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TITLE OF THE INVENTION
SYNTHETIC HPV16 VIRUS-LIKE PARTICLES

CROSS-REFERENCE TO RELATED APPLICATIONS
Not applicable.

STATEMENT REGARDING FEDERALLY-SPONSORED R&D
Not applicable.

REFERENCE TO MICROFICHE APPENDIX
Not applicable.

FIELD OF THE INVENTION
A series of synthetic virus-like particles useful in the

characterization of human papillomavirus type 16 (HPV16) infection and
assays employing the synthetic particles are provided.

BACKGROUND OF THE INVENTION

Papillomavirus infections occur in a variety of animals,
including humans, sheep, dogs, cats, rabbits, monkeys, snakes and
cows. Papillomaviruses infect epithelial cells, generally inducing
benign epithelial or fibroepithelial tumors at the site of infection.
Papillomaviruses are species specific infective agents; a human
papillomavirus cannot infect a nomhuman animal.

Papillomaviruses may be classified into distinct groups
based on the host that they infect. Human papillomaviruses (HPV) are
further classified into more than 60 types based on DNA sequence
homology (for a review, see Papillomaviruses and Human Cancer, H.
Pfister (ed.), CRC Press, Inc., 1990). Papillomavirus types appear to be
type-specific immunogens in that a neutralizing immunity to infection
to one type of papillomavirus does not confer immunity against another
type of papillomavirus.

In humans, different HPV types cause distinct diseases.
HPV types 1, 2, 3, 4, 7, 10 and 26-29 cause benign warts in both normal
and immunocompromised individuals. HPV types 5, 8, 9, 12, 14, 15, 17,
19-25, 36 and 46-50 cause flat lesions in immunocompromised

individuals. HPV types 6, 11, 34, 39, 41-44 and 01-55 cause nonmalignant
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condylomata of the genital or respiratory mucosa. HPV types 16 and 18
cause epithelial dysplasia of the genital mucosa and are associated with

the majority of in situ and invasive carcinomas of the cervix, vagina,
vulva and anal canal. HPV6 and HPV11 are the causative agents for
5 more than 90% of all condyloma (genital warts) and laryngeal
papillomas. The most abundant subtype of HPV type 6 1s HPV6a.
Immunological studies in animals have shown that the
production of neutralizing antibodies to papillomavirus antigens
prevents infection with the homologous virus. The development of

10  effective papillomavirus vaccines has been slowed by difficulties
associated with the cultivation of papillomaviruses in vitro. The
development of an effective HPV vaccine has been particularly slowed by
the absence of a suitable animal model. Neutralization of
papitllomavirus by antibodies appears to be type-specific and dependent

15 upon conformational epitopes on the surface of the virus.

Papillomaviruses are small (5§0-60 nm), nonenveloped,
1cosahedral DNA viruses that encode for up to eight early and two late
genes. The open reading frames (ORF's) of the virus genomes are
designated E1 to E7 and L1 and L2, where "E" denotes early and "L"

20  denotes late. L1 and L2 code for virus capsid proteins. The early (E)
genes are associated with functions such as viral replication and
cellular transformation.

The L1 protein is the major capsid protein and has a
molecular weight of 55-60 kDa. L2 protein is a minor capsid protein

25 which has a predicted molecular weight of 55-60 kDa and an apparent
molecular weight of 75-100 kDa as determined by polyacrylamide gel
electrophoresis. Immunologic data suggest that most of the L2 protein
1s internal to the LL1 protein. The L2 proteins are highly conserved
among different papillomaviruses, especially the 10 basic amino acids at

30 the C-terminus. The L1 ORF is highly conserved among different
papillomaviruses.

The L1 and L2 genes have been used to generate vaccines for

the prevention and treatment of papillomavirus infections in animals.
Zhou et al., (1991; 1992) cloned HPV type 16 L.1 and L2 genes into a

35 vaccinia virus vector and infected CV-1 mammalian cells with the
recombinant vector to produce virus-like particles (VLP).
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Bacterially-derived recombinant bovine papillomavirus L1
and L2 have been generated. Neutralizing sera to the recombinant
bacterial proteins cross-reacted with native virus at low levels,
presumably due to differences in the conformations of the native and
bacterially-derived proteins.

