Office de la Proprieté Canadian CA 2267639 C 2005/11/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 267 639
Findustrie Canada Industry Canada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 1997/09/30 (51) ClL.Int.”/Int.CL." C12N 7/00, C12Q 1/70, GO1N 33/569

(87) Date publication PCT/PCT Publication Date: 1998/04/09 | (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2005/11/22 FUDMERER, STEVEN, US
: : : . (73) Proprietaire/Owner:
(85) Entree phase nationale/National Entry: 1999/03/31 MERCK & CO. INC.. US
(86) N° demande PCT/PCT Application No.: US 199/7/017097 o
o o (74) Agent: GOWLING LAFLEUR HENDERSON LLP
(87) N° publication PCT/PCT Publication No.: 1998/014564

(30) Priorntes/Priorities: 1996/10/04 (60/026,763) US,
1996/11/22 (9624320.9) GB

(54) Titre : PARTICULES SYNTHETIQUES DE TYPE VIRUS VPH 16
54) Title: SYNTHETIC HPV16 VIRUS-LIKE PARTICLES

(57) Abregé/Abstract:
The 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.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




.

C12N 15/00, C12Q 1/70, GOIN 33/53,
l A61K 38/43, 39/12, CO7TH 21/04

4

{

CA 02267639

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

1999-03-31

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 .

(21) International Application Number: PCT/US97/17097

(22) International Filing Date: 30 September 1997 (30.09.97)

(30) Priority Data:
60/026.763 4 October 1996 (04.10.96) Us |
0624320.9 22 November 1996 (22.11.96) GB

(71) Applicant (for all designated States except US): MERCK &
CO., INC. [US/US]; 126 East Lincoln Avenue, Rahway, NJ
07065 (US).

(72) Inventor; and ‘

(75) Inventor/Applicant (for US only): LUDMERER, Steven
[US/US]; 126 East Lincoln Avenue, Rahway, NJ 07065
(US).

(74) Common Representative: MERCK & CO., INC; 126 East
Lincoln Avenue, Rahway, NJ 07065 (US).

(57) Abstract

The invention is a series of synthetic virus—like particles useful
employing the synthetic virus-like particles.

(11) International Publication Number:

(43) International Publication Date:

W

(54) Title: SYNTHETIC HPV16 VIRUS-LIKE PARTICLES

WO 98/14564 I

9 April 1998 (09.04.98)

(81) Designated States: CA, JP, US, European patent (AT, BE, CH,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

in the characterization of human papillomavirus infection and assays |

i g bl il b Pa'yda o Larder b o o AL v NAMDSE By, = b e At AL LA WA P4 IY R b e g el e AW UL T . e



CA 02267639 1999-03-31

WO 98/14564 PCT/US97/17097

10

15

20

25

30

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

The present invention is a series of synthetic virus-like
particles (VLP) usetful in the characterization of human papillomavirus
infection and assays employing the synthetic virus-like particles.

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
epithelhal or fibroepithelial tumors at the site of infection.
Papillomaviruses are species specific infective agents; a human
papiliomavirus cannot infect a nonhuman 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.
Ptister (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
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and immunocompromised individuals. HPV types 5, 8, 9, 12, 14, 15,
I'7, 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 or respiratory mucosa. HPV
types 16 and 18 cause epithelial dysplasia of the genital mucosa and are
assoclated 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 more than 90% of all condyloma (genital warts)
and laryngeal papillomas.

Immunological studies in animals have shown that the
production of neutralizing antibodies to papillomavirus antigens
prevents infection with the homologous virus. The development of
eftective 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 (ORFs) of the virus genomes are
designated El 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 viral replication and cellular
transformation.

The L1 protein 1s 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. Immunologic data suggest that most of the L2 protein
1s internal to the L1 protein. The L2 proteins are highly conserved
among different papillomaviruses, especially the 10 basic amino acids at
the C-terminus. The L1 ORF is highly conserved among different

papillomaviruses.
.



