
accccaccat ctgcacaaag 20
<210> SEQ ID NO 38

<211> LENGTH: 15
<212> TYPE: DNA
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<213>
<220>
<221>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: BglII-NcoI Sense

SEQUENCE: 38

gatctcggta accgc

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 39

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: BglII-NcoI Antisense

SEQUENCE: 39

catggcggtt accga

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 40

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: Xho-I-XmaIII sense

SEQUENCE: 40

ggccgaaata accge

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 41

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc feature

OTHER INFORMATION: Xho-I-XmaIII antisense

SEQUENCE: 41

tcgagcggtt atttce

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 42

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: H3-Ncol sense

SEQUENCE: 42

agcttcggta accgce

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 43

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: H3-NcoI antisense

SEQUENCE: 43

catggcggtt accga

<210>

SEQ ID NO 44

15

15

15

15

15

15
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<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc _feature

<223>

<400>

OTHER INFORMATION: PstI-XmalIl sense

SEQUENCE: 44

ggccggaaat aaccgctgca

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 45

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: PstI-XmaIII antisense

SEQUENCE: 45

gcggttattt cc

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 46

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc feature

OTHER INFORMATION: SalI-Ncol sense

SEQUENCE: 46

ctgaggaaat aaccgc

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 47

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: SalI-Ncol antisense

SEQUENCE: 47

catggcggtt atttcc

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 48

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: Gus sense

SEQUENCE: 48

atgttacgtc ctgtagaaac c

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

SEQ ID NO 49

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: Gus antisense

SEQUENCE: 49

tcattgtttg ccteccectget g

20

12

16

16

21

21
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<210> SEQ ID NO 50

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NX-Gus sense

<400> SEQUENCE: 50

aaagcggccg ccccgggatg ttacgtece

<210> SEQ ID NO 51

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA-Gus antisense

<400> SEQUENCE: 51

aaagggcccg gcgcgcctca ttgtttgcc

<210> SEQ ID NO 52

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc _feature

<223> OTHER INFORMATION: D4R Sense

<400> SEQUENCE: 52

aaaggatcca taatgaattc agtgactgta tcacacg

<210> SEQ ID NO 53

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R antisense

<400> SEQUENCE: 53

cttgcggccg cttaataaat aaacccttga gecc

<210> SEQ ID NO 54

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R Flank sense

<400> SEQUENCE: 54

attgagctct taatactttt gtcgggtaac agag

<210> SEQ ID NO 55

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R Flank antisense

<400> SEQUENCE: 55

28

29

37

34

34
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ttactcgaga gtgtcgcaat ttggatttt 29
<210> SEQ ID NO 56
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: 7.5Gus sense
<400> SEQUENCE: 56
aaagaattcc tttattgtca tcggccaaa 29
<210> SEQ ID NO 57
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: 7.5Gus antisense
<400> SEQUENCE: 57
aatctgecagt cattgtttge ctecetgetyg 30

<210> SEQ ID NO 58

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Modified DAR sense primer with EcoRI site

<400> SEQUENCE: 58

aaagaattca taatgaattc agtgactgta tcacacg 37

<210> SEQ ID NO 59

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Modified D4R antisense primer with BamHI site

<400> SEQUENCE: 59

cttggatcct taataaataa acccttgagc cc 32

<210> SEQ ID NO 60

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R left flank sense

<400> SEQUENCE: 60

aataagettt gactccagat acatatgga 29

<210> SEQ ID NO 61

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R left flank antisense
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<400> SEQUENCE: 61
aatctgcagc accagttcca tettt 25
<210> SEQ ID NO 62
<211> LENGTH: 23
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: D4R right flank sense
<400> SEQUENCE: 62
aatggatcet catccagegg cta 23

<210> SEQ ID NO 63

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D4R right flank antisense

<400> SEQUENCE: 63

aatgagctct agtacctaca acccgaa 27

<210> SEQ ID NO 64

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: EL-Gus sense

<400> SEQUENCE: 64

aaagtcgacg gccaaaaatt gaaatttt 28

<210> SEQ ID NO 65

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY: misc feature

<223> OTHER INFORMATION: EL-Gus antisense

<400> SEQUENCE: 65

aatggatcct cattgtttgc ctccc 25
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What is claimed is:
1. A method of selecting a target polynucleotide, com-
prising:

(a) introducing into a population of host cells a library of
insert polynucleotides; wherein at least one of said
insert polynucleotides comprises the target polynucle-
otide; and wherein expression of said target polynucle-
otide directly or indirectly promotes host cell death;

(b) culturing said host cells; and

(c) collecting insert polynucleotides from those host cells
which undergo cell death.
2. The method of claim 1, further comprising:

(d) introducing said collected polynucleotides into a
population of host cells, wherein expression of said
target polynucleotide directly or indirectly promotes
host cell death;

(¢) culturing said host cells; and

() collecting insert polynucleotides from those host cells

which undergo cell death.