Recombinant baculoviruses expressing HPV6 L1, HPV11

L1, HPV16 L1, HPV18 L1, HPV31 L1 or HPV16 L2 ORFs have been used
to infect insect Sf9 cells and produce L1 and L2 proteins. Western blot

analyses showed that the baculovirus-derived L1 and L2 proteins reacted
with antibody to HPV16. The baculovirus derived L1 forms VLPs.

Carter et al., (1991) demonstrated the production of HPV 16
L1 and HPV16 L2 proteins by recombinant strains of Saccharomvces

cerevisiae. Carter et al. also demonstrated the production of HPVé6b L1
and L2 proteins. The HPV6b L1 protein was not full-length L1 protein.

The recombinant proteins were produced as intracellular as well as
secreted products. The recombinant L1 and L2 proteins were of
molecular weights similar to the native proteins. When the proteins
were expressed intracellularly, the majority of the protein was found to
be insoluble when the cells were lysed in the absence of denaturing
reagents. Although this insolubility may facilitate purification of the
protein, it may hamper analysis of the native epitopes of the protein.

Recombinant proteins secreted from yeast were shown to
contain yeast-derived carbohydrates. The presence of these N-linked
oligosaccharides may mask native epitopes. In addition, the secreted
recombinant proteins may contain other modifications, such as
retention of the secretory leader sequence.

The present invention is directed to the production of
recombinant papillomavirus proteins having the immunity-conferring
properties of the native papillomavirus proteins as well as methods for
their production and use. The present invention is a series of synthetic

virus-like particles useful in the characterization of human
papillomavirus infection and assays employing the synthetic virus-like
particles.

The invention is an HPV16 L1 gene with E substituted for
the naturally occurring D at L1 residue 202. This gene produces VLPs
in baculovirus transfected Sf9 cells which bind MAb H16.U4, but not
MADb H16.V5. These two MAbs are both HPV16-specific and VLP
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dependent. They have been demonstrated both by competition and
mutant binding studies to represent two distinct classes of HPV16
specific, VLP dependent Mabs. To date, all other HPV16-specific, VLP-
dependent MAbs have been observed to be of one of the same two classes
of antibodies.

The panel of neutralizing monoclonal antibodies for HPV16
was obtained from Neil Christensen (Pennsylvania State University,
Hershey, PA). The monoclonal antibodies in the panel are all type-
specific and VLP-dependent. The antibodies may be distinguished from
each other in terms of which amino acid residues affect binding of the
individual antibodies, although there are overlapping positions for all
the monoclonal antibodies. Additional antibodies used in these studies

were also obtained from Dr. Neil Christensen

The HPV16:D202E substituted gene produces VLPs as
judged by non-compromised binding of MAb H16.U4. This MAD is
HPV16 specific and VLP dependent. HPV16:D202E VLPs do have
compromised binding to H16:V5, also an HPV16 specific, VLP dependent
MADb shown both by us and by Dr. Neil Christensen to bind VLPs in a
distinctly different manner from H16:U4. These VLPs can be useful to
distinguish and characterize immunological responses to HPV16
infection or vaccination.

This problem has not been solved in the past and, to our
knowledge, is the first demonstration that a conformationally dependent
epitope 1s continuous.

There was a major difficulty to overcome. The epitope is
conformational so it was necessary to express any test L1 protein in a
way that facilitated formation of virus-like particles which mimic the
virus structure.

Without isolation of a type-specific epitope, it would be
difficult to discriminate HPV16 responses.

One use of the derivatized HPV16 VLP is as a reagent in a
serological assay. Test sera can be assayed for binding to HPV16:D202E
VLPs. Binding demonstrates the presence of a U4 type-response. It can
also be used to assess the relative levels of V5 type-responses among
different sera samples.
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SUMMARY OF THE INVENTION

A series of synthetic virus-like particles useful in the
characterization of human papillomavirus type 16 (HPV16) infection and

assays employing the synthetic particles are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the amino acid sequences of HPV16 L1
protein 1n the region mutagenized, and also shows the specific
substitutions made in this study. These sequences are also available in

the EMBL Gene Bank.

