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(57) Abstract
The invention provides an infectious papillomavirus pseudoviral particle

useful in gene transfer comprising: {(2) a papillomavirus vector DNA which

comprises an E2 binding site and an expression cassette comprising a gene and Lz\l

a sequence controlling expression of said gene; and (b) a papiliomavirus capsid

which comprises L1 and L2 strutural proteins, such that said capsid encapsidates

said vector DNA, wherein said gene is derived from a first biological species and

said L1 structural protein is derived from a second biological species and said
first biological species is different from said second biotogical species.
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INFECTIOUS PAPILLOMAVIRUS PSEUDOVIRAL PARTICLES

Field of the Invention
The field of the invention is related to infectious papillomavirus pseudoviral particles useful in gene transfer.
Background of the Invention

Gene transfer is a laboratory strategy in which the genetic repertoire of eukaryotic cefls is modified.
Essentially, gene transfer involves the delivery, to target cells, of an expression cassette made up of one or more
genes and the sequences controlling their expression. The transfer process is accomplished by delivery of the
cassette to the cell where it can function appropriately.

Considerable effort has been made to develop delivery systems to express foreign proteins in eukaryotic
cells. These systems can be divided into two types: transfection and infection. N

The first type of delivery system for introducing clened DNAs into eukaryotic cells invalves transfection.
Calcium phosphate- or OEAE-dextran-mediated transfection is the most widely used methad. The poiycation Patybrene
allows the efficient and stable introdoction of plasmid DNAs into cultured cells that are relatively resistant to
transfection by other methods (Kawai, 5., and Nishizawa, M., 1984, Mol. Cell. Biol. 4, 1172; Chaney, W.G., et 2.,
1886, Somatic Cell Mol. Genet. 12, 237). In protoplast fusion, protoplasts derived from bacteria carrying high
numbers of copies of a plasmid of interest are mixed directly with cultured mammalian cells, and fusion of the cell
membranes is accomplished with polyethylene glycol, with the result that the contents of the bacteria are delivered
into the mammalian cells (Schaffner, W., 1680, Proc. Natl. Acad. Sci. USA 77, 2163; Rassoulzadegan, M., et al.
1982, Natwre 295, 267). Electroporation features the application of electric pulses to mammalian and plant cefls
so that DNA is taken directly into the cell cytoplasm (Neumann, E., et al, 1982, EMBD J, 1, 841; Zimmermann, L.,
1982, Biochim. Biophys. Acta 694, 227). Artificiai membrane vesicles, such as liposomes and cationic lipids, are
useful as defivery vehicles /s vira and in vivo (Mannina, R.J., and Gould-Fogerite, S., 1988, BioTechniques 6, 682;
Felgner, P.L., and Hoim, M., 1989, Bethesda Res. Lab. Focus 11, 21; Maurer, R.A., 1989, Bethesda Res. Lab. Focus
11, 25). Direct microinjection inta nuclei is effective, hut it cannot bie used to introduce DNA on a large scale
(Capecchi, M.R., 1980, Cell 22, 479). Finally, naked DNA can, by itself, be placed inta cells by particle bombardment
{Yang, N.S., et al., 199C, Proc. Natl. Acad. Sci. USA 87, 9568), or taken up by cells, particularly when injected into
muscle (Wolff, J.A., et al, 1980, Scienca 247, 1465).

The other type of delivery system is mediated by infection and involves the use of viral expression vectars
derived from simian vicus 40 (SV40) (Elder, J.T., et &, 1981, Annu. Rev. Genet. 15, 295; Gething, M.-J., and
Sambrook, J., 1981, Nature 293, B20; Righy, P.W.J., 1982, Genetic ennineering, R. Williamson, ed., Academic Press,
London, val. 3, p. 83; Righy, P.W.J., 1883, J. Gen. Virol. 64, 255; Doyle, €., et al., 1985, J, Cell. Biol. 100, 704;
Sambrook, J., et al., 1988, Mol Biol. Med. 3, 459), vaccinia virus (Mackett, M., et al, 1985, ONA_cloning: A
practical approach, 0.M. Glover, ed., IRL Press, Oxford, vol. 2, p. 191; Moss, B., 1985, Virolnqy, B.N. Fields, et al,,
eds., Raven Press, New York, p. 685; Fuerst, T.R,, et al, 1986, Proc. Matl. Acad. Sci. USA, 83, 8122; Fuerst, T.R.,
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et al, 1987, Mol. Cell. Biol 7, 2638), adenovirus (Solnick, 0., 1981, Celt 24, 135; Thummel, C., et al, 1981, Cell
23, 825; Thummel, C., et al, 1982, J. Mol. Appl. Genet. 1, 435; Thummel, C., et al., 1983, Cell 33, 455; Mansour,
S.L, et al, 1885, Proc. Natl. Acad. Sci. USA B2, 1358; Karlsson, S., et al., 1986, EMBO J. 5, 2377: Berkner, KL,
1988, BioTechnigues 6, 615), retroviruses (Dick, J.E., et al., 1986, Trands Genet, 2, 165; Gilboa, E., et al., 1986,
BioTachnigues 4, 504; Egitis, M.A., and Anderson, W.F., 1988, BioTechniques 8, 508}, and baculoviruses (Ltuckow,
V.A., and Summers, M.0., 1988, BiojTechnology 6, 47).

Expression of proteins from cloned genes in eukaryotic calls has heen used far a number of different
purposes: 1o confirm the identity of a cloned gene by using immunelogical er functional assays 10 detect the encoded
protein, to express genes encoding proteins that require posttranslational modifications such as glycosylation or
proteolytic processing, to produce large amounts of proteins of biological interest that are normally available in only
limited quantity from natural sources, to study the biosynthesis and iniracellular transport of proteins foliowing their.
expression in various cell types, to elucidate structure-function relationships by analyzing the properties of notmal
and mutant proteins, to Bxpress intron-containing genomic sequences that cannot be transcribed correctly inta mRNA
in prokaryotes, and to identify DNA sequence elements involved in gene expression. Because expression af profeins
tan serve so many different purposes, there is a need for new dalivery systems to meet the challenge of getting
foreign DNA into eukaryotic cells. The invention satisfies this need.

These and other ohjects of the invention will be apparent to one of ordinary skili in the art upon
consideration of the specification as a whole.

Summary of the Ivention

In one aspect, the invention provides an infectious papillomavirus pseudovirat particle.

In another aspect, the invention provides a HPV1B{BPY1} virion.

In still another aspect, the invention provides an infectious papillomavirus pseudaviral particle comprising:
a papillomavirus vector DNA which comprises an E2 binding site and an expression cassette comprising a gene and
a sequence controlling expression of the gene; and a papillomavirus capsid which comprises L1 and L2 structural
proteins, such that the capsid encapsidates the vector DNA, where the gene is derived from a first biological species
and the L1 structural protein is derived from a second biofogical species and the first biological species is ditferent
from the secand biolagical species.

In yet another aspect, the invention provides the here-described infectious papillomavirus pseudaviral particle,
where the first biofogical specigs is BPY1 and the second biological spacies is HPY16.

In a different embadiment, the invention relates to a method of making infectious papillomavirus pseudoviral
particles comprising: providing a cell ine which expresses papilomavirus E2 DNA binding protein and L1 and L2
structural prateins; transforming the cell line with a papiiomavirus vector DNA which comprises an E2 binding site
and an expression cassette comprising a gene and a sequence controlling expression of the gens, where the
papillomavirus E2 binding site is a cognate binding site of the E2 DNA hinding protein, and where the gene is derived
from a first biological species and the L1 structural protein is derived from a second hiological species and the first

bialogical species is different from the second biological species; providing conditins for the encapsidation of the
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vector DNA by a cépsid which comprises the L1 and L2 structurat proteins to generate the particles; and harvesting
the particles.

in the above methad, the cell line may be a memmakian cell line, an insect cell line, or a yeast cell line,

In yet a different embodiment, the inventicn relates to a cell line camprising the here-described infectious
papiliomavirus pseudoviral particle.

In still a different embodiment, the invention relates to a methed of transferring & gene into a coftured
mammalian cell comprising: providing the here-described infectious papillomavirus pseudoviral particle; and infecting
ajcultured mammalian cell with the particle such that the cuktured mammaian cell is transtormed with the gene.

In another manifestation, the invention provides a methad of screening for infections papillomavires
pseudoviral particles comprising administering test particles to cultured mammalian cells capable of being infected
thereby and scoring for infectivity thereof,

In a forther manifestation, the inventian provides a composition comprising the here-deseribed infectious
papillomavirus pseudoviral particle, where the gene in the expression cassette encodes a product capable of having
a therapeutic effect when administered in a therapeutically effective amaunt to a host subject in need thereof,

In an additional manifestatian, the invention provides » composition comprising the here-described infectious
papillomavirus pseudoviral particle, where the gene in the expression cassette encodes a product capable of having
an immunogenic etect when administerad in an immunogenically effective amount to a host subject in need thereof.

The invention also relates to @ method of providing a human with an immunogenic protein camprising:
infecting cells of the human &7 vive with the here-described infectious papillamavitus pseudoviral particle, where the
gene in the expression cassette encodes the immunogenic protein, the cells expressing an immunogenically effective
amount of the immunogenic protein.

The invention further relates to a method of providing a human with a therapeutic protein comprising:
infecting cells of the human iz wive with the here-described infectious papillomavirus pseudoviral particle, where the
gene in the expression cassette encodes the therapeutic protein, the calls expressing a therapeutically effective
amount of the therapeutic protein.

In this method, the cells may be epithelial cells, and the therapeutic protein may have a systemic sffect.
Or tha therapeutic protein may have a lacat effect on the epithelial cells. Or the therapeutic pratein may be Factor
IX and the expression of the therapeutic protein may result in treatment of hemaphilia. Or the therapeutic protein
may be herpes simplex virus thymidine kinase and the expression of the therapeutic protein may result in treatment
of skin cancer.

This method may involve serial administration of dilferent serotypes and thus comprise infecting cells of
the human /7 vive with a second infectious papiliomavirus pseudoviral particle where the second infectious
papillomavirus pseudoviral particle differs from the first infectious papillomavirus pseudoviral particle in that the
second is 2 different serotype from the first.

The invention additionally relates to an infectious papiflomavirus pseudoviral particle cemprising a

papillomavirus genome, which comprises an E2 binding site and an expression cassstie comprising a gene and a
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sequence controlling expression of the gene, and a papillomavirus capsid, which comprises L1 and L? structural
proteins, such that the capsid encapsidates the genome, where the E2 hinding sitz is derived from a first
papillomavirus serotype and the L1 Structural protein is derived from a second papillomavirys serotype and the first
papillomavirus serotype is different from the second papiflomavirus seratype.

The invention mareover relates to @ method of making infectious virus pseudoviral virions in nonmammalian
cells comprising: providing a nonmammakian cell line which expresses the nonstructural protein(s) of the virus for
packaging the viral genome of the virus in the empty capsid of the virus, and which expresses the structural proteins
of the virus capsid; transforming the cell line with the viral genome which comprises the packaging signal, and which
further comgrises an expression cassette comprising a gene and a seguence controlling expression of the gene, and
where the gene is derived from a first biological species and the viral capsid is derived from a second biological
species and the first biological specias is different from the second biological species; providing conditions for the
encapsidation of the viral genome by the viral capsid to generate the virions; and harvesting the virions.

Brief Description of the Drawings

Figure 1. A model for L2-mediated assembly of papilomavirus virions. This model is discussed at length
in the text. Briefly, it is proposed that L2 acts ta mediate papilomavirus assembly by causing the concentration of
the virion components within the PODs. L2 will localize in the PODs independently of other viral proteins. The L2
localization will cause the subsequent recruitment of E2 with the bound genome and L. These events are
independent of each other. This L2-L1-E2-genome association within the PODs confers an appropriate environment
andfor concentration for virion assembly.

Detailed Description of the Preferred Embodiment

The invention satisfies the need for new defivery systems to meet the challenge of getting cloned DNA into
eukaryatic cells by providing infectious papillomavirus pseudoviral particles. Section | describes iz vitro generation
of infectious BPY virions and infectious HPV16{BPV1) pseudoviral particles in mammalian cells. Section |l elaborates
the requirements for the papillomavirus capsid proteins, the viral transcriptionfreplication protein, E2, and POD nuciear
structuras for encap-sidaliun. Section II! details the jn virro generation of infectious BPY virions in nonmammalian
cells. Section IV describes the use of infectious papillomavirus pseudoviral particles in a specialized case of gene
transfer, that of gene therapy and gene immunization,

Using the protocol described in Example 1, a system was developed for generating infectious
papillomaviruses i vitre that facilitates the analysis of papilimavirus assembly and infectivity, Cultured hamster
BPHE-1 cells harbaring autonomously replicating bovine papilomavirus type 1 {BPV1) genomes were infected with
defective Semliki Forest Viruses (SFVs) that express the structural proteins of BPV1. When plated on C127 cells,
extracts from cells expressing L1 and L2 together induced numercus transformed foci that could be specifically
prevented by BPV neutralizing antibodies, demonstrating that BPYV infection was responsible for the focal
transformation.  Extracts from BPHE-1 cells expressing L1 or L2 separately were not infectious. Although

SFV-expressed L1 self-assembled into virus-like particles, viral INA was detected in particles only when L2 was
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co-expressed with L1, indicating that genome encapsidation requires L2. Expression of human papillomavirus type
16 (HPV16) L1 and L2 together in BPHE-1 cells also yielded infectious virus, These pseudotyped virions were
neutralized by antiserum to HPY16 wirusSike particles (VLPs} derived from Evropean (114/K} or Afrigan (2-1194)
HPV1E variants, but not by antisera to BPY VLPs, to a poorly assembling mutant HPV16 L1 protein, of to VLPs of
closely refated genital HPY types.

BPY L1 expressed from recombinant SFV in mammalian cells hinds L2 and assembles into VLPs.
SFV is a simple positive strand RNA virus. The pSFV.1 expression vector contains the pene for the SFV RNA
replicase, the inserted gene and a cis acting virion packaging signal. 4o vitrs synthesized RNA from this vector is
co-transfected with a helper vector (pHelper-2) ANA that encades the SFV structural genes. Upon transfection, the
replicase is transtated and initiates successive rounds of RNA replication and transfation, thereby amplifying 1he viral
RMAs. Translation of the hetper RNA leads to production of the SFV virion proteins and encapsidation of the
expression vector RNA, but not that of the helper, which lacks the packaging signal. Therefore, the high titer virus
generated is defective because it does not encode the SFV virion prateins. Upon infection of susceptible cells {a.g.,
BHK-21 or BPHE-1}, the replicase again amplifies the infecting RNA. Amplification of subgenomic RNAs encoding
the cloned gene leads to high level expression of the encoded protein.