10

15

20

25

CA 02267639 2005-04-05

The L1 and L2 genes have been used to generate 'Vacoines for the
prevention and treatment of papillomavirus infections in animals. Zhou et al., (Zhou
et al., Expression of vaccinia recombinant HPV 16 L1 and L.2 ORF proteins 1n
epithelial cells is sufficient for assembly of HPV virion-like particles, Virology
185(1): 251-257 (199‘1); Zhou et al., Definition of linear antigenic rogions of the HPV
16 L1 capsid protein using syﬁthetio virion-like particles, Virology 189(2): 592-599
(1992)) cloned HPV type 16 L1 and L2 genes into a vaccinia virus vector and
infected CV-1 mammalian cells with the recombinant vector to produce virus-like

particlos (VLP).

Recombinant baculoviruses exproséing HPVe6 L1, HPV 11 L1, HPV 16

L1, HPV 18 L1, HPV31 L1 or HPV 16 L2 ORFs have been used to infect insect St9
“cells and produce L 1 and L2 proteins. Western blot analyses showed that the

baculovirus-derived L1 and L2 proteins reacted with ‘antibody to HPVl 6. The -

baculovirus derived .1 forms VLPs.

Carter et al., (Carter et al., Expression of human papillomavirus proteins
in yeast Saccharomyces cerveisiae. Virology 182(2):513-521 (1991)) demonétrated
the production of HPV 16 L1 and HPV 16 L2 proteins by recombinaht strains of
Saccharomyces oerovisiae. Carter et al. also demonstrated the production of HPV6b

.1 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 .1 and L2 proteins were of molecular we1ghts similar to the native
protems 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 denaturmg
reagents. Although this insolubility may facilitate purification of the protein, 1t 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.
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The present invention is directed to the productid'n 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 1s a seriés of synthetic virus-like particles useful in the characterization of
‘human papillomavirus infection ar{d assays employing the synthetic virus-like

particles.

S3A -
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The mvention involves the delineation of residues specific
to HPV1I1 L1 which are required for binding neutralizing antibodies,
and a modified HPV 16 L1 gene with HPV11-like substitutions such that
VLPs produced from the modified HPV16 L1 gene also bind HPV 11
neutralizing monoclonal antibodies.

We previously demonstrated that HPV11 L1 residues
Gly!31 Tyrl32 were responsible for the HPV11 specificity of binding
of several HPV 11 neutralizing monoclonal antibodies. Because the
binding of these antibodies is conformationally dependent, it remained
unanswered as to whether the epitope is continuous and comprised of
residues located next to each other with conformation requiring VLP
assembly, or discontinuous and comprised of residues well separated on
the L1 linear sequence but which come into close proximity upon
proper folding and assembly of particles. We scanned residues over a
20 residue stretch centered at Gly!31-Tyr132 and identified five
residues where substitution resulted in significant loss of binding of the
neutralizing monoclonal antibodies, without affect on other HPV 11
specific, VLP-dependent antibodies. This demonstrates that the epitope
1s continuous. This was confirmed by demonstrating that HPV1 1
substitutions at these positions into the HPV 16 L1 sequence forms the
basis of transfer of binding of these monoclonal antibodies to modified
HPV16 VLPs.

The panel of neutralizing monoclonal antibodies for HPV 1|
was obtamned from Neil Christensen (Pennsylvania State University,
Hershey, PA). The monoclonal antibodies in the panel are HPV 11
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.

These residues collectively define the epitope for antibodies
known to neutralize HPV11. We also demonstrate that substitution of
these residues into equivalent positions of the HPV16 L1 sequence form
the basis of transferring binding of these antibodies to modified HPV 16

_4-
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VLPs. The modified HPV16 VLPs may be used to develop HPV11
specific serological assays. Because of the high identity between HPV6
and HPV11 L1 sequences, present serological assays cannot distinguish
responses between these two types very well. Modified HPV16 VLPs
with a single HPV 11 specific epitope and no cross-reactivity to HPV6
VLPs should be able to 1dentify HPV11 immune responses upon
infectivity or immunization.