DETAILED DESCRIPTION OF THE INVENTION

A series of synthetic virus-like particles useful in the
characterization of human papillomavirus type 16 (HPV16) infection and
assays employing the synthetic particles are provided. The synthetic
VLPs may be used to monitor serological responses to HPV16 infection
and immunization.

Papillomavirus infections occur in a variety of animals,
including humans, sheep, dogs, cats, rabbits, monkeys, snakes and
cows. Papillomaviruses infect epithelial cells, generally inducing
benign epithelial or fibroepithelial tumors at the site of infection.

Papillomaviruses may be classified into distinct groups
based on the host that they infect. Human papillomaviruses (HPV) are
tfurther classified into more than 60 types based on DNA sequence
homology (for a review, see Papillomaviruses and Human Cancer, H.
Phister (ed.), CRC Press, Inc., 1990). Papillomavirus types appear to be
type-specific immunogens in that a neutralizing immunity to infection
to one type of papillomavirus does not confer immunity against another
type of papillomavirus.

In humans, different HPV types cause distinct diseases.
HPV types 1, 2, 3, 4, 7, 10 and 26-29 cause benign warts in both normal
and immunocompromised individuals. HPV types 5, 8, 9, 12, 14, 15, 17,
19-25, 36 and 46-50 cause flat lesions in immunocompromised
individuals. HPV types 6, 11, 34, 39, 41-44 and 51-55 cause nonmalignant
condylomata of the genital and respiratory mucosa. HPV types 16 and 18
cause epithelial dysplasia of the genital tract and are associated with the
majority of in gitu and invasive carcinomas of the cervix, vagina, vulva
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and anal canal. HPV6 and HPV11 cause the majority of genital warts
and laryngeal papillomas.

Immunological studies in animals have shown that the
production of neutralizing antibodies to papillomavirus capsid proteins
prevents infection with the homologous virus. The development of
effective papillomavirus vaccines has been slowed by difficulties
associated with the cultivation of papillomaviruses in vitro. The
development of an effective HPV vaccine has been particularly slowed by
the absence of a suitable animal model. Neutralization of
papillomavirus by antibodies appears to be type-specific and dependent
upon conformational epitopes on the surface of the virus.

Papillomaviruses are small (50-60 nm), nonenveloped,
icosahedral DNA viruses that encode for up to eight early and two late
genes. The open reading frames (ORF's) of the virus genomes are
designated E1 to E7 and L1 and L2, where "E" denotes early and "L"
denotes late. L1 and L2 code for virus capsid proteins. The early (E)
genes are associated with functions such as wviral replication and
transformation.

The L1 protein is the major capsid protein and has a
molecular weight of 55-60 kDa. L2 protein is a minor capsid protein
which has a predicted molecular weight of 55-60 kDa and an apparent
molecular weight of 75-100 kDa as determined by polyacrylamide gel
electrophoresis.

The production of HPV 16 L1, HPV16 L2, and HPV6 L1
proteins by recombinant strains of Saccharomvces cerevisiae has been
reported. It would be useful to develop methods of producing large
quantities of papillomavirus proteins of any species and type by
cultivation of recombinant yeasts. It would also be useful to produce
large quantities of papillomavirus proteins having the immunity-
conferring properties of the native proteins, such as the conformation of
the native protein. To achieve this latter goal it would be necessary to
analyze the effect of numerous mutations in the L1 gene on the binding
of antibodies of known properties (VLP dependent, cross-reactive, etc.)

