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proteins and human papill omavirus protein antigens for inducing an i mmune

response agai nst hulMMURNBIRESPONSES! A GXINST MPRANTIGTENS BARNERDAR OF THE
| NVENTI ON 10 Infection with human papill omaviruses (HPV) is

common, and the viruseSOMPOSHIONSSOMRRISING AN HPY. ANTIGENeSNDmat ed t hat
bet ween 20 and 80% of se%m apcééﬁ adults are infected. Wiile a majority
of infections are asynpt ' ,S | W Qﬁ‘ﬁﬁrﬁstl@\ﬂg@@ﬁ%nt of
genital warts and cancer ~Qfp A ' t ' ts have a
preval ence of 1-5% amng@gﬂﬁaﬁ%%%l%@gew&bmw% wor | dwi de
are afflicted with cervical cancer, which is the nost common cause of death
i n womren under the age of 50. Cervical cancer is strongly associated with
HPV. Frazers GHCHNICALFIED 72: 398-403 (1996). Presently, no effective

t herapeutic conpositiong or prophylactic conpositions, i.e., vaccines,
agai nst HPV are avai | abl/lBe nsewent mvestion; relates genesally toy mashadisomd ¢ampositions

devel t of eff.ect.i it The pr. ts for.a c tignal
i1 red or 1 i vam Sy ik SRR insha bumah RO RaGH pieteis AR T Ping
HPV has not yeh iRafRe %sﬁm%gﬁﬁstihﬂnﬁﬁ Epiﬁuinﬁf"ﬁ»% r8fth ddtigedd!mor - pronoting

I
effects of HPV infection as well as tﬁe conp etepspeme specificity of HPV
represent additional difficulties that cannot be

BACKGROUND OF THE INVENTION
10 Infection with human papillomaviruses (HPV) is common, and the
viruses can be transmitted sexually. It is estimated that between 20 and 80% of sexually
active adults are infected. While a majority of infections are asymptomatic, infection
can lead to development of genital warts and cancer of the anogenital tract. Genital
warts have a prevalence of 1-5% among adults.  About one percent of women
15  worldwide are afflicted with cervical cancer, which is the most common cause of death
in women under the age of 50. Cervical cancer is strongly associated with HPV.
Frazer, Genitourin Med 72:398-403 (1996).
Presently, no effective therapeutic compositions or prophylactic
compositions, i.e., vaccines, against HPV are available, and there is, itherefore, a need
20  for development of effective compositions. The prospects for a conventional killed or
- live attenuated vaccine appear to be poor. According to Frazer, HPV has not yet been
propagated in cell culture, and the tumor-promoting effects of HPV infection as well as
the complete species specificity of HPV represent additional difficulties that cannot be
readily overcome (Frazer, Genitourin Med 72:398-403 (1996)). It has been proposed
25 that the observation that major capsid protein, when expressed in eukaryotic cells, forms
virus-like particles that are immunogenic without adjuvant may provide a basis for the
development of a vaccine (Christensen et al., J Gen Virol 7.5:2271-6 (1994); see also
PCT/EP95/03974 and PCT/US95/12914).
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readily overcone (Frazer, Genitourin Med 72:398-403 (1996)). It has been
proposed ' Wo99/4redo t he observation that major capsid protepar/cCabStb246
expressed in eukaryotic cells, forns virus-like particles that are

I mmunogeni ¢ wi t hout adj uvant may provide a?basis for the devel opnent of a
vaccine (Christensen et al., J Gen Virol 75:2271-6 (1994); see al so

PCT/ EP95/ 03974 and PCT/ US95/ 12914) . 2 HPV belongs to the A genus of the -
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| esi ons and igva ive cancer of the cervix, vulva, penis and anus (Lorincz
et al.. Obste O@H%‘?}B‘P AEYMREA X7 1vRSIYD )suampusoeali aeycnemer aBY. DV \can die
cancer is 90-9h% I aLe | HPV. Frazer., CGenitourin Med 72:398-4
(1996). HPV i gfﬁ’r{%ftpi‘agﬁff@é’sg%% é?é”d"@ﬁ“t it blopsy-onfirge tSﬂ%afa%gMtheﬁﬁ
system bub i fesish$ or @reisanhtracpitRbl il voRta, AFEwDIRRLIARDE!iRAd&8he HPV 16,

18. and 31. are associated strongly with high grade squamous intraepithelial lesions and

invasive cancer of the cervix. vulva, penis and anus (Lorincz et al., Obstet Gynecol

79:328-37 (1992)). According to Frazer. cervical cancer is 90-95% associated with

HPV. Frazer, Genitourin Med 72:398-403 (1996). HPV is not only associated with

15 cancer of the anogenital system, but is also present in pharyngeal, laryngeal and bladder

carcinomas (Brachman et al., Cancer Res 52:4832-6 (1992); Rotola et al., Int J Cancer

52:359-65 (1992)). A recent study reported that HPV DNA was also present in 30% of

lung carcinomas tested. Types identified included HPV 6. 11, 16, 18, 31 and 33 (Soini

etal., Thorax 51:887-893 (1996)). Hence. HPV types most often associated with cancer

20 are 6, 11. 16. 18. 31 and 33, of which HPV 16 and 18. which are detected in more than

90% of cervical carcinomas (van Driel et al.. Ann Med 28:471-477 (1996)), have been
investigated most thoroughly.

Papillomaviruses are DNA viruses having a double-stranded, circular

DNA genome of 7800 to 7900 base pairs, a nonenveloped virion and an icosahedral

25  capsid made of 72 capsomers. The genome contains three major regions, one coding

for late genes, one coding for early genes and a non-coding region (Park et al., Cancer

76:1902-1913 (1995)). The non-coding region is also referred to as upstream regulatory

region. This region is about 400 base pairs long and contains an array of binding sites

for the various transcription factors controlling expression of e’arly and late genes. The

30 late gene region has two separate open reading frames encoding viral capsid proteins L1
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car ci nomas (Br achman et al., Cancer Res 52:4832-6 (1992); Rotola et al.,

Int J CancegobiergbP- 65 (1992)). A recent study reported thglerydLYobdIe was
al so present in 30% of lung carcinomas tested. Types identified included

HPV 6, 11, 16, 18, 31 and 33 (Soini et al.,3 Thorax 51:887-893 (1996)).
Hence. HPV types nost often associated with cancer 20 are 6, 11. 16. 18,
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bi ndi ng sites for the various transc I ption factors contr i ng expression
of early and I@tthegmses'rhewlewﬂsmle&sgdhknmgl on has two separate open
reading franmes encoding viral capsid proteins L1 3 and L2. Protein L1 is
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virus repl 1@ atimorortalivedachdinti aells rdsdlts inntbeir crassfommatior, feat theybéquire the ability to

grow in the absence of substratum attachment and the capacity to form tumors when

injected into mice (Crook et al., Proc. Natl. Acad. Sci. USA 85:8820-24 (1988)). A

different result is obtained when HPV DNAs are introduced into early passage,

non-immortalized cells: the cells become immortalized but are not transformed

15 (Woodworth et al.. Cancer Res. 48:4620-28 (1988)). Thus, one pathway by which

tumors develop involves a change that results in immortalization of cells followed by

expression of HPV genes that results in their transformation. The HPV genes involved

in transformation of cells in vitro are those encoding E6 and/or E7 (Bedell et al., J Virol

61:3635-40 (1987)). Mechanisms by which the E6 and E7 proteins may cause cellular

20 transformation have been proposed (Park et al.. Cancer 76:1902-1913 (1995), and

references cited therein).

E6 is a small (approximately 15.000 MW) polypeptide containing

Zn-binding domains. A clue to its transforming function was provided by the

observation that the protein binds p53. The p53 protein is a well known tumor

25  suppressor protein that negatively regulates cell cycle progression and, consequently,

cell growth and division. Binding of E6 to p53 results in the ubiquination and eventual

degradation of the latter protein, which process involves another cellular protein termed

“E6-associated protein”. Consequently, cells expressing E6 will have a reduced basal

level of p53. p53 levels are elevated in response to DNA :damage. Such increased

30 levels result in the enhanced expression of p2l. an inhibitor of cyclin-dependent
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of the virus. The role of E5 is less well known. Cells from malignant
tunors sh | nportant growth characteristics. They ar ign;g{] I zed,
i.e., thes&ﬁgbﬁﬁfsd senesce. and they are capabl e of anchorgggf " e%g%ldent
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cells results in their transformation. ie., they acquire the ability to
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Cancer 76:1902-1913 (1995), and refeéerences cited therein). E61s a small

(appr oxi mat el {Thbad@Oal\rcpgdny dO261 Bg(189M)}).ai ni ng Zn- bi ndi ng domai ns. A cl ue
to its transform ng fungtiaon was pr.ovided by the observation th he.
protein binds p53. The ﬁlats%ar posim 15 2 smald| PR‘HW‘%&M(SOQSR'I%%}'E@gﬁg
protein that ' ! I r | ; tly,
el Corovt n aPinptgieh Babit 8 B e oG 0agbRT oBRT bRBATY, RERESEHER ¥
and event ugl segrastat biadingftot AR Ikli@tingr @irStdptionhfaetor 2 eSkhel el Y&Sor

anot her cellular protein terned "E6-associ ated protein”. Consequently,
cel | s expr essFenjroistrepscriptinayvef a number efi etvaghirelpted genest inghdingpthgsy encefingar e

elevated in r&%q&%g k}n%se%)gc".igﬁggr'ofo gt%r}e uctase and BNA polymerase alpha. Rb-E2F

complex formation prevents the expression of the latter genes in GO and Gl phases,

restricting their expression to the S phase where the Rb-E2F complexes are

15 programmed to dissociate. liberating active transcription factor E2F. Formation of

Rb-E7 complexes prevents formation of Rb-E2F complexes with the result of

shortening pre-S phases. /e, accelerating progression through the cell cycle.

Correlative evidence for the importance of these mechanisms is provided by the

observations that E6 proteins from highly oncogenic HPV types (e.g., HPV 16 & 18)

20  have higher affinities for p53 than corresponding proteins from non-oncogenic types,

and that E7 proteins from highly oncogenic types have higher affinities for Rb than
corresponding proteins from non-oncogenic types.

In.a majority of cervical cancers and precursor lesions, HPV DNA is

integrated in the host cell genome (Cullen et al., J. Virol. 65:606-12 (1991)). It appears

25 that in most cases, integration involves breakage of the HPV genomic DNA in the

E1/E2 region, leaving the E6/E7 region intact. A consequence of the breakage in the

E1/E2 region is an interruption of the open reading frame encoding two different E2

proteins, the smaller of which proteins functions as a transcrigtional repressor of early

gene expression. This leads to an upregulation of E6 and E7 expression.
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30 levels result in the enhanced expression of p2l1. an inhibitor of

cycl i n- depemaesie7866 WO 99107860 . PCT/CA98/00246
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quality, responses previously elicited by contact with HPV protein antigens exhibited

either by the virus or by infected or transformed cells of the subject. In particular
embodiments, the compositions are used to generate immune responses to tumor cells
expressing and exhibiting an HPV protein antigen. In these embodiments, preferred
HPV protein antigens targeted by the compositions are the E6 and E7 early viral
15 proteins that are known to be consistently expressed in HPV-associated tumors. In one
embodiment, the compositions comprise an HPV protein antigen joined to a stress
protein (or heat shock protein (Hsp)). The HPV protein antigen may be joined to the
stress protein by chemical conjugation, or antigen and stress protein may be joined at
the nucleotide level permitting expression and isolation of a fusion protein containing
20 both antigen and stress protein sequences. The compositions can be introduced into a
subject or used ex vivo to stimulate and/or cause expansion of a subject’s immune cells
targeting or mediating targeting of HPV or cells including tumor cells exhibiting an
HPV protein antigen. The compositions are effective in stimulating an immune
response when administered as nonparticulate (e.g., not as part of a virus or virus-like

25  particle) proteinaceous solutions in the absence of adjuvant.
In another embodiment, the compositions comprise an expression vector
including nucleic acid sequences encoding an HPV protein antigen and a stress protein.
The expression vector further comprises sequence elements directing transcription and
translation of the coding sequences and may also include eler:nents facilitating delivery

30 to and persistence or amplification of nucleic acids in cells of a subject. The expression
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responses previ ous contact wt roteln antigens
exhi bi t ed10 antigen. The conjugates and fusion proteins of these compositions are also claimed as

are expression vectors encoding and capable of directing the expression of a fusion

protein comprising a stress protein and an HPV protein antigen sequence in a subject’s
cells.

The present invention also relates to uses of the compositions to enhance

15 immune responses against HPV protein antigens and. in particular embodiments,

against tumors exhibiting an HPV protein antigen. The articles from the scientific

literature and patent applications cited herein. especially those relating to the

preparation and use of compositions of the invention. are incorporated by reference in

their entirety,

20 BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a schematic representation of construct pET65H.
.Figure 2 is a schematic representation of construct pET65HES.
Figure 3 is a schematic representation of construct pET65HET7.
Figure 4 is a graph of percent tumor incidence versus time after TC-1
25 tumor challenge, demonstrating successful immunization of mice with Hsp65-E6 and
-E7 fusion proteins against the tumor.
Figure S is a graph of percent specific cell ly;is of TC-1 tumor cells
versus ratio of effector to target cells, demonstrating a ceIl-meciiated cytolytic response

against HPV antigen (E7)-expressing target tumor cells in immunized mice.
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either by the virus or by infected or transfornmed cells of the subject. In
particul ar g@RMEENtS, the conpositions are used to gener a§&r&NEiSss
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In these embodi ments, preferred HPV protein/ antigens targeted by the
conpositions are the E6 and E7 early viral 15 proteins that are known to
be consistently expressed in HPV-associated tunors. In one enbodi nent, the

conpositions conprise an te) t -0l to stress protein (or
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Figure 10 is a collection of graphs showing thymidine incorporation by
cultured lymph node cells obtained from mice immunized with Hsp65-E7 fusion protein
or E7 protein.

Figure 11 is a graph showing the effect of treatment with Hsp-E7 fusion

15 protein or E7 on tumor size in mice having TC-1 tumor cells.
Figure 12 is a schematic representation of construct pET65C.

Figure 13 is a schematic representation of construct pET65C/E7-1N.

DETAILED DESCRIPTION OF THE INVENTION
20 The present invention relates to compositions that induce an immune
response in a subject to human papillomavirus of cells of the subject exhibiting a
protein antigen of an HPV. In one embodiment, the compositions comprise an HPV
protein antigen and a stress protein. In another embodiment, the compositions comprise
an expression vector capable of directing the expression of an HPV protein
25 antigen-stress protein fusion protein.
The compositions of the present invention can be used prophylactically
to raise immunity against an HPV protein antigen, preventing the establishment and
proliferation of HPV or of cells of a subject expressing and e;chibiting the HPV protein

antigen or presenting portions thereof. The compositions can also be used
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vector can be introduced into cells of a subject, or it can be used to
transduce woyymigeet's cells ex vivo, resulting in the exprrgsirs/oodisan HPV .
protein antigen-stress protein fusion protein that will induce an immune
response agai nst the HPV protein antigen. &I'he present invention al so
relates to conpositions conprising an HPV 5 protein antigen joined to a
stress protein in conbination with another pharmacol ogically acceptable

conponent . | ntheRgedEaRy iiﬁﬁ%bje&@ﬁre@i%ﬂﬂﬁﬁhfeh@ﬂ' VAR PS5 t@FfeQE'ﬁtUﬁﬁh@r viral
conprising a stress protein joined wth an HPV protein antigen. In another

enmbodi ment , t prolifesativasert fooslintioate raele of dhef sibjash thet raiferatecagya copsequarice of
expressed fro ET65HE6 and pET65HE7) in which stress protein is fused to
an HPV prot ei ﬁb Omféﬁ’coi“géﬂc.qu‘glﬁé B U FEPIE S @0 u%’?thbtﬁt%% cf’c“el&ﬁ)sVn g &
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protein and aantigely apraOfafien of Bk iif@iune Ge¢RASLIndlced Bt R) ReEpositio lof She pregent
present invention also relates to uses of the conpositions to enhance 15
i mmune r esponi¥entigathedP Vipxotgin antigen ianmderstaed tonigclude ap antire dIR Vo protein or a

enbodi nments, against, tunprs. exhi.bi ti ng an, HPY pr.Qt.ei n .antigen. art.icles
From the sl chiVeRads | (TElesber el Biadish oot JP PEST BATLSR, ofohen BRY, plowin
especial |y th&aﬁaifeal&}magsu&d@cé B HVPBRGA ihABe ARl W% Albid? TRINIE 40Ptk e
i nvention, are incorporated by reference in their entiréety. 20 BRI

DESCRI PTI ON GHisfilefedFbyCaliRbTetled uelk at d sselt of Ipesatsing amp pesandtani aiithefHPV

construct RET65H. Figure 2 is a schematjc representation of construct
pET65HEG. 1R ghfolsin forexample, trenghdhe wpicabMkiGatlassd asdl paaysuct pET65HET.

Figure 4 is a graph of pereanh;d WiRinckd'§f HER AAURRCYRed dF TP Wef! c1didhind
were characterized by DNA sequence analysis. Bacterial vectors containing complete
or partial HPV genomes are available from various sources including, for example, the
American Tissue Culture Collection (ATCC). Additional types of HPV useful for the

15  practice of the present invention can be isolated and typed by the methods previously
established for this purpose, which methods are well known in the art.

HPV expresses six or seven non-structural and two structural proteins,
and each of these proteins could, in principle. serve as a target for immunoprophylactic
or immunotherapeutic approaches aimed at eliminating HPV and/or infected cells.

20  Viral capsid proteins L1 and L2 are the structural proteins of HPV which are encoded
by late genes. L1 is the major capsid protein that is highly conserved among different
HPV species. The seven non-structural proteins are products of the early viral genes.
Proteins E1, E2 and E4 play an important role in virus replication. Protein E4 functions
additionally in the maturation of the virus. The role of ES is less well known. Proteins

25 E6 and E7 are oncoproteins critical for viral replication as well as for host cell
immortalization and transformation. These proteins, that can be incorporated in the
compositions of the present invention, are referred to as HPV protein antigens.

Of particular importance in the application of the present invention to the
prophylactic and therapeutic treatment of HPV-associated cancers is the observation

30 that HPV E6 and E7 proteins are consistently expressed in cervical cancers (Zur
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25 tunor chal l enge, denonstrating successful imunization of mce with
Hsp65- E6 aMd 99A7840usi on protei ns agai nst the tunor. Fi gurePBTICAIO@HEph Of

percent specific cell lysis of TCG-1 tunor gells versus ratio of effector to
target cells, denonstrating a cell-nediated cytolytic response agai nst HPV
antigen (E7)-expressing target tunor cells in inmunized mce. 7 Figure 6

Is a graph of percent lysis of different target cells versus ratio of

effector to t#auein, upbl ParksITENSLIA 1i9mé)§:°1§)€(egiaimh%téf, Piroldl LRIBIPUREH]

cytolytic i mune response agai nst HPV ressing targ tunmor c
i mruni zed mi c&ingshijaeealy BrsJ.sCarcap Al :344-p&i 950} have demonsteatetiethaethe IE6randeE7
adnministered 5 1§§x 94 err] TC.1 tumpr cells and subsequently injected

with saline, BEYS aPressedindung sarginomay Meeeoyer, same agiuraljinmpne@umensl) FA
versus days a mnist:rati on, Fiqure 8 i [ . af percent
t unor inc?/den}éﬁéﬁlllhrrﬁ’s m (?ansg mb%%gﬁsé‘%% 13 eefeal ?1"‘:%693%6 ﬁ@”ﬁ@gf'@g‘fﬁ@gah
subsequent Isy UnNect €unvért s 3711898708 RSB Fimil nm%gaF &hdled Berﬁéﬁétﬂge fat E7
peptide in saline/l FA versus days after tunor cefl adnministration. 10

Figure 9 is almmhsizstiorcwithpresdificd7qnorin protestsrmize apBihétey Cidllendd @ithqu i's

a collection of. graphs show ng thym dine incorporation by cultured |y
node cells obF%llSn%@P%ﬁﬁi WitheaR aefivateseet Hajran genepmnl HP Vi Eé’%rgepea)ﬁanret@., E7

Plsi on' 15 pr o anser 4o b 8- 201 B8R e o v e 8F sy 628 v iedypiehly
expressed in cancers arising as a consequence of HPV infection, that the same proteins

10 are also the oncogenes which most likely played a major role in the development and
maintenance of the cancers. and that an immune response can be directed against these
proteins, E6 and E7 are preferred targets for immunintervention or prophylaxis. and,
hence, are preferred HPV protein antigens of compositions of the present invention to
be used to prevent or treat HPV-associated cancer.

15 It has been shown in several animal models that cytotoxic T cell (CTL)
peptides can induce protective immunity against certain viruses (Kast and Melief,
Immunol. Lett. 30:229 (1991)). It has been observed that immunosuppressed
individuals more often develop cervical carcinoma than immunocompetent individuals
(Schneider et al., Acta Cytologica 27:220-4 (1983)). This strongly suggests that the

20 cellular arm of the immune system, particularly the T cell system, are of major
importance in the immunological defense against HPV-associated malignancy.
Supporting evidence for the importance of a CTL response in producing protective
immunity against E6- and E7-transformed cells came from.an experiment in which mice
vaccinated with a relevant CTL epitope of HPV 16 E7 were protected against

25 transplantable HPV 16-induced tumors (Feltkamp et al., Ewr. J. Immunol. ;23:2242
(1993)). The present invention is based on our observation that linkage of a stress
protein to an HPV protein antigen results in a composition that strongly stimulates
cellular, in particular cell-mediated cytolytic, responses against the linked HPY protein

antigen, which responses can kill cells exhibiting the HPV antiéen.

SUBSTITUTE SHEET (RULE 26)



Figure 12 is a schematic representation of construct pET65C. Figure 13 is a
schemati c woRsGRENt ati on of construct pET65C/ E7- IN. DETAI Ipici/dAes0iuéT| ON OF
THE | NVENTI ON 20 The presentoei nvention relates to
conpositions that induce an i mune respon in a subject to human

papi |l omavirus of cells of the subject exhibiting a protein antigen of an
HPV. I n one enbodi nent, the conpositions conprise an HPV protein antigen

and a stress protein. | aﬁﬁ“ﬁﬁm&%{b%ﬂﬁﬁ%f ihe g&gﬂoqé‘;ggggﬁp%mi an

expressi on vector capable of difrecting e expression o protein 25

anti gen- st r esHP¥rent&led polipegtidep 1 hédition, Theanberistidd 6w WPV phateip) goeided
i nvention can be used prophylactically to raise immunity against an HPV

protein anti giéat therrorden,iwhent jeinedswitlpiai stese proteindrasaing teeakilityote imduesran or
f |1 f bj ect ' hibiting the, HPV tel ti

ot esent i ng. polTgire SHENEGRRRStTe " BEYD BEitE ofrdibet Pt o deed cel?Sr ©"

o iV . . ! N .

Furt hor i § ol SRR eHPYESCobEMIA St BBl o pOBh KPR

proliferate aHPW @ep&teiienafanof cdtipleie HEE ipr@Bin dufigbn/dadBe brodueal BX Ryugiasi ng
and exhibiting an HPV antigen or presenting a portion of the antigen. Wen
reference i s madiedhsuchian thase anscribed pereivafter & iamolgaardyolagy and btochémisiny

i mmune response,.i nduced by a c ition. pf the present ipvention,, t HPV
protein anf i g@ﬁ‘bP@‘su nﬁ"é’i‘tgf\’/%ﬁt ﬁw&é‘f"lﬂ‘gec Hingn e E@WW&M&F@‘F nb‘g%‘da Cia
B?L%/ E.Eﬁt i de (SPdfpCHhBbr etotbryobedd Q086D &RutsCodt 0., ORE 18 Proikirt Pgriffaton

10 Methods Enzymology, vol. 182. Academic Press, Inc.. San Diego. CA (1990). Each

composition having a particular portion of an HPV protein antigen can be tested for the
degree and quality of the immune response against the HPV protein antigen in
experiments such as those described in the examples described hereinafter. Minimally,
an HPV protein antigen in a composition of the present invention will contain at least

15 one B or T cell epitope (e.g., a CTL or a T helper cell epitope) of an HPV protein.
When reference is made to compositions of the present invention, the term “HPV
protein antigen” includes portions of an HPV protein antigen, provided that such
portions retain the ability to induce an immune response against the HPV protein
antigen exhibited by infected cells or displayed by HPV.

20 E6 and particularly E7 are transforming proteins. In compositions
including as the HPV protein antigen a complete HPV E6 or E7 protein sequence or a
portion sufficiently complete to retain transforming ability. the transforming nature of
the antigen may. or may not represent a substantial risk. depending on. the method by
which the HPV amiigen is manufactured. For example, in cases in which an HPV

25 protein antigen or a composition including such antigen 1is prepared by recombinant
techniques that carry a risk of DNA contamination. it may be prudent to undertake steps
to eliminate the transforming ability of the antigen. When using compositions
including an expression vector directing the expression in a subject of a fusion protein
including a complete HPV E6 or E7 protein sequence or a porti"orx sufficiently complete

30 to retain transforming ability, it may be necessary to eliminate sequences that render the
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exhibited on the surface of HPV or an infected cell of a subject as well as
pepti de di spdsv@dsody an infected cell as a result of procesgrRogbehas
presentation of the HPV 10 protein. for exanple. through the typical MC
class | or Il pathways. The genom c sequen@es of many di'fferent types of
HPV were cl oned and were characterized by DNA sequence anal ysis. Bacteri al
vectors containing conplete or partial HPV genones are available from

vari ous Sour Cefotéi ' : : | ' t
Col 1 oot i o ( Ao Bl ek il A ing by in€ TRIPLr P AR lC iined by
the present i fustmg E6and &Y dequérmes @ETVAUNS/00868) his theefort fuasiblepthay tetasd Y

est abl i shed f?r .this purpgse. which nethods are well known in the art. HPV
expresses si x 'WHOSRIQEISHBsuding Férar B seauencesgndsities protein sqguencss may almeadyeach

Crmunonr ophyl SeRoufbtofinideh ADEBCeadGitTas pEI&iHEly dfed fom S ony 1oy
and/ or i nf éct &ﬁng@édxﬁiqu%é;t\l}ayh{eaﬂbhelpwirPfHéta?i, RRd lat 330 hido Hebn URribed in |

structural protelns of whi ch are encoded by | ate genes. fl I's the major
capsi d prot ei RCTA95/8088ghThe deletions verd bamade il etgressiomt veciys expeessing. EGToe
seven non-strEZtural E%r teins are products of the_early viral genes.
Proteins El, SEHE ag?’%fyordﬁ VERBE PRERSSIEG ES- PhEV - rstressyrplein: filsiogrproteings e n
E4 functions kel ' : ' ' r.ol e i's
| ess wel | kno%ﬁ.gkéé{rlﬁgﬁ 4r‘n%ﬁh g{élm wégmgﬁ%@éaérg%sggﬁic%%%%g tﬁé trgg | %lg{; an@nEy \’If‘lsr al
replication adeletdr paseifioin Rosinsfeetibn icRparmiarl.] ZRiri exampd NIHBTST @11§8dah e
These prot %i ns, that can be incorporated in the conpositions of the present
i nvent i on.1Var Bapsfectsd: witht an sxpremsionpventen inchdinggergene dor padelétinn protein, and

ano. ther apeut o B8k bl 28 d SABABERb o GRunE Serfein felabl | dhisso”
Egat HPV E6 apshibulaie@ti€ilss decAb&ORI /A M0k0085Pr essed in cervical cancers
ur

In one embodiment of the present invention. compositions are comprised

of two moieties: a stress protein and a protein antigen of HPV against which a cellular

15 immune response is desired. The two moieties are joined to form a single unit. The
two moieties can be connected by conjugation, i.e.. through a covalent bond between

the stress protein and the HPV protein antigen. Hermanson, G.T., Bioconjugate
Techniques, Academic Press, Inc., San Diego. CA (1996); Lussow, A.R. et al.. Eur. J.
Immun. 21:2297-2302 (1991); Barrios, C. et al., Eur. J. Immun. 22:1365-1372 (1992)).