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

There were two difficulties to overcome. First, the epitope
1s conformational, and conventional means of epitope mapping, binding
to peptide fragments, could not be utilized. It was necessary to express
any test L1 protein in a way that facilitated formation of virus-like
particles which mimic the virus structure. Second, the large number of
L1 clones required for the mapping necessitated the generation of a
tacile means to express the test viral coat proteins.

Without 1solation of a type-specific epitope, it would be
difficult to distinguish HPV6 and HPV11 immune responses.

One use of the derivatized HPV16 VLP is as a reagent in a
serological assay. Because most epitopes are shared between HPV6 and
HPV11 VLPs, polyclonal sera to one competes with the binding of a
type-specific monoclonal antibody to the other due to steric hindrance
from the binding of antibodies to neighboring sites. There are very few
cross-reactive epitopes between HPV 16 and either HPV11 or HPV6.
Therefore, presentation of an HPV 11 specific epitope on an HPV16
VLP should eliminate the problem of steric competition from
neighboring epitopes. Only the presence of antibody in a polyclonal
response to the specifically transferred epitope should compete with

monoclonal antibody binding.
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SUMMARY OF THE INVENTION

This invention 1ncludes a series of synthetic virus-like
particles (VLP) useful in the characterization of human papillomavirus
types 11 and 16 infection and assays employing the synthetic particles.

briet description of the drawings

Figure | shows the amino acid sequences of the HPV 11 and
HPV16 L1 protein in the region mutagenized (residues 121 through
147), and also shows the specific substitutions made in this study. These
sequences are available in the EMBL Gene Bank.

Figure 2 shows the amino acid sequences for the L1 protein
of HPV 16 and several substituted clones (HPV16:5, HPV16:8 and
HPV16:10).

Figure 3 shows that amino acid substitutions at critical
positions are not sufficient to transfer HPV11 monoclonal antibody
(MADb) binding to HPV16 VLPs.

Figure 4 shows that eight amino acid substitutions into the
HPV16 L1 sequence confers HPV11 monoclonal antibody binding and
demonstrate a continuous, conformational epitope.

detailed description of the invention

The present invention is a series of synthetic virus-like
particles (VLP) useful in the characterization of human papillomavirus
11 infection and assays employing the synthetic virus-like particles,
which may be used to monitor serological responses to HPV11
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
further classified into more than 60 types based on DNA sequence
homology (for a review, see Papillomaviruses and Human Cancer, H.

_6-
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Pfister (ed.), CRC Press, Inc., 1990). Papillomavirus types appear to
be type-specific immunogens 1n 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. HPYV 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 situ and invasive carcinomas of the
cervix, vagina, vulva and anal canal. HPV6 and HPV 11 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 (ORFs) of the virus genomes are
designated El 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 viral replication and
transformation.

The L1 protein 1s the major capsid protein and has a
molecular weight of 55-60 kDa. L2 protein 1s a minor capsid protein
which has a predicted molecular weight of 55-60 kDa and an apparent

7.
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molecular weight of 75-100 kDa as determined by polyacrylamide gel

electrophoresis.

T'he production of HPV 16 LI, HPV16 L2, and HPV type 6
L1 proteins by recombinant strains of Saccharomyces 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
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 1solation 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 yielded 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
cotranstection of Sf9 cells, at least 1-2 mg of assembled L1
particles/100 mm plate could be demonstrated. This level of expression