Defective BPV1 L1 and BPV1 L2 recombinant Semliki Forest Viruses {SFV-BL1 and SFV-BLZ) were generated
by co-transfecting BHK-21 cells with iz witro transcribed Helper-2 RNA (Life Technologies) Berglund, P., et al., 1993,
BiaTechnology 11, 816-320) and a recombinant pSFV-1 RNA encoding the BPV1 L1 or BPV1 L2 gene. BHK-21 cells
were infected with the recombinant SFYs and harvested 72h later. Expression of BPV1 L1 and L2 was demonstrated
by Western blot analysis with monoclonal antibody TH8 (Chemicon) (Cowsert, LM, et al, 1988, Virology 165,
613-15)) for 11 and rabbit antiserum ta a bacterially-produced glutathione-S-transferase-BPV1 L2 fusion protein for
L2 (Kimbauer, R., ot al, 1882, Proc. Natl, Acad. Sci. USA 88, 12180-84). Cell fractionation studies demonstrated
that at least 80% of both L1 and L2 resided in the nuciear fracton at the time of harvest.

' BHK-21 cells were infected for 3 days with either SFV.BL1 alone or SFV-BL2 alone or were ca-infected with
the two defective viruses. The cells were harvested and VLPs were prepared by centrifugation through a 40% (wiv)
sucrose cushion and cesium chloride isopycnic density gradient centrifugation (Kirnbaver, ]., et al, 1993, J, Viral,
67, 6929-36). A visible band with a density of approtimately 1.28 glcrns was extracted from cesium chloride
density gradients of the SFV-BL1 alone and SFV-BL plus SFV-BL2 infected cell extract and dialysed into PBS
containing 0.5 M NaCl. A corresponding band was not detected in the gradient containing the extract from the cells
infected with enly the SFV-BL2. Transmission electron microscopy of the BPV1 L1 alone and the L1 plus L2
preparations demanstrated farge numbers of 55 nm dismeter particles with a morphology simifar to BPY virians that
ware absent from the L2 alone preparation. Analysis of the t1 and L1 plus L2 preparations on a 10% Coomassie
stained SDS-PAGE gel revealed 2 single 55kDa pratein band corresponding to L1. Ful length [~ 70kDa) £2 was
detected by Western blot analysis with rabbit antiserum to bacterially expressed glutathiona-S-transfarase-BPV1 L2
fusion protein in the L1 plus 12, but not the L1 afone, preparation. Co-immunoprecipitation and co-purification of

L1 and L2 showed that L2 co-assembied with L1 into VLPs.
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infectious BPV1 virions are generated by co-expression of both BPV1 L1 and 12 in BPHE-1 cells.
Since expression of the recombinant SFVs fed to efficient assembly of VLPs in mammalian cells, generation of
infactious BPY ir vitro and determination of which capsid proteins were required for virion formation was attempted.
To this end, the SFY recombinants were used 1o infect a hamster call line, BPHE-1, that maintains 50-200 copies
of episomal BPV1 genames per cell (Zhang, Y.L, et al, 1987, J. Virol. 61, 2924-2928). The BPHE-1 cells were
infected with either SFV-BL1 alone or SFY-BL2 alone ar co-infected with the two recombinant viruses, The cells
were maintained for 30h, harvested and lysed by sonication, and the extracts were incubated in the medium of
monolayers of mouse C127 fibroblasts for 1h at 37°C. The cells were washed and maintained for 3 weeks in
complete medium and stained, and the faci were counted (Dvoretzky, I, et al, 1980, Virology 103, 368-375).
Approximately 50 foci occurred in plates of C127 cells treated with BPHE-1 extracts expressing bath BPV L1 and
L2, but no foci were praduced by extracts exprassing only BPY L1 or only BPY L2 in multiple experiments.

To determine if focal transformation was due to transfer of BPY1 DNA to the mouse 127 cells, six of
the foci were ring cloned and expanded for further analysis (Law, M.F., et al, 1981, Proc. Nat. Acad. Sci. USA 78,
2727-2731}. A Hirt extract (Hirt, B., 1987, J. Mol. Biol. 26, 365-369) from each of the six tlones was separated
on a 0.8% agarose gel, Southern blotted and probed with 2 [32P]-iabeied fragment of the BPV genome. High copy
number episomal BPV genamic ONA was detected in tha extracts of alt six clones.

It is possible that the BPY DNA was transferred to the 127 cells by transfection rather than infection
by ir vitre generated virions. Since neutralizing antibadies should not inhibit transfection, extracts from the L1 and
L2 ca-expressing BPHE-1 cells were incubated for 1h at 4°C in the presence of a 1:100 dilution {10 w0} of rabbit
antiserum to either BPV1 or HPV16 L1 VLPs (purified from insect cells) or denatured BPV virions {DAKD} prior to
addition to the C127 cells. The L1 plus L2 extract treated with antiserum to BPY VLPs did not produce any foci,
whereas extracts treated with antiserum to HPV18 VLPs or denatured BPY virions |which do not neutralize BPV)
produced simiar numbers of foci as the untreated extract. Treatment of the same extract with monocional antibody
5B6 that neutralizes BPV (Roden, R.B.S., et al, 1984, J. Virol. 68, 7570-74), but not a cantrol monoclanal antibody
(PAb 101) of the same IgG subtype, also inhibited focus formation. The conformationally-dependent and type-specific
neutralizatien of facal transforming activity demonstrates that infection by BPV virions and not transfection of BBY
DNA was responsible for the transformation of the C127 cells.

12 is required for efficient encapsidation of the BPV genome. L1 assembles into VLPs when expressed
in eukaryatic cells, hut the function of L2 in generating infectious virus is less clear {Kirnbauer, R., et al., 1992, Prac.
Natl Acad. Sci. USA 89, 12180-84). L2 may be necessary for some step during the infectious process andjor is
necessary for encapsidation of the genome (Zhov, J., et al, 1993, J. Gen. Virgl. 74, 763-68). To explore the latter
possihility further, ten 500 on? plates of BPHE-1 celis were infected with SFV-L1 zlone or SFV-L2 alone or were
co-infected with SFV-L1 and SFV-L2. The cells were harvested 30h post infection, sonicated and treated with
DNAsel (2000 U) for 1h at 37°C, and particles were purified. Tha cesium chloride gradients were fractionated, and
the density of each fraction meastred. Nucleic acid was purified from 200 4l of each fraction, and BPY DNA was

detected by Southern biot analysis. 0.1 ng of BPY-pML plasmid DNA was run as a size standard for uncut,
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DNAsel-resistant BPV genomes (Sarver, N., et al., 1982, Proc. Natl Acad. Sci. USA 79, 7147.7151), Orly that
fraction from the BPHE-1 extracts expressing both L1 and L2 demenstrated significant accumulation of
DNAsel-resistant BPY DNA. This fraction had a density (1.31 g/ml} consistent with that of infectioys BPY virions
obtained from warts under the same conditions (1,32 gjml),

This fraction was examined by cryo-slectron microscepy. Unlike transmission eleciron microscopy of
nepatively stained particles, cryo-electron micrascopy allows the DMA inside the ful capsids ta be visualized directly
as an electron dense core as opposed to the lower density core of empty particies. Many well formed particles were
observed with elactron dense cores, as well as a smaller fraction that had a lower density core or were damaged
or rod shaped. It was not passible ta estimate the number or percentage af full versus empty particles, as the L1
was spread over a large number of fractions as determined by Western hiot analysis. However, comparative
Southern blot analysis using the cloned BPV genome as a standard idicated that approximately 1 ng of full length
DNAsel-resistant DNA was observed in these extracts, which corresponds to approximately 107 DNA malecules. In
contrast, only 10% infectious units were isalated from this preparation, indicating that the particle to infectivity ratio
is high, approximately 104, Using the same procedures, the number of infectious units and the amount of
DNasel-resistant BPY genomic DNA present in a BPYV virion preparation purified from bavine papillomas were
measured. The values for the particle to infectivity (as measured by i witre transformation of C127 cells) ratio
obtained were very similar for BPY virions isolated from warts (2 x 1(14) or generated in BPHE-1 calls {1 x 1[14).

Generation ard neutralization of infectious HPV 16{BPV1} pseudotyped virians. Having demonstrated
that co-expression of BPY1 L1 and L2 can result in encapsidation ot BPY genomes, the question was asked whather
genome encapsidation was type speeific. L1 and L2 derived from HPV16 were therefore tested for the ability to
encapsidate the BPV genome and thereby generate infectious pseudotyped virions. L1 and L2 derived fram a wild
type HPV16 isolate (114K) were cloned inta SFV vectors and expressed in BPHE-1 cells (Heino, P., st al., 19985,
Virology 214, 349-358; Kirnbauer, R., et al., 1993, J. Virol. 67, 6929-36). Expression was confirmed by Western
blot analysis using monoclonal antibody CamVir-1 (Pharmingen) for L1 and rabhit antiserum to bacterially expressed
glutathione-S-transferase-HPV16 L2 fusion protein for 12, Production of infectious virions was assessed using the
C127 focus farming assay, as described above, Expression of the L1 and L2 derived from HPV16 in BPHE.1 cells
consistently produced infectious virions, referred to as HPVT6{BPV1} virus, although approximately 5 to 10-fold less
efficiently than BPY L1 and L2. No foci wese abserved when BPV L1 and HPV16 L2 or HPV16 L1 and BPV 12 were
coexpressed, but low-efficiency encapsidation by heterologous pairs of capsid prateins cannot be discounted.
Expression in BPHE-1 cells of L1 and L2 detived from a capsid-assembly deficient mutant of HPY16 did not produce
any toci (Kirnbaver, R., et al., 1893, J. Virol. 67, 6928-36; Seedorf, K., et al, 1985, Viralogy 145, 181.185).

Type-specific neutralization of pseudotyped virions. Treatment of the HPV1G{BPV1) extracts with
5 or 50 p of rabbit antiserum to 114X HPV18 VLPs prevented focus formation, whereas addition of antiserum to
BPV1 VLPs, denatured BPV virions, or assembly deficient MPVI6 L1 of the prototype strain did not prevent focus
formation. Buth antiserum to HPV18 L1 alone and antiserum to L1/L2 VLPs were neutralizing. Antiserum generated

to the L1 VLPs of a divergent Zairian isolate of HPV16 also newtralized the HPV16{BPV1} virions (Cheng, G., et al,
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1985, J. Infect. Dis. 172, 1564-1587). This finding demanstrates that infectious virus with HPV 1§ capsids, not BPY
capsids, were produced and that infection of the £127 cells and not transtection by the BPV DNA had occurred.

The ability of antisera raised apainst VLPs derived from low risk HPY 6b or 11 and high risk HPV18, 31,
33, or 45 to pravent infection by HPY1G{BPY1} virions was also tested. All of these sera contain high titers of
antibadies (>10°%, described in Roden, R.B.S., et al, 1996, J. Virol 70, 3288.3301) that recagnize their
corresponding VLPs in ELISA and hemagglutination inhibition assays. However, none af the sera were able to prevent
infection of the HPVIG{BPY1} virions when 50 4 (or 5 2} was added to the pseudovirion extract,

Discussion. Despite some progress, difficulties in generating infectious papillomavirus virions i witre and
manipulating them genstically cantinug to limit studies of this tumor virus {Hagensee, M., and Galloway, D., 1993,
Papillomavirus Repart 4, 121-124). Use of a mouse xenograft system has led ta the limited production of HPV11
and an in vive infectivity assay (Christensen, N.0., and Kreider, J.W., 1980, J. Viral, 64, 3151-3156; Kreider, J.W.,
et al, 1987, J. Virol. 81, 590-93). As an alternative approach, raft cultures of human keratinocytes can undergo
relatively normal terminal differentiation, thereby permitting expression of the late prateins and virion biosynthesis
(Dollard, 8.C., et al, 1992, Genes Dev. B, 1131-42; Meyers, C., et al., 1992, Science 257, 971-73).  Small
quantities of morpholagically carrect HPY31b virions have been produced by this method, but na guantitative
infectivity assay has heen developed using this system {Meyers, C., et al., 1992, Stiance 257, 871-73). Furthermore,
neither the xenagrafts nor raft cultures are readily amenable to genetic manipulation,

Using recombinant vaccinia virus as a vector for BPV1 L1 and L2, Zhou and colleagues have previously
concluded that both L1 and L2 were necessary 1o encapsidate viral DNA and to generate infectious BPY virions
{Zhou, £, et al., 1893, J. Gen. Virok 763-68). Because their BPY preparations contained infectious vaccinia virus,
which is cytotoxic for many cell types, including C127, they used transient expression of viral RNA as their marker
for infectivity. One notable difference between the results reported in that study and thase obtained here was that
their infectivity marker was neutralized by antiserum to denatured BPY1 virions (DAKO). In cantrast, the present
SFV-derived or cattle papilloma-derived virions induced focal transformation that was not inhibied by any of the
several lots af this sera that were tested, in agreement with previous reports that DAKO sera or other sera to
denatured virions are non-neutralizing. The results of the Zhou et al. study are therefore amhiguous.

As described here, infectious papillomavirus have been produced by expressing the virion capsid proteins
in trans, via defective SFV vectors, in cells that contain an intact viral genome. Production of infectious BPY was
monitored by a standard, quantitative, i vitro BPY infectivity assay (Dvoretzky, L, et al, 1980, Virclogy 103,
369-375). BPY induced focal transformation of £127 cells was specifically inhibited by incubating infectious
preparations with neutralizing BPY-antisera, which confirmed that the transfermation resulted from BPV infection and
not from transfection of viral DNA.

This method of virus production provides the opportunity to determine the functions of the virion proteins
in virion formation and to generate virions with specific modifizations.

