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Codon optimized polynucleotides for optimal expression of 
recombinant proteins in eukaryotic cells are provided. The 
codon optimized polynucleotides encode a viral capsid 
protein that self assembles into a virus-like particle. The 
virus-like particle is expressed extracellularly and exhibits 
conformational antigenic epitopes capable of raising neu 
tralizing antibodies. Pharmaceutical compositions, vaccines, 
and diagnostic test kits containing the gene products of the 
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5' 31 41 51 61 11 81 91 
llgbseq121 TTATTTTTCA ACTGTGCMA ATAACCTTAA CTGCAGACGT TATGACATAC ATACATTCTA TGAATTCCAC TATTTTGGAG 
llnvax TTATTTTTCA ACTGTGCMA ATAACCTTAA CTGCAGACGT TATGACATAC ATACATTCTA TGAATTCCAC TATTTTGGAG 

5' 11 21 3'1 4'1 51 61 '11 
11gbseq201 GACTGGAATT TTGGTCTACA ACCTCCCCCA GGAGGCACAC TAGAAGATAC TTATAGGTTT GTAACCm TmTEQ 
llnvax GACTGGAATT TTGGTCTACA ACCTCCCCCA GGAGGCACAC TAGAAGATAC TTATAGGTTT GTAAUQTCCC AGGCAATTGC 
lloptmzd GACTGGAAQT TQGGTCTQcA @cc?ccccc? sq?eemm?c 15111191311511 51mm GTQACCTCCC 1106001115111: 

5' 91 1 11 21 31 41 51 
llqbseq281 5M1 151 EEAQCTCCAQ cA?c AGATGATCCC 01111111111111 ACACTTTTTG GGAAGTAAAT 11111111131311111 
llnvax 11010111111111 CATACACCTC CAGCACCTAA AGAAGATCCC CTTAAAAAAT 111113111111; GGAAGTAAAT TTAAAGGAAA 

5' 71 81 91 ' 1 11 21 31 
11qbseq361 AGTTTTCTGC AGACCTAGAT CAGTTTCCTT TAGGACGCAA ATTTTTACTA CAAGCAGGAT TGAAGGCCAA ACCAAAATTT 
llnvax AGTTTTCTGC AGACCTAGAT CAGTTTCCTT TAGGACGCAA ~ATTTTTACTA CAAGCAGGAT TGAAGGCCAA ACCAAAAT-TT 

5' 51 e1 71 81 91 1 11 
11qbseq4l11 ACATTAGGAA AACGAAAACG TACACCCACC ACCTCATCTA CCTCTACAAC TGCTAAACGC AAAAAACGTA AGCTGTAA- 
llnvax ACATTAGGAA AACGAAAAGC TACACCCACC ACCTCATCTA CCTCTACAAC TGCTAAACGC AAAAAACGTA 111011111111 

5' 31 41 51 61 71 81 91 
llgbseq521 ----- -------------------- — 

llnvax ---------------------------- - 
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OPTIMIZATION OF GENE SEQUENCES OF 
VIRUS-LIKE PARTICLES FOR EXPRESSION IN 

INSECT CELLS 

[0001] This application claims bene?t under 37 U.S.C. § 
119(e) based on US. Provisional Application Nos. 60/356, 
119, 60/356,161, 60/356,118, 60/356,133, 60/356,157, 
60/356,156, 60/356,123, 60/356,113, 60/356,154, 60/356, 
135, 60/356,126, 60/356,162, 60/356,150, 60/356,151, and 
60/356,152, each ?led Feb. 14, 2002, the entire contents of 
each of Which are incorporated herein by reference. 

I. FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of viral 
vaccines, therapeutics, and diagnostics, compositions and 
methods for the detection, protection and treatment of 
human papillomavirus (HPV) infections and associated dys 
plasia. In particular, the invention relates to novel polynucle 
otide molecules encoding recombinant HPV gene products 
having increased antigenicity and immunogenicy in mam 
mals. 

