.3 2003 1*166166* WD 01/ 04344 PCT/ US00/ 18828 | NDUCTION OF A TH - LI KE
RESPONSE I N VI TRO Cross Ref | at ed Applications This appli czﬁ‘[}l on
clains priority fromU.S. P N@ME‘ mmppl ication 5 No. 60/ 143, 7DEC 1
July 8, 1999. The content o cation is incorporated herein by
reference in its entirety. Fiel cl“’éﬁ6 the I nvention The invention relates to

fusion proteins and t hods of stinmulating a Thh- 10 |ike response in
vitro. Background T{@@nphocytes can generally divided into two cl asses
based upon_expression of the CD4 and CD8 antigens. The igoung,tesponse
medi at ed bV “ cells is 15 restricted by class Il mjor o

hi stoconpatibility conplex (MHC) nolecules. CD4+ T cells, also. known as

hel per T |ynphocyt es, IRBUCTION OFE THIHEIKERESPONSEINVITROt he  secretion
of | ynphoki nes. The i mune response nediated by CD8+ T cells is restricted

by class I MHC nol ecules. CD8+ T cells, also known as cytolytic T

| ymphocytes (CTLs), carry oe}osggckerﬁgi@tgge@xﬁlmﬁi ty and al so secrete

sonme 20 | ynphoki nes upon actrTvatrt S can he further divided
into Thl and Th2 Ehipamlisationiclaiwe prierityfeom US; Provisional Applicatigdyi at ed i rmuni ty

by produc Ly, e | laSPRABENTR ifddthoratéPr necrosis
factor %\IF)gNﬁ'edag{EﬁﬁZtElggwggt@geﬁﬁg%@%{;&g‘s-E nity. Tﬁpz cells provide
hel p for hunieréih by referendeyinlitg estiretyet i ng | ynphoki nes that 25 stinulate B
cells, such as IL-4 and IL-5. Antigenic stinuli that activate either the

Thl  or Th2 pathway can inhibit the devel opnent of the other. For exanple,
| FN-gamma produced by a stinul at Fikldbf thelventivan i nhi bit the formation of

" Th2 cells, and IL-4_ produced ted Th2.cC 't t he
“formation of Thl cel %m"E%‘F’PéF éﬁl?%é’é’é’ﬂpg’g%apggﬁgw%éuc liﬂgr??g’r

all ergy, 4 andm&%@%%hgdﬁmpg_ectlons, are 30 characterized by a predom' nant |y
Th2 response certain circunstances, the induction of the Thi

response, typified by the production of IFN-gamma, may aneliorate these
condi ti ons. Background

T lymphocytes can generally be divided into two classes based upon expression
of the CD4 and CD8 antigens. The immune response mediated by CD4+ T cells is
15 restricted by class II major histocompatibility complex (MHC) miolecules. CD4+T
cells, also. known as helper T lymphocytes, cary out their helper functions via the
secretion of lymphokines. The immune response mediated by CD8+ T cells is
restricted by class I MHC molecules. CD8+ T cells, also known as cytolytic T
lymphocytes (CTLs), carry out cell mediated cytotoxigity and also secrete some

\ 20 lymphokines upon activation.

CD4+ T cells can be further divided into Th1 and Th2 subsets. Thl cells
participate in cell mediated immunity by producing lymphokines, such as interferon
(IFN)-gamma and tumor necrosis factor (TNF)-beta, that activate cell mediated
immunity. Th2 cells provide help for humoral immumnity by secréting lymphokines that

25 stimulate B cells, such as IL-4 and IL-5. Antigenic stimuli that activate either the Thl
| or-Thz pathway can inhibit the development of the other. For example, IFN-gamma
produced by a stimulated Th1l cell can inhibit the formation of Th2 cells, and IL-4
produced by a stimulated Th2 cell can inhibit the formation of Th1 cells.
. Certain disease conditions, such as cancer, allergy, and parasitic infections, are
30 characterized by a predominantly Th2 response. Under certain circumstances, the
) induction of the Th1 response, typified by the production of IFN-gamma, may
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*ACTI ON* 3 DEC 2003 WO 01/ 04344 PCT/ USO0/ 18828 Sunmary of the Invention
The invention is based on the discovery that a cell sanple containing naive

| ynphocytes can be stinulated in vitro to exhibit a Thl -Ilike resmﬁm
Accordingly, the invention features a nethod of deternining whé th
fusion 5 protein stinulates a Thl-1ike response by: (a) providing a cell

sanpl e containing naive |y cytes in vitro; (b) pro’ii ng a fusion
protein containing (i) a bea™shock protein (Hsp) or ragment thereof at
| east ei ght worgieas4aci d residues in length, fused to (ii) apcitvesengd®gous
pol ypeptide at | east eight amno acid residues in length; (c) contacting

the <cell sanple with the fusion protei ni, apd (d) determ ni ng whether the
fusi on protein 10 stinmulates a TM@—@@M@ in the cell sanple.
'Nai ve | yrrphocyfx}aﬁ Inveh€orl ¥ SR8 6¥ R idchry thatEeeNhmPRYBnAIRYSRGvel O t he

fusion protein (in vivo or in vitro) prior to their use in a method the
i nvent i on. lymphoetgs cambestimmatedya yitrate °é@h%?§hl'ﬂ§°@§l>@5§-equence that is at

oast 40% dent elrabiby). Bainfinidh Rafik hentdaQR ReliHnR gt 2 lsplcod o

enhanced in a cé to stress ) heat usi on
protein’s i $mexnemmnhtasraémﬂl;m<o¢tsponschg @pwmgmllcsempmqomgumm aci d

et hod. can BEPRORTSt PRV Qs A e on B ol Mok Byl L 1"

Hsp60, and (P 6t a fnﬁdrﬁentl tlmatedflay],east leizht mnmmlqbresidaes’mdmgﬂn ma toii) ahe ful

am no aci d_sequence Hsp4 10 6 . In 20
sonme enbod? q Qgous ypqu ’ﬁggﬁmﬁ rﬁgﬁ f“?&aﬁ’@n{)) EIZ'E
am no aci d%en&nﬁ,@@wﬁhtﬂ-&fﬁﬁ&aQBtM@ﬁ@@naawmnéwne&amb@umlﬁmehpgous

polypeptlde can-contain a sequence identical to at least eight consecutive
anino a6 detimwlates 3 Tl dikerespopsem the selhasrplat hogen, e.g., a virus, or (ii) a

tunor associ ate 3@&8'3]@1 Rcyiés HabIRSe hBQeefl ExpfUdE®R théiisiohoma Vi rus
(HPV), 25 herpe???nﬁ?@i(‘m\:/l rus ytéepatltles B vi rﬁﬁsyd( HBV) , hlepatltls C

virus (chrotenmgmmgarrowpl@oe'mvueggﬂmmiémmwrm PeeAsp” s | uenza
virus, g&lﬁg g?ﬁhéﬂéns i Ca&#&gﬁ&ce FIR R Qfehet Qb‘%@&éﬁtn!&l%‘ﬁxa(bi‘&’ﬁmt&he

het eroI ogous ypeptt ontain an HPV ant | e.g., HPVI6 E6, an
HPV E7 ant whese expression isiviigedr enbanced inraeghexposedto m% et., heat seocknti gens

that i 35t f!llselgl? %)ro S s a 2h! %Wy%c&ﬁﬁﬁ%%ﬁdé &'ﬁ%ﬂng amino acid

sequences derived from at least two different proteins.

The Hsp used in the method can be selected from the group consisting of
Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71. Additionally, the fusion protein can contain
the fill amino acid sequence of any of Hsp65, Hsp40, Hsp10, Hsp60, or Hsp71. In
20 some embodiments, the fusion protein contains a fragment of an Hsp, e.g., amino acids
’ 1-200 of Hsp65 of Mycobacterium bovis.
The heterologous polypeptide can contain a sequence identical to at least eight
consecutive amino acids of (i) a protein of 2 human pathogen, e.g., a virus, or (ii) a
tumor associated antigen. Examples of viruses include human papilioma virus (HPV),
25  herpes simplex virus (HSV), hepatitis B virus (HBV), hepatitis C virus (HCV),
cytomegalovirus (CMV), Epstein-Barr virus (EBV), influenza virus, measles virus, and
human immunodeficiency virus (HIV). The heterologous polypeptide can contain an
HPV E6 antigen, e.g., HPV16 E6, an HPV E7 antigen, e.g., HPV16 E7, or a fragment
of any of these antigens that is at least eight amino acid residues in length.
30 In one example, the fusion protein contains Mycobacterium bovis BCG Hsp65
and HPV 16 E7.
The cell sample used in the methods of the invention can contain cells derived

from a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory
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30 In one exanple, the fusion protein contains M/cobacterium bovis BCG
Hsp65 and HPV 16 E7. The cell sanple used in the nmethods of the inve&bﬁaon
can contain cells derived froma spleen, |ynph node, peripherd 1o A
bone marrow, thynus, lung, respiratory 2 3 1 DEC 2003 WO 01/ 04344

PCT/ USO0/ 18828 tract, or anogenital nucosa. In preferred enbodi nents, the
cells are splenocytes or ol ynph node cells. The stigulation of a Thl-Iike
response can be determn by detecting the prese& of a | ynphoki ne
produced by vpﬁg],ﬁﬁu sanple, e.g. IFN-gamma or TNF-beta. perhudodizszs
enbodi nent, the nethod also includes the steps of. (e) providing a second
cel | sanple containing naive |ynphocytes; (f) contacting the second cell
sanpl e Wit fragt, gemsgutabmumsapi/!mrefeﬁﬁd embpdimnts) sheells are Splengeytenes t he
second fusi ?n é}{&;&i&h stinmulates a Thi -like response in the second cell
sanple. In e exanpl €, the first fusion protein contains the sequence of
a full-length, nThestmbgtiecefa Thiklikeltesppnsecan bhdetdrtnisaddyrditetting ther prot ei n

t ai t | t eight ] ' { h f
ot ur al 1y oZEAReAS A REPpheRT AR gl B et VSRR 2 et hod
of screenj ng a coHsébodim 6d alsh ingludesctht ktepsotp itdiag@i ng nai ve
Iyrrphocy'[yesgi n vitro; B(;lb) pe;né,\(/ﬂliédrlngﬁx a fug]i 0 rotein E?n??niﬁ%’g aI \Iilsp
or. a fragnesecond slbeample containipg BP&T%’(WH?%B!&& g’“i%’“?%ﬁ‘?dﬁfé?g F g‘%h,
fused to (i iyhe daE8RI RLiOTAMTeiahd B Rbleifinit WHeART theiseddhd AFicnPratéind

residues in |ength; 1%3) cont act i.ng‘ﬁ;he cel| sample with the cgnpound and
the fusion stimolates s Thi riike pesporssintheiserond cellfampis: IPI‘IIESE’@HPI% exhibits a

hl -1ik . i '
T | ke ¥ cgﬂ%ﬁﬁe}l{l lamaﬂtﬂaseﬁb&meem RA1eh, Shewally dcdihS HSR bhiPthe 2

decrease in e response in the presence of the cor'rpound conpar ed
to'in thd abeend fusidn proteinconiaingatileast gight-amino aeids bidess hanaepdend i nhibits a

Thl -11 ke resgqglnscer?géntagﬁé e&mﬁﬂgﬂ’!ﬁ The i nvention also includes a nethod
of screeni né RS SMN @: a provi ding a cell sanple containjng naive

| ynphocyt es i n vid amothef bspegt; the indientiprefedtures amethod @f s¢reeningra compommd ¥y:) a Hsp
or a fragme t her,eof at | east eight am ' ' Al ength, fused
to (ii) a hgabeWBY‘é}{jﬁfs“ 8?’98‘%5?‘?&@’“&%%%‘?1’@}“&8{&Mﬁgﬁ’aﬁé{’]ﬁd'#‘ggi dues in 25
l ength; (c) figsont6tein@ntalitng@) 4 Hsporl feagnientthereef at densiightl aming acide f usi on
protein; lsangesl(dctix%s in length, fused to (ii) a heterologous polypeptide at least eight amino acid
residues in length; (c) contacting the cell sample with the compound and the fusion
protein; and (d) determining whether the cell sample exhibits a Thl-like response

following the contacting step. In this method, a decrease in the Thi-like response in

XJ

the presence of the compound compared to in the absence of the compound indicates
20 that the compound inhibits a Thl-like response by the cell sample.

The invention also includes a method of screening a compound by: (2)
providing a cell sample containing naive lymphocytes in vitro; (b) providing a fusion
protein containing (i) a Hsp or a fragment thereof at least eight amino acid residues in
length, fused to (ii) 2 heterologous polypeptide at least eight amino acid residucs in

25 length; (c) contacting the cell sample with the compound and the fusion protein; and (d)
determining whether the cell sample exhibits a Thl-like response following the
contacting step. In this method, an increase in the Thl-like response in the presence of

the compound compared to in the absence of the compound indicates that the

compound promotes a Th1-like response by the cell sample.