The presence of DNAsel-resistant full length BPV DNA in the extracts expressing L1 plus L2, but not either

L1 alone or L2 zlone, demonstrates that L2 is required for encepsidation of the BPY genome,
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The ahility of L1 and L2 derived fram HPY16 10 encapsidate the BPV genome establishes that any viral DNA
packaging signal that exists for papilomavirus genomes is conserved betwsen BPV1 and HPY16, ang that, because
BPV1 and HPV16 are so highly evalutionarily divargent, such a signal is moreover conserved among papillamaviruses.

The apparent inability to generate infectious virus with BPY L1 and HPV16 L2 or HPV16 L1 and BPV L2
implies L2 from widely divergent papillomaviruses prevented the generation of infectious virus, but this result would
not be expected to occur for closely related papillomaviruses.

Expression of HPV16 L1 and L2 in cells containing the BPY genome produced infectious pseudotyped virions
with HPV1E capsids. They induced typical BPV type foci, and their infectivity was neutralized by HPY16 antisera
and not by BPY antisera. Since HPY16 is not more clasely retated to BPY1 than are ather kigh risk HPV types, it
is expected that a strategy similar 1o the ome reported here for HPV1G can be used 1o generate infectious
pseudotypes for other high risk BPVs, and presumably for any papillomavirs. See Example 4.

Although the focal transformation assay requires 2 to 3 weeks, this problem sheuld in principle be
circumvented by incorporation of a rapid and easily detectable marker in the BPV genome.

Results from 8 number of laboratories have indicated that despite their strict host range, papillomaviryses
hind 1o a variety of cell types derived from diverse species (Multer, M., et al,, 1985, J. Viral. 69, 948-54; Roden,
RB.S., et al, 1994, J. Virol. 68, 7260-66; Volpers, C., et al, 1995, J. Virol. 68, 3258-3264.). The ability of
HYP16{BPY1} virions to induce focal transformation of G127 cells establishes that C127 cells express the cell
surface receptor for HPY16 virions and are competent 10 perform the subsequent steps of internalization and
uncoating that are reguired for initiating viral infection. The simplest interpratation of these observations is that BPY
and HPV16 share a common imtracellular pathway of infection as weli as a common cell surface receptor.

The in vitro generation of HPV1B{BPY1} pseudotyped virus has allowed, for the first time, the development
of an entibody neutralization assay for HPV16 and uther high risk HPVs, since there is naither a source of infectious
HPV16 or other high risk HPVs, nor an easily scored quantitative assay for the genome of KPY16 or other high risk
HPVs. Titers of neutralizing antibodies induced by vaccination are the best correlate of protection for most previously
developed prophylactic vaccines (Robbins, J.B., et al, 1995, J. Infect. Dis. 171, 1387-88), as also seems true for
the animal papiliomavirus protection studies (Breitourd, F., et al., 1995, J Vicol, 68, 395953, Suzich, JA,, et al,
1995, Proc. Natl. Acad. Sci, USA 82, 11553-11557). It is therefore impurtant to investigate whether the HPV16
VLPs induce high titers of neutraiizing antibodies and 1o determine the degree of cross-protection between various
genital HPV types. Until now, it has been necessary ta rely on surrogate assays for neutralization, such as ELISA
and hemagglutination inhibition (Roden, R.8.S., et al., 1995, J. Virol. 69, 5147-51, Roden, R.B.S., et al., 1996, J.
Viral 70, 3298-3301, Rose, R.C., et al, 1994, J. Gen. Viral. 75, 2445-49). Compared with neutralization, the YLP
ELISA is relatively nan-stringent because it may recognize non-nautralizing antibodies, while hemagglutination may
be overly stringent because a class of neutrafizing antibodies (defined for BPY, CRPY and HPV11) does nat score in
that assay (Roden, R.B.S., et al, 1995, J. Viral. 70, 3298-3301). It is no longer necessary to rely on these
surrogate assays for neutralization since presented with the described quantitative ir vitro neutralization assay. See

Example 5.
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The assembly-deficient mutant L1 of the reference HPV15 strain did not induce detectabie neutralizing
antihodies, reinfercing the concept that most neutralizing epitopes are displayed only on intact particles. The
ohservation that antibodies to a divergent assembly-competent variant (Zaire 1194 (Cheng, G., et at, 1995, J. of
Infect. Dis. 172, 1584-1587)), which differs from the 114K HPV18 isolate at seven L1 amino acids, can efficiently
neutralize the HPV16{BPV1} virions made with the 114/K isolate further supgests that VLPs of a single HPY16
variant will induce protection against divergent HPV1G variants (Cheng, G., et al, 1995, J. of Infect. Dis. 172,
1684-1687). However, the pseudotyped virians were not neutralized by antiserum to YLPs derived from six penital
HPY types or BPV1. This was true even though twe of the VLP types tested, HPV31 and HPV33, are among those
most clasely refated to HPV16, with 84% and 81% L1 amino acid sequence identity, respectively. These antiVLP
sera had titers in ELISA and hemagglutination assays based on the homologous VLP type of at least 10,000 (Roden,
RB.S. et al, 1986, J. Virol. 70, 3298-3301}; therefore the negative results in the HPY16{BPV1} neutralization
assay were not due to a poar antibody rasponse to these VLPs. The data support the concept that HPV16 is 2
single serotype, distinct from nther genotypes.

The finding that antibodies elicited by assembled HPV16 VLPs can efficiently inhibit intection by the
HPV1B{BPV1} virions supports the potential utility of these YLPs as prophylactic vaccine candidates. To make an
informed decision for the components of a multi-valent ViP-based vaceine 1o prevent genital HPY infection, it will
be necessary to evaluate to what extent antibadies generated against one type of HPV VLP will neutralize infection
by ather types. The data that rabbit antibodies raised against VLPs derived from other genital HPY types did not
neutralize HPV16{BPV1} infection suggest that pratection obtained by neutralizing antibodies in humans against these
genital HPVs will be type specific. The development of pseudotyped virions of other HPV types, afong with
HPVI6{BPV1}, could be used to more broadly examine the question of cross-neutralization in animal studies and in

early phases of human vaccine trials.

L. The Papillomavirus Minor Capsid Pratein, L2, Induces Logalization of the Virion Cempenents and the Viral
TranscriptionfReplication Protein, E2, to POD Nuclsar Structures

Using the protocol described in Example 2, the subceliutar localization of structural and nonstructural bovine
papillomavirus (BPV) proteins in cultured cells has been examined by immunofluorescent staining and confacal
microscopy. When expressed separately, L1, the major capsid protein, shewed a diffuse nuclear distribution, while
the minor capsid protein, L2, was found to Incalize ta punctate nuclear regions identified as PML oneagenic domains
{PODs). Coexpression of L1 and L2 induced a relocation of L1 inta the PODs, leading to the colocalization of L1 and
L2 '

The effect of L2 expression an the distribution of the viral DNA genome and the nonstructural viral proteins
E1 and E2, which are required for maintenance of the genome and viral DNA synthesis, was examined. The
Iocalization of the E1 protein was unaffected by L2 expression. However, the pattern of antiE2 staining was
dramatically altered in L2-expressing cells. Similar to L1, E2 was shifted from a dispersed nuclear locality into the

PODs and colocalized with L2. The recruitment of full-length E2 by 12 occurred in the ahsence of other viral
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components, Additionally, in BPV-transformed fibroblasts the autenomously replicating BPY genome was found to
be coalgsced in an adjeining nuclear region in an L2.dependent manner.

L2 has heen shawn here to be essential for the generation of infectious BPY. The current resuits provide
evidence for a role for L2 in the organization of virien comgonents by recruiting them to a distinct nuclear domain,
This L2-dependent colocalization probably serves as a mechanism to promote assembly of papillomaviruses either by
increasing the lacal concentration of virion constituents or by providing the physical architecture necessary for
efficient packaging and assembly. The data also establish a role for a nonstructural viral protein, E2, which hinds
a canserved sequence motif in papillomavirus genomss, in the localization of the viral genome to the PODs.

Subnuclear localization of BPV capsid preteins. BPHE-1 is a hamster fibvoblast celt iine that is latently
intacted with multiple copies of autonamously replicating BPY genomes and expresses the nonstructural viral proteins
(Zhang, Y.L, et at, 1987, J. Virol, 61, 2924-2928). The SFV expression system was used ta introduce the L2
minor capsid protein into BPHE-1 cells and locakize the L2 protein by immunofiuorescent staining and laser scanning
confocal microseopy. The typical distribution of L2 6 hours after SFV infection indicates the protein was displayed
in a distinct intranuclear punctate pattern.

To rule out the possibility that this distribution depended upon the BPV components in the BPHE-1 cells,
L2 was expressed, via the SFV vector, in cells that did not harbor papiismavirus sequences. A similar punctata
nuclear pattern of L2 staining was also observed in these other cells types, including COS-7, BHK-21 and the human
fibrablast cell line 1634. Therefore, this distinct L2 localization is dependent only upen celiular factars and appears
1o be independent of cefl lineage. To determine if this localization was a common feature of papiliomavirus L2, the
distribution of the human papillamavirus 16 (HPV16} 12 pratein, expressad via an SFV vector, was also examined
in these cell lines. The pattern with HPV16 L2 protein was similar 1o that seen with BPY L2, establishing that this
Iocafization is characteristic of papillomavirus L2,

L2-containing punctate structures are PODs. To identity the nuctear domains in which the BPY L2
protein localized, double staining experiments against a number of deseribed nuclear proteins and L2 were performed.
No colocalization of the L2 protein was found with coiled bodies, the retinablastoma protein, p53 or the splicing
tactor SC35. Although the staining pattern sean with the ant-SC35 antibody was similar to that seen with the anti-
L2 antibody, it was evident from the merged image that these regions were exciusive. However, when the
distribution of the L2 protein was compared with that of antipromyelocytic leukemia (PML) protein staining, a nearly
complete overlap in protein distribution was observed.

The PML protein is a putative growth suppressor gene product that localizes in subnuglear organelles termed
PODs (Chang, K.S., et al, 1895, Blood 85, 3646-3653; Dyck, JA., et al, 1994, Cell 76, 333-43). The PML
distribution appeared to be unaffected by the expression of the L2 protein, and the localization of L2 in the PODs
was unrelated to the level of L2 in the cell. This was obsarved no matter whether the eells were expressing high,
intermediate ar fow levels of L2, All the celis expressing L2 showed a simiar punctate distributien, in which L2

colacafized with PML in every cell. Therefore, it is unlikely that this colocalization is an artifact of overexpressian.




20

25

30

3

WO 98/02548 PCT/US97/12115

.12

L2 redirects L1 ta PODs. As 11 and L2 coasserble into capsids, the question was asked whather L1
might display a nuclear staining pattern similar to 12, Howaver, when L1 was exprassed in BPHE.] cells, the
distribution of L1 protein differed markedly. L1 was present in a nuclear pattern that varied from a diffuse to
slightly speckled arrangement with nucleolar exclusion.

This result led o the exploration of the possibiiity that the subcellular distribution of L1 protein might be
affected by coaxpression of L2. Therefore, BPHE-1 cells were coinfected with recombinant L1 SFV and recombinant
L2 8FV, which are the conditions that lead 1o the formation of infectious BPY in BPHE-1 cells, The L1 staining
pattern was dramatically altered from the diffuse nuclear pattern seen after L1 SFV infection atone. The L2 staining
pattern in the coinfected cells was consistent with the distribution of L2 observed in the absenca of L1. The
distributions of L1 and L2 overlapped substantially in the merge of the two images. in general, L1 did not appear
as tightly coalesced as L2. in some eells L1 was observed mostly surrounding, rather than overlapping, the L2
domain. This variabifity may be due to differences in the kinetics of the infection of individual cells or may reflect
intermediate stages in L1 relocation. The conclusion can be drawn that L2 induced the redirectian of a substantial
proportion of L1 to PODs.

L2 induces colocalization of E2. Next examined was the effect of the expression of the BPY capsid
prateins on the distribution of the nonstructural viral protein £2, which is invelved in viral genome replication and
viral transcription {Chiang, C.-M., et al, 1992, Proc. Natl. Acad. Sci. USA. 89, 5799.5803; Spalholz, B.A., et al.,
1985, Cell 42, 183-191; Ustav, M., and Stenlund, A., 1891, EMBO J. 10, 449-457). In BPHE-1 cells, E2 was
detected as a nuclear protein with a diffuse distribution. There was no apparent effect on the focalization of this
protein when the L1 capsid protein was expressed in these cells. In contrast, L2 expression shifted E2 inta punctate
regions similar to these observed with the antiL2 staining pattern. Although it did not interfere with determining
the localization of E2, the levels of E2 often decreased substantially during recombinant SFY infection, presumably
due to the well documented inhibition of host protein synthesis by SFV (Strauss, JH., and Strauss, E.G., 1994,
Micro. Rev. 58, 491-562). This effect is partialiy due to interference with the Na+ K+« transparter by SFY (Carrasca,
L., 1877, FEBS Lett. 76, 11-15; Garry, RF., et al, 1979, Virology 96, 108-120). A decrease in E2 was afso
ubserved in control infections with unrelated SFV recombinants. Infection jn the presence of 100mM KCi helped
counteract this problem,

To determine if 1.2 induced the redistribution of the E2 protein into the L2-staining PODs, douhla staining
of the BPHE-1 cells after infection with the L2.SFV was performed. The majority af the cells showed a diffusaly
distrituted nuclear pattern of E2 staining. However, many cels demenstrated a retocation of E2 into a punctate
pattern. All of the L2-expressing cells showed solely a punctate pattern of L2 staining. The coincidence of the E2
and L2 staining was striking in the infectad calls that maintained detectable lavels of E2,

L2 is sufficient to redistribute fulllength E2. BPV-transformed cells with autonomausly replicating
genames express three forms of the E2 protein: a fulllength 48 kD form that functions in genome replication and
transcriptional transactivation and two smaller forms which act as repressars of viral transeription (Hubbert, N.L.,
et al, 1988, Proc. Natl. Acad. Sci. USA. 85, 5864-5868; Lambert, P.F., J. Viral. 63, 3151-3154; McBride, A.A.,
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et al, 1891, J. Biol. Chem, 2685, 18411-18414). The antibody used in the immunofiuorescent studies recognizes
an epitope in the C-terminal DNA binding domain comman to all three proteins and would nat distinguish among them.
Anather feature of the BPHE-1 cells is that an unknown propartion of E2 molacules are bound to the viral genome.
Theretare, it was unclear whether the L2-dependent redistribution of E2 in the BPHE-1 might depend on the presence
of the viral genome in the cells.

