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papi |l l omavirus (HPV) infection. Mre specifically, the present invention
relates to synthetic polynucl eotides encoding HPV 52 L1 protein, and to
reconbi nant vectors and hosts conprising said polynucleotides. This
invention also relates to HPV 52 virus-1like particles (VLPs), wherein the
VLPs are produced by expressing reconbi nant HPV 52 L1 or L1 + L2 in yeast
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provides strong epidemiological evidence that HPVs cause cervical carcinoma (see Bosch et al., J. Clin.
Pathol. 55: 244-265 (2002)).
Papillomaviruses are small (50-60 nm), nonenveloped, icosahedral DNA viruses that

25  encode up to eight early and two late genes. The open reading frames (ORFs) of the viral genomes are
designated E1 to E7, and L.1 and L2, where "E" denotes early and "L" denotes late. L1 and L.2 code for
virus capsid proteins, while the 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.

30  The L2 protein is the minor capsid protein. Immunological data suggest that most of the L2 protein is
internal to the L.1 protein in the viral capsid. Both the L1 and L.2 proteins are highly conserved among
different papillomaviruses.

Expression of the L1 protein or a combination of the L1 and L2 proteins in yeast, insect
cells, mammalian cells or bacteria leads to self-assembly of virus-like particles (VLPs) (for review, see

35 Schiller and Roden, in Papillomavirus Reviews: Current Research on Papillomaviruses; Lacey, ed.

-1



35 Schiller and Roden, in Papillomavirus Reviews: Current Research on
Papi | | omavi ruses; Lacey, ed. -1 WO 2005/097821 PCT/ US2005/ 009199 Leeds,
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said VLPs are produced by expressing recombinant HPV 52 L1 or L1 + L2 in yeast cells, and discloses

25 use of HPV 52 VLPs in immunogenic compositions and vaccines for the prevention and/or treatment of
HPV disease and HPV-associated cancer. .

The present invention relates to synthetic DNA molecules encoding the HPV 52 L1
protein. The codons of the synthetic molecules are designed so as to use the codons preferred by a yeast
cell. In an alternative embodiment of the invention, the nucleotide sequence of the synthetic molecule is

30  altered to eliminate transcription termination signals that are recognized by yeast. The synthetic
molecules may be used as a source of HPV 52 L1 protein, which may self-assemble into VLPs. Said
VLPs may be used in a VLP-based vaccine.

An exemplary embodiment of the present invention comprises a synthetic nucleic acid

molecule which encodes the HPV 52 L1 protein as set forth in SEQ ID NO:2, said nucleic acid molecule

35  comprising a sequence of nucleotides that is codon-optimized for high-level expression in a yeast cell.
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VLPs may be used in a VLP-based vaccine. An exenpl ary enbodi nent of the
present invention conprises a synthetic nucleic acid nolecule which
encodes twe 2biR93R21L1 protein as set forth in SEQ | D NOpe1/US2008/000189 €i C
acid nolecule 35 conprising a sequence of nucleotides that is
codon-optim zed for high-level expression in a yeast cell. -2 WO

2005/ 097821 PCT/ US2005/ 009199 Al so provided are reconbi nant vectors and
reconbi nant host cells, both prokaryotic and eukaryotic, which contain the
nucl ei ¢ acid nol ecul es di scl osed throughout this specification. In a
preferred emboddlseptovisied eivgeqombingnt vertaisand regambining hbw s¢llscledth prokaryotigead t
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sequeperized fokptibiSexpRYEH in@ke yehs Bodt eélazhﬁs(bt) oultdi)g the yeast bisst delllk@dgpar ti cl es

(VLPs ich are roduced nethods of produci ng HPV 52
VLPsc)on(W{]o Wﬁﬁﬁﬁ%%%@$F”%ﬁlaﬁ%ﬁggﬁ&féé WPW 2 preferred enbodi ment of the
i nvention, the Iylem@?brmdsenwﬂmsdthé neaieit fad golsoye cagmisest sepgnaf of
Sacchﬁag&yaegﬁs GEF '1§ sge S &fwam % R Eégggl}c@” ypastoris,

Kl uyvernyces ftragi uvero trs, zosaccharonyces ponbe.
® Anot her aspeEfs B‘t"elttWP§1$P ﬁ@)@ﬁﬁt ﬁoéﬂ” Vi 32 virslife/paticles (VLPahwiriel) a5c preguoglim |

produeed céls, métﬁsd%rmlpﬂfaa&mgnweﬁswm £d ndNbdS e dsthg P VHMVDEs L1 + L2 in a
yeast cell. Yet anot hj s |nve tion,is_an EPV 52 VLP whi ch

conprises an HPY aé’ie d eﬁ?stg’ﬁg’i‘qrn‘t ?JfrtE‘U’tﬁ‘E@&‘”b)} Yy doilesist fomsRaerBy 52 L1
gene.cohdistiag oé)SamﬂaﬁchésrdafbdisfmrHan@énulafpo&mﬁﬁplﬁCRldﬁﬁ pastdi®, Knywenhhyoesifragihe

COdO%lﬁQer&%ggﬁ%ncﬁ%mzjos na?orﬁ | 58S a sequence of nucl eotides as set

forthin %g?lon al so provides a nethod for
Phduci ng an i nmdwmeshar@spsoineféhis mvarnloam apiPV 8NP whiengn the rMLAl is predicad bHPV 52

Vi 1 UseddndbnaRBdxplesti6f ol 9PV BEL 20 FBY 5211 AL PhGlyREst &1 enbodi ment,  the
Yet another aspect of this invention is an HPV 52 VLP which comprises an HPV 52 L1

protein produced by a codon-optimized HPV 52 L1 gene. In an exemplary embodiment of this aspect of
the invention, the codon-optimized HPV 52 L1 gene comprises a sequence of nucleotides as set forth in
25 SEQ ID NO:1.
This invention also provides a method for inducing an immune response in an animal
comprising administering HPV 52 virus-like particles to the animal. In a preferred embodiment, the
HPV 52 VLPs are produced by a codon-optimized gene.
Yet another aspect of this invention is a method of preventing or treating HPV-
30 associated cervical cancer comprising administering to a mammal a vaccine comprising HPV 52 VLPs.
In a preferred embodiment of this aspect of the invention, the HPV 52 VLPs are produced in yeast.
This invention also relates to a vaccine comprising HPV 52 virus-like particles (VLPs),
wherein the HPV 52 VLPs are produced in yeast.
In an alternative embodiment of this aspect of the invention, the vaccine further

35 comprises VLPs of at least one additional HPV type. The at least one additional HPV type may be any
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HPV 52 VLPs are produced by a codon-optim zed gene. Yet another aspect of
this invention is a nethod of preventing or treating HPV 30 associ at ed

cervi cal wenroevoseganpri sing adm nistering to a manmal a Parase@s®09IPY i Si Ng
HPV 52 VLPs. In a preferred enbodi nent of this aspect of the invention,

the HPV 52 VLPs are produced in yeast. This invention also relates to a
vacci ne conprising HPV 52 virus-like particles (VLPs), wherein the HPV 52
VLPs are produced in yeast. In an alternative enbodi nent of this aspect of
the invention, the vaccine further 35 conprises VLPs of at |east one
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HPV 53 \&&énaﬂqnb\éaﬁanpth@at 1&&%5& adattﬁmaet@»\t Q?Jsetat’é/d Mra@he gr%tﬁs c%nﬂ{tﬁ%%f red

enbodi_nent | east. _one ad I t1onal HP Ea IS selected fromthe group

éanJé?Y?r&iP\fll &IBViLWB)VIﬁﬂ@Y - HERYPS; Hﬂfﬁ’%éﬂ’ \HRVASHBUNSL, HEMGSeHPY{i6y/39,
HPVA SHP R/ BIPV sbiRMd 31PWdRV56, HPV58, HPV59, and HPV6E8. As used throughout
the specification and in the appended cl ains, the singular fornms "a,"

"an," and "the" include the plural reference unless the context clearly
di ct at es ot her wAs ased Hodghouistbelspetificaligph aud inttheapppeled thinat the singula fampended

Cl ai =W ”taﬁ@“ting 1|119M41é"tﬂe gﬁ&z{l Péf&’m?c@%nﬁ&qhe %@x@&%ﬁk‘ d?d?%ﬁes Wise. The term

gronnter" ers recognition sit 0 Which the RNA
| yner ase bi nd4s uspﬁéhrevgilﬁat the speeifipaiion and #mipended rct_s,rmSe mﬁqﬂwlw definitings and
polymmb@sﬁu&gd ytlate and drive transcriptional activity The conpl ex can

be nodi fied by i vali ng sequences terned "enhancers” upstream
activating sequﬁlf‘c fgm HPI%Ptﬁh%f)ﬁe{Sﬁ?,@f?gg@e}&ﬁlégg op %Pﬁ@f”%ﬁ%ﬂ&‘é‘r@e RNfhe term
" vectmilymdrask dirgls.t Thespromotertongs dnyinitiati@hcoiyfexiwitORIEA pslymarasdxe itifidte adidRe i nt o

AT (TR MR e
20smi dsstreﬁm@Ctlmtlng semerres t o 'inhitifieg quences tormedl Edlenads".or gene sequence t hat
i's to be expresggbef OBcRr” refers to some means by which DNA fragments can be introduced into
a host organism or host tissue. There are various types of vectors including plasmids, viruses (including
adenovirus), bacteriophages and cosmids.
The term “cassette” refers to a nucleotide or gene sequence that is to be expressed from a
25 vector, for example, the nucleotide or gene sequence encoding the HPV 52 L1 protein. In general, a
cassette comprises a gene sequence inserted into a vector which, in some embodiments, provides
regulatory sequences for expressing the nucleotide or gene sequence. In other embodiments, the
nucleotide or gene sequence provides the regulatory sequences for its expression. In further
embodiments, the vector provides some regulatory sequences and the nucleotide or gene sequence
30  provides other regulatory sequences. For example, the vector can provide a promoter for transcribing the
nucleotide or gene sequence and the nucleotide or gene sequence provides a transcription termination
sequence. The regulatory sequences which can be provided by the vector include, but are not limited to,
enhancers, transcription termination sequences, splice acceptor and donor sequences, introns, ribosome

binding sequences, and poly(A) addition sequences.