30 In another aspect, the invention features a method of determining whether a
hybrid compound stimulates a Th1-like response by: (a) providing a cell sample
containing naive lymphocytes in vitro; (b) providing a hybrid compound that is non-

naturally occurring and contains (i) a non-peptide compound having a molecular weight
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determ ni ng whet her the cell sanple exhibits a Thl-Iike response follow ng

the contacting step. In this nmethod, an increase in the Thl-Iike response
in the presence of the conpound conpared to in the absence of 3 WeljEQI03Nd
i ndicates that the conpound pronotes a Thl-Ilike response by the cell

sanple. 30 In another aspect, the invention features a nmethod of
determ ni ng whether a hybgmd conpound stinulates a H-I | ke response by:
(a) providing a cell sanpl cont ai ni ng nai ve | ynpho es invitro; (b)

provi di ng a womide4s¢onpound that is non- naturally occurri ng%gggo @g%ai ns
(i) a non-peptide conpound having a nolecular weight 3 .3 1 é' WO

01/ 04344 PCT/ SO% 13%8 of | e?s .t.han é. 500, covalently linked to (ii) a

pol ypept i de B8 hand .20, avgieptly, to,@i) @Polyrentide afatricastighteming asidsipbr i d

compound i s1 whéreiRihe hgbid Yorhpdkil %&d&%y@%ﬁﬁ?ﬁ&ﬂﬁ%ﬁag&g&@gg o the
e ri (0}

pol ypeptide; (c) contacting the cell sanplé wt nd; and

(d) " det er ni FPHEOYIL KRS PolyRePtide; (¢) gortasting tbrorel sampie atithshehykinid-dohdpewsid;s pons e

in the 5 cel ; inkd® VAL ' alel™ j de.. conmpound has a
nol ecul ar wea%ld ﬁprmgé‘eﬂn%ﬁtﬂ% eastﬁggg&bﬁ%%nﬂ%ﬁgﬁ&g@ﬁe F%?‘ﬁ%cf%g@ﬁfi“b e
features seoeple f Inchoe embbdiment, tieatohqreptide compourd Jme Buletellas wefght 8f €S a
[11-11ke regPRIG§ 6)y: (a) producing a hybrid conpound by covalently
| i nki ng a non pep9|'de' conmpound to a pol ypeptide of at |east eight am no 10
aci ds in | ength; Indnother aspect] the irfveatidn festartd b Mmefiol oRilalbmenig whihey FPNOCYt €5
in vitro; (ﬁ . ontact({‘e the Cﬂg{; anple with the hybrid conpound; and (d)
det er ni ni ng %m@*‘f?&p"f’ﬂ &gmjﬁtﬁﬂ H‘E%W%??W)ﬁ%’élc’aglalhybﬂﬂ Feaapousdponse i n
the cell sapptévalently Gifiking & AbAPEsTRISlcom &ﬁ)dﬂ@ﬂ?@ﬁﬁ%{iﬂﬁof’;ﬁmyagh&?ﬁn@

n-anot her asp : €

ol ecul ar vvei,gh‘t between 100 and 1,500. 15 l ec
i nventi R facidyindensth; (Rpreviding 2 gell samplecontaining naive lymphoeyseson vigray (@i n

vent de A i wesdn .
i ve |ymphayioun e Sl HASHE RS di/hybg koBbO eSS e B W8 G (1)

| 0 ing a fuslon prol , 5 fng(i) a
first pol yidsidicompaund stimmates 2;Fh1-like naspoass inl thei aell sanplehn énesed to (ii) a

The ool | soampidifuros poBepiof Lsbodl e B5loilyy Pipfiiauten il .7 | 12

response exhf®-ted by the cell sanple following the contacting step. In

mbogi , Nl - Lk | r eat hi-1ik
Ceeponst cxhi b (diee B the ol T SPARRRo St Pt Mooyt o5

fusion protein stimulates a Thi-like response by: (a) providing a cell sample containing

naive lymphocytes in vitro; (b) providing a fusion protein comprising (i) a first
polypeptide at least eight amino acids in length, fused to (ii) a second polypeptide at
least eight amino acids ili length; (c) contacting the cell sample with the fusion protein;
20  and (d) detecting a Thl-like response exhibited by the cell sample following the
) contacting step. In one embodiment, the detected Thi-like response is greater than a
| Thi-like response exhibited by a second cell sample containing naive lymphocytes
when the second cell sample is contacted with cither the first polypeptide, the second
polypeptide, or a mixture of the first polypeptide and the second polypeptide. In one
25 example, the detected Thi-like response is at least two times greater than the Th1-like
response exhibited by the second cell sample. In another example, the detected Thl-
like response is at least five times greater than the Th1-like response exhibited by the
second cell sample.
In another aspect, the invention provides a fusion protein containing (i) a Hsp10
30 protein or a fragment thereof at least eight amino acid residues in length, and (i) a
heterologous polypeptide at least eight amino acids in length. The Hsp10 protein of the
fusion protein can be a mycobacterial protein, e.g., Mycobacterium tuberculosis Hspl10

protein. The heterologous polypeptide can contain a sequence identical to at least eight
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when the second cell sanple is contacted with either the first polypeptide,
the second polypeptide, or a mxture of the first pol ypeptide and the
second pol ypeptide. In one 25 exanple, the detected Thl-1like re&zgm 2'09:3 at

| east two tines greater than the Il -like response exhibited

second cell sanple. In another exanple,. the detected ml. |ike response is
at least five tines gre r than the Thl-like respgouse exhi bited by the
second cell sanple. In t her aspect, the inventi provi des a fusiaon

protein conygioflidlgs (i) a Hspl O 30 protein or a fragnent l‘é’t‘?ﬁéﬁﬁ:ﬁss‘iﬁ | east
eight amno acid residues in length, and (ii) a heterol ogous polypeptide
at least eight amno acids in length. The HsplO protein of the fusion

pr ot ei n carolveciveumiincacidsraf alprqtein bfa Imman jrus, d\i.cHBY C Ireonaexamplectheul osi s

Hspl0 protein, The heter.ql ogous tide can contain a sequence
i denti cal 8‘“&’@3"8&8‘9&@3& @%"ﬁ%ﬁgos WO 01/ 04344 PCT/ US00/ 18828
consecutive an Bpanaeietaspett, the Rivehttinpréfidé aRisiampiotdiniContainigg (i) KB¥p4d n one

exanpl e, the _heterol ogous pal ypeptide contains, HPVIG E7. |p_another
aspect, th@fqtmeh%ﬁﬁﬁ“?mwé%&“?&‘ﬂ“&'ﬂ%% Fesiduptip wsrhagm?ﬁlﬁaa Hs p40

protein r hgte{?lc{'kggﬁﬁélyﬂéﬁﬁfi@ﬂfleéi eifiR @ffincPaciti3tin RAEIAO THE Hip4Esrofditestthe | engt h,

and (ii) a o ol ogous pol ypeptide at |least eight amno acids in |length.
The Hsp40 fusismaireteinfcan he a mycobActsaknretein; &8¢ Mycokecierimptubenetesiy Hsp4fr ot ei n,

e.g., Myco .er 4 | Qﬁ'p“ : |

pol ypepti dg%gééﬁ m%#ﬁﬁg&g qi}?%%tg%i entﬁgf‘%e%%h?%daﬁg%ﬁ&g{lgﬁ? eight
consecut i veorsatutive amirgsacids ofia proteirofe lnfman viruse-g-vHPVis In enegexample)the | n one
exanmpl e, the et er 0l,.0go 0 i ontains HPV16 E7. 10 In another
a‘s)prengt, thgetf"rﬁg’éﬂ?ﬁ% ﬁ@? %@%ﬁﬁ}éﬁg&fw otein containing (i) a Hsp71
protei meor a frRGimdther idpedst,eméhﬁbptioaq:sdvi@dsgrfusim@mmimxghimg(i_)imHsp'Iln | engt h,
The Hop?1” BRIARPTH ERETLUereet PR HER YA ooeny SOele tREGR prot ol
e.g., McoRagloRigbtt polypeptidd dtQeakteigli Arhino a@ideirtienigthT The Hep I prowincifthe

pol ypeptide can contaln a sequence identical tqg at |east eight 1
consecut i vESioRPRYICAEARBE B MYSORSFISTR)PRotEN, %g'h&%ﬂ%“ﬁef‘ﬁ'g,’“@.' i ,‘”“HW?II n one

exanpl e, t g.%;ei,hehfermoqaeg&s%i#am& lcgtEooniit bdiaende idehficdl o at 18astéighther
aspect, the invention features a_nethod of  determni ng{ whet her. a. conpound
sti mul akSes conseytive pMing agids BB?\B’@‘”HS/?“("A‘}“‘&W’G?E?&]I%VC meLXABPIE VBNt ai ni ng

' hetefologous polypeptide contains HPV16 E7.

In another aspect, the invention features a method of determining whether a
compound stimulates a Th1-like response by: (a) providing a cell sample containing
naive lymphocytes in vitro; (b) providing a compound; (c) contacting the cell sample

\ 20  with the compound; and (d) detecting a Th1-like response exhibited by the cell sample
following the contacting step. _

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those

25 described herein can be used in the practice or testing of the present invention, the
preferred methods and materials are described below. All publications, patent
applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the present application, including
definitions, will control. In addition, the materials, methods, and examples are

30 illustrative only and not int;':ndod to be limiting.

Other features and advantages of the invention will be apparent from the -

following detailed description, and from the claims.
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nai ve | ynphocytes in vitro; (b) providing a conpound; (c) contacting the
cell sanple 20 with the conpound; and (d) detecting a Thl-like response
exhibited by the cell sanple follow ng the contacting step. Un?ePP 200

ot herwi se defined, all technical and scientific terns used hereln 5%% QHe
sanme neani ng as commonly understood by one of ordinary skill in the art to
which this invention bel s. Al though net hods and terials simlar or
equi val ent to those 25 desWPi bed herein can be used the practice or
testing of ™Waeoymssent invention, the preferred nmethods a rials are
descri bed below. Al publications, patent applications, pat ,"%ﬁﬁ ot her
references nentioned herein are |ncor-orated by. reference in their
entirety. In case of conflic e agst i on, i ncl uding
definitions, W Ifigeie91AQB t hods, a
exanpl es are 30 illust ratﬁh\k/’{g %ﬁ%agﬁgowl%ﬁgés goﬁ%g %Eemrpﬁs{opr?
features a évantages of the |nvent|on w Il be apparent fromthe

foll ow ng detail > 3 1 DEC 2003 WO

01/ 04344 PCT/ usggglggg gﬁ‘;‘{’ﬁﬁ’{a g‘?‘“@@%? PRI Wgﬁ'fﬁ% %&wgrfgéema% of A 1B
show t hed sdifuence of plasmid pET65 COdI ng for expression of Hsp65. Figure
2 shows the sequence.of plasm d pET/ odi ng for expression of 5 E7.
Fi gure 3 shows ?ﬁ%“%é%‘&’éﬁ °§ﬁq“ c&é’ﬁi’ﬁﬂ"%g ding dorrezpression efssi on of
(h) E7. Fi gun)gs. 4A—4B show t he sequence of plasm d pET65C/ E7-1 N codi ng for
expressi on of %e g@ées SA- 5B show t he sequence of plasmd
pETMI4CE7 codi HB s 4 '&%P the seqyrenegof plasmid G 1Nvodimgifire sequence of
pl asm d pE&ksision@dTHRPEF.Or expression of oval bumin (OVA): Figures 7A-7C

show t he sequenge of pI asm d pET65H OVA coding for 15 expression of
HspOVA 10Fi gur e Bigureswé: E’Qémwfofplaamldnﬁ'lﬂmommwg@rfor expressi on

of GST. expression of MT40-B7.

Figure 6 shows the sequence of plasmid pET/OVA codihg for expression of
ovalbumin (OVA).

Figures 7A-7C show the sequence of plasmid pET65H/OVA coding for
15 expression of HspOVA.

O her

Figure 8 shows the sequence of plasmid pGEX/K coding for expression of GST.

Figure 9 shows the sequence of plasmid pGEX/K/E7 coding for expression of
GST-ET7.

Figures 10A-10B show the sequence of plasmid pET/E7/5°65 coding for
20 expression of E7-L-BCG65.

Figure 11 shows the sequence of plasmid pET65F1/E7 coding for expression of
BCG65(F1)-E7.

Figure 12 shows the sequence of plasmid pETESE7 coding for expression of
TB10-E7.
25 Figures 13A-13B show the sequence of plasmid PET/E7/71 coding for
expression of E7-TB71.
Figures 14A-14B show the sequencc of plasmid pET/E7/71° coding for
expression of a fusion protein.
Figures 15A-15B show the sequence of plasmid pET/SP65¢-E7 coding for
30 expression of SP65(2)-E7.

Figures 16A-16B show the sequence of plasmid pETAF60E7 coding for
expression of AF60-E7,
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Figure 9 shows the sequence of plasm d pGEX/ KJE7 codi ng for expression of
GST-E7. Figures 10A-10B show the sequence of plasm d pET/E7/5' 65 coding for
20 expression of E7-L-BC&5. Figure 11 shows the sequence of g)llaggtd%ggg
pPpET65F1/ E7 codi ng for expression of BCG&5(F1l)-E7. Figure 12 shows the
sequence of plasm d pETESE7 coding for expression of TB 10-E7. 25 Figures
13A-13B show t he sequen of plasm d pET/E7/ 71 co&ng for expression of
E7-TB71. Figures 14A-1 how t he sequence of pla@hd pET/E7/ 71" coding for
expression of a fusion protein. Figures 1SA-15B show the f

pl asmi d pEYPSMBEI4E7 coding for 30 expression of SP65(2) ?@.H&&ﬁg{ﬁges
16A-16B show t he sequence of plasm d pETAF60OE7 coding for expression of
AF60-E7. 6 3 1 pfired PPR-17BGh6W cakhadd IPRTgabiGRivelbaf2sy splegocyes fomA- 178 show

enhanced | FN-ganma rel ease by splenocytes from /B m,ce ot ai ned from
the Char | d3STRIYEmiceehtainedfrogm thg Charles, V%@°ﬁ@ﬁ‘@ki’é‘ﬁ”ﬂ§ﬁo‘? By (Fig.