II. BACKGROUND OF THE INVENTION 

[0003] Cervical cancer results in over 200,000 deaths per 
year WorldWide (Parkin et al., 1990; Pisani et al., 1990). The 
greatest burden of disease is in developing countries, Where 
cervical cancer is the most frequent female malignancy and 
comprises 25% of all female cancers. Cervical dysplasia 
makes up 7% of all female cancers and causes greater than 
5000 deaths per year in the US. (Shah and HoWley, 1996). 
Through clinical studies, epidemiologists have identi?ed 
human papillomavirus (HPV) as the major cause of cervical 
cancer and cervical dysplasia. (Walboomers et al., 1999). On 
a WorldWide basis, most cervical cancers contain the genes 
of “high-risk” HPVs (genotypes 16, 18, 31, and 45) (Bosch 
et al., 1995; Walboomers et al., 1999). The nucleotide 
sequences of human and animal papillomavirus genomes are 
accessible in GenBank. 

[0004] HPV-16 is found in approximately 50% of cervical 
cancers, and HPV-18, HPV-31, and HPV-45 account for an 
additional 25-30% of HPV-positive tumors. Though early 
detection of HPV-induced cervical neoplasia is possible With 
Papanicolau (PAP) smears and cervicoscopy, screening pro 
grams in developing countries are only noW emerging. In the 
United States, Where the Widespread availability of PAP 
screening and other methods have been associated With a 
reduction in the incidence of cervical cancer, the annual 
economic loss in the US. is still estimated at $5 billion 
(Kirnbauer et al., 1993). Effective HPV vaccines Would 
reduce the prevalence of WorldWide cervical cancer and 
reduce the cost of screening and treating premalignant 
cervical disease. 

[0005] Prophylactic viral vaccines that efficiently prevent 
infection or modify disease have a successful record as 
cost-effective approaches to prevent and manage viral dis 
eases. Human papillomaviruses are DNA tumor viruses that 
encode several viral oncogenes. TWo of these viral onco 
genes, E6 and E7, are conserved and expressed in human 
genital Warts, dysplasia, and tumors, and may be required for 
maintenance of the tumorigenic phenotype. These features 
raise theoretical arguments against a HPV E6 and/or E7 
subunit protein or DNA vaccine consisting of these viral 
proteins alone. Wild type and intact versions of these viral 
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genes and their gene products in the context of a vaccine 
may disrupt normal host cell gene regulation by increasing 
the levels of Rb and p53 proteins and facilitate cell trans 
formation. Subunit protein viral vaccines utiliZing virus-like 
particles (VLPs), analogous to the hepatitis B virus vaccine 
derived from yeast, have been developed as prophylactic 
vaccines to prevent viral infections and diseases including 
HPV infections (Schiller and LoWy, 1996; Cook et al., 1999; 
Harro et al., 2001). 
[0006] Papillomaviruses encode the major capsid gene, 
L1, Whose gene products are able to self-assemble into 
virus-like particles in the absence of other viral gene prod 
ucts (Kirnbauer et al., 1992; Hagensee and GalloWay, 1993; 
Kirnbauer et al., 1993). Recombinant papillomavirus L1 
VLPs display several properties that are advantageous for 
vaccines. These features include the folloWing: (1) similar 
siZe and morphology as natural papillomavirus virions as 
shoWn by electron microscopy, (2) immunodominant and 
conformational epitopes present on natural virions as deter 
mined by immunodetection assays With neutraliZing mono 
clonal antibodies, and (3) elicitation of high titers of type 
speci?c neutraliZing antibodies as seen in sera of vaccines 