3. The method of claim 2, further comprising repeating
steps (d)-(f) one or more times, thereby enriching for said
target polynucleotide.

4. The method claim 3, further comprising purifying said
collected polynucleotides.

5. The method of claim 1, wherein said cell death is the
result of a cellular effect selected from the group consisting
of cell lysis, expression of a suicide gene product, a cyto-
toxic T-lymphocyte-induced lytic event, apoptosis, loss of
viability, loss of membrane integrity, loss of structural
stability, cell disruption, disruption of cytoskeletal elements,
inability to maintain membrane potential, arrest of cell
cycle, inability to generate energy, growth arrest, cytotoxic
effects, cytostatic effects, genotoxic effects, and growth
suppressive effects.

6. The method of claim 1, wherein said population of host
cells is selected from the group consisting of: tumor cells,
metastatic tumor cells, primary cells, transformed primary
cells, immortalized primary cells, dividing cells, non divid-
ing cells, terminally differentiated cells, pluripotent stem
cells, committed progenitor cells, uncommitted stem cells,
progenitor cells, muscle cells, epithelial cells, nervous sys-
tem cells, circulatory system cells, respiratory system cells,
endocrine cells, endocrine-associated cells, skeletal system
cells, connective tissue cells, musculoskeletal cells, chon-
drocytes, osteoblasts, osteoclasts, myocytes, fully differen-
tiated blood cells, fully differentiated epidermal cells, neu-
rons, glial cells, kidney cells, liver cells, muscle cell
progenitors, epithelial cell progenitors, nervous system cell
progenitors, circulatory system cell progenitors, respiratory
system cell progenitors, endocrine cell progenitors, endo-
crine-associated cell progenitors, skeletal system cell pro-
genitors, connective tissue cell progenitors, musculoskeletal
cell progenitors, chondrocyte progenitors, osteoblast pro-
genitors, osteoclast progenitors, myocyte progenitors, blood
cell progenitors, epidermal cell progenitors, neuron progeni-
tors, glial cell progenitors, kidney cell progenitors, liver cell
progenitors and any combination thereof.

7. The method of claim 1, wherein said host cells are
adherent to a solid support.

8. The method of claim 7, wherein said solid support is
selected from the group consisting of: tissue culture plastic,
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glass, polystyrene, polypropylene, polyethylene, dextran,
nylon, amylases, natural and modified celluloses, polyacry-
lamides, gabbros, magnetite, soluble material, partially
soluble material, insoluble material, magnetic material, and
nonmagnetic material.

9. The method of claim 7, wherein said solid support has
a structure selected from the group consisting of: spherical,
bead-like, bead, cylindrical, test tube-like, tube-like, tube,
rod-like, rod, flat, sheet-like, sheet, test strip, strip-like, strip,
bead, microbead, well, plate, tissue culture plate, petri plate,
microplate, microtiter plate, flask, stick, vial, and paddle.

10. The method of claim 1, wherein said library of insert
polynucleotides is selected from the group consisting of: a
cDNA library, a genomic library, a combinatorial polynucle-
otide library, a library of natural polynucleotides, a library of
artificial polynucleotides, a library of polynucleotides
endogenous to said host cells, a library of polynucleotides
exogenous to said host cells, an antisense library, and any
combination thereof.

11. The method of claim 1, wherein expression of said
target polynucleotide directly or indirectly promotes cell
death upon exposure of said host cells to an agent.

12. The method of claim 11, wherein expression of said
target polynucleotide indirectly promotes cell death upon
exposure of said host cells to an agent.

13. The method of claim 11, wherein expression of said
target polynucleotide directly promotes cell death upon
exposure of said host cells to an agent.

14. The method of claim 11, wherein said agent is a
member selected from the group consisting of: a physical
agent, a chemical agent, and a biological agent.