25 vector, for exanple, the nucleotide or gene sequence encoding the HPV 52
LI protein. In general, a cassette conprises a gene sequence inserted into
a vect or wbiz2eds/oorszisone enbodi ments, provides regul at orgTABMSNEHESY f Or
expressing the nucl eotide or gene sequence. In other enbodinents, the

nucl eoti de or gene sequence provides the regul atory sequences for its
expression. In further enbodinents, the vector provides sone regulatory
sequences and t he nucl eoti de or gene sequence 30 provides other regulatory
sequences. For exanple, the vector can provide a pronoter for transcribing
the nucl eot i deTherdegjgnadionse§dddoaldapipe seheener@he 612 ldewbseqepmne? referyiodecdPV
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&%doﬁowlﬁeﬁﬁdéﬁs gprefefred frduignewd expressirp By veetrsiln (see FIGURE 1). The
desi gnat i ons " HAX t&dh ‘leffeRiveaﬂﬂunﬁﬂQwhis sitticiest x&émﬁ@coﬁﬁpoﬁﬁ@ﬂ@ ﬁrﬁﬂ’oﬁuc&yﬂi hetic )
HPV5 1 nucleotide seguenc I . ose rei.n the
equ Rt e SRty o8 SR 255pioRes st Bubin imline b Rl ShE e BB, o1
hi ghttcogeizesahggtlesbvdmayyany. yeast cell. The term "effective amount” rreans
sufficient vacck A EnEamaS ol hedSubdliBIUERE b ohe rgé]l%e&h%ﬁt deBse ARRM

| evel s of the ept | an | mmune respo results. skllled
ih t mesidpedy an@tg g«rhe@ecgllr pispilar, mnsnowévéw%yEwgles Of SUCH SABETVPHYS s\vbstlamO% acid
substaid: wids@ution 6f Sk %ydr@pﬂdﬂ.ﬁ: £ 8leAREREd e, %mﬁé\ Qal@d@ &Qné%rﬁbﬁinéb?zoxf Msihee by
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cons SPRAEOR oL st *‘EEFF} f Lor agother polap et P"u‘f SaB‘F coHee "%gﬁdﬁ‘&%‘ﬁ% EY58%i due

(i solgaumhinacidlfetsepangs ackBl i ne, or nethionine) for another; substitution of

one pol ar 1es! dyig [or. SRSk RILR, 7 BhINE, B b 1. SR 02 (o9

argi ni ne for IyS|ne term
20rammal i an” ref‘éﬂé’”too“‘éhys”mmﬁb vnusmkbumldgoawmdﬁnpmplng 20 "VLP" or

"VLPs" mean(s) - ﬁ&léucl”'n%%nm&tthéﬁﬁv b, 1Y lpbhbSids clehteR 36 tHabik EshtainsDRLGEd &
nmeans that the HPV gene was created so that it contains a _Sequence of
nucleotides that is not the same as the sequence of nucleotides present in the designated naturally

occurring wild-type HPV 52 L1 gene (52 L1 wt, SEQ ID NO:3). As stated above, synthetic molecules

are provided herein comprising a sequence of nucleotides comprising codons that are preferred for

25 expression by yeast cells. The synthetic molecules provided herein encode the same amino acid
sequences as the wild-type HPV 52 L1 gene (SEQ ID NO:2).

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 shows a sequence alignment comparing nucleotides that were altered in the
30 synthetic HPV 52 L1 gene of the present invention (SEQ ID NO:1, indicated as “52 L1 R”) (See
EXAMPLE 2). The reference sequence is the 512 L1 wild-type sequence (SEQ ID NO:3, indicated as “52
L1 wt”; see EXAMPLE 1). Altered nucleotides are indicated at their corresponding location.
Nucleotide number is contained within the parentheses. Identical nucleotides in the 52 L1 rebuilt

sequence are indicated with dots.
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The majority of cervical carcinomas are associated with infections of specific oncogenic

types of human papillomavirus (HPV). The present invention relates to compositions and methods to
elicit or enhance immunity to the protein products expressed by genes of oncogenic HPV types.

25  Specifically, the present invention provides polynucleotides encoding HPV 52 L1, wherein the
polynucleotides are codon-optimized for high-level expression in yeast. The present invention also
provides HPV52 virus-like particles (VLPs), which are produced in yeast, and discloses use of said
polynucleotides and VLPs in immunogenic compositions and vaccines for the prevention and/or
treatment of HPV-associated cancer.

30 A wild-type HPV52 L1 nucleotide sequence has been reported (Genbank Accession #
NC 001592). The present invention provides synthetic DNA molecules encoding the HPV 52 L1
protein. In one aspect of the invention, the synthetic molecules comprise a sequence of codons, wherein
at least some of the codons have been altered to use the codons preferred by a yeast cell for high-level
expression. In an alternative aspect of the invention, the nucleotide sequence of the synthetic molecule is

35  altered to eliminate transcription termination signals that are recognized by yeast. The synthetic
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easi Wcﬁ%ﬂ&&%oﬁ&s p%vgci% tﬁé: ﬁlleﬁa&r ﬂ%ﬂy Q@d&i@feﬁpﬁﬂlﬁs Scids! (Qs @gszisttfaﬁg?:nPﬁ&e yeast
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one codon, a_ phenomnenon
of yeasts and slime molds most commonly includes a TTA leucine-specifying codon. In view of this

hierarchy, it is generally believed that the likelihood of obtaining high levels of expression of a leucine-
rich polypeptide by an E. coli host will depend to some extent on the frequency of codon use. For
25  example, it is likely that a gene rich in TTA codons will be poorly expressed in E. coli, whereas a CTG
rich gene will probably be highly expressed in this host. Similarly, a preferred codon for expression of a
leucine-rich polypeptide in yeast host cells would be TTA.
The implications of codon preference phenomena on recombinant DNA techniques are
manifest, and the phenomenon may serve to explain many prior failures to achieve high expression levels
30  of exogenous genes in successfully transformed host organisms--a less "preferred" codon may be
repeatedly present in the inserted gene and the host cell machinery for expression may not operate as
efficiently. This phenomenon suggests that synthetic genes which have been designed to include a
projected host cell's preferred codons provide an optimal form of foreign genetic material for practice of
recombinant protein expression. Thus, one aspect of this invention is an HPV 52 L1 gene that is codon-

35  optimized for high-level expression in a yeast cell. In a preferred embodiment of this invention, it has
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protein as set forth in SEQ ID NO:2. The synthetic polynucleotides of the present invention encode

mRNA molecules that express a functional HPV 52 L1 protein so as to be useful in the development of a
therapeutic or prophylactic HPV vaccine.
One aspect of this invention is a codon-optimized nucleic acid molecule which encodes
30  the HPV 52 L1 protein as set forth in SEQ ID NO:2, said nucleic acid molecule comprising a sequence of
nucleotides that are codon-optimized for high-level expression in a yeast cell. In a preferred embodiment
of this aspect of the invention, the nucleic acid molecule comprises a sequence of nucleotides as set forth
in SEQ ID NO:1.



elimnated by substitution of the existing codons with different codons
coding for the sane am no acid. The synthetic gene segnents are then
tested fowoiopwovsad expression. The nethods descri bed albovasess@oused to
create synthetic gene segnents for HPV 52 15 L1, resulting in a gene
conpri sing codons optim zed for high-level expression. Wile the above
procedure provides a summary of our nethodol ogy for designing

codon-optim zed genes for use in HPV vaccines, it is understood by one
skilled in the art that simlar vaccine efficacy or increased expression of
genes nmay be athé peedt ibyentionaisovelateaiirenesbinant Yeetopy and ectombinant host cetisnor

vari ?ﬂﬁaﬁg{ahctéﬂﬁ eHBABIRAC G hicACGREA kH%%Xlelc AR REIERER sbl@é’eﬁ @ﬁrb-?%fﬁgﬁt% gtes to a

synt nucl eot’i de_ conpri sing a sequence of “nucl eotl des encodi ng
an Hmc@at@ éwomréﬁeﬁed %fpb@fhwp@l%gn&:lavwowm hast eallig penst hopt clkt ant  f or m of
an HPV 52 L 1 proéyaintiic HPe 2001 yDNAl fatidhal SRAMRAEheEIN R ShilHetOBQBs,
|_£t| m zed fo%rlo ﬁﬁ'ﬁess 8 dl n adélgast host cel | atﬂgal d rrut nt for of, t he

v gnsiricted throughithe methods desgrifed herein ey b rreqrabingngly expresy Y\P&‘{ FPET SRPRR aci d
s ubstritd att dxpressionavettopednetiting alsultablemahotenﬁm oﬁ:lwr beptypriaes tiainsediptidn tepdabiyons,
del e%]tel%grﬁf IS%d e%ggss onQIn or ég;f Bés i ?Cnsfe?rl g g&g‘pro arg t1cac§:rte¥11\</a?%gt1rc ?S \cl:\jr:;i ﬁ{)‘%éh?ﬁreeast

e ei't ern ein
subs tegpmbigdt JIPNi ﬁ%lda)r@thm i Teqbmigies firsadh Ipfnm]péattqnesre(f'ﬂl}'tdwcriblwnaﬁe &l protein

as s edandbRyok Bt 41 w&E@:Arf&ngg AzDﬁorEtXB)tM%da@ @ad gﬁmrgl f@aeﬁdrigﬁor%ryt badpr esent

i nventi on_enc | ecul es that express functional HPV

B9 ot ePrreddub, Itk*dv H@rkugl%ﬁa) Guireptdaogesier ﬁ%ﬁflaww&gy,tﬁﬁlévb&b@e% i («‘zre%ﬂPub
pr opAydoafates end P MeMRELdcRMce, DBy HSRE CI88NIYeliftiGenkiten Ehb?ﬁatb@ Coue2dapmept i m zed