(Kirnbauer et al., 1992; 1993). 
[0007] Several trials of preventive papillomavirus vaccine 
candidates using L1 VLPs puri?ed from insect cells have 
been conducted in animals using the cutaneous cottontail 
rabbit papillomavirus (CRPV) disease model, the oral 
mucosal bovine papillomavirus 4 (BPV4), and canine oral 
papillomavirus (COPV) models in cattle and dogs, respec 
tively. Three subcutaneous injections of CRPV L1 VLPs 
given Without adjuvant, or combined With alum or Freund’s 
adjuvant, protected rabbits for at least one year against 
persistent infection and subsequent carcinoma after high 
dose CRPV challenge (Breitburd et al., 1993; Christensen et 
al., 1996). Similarly, calves and dogs given tWo intramus 
cular injections of BPV4 L1 VLPs (With alum) and COPV 
L1 VLPs (Without adjuvant), respectively, Were protected 
from subsequent oral mucosal challenge (SuZich et al., 1995 ; 
Kirnbauer et al., 1996). In the CRPV and COPV models, 
passive transfer of serum or IgG from animals immuniZed 
With the L1 VLPs protected animals challenged With the 
homologous virus, indicating that neutraliZing antibodies 
Were suf?cient to confer protection (Breitburd et al., 1993; 
SuZich et al., 1995). 
[0008] Recombinant peptides or proteins encoded and 
expressed by custom synthesiZed genes often require further 
modi?cations. These peptides have often lost their ability to 
fold and shoW no disul?de bond formation. Thus proteins 
frequently are not stable in the presence of endogenous 
bacterial proteases, and tend to aggregate into inactive 
complexes. Consequently, recombinant peptides often suffer 
from loW yield and demonstrate reduced antigencity and 
immunogencity as compared With native peptides. 

[0009] Puri?cation of heterologous recombinant proteins 
from baculovirus-infected insect cells demonstrated that 
host contaminant proteins Were best separated from the 
recombinant protein using an ion exchange step as the ?rst 
step in the protocol (Robinson et al., 1998). Puri?cation of 
baculovirus-derived HPV L1 VLPs (Kirnbauer et al, 1993; 
SuZich et al., 1995) and yeast-derived intracellular HPV L1 
VLPs (Cook et al., 1999) Were described previously. 
[0010] The invention as disclosed and described herein, 
overcomes the prior art problems With HPV therapies 
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through the generation of novel synthetic polynucleotides 
that encode HPV capsid genes encoding HPV capsid pro 
teins capable of assembly into VLPs. The capsid proteins of 
the invention retain their optimum native folding and exhibit 
conformational presentation of epitopes that elicit antigen 
neutraliZing antibodies. Large scale production and puri? 
cation of HPV-L1 VLPs and HPV chimeric VLPs and their 
manufacturing for vaccines and other pharmaceutical prod 
ucts are also disclosed. 

III. SUMMARY OF THE INVENTION 

[0011] This invention is directed toWard the prevention, 
treatment, and diagnosis of papillomavirus infections and 
associated benign and neoplastic diseases in humans. In 
particular, the invention discloses novel synthetic polynucle 
otides capable of expressing highly immunogenic HPV VLP 
and HPV chimeric VLP products. 

[0012] According to one aspect of the invention, there is 
provided a codon-optimiZed polynucleotide encoding a viral 
capsid protein that self assembles into virus-like particles 
exhibiting conformational antigenic epitopes capable of 
raising neutraliZing antibodies Wherein the virus-like par 
ticles are expressed from a host cell extracellularly. 

[0013] The viral capsid protein is from an enveloped virus, 
or a non-enveloped virus. Preferably, the virus comprises 
rotavirus, calicivirus, hepatitis E virus, papillomavirus, 
in?uenza virus, hepatitis C virus, retrovirus, or a combina 
tion thereof. More preferably the virus is a human papillo 
mavirus. 

[0014] In one embodiment, the codon-modi?ed poly 
nucleotide comprises SEQ ID No. 1, or a polynucleotide 
having a sequence that is substantially homologous to SEQ 
ID No. 1. 

[0015] In another aspect, the invention provides pharma 
ceutical compositions for treating, ameliorating, or prevent 
ing a papillomavirus related disease or disorder comprising 
a multiplicity of virus-like particles that exhibit conforma 
tional antigenic epitopes, Wherein the virus-like particles are 
expressed from a host cell extracellularly, and an acceptable 
carrier or diluent. 

[0016] In one embodiment, the pharmaceutical composi 
tion comprises: (a) a polypeptide Which is encoded by a 
polynucleotide molecule comprising SEQ ID No. 1, or a 
polynucleotide having a sequence that is substantially 
homologous to SEQ ID No. 1, (b) a polynucleotide molecule 
comprising SEQ ID No. 1, or a polynucleotide having a 
sequence that is substantially homologous to SEQ ID No. 1; 
(c) a vector carrying a polynucloetide a molecule comprising 
SEQ ID No. 1, or a polynucleotide having a sequence that 
is substantially homologous to SEQ ID No. 1; or (d) 
transfected, or generally transformed With a polynucleotide 
molecule comprising SEQ ID No. 1, or a polynucleotide 
having a sequence that is substantially homologous to SEQ 
ID No. 1; and a pharmaceutically acceptable carrier or 
diluent. 