To determine if the L2-depandent redistribution of E2 observed in the BPHE-1 cells could occur hetween
L2 and the full fength E2 protein, independently of the viral genome, BHK-21 cells {which do not contain the
papillomavirus genome) were infected with both the L2-SFV recombinant and a SFV recombinant expressing the full-
length E2. Since the RNA for E2 was produced entirely by the SFV RNA-dependent polymerase in the cytoplasm,
praduction of the alternative E2 mRNAs was preciuded. As expected, only the 48 kO form was detected on Western
blots of SFV-E2 infecied cell extracts. As noted earlier, the L2 distribution in BHK-21 cells was simitar to that
observed with the BPHE-1 cells, When E2 was expressed in BHK-21 calls, in the absence of L2, the majority of the
protein was present in 2 diffuse nuclear distribution. When the cells were coinfected with L2 and E2, the L2 pattarn
was unaltered, but the E2 assumed the punctate staining pattern of L2 in the cells that coexpressed the two
prateins. These results indicate that L2-dependent localization of the fulklength £2 to PODs is independent of the
viral genome and viral gane praducts other than L2.

1.2 does not induce the redistribution of E1. The localization of E1 was examined, which participates
in viral DNA replication and so is presumably expressed in BPHE-1 cells. The immunostaining with an anti-E1
antibody in BPHE-1 cells was weak. This result was expected, 25 only fow levels of E3 expression from steady state
autonomausly replicating BPY genomes have heer reparted (Sun, S., et al., 1990, J. Viro! 64, 5093-5105). Ne
change in the speckled staining pattern was observed after SFV-madiated expression of either capsid protain,
Because the intensity of the staining was so low, and the parental fine of BPHE-1 was not availahle as a control,
no firm conclusions could be drawn from the E1 analysis in these cells,

To overcome these problems, BHK-21 cells were infected with an E1 recombinant SFV, which resulted in
clear immunostaining in a speckled nuclear pattern, while uninfected cells were negative. Coinfection with the L2
and E1 recombinant SFVs resulted in the typical punctate L2 staining pattern, but this expression did not alter the
E1 pattern in the coinfacted cells. Therefore, the L2 protein does not directly induce & redistribution of E1.
Hawever, these resuits do not preclude the possibility that E1 may localize to PODs indirectly through its well
tdocumented interaction with E2 and the viral genome (see below) (Mohr, LJ, 1990, Science 250, 1694-99, Wilson,
V.G., and Ludes-Meyer, J., 1991, J. Virol. 65, 5314.5322).

Distribution of the viral genome is altered by L2 expression. It has bean estimated that each BPHE-1
nucleus contains 50-200 autanamously replicating copies of the BPY genome {Zhang, Y.L, et al., 1987, J. Virol. 61,
2924-2828). To determine if expression of the BPV virion proteins might infivence the distribution of the BPV
genome, FISH analysis was perfarmed on BPHE-1 cells that were infected with L1 or L2 recombinant SFV. A
fluorescein-labeled PCR probe was generated 1a the upstream regulatory region of the genome and hybridized in situ

after DNA denaturation. Only faint diffuse fluorescent speckles were detected when the genome distribution was
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examined in cells that were uninfected or infected with L1-SFV. However, in same cells that expressed the L2
protein, the fluorescent probe bound more discrete, coalesced areas. The fluorascent signal could he ramoyed by
pretreatment of the cells with DNase, but was unaffected by RNase treatment,

When the location of the genome was compared to that of the L2-POD structures, the DNA was found to
be situated adjacent to these domains. Anti-L2 staining performed after FISH revealed that the hybridization and
washing procedures resulted in less intense protein detection than seen previously. Neverthelass, the characteristic
punctate pattern of L2 was still seen. The cells that were uninfectad showed diffuse, barely detectable fluorescence.
However, in the cells that expressed high levels of L2, the fluprescent probe bound strongly in abeut 10-12 spots
within the nucleus. In the merged images, it was apparent that the BPV DNA and the L2 protein were located in
adjoining domains. This hybridization pattem was not detected in cells that did not express L2, However, this
distributian was apparent in only 20-25% of the L2-expressing cells. This variation may be due to differences in
the copy number of the infected cells, timing of the particular infection or cell cycle variability, but dees not detract
from the eunclusion about L2 inducing localization of virion components and viral proteins to PODs,

Discussion. As described here, the minor capsif protein L2 has been found to possess the intrinsic
capacity to locaiize to PODs in the absenca of other viral components. Further, the presence of L2 in PODSs is
associated with the recruitment of the major capsid protein L1, the nonstructural protein E2, as well as the viral
genome. It is therefore attractive to speculate that PODs are the main structure in which papillomaviruses assemble.

PODs are interchromatinic matriv-hound nuclear bodies with average diameters of 0.3 mm to 0.5 mm in
most cefls. The cellular functionis) of PODs is largely unknown {Ascoli, C., and Maul, G.J., 1981, . Cef. Biol. 112,
7685-795; Grande, M.A., et al, 1998, J. Cel.. Biochem. 63, 280-91). They have also been designated Kr bodias or
nuclear domain 10 (ND10) based on the average number of bodies per cell, although their number actually varies and
may be higher in transformed cells {Ascol, C., and Maul, G.J., 1991, J. Cell. Biol. 112, 785-795; Lamond, AL, and
Carmo-Fonseca, M., 1993, Trends in Cell, Biol. 3, 198-204). POBs may ba required for normal maturation of myeloid
cells, as their fragmentation is often seen in acute promyelocytic leukemia {Byck, J.A., et al., 1994, Cell 76, 333-43).
Disruption of PODs in this leukemia is associated with heterodimer formation between the normal PML protein and
a PMLretinoic acid receptor a (PML-RARa) fusion protein that results from a characteristic t(15;17) chromosomal
translocation (de The, H., et al, 1990, Nature 347, 558.561; de The, H., et al, 1891, Nature 347, 558-5B1,
Kakizuka, A., et al, 1991, Cell 66, 663-674). In addition to PML, PODs contain at least § other proteins. These
include the SP10D protein, which was originally identified as an autoantigen in patients with primary biliary cirrhosis, -
Int-B, the PIC-1 protein, as well as 52 kD {NP52), 55 kD (NDP5E), and 65 kD proteins (Ascali, C., and Maul, G.J.,
1991, 4. Cell. Biol. 112, 785-795; Boddy, M., et al,, 1396, Oncogene 13, 871-982; Desbois, C., et al, 1996,
Science 273, 851.53; Epstein, A.L., 1984, J. Virol. 50, 372-379; Szostecki, D., et al,, 1990, J. immunol. 145, 4338-
4347).

Some associations have been reported between PODs and the replication of other DNA viruses. Productive
viral replication appears te commence in association with PODs for herpes simplex virus 1 {HSV-1), adenavirus 5 (Ad-

5), and simian virus 40 (SV40) (Carvalho, T., et al,, 1995, J. Cell. Biol. 131, 45-56; Daucas, V., et al., 1995, Genes
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Dav, 10, 198-207; Everett, A.D., and Mau!, G.G., 1994, EMBO J. 13, 5062-68; Jiang, W.0., et al,, 1996, Exp. Cell
Res. 229, 289-300; Maul, G.G., et al, 1995, Virolagy 217, 67-75; Puvion-Dutilleul, F., 1995, Exp. Cell. Res, 218,
8-16). Despite the remarkable convergence to this structire for these three genetically unrelated viruses, the role
that this localization plays in the virus-cell interaction has remained unclear,

A number of potential roles in viral replication have been suggested for the association of viral components
with PODs. 1t has been proposed that POD association may be a cellular mechanism that has evolved 1o fimit initial
virus replication (Ishov, A.M., and Maul, G.G., 1995, J. Cell. Biol. 134:815-826). The fact that Ad-5 E4-DRF3 and
HSV-1 ICPO encode proteins that disrupt PODs as infection proceeds has been taken as evidence supporting this
possibility (Dovcas, V., et al, 1996, Genes Dev, 10, 196:207; Everett, R.D,, and Maul, G.G., 1994, EMBO J. 13,
5062-69; Maul, G.G., et al, 1986, Virology 217, 67-75; Puvion-Dusillul, F., 1895, Exp. Cell. Res. 218, 8-16). Also,
the ohservation that interferon upregulates the expression of POD proteins is consistent with PODs acting as an
antiviral defense mechanism (Chelbi-Alix, M.K., et al, 1995, Leukemia 9, 2027-2033; Grotzinger, T., et al, 1996,
Mol. Cell. Biology 16, 1150-56; Lavau, C., et al., 1995, Oncogene 11, 871-876).

Alternatively, POD association may possibly play a positive rals in viral replication. This localization might:
1) increasa local concentration of viral products and so promote assembly, 2) interfere with normal differentiation
andjor apoptotic responses to the viruses in the epithelial cells that are their usval sites of initial repkication, 3)
facilitate acress to cellular transcription andfor replication factars (althaugh there is little evidence that PODs POSSESS
thesa functions), 4) premote essential processing of viral products. In the latter regard, it is interesting that a
ubiquitin-dependent protease has recently been shown to be POD assaciated (Boddy, M.N., et al,, 1996, Dncogene
13, 871-982). The findings reported here that the conversion from latent to productive papillomavirus infection in
the in vitro system is associated with a redistribution of the ralevant viral praducts to PODs lend strong support to
the view that PODs play a positive role in the replication of papiliomaviruses.

While studies of Ad-5, HSV, SVAD and Epstein-Barr virus [EBV) have identified products of early genes that
interact with, and in some cases disassemble, PODs, they have not determined which gene(s) is responsible for POD
localization of the virion components (Doucas, V., et al,, 1996, Genes Dev. 10, 195:207; Everett, R.0., and Maul,
G.G., 1994, EMBO J. 13, 5062-69; Jiang, W.0., et al,, 1936, Exp. Cell. Res. 229, 289-300; Maul, G.G., et al., 1996,
Virology 217, 67-75; Puvion-Dutitleul, F., 1995, Exp. Cell. Res. 218, 8-16]. In this stdy it was demonstrated that
the association of the various papiliomavirus components with PODs during productive infection depends upon the
L2 minor capsid protein. In the absence of L2, whith is essential for the generation of infectious virus, the other
viral componeats display indistinct, heterogeneous distributions. The results indicate that L? may function to
facilitate virion production by inducing the colocalization of tha ather components required for virion assembly. The
recruitment 1o PODs is Rkely to represent an important festure that distinguishes productive from latent
papillamavirus infection. It is possible that the POD-binding proteins HSV-11CPO and EBV EBNA-5, which have heen
implicated in the escape from latency, may serve an analogous function for their respective viruses.

The results of this study suggest the following model for the productive phase of the papillomavirus life

cycle (Figure 1), The productive cycle begins when {1 and 12 expression is induced by differentiation specific
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signals in the infected epithalial cells (Dollard, S.C., et al., 1982, Genes Dev. 6, 1131.42; Meyers, C., etal, 1982,
Science 257, 971-73). SFV-mediated sxpression of these two genes substitutes for this induced expression in the
present system and demonstrates that differentiation per se is not required for virus production. Virus assembly
appears to be triggered by the association of L2 with PODs and the colocalization of L1. It is likely that L1
assaciation with the PODs is the result of a direct interaction of L1 with L2, as stable L1/L2 complexes farm in both
fully assembled VLPs ir vive and also in partially assembled viral capsid structures, including L1 pantamers, i witro.
Although L1 can self-assemble into VLPs in the absence of L2 (Kirnbauer, R., et al, 1982, Proc. Natl. Acad. Sci.
USA. 89, 12180-84; Kirnbauer, R., et al,, 1993, J. Virol. 67, 63929-36), L2 increases YLP production 4-fold in insect
cells and 100 fold in mammalian ceils {Hagensee, M.E., et al, 1993, J. Virol. 67, 315.22; Kirnbauer, R., et al,, 1993,
J. Virol. 67, 6828-36; Zhau, J., et al, 1393, J. Gen. Virol. 74, 763-68). This greater efficiency could be the result
of an increased rate of capsid assembly as a consequence of the L2-mediated concentration of L1 at the PODs.

In some cells containing L2, it appeared that the L1 protein was predominately Iocated around the perimeter
of the L2 domains rather than overlapping them. These variations may reflect temporal diiferences in the SFV
infection of individual cells, sinca all infections appeared te show a mixture of the two patterns. It is likely that
a variety of L1 assembly states was detected with the antill antibody employed here. fn vitra, the antibody
recognizes pentameric L1 as well as intact virions. It is possible that the L1 detected around the POD perimeter is
due to mature virians that have been released from the sites of assembly and show a diminished reactivity with the
anti-12 antibedy. Altematively, the peripheral anti-Lt staining could be due to Lt pentamers in the process of
assembling with L2.

L2 also induced the redistribution of £2. The experiments in the BHK-21 cells clearly demanstrated that
E2 association with the PODs is L2 dependent, but is independent of L1, other early papillamavirus gene products,
or the viral genome. However, thers is no evidence that E2 interacts directly with 12, Despite considerabls efforts,
including coimmunoprecipitation experiments and cosedimentation in sucrose gradients, soluble E2-L2 complexes have
not been detected i wivo o i vitro. At present, it has not heen feasible to distinguish between the possibilities
that the L2 and E2 bind with refatively low affinity, that E2 hinds to a component of the PODs that has been altered
by LZ, or that E2, L2 and a POD component form a trimoleculsr complex.

It has been unclear how papiliomaviruses preferentially package their genomes over cellular DNA, as neither
the individual capsid proteins nor the assembled YLPs bind the genome in a sequenca specific manner (Mallon, R.G.,
et al, 1987, . Virol. 61, 1655-1660; Zhou, J., et al, 1894, J. Virol. 68, 619-25). The present findings on the
distribution of the viral genome may have impartant imglications for understanding this process. In latently infected
cefls, the viral DNA displayed a disparsed distribution. in contrast, the present analysis localized the viral DNA to
the PODs in at least some of the cells in the cultures capable ot praducifig infectious virions, suggesting the
preferential packaging of the viral genome into virions may result, at least in part, from this directed localization.