15. The method of claim 11, wherein said physical agent
is selected from the group consisting of: radiation, UV
radiation, gamma radiation, infrared radiation, visible light,
increased temperature, and decreased temperature.

16. The method of claim 11, wherein said chemical agent
is selected from the group consisting of: a chemotherapeutic
agent, a cytotoxic agent, and a DNA damaging agent.

17. The method of claim 11, wherein said biological agent
is selected from the group consisting of: an antisense con-
struct, an infectious agent, a therapeutic agent, an antibody,
a cytotoxic T-lymphocyte (CTL), a ligand, a hapten, an
epitope, and a receptor.

18. The method of claim 11, wherein said biological agent
is selected from the group consisting of: an infectious agent,
a therapeutic agent, an antibody, a ligand, a hapten, an
epitope, and a receptor; and wherein said biological agent is
conjugated to a toxin.

19. The method of claim 11, wherein said biological agent
effects cell death by a process selected from the group
consisting of: CTL-induced cytotoxicity, antibody-depen-
dent cellular cytotoxicity and complement-dependent cyto-
toxicity.

20. The method of claim 11, wherein said biological agent
comprises a cytotoxic T lymphocyte (CTL), wherein said
CTL expresses surface CD4, wherein said target polynucle-
otide encodes a polypeptide, and wherein said polypeptide is
processed and presented in association with a class II major
histocompatibility molecule (MHC).

21. The method of claim 1, wherein expression of said
target polynucleotide effects a cellular process selected from
the group counsisting of cellular differentiation, growth regu-
lation, cellular proliferation, apoptosis, and hormonal
response.
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22. The method of claim 5, wherein said cell death is the
result of apoptosis.

23. The method of claim 22, wherein apoptosis is induced
through expression of a apoptosis-related gene product
which directly promotes apoptosis.

24. The method of claim 22, wherein apoptosis is induced
through expression of an apoptosis-related gene product
which indirectly promotes apoptosis.

25. The method of claim 24, wherein said apoptosis-
related gene product comprises a death domain containing
receptor expressed on the surface of said host cells, and
wherein said host cells are contacted with a ligand for said
death domain containing receptor.

26. The method of claim 22, wherein said host cells are
adherent to a solid support.

27. The method of claim 26, wherein those cells which
have undergone apoptosis are released from said support.

28. The method of claim 27, wherein said released host
cells, or contents thereof, are collected by removing the
liquid medium in which said host cells are cultured.

29. The method of claim 26, wherein those host cells
which have undergone apoptosis are fully or partially lysed,
thereby releasing their cytoplasmic contents into the liquid
medium in which said host cells are cultured.

30. The method of claim 29, wherein said released host
cell contents are collected by removing the liquid medium in
which said host cells are cultured.

31. The method of claim 5, wherein said cell death is the
result of a cytotoxic T-lymphocyte-induced lytic event.

32. The method of claim 31, wherein said target poly-
nucleotide encodes a target epitope for a cytotoxic T lym-
phocyte (CTL).

33. The method of claim 32, wherein said CTL is a CD4+
CTL.

34. The method of claim 32, wherein said target epitope
is expressed on the surface of said host cells in the context
of a native MHC molecule expressed on said host cell, and
wherein said host cells are contacted with CTLs which are
restricted for said MHC molecule and specific for said target
epitope.

35. The method of claim 34, wherein said MHC molecule
is selected from the group consisting of a class I MHC
molecule and a class I MHC molecule.

36. The method of claim 35, wherein said MHC molecule
is a class I MHC molecule.

37. The method of claim 36, wherein said target poly-
nucleotide is fused to a polynucleotide encoding [i-80 frag-
ment of the class [ MHC molecule invariant chain.

38. The method of claim 31, wherein said host cells are
adherent to a solid support.

39, The method of claim 38, wherein those cells which
have undergone a CTL-mediated lytic event are released
from said support.

40. The method of claim 39, wherein said released host
cells, or contents thereof, are collected by removing the
liquid medium in which said host cells are cultured.

41. The method of claim 38, wherein those host cells
which have undergone a CTL-mediated lytic event are fully
or partially lysed, thereby releasing their cytoplasmic con-
tents into the liquid medium in which said host cells are
cultured.