17B) upon , E'&%%HW- 18C show enhanced | FN- ganma
rel ease byﬁégﬁiﬁﬁgig‘e’éﬂ?’?@%""sﬁ Bal b/ c (Fig. 18A), C57BL/6 (Fig. 18B), and

C3HeB/ Fed (Fi g Fig@ey 18md8Cuhow enhanprddENeeammatslsase bYsplrap@ytoBdio¥hons enhanced
| FN- gana géaifl?ﬁﬁﬁr g%,}]f @ﬁﬁﬂﬁs\’(ﬁ‘gg 1 IICARHIFS (Pl 18E)ShRB Ot €i NS

cont ai and a's protel n but upon exposure to a
f.usi on pr qikposure @ HsPBI. ng an antigen and a protein other than a stress

protein. 10 Figures .20A- 20B.sho han | enocyt es
upon exposure ’Q"Fdéisﬁﬂw'bm#ﬁg%?%ﬂgg?lﬁdégg??@gé&g{egP@%?\%pg%r%@fferent
types, St rgssn fowifé Sdntaihingen eitiges mehd stesgprmictmit notr uppnfexgmymene aof a stress
protein. Figure 21 shows, enhanced |F|\I-P%18ﬂ[é!T.PTB. re{;ﬁ{gse b% 'loic?ljh node cells and
Syl enocyt dusioppretein SRt A AHEENAHA B et AR AFHER I % ant i gen and a
Stress,prot ei N.gioures 20A-20B show enhanced IFN-gamma release by splenocytes upon

exposure to fusion proteins containing stress proteins of different types, stress proteins

from different organisms, or a fragment of a stress protein.

Figure 21 shows enhanced IFN-gamma release by lymph node cells and
splenocytes upon exposure to fusion proteins containing an antigen and a stress protein.

i5 Figures 22A-22B show a time course of tumor incidence (Fig. 22A) and tumor

volume (Fig. 22B) in mice injected with TC-1 tumor cells fotlowed by an injection with
either saline, HspE7, SP65(2)-E7, or AF60-E7. '

Figures 23A-23B show a time cowrse of tumor incidence (Fig. 23A) and tumor
volume (Fig. 23B) in mice injected with TC-1 tamor cells followed by an injection with

'\ 20 either saline, HspE7, MT40-E7, E7-MT71, or TB10-E7.

Detailed Description

The invention relates to methods of stimulating in vitro a Thl-like response in a

cell sample containing naive lymphocytes. These methods are useful for assessing the

25 ability of a protein, e.g., a fusion protein containing an Hsp linked to a heterologous
polypeptide, to function as a stimulator of a Thl-like response. Additionally, the
method can be used to identify compounds that can regulate a Th1-like response.
Various materials and procedures suitable for use in the methods of the invention are
discussed below. '

30 The terms stress protein and heat shock protein (Hsp) are used synonymously
herein. An Hsp is a polypeptide consisting of a sequence that is at least 40% identical
to that of a protein whbse expression is induced or enhanced in a cell exposed to stress.

Turning to stress proteins generally, cells respond to a stressor (typically heat shock

7



15 Figures 22A-22B show a tine course of tunor incidence (Fig. 22A) and
tunor volume (Fig. 22B) in mce injected with TC-1 tunor cells foll owed by
an injection with either saline, HspE7, SP65(2)-E7, or AF60-EQ 1F|D5®r28&3
23A-23B show a tinme course of tunor incidence (Fig. 23A) and tunor vol une
(Fig. 23B) in mce injected with TG1 tunor cells followed by an injection
with 20 either saline, HsgE7, MI40-E7, E7-MI71, or | OE7. Detailed
Description The invention ates to nethods of sti ating in vitro a

Thi-1ike respuifedsh a cell sanple containing naive |ynpho . These
nmet hods are useful for assessing the 25 ability of a prot efﬁ’%g‘?”&??ﬂa

fusion protein containing an Hsp |inked to a heterol ogous pol ypeptide, to
function astgatnenthbyineseasiog the expression of  growpofgenesAdthinionlyr¥dried tb be et hod

can be used i i u hat. can requl ate a Thl_-|ike response.
Vari ous mat g{rr %51 (gq%%\tcfi’ fxacrkgg%%gr ie}gass;ﬁ? angﬁ%nepglpgﬁg@ °P‘H°SE‘FFe°frF§bﬁ8’ds of the

i nvent i o? abfgarﬁsdissctmq:eﬂnbe‘dmw.ariééhe'ﬁgeevbﬁlﬂigr@hC@Eﬁsﬂb%ﬁ?tﬁiﬂrﬂgﬁt shock
protein (Hs used synon S erein, An Hsp is a polypeptide

consi sting @wﬁcﬁ%ﬂ&gxta%e?ing ondipation Wiy the indnetionaf suehgenpmtheof a

prot el n WNORRCBLPESAEhaEirgStioRt}ioRths Mor@lTARGERd (R AELbeaERASS] | ©

stress. Turning to stress proteins generally, S respon a stressor
(typical |y fteess pmtsine slscknpwoms atthest shapkproten? o4 Hsp,” RGTpiogA0hias 328

treat nment) | | ' . Of. nes, comonly
referred to%ga%ﬁfﬁég%%nhﬁggﬁpg%gf?%gﬁé@ %‘%& ms%%@ﬁc Kt i nvol ves
exposur e of ameunisupen theogtact enrxponire ef thestressor tosthe brganisme Adferessgeaever al
degrees Cel g O\ Qe > whi ch e cells are_adgpted. In
coor di nat i o%k#\nﬁ?%%e h%%?ﬁc"? £8d f)}% Hgs‘gé#g‘e‘ﬁéé“’t 'h% i aqtiygle or gherwise .
cor r espdfdi detectablrupreguiseddurso itrodonastorienpdsiveds atorgaiibih fconfiinig @ herein, a
"stress protein, " also known. as "heat shqck protein"” or "Hsp," is a
protein thaqenlegf° a@ﬁ@?ﬁ%ﬁ“‘%’f&“’%‘t“ﬁ%@‘s gﬂ@ ,&H‘Fﬂigﬁ?“t"ﬁé?%\h?ﬂ"’é’.”?%i salds,| y
produced i rinkiboisfof ey Megbslisheind ERER irinspeand PRteEPBbRRkrafls, of¥pPoSur e of
the stressor to.the organism A "stress g}?ne " | al so known as "heat

shock gene"ceftam heRzpappRs spsarmycing Never,loHeat Shack Rospouse, GRCHRmes; Micse 10
det ect abl y BovaGGMmFEQI9Y: tStrebd Eene® AbAintiudés HRHRRVEBESeAbs FLAIGRLS M
(contai ?SI ngsu:[e?segene families, such as certain genes within the Hsp70 and Hsp90 stress gene -

families, even though such homologous genes are not 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.

An antigen can be any compound, peptide or protein to which an immune

20 response is desired. Antigens of particular interest are tumor-associated antigens,

allergens of any origin, and proteins from viruses, mycoplasma, bacteria, fungi,

protozoa and other parasites.

Fusion Proteins

25 The invention provides Hsp fusion proteins, As used herein, a "fusion protein”
is a non-naturally occurring polypeptide containing at least two amino acid sequences
which generally are from two different proteins. The amino acid sequence of the full
length fusion protein is not identical to the amino acid sequence of a naturally occuﬁing
protein or a fragment thereof. An Hsp fusion protein contains an Hsp or a fragment

30 thereof at least eight amino acids in length linked to a heterologous polypeptide. An
"Hsp polypeptide” refers to a polypeptide consisting of a sequence that is at least 40%
identical to that of a protein whose expression is induced or enhanced in a cell exposed

to stress, e.g., heat shock. A "heterologous polypeptide" refers to a polypeptide that is

8



gene) to a stressor, such as heat shock, hypoxia, glucose deprivation,
heavy netal salts, inhibitors of energy netabolismand el ectron transport,
and protein denaturants, or to certain benzoqui none ansamycins fr\lbﬁr h
Heat Shock Response, CRC Press, Inc., Boca Raton, FL (1991). "%t %@ e"
al so includes honol ogous genes within known 15 stress gene famlies, such
as certain genes within tge Hsp70 and Hsp90 stress gene fanmlies, even

t hough such honol ogous g s are not thensel ves in‘ed by a stressor.

Each of the r ress gene and stress protein as used in_the present
specificatio‘&gﬂﬂn&ﬁ‘{)e I nclusive of the other, unless the cobtEYRO0IBREB cat es
ot herwi se. An antigen can be any conpound, peptide or protein to which an

i mune 20 reriedee Hsp piesinos dagriéiititipesds. Dhe ltterblogedspolypepdedst . are
tunor - associ ated antigens, allergens of any origin, an roteins from
viruses, ny®Rieraklyst legstcight F‘&}mf“ﬁ'ﬁ@?n, length. oinsoms embadimentsy Rﬁ#@&‘?@? Fusi on

Proteins 25 pflypeitinedid i B6,20] Ste30d50,166]200, H30h Ainio achs it 1, e Ci N, 2
“fusion protern™ is a non-naturally occurring polypeptide_ containing at

| east two aleterolegous pelynentide gonerallyiizpot gam of 2l ofia nateraliy eqevring BEpt f er ent
Prot el s s Tl theodith RIMFIRSIR belMid ehweeh S BlaURlg! o1 1. [0 ot

I dentical” tot am no ac sequence of a naturally oc ring protein or a
f rragment t hdiffeoént, Hep, bsheteai allor pousion iofiancdspt fusedsto all orig pogionaf thesgment 30

t her eof at ast .ei ght.am ids.in,length |inked.to a heterol ogous

ol ypept | de IR I3 8 Fishaof fol iy ifeRtal ¢ RSN Boclr bR g of o
sequence t hghe Hsp pblybepide cdiDbe atiacled(to theN-teminhaibr Oftermimisadfehen Whose
expression is induced or enh C;\H@Ln a_cell . exposed .to stress, e.g., heat
Shock. A " hEeerReaERRYPRRRgR I IeEblY the FSfon PRojeil 15 A PYRREh TEIE, hat 18 '8 3 1
DEC 200319 WO 01/ @A frkfdried HépEtMickSRe®in aslemHippolfirplilinkeat®bne or fragnment
thereof. The hetero (égous ol y{)ﬁgtlde Is preferably at |east eight am no
acids in | ehegerelogons RAVREPEAG S ofasTcenformationsre PEili g doveplien, JBISRF de i s at
| east 10, 2ngg<ﬁmeﬂ@&emon profin cifbriséiat RAK tWFcHsleP6H tHShétbrologpsll .  The

het er ol ogous ypeptide generally 'is not part or all of a naturally
occurring Heplyp@ptide:fsHP Vi E7 Insingthermehodimeng, the fision pretein coplsingat bet ween a

first Hsp a ' ; , e I Meed of an
Hep f ubeq ¢ SAstrOSEREFof it FUIFStpral B Hpeh ARy ot D 11
f usi on i1 nedn Godtain atdedst twe differsmtiheteralggoys pelypeptides, egi. dwa pr mokhe Hsp

pol ypepti de gean. ReoAl SRGD Sftideic pRitcih'rdpfdsCheibig iffdrertt chRbEs B Frafhettd 6t

two or more different antigenic proteins derived from the same or different tumors or

pathogens, and/or at least two different Hsp polypeptides.
The Hsp and heterologous' polypeptide can be directly fused without a linker
\ 20 sequence. In preferred embodiments, the C-terminus of the Hsp can be directly fused
to the N-terminus of the heterologous polypeptide or the C-terminus of the
heterologous polypeptide can be directly fused to the N-terminus of the Hsp.
Alternatively, Hsp and heterologous polypeptides can be linked to each other
via a peptide linker sequence. Preferred linker sequences (1) should adopt a flexible
25 extended conformation, (2) should not exhibit a propensity for developing an ordered
secondary structure which could interact with the functional Hsp and heterologous
polypeptide domains, and (3) should have minimal hydrophobic or charged character,
which could promote interaction with the functional protein domains. Typical surface
. amino acids in flexible protein regions include Gly, Asn and Ser. Permutations of
30 amino acid sequences containing Gly, Asn and Ser would be expected to satisfy the
above criteria for a linker sequence. Other neutral or near-neutral amino acids, such as
Thr and Ala, can also be used in the linker sequence. Any other amino acid can also be
used in the linker. A linker sequence length of fewer than 20 amino acids can be used

9



bet er ol ogous pol ypeptide. Preferably the fusion proteinis a purified
protein. 10 The preferred Hsp fusion protein has one Hsp pol ypeptide |inked
to one heterol ogous pol ypeptide, but other confornmations are mﬁiqipEFhﬁmg

i nvention. In one enbodinment, the fusion protein conprises at |eas WO
copi es of the heterol ogous polypeptide, e.g., HPV 16 E7. In another

enbodi nent, the fusion pronn contains at | east tvw‘opi es of the Hsp

pol ypepti de, e.g., Hsp65. itionally, the fusion pre®ein 15 can contain
at |east twiWOiIAE4ent heterol ogous pol ypeptides, e.g., t VWO p@yuSBY 2328
fragnents of a single antigenic protein representing different epitopes or

fragnments of r e differe ntigenic proteins derived fromthe

sane or diffeP '@‘ﬁﬁeﬁgﬁﬁ%e §yparahiop Rgé‘@%‘é%m%m?&é)%m%moumnmm&m nt Hsp

pol ypept i desequéixs nirgy alsocbenrédir ol ogous pol ypepti de can be directly fused
ence. . In preferred enbodi nents, the Cterm nus of

wi thout a linker, 20 sequ

the Hsp can be dﬂ‘%gﬂ’ @ﬂfcﬁ’s‘gﬁw‘“ﬂﬂa}t becfurber Sused he anagher aminoresidsequenge us

ol ypepti de 4l b BALS ; 0 tide can

i ooty f usad e eatte e pUHBToR o i Ruhih b ln” sl KRB lEniEF GG

het er ol odoufusiss preteintin which-the Hap-heterolagdus polpmeptidosdqeences/are fise@ b de | i nker

sequence. Ppghekih ! g hqQul d ado a, flexiple 25

ext ended cogﬁor na'?élj(gjnw %néﬁ’gﬁmf&ééﬁ?b oﬁcrp%@izﬁﬁwr‘?tﬁm Ifikvel opi ng

o ordgrﬁd polpdistidimey(His jlﬁ -”nmdcmihwhidﬂbéﬁsﬁ-géﬁmb?)) ﬁ%ﬁlﬁbégﬁﬂbfunm i olnal