The empirical scanning of natural or engineered peptide
sequences for functional residues is inherently dependent upon
expression of large numbers of sequence variants to assay their relative
functional potency. The level of protein expression obtained can be
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particularly critical in the case of self-assembling viral structural
proteins, because the efficiency of self-assembly frequently is
concentration dependent. The insect baculovirus expression vector
system has been widely used to study viral self-assembly, but it generally
requires prior isolation and expansion of a plaque-purified recombinant
viral stock to generate useful quantities of self-assembled particles. In
examining a number of possibilities for expression of analytical levels of

the L1 coat protein of Cottontail Rabbit and Human Type 11

Papillomaviruses, we found that even brief transient cotransfection of
insect cells with baculovirus transfer vectors and viral DNA vielded
assembled particles which were immunologically indistinguishable
from particles previously obtained from plaque purified stocks
(Benincasa et. al. 1996. Rapid, high-level transient expression of
papillomavirus-like particles in insect cells. BioTechniques 20,890-895).
Within six days of plasmid/viral DNA cotransfection of Sf9 cells, at least
1-2 mg of assembled L1 particles/100 mm plate could be demonstrated.

This level of expression is more than sufficient to assay functionality,
and has several advantages over comparable mammalian cell transient
expression systems.

To define neutralizing epitopes in HPV infections, we
needed to identify the amino acid residues that confer antigenic type-
specificity on human papillomavirus subtypes (Christensen, N. D., et.
al. 1990, Monoclonal antibody-mediated neutralization of infectious
human papillomavirus type 11). Many of the type-specific epitopes are
conformationally-dependent and are detectable only upon VLP assembly.
The L1 structural coat protein of several animal and human
papillomaviruses has been demonstrated to efficiently self-assemble
when expressed in insect cells via recombinant baculovirus strains

(Christensen, N. D., et al., 1994, Assembled baculovirus-expressed
human papillomavirus type 11 L1 capsid protein virus-like particles are
recognized by neutralizing monoclonal antibodies and induce high titers

of neutralizing antibodies. J. Gen. Virol. 75, 2271-2276). The time and
labor involved in the generation of recombinant phage precludes the use
of this method to screen a large number of VLP variants produced
through site-directed mutagenesis. However, we previously observed
that when expressed in the baculovirus system, a recombinant protein is
detectable as a secreted product in mg/ml quantities within 5-7 days of
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the initial transfection of insect cells with plasmid and viral DNAs.
Based upon this observation, we examined whether sufficient quantities
of papillomavirus L1 protein would accumulate to allow self-assembly
into VLPs upon transient expression, particularly if a more efficient
baculovirus transfection system such as the BaculogoldI'M
(Pharmingen, San Diego, CA) system were utilized. Employing a rapid
6-day transient transfection protocol, the L1 coat protein of numerous
papillomavirus types, properly assembled into VLPs, was produced.
Extracts prepared from transiently transfected cells with CRPV or
HPV11 L1 gene constructs contained immunogenic material recognized
by type-specific and VLP dependent monoclonal antibodies generated
against either CRPV or HPV11 VLPs. The transiently expressed
material was not cross-reactive with other type-specific antibodies, and
recognition was sensitive to alkaline denaturation, further
demonstrating fidelity in VLP formation.

We previously demonstrated that conformational epitopes to
HPV can be mapped. Specifically, we showed that HPV11 L1 residues
Glyl31.Tyrl32 a5 responsible for the type-specific binding of several
HPV11 neutralizing monoclonal antibodies (Ludmerer et. al. 1996. Two
amino acid residues confer type specificity to a neutralizing,
conformationally dependent epitope on human papillomavirus type 11.
J. Virol. 70, 4791-4794). To assess affects on HPV16 residue 202
substitutions, we mutated the HPV16 L1 gene at this position, and
employed the Sf9 transient expression system described above to express

VLPs.
The following examples are provided to further define the

invention without, however, limiting the invention to the particulars of
these examples.

EXAMPLE 1

seneration of test expression cons :

The HPV16 L1 structural gene was subcloned both into
BluScript (Pharmacia) for mutagenesis, and pVL1393 (Stratagene) for
expression in SfY cells. Mutations were generated using the Amersham
Sculptor in vitro mutagenesis kit, verified by sequencing, and subcloned
into pVL1393 for expression in Sf9 cells.
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EXAMPLE 2

Transient Expression of L1 VLLPs in S.

SF9 cells were transfected using BaculoGold Transfection
kit (Pharmingen). Transfections were done essentially according to the

manufacturer's instructions with the following modifications. 8-108 Sf9
cells were transfected in a 100 mM dish, with 4 mg of BaculoGold DNA
and 6 ug of test DNA. Cells were harvested after 6 days and assayed for
VLP production.