42. The method of claim 41, wherein said released host
cell contents are collected by removing the liquid medium in
which said host cells are cultured.
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43. The method of claim 5, wherein said cell death is the
result of expression of a suicide gene product.

44. The method of claim 43, wherein said suicide gene
product is selected from the group consisting of a diphtheria
toxin A chain polypeptide, a Pseudomonas exotoxin A chain
polypeptide, a ricin A chain polypeptide, an abrin A chain
polypeptide, a modeccin A chain polypeptide, and an alpha-
sarcin polypeptide.

45. The method of claim 43, wherein said host cells are
progenitor cells comprising a suicide gene operably associ-
ated with a tissue-restricted promoter; wherein expression of
said target polynucleotide directly or indirectly induces
transcription of said tissue-restricted promoter, resulting in
expression of said suicide gene; and wherein expression of
said suicide gene promotes death of those progenitor cells
comprising said target polynucleotide.

46. The method of claim 45, wherein said host cell is a
RAW cell, and wherein said suicide gene is operably asso-
ciated with the TRAP promoter.

47. The method of claim 46, wherein said target poly-
nucleotide directly or indirectly regulates osteoclast differ-
entiation.

48. The method of claim 46, wherein said suicide gene
encodes the Diphtheria toxin A subunit.

49. The method of claim 45, wherein said tissue-restricted
promoter is identified by gene expression profiling of said
host cells under different physical conditions in microarrays
of ordered cDNA libraries.

50. The method of claim 49, wherein said expression
profiling compares gene expression under different physical
conditions in host cells infected with a eukaryotic virus
expression vector, wherein said eukaryotic virus expression
vector is the vector used to construct said library of poly-
nucleotides.

51. The method of claim 43, wherein said host cells are
non-dividing cells comprising a suicide gene operably asso-
ciated with a proliferation-specific promoter; wherein
expression of said target polynucleotide directly or indi-
rectly induces transcription of said proliferation-specific
promoter, resulting in expression of said suicide gene; and
wherein expression of said suicide gene promotes death of
those non-dividing host cells comprising said target poly-
nucleotide.

52. The method of claim 51, wherein said proliferation-
specific promoter is identified by gene expression profiling
of said host cells under different physical conditions in
microarrays of ordered cDNA libraries.

53. The method of claim 52, wherein said express ion pro
filing compares gene expression under different physical
conditions in host cells infected with a eukaryotic virus
expression vector, wherein said eukaryotic virus expression
vector is the vector used to construct said library of poly-
nucleotides.

54. The method of claim 43, wherein said host cells are
adherent to a solid support.

55. The method of claim 54, wherein those host cells
expressing said suicide gene product are released from said
support.

56. The method of claim 55, wherein said released host
cells, or contents thereof, are collected by removing the
liquid medium in which said host cells are cultured.

57. The method of claim 54, wherein those host cells
expressing said suicide gene product are fully or partially
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lysed, thereby releasing their cytoplasmic contents into the
liquid medium in which said host cells are cultured.

58. The method of claim 57, wherein said released host
cell contents are collected by removing the liquid medium in
which said host cells are cultured.

59. The method claim 5, wherein cell death occurs within
a period selected from the group consisting of: 48 hours after
expression of said insert polynucleotide, 24 hours after
expression of said insert polynucleotide, and 12 hours after
expression of said insert polynucleotide.

60. The method of claim 1, wherein said library of
polynucleotides is constructed in a eukaryotic virus vector.

61. The method of claim 60, wherein said host cells are
infected with said library at an MOI selected from the group
consisting of: from about 1 to about 10, about 1 to about 5,
and about 1.

62. The method of claim 60, wherein said eukaryotic virus
vector is an animal virus vector.

63. The method of claim 60, wherein said eukaryotic virus
vector is a plant virus vector.

64. The method of any one of claims 60, wherein said
eukaryotic virus vector is capable of producing infectious
viral particles in cells selected from the group consisting of
insect cells, plant cells, and mammalian cells.

65. The method of claim 64, wherein said eukaryotic virus
vector is attenuated.

66. The method of claim 64, wherein said eukaryotic virus
vector is capable of producing infectious viral particles in
mammalian cells.

67. The method of claim 65, wherein said attenuation is
by genetic mutation.

68. The method of claim 65, wherein said attenuation is
by reversible inhibition of virus replication.

69. The method of claim 60, wherein the naturally-
occurring genome of said eukaryotic virus vector is DNA.

70. The method of claim 69, wherein the naturally-
occurring genome of said eukaryotic virus vector is linear,
double-stranded DNA.