Hsp and hetgr ous t.de, donmai ns, —and, shoul d have m ni ma

hygrophobi Csegﬁ&@ a?ﬁé*b‘o@ﬁ@ﬁ@f@?i’{jm%m@&d?m Sfhepoiy-histidine i on with the

funct i onal setyoeneb, gl iRk 65 In dyctheq ainbodideds tho ST Profél Sbbydifs thb BRKIR! ©

protein regi.ons incl u%g d Aén and Ser . Permutations of 30 amno acid

sequencéé g’?ﬂﬂ&‘ﬁﬂ’ﬁﬂfﬂ‘ ’9‘,"“‘%‘9‘5‘ ¥ @emutting dhe Ryrification pf theRsion prdein by y t he

above cf i  eien bealls @Hdah 6edl 1999)062 1963 PEIAICHN! B ardfneP BAbodGHY @l 2, N0
d I h the 1 nker sequence

acids, such ,as Thr and Al a, can also be use | . Any
ot her ami ndUSIEN Broteim contaiys p signg] sequenee frome anqthgrarotein, ki eirtain lwstpellace | engt h

of fewer thalk 2AnERd1A8 LGt C : . WO 01/ 04344
PCT/ USO0/ 138%9 to pr o&li% gtlecqgs)éﬁeii’{éaggfgagtg%asr&éﬁ%nnag& ﬁ%ﬂé‘ﬂ%%ﬁte’ﬂl"ﬁ? ein
donai ns, albererieased tepsgh use pleheterologowsfignsl sequenze.s Borxxamplegithe gp67 Hsp f usi on

Paci 1114 cgeRioly ehliis of i babilo Aa enion Bhilfindah e 581258 BeplotPls on
protein is signaspquence (Current Protocols in Molecular Biology, Ausubel et al., eds., John
Wiley & Sons, 1992). Other examples of eukaryotic signal sequences include the
secretory sequences of melittin and human placental alkaline phosphatase (Stratagene;
La Jolia, California). Prokaryotic signal sequences useful for increasing secretion by a
20  prokaryotic host cell include the phoA secretory signal (Molecular Cloning, Sambrook
) et al., second edition, Cold Spring Harbor Laboratory Press, 1989) and the protein A
secretory signal (Pharmacia Biotech; Piscataway, New Jersey), '
Fusion proteins of the invention, e.g., a fusion protein of Hsp65 and HPV16 E7,
can be produced by standard recombinant techniques. For example, DNA fragments
25  coding for the different polypeptide sequences are ligated together, in any order,
in-frame in accordance with conventional techniques. Such techniques can include
employing blunt-ended or stagger-ended termini for ligation, restriction enzyme
digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate,
alkaline phosphatase treatment to avoid undesirable joining, and enzymatic ligation.
30  Correct linkage of the two nucleic acids requires that the product of the linkage encode
a chimeric protein consisting of a Hsp moiety and a heterologous polypeptide moiety.
In another embodiment, the fusion gene can be synthesized by conventional techniques,
including automated DNA synthesizers. Altematively, PCR amplification of gene
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5 fusion protein in which the Hsp-heterol ogous pol ypepti de sequences are
fused to the Gtermnus or Nterm nus of the GST sequence. Anot her useful
fusion proteinis a poly-histidine (Hs) fusion protein in vvh|3 gﬁﬂemﬂ&
Hsp- het er ol ogous pol ypeptide sequences are fused to either the C-termnus
or N -termnus of the poly-histidine sequence, e.g. Hs x 6. In another
enbodi nent, the fusion otein contains the chiti 0 bi ndi ng region of
intein, thereby permtt the purification of th usi on protein by
chitin bea g et al. (1999) Gene 1999 237:361-71).
enbodinentg&%ﬁguﬁgusion protein contains a signal sequencge?@%ﬂﬁgﬁ%ther
protein. In certain host cells (e.g., mammalian host cells), expression
and/ or secfRinents dah beloerricd putfusiniganchor ptimiers which giveriserte caplementtyough use of

a heterol ogouys signal sequence..For e sequence
of the bac‘g’lemgﬁgetﬂwgﬁgnwv&W%ﬁ%@é@%ﬂgb@ﬁ%‘g %Qgﬁ%é@gﬁg ogouéy si gnal
sequence (fadiréanliffdas gemlra&e h chidatie genle3equished (s@y ¢.g.A0sméxe Pratecoldin, eds.

John Wley & Sons, 1992). Q he Xé}g@{ﬁf‘ of §UK%%I c signal sequences
i-ncl ude tkféoleg@ﬂﬂmﬁ)fsééﬂ@%ége&' ley  Son§: n placental alkaline
phospha_;’ ase (Sté,&,?%rgﬁﬁ‘%ctoﬂs%n&ﬂidgﬁl‘usi&ﬁbﬂoféms%ﬂwnidﬁracﬂeﬁdﬁﬁdue si gnal

sequences usefu I ncreasing secretion by a 20 prokaryotic host cell
i'ncl ude t hlypeptideandreitheran Hapgw aiprqieip pther than awksmcande preparsdbythe or o)
second edition o SRL| : : und il RGMationdl the protein
A secret ozftb?v%?@% ?P%ﬁgﬁg%%gﬁ,@%ﬁ%g&ay, New Jear$ey). Fusi on
pr ot ei ns fatenbapplicusiont WaN99/@7860, incorparated hensindiyatherenee, thspdescried HPV16 E7,

can be produced by standard recombi nant t nj LisBOER DNA
fragment s Vegigr EWH%'H@“%FXW@%W?&@%?&%?%%% "é'le:_%ygnces asP 1] gat ed

oo e e e e exml oyt Bl ot e tlatl 1

st agger - erfdRYi1q E7 W' #@ﬁﬂi"aﬁ?ﬂ‘é‘gﬁﬂﬁs@ﬁ@ %ﬁd‘é‘ﬁ’%@ﬁ%ﬂﬁp ?‘}gg‘g ?lgi% to

glro SY'O grei ; ?ggi‘grégml kalglagénsﬂh?ﬁwuwimcu!w ﬂibt&rnlogfus@olw_spﬁde, ez BBV i ni ng
and enzy rmﬂniiseq, @mﬂeﬁweg 3@%&&&?/@@%5 t m‘g@%” ’ %@%3 %’[}%ﬁ Zéli%égéce? ds ,
requires té}@? tHePGn RROELHRéntSE Witiéh drk Réreipdnevprated byrefdrénver i ¢ protein

consisting of a Hsp noiety and a hetero] ogqu | ypept i noj et I n
anot heil5 enbodi niNariety pghea ﬂwoahp@m*%ﬁ{?ffg@ﬂ%ééﬁﬁ‘ga“‘g@’aﬁwﬁ i onal
t echni ques i HeTa] gygﬁm&ﬁg@%,ﬁnmm ¥k 1573-18D ) 1908%t AmyeHsp orPCR
anpl ificatfu‘%‘ﬂa??“g%ne 10 3%1 DEC 2003’ W0 01 04341, PCT/ [S00/ 1825 { ragnrent s
can be carfrigatenbtheregfinay besuitable fox ysgint the fipsienpolyrsat RS Peent ary
the invention. For example, Hsp70, Hsp60, Hsp20-30, and Hsp10 are among the major
determinants recognized by host immune responses to infection by Mycobacterium

\ 20 tuberculosis and Mycobacterium leprae. In addition, Hsp65 of Bacille Calmette Guerin

(BCG), a strain of Mycobacterium bovis, was found to be an effective stimulatory
agent, as described in the examples below.

Families of stress genes and proteins for use in the present invention are well
known in the art and include, for example, Hsp100-200, Hsp100, Hsp90, Lon, Hsp70,

25 Hsp60, TF55, Hsp40, FKBPs, cyclophilins, Hsp20-30, ClpP, GrpE, Hsp10, ubiquitin,
calnexin, and protein disulfide isomerases. See, €.g., Macario, Co}d Spring Harbor -
Laboratory Res. 25:59-70, 1995; Parsell et al., Rev. Genet. 27:437-496, 1993; and U.S.
Patent No. 5,232,833, Preferred Hsps include Hsp65, Hsp40, Hsp10, Hsp60, and
Hsp71.

30 The Hsp portion of the fusion protein can include either a full length Hsp or a
fragment of an Hsp at least eight amino acids in length. In some embodiments, the Hsp
fragment is greater than 10 amino acids in length, and preferably is at least 20, 50, 100,
150, 180, 200, or 300 amino acids in length. In one embodiment, the Hsp portion of the
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over hangs between two consecutive gene fragments, which are subsequently
anneal ed and reanplified to generate a chinmeric gene sequence (ﬁm%
Current Protocols in Mol ecular Biology, Ausubel et al. eds. g& &
Sons: 1992). 5 Expression vectors encoding fusion proteins contalnlng it
het er ol ogous pol ypeptide and either an Hsp or a protein other than an Hsp
can be prepared by the ab procedures. Exanpl es of p fusion proteins
can be found in internatio pat ent applicati on WO/ 07860, i ncorporated
herein by rgjgopsass that describes vector construction, epgaeseshggrsand
purification of Mycobacteriumbovis BCG Hsp65 10 HPV | 6 E7 (HspE7) fusion
protein as well as of HPV 16 E7 (E7), histidine tagged HPV 16 E7 (hE7),

and M boysﬁmm@mopw@ﬁe@)m%mﬂ 8P of Hspg9f Myc ‘g’FC’ﬁGW&OEw Pthes
encodi ng an t €. g., an
iPv ant1 qeportip S RS and ohir g ot bl QS B SRR T 20 ane
ref erences respﬂmel in mme Other plhfnrxcd Hspmmludcﬁ HepAOctf Matsebeneulasisy HsplbofgMr at ed by

and. char act Rty Bisdt SFecBoR phafndthid, B R oF AR Bhifhn 0000

10: 173- 189, HéRRHo oué\pvlyb‘e‘pmdwcanizomgmy atineraeidlf sequepcdnesefil fdrahhmldtmg use in
t he fusion pol ypeptldes and co ates o vent|
Hsp70, Hsp6@ %mﬂm“%ﬂb"’rf&a&# ‘é?’@"’a}?{?ﬁﬂ‘gﬁ% "n’hﬁ‘?i?f‘j’g?}é“tpé’ﬁ @‘#‘P

recogni zed Qynihisdn MECIBRdLE 8 e&g,tﬂlm@aissoarmwmbnsﬁmmgum 20
t uber cul osi s and cobacterrum l'eprae. In addition, 865 of Bacille
Cal mett e Guepitope. erobzg@tsmalmenﬁdemm’ewmﬁ% m%\ﬂ‘?‘?’bund to be an

f oot ve ShHi bl DunilSthogeSe. foviriael Bt iy eoflishBP b, BROMs, Fam |1 o

of. stress es an Se I n the present inven ion are wel |
known i not fmdeuther@adsmscbnmmWalfO%mc@th@mf aw@@ﬁmcﬁéﬁﬁ“weﬂ-{s p90, Lon,

Hsp70, 25 0 TF5 P, G pE,
Hsp10, ub| ?dgfkﬁ%gﬁgﬁﬁgwn l&ksuﬁadggi o) gg g& e.g.,
I\/acarl o, sw,gxepmﬁ;w wnlsdﬂﬂ\athnpyutﬂdéwr@ﬁ}@lﬁmommvmﬂar sell et

Pr ei‘erR(ra\éd ml‘?@;ﬁﬁg ﬁ%@&éﬁﬁﬂaﬁ %5%?’%,’*%?%%% lasp 828 The Hsp

portion of Mﬁ,ﬁddsﬁam@rvﬁﬁeﬂ-ﬂvqanénqﬂbmfeumb:tdsmci&dfmﬁgedsén@uh Hsp or a

ermboat mbht MAGH, Nk CEPrdAEs: BRGE, Pl FRANte, -2 dintsl AT 1,

and prefer MSglagpﬂ amP-ZOTREQ A2 @félanotbpé), BGIMA,BQBﬁ:emseGOO am no aci ds
'n Tength. 3'&y%ﬁ%1a§$%§u, chACPIRHREPAPL, F¥a, PREATPIME 567502

MUM-1, MUC-I, E6, E7, GnT-V, Beta-catenin, CDK4 and

P1s. .
20 HPV antigens from any strain of HPV are suitable for use in the fusion

polypeptide. HPV expresses six or seven non-structural and two structural proteins.
Viral capsid proteins L1 and L2 are the late structural proteins. L1 is the major capsid
protein, the amino acid sequence of which is highly conserved among different HPV
types. There are seven early non-structural proteins. Proteins El, E2, and E4 play an

25 important role in virus replication. Protein E4 also plays a role in virus maturation.
The role of E5 is less well known. Proteins E6 and E7 are oncoproteins critical for
viral replication, as well as for host cell immortalization and transformation. Fusion
proteins of the invention can contain either the entire sequence of an HPV protein or a
fragment thereof, e.g., a fragment of at least 8 amino acids. In one embodiment, the

30 HPV antigenic sequence is derived from a “high risk” HPV, such as HPV16 or HPV18
E7 protein, The HPV antigenic sequence can include an MHC-binding epitope, €.g., an
MHC class I and/or an MHC class II binding epitope.
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WO 01/ 04344 PCT/ USO/ 18828 fusion protein consists of am no acids 1-200 of
Hsp65 of Mycobacterium bovis. Other portions of Hsp65 and ot her Hsps can
be used in a fusion protein to elicit a Thl -1ike response %nl\ﬁggquﬂﬁ her
preferred lisps include Hsp40 of M tuberculosis, Hsp 10 of *M

tubercul osis, Hsp65 of Streptococcus pneunoni ae, and Hsp60O of Aspergillus
fum gates. 5 Heterol ogo pol ypepti des can contaig any am no aci d seqguence

useful for stinulating i mmune response, in vit and/or in vivo.
Preferably, erol ogous pol ypepti de contains an MHC Qihgdi i t ope,
e.g., an M QQ%% or VHC class Il binding epitope. Thephg’pé(@g?%ous

pol ypepti de can contain sequences found in a protein produced by a human
pat hogen, e.g., Miaddiien to Hgcfusion proteins; othbrcfasion protefigican be aseddanthe iA0 and
ot her parasites, or, se nces rotein of .a tunor, assqci ated
ot gen ( Py sdsny deomBed iprein; i gor-Hep iR TR Coap # BRLPOYPRESE HOV)
her pes si Wpdt?easteigﬁt%u(&h%msmmEﬁ{ﬁkeﬁoﬁswohwﬁolw@ﬁheamﬁu i dinifio Vi I US
(HCV), cytonegal ovirus stein-Barr virus (EBV) | uenza virus,

measl es vi ragids mlmgﬂuwhmthwﬁﬁbmqeeqnémwmdwre d’ﬁmadﬂﬁe@gt of turmr

g%?(mz:l aErg opa}l nas%%?%%fﬂgﬁo?%ﬁ?rﬁé@?% nel anot ope,

BCR/ ABL, Prinet fhesequedtdyfa reiniraliy oospmisgpteimu, CEA, Pl A, HK2, PAPA, PSA,
PSCA, PSMA, pg7 MM 1. MIC 1. E 7 and P15,
20 HPV ant i.gens%ﬂbemﬁjﬂﬂ?/pgof?%f’nmgfn% ar@é}?{?ﬁgﬁt‘&ﬁ %ﬁ} B?ﬁ%gsfusi on
pol ypept i dGhndﬂ‘?l\b gotd senaes tidt is commsenheused for pedtein ptuification ordéteatios,t r uct ur al

pr ot ei ns. éé cagaﬁ?ﬁgrotel ns LI and L2 are the |ate structural

pt ot ei ns. L%q Tre dMensid protein, the anino acid sequence of which
i s highhy consernygfiepftyroditt tHefusion p:ldtem, akgleis aclirlwaaugrme aemrpraahl y
non-structural proteins. Proteins El and E4 an 25 i ant role

in virus regnbewiogpcedintgadiost cell, %#s‘bb"ﬁ?eaw apruy °F’ aFiap tion.