8-
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“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 need to identify the
amino acid residues that confer antigenic type-specificity on human pa,pilllomavirUS
subtypes (Christensen N. D., et. al. 1990, Monoclonal antibody-mediated
neutrahzatlon of infectious human papillomavirus type 11, J. Virol. 64(11): 5678-81
(1990). Many of the type-specific epitopes are conformatwnally-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 (Chnstensen, N.D., et
al., 1994, Assembled baculovirus-expressed human papillomavirus typé 11 LL1 capsid
protein virus-like particles are recognized by 'neutralizing monoclonal antibodies and
induce high titres of heutralizing'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 Qbserved that when expressed in the baculovirus
system, a recombinant protein is detectable as a secreted product in m o/ml quantities
within 5-7 days of the initial transfection of insect cells with plasmid and viral DNAsS.
Based upon this observation, we examined whether sufficient quantities of '
papillomavirus L1 protein would accumulate to allow self—-assembly into VLPs upon
trahsient"expression, particularly if a more efficient baculovirus transfection system

such as the B::lculogoldTM (Phé.rmingen San Diego, CA) system were utilized. |

. Employing a rapid 6- day transient transfection protocol, the L1 coat protein of

NUIMErous papﬂlomawrus types, properly assembled into VLPs, was produced. Extracts

‘prepared from transiently transfected cells with CRPV or HPV 1 1 L1 gene constructs

' contained immunogenic material recognized by type-specific and VLP dependent

monoclonal antibodies generated against either CRPV or HPV 11 VLPs. The

transiently expressed material was not cross-reactive with other type-specific

antibodies, and



) CA 02267639 2005-04-05 )

WO 98/14564 - o PCT/US97/17097

10

15

20

25

30

recognition was sensitive to alkaline denaturation, further demonstrating

fidelity in VLP formation.

We previously identified HPV11 L1 residues Glyl31-
Tyrl32 as 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 map the HPV11 neutralizing epitope, we individually
mutated HPV11 at the residues where the sequence diverges from the
HPV16 sequence over a 20 residue stretch centered at Glyl31-Tyrl32,
The positions were mutated to match the HPV 16 sequence. Using the
S19 transient expression system described above, these mutant HPV 11
L1 genes were expressed and analyzed for binding by HPV11 specific

‘monoclonal antibodies.

. The following examples are provided to further define the
invention without, however limiting the invention to the particulars of
these examples.

EXAMPLE |

Generation of test expression constructs. |

The HPV11 L1 structural gene was cloned from clinical
1solates using PCR with primers designed from the published L1 .
sequence. The L1 gene was subsequently subcloned both into BlueScript*
(Pharmacia) for mutagenesis, and pVL1393 (Stratagene) for expression
m Sf9 cells. , _

Mutations were 1ntroduced into the L1 gene using
Amersham Sculptor in vitro mutagenesis kit. The appearance of the
desired mutation was confirmed by sequencing, and the mutated gene
subcloned into pVL1393 for expression in Sf9 cells. '

~ The HPV16 L1 structural gene was subcloned both into

BluScript (Pharmacia) for mutagenesis, and pVL1393 (Stratagene) for
expression in Sf9 cells. Mutations were generated using the Amersham
Sculptor in vitro mutagenesis kit, verified by sequencmg, and subcloned
into pVL1393 for expression in Sf9 cells.
* Trademark - -10-
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- EXAMPLE 2

Tramlent Expression of 1.1 VLPs in SF9 cells.
SF9 cells were transfected using BaculoGold Transfectlon

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 aqeayed
tor VLP ‘production.

' EXAMPLE 3
Preparation of SF9 extracts and ELLISA assavys.

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
antibody for | hour. Primary antibodies, monoclonal antibodies _
generated against HPV11 VLPs, were obtained as ascites stock from Dr.
Neil Christensen (Pennsylvania State University). They were diluted
103 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 126G (g), was purchased from

*Trademark ~11-
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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.

EXAMPLE 4

HPV 1] scan

To map the residues critical for an HPV11 specific
neutralizing epitope, we take advantage of two conditions. First of all.
we used a panel of monoclonal antibodies which are specific for HPV1 |
L1 and recognize L1 only when assembled into a VLP. Among these
five antibodies, 4 have been demonstrated to neutralize HPV 11 in the
Kreider Xenograft system (Kreider et al., 1987, J. Virol. 61:590-593)

We previously demonstrated that the type-specificity to
binding of three of the neutralizing MAbs is due to Glyl31-Tyrl32 of
the HPV11 L1 sequence, and that the fourth neutralizing monoclonal
antibody binds a different site. Because the epitope is conformational, a
more complete description of the epitope is desired. In particular, it
was not known if the epitope is continuous, with contact residues in

‘close proximity in the linear sequence and conformation requiring

proper L1 folding and assembly, or discontinuous, with the contact
restdues at diverse positions of the linear sequence with positional
proximity emerging only after assembly.