71. The method of claim 70, wherein said eukaryotic virus
vector is selected from the group consisting of an adenovirus
vector, a herpesvirus vector and a poxvirus vector.

72. The method of claim 71, wherein said eukaryotic virus
vector is a poxvirus vector.

73. The method of claim 72, wherein said poxvirus vector
is selected from the group consisting of an orthopoxvirus
vector, an avipoxvirus vector, a capripoxvirus vector, a
leporipoxvirus vector, and a suipoxvirus vector.

74. The method of claim 73, wherein said poxvirus vector
is an orthopoxvirus vector selected from the group consist-
ing of a vaccinia virus vector and a raccoon poxvirus vector.

75. The method of claim 74, wherein said orthopoxvirus
vector is a vaccinia virus vector.

76. The method of claim 74, wherein said host cells are
permissive for the production of infectious viral particles of
said virus.

77. The method of claim 75, wherein said vaccinia virus
is attenuated.

78. The method of claim 77, wherein said attenuation is
by genetic mutation.

79. The method of claim 77, wherein said attenuation is
by reversible inhibition of virus replication.

80. The method of claim 77, wherein said vaccinia virus
vector is derived from strain MVA.
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81. The method of claim 77, wherein said vaccinia virus
vector is derived from strain D4R.

82. The method of claim 72, wherein said insert poly-
nucleotide is in operably associated with a transcriptional
control sequence.

83. The method of claim 82, wherein said transcriptional
control sequence functions in the cytoplasm of a poxvirus-
infected cell.

84. The method of claim 82, wherein said transcriptional
control sequence comprises a promoter.

85. The method of claim 84, wherein said promoter is
constitutive.

86. The method of claim 85, wherein said promoter is a
vaccinia virus p7.5 promoter.

87. The method of claim 85, wherein said promoter is a
synthetic early/late promoter.

88. The method of claim 82, wherein said transcriptional
control sequence comprises a transcriptional termination
region.

89. The method of claim 60, wherein said library of insert
polynucleotides is constructed in said eukaryotic virus vec-
tor by a method comprising:

(a) providing host cells comprising a linear DNA virus
genome which has been cleaved to produce a first viral
fragment and a second viral fragment, wherein said first
fragment is nonhomologous with said second fragment;

(b) providing a population of transfer plasmids compris-
ing said insert polynucleotides in operable association
with a vector transcriptional control region, a 5' flank-
ing region, and a 3' flanking region; wherein said 5'
flanking region is homologous to said first viral frag-
ment and said 3' flanking region is homologous to said
second viral fragment; and wherein said transfer plas-
mids are capable of homologous recombination with
said first and second viral fragments such that a viable
virus genome is formed,

(¢) introducing said transfer plasmids into said host cells
under conditions wherein a transfer plasmid and said
first and second viral fragments undergo in vivo
homologous recombination, thereby producing a viable
modified virus genome comprising an insert polynucle-
otide; and

(d) collecting said modified virus genome.

90. The method of claim 89, wherein said first and second
viral fragments are produced by infecting said host cells
with a virus comprising said linear DNA virus genome, and
wherein said virus genome is cleaved in vivo.

91. The method of claim 89, wherein said first and second
viral fragments are produced by cleaving an isolated linear
DNA virus genome in vitro, and wherein said first and
second viral fragments are introduced into said host cells.

92. The method of claim 91, wherein said virus genome
comprises a first recognition site for a first restriction
endonuclease; and wherein said first and second viral frag-
ments are produced by digesting said viral genome with said
first restriction endonuclease, and isolating said first and
second viral fragments.

93. The method of claim 92, wherein said virus genome
further comprises a second recognition site for a second
restriction endonuclease; and wherein said first and second
viral fragments are produced by digesting said viral genome
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with said first restriction endonuclease and said second
restriction endonuclease, and isolating said first and second
viral fragments.

94, The method of claim 93, wherein said first and second
recognition sites are physically arranged in said genome
such that the region extending between said first and second
viral fragments is not essential for virus infectivity.

95. The method of claim 89, wherein said modified virus
genome is packaged in an infectious viral particle.

96. The method of claim 89, wherein said modified virus
genome is defective in an essential gene and said host cell
comprises a complementing copy of said essential gene.