20 Alternatively, recombinant techniques can be used to connect and express the two
moieties, which techniques result in a recombinant fusion protein which includes the
stress protein and the HPV protein antigen in a single molecule. This makes it possible

to produce and purify a single recombinant molecule in the praduction process. The

two moieties can also be joined noncovalently. Any of several known high-affinity

25 interactions can be adapted to , noncovalently connect the two moieties. For example, a
biotin group can be added to an HPV protein antigen. and the stress protein to be joined

can be expressed as an avidin - stress protein fusion protein. The avidin - stress protein
fusion protein will strongly bind the biotinylated HPV protein antigen. Analogously,
portions of HPV protein antigens can be joined to a comp]ete stress protein or to

30 portions of the stress protein, and portions of a stress protein can be joined to a
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9 Hausen, Appl. Pathol. 5:19-24 (1987); Pater and Pater, Virol ogy 145:313-8
(1985)). Kinoshi et al., Br. J. Cancer 71:344-9 (1995)) trated
Sailinpd) BRHEARE o~

that the E genes are al so expressed in lung carcin reover,
sone natural inmune (hunoral) imune respopse to E7 was-noted in cervical
cancer patients (Jochnus-Kudielka et al., 5 J. Nat 'l Cancer Inst.
81:1698-704 (1989)). Finally, nodel studies denonstrate that inmunization

with a nodified E7 protein protects mice against a challenge with | ungl

cel I s transf orcrEgleig HR Vaprogon anjiger ar o pastionssof gemEPYrrroteim antiges prodedthal j n
et al:, Cancer, - 21-26 ((1996)).. Framthe points of view that, t
proteins are t“&%?%%‘fﬁ%ge i’éﬁo& %éedsqgﬁgl@gnte éﬁéucgrqnsmurgsregpogg%g%ﬂﬂsgﬁléeeﬁgs’e HPV
i nfection, thgkotkinCaiideR iRTLEEIES t4Owhdth Gt M 30miriferef.C OB Afstheérkbbdistt,

i kely played a major role in the devel opnment and mai ntenance of the
cancers. and tchmposihionsncomyeise @8 papessiaanedier cipatie of diragigrtbe ekpresséon of an

pr ot ei ns, 56 %E? are preferred targets for  immunintervention or
pr ophyl axi s ' PFETIR antigen s SEFSPEQIPIBdULpN ISt -ei n anti gens of conpositions

cancer. 15 MO OO YRR RS bR UER ok b ER i AR RO e

cytotoxic T cebmpositibys pethei stesnt &ivehtish)C FoPpeRingsit, ¥€désaribed iny thrOXafiples,
certain-viruses gKast and Melief, Imunol. Lett. 30:229 (1991)). It has
been obser ved Hip8P andfpuHep/Qmon &s vecd. | Tuthing doisliress prateinpgensralivecallsagspond ta cal

carcinom_ e, LB OGRIRSS 50k Sk A o SRR e boflgon 7 o
arm of the1g MBn& Sty Rkl Gl! A dksd B HEaf ShdckS¥&le8M Ha&HOEk MRnRent
i mportance in the inmunol ogi cal defense agal nst HPV-associ ated nal i gnancy.
involves exposure of cells or organisms to temperatures that are one to several degrees
Celsius above the temperature to which the cells are adapted. In coordination with the
induction of such genes. the levels of corresponding stress proteins increase in stressed
cells. As used herein, a “stress protein,” also known as a “heat shock protein” or “Hsp,”
15 is a protein that is encoded by a stress gene. and is therefore typically produced in
significantly greater amounts upon the contact or exposure of the stressor to the
organism. A “stress gene.” also known as “heat shock gene™ is used herein as a gene
that is activated or otherwise detectably upregulated due to the contact or exposure of an
organism (containing the gene) 1o a stressor. such as heat shock, hypoxia, glucose
20 deprivation, heavy metal salts. inhibitors of energy metabolism and electron transport,
and protein denaturants, or to certain benzoquinone ansamycins. Nover, L., Hear Shock
Response, CRC Press, Inc., Boca Raton, FL (1991). “Stress gene” also includes
homologous genes within known stress gene families. such as certain genes within the
Hsp70 and Hsp90 stress gene families, even though such homologous genes are not
25 themselves induced by a stressor. Each of the terms stress gene and stress protein as
used in the present specification may be inclusive of the other, unless the context
indicates otherwise.
In particular embodiments, e.g., in cases involving chemical conjugates

between a stress protein and an HPV protein antigen, the stress proteins used in the

30 present invention are isolated stress proteins, which means that the stress proteins have
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Supporting evidence for the inportance of a CTL response in producing
prot ecti vewiorpmsmraedy agai nst E6- and E7-transformed cel |l s cRERCASMIR46N
experiment in which mce vaccinated with g\ rel evant CTL_epitope of HPV 16
E7 were protected against 25 transplanta Pe HPV 16-induced tunors
(Feltkanmp et al., Eur. J. Immunol. 23:2242 (1993)). The present invention
I s based on our observation that | i nkage of a stress protein to an HPV

protei n ant | gfdn! &kldiSarldscBa SOAPRR thORokall 1 AARA ey WeflhitaRac it o7

in particular cel I at e ytolytic. responses again

protei n anti giolatigfhicam be esma&ﬁs a§ desclibéd hereinl sndexsingdiduting ridifodsidf poteingen.
10 An HPV protein antigen of the present invention can be any HPV-encoded

pol'ypepti de. 1snlaaqun¢m in ﬂle artanMpeiatis ploalt. Mecz;dara@lonm JdrfdtbérfﬁOf}'pMawcd,ed
that the por when with S.t bi | yto
i nduce an i rmgﬂ@ PR 3&1’9{3&0% agah";ﬁmag 2\[@{! g@zgxﬁ?rgﬁ’ Palél

I nfected cell y t N |

conpr i si nggva%f’?%g%ﬁ??’m"% T Morklol MBRRE 2 Féif Fgﬁ’é Syefe JBKEHE 1O ‘ﬂi¥v
protein anti gkfess 39895, Deaduied My Gl v ProRI Pulsifiektion ethdiSEnSmdlugyped
hereinafter or in nolecular biol ogy and bi ochem stry textbooks. Sanbrook et
al ., Ml ecul avold 8hiAvgdentic Padssrlac.083n MegolA (KWO0Ed. , Col d Spring Har bor

Laboratory Press (1989); Deutscher ‘Quide to Protel n Pur|f|&4n| on 10
Met hods Enzymol ogy, vol In Basterianthe paedominant stress preteins<ise, PRyteips, Witk meleeuday)

Each conposi th?%eg}?gb&%oaana tﬂ[f ket%bec%%l&hﬁlgt 2t Bfnidn g'px‘?:'i“%e‘a' W a??itst)ﬂf%ldc an

be tested for egree an | Mmune response agai ns HPV
protein anbi gE8p60) respectively. ’Ihese and other specific stress proteins and the genes encoding

them are discussed further below. In bacteria, Hsp70 and Hsp60 typically represent
about 1-3% of cell protein based on the staining pattern using sodium dodecyl sulfate
polyacrylamide gel electrophoresis and the stain Coomassie blue, but accumulate to
levels as high as 25% under stressful conditions. Stress proteins appear to participate in
15 important cellular processes such as protein synthesis, intracellular trafficking, and
assembly and disassembly of protein complexes. It appears that the increased amounts
of stress proteins synthesized during stress serve primarily to minimize the
consequences of induced protein unfolding. Indeed. the preexposure of cells to mildly
stressful conditions that induce the synthesis of stress proteins affords protection to the
20  cells from the deleterious effects of a subsequent more extreme stress.

The major stress proteins appear to be expressed in every organism and
tissue type ) examined so far. Also, it appears that stress proteins represent the most
highly conserved group of proteins identified to date. For example, when stress
proteins in widely diverse organisms are compared, Hsp90 and Hsp70 exhibit 50% or

25 higher identity at the amino acid level and share many similarities at non-identical
positions. [t is noted that similar or higher levels of homology exist between different
members of a particular stress protein family within species.

The genes encoding stress proteins may be present in a single copy or in
multiple, non-identical copies in the genome of a cell or organism. For example, the

30 human genome has been shown to contain at least one copy of an hsp100 gene, at least
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experinments such as those described in the exanples described hereinafter.
M nimal |y, vanodiieoPr Ot €i n antigen in a conposition of the pepeavsookssvention
will contain at least 15 one Bor T cell epitope (e.g., a ClLor a T

hel per cell epitope) of an HPV protein. Wién reference is nmade to
conpositions of the present invention, the term"HPV protein antigen"

I ncl udes portions of an HPV protein antigen, provided that such portions

retain the abjlity.to ipdyce an inmune res se _agai.nst. .t he HPV protein
anti gen exhi b#‘%’%dﬂgve?tng?%e?”(%l PR tBrmHﬁ?E?@)ﬂéﬂﬁgﬁk I—‘l%\y.’h least’ several ‘are ¢
and parti cul apbyidehtid] GobledN Sévafal ebdkss (Th U itORsst e phend
as the HPV prot ei‘n antié’grﬁ'g’a co#plg't%g %_%égr%%raés; g%{?f%?%ﬁn selgﬁsendg% rha
por'ti on suffi encedinigythe ecipled treitdohondriahiprottindispb0) a8 well abiak Idayt thkdeecopies of
transformng nature of the antigen may. or nmay not represent a substantial
ri sk, dependi fgalbhsp igeneseansoding Haphiie the: B30 kasrange) eh modecitan sizactlormast For

le, i ' i ch PV.25 tei [ . 1T,
cramLe. 13 et B bRl 2ol S R er B SRS o
i sk of DNA ] [ it b 3 t .t k t {: .
151 ONA CARRTEL Gl LY, REpBNEIT o S URRADH R SRS sl o

i ncl uding an Buiiicemdie) Beverst Fanilids bﬁgieki\perkbmcﬁwemmhﬁranguhi-@gma&ﬁ a
fusion protein including a conplete HPV E6 or E7 protein sequence or a

portion suffi by beatlbyt kyootherames 8@h as increased qaloiuratesklsc eteng ability, it may be
t | i m nat that rend t ' duct

(ranst or i ng. - Nont r ansf S BRisEnputchansHang- Esvdlk i rHb A Msi ng

E6 and E7 19eaygbfehe(R5H AHIRARARE fcoghibed By HISKRT BRAUROSRI §n IHiAMnRR! @l N

response to infection by Mycobacterium tuberculosis and Mycobacterium leprae.

Young, R.A. and Elliott. T.J.. Stress Proteins. Infection, And Immune Surveillance, Cell
30:5-8 (1989). Further. some rat arthritogenic T cells recognize Hsp60 epitopes. Van
Eden. W. et al., Nature 331:171-173 (1988). However, individuals, including healthy
15 individuals, with no history of mycobacterial infection or autoimmune disease also
carry T cells that recognize both bacterial and human Hsp60 epitopes; a considerable
fraction of T cells in healthy individuals that are characterized by expression of the
gamma-delta T cell receptor recognize both self and foreign stress proteins. O’Brien,
R.et al.. Cell 57:664-674 (1989). Thus. individuals. even healthy individuals possess

20 T-cell populations that recognize both foreign and self stress protein epitopes.
This system recognizing stress protein epitopes presumably constitutes
an “early defense system™ against invading otganisms. Murray, P.J.-and Young, R.A.,
J. Bacteriol 174: 4193-6 (1992). The system may be maintained- by frequent
stimulation by bacteria and viruses. As discussed before. healthy individuals have T
25 cell populations recognizing self stress proteins. Thus, the presence of autoreactive T
cells is compatible with normal health and does not cause autoimmune disease; this
demonstrates the safety of stress proteins within an individual. The safety of stress
proteins is additionally demonstrated by the success and relative safety of BCG (Bacille

Calmette Guerin, a strain of Mycobacterium bovis) vaccinations, which induce an
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fusion proteins including E6 or E7 sequences and stress protein sequences

may al readx,v{gg9 pegy ransformng. Alternatively, sequences mperReass@bReti vely
del eted from or E7 S using techniques that are well known in the art,

and that have al so been described in PCT/ AlJ5/00868. The del etions can be
made i n expression vectors expressing E6 or E7 sequences alone or in
vectors expressing E6- or E7 - stress protein fusion proteins. The results

of such mani pulations can be.assessed hy t.esti the transf.ornmi ng,abil.ity
of del et fon prBPRTRISRAS AL FERE POYELXHE [tk POBsHVEARRT SO Rp i
cells can be 1fpertsipsisf ected with an expression vector including a gene for
a deletion protein, and transformng ability can be estinmated by
col'ony-form ng assay i n FaofiliesaifatressTgenes qarproteins £or gsesh thesprasembd investoon dred

i n PCT/ AU95/ 00868. In. one enbodi ment .of the present Jny i C Si tjons
are conpri sed ?S"t‘O{E}P#B‘?‘@’B ipdhe grt apgd daddu -2?%?4?“% %S%ﬁ@?@&n%%ﬁggg‘ﬁpﬂ

HPV agai nst i ch | ki i{:fga%e I@ﬁ | §adesi 2dh

noi eti es ar%%@helgsp? g’ :Hé ?nd’a%glssﬁg uhiﬂtr, 2&? %ﬁ@geﬁsggb ?:g’n%g;epl’\DGmE’
connect ed by ddspl0gabigeitin, talfexin,t dHdOptoteid dbaMile céméand. belaveR) ANE., Aoléss
protein and the HPV protein antigen. Hernanson, Bi oconj ugat e

GT., .
Techni ques, AcwliEgifarborckaporatary, ResSahiSHTRgl9I5 Grargel b Ooa; &\ Lisdawist, A\ 4rn. Bev.
al., Eur. J. | n.,2.L: 7; 2 9 . Bargi et.al., Eur, J. .1 n.
22:1365- 1372 (%é)%fj%é%ﬁlgégng-%vg%’?t 1§8~c§rhgi§%ft(5?t"é18ﬁn‘?tq%§-s A Zrtisal S o
to connect an MO i Rt ' [ .3pe '
reconmbi nant f Sgsrig%ﬁﬁaﬁgﬁﬁsg??%“?é@ﬁ |}§§gg\,’? pgb’sthggégsj }E)H?g?gp’nﬁg{r?gr P %gé?—lﬁ:%
prot ei n anid geldsp7f aad $ispdfl.e nol ecul e. This makes it possible to produce and

purify a single reconbi nant mplecule in the production process. The two
noi eties can al so be j oiPiF@éOQTg%G%WBlﬁ‘% ineluden(Grrdi/0 d&eregligosg megiated protein).

g 1 LY, G R . RSH ol OHBRHRIGE Y AP
protein anti gedle iaMeniuA6glcbulaSHIdMOARI Asdngblpe | oi ned
Hspl100 examples include mammalian Hspl10, yeast Hsp104, ClpA,
15 ClpB. ClpC. ClpX and ClpY. Yeast Hspl04 and E. coli ClpA, form hexameric and
E. coli ClpB. tetrameric particles whose assembly appears to require adenine nucleotide
binding. Clp protease provides a 750 kDa heterooligomer composed of ClpP (a
proteolytic subunit) and of ClpA. ClpB-Y are structurally related to ClpA, although
unlike ClpA they do not appear to complex with ClpP.
20 Hsp90 examples include HtpG in E. cofi. Hsp83 and Hsc83 yeast, and
Hsp90alpha, Hsp90beta and Grp94 in humans. Hsp90 binds groups of proteins, which
proteins are typically cellular regulatory molecules such as steroid hormone receptors
(e.g., glucocorticoid, estrogen, progesterone, and testosterone receptots), transcription
factors and protein kinases that play a role in signal transduction mechanisms. Hsp90
25 proteins also participate in the formation of large, abundant protein complexes that
include other stress proteins.
Lon is a tetrameric protein functioning as an ATP-dependent protease
degrading non-native proteins in E. coli. _
Hsp70 examples include Hsp72 and Hsc73 ftor;m mammalian cells, DnaK

30 from bacteria. particularly mycobacteria such as Mycobacterium leprae, Mycobacterium
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can be expressed as an avidin - stress protein fusion protein. The avidin -

stress protein fusion protein will strongly bind the bioti v
protein anPEA78R, ) ogously, portions of HPV protein ant ig%#gkgsgbrqﬂge

joined to a conplete stress protein or to180 portions of the stress
protein. and portions of a stress protein can be joined to a 12 conpl ete
HPV protein antigen or to portions of the HPV protein antigen, provided
that the respective portions are sufficient to i nduce an i nmune response

agai nst the HpWersubossi andMicobastdrivmabenibwch as Bagillsrdlmerte Gugrininiefaresddd. | n
anot her enbodj nment 0 | tiL,0psS C ri.se an.expressj op vector capahl e of
directing t hgh%'ﬁ‘&a&s@wgﬁﬁi#mﬁﬂ%m %g@” o @ﬂh yﬁﬁﬁti agfnot_ﬁersgrp%%rgotﬁ,c?pgiﬁl’

fusi on protei fnd k78U H§PlLisStIgABR Bf Qp&ifitallliethdinf OLEP PisObRIINas( BifoldedCan
be used in the conpositions of the present Invention. For exanple, as
descri bed i n polgpeptidapireipeptidqstherby panicigsprdinqaoteindfoldirerand unfolding as wvell

stress proteins, g{eneral lé’ gel_ | s rgspond to a si ressor (typically heat
shock t r eatneft i thyassembly aud disasspmblngi PeyeinSAMBIEXES.gr oup of 10 genes

comronl y referred 10 asyslgesamols ihidale YRS oHHESdBA BRRSH Hesd o

I nvol ves exposure of celT’s orf organi sns enperatures are on

several degr eao Comfionly fdwncast GRELS Ml Atthd SrdEL WoirCh. dolve Bploh FordsSlarge
adapted. In coordination with the induction of such genes. the |evels of

corr espondi ngh@mf@é@nwi@tcemmkxbsn@néasaearmmsnlaxes&ﬂ T@lélllll @IOt?'fis fg@?xz. NdspsOn, a
EETER S TN RN R ThY e e
FLgdgfregslslgr 5][ gn][ Llecant TH5SOERAMFEs MR TMPARIENSC BRIAGIonR.  EPHBOSHefhsOf
: typically occur in the cytoplasm of eukaryotes and some archaebacteria, and form
multi-membered rings. promoting protein folding. They are also weakly homologous to
Hsp60.

Hsp40 examples include DnaJ from prokaryotes such as E. coli and

15 mycobacteria and HSJ1, HDJ1 and Hsp40. Hsp40 plays a role as a molecular
chaperone in protein folding, thermotolerance and DNA replication, among other
cellular activities.

FKBPs examples include FKBP12. FKBP13. FKBP2S5, and FKBP59,
Fprl and Nepl. The proteins typically have peptidyl-prolyl isomerase activity and

20 interact with immunosuppressants such as FK506 and rapamycin. The proteins are
typically found in the cytoplasm and the endoplasmic reticululum.

Cyclophilin examples include cyclophilins A, B and-C. The proteins
have peptidyl-prolyl isemerase activity and interact with the immunosuppressant
cyclosporin A. The protein cyclosporin A binds calcineurin (a protein phosphatase).

25 Hsp20-30 is also referred to as small Hsp. Hsp20-30 is typically found
in large homooligomeric complexes or, possibly, also heterooligomeric complexes
where an organism or cell type expresses several different types of small Hsps.
Hsp20-30 interacts with cytoskeletal structures. and may play a regulatory role in the

polymerization/depolymerization of actin. Hsp20-30 is rapidly phosphorylated upon
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organism A "stress gene," also known as "heat shock gene"” is used herein
as a gene tWa®IPMW6dcti vated or ot herwi se detectably upregulPST&A%80€2460 t he
contact or exposure of an organism (contaiyng the gene) to a stressor.
such as heat shock, hypoxia, glucose 20 deprivation, heavy nmetal salts.

I nhibitors of energy netabolismand el ectron transport, and protein
denaturants, or to certain benzoqui none ansanycins, Nover. L., Heat Shock

Response, CRC se@Sér edpdSure dPaeinBadels to lpkovithHdtbrs. " BspE30 B6MBlogadsSRciude
i ncl udes honol ogous genes wi thin known stress gene famlies. such as

certain genes alphakirystallie. Hsp70 and Hsp90 stress gene fanmilies, even though
such honol ogous genes are not 25 thenselves induced by a stressor. Each of
the terms stress gene afdPRisansk geHpretesse amvolueddn dpgragation of abparmal proteins.

specification i.nc iye of. the.other, .unles hge cont ext i ndicat.es
otherwise. In %‘Z}gﬁ?‘?g“ sa?% ocﬁr%ﬂ'f'éd,e G E)t?g{asésaseélpﬁ’n&&r\gi %}eéeﬁoeoﬁﬁgggﬁehc
conj ugat es detyprlexawith CfS protein and an HPV protein antigen, the stress
proteins used inthe 30 'present invention are isolated stress proteins,

whi ch nmeans that the str&pE ipaatRicol phasia of abdidt 10ckDa sek écinedlvadidn bethahat ed
fromthe host cell in which they were produced. Such isolation can be,
carried out adewusdfiess-dramaged pip@ingsasnyel dst thp dlegradatinns ob dampgadepreteins.

Sol U1 on Krow BN S AR Fonflsr i % o or v
Col'd Spring var bor Labor SPoyy Bracene FGas afh CARRL Ty ifpHaly (RSt |
Purificati dh Metchbdad Enmytothondyia and chloroplasts of eukaryotic cells. Hspl0 forms a seven-
membered ring that associates with Hsp60 oligomers. HsplO0 is also involved in protein
folding.
Ubiquitin has been found to bind proteins in coordination with the
proteolytic removal of the proteins by ATP-dependent cytosolic proteases.
15 In particular embodiments. the stress proteins of the present invention
are obtained from enterobacteria, mycobacteria (particularly M. leprae, M. tuberculosis,
M. vaccae, M. smegmatis and M. bovis), E. coli, yeast, Drosophila. vertebrates. avians,
chickens, mammals. rats. mice, primates, or humans.
The stress proteins may be in the form of acidic or basic salts. or in
20 neutral form. In addition, individual amino acid residues may be modified by oxidation
or reduction. Furthermore, various substitutions. deletions, or additions may be made to
the amino acid or nucleic acid sequences, the net effect of which is to retain or further
enhance the increased biological activity of the stress protein. Due to code degeneracy,
for example, there may be considerable variation in nucleotide sequences encoding the
25 same amino acid sequence. The present invention is also suitable for use with portions
of stress proteins or peptides obtained from stress proteins, provided such portions or
peptides include the epitopes involved with enhancing the immune response to the
chosen HPV protein antigen. Portions of stress protein; may be obtained by
fragmentation using proteinases. or by recombinant methods. 'such as the expression of

30 only part of a stress protein-encoding nucleotide sequence (either alone or fused with
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vol . 182, Academ c Press, Inc.. San Diego, CA (1990). In bacteria, the
predom nantN@IYWE8E proteins are proteins with mol ecul ar si PEHCAPSINR,c 70
and 60 kDa, respectively. that are commnl¥ referred to.as Hsp70 and 10
Hsp60, respectively. These and other specifTic stress proteins and the genes
encodi ng them are di scussed further below. In bacteria, Hsp70 and Hsp60
typically represent about 1-3%of cell protein based on the staining

pat t ern usi ng asathéruprottitenpting HutRicadio syq@rne) afegddgeinag laiot beopbaucedity and
the stain Coomassi e blue, but accunmulate to |evels as high as 25% under
stressful condpeh Bethodsiardyschsmaeabistinthesipe dhe stessaprotedisprey inaludesmutations

a1 ok ng. . ke LR Hhn T Bx20aRRy S doRh b e SO o
that the incr %ﬁ%ﬁle@&‘lﬁﬂ@?o?m%{ ﬁﬁiélfaﬁ&ro ﬂfaﬁz'td??kf)ﬁ?.th S% dﬁ%}gdHéﬂbBSIG%c{) g@ng

serve primarily to m ni mze < he consequences 0 otein

| ndeed, thé piPesx {0889 Doihkwetet and Klinetisbty Pedcr eNeslf udcadosw USAN83.84GR-3406duce
t he synthe5| s of stress proteins affords protection to the 20 cells from

t he del et eri o{E86);fleige @néfwae.sﬁwe&&é@ﬁ-lhb(@%)ctlrlmtzwr@s ﬁen?me 32017

stress protei pear to be expressed ever nls ssue type )
exani ned so fo‘”@gu gg ¢ term Sgﬁﬁéﬁg@r‘taﬁé’(se‘ig?ré’é‘slsé}‘ ﬁ% G égé}hi’orpﬁ’és %@St
hi ghly conser ins identified to date. For exanple, when
stress pr otel fcﬁg\?\nﬂgset 7 O\géel?se organi sns are conpared, Hsp90 and Hsp70

exhi bit 50% or 25 hi ghMemddeaﬂde@tngtahgenam A Profein dndi@\cahsx@mhoﬂh@raemeﬁny
simlarities at non-identical positions. It is noted that simlar or higher

| evel s of Womgbléfg?r frrieit arb eteldnowai ihfthe emt Foeetsorpde.ghe gonsarvationbhithegeness s
proLel n fam | g p LB, SpeLes e Jencs, Shcodl L cos ol FLnS IR b
e ] LA it ATy 30T SERF ST
genes such as DnaK. GroEL or Dnal. e.g.. by nucleic acid hybridization or nucleic acid
or amino acid sequencing followed by computer comparison analysis. Voellmy, R., et
15 al., Proc. Nat't Acad. Sci. USA 82:4949-4953 (1985). Alternatively, an assay may be
used to identify and/or discriminate between essential structural features and/or
functional properties of a selected stress protein. For example, an expression library
may be screened using anti-Hsp antibodies. Hsp90 is well known to bind the
benzoquinone ansamycin geldanamycin with high affinity. An expression library could
20 therefore be screened with geldanamycin to discover putative homologs of Hsp90 as
proteins binding the benzoquinone ansamycin. The nature of the protein encoded by the
isolated nucleic acid could be further confirmed by other .assays including
antibody-based assays. Antibodies: A Laboratory Manual. Harlow and Lane (eds.),
Cold Spring Harbor Laboratory Press (1988). In addition, the biological activity of a
25 given stress protein group may be exploited. Guidon, P.T., and Hightower, L.E.,
Biochem. 25:3231-3239 (1986). For example. Hsp70 is capable of specifically binding
ATP as well as unfolded polypeptides and peptides in the assembly of protein
complexes. Thus, mixing a protein under consideration with a sample comprising
appropriate polypeptides, peptides, or ATP, followed by deten"nination of the presence

30 or absence of production of protein-protein or protein-nucleotide complexes indicates
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14 two different hsp90 genes, up to ten hsp70 genes of which at | east

several arewooweiseenti cal copies, several T conplex genes (ptapcORpesy and
at | east one gene encoding the related mtochondrial protein Hsp60, as well

as at least three copies of small hsp gené§ encodi ng Hsps in the 20-30 kDa
range of nolecular size. In nost 5 famlies of stress genes there is at
| east one gene whose expression level is relatively high and is either

st whor | vely high and i's i ther
Coveral fam | eVt Breiel ofubitnds B 3h BRE wRRLEE Befe. Ibteh JFHIRA ot oo

by heat but bybshbecandeasnfitind @lizingCoRaacdysalchial Bhtidde basedaistays The stress
proteins, particularly Hsp70. Hsp60, Hsp20- %0 and Hspl0O, are 10 anobng the

maj or determ nants recodhf SEesstpoteine stiess tproteim postiery stress prateirh bomobogue and
response to infecti by. Myc ri um.t.ubercul osi s and cobacteri yum

| epr ae. Youngmengtggnﬂ%E%iogfﬁ%w}% .w%@’t rtg% SUBHS o PIOTEIR 1S :\%Pi%@ﬂegn‘?r Jeiped

| mmune Surgei hbsiassl iB- 4 N ic T
cell s recogni ze Hspgl(l)tg:;&)Jhs%gelg.tﬁc\tlggl’g,ég%tﬁ?f\glé& gglbgﬂﬁg%{ S’Ptgﬂ{sgt}fsk’ﬁgﬁ
(1988). Howev&achninnebi \Fod eednsple.ithe trids p@tdie and/bothd bntide Ghy bélUsthimed (sé1Btedp

hi story of nygobacterial infection or autoi mune di sease also carry T cells
that recogni zHBo? FOWeRcineVvhigh itisknawide oppse@ndysi progessd and darvested frabi eell

expr essi o of PRE Sk e b of 6 dnRER o pruBindi TR BkeRed Geo oita be
| vi'dual 5. v e C B o aet, €Ad Sapresshl e SRATRE tnp SRTRN oD

recogni ze ot protein er ghe amiges.airfcas theesyathpsinddedreneeal iyo fasthermore, a nucleic acid

sequence encoding the desired stress protein or the antigen can be synthesized

chemically. A fusion protein including a stress protein and an HPV protein antigen can

be produced by recombinant means. For example, a nucleic acid encoding the stress

protein can be joined to either end of a nucleic acid sequence encoding the HPV protein

15 antigen such that the two protein-coding sequences are sharing a common translational

reading frame and can be expressed as a fusion protein including the HPV protein-

antigen and the stress protein. The combined sequence is inserted into a suitable vector

chosen based on the expression features desired and the nature of the host cell. In the

examples provided hereinafter. the nucleic acid sequences are assembled in a vector

20  suitable for protein expression in the bacterium £. coli. Following expression in the

chosen host cell, fusion protein can be purified by routine biochemical separation

techniques or by immunoaffinity methods using an antibody to one or the other part of

the fusion protein. Alternatively, the selected vector can add a tag to the fusion protein

sequence, e.g., an oligohistidine tag as described in the examples presented hereinafter,

25  permitting expression of a tagged fusion protein that can be purified by affinity methods

using an antibody or other material having an appropriately high affinity for the tag,

Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d Ed., Cold Spring

Harbor Laboratory Press (1989); Deutscher. M., Guide to Protein Purification Methods

Enzymology, vol. 182, Academic Press, Inc., San Diego, CA (1;90). If a vector suitable

30  for expression in mammalian cells is used, e.g., one of the vectors discussed below, the
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This systemrecogni zing stress protein epitopes presumably constitutes an
"early def Sosrdept et agai nst i nvadi ng organi sms. Mirray, pPrgag sgYoung,
R A, J. Bacteriol 174: 4193-6 (1992). The system may be nai ntal ned by
frequent stimulation by bacteria and virugBs. As discussed before. healthy

I ndi vidual s have T 25 cell popul ations recogni zing self stress proteins.
Thus, the presence of autoreactive T cells is conpatible with nornmal health-

d ' di - t.his.d t h f e
T eas or or ei AR L B G R B e PR AR ET Sl APy e
addi tional |y gpmmnsiah adx@esiiyn tR1os UGS RREnA TEi66 Rbtbine ol boueiceBOBn be

(Bacille Calnmette Guerin, a strain of Mycobacterium bovis) vaccinations,

whi th i nduce administersd torasubgect wsfireatexpaaysion of thetfnsiers potat & the stljedt’sicsllal so
protective agai nst ,Mygobacterium tuberculosis. Famlies of stress genes and
proteins for cleie epfoduIgt o dvatpigincliding A GTesSERE AR HEY PSR |

d include, , | 2 . IO, . . 60,
Tros, rpac, ERISSE A b RSl Mg ok Bl BTy gA01P (Betol B
cal nexi n, andfysfont goteisl pfoduéticieand plificasion .or MamadikeatioAJola subfedt.d FailyDg

Har bor Laboratory Res. 25:59-70. 1995; Parsell, D.A & Lindquist, S. Ann.
Rev. Genet. 2fusipppratem qangbgpe pgparedrhemisaliNo. 5, 232, 833 (Sanders et al .).