FEOORTRN NI A e e oL

nucl ewbtipdesd bh atference ircibetorentpty)m zed for hi gh-1evel expression in a yeast

cell. Ina pr efI‘F’lEeCfEP gﬁggﬁqh\%ﬁﬁgm refifeskdh ﬁlggésgi&t glfe Tg%‘aegmg? ﬁ"?%‘p fiﬁ in

nucleic acid conpri ses seque
$EQ reprminant hosgcalorgramisinn ?zezlltrqﬂeqmmzmlcemwggg a mw&el%ce’s@mdmmeﬂﬂfv on

al sos53 el plofsn k) & RaN KB RBN and @6) AltSriNAe (RGO RARhddesldifab Which RESH

pr okar yot.i CHE %{ﬁ&giﬁtl c,. which contain the nucleic acid nol ecul es

di scPUEEHor A |P§°te‘§peC| fication. In a preferred enbodi nent of this
i nventi on, theTh@pﬁeseﬁelhiventﬁnamymaﬁeuatMSh pezkds. foﬂ'é‘X@reSs)ﬁlfg d‘m&m\csﬁBllpﬁ%nLﬁa DNA,
f unct II‘%(r)] ahman?ﬂ Ig(g A I‘tiSI}I?r Z§f1 tro llCll’l avgch nCtO%’l }'ISIEI’ g nuclei a01 CNne él

throtigfi ot dedct erer ie iy | nan‘?‘fy exp? E%e

Al eéZJthrOCﬁlnomtwagyeast hoss call; \elxqweslmngciem@glﬁonolwmawdon@pmed foablbtanqbr ormt er

and %ﬁ&ﬁloﬁﬂﬂfx@%abt%& cEﬂ%H& %j RlichlQfl $h€ JeHsBERI denn u“ﬁh&@ﬁﬁ&éo% s Sl 20X essi on

vector may be transferred into prokK aryguc or eukaryotic host cells to
pr od greEessipp elovidi R 62 Hbwrdging 1 protein. Techni ques for such mani pul ati ons

are fully desc Thlb el chtfon! fi@hérblatef MBMW bxprbssinlylh BOVI AL 1Gr&BinRga A

Labo{'e%grgf;1Xanl}:/Eosl{I celI cocn%lmdsmsé) (a)q olda&ng :51 velfc%c?r%%%tpggl a g.:l%leqc acid as set forth in SEQ

25 ID NO:1 into a yeast host cell; and, (b) culturing the yeast host cell under conditions which allow
expression of said HPV 52 L1 protein.

The synthetic genes of the present invention can be assembled into an expression
cassette that comprises sequences designed to provide efficient expression of the HPV 52 L1 protein in
the host cell. The cassette preferably contains the synthetic gene, with related transcriptional and

30 translational control sequences operatively linked to it, such as a promoter, and termination sequences.
In a preferred embodiment, the promoter is the S. cerevisiae GALI promoter, although those skilled in
the art will recognize that any of a number of other known yeast promoters such as the GAL10, GAL7,
ADH]1, TDH3 or PGK promoters, or other eukaryotic gene promoters may be used. A preferred

transcriptional terminator is the S. cerevisiae ADH1 terminator, although other known transcriptional



10 Spring Harbor, New York, (1989); Current Protocols in Ml ecul ar Biology,
Ausubel et al., Green Pub. Associates and Wl ey-Interscience, New York
(1988); Weevos@emati cs: A Laboratory Course Manual, RogeTais2@s/009180! d
Spring Harbor Laboratory, Cold Spring Harbor, New York, (1990), which are
hereby incorporated by reference in their entirety). Thus, the present
invention relates to a process for expressing an HPV 52 L1 protein in a 15
reconbi nant host cell, conprising: (a) introducing a vector conprising a
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cells, manmal i ahse the present Frygmigqn rglates to virus-like particles comprised of recombinant L1

protein or recombinant L1 + L2 proteins of HPV 52, wherein the recombinant protein is expressed in a
yeast cell.

25 As stated above, in a preferred embodiment of the invention, the HPV 52 VLPs are
produced in yeast. In a further preferred embodiment, the yeast is selected from the group consisting of:
Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyveromyces fragilis,
Kluyveromyces lactis, and Schizosaccharomyces pombe.

Another aspect of this invention is an HPV 52 VLP which comprises an HPV 52 L1

30  protein produced by a codon-optimized HPV 52 L1 gene. In a preferred embodiment of this aspect of the
invention, the codon-optimized HPV 52 L1 gene comprises a sequence of nucleotides as set forth in SEQ
ID NO:1.

Yet another aspect of this invention is a method of producing HPV 52 VLPs,
comprising: (a) transforming yeast with a recombinant DNA molecule encoding HPV 52 L1 protein or

35 HPV 52L1 + L2 proteins; (b) cultivating the transformed yeast under conditions that permit expression
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(for review, see Schiller and Roden, in Papillomavirus Reviews: Current
Research on Papill omaviruses; Lacey, ed. Leeds, UK: Leeds Medi cal

| nf or mat iwo,20¢Em91821- 12 (1996)). Morphol ogi cal | y i ndi sti rct/usRdés/odaBs can
al so be produced by expressing a conbination of the L1 and L2 capsid
proteins. VLPs are 10 conposed of 72 pentaners of LI in a T=7 icosahedral
structure (Baker et al., Biophys. J. 60(6): 1445-56 (1991)). VLPs are
nor phol ogically simlar to authentic virions and are capabl e of inducing
high titres of neutralizing antibodi es upon adm nistration into an ani nal
| munpizthe ieopmigipant BRI melequiBy ieiptddusedhe etcombinantHPW/52 ptotei @b ic) is®RE8s B8

( 1995}k ohiHarfl DOF S(Z%élﬁ N ﬁ{)dlﬂ:ls I-IEPVBQQ":LPSNat |. Acad. Sci. USA 92(25): 11553
15 57 (1995)) with VLPs was shown to both induce neutralizing antibodies
and protect ag ah?s&reféssffb%mb?émeat of thiggprecbefals tigntiopsthe Yaaghis trapsfrmpdyih py |

IH grru Etg?d@hlfo@ﬂnﬂéd 121241139 L\N\%Bi?go ptoaﬁbelﬁﬁlw 37 thIPE’s hit/\ﬁﬁarﬁéhfmm é?ferr&lréi’ﬁtﬁﬁﬁneﬁg EieHSE
ntfectlo cervical I ntr | ella SKYy €
NbodefgpimizST HRR G2 U e coptsent Seatsne) of rodennts & o1 Pehdp SR Nt ai b ¢ he

pot entl al I y oncwguemventwnraab po ey niitd fadndwilgf andsmsmndieeponkiein agxpinessed

From BBk SRRk BY. P FREN AAGLEGHL BEAR 1Y Eok Rk lSmliSfimdl i ve, 20

virus i cCl ne review, see Shei m

J. C HRV %iVidis .aremdusezibmecmot}sb SXPTERYGS amhéormmlsrezm gerpenaedingHP¥|531ds t o
Vi r usp i@ spaf tirel es conprised of reconbinant L1 protein or reconbinant LI
+ L2 proteins of HPV 52, wherein the reconbinant protein is expressed in a

ylhst cel|. 25 Xetavpthpraspechohshis iventionjs amethad pf e%efmn&éwordfeat%fﬂmm i on,
t he FBVocSﬁeMeR&caaéaﬁcerr&bmﬁﬂﬁﬁgChdhﬁmMeﬁﬁg to a ardmAlW iab&he ¢ohiphicing TP VesHIoOPsIENt |

t he as ted f mth u nsi st Sacch

cer ezlﬁlm%{efen ?\I%bé’ﬁu oqt (Eft VABFP ﬁ’g{ I59 eﬁggn’ﬁlé wsgfw‘ff ﬁ&‘?\?é?dg‘ﬁv{nége?sf; agilis,

Kl uyveronyces | &bis urs'entmdeSSc:dfhtzsis acehanomyapeising ¢HHES2 vinotlike patislpe ({LRs). t hi's
i nvention is anpHR Jéx%at}aepn%(?lﬁlgnet%(fmg 55%%&0"1‘ eHB)énﬁgn n%véch?er ﬁhﬁ%:n produced

a codon-optim ze erre I nment this

ai%ec?orﬂ?ls%@l’sl%?‘éﬁ%st ¢, addianat %BUMB%tmmPZ%f@TW‘B@Hﬁm deerps leagope i ses a
sequeRdaicahl FIRA tyo1si seleSe@fom Bl ghduptddnbifting® HPP NPV 11, eV 18netnes, Fgspect

{1 ansP DA SESCE. %?ﬁﬁ%%%’ﬁéﬁﬂﬂ&% R ER @a’vcr%”%w{;%*%%ﬁl( i

protein or 35 HRApr&2rrédlentbodinent efttiisnspec( d)theinvéritionl theigactine filrth
yeasbgggg@\gggndl tions that permt expression -10 WD 2005/097821

PCT/ / 199 of the reconbi nant DNA nol ecul e to produce the

r é&onbi nant HPVInGRotherprefered embdifnent pEibe atventipnt the vagege dwitien egroprisP/HBY 16

pr ot eiypp{ SdRBEUE9LPPV52 VLPs.
In yet another preferred embodiment of the invention, the vaccine further comprises
HPV 6 VLPs, HPV 11 VLPs, HPV 16 VLPs and HPV 18 VLPs.