EXAMPLE 3

Preparation of SF'9 e3

Cells were harvested six days after transfection, by scraping
followed by low speed centrifugation. Cells were resuspended in 300 ml
of breaking buffer (1 M NaCl, 0.2 M Tris pH 7.6) and homogenized for 30"
on ice using a Polytron PT 1200 B with a PT-DA 1205/2-A probe
(Brinkman) in a Falcon 1259 tube. Samples were spun at 2500 rpm for 3
minutes to pellet debris. Tubes were washed with an additional 150 ml
of breaking buffer, supernatants collected in a 1.5 ml microfuge tube,
and respun for 5 minutes in an Eppendorf microfuge (Brinkman).

Supernatants were collected and stored at 40 C until use. ELISA assays
typically were performed the same day.

5 ml of extract was diluted into 50 ml of 1% BSA in PBS
(phosphate buffered saline; 20 mM NaPO4, pH 7.0, 150 mM NaCl) and

plated onto a polystyrene plate. The plate was incubated overnight at 40
C. Extracts were removed and the plate blocked with 5% powdered milk
in PBS. All subsequent wash steps were performed with 1 % BSA in
PBS. The plate was incubated at room temperature with primary

S Al LA ASSe

antibody for 1 hour. Primary antibodies, monoclonal antibodies
generated against HPV11 VLPs, were obtained as ascites stock from Dr.
Neil Christensen (Pennsylvania State University). They were diluted 105
in 1% BSA PBS before use. After washing, plates were incubated for 1
hour with secondary antibody. The secondary antibody, peroxidase

labeled Goat anti-Mouse IgG (g), was purchased from Kirkegaard &
Perry Laboratories, Inc. and used at 103 dilution in 1% BSA in PBS.
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After a final washing, an alkaline phosphatase assay was performed
and absorbance read at 405 nm.

EXAMPLE 4

HPV16 substituti
To assess affects on Mab binding to HPV16 L1 substitutions,

we expressed mutated clones transiently in Sf9 cells and assayed

binding in an ELISA format to extracts prepared from transfected cells.

L1 expression was normalized using MAb H16.D9, a MADb generated
against HPV16 VLPs which binds only denatured material. To establish

a baseline of MAb binding, we also expressed clone HPV16:D202H, an L1

clone previously demonstrated to not produce VLPs. As a further

control, we also expressed HPV11 VLPs. MAbs H16.U4 and H16.V5 do
not bind HPV11 VLPs.

To determine the affect on binding of any particular
residue, both HPV16 and the correspondent HPV16 derivative were
expressed in the transient expression system. An ELISA was
performed using the panel of HPV16 specific monoclonal antibodies, and
results between the two compared. L1 production was normalized with
monoclonal antibody H16.D9. H61.D9 antibody is cross-reactive with
HPV11, and its epitope is linear and recognized independently of VLP
formation. Thus it measures L1 production. A normalized value in the
range of 0.1 to 0.2 1s essentially background, meaning we cannot detect
binding of the antibody to the mutant VL.P.
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TABLE 1
VLP H16.U4 H16.V5
5 HPV16 0.79 1.08
HPV16:D202E 0.59 0.15
HPV16:D202H 0.21 0.19
10
HPV11 0.06 0.06
EXAMPLE 5
15

20

30

35

orological Responses to F Infection or Immunizatic

DYINE

Monsi

HPV16:D202E VLPs are used to monitor immune responses
to HPV16 following viral infection or immunization with HPV16 VLPs.

HPV16 and HPV16:D202E will be coated onto the well of a microtitre

plate in native form. Following blocking, test sera will be incubated and

assayed in ELISA format. Binding to HPV16:D202E VLPs will
demonstrate a U$4-like component to the immune response. To
determine a V5 type response, test sera will first be equilibrated with a
pre-determined saturating amount of HPV16:D202E VLPs. This can be
performed in the well of a microtiter plate. The supernatant will be
removed and added as primary antibody to the well of a microtitre plate
pre-coated with HPV16 prototype VLPs. Because U4-like responses will
have been selectively removed, binding will demonstrate the presence of
Vb-like responses.