A particular group of stress praoteins includes Hsp90, Hsp70, L
Hsp20- 30, Turther pref oFBbRymEB SRS SO BB RS 36D 28, g aieen
include G pl7@edctiBéd HeHGOS@N' 8OULRHEHh RLAAREMIn immune response, particularly a

10 cell-mediated cytolytic response, against an HPV, or HPV-infected or transformed cell

expressing an HPV antigen. Preferably, compositions will contain protein antigen
sequences from the particular HPV type against whose proteins an immune response is
to be elicited.
The compositions comprising a stress protein and an HPV antigen
15 described herein can be administered to a subject in a variety of ways. The routes of
administration include intradermal, transdermal (e.g., slow release polymers),
intramuscular, intraperitoneal. intravenous. subcutaneous. oral. epidural and intranasal
routes. Any other convenient route of administration can be used, for example, infusion
or bolus injection, or absorption through epithelial or mucocutaneous linings. In
20 addition, the compositions described herein can contain and be administered together
with other pharmacologically acceptable components such as biologically active agents
(e.g., adjuvants such as alum), surfactants (e.g., glycerides). excipients (e.g., lactose),
carriers, diluents and vehicles. Furthermore. the compositions can be used ex vivo as a
means of stimulating white blood cells obtained from a subject to elicit, expand and
25 propagate HPV protein antigen-specific immune cells in vifro that are subsequently
reintroduced into the subject.
Further, a stress protein - HPV protein antigen fusion protein can be
administered by in vivo expression of a nucleic acid encoding such protein sequences
into a human subject. Expression of such a nucleic acid can also be achieved ex vivo as

30 a means of stimulating white blood cells obtained from a subject to elicit, expand and
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G pl70 resides in the lumen of the ER, in the pre-golgi conpartnent. and
may play awoodew?7ésn i nmunogl obul in fol di ng and assenbly. HsPAQDCAR809248 es

i ncl ude mammal i an Hspl10, yeast Hspl O4, %ﬁA 15 dpB. dpC dpX and

Cl pY. Yeast Hspl ™ and E. coli C pA, for exaneric and E. coli d pB.
tetrameric particles whose assenbly appears to require adeni ne nucl eotide
bi nding. C p protease provides a 750 kDa heterool i goner conposed of O pP (a

proteol ytic SltigbﬁgalﬁoéA %’gﬁ%‘g&}%ﬁb"i& Piinfuf Gefll I HC ! hét L%ea%g&eﬁ&n%'pp"

al t hough unl i appear to conplex wth

Hsp90 exanpl eintrodiicedeintdt théSsubjedt. Bxphdssiofrivpéiorsasnitabile d@3diyeedng theaddpression
Hsp90al pha. Hsp90beta and G p94 in humans. Hsp90 bi nds groups of proteins,
whi‘ch prot ei nef BP¥ protgincantigen-stedss prasgin fasiensen by seiseied dioay theaige yatigyafoi d
hor mone receptors (e.q. | ucocqrticqid str,0 .. _progesterone;, a

t est ost er one Yegi"éi)t gireqtly 8? n¥ct epbglgn 3 ’é?g‘?r’éﬁdsg’iﬂd’ep}‘%‘?%? ﬁﬁ i?fﬁs“é’g‘%lﬁé’tf
play a role i | okl | ] '

Parti ci pat s | BORHERE bish PRIC bE HRETRCIAPHP RS arc BRCHu T uRhehENRY frk ot

i ncl ude ot herintkdsesBordxatple) secombihahsad@nbdiusaeeiot 8IVI1 DLAIL Rt AlUrGdre Thengpyas
an ATP- dependent Eint ease degradi ng non-native proteins in E. coli. Hsp70

exanpl es i ncl {id@e’-Bi (1P4an Berwer X 1 ko Biovaahmiquears:eki-24 1 98Bk keeamdr generation
bact 1\ v PSS e DY BRI (G S Bl SRR B D TR T o
Baci | | e- Cal mejdeo-GuBEialtd YfAI€VEREr LAAV/Neo (Muro-Cacho et al., J. Immunotherapy
10 11:231-7 (1992)) can be used. Furthermore. recombinant retroviral vectors MFG
(Jaffee et al.. Cancer Res. 53:2221-6 (1993)) or LN, LNSX. LNCX, LXSN (Miller and
Rosman, Biotechnigues 7:980-9 (1989)) can be employed. Herpes simplex virus-based
vectors such as pHSV1 (Geller et al,, Proc. Nat'l Acad. Sci 87:8950-4 (1990) or
vaccinia viral vectors such as MVA (Sutter and Moss, Proc. Nat’l Acad. Sci.
15 89:10847-51 (1992)) can serve as alternatives.
Frequently used specific expression units including promoter and 3’
sequences are those found in plasmid CDNA3 (Invitrogen). plasmid AHS. pRC/CMV
(Invitrogen). pCMU 11 (Paabo et al., EMBO J. 5:1921-1927 (1986)), pZip-Neo SV
(Cepko et al.. Cell 37:1053-1062 (1984)) and pSRa (DNAX. Palo Alto. CA). The
20 introduction of genes into expression units and/or vectors can be accomplished using
genetic engineering techniques, as described in manuals like Molecular Cloning and
Current Protocols in Molecular Biology (Sambrook, .. et al., Molecular Cloning, Cold
Spring Harbor Press (1989); Ausubel. F.M. et al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley-Interscience (1989)). A resulting
25 expressible nucleic acid can be introduced into cells of a human subject by any method
capable of placing the nucleic acid into cells in an expressible form, for example as part
of a viral vector such as described above, as naked plasmid or other DNA, or
encapsidated in targeted liposomes or in erythrocyte ghosts (Friedman, T., Science,
244:1275-1281 (1989); Rabinovich, N.R. et al., Science, }65:1401-1404 (1994)).

30 Methods of transduction include direct injection into tissues and tumors, liposomal
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herein as Hsp71), DnaK from Escherichia coli, yeast, and ot her Erokaryot es,
and Bi P andv@&p37860 Hsp70 i s capabl e of specifically bindi nECKEAIW24%| | as
unf ol ded pol ypepti des and pepti des. there% participating in protein
folding and unfolding as well 5 as in the assenbly and di sassenbly of
protein conpl exes. Hsp60 exanpl es include Hsp65 from nycobacteri a.
Bacterial Hsp60 is also coomonly known as G oEL, such as the G oEL fromE

colt. Hsp60 f aamsfedtion (Erabyraral.| yanes 320:¢PPPl BL9%0)) depagipedisted enddctosid key
role in protein folding. Hsp60 honol (}gues are present in eukaryotic
ca

m t ochondri a &aflovkalorcdbprlastdm. 19V.7. d. Sci. 060F36-162arth9%).i med ugetitiepl

TR C and t hergos . The proteins typi |y occur.ip.th t gpl asm of

eukar yot es angg?gg?r'rfgmﬁ?télﬂﬁ(gﬁtﬁé £ERS 'é?f%%ﬁ ggj’isgﬁ’ﬁ‘?wtﬂ"- ﬁ%{ﬁﬁg ,C%é B 1%6 3299?‘797
pronoti ng progfy'gg fol ding. They are al so weakly honol ogous to Hsp60. Hsp40
exanpl es i ncl ude P)naJ from prokaryotes such as E. coli and 15 nycobacteria

and HSJI, KDJI and Hsp4Uhe atiismd @f kY Brotein ahd HRY moteinl atigtm(fusdagajwpaedi n
protein folding, thernotolerance and DNA replication, anmong other cellular
activities. FrRBR®neovaleptlesjoined| asd dispusssdl beforBiv she crmpogtionsnef HiBPESentFpr |

and Nepl. The.proteins typicall ha epti | -prolyl isonerase activit

and 20pi nt era vewqr%lsiqﬁ%%@&b ‘g’s%r\é s sgglggfe/gg}%p olému?@ﬂéﬁ‘?e?’ﬁl.e\{# ﬁg
{oi Al ' . . )

Pl ol o S el bt Mol SR BRI e ABleA M eRults jn an

prot ei ns have ingephdrdyf ardindhithe teSHUNRE. A% addition/ithe/ abehti ofts@eaqirowin dndt HEV
I munosuppr essant. cyclosporin A The protein cyclosporin A binds
cal ci neur il (arqieinraiigensidoypingredsie)the subject will vary dependingspip@-vagety of facsass,

referred to a?nc?urﬁllgl th'ElSﬁPVng%tze?ﬁ gr?tigie% gr%ipsitx%gsl lp%tcfix? lf:'rqndployed, the size. age. body
weight, general health. sex. and diet of the subject as well as on its general
immunological responsiveness. Adjustment and manipulation of established dose
ranges are well within the ability of those skilled in the art. For example, the amount of
15 stress protein and antigen can be from about 1 microgram to about 1 gram. preferably
from about 100 microgram to about 1 gram, and from about 1 milligram to about 1
gram. An effective amount of a composition comprising an expression vector is an
amount such that when administered. it induces an immune response against the HPV
protein antigen which it encodes. Furthermore. the amount of expression vector
20 administered to the subject will vary depending on a variety of factors, including the
HPV protein antigen and stress protein expressed. the size, age, body weight, general
health, sex, and diet of the subject as well as on its general immunological
responsiveness. Additional factors that need to be considered are the route of
application and the type of vector used. For example. when prophylactic or therapeutic
25 treatment is carried out with a viral vector containing a nucleic acid encoding an HPV
protein antigen - stress protein fusion protein, the effective amount will be in the range
of 10" to 10" helper-free, replication-defective virus per kg body weight, preferably in
the range of 10* to 10" virus per kg body weight and most preferably in the range of 10°

to 10'° virus per kg body weight. "

SUBSTITUTE SHEET (RULE 26)



I n | arge honool i goneric conpl exes or, possibly, also heterooligoneric

conpl exes whesso786d Or gani smor cell type expresses several pdrfcaes/entss t ypes
of small Hsps. Hsp20-30 interacts with cytoskeletal structures, and may
play a regulatory role in the polynerizat? n/ depol yneri zation of actin.
Hsp20-30 is rapidly phosphoryl ated upon 17 stress or exposure of resting
cells to gromh factors. Hsp20-30 honol ogues include al pha-crystallin. C pP
is an E. coli protease 4 o ' I 06

Homol oguee of O pp are T ey Bl AURIER Pt RNAITR ex@hfles) Which ar
het er ool i gonenstdntendw beXimiisgin@npAvayG pE is an E. coli protein of about
20 kDa that is involved in both the rescue of stress-danaged proteins as
wel’l as the degradation of damaged proteins. G pE plays a role in the

regul ati on of stress gene expression Qﬁ&ghﬁﬁiﬁg' Hspl O exanpl es i ncl ude

G oES and Cpnl0. HsplOis typically f E. coli and in

m tochondrisa and chl oropl asts of eukaryotic cells. Hspl O forns a seven-
menbered ring that associates with Hsp60 ol i goners. HsplO is al so invol ved
in protein folding. Ubiquitin has beeEXAMRBIEtlo bind proteins in
coordination with the proteolytic renoval of the proteins by ATP-dependent
cytosolic proteases. 15  ISOLATION OF REGOMBINANESTRESS BREBENSrent s. the stress
proteins of the present invention are obtained from enterobacteri a,
nycobacteria (particularly M| eprae, Mtubercul osis,

Recombinant Mycobacterial Hsp71,
Plasmid Y3111 contains an M. tuberculosis hsp71 gene functionally

10 inserted between expression control sequences (Mehlert. A. and Young, D.B., Mol.
Microbiol. 3:125-130 (1989)). E. coli strain CG2027 (obtained from C. Georgopoulos,
University of Geneva. Switzerland) containing a truncated dnak gene was transformed
with plasmid Y3111 by standard procedures. (Maniatis et al., Molecular Cloning, A
Laboratory Manual. Cold Spring Harbor Laboratory. Cold Spring Harbor, N.Y.

1S (1982)).

Bacteria containing plasmid Y3111 were grown overnight in 2xYT
medium (20 g Tryptone, 10 g yeast extract. 10 g NaCl per liter) containing 100
microgram/ml ampicillin at 37°C. with agitation (250 rpm). A 10% glycerol stock was
prepared from this culture and was stored at -70°C. Several scrapings from the frozen

20 glycerol stock were used to inoculate a large culture that was incubated as before for
about 48 h. When the optical density at 590 nm reached 2.5 to 3.5, cells were collected
by centrifugation.

The following steps were performed at 4°C. Cell pellet was resuspended
in 3 ml of lysis buffer per gram of pelleted cells. The composition of Lysis buffer was

25 10mM Tris-HCl. 2mM  ethylenediamine tetraacetate (EDTA), 5 mM
beta-mercaptoethanol, 10 microgram/ml aprotinin, 10 microgram/m! leupeptin, and 1
microgram/ml pepstatin. Lysozyme was added to the cell suspension to a final

concentration of 0.14 mg/ml. The suspension was then frozen at-70°C.
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M vaccae, M snegmatis and M bovis), E. coli, yeast. Drosophila,

vertebrate Lans, chickens. manmals. rats. mce, primt ns.
g st By Bty

The stress s may be in the formof acidic or basic in 20
neutral form In addition, individual am p acid resi dues may be nodified
by oxidation or reduction. Furthernore, various substitutions. deletions,
or additions nay be nade to the am no acid or nucleic acid sequences, the
net effect of which is to retain or further enhance the increased

bi ol ogi cal activity of thfecedk suspansionoyes hawes,cand sells (eere) benkaa b spnicatign.

Pe. th . b o :
oncodi ng ¢ he. Suls s ARRCAT At SRR 711000 SEnC R, $F REVAE Rorpr
suitabl e for Begknmpinh)) elid (mm,zzswi viks 2881 1MtRE ShpRenalint BaREbIHasIGBitabREEn T r om

stress proteins, provided such portions or peptides include the epitopes
i nvol ved wi t hwan0&c satgratedewithmiilh),80s pokfie ¢ G0t inén cimubationiPhe pristues was

i ng pr ot &1 rEFGIED) aSFteisc IMGPIFORGLHOEd 1 G AEBARGS IR Gak 4 BF 30
ing prot & e _ _
Fused i tn CISCRERDIRRE 1D RO UALAR 37 AERRRA BPER B TC o

may al so be pinQEoEee/hpepitatin HRE BRO®IutH Wi BAPAdHemsphl aiaaitSS vEendtoress

proteins may include nutations introduced at particular |oci by a variety
buf? i

of known t echRiSiRARBEE buifeyA, GSFBHARORE bualfer, A wontained 3P ndvickrisigCl1 pH
LaboratorY M bt o e hReL, HEEEER Hisemis A
Li ao and %seeenmgat%:aggggcmgd bek90): Horwitz et al., Genone 3:112-117

Dialyzed solution was applied to a Q SEPHAROSE column (Pharmacia)
equilibrated in Q SEPHAROSE buffer A. The column was washed with 2 volumes of
the same buffer. Elution was with a 0 to 600 mM NaCl gradient. Fractions were tested
by SDS-PAGE and staining with Coomassie Blue for the presence of a major 71 kDa
polypeptide (i.e., the recombinant M. tuberculosis Hsp71 protein). Fractions containing
the polypeptide were pooled. and the pool was brought to 65% saturation by the
addition of solid (NH,),SO,. The mixture was centrifuged as described before, the
pellet was dissolved in ATP Start buffer (50 mM Tris-HC1 (pH 8.0), 20 mM NaCl,
5 mM MgCl,. 15 mM beta-mercaptoethanol. 0.1 mM EDTA), and the resulting protein
20 solution dialyzed overnight against 65 volumes of the same buffer and clarified by

centrifugation.

The dialyzed protein solution was then applied to- an ATP-agarose
column (Fluka) cquilibrated in ATP Start buffer. The column was washed with 1 -
column volume of ATP Start buffer with | M NaCl. Elution was achieved with ATP

25  Start buffer supplemented with 10 mM ATP. The eluate was brought to 65% saturation
with (NH,),SO,, and precipitated protein was collected as described before. The
centrifugation pellet was dissolved in and dialyzed against 200 volumes of Blue
SEPHAROSE  buffer (30mM Tris-HC1 (pH 7.5), SmM MgCl,, 5mM

beta-mercaptoethanol).
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(1989). The termstress protein as used herein is intended to include such
por.tions afP PWéI8Edes of a stress protein. Methods of i denPFFEANRYCR4%ene or
a protein under consideration as a stress;30 gene or protein are well
known in the art. For exanple. the conservation of the genes and proteins
of a particular stress protein famly permts conparison of the nucleotide
or "am no aci d sequence of the gene/protein under consideration wth well
known stress genes suchTisdiiakd patéifrlsotutiopfrdn the. st stéyy wasiapplied tacd Blue

hybridi zati on_or__nucleic acid or amno acid sequencing_followed by conputer
conpari son andkRHAROSkoeqlpmp (Pharmagia) eguilibrated pyigh BlugSEPHARQISE byffer. (g
82:.4949- 4953 085). Al ternatively,,an assa be used.to-ddenti and/ or
di scrim nate éoé'tl%@ewse‘g%sgﬁ iwﬁh E# Pﬁi%‘ﬂi‘r yi?slu g%?ﬁﬁ’&”&ﬁﬁ?“g o J‘ﬁ%ﬁb&ﬁ%"“gh
properties of 3 &K i 71 wEil lcoBERER Qb1 [ eSRt Qhrity ¥ ary
may be screenaerglH u?% ng&g%{l?kﬂ%ﬁrgﬁ% ?{Sggpe”é’.ref@ggo iésse?/vlsalﬁp eﬁﬁr?gvm tg%bingld(gﬁ he
benzoqui nofe thesthmy prepageiot ananysessedvby ISIDS-FAGHE hndiGopmasyie Bl saiing) by

library could 20 therefore be screened with gel dananycin to discover
put ati ve honowesendilogamebeis{daniatis et gk, Moleaw/at Ganing ehbehprrioonmanrdafpldi n.

fur t her cont | SHUTE B HBbORERy ol sbrits oty R hyBnf i Sutuyek & &,

Anti bodi es: A t ; u a (&8 Shri pr i bor
Laboratory Pr @??%8%&” 'ngagg[fotr{i%ﬁ: %gygizgl gg’f cal e%ﬁlgﬁng‘gf I‘JAaHbgaStbﬁ'r
given stress presd eN¥ (1989)) wehyg Peous® phendciihal @hiitalies petific fordmiykaiateyialr
L.E., Biochem 25:3231-3239 a%986) . For exanple, Hsp70 is capable of
speci fi callly Hspii angd ATpliddnakeirespaetivieht endiby agsayy pepT PareacHwdy. pBrspargtiens n
the assenbly of pr.otein conpl . Thus, mxing a.protein under .
consi der at | on%&ﬂ"‘éﬁsﬁ‘r‘?b‘? g}%ew PETC%S%BPEB‘F g‘éﬁn ng?‘E?BbBF pﬁ’eg{"’piffﬁtb‘m Hes.
or ATP. foll ogehnigcdfthe5dinBa bk Mard prEBEbRS B5RNGS §5% ife. 3D EAREINUss than
production of proteln-proteln-or progt el n-riucl eot1 de conpl exes | ngl cates

1% of E. coli GroEL and no detectable E. coli DnakK.

Recombinant mvcobacterial Hsp635

15 Plasmid RIB 1300 contains an M. bovis BCG hsp65 gene functionally

inserted between expression control sequences. (Thole. JE.R. et al., J. Exp. Med.
178:343-8 (1993). E. coli strain M1546 was transformed with plasmid RIB1300
(Thole, J.E.R., supra) using standard procedures. Maniatis et al.. Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982).
20 An inoculum of bacteria containing plasmid RIB 1300 was grown to
saturation in NCZYM medium (10 g N-Z Amine A, 5g Bacto.yeast extract, ig
Casamino acids, 5g NaCl, 2g (NH,),SO,-7H.O per liter) containing 200 microgram/ml
of ampicillin at 28°C and under agitation (250 rpm). This culture was used to inoculate
a larger culture which was grown under the same conditions as the inoculum culture
25 until the optical density at 590 nm of the culture was between 0.3 and 0.6. Production
of the recombinant protein was initiated by rapidly raising the temperature of the culture
to 42°C by incubation in a hot water bath. The culture was maintained at this
temperature for 3h with agitation. The bacteria were then co;llected by centrifugation

and resuspended in 6 volumes per weight of bacterial pellet of lysis buffer. Lysis buffer
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19 the apparent presence or absence of an Hsp70 protein or gene, which
presence orwelssersée can be confirmed utilizing other assayPCIVUCAp3a6246

anti body- based assays. The stress protein,,stress protein portion, stress
protei n honol ogue and the protein antigen HPV to which the stress
protein is conjugated or joined 5 noncovalently present in the conposition
can be produced or obtained using known techni ques. For exanple, the stress

protein and/ orcohtameanto &N THRACHOE (AL g{gﬂ,eﬁ‘o bing Oétﬁ;tl@&&&nir{eo tBrRaGRME f(ﬁDh‘A)

which it is known to occur, can be pr ced and harvested fromce

cul tures or, i0al mhé PMSFE and 0tlf¥e RANM Bein (0.¢0th g bisamiiodiengsnitire2H01e 01066 g
cells, can be Br. duced by cloning, if necessary, and expressing a gene
encodi ng t he F@¥{9AMigp carrgicagid par SPan) iysazmeavasiagded tooz coneantpation of 0.1
synt hesi zed ¢ ] I Furt her nor a nuglejc acid sequence encoding the
desired st resgﬁ%}rngftadgfi heosruslf%gloﬁﬁ‘fafgfé)ﬁe%agﬁ%?’synt hesi zed chenically. A
fusion protgin includi ngha padtsds Suiyenlisi o ap. | g be
produced by reconbi nant neans. Fo‘rl%x%ﬁﬁpP’gsﬂgvﬁggﬁg¥é£gg%gh§icg |g)31%¥’r?1
stress protei wpemtioise wers aethi¢ centperitare. €Mdnipletd 1Y8IE lof i BacREih dwaL BiIEARE by

encoding the HPV protein 15 antigen such that the two protein-coding
sequences ar e SSHSURy Hhecwmirgle Vamerntrifugeshal 1700 mmey forr imriel addnl beotor

Ctrese: prot of NEEARRE NsR Rt (ABELAC, S 'ieli o PiebibipsE 5o bEr Bl bty
ol T Im T he oxanl e BT S PR Gl o
assenbl ed 1th aveyedisewded0 The supesidtant Sabntimn wﬁebmu@npﬁ 65%i saturationttyahdaddiesn um
E. coli. Foll 2 .saQt ?e)ép&\ﬁisgisga iTnhetphe?let resulting from the subsequent centrifugation was
dissolved in TE buffer (10 mM Tris-HC! (pH 8.0). 15 mM beta-mercaptoethanol,
1 mM EDTA). The protein solution in TE was then dialyzed against 50 volumes of TE
buffer.
15 After centrifugation (as above) to remove precipitated material, the
dialyzed protein solution was applied to a DEAE SEPHAROSE (Pharmacia) column,
After washing with TE buffer, proteins were eluted with a 0-300 mM NaC] gradient in
TE buffer. Fractions containing M. bovis BCG Hsp6S were identified by SDS-PAGE
and Coomassie blue staining and were pooled. 10 microgram/ml aprotinin. 10
20 microgram/m] leupeptin. and 1 microgram/ml pepstatin were added to the pool which
was then concentrated in an Amicon cell using 2 YM30 membrane.
The concentrated pool was applied to a S-200 SEPHACRYL
(Pharmacia) column equilibrated with S200 buffer (10 mM Na,HPO, (pH 6.8), 150 mM
NaCl and 15 mM beta-mercaptoethanol). Elution was with the same buffer. Fractions
25  were tested for the presence of mycobacterial Hsp63 as before. and positive fractions
containing highly purified protein were pooled and dialyzed overnight against HAP
buffer (10 mM Na,HPO, (pH 6.8). 15 mM beta-mercaptoethanol).
The dialyzed pool was applied to a hydroxyapatite (Bjo-Rad; Bio-Gel
HTP Gel) column equilibrated in HAP buffer. The column wa; washed with 3 column

30 volumes of 1 mM MgCl, and 15mM beta-mercaptoethanol and then with 1 mM
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chosen host cell, fusion protein can be purified by routine biochem cal
separati on ¢gedgggtes or by imunoaffinity methods using ampcgridobosidet o one
or the other part of the fusion protein. Alternatively, the selected vector
can add a tag to the fusion protein sequeﬁ@e, e.g., an oligohistidine tag
as described in the exanples presented hereinafter, 25 permtting
expression of a tagged fusion protein that can be purified by affinity

met hods usi ng ti 0 t,Rer ri ' a r [ hi gh
ity ror RIS PR bng 137 BhEaarlBang, CTh-ARRY WA Bt vt &
Manual , 2d Edjo-60eaM phaspHatt gradien Lalnd vy tdsfe@SS teld?€ Hnd foeitive daefionsM |
Quide to Protein Purification Methods Enzynol og%/y vol . 182, Academ c Press,

Inc.. San Di ewete tlgd]l eamentrated and/ exdhengeduintoab B2 3aCl by meaps efsgsl diltration
manmal i an cel |,s i , £.0.,.0ne of the vectors dis sed bel ow, t
20 fusion profhé‘i"fg%cgﬁ?gefp E@e‘%}a@‘?gedT%B“ﬁWrP i“@'&o%c aﬁgﬁﬁﬁg’? i 3P EséFﬁsg‘.?eby
Al ternatively s | ¢ Qr i : (1 ' i : :

pr ot 61 - codi oL SR ) CAndte" 52 SANE B, HellGhIBY sl AT ditysis wsing
expressi on of aftitedies SpeifidfopEetdl; DRaK agd SubEle.CPreparatibnsswerd typiedllgimora thah
encoding a fusion protein including a stress protein and an HPV gor otein 5
antigen can aP@6 mue,pandgesntainedhearimoss thanahélor oleh qoiisEratddant 0d-@2%uk1e9h e
vector for fuBi &IE g%tcﬁieq production and purification or admnistration to
a subject. Fi e y‘% REYYEY on protein can al so be prepared chem cally. The
conmposi tions conpri si NgHSp Stgr&meatidn®t &afl apdl RpyibYerattdl g6ithed e Sy | RRhity
herein can be used to enhance ‘an i mmune response, particularly a 10

cel | - medi dfedchrpmatogtapby oe fistmsEel) aapiti Picrcainaddition efrpolypvyim Beartbyexeraction

transformed Csvlitlh detergents such as Triton X-114 or X-100. Reduction in lipopolysaccharide

content can be followed by the limulus amoebocyte assay (LAL; Biowhittaker, QCL
1000). Hsp preparations can be stored in buffer at -70°C, or can be kept, preferably at
-70°C, as dried pellets after lyophilization.
15
EXAMPLE 2:

PREPARATION OF PROTEIN ANTIGEN - STRESS PROTEIN CONJUGATES

This example is provided as an illustration of techniques that can be
20 employed to prepare conjugates between a stress protein and a protein antigen. in this

example a peptide derived from influenzavirus nucleoprotein (NP).