We reasoned that if the epitope is continuous, then several
residues critical for binding should be located within a short distance of
the Glyl131-Tyrl32 pair. Because a typical linear epitope spans 10-12
residues, we scanned residues within 12 positions of Gly131-Tyr132 for
an approximately 25-residue stretch. Because binding is specific for
HPV11 VLPs, we focused on those residues where the sequence
diverges between HPV11 and HPV16. Beyond this 25 residue region the
homology between the two sequences increase dramatically.
Substitutions into HPV11L1 were selected from the HPV16 sequence to
minimize the possibility that the substitution would result in a more
general perturbation on VLP structure.

_172-
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To determine the affect on binding of any particular
residue, both HPV11 and the corresponding HPV 11 dernvative were
expressed in the transient expression system. An ELISA was performed
using the panel of HPV 11 specific monoclonal antibodies, and results
between the two compared. L1 production was normalized with
monoclonal antibody H6.C6. H6.C6 antibody 1s cross-reactive with
HPV11, and its epitope 1s linear and recognized independently of VLP
formation. Thus 1t measures L.1 production.

Results are put through a double normalization. First, the
ratio of absorbance of the test antibody to H6.C6 1s calculated for the
test position. The same ratio 1s determined for HPV11 and divided 1nto
the ratio for the test position. Thus a double ratio near I means that
there 1s no detectable difterence in antibody binding to the test clone
relative to HPV11. A double ratio less than one means that the test
antibody binds more poorly to the test clone than wild-type. In theory,
a ratio greater than 1 means that the antibody binds better to the test
clone than to HPV11. In practice this was not observed. A ratio in the
range of 0.1 to 0.2 1s essentially background, meaning we cannot detect
binding of the antibody to the mutant VLP.

The positions in HPV11 L1 between residue 120 and 1435
which differ from HPV16 L1 were individually substituted with the
HPV 16 residue. Clones were expressed in SF9 cells through a
Baculovirus expressing recombinant, and affect of binding by the panel
of HPV11 specific monoclonal antibodies determined (Table ). Only
substitutions which resulted in binding impairment for one or more
antibodies are included in the table. Note that the binding of H11.A3.2
and H11.H3 1s not impaired upon any substitution. Both are HPV11
specific, VLP dependent MAbs demonstrated to bind different regions
of VLPs than H11.B2, H11.F1, and H11.GS. Binding by H11.A3.2 and
H11. H3 verifies the assembly of VLPs, and demonstrates that the effect
of substitution 1s specific for antibodies binding at this region.
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Position Hil.A3.2 HI1.B2 H1l.Fl H11.GS H11.H3

Y123L 0.65 0.48 0.17 0.22 1.34

G 1308 0.88 0.44 0.08 0.11 1.3

GI31A 0.99 0.11 0.08 0.10 1.03

Q138V 0.93 0.45 0.62 1.05 0.83

VI142E 0.93 nd 0.40 0.57 1.27
EXAMPLE 5

Iranster of the HPV 11 Neutralizing Epitope to HPV 16

Based upon the studies in Example 4, we mutated the
"HPVIG6 LI gene at amino acid residues 126, 133, 134,141, and 145 to
match the HPV11 L1 sequence. We designate this clone as HPV16:5 To
our surprise, we saw no binding of HPV 11 monoclonal antibodies to
VLPs produced from this clone. We reasoned that we had provided the
important contact positions, but were not presenting this highly
conformationally dependent epitope correctly. We noted that the
HPV11 L1 sequence contains the residues G133, G134 and P136, where
the HPV16 L1 sequence has alanine in the three equivalent positions
136, 137, and 139. Glycine and proline residues can introduce
structural perturbations. Although individual substitutions into the
HPVI11 L1 sequence at these positions were without effect, we reasoned
that three such changes right at the region of the epitope may
collectively affect epitope presentation. Using clone HPV16:5 as a
template, we generated a clone that had the further substitutions A136G,
A137G, and A139P to create clone HPV16:8. This clone produced
VLPs which bind HPV11 antibodies H11.B2, HI 1.F1, and H11.GS5.