[0017] In yet another aspect, the invention provides a 
vaccine composition to induce immunity against a papillo 
mavirus infection in humans comprising a multipliticty of 
virus-like particles that exhibit conformational antigenic 
epitopes, Wherein the virus-like particles are expressed from 
a host cell extracellularly, and an adjuvant. 
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[0018] The vaccine provides humoral immunity, cell-me 
diated immunity, or both. The vaccine protects against 
papillomavirus infections that are caused by one or more 
human papillomavirus genotypes. 

[0019] In another aspect, the invention provides a diag 
nostic test kit for detection of papillomavirus infection 
comprising a multiplicity of virus-like particles that exhibit 
conformational antigenic epitopes, Wherein the virus-like 
particles are expressed from a host cell extracellularly, and 
a detection agent comprising a detectable label. Preferably, 
the diagnostic test kit detects papillomavirus infections that 
are caused by one or more human papillomavirus genotypes. 

[0020] In yet another aspect, the invention provides a 
vector comprising the codon-optimiZed polynucleotides of 
the invention operatively linked to an eukaryotic or a 
prokaryotic regulatory control element, capable of replica 
tion in a prokaryotic host, eukaryotic host, or both. Trans 
formed cells carrying the vector are also disclosed. 

[0021] In yet another aspect, the invention provides a 
method for preparing a codon-optimiZed polynucleotide 
comprising one or more of the folloWing steps: (a) replacing 
codons that are underutiliZed in insect cells With codons that 
are utiliZed at high levels in insect cells, to create an 
initially-modi?ed nucleotide sequence; (b) modifying the 
initially-modi?ed nucleotide sequence by choosing a pre 

ferred codon for the initially modi?ed sequence, Wherein: the ratio of GC nucleotide pairs to AT nucleotide pairs in the 

further-modi?ed nucleotide sequence trends toWard 
approximately 1:1; (ii) the number of palindromic and 
stem-loop DNA structures in the further-modi?ed nucleotide 
sequence is minimiZed; and (iii) the number of transcription 
and post-transcription repressor elements are minimiZed. 

[0022] In another aspect, the invention provides a method 
of, treating, ameliorating, or preventing a papillomavirus 
related disease or disorder comprising administering to an 
individual in need thereof an effective amount of the phar 
maceutical composition of the invention. 

IV. BRIEF DESCRIPTION OF THE FIGURES 

[0023] FIGS. 1A-1C shoW the alignment of tWo Wild-type 
HPV-16 papilloma virus L1 polynucleotide sequences With 
a codon-optimiZed HPV-16 L1 polynucleotide of the inven 
tion. The aligned sequences are: HPV-16 L1 Wild-type 
sequence from GenBank record Accession No. K0278 
(“l1gbseq”; SEQ ID No. 12), HPV-16 Wild type clone 
NVAX (“l1nvax”; SEQ ID No. 11), and HPV-16 codon 
optimiZed L1 (“l1optmZd”; SEQ ID No. 1). The sequences 
Were aligned using the Gene Runners program (Hastings 
SoftWare) available through the Website maintained by the 
National Center for Biotechnology Information (NCBI). 
Nucleotides Which differ betWeen the aligned sequences are 
boxed. 

[0024] FIG. 2 shoWs a schematic ?oWchart of the steps in 
the Weaning selection process of an insect cell line capable 
of groWing in serum-free media as suspension cell cultures. 

[0025] FIG. 3 shoWs a schematic ?oWchart of the steps in 
the protein secretion selection process of an insect cell line 
capable of groWing in serum-free media as suspension cell 
cultures and of enhanced expression of extracellular recom 
binant proteins and virus-like particles. 
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[0026] FIG. 4 shows a photomicrograph of a con?uent 
monolayer of Sf-9S insect cells grown in serum-free insect 
cell media (Sf-900 II SFM, GIBCO) visualized by inverted 
phase-contrast microscopy at 400x magni?cation using 
Kodachrome 100 color ?lm (Kodak). 