This invention also relates to pharmaceutical compositions comprising HPV 52 virus-

’-I

25  like particles. Further, this invention relates to pharmaceutical compositions comprising HPV 52 VLPs
and VLPs of at least one additional HPV type. In a preferred embodiment, the at least one additional
HPV type is selected from the group consisting of: HPV 6, HPV 11, HPV 16, HPV 18, HPV 31, HPV 33,
HPV 35, HPV 39, HPV 45, HPV 51, HPV 55, HPV 56, HPV 58, HPV 59, and HPV 68.
Vaccine compositions of the present invention may be used alone at appropriate dosages
30  which allow for optimal inhibition of HPV 52 infection with minimal potential toxicity. In addition, co-
administration or sequential administration of other agents may be desirable.
The amount of virus-like particles to be introduced into a vaccine recipient will depend
on the immunogenicity of the expressed gene product. In general, an immunologically or
prophylactically effective dose of about 10 ug to 100 ug, and preferably about 20 pg to 60 pug of VLPs is

35  administered directly into muscle tissue. Subcutaneous injection, intradermal introduction, impression
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In a preferred enbodi ment of this aspect of the invention, the yeast is
transfornmed with a codon-optim zed HPV 52 L1 gene to produce B : PV 52
VLPs. | n wopassidogs2hiarly preferred enbodi ment, the 5 codomAaspicsmiaed HPV 52
LI gene conprises a sequence of nucleotides as set forth in SEQID NO 1.
This invention also provides a nethod for inducing an immune response in an
ani mal conprising adm nistering HPV 52 virus-like particles to the aninal.
In a preferred enbodi nent, the HPV 52 VLPs are produced by reconbinantly
expressing a codon-optim zed gene encoding HPV 52 LI or HPV 52 LI + L2. 10
Yet atlougiethe sipaod otbér méres of adwanistiabion sush as imdtapertonsal, prtavenvus, g irhakdfiar

treat hnghhys al?é&ﬂfeh:%lafeﬁ, ®5¢ ML&&Jgfzeﬁ{i?Lﬁ%egrth&?d%SBgEﬂa fn%ﬂ%ﬁ%ﬁ%ﬁ@}a%ﬁe&.o a

mamal a vaccl ne conprising HPV ] preferre ment of this
as pec PagpterahpdnmipigiEasiop.sch ashrtrapympus ntipmscud pre sybCBanRoEgor qibey agans of Thj s

I NvenbiMinisethtfod withl afuR8nts Quch ay/ AR IoPRIeFR AR 8djBehntRYndudreMily With bl JiBscBadnk o] €S
(VLPs) I n, .an d’i| ternative . embodi nent. of this aspect of the invention, the

vatci REepteiRlipgpdupEon. Yaggine oy myention 1 alsa 2AVaNASRUYi t i onal HPV type. In a

preferred enbodi nent, the at | east one additional BPV type is selected
fromthe group Lsti: f.. HP HPV 11, HPV 1 HPV. 1 HPV , HPV
33, HPV 35, HPVE.@S)?\)W% ,enﬁﬁd¥i§‘%5%%?°ﬁ&9\%é?feﬁﬁﬁf Tohthe gilpbasect ol 1y
68. | desqripipgindrdissthsimgingtiodelpgiesgind miakesialy Shpa aniglggfbe tubgral in nommecticoryith thepresenei ne

furt hgfvesRRP N'oﬁ’n?r% hetdiVis 3beoRsirued B dnhaiei & hat RS fnkieH isGISPQRHE Y anfddade e
invention, the vaccine further conprises HPV 16 VLPs and HPV 18 VLPs. In

yeP anutisFlopEe PRYIFEG OO IVFRISE- of the invention, the vaccine further
conprises HPV @laVvihPdesctiliRd piefertddRmbodii¥ntl @f WeRaventich With/ret&enée BSthe Thi S

invention also rel.ates.to,ph ceutical compositjons conprising HPV 52
i T g 2eeIRPE il isgS et Ribed dia e vl R ot Fafed BB PEASS maceut i cal
c onposinbedamentss ampthatsiarigusBRAgBPand Inglificatiehs \thdsbeafffeated theredrt byoore shidldd in theal
HPV t . f &d i g e HPV type
1o sclnat by ahePt (Rih 06 <SR O pIFR B e ity R b A Bl s 211
HbY 31, HPV 33, Thefalloging exmuplesgliustpty, g do mpilimit thetipwgnen. HPV 56, HPV 58,
HPV 59, and HPV 68. Vacci ne conpositions of the present invention nay be
used al one at appropriate dosages 0 ich allow for optinmal inhibition of
aeautte

HPV 52 infection with mniml pot oxi ci ty. In addition, co-
adm niDetermainativn of b RepeseantivallPAdLbiSsqueadel on of ot her agents may be

desi r abl e. The %‘ggﬁi}{’ ﬁgdl%ieci’]ugrsxcfelhiag %_?pn%le’:s:[ch%leg Srezli%usl?f (éerﬁi)glﬁﬂkc%gsdsicjnq}ﬁca
vacci ne recipient W I'I""depe on e rnmunogeni city o e eXpressed gene
p2Odu159%n Ige netrumbommen, havienes tofidminbyseguency varrtiphabdt weal DyAedtitaotd remdose

of abeulicd Bofeks! 9o dA0nBne ABFleRLAHRI BBV ¥2 ﬂli%h%déﬁ?e &EqhhcEHRE V&?lg is¥laB fhotn 39

adm ni stered directly into nuscle tissue. aneous i njection, )
intr agg?er@pmplnsgmaleﬂ@{eyleﬁly qhﬁma gascontyin HPV 52 DNA. HPV 52 L1 sequences were amplified

in a polymerase chain reaction (PCR) using Tag DNA polymerase and the following primers: 5'L.1 5° —
ATGTCCGTGTGGCGGCCTAGT-3(SEQ IDNO:4)and 3'52BglI5’-GAGATCT

25 CAATTACACAAAGTG-3 (SEQID NO:5). The amplified products were electrophoresed
on agarose gels and visualized by ethidium bromide staining. The ~ 1500 bp L1 bands were excised and
DNA was purified using Geneclean Spin Kit (Q-Bio Gene, Carlsbad, CA). The DNA was then ligated to
the TA cloning vector, pCR2.1 (Invitrogen). TOP10F' E. coli cells were transformed with the ligation
mixture and plated on LB agar with kanamycin plus IPTG and X-gal for blue/white colony selection.

30  The plates were inverted and incubated for 16 hours at 37°C.

Colony PCR was performed on five white colonies originating from each of the three

clinical isolates amplified. 5'L1 and 3' 52 Bgl II primers were used in a two-step PCR in which the first
step comprised 10 cycles of 96°C for 15 seconds (denaturing), 55°C for 30 seconds (annealing) and 68°C
for 2 minutes (extension), and the second step comprised 35 cycles of an essentially similar program,

35  except the annealing step was performed at 50°C for 30 seconds. PCR products were electrophoresed on
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-11 WD 2005/ 097821 PCT/ US2005/ 009199 though the skin, and ot her nodes of

adm ni stration such as intraperitoneal, intravenous, or inhalation

del i very woeoa/®es2eont enpl ated. It is al so contenpl at ed pChhats2dnsoed189

vacci nations may be provided. Parenteral adm nistration, such as

I ntravenous, intranuscul ar, subcutaneous or other nmeans of admnistration

w th adjuvants such as alumor Merck alum adjuvant, concurrently with or

subsequent to 5 parenteral introduction of the vaccine of this invention is

al so advant ageous. All publications nentioned herein are incorporated by

r ef engmese gkloand hisuabigedoeysathidiim bdeside sthining. Sevkraicelohips frog aaett ¢Hodal Bolaes and

mat eéérﬁallﬁedtﬁlﬂ;hﬁ@a gp)tdu EwiE €f50b %ggmge‘fﬁé %o%st \perE Qﬁh\ﬂ%@@qﬁﬁ medlﬂ%%{h' on.
ereln s e constru as an adm ssion t nvention i s not

e nt i qu@alyp@, shaking at F’C i 16 hewss. dMipdnrersuyese pyriormed trexgncthe dﬁsmld VB¥AS on.

Havi GaicH &esd alg&etd%m‘ 1@£tf1&ﬂm%ﬂ&2ﬁdél@£é§t§ dehohdt@id thyY faidnedlotthd 11 k&fesh giRCE tO
t he cco n\ges{llﬁagravm qus is to_be understoo f’j hat the invention is

ot PRt Esfgie fspeeaty st BT St *G4PRhGLFSis ARG FEYAT N
nodi BionAdd waisingmy be effect ed therein by one skilled in the art without
departing from |r|t of the ntlona

appended cl ai rrsﬂﬁ&i%ﬁ%%?n oﬁrf]nﬁdg& 1r;ﬁ:) éféq‘ |If R Clo dﬂgmse%dﬂ%facﬂo%t
t he thevkme ¢loncal Exjayel BNA an@@a@m&mn@wubsecawmpwe@@nmame@ withieve HRthet

SequeRftfe pGioH Bésilshéd ééj%%ﬂé}‘ﬁﬁv 9?}51 Ebaﬁéhc@srsggqhgﬁg aHzﬁ?s‘fé &l{ﬁé %re%@ﬁﬂi@ﬁn k

Accession # NC It 1S not unconmon, m nor

Qe quishiates ererlad thghire s5atsRewasignsical i the E@ﬂbqchfﬁﬂueeqq %ceeaﬁlon §I@I NESQL598y

]get erm p(eRm m—lmwr 55 A cak HYE walbPdhoboh th baltﬁenrépiesemﬁvéﬁwsam, se@xﬁcp Vg id SO :ﬁ/ egz
rom e cllni " revi ou .