Although the mechanism far this relocalization of the viral genome has not been experimentally tested, ane
can speculate that it is dependent upon the transiocation of £2 ta the PODs, as E2 avidly binds multiple sites on

the virai genome {Androphy, A.J., et al, 1987, Natwe 325, 70-73: Li, R., et al, 1988, Genes Dev. 3, 510-526).
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Since it has not been possible to detect E2 in infections BPY viripns extracted from eattle warts, £2 is visualizad
as acting catalytically in the process of virion assembly. SV40 T antigen, which is 8 monstructural protein of that
virus, may be functionally analogous te E2 in this regard. T antigen is a viral genome binding transcriptionjreplication
factor that associates with PODs, but does not cause their disruption (Jiang, W.0., et al., 1995, Exp. Cell. Res. 229,
289-300). A signal on the SV40 viral genome that is required for its packaging into virions has been mapped to a
segment on the viral DNA that includes the T antigen binding sites {Oppenheim, A., 1992, J. Viral, 66,5320-5328).

. /n_Vitro Generation of Infectious BPY Virions in Insect Cells

Using the pratacol described in Example 3, infectious BPV has been obtained in SI9 insect calls by
transfecting the cells with fulllength circular BPY DNA and infecting them with baculoviruses EXpressing various
combinations of BPV proteins.

Production of infectious BPV requires E2.  When S$19 cells transfected with the BPV genome were
infected with baculoviruses expressing L1 alone, L2 alone, or L1 and L2 together and the extracts were tested in
C127 cells, no foral transformation was obtained. However, typical BPY foci were ohtained on G127 cells when
extracts from BPY DNA transfected Sf9 cells infected with baculoviruses expressing L1 + L2 and E2 were examined.
The addition of a further baculovirus, which expressed E1, in additien to L1 + L2 and E2 baculoviruses, actually
resulted in extracts that induced fewer foci on C127 cells, and infection with haculoviruses expressing L1 + L2 and
E1 did not yield focus forming activity on £127 cells. In addition, focal transformation on C127 cells was not
obtained if cells infected with LT + L2 and E2 baculoviruses had been transtected with the BPVpML plasmid twhich
contains the bacterial pML-2d plasmid inserted within the BPY genome), rather than the isolated religated BPY
gename. As with infectious BPY, focal transformation of C127 cells coutd be prevented if the infectious extract from
the L1, L2, and E2 baculovirus infected St3 cells was incubated with a neutralizing anti-BPV serum.

Requirement for exegenous E2. The requirement for the E2 baculovirus, in addition ta L1 and L2, to
obtain infectious virus was different from that of the mammalian cell system. Dne possitle exptanation for the
ditference from the mammalian cell system, which does not require exogenous E2, is that the BPV genes encoding
nonstructural viral proteins might not be expressad in the BFV DNA transfected Sf9 insect cells, in contrast to
mammalian cells that harbor the BPYV genome. To test for this passibility, Sf3 cells transfected with BPY DNA were
examined by Western blatting for expression of the BPV EG protein by probing with a 1:500 dilution of rabhit
antiserum to ACIl BPY E6 fusion protein {Androphy, E.I., et al, 1985, Science 230, 442.445). No E6 expression
was detected under these conditions. Thesa results demonstrate that, in contrast to mammalian cells, the 8PV genes
were not expressed from the transfected BPV genome.

E2 is a viral transcription/replication regulatar. The BPV fulllength E2 gene encodes a protein that
functions as a dimer that binds to sequences present in multiple copies in the upstream regulatory region (URR) of
all papillomaviruses (Turek, L., 1994, Adv. Virus Res. 44, 305-356). The E2 protein has been shown to stimulate
viral RNA synthesis and viral DNA synthesis. Both of these activities depend upon the binding of E2 1o its cognate
binding sites (F2BS) in the URR, while viral DNA replication requies the viral E1 gene in addition to E2 protein
(Ghiang, C.-M., ot al, 1992, Proc. Natl. Acad. Sci. USA 89, 5793-5803).
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Exogenous E2 does not stimulate BPV transcription. To determine if E2 expression in BPY DNA
transfected Sf9 cells might activate expression of other papillomavirus genes required for virion assembly, the
presence of the BPY EB protein (whose expression in mammalian cells is regulated by E2) was sought foliowing
infection with the E2 baculovirus. By Western blot analysis, no E6 expression was detected in BPV DNA transfected
519 cells expressing E2, whether they were singly infected with the E2 baculovirus or infected with the £2 and L1
+ L2 baculoviruses. These findings establish that expression of nonstructural viral genes was not activated under
these conditions.

Exogenous E2 does not stimulate BPV DNA synthesis. To examine the possibility that the E2
baculovirus might be promoting BPY DNA repiication of the input BPY DNA in the transfected SI9 cells, BPV E1, E2,
L1 and L2 were expressed from recombinant haculovirusas separately and tn combination in BPY DNA transfected
SE9 cells. After 3 days the cells were harvested, and Hirt extracts prepared {Hirt, B., 1967, J. Mol. Biol. 26,
365-368). The development of resistance to digestion by Dpn | was used to assay for BPY ONA repfication in the
Sf9 cells. The extrachromosomal DNA was digested with excess Opn |, separated on a 1% agarose gel, and
Southern blotted. The prasence of BPY DNA was detected with a lﬂzP]-labeled probe generated by random priming
from the Spe |-Kpn | fragment of BPY ONA. No evidence of Dpn | resistant BPY DNA was observed {to a sensitivity
of 1 ng of DNA per sample). These results indicate that virai replication had not occurred in the insect cells in the
presence of E1, or E2, or both proteins. Therefora E2 is not required in BPV DNA transfected SF9 cells to replicate
the BPV genome for packaging.

Exogenous E2 does not incresse the amount of BPV L1 or L2. Having ruled out that E2 was
stimulating expression of a nanstructural viral gene or fostering the replication of BPY DNA in the §i9 cells, the
question was asked whether E2 expression might he increasing the amount of L1 or L2 to a lave! critical for virion
assembly. To address this possibility, Western blot analysis was used to assess the lavels of L1 and L2 in BPY DNA
transfected St9 cells that had been infected with recambinant baculoviruses expressing L1, L2 and E2 in all
combinations and maintained for 3 days. E2 did not increase the level of capsid gene expression; rather, increasing
the number of different baculoviruses used for each infection of a plats of BPV-transtected Sf9 cells tended to
tecrease gene expression from each.

Discussion. In mammalian cells that stably harbor multiple copies of the BPY DNA genome, expression
of BPY L1 and L2 via semiiki forest virus vectors leads to infectious BPY (neutralizable by BPV antisera). [n the
same system, expression of HPY1G L1 and L2 via semliki forest virus vectors leads to an infectious pseudotype
compased of the BPV genoma surrounded by HPY16 L1IL2 capsids (neutralizable by HPV16 antisera). Encapsidation
af viral DNA and generation of infectious virus bath reguire expression of L1 and L2, although L1 by itself makes
empty capsids.

In insect cells, infectious BPV can be obtained if the BPY DNA genome is introduced into cells, and the cells
are infected with baculoviruses expressing an appropriate combination of BPY proteins, It is expected that a similar
approach for other papillomaviruses, including HPV, will also produce infectious virus of that serotype. It is alsa

expected that this approach will be successful for ather nonmammalian systems, including yeast, in which expression
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of structural viral prateins leads to self-assembly of properly folded viral capsids (Sasagawa, T., et a!, 19895, Virology
206, 126-35).

The operative finding from the studies carried out in insect cells is that the production of infectious BPV
in these cells requires the exogenous production of E2, in addition to the viral genome and the viral structural
proteins, L1 and L2, The fack of the requirement for exagenaus E2 in mammalian cells is conchided to arise from
the fact that E2 is expressed from the episomal BPV genome in mammalian cells, while this is not the case in insect
cells. Since BPV is a mammalian virus, it is not surprising that mammalian cells are permissive for expression of
nonstructural genes fram the viral genome (Turek, L., 1994, Adv. Virus Res. 44, 305-356), while evolutionarily
divergent insect cefls are nonpermissive for expression of these genes fram the viral genome.

The results of experiments conducted in insect cells negate the passihility that exogenous E2, when
expressed from recombinant baculovirus, is stimulating BPY DNA synthesis, BPV transcription, or increasing the
amount of BPV L1 or L2 protein. It is envisioned that E2 has a different role, which is that of mediating
encapsidation of the BPV penoms by structural virat proteins, Although the mechanism by which £2 functions ta
obtain this result is unknown, a model can be postulated. In this model, E2 dimers when bound to their cognate
E2 binding sites in the viral genome form a complex that associates with the viral.capsid as it is being formed into
fully assembled particles. Presumably some aspect of the E2-0NA complex racognizes the assembling viral capsid
in 2 manner that fosters encapsidation of the viral DNA. In this model, E2 might be incarporated into the virat capsid
along with the viral genome. Alternatively, encapsidation of the viral DNA might lead to the release of E2, in which
case it might be re-used to assist in the encapsidatian of other viral DNA genomes, This latter possibility is favored,
as the examination of infectious BPV from bovine warts has thus far failed to detect E2 lat a sensitivity of 1 E2
molecule per 10 virions). The key feature of this madel is that it pravides specificity for penome encapsidation
through the well documented high affinity binding of E2 to viral DNA sequences. It is expected that all
papillomaviruses encapsidate their genomes via this mechanism. The results showing that L2 can rectuit E2 and the
viral genome to PODs are consistent with this madel, The ability to pseudotype the BPY genome with HPV18 L1
and L2 in mammalian cefls establishes that the mechanism of encapsidation is conserved among papillomaviruses.
Furthermore, the model, in which a nonstructural BNA hinding protein brings viral DNA to the developing virion, may
apply to other viruses as well. In most instances, the DNA binding protein (or RNA binding pratein for RNA viruses)
will be virally encoded. However, there cold be viruses in which the DNA binding protein is cell encoded. Spe
Example 6.

Based on the general features of this model, encapsidation of a DNA by papiliomavirus machinery reguires
that the DNA contain the E2BS. This means that any DNA sequence, such as a gene and a preferred regulatory
element, can be encapsidated as a papillomavirus pseudotype so long as it contains the E2BS. Determination of the
rules regarding the number and location of E2BS, and whether the E2BS-cantaining DNA must also be episomal,
circular, and approximately 8 kb, is empirical. It is also expected to be pessitle to eliminate virtually all the viral
genes from the DNA and still have the E2BS-containing DNA efiiciently pseudotyped by papillomavirus capsid
proteins. The finding that HPY16 L1 and L2 can pseudotype the BPV genome shows that 2 can function with
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beterologous capsids. This means that making a new viral pseudotype does not require using the homologous E2.
Instead, the requirements are for the E2 DNA binding protein and its cognate DNA binding site incorporated into a
papillomavirus vector DNA, with papilomavirus capsids that can be heterslogous in relation to E2. To the extent
that the mechanism may apply to other viruses, it can aiso be extended 1o them,

Papillomavirus pseudotypes can be made in mammalian cells (Section I}. Given the success in making
infectious BPY in insect cells {Section 1)), it is expected additionally to be possible to make papillamavirus
pseudotypes in insect cells, providing the cells express E2, L1and 12, Since L1 and L1/L2 virus-like particles have
been made in yeast (Sasagawa, T., et al., 1935, Virology 206, 126-35), and E2 has been shown to function as an
E2BS-dependant transcription factor hers (Lambert, P., et al., 1989, Ganes Dev. 3, 38-48; Morrissey, L., et al., 1988,
J. Virol. 63, 4422-4475), it is expected therefore ta be possibls to make papilomavirus pseudotypes in yeast, with
the requirements in yeast being similar to those in insect and, presumably, mammalian cells. Addition of a DNA
replication origin that functions in yeast or insect cells (papillomaviruses already have a replicatian origin that
functions in mammalian cells) may increase infectious virus production in the hamoiogous system. Moreover, virus-like
particles have now been expressed in hacteria {Nardelli-Haefliger ot al, {6 Dec. 1985, 15 intl. Papillomavirus
Workshop, 280), which finding raises the expectation that papilomavirus pseutatypes can be made in bacteria that
are engineered to operably encode E2, L1 and L2 genes. Taken together, these properties may make it relatively
inexpensive to produce papillomavirus pseudntypes.

Additionally, it should be possibte to make viral pseudotypes in the test tube, which would avoid using cells.
The interaction of E2 with the other viral components, L1, L2, and E2BS-containing BNA, provides the start of an
assay to determine the requirements for i witro packaging of viral DNA. Efficient packaging may also require cellular
components or structures, such as those present in PODs, a fact that would be established empirically,

Because papillomavirus pseudotypes should be infectious for a wide variety of cells, they are expected to
have broad application in gene transfer,

IV. Use of Infectipus Papillomavirus Pseudoviral Paticies in Gene Therapy and Gena Immunization

Gene transfer in the context of gene therapy and gene immunization is a clinical strateqy in which the
genetic repertoire of somatic eells is modified for therapeutic or immunogenic purpases. {Crystal, R.G., 1995, Science
270, 404-410; Mulligen, R.C., 1993, Science 260, 926-932). Essentially, gene transfer, in this context, also involves
the delivery, to target cells, of an expression cassette made up of one or more genes and the sequences controlling
their expression. This tan be carried out ex vive in a procedure in which the cassette is transferred to cells in the
teboratary and the modified cells are then administered to the recipient. Alternatively, gena transfer can be done
in viva, in a procedure in which the expression cassette is transferred directly 1o cells within an individual. In both
strategies, the transfer process is usually aided by a wector that delivers the cassette to the cell where it can
function appropriately.

The choice of an ex vivo or in vive strategy and of the vector used to carry the expression cassette is

dictated by the clinical target. The vector systems for which data are avaitable from clinical trisls {retroviruses,
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adenoviruses, and plasmid-liposome complexes) transfer expression cassettes thraugh different mechanisms and thus
have distinct advantages and disadvantages for different appiications.