Synthesis of stress protein (Hsp71) and antigen (NP.B)

M. tuberculosis Hsp71 was prepared as described in Example 1. NP

peptide (referred to herein as NP.B; Motal, UM.A. et al. Eur. J. Immunol. 25:11214

25 (1995) and references therein) with the amino acid sequence [CJVQLASNENMETM
(SEQ ID NO: 1; the peptide contains an extra amino-terminal cysteine residue)
corresponding to residues 363-374 in the complete NP and containing a known CTL
epitope (H-2b-restricted) was produced synthetically (0.25 mi\/I scale) on an Applied

Biosystems model 431A peptide synthesizer using Fmoc
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expressing an HPV antigen. Preferably, conpositions will contain protein
antigen secw&g%:ﬁsd‘ romthe particular HPV type ‘agai nst whoggrRix9kFd286 an
i mmune response 1s to be elicited. The conpositions conprising a stress
protein and an HPV antigen 15 described R8rein can be administered to a
subject in a variety of ways. The routes of adm nistration include
I ntradermal , transdernmal (e.g., slow rel ease polyners), intranuscul ar,
i ntraperitoneg} o intravenous, subcutaneo oral . L.dural and. {nhranasal
Fout oo Ay olEmORBHBETRIY- bt MR SERG proff L Rye 3 sk A0
exanpl e, i nf uséspasdhe Q(‘}lidJﬁxBBdth.eml!aﬁﬁm £id aRP §niekBRhéMicAld WerE PhreRRkA BbmOT
mucocut aneous linings. In addition, the conpositions described herein
canm cont ai n adppbied Dlosysieatser DNE.B ogst deavedi dff thet lppophadnside | chginemablegting
accept abl e conponents such as hiologically active agents . 0., adjuvants
such as al um EP%F fAeEs EEmayed By dncubgingcunde eanyinueisAgiakoR E‘s’?%?fgm, for dctoyse) |
carriers, diluent |.C t . Lib sed
ex vivo as%Ia %gn@ gi?gg%{?t%ﬁ %@?ﬁa&%lc?rgxﬁg‘?%ao %gﬁflgl?%?%lk%ggg? P%&%ﬁ ] ect
to elicit, expamsd afealine dheriagas eoltdhanedietisl 4hdam$ indlahioamesle! IThel deavaR
cells in vitro that are subsgquentllui/ reintroduced into the subject.
Furt her, a st nus@rewasdiltered iRy 49r ol of icamolidgdinthyListhen dnsaleble nateridd ewas
adm ni stered by,in vivo expressio a nucl ei.c i d encpdi ng, su prqtein
sequences i nt SX%“FMC uggiton %&&Bh%g g‘?f %W‘%Ug‘ﬁ‘eﬁ W‘ﬂfc&@?r&gdaﬁ?‘gg@é?? & so
be achi eved eXy\¥heiOwh s o b il | C i ned
froma subject a oéﬁgﬁ i?%i @eﬂﬁﬁ%ﬁ&gﬁﬁoﬂﬁ %ﬂd%ét'ﬂ?l ¥hed B1BLeS By Ckhirtuitb

10 After the last wash the pellet was air-dried. taken up in distilled water and lyophilized.

Chemical conjugation of NP.B peptide to Hsp71 and diphtheria toxoid

Conjugations were carried out with both Hsp7l and, to provide a
standard for comparisons of efficacies of specific stimulation of CTL activity,
commonly used carrier protein diphtheria toxoid (abbreviated DT; DT was obtained

15 from Wako Chemical).

Activated carrier protein solutions: Nine mg of Hsp71 were dissolved in
45 ml of 0.1 M sodium borate buffer. pH 8.0. Sulfo-MBS
(m-maleimidobenzoyl-N-hydroxy-sulfosuccinimide ester) (2.3 mg in 100 ul dimethyl
sulfoxamine) was added to the protein. and the reaction mixture was incubated for 1

20  hour at room temperature. The pH was then adjusted to 6.0. and the reaction mixture
dialyzed overnight at 4°C against 1 liter of 20 mM sodium phosphate and 150 mM
NaCl, pH 5.6. DT was similarly treated.
Reduced peptide solutions: For each conjugation reaction, 3 mg of
peptide was dissolved in 100 ul of 0.1 M beta-mercaptoethanol. After 1 hour of
25 incubation to allow reduction of the peptide. reducing agent was removed by drying the
reaction mixture in a SpeedVac centrifuge. Peptide was redissolved in 0.5 ml distilled
water to which 5 ul aliquots of 1 N NaOH were added ungil the peptide was fully
dissolved. For conjugation experiments with DT, 6 mg of peptide were reduced and

then redissolved in 1 mt of water.
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propagate HPV antigen-specific immne cells in vitro that are subsequently
rei nt roducw 9997860t he subj ect. Expression vectors suitabl ePEHEANGRE | ng

t he expression of HPV protein antigen-str%s protein fusions can be
selected fromthe large variety of vectors currently used in the field.
Preferred will be vectors that are capable of 5 producing high |evels of
expression as well as are effective in transducing a gene of interest. For
exanpl e. reconbi nant adEROpHIdfSthy @etiwitedd ddvitidr pritdin Glolutions wae neeljubtedr ®PY.8

1: 367-84 (1994); Berkner K L., Biotechniques 6:616-24 1988), second

gener ati on adesig/ -4 B Na@H. oBeluthen coeininggnmeanfdichvated cartign proteinvmab c¢agied

a _7:1:}) ? | i 8L ST 6EE Bt Sousienitor {3l l%ér%&éi“ﬁé’m@%h&ﬁ% e
. ; ; : 153 -6
(1593)) or - LrgrepRHicT o ledlel WD) B §ofts & room BRI St dnbiely”
(1989)) cap bgierm! DY esinovdainp@siedi paplid) the fesitiRgs u%a)c@mnﬁnﬁigpda;mn%w

(Geller et al., Proc. Nat'l Acad. Sci 87: 8950- 4 (199 or vaccinia viral
vectors such diglyredrovesuighent 47 apaingt. | Hrepof 2amM se@dinnl. pisphatd Bnd 150 mM

B T o Pkt s Lot e S BTl 1958 Btk
P b O Scdrib, B3Ry 985 Pt ol B A R o Blrlehys

37:1053- 1062 sl@BhHiolREdRB fdphideS, TRalpepthlet Brotéifratiol Was Z6uind! tBlHeOdLE Fdron

of genes into expression units and/or vectors can be acconplished using
geneti c edfi nBB-Hgptlewhjigated 3] NR3 antbHE t fdrédP.BADTEDTNB). | i ke Mol ecul ar
Cloning and Current Protocols in Ml ecular Biology (Sanbrook, J.. et al.,
Mol ecul ar d oning, Cold Spring Harbor Press (1989); Ausubel. F.M et al.,
Current Protocols in Mlecular Biolog g, Publ i shing Associ ates and
Wl ey-Interscience (1989)). A resulti %(A%ﬁﬁﬁj'

PREPARATION OF HSP-E6 AND HsP-E7 FUSION GENES

Preparation of bacterial expression vector pET65H

15 Plasmid RIB1300 contains an Mycobacterium bovis BCG hsp65 gene
(Thole. JER. et al. J. Exp. Med. 178:343-8 (1993)). A primer pair for amplification of
the hsp65 gene was synthesized on an automated oligonucleotide synthesizer and was
purified using routine procedures. The forward primer included an Ndel restriction site
and had the nucleotide sequence 5° AAT CAC TTC CAT ATG GCC AAG ACA ATT.

20 The reverse primer included EcoRI and Nhel sites flanking a stop codon and had the
nucleotide sequence 5° CGC TCG GAC GAA TTC TCA GCT AGC GAA ATC CAT
GCC.

Polymerase chain reaction (PCR) was carried out using the above primer
pair and pRIB 1300 as the DNA template. PCR fragments were double-digested with

25 restriction endonucleases Ndel and EcoRI and ligated to Ndel/EcoRI-double-digested
pET28a (Invitrogen) using routine subcloning procedures (Maniatis et al. Molecular
Cloning. A Laboratory Manual, Cold Spring Harbor Lab., Cold Spring Harbor, NY
(1989)). Transformation-competent cells of E. coli strain DHgalpha were transformed

with the ligation mixture and plated out on agar containing 100 ug/ml ampicillin.
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25 expressible nucleic acid can be introduced into cells of a human
subj ect byweny/rsst hod capabl e of placing the nucleic aci dHOTIGA860246 | n

an -

expressible form for exanple as part of viral vector such as described
above, as naked plasmid or other DNA, or ®hcapsidated in targeted |iposones

or in erythrocyte ghosts (Friedman, T., Science, 244:1275-1281 (1989);
Rabi novich, N. R et al., Science, 265:1401-1404 (1994)). 30 Methods of

transducti on ¢aehids 8f & 4Ny el 34 t ' I
22 transfection (lFr aIf g?/ﬁsg?ﬁnae:d T}{eﬁﬁhﬂeﬁgb%&gt éLdldiﬁ ﬁ‘?dﬁg’é‘o‘? )@i%-éd wld SRR

r ecept or - nedi for eble gnebonoet of hspf5Zgérdeomhlveattr adquencarhy Mesifictidn adappfieg and
660: 136- 153 (1992)), and particle bonbardnent-nedi ated_gene transfer
(Ei'senbr aun eucigotide prgqugnaieg.| . EPBECt KPNKDILLS7 Qnam&cbgalﬁ?ﬁ@ including the

Th t of st . t ei d HPV i ti f d. ' t ed
A e et T e
present 1 nyengt SRDES; ﬂ'&@%ﬂrﬁk A §§ of Eﬂﬂ‘gﬁﬁﬁ &%@B%@G%é&nfq schematic ma

i mmunosti nul at ory respon n a subject. effectl

such that wheof codsirunt ET65H s sHowneiaWHig.sl. | To @bt fopdxisressivh off Hep6S) thandfoemed
response. In addition, the amount of stress protein and HPV 10 protein
anti gen admi nbastesineaf stisint Bb2k isire grow. linduged gndibpeadedysing the manufeetyrers

factors, including the HPV protein antigen,and stress protein | oyed
size, age bg‘&%‘“&ﬁ%ﬁ’ﬂ%ﬁ‘f?"gj‘éﬂ@r ;Qf?amgﬂ? TR e cll ?%Wgﬁ & @3%%
wel I as on I 1ghehiseda hodies diM d '@{:&Y‘ ) .
mani pul ati on of eétabrriog‘he ods}gbrsg‘n?ge gr%e}ﬁv\‘/eﬁﬁﬁ\?mﬁt%l n‘oﬁﬁe abl 2f{‘l'ltgymoii'“
t hose ski llDedMofecidae GlokingFar Lebvaamphe Mdriagl. diaddiBpring Harbor Lab., Cold Spring
Harbor, NY (1989)) were electrophoresed on SDS-PAGE and subjected to anti-Hsp65

immunoblot using a monoclonal antibody specific for the mycobacterial stress protein.

Preparation of a construct for expression of an Hsp63 - HPV16 E6 fusion Protein in

bacteria

15 A complete HPV16 E6-coding region was inserted at the
carboxy-terminal end of the hsp65 gene in pET65H.

Plasmid pHPV16 contains a complete HPV16 genome in Bluescript
vector SK'(ATCC 45113). For the nucleotide sequence of the HPV16 genome. see
Seedorf et al. Virology 145: 181-5 (1985). A primer pair for amplification of the E6

20 gene was synthesized on an automated oligonucleotide synthesizer and was purified
using routine procedures. The forward primer included an Nhel restriction site and had
the nucleotide sequence 5° AAA AGC AGA GCT AGC ATG CAC CAA AAG. The
reverse primer included EcoRI and a stop codon and had the nucleotide sequence 5’
CTC CAT GAA TTC TTA CAG CTG GGT.

25 Polymerase chain reaction (PCR) was carried out using the above primer

pair and pHPV16 as the DNA template. PCR fragments were double-digested with
restriction endonucleases Nhel and EcoRI and ligated to Nhel/EcoRI-double-digested

pET65H using routine subcloning procedures (Maniatis et al.: Molecular Cloning, A

Laboratory Manual, Cold Spring Harbor Lab., Cold Spring Harbor, NY (1989)).
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15 stress protein and antigen can be fromabout 1 mcrogramto about 1
gram pr ef wioaloloyssbr om about 100 m crogramto about | gramPGRIGAI¥M9M6about 1
mlligramto about 1 gram An effective ag?unt of a conposition conprising
an expression vector is an amount such that when adm nistered, it induces
an i nmune response agai nst the HPV protein antigen which it encodes.

Furt hernore. the anpbunt of expression vector 20 admnistered to the

subject w || Vmhyforlemndiontpetnt delisash BlopliatraindDHGEIpha weed transfignict ewikiPihe
protein antigen and stress protein expressed. the size, age, body weight,

general heal t hgatiog,mixgel apd platestout ipg agabpetainiag 198 ug/mbampicillin. Gokanies of

I mmunol ogi cal . responsi veness. . Additional fa t hat need to be

consi der ed arté'aqsﬁ(g'rrlrggu‘ie ?o"?’ergdﬁc?l?tgg’t ?‘Bﬂ}’kﬁ@“fﬁ?@k&‘qufsp%?dq%@ta&ﬂya%%é‘?f V—"Sr_
exanpl e. WhenpRERRE 3EHESES Tudifl 'pBRE HEd Yecdor sdqubiftleS ! rebtBichSH &ﬂaﬁgmg%dw th
a viral vector containing a nucleic acid encoding an HPV protein antigen -
stress profei mdaisi @i pregiencing. t heoredet emhitmetamamed WET65HEG) nintlodingatige of

10[err] to 10[err] helper-free, replication-defective virus per kg body
wei ght, pref ePSPEPIES Ausipne geapgwerss deotifeed jand owers| drapsformedy dntgef. ¢<§t st

body wei gnt DL HPE Meeod For' PRVERER Bt Skt Aiberdey vh el Bk,
E;((Z%:_ES;L: whi 6 caHsBuRtOpETEBHERE & shdwiP e IFigl 4.1 NEb k3t 8 eXpdission VRLFS3-E6,
bacteria of strain BL2 1 transformed with pET65HE6 were grown, induced and
10 harvested using the manufacturer’s instructions (Novagen). Bacteria were lysed, and
soluble material as well as material solubilized from inclusion bodies by guanidinium
hydrochloride (Maniatis et al. Molecular Cloning. A Laborarory Manual, Cold Spring
Harbor Lab., Cold Spring Harbor, NY (1989)) were electrophoresed on SDS-PAGE.
As a standard, purified Hsp65 was run in parallel. Hsp65-E6 expression was assessed
15 by the appearance of a strongly Coomassie blue-staining band migrating slightly slower
(apparent molecular weight (MOO) of approximately 73 kDa) than authentic Hsp65
(apparent MW of approximately 56 kDa) in samples from pET65SHEG6-transformed

bacteria that was not present in corresponding untransformed bacteria.

Preparation of an construct for expression of an Hsp635 - HPV16 E7 fusion protein in
20 bacteria

A complete HPV16 E7-coding region was inserted at the
carboxy-terminal end of the hsp65 gene in pET65H.
A primer pair for amplification of the E7 gene was synthesized on an
automated oligonucleotide synthesizer and was purified using routine procedures. The
25 forward primer included an Nhel restriction site and had the nucleotide sequence 5’
AAC CCA CCT GCT AGC ATG CAT GGA GAT. The reverse primer included EcoRI
and a stop codon and had the nucleotide sequence 5" AGC CAT GAA TTC TTA TGG
TTT CTG. "
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| SOLATI ON OF RECOMBI NANT STRESS PROTEI NS Reconbi nant Mycobacterial Hsp71.
Plasm d Y3%bloomogsoai ns an M tubercul osis hsp7l gene functroriah?sjeols

i nserted between expression control seque?fes (Mehlert. A and Young, D.B.,
Mol . Mcrobiol. 3:125-130 (1989)). E. colf“strain C&027 (obtained fromC.
Geor gopoul os, University of Geneva. Switzerland) containing a truncated
dnaK gene was transfornmed with plasmd Y3 111 by standard procedures.
(Maniatis et al., Ml ecpy Sf}ﬁerge‘lflﬂaﬁﬁeacﬁohf(t’ek?%§ Uar?@d‘ﬂ@t' usirfgthé aRre iphither
Har bor Laboratory, Cold ri Harbor, N.Y. 15 (1982)). Bacteria

cont ai ni ng pI pasranti yHPYl& awahee Di¥owemplater nPGRtfragmedssYweneedtiuble-digétag with

m o ogr anf i Sxpeeo erdenicaspy Siedend Gratf ang: e ﬁEﬁchﬂ%mllﬁemwd
glycerol st ocks s REGRAAGHLS SOMULS FHMCE AR SIA- S Rlens THETF] C

Several scraplng rozen cerol s wer e us
a large cubt uEeolitstainDH Shipba b@t'eetiaxﬁforhﬁﬁ@ﬁﬂx ﬂﬁrlxgaﬁ&umlﬁt&rdﬂmW%dtdQEOn
optical density at 590 nmreached 2.5 to 3.5, cells were collected by
centrifugati ogar ‘F‘Pi'éaifl@gll uggnlsar@mgﬂlmr@olpmw of wansfarmed relly yere ispdated, pedl et

o ey v e VB 3l oAl i B O R b E1) 5 fene 1
et hyl enedi ani V&tort @etqﬁ@&@@t@t ?esUG&QEA)n#Pplﬁg Mdbaheie a&apﬁéaﬁ&miwl CélQect

m crogram m aprotinin. 10 m crogran upeptin, and mcrogram
pepstatin. Ly@mmy\umS (mmeéqbﬂé‘dSHEH ineludimig| thes hegy66+E5 fmmoncgeac fverealdentified and

concentration of O. ng/ su nsion was then frozen at-70[err]C.
10 were transformed {Hto E colt strasu? %LZI DE3: Invitrogen) for analys?s of ex[pre551]on

of the fusion gene. A schematic map of construct pET65HEG is shown in Fig. 3. To
test for expression of Hsp65-E7. bacteria of strain BL21 transformed with pET65HE7
were grown. induced and harvested using routine procedures. Bacteria were lysed. and
soluble material as well as material solubilized from inclusion bodies by guanidinium

15 hydrochloride were electrophoresed on SDS-PAGE and subjected to anti-E7 blot using
a monoclonal antibody specific for HPV16 E7 (Zymed Laboratory Inc., catalog number
28-0006).

EXAMPLE 4:

20 EXPRESSION AND PURIFICATION OF FUSION PROTEINS

Expression and purification of Hsp65-E6 fusion protein: procedure 1
Construct pET65HE6 was transformed into E. coli strain BL21 (DE3;-

Novagen), and transformed cells were grown in 6 liter cultures of 2xYT medium (20 g
Tryptone, 10 g yeast extract, 10 g NaCl per liter) containing 30 ug/ml of kanamycin at
25 30°C. For each culture, when the density reached 0.5 (ODj,,), expression of fusion
protein was induced by 0.5 mM isopropyl-thio-galactopyranoside, and the culture was
incubated for an additional three hours at 37°C. Cells were harvested by centrifugation,
suspended in 90 ml of lysis buffer (10 mM Tris-HCl, 0.5 mM béta-mercaptoethanol, pH

7.5) containing 200 microgram/ml lysozyme, and frozen at -70°C. One day later, the
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24 The cell suspension was thawed, and cells were broken by sonication.
Soni cat e waso sgagedct ed to centrifugation at 17,000 rpm f or p8Y/OKISrOM23- 17
rotor, Beckmann). Solid (NH err])[err]SOerr] was added to the supernatant
solution until that solution was 65% satur’dted with (NHerr])[err]SOerr].
After a 30 mn incubation, the mxture was 5 centrifuged as before. The
pel-l et was dissolved in Q SEPHARCSE buffer A To this solution were added

10 mi crogranl L JU D et ' o | ' gk Ak

pepst at o, -angFRbe b tibdhsioh Wil gt 0L T1oc RRARM. hnd S shpdlbBERMT IR
SEPHARGSE  buf ifiérogramfnbriprdRiSED Biicidprantindl OlRhmiptad 23Rickddrdiimal bepstdtidHard 5) -
1 mM EDTA. 5 nmM bet a- ner capt oet hanol .” The di al yzed sol ution was clarified
by 10 centri 2uopdt PMSFasAll ssbseijiven step§ oveee pddicaingd et 0s8Cut Lynis obeellappdsind t o
a Q SEPHARCSE cqlum (Pharmacia) equilibrated in Q SEPHAROCSE huffer A. The
col umm was waSPeRtipn: fndoingeipbipmantestal was collgetedriy seakitfugatiopiab 7,08 Rip for B o

to 600 MM . di racti Ons e, test stalnin

L2, 00, ™ Mg g o, FeBEhAR pURAE REREAT SR AR NARL A
(i.e., the regRARbRAINIzed] aiddd8f ©HiAHS ifD0 il oTHAFE! A)(50 A akisIS], ANL.Sig NY
t he pol ypeptide were pool ed. and the pool was brought to 65% saturation by

the additi on M gsalididiuNbydrochipfide)r | I66dleble matéiiad wasxtmoeedias cerifupafiergad as
descri bed before, the pellet was . dissolved in _ATP Start buffer (50 pM
Tris-HC (pH gsffg;e,« 2§°1Hml%fbrpatsnﬂ1vmdhyrg epplied 118 asakwnn - sANAEIRE oed HBhol |
0.1 mMV EDTA), _ [ ting,: Yy . ' | alyzed '

agai nst 65 voflgcggséhg?gefi ﬁgé{é]aér?%gdgﬁé ? %S?A gglgeq%tfngﬁ#%rgg%gkgeﬁn ri ?133\5121% {}%H’t‘“rhe
di al yzed piot @adibeedl dguilibratv@sith biffe2 AP | BAH Hsian prdldin 3@8 r&BRled slowly on the

resin with a 0-1 M NaCl gradient. The resin was washed with five volumes for buffer

B (1 M NaCl) to remove residual guanidinium hydrochloride, and with five volumes of
buffer C (50 mM imidazole, pH 7.5. 0.5 mM beta-mercaptoethanol, 150 mM NaCl) to
remove contaminating proteins. Fusion protein was eluted with six volumes of a
15 50-500 mM linear imidazole gradient in buffer C. Pooled. eluted protein was dialysed
overnight against approximately 40 volumes of Dulbecco’s phosphate-buffered saline
(2.7 mM KH,PO,, 4.3 mM Na,HPO,, 2.7 mM KCl, 0,137 M NaCl), concentrated by
ultrafiltration (Amicon, 30 kDa MW cutoff) and passed through a Detoxigel resin

equilibrated in Dulbecco’s phosphate-buffered saline for endotoxin removal.

20 Expression and purification of Hsp635-E6 fusion protein; procedure 2
Construct pET65HE6 was transformed into E, coli strain BL21 (DE3;

Novagen), and transformed cells were grown in 12 liter cultures of 2xYT medium (20 g
Tryptone, 10 g yeast extract, 10 g NaCl per liter) containing 30 ug/ml of kanamycin at
30°C. For each culture, when the density reached 0.5 (OD,,,), expression of fusion
25 protein was induced by 0.5 mM isopropy!-thio-galactopyranoside, and the culture was
incubated for an additional three hours at 37°C. Cells were harvested by centrifugation,
suspended in 180 ml of lysis buffer (10 mM Tris-HCI, 0.5 mM beta-mercaptoethanol,
pH 7.5) containing 200 ug/m! lysozyme, and frozen at -70°C. bne day later, frozen cell

suspension was thawed in a 37°C-waterbath, and was supplemented with 2
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colum (Fluka) equilibrated in ATP Start buffer. The colum was washed wth
1 columm velowymrssh ATP Start buffer with 1 M NaC . El uti orrowcassmiiieyed
with ATP 25 Start buffer supplemented w g 10 mM ATP. The el uate was
brought to 65% saturation with (NHerr])[&tr]SOerr], and precipitated
protein was coll ected as described before. The centrifugation pellet was

di ssol ved in and dial yzed agai nst 200 vol unes of Bl ue SEPHAROSE buffer

(30 MM Tri s H}m ; in D) ;

bet a- ner capt o ReRAT b2 MiropyBin! it L S oemm/pd gepeel ot
step was appl 2 etMtRMSF BIAIEsubsEueCEepsctre Rerfofthed aRQ-420. @uis|offtend Gds byt h
Bl ue SEPHARGCSE buffer. The col um was vvas?ead with 1.5 colum vol unes ‘3%' t he
sane buffer. smécatipavendinsoliple madrialawss dollacted by sentubigatomatnly.08dppm) fond$ e

cosessed by B BACH it Beskmen) el td Ttctioh e et el SRR 115 U ARG s
Iva H i . is A 1 | b
Labor at ory > e selE6t itk b SiQon. o 130 s Bl REPMERHEHRT 9110 5.8 PO
C oni ng: A Labpp@dnidiviufiidéchictflie). € thsolubR MaBhl was FHaidved byakafrFigitibnREESS,

NY (1989)) using nouse nonocl onal anti bodi es specific for nycobacterial 10
Hsp7l and E. befbie. Dn¥tfubilizedp emtdriabl was dhen bppledsty s cbluAifPaentaidtg S0t yl

of “{ he- pr epar BEFUIISaHALSEr 8118 G HFIRORE SEPRRoss HshF BerRBTRAC R han
2(5) ;%I) pl[J)L:i(. andhﬁpﬁgeﬁieauilligﬁx?edtxbﬁ’ﬂ' bt A, Boul® lp}.ote% Wab wARfkd Qe %ﬂ@rtﬁ%lﬁ“fe'f_"
10 A with 5% Triton X100) and then refolded slowly on the resin with a 0-1 M NaCl
gradient. The resin was washed with five volumes of buffer E (1M NaCl, 1% Triton X
100) and five volumes of buffer B (1 M NaCl) to remove residual guanidinium
hydrochloride, and with five volumes of buffer F (50 mM imidazole, pH 7.5, 0.5 mM
beta-mercaptoethanol, 0.5 M NaCl. 15% glycerol) to remove contaminating proteins.
15 Fusion protein was eluted with six volumes of a 50-500 mM linear imidazole gradient
in buffer F. Pooled, eluted protein was dialysed overnight against 40 volumes of buffer
G (30 mM Tris-HCI, pH 6.5. 2 mM EDTA. 5 mM beta-mercaptoethanol. 15% glycerol)
and applied to a 50 ml SP-Sepharose column equilibrated in the same buffer. Fusion
protein (about 42 mg, representing about 50% of total fusion protein present in
20  unfractionated extract) was recovered in the flow-through fraction. dialysed overnight
against 40 volumes of Dulbecco’s phosphate-buffered saline (2.7 mM KH,PO,, 4.3 mM
Na,HPO,, 2.7 mM KCl, 0.137 M NaCl), and concentrated by ultrafiltration (Amicon;
30 kDa MW cutoff).
Hsp65-E7 fusion protein was expressed and purified by the same
25 procedures. Purity of fusion proteins was estimated by SDS-PAGE and Coomassie blue
staining of gels. The proteins were typically 70-90% pure after procedure !, and
approximately 95% pure after preferred procedure 2. Endotoxin levels after purification

using procedure 2 were below 20 EU/mg protein.
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Reconbi nant nycobacterial HSp65 15 Plasm d RI B 1300 contains
an M bovi \wg¥%97869p65 gene functionally inserted between erpr/€assam4cont r ol
sequences. (Thole. J.E.R et al., J. Exp._ Md. 178:343-8 (1993). E. coli
strain M546 was transformed with plasni d3® B1300 (Tholé. J.E. R, supra)

usi ng standard procedures. Maniatis et al., Mol ecular doning, A Laboratory
Manual , Cold Spring Harbor Laboratory. Cold Spring Harbor, NY (1982). 20

An inocul um of bacteria containing pl @%{KMPﬁ@: 1300 was grown to saturation
in NCZYM nedium (10 g NZ Am ne A b5g cto yeast extract, 1g Casam no
acids, 5g Nad, 2g (NH errvyexezhSORaVITH HIH68+H6 MpHBP65-EZr) cont ai ni ng 200
mcrogramiml of anpicillin at 28[err] C and under agitation (250 rpm. This
culture was used to inoculate a larger culture which was grown under the

390 nm of e cul tur o LGS, Bk, §Rorop el el BB MR R ol

590 nmof the culture I Ooh

reconbi nans PCRArRs Riv&L dbbiatdr {(SH CoMstadPQUEBEC! GaridAY Gn‘wﬁi eNiR A kigheme t he
culture to 42[err]C by incubation in a hot water bath. The culture was

mai nt ai ned at pertgreup wenedmatunized fsobcuidneonsiyirathe mapé ofthe Tlaek itbtequilamounts
Lhen col lect o6 Bl &pl LLYiaLL o) A, esuspendsd L 6 el U Rer veudlt of

(ZED'(I:'Z;] t g PNSFA%%?%E?W?%E"V%X%%](C% 5’3%‘”? Y AGREY RSl Drbfi i S d

0.066 g epsi | werecdl micregpmodrc2(ACinitrgamatespdclivelly Moptive eartrod dui@tinizatiéns

concent rat) Onw(e):;e Qﬁt}l Freund's incomplete adjuvant in saline (IFA), and positive control

immunizations with 100 microgram of a synthetic HPV16 E7 peptide including residues

44 t0 62 in IFA and saline. Relative to the doses of fusion proteins applied, this amount

of E7 peptide administered represented a 20 or 200 fold excess. respectively.