L1 s’éa’& %Eer\%élraéﬁgnﬂ? ?‘fl”%é@%y‘f r?eoé‘eﬁ%elsﬁi g@%hﬁeﬁgﬁ@éﬁﬂg ﬁ("lﬁ@)en‘i?m ng Taq

DNA qiisgmasr @dd wihdityph évth odrtanedroge pointneutstiorbwhdnlcobipared to the Genbank sequence,

ATGT g&w&% rr?h a%é\%g %ngc%h%ﬂé;ﬁﬁeé %gg;' #Jaﬁg)e T%Enc??cié:sephé%cg TA

lél ed?ﬁ@ﬁﬁ@ﬁ’e?édl waqm;m wasedepsry t«aﬂw 5914 &%ﬁmbzwewneq h| di um bromde
stai ning. The -Thl 3 mmﬂcb@ia@@éawc@w%ﬁha@ﬁemﬁg AL m%&rfe, @d_ltsl ng

R A A Al A% Rl R A (B 25 T g p Aty Now) dapd 53

t r anBEOR pﬁﬂewetshlﬂehebdvbg@mdcagl Nekeehisione. ROR Wasqlesomad ulsﬁgag@pommbﬂas&anarrym n

I d X- f [ wh |
nver bR R e gl St R R SR e ek e B e
20i vel X0t bpéaaud) Wanéxeised pdgpPNAtvan gurfiedsipatie Génetlhan $iiim kie (Q-Bio Gema Cailsbadl,at es
anpl CIA e'@he PCR #njodﬁ&%ag ‘theR % ﬁai to e (Pﬁﬂme%tmgl@ T%@?&: bag%&g\ﬂa@%&ﬁef Gtn ! N
whi es

firs |se of 96 secon

( der ﬂl‘@?‘ﬁﬁ‘)nﬂxﬁ‘f’@ Woie W%@Wlte@ﬁﬁéw mpRgljura wéth fgrgmycin, shaking at 37°C for
16 hours. Minipreps were performed to extract the plasmid DNA. The HPV 52 L1 gene was released

from the vector sequences with Bgl II restriction endonuclease digestions. The digested DNA was

25  subjected to agarose gel electrophoresis and viewed by ethidium bromide staining. The L1 band was
purified using the Geneclean kit and ligated to a dephosphorylated, BamHI-digested pGAL110 vector.
"TOP10F' E.coli cells were transformed with the ligation mixture. To screen for the HPV 52 L1 insert in
the correct orientation, plasmid DNA from the colonies was PCR-amplified. DNA sequencing was
conducted to confirm the sequence and orientation of the inserts. The selected clone was named

30 pGAL110-HPV 52L1 #5. Maxiprep DNA from the selected clone was prepared. Saccharomyces
cerevisiae cells were made competent by spheroplasting with glusulase and transformed with pGAL110-
HPV 52L1#5. The yeast transformation mixture was plated in Leu- sorbitol top-agar on Leu- sorbitol
Pplates and incubated inverted for 3-5 days at 30°C. Colonies were picked and streaked for isolation on

T eu- sorbitol plates. Isolated colonies were subsequently grown in 5 ml of 5 X Leu- Ade- sorbitol with

-13 -



for 2 mnutes (extension), and the second step conprised 35 cycles of an
essentially simlar program 35 except the annealing step was perforned at
50C for 3Roeemndel PCR products were el ectrophoresed omrcTAk2008009199

2005/ 097821 PCT/ US2005/ 009199 agarose gels and visualized by ethidium
brom de staining. Several colonies fromeach clinical isolate contained
anplified products with -1500 bp bands. The colonies were cultured in LB
medi um wi th kanamycin, shaking at 37C for 16 hours. M nipreps were
performed to extract the plasm d DNAs, which were digested with

r est r 1.6 gwcosradd Hiictadrmtes introtatiegobstultatee at Bk (hrodwde BIPYT 52 Iletrdnicriptineandn t he
5 pl aﬁf&e‘i’nex heggesul ting restriction fragments were viewed by agarose gel

el ectrophoreési's and ethidium brom de staining. DNA sequenci ng was
performed on plasm ds containing cloned L1 inserts fromeach of the three
clinical isolates. DNA and transl aedvipmz»0 aci d sequences were conpared

W th e another ., and the previously published Genbank HPV 52 L1 sequences.
Setjuen 6! SHIQP PRIWZANON he three clinical 10 isol ates reveal ed that no
sequence was i d¥eist-pfericd cbdoas havabesmkdeseitpe (Stard, AaEIAS 3hd oW Elibkbefi01592) .
The p 1 HPV 5211 clong #2C was chosen t ntative HRV 52 L1
sequesiontmtl ol e G PErntiPe: APARHR AL 30 7 BRI IE bt e S0
| D NOHBY Xdd wRip@eE wh detditables bojweyec éhe levieb oBwarssriiion whs werly dew ypbnat wt )

cont aned.Hisy RGinRin U3 &l RBodISRd G RALEHE era_;é%gpt%ﬁxggﬁﬁlhatﬁ)ﬁ% Rge,  Wwhich

consisted of ‘a silent nutation at nucleoti de adeni ne -* guanine). The

ahi noreseorgibled s low expregyion IpwlyqbthedIPY 32 iyl geugy enBereqsg dranssaintioncei|this senehe 52
L1 Centpstkurs egUeRgeranbbigptd o1& Be prbdwed,thd MPY 2AYURRE Gay@buidiilikihg §shstuSi Ng
the 5' hlﬁl Ll priner (5 - G @?AT%TCACAAAA TGTCOGTGTGGC- 3 ;sggo
o ) pafeiengsions, Ths's iifeancs pas insSersddTo GEFeRise & {5 AP BEION B SIS
PCR wst gre recognived by seasigankiattiesp sdquereeawere eliirdnatdd@iR spbittoh widisalternative

et ! e el n W e e
St at PO AR oA ARRSRR AR BRentd ¥ ORI 55 ) HadEr ORUEC
Gkhec Pempisspyenst kpdon(optimized Rapcescagntaitrd P79 neplpotidpiatieaimsmorgercd tathe HPMen
|'i gat s8iL1 it bd3BerRERPhelredt@iloQbqueAd id PRERE to B&tinSs W81 €1 R A shoiuig deridURE he

ligation m xture. Wiite colonies were cultured in LB nediumwth kanamycin,

shaki hy ' n87ectidp plicratipny brireen thy 4 lok WS ERRENDeD Bf Aehl RISEQIPNQ:1} he

pl af] MbediuéAds ard Stowhily/FIER JRE.l.gHmEtlrMStecﬂ ?hiaas‘aem sefjuicnen $fH3 MER bv@fa n@QueredIces

W t est ricti onucl.ease digestjons. T I ed.  DNA was. 25

sub] e LT NOZE b FIGURE S R RSRerh SR BRisn 5V EFF B Bredrint

s2@i nivhigh isFhagnificahizaddanae gver therwild-tepk fosisedn vheinGakeddmeant kit and ligated to

a dephosphoryl a I : T ' i.cells
p phory ﬁ“ﬁgstraﬁ@?réllelﬁb{o?éggtg?foﬁgcaqg@t l%})]tr éﬂizé’cpé‘ehg) tvas to %}9@5%@@5&?&

were transfornmed wt on mxture. To screen LI

i nser fenpqaAndREscRsoligerRery HpEREmibp gene. Pibeimiiee Idkotidesithysasordprekcodens
PCR- apgaérick£ihilehWint Siehid @kGnGgh ARBseqietid] VRSl ofi@nfet Wit ddhe phessraassasnd
orte nbf\lltA i?lr:!t P%](R rteet]c 101'1 Qv%tﬁ %}uSDNXQ)%Iy%l%lraggtEcgdiﬁl)r?ali] gml\g\ﬁ%catqugrgr?mers were designed and

25  used to amplify the rebuilt sequences from template oligomers.

The optimal conditions for amplification were section-specific; however, most reactions
employed a program resembling 94°C for 5 minutes (denaturing) followed by 25 cycles of 95°C for 30
sec (denaturing), 50-55°C for 30 sec (annealing), 72°C for 1.5 minute (extension), followed by a 72°C for
7 minute final extension and 4°C hold. PCR products were examined by agarose gel electrophoresis.

30  Bands of the appropriate size were excised and the DNA was purified from the gel slice. The amplified

fragments were then used as templates to assemble the 1512 nt rebuilt HPV 52 L1 gene.