_14-
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> latter two positions were shown to be nonessential for binding.

Consistent with this, clone HPV16:10 shows no further improvement in
MAD binding relative to HPV16:8. Binding is normalized to L1
production using monoclonal antibody H16.D9, which binds an internal
linear epitope that 1s presented only upon denaturation of the sample.

10 The table is divided into two sets because the pairs of samples were
transfected and assayed separately.
Binding of HPV 11 neutralizing monoclonal antibodies to modified
HPV16 VLPs

15
Clone HI1.A3.2 HI11.B2 HI1.FI_HI11.G5 HI1.H3 H16.U4 HI16.V5
HPV 16 0.07 0.07 0.07 0.07 0.13 1.16 1.7

20 ‘
HPV16:8 0.10 1.51 0.50 1.27 0.16 1.60  2.17
HPV16:10 0.10 1.26 0.26 1.20 0.17 1.70  2.40

25 HPVI6 0.12 0.12 0.12 0.12 0.12 1.0 1.6
HPV16:5 0.11 0.11 0.12 0.1 0.11 047  0.85
Clone HPV16:8 also demonstrates the mapping of the HPV11

30 neutralizing epitope, and the potential to use this information to transfer

CA 02267639 1999-03-31

PCT/US97/17097

Binding of two separate HPV16 VLP dependent monoclonal antibodies
1s not affected. Using HPV16:8 as a template, we generated a third
clone which has T129V and A132S substitutions to generate HPV16:10.
This clone 1s identical to HPV11 L1 over the region evaluated, but these

1t to a distal surface. In principle, this mapping data could be the basis
of transfer to an even more distal surface, such as CRPV VLPs. Such a

reagent could be used 1n the same way as we described for HPV16:8

VLPs in a serological assay, with the added advantage that it could be

-15-

- I 3Rt Ao LIl 00 O T e £ A A A i Sar i AL CEANAROTE SIS VA2 00 phd M DN PO 18 M G o) P LM M AT e, f s e e TV



CA 02267639 1999-03-31

WO 98/14564 PCT/US97/17097

10

15

20

25

30

used to screen the immunological response of individuals immunized
with multiple VLP types which include HPV6, HPV11 and HPV16

VLPs.

EXAMPLE 6

Monitoring Serological Responses to HPV11 Infection or Immunization

HPV16 moditied VLPs are used to determine the presence
of an immune response to HPV11 following viral infection or
immunization with HPV11 VLPs. HPV 16 modified VLPs which
present the HPV11 neutralizing epitope will be coated onto the well of a
microtitre plate in native form. Following blocking, an HPV11
monoclonal antibody which binds this epitope, HI11.B2, H11.F1, or
H11.GS5, will be incubated in ELISA format with increasing amounts of
HPV 11 polyclonal sera, HPV6 polyclonal sera, and test polyclonal sera.
Binding of the HPV 11 monoclonal antibody will be visualized using a
rabbit anti-mouse IgG secondary antibody. Alternatively, it can be
labeled with 1125, or coupled directly to horse radish peroxidase or
alkaline phosphatase, or another standard ELISA visualization protocol.
Increasing amounts of polyclonal HPV11 sera will compete with binding
until the signal eventually is reduced to background level. Polyclonal
HPVO6 sera will not compete, or the competition will be significantly
reduced tfrom that observed with HPV11 polyclonal sera. Competition
with the test sera at levels comparable to HPV 11 polyclonal sera will
demonstrate an immune response to HPV11. Lack or significant
reduction of competition will demonstrate lack of or a weak immune

response to HPV11.