[0027] FIG. 5 shoWs a schematic ?owchart of the basic 
steps in the production or manufacturing of puri?ed HPV 
VLP products. 

[0028] FIG. 6 shoWs a schematic ?oWchart of the steps in 
upstream processing of baculovirus infected insect cell 
suspensions for production of recombinant HPV L1 VLPs. 

[0029] FIG. 7 shoWs a schematic ?oWchart of the steps in 
upstream processing of baculovirus-infected insect cell sus 
pensions for production of recombinant HPV chimeric 
VLPs. 

[0030] FIG. 8A shoWs a schematic ?oWchart of the doWn 
stream processing method for puri?cation of recombinant 
HPV VLPs by continuous ?oW ultracentrifugation using 
linear sucrose gradients. 

[0031] FIG. 8B shoWs a schematic ?oWchart of the doWn 
stream processing method for puri?cation of recombinant 
HPV VLPs by column chromatography using ion exchange 
and af?nity binding matrices. 

[0032] FIG. 8C shoWs a schematic ?oWchart of the doWn 
stream processing method for puri?cation of recombinant 
HPV VLPs by ultracentrifugation using discontinuous 
sucrose step gradients. 

[0033] FIG. 9 shoWs a stained protein gel of the products 
of the invention (i.e., baculovirus-derived recombinant 
HPV-16 L1 VLPs puri?ed according to the methods of the 
present invention. 

[0034] FIG. 10A shoWs proteins detected chromogeni 
cally on membranes by Western blot analysis of recombinant 
HPV-16 L1 VLPs puri?ed according to the methods of the 
present invention and bound to polyclonal antisera to HPV 
16 L1 protein (1:10,000). 

[0035] FIG. 10B shoWs proteins detected chromogeni 
cally on membranes by Western blot analysis of recombinant 
HPV-16 L1 VLPs puri?ed according to the methods of the 
present invention and bound to polyclonal antisera to Sf-9S 
insect cell proteins (1:500). 

[0036] FIG. 10C shoWs proteins detected chromogeni 
cally on membranes by Western blot analysis of recombinant 
HPV-16 L1 VLPs puri?ed according to the methods of the 
present invention and bound to polyclonal antisera to AcM 
NPV Wild-type baculovirus (1:500). 

[0037] FIG. 11 shoWs a graph of the binding results of 
H16.V5 murine monoclonal antibody to conformational 
epitopes on untreated and Triton X-lOO-treated recombinant 
HPV-16 L1 VLPs puri?ed and treated according to the 
methods of the present invention as measured by enZyme 
linked immunoadsorbent assay (ELISA) analysis. 

[0038] FIG. 12 shoWs a chromatogram of a product of the 
invention, recombinant HPV-16 L1 VLPs puri?ed according 
to the methods of the present invention, analyZed by ana 
lytical siZe exclusion chromatography. 

[0039] FIG. 13 shoWs an electron micrograph of bacu 
lovirus-derived recombinant HPV-16 L1 VLPs puri?ed 
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according to the methods of the present invention, stained 
negatively With uranyl acetate, and magni?ed 36,000><. The 
bar scale is 50 nm. 

V. DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The invention, as disclosed and described herein, 
provides compositions and methods for detecting, prevent 
ing, ameliorating, or treating papillomavirus related diseases 
and disorders. The pharmaceutical composition of the inven 
tion contains recombinant viral proteins that self assemble 
into virus-like particles (VLPs) exhibiting conformational 
antigenic epitopes capable of raising neutraliZing antibodies. 
The VLPs of the invention are expressed from a host cell 
extracellulary, intracellularly, or both. 

[0041] De?nitions 

[0042] The de?nitions used in this application are for 
illustrative purposes and do not limit the scope of the 
invention. 