Following rebuild, the 1512 nt band was gel purified, and ligated to pCR4 Blunt vector
(Invitrogen, Carlsbad, CA). Following ligation, competent E. coli TOP10 cells were transformed with
the ligation mixture. Colonies were grown in 4 ml LB with ampicillin and plasmid DNA was extracted

35  from the colonies by miniprep techniques. The plasmid DNA was sequenced to confirm the presence of
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30 pGAL110-BPV 52L1 #5. Maxiprep DNA fromthe selected cl one was prepared.
Saccharonyces cerevisiae cells were nade conpetent by spheroplasting with
gl usul aseweandosivassf ormed with pGAL110- | 3PV 52L1 #5. TireTysass/009199
transformation m xture was plated in Leu- sorbitol top-agar on Leu-
sorbitol plates and incubated inverted for 3-5 days at 30C. Col onies were
pi cked and streaked for isolation on Leu- sorbitol plates. Isolated

col oni es were subsequently grown in 5 ml of 5 X Leu- Ade- sorbitol with -13
WO 2005/ 097821 PCT/ US2005/ 009199 1.6% gl ucose and 4% gal actose in rotating
t ubehediitgd #8Va32 BDrebuildchangtac€o pf\Bayillextetsiens e bothtends therfid L1R Geiild)

eXPr eSO hﬁ%%HB’hg)c@ﬁﬁmrs@ﬁi RCGHQ Qmarﬁedrﬂagailrt%smﬁ aPfRl ELidage codons

have been escrr aul ynonynous Codon

Us agesuitanselasrid Loy @féeseee@nérfr s?h&@l%ﬂ% Bbletri%bé R(@?egxmas dlEfz%?de‘Sléh on of
t he BAARYT & there¥ditiiy DNAI g maﬁt iHRHe GJE@Qle@troﬂIh@iéﬁéden arf z{'g@rols@ y&al tad ~1530 bp

LB 190 55 e ) o R bR 01 80P on bl ¢

f or E.bvdi (lavitroggn) eelBrvmne llrzmsﬁ)kmacb\i/ltli the hgmqfnﬁﬂxthfb gene. To increase
transcription i and n S

produced, the %%%}egﬁﬁﬁg &ggme Was ?c;}%egéf?}{ M{:}% ﬁr ?hz %%g"y 2 2‘2 'flf mf')ér)ré edrl\?cé’ egto dons.
The wmisytationeSemisndernog edensation giere dvafipredhuABNA eiqugisang. Maxiprsp plapniddNA

ter %ﬂ%ﬁbﬁ’ﬂecﬁ | OP&Lisial Ol W%fe%zﬁfa%@ﬂﬂétgrﬁ gy Epﬁe%ﬁﬁ§ting AGrah 85 fedS aQ LS were

el i m nat ed substitution with alternative _codons, while preserving the
05 rretraarﬁ%a%r veslerbind sy sprhito} lopaearion Ly sgeitplasar plates akd mﬁrhaeeﬁ insrte
conpbi Bdaysy e{&ﬁénles@c&aaplemdr alffdl aeaakaefquaa@ae&olaﬁ@mrmaedor%& dpehEH1@ed. I 16ated

alter trons co to the nc e, resul g _sequence
s FBP Rt STREMERY St 8 1 of X L Ade, SEMOEREELIO P B nd M pghes
nuclie mtlad% @bt evloirdsan30°Ceab indece Itlrtamsalpb@n atd pf SEQeixDredi@nB) Akard 8 Faﬁd/bi TR ( SEQ

| D NQurslh cut@6 VEIRAR Sq@ifert ROMWODE gmetéf aaetsrueeﬁheﬁﬁdas 3&hé\Rd afd fhe
sequence of 58 L1 R was not altered see FIGURE 2). The
Wepureletssegubpea apd goredeZ) Cncr eased HPV 52 L1 protern expression, 20 which
is a significant advance over the wld-type for use in vaccine devel opnent.
The strategy enpl oyed to produce EES gﬁ&iﬁized gene was to design |ong
overl apping sense and antisense that span the gene, substituting
nucHHm&qﬂqmmﬂdﬁryeast preferred codon sequences while maintaining the

am no acid seq used of .t late. DNA in
a PCR reacti onlé\?\nﬁtpﬁ ﬁg Her glgecedid%‘pferssonal %fﬁ]leb aclzzg ()rnglﬁl%lﬁ(?trmrrrlers

Ner evae shayred dnaged S@Eendsfém G %mhvrfp”l‘ rizbyreageat (Labl adlmome@@ecs BREpandt enpl at e
ol i GREBSE at 1036 RR Pr;rame oPH Qﬁﬁuréa Nk Bfih J0WML bt &@Jfo@d}mws%dée%% RNisiP ﬁc ific;

however mst reactl ons a program resenb Cfor 5 mnutes
( denas thrhgyk%ylgqgw §5>§, lfzgpcgrsﬂé (te&ixymnd grcubgtesd-at nggpm temperature for 3 minutes.

After a 5 minute centrifugation at 13 k rpms, the upper phase was collected and transferred to a new vial.

0.4 ml isopropanol was added to the vial. The mixture was incubated at room temperature for 10

25 minutes. To pellet the RNA, centrifugation was performed at 13 k rpms for 10 minutes. The supernatant
was decanted, the RNA pellet washed with 75% EtOH and the centrifugation step was repeated. The
supernatant was decanted and the RNA pellet was allowed to air dry for 15 minutes followed by
suspemnsion in RNase-free water. Spectrophotometry was performed to determine the concentration of

RNA in the sample using the assumption that an Apgoreading of 1 = 40 ug/ml RNA when the A260/280
30 is1.7-2.0.

EXAMPLE 4
Northern Blot Analysis
A 1.1% agarose formaldehyde gel was cast. Five and ten micrograms of RNA were

35 combined with denaturing buffer (final concentrations: 6% formaldehyde, 50% formamide and 0.1 x
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sec (denaturing), 50-55C for 30 sec (annealing), 72C for 1.5 mnute
(extension), followed by a 72C for 7 mnute final extension and 4C hol d.
PCR pr oduwo=200vames2exam ned by agarose gel el ectrophoresipeT/t3000Bandsy of t he
appropriate size were excised and the DNA was purified fromthe gel slice.
The anplified fragnents were then used as tenplates to assenble the 1512
nt rebuilt HPV 52 L1 gene. Follow ng rebuild, the 1512 nt band was gel
purified, and ligated to pCR4 Blunt vector (lnvitrogen, Carlsbad, CA).
Followi ng ligation, conpetent E. coli TOP10 cells were transforned with

t he | M§WS) aml heited tr68°C €l miimeswey aedengvwelime of gel loaddngibufifierawap ndded|andithend

pl as n%ﬂ%lp%s‘@@aﬁe@éﬁt& afetgad BiRubpiREssies g&k&m&&a BYofld 19'1%%%\86%%1%%% = 2The

pl asm d "DNA was sequenced to confirmthe presence of
PCT/ Us2o 57he 919 Waﬁh@‘éf@r@um@@fewwwsf;l rebui | d changes. To add BanHi

ext zg sio ?S5t2 0 bohdRRAGRs trh:;keefréa t&%ﬂ%&xamyh&.)memaﬁlgr(hmamfﬂlséélélaéam
un e anplifi ra ed as ahov
P bl P T8 MRy S0 s IR b T S e A A Crer bl BT SR ( Bai )
was ding@ebiasdbywvdrdde-lindag ndihg the dtrﬁtlmné BY ftiatatigkeDbfio troagink Mindtios €Stiasagamy, A
el ect es D. agaro 5 HPV 52 L1 R (Barn
fo?l? @A)S Agge]r %ﬁlgg’ﬁlflff ea‘nl%gne %algﬁ?&(%ég rﬁ%ﬁr ( )

f ragnen Ydi gest ed pGAL110. TOP1OF
E.coli (InvitrogknRocheDlg Ph@rlinmerlalﬁéi@b%d agg Dﬁeqtiwe Klit IgdtofornpilrRocke  The

resul ﬂdn@ageq)lwz&ﬁnmﬁ wéd t@%@ﬂSZQYI VPt%d fS@Ll tRh@NNPéﬁu@l?cés Lvifd ]bleﬁt%rbt-: ukdd the
correct orientatl|on. %guence and orientation were confirmed

R AT CE ol A B g e bt Bhe B PBUTPROnOL] o wer ¢
made gmaamt af@yimsfhebgpd] a&feldpgleﬁnﬁm% AR g DIGTﬂHahnIonsxﬁaﬁi,e clﬁ_]uggltfd |
trans 1 ti1o eu- sorbito to 0O u- SO | agar
o o vad Rl o b feciss POy a6 AR SN St alRpea’?
st r eakBa for30 noihwesawith sotlathiabing ofihd wobe wasdenatobd Bgizating tat ESC forsSahiattesland
col Ol 5 U GuSATENERT e 6R i e Ryt g SRRAL Pl L

1.6%4g ucose an act In rotatin e cu tures at to i nduce
LIS t r mpmsbrangsfor ¢ hmaw 4816 with sentls skakinigodhe Wrzaw saliipia wayp phen feypgved apd

cul t ugg blé9 b Rasaen xedrgraﬁmﬁt@s ian xFHORiT0.19 SSat R t@ﬁ@@rauﬁ@ SolfMRALY AR ant

was re e e 0 and stored XAMPLE 3 RNA
prepa? tog “@é‘i‘F‘t%e(FWEgQ% gﬁ%ﬂﬁﬁl ﬁ@% @%Q%?twaﬁ&&eéﬁcksgg&a?@g@tﬁwsz L1
by gaimichltsgkilinel phxisplmmse-z&]mfeﬁ ahtit@dse thaOdppliedat aSt&E)D@dhdﬂﬁbﬂ fior 80 Binfdites.OThe

{enperat (Rl bR ol RERE LR p BRI yihaesrn B o bR Rt aoa to ¢ ne
vEQl . ddtectiomafsthe dlksaling pbédsphntask gonjegated ynti-BIG beundendbrds. t 0o mi x and i ncubat ed at

room tenperatur ﬁntia@ Enaﬁlsmo@%a@t%xgreéﬁﬁg@ﬁ?@S@LmHfg?es?eﬁ%a[t'ﬁﬂ"@§i 19 gTo@ém ngz k o

rpms, the upper phase ‘was col and transfer new vi

i sopr &R V%Fd@l‘é épvelovas - Negthernhlet anplysisipfeR Nk Sropryeassxaertael culegs
t enpemahdét @ dxpresstAPV 52 L1 wt did not reveal any detectable HPV 52 L1 RNA. Since some protein of

the appropriate size was detected, it was clear that some full-length RNA transcripts were made. The

25  HPV 52 L1 gene was rebuilt with yeast-preferred codon sequences and was engineered to omit any
possible premature transcription termination sites to ensure robust transcription. Northern blot analysis
of the HPV 52 L1 R transcript revealed that full-length transcripts were generated and detectable by
Northern blot analysis (FIGURE 3).