The rol e Ofcefrfing ﬁsdaEﬁ?exﬁésboﬁQ% The RécBinbmakt el e Bnaked @rgﬁmwu@ ns
critical for wviral ication, as well as for host cell immortalization

and tr ansf dhsien prgiein. mmwfeﬁfm@phsmm%@%meﬂﬁﬁrm B8Rt ai n eit her
the enti reaﬁ&ﬂﬁiﬁﬂﬁ@d@h&ﬁbi&f\{swbﬁhﬂn&{ a fragment thereof, e.g., a
at

fragment of east ‘8 am no acids. In one enbodi nent, the 30 HPV antigenic
sequenc#si s der|medu¢1¢®#§equwm¢€bwaWP&!@%%“&P‘?X@%P“FWB E7

ot TR R P Rl i e

used for cxpression. The term "regulatory sequence” refers to promoters, enhancers

and other expression control clements (e.g., polyadenylation signals). Such regulatory
sequences are described, for example, in Goeddel (1990) Gene Expression Technology:
20 Methods in Enzymology 185, Academic Press, San Diego, CA, the content of which is
; incorporated herein by reference. Regulatory sequences include those that direct
constitutive expression of a nucleotide sequence in many types of host cells, those that
direct expression of the nucleotide sequence only in certain host cells (e.g., tissue-
specific regulatory sequences), and those that direct expression in a regulatable manner
25 (e.g., only in the presence of an inducing agent). It will be appreciated by those skilled
-in the art that the design of the expression vector may depend on such factors as the -
choice of the host cell to be transformed, the level of expression of fusion protein
desired, and the like.
Recombinant expression vectors can be designed for expression of fusion
30 proteins in prokaryotic or eukaryotic cells. For example, fusion proteins can be
expressed in bacterial cells such as E. coli, insect cells (e.g., in the baculovirus
expression system), yeast celis or mammalian cells. Some suitable host cells are
discussed further in Goeddel (1990) Gene Expression Technology: Methods in
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proteins, other fission proteins can be used in the in vitro assay

descri bed herein. These non-Hsp fusion proteins contain a firsg fggxp?mﬂide
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| east eight amno acids in |ength, wherein the first and second
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of a naturalwpoepe@ud ring protein. In the fusion protein of paprks@RIg ON
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signal s). Such regul at o(;fy sequences are descri bed, for. exar}‘gl e, in Goeddel

(1990) Gene ExprExasiples FRPISTiopieRioEne HdeRZYMS| (Begd (18%)) Acadeni c
Press, San ggggfazg%o)mwpmwe al AN(1087), EDBE PeI Ry 895k by

r éf er ence. ulatory” sequences Include those that direct Tconstitutive
expressilon imtendedhior heinimammalizn ealds: therexpressjon yestos's oontred Sinctesns|aze oftdmose t hat

di rect expressi . | Wil ' cells
(e.g., ti ssﬁréﬁdgg%§#g§%lwg%§%¢e§&é§§genc 23' angh&hlggae&?’h%{é?pd% :eect
expressi on derived fenppodyain, Adewavires 2 Xytqmeggloyirusdnd Simianrysdésence of an

I nduci ng agent) ., |t .\ | i | |h the art that
t he desiggngof %hlgag?y%gostlﬂgﬁ&iﬁg?gﬁn%ss%éﬁ%%%agﬁﬁgﬁc%‘a?%&eors as the .
choi ce of treohbifint expriession veetot canshtrimeidjtionhlonkckotide siuances: Fosi on of

o O 2 oy A b S Btor 5 IR oo Sk Yhad B 075 021

identify host cells that have incorporated the vector. Moreover, to facilitate secretion of
the fusion protein from a host cell, in particular mammalian host cells, the recombinant
expression vector can encode a signal sequence linked to the amino-terminus of the
fusion protein, such that upon expression, the fusion protein is synthesized with the

20 signal sequence fused to its amino terminus. This signal sequence directs the fusion

; protein into the secretory pathway of the cell and is then usually cleaved, allowing for
release of the mature fusion protein (i.e., the fusion protein without the signal sequence)
from thé host cell. Use of a signal sequence to facilitate secretion of proteins or
peptides from mammalian host cells is known in the art.

25 Vector DNA can be introduced info prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the terms
"transformation” and "transfection"” refer to a variety of art-recognized techniques for
introducing foreign nucleic acid (e.g., DNA) into a host cell, including calcium |
phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection,

30 lipofection, electroporation, microinjection and viral-mediated transfection. Suitable
methods for transforming or transfecting host cells can be found in Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor
Laboratory Press (1989)), and other laboratory manuals.
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30 proteins in prokaryotic or eukaryotic cells. For exanple, fusion
proteins can be expressed in bacterial cells such as E. coli, |nsect2 @el | s
(e.qg., in the baculovirus expression system, yeast cells or 3nhrbRl y
cells. Some suitable host cells are discussed further in Goeddel (1990)
Gene Expression Technol ogy: Methods in 13 3 1 DEC 2003 WD 01/ 04344

PCP/ US00118828 Enzynol o 185, Academ c Press, S D ego, CA. Exanpl es of
vectors for expression § yeast S. cerevisiae in de pYepSecl (Baldari et
al . (1987) @% 6: 229-234), pMa (Kurjan and Her skow t »crARR8eissse! |

30: 933-943) ‘gB (Schultz et at (1987) Gene 54:113-123), and pYES2
(I'nvitrogen Corporat ion, San Diego, CA). Baculovirus 5 vectors avail able
for expression mﬁmmlmqmdbﬁmnneofma@mahmwﬂslmﬂhe "Flgné@]@mme 9

cells) include the pAc [

3: 2156- 2164YILEFPS: ﬁ’%@%tgﬁmew tcggvésgné% rrﬁggknetﬁggg) | roI ogy
170: 31- 39) .seletabip neagked {e. srpresistan MQmmm)mbvequduwdllmtolﬂnms ( Seed
(1987) Nature 329:840) and, 2 Kaufj n et al 987

6: 187- 195) alongarithilbe gt {58 thF Rqs Piptelpn PTRIRTd PeloePIE “%‘?Fés%%)ﬁ ssi on
vector' s ¢ sé‘i}kat Ebﬁiﬁtrbﬂﬁﬁn&rt@dﬁfgk St ab GAyg, @9&oﬁycmlaﬁﬁincﬂﬁﬂukzﬂé ory

el enent s’ anpl e, comonly used pronoters are derlveﬂ m pol yoma,

Adenovi r us mclwamﬂgadmuarselectawa "EFIFFF&?FW’FW&““Q info 2 hogt g ‘E o the
regul atory Conk,gc%rg%ft | on?ﬂg ﬁ#&ﬁ%?ot&ﬁ@ﬂ&nb@*ﬁﬁmdﬁ@&amd&pﬁheexpr essi on

vect or can SBBRIE A a eot1 de sequences. For 15 exanple, the
r econbi nantveetsp r@dklstably&ﬂmfwemthéhtmgedlﬁ%@}% agif eanhg ideniifigd By ¢ o

e ol ki o OSSRl b o

facilitate otein froma host cell, in particular
mammel | g Resiive; whilethetotter callsalid)i nant expre55| on vector can encode a

That Upon. expr cAlIBHIvnG: FHErBReg s g be BBt ORdRER S BT
sequence f ysefrd forick@inpldusing T2 promoter reghilitary seqpendes amiq'ﬁ'épclymgrasg cts the
Lo, Pai | oo A lion's i pin AR Rk BFaRob ok badBr oual 1Y
fusi on protgl fviitol @bt bé foemed By Bhkifg thteputypeptides,cong.f dEsphosita }mwlogme of a
manal | 36 oo & 1oEm RGeS Maody o B et piiies BERARRA R 0T
i nto prokarypfdep thSs AO34y1V459, WEl 9822378 5, anawemvmaihet:omm of whichon or
transfection tec ues. As used herein, the hms“con'u ate” comprises an
are herein mcorporated by reference. As used herein, an jug p:
Hsp that has been covalently linked to a heterologous polypeptide via the action of a
coupling agent. A conjugate thus comprises two separate molecules that have been
\ 20 coupled one to the other. The term "coupling agent," as used herein, refers to a reagent
. capable of coupling one polypeptide to another polypeptide, e.g., a Hsp to a
heterologous polypeptide. Any bond which is capable of linking the components such
that the linkage is stable under physiological conditions for the time needed for the
assay (e.g., at least 12 hours, preferably at least 72 hours) is suitable. The link between
25 two components may be direct, e.g., Where a Hsp is linked directly to a heterologous
polypeptide, or indirect, ¢.g., where a Hsp is linked to an intermediate, e.g., a backbone,
and that intermediate is also linked to the heterologous polypeptide. A coupling agent
should function under conditions of temperature, pH, salt, solvent system, and other
reactants that substantially retain the chemical stability of the Hsp, the backbone (if
30 present), and the heterologous polypeptide.
A coupling agent can link components, e.g., 2 Hsp and a heterologous
polypeptide, without the addition of the coupling agent to the resulting fusion protein.
Other coupling agents result in the addition of the coupling agent to the resulting fusion
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"transformati on” and "transfection” refer to a variety of art-recognized
techni ques for introducing foreign nucleic acid (e.g., DNA) into a host
cell, including calcium phosphate or cal ciumchloride co-precipitati ?dﬂ
DEAE- dext r an- medi at ed transfection, 30 Iipofection, electroporati C 2003

m croinjection and viral -nedi ated transfection. Suitable nethods for
transformng or transfecti host cells can be foun Sanbr ook et al.
(Mol ecul ar Cl oning: A Labo™atory Manual, 2nd Edition®Cold Spring Harbor
Laborat ory Rveesso444089)), and ot her |aboratory manual s. 14 KI/H@180283 WO
01/ 04344 PC /USQ0/ 18828 Often only a small fraction of mammalian cells

integrate the forgign i nt thejr none...L.n order .to identify and
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protein 6r campdsed entirckyadthedspnthe heteysdosanepolypeptids, andiebackbeneanoigty (if
transfected w tB the introduced nucleic acid can be identified by drug

sel ection (gregen “cells that have incorporated the sel ectabl e narker gene

will 10 survive, Mahy beuplihg agenisaeact efithsn dinie. andlatcanboxylate,db formuar smidebi nant
expressi on vector ,can be transcri hed and translated .in vitro. or ,exanpl e
us!ong T7 pr@rﬂ&thﬂlﬂmégdﬂ QTERLAN esieh g agamts g knqwp in the art. [TI;
t he reconbi @,n%g.z 1fep magugﬁ, "f‘ﬁﬁfﬁk@&@e’pﬁdwiwntﬁesfs_ﬂlgind ed prefidrériced Béreint hg
i nvention can be forne i nking .t ol ypepti.des,. e, q. and a
het er ol d§ouand B.53rpene,a9d By Wats, "Protecity ’QE‘E% '(S'gﬁ?“égy‘mﬁgc@dmﬁlm ng Hsp
conj ugat estghwﬁaembeéod% B shadia Tink YinPcRAGBties WRbRE bahaP thagnd VO
e

99/ 07860, contents of rch _are_herein 1 ncorporat eﬁ by reference. As
used her ei nthezeris pipimeler o denaturation atdeactivatian, of the Hsp prthe Rgterolagaps coval ent | y
i nked to a%&g];c?wé ogous pol ypeptide via the action of a coupling agent. A
conj ugate thu onpri ses two separate nol ecul es that have been 20 coupl ed
one to the ot herThekosjugetesioftheinventiop can beprepargd by caplinga Hsptog efers to a