[0043] As used in herein, “virus-like particles” or “VLPs” 
refers to virus particles that self-assemble into intact virus 
structures comprised of capsid proteins such as papilloma 
virus Ll capsid proteins. VLPs are morphologically and 
antigenically similar to authentic virions, but do not contain 
genetic information suf?cient to replicate and thus are non 
infectious. VLPs are produced in suitable insect host cells 
(i.e., yeast, mamalian, and insect host cells), Wherein upon 
isolation and further puri?cation under suitable conditions, 
are puri?ed as intact VLPs. 

[0044] As used herein, “chimeric VL ” refers to recom 
binant papillomavirus L1 capsid protein, or peptide frag 
ment thereof, that encapsulates other papillomavirus gene 
products or heterologous gene products during self-assem 
bly into virus-like particles. For example, gene products 
containing the HPV L2, E2, E6, and/or E7 and Which 
become encapsulated into the HPV L1 VLPs are considered 
herein as chimeric VLPs. 

[0045] As used herein, “L2 fusion protein” refers to a 
protein, or a peptide fragment thereof, encoded by a papil 
lomavirus L2 scaffolding gene fused to papillomavirus or 
other viral genes including heterologous gene(s). 

[0046] As used herein, “heterologous viral capsid genes” 
refers to viral genes encoding the major structural virion 
component from different viruses, for example, the rotavirus 
VP2, VP6, HPV-16 L2, and HPV-16 L1 genes. 

[0047] As used herein, “protein” is used interchangeably 
With polypeptide, peptide and peptide fragments. 

[0048] As used herein, “polynucleotide” includes cDNA, 
RNA, DNA/RNA hybrid, anti-sense RNA, riboZyme, 
genomic DNA, synthetic forms, and mixed polymers, both 
sense and antisense strands, and may be chemically or 
biochemically modi?ed to contain non-natural or deriva 
tiZed, synthetic, or semi-synthetic nucleotide bases. Also, 
included Within the scope of the invention are alterations of 
a Wild type or synthetic gene, including but not limited to 
deletion, insertion, substitution of one or more nucleotides, 
or fusion to other polynucleotide sequences, provided that 
such changes in the primary sequence of the gene do not 
alter the expressed peptide ability to elicit protective immu 
nity. 
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[0049] As used herein, “gene products” include any prod 
uct that is produced in the course of the transcription, 
reverse-transcription, polymerization, translation, post 
translation and/or expression of a nucleotide molecule. Gene 
products include, but are not limited to, proteins, polypep 
tides, peptides, or peptide fragments. 

[0050] As used herein, “L1 protein” refers to the structural 
protein of papillomavirus L1 capsid genes and constitutes 
the major portion of the papillomavirus (“PV”) capsid 
structure. This protein has reported application in the prepa 
ration of HPV vaccines and diagnostic reagents. 

[0051] As used herein, “L2 protein” refers to the structural 
scaffolding protein of papillomavirus, Which constitutes a 
minor portion of the papillomavirus capsid structure and 
facilitates the assembly of papillomavirus particles Within 
cell nuclei. 

[0052] As used herein, “L2/E7 protein” refers to a fusion 
protein, or a fragment thereof, encoded by a papillomavirus 
L2 scaffolding gene fused to a papillomavirus E7 transform 
ing gene that may have one or more mutations. 

[0053] As used herein, “L2/E7/E2 protein” refers to a 
fusion protein, or a fragment thereof, encoded by a papil 
lomavirus L2 scaffolding gene fused to (a) papillomavirus 
E2 transactivation gene that may have mutations and (b) a 
papillomavirus E7 transforming gene. The fused gene 
includes one or more mutated genes. 

[0054] As used herein, “L2/E6 protein” refers to a fusion 
protein, or a peptide fragment thereof, encoded by a papil 
lomavirus L2 scaffolding gene fused to a papillomavirus E6 
transforming gene that may have one or more mutations. 

[0055] As disclosed herein, “mutation” includes substitu 
tions, transversions, transitions, transpositions, reversions, 
deletions, insertions, or other events that may have improved 
desired activity, or a decreased undesirable activity of the 
gene. Mutation encompasses null mutations in natural virus 
isolates or in synthesiZed genes that may change the primary 
amino acid sequences of the expressed protein but do not 
affect the self-assembly of capsid proteins, and antigenicity 
or immunogenicity of VLPs or chimeric VLPs. 