30 EXAMPLE 5

HPV 52 L1 Protein Expression
Frozen yeast cell pellets of galactose-induced cultures equivalent to ODgoo= 10 were

thawed on ice and suspended in 300 pl of PC buffer (100 mM NapHPO4 and 0.5 M NaCl, pH 7.0) with

2mM PMSF. Acid-washed 0.5mm glass beads were added at a concentration of ~ 0.5g/tube. The tubes
35  were vortexed for 3 cycles of 5 minutes at 4°C with a 1 minute break. 7.5 pl of 20% TritonX100 was
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25 mnutes. To pellet the RNA centrifugation was perforned at 13 k rpns
for 10 m nutes. The supernatant was decanted, the RNA pellet washed with
75% Et OH wodossdnerent ri f ugati on step was repeated. The PeEEEBSRAEHND WAS
decanted and the RNA pellet was allowed to air dry for 15 mnutes foll owed
by suspension in RNase-free water. Spectrophotonetry was perforned to
determ ne the concentration of RNA in the sanple using the assunption that
an A260 reading of 1 = 40 pg/m RNA when the A260/280 30 is 1.7-2.0.
EXAMPLE 4 Northern Blot Analysis A 1.1% agarose formal dehyde gel was cast.
Fi ve added andthe votexctppawss mpeaRonemauted 8t £6nihe edieswérh piesianice frg 15uf f er

(fin %9#&”&%8&/&@15 LN&f }Jga{?&l?&nﬁl Nr%PH%éQ&‘t 2°60%0d Q é@%&rggvégﬂgr}s%}:%ed)&o astenle’O

2005 821 PCT/ US2005 and heate m nut es.

one- HEPIPITEYEs TP high) Wasdahgled gs il east iatsinerstial: dard, sdstoresatpf @ Coas | oaded

onto the gel. Electrophoresis was performed at 75 volts in 1 x MOPS buffer
- 3 hours. The gel was washe r mnutes in 10 x SSC. The RNA was

transferred to a Hybond- N+ nyl on 6(Ar ner sham Bi osci ences, 5

Pi s caVawayBloNdpalixys capi | lary action over 16 hours in 10 x SSC. The RNA was

then fixed to t’I%%l 2&359 ote1 g&ra@t onl1) Yw% Cl1§o %teci ne‘ét'st%%@ﬁ?e‘s%%e%c@?]@\%@i gene W

Stratalinker auto tros unction tra ). TAfter
fixi ngr,lstrtlmvergﬂmhzq@mwwemm&@t tab¢rx£uve1c¢xpr@ssmnrof &y, S2MheprReinh&cbDpdudtbsgh Pri ne
DNA Laheldnng and Detection Kit | (Hoffrmann-La Roche Ltd., Basel,

Sw tzerl and) was used to label 52 L1 wt and 52 LI R DNA sequences with DI G
18 be used 10158 fyeopwktvosng eneshall mirrqeyanyy of so1pf ysgst prpteip qACtowere Kamkiged her n

bl ot withis®SprAGH iwaﬂmlgl lkalliﬁ’éi 4, hﬁkty@fd 9{35?@ &dri10 PimAdd Ilhemmisqglcf@@tbnd Q/\hﬂJhQ? ment g
usi ng_an .ant al kal i 0s ase-C were perforne
per PR teb’agg tured?? 318 a‘? i Congiof é‘h‘g tﬁﬂg\@pé re%ﬁ I ypast ?1‘?98’?‘} di zed
at Bitfact ora 18Pative nortesl (Hta hotgbmzli)e Thb ploteing. wehpadrdaie avkss SRS RAGE gellayd
heat i, gtrc%ﬂm%?e(& ih ?ﬁ&%}f&dﬁg‘%ﬁﬁx aﬂﬁer ﬁb@ﬁ%%ﬁ?zﬁfm qﬂﬁ;}%%!hﬂgve?eﬂw Es?[%tn—t-lr SreRbd be

was a I zat1 on sol'ution ‘an rane for

A5 hoffiom the geld ip Hirocg] lplpseyapd therespliirg blgt wmoqkycbm lot ditnenidmifsKirkegrardand t hen
I’ e noegy Babdratdrits, @Jlt(ﬂérs\ﬁﬁ@ h@ldl l?oul( aff IQBml't_’en'iﬁefHﬁir@ Yith @00%1 . PRCoW ts 0. 1% SDS
roo E%eraturg ol | \ﬁ ﬂg/ addlt onal rlg CW|th 5 x SSC

2nd 598 65 e AR A S R B BbSoiTim e S8 Teagi WIDHEY
al kallb ael PSP ha pasen §,00s ufplicd At fdin tonpitatwaForiBHousd Tat bidt wasSMHER wditeat i on
for nut.es. Th bl hed a d t resen d RNA

o e s e R w2300 BRORr S6 el BRPI- SR BR L LS Bl e e
QQ 0s plvawasaganoryshryahie tames |ancDNBTmﬁllﬁdleacﬁqnbgbbyr.atelwas tapplied fikizkeyezpsl apfl Pyepst
eXPr @ 56dr6ridd inefunbrea WMiveS 0@ RS Wotk debidled BEYurp bhrdds Rh Aediift. Was

In all cases, the HPV 52 L1 protein was detected as a distinct immunoreactive band on

the nitrocellulose corresponding to approximately 55 kDa. (FIGURE 4) The intensity of the HPV 52 L1

R band (2.5 pg lane) appeared to be significantly greater than the HPV 52 L1 wt band (10 pg). It was
25  clear that upon rebuilding, the expression level of codon-optimized HPV 52 L1 R increased more than

four-fold, which is the limit of direct comparison on the Western blot.

EXAMPLE 7
Transmission Electron Microscopy
30 To demonstrate that the 52 L1 protein was in fact self-assembling to forma pentameric-L1
capsomers, which in turn self-assemble into virus-like particles, a partially purified HPV 52 L1 R protein
extract was subjected to transmission electron microscopy (TEM).
Yeast were grown under small scale fermentation and pelleted. The resulting pellets
were subjected to purification treatments. Pellet and clarified yeast extracts were analyzed by

35  immunoblot to demonstrate HPV 52 L1 protein expression and retention throughout the purification
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expressed; however, the level was |ow. Northern blot analysis of RNA from
yeast extracts of cultures induced to express HPV 52 L1 wt did not reveal
any det ecwehbes/dd®2152 L1 RNA. Since sone protein of thecapseasniabe size
was detected, it was clear that some full-length RNA transcripts were nade.
The 25 HPV 52 L1 gene was rebuilt with yeast-preferred codon sequences and
was engineered to omt any possible premature transcription term nation
sites to ensure robust transcription. Northern blot analysis of the HPV 52
L1 Rtranscript revealed that full-length transcripts were generated and
det eptoadsiues. ylarifiid yedsegatralstsovera timh yahijectqdrb GiREuS)tion dPerEXANRIUE 08 cudRign52 |1

Pr Ot GhdWnEXRAIERSDMR: ik SAEndEAR bufiEl dor REHsRYP 1B ﬁiﬁﬂxﬁ%ﬁ*ﬂmﬂuced cul tures

equi valent to on i ce_and suspen in 300 | of PC
buf fer (100 mviNaRRRETsativm srropls ofhaBiEV, 5204 K ViPs m%iwed b IGIRE - washed

0. Smmaalaﬁaemm WeIcEl RAHSEs Althie Al SIS AhgdaTrd betwlinA0/ahdEnm Wi t ubes
3? were vor cles of 5 mnutes at 4Cwith a 1 mnute break. 7.5

o OFORA ‘f%b*ﬁ&i’@éaﬁﬁéﬁaf%y PHOETH97821 PCT/ US2005/ 009199 added and
the vortex step was repeated for 5 mnutes at 4C. The tubes were placed on
ice for 15 mnutes, followed by centrifugation for 10 m nutes at 4C. The
supernatant was transferred to a sterile mcrocentrifuge tube, which was
| abel ed as total yeast protein extract, dated, and stored at -70C 5
EXAMPLE 6 Western Blot Analysis Total yeast protein extract fromtwenty
i sol ated yeast colonies for each HPV 52 L1 construct were anal yzed by
Western blot to confirm expression of HPV 52 L1 protein after gal actose
i nduction. 10 Ten, five, and two and one-half mcrogranms of total yeast
protein extract were conbined wth SDS-PAGE | oadi ng buffer and heated to
95C for 10 m nutes. The HPV 16 LI protein, which is approximtely 55 kDa
was included as a positive control, along with HPV L1-free total yeast
protein extract as a negative control (data not shown). The proteins were
| oaded onto a 10% SDS- PAGE gel and el ectrophoresed in Tris-dycine buffer.
After protein separation, the proteins were Western-transferred 15 fromthe
gel to nitrocellulose and the resulting blot was blocked in 1 x diluent
buffer (Kirkegaard and Perry Laboratories, Gaithersburg, MD) for 1 hour at
roomtenperature with rocking. The blot was washed three tines and yeast
absorbed goat anti-trpE-HPV 31 L1 serum which cross-reacts with HPV 16
and HPV 52 L1 proteins, was applied at roomtenperature for 16 hours. The
bl ot was then washed three tines and incubated with a 1:2500 dilution of
anti-goat-HRP conjugated antibody for 1 hr. The