Immunizations were repeated 14 days later. Twelve days after the second

15 immunization, mice were challenged by subcutaneous injection into a shaved back area

of mice with 1.3 x 10> E7-expressing tumor cells of the line TC-1. Tumor incidence

was scored as the presence or absence of tumor based on visual observation and

palpation every two days for fifty days. The TC-1 tumor cell line expressing the

HPV16 E7 protein was derived from primary lung cells of C57/Bl/6 mice by

20 immortalization and transformation with HPV16 E6 and E7 genes and an activated

human c¢-Ha-ras gene as described by Linet al. (Cancer Res. 56:21-26 (1996)). For

tumor inoculation, TC-1 cells, supplied by Dr. T.-C. Wu (The Johns Hopkins Medical

Institutions, Baltimore, MD), were grown to 60-70% confluence in RPMI1640 medium

supplemented with 10% fetal calf serum (Hyclone, Logan, UT), nonessential amino

25 acids, glutamine, pyruvate, gentamycin, beta-mercaptoethanol, 0.4 mg/ml Geneticin®

(Life Technologies. Grand Island, N.Y.) and 0.2 mg/m! hygromycin B at 37°C. Cells

were harvested by trypsinization and resuspended in Hank’s buffer solution at 6.5x10°

cells/ml.
Results of one such experiment are shown m Fig. 4. Shortly after

30 challenge, tumor incidence rose in all treatment groups (between 5 and 15 days after
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ng/ M and the suspension was frozen at -70[err]C 5 The
bacteri al sSuspesgien was thawed and placed at 4[err] C. Theptoldaosworgs
operations were at this tenperature. Conplete |lysis of bacteria was

achi eved by sonication. The sonicate was c¥ntrifuged at 17.000 rpm for 30
mnina JA-17 rotor (Beckman). Saturated (NH err])[err]SJerr] was added
to the supernatant solution until 20% saturation was achieved. Precipitates’

were renoved if i Qn above). and. 10 reqdi s ed. ,Th
super nat ant so 6‘?@@? mgﬁ'@%oﬁﬁh{r‘%‘f&gn%%%%?%r g‘f%%‘ogorby % ngjA a gl{xéjl gndr&p&d
saturated (NHdeirhdtichBy td § fF g}ou;FJ fatBE Wit8 1200 S8ibrolatand of ARt fiSteMUlBEMUaNt
centrifugation was dissolved in TE buffer (10 nM Tris-HC | (pH 8.0). 15 nM
bet a- nmer capt ot véiHoE7 peptidel iEDFA) . AT imsepxadizgs resulo was iobtained forthsegrouhtreated
di al yzed agai nsi vol unmes of TE buffer. 1 . o fter

Y ligat o it 0Bt eR0OF SHRSoR PERtE i Ttse drinizagn withd BRPES, enf

centrifugation

protein solgti j xhibre I—(ﬁg(ﬁg? h i : er
washi ng w t% @gaﬁempdr g)'?oet%]ﬁsgdmere eTSE‘Fe W t r(cg gfggg %ﬁg%@%?%ﬁ ent
in TE buffer. prfotacttd anse fromtalethahchallbndzowitls EBEprdsgiibtunir eclld eAtshinineey bf
SDS- PAGE and Coonassi e bl,ue staining and were pooled. 10 m crogran m
aprotinin. 10 rQ*EWSI‘Hs(gliﬁ’b’@r“af*‘jlﬂ'#Fl}eupepti n. and 1 mcrogramim pepstatin were
added to the pool which was then concentrated in an Ami con cell using a
YMBO nenbrane. The concentrated pool was applied to a S-200 SEPHACRYL
(Pharmacia) colum equilibrated with S2Ggagng{fer (10 mnM Na[err]HPO err] (pH
6.8), 150 nM NaCl and 15 nM bet a- ner captoethanol). Elution was with the
same buffell Fractions 2BESRGNSE TOaSECOND EHALLRNGENESEAE! FEMBRCOobact eri al
Hsp65 as before. and positive fractions containing highly purified protein
wer e pool ed and di al%zed over ni ght agai nst HAP buf fer I(10 1\

Na[ er r ] HPQ[ er ripmaysizagiog{iroups mvi bet a- mer capt ReseamaABmpr Incidence*
After 1st Challenge After 2nd Challenge
(Day 54) (Day 79)
IFA or None** 83 (5/6) 100 (4/4)
microgram fusion proteins 25 (2/8) 25 (1/4)
microgram fusion proteins 0 (0/8) 0 (0/4)
E7 peptide in IFA 0 (0/8) 0 (0/4)

* In parentheses, the number of animals with tumor/total number of animals per group
is given. In the right column. animals were monitored for the presence or absence of
tumor for an additional 25 days (after 2nd challenge).

15 ** As a control for the 2nd tumor challenge. a group of unimmunized animals was

included for comparison.

EXAMPLE 6:
EXPOSURE OF IMMUNIZED ANIMALS TO A

20 SECOND CHALLENGE WiTH TUMOR CELLS
To assess the longevity of the immune response to HPV antigens, groups

of four surviving animals from the previous experiment (at day 54), both from fusion

protein-treated groups and from the E7 peptide/IFA group. were challenged a second
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The di al yzed pool was applied to a hydroxyapatite (Bio-Rad; Bio-CGel HTP
Cel) col umweogsmétor ated in HAP buffer. The col umm was wasREH/CA8/MI236 col umm
30 volunes of 1 MM MO, and 15 nM beta.nercaptoet hanol and then with 1
mM 27 NaHPO4 (pH 6.8) and 15 nmM bet a- rre’?capt oet hanol . Protein was el uted
with a 10-60 nM phosphate gradient. Fractions were tested as before, and
positive fractions were pool ed, concentrated and exchanged into 0.85% NaC

by neans of g fadih haty op £ h r L1a) ri,t :
nycobacteri al ﬁlblsep‘giéﬁ vl\gs* gg’s%ﬁiggqbygglgg%%A@ﬁﬁhdA %%-%% mr;‘s?gli’ g g)rf)?‘g;eo?tlaé‘(eni ng
as wel |l as by miestexposed! 0ot thanamesiumod sshalfergs) waodheadaipediubics inoidedce was |
DnaK and GroEL. Preparations were typically nore than 90% pure, and

cont ai ned no ﬁ’éﬁﬁ@edgéﬁaﬁlm-of E. coli GoEL and 0.1-0.2% E. coli Dnak,
respectively. Hsp prepatati

b t ith b ffinity, 10
chr omat ogr aphy on Det ox ltgnﬁsfagsﬁaw?g?gf% ?9283}’558%%‘?8‘%& 7 ph&g%t}h by

extraction g™ trha : - 3Lt = = c@ﬁ% | |

| i popol ysacS\(I:M h%ﬂ@@%ﬁ?g{ﬁ'ﬁ” ‘?‘;%%B@dg{q%&geégﬁéﬁ@ﬁg’i ﬁﬁ! a gﬁ%&;pgb etédggds ay
(LAL; Bi owhi t fiskethe §¥cbnd QB&Nlengkls wheregp aniirhomized: aninkés showeld ai 1004 frider at
-70[err] C, or can be kept, preferably at -70[err]C. as dried pellets after

| yophi | i zat i oHICIdEBCEXAMPLE 2: PREPARATI ON OF PROTEI N ANTI GEN - STRESS
PROTEI N CONJUGATES

EXAMPLE 7:
10 CYTOLYTIC ACTIVITY OF SPLENOCYTES FROM

IMMUNIZED AND UNIMMUNIZED ANIMALS

Groups of two mice of fusion protein-, peptide- or unimmunized animals

were euthanized by cervical dislocation, and their spleens were removed. Single cell

15 suspensions of pooled spleens were prepared and washed once in Hank’s buffer solution
supplemented with 5% fetal calf serum. Lymphoid cells were restimulated by culturing
20 x 10° viable cells with 2 x 10° mitomycin C-treated TC-1 cells for five days in
RPMI-1640 medium supplemented with 10% fetal bovine serum, 2 mM L-glutamine,
1 mM sodium pyruvate, 50 microM 2-mercaptoethanol and 50 microgram/mi

20 gentamycin sulfate at 37°C and 5% CO2. The splenocytes (effector cells) were then
harvested and used in the CTL activity assay described below.

TC-1 and HLA type-matched cell lines EL4 and MC57G not expressing
an E7 epitope were used as target cells. Cells were incubated for 90 min with 150 uCi
Na,*'CrO, and, in the case of EL4 cells, also with 10 ug of influenza virus nucleoprotein

25 peptideyy s, per 10° cells. Following extensive washing to remove excess radiolabel,
5x10° labeled target cells were co-cultured with restimulated effector cells at various
effector, target cell ratios, After 4-5 hours of incubation. culture plates were centrifuged
for 5 min at 200 x g, and 100 ul aliquots of supernatant solutions containing radiolabel
released from cells were collected into Beckman Ready C;ps. Radioactivity was

30 measured by liquid scintillation counting. To determine spontaneously released and
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This exanple is provided as an illustration of techniques that can be 20

enpl oyed t@oRgeMmase conj ugates between a stress protein ardtTaCA¥80026 N
antigen. in this exanple a peptide derived frominfluenzavirus

nucl eoprotein (NP). Synthesis of stress p¥btein (Hsp7 1) and antigen (NP.B)
M tubercul osis Hsp7l. was prepared as described in Exanple 1. NP peptide
(referred to herein as NP.B: Motal UMA. et al. Eur. J. Inmunol. 25:11214 °

£ 01 VoL ASKENVETI [RAE ERig0V5, Ripotaboh 588G, Bitn S6titeSEMARER srgetesti o
cysteine resighi)or SR Qaﬁgan&inegziea By HedatRifioROSE Frifboni K100 SvetO ellRica, Mg and

contai ning a known CTL epitope (H 2b-restricted) was produced synthetically
(0.25 nM scal rajlicactivitly dgperimimal B befosd. enBesults mede lexpresséd a5AY% correcpaipiyiside

synt hesi zer usin Froc 28 (9-fluorenyl net hyl oxy-carbonyl) as the
“al pha- ani no pﬁaéﬁuiaé%ngﬁéeﬁﬁ“b@sf‘élwlpﬂl@f@%g) resin as the solid support. All
am no aci dSand synthesis chemicals were purchased from Applied Bi osystens.
NP. B was cl eaved of Pefcht ConitpRall yside: mOd@(cpﬂn%j rt;pmsont‘)impmgg.cgm%‘ps wer e
removed by incubating under continuous agitation NP.B-resin for 3 hours 5
in 2 mM of a mxture prepared by conbining 10 m trifluoroacetic acid, 0.5
m water, 0. 7ABhaeiarcpsat. ald thaeadibanioity rdleddtd flomed patiealat to-okltwmeldpth, 3, 1sithe

t hi oani sol e. The cl eavage m xture was filtered int chxff; m of ice cold

di et hyl et herSPontaagnusly| &eleased ragioaciyaty cof 1aedareet B§ll camiure g a¢imaa a8 tBO00 x

RGN T e N R
in triplicate. and averaged values were provided.

Results of an experiment using TC-1 cells as target cells is shown in
Fig. 5. 40% and 25% of lysis of TC-1 cells were mediated by effector cells (used at a
100 fold excess over target cells) obtained from animals immunized with 200

15 microgram and 20 microgram of fusion proteins, respectively.

In a second experiment, the specificity of CTL activity was tested using
splenocytes from animals immunized with 20 microgram of fusion proteins. Results
shown in Fig. 6 demonstrate effective lysis of HPV16 E6/E7-transformed TC-1 cells.
Lysis of two other cell types (EL4 and MCS7G) not expressing an HPV antigen

20 occurred with a much reduced efficiency, demonstrating the specificity of the CTL

response €licited by the immunization with Hsp65-E6 and ~E7 fusion proteins.

EXAMPLE 8:
REGRESSION OF TC-1 TUMOR IN MICE AFTER

25 TREATMENT WITH HSP65-E7 FUSION PROTEIN

Three groups of eight C57/B1J6 mice were used in this experiment.

Each animal was inoculated with 1.3x10° TC-1 cells subcutaneously into a shaved back

area. Two days later, a first group was administered saline (negative control), a second

30 group 100 microgram/animal of Hsp65-E7 fusion protein in saline and a third group

100 microgram/animal of E7 peptide in saline and IFA (positive control). All injections
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10 After the last wash the pellet was air-dried, taken up in distilled

wat er and wpepitss zed. Chem cal conjugation of NP.B pepti dectioadsmorss and
di pht heria toxoid Conjugations were carried out with both Hsp7l and, to

provi de a standard for conparisons of ef f3¢aci es of specific stimulation of
CTL activity, commonly used carrier protein diphtheria toxoid (abbreviated
DT;; DT was obtained 15 from Wako Chem cal). Activated carrier protein

sol utions: N@g H@ére??%?l]su‘ﬁ@ﬁtﬁgéﬁg%%%dniﬂg &F the nBlk. Pburedn HayMaterg2gi UM

borate buffer.

(m mal ei mi dobdayz afiér-thinby thooxlyticn)| infeetions wemirehzard! SelingihgDneniay aftdéOfMmolr

di met hyl sul foxam ne) was added to the protein. and the reaction m xture
was i ncubat edhp@ationznd eneryrtwardays theraaliss dheamiseavery gxaminediar the presense @t ed
to 6.0. and t lon.mxture dialyzed overnight at 4[err] C against 1
liter of 20 %ggl%ﬁ{r‘ﬁnb%ggﬁhsé‘fﬂ;m ﬁg&%ﬁldgﬁ\#%gal‘, pH 5.6. DT was simlarly
treated. Rpduced pepti qggSPhifeaRNfat dfq%seaﬁéi 10RF iktlulafiBn f8A6H the Rreafind® Of
pepti de was dissolved in 100 ul of 0.1 bet a- ner capt oet hanol . After 1 hour
of 25 i ncubagroups showed howima dunod moideficet (axprpsspd 2slpercerdafecofapimae showiag
renoved by d\r}éi ng.the reafcrtion mxture in a SpeedVac cergsri fuge. Peptide
was redi ssol VEROTS), mnging) froms8s it9 d§0%at &y day Wi Baweveg thg) graupttsatsd witly

N ver o SRSt b S BERLSRE by R EE o RO SRR, .
m of water. signifiént decrease in tumor incidence thai leveled off at about 15%. By contrast, the
10  saline-treated group continued to have nearly 100% tumor incidence throughout the
remainder of the observation period. These results demonstrate that Hsp65-E7 fusion
protein. administered in the absence of adjuvant, induces drastic regression of an
HPV-induced tumor.
Results from a similar experiment are shown in Fig. 8. In this
15  experiment, animals were inoculated with a higher tumor dose (2x10°/animal) than in
the previous experiment. Results obtained were closely similar to those of the previous

experiment.

20 EXAMPLE 9:
COMPARISON OF THE ABILITY OF E7 PROTEIN AND HSP65-E7 FUSION
PROTEIN TO INDUCE CELLULAR IMMUNE RESPONSES

Hsp65-E7 fusion protein was produced and purified as described in
25 Example 4. Full length HPV E7 protein was obtained by the following procedure.

The E7 gene was amplified from HPV16 genomic DNA (pSK/HPV16
obtained from the American Tissue Culture Collection) using AmpliTag DNA
polymerase (Perkin Elmer). The forward primer (5’-AAC CCA GCT GCT AGC ATG
CAT GGA GAT-3’) contained an Nhel site immediately ups;ream of the ATG start

30 codon, while the reverse primer (5'-AGC CAT GAA TTC TTA TGG TTT CTG-3%)
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The pH of the activated carrier protein solutions was adjusted to 6.8 using
0.1 N NaCH. Lon containing 3 ng of activated carrier i %@? )
react ed vmt%ég&g&m of reduced peptide solution (or 1 m OPE?;eLSAa%g pepti de
solution for the preparation of conjugatestOwith DT) for -3 hours at room
tenperature with continuous 5 mxing. To renove unreacted peptide, the
resul ti ng conjugate-containing solution was di al yzed overnight at 4[err]C

against | liter of 20 di um phgsphat e and 150 C, pH7. Protej
concentration c\%‘é’”&ét"@%"%@ &‘%9‘7‘%&” Er ¥ é‘}/"."“sf"ﬁ%mé’ffftmghgﬁ% ytopr codgmjof §bg tg'n

achi eved by thi g:.pr ' ' el ol ' ts
usi ng radi ol a?gﬁlgg S%Eg%gwggﬁep?ﬁ%&ggﬁ ?’&gﬁgdp?@?@y i}]e?rag{?iéSB%?ﬁﬁ gédri]gla ?10 be
17.5 for 10 NR.aBatdsegdl, anigeat © 8MNMat Bl bddd. digéstad\witBHeTsanleTrebiH}tion
EXAMPLE 3: PREPARATI ON OF HSP-E6 AND HSP- E7 FUSI ON GENES Preparation of

bacterial expreasgnen VeosformgionedbatGria, isolation of colopiea LontirRIBIBOMbIaNsai ns
an cobacteri um bovi s. B spb n Thole. ,J.EER et al.. J. ) d,
e haa o (3o gud prepstaton g plasR DRE, o s piried EolghIss et irfied B BYLSTendabs
synt hesi zed o o] ed.,.ol | Sk i, Ll

u)s/i ng routi ne$5€d§gg’g%r ;Q;JIE, %geé)dfaglﬁs\/\nelkf’jt(r;deLE gir)e%l?ra;ra%/ﬁ?%dg/gﬁérﬁ R gé{@fig?i{! ﬂ%dt@gn
site and had tBielogyc3*e8titide (SeimuBiilee &' SoASTINCACHIHC Thel idehftyHICtheAesuiity

ATT. 20 The reverse priner _included EcoRl and Nhel sites flanking a stop
codon and had Riaseidh genstyet, @ETEe(Fhwes eonfiomed bydliggmesisarsstirtonr digasion aedc

GAA ATC CAT G@hgaR r chai n.reaction £ .carried. I ng the
above priner pai "r\ sgi‘%ggﬁ’%%ﬂ?o szfg c‘ﬁ & Bﬁﬁoé%ﬁg@flsgﬁﬁ%?tggaﬁégwg §I\'/ver e
doubl e- di gepted W th 25 Twest litefit 600X T dReHiGh QIERMINEISD (adTgh] RaRdmhycih Gvere

| i gated to Ndel/EcoRI -doubl e-di gest ed

inoculated with a culture of E. coli BL21 (DE3) containing pET/E7 (H) and incubated

overnight at 30°C with aeration. When an optical density of 0.5 was reached, the
culture was induced with 0.5 mM IPTG for three hours. Cells were then harvested by
centrifugation, resuspended in 180 m! of lysis buffer (10 mM Tris-HCl, pH 7.5, 0.5 mM
15 2-mercaptoethanol) supplemented with 200 pg/ml lysozyme and frozen at -70°C
overnight. Cell suspension was thawed in a 37°C water bath in the presence of 2 pg/ml
aprotinin, 2 pg/ml leupeptin. and 2 pg/ml pepstatin. Following addition of 2 mM
PMSF, cell suspension was subjected to vigorous sonication, and insoluble proteins
were collected by centrifugation. Protein pellets were twice resuspended in lysis buffer,
20 resonicated and recollected by centrifugation. Protein pellets were then solubilized by
sonication in buffer A (50 mM Tris-HCI, pH 7.5, 6 M guanidinium hydrochloride, 1
mM 2-mercaptoethanol), and insoluble material was removed by centrifugation.
Solubilized proteins were applied to a 50 ml Ni-chelating column (2.6 cm x 12 cm;
Pharmacia). which had been preequilibrated in buffer A. Bound protein was washed
25 with 5 bed volumes of buffer E (buffer A with 2% Triton X-100) and refolded with a
guanidinium hydrochloride-sodium chloride gradient (0.1 M NaCl/6.0 M guanidinium
hydrochloride; 5 bed volumes) in the presence of 1% Triton X-100. Refolded protein
was washed with 5 bed volumes of buffer F (30 mM Tris-HCL, pH 7.5, 1 M NaCl, 15%
glycerol, 2% Triton X-100, 1 mM 2-mercaptoethanol) and ;ubsequently with 5 bed
30  volumes of buffer G (buffer F without Triton X-100) to remove Triton X-100. The
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pET28a (I nvitrogen) using routine subcloning procedures (Maniatis et al.

Mol ecul ar Q@sviagso A Laboratory Manual, Cold Spring Harbor pEairags/édakel
Spring Harbor, NY (1989)). Transformati on-conpetent cells of E. coli strain
DH5al pha were transforned with the Iigatio‘hl m xture and pl ated out on agar
contai ning 100 ug/m anpicillin. 30 Col onies of transformed cells were

I sol ated. and plasm d DNA prepared and anal yzed for the presence of hsp65

gene and vect est h.cdid on [ . | i ng.
o eet const RO HELAES R A2 Wit b VATRRR b RRCTNS Wi nitRoGE HEDS, 12
were identifi s MANWEL, €13% ag1éepsimed pimt Q-n%rcageﬂethaﬁém aoNrefnovBLwadkBESound
Novagen) for analysis of expression of the hsp65 gené. A schematic map of
conistruct pET@Bbteins. sEbwpmotein Wag eluled Withte dhedr dmidaepleegradient (§0 MdHa66,1 M
transformed bacteria of strain BL21 were grown, induced and harvested ysing
t he manuf act urtBydazolerin utfer Hyn£7(muetetngway compertrated and diakyzed against wibesen sibl e

I al < wel | | al ..sol ubi | i fl o, NEl US ' b
guant di ni und hy P SRRICOTI RS SRF SR Wi % iyl SpRBR gt sored
Laborat ory ManwajooCCotid EPprepakati Has fdudl 10 bERsEn®RAly MndgehiR by HYSPIBS) )

wer e el ectrophoresed on SDS- PAGE and subjected to anti-Hsp65 i rmmunobl ot
usi ng a nonoclandatoteintstalmoly. specific for the mycobacterial stress protein.
Preparation of a construct for expressjion of an Hsp65 - HPV16 E6 fusion
Protein in bacteria 15 Endotoxin concentrations gfficcprateinpipparatipns. Wethi 35§e5s¢dkBY on

was inserted af,fthe Ms@gﬁé Lga}matqftve%nﬁi)u% td Bl ﬁ&%@r 85030 RaREGR its

10 per milligram protein.

Groups of five C57BL/6 mice were immunized by injection at the base
of the tail with saline. or 0.055, 0.55 or 1.8 nanomoles of E7 protein or Hsp65-E7 fusion
protein in saline. Injection volumes were 0.2 ml. Ten days later, inguinal lymph nodes
(LN) were removed aseptically from each animal. and LN from each of the five animals

15 of a group were pooled. Cell suspensions were prepared by a standard procedure. For
each pool of LN cells (2 x 10° cells/ml), flat bottom 96-well plates were seeded with 4 x
10° cells per well. Cells were tested in triplicate for proliferative responses to addition
of either medium, 10 or 50 pg/ml E7 protein. 10 or 100 pg/ml Hsp63-E7 fusion protein,
or 1 or 10 pg/ml E7 peptide ("pep”: residues 44-57). Following additions. cells were

20 incubated for four days at 37°C and 5% CO,. Tritiated thymidine (1 uCi) was added to
each culture. After 15 hours of further incubation. cells were harvested and prepared for
scintillation counting. Data are presented 1n Figure 10 as mean cpm of radioactivity
incorporated +/- standard deviation.

The different panels show assays with LN cells from animals immunized

25  with the different amounts of Hsp65-E7 fusion protein or E7 protein recited above. The
results show that immunization with Hsp65-E7 fusion protein induces cellular
immunity to the fusion protein itself (top and middle left) as well as to the E7 protein
(middle left). Recognition of E7 protein is further demonstrated by the observed
induction of proliferation by E7 peptide, which peptide is kno;vn to represent a T helper

30 cell epitope (middle left). In contrast, no proliferative responses were observed with LN
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Plasm d pHPV16 contains a conplete HPV16 genone in Bluescript vector

SK( ATCC 451@?)99,%% t he nucl eoti de sequence of the HPV16 ge@qittassaeas
Seedorf et al. Virology 145: 181-5 (1985). A primer pair for anplification
of the E6 20 gene was synthesi zed on an &% onated ol i gonucl eoti de

synt hesi zer and was purified using routine procedures. The forward prinmer
I ncl uded an Nhel restriction site and had the nucl eoti de sequence 5 AAA

Stop. codon and Hadork B gr e SBet BHEEAE ol kP e i

GGT. 25 _ bottom) or iiRAMARLASRIGHER g2 qtdie %&faﬁﬁ) frURSE R flotdif ShRuhizetB1 NI
t he above priner pair and pHPV16 as the DNA te PCR f

I"at e. ?{igments wer e
doubl e- di gest eahimals lwere siablecis evidenoetb by chednaisikityNoeprolifetatédw Rispamsd tbiDatled

t o Nhel / EcoRI - doubl e- di gest ed pET65H usi ng routi ne subcl oni ng_procedures

" (Maniatis et dahitogeand). aln sumsmarygwhen commsras: lorigmmaativn Wiy &7, Spmunizatipn bor
Lab., Cold gprj v e.NY (1989) )i e 31 Tran mat | on- conpet ente£ell s
of E ool i S ruith HBBERS e roRR digits 4, Stperibf REME T Ses SRPRRE TR B
plated out On RGALdHYProlifelaidn SPPNUS(IE oA TRINRiniZel AnintM.ONi es of transf or med
cells were isolated, "and plasm d DNA prepared and anal yzed for the presence
of hsp65-E6 fusion gene and vector sequences by restriction mapping and 5
nucl eic acid sequencing. Correct constructs (named pET65HE6) including the
hsp65- E6 fusion gene were identified and were transforned into E. coli

strain BL21 (DE3; Novagen) for analysi ression of the fusion gene. A
Strain B¢ SRS

10 TREATMENT WITH HSP65-E7 FUSION PROTEIN CAUSES REGRESSION OF
SIZEABLE ESTABLISHED TUMORS

To test the efficacy of Hsp65-E7 fusion protein in tumor therapy,

C57/BL/6 mice were inoculated with 1.3 x 10° TC-1 tumor cells by subcutaneous

15 injection into a shaved back area. Seven days later when all animals had developed

palpable/measurablé tumors, animals were assigned arbitrarily to three treatment

groups. Each group included 12-14 animals. All treatments were by subcutaneous

injection of a volume of 0.2 ml in the nape of the neck. The first group was injected

with 100 pg Hsp65-E7 fusion protein, the second group with 20 pg E7 protein

20 (corresponding to a similar molar amount as 100 pg fusion protein), and the third group

with saline. Beginning one day after tumor inoculation. mice were inspected visually

and by palpation for the presence of tumor. Tumor volumes were determined using

calipers in two orthogonal directions. Volumes were obtained from these measurements

using the conversion formula described by Naito et al.. Cancer Research 46:4109

25 (1986). Results are presented in Figure 11 as average tumor volume in each group +/-
standard error.