Replication-deficient, recombinant retrovitus vectors can accommodate up to 9 kb of exogengus information,
Retroviruses transfer their genetic information into the genome of the target cell. This is an advantage when treating
hereditary and chronic disorders, but it has risks, including the potential for toxicity associated with chronic
overexpression or insertional mutagenesis. The use of retrovitus vectors is limited by the sensitivity of the vector
to inactivation, by the fact that target cells must proliferate in order to integrate the proviral DNA inte the genome,
and by praduction problems associated with recombination, rearrangements, and low titers,

Adenovirus vectars in current use accommodate expression cassettes up to 7.5 kb, Adenovirus vectors are
well suited for transfar applications because they can be pruﬂuned in high titers and they efficiently transfer genes
to nonreplicating and replicating cells, The transierred genetic information remains extrachromosomal, thus avoiding
the risks of permanently altering the cellular genotype or of insertional mutagenesis. However, adenovirus vectors
in current use evoke nonspecific inftammation and antivector immunity. These responses, together with the
extrachramosomal pasition of the expression cassette, imit the duration of expression to periods ranging from weeks
to months. Thus adenovirus vectors will have to be readministered periodically to maintain their persistent
expression. Although it is unlikely that repeat administration will e risky, it is not known whether antibodies
directed against vector capsid prateins will limit the efficacy of repetitive administration of these vectars,

In theory, plasmid-lipnsome complaxes have many advantages as gene transfer vectars, in that they can
be used o transfer expression tassettes of essentially unfimited size, cannot replicate or recombine to form an
infectious agent, and may evoke fewer inflammatory or immune respanses because they fack proteins. The
disadvantage of these vectors is that they are inefficient, requiring that thousands of plasmids be presented to the
target cell in order 10 achieve successful gene transier, .

One of the obstacles to successful gene transfer is ohtaining the perfect vector. The ideal vector will
overcome the hurdies presented by current vectors, including reduction of the risk for insertional mutagenasis in
retrovirus vectors, minimization of the amount of immunity and inflammation evoked by the adenovirus vectars, and
enhancement of delivery of the gene to the cell for the plasmid-liposome complexes.

The advantage of using a papillomavirus vectar in gene therapy and gene immunization is that it has many
desireahle qualities as a vector, for it reduces the risk for insertional mutagenesis characteristic of retrovirus vectors
{by virtue of its distinct life cycle), it minimizes the amount of immunity and inflammation attributable to adengvirys
vectors {see below), and it enhances delivery in contrast to the problem intrinsic to plasmid-iposome complexes
{based on its being an animal virus).

An attractive feature of papillomavirus vectors is that there are many ditferent Serotypes whase neutralizing
antibodies cross-react poorly or not at all. Since neutralizing antibodies can interfere with viral infection, the
existence of multiple serotypes means that patients who have developed neutralizing antibodies te one papillomavirus
serotype would remain susceptible to infection by other viral serotypes. Encapsidation of the same DNA in ditferent

capsid types would allow for multiple "hoosts” in a gene therapy or gene immunization protocol without progressive
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loss in effectiveness of defivery. It would be reasonable 1o change seratypes by switching L1 molecules, but it may
also be necessary to switch L2 molecules as well as L1. Although L1 contains the majer neutralizing epitopes, L2
alse contains minor neutralizing epitopes. This point may be important in a sequential administration protocol.

The benefit of using animal viruses to obtain increased delivery is offset by the limitation that these viruses
must be propagated in mammalian cells. This kind of propapation is expensive and potentially dangerous dve to the
possibility of contamination with occult viruses that might be infectious and pathogenic for humans, A strength of
the papillomavirus vector is that, even though it is an animal virus, it can be propagated in nonmammalian cells, such
as insect and yeast cells, thus enjoying the advantages of being an animal virus whils avoiding the pitfalls,

The pseudoviral particles of the invention are useful in the cantext of gene therapy and gene immunization,
The papillomavirus vector uses a E2BS-containing DNA as @ base, with the viral genes possibly being deleted from
the virus. The exprassion cassetts is inserted, and the infactious papillomavirus is produced in a packaging celf ling
that contains the E2, L1 and L2 sequences that provide the proteins necessary to package the virus. The vector
with its expression cassette enters the target cell via a specific receptor, gets internalized into the cytaplasm, and
is uncoated to deliver its DNA genome with the expression cassette into the nucleus, where it functions in an
epichromosamal fashion 1o direct the expression of its product, See Example 7.

In some cases, it might be desireable to provide in the papilomavirus vector a pene encoding E1, which is
known 1o be required for stable maintenance of the viral genome as an episome. This addition would tend to prevemt
integration of the DNA into the host genome. Of course, the sizs af the expression cassette would have to be
correspandingly adjusted.

Examples of genes carried by the expression cassettes are genes that encede expression products, such as
proteins, polypeptides, and peptides (that may be modified by glycasylation, phospharylation, or amidation, etc.} that
are useful in gene therapy or gena immunization (see below). Sequences contralling their expression include promoters
(for example, RSY or CMV), enhancers, leader peptides, termination and palyadenylation signals, spiizing signals, viral
replicons, and genes encoding selectable markers.

Gene therapy is understood to he applicable to the treatment of inherited diseases and, also, acquired
diseases, ranging from cardiovascular disorders to cancer to AIDS. Examples of cancer are melanome, renal cell,
ovarian, cervical, neuroblastama, brain, head and neck, tung, liver, breast, colon, prostate, mesothelioma, ieukemia,
lymphoma, multiple myeloma, and skin. Examples of other diseases amenable to gene therapy include
hemoglobinopathies, severe combined immunodeficiency, hemophilias, familial hypercholesterolemia, inherited
emphysema, cystic fibrosis, muscular dystrophy, lysosomai storage diseases, Gaugher's disease, purine nucleoside
phosphorylase deficiency, alpha-1 antitrypsin deficiancy, Fanconi’s anemia, Hunter's syndrome, chronic granulomatous
disease, rheumataid arthritis, paripheral vascular disease, Parkinson's disease, diabetes, osteoporosis, chranic wounds,
psoriasis, and atopic dermatitis.

As for gene immunization, it is understood to be applicable to raising & desired immune reaction, genarating

desired antibodies, ar eliciting a desired CTL response. It typically results in protection against disease. These
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diseases include infectious disease, like viral disease (for example, viral influenza), bacterial disease, and parasitic
disease.

Examples of genes carried by the pseudoviral particles of the invention are those that encode, without
limitation, constituents of hemoglohin, adenosine deaminass, blood clotting factors (s.g., Farter ViIl, Factar X},
receptors {for example, LDL receptor, ACh receptor, hormene receptors), purine nuclesside phasphorylase, alpha-1
antitrypsin, ion channels (for example, CFTR}, dystraphin, lysosomal enzymes, insuiin, calcitonin, harmanes, growth
factors, cytokines; growth harmone, erythropoietin, parathyroid hormane, TNF, CSF, IGF, MDR, (L1, 1L-2, L4,
interfarons, p53; suicide gene products {for example, herpes simplex virus thymidine kinase, cytosine deaminase,
vericelta thymidine kinasel; antibodies and fragments thereof, companents of MHC complexes (for axample, HLA-BY),
and minor histocompatihility antigens; antisense and triple helx agents; oncogenes; tumor suppressor genes; viral
antigens, bacterial antigens, parasitic antigens; connective-tissee proteins {e.g., collagen, elastin, and tibronectin} and
foreign proteins ifor axample, lysozyme and BSA).

It is to be understood that the pseudoviral particles of the invention are used in gens transfer by infecting
cells, While ex vivo approaches are plausible, & vive protocols are preferred. Using either scenario, any celis that
express the appropriate cell surface receptors by which the particles gain entry are amenabte to infection.
Papiliomavirus pseudoviral particle-mediated gene transfer into epithelial cells is particularly useful. Use of a tissue
is contemplated as a bioreactar {to produce proteins for systemic release to treat disease), or to treat the tissue
itsell. Use of the epithelium, particularly the epidermis, is thus envisioned as a bioreactor, or fo treat the epithelium,
or the epidermis, itself.

The pharmacologically or biolagically active compounds of this invention are generally administered to
animals, particularly humans.

These active compounds can be processed in accordance with conventional methods of galenic pharmacy
ta produce medicinal agents for administration to patients, 2.5, mammals, including humans.

The compounds of this invention can be employed in admixiure with conventional excipients, fe.,
pharmaceutically acceptable organic or inorganic carrier substances suitable for parenteral, enteral le.g., oral) or
topical application which do not deleteriously react with the active compounds. Suitable pharmacautically acceptable
carriers include water, salt solutions, alcohals, vepetable oils, synthetic fatty vehicles, etc. The pharmaceutical
preparations can be mixed with auxiliary agents, g.¢., lubricants, preservatives, stabilizers, and the like which do not
deleteriously react with the active compounds. They can also be comhined where desired with other active agents,
£.g., vitamins.

For parenteral application, particularly suitable formulations are injectabe, sterile solutions, preferably oily
or agueous solutions, as well as suspensions, emulsions, or implants. These formulations are, if desired, mixed with
auxiliary agents, 2.g., preservatives, stabilizers, buffers or salts for influencing osmotic pressure, etc.

For enteral application, particularly suitable are tablets, dragees, liquids, dreps, suppositaries, or capsules.

A syrup, elixir, or the ke can be used where a sweetened vehicle is employed.
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For topical application, these are employed as nonsprayable forms, viscous to semi-solid or solid forms
eomprising & carrier compatible with topical application and having a dynamic viscosity preferably greater than water,
Suitable formulations include solutions, suspensions, emulsiens, creams, gintments, powders, liniments, salves,
aerosals, etc. For topical appfication, also suitable are sprayable aerasal preperations where the active ingredient,
preferably in combination with a solid or liguid inert carrier material, is packaged in a bottle or in admixture with
a pressurized volatile, normally gaseous propellant, £.¢., a freon,

These compositions can be administered intravenously, orally, ar through the nose or lung. They can also
be administered parenterally or subcutaneously. Administration to the epithelium, or the epidermis, can be by
bombardment (for example, with a gena gun) or topical application {for example, with a gene cream) which may or
may not require exposure of underlying cells by tape stripping or penetration enhancers.

It il be appreciated that the actuat preferred amounts of active compound in a specific case will vary
aceording to the specific compound being tilized, the particular compositions formulated, the made of application,
the particutar situs, and the organism being sreated. Dosages for a given host can be determined using conventional
considerations, £.4., by customary comparison of the differential activities of the subject compounds and of a known
agent, and, 2.., by means of an appropriate, conventional pharmacolagizal protocal.

The logic underlying the usefulness of papillomavirus vectors in gene transfer is compelling, and put in the
context of gene therapy and gene immunization, the impact of this technology for innovative therapies and
prophylactics is enormous.

Examples

Particular aspects of the invention may be more readily understood by reference to the following examgples,

which are intended to exemplity the invention, without limiting its scope ta the particular exemplified embodiments.
Example 1

Reagents. BPHE-1 celis were obtained from A. Lewis {NiH, Bethesda) {Zhanp, Y.L, et al., 1987, J. Virol.
61, 2924-2928). C127 Clone C cefls were obtained from W. Vass (NIH, Bethesda), and BHK-21 cells were obtained
from the ATCC. Ali antisera to VLPs (Roden, R.B.S., et al, 1996, J. Virol, 70, 3298-3301) and monaclonal
antibodies have heen described previously {Cowsert, LM., et al., 1585, Virology 185, 613-15; Roden, RB.S., et al,
1994, J. Virol. 68, 7570-74). Unless atherwise stated, all other reagents, including the SFV expression vectors, were
from Life Technologies Inc., Gaithershurg.

Generation of recombinant pSFV-1 plasmids. In order to remove an internal Spe | site, BPY L1 was
amplified by PCR in two separate reactions from Bam Hi-cut and religated BPVpML ONA using oligonucleatides
CCGCTGGATCCCACTATTATATAGCACCATGGCGTTGTGGCAACAAGECCAG (SEQ 1D NO:1)  and
CAGTTGAGACTAGAGAGCCAC (SEQ 1D NO:2) for one reaction, and GTGECTCTCTAGTCTCAACTG (SEQ 1D ND:3) and
GCGETGBATCCTTATTTTTTTTTTTTTTTTGCAGGLTTACTGGAAGTTTTTTGGC ISEQ !D NO:4) for the second. The
products were gel purified and mixed, and the full length L1 gene reampiified by using the outside primers. The
product { ~ 1.5kB} was gel purified, digested with Bam Kl and cloned into the Bam Hi site of pSFV-1 {Liljestrom,
P., and Garoff, H., 1891, BioTechnology 8, 1356-1361). The clone was sequenced to onfirm the orientation and
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absence of the Spe I site and ampiification ereors. BPV L2 was amplified by PCR from Bam Hl-cut and relipated
BPVpML DNA using GCGETAGATCTAATATGAGTGCACEAAAAAGAGTAAAACGTGCCAGT (SEQ ID NO:5) and
CCGCTAGATCTAGGGAGATACAGCTTCTGECCTTGTTGCGACAACGC (SEQ 1D NO:G) for primers.  The product
{~ 1.5kB) was ge! purified, digested with Byl Il, cloned inta the Bam HI site of pSFV-1 and sequenced. Wild type
(114/K) and capsid assembly deficient mutant {pAT) HPY16 L1 were excised from pEYmod using Bgl [l and subcloned
into pSFV-1. HPV16 L2 was subcloned from a pEVmod vettor into the Bam HI site of pSFV-1.Nrul (which is
linearized using Nru | rather than Spe I ANl plasmids were purified fram E.coli HB101 by alkaline lysis and cesium
chloride isopynic density centrifugation.

Generation of recombinant SFV stocks. The recombinant pSFV-1 clones and pHelper-2 {Barglund, P,,
et al, 1893, BinTechnology 11, 916-920) plasmit wete finearized using Spe | {or Nru | for pSFV.1.Nrul based clones).
The DNAs were phenol/chioraferm extracted and ethanol precipitated. To generate SFV RNA, 1 pg of eath linearized
pSFV-1 clone and 1 zg of pHelper-2 were resuspanded in 100 gl reactions containing 1 mM ATP, 1 mM CTP, 1
mM UTF, 0.5 mM GTP, 1 mM RNA capping analog m76{5)ppp(5)6, 5 mM DTT, 100 human placental RNase
inhibitor, 7511 SPB RNA polymerase in 1x SPG reaction buffer. The reaction mixtures were incubatad for Th at 37°C
and 255 ¢/l was analyzed on a 0.7% agarose gel to assess the integrity of the SFY RNAs. The remaining RNA was
diluted in ¥ mt OptiMEM medium, mixed with 100 24 of Lipofectinin 1 mi of OptiMEM and incubated for 15 min
at ambient temperature. BHK-21 cells in a T-75 tissue culture flask were washed and covered with 2 mi of
OptiMEM. The RNA/Lipofectin mix was added, and the cells were incubated for 4h at 37°C. The cells were washed
once and maintained for 24h in 13 ml of cumplet.e medium (5% fatal calf serum, 10% tryptose phosphate broth, 10
mM Hepes pH 7.4, 1x nonessential aming acids, 100 Uiml penicillin and 100 wigim! streptomyein in Glasgow's MEM).
The medium was harvasted, clarified by centrifugation (1000 x g, 10 min), aliquoted and stored at -80°C.