97. The method of claim 96, wherein said complementing
copy of said essential gene is operably associated with an
inducible promoter.

98. The method of claim 97, wherein said inducible
promoter is selected from the group consisting of: a differ-
entiation-induced promoter, a cell type-restricted promoter,
a tissue-restricted promoter, a temporally-regulated pro-
moter, a spatially-regulated promoter, a proliferation-in-
duced promoter, a cell-cycle specific promoter.

99. The method of claim &9, wherein said linear DNA
virus genome is a herpes virus genome.

100. The method of claim 89, wherein said linear DNA
virus genome is an adenovirus genome.

101. The method of claim 89, wherein said linear DNA
virus genome is a poxvirus genome.

102. The method of claim 101, wherein said poxvirus
genome is a vaccinia virus genome.

103. The method of claim 96, wherein said linear DNA
virus genome is a pox virus genome, and wherein said
essential gene encodes uracil DNA glycosylase.

104. The method of claim 101, wherein said host cell
further comprises a helper virus, and wherein said host cell
is non-permissive for the production of infectious virus
particles of said helper virus.

105. The method of claim 104, wherein said helper virus
iS an avipoxvirus.

106. The method of claim 105, wherein said helper virus
is a fowlpox virus.

107. The method of claim 101, wherein the 5' and 3'
flanking regions of said transfer plasmids are capable of
homologous recombination with a vaccinia virus thymidine
kinase gene.

108. The method of claim 107, wherein the 5' and 3'
flanking regions of said transfer plasmids are capable of
homologous recombination with a vaccinia virus HindIIT J
fragment.

109. The method of claim 107, wherein said transfer
plasmid comprises an insert polynucleotide operably asso-
ciated with a promoter selected from the group consisting of
a vaccinia virus p7.5 promoter, a synthetic early/late pro-
moter, and a vaccinia virus MH5 early/late promoter.

110. A method of selecting a target polynucleotide, com-
prising:

(2) introducing into a population of host cells a library of
insert polynucleotides; wherein said library is con-
structed in a lincar DNA virus vector; wherein at least
one of said insert polynucleotides comprises said target
polynucleotide; and wherein expression of said target
polynucleotide directly or indirectly inhibits death of a
host cell comprising said target polynucleotide;
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(b) culturing said host cells; and

(¢) collecting insert polynucleotides from those host cells
which do not undergo cell death.
111. The method of claim 110, further comprising:

(d) introducing said collected polynucleotides into a
population of host cells, and wherein expression of said
target polynucleotide directly or indirectly inhibits
death of a host cell comprising said target polynucle-
otide;

(e) culturing said host cells; and

(f) collecting insert polynucleotides from those host cells

which do not undergo cell death.

112. The method of claim 111, further comprising repeat-
ing steps (d)-(f) one or more times, thereby enriching for
said target polynucleotide.

113. The method of claim 112, further comprising puri-
fying said collected polynucleotides.

114. A method of selecting a target polynucleotide, com-
prising:

(a) introducing into a population of host cells a library of
insert polynucleotides; wherein said library is con-
structed in a linear DNA virus vector; wherein at least
one of said insert polynucleotides comprises said target
polynucleotide; wherein exposure of said host cells to
an agent promotes cell death; and wherein expression
of said target polynucleotide directly or indirectly
inhibits death of a host cell comprising said target
polynucleotide;

(b) culturing said host cells;
(c) exposing said host cells to said agent; and

(d) collecting insert polynucleotides from those host cells
which do not undergo cell death.
115. The method of claim 114, further comprising:

(¢) introducing said collected polynucleotides into a popu-
lation of host cells, wherein exposure of said host cells
to an agent promotes cell death; and wherein expres-
sion of said target polynucleotide directly or indirectly
inhibits death of a host cell comprising said target
polynucleotide;

(f) culturing said host cells;
(g) exposing said host cells to said agent; and

(h) collecting insert polynucleotides from those host cells

which do not undergo cell death.

116. The method of claim 115, further comprising repeat-
ing steps (¢)-(h) one or more times, thereby enriching for
said target polynucleotide.