[0056] As disclosed herein, “substantially homologous 
sequences” include those sequences Which have at least 
about 50%, homology, preferably at least about 60-70%, 
more preferably at least about 70-80% homology, and most 
preferably at least about 95% or more homology to the 
codon optimiZed polynucleotides of the invention. 

[0057] As used herein “vaccine” refers to compositions 
that result in both active and passive immuniZations. Both 
polynucleotides and their expressed gene products are used 
as vaccines. 

[0058] As used herein “biologically active fragments” 
refer to fragments exhibiting activity similar, but not nec 
essarily identical, to an activity of the viral polypeptide of 
the present invention. The biologically active fragments may 
have improved desirable activity, or a decreased undesirable 
activity. 

[0059] As used herein “polypeptides” include any peptide 
or protein comprising tWo or more amino acids joined to 
each other by peptide bonds. As used herein, the term refers 
to both short chains, Which also commonly are referred to in 
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the art as peptides, oligopeptides and oligomers, for 
example, and to longer chains, Which generally are referred 
to in the art as proteins, of Which there are many types. 
“Polypeptides” include, for example, biologically active 
fragments, substantially homologous polypeptides, oli 
gopeptide, homodimers, heterodimers, variants of the 
polypeptides, modi?ed polypeptides, derivatives, analogs, 
fusion proteins, agonists, antagonists, or antibody of the 
polypeptide, among others. The polypeptides of the inven 
tion are natural peptides, recombinant peptides, synthetic 
peptides, or a combination thereof. 

[0060] The terms “amino acid” or “amino acid sequence,” 
as used herein, refer to an oligopeptide, peptide, polypep 
tide, or protein sequence, or a fragment of any of these, and 
to naturally occurring or synthetic molecules. In this context, 
“fragments,”“immunogenic fragments,” or “antigenic frag 
ments” refer to fragments of viral proteins Which are pref 
erably at least 5 to about 15 amino acids or more in length, 
and Which retain some biological activity or immunological 
activity of the viral protein. 

[0061] As used herein, “purity” refers to the amount of 
intact VLPs present in a ?nal product of the invention. 

[0062] As used herein, “yield” refers to the amount of 
puri?ed intact VLPs as a function of the Wet Weight or the 
number of initial cells infected With recombinant baculovi 
ruses expressing VLPs. For example, a preferred yield of 
intact VLPs is greater than about 10 mg of VLPs per 109 host 
cells. 

[0063] As used herein, “antigenic characteristic(s)” refers 
to the ability of HPV VLPs to bind or cross-react With 
antisera generated against Wild-type HPV virions of the 
same genotype. Antisera generated by immuniZation of 
animals or humans With HPV VLPs produced according to 
the present invention contains immunoglobulin molecules 
that share binding sites of native HPV virions With antisera 
from humans infected With HPV of the same genotype. 

[0064] 1. Sf-9S Cell Line 

[0065] According to one aspect of the invention described 
herein, there is provided a novel cell line designated as 
Sf-9S, Which Was deposited as cell line AT CC PTA-4047 on 
Feb. 4, 2002, under the Budapest Treaty, With the American 
Type Culture Collection (ATCC), located at 10801 Univer 
sity Boulevard, Manassas, Va. 20110. The Sf-9S cell line is 
derived from the parent S. frugipera'a Sf-9 cell line (AT CC 
CRL-1771) and established by clonal selection based on 
serum-independent groWth. This cell line is used as a host 
cell substrate in a single cell suspension maintained at a 
large manufacturing scale. The Sf-9S cell line of the inven 
tion is capable of enhanced expression of recombinant gene 
products. The designations “Sf-9S” and “ATCC PTA-4047” 
are used herein interchangeably, and refer to the same cell 
line. 

[0066] According to one embodiment of the invention, 
there is provided a process for developing cell lines from the 
parent cell line Sf-9S. The ?rst step of this process involves 
progressive Weaning of cells from serum-containing media 
to serum-free media. Master and Working cell banks of the 
cell line are constructed and quali?ed according to safety, 
identity, and biological criteria or speci?cations. Prior to 
commencement of the clonal selection process, master and 
Working cell banks of the parental cell line Sf-9 cells are 












































