The results demonstrate that treatment with Hsp63-E7 fusion protein

resulted in complete regression of sizeable, established tumors. The effect was manifest

in each of the animals treated. In contrast, neither mock treatment nor treatment with

30 E7 protein caused more than transient regression of tumors. A statistical evaluation of
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of construct pET65HE6 is shown in Fig. 2. To test for expression of

Hsp65- E6, harcdsmrsed of strain BL2 1 transformed w th pET65HEGT/MAs82003460WN,

i nduced and 10 harvested using the manuf agt urer's instructions (Novagen).
Bacteria were |lysed. and soluble material 'as well as nmaterial solubilized
frominclusion bodi es by guanidinium hydrochloride (Maniatis et al.

Mol-ecul ar O oning. A Laboratory Manual, Caold Spring Harbor Lab., Cold
Spring Har bor wnd¥ rich@&SmbntdeicBfofh&F At tRRE & nt9 MatSESthRAFerinfént & Sressnekar d,
purified Hsp65 was run in parallel. Hsp65-E6 expression was assessed 15 by
t he appear ancin bble 2st A igyevidedn droms sheep bialues sslaulatedgtheafficisi gr tumongize of

slightly slower (appare ular wejght (MXD), of . approxi mately 73 _kDa)

t han aut hent i Heqlélﬁgtg"m(lhgtaa&g}ﬁ’?%mrorgwrsﬂ(am%ux, dﬁ%’?{‘é{}:’"}nﬁ’es‘:&éﬁ Qfther om
PET65HEG-t r an Qh?&‘i’mpxﬁgt eria that was not present in corresponding

unt ransforned bacteria. Preparation of an construct for expression of an
Hsp65 - HPYl 6 E7 fusion protein in 20 TRBLEeria A conpl ete HPV16 E7-codi ng
region was inserted at the carboxy-termi nal end of the hsp65 gene in
PET65H. A priner pair W&TlﬁmAEC@ﬁPAMSﬁN@%TEEAJWWQVgS hesi zed on
an automat ed ol i gonucl eoti de synthesizer and was purified using routine

rocedures. The 25 faof ner 1 ngly '

ﬁad t he nucl eotide seq Qo aritbh £6 %&@s%e&{ j’[’lwﬁé%l}g\qezlrt eTﬁgd
reverse primer incl uded2ERE8- % 0, nuc) eot i de
sequence 5 AGC CAT GAA TTC TTA TOG TIT CIG 33 0.079

35 0.046

Saline vs. E7 30 0.853
33 1
35 0.86

Note that in the previous Examples, Hsp65-E7 protein was produced as a

10  histidine-tagged protein. To demonstrate unambiguously that the observed therapeutic
effects were not related in any way to the presence in the fusion protein of an
oligo-histidine sequence, Hsp6S-E7 fusion protein lacking the histidine tag was
prepared and used in this Example. The fusion protein was obtained using the
following procedure.

15 For construction of plasmid ET65C (Figure 12). the Bacillus Calmette
Guerin (BCG) hsp65 gene was amplified from plasmid RIB 1300 (Van Eden et al.,
Nature 331:171, 1988) using AmpliTaq DNA polymerase (Perkin Elmer). The forward
primer used (5’-TTC GCC ATG GCC AAG ACA ATT GCG-3’) contained an Ndel site
that included the ATG start codon of the hsp65 gene. and the reverse primer (5’-CGC

20 TCG GAC GCT AGC TCA CAT ATG GAA ATC CAT GCC-3") contained an Ndel
site immediately downstream from the TGA stop codon of the Hsp65-coding sequence
and an MNhel site immediately downstream. The PCR product was digested with Ncol
and Nhel, purified from an agarose gel, and ligated to similarly digested pET28a. The
ligation mixture was transformed into E. coli DH5w, and antjbiotic-resistant colonies

25 were isolated and amplified for preparation of plasmid DNA. Plasmid ET65C was

identified by diagnostic restriction digests and DNA sequence analysis.
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32 Pol ymerase chain reaction (PCR) was carried out using the above priner
pair and pERVkA-as the DNA tenplate. PCR fragments were dopifeashgaest ed
with restricti'on endonucl eases Nhel and EcoRlI and ligated to

Nhel / EcoRI - doubl e- di gest ed pET65H usi ng ré#iti ne subcl oni ng procedures.
Transformati on-conpetent cells of 5 E. coli strain DH5al pha were
transforned with the ligation m xture and plated out on agar containing 100°

DA pr aphr o and anal y2E PFPr AESRI EXRRC/ZT N REmAEtE t prpgsr G HoBERE and
Cor oct - conat R B oy e Rt L R EERRI DA o

i denti fied an(pSKBHPW@6 @btairedttam tiedAmeticanFTissuel Culiire GolledioR)l uiMEAmpliTaq
I nvitrogen) for analysis of expression of the fusion gene. A schematic map

of construct PEfepMpmerase Gieskin Bimen; Jhe forwpgd primer ¢ FsSTHCAT ATG

Hsp65- E7. Rac | f in BL21,tr orned, W 16 7 r r QWA

i nduced an hgrﬁyﬁ?@‘d‘}&f‘% cf)gﬂ'{lf%é‘n 2@%& é%nﬁlg ?“CE‘EE%H glﬁﬁeﬁté@ F@%"g‘d _.W\f@ﬁd
sol ubl e mat er {3l redgse\BliheAB IREECAT GRAUPTE iZIed TO®TTTNEITESI 9 RoReiES 2n PY
guani di nium 15 hydrochl oride were el ectrophoresed on SDS- PAGE and |

subj ect ed to BodRI-sHZ ilinetiatedy dgwisstromn of kherfBd A atvpi dodety ofthe Ei7tdodingycequdRdél6 E7

(Zymed Laboratory _lnc., catal og nunmber 28-0006). EXAMPLE 4: 20
EXPRESS! ON_ ANEPELRRBresurt wre eieeseta Nokbrmd keoREpirifiedi fenm am agasose gel.@adi on

f Hsp65-E6 fys) Fd 1, { T65HES d
Chto B ol HpRal BLAEEAS (BLORED Nekn ai0BREH WA (REIRECR AR B0 [ B05EL TE
in 6 |itenoculifamsRem@fon2%Y ThdedialNMsbidGorp) of ¥BloRRS coraifing € Akbm®#hABCland 10 J

NaCl per liter) containing 30 ug/m of kananycin at i
preparation of plasmid DNA from expanded colonies were carried out by standard

procedures. See, for example, Ausubel et al. (eds.). Short Protocols in Molecular
Biology, 3" Edition (John Wiley & Sons, Inc. 1995). The identity of the resulting
plasmid construct, pET65C/E7-1N was confirmed by diagnostic restriction digestion

15 and DNA sequence analysis. A schematic map of pET65C/E7-IN is presented in
Figure 13.

Twelve liters of 2xYT medium containing 30 pg/ml kanamycin were
inoculated with a culture of E. coli BL21 (DE3) containing pET65C/E7-I1N and
incubated overnight at 30°C with aeration. When an optical density of 0.5 was reached,

20 the culture was induced with 0.5 mM IPTG for three hours. Cells were then harvested
by centrifugation, resuspended in 180 ml of lysis buffer (10 mM Tris-HCI, pH 7.5, 0.5
mM 2-mercaptoethanol) supplemented with 200 pg/ml lysozyme and frozen at -70°C
overnight. Cell suspensions were thawed in a 37°C water bath in the presence of 2
ng/ml aprotinin, 2 pg/ml leupeptin. and 2 pg/ml pepstatin. Following addition of 2 mM
25 PMSF, cell suspensions were subjected to vigorous sonication, and insoluble proteins
were removed by centrifugation. The majority of untagged Hsp65-E7 protein was
found in the soluble protein fraction. To remove endotoxin, 1% Triton X-114 was
added to the soluble protein fraction. and the mixture was cooled on ice (for 5 minutes
or more) and mixed thoroughly. The mixture was then warmed for 10 minutes in a

30 30°C water bath and then subjected to centrifugation at 24°C, The clear supernatant
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25 30[err]C For each culture, when the density reached 0.5 (Oerr]),
expr essi onwaf9sfomsspbon protein was i nduced by 0.5 mM PCT/CA98/00246

i sopropyl -t hi o-gal act opyr anosi de, and the4§gl ture was incubated for an
additional three hours at 37[err]C. Cells re harvested by centrifugation,
suspended in 90 m of lysis buffer (10 MM Tris-HO, 0.5 nM

bet a- mer capt oet hanol, pH 7.5) containing 200 m crogram m Iysozyrre and

frozen at -70

thawed in a 3%?%4%‘]@%?& ggngalﬁ% %/\(/ggtosﬁo% nﬁtﬁ@ﬂ g%kthfu?ﬁﬁgr? gr a
aprotinin, 2 tines aoetithetestdadEiiohX-124.nThe ageaimtant fraeim wad tfhex&l&fibj&téﬂ\ﬂo
PMSF. Al subsequent steps were performed at O-4[err]C. Lysis of cells was
by ‘soni cat i onamaetiumhswifatlsl &aetionetioral \Kasior oprotein e\da&)yeQ%'ﬁltBFll iughe i GhS%t
17,000 rpmfor 15 5 rotor,.. Beck

washed twi ce GPERNIY F‘QP%?@@%&H&% RO BORER OB A aRe n JE B T
in 90 m ok bﬁl’lfl\i ?ﬁsfﬂ gﬁﬂ%ng%r G mMEDTA; Iwgg%?éﬁ(?tﬂém and appliedto

hydrochl ori de I'ns erial ' was renoved ugat1 on

Sol ubi l'i zed nMa120 hdlSowas @ belimappbicarix RO ca; mhmmxar)(pfdequmbﬂ@e&@umbufferls
ni ckel - charged netal -chel ating resin (Chel atin har ose Fast Fl ow,

Phar maci a) t h&he agump afats sn:xll@elmdemh B bed mlemesmﬁ (érxffm B mynusurea)sing mr?
T

oot v sashE Ao oD REREDGrpD “le@erevf& L m%ﬁ‘%éﬁﬂ&eswne

residual gua”bx%'zé}s]% EM%Q%{}} zgﬁhé%?sal dx\%tt(b 0 g - \{%BNH@ r&a é*%%fé)%o

nmM i m dazol e et a- nercapt oet anol t'o re

cont ami natll()ngarnfméxewﬁm.6 [ﬂ@a@x@rﬁlﬁxﬁﬁﬁdﬁch@ﬁd@(bﬂf&dmﬂ(pm $)x Pool Bres ap;faheﬂ 15
50-500 mM linear imdazole gradient in buffer C Pooled, eluted protein was

di al ysed over 9 g0 mbNircbelabpp colempatZed ymap Mofmmkbamtaca) | nsecgudibgated with
phosphat e- buf B&"fe?qx.sﬁodn%eprotem was washed with 5 bed volumes of buffer E (buffer A with 2%

Titon-X-100) and refolded with a guanidinium hydrochloride-sodium chloride gradient
(0.1 M NaCl/6.0 M guanidinium hydrochloride; 5 bed volumes) in the presence of 1%

15 Triton X-100. Refolded protein was washed with 5 bed volumes of buffer F (30 mM
Tris-HCl, pH 7.5, 1 M NaCl, 15% glycerol, 2% Triton X-100, 1 mM 2-
mercaptoethanol) and subsequently with 5 bed volumes of buffer G (buffer F without
Triton X-100) to remove Triton X-100. The column was washed further with 5 bed
volumes of buffer H (50 mM imidazole, pH 7.5, 0.5 M NaCl. 15% glycerol, 1 mM 2-

20  mercaptoethanol) to remove weakly bound proteins. Fusion protein was eluted with a
linear imidazole gradient (50 mM to 1 M imidazole in buffer H). . Untagged Hsp65-E7
protein was concentrated and dialyzed against Dulbecco’s phosphate-buffered saline
supplemented with 25% glycerol. Soluble protein was stored at -70°C. Analysis by
SDS-PAGE and protein staining revealed that the preparation was ébout 90% pure.

25 As a further demonstration of the unimportance of the histidine tag, the
efficacies of histidine-tagged Hsp65-E7 and not-tagged Hsp65-E7 were directly
compared in an experiment substantially identical to the one described above. The two

fusion proteins were found to regress tumors with similar efficacy.

30
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(2.7 MM KH, Pgerr], 4.3 MM Na[err]HPO err], 2.7 mM KC1, 0.137 M Nad),
concentr at eﬁot;y,onkérafl |tration (Am con, 30 kDa MW cutoff) &&%@ﬂ@gg
through a Detoxigel resin equilibrated in Dul becco's phospha ed
saline for endotoxin renoval. 20 Expressi&h and purification of Hsp65- E6
fusion protein: procedure 2 Construct pET65HE6 was transforned into E. coli
strain BL21 (DE3; Novagen), and transformed cells were grown in 12 liter
cul tures of 2xYT medium (20 g Tryptone, 10 east extract, 10 g NaC per
liter) containing 30 ug/mM of kanamyc A ]C. For each culture, when
the density reached 0.5 (ODerr]), expression of fusion 25 protein was

i nduced by 0.5 nmM i sopropyl -thio-gal act opyranosi de, and the cul ture was

i ncibated for an additi th'bkeﬁlhll&ﬁ hR&Ih% § I
by centrifugation, suspended in 1151310 m 8@11 y‘g\lbg&lyﬁf le% %én\r%@fﬁslggﬁﬁé%

mM bet a- ner caﬁb@éﬂ’i&ﬁ@l exppmentatjor; amdnyi muﬂ@le&@)twg{enipebﬂ'ﬁoaumm@ﬂg ofrt@ezen
at -70[err] e day, | ater, frozen cel | suspension was thawed in a

37[err] CGwa erIBaetIWo aq'Fd Liped L“ifﬁ’ﬁ‘} engiste@ndyi alh other equivalentsy ewgr mignded to be
aprotinin, 2 rgp 2 m crogram nml pepstatin and 2 niv
PVSF. Al | subsegﬁgg{%@ptggagbgm & or “red at O- 4[err] C. Lysis of cells was
by sonication, and insoluble material was collected by centrifugation at

17, 000 rpmfor 15 min (JA-17 rotor, Beckmann). Pelleted material was washed
twice with lysis buffer and 5 then solubilized, aided by sonication. in 180
m of buffer A (50 mMTris-HC, pH 7.5, 6 M guanidi ni um hydrochl oride).

I nsol uble material was renoved by centrifugation as before. Solubilized
material was then applied to a colunm containing 50 m
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ni ckel -charged netal -chelating resin (Chel ati ng Sepharose Fast Fl ow,

Phar maci a) wiossfo7dsad been equilibrated with buffer A BoundP@i¥/OA%S/00246aS
washed with buffer D (buffer 10 A with 5% Triton X100) and then refol ded
slowy on the resin with a 0~1 M NaC .gdddi ent. The resin was washed with
five volumes of buffer E (1M Nad, 1% Triton X 100) and TT

buffer B (1 MNaCl) to renove residual guanidi nium hydr g el 9 id W th
five volumes of buffer F (50 mM i m dagplagmseH 7.5, 0.5 mmmm@ﬂmgﬂ
bet a- mer capt oet hanol, 0.5 M NaCd . 15% gl ycerol) to renobve cdénta s
proteins. 15 Fusion protein was eluted wth six volunes of a 50-500 nv

| inear im dazole gradient in buffer F. Poqgled. eluted protein was dialysed

overni ght agai nst 46+ vol GnEYDRASItAR fof  indnqing) ap\ImFRRNe. [SPONSE | pEgInst an
EDTA. 5 - ant 0 ; ;
S, Qophar Bichéih ARG AN BIR TN ot EREANibe TSP BN il Pihcliian

42 ng, repe&serdtting about 50% of total fusion protein present in 20
unfractionated extract) was recovered in the flowthrough fraction.

di al ysed overni ght agai nst 40 vol unes of Dul becco's phosphat e-buffered
saline (2.7 mMMKH err]Pderr], 4.3 mMMNalerr]HPJ err], 2.7 MM KO, 0, 137 M
NaC 1), and concent fat egr gi/c‘tmmsgqu relgimoh W ?(ﬁ’i“c‘g?l }J‘@G“T(EEPW&% S‘Tl%‘ﬁl?‘
Hsp65- E7 fiisihAd el in was expressed and purified by the same 25

pr ocedur es. Bﬁrfté&{g? fusion proteins was estimted by SDS-PAGE and
Coonmassi e blue staining of gels. The proteins were typically 70-90% pure
after procedure 1, and aﬁgroxi mately 95% pure after preferred procedure 2.
Endot oxi n | evel s af Ber plih¢ f ¢asmpasisionuf nejaion ot ewhersire ther sirdse| pusted® SUany

rotein. . ,
P mycobacterial stress protein.

4. The composition of claim 1 wherein the HPV protein antigen is the E6
or the E7 protein.
5. The composition of claim 1 wherein the stress protein is from the

Hsp60 or the Hsp70 family.
6. A composition for inducing an immune response against an HPV
protein antigen in a subject, the composition comprising an HPV protein antigen conjugated

{0 a stress protein.

7. The composition of claim 6 wherein the immune response is a cellular

immune response.

8. The composition of claim 6 wherein the stress protein is a

mycobacterial stress protein.

9. The composition of claim 6 wherein the HPV 'protein antigen is the E6

or the E7 protein.
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35 EXAMPLE 5: | MMUNI ZATI ON W TH HSP65- E6 AND HSP65- E

six to eig o @Ka)old, were obtained from5 Charles (St
Const ant , e Canada). Groups of six to eight mce w ﬁlﬂamgﬂ
i muni zed subcut aneously in the nape of 48he neck with equa¢ anou

Hsp65- E6 and Hsp65- E7 fusion proteins in Dul becco's phosphate-buffered

saline purified as descri bed under Exanple 4. Doses of total fusion

protei ns adm ni ster 20 _m cr.ogr r respect i.vel
Negative control i n| zg-g? cfﬂglp%{m’g@fgl ?21"&}3 &H‘g SF?F@ Y% gr é’gnt
in saline Hsgmytham ﬂPfakﬁxl ve control inmunizations wth 100 m cr ogram of a
synthetic HPV 16 E7 pepti de i ncluding residues 44 to 62 in I FA and sali ne.
Relative to the doses eof fusion proteins applied, this anmount of E7 peptide
adm ni stered repr ESﬁnt ed a 20 or 20Q fold excess. respectively

| mruni zati ons were Répeafe8OmRositps, for induging anTiggpyne aféy%nsaf Qgéfnsf A8 HB¥ond

shaved badiotenabtigd 5 sBiek, fonBRuREs By s ARRA Gl Riheriha b P,
the line B%telﬁanﬂgemhsddﬁﬁladﬁ%%rm5 scored as the pr esence or absence of

tunmor based on visual observation and pal pation every two days for fifty
days. The TC- 1 tunor cell line expressing the HPV16 E7 protein was derived

fromprimry Iungc C57/Bl[6 b Jnmmrtalization and
transformation with kiPVlgLEﬁorﬁPﬂf”@T‘ %péfm iﬂé‘ HiempRING JesRoRssAs 8 celilaras
gene as desgl u%xg?e%p Aelin et al. (Cancer Res. 56:21-26 (1996)). For tunor
i‘nocul at i on, el s, supplied by Dr. T.-C. Wi (The Johns Hopki ns

Medi cal Institutions, Bal ti nore, MD), were grown to 60-70% confluence in
RPM 1640 nedi um suppl enmented with 10%fetal calf serum (Hycl one, Logan,
UT), nonessential ardno The composition of claim 11 wherein the stress protein is a

mycobacterial stress protein.

14, The composition of claim 11 wherein the HPV protein antigen is the

E6 or the E7 protein.

15.  The composition of claim 11 wherein the stress protein is from the
Hsp60 or the Hsp70 family.

16. A composition comprising an HPV protein antigen joined to a stress

protein in combination with another pharmacologically acceptable component.

17.  The composition of claim 16 wherein the stress protein is a

mycobacterial stress protein.

18.  The composition of claim 16 wherein the HPV protein antigen is the

E6 or the E7 protein.

19.  The composition of claim 16 wherein the stress protein is from the

Hsp60 or the Hsp70 family. — _ ____F_—.
Sheet Has Been Replaced
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25 acids, glut amWawci n, beta-nercaptoethanol, 0.4 ng/n
Ceneti ci n[wcrg} chnol ogies. Grand Island, N Y.) ankd/Cassmilss
hygronycin B at 37[ ‘“ﬂ““\mm“m“\e harvested by trypsinization and
resuspended in Hank\m on .a49 6. 5x10[err]) cells/mM . Results of
one such experinent aré skhowh ih |g 4. Shortly after 30 chall enge, tunor
incidence rose in all treatment groups (between 5 and 15 days after 36

(i opped dl amat 1 cal 131 o ‘bovParis PHTRRA B ted b fin biGeh e QbR oA bt on

protein agbleif.ure or with E7 peptlde in IFA. An internediate result was
obtained for the group treated with 20 m crogram of fusion proteins. Thus,
i muni zation with Hsp65- E6 and 5 Hsp65-E7 fusion protein adm xtures in the

absence of any adj vant ectivel rotected mce froma, | ethal chal| nge
Wi th E7-expressing 4tunor é’PPJé‘gatA%Gﬁﬂﬁlz@ wherein thg siress; EOtEindS A “F"r?og%%q ?
TABLE 1 ess protein. RESPONSE TO A SECOND CHALLENGE WTH TC-1 TUMOR
| muni zat1 on oup Percent Tunor |ncidence* After 1st
Chal | enge After 2nd Chal l enge (Day 54) (Day 79) IFA or
None* * 83 (5/6) 100 (4/4) mcrogram
f usi on proteins 22.  ZFBhe(@hRigate of claim 20 wherein thS HPM p)otein antigen is the E6

or the E7 protein.

23.  The conjugate of claim 20 wherein the stress protein is from the Hsp60

or the Hsp70 family.

24. A fusion protein comprising an HPV protein antigen fused to a stress

protein.

25.  The fusion protein of claim 24 wherein the stress protein is a

mycobacterial stress protein.

26.  The fusion protein of claim 24 wherein the HPV protein antigen is the

E6 or the E7 protein.

27.  The fusion protein of claim 24 wherein the stress protein is from the
Hsp60 or the Hsp70 family.

28.  The fusion protein of claim 24 wherein the HPV protein antigen is E6
or E7 and the stress protein is from the Hsp60 or the Hsp70 family.

29. A composition for inducing an immune response against an HPV
protein antigen in a subject, the composition comprising an expression vector encoding and

capable of directing expression of the fusion protein of claim 24 in cells of the subject.

This Sheet Has Been Replaced
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m crogram fusi on proteins 0 (0/8) — 0 (0/4) EY
peptide in ywEAonrseo 0 (0/8) a0 (0/ 4) ¥ Tigs
par ent hesesd,v ?%e7 nunber of animals with tunor/t ot”"mw Mﬂuﬁm mal s per

group is given. In the right colum, anijpls were: he -

presence or absence of tunor for an additional 25 days (af"tef 2hd
challenge). 15 ** As a control for the 2nd tunor chall enge, a group of

uni muni zed ani mal s s i.ncl uded .f.or i son.. LE 6: EXPQOSUR
| MMUNI ZED ANI MALS TGYA 2(0+1€ composition of claikn 9 wﬁ%@@ﬁ@ﬂwﬁ%@swme

CELLS To agffesw rbdpepdongevity of the immne response to HPV antigens,
groups of four surviving aninmals fromthe previous experinent (at day 54),
both fromfusion protein-treated groups and fromthe E7 peptide/lFA group.
were chal |l enged a second 37 time with 1.3 x 10[err] live TG 1 tunor
cell's per aninmal. Asla cdhteonipositionrfou pnduting adn, énmiune respepsses agrinsy anhEPYane

tunor chal |l enge, .was.included, Tunor .i,nci dence was assessed 25 da | at er.
Resul t s arBOHDHIHERR i ASPHCG: the SOMPOSIBR SOMBRATE R SRRIRTSIBVesfoF snesding,anch

pr ot ei ns ogapg@]g gf]%?eggg%ygg%gﬁ%ﬂﬁéﬁs% ; 1&ih BF Yail 2@&%Jg¥ o?&%}xgaal y

protected fromt | enge, eas unimmuni zed ani mal's showed a
100% t unor i nci dence.

32, The composition of claim 31 wherein the immune response is a cellular

immune response.

33.  An expression vector encoding and capable of directing expression of

the fusion protein of claim 24 in cells of a subject.

34.  An expression vector encoding and capable of directing expression of

the fusion protein of claim 28 in cells of a subject.

35. A method of inducing an immune response against an HPV protein
antigen. comprising administering to a subject an effective amount of the expression vector of

claim 33.

36. A method of inducing an immune response against an HPV protein
antigen, comprising administering to a subject an effective amount of the expression vector of

claim 34.

37. A method of inducing an immune response against an HPV protein

antigen, comprising administering to a subject an effective amount of the composition of

S
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EXANPLE 7: 10 CYTOLYTI C ACTI VI.TY_CQE_SPLENOCYTES FROM
| MMUNI ZED 4hRe4hyMINI ZED ANI MALS Groups of two mice of fusion proten-,
peptide- or unimuni zed ani mal s were eut hani zed byi ﬂmmﬂﬂ"m”m tion,
and their spleens were renoved. Single 6&ll 15 su g : ¢ amed
spl eens were prepared and washed once in Hank's buffer solutiof *
suppl enented with 5% fetal calf serum Lynphoid cells were restimnulated by

culturing 20 x 10[ erg] Vi | g . i i r ed
TC- 1 cells for fi veggaysAﬁlﬁLﬁgﬁﬂ%% i%%ﬁéﬁbﬁmégégsé%nt%%%ﬁ }?Ov%pf‘g%lgl
bovi ne senttigen2cdiprisirg adndifisteging o AMhbje@dAh Wiflectdyel aGUInE of B2 ddhjugall of claim

2- mer capt oet hanol and 50 microgramim 20 gentanycin sulfate at 37[err]C
and 5% C020. The spl enocytes (effector cells) were then harvested and used
in the CIL activity assay described below. TC 1 and HLA type-matched cell

| ines EL4 and MC57G not expressing an E7 epitope were used as target cells.

Cell s were incubategqqfor,9 1 F g 1 i he
case of EL4 cells, g'so %&ﬁm&g o\gﬁdﬁﬁcgrfgg?#%ﬁlzwgé S%s?hgeg cf‘{esg)sl?gtﬁe\ll r??%tgl

pept i de[ eantigepe comprishig hdmidiskeaingolad subjesp ae xffeniie utnowas bf tg fusion pidieid of
excess radjol abel, 5x10[err] | abeled target cells were co-cultured with
restimul at@mets ector cells at various effector, target cell ratios. After
4-5 hours of incubation. culture plates were centrifuged for 5 mn at 200 x
g, and 100 ul aliquots of supernatant solutions containing radiol abel

rel eased from cel | s4ger eacpietiR@t §dubdiing PGP RxIRBRRY APV Pastkiaasdtigent ¥
was 30 neasured by liquid scintillation counting. To determ ne
spont aneowgemyprising edudnistariog to a subject an effective amount of the expression vector of

claim 33.

41. A method of treating a tumor exhibiting an HPV protein antigen,
comprising administering to a subject an effective amount of the expression vector of claim

34.

42. A method of treating a tumor expressing an HPV protein antigen,

comprising administering to a subject an effective amount of the composition of claim 16.

43. A method of treating a tumor expressing an HPV protein antigen,

comprising administering to a subject an effective amount of the conjugate of claim 20.

44. A method. of treating a tumor expressing an HPV protein antigen,

comprising administering to a subject an effective amount of the fusion protein of claim 24.