117. The method of claim 116, further comprising puri-
fying said collected polynucleotides.

118. A method of selecting a target polynucleotide, com-
prising:

(a) introducing into a population of host cells a library of
insert polynucleotides; wherein said library is con-
structed in a lincar DNA virus vector; wherein at least
one of said insert polynucleotides comprises the target
polynucleotide; and wherein expression of said target
polynucleotide directly or indirectly alters a phenotype
of a host cell comprising said target polynucleotide;
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(b) culturing said host cells; and

(c) collecting insert polynucleotides from those host cells
which exhibit said altered phenotype.
119. The method of claim 118, further comprising:

(d) introducing said collected polynucleotides into a
population of host cells, and wherein expression of said
target polynucleotide directly or indirectly alters a
phenotype of a host cell comprising said target poly-
nucleotide;

(e) culturing said host cells; and

(D) collecting insert polynucleotides from those host cells

which exhibit said altered phenotype.

120. The method of claim 119, further comprising repeat-
ing steps (d)-(f) one or more times, thereby enriching for
said target polynucleotide.

121. The method of claim 120, further comprising puri-
fying said collected polynucleotides.

122. The method of claim 118, wherein said altered
phenotype is the expression of a reporter gene product.

123. The method of claim 122, wherein said reporter gene
product is selected from the group consisting of an epitope,
chloramphenicol acetyl transferase (CAT), green fluorescent
protein (GFP), blue fluorescent protein (BFP), yellow fluo-
rescent protein (YFP), red fluorescent protein (RFP),
luciferase and B-galactosidase.

124. The method of claim 122, wherein expression of said
target polynucleotide indirectly promotes expression of said
reporter gene product in said host cells upon exposure of
said host cells to an agent.

125. The method of claim 124, wherein said agent is
selected from the group consisting of: an infectious agent, a
therapeutic agent, an antibody, a ligand, a hapten, an epitope,
and a receptor; and wherein said agent is labeled.

126. The method of claim 124, wherein said target poly-
nucleotide encodes a secreted product.

127. A method of selecting a target polynucleotide encod-
ing a secreted product, comprising:

(a) dividing host cells comprising a library of insert
polynucleotides into pools; wherein said library is
constructed in a linear DNA virus vector; wherein at
least one of said insert polynucleotides comprises the
target polynucleotide; and wherein expression of said
target polynucleotide and secretion of said secreted
product directly or indirectly alters a phenotype of an
indicator cell;

(b) culturing said host cell pools in the presence of
indicator cells;

(¢) collecting insert polynucleotides from those host cell
pools in which said indicator cells exhibit an altered
phenotype.
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128. The method of claim 127, further comprising:

(d) introducing said collected polynucleotides into host
cells;

(¢) dividing the host cells of (d) into pools; wherein
expression of said target polynucleotide directly or
indirectly alters a phenotype of said indicator cells;

(f) culturing said host cell pools in the presence of
indicator cells;

(g) collecting insert polynucleotides from those host cell
pools in which said indicator cells exhibit an altered
phenotype.

129. The method of claim 128, further comprising repeat-
ing steps (d)-(g) one or more times, thereby enriching for
said target polynucleotide.

130. The method claim 129, further comprising purifying
said collected polynucleotides.

131. The method of claim 127, wherein said altered
phenotype is the expression of a reporter gene product.

132. The method of claim 131, wherein said reporter gene
product is selected from the group consisting of an epitope,
chloramphenicol acetyl transferase (CAT), green fluorescent
protein (GFP), blue fluorescent protein (BFP), yellow fluo-
rescent protein (YFP), red fluorescent protein (RFP),
luciferase and p-galactosidase.

133. The method of claim 127, wherein said target poly-
nucleotide alters a phenotype of said indicator cells upon
exposure of said host cells to an agent.

134. The method of claim 127, wherein expression of said
target polynucleotide effects a cellular process selected from
the group consisting of cellular differentiation, growth regu-
lation, cellular proliferation, apoptosis, and hormonal
response.

135. The method of claim 127, wherein said indicator
cells are progenitor cells comprising a selectable gene
product operably associated with a tissue-restricted pro-
moter; wherein expression of said target polynucleotide
directly or indirectly induces transcription of said tissue-
restricted promoter, resulting in expression of said selectable
gene product.

136. The method of claim 135, wherein said indicator cell
is a RAW cell, and wherein the marker gene is operably
associated with the TRAP promoter.

137. The method of claim 136, wherein said target poly-
nucleotide directly or indirectly regulates osteoclast differ-
entiation in said indicator cells.
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