Generation of papillomavirus in BPHE.1 cells. The recombinant SFV stock was rendered infectious by
incubaticn with 0.5 mg/ml chymotrypsin A4 (Boshringer Mantheim] for 30 min on ice and treatment with 0.5 mp/m!
apratinin (Sigma). 4 x 106 BPHE-1 cells maintained for 12-20h in DMEM containing 10% fetal calf serum, 100 Ufml
penicillin and 100 wglmi streptamycin in a 100 mm tissue cuitura plate were washed in D-PBS (containing 0.9 mM
calcium and 0.5 mM magnesium). The cells were incubated for 2h at 37°C with activated recombinant SEV (titrated
to give maximum expression levels, but generally 0.5 ml of each high titre stock} diluted to 25 ml in D-PBS. The
virus was aspirated, replaced with complete medium and maintained for 30h. The cells were scraped from the dish
inte the medium, which was coliected and centrifuged (1000 x g, 10 min}, and the calt pellet was resuspended in
1 mlof D-PBS. The cells were lysed by sonication (10s, 0% pnwerl Fischer modal 150 sonic dismembranatgr with
a microtip).

Jn vitro Tucal transformation assay. Cell lysates were added to the medium {DMEM containing 10% fetal
calf serum and 100 Uiml penicilln and 10D wgiml streptomycin) of manalayers of C127 Clone C cells in 60 mm
tissue culture plates. The cells were incubatad at 37°C for 1h, washed and maintained in DMEM containing 10%
tetal calf serum for 3 weeks. The cells were stained with 0.5% (wiv) methylene blue, 0.25% (w/u} carbel fuschin
in methanol, and the number of faci scored (Dvoretzky, L., et al., 1980, Virology 103, 369-375).
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Purification of particles from mammalian celis. For preparation of VLPs, BHK-21 cells wers maintained
for 3 days post infection with recombinant SFV. To generate full virions, BPHE-1 cells were maintained for only 30h
after infection with recombinant SFY. Ten 500 cm? culture dishes of cells were scraped from the plates into the
medium which was centrifuged (1000 x g, 10 min, 4°C) and the cell paliet resuspended in 5 ml ice coid PBS. The
cells were Iysed by sonication {3 min, 60% pawer) and treatment with 0.5% NP4D. Extracts were layered over
30ml 40% {wiv} sucrose in PBS cushion and centrifuged for 150 min at 80,000 x g at 4°C. The pellets were
resuspended in 12 mi of 27% {wjw) cesium chloride in PBS and centrifuged for 20h at 275,000 » 0. The isopynic
density gradient was fractionated and the density of each fraction determined using an Abbe3L refractometer {Milton
Roy, Rachester, N.Y.) (Kirnbauer, R., et al., 1993, J. Viral. §7, 6929-36).

Southern blot analysis. Cesium chloride gradient samples were mixed with 2.5 volumes of ethanal and
stored overnight at -20°C. The samples were centrifuged (16,000 x g, 10 min, 4°C); the pellets were washed with
70% ethanof and resuspended in 10 mM Tris, 1 mM EDTA, pH 8 (TE). Each sample was treated with proteinase
K, phenallchloroform extracted, ethanol precipitated and resuspended in TE. Samples were separated on a 0.8%
agarose e, transferred to nylon membrane {Hyband N, Amersham) and UV cross-linked (12 a1, UV Autocrosslink
1800, Stratagene). BPY DNA was detected using [32P]-Jaheled random primed Spel-Kpni fragment of BPVpML under
high stringency conditions (Sambrook, J., Fritsch, EF., and Maniatis, T., 1988, Molecular Cloning, A_Laboratory
Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbar, NY.).

Electren microscopy. Transmission electron mitrascopy was performed by binding 5 4 samples 1o
carbon-coated copper grids, staining with 1% (wiv) uranyl acstate and examination using a Philips EMA0DRT electron
microscope at TODKY. Samples for cryo-electran microscopy were spun for 15 min in an airfuge onto carhon-coated
copper grids, frazen in liquid ethane and also examined in a Philips EM4DORT electron miczoscope at 100KV (Booy,
F.P., et al, 1991, Cell 64, 1007-1015).

Example 2

Antihodies. The manaclonal antibady, B201, directed against the BPY E2 protein, and the palyclonal
antiserum, 150-1, which recognizes the BPV E1 protein, were provided by Dr. Eliiot Androphy (New England Medical
Center, Tufts University School of Medicine). The monaclonal antibody, 5B6, which recognizes BPV L1 capsid
protein, and the rabbit pulycloﬁal antiserum, 17/28, raised against the full length BPY L2 capsid protein, have been
previously described {Roden, R.B.S., et al,, 1884, . Virok 68, 7570-74). The monoclonal antibody, 6A8, directed
against the BPV L2 protein was provided by A, Bennett Jenson {Georgetown University) (Jin, X.W., et al., 1989, J.
Gen. Virol. 70, 1133-40). The antibody against SC35 was purchased from Sigma Immunachemicals (St. Lauis, MO).
The anti-PML antibody, 5E10, was generated by R. van Driel (University of Amsterdam) and was a kind gift of Dr.
Louis Staudt (NCY, NIH) (Stuurman, N., 1992, J. Cell. Science 101, 773.84). FITC-conjugated goat anti-mouse
immunaglobulin G (Ig6) and Texas-red conjugated goat anti-rabbit IgG were purchased from Jackson Immunoresearch
(West Grove, PA).

Cell lines, BPHE-1 cells, obtained from A. Lewis (NIH, Bethesda), were grown in DMEM supplemented with
antibiotics and 10% FCS {Zhang, Y.L, et al, 1987, J. Virol 61, 2924.2928). BHK-21 tells, obtainad from the
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ATGC, were grown in Glasgow's madium supplemented with 10% tryptose phosphate broth, antibintics, nonessential
aming acids, HEPES and 5% FCS. For microscopic analyses, cells were seeded onto acid-washed #01 coverslips in
24 well plates at a density of 1%10° celisiwell and cultured overnight.

Recombinant Semliki Forest virus expression system. The production of recombinant SFV RNAs and
replication defective virus expressing the BPV L1 or 12 capsid protein and the SFV infection protocols are as
described here. BPV E1 and E2 were cloned into the BamH1 site of pSFV-1 as PCR products amplified from the
BPV genome, the primers for E1 being: 5 CCGCTEGATCCGCACCATGGCAAACGATAAAGGTAGE (SEQ ID NO:7) and
3" GCGGTGGATCCGATCTTGCAACTTATCACTAC (SEQ 1D NO:8), and the primers for E2 being:

5" CCGCTGEATCCGCACCATGGAGACAGCATGCBAACGE (SED ID ND:9) and

3 GCBGTGGATCCGAAGAAAAGGCAATGGCAGTG (SEQ ID NO:10). Recombinant viruses exprassing each pene were
generated as described for L and L2, For infection of cells, high titer recombinant SFY stack was treated with 500
Hgimi of chymotrypsin A4 an ice for 30 minutes and then aprotinin was added to 500 ugiml for an additional 10
minutes. The activated virus was diluted in Dulbecco’s PBS with calcium and magnesium to 1/100 and added to
cells in 24 well plates. After 60 minutes at 37°C, virus-containing medium was removed and repiaced with the
normal growth medium supplemented with 100 mM KCI for the remainder of the infection to maintain cellular protein
expressian. Infections were aliowed to continue for 5-6 hours priar to cell fixation and immenolocalization. Although
SFV infection will induce cell death in 48 hr., the morphology of the infected cells was not visibly altered at this
early time point.

Immunofluorescent staining. Cells were washed three times with cold PBS pH 7.4, fixed hy 10 min.
incubation at room temperature with 1.0% paraformaldehyde diluted in PBS, and washed three times with
PBS/200mM glycine. Cells were then incubated with primary antibody diluted in PBS/D.1% polyoxyethylene 20 cetyl
ether {Brij}(Sigma Chemicals, St. Louis, MO] and incubated at 4°C, Polyclonal antisera were used at a dilution of
H3000. Manoclonal antibodies used as hybridoma supernatants were diluted 1/100. Purified antibodies were used
at a concentration of 5 ug/ml. For double immunofluorescent staining the primary antibodies were incubated in
unison. After incubation, coversfips were washed three times with PRSI, 1% Brij Secondary antibodies were diluted
to 5 g/ml in PBS/0.1% Brij and incubation was performed at 4°C. After this incubation, cells were washed
thoroughly in PBS/0.1% Brij and inverted onte Fluorompunt-6 mounting solution (Southern Biotechnoiogy Assaciates,
Birmingham, AL} on a glass slide. Fluorescence was examined using a BioRad MRC 1024 laser scanning confocal
system atfached to a Zeiss Axioplan microscope. All images were acquired with a Zeiss 63x N.A. 1.4 planapo
objective using the photon counting mode. Contrul coverslips established that fluorescenca in green and red channels
was nat overlapping and that antibody binding was specific for the intanded antigen. Images were collaged and
stale-adjusted using the Adobe Photoshop pragram.

Fluorescent in situ hybridization (FISHI. A probe to the upstream regulatory region of the BPY genome
{7173-28) was PCR amplified using the 5’ oligo, CGGCAAGCTTGCAATGTGCTGTGTCABTTG (SED 1D NE:11), and
the 3" ofigo, CGCGAAGCTTAACGGTGATGETGTGATTAT (SEQ D NO:12). The Hindllf cloning site is in bold and the

BPV sequence overiap is underlined. The PCR reactions were performed using a fluorescein labeling mix (Boehringer
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Mannheim indianapolis, IN) in which fluarescein-labeled dUTP is incorporated into the PGR product, Cells were fixed
in 2% paraformaldehydeiPBS with 5mM MgCI2 far 10 min. at room temperature. After 3 washes in PBS/200 mM
glycine, the cells were permeabilized with 0.2% TritenX-100 in PBS (vfv) for 5 min. and rewashed with PBS.
Immediately priar to hybridization cells were washed with 2X SSC {1X SSC is 150 mM NaCl and 15 mM sodium
citrate) at room temperature.

Labeled probe (150 ngicoverslip) was brought to a final volume of 10 4l with 1X SSC and dried under
vacuum. The probe was resuspended in 7 4 of 100% deionized formamide and heated to 90°C for 5 min, 7 ul
of hybridization buffer was added to the probe to give a final concentration of 50% formamide, 2X SSC, 1X
Denhardt’s solution, 10% dextran sulfate and 50 mM Tris pH 7.5. In rapid succession, this mixture was applied to
the coverslig, inverted ento 2 glass slide, covered with a second glass slide spaced with a Tmm spacer, sealed with
Paratim {American National Can, Greenwich, CT) and incubated for 10 minutes at 50°C. The siides were then
transferred to @ humid 37°C chamber overnight. After overnight incubation, the coverstips were washed in several
changes of 50% formamidej2X SSC at 37°C for 60 min., 2X SSC at 37°C for 30 min. and 2X SSC at room
temperature for 30 min.

Fér experiments in which protein localization was also desired, after the finat posthybridization wash,
antibody staining was performed as described abovs except that detergent was not includet in the incubations or
washes.

Example 3

Generation of BPV genome. To produce the circuler BPY DNA, cesium chioride purified BPVpML plasmid
DNA, which contains the BPY genome cloned via its unigue Bam HI site, was digested with Bam HI,
phenolichloroform extracted, and precipitated. The ONA was resuspended at 500 pglml in ligation buffer (50 mM
TrisHCI pH7.6, 5 mM MgCl, 1 mM ATP, 1 mM DTT) containing 0.05 Weiss unitslg of T4 DNA ligase and
incubated overnight at 16°C ta promote self-ligation of the BPV genome. The religated DNA was precipitated with
ethanol, washed and resuspended overnight in TE (10 mM TrishCl pH8.0, 1 mM EDTA) at 1 pgll

Generation of haculoviruses expressing BPY late andor early genes. Baculaviruses (Summers, M.0.,
and Smith, G.E., 1987, A manual of methods for baculovirus vectors and insect call culture procedures. Bulletin Ne.
1555, Texas Agricultural Experiment Station, College Station, Texas) that expressed BPY L1 alone, L2 alone, or L1
Plus L2 (L1 + L2) together have been described (Kirnbauer, R., et al, 1983, J. Viral. 67, 6929-36) Similar
baculoviruses expressing BPY EY (Blitz, L.L. and Laimins, L.A., 1991, J. Virol. 65, 649-656) or E2 {Monini, P., et al.,
1993, J. Virol. 67, 5668-5676) were abtained from Elliat Androphy, New England Medical Center, Boston, MA.

Generation of papillomaviruses in insect eells. Prior 1o infection, the Sf9 celis were maintained in
spinner flasks at 27°C with Grace's medium containing 10% fetal calf serum and 0.01% {vj) pluronic F-68. Cells
were harvested by centrifugation (300 x g, for 5 min} and resuspended at 108l in serum.free Graca's medium.
3 x 108 si9 cells were plated per 60 mm tissue culture dish and allowed to adhere for 30 min. For each plate,
15 uy of figated BPV DNA in 1 ml of serum-free Grace’s medium was mixed gently with 35 1 of Lipofectin (Life

Technologias) in 1 ml of serum-free Grace's medium in a polystyrene tube and incubated for 30 min at room
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temperature. The medium in the culture dishes was aspirated and replaced with the DNA/Lipafectin complex in 2
ml of serum free Grace's medium. The celis were incubated for 4 h at 27°C, the medium aspirated, and replaced
with 2 ml of serum-free Grace’s medium containing 33 2 of the various combinations of L1, L2, E1, and E2
expressing recombinant baculoviruses (MOl — 10}, After a one hour infection, the medium was removed and replaced
with 5 mi of Grace's medium containing 10% fetal calf serum, 100 Utml pesicillin G and 100 Hylmi streptomycin,
The cells were maintained at 27°C for 72h in a humidified atmosphere and harvested by scraping from the plate.
The plates were washed once with PBS to remove all remaining cells, and the cells were then rollected by
centrifugation (300 x g, 5 min). The medium was aspirated and the cell pellet stored at -B0°C.