EXAMPLE 7
Transient expression of VLPs in S19 cells

The HPV11 L1 structural gene was cloned from clinical
1solates 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. The LI

_16-
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genes were subcloned into pVL1393 (Stratagene) for expression in Sf9

cells.
ST 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: 8-100 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 &
Preparation of Sf9 extracts and ELLISA assays.

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 5 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).
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They were diluted 109-fold in 1% BSA /PBS before use. After washing
in 1% BSA/PBS, plates were incubated 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.
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SEQUENCE LISTING
(1) GENERAL INFORMATION:
(1) APPLICANT: Merck & Co., Inc.

(11) TITLE OF INVENTION: SYNTHETIC HPV 16 VIRUS—LIKE
PARTICLES

(111) NUMBER OF SEQUENCES: 6

(1v) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Gowling, Strathy & Henderson
(B) STREET: 160 Elgin Street, Suite 2600
(C) CITY: Ottawa
(D) STATE: Ontario
(E) COUNTRY: CA
(F) ZIP: K1P 1C3

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette
(B) COMPUTER: IBM Compatible
(C) OPERATING SYSTEM: Windows
(D) SOFTWARE: FastSEQ for Windows Version 2.0b

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: CA 2,267,639
(B) FILING DATE: 30-SEP-1997
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: GB 9624320.9
(B) FILING DATE: 22-NOV-1996

(A) APPLICATION NUMBER: US 60/026,763
(B) FILING DATE: 04-0CT-1996

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Gowling, Strathy & Henderson
(B) REGISTRATION NUMBER:
(C) REFERENCE/DOCKET NUMBER: 08-882864CA

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 613-233-1781

(B) TELEFAX: 613-563-9869
(C) TELEX:

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 amino acaids

-18/1-
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(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i1) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asn Lys Tyr Asp Asp Val Glu Asn Ser Gly Gly Tyr Gly Gly Asn Pro
1l 5 10 15
Gly Gln Asp Asn Arg Val Asn Val Gly Met Asp
20 25

(2) INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
A) LENGTH: 27 amino acids
B) TYPE: amino acid

C) STRANDEDNESS: single

D) TOPOLOGY: linear

(11) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Asn Lys Leu Asp Asp Thr Glu Asn Ala Ser Ala Tyr Ala Ala Asn Ala
1 5 10 15
Gly Val Asp Asn Arg Glu Cys Ile Ser Met Asp
20 25

(2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acaid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Leu Asn Lys Leu Asp Asp Thr Glu Asn Ala Ser Ala Tyr Ala Ala Asn
1 5 10 15
Ala Gly Val Asp Asn Arg Glu Cys Ile Ser
20 | 25
(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 26 amino acids
(B) TYPE: amino acid

-18/2-
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Leu Asn Lys Tyr Asp Asp Thr Glu Asn Ala Gly Gly Tyr Ala Ala Asn
1 5 10 15
Ala Gly Gln Asp Asn Arg Val Cys Ile Ser
20 25

(2) INFORMATION FOR SEQ ID NO:5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Leu Asn Lys Tyr Asp Asp Thr Glu Asn Ala Gly Gly Tyr Gly Gly Asn
1 5 10 15
Pro Gly Gln Asp Asn Arg Val Cys Ile Ser
20 25

(2) INFORMATION FOR SEQ ID NO:6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Leu Asn Lys Tyr Asp Asp Val Glu Asn Ser Gly Gly Tyr Gly Gly Asn

1 5 10 15
Pro Gly Gln Asp Asn Arg Val Cys Ile Ser
20 25
-18/3-
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IN THE CLAIMS:

1. Synthetic HPV 16 L1 virus-like particles having the followmg
substltutlons L126Y, S133G, A134G, A136G, Al137G, A139P, V141Q and E145V.

- 19 -
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