This Sheet Has Been Replaced
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38 total releasable radioactivity, supernatant solutions fromcultures
cont ai ni ng wargamvsssel | s only or fromtarget cells |ysed by ];(I[r)ﬁ Adfboddcon of
Triton X100 were collected, and radioactivity determ ned as e(f:ore. Isesul ts
were expressed as % corrected |lysis, c?l | at ed based on the foll ow ng '
formul a: Percent Corrected Lysis = 100 ﬁgcpn{ err] -
cprmferr])/(cpnferr]-cpnferr]), wherein cpnferr] is the radioactivity

rel eased froma particular co-culture, cpnferr] is the spontaneously

rel eased radioactivity of a target cell culture and cpnferr] is the 10
radi oactivity released by Triton X100 |lysis of target cells. CTL assays
were performed in triplicate, and averaged val ues were provided. Results of
an experiment using TC-1 cells as target cells is showm in Fig. 5. 40% and
25% of lysis of TC-1 cells were nediated by effector cells (used at a 100
fold excess over target cells) obtained fromanimls inmunized with 200 15
m crogram and 20 m crogram of fusion proteins, respectively. In a second
experinment, the specificity of CTL activity was tested using spl enocytes
fromanimals imunized with 20 m crogram of fusion proteins. Results shown

in Fig. 6 denonstrate effective |ysjs of VIN8oH6/ E7-t ransformed TC 1
cells. Lysis of two other cell ty %&62 MB57TG not expressing an HPV
antigen 20 occurred with anucg r i , d(ﬁﬂgnstratingthe

A ) PmPARFzati on with Hsp6s- E6

specificity of the CTL respons
TCG-1 TUMOR IN M CE AFTER

and -E7 fusion proteins. EXAMPLE 8: REE
25 MZBAETMANT W 1 N PROTé%lf\ga‘I;hnee groups

etV Sles
co
Hpa | 5626 1145553 Bﬁ 241'
1692 EcoR |
1705 Sal |
1711 Hind Il
- 1717 Not |

1804 Bpu1102 |
6936 base pairs

Unique Sites
2128 Dra il

Bst1107 1 4260

Sap | 4151 2830 Pvu |

2955 Sma |

2955 Xma |
3137 BspD |
3137 Cla |
3172 Nru |

Fis. 1
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Each animal was inoculated with 1.3x10[err] TG 1 cells subcutaneously into
a shaved b3YRX9478® Two days later, a first group was adni RCEACAS®EN246I i ne
(negative control), a second 30 group 100 mi crogram ani mal of Hsp65-E7
fusion protein in saline and a third 100 mi crograni ani mal of E7
peptide in saline and | FA (positive cofftrol). Al injections 39 (0.2 m)
wer e given subcutaneously in the nape of the neck. Fourteen days later (16
days after tunor inoculation), injections were repeated. Begi nning one day
after tunor inoculation and every two days thereafter, the mce were

exam ned for the presence or absence of tunmor by visual inspection and

pal pation. 5 Fig. 7 reveals that 9 days after tunor

i noculation all of the treatnment groups showed maxi nmal tunor incidence
(expressed as percentage of aninmals show ng tunors), ranging from385 to
100% By day 17, however, the group treated with Hsp65-E7 fusion protein as
well as the group given E7 peptide in |IFA showed a highly significant
decrease in tunor incidence that |eveled off at about 15% By contrast, the
10 saline-treated group continued to have nearly 100% tunor incidence

t hr oughout the remainder of thexggs1 ch Ncn }berl od. These results
denpnstrate that Hsp65-E7 fusig %ﬁé hi stered in the absence of
adj uvant, induces drastic regre SI on qf -E’W&l’bded tunmor. Results from
a simlar experinment are shown in Eig N experinment, aninmals
were i nocul ated wit er @’:-“— imgl) than in the
previ ous experi nent nllﬁR!alsBE?t SDPrai n@pl; e a’ﬁfg‘?‘) flo those of the
previ ous

BssH |l 6193
EcoR V 6156
Hpa I 6100
1465 BspM |

pET6SHES

—I_ Eb

7430 base pairs
Unique Sites TTter 4

1683 Nhe |
1907 Dra |

= 2166 EcoR |
2179 Sal |
2185 Hind Ml
2191 Not |
2278 Bpu1102 |

Bst1107 | 4734 2602 Dra il

Sap DI 4625

3304 Pvu |

9 Sma |
3429 Xma |

3611 BspD |

3611 Cla |

3646 Nru |

Fig. 2
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experinment. 20 EXAMPLE 9: COWPARI SON OF
THE ABI LI TYwdrogmfgdggROTEI N AND HSP65- E7 FUSI ON PROTEIN TO | WA LALAR

| MVUNE RESPONSES Hsp65- E7 fusion protein was produced and puriftied as
described in 25 Exanple 4. Full length_HPV E7 protein was obtained by the
fol | owi ng procedure. The E7 gene was adili%ied from HPV16 genonic DNA

(pSK/ HPV16 obtained fromthe Amrerican Tissue Culture Collection) using
Anpl i Tag DNA pol ynerase (Perkin Elnmer). The forward prinmer (5 -AAC CCA CCT
GCT AGC ATG CAT GGA GAT-3') contained an Nhel site i mediately upstream of
the ATG start 30 codon, while the reverse priner (5 -AGC CAT GAA TTC TTA
TGG TTT CTG 3') 40 contai ned an EcoRl site imedi ately downstream of the
TAA st op codon of the E7- coding sequence. The PCR product was di gested

wi th Nhel and EcoRlI, purified froman agarose gel, and ligated to pET28a

t hat had been digested with the sanme restriction enzynmes. Transformation of
bacteria, isolation of colonies containing reconbinants, 5. and preparation
of plasm d DNA from expanded col onies were carried out by standard
procedures. See, for exanple, Ausubel et al1. ée?s. ), Short Protocols in

Mol ecul ar Biology, 3[err] Edition (John WI gy %'Sons, Inc. 1995). The
identity of the resulting plasnm d fbmg$tA202t 73 F7 (H was confirned by

di agnostic restriction digestion Bghdl DNE seqtie 9 @A ¥sis. A schematic map
of pET/ET(H) is presented in Figure 9.

Miu | 6424 p17 Olac > 857 Sac Il
BssH Il 6013
EcoR V 5976 lacl BCG6S
Hpa | 5920
1465 BspM |
pETBSHET
1683 Nhe |
-+ g7
7250 base pairs T7ter }ggg gggRl '
Unique Sites 2005 Hind 1l
: f1 origi 22009181 BNOf1'102 |
ori origin
) 2492 Dro 1
Bst1107 | 4554
Sap | 4445 Kan
3124 Pvu |
3249 Sma |
3249 Xma |
3431 BspD |
3431 Cla |
3466 Nru |

Fig. 3
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10 Twelve liters of 2xYT nmediumcontaining 30 [err]g/m
kananmyci n weopeopferul ated with a culture of E. coli BL21 (R} )%@ }aéﬁknl ng
pET/ E7 (H) and i ncubated overni ght at 30[err]C with aeration. en an
optical density of 0.5 was reached, 2 ﬁglture was induced with 0.5 nM

| PTG for three hours. Cells were then A ested by centrifugation,
resuspended in 180 m of lysis buffer (10 MM Tris-HCO, pH 7.5, 0.5 nmM 15
2- mer capt oet hanol ) suppl enented with 200 [err]g/m |ysozynme and frozen at
-70[err] C overnight. Cell suspension was thawed in a 37[err]C water bath in
the presence of 2 [err]g/m aprotinin, 2 [err]g/m |eupeptin. and 2
[err]g/mM pepstatin. Follow ng addition of 2 nM PMSF. cell suspension was
subj ected to vigorous sonication, and insol uble proteins were collected by
centrifugation, Protein pellets were twce resuspended in IyS|s buffer 20

resoni cated an geol recTed Dy oM PSugatTo Pr-ot-e hen
sol ubili zed by sofji cation in ufffr A (00 rrMTrls HO , pH 7.5, 6 M

guani di ni um hydggghl ori de, 1 | 2- marcapt oet hanol ), and insol ubl e materi al
was renoved by ceptrifugation.  Sol sl i zed proteins were applled to a 50|m
Ni -chel ating colu (2.6 cm )d.z cm har maci a). which _E{L ARV
preequi l i brat edl0m buffer A Bound protein was washed §<bed

vol unes of buffer{E (buffergAgvi th 2% jgiggon X-100) and refol ded with a
guani di ni umghy 00_( hl ori de- spdi ym chl ori dei gradi ent (0/1 MNaCl /6.0 M
guani di ni unghy Ehl oride; b/bed vol urres) . g%ke%ence of 1% Triton
X-100. RefoBded p otei n waggwashed with nes of buffer F (30 mV
Tris-HA, pB 7.8-11 M Nad , 5%chero|, Trlton X-100. 1 nmM

2- rrercapt oe‘?hanol and subsequently wth 5 b&d 30 vol unes of buffer G
(buffer F "‘Eth%‘bt- Triton o renove Trigon X-100. The

-4

N 40—
30
20—

’
1
!
.A

0_ [.‘ AN — (BB 4 \Wy N B~~~V 4 N7\ LN

0135779 1315171921232527283033353739434650
Day after TC-1 Tumor Challenge

—&—10 ug Hsp65-E6 + 10 ug Hsp65-E7
——100 ug Hsp65-E6 + 100 ug Hsp 65-E7
—O—100 ug peptide/IFA

~-X--Saline/IFA

Fie. 4
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41 colum was washed further with 5 bed vol unes of buffer

i m dazol e,

Wb 96/028600- ©

renove weakly bound proteins.
gradient (50 mMMto 1 Mimdazole in bu
and di al yzed agai nst Dul becco's 5 pho
Sol ubl e protein was stored at

with 25% gl ycerol .

M Nadl ,

15% gl ycer ol

H. E7 protein
e-buffered sal
-70[err]

1 nmM 2- ner capt
E7 protein was eluted With a

Wi

H (50 mv
f@l‘/@%&?ﬂ_ bdast O

I near

was concentr at ed
i ne suppl enent ed
C. The E7

preparation was found to be essentially honbgenous by SDS-PAGE and protein
stai ning. Endotoxin concentrations of the protein preparations were

anoebocyte assay_and were found to be no higher

assessed by the |imyp

I'mdazol e

than 50 endotoxin units 10 per nilligramprotein. G oups five [C57BL/ 6
m ce were inmmuni zed by|injection at the base of the tail th salije, or
0.055. 0.55 or 1.8 nanpnoles of E7 protein or Hsp65-EZ-fusion protfein in
saline. Injection volujres were 0.2 nm. Ten days |ater’, inguinal |ynph nodes

(LN) were renoved aseptically fromeach ani nal, d LN from each t he

five animals 15 of a group were pool ed. Cell spensi ons were prepared by
a standard procedurgg—For each pool of LN c s (2 x 10[err] cellsim),
flat bottom 96-well plhates were seeded wt x 10[err] cells per well.
Cells were tested in tyiplicate for proljferative respons to addition of
either medium 10 or 50 [err]g/m E7 pgotein. 10 or 10 err]g/m |Hsp65- E7
fusion protein, $r 1 or 10 [err]g/nm E7 peptide (" " residues 44-57).
Fol |l ow ng additi®ns. cklls were 20 i ncubated f four days at 37G¢ and 5%

CO,. Tritiated tQym di
hour s of furtheﬁgin@@b

scintillation caunting|

néor por
N

radi oactivity i

10—

Afit er 15

to each cul ture.

ne (1 [err
at i on.
Dat a
at ed +/ -

m of

33:1

Effector: target ratio

——10 ug Hsp65-E6 + 10 ug Hsp65-E7
—&—100 ug Hsp65-E6 + 100 ug Hsp 65-E7
—@— nonimmune

Fig. 5
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The different panels show assays with LN cells from animals inmunized 25
with the di @P¥TB60amounts of Hsp65-E7 fusion protein or E7poraiassmozaeci t ed
above. The results show that i mrunization with Hsp65-E7 fusion protein

i nduces cellular inmunity to the fusiogﬁﬂegtei nitself (top and niddle
left) as well as to the E7 protein (m | eft). Recognition of E7 protein
is further denonstrated by the observed induction of proliferation by E7
pepti de, which peptide is known to represent a T hel per 30 cell epitope
(mddle left). In contrast, no proliferative responses were observed with
LN 42 cells froryoaﬂ.t_rrau_l_nmmmiuh different ampunts of E7 protein
(mddle right and botttom) or nock-inmmunized with saline. Cells prg¢pared
from E7-protein-inmunijzed ani mal s were vi abl e as evi denced by theifr ability
to proliferate in response to T cell mtogen ConA 1In su ry, when
conpared to immunizatiion with E7, imunization 5 wth p65- E7 fysion

protein elicits a pgrior cellular imune response ¥0 E7 as assegsed by
proliferation of LN cg¢lls fromimmunized ani nal s. /EXAMPLE 10: 10
TREATMENT W TH HSP65- 7 FUSI ON PROTEI N CAUSES REGRESSI ON OF S| ZEABLE
ESTABLI SHED TUMORS To|test the efficacy of 65- E7 fusion protein in tunor
therapy, C57/BL/6 npgce were inoculated wit)rm1.3 x 10[err] TG 1 tupor cells
by subcut aneous W15 injection into a shayéd back area. Seven days|l| ater
when all ani mal'a had ¢evel oped pal pabl e¢/neasurabl e tunors, aninmal§ were
assigned arbitrdrily {o three treatme
o
food
T 15+
§
32
10
5_.
0

I I 1
11:1 33:1 100:1

Effector: target ratio

——IC-1
—A—NP-EL4
—@— MC57

Fis. 6
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groups. Each group included 12-14 animals. Al treatnents were by
subcut aneouwoionpmes i on of a volune of 0.2 m in the nape OfPCtrlft,eA9§f3§2E6 The
first group was injected with 100 [err]g Hsp65-E7 fusion protein, e
second group with 20 [err]g E7 protein_20_ (corresponding to a simlar
nol ar anmount as 100 [err] g fusion protz;%ﬂui, and the third group with
sal i ne. Begi nning one day after tunor inoculation, mce were inspected
visually and by pal pation for the presence of tunor. Tunor vol unes were
determ ned using calipers in tw orthogonal directions. Volunmes were
obtained fromthese nmeasurenents using the conversion fornula described by
Naito et al.. Cancer Research 46:4109 25 (1986). Results are presented in
Figure 11 as ak\b(rsrage tunor ol wne i n_each group +/- standard error. The

s .

results denon ate that Trar®En T S5-E7 fusTomprotet 5t -@n
conpl ete regrezaﬁi'on of sizegable, established\tunors. The effeft was

mani fest in eacljof the imal treated. In c@pti @mista @eithaf nock

treat ment nor %éat ment th 30\ E7 protein caused nore thah transient
regressi on of nors. A statjystisal eval uation of 43 tunor mneasurenentp

performed at thrge tine /pois |2 in the experinent is presented in Tab
2. As is evddedPfromtie p val ues \cal cul ated, the effects on tunor size p
t r eat ment th H3p65- E7{ §gusi on proteggn are statistically different fromth
effects of 2heb®tlher trfeAt ments. 5 & TABLE
2 STATI STI GAL %‘NPARI SON OF TREATMENT\ QROUPS

® ™0~

-4

40+

. Al

30+

20

~f

% Tumor K

10-1 [N [\ [\ [

A .

0- T T | T T T T T T T T T A ‘ .
; A AANYAANY AR, ...
0 4 8 12 16 20 24 28 {:5? 36

Day after TC-1 Challenge

—/\—100 ug peptide/IFA
——100 ug Hsp65-E7
—@— Saline
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Conmpari son Day of neasurenent p Value Saline vs. Hsp65-E7

30 . wo 997868 33 0.079 35 0.046 Saline vs.

30 e s 1 35 . 56 Note. t nEETicA% 24 evi ous

Exanpl es, Hsp65-E7 protein was produced_as a 10 histidine-tagged protein.

To denonstrate unanbi guously that t h8/bdserved t her apeutic effects were not
rela&ted in any way to the presence in the fusion protein of an

ol i go-hi stidi ne sequence. Hsp65-E7 fusion protein |acking the histidine tag
was prepared and used in this Exanple. The fusion protein was obtained

using the follow ng procedure. 15 For construction of plasmd
ET65C (Figure 12). the Bacillus Calnette Guerin (BCG hsp65 gene was
anplifiedfwnplasmd R B 1300 V3 den ef al., JQNature 1,171, 1988)

usi ng Anpl i Tagj DNA pol ymeffase (Per KT n Ery. tne 1orward prisRer used |

(5" -TTC GCC fo'['j GCC AAG/ACA ATT &8G- 3',) contai ned an Ndel site\that
i ncl uded t he™AG st art¥gdon of B1PSR65 gene. and the rever se@p+
(5" -CGC 20 CG GAC &7 G GAA ATC CAT GCC-3') contained ap

Ndel site i fi atel y amfr he TGA stop codon of the

Hsp65- cogi ngms_aquence apd—ar—Nhel si i mredi atel y downstream The PCR
product fas di pested h Ncol and , purified froman agarose gel, pnd
| i gat ed o Sé% | arl y/ (@gest ed pET28a.\ The ligation m xture was transforped
into E. €ol i DBl err and anti bioticlriesi stant col onies 25 were isol atpd

and anpl & i egb_f or gparation of plasjid DNA. Plasm d ET65C was

g 40-

= ~

xR ] A
30
20- = Agi
104 A A—n i N st Y e N i N
b-/:h“ T T 7 T T ? T T T Y T T T T 7 T

0 4 8 12 16 20 24 28 32 36

Day after TC-1 Challenge

—/\—100 ug peptide/IFA
——100 ug Hspb5-E7
—&@—Saline

Fig. 8
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identified by diagnostic restriction digests and DNA sequence anal ysis.

44 To prepamngopdersgd d ET65C/ E7- 1N cont ai ni ng an unt agged Hsg@%,lﬁis/&ﬂ% on
protein gene, the E7 gene was anplified from HPV 16 genom

(pSK/ HPV16 obtained fromthe Anmerican Té}ﬁge Cul ture Collection) using
Anpl i Tag DNA pol ynerase (Perkin El nmer) forward primer (5 -CCA GCT GTA
CAT ATG 5 CAT GGA GAT-3') contained an Ndel site that included the ATG
start codon, while the reverse priner (5 -AGC CAT GAA TTC TTA TGG TTT

CTG 3') contained an EcoRl site inmedi ately downstream of the TAA stop
codon of the E7-coding sequence. The PCR product was digested with Ndel and
EcoRJ, purified froman agarose gel, and |igati8dNdeo| pET65C that had been

di gested with the same restriction enzynmes. 164 Nheah £ ||on of bacteri a,
i sol ati on of col oni es containing reconbi nants, . and | n of plasmd
DNA from expanded col oni es were carried out by st and dures. See,
for exanple, Ausubel et al. (eds.). Short Protocols Eg0 gcul ar Bi ol ogy,
3[err] Edition (John Wley & Sons, |co 1668). The i 88 Hindylllof the

resulting plasmd construct, pET65C/XEa |1559&as conf i rMa‘bleyl di agnostic

restriction digestion 15 and DN%? a¢e anal y5|s gﬁtlc map of
PET65C/ E7- 1N is presented in Fi 2 elive |iter medi um

ot od ‘% % Mga[of E. coli

'/A\ll/////y// err]Cwith

N
\ 803 Dra |l

f1 orig

>

BssH 1] 4394
EcoR V 4357 pET/E7(H)
Hpa | 4301 __+_
5633 base pairs 1305 Pwu |
PshA | 3360 Unique Sites }g%g )s(ma {
ma
ool 3726 i
sp .
PpuM | 3698 847 Nru |
2177 EcoS57 |

2290 AlwN |

Tth111 1 2959
Bst1107 1 2935

Sap | 2826

Fig. 9
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20 the culture was induced with 0.5 nM I PTG for three hours. Cells were

t hen har va¥@ 807860 centri f ugati on, resuspended in 180 m ofPCIYGA8/08246f er (10
nmM Tris-HC , pH 7.5, 0.5 mM 2-ner capt oet hanol ) suppl enented with 200
[err]g/nm lysozyme and frozen at 70H<q’/1]f overni ght. Cell suspensions
were. thawed in a 37[err] C water bat he presence of 2 [err]g/m

aprotl nin, 2 [err]&?/m Ieupept| n. and 2 [err]g/m pepstati n. Fol |l ow ng
addition of 2 mM hEPESET:36¢1(D.055 Sipedp ns were s j ' :
soni cation, and insoluble p?ot gl ?g vverzﬂ?ermved by@ge ?u |{)0'95)5r @ﬁ'%' E7)
majority of unqmgged Hsp65 E7 prot EIGI’I was found in the sol ubI e prot e| n
fraction. ENMUOTOXTIL 196 i t on X- 11400gdgecees he—solybl e
protein fractlon gdnd the m xture wgs cooled on icqd (for 5 m nutes dr nore)
and m xed thor7Z5pgbpHy. The m xture wgs then war or 10 mnutes infa 30
30[err]C water bath and then subjectljed to centritugation at 24[err] ¢ The

cl ear supernat p 45 fractn (ugper | ayer) 6(/@ transferred into |a cl ean
t ube. Centrifusyzgﬁ)(n was repegyed 3-|6 tines t 0oQURF

~ 7

gve residual Tritdn X-1
14. The supernatantf fraction ‘-e\g thgn subjected tojamonium sul fate
fractionation.2508Q®i on prokai N :
(Wv) fraction. Preci e \ N was di ssol ved in buffer R m
Tris- HCl | pH 7.5,0 RS AR Dbt N BN A FEEY A 1 nmM2- n"erg ot qy b S p| i ed
toa 170 m Source @ ool gme(§ 5-cam x 20 cm Phar magt ap ae:eqcu |+ beat ed
with buffer B. The ag)lrurm was—waghed with 3 bed vol &g 0 C (buffer
B minus urea) and tierit“wi ths3 bed vol unes of buffer & ‘Fbouf f‘fﬁr Co-

suppl emented with 2 mM N&R1 ). Fusion protein was ut ed vtﬁ.thallnear

sal t gradrgnt (250 M- 1 MNad in buffer C) (pool A) 2

] hsp65E7:100ug (1.8 nmoi E7) % £7:0.055 nmoi

S 100000 = 100000 :
5 |
S 2
S 75000~ % 75000
£ /
s 50000- % 50000-
A=) 7
£ 250001 7 Z 25000
T V-2 i 0-
” E2828 -2
5 .. - £ -~
30 07 g
un
. 2
2
3 £7:0.55 nmoi N £7:1.8 nmoi
100000 - 100000 f
75000 75000
30000 50000
25000- 25000
0-Z2 EACA T PA com - SR SN AN sl
£g28g87° E2828T=
B0 g ® B¢ g ¢
(o W Qa.
2 2
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10 and then with 6 M guanidinium hydrochl oride (buffer A) (pool B). Pool B
was appl ivaslodypggy S5O0 M Ni-chelating colum (2.6 cmx 12 g&,cggg@gﬁci a)
preequilibrated with buffer A Bound protein was washed wth ed vol unes
of buffer E (buffer Awith 2% Titon-X- %8) and refol ded with a guani di ni um
hydr ochl ori de- sodi um chl ori de gradi éﬁ‘/lk .1 MNaCl /6.0 M guani di ni um
hydrochl oride; 5 bed volunes) in the presence of 1% 15 Triton X-100.

Ref ol ded protein was washed with 5 bed vol unmes of buffer F (30 mM Tris-HJ ,
pH 7.5, 1 MNad, 15%glycerol, 2% Triton X-100, 1 nM 2- mercapt oet hanol)
and subsequently with 5 bed volunes of buffer G (buffer F without Triton
X-100) to renove Triton X-100. The colum was washed further with 5 bed
vol unes of fer—H- (50— mrdazotre—pH—+—5—6—5MNatt—15%gyeeret—1
mv 2- 20 nmercgptoethanol) to renmove weakly bound proteins. Fusion protgin
was eluted wth a linear imdazole gradient (50 MMto | Mimdazole in
buffer H). Untdgged Hsp65-E7 protein was concentrated and di al yzed agai nst
Dul becco' s Hogphat e-buffered saline suppl enented with 25% gl ycerol . '
Soluble proteirf was stored at -70[err]C. Analysis by SDS-PAGE and protei|n
staining reveaHed that the preparati on was about 90% pure. 25 i
As a furgher dgnonstration of the uninportance of the histidine tagT thd
ef fi cacigs 260 Ri sti di ne-tagged Hsp65- E7 and not-tagged Hsp65- Ef wer g
directl yEconparled i n an experinent substantially identical to The ore
descri beg above. The two fusion proteins were found to regress|tunor|s wifth
simlar Bfficagy. 30 WO 99/ 07860 4

PCT/ CA9§0020%~

g J
= 150 4
S

g -
100 -
50 -

0 - ] 7 @—@ ‘

5 10 15 20 25 30 35

Day after injection of TC~1 Tumor cells

—3 Sqline
—&— 20 ug (h) E7
—®— 100 ug HspE7
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46 EQUI VALENTS Those skilled in the art will know, or be able to ascertain,
usi ng no =) routine experinentation, many equival ent

specific gﬁgog?ﬁgﬁ?s of the 5 invention described herein. fﬁ%@gﬁmﬁﬁg al

ot her equivalents are intended to be e & @assed by the foll ow ng clains.

47 CLAIMS 1. A physiologically accepta ,g onposi tion conprising an HPV
antigen, or a portion thereof, joined to a stress protein or a portion

t hereof , wherein the conposition i nduces an i mrune response agai nst the HPV
antigen or the portion thereof in a subject to whomit is adm nistered and,
in the event the conposition contains a portion of the stress protein, the
portion of the stress protein induces or enhances an i nmmune response

agai nst the HPV antigen or the portion thereof. 2. The conposition of claim
1, wherein the HPV antigen, or the portion thereof, is fused to the stress
protein, or the portion thereof 3. The conposition of claim1l, wherein the
HPV antigen, or the portion thereof, is conjugated to the stress protein,

or the portion thereof. 4. The conposition of claim1, wherein the HPV
antigen, or the portion thereof, |sxmppggyplentlg i nked to the stress
protein, or the portion thereof 5.B Tmes&ﬁnpéi ﬁh P of any of clainms 1-4,
wherein the i nmmune response Sph | 6638

Mlu | 8109 | L 797 Sac It

)
co 1405 BspM |
Hpa | 5605 1623 Nde |
1632 Nhe |
1671 Ec?% I
1886 A
= 1696 Not |
1783 Bpu1102 |
6935 base pairs
Unique Sites
2107 Dra N

Bst1107 | 4239

Sap | 4130 2809 Pvu |

2934 Sma |
AlwN 1 3594 62 340)(?10 |
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conprises a cellular immune response. 6. The conposition of any of clains
1-5, wher el wgdmrgsgnune response conpri ses a hunoral im"runel,éﬁég%;“ 7.
The conposition of any of clains 1-6, wherein the stress protein, or the
portion thereof, is a mammali an stress prQtgin, or a portion thereof 8. The
conposition of any of clainms 1-6, wherei H%é stress protein, or the
portion thereof, is a nycobacterial stress protein, or a portion thereof 9.
The conposition of any of clains 1-6, wherein the stress protein, or the
portion thereof, is M bovis BCG hsp65, or a portion thereof. 10. The
conposition of any of clainms 1-6, wherein the stress protein, or the
portion thereof, is Mtuberculosis hsp7l, or a portion thereof. 48 11.
The conposition of any of clains 1-8, wherein the stress protein, or the
portion thereof, is in the Hspl0, Hsp60, Hsp70, Hsp90, or small nol ecul ar
wei ght famly of stress proteins. 12. The conposition of any of clains 1-8,
wherein the stress protein, or the portion thereof, is within one of the
following famlies of stress proteins: the Hspl00- 200, Hsp 100, Lon, TF55,
Hsp40, FKBPs, cyclophilin, Hsp20XB®.| 7J48H, N&& PE. ubiquitin, cal nexin, or
protein disul fide isonerase fanBglyll 7083 Ti3eMgpnposition of any of clains
1-12, wherein the HPV anti g&ph logggghe porti o@8tBemieaf, is an L1, L2, EI,
E2, E4, E5, E6, E7, or viral capsid\pradéin/antigen, or a

Miu | 6361

797 Sac 1l

BssH 1| 5950
EcoR V 5913
Hpa | 5857

1405 BspM |

ET65C/E7-
PETBSC/E7-1N 1623 Nde |

+

7187 base pairs Terg~

Unique Sites 1948 Not |
0
2035 Bpu1102 |

2358 Dra Il

Bst1107 | 4491
Sap | 4382

AlwN | 3846 g186 Sma |

186 Xma |
3368 BapD |
3368 Cl%pl

Fig. 13

SUBSTITUTE SHEET (RULE 26)



portion thereof. 14. The conposition of any of clains 1-13, wherein the HPV
antigén, "or the portion thereof, is a nontransform variant of an HPV
protein antigen, or a portion thereof. 15. The conpositi on of clains
1-14, wherein the HPV antigen, or the portion therec/'-'_w PV type 6, an
HPV type 11, an HPV type 16, an HPV type 48, an HPV'{tH 7//’& lg’l/ PV type
33 protein antigen, or a portion thereof. 16 The conposftiwny I”of
clainms 1-14, wherein the HPV antigen, or the portion thereof, i S an HPV
type 16 protein antigen, or a portion {djeAggd. 17. The conposition of any
of clainms 1-14, wherein the HPV antigefn,  or the portion thereof, is an HPV
type 18 protein antigen, or a portion thereof. 18. The conposition of any
of clainms 1-14, wherein the HPV antigen, or the portion thereof, is an HPV '

type 16 E6 protein tigen.. Ltyion thereof. 19, Th sition of
any of clainms 1- 3'46%832‘?%‘:%@%%@1%? ?’aé?ﬁlé%PW&SB&‘i‘ﬁe%ﬁQ?ﬁﬁg%‘bP{ _ais an
HPV type 16GdehoR (ekifoietite 8 Rtresdprétedrid puidiideROF, whtPein ThEconiiRRRNt | ON
of any of clains 1-19, wherein the HPV antigen, or the portion thereof,

conpri ses diiducesan iwARInE responsecagainstibie tih\é agtigeaor Hrppastion thereofiin 4 gibject 49

21. The corg | tiqn ] ' - wher ej. 1 HPV. ant.d ge or the
portion t hgg g@#o,n!x ﬂgs g%n%éﬁ%r(rgé gﬁ&’% ﬁ%r%‘fé{)tﬁeg 1 (ggéﬂn?& goﬁltaér_lsp%P i 8& o? H’gr eof ,
aﬂd t hfe St rsaess Profdisithe portion ofittieGtresy profeidiiddtes o efidhcey A @hfuncXesfbn®r t i on
t her eof .