20 R AR A AU i g 0,
t he conponesgentssinclndinglordss-linking agentsy ean be usediforr covalenteonjigation | Expmpdes
conditions for the i eeiesdtde NAr-diliiohexylcarbodiimide (DCC; Pierce), N-
succinimidyl-S-acetyl-thioacetate (SATA), N-succinimidyl-3-(2-
pyridyldithio)propionate (SPDP), ortho-phenylenedimaleimide (o-PDM), and
20 sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate (sulfo-SMCC).
} See, e.g., Karpovsky et al. (1984) J. Exp. Med. 160:1686 and Liu et al. (1985) Proc.
Natl. Acad. Sci. USA 82:8648. Other methods include those described by Paulus
(1985) Behring Ins. Mitt. 78:118-132; Brennan ef al. (1985) Science 229:81-83; and
Glennie et al, (1987) J. Immumol, 139: 2367-2375. A large number of coupling agents
25  for peptides and proteins, along with buffers, solvents, and methods of use, are
-described in the Pierce Chemical Co. catalog, pages T-155 ~T-200, 1994 (3747 N.
Meridian Rd., Rockford IL, 61105, U.S.A.; Pierce Burope B.V.,, P.O. Box 1512, 3260
BA Oud Beijerland, The Netherlands), which catalog is hereby incorporated by
reference.
30 DCC is a useful coupling agent (Pierce #20320; Rockford, IL). It promotes
coupling of the alcohol NHS in DMSO (Pierce #20684), forming an activated ester
which can be cross-linked to polylysine. DCC (N,N'-dicyclohexylcarbodiimide) is a

carboxy-reactive cross-linker commonly used as a coupling agent in peptide synthesis,
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assay (e.g., at least 12 hours, preferably at least 72 hours) is suitable.
The link between 25 two conponents nay be direct, e.g., where a Hsp is
linked directly to a heterol ogous polypeptide, or indirect, egc ,Dﬁméﬂﬂa a
Hsp is linked to an internediate, e.g., a backbone, and that Tnternediate
Is also linked to the heterol ogous pol ypeptide. A coupling agent should
function under conditio of tenperature, pH, sal sol vent system and

ot her reactants that shtanti,ally retain the ch cal stability of the
Hsp, the ba‘%lap,gédif 30 present), and the heterol ogous pglrRRBlisdss A
coupling agent can |link conponents, e.g., a Hsp and a heterol ogous
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the COUﬁSi RaydRCdrblinksig sublpdhat Upen Witheeichdtion,Aheagent isieimatedspalseed entirely
of the p, the heterologous pol ypeptide, and a ackbgene {ﬁoi ety (if
present). Hmyw‘eﬂyﬂ@ﬁé"&tj@ﬁ?§W9§‘SE‘!"%"PW°§W°M@“3H - 2OBEE M| at e, to
forman a%@ﬁ%%ﬂ; ﬁ@%?xhtsa&E-Qh‘TlA (@eeed26 U2 for itdidBction of@lotkel S gfdups  Coupl i ng

agents are the art, see, e.d., M _ Bodansky, "Principles of
Pept i de Sy fiuritweistep crassdinking, whiel ere debleckedwith hydroxyJarging-HCl (Bjegrene and P.

WS, T ORSSiY S PLANRSMCE: Piga8 PHVelE GarcRehifld and Syl W | ey,

NY. Coupl i 1k conponent noieties stably, but “such that
there i1 nOtieretosslinking ashcounling agonis ave alfeavailablerfrom Pistcet Cer the
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by coupt + nerfiy E5 Ak Gond] (nbid SR e, pASCHENFHobOBYERRgaC I Cbar
the art. Asukiffibaseaseh imempdiate foragmngationiofipiotettisrig otherproteinsok imethergent s, can
be used for coval ent_. conj tion., Exanpl f - |k K Q. s i nclude
B O e g o A e B BB oF b on o 7Rkt R ergpd s 1 el v
succi nim dﬁ}m&%@@djy&]o@hiﬁoape#am ASGublishedNov.ct, 1887 dyl - 3- ( 2-

i dyl di t hi ' PDP h I I el .ei.m -P
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groups in the heterologous polypeptide cither by preformed reactive esters (such as N-
hydroxy succinimide ester) or esters conjugated in situ by a carbodiimide-mediated
reaction. The same applies to Hsps containing sulfonic acid groups, which can be -
transformed to sulfonyl chlorides that react with amino groups. Hsps that have
\ 20 carboxyl groups can be joined to amino groups on the polypeptide by an in situ
" carbodiimide method. Hsps can also be attached to hydroxyl groups of serine or
threonine residues, or to sulfhydryl groups of cysteine residues.
In addition to conjugates of two polypeptides, e.g., a Hsp and a heterologous
polypeptide, hybrid compounds can be constructed containing a non-peptide compound
25 covalently linked to a polypeptide at least eight amino acids in length. The polypeptide
component of this hybrid compound can be any of the heterologous polypeptides
described herein as a component of a Hsp fusion protein or conjugate. Examples of the
non-peptide componént of this hybrid compound include polynucleotides,
polynucleotide analogs, nucleotides, nucleotide analogs, organic or inorganic
30 compounds having a molecular weight less than about 5,000 grams per mole,
preferably between about 1,500 and 100 grams per mole, and salts, esters, and other
pharmaceutically acceptable forms of such non-peptide compounds.
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20 sul fosuccinirnidyl 4-(N nmal einsidonmethyl) cycl ohexane-I-carboxyl ate
(sulfo-SMCC). See, e.g., Karpovsky et al (1984) J. Exp. Med. 160 1686 and
Liu et al (1985) Proc. Nail. Acad. Sci. USA 82:8648. O her hya Egcwﬂde
t hose described by Paulus (1985) Behring Ins. Mtt. 78:118- 132; Q an et
al (1985) Science 229:81-83; and dennie et al. (1987) J. Imunol. 139:
2367-2375. A | arge nunber Dcoupl I ng agents 25 for D)tldes and proteins,
along with buffers, solven® and net hods of use, described in the
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ypeptides that contain carbo g oi,ned to |lysine
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The cell sample is exposed in vitro to a fusion protein or a conjugate described

herein. Following a period of incubation between the cell sample and the fusion

protein or conjugate, e.g., 6, 12, 24, 36, 48, 60, 72, or 96 hours, a determination is made
20 as to whether a Thl-like response has been elicited in the cell sample. A Thi-like

response can be detected, for example, by measuring the production of particular

lymphokines, e.g., [FN-gamma or TNF-beta, by the cell sample. Altematively, a Thl-

Iike response can be detected by assaying for cell surface marker expression, such as

SLAM (signaling lymphocytic activation molecule), or for cytokine expression, using a
25 variety of techniques (for example, flow cytometry).

In one example, pooled, unfractionated splenocyte cultures containing naive
lymphocytes are prepared from a mouse and are piated in tissue culture plates.
Methods of isolating and culturing splenocytes are described in Current Protocols in
Immunology, Coligan et al., eds., John Wiley & Sons, 2000. Cultures of splenocytes

30 are then exposed to different concentrations of a test protein, e.g., 2 recombinant Hsp
fusion protein, Hsp, the antigen alone, or another antigen-containing fusion protein, for
a time that is sufficient to elicit a measurable IFN-gamma response against a standard

antigen-stress protein fusion protein such as, for example, HspE7, described in patent
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hydr oxy succinim de ester) or esters conjugated in situ by a

carbodi i m de-medi ated reaction. The same applies to lisps containing

sul fonic acid groups, which can be transformed to sul fonyl chlag pgg

react with am no groups. Hsps that have 20 carboxyl groups can A ned to
am no groups on the polypeptide by an in situ carbodiimde nethod. Hsps
can al so be attached to droxyl groups of serlne t hr eoni ne resi dues,

or to sulfhydryl gr oups cyst ei ne residues. ‘ltlon to conjugates of
two pol ypeptld e.g., a Hsp and a heterol ogous pol ypept d
conpounds CXROHM3M44 st ucted containing a non. ‘pept i de corrl:)c'?zusgb/y%b
covalently linked to a pol ypeptide at |east ei ght am no acids in |ength.

hetero Xpﬁ9%‘*“"??”‘?3’?93’3“65’2*??‘%’”‘“’&“?"?“’”“““ mwm‘m 0"t usi on
gous pol ypeptides des | p fusi

protein or owmoeéampeﬁ& Brofgf n’gﬁgﬁh f)‘f i3 8’%@%@“?‘} i's hybrid

conpound i B¢ &%ﬂiﬁﬁﬁﬂldmymﬂﬂhymmmmﬂem ogs, nucl eoti des,

nucleotlde an anic or inorganic 30, ¢co nds ha in ecular
wei ght | ess thaﬂkealﬂtnﬂfﬂsi@wséﬂﬁﬁ%ed WrFﬁY‘?Jﬁ‘ Y ?%écétﬁh Bout

1,500 and 100 a;iscsgfeéﬁ{mﬁ é’? ][ynﬁﬁl%oﬁé‘&élﬁ to &°H& fasioR Bﬂ)téiﬁ hﬁhuch more

phar macelt (BT ornms of such non pepti de corrpounds 17 X3.1
DEC 200; &m&rmamﬁmwewmm@mpmmewfsdﬁ%@ issi 8| - Li ke

Activity Cell  sanpl.es.cont fotdth 8iheF @gn hr om any
mammal , e agmixtyre %&gtégmiagﬁﬁqs?,gggﬁgio\ﬁgbg{a{ém %u?}ﬁa%%artld are plated at an
appropri at q.l,,genm ty in one nore tissue cuI ture plates. A naive

| ynphocyte i5s a ly hoc e, th t has,not in vivo or
in vitro) to théI"lFGﬁaXH vER D(%begsegtffﬁl}lééﬁﬁﬁ '{nypept Bes that are
j oi ned i ?ﬁgee,,i(bsg O3 aljudlit§ icontrod kdsay) or comjpaze dﬁMpmmumwﬁélspn vitro
assay. e ce

. sanp can be derived from an v I mary or
secondary Ifwmmm%rﬁﬁwm?@%ﬂ%@‘B&ea?ﬁ“ﬁﬁgﬂﬁmmﬂdea@ig‘lr een, |ynph
node, peri %ﬁ%%ngbg%cm@%‘cuvﬁﬁtwwwel‘midiWWBstan'Uaﬂlumhpt. of fusignal so be

om a

derived fr sue 1 n the body 1Q containj such as
the lung, rpestpinmaepsrations.aEhe assay apayisede ysed to HR"‘”%X%MI{V%@E“ br onchi ,
etc), and aw %.?,hsrud&aﬁ%%s waﬁ%hm%ﬁmwhpﬁneteeﬁdmd&ammﬂarl ynphocyt es

selected f apT cells ar}‘l ¥ ; cel | The cel |
sanpl e ¢fan datgei suesuednhcamymbeaseéﬁo tephdifferen) fasipns ge'l:el | type

or cell and different types of Hsps or Hsps of different origins. Furthenmore, the assay can be
used to test a series of different candidate antlgens, to identify the antigen that gives
rise to the most pronounced Th1-like response when fused to a Hsp.
The assay can also be used to identify regions in an antigen sequence or an Hsp
A 20 sequence that are primarily responsible for eliciting a Th1-like response and thus have
! therapeutic potential. To identify such active regions in an antigen, fusions containing
individual subregions of the antigen fused to an Hsp can be prepared and tested in the
assay of the invention. To identify active regions in an Hsp, fusions containing
individual subregions of the Hsp fused to the antigen can be prepared and tested. These
25  determinations will provide the basis for the construction of shortened fusion proteins
comprising subregions of antigen and/or Hsp that are sufficient to elicit a Thl-like - -
response. Fusions containing subregions of a Hsp and/or subregions of an antigen can
be tested by comparing the elicited Thl-like response to that induced by a full length

fusion protein with known activity, e.g., HspE7.
30 The fusion proteins described herein are useful in assays for screening
compounds for their effectiveness in stimulating a Th1-like response. For example, the

Hsp fusion proteins that were found to stimulate IFN-gamma secretion in the in vitro
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types. In addition to naive |ynphocytes, the cell sanple can optionally
I ncl ude naive 15 antigen presenting cells such as macrophages, dendtritic
cells, and/or B cells. The cell sanple can optionally includegcfﬂnEQiZNBs,

e.g., atransformed T cell line or a T cell clone. The cell sanple is
exposed in vitro to a fusion protein or a conjugate described herein.
Foll ow ng a period of incugati on between the cell s e and the fusion
protein or conjugate, e.g. W6, 12, 24, 36, 48, 60, » or 96 hours, a
determ naticw io?m@fie 20 as to whether a Thl-1ike responsepdyagsiossiis
elicited in tHaCe sanple. A Thl-like response can be detected, for

exanpl e, by measuring the production of particular |ynphokines, e.g.,

| FN- ganma osss@iNanlbetused dsycontiads toctest candigatecompopads far thei ggl,llwatomducf i ke
response can be de e?t ed by assaying for cell surface marker expression,
such as SL%SPE?EJ‘%%W ng | ynphocytic activation nolecule), or for cytokine
expressi on, usi Nhekyslemvizsdribed hatintferchimuiptiog a(Fhdrlikexespphss,in viowas Pe onet r y) .

| yrphocyt et b isdvatre A Lodl ot v R v iaplafioffed b FRAAAL.OMRE 0 e ve
pl at es. %@gggfu&hlif&q&@ﬁﬁgl&xﬂm&n@mdﬂﬁ@B}p&dﬂﬂiﬁ;ﬁt@ﬂ&immiescri bed in