-18 -



20 bl ot was again washed three tinmes and NBT/BClI P detection substrate was
applied (Kirk(--gaard and Perry Laboratories). |nmunoreactive proteins
wer e det ewpedosad7gaur pl e bands on the blot. In all casespcrhs2088odaao LI
protein was detected as a distinct immunoreactive band on the
nitrocel |l ul ose corresponding to approximately 55 kDa. (FI GURE 4) The
intensity of the HPV 52 L1 R band (2.5 pg | ane) appeared to be
significantly greater than the HPV 52 L1 wt band (10 g). It was 25 clear
t hat upon rebuil ding, the expression | evel of codon-optim zed BPV 52 LI R
i ncr YA448 IRCELAIVMERAS: four-fold, which is the limt of direct conparison on
the Western blot. EXAMPLE 7 Transm ssion Electron Mcroscopy 30 To
denonstrate that the 52 LI protein was in fact self-assenbling to form
pent aneric- Ll leapsdwickic agifl erplqcylecomprisies ¢ seqaenserpl mucleptidss {hat esod¢san
par t iHPVES 1.13rdteih bé s Forth S EQ BINORY the dubibic Beil s@fuhd2 belk tbddalophdteg Y6 ect ed
croscopy (TEM. Yeast were grown under snal

tg té%%jﬁl sion .el ectron
scal P ENPEEHIN P2 HhE et ed. The resulting pellets were subjected to
purification treatnents. Pellet and clarified yeast extracts were anal yzed

by 35 i nmmunoblot to d nstrat.e HRPV 52 LI .orotei xpression and retention
t hr oughout t he%puri fé}geg&r%ﬁmp}%?g%nﬂéﬁlgﬂﬁgﬁ u%@?’f%ﬂ% 05/ 009199

procedure. Clarified yeast extracts were then subjected to centrifugation
over a 45% sucrose gyﬁghgmiﬁyﬁﬁﬁﬁgmgﬁﬁgﬁgfgangglIet was suspended in
buffer for analysis of HPV 52 L1 VLPs by TEM A representative sanple of
t!He HPV 52 L1 R VLPs produced is shown in FIGURE 5. The dianeter of the
spherical parti4cl es The hbddtell of tidin SaiMeten haRek dell saFedretameen 40 and 70 nm
with 5 some particles displaying a regular array of capsoners. -18 WO
2005/ 097821 PCT/ US2005/ 009199 WHAT IS CLAIMED IS: 1. A nucleic acid

nmol ecul e conpridSsi ng The dextjuel oéclaim hudieedt ihd gsast deditis eieced domehe grbiy52 L1

pr ot ej n: i i i jng
Codog e 9 Saf it ﬂ?g%%a?v%%’x%% PRRUEE FEI RO MBRERLSED o o)
dénmpiiagilindlxveronyedsdoctis aed Pchispwechasorsiceshonibl 1. 3. A host cell conprising
the vector of claim2. 10 4. The host cell of claim3, wherein the host

cell is a yeast cell . Th ost cell of claim4, wherein the yeast cel
i s sel ect eé fr &m th é[' h@ i% Beﬁ op claim E, Where?n the host cell is Sacc?zaromyces cerexyisiae.

7. The nucleic acid molecule of claim 1, wherein the sequence of nucleotides

20  comprises a sequence of nucleotides as set forth in SEQ ID NO:1.

8. Virus-like particles (VLPs) comprised of recombinant .1 protein or recombinant
L1 + L2 proteins of HPV52, wherein the recombinant L1 protein or the recombinant L1 + L2 proteins
are produced in yeast.
25
9. The VLPs of claim 8, wherein the recombinant L1 protein or recombinant .1 +

L2 proteins are encoded by a codon-optimized HPV52 L1 nucleic acid molecule.

10. The VLPs of claim 9, wherein the codon-optimized nucleic acid molecule

30 comprises a sequence of nucleotides as set forth in SEQ ID NO:1.
11. A method of producing the VLPs of Claim 9, comprising:

(a) transforming yeast with a codon-optimized DNA molecule encoding
HPV52 L1 protein or HPV52 L1 + L2 proteins;
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consi sting of: Saccharonyces cerevisiae, Hansenul a pol ynorpha, Pichia
pastoris, Kluyveromyces 15 fragilis, Kluyveronyces |actis, and
Schi zosacwbanesmges ponbe. 6. The host cell of clai m4, pelmarsesosobdies host
cell is Saccharomyces cerevisiae. 7. The nucleic acid nolecule of claiml1,
wherein the sequence of nucleotides 20 conprises a sequence of nucl eotides
as set forth in SEQID NO 1. 8. Virus-like particles (VLPs) conprised of
reconbi nant L1 protein or reconmbinant L1 + L2 proteins of HPV52, wherein
the reconbinant L1 protein or the reconbinant L1 + L2 proteins are produced
in yeast. 25 9. Théb)VLPsultifatiof Zherir@sfonmed pdast unter qopditodsithepermiitl protei n or
reconbi nant L1 + L2 protLeinsar 1 . (Magl PV52 L1
nucl ei ¢ acid nol ecul e. 1%@@%83\7%5%?&8%%2%ﬁl\aﬁglﬁb-ekl%ﬁiettﬁg&g% ?n- optim zed
nucl ei ¢ aci d nol ecul e 3CceBhiprptRpillomasigisaneteinptndnyc| eoti des as set forth
in SEQID NO 1. 11¢)A nmabhash Gk R8P EapieaVI=RSpefeinGh plothd th&@NPE bSi NY:
(f) transform ng yeast V\A'Cﬁ_h codon-opti mzed DNA nol ecul e encodi ng HPV52
L1 protein or HPV52 L1 + aémgr oteins; -19 WD 2005/097821 PCT/ US2005/ 009199
(b) cultivating the transfornmed yeast under conditions that permt
expression of the c = I M7 I |l e, to produce a reconbi nant
paBi | I omavi rus lg'r ot %?ﬁ?cu%eﬁ%‘rﬂﬂg?l%%st%l n%ﬁﬁﬁéne%'econbi nant papil |l omavirus
protein to produce the VI-Ps of 5 Claim9. 12. A vaccine conprising the
VLPs of O ai m 93 13phPhad-nBGeshpaditide ThasiikiiAns vePUBF disiy the VLPs of
claim9. 10 14. A nethod of preventing V infection conprising
mnistering the vaccine of Caim112 to a mammal . 15. A nethod for
i nduci ng an i mmne MEEERYISE pieRerdfindHP Wahfe@DARbINFHEE adkiniagiigthsiRERGSt he
VLPsCPafim(ltlﬁ%E{nm%l to an animal . 16. The virus-like particles of Claim9
wher €1'n the yea@{n is selected fromthe group consisting of Saccharonyces
cerevi si ae, Hansenul a pol ynorpha, Pichia pastoris, Kluyveronyces fragilis,

Kl uyveromyces hacti A m&ﬁlﬁl f%ﬁﬂlﬂ?{ﬁg af ﬁﬁﬁ&ﬂ%’}és)ﬁ{ix‘i‘s% iR Qrpprﬁmal comprising

15  administering the VLPs of Claim 11 to an animal.

16. The virus-like particles of Claim 9 wherein the yeast is selected from the group
consisting of Saccharomyces cerevisiae, Hansenula polymorpha, Pichia pastoris, Kluyveromyces

Jragilis, Kluyveromyces lactis, and Schizosa ccharomyces pombe.

20

17. The virus-like particles of claim 16, wherein the yeast is Saccharomyces
cerevisiae.

18. The vaccine of claitm 12, further comprising VLPs of at least one additional

25  HPV type.

19. The vaccine of claizm 18 wherein the at least one additional HPV type is selected
from the group consisting of: HPV6, HPV11, HPV 16, HPV18, HPV31, HPV33, HPV35, HPV39,
HPV45, HPVS51, HPVSS5, HPV56, HPV58, HPV59, and HPV6S.

30

20. The vaccine of clairm 19, wherein the at least one HPV type comprises HPV 16.

21. The vaccine of claitm 20, further comprising HPV18 VLPs.

35 22, The vaccine of clairm 21, further comprising HPV6 VLPs and HPV11 VLPs.
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20 17. The virus-like particles of claim16, wherein the yeast is
Saccharonyces cerevisiae. 18. The vaccine of claim 12, further conprising
VLPs of awol2eesato7sane additional 25 HPV type. 19. The vactiuseoosfoombai m 18
wherein the at | east one additional HPV type is selected fromthe group
consi sting of. HPV6, HPV 11, HPV 16, HPV 18, HPV3 1, HPV33, HPV35, HPV39,
HPV45, HPV51, HPV55, HPV56, HPV58, HPV59, and HPV68. 30 20. The vaccine of
claim19, wherein the at | east one HPV type conprises HPV 16. 21. The
vacci ne of claim 20, further conprising HPV 18 VLPs. 35 22. The vaccine of
claim 21, further conprising HPV6 VLPs and HPV 11 VLPs. -20 WD 2005/097821
PCT/ US2005/ 009399 1 Lm tRgrp.conpri si ng HPV31
VLPs. 24. The %%cci %% VS‘}&E‘T ik &?&?@tgﬂéﬁ% r}?ggﬁgﬁﬁﬁ'\/sl VLPs. 5 25.
The vaccine of claim 23, further conprising HPV45 VLPs. 26. The vacci ne of
claim 24, further coRd¥ac&hd@ HRMADL, WellRr cordRistg HPM® Wagci ne of cl ai m 26,
E%rther conprising HPV58 VLPs. 28. The vaccine of claim 25, further

nprising HPV58 VLPs. -21

25. The vaccine of claim 23, further comprising HPV45 VLPs.

26. The vaccine of claim 24, further comprising HPV45 VLPs.
10 27. The vaccine of claim 26, further comprising HPV58 VLPs.

28. The vaccine of claim 25, further comprising HPV58 VLPs.
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