In vitro focal transformation assay. To test for the production of infectious BPV, a standard focal
transformation assay on €127 cells was carried out (Dvoretzky, 1., et al, 1980, Virolagy 1‘03, 369-375). One
mililiter of D-PBS {containing 0.9 mM calcium and 0.5 mM magnesium) was added to each cell pellet and the cells
were lysed by 15 sec of sonication on ice (microtip, 60% power, Fisher sonic dismembranater mode| 150). For
neutralization studies, antibody was added at this stage and incubated for 1 h an ice. The celi lysates were mixed
into 5 m! of medium (DMEM containing 10% fetal calf serum, 100 Ukni penicilin G, and 100 pyimi straptomycin
maintained at 37°C in a humidified 5% C0,/95% air atmosphere} over confluent manolayers of low passage number
mause C127 clonz C cells in 60 mm cultura dishes. Atter a 1 h incubation at 37°C, the cells were washed ORCE
and then 5 ml of fresh medium was added. The foliowing day the medium was replaced with DMEM containing 10%
fetat calf serum that was used to maintain the cells for 23 weeks, replenishing twice weekly. The foci were
stained with methylene blue (Sigma, M3140) and carbol fuchsin {Sigma, C-4165) in methanal and scored.

Example 4

A strategy similar to the one reparted here for HPYT6 is used to generate infectious pseudatypes for other
papillomaviruses. The HPV11 genome is produced by isolating a HPV11 DNA clone. Baculoviruses expressing the
E2, 11 and L2 genes of HPV18 are prepared. $13 insect celis are transfected with the HPV11 genome and infected
with the E2, L1 and L2 expressing baculoviruses. Conditions are provided for generation of HPVIB{HPV11}
pseudatypes, and the particles are harvested. To test for the praduction of infectious pseudotypes, cultured
mammalian cells ara identified that can be infected by HPY18 virions. An i vitre infectivity assay is then carried
out using these cells. Although focal transformation may not be the endpoint, infection can be identified by
incorporation of a rapidly and easily detectable marker into the papillomavirus genome. Te determine whether
transfarmation is due to transfection er infection, neutralization studies are conducted. Neutralizing antihodies are
generated against HPV18 virians. The HPV18{HPY11)} pseudntypes are preincubated with these antibodies and then
administered to cells. I the neutralization step blocks infectivity, then infection and not transfection by the
HPV1B{HPY11} virions will have occurred.

Example 5

Papillomavirus VLPs are attractive candidates for vaccines against papillomavirus infections because they

present conformational virion surface epitopes hut lack the potentially ancagenic viral genome. Supporting the

vaccine potential of YLPs are the findings that they induce high titers of apparently type-specific neutralizing
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antibodies against infectious papillomaviruses. In addition, vaccination with VLPs stimulated type-specific, antibody-
mediated /7 vive protection against high-dose experimental infection by papiliomaviruses. As described here, /7 vitro
assays have now been developed that directly measure neutralizing antibodies to high-risk HPVs, e.g., HPV1E. This
required the in vitra generation of HPV1G virions and the development of a quantitative iz vitro assay for infectivity,
This assay is used in this protocol, far example, te monitor the generation of neutralizing antibodies in the
development of an immunoprophylactic vaccine against papilemavirus infection using papillomavirus YLPs, or in the
monitering of protection for previously developed immunoprophylactic vaccines since titer of neutralizing antibodies
are the best correlate of protection. Although the focal transfarmation assay requires 2 10 3 weeks, this problem
is circumvented by incerporation of a rapid and easily detectable marker inte the papillomavirus genome, Accardingly,
a B-galatosidase expression cassetta is substituted for most of a viral genome, such as the BPY genome, leaving anly
those cis-elements, such as the E2 binding sites, required for efficient encapsidation. In this example, the BPV
penomes are encapsidated with HPY16 L1 and L2 structural proteins to produce HPY18{BPV1/R-galactosidase)
pseudotyped virions. Pratection for immunoprophylactic vaccines against HPV1G infection using HPVi8 VLPs is
monitored by testing for neutralizing antibodies against HPV16. A sample is obtained from 2 vaccinee and mixed
with HPV16{BPV1/Rpalactosidase} pseudotypedvirions. Infection of C127 cells with HPV16{BPYV1/R-galactosidase},
where infection is indicated by a color change, represents a quantitative i vifro neutralization assay that can be
cenducted in 3-4 days. Neutrafizing antibodies wil bleck infectivity. Tha presence of nevtralizing antibodies can be
determined by relating the amount of infectivity measured with the smount of infectivity measured for a cantral
sample known to be free of neutralizing antihgdies. The cancentration of neutralizing antibodies can be established
by relating the amount of infectivity measured with the amount ef infectivity measured for samples containing known
amounts of neutralizing antibodies. The waning of neutralizing antibedies in & vacinee is used as an indication that
a booster innculation with the HVP16 VLP vaccine is warranted.
Example §

The fallowing is a laboratory protocel for preparing infectious herpesvirus pseudoviral virions in non-
mammalian cells. The herpesvirus genome is produced by isolating a herpesvirus DNA clone. An eXpression cassette
is prepared operably encoding 2 cloned DNA. The expression cassette is substituted for the viral genes, while
maintaining the packaging signal, to obtain a herpesvirus vector DNA. Baculoviruses expressing the nonstructural
protein(s) for the packaging the viral gename in the empty capsid, and expressing the structural protains of the
herpesvirus capsid are prepared. Sf3 insect cells are transfected with the herpesvirus vector DNA and infected with
the nonstructural and structural protein-expressing baculoviruses. Conditions are provided for generation of
herpesvirus pseudotypes, and the virions are harvested. To test for the production of ifectious viricns, cultured
mammaiian cells are identified that can be infacted by wild type viians. An 4 vitro infectivity assay is then carried
out using these cells. Infection is identified by testing for the production of the protein encoded by the cloned DNA.
To determine whether transformation is due to transfection or infection, neutralization studios are conducted.
Neutralizing antibodies are generated against wild type virions. The herpesvirus pseudotypes are preincubated with

these antibadies and then administersd to cells. If the neutralization step blocks infectivity, then infection and not
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transfection by the pseudotyped virions will have occurred. The infectious herpesvirus pseudoviral virions are used
to transfer the cloned DNA into mammalian cefls of the central nervous system.
Example 7

The follawing is g clinical protecof for treatment of wrinkles of the face. The HPV1 genome is produced
by isolating a HPV1 DNA clone. An expression cassette is prepared operably encoding proelastin, the precursor far
elastin, a molecule found in the connective tissue of the skin. The expression cassette is substituted for the viral
genes, while maintaining the EZBS, to obtain a HPV1 vector DNA. Baculoviruses expressing the E2, L1 and L2 genes
of HPV1 are prepared. Sf9 insect cells are transfected with the HPV1 vector DNA and infected with the E2, L1
and L2 expressing baculoviruses. Conditions are provided for generation of HPV1{HPV1lefastin} pseudotypes, and
the particles are harvested. To test for the production of infectious particles, cultured mammalian cells are identified
that can be infected by HPV1 virions. An in vitro infectivity assay is then carried out using these cells. Infection
is idantified by testing for the production of efastin. To determine whether transformation is due to transfection or
infection, neutralizatin studies are conducted. Neutralizing antibudies are generated against HPV1 virions. The HPY1
pseudotypes are preincubated with these antibodies and then administered to cells. If the neutralization step blocks
infectivity, then infection and not transfection by the HPY1{HPV1jelastin} virions will have occurred. Infectious
HVP1{HPV1/elastin} particles are formulated in a cream. The cream is applied topically to the face of a patient.
The particular dose of virus is selected based on clinical trials in which increasing the concentration does not
appraciably increase the efficiency of gene transfer and decreasing the concentration results in the efficiency of gene
transfer being significantly decreased. About 10 days following the administration of virus, the patient is evalyated
for reduction of wrinkles to the face, and the cream is reapplied for another treatment on an as-needed basis.

While particular embodiments of the invention have been described in detail, it will be apparent to those
skilled in the art that these embodiments are exemplary, rather than limiting. The true scope of the invention is that
defined within the attached claims and equivslents thereof. Al references cited hersin are hereby expressly

incorporated by reference.
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(viii} ATTORNEY/AGENT INFORMATION:
(A) NAME: Ways Vensko, Nancy
(B) REGISTRATION NUMBER: 36,298
(C} REFERENCE/DOCKET NUMBER: NIH128.001QPC

(ix) TELECOMMUNICATION INFORMATION :
(A) TELEPHONE: 619-235-8550
(B) TELEFBX: 619-235-0176
(C) TELEX:

(2) INFORMATICN FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 52 Lkase pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

CCGCTGGATC CCACTATTAT ATAGCACCAT GGCOTTGTGE CAACAAGGCC AG 52

{2) INFORMATION FOR SEQ ID NO:2:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
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(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLCGY: linear

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:2:
CAGTTGAGAC TAGAGAGCCA C
(2) INFORMATION FOR SEQ ID NQ:3:

(i EQUENCE CHARACTERISTICS:

) 8

(A} LENGTH: 21 base pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D} TOPOLOGY: linear

(xi} SEQUENCE DESCRIPTION: SEQ ID NO:3:
GTGGCTCTCT AGTCTCAACT G
(2) INFORMATION FOR SEQ ID NO:4:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 base pairs
(B} TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4¢:

GCGGTGGATC CTTATTTTTT TTTTTTTITT GCAGGCTTAC TGGAAGTTTT TTGGC
(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 47 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GCGGTAGATC TAATATGAGT GCACGAAAAMA GAGTAAARACG TGCCAGT
{2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
CCGCTAGATC TAGGGAGATA CAGCTTCTGG CCTTGTTGCC ACARACGC
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:

21

21

55

47

47
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(A) LENGTH: 37 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
CCGCTGGATC CGCACCATGG CARACGATAA AGGTAGC
(2) INFORMATION FOR SEQ ID NO:8B:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GCGGTGGATC CGATCTTGCA ACTTATCACT AC
{2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTICN: SEQ ID NO:9:
CCGCTGGATC CGCACCATGG AGACAGCATE CGAACG
(2) INFORMATION FOR SEQ ID NO:10:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B} TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:10:
GCGGTGGATC CGAAGAAAAG GCAATGGCACG TG
(2) INFORMATION FOR SEQ ID NO:11:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
CGGCAAGCTT GCAATGTGCT GTGTCAGTTG

{2) INFORMATION FOR SEQ ID NO:12:

PCT/US97/12115
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(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 30 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:12:

CGCGAAGCTT AACGGTGATG GTGTGATTAT

PCT/US9712115
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1, An infectious papillomavirus pseudoviral particle comprising:

(a) a recombinant papillomavirus vector DNA which comprises
an E2 binding site and an expression cassette comprising a gene and a sequence
controlling expression of said gene; and

(k) a papillomavirus capsid which comprises L1 and L2 structural
proteins, such that said capsid encapsidates said vector DNA, wherein said gene is
derived from a first biclogical species and said L1 structural protein is derived from a
second biological species and said first biological species is different from said

second biological species.

2. A method of making the infectious papillomavirus pseudoviral particle
of Claim 1 comprising: .

(a) providing a cell line which expresses papillomavirus E2 DNA
binding protein and L1 and L2 structural proteins;

(b transforming said cell line with a recombinant papillomavirus
vector DNA which comprises an E2 binding site and an expression cassette
comprising a gene and a sequence controlling expression of said gene, wherein said
papillomavirus E2 binding site is a cognate binding site of said E2 DNA binding
protein;

{c) providing conditions for the encapsidation of said vector DNA
by a capsid which comprises said L1 and L2 structural proteins to generate said
particles; and

(d) harvesting said particles.

3. The method of Claim 2, wherein said cell line is a mammalian cell line,

an insect cell line, or a yeast cell line.

4, A cell line comprising the infectious papillomavirus pseudoviral particle
of Claim 1.
5. A method of transferring a gene into a cultured mammalian cell
comprising:

(a) providing the infectious papillomavirus pseudoviral particle of

Claim 1; and
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(b) infecting a cultured mammalian cell with said particle such

that said cultured mammalian cell is transformed with said gene,

6. A composition comprising the infectious papillomavirus pseudaviral
particle of Ciaim 1, wherein said gene encodes a product capable of having a
therapeutic effect when administered in a therapeutically effective amount to a host

subject in need thereof.

7. A composition comprising the infectious papillomavirus pseudaviral
particle of Claim 1, wherein said gene encodes a product capable of having an
immunogenic effect when administered in an immunogenically effective amount fo a

host subject in need thereof.

8. A method of providing a human with a therapeutic protein comprising:
infecting cells of said human in vivo with the infectious papillomavirus

pseudoviral particle of Claim 1, wherein said gene encodes said therapeutic protein,

said cells expressing a therapeutically effective amount of said therapeutic protein.

9. A method of providing a human with an immunogenic protein
comprising:

infecting cells of said human in vivo with the infectious papillomavirus
pseudoviral particle of Claim 1, wherein said gene encodes said immunogenic
protein, said cells expressing an immunogenically effective amount of said

immunogenic protein.

10. The method of Claim 8, wherein said cells are epithelial cells and said
therapeutic protein has a systemic effect.

1. The method of Claim 8, wherein said cells are epithelial cells and said
therapedutic protein has a local effect on said epithelial cells.

12. The method of Claim 10, wherein said therapeutic protein is Factor IX

and the expression of said therapeutic protein results in treatment of hemophilia.

13. The method of Claim 11, wherein said therapeutic protein is herpes
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simplex virus thymidine kinase and the expression of said therapeutic protein resulis

in treatment of skin cancer.

14, The method of Claim 8 further comprising:

5 infecting cells of said human in vivo with a second infectious
papillomavirus pseudoviral particle wherein said second infectious papillomavirus
pseudoviral particle differs from said first infectious papillomavirus pseudoviral

particle in that said second is a different serotype from said first.

10 DATED this 14" day of February 2001
The Government of the United States of America,
as represented by
The Secretary, Department of Health and Human Services
By their Patent Attomeys
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