Current Pro s 1n [Imunology, Coligan et al., eds., John Wley & Sons,
2000. Cul t uresponsé anshandnafieiens THd respensthen exposed to different

concentrations 59 b hskd t8iddnti il 8dn reglate fatThil dikepr ot ei n,
Hsp, the anti ge(rz{'%ﬁaacf%\%,sémm idintify®ofmB6Rigs

or anot her ant%ge.n-qqntai,ni,n f sig‘g, rotein, for

a time that résporself Compesmds ¢aa beiscrepnedforipais ahilipy) te ﬂhﬂﬂi WL PRNER- agai nst
a standard , gnti - QLT r i ' i ' G maser Sigfilactoapl e,
oper. " descirinied THh- e rERPnd B Rmish T Riietdhad el e e
appl i catpon RhQTREIR, armol entraptathe Thi-like respamseindnesd by Jep gk | owi ng
exposure of the cell s le 1ot t | I N}ﬂﬁ evel in the
ext racel | ul BYOLGR(Ar ARY °'$g’p Qﬁ%‘?‘@rofﬂ%ta agt:llhr?gﬁ ng]hgluclg Fggﬁg‘e(}gsay g‘ﬁ% ﬁi as an
| FN- gamma Egéo&‘%n). Rasbitdry cthpdunds mag by ssefid setréah eonditéons wharacteriged by an
| FN-ganma rel ease elicited b 5 .exposure of - r node
cel |'s to aninappropripie Thl Frspans 'ﬁ'ﬁ"é”'ﬁﬁ'&'ﬂ%ﬂmﬂga aétﬁkﬁrﬂ%{élg%st%&hgh T £a\t i nduced
by eXpOSUfeiﬂ.ﬁ?&me.%ﬂbfﬂﬁmnhbﬁeiﬁgenkﬁ&slﬂ&nemfusiﬂm‘protainstcaehﬁm-ure of antigen

a

and Hsp, or usi on between anti gen and, a pyotein_other a Hsp. The
assay o0f15t hpresensipg e¢llsror @hFiresRpILdy U“ﬂﬁ@ﬁgiﬁ’%e%?@ﬁ??‘ggi ‘ga%%gf an Hsp 10

fusion prot .r{:]?nqigﬂfollo@?. A cBlt SdrhpI¥ coRprising nabRIpiphoeytes ixvpixed withfaf er ent
preparation§ 0 p .
fusion protein or conjugate that is known to induce a Thl-like response, e.g., IFN-
gamma secretion. Compounds to be screened as potential inhibitors are added to the
cell culture either before, afier, or simultancous to the addition of the fusion protein or
20 conjugate. The effect of the compound on the induction of a Thl-like response, €.g., as
! measured by IFN-gamma release, can be determined by comparing the response to that
obtained when the fusion protein or conjugate alone is added to the cell sample.
In a similar manner, compounds can be screened for their ability to promote a
Thi-like response. Any compound can be screened for its ability to regulate a Thil-like
25  response, including both peptides and non-peptide chemicals: These compounds
include, but are not limited to, peptides, peptidomimetics (e.g.; peptoids), amino acids,
amino acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide
analogs, organic or inorganic compounds having a molecular weight less than about
5,000 grams per mole, and salts, esters, and other pharmaceutically acceptable forms of
30 such compounds. In this case, a cell sample comprising naive lymphocytes is contacted
with a test compound. The effect of the test compound on the induction of a Thl-like .
TESpOnSe, €.8., a8 measured by IFN-gamma release, is then measured and compared to a

control (no test sample) or compared to an Hsp fusion known to stimulate a Thl-like

20



fusion proteins. The neasurenents taken in the assay constitute a nethod
for identifying a particularly active batch or to elimnate substandard
bat ches of fusion protein preparations. The assay nay al so belu‘ tzg{ﬁ
optim ze production procedures, storage regines, etc. In caseS in WhICh a
maxi mal Thl-1ike response to a particular 15 antigen is desired, the assays
can be used to test diffgrent fusions between the tigen and different
types of Hsps or Hsps olaifferent origins. Furth re the assay can be
used to test a series of different candi date antigens, gsv%g
antigen thaWo@MM3¢ rise to the nost pronounced Thi-1i ke response

fused to a Hsp. The assay can al so be used to identify regions in an

antigen Se%%ﬁ& %1( éhn&Qsﬁﬁﬁ@ﬁﬁﬁgﬁohdtcompemnBMcMQemﬁponsl ble for
a -l'ike res

eliciting ponse and t hu thera eut i .C ntial. To

i dgnt ify smrﬁeanlﬂl&grﬁ?@ﬂ% i’ggﬁ‘\ﬁ\kﬁ;‘%ﬂ? liﬁ}gzﬁ’wg;dhvi du;alh
subregi ons 0 e 4 96,8098 O, 61B0° ed in the
assay of tH&H ﬁ%%’?%“%?sﬁggﬁ a{ﬁaﬁ% e 4

ion actlve regions in an 'HH”B f usi ons
contai ni ng mﬂdinumd-uqionsa.ﬂude@dcbusn Eh@'%[ﬁ“ﬂﬂ%&* qus embgd f’ can be

d_and test The f
Phe. const: (emRaRn P PIHaAD feh s pASE) BgRimtind, it I

usi o risi ngh subr egi ons of
anti gen an%géomampmemmmmmﬁdcdepsmttcoamdto gdzagmeBtobnse.

Fusi ons contai ni ng subre ns of a Hsp and/or subregions of an antigen can
be tested RNAGABS ?‘i"ﬁﬂ""cﬂ%@ %€M cited Thi-1ike response to that induced by a
full length fusion protein with known activity, e.g., HspE7. 30 The fusion
proteins described herein are usef

| i ds f
t heir ef f ecti venesEhe following are £Xanp ?f"lfﬂ\e%sr‘l‘s‘i%§8°{lggg‘ogﬂn%ﬁn?ﬂ?yegg gn {'Sheor

Hsp fusign Hiti UBﬂﬁbew&ﬁtidﬂﬂ:ahﬁwal\l- gamma secretion in the
in vitr 8 3’%“%5503 l¥/%I!]01/ 4344 PCTNS00/ 18828 assay can be used as

controls to test candi date conpounds for their ability to produce the sane

effect. The system descri bed herein j;%m@eg mul ating a Thi-like response in
vitro can be wused to generate activate | cells ex vivo for
reinplantation into an individual. This 5 may be useful for treating

condi tions har act er ig ol by GRvwik thd'eai Lysivfol PFrodagion®F Refsiibimt Prutcins
insufficie an_als npounds
that cansregul at® calistrhins BLm;(Dmg hE@BWQMﬁ@sW%WeBQS 8’83’8 rfé{jﬁr
their abill }e%:/ox';xgmalmq r}yro%l}l p?ondutﬁ&x. (With! (R exRbRioR 0FPET6S, which was transformed
into BL21(DE3) pLysS (Novagen). BL21(DE3) pLysS cells harboring pET65 were
grown in 2xY'T media (20 g/L tryptonc; 10 g/L yeast extract, 20 g/L. NaCl; Milli-Q™
guality water) containing 30 pg/ml kanamycin and 34 pg/ml chloramphenicol, while all
\ 20 other transformants were grown in 2xYT media containing 30 pg/ml kanamycin. All
! bacterial cultures were grown in 2 L shaker flasks at 200-400 rpm to OD¢o¢=0.5 and
then induced with 0.5 mM IPTG for 3 hours at 37°C. Cells were then harvested by
centrifugation at 4°C and 4,000~ 8,000 g for 5 minutes, then suspended in 300 ml of
Lysis Buffer (10 mM TRIS-HCI, 10 mM 2-mercaptoethanol, pH 7.5), lysozyme was
25 added to 200 pg/mL, and the suspension mixed and frozen at -70°C.

To purify the recombinant protein, the cells were thawed using a 37°C
waterbath and proteinase inhibitors were added (2 pg/ml aprotinin, 2 jtg/mi leupeptin, 2
pg/ml pepstatin and 2 mM PMSEF). The cell suspension was split into 50 mL samples,
stored on ice, and sonicated 3—4 times for 30 seconds at Power-Level 5 - 8 (Sonicator
30 450, Branson, Corp.). The supernatant was separated from the pellet by centrifugation
at 35,000 — 60,000 g for 10 —20 minutes at 4°C. For soluble proteins, the supernatant

was kept and processed as the Soluble Fraction. For proteins found in inclusion bodies,
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I nduced Thl-1ike response, or to pronote a Thl-1like response in a nmanner
simlar to a 10 Hsp fusion protein, or to enhance the Thl -1like rﬁéﬁoﬂﬁg

i nduced by a Hsp fusion protein (or any other protein found td

manner conparable to a Hsp fusion protein). inhibitory conpounds nay be
useful to treat conditions characterized by an inappropriate Thl response,
e.g., inflammtory and autgiamune di seases. Potenti'al inhibitors (e.g., of
bi ndi ng of antigen-stress otein fusion proteins toTantigen 15 presenting
cel I's or of wexo104d4 pr ot ei n f usi on- enhanced anti gen processP 835
screened as follows. A ceII sanpl e conprising naive |ynphocytes is m xed

A o Vb Rkl MasischRBhUBPE pb sk iR sl e BBy |

response, S to De screened as potenti al
i nhi bitors caﬁ@u@;gdpm iixea,tlfﬂs(v/c)dfritomm-hom eThsirepndtingyexbre wagthenr  or

ot fect of - turiBiation A d0C OO IEt | G2 BRnBleHrAE 0 el o) T2
measur ed by Jgﬁ]#e‘gamglﬁ*ﬁ%s&ssom& ¥§@@'maﬁdmmgmw I'Img;mbmm:esponse

to that e fusion ein or conjugate alone is added to
the cells smlm&nﬂﬁu@rﬂﬁﬂfmﬁﬁn@@%’ﬂ%%@@oc 0Pz apd Be RERFPEE t hei r

ability to [ om)te Th|-||k resp & screened for
its abilit é“PoFfﬁﬁlﬂﬂ ?gaf)%é ?esponse | hﬂﬂ’&g. n &ﬁot h peptides

and non- pepti de chem cal's; These conpounds incl ude, but are not linmted to,
pepti des, peptidom netics (e.qg., ] . a no aci d anal ogs,
pol ynucl eotBExdmple 2 Preduction efdiccgmbman S Atrereot i de  anal ogs,

organi ¢ or inor %P&}ﬁ'i?ﬂ Wa%o:%uﬂ&b@&ufoabwwmﬂm bz BCBan about -
5:000 grans per%ﬁ%‘?&" and salts

accept aby e Hspbsreoding wumnvagé’@d;;t!g di and Otl?&(é’%gd%&%eyzg%# Ly

conpri sing _naiv ?‘m'ﬁm woset 5 TT e ef fect
of the testﬁmgatxgpgzﬂ% |dr’1etgju§ e g%q?ﬁa};‘gﬁim&se onse e.g., as
neasur ed byGEEWTHGOT AAGAEA ATEGORH; FEQIDMNQ: 1) epp 'Eé contr ol

(no test sanple) or. cC ared to a L m@m§¢GMW Thl
“like 0 f| codomatandco BEW% Zﬁﬁ &i’?ﬁ’g 49117%;0 USOO 18828 res onse Thi s

assay can heroeadr 600 HeSEQ TP Nex2ptontxmsraihed sith downsingamof g d
by the- 15 ormodom e Gl Praggwisdigesie W Neol SRV punted AEPREASHo %:%”“'Oft ed
80% the | &Aygp{NdViBen) which had been cut with Neol and Nhel Plasmid pET65 encodes
the M: bovis BCG Hsp65 protein, abbreviated Hsp65. The nucleotide sequence (SEQ
ID NO:3) coding for expression of Hsp65 (SEQ ID NO:4) is shown in Figs. 1A-1B.
The Hsp65 protein was purified as follows. The Soluble Fraction was prepared
20 as described above from E. coli BL21(DE3) pLysS cells transformed with plasmid
) pET65. The M. bovis BCG Hsp65 protein (Hsp65) present in the Soluble Fraction was
purified by the following chromatographic steps: SP-Sepharose (200 ml column,
Amersham Pharmacia), Q-Sepharose (200 mi column, Amersham Pharmacia),
Sephacryl S-300 (500 m! column, Amersham Pharmacia) and ceramic hydroxyapatite
25 (HAP; 100 ml column, Biorad). Purified Hsp65 was exchanged into Dulbecco’s
modified phosphate buffered saline (DPBS)/15% (v/v) glycerol and stored at - 0°C.

Example 3: _ Production of Recombinant HPV16 E7 (E7)
A plasmid encoding HPV16 E7 was constructed as follows. The HPV16 E7
30 coding sequence was PCR-amplified from pSK/HPV 16 (ATCC) using primers w280
and w134 (w280: CCA GCT GTA ACC ATG GAT GGA GAT (SEQ ID NO:5) and
w134: AGC CAT GAA TTC TTA TGG TTT CTG (SEQ ID NO:6)). The PCR product
was digested with restriction enzyme Nco 1 and EcoR I and purified from an agarose
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maxi mum r esponse i nduced by an HspE7 fusion protein. In one enbodi nent, the
5 conpound is preferably not a naturally occurring conpound. |n another
embodi ment, the conmpound is a peptide, wherein the peptide doe$d hdiEC 2003
correspond to the fragnent of a naturally occurring protein. The foll ow ng
are exanples of the practice of the invention. They are not to 10 be
construed as limting thg scope of the invention igaany way. Exanples
Exanple 1: Bacterial G h and Cell Lysis for Pr ction- of Reconbi nant
Proteins 1 | strains BL21(DE3) or BLR(DE3) (Novage d as

t he host fo?"(g?]{oc‘?gconbi nant protein production, with the gﬁ%ﬁ‘?‘éﬁ’c’gf
pET65, which was transforned into BL21(DE3) pLysS (Novagen). BL21(DE3)
pLysS cel | sgdiamhe pinifiedPUR prodectavas igated td pET2R Thatimdibecn(@evigusly t r ypt one; 10

g/ L yeast extracj,. g/L NaCl : | i.- QTh ual it ter) .cont.aining 30
pg/ n kana%ﬁ%ﬂﬁg%ﬁﬁaﬁf M?F'%MH 10 ?{‘ég‘%’l o8t 'e?aq'
transf or manbgrsHPhS asd PitiveRlchssdontithg (HeHIFVAIGE M@ndis0were stlactadryci n. Al |
bacterial cultures were grown in 2 L shaker 4I asks at 200-400 rpmto

OD6000. 5 ankrsed pwdisgpertic sstrigtion digestion\fingpinétiaf grstrigh 51§ (Vag opr s were

t hen haryges o #,gsa(; ﬂreagfgné’; reihéterhnd SPminaflerfeRiods.f DNAPofM Nut es,
t hen suséen%’ggwsegcﬁ)gxmﬁdah% Lﬂfgi s Buffer (10 nM TIRI"IaS- HCl ¢ le \Y