EXAMPLE 6

ansient expression of VLPs in SO cells
The HPV11 L1 structural gene was cloned from clinical
isolates using the Polymerase Chain Reaction (PCR) with primers

designed from the published L1 sequence (8,17). The CRPV L1
structural gene was cloned by PCR from viral genomic DNA.
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The L1 genes were subcloned into pVL1393 (Stratagene) for expression in

S19 cells.

S19 cells were cotransfected using the BaculoGold
Transfection kit (Pharmingen, San Diego, CA). Transfections were
done according to the manufacturer's instructions with the following
modification: 8-106 Sf9 cells were transfected in a 100 mm dish, with 4
mg of BaculoGold viral DNA and 6 ug of test plasmid DNA. Cells were

harvested after 6 days, except where otherwise specified, and assayed for
VLP production by Western Blot or ELISA assay (below).

EXAMPLE 7

'!.-,,-' ", 9 eXtre S alld .,-,,-pc, -

Cells were harvested six days after transfection. Plates
were scraped to resuspend cells, and the cells were collected by low
speed centrifugation. Cells were resuspended in 300 ml of breaking

buffer (1 M NaCl, 0.2 M Tris pH 7.6) and homogenized for 30 seconds on

ice using a Polytron PT 1200 B with a PT-DA 1205/2-A probe (Brinkman)
in a Falcon 2059 tube. Samples were spun at 2500 rpm in a GPR
centrifuge (Beckman Instruments, Inc. Palo Alto, CA) for 3 minutes to
pellet debris. Tubes were washed with an additional 150 ml of breaking
buffer, supernatants collected in a 1.5 ml microfuge tube, and respun for
O minutes in an Eppendorf microfuge (Brinkman). ELISA assays were
begun the same day.

5 ml of extract was diluted into 50 ml of 1% BSA in
phosphate-buffered saline solution (PBS), aliquoted onto a 96 well
Immulon 2 microtiter plate (Dynatech Laboratories, Inc.), and
incubated overnight at 40 C. Extracts were removed and the plate
blocked with 5% powdered milk/PBS. All subsequent wash steps were
performed with 1 % BSA/PBS. The plate was incubated at room
temperature with primary antibody for 1 hour. The primary antibodies,
monoclonal antibodies CRPV.5A and H11.F1, were obtained as ascites
stock from Dr. Neil Christensen. They are VLP-dependent and type

specific antibodies which recognize CRPV and HPV11 VLPs respectively
(Neil Christiansen, personal communication). They were diluted 10°-
fold in 1% BSA /PBS before use. After washing in 1% BSA/PBS, plates
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were 1ncubated for 1 hour with secondary antibody, peroxidase labeled
Goat anti-Mouse IgG (g) (Kirkegaard & Perry Laboratories, Inc.) and

used at 103 dilution in 1% BSA in PBS. After a final washing, an

alkaline phosphatase assay was performed and absorbance read at 405
> nm.




CA 02274474 1999-06-07

WO 98/25646 PCT/US97/22023

10

15

20

25

14

WHAT IS CLAIMED:

1. Synthetic HPV16 virus-like particles which contain a
glutamate substitution for the naturally occurring aspartate, designated

as HPV16Dd202E.

2. A method of serotyping immune responses to HPV16
and HPV16:D202E VLPs which can distinguish differences in type 16

immune responses, and which contain any of these specific
modifications in an ELISA format comprising:

a)  plating samples of test batch modified HPV16:D202E
VLPs in an ELISA plate;

b) incubating the samples:
c) blocking the samples;

d) rinsing the samples;
e) incubating a set of test
f) removing unbound sera and re-incubating with

HPV16 VLPs in ELISA format as described in b-e

o) incubating the mixture:

h) washing the mixture;

1) adding goat anti-mouse IgG (g):

1) incubating the samples;

k) washing the samples;

1) developing with an alkaline phosphatase assay and
reading at 405 nm.
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