-

]

against the HPV antigen or the portion thereof.

ﬁ) 2. The composition of claim 1, wherein the HPV antigen, or the portion thereof,
is fused to the stress protein, or the portion thereof.

3. The composition of claim 1, wherein the HPV .antigen, or the portion thereof,

is conjugated to the stress protein, or the portion thereof.

4. The composition of claim 1, wherein the HPV antigen, or the portion thereof,

is noncovalently linked to the stress protein, or the portion thereof.

5. The composition of any of claims 1-4, wherein the immune response

comprises a cellular immune response.

6. The composition of any of claims 1-5, wherein the immune response

"comprises a humoral immune response.

O

7. The composition of any of claims 1-6, wherein the stress protein, or the portion

thereof, is a mammialian stress protein, or a portion thereof.

8. The composition of any of claims 1-6, wherein the stress protein, or the portion

thereof, is a mycobacterial stress protein, or a portion thereof.

9. The composition of any of claims 1-6, wherein the stress protein, or the portion
thereof, is M. bovis BCG hsp65, or a portion thereof.

10. The composition of any of claims 1-6, wherein the stress protein, or the
portion thereof, is M. tuberculosis hsp71, or a portion thereof.
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22. The composition of any of clainms 1-6, 14, or 20, whererm the SI{ress

protein, or the portion thereof, is Mbovis BCG hsp65; g@in @uiediif i

t hereof, and the HPV antigen, or the portion thereof, mm#mwm{HMHG E6
protein antigen, or a portion thereof. 23. The conposi ¥l on anysof*cl ai ns
1-6, 14, or 20, wherein the stress proteif#8 or the portion thereof, is M
bovis BCG hsp65, or a portion thereof, and the HPV antigen, or the portion
thereof, is an HPV type 16 E7 praotein antigen, or a portion thereof 24. The
conposi ti on of anll.ofhetomnpesition s any\pkelaims I-Bevhepsinghg stepsmprotein, grthe -

wherei n t he g Befbb e £3g1 HopB0,TRRab 5B er ARl Rolefufis Wik funily
conposi tion ¢¥fstragprefeis! @i 5 1-25, further conprising an adjuvant, a

surfactant, an excipient, a carrier, or a diluent. 27. A conposition

conprising an HPV _aniigen noncoval ent Jinked to.,a stress protein 28. The
conposi tion of clk %?ﬁomﬂ%‘i‘l@?ﬁ?ﬂyeo gips d - vhersin thestresprotami o5 fhs ¢ r ess

ein. 20 Tk po . ) . . O
Fycobact er i Aoty BEEBEH bR di of g BlIGLimethnes Br s pHeiEB. B0 °, P,
stress pr ot @00, Hsp 100pbon, THSSH06 BKBRS, cytlophitiny e -3 ICIpP, GipE, obigitin,

wherein the sfress protei [ t ubercuyl osis hsp7l.
¢ nexi?x, of) prote?n cri]isuI%dMsomerase ¥a1m y. P

13. The composition of any of claims 1-12, wherein the HPV antigen, or the
") portion thereof, is an L1, L2, E1, E2, E4, ES, E6, E7, or viral capsid protein antigen, or a
- portion thereof.

14. The composition of any of claims 1-13, wherein the HPV antigen, or the
portion thereof, is a nontransforming variant of an HPV p;rotein antigen, or a portion
thereof. -

15. The composition of any of claims 1-14, wherein the HPV antigen, or the
portion thereof; is an HPV type 6, an HPV type 11, an HPV type 16, an HPV type 18, an
HPV type 31, or an HPV type 33 protein antigen, or a portion thereof.

16. The composition of any of claims 1-14, wherein the HPV antigen, or the
portion thereof, is an HPV type 16 protein antigen, or a portion thereof.

~ 17. The oqmpositioﬁ of any of claims 1-14, wherein the HPV antigen, or the
portion thereof, is an HPV type 18 protein antigen, or a portion thereof.

18. The composition of any of claims 1-14, wherein the HPV antigen, or the
portion thereof, is an HPV type 16 E6 protein antigen, or a portion thereof.

19. The composition of any of claims 1-14, wherein the HPV antigen, or the

portion thereof, is an HPV type 16 E7 protein antigen, or a portion thereof.

20. The composition of any of claims 1-19, wherein the HPV antigen, or the
portion thereof, comprises at least one B or T cell epitope of an HPV protein antigen.
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50 32. The conposition of any of clains 27-29, wherein the stress protein
iS in*the HsplO, Hsp60, Hsp70, Hsp90, or smal|_polecwtar—wei ght fanily of

stress proteins. 33. The conposition of any of clai mﬁrei n the
stress protein is within one of the follow ng fa\@l{%@\ﬁ“ﬁm‘ pr ot ei ns:
t he Hspl00-200, Hsp100, Lon, TF55, Hsp40,49FKBPs, I"ophi ¥i rf, Fisp20- 30,

C pP, GpE, ubiquitin, calnexin, or protein disulfide isonerase famly. 34.
The conposition of any of clainms 27-33, wherein the HPV antigen is an L1,

L2, E1, E2, E4, Bb, Thécompositen of anylofslgims d-28; whetein tha H{Pjeantiges, orrthe
conposi tion of, any of. cl ai 27-34 erein the HPV aptigen i,5, @

no ﬁr ansf or W%n%?qnls aﬁfég‘?f "’l@ B‘iogt']’é F’ﬁugfﬁt ?rd’é??m%&leﬁ%g @8%%%#6[8? on of
any of cl ai ﬁ%ﬁ/‘;ﬁ%ﬂ‘féﬁxH iiaf Fisp90 SR HROECH: d forfiin tHRiEyPE 6, an HDV type

11, an HPV an HPV type 18, an HPV type 31, or an HPV type 33
protein antigen. 37. The conposition of ,ané of clainms, 27-35, wherein, the

HPV antigen is af2-Hbke eqmpRositeonRiangiof claifs &:Hm 14,98 20;Wherginthe siress aretein. ahy
f clai 24-35... Lp- ) ' ' : ' t] )
56, The corbEEspiliEGELE it BEp5Y BER 1485, o Rad el Fmd B PHEY SnfteB dr 01

HPV type 16hE®oRica théreofiis AHRV t4Pe 1T B6 peateinantigdng or portion tiedreafl ai ms 27- 35,
wherein the HPV antigen is an HPV type 16 E7 protein antigen. 41. The

conposi tion of apy pf, ol al M8 a/oridy otk 16! If o2y, Whdbfthe SPPbIRER, or
the portion thereof, is M. bovis BCG hsp65, or a portion thereof, and the HPV antigen, or
r-”') - the portion thereof, is an HPV type 16 E7 protein antigen, or a portion thereof.

24. The composition of any of claims 1-23, wherein thie HPV antigen is a full-
length HPV protein antigen.

25. The composition of any of claims 1-24, wherein the stress protein is a full-
length stress protein.

26. The composition of any of claims 1-25, further comﬁrising an adjuvant, a

surfactant, an excipient, a carrier, or a diluent.

27. A composition comprising an HPV antigen noncovalently linked to a stress

protein.

) 28. The composition of claim 27, wherein the stress protein is a mammalian

stress protein.

29. The composition of claim 27, wherein the stress protein is a mycobacterial

stress protein.

30. The composition of claim 27, wherein the stress protein is M. bovis BCG
hsp65.

31. The composition of claim 27, wherein the stress protein is M. fuberculosis
hsp71.
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at least onre B or T cell epitope of an HPV proteinantigen.  42. The
conposition of any. of clainms 27-41, wherein the HPYantigen is an E6 or an
E7 protein antigen and the stress protein is an HSXQE”’ |1 ﬂ tress

pr ot ei n. 51 43. The conposition of any of claimZ77% stress
protein is Mbovis BCG hsp65 and the HPV &Rtigen is an HPV typé& 16 E6
protein antigen. 44. The conposition of any of claim 27, wherein the stress
protein is Mbovis BCG hsp65 and the HPV antigen is an HPV type 16 E7
protei n antigen. 3%.Thenomnesitioniafiapy obelaims2H29,cvherein therstreas protgin foin the

i ont - 46 P I0LHHEH: PP HipPG: el e g iy RS i s

protein. 47. The conjugate of claim46, wherein the stress proteinis a
manmal i an stress 33 dfhei compéSitiof o€ any of clginise? 729, svherain 41, strebeproten isheitlihr ess
protein is a mycobacterial,_sttes rotein, 49. Th lugate of cl.ajm 46,
wherein the %P&@ %ilem&faw@woza&?% PEteINSS SP§883%£%§P$%££ claim
46, wherein S THal . Sj 7 nj ugat e
of any of clgA0 KBRS SUBREI, Hipdd-0, AR s g Calnciln, of pRIBR") 050,

Hsp70, Hsp9isulfidesisarherasmfaerlyl ar wei ght fam |y of stress proteins. 52. The
conjugate of any of clains 4648, wherein the stress protein is within one

34. The composition of any of claims 27-33, wherein the HPV antigenisan L1,
L2, E1, E2, E4, ES, E6, E7, or viral capsid protein antigen.

K) 35. The composition of any of claims 27-34, wherein the HPV antigen is a

nontransfbrming variant of an HPV protein antigen.

36. The composition of any of claims 27-35, wherein the HPV antigen is an HPV
type 6, an HPV type 11, an HPV type 16, an HPV type 18, an HPV type 31, or an HPV
type 33 protein antigen.

| -37. The composition of any of claims 27-35, wherein the HPV antigen is an HPV
type 16 protein antigen.
38. The composition of any of claims 27-35, wherein the HPV antigen is an HPV
type 18 protein antigen.
y ‘,.) : 39. The composition of any of claims 27-35, wherein the HPV antigen is an HPV
type 16 E6 protein antigen.
40. The composition of any of claims 27-35, wherein the HPV antigen is an HPV
type 16 E7 protein antigen.

41. The composition of any of claims 27-40, wherein the HPV antigen comprises

at least one B or T cell epitope of an HPV protein antigen.

42. The composition of any of claims 27-41, wherein the HPV antigen is an E6 or

an E7 protein antigen and the stress protein is an Hsp60 or an Hsp70 stress protein.
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of the followng famlies of stress protei ns the FBplQQ_ZQQ_Hsplm_Lon
TFS55, "Hsp40, .FKBPs, cyclophilin, Hsp20-3 iﬂl]ﬂw tin, cal nex

or protein disulfide i somerase fanily. 53 The conj uga "Ial IH)MH” lms
46-52, wherein the HPV antigen is an L1, L2, El, E2, E '

viral capsid protein antigen. 54. The con?]ugate of any of cl a| M 46 - 53,
wherein the HPV antigen is a nontransform' ng variant of an HPV prote| n

anti gen. 52 55. The conj u ate of “X ims 6- 54, wher ej e, HPV
antigen i s an HP¥3t yipe cempaﬁ {"V’p‘%n aim %17n Stress Profein s Boxis 18,
an HPV type 0 Y/ t conj ugate of any
of cl ains 4@?&Jqlh m&lﬁ Fﬁwp%ﬁ%gré%’@gﬁvlt@gafﬁ@%t ype tE%‘mprot ein antigen.

57. The conjugate of any of clainms 46-54, wherein the HPV antigen |s an HPV
type 18 protein @4t Hij;ercoxr@&smifmefmpfmm%fwwwS@’tﬁlmtemsM Offer ei n

t he HPV anti I s _an HPV. e .16 E6 p i n en. 59, The conj ugat e of
any of clai #&W@é%@’é‘%&pw amg‘é"ﬁ f@g‘éﬁ' W? 58 16 E7 protein
antigen. 60. The conjugate of any of clains 46-59, wherein the HPV antigen
conprises at |eagb. Qhe cBmposifforef inyayficlaime 2@{44afurtiEhcqmprisiagamaadjiga, a

surfactant, an excipient, a carrier, or a diluent.

46. A conjugate comprising an HPV antigen conjugated to0 a stress protein.

47. The conjugate of claim 46, wherein the stress protein is a mammalian stress

protein.
48. The conjugate of claim 46, wherein the stress protein is a mycobacterial stress
protein.

49, The conjugate of claim 46, wherein the stress protein is M. bovis BCG hsp65.

50. The conjugate of claim 46, wherein the stress protein is M. tuberculosis

hsp71.

51. The conjugate of any of claims 46-48, wherein the stress protein is in the
Hsp10, Hsp60, Hsp70, Hsp90, or small molecular weight family of stress proteins.

N “) " 52. The conjugate of any of claims 46-48, wherein the stress protein is within one
of the following families of stress proteins: the Hsp100-200, Hsp100, Lon, TF55, Hsp40,
FKBPs, cyclophilin, Hsp20-30, CIpP, GrpE, ubiquitin, calnexin, or protein disulfide

isomerase family.

53. The conjugate of any of claims 46-52, wherein the HPV antigenis an L1, L2,
El, E2, E4, E5, E6, E7, or viral capsid protein antigen.

54, The conjugate of any of claims 46-53, wherein the HPV antigen is a

nontransforming variant of an HPV protein antigen.
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61. The conjugate of any of clains 46-60, wherei n-theHPVY-ant+gen—+s an E6

or  an E£7 protein antigen and the stress protein is f p70
stress protein. 62. The conjugate of any of clai m4gnlﬂﬁmglwmwgfress
protein is M bovis BCG hsp65 and the HPV antigen iss pe E6
protein antigen. 63. The conjugate of any3df claim 46, wherein the stress
protein is M bovis BCG hsp65 and the HPV antigen is an HPV type 16 E7

protein antigen. 64. The conjugate of any of clains 46-63, further
conpri sing an adj3fv e conjugatefod st af claims 46¢84,pvherein the BBV antigen israndiPV

di | t. 65. A fusi t.ei | Si P\ t el '

Stress. pr ot dYPE 568 MO BhIoPRr Moo T Kihols R ipediottfagy © °

protein is Woh&paﬁgeﬁgs pr ot ei n. 53 67. The fusion protein of
wherel i t he

cl ai m 65, stress protein is a mycobacterial stress protein. 68.

The fusion protein of claim65, wherein the stress pr |n i.s M bqvis BCG
hsp65. 69. The f 6 Jdrhespaiugats ogﬁnscp%ﬁﬂmms%%&l@mnﬁr&ﬁ’@@%ﬁwa{l%@i s M

t uber cul osi g _hs .. 70, The fusion protein of any of clains 65-67, wherein
the stress m&ﬁm Zn?“r?ééﬁe Hspl0, Hsp60, Hsp70, .Hsp90, or small nol ecul ar

wei ght famly of stress proteins. 71. The fusion protein of any of clains
65- 67, wherein t 134. Jhessnjugatooéany pkcloimsién54, wherein the HPV antigen is an HPV

type 18 protein antigen.

58. The conjugate of any of claims 46-54, wherein the HPV antigen is an HPV
‘ﬁ) . type 16 E6 protein antigen.

59. The conjugate of any of claims 46-54, wherein the HPV antigen is an HPV
type 16 E7 protein antigen.

60.. The conjugate of any of claims 46-59, wherein the HPV antigen comprises at

leaéf one B or T cell epitope of an HPV protein antigen.

61. The conjugate of any of claims 46-60, wherein the HPV antigen is an E6 or
an E7 protein antigen and the stress protein is an Hsp60 or an Hsp70 stress protein.

62. The conjugate of any of claim 46, wherein the stress protein is M. bovis BCG
hsp65 and the HPV antigen is an HPV type 16 E6 protein antigen.

:“;) | 63. The conjugate of any of claim 46, wherein the stress protein is M. bovis BCG
hsp65 and the HPV antigen is an HPV type 16 E7 protein antigen.

64. The conjugate of any of claims 46-63, further comprising an adjuvant, a

surfactant, an excipient, a carrier, or a diluent.
65. A fusion protein comprising an HPV protein antigen fused to a stress protein.

66. The fusion protein of claim 65, wherein the stress protein is a mammalian

stress protein.

REPLACEMENT I

1y
H
X

05FEB 2602




one of the following fanilies of stress proteins: the Hspi00- 200, Hs 100
Lon, TF55, Hsp40, FKBPs, cyclophilin, Hsp20-30, d pP, \“‘mmﬂuw!ﬂ“i

cal nexin, or protein di sul fide isonerase famil y. 72. i n of
any of clainms 65-71, wherein the HPV antlggn is an L1,*LZ, E1,"E2, E4, ES,

E6, E7, or viral capsi d protein antigen. The fusion prote| n of any of
clains 65-72, wherein the HPV antigen Is a nontransform ng variant of an

HPV protein antig n 74 Thefu5| ro of an cl.ains 65-7 rein
the HPV antigen i aﬂ‘qwof‘)}’fi‘@e‘ﬁo I&? Y@B"@mlt ?gté‘?Fs PRI Wé’ogﬁﬂerﬁg’
type 18, an JHP # or an HPV type 33 protein antigen. 75. The fusion
protein of any o al ms 65-73, wherein the HPV antigen is an HPV type 16
protein antigen. 76 The fusion protein of any of clains 65-73, wherein the
HPV antigen is ar68-FThe fision peoteinof elaim £ whemin the stresh pratein ini bovs BGO of

any of cl ai r% gg 73, wherein the HPV antigen is an HPV type 16 E6 protein
antigen. 8. The fusion protein of any of clains 65-73, wherein the
HPV antlgen is an HPV type 16 E7 protein antigen. 79. The fusion protein of
any of clainms 65-6%8, Thetfesien pratéie oFiEMim65] ghcremahpstmeproattm lisohk tubsrauid@ior T
cell epi tOp% OII an HPV protein antigen.

70. The fusion protein of any of claims 65-67, wherein the stress protein is in the
Hsp10, Hsp60, Hsp70, Hsp90, or small molecular weight family of stress proteins.

71. The fusion protein of any of claims 65-67, wherein the stress protein is within
one of the following families of stress proteins: the Hsp100-200, Hsp100, Lon, TF55,
| Hsp40, FKBPs, cyclophilin, Hsp20-30, ClpP, GrpE, ubiquitin, calnexin, or protein
-ﬂisulﬁd’e isomerase family.
72. The fusion protein of any of claims 65-71, wherein the HPV antigenisan L1,
L2, El, E2, E4, ES, E6, E7, or viral capsid protein antigen.

73. The fusion protein of any of claims 65-72, wherein the HPV antigen is a

nontransforming variant of an HPV protein antigen.

74. The fusion protein of any of claims 65-73, wherein the HPV antigen is an
) HPV type 6, an HPV type 11, an HPV type 16, an HPV type 18, an HPV type 31, or an
) HPV type 33 protein antigen. |

75. The fusion protein of any of claims 65-73, wherein the HPV antigen is an
HPV type 16 protein antigen.

76. The fusion protein of any of claims 65-73, wherein the HPV anti gen is an
HPV type 18 protein antigen.

' 77. The fusion protein of any of claims 65-73, wherein the HPV antigen is an
HPV type 16 E6 protein antigen.
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80. The fusion protein of any of claims 65-79, wherein—theHPVantigen is
an E6'or an E7 protein antigen and the stress protein “‘ ““lﬂg‘ﬁ
in

Hsp70 stress protein. 81. The fusion protein of any o

the stress protein is Mbovis BCG hsp65 agg the HPV ant« gen s *an SHPV type
16 E6 protein antigen. 82. The fusion protein of any of claim65, wherein
the stress protein is M bovis BCG hsp65 and the HPV antigen is an HPV type

16 E7 protei t t
Further  compri o - bedafion Bien 4 etk ofgigmos- 2, Rlof PV RbEeh Fin o &

di | uent. ul e encodlng the fusion protein of any one
of cl ains 6%%ﬁ%@%§§g’n vector conprising the nucleic acid

mol ecul e of claim84. 86. The expression vector of claim@85 wherein the
expr essi on vect or7% Jhefusioreprotain ofanyeef laims 6578, adhsrin theddRY sntigen r al
vector. 87. The .exp

Vector is acPBPPETH IR AR PrT Bl Sude iy AR RAblE, T PLn e

response against an HPV protein antigen in a subject, the conposition
conprising the e>sprdﬂlsfmmmmtmofﬁnymﬁplmms&e]%&hs&lmﬂm Y antigenis@ndi6 t he

g 85- 87 f f
et canent PEAn PAGTRPAGRIREn FOHE S8 prviets agh el B A tp R Rotin: gen.

55

81. The fusion protein of any of claim 65, wherein the stress protein is M. bovis
BCG hsp65 and the HPV antigen is an HPV type 16 E6 protein antigen.

82. The fusion protein of any of claim 65, wherein the stress protein is M. bovis
BCG hsp65 and the HPV antigen is an HPV type 16 E7 protein antigen.

83. The fusion protein of any of claims 65-82, further comprising an adjuvant, a

surfactant, an excipient, a carrier, or a diluent.

84. A nucleic acid molecule encoding the fusion protein of any one of
claims 65-82.

85. An expression vector comprising the nucleic acid molecule of claim 84.

86. The expression vector of claim 85, wherein the expression vector is an

adenovirus vector or an adeno-associated viral vector.

87. The expression vector of claim 85, wherein the expression vector is a

retroviral vector.

88. A composition for inducing an immune response against an HPV protein
antigen in a subject, the composition comprising the expression vector of any of claims
85-87.

89. The use of the expression vector of any of claims 85-87 for the manufacture

+of a medicament for inducing an immune response against an HPV protein antigen.
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90. A conposition for inducing an inmune response agal nst—an—HP/‘antigen in
a“subject, conprising the conposition of any of clai ms, | | ugat e
of any of clains 46-64, or the fusion protein of any of fmmm,#mﬁgﬁuﬁl
The use of the conposition of any of cl aiggs 1-45, the cdnjeagate S of

clainms 46-64, or the fusion protein of any of clainms 65-82 for the

manuf acture of a nedi canent for inducing an i nmune response agai nst an HPV
antigen. 92. A nethod of inducin n. i mmune response agai nst HPV protein
At gen. the et i A sRmprRoiE o thiRine B e SO R ARl RV, gD it
amount of t K js ; 38 - fRiyTUTd

I nduci ng an r@ﬁ%ﬁgsirﬁgggg%g%%g%fﬁg?ﬁg%aﬁP%ﬁéﬁﬁgeﬁéTﬁ?%aﬁeg% conpr ilés:ifnrﬁg
adni ni st er i $-64) oatheufiofien prodein of frgoef claimafdeBX of t he conposition of any of
clainms 1-45. 94. A nethod of inducing an imune response agai nst an HPV
antigen, the nethpd L. B4 fojuPe) | SAb e f i

anount of the co%ﬂga%erm %Fﬂgﬁgc’%aggﬁ%ﬁ’éﬁﬁ g%%géﬁu%e%oﬁg%a%fgﬁﬁgfgfng an
| Mune r espeidims dgag4n i tha fusidiMprpteit of anyaficlams 6582dombic mehufzeope ofang

adm nistering o a subject,k an effective anount of {{P’ﬁ fusion protein of any
of clains 630hcamggt fqmﬁ&wummsmpﬁgse&a%}@t ARUBE-a t unor

exhi biting an HPV protein antigen, the nmethod conprising admnistering to
the subj ect an efgheds inethod BB iHAuciAf ah MBNRXP F&ponseaguimst 4 HPYV paot¢intintiped) N5
85-87. 97. A nethod of treating a subject having a tunor expressing an HPV
anti gen, t héhemwethod comprising pdmyinitering torsubiset W%quf&v% ampentiof e expressiany e

oMU Of {UgaEPRPR de g5 a7y of el aim 145

93. A method of inducing an immune response against an HPV antigen, the
method comprising administering to a subject an effective amount of the composition of

any of claims 1-45.

94. A method of inducing an immune response against an HPV antigen, the
method comprising administering to a subject an effective amount of the conjugate of any
of claims 46-64.

- 95. A method of inducing an immune response against an HPV protein antigen,
the method comprising administering to a subject an effective amount of the fusion

protein of any of claims 65-82.

:~:) 96. A method of treating a subject having a tumor exhibiting an HPV protein
antigen, the method comprising administering to the subject an effective amount of the

expression vector of any of claims 85-87.

97. A method of treating a subject having a tumor expressing an HPV antigen,
the method comprising adrhinistering to the subject an effective amount of the

composition of any of claims 1-45.

98. A method of treating a subject having a tumor expressing an HPV antigen,
the method comprising administering to the subject an effective amount of the conjugate

of any of claims 46-64.
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98. A nethod of treating a subject having a tunor expressing an HPV
antigert, the net.hod conprising adm nistering to the subject an effective

g
anount bf the conj ugate of -any of clains 46-64. 56 In u mm
treéating a subject having a tunor expressipg an HPV prmil“mlml g l he
met hod conprising adm nistering to the suggect an effective anolint® of* t he
fusiong¢protein of any of clainms 65-82.

99. A method of treating a subject having a tumor expressing an HPV protein

antigen, the method comprising administering to the subject an effective amount of the

fusion protein of any of claims 65-82.
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(54) Title: TMMUNE RESPONSES AGAINST HPV ANTIGENS ELICITED BY COMPOSITIONS COMPRISING AN HPV ANTIGEN
AND A STRESS PROTEIN OR AN EXPRESSION VECTOR CAPABLE OF EXPRESSION OF THESE PROTEINS

(57) Abstract

The present invention relates to compositions
for inducing an immune response, preferably a cel-
Tular, in particular a cell-mediated, cytolytic im-
mune response, to human papillomavirus (HPV)
protein antigens displayed by HPV or exhibited
by infected cells including cells from cervical and
other tumors. In one embodiment, compositions -
comprise an HPV protein antigen joined to a stress
protein (or heat shock protein (Hsp)). The HPV
protein antigen may be joined to the stress pro-
tein by chemical conjugation or noncovalently us-
ing linking moieties, or the HPV protein antigen
and the stress protein may be joined in a fusion pro-
tein containing both HPV protein antigen and stress
profein sequences. In another embodiment, com-
positions comprise an expression vector including,
in expressible form, sequences encoding the HPY
protein antigen and sequences encoding the stress
protein. The expression vector can be introduced
into cells of a subject, or it can be used to trans-
duce cells of the subject ex vivo, resulting in the
expression of an HPV protein antigen-stress pro-
tein fusion protein that will stimulate the subject’s
imamune response to the HPV protein antigen, The
present invention also relates to compositions com-
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prising a stress protein linked to an HPV antigen and another pharmacologically acceptable component, to stress protein-HPV protein
antigen fusions and conjugates and to expression vectors encoding and capable of directing the expression in a subject’s cells of a fusion
protein comprising a stress protein and an HPV protein antigen sequence. The present invention also relates to uses of these compositions
to induce immune responses against HPV and HPV protein antigen—exhibiting cells including HPV-associated tumors.
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