2-mer capt oethh sonfirmediconstept, names pEAE7 (IH), was the intedresd by Glesoparationng t he
suspensi on mi xgd, a r : | KRBy s fgfotein, the
cells were ﬂ%&cgﬂt%gﬂéﬁ%)' \A’I/g'tgg?%g‘?ﬁggn E%Cftcgtgg?lrrlgse in‘ﬁ’ifabi %rs wer e
added (2 g/ eipraspioniof E7(SEQ IDNQ:8)iespptinFig.2. g/ pepstatin and 2 nM

PMSF). The cel | suspReps) S i t.4nt pape] on ice,
and soni cated Bflhe[sﬁgrgié E@P%" ?gic%'%bﬂsega ﬁﬁ@v\w’gr_ Tﬁg\gﬁe}fﬁé&“@&%ﬁi cator 30
450, Br 39S Ofrepdred & descrited abovedroneL.aouli B2 (BE})aelis teahsformed wiileplaeidet by
centrifugation at 35,000 - 000 for 1Q 20 m.nutes at 4 . sol ubl e
pr ot ei ns, t?@%@?ﬁa?ﬁﬁ&v\&gg"%ﬁfﬂa‘ﬁﬁ Pb’PgE% AL ﬁglé C%gfﬂ'al(}:%?g&&? acti on.
For prot ei ng sP'{%lgcﬂﬂlrdsBFiOOSﬁl%hhﬁﬂh@m hath Fharmdof); Shp@dex 2000(26/6004 344
PCri usooi i ssZs he supernat ant, was, (i scay ded .and ell et. was washed
with Lysis mrm@ﬁb%ﬁmm%m}ﬁ%nﬁgmwg?‘%'@( i ton X-100).
The resul tigig oSk irRled@hatiifig conaRtiohs Wit Garid] Gastaigsontaithe 2%50/900 g for 10
-20 m nutes at 4C’and the_ supernat ant e e _
15 Triton X-100 followed by serial washing to remove residual Triton X-100, and the

pooled fractions containing HPV E7 protein were then dialyzed overnight against 30

mM TRIS-HCI, 1 M NaCl, 1 mM 2-mercaptocthanol, pH 7.5. The dialyzed p;otein

was further purified by Ni-chelating Sepharose (75 ml, Amersham Pharmacia) under

denaturing conditions with serial washings containing 2% (v/v)Triton X-100 followed

20 by serial washing to remove residual Triton X-100. The purity of the protein was
checked by SDS-PAGE, the appropriate fractions pooled and dialyzed ovemnight at 4°C
against DPBS/10 %(v/v) glycerol.

Example 4: _ Production of Recombinant Histidine-tagged HPV 16 E7 ((W)E7)
25 A plasmid encoding (h)E7 was constructed as follows. The HPV16 E7 coding

sequence was PCR amplified from HPV16 genomic DNA (pSK/HPV16) using the -
following primers. The forward primer (w133: 5 AAC CCA GCT GCT AGC ATG
CAT GGA GAT 3’; SEQ ID NO:9) contains an Nhel site upstream of an ATG start
codon. The reverse primer (w134: 5° AGC CAT GAA TTC TTA TGG TTT CTG 37;
30 SEQ ID NO:10) contains an EcoRI site downstream of a TAA stop codon. The PCR
product was digested with Nhel and EcoRl, purified and ligated to pET28a which had
been cut with Nhel and EcoRI. pET/H/E7 which encodes the HPV16 E7 protein
containing an N-terminal histidine tag, abbreviated (h)E7, was used to tr_ansform E, coli
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di scarded. The pellet was dissolved in Lysis Buffer containing 8 M urea.
This mxture 5 was then centrifuged at 4C for 10 - 20 mnutes at 35 Oﬂﬁ
60, 000 g and the pellet was discarded and the supernat ant sto3édD§t %C
as the Inclusion Body fraction. Exanple 2: Production of Reconbinant M
bovi s BCG Hsp65 (Hsp65) A plasm d encodi ng Hsp65 was constructed as
follows. The M bovis BCG g0 Hsp65 codi ng sequence PCR anplified from
pRI B1300 (van Eden et al. 988) Nature 331:171-173using the foll ow ng
primers. Thewbotogsd priner (w046: 5 TTC GCC ATG GCC AAG RECRUSH/ISEREG 3' ;
SEQ ID NO 1) contains an ATG start codon at an Ncol site. The reverse

Pont ai s anBRAIGEL Fpl Thsateias LebertdRSROTD 0 Fdink for Miglessigloe ™)
Which b b N el and Nney . by asmid neres encodos. —the M. bovi &
BOG Hsp65 pr ot ei ﬁhe %‘E)?B‘W’&’c W as ‘?‘1%18 ﬁ&ﬁ%@ﬁ“&‘&“g’é’aﬁgﬁ?@é NG | D

NO 3) codi n?reiy%d %&E&&ﬂfeﬂ@ﬂoﬁﬁ&ﬁ@ﬁ&liﬁﬁﬁ(bmj\@léhmﬁorﬁhﬁmmpladfmds | A-1 B.

The Hsp65 ein was purified as follows | ubl e Fraction was

pr epar ed5 ZpE'ﬁﬂi/Ebs'EhQ dermngd histiding tagged EBMW BIZH‘(‘E)Eé )E\rreseptap the

t ransf or ned 65
oresent in ot oS Rafhiond Vs gu‘imﬁwas p{%@t&%@&f@gﬁ%ﬁy fisp65)
chr omat ogr aalulmngtseﬂwo@@(&;p Hemershan Emmmm)dmﬂmatum&qmdamnw&hnacu a)

Q Sephar ose O-nil c y%@H = 300 (500
col uﬁn Amref é'ﬁ'g ik n&nﬁngm@r am C%f@ﬁgf;%pa i tehz ! HRP: 100( m

_cgl um; tBl gfsiad)vff erdamall‘denmmB)BmdenEmmgmiolded on tha Fésocanet @utedvbada; |0 gd
phosphat e bu salin

Exanpl e 18: ég‘b ’Fé’eg'gﬁ’ﬁt i’aﬂ{{%ﬁg@ﬁ?&%@‘ﬂgﬁ Ig%%g goéﬁ(%’c‘)' ing HPV

16 E7 was cgRedrbruICt ed as follows. The HPV 16 E7 30 codi ng. sequence was
PCR-anplifiéd frompSK/ HPVI6 (ATCC) using prinmers w280 and wl34 (w280: CCA
GCT GTA ACC ATG GAT GGA GAT (SEQ ID NO.5) and wl134: AGC CAT GAA TTC TTA

TGG TTT CTG;&% éDNQF ,ga‘)c,,o,r BPR&Gﬁ’abE&{aﬁﬂgv 16\87s- Mi 5sBOG\@Fsiogst ri ction
enzynme Nco pur i roman agarose 22 .3 1 DEC 2003 WO
01/ 04344 PCHYouHOMIspEAP 8 gel The pur i fi ed PER product was ligated to
pET28a that had Rﬁfa@mm &bbBHg H¥pE7 was constructed as follows. The M. bovis BCG
Hsp65 coding sequence was PCR amplified from pRIB1300 using the same forward
primer (w046) as for pET65. The reverse primer (w076: 5° CGC TCG GAC GCT
AGC TCA CAT ATG GAA ATC CAT GCC 3°; SEQ ID NO:13) contains an Ndel site
upstream and an Nhel site downstream of a TGA stop codon. The PCR product was
20 digested with Ncol and Nhel, purified and ligated to pET28a which had been cut with
) - Ncol and Nhel.
The HPV16 E7 coding sequence was PCR amplified from HPV16 genomic
DNA (pSK/HPV16) using the following primers. The forward primer (w151: 5° CCA
GCT GTA CAT ATG CAT GGA GAT 3°; SEQID NO:14) contains an ATG start
25 codon at an Ndel site. The'rev.cr.se primer (w134: 5° AGC CAT GAA TTC TTA TGG
TTT CTG 3’; SEQ ID NO:15) contains an EcoRl site downstream of a TAA stop
codon. The PCR product was digested with Ndel and EcoRl, purified and ligated to
pET65C which had been cut with Nde 1 and EcoRI and the resulting plasmid
(pET65C/E7-1N) was transformed into E. coli BL21(DE3) cells. pET65C/E7-IN
30 encodes a fusion protein consisting of Hsp65 linked via its C-terminus to HPV16 E7,
abbreviated HspE7. The nucleotide sequence (SEQ ID NO:16) coding for expression
of HspE7 (SEQ ID NO:17) is shown in Figs. 4A-4B.
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- digested with the same enzynes. The ligation reaction was used to transform
E. coli DHSal pha and putative clones containing the HPV 16 E7 gene insert
were selected based on diagnostic restriction digestion. Thi % ; U 3003
restriction analysis was confirmed 5 by DNA sequence anal ysi s entire
gene, pronoter and term nation regions. DNA of the confirmed construct,
named pET/E7 (NH), was en introduced by electrogmration into E. coli
strain BL21(DE3). The na eotide sequence (SEQ I r 7) coding for
expression _of E7 (SEQID NO8) is shown in Fig. 2. The HPYc1/GsdosgEsot ei n
was purrfr&P%r‘é“? |l ows. The Sol uble Fraction was 10 prepared as descri bed
above fromE coli BL21(DE3) cells transformed with plasmd pET/E7 (NH).
The HPV 16 E7 prigdHi memtwasfpunﬂedngsfolﬂnwﬁ anm@mmylgm%@m greRpetc  steps:

Q Sepharose (100 nil co 200 (26/60
col um, Ames I?H?Yfatlﬁqng% ""Q‘ﬁﬂ?ﬁ %%b%}'p%gyg? i1800 n , Amersham

Phar maci a) GSIWB(BﬂﬂxﬁQSpMeiﬂ(}kaT)qiremntshﬂmﬁ@ hbdmt ai ni ng 2%

(v/v) 15 TPFion 100 foI | owed. by, se i al o) dual Triton
X- 100, andFtahnon\pmweﬂPlﬂé‘ﬁ fgllewing & SF‘FIP Qﬁ@gﬁﬁ o eI n. vvere t hen

di al yzegt o fi‘é er%?&p%k}’r}g{ }éﬁtmmoﬁé—@oo ml cMuthAmeﬂshaﬁw{IPharmacla)

2-merca

The di al yzed prote s further (g ,l,b I ed by
Ni - chel at i am@e&cbharosne(lml edlummp Amersham E‘P?&'r“ ?fﬁﬁ‘é' P’ng

conditions with ser R 2}&@&,{\@ Séphafdse‘coliiin idl | owed 20
by serial GHERYEgY "‘F' e %%W@ﬁﬂ&? Irlrbgrﬁ1 X- 1 ¥80 érTe pterlt of the

protei n Wage &esde&ﬁmgﬁmmm(amﬁcapmmlm@waa@ﬁ%ﬂ@dﬂ | ed and

di al yzed overn| ht 0 %¢vlv) glycerol. Exanple 4:
Product i onDBBS c’b(?gr’)rélfff‘qi—lrg'é‘[{l g:"?glgég-ed HPV 16 E7 ((h)E7) 25 A plasnid
encodi (h)E7 was constructed as follows. The HPV 16 E7 coding sequence

was P arrplrfred from HPVI6 ¢ gﬁrprq;gléﬁr;ej:usﬁﬁlow ng
prirTErs TExamhiple &; Progduction o Rgcom 04¢ | o ng

3'; SEQ | DpNGLiR piggyns an Nnel site upstream of an ATG start codon. The

reverse pr AGC GAA TTC TTA. T SEQ I D
NOV10) cgnt ai nspBFME4EE] 15@&‘%9&@9‘"@&&%%&?%{'%&%@5@% &%)]he SCR

\% PSECL a\c/ivas glﬂ'g %%&Bfﬂ%%bfaﬁ %Imb%ﬁgrl&%QE&aInHBVRVI e'dl‘%an%ghﬂpéﬂ to pET28a

7' br ot B n prve wilh TGPl GAHGS #1138) Brseerbaierred s B FReBORRES (1 s
used to tr ?ﬂpﬁ& "The plas%ﬂh ivad Bandformelifnte 206l BL21(DE3) cells for protein
production and purification. The nucleotide sequence (SEQ ID NO:18) coding for
expression of MT40-E7 (SEQ ID NO:19) is shown in Figs. 5A-5B.
The MT40-E7 protein was purified as follows. The Inclusion Body fraction
N 20 was prepared as described above from E. coli BL21(DE3) cells U'ansfonned with
) plasmid pETMT40E7. MTA40-E7 protein was purified using the following
chromatographic steps: Q-Sepharose (100 ml column, Amersham Pharmacia), Ni-
chelating Sepharose (70 ml, Amersham Pharmacia) under native conditions with serial
washings containing 2% (v/V) Triton X-100 followed by serial washing to remove
95  residual Triton X-100. The purity of the protein was checked by SDS-PAGE, the
appropriate fractions pooled and dialyzed overnight at 4°C against _DPBS/25% (viv)

glycerol.

Example 7: Ovalbumin (OVA)
30 Ovalbumin (Lot # 37H7010) was purchased from Sigma Chemicals and purified

by chromatography using 20 mL of Con A Sepharose (Amersham-Pharmacia).
Fractions containing the purified product were pooled and dialyzed overnight against

DPBS.
25




WO 01/ 04344 PCT/ US00/ 18828 BL2l (DE3) cells. The nucl eoti de sequence (SEQ

| DNO 11) coding for expression of (h)E7 (SEQ ID NO 12) is shogsn mdzlﬁ 3.
The (h)E7 protein was purified as follows. The Inclusion Body A r?%s
prepared as descri bed above fromE. cols BL21(DE3) cells transfornmed with
plasmd 5 pETIH E7. The N-term nal histidine-tagged HPV 16 E7 protein
((h)E7) present-in the Inclusion Body fraction was purified using the

fol |l ow ng chromat ographic steps: N - chelating Sepharose (60 m, Anmersharn
Phar maci a) under denaturing conditions with serial washings containing 2%
(v/v) Triton X-100 followed by serial washing to renove residual Triton
X-100. Bound (h)E7 was refolded on the resin and eluted by.a 10 50-500 nmM
i m dazol e gradi ent. Purl fi ed (h) E7 was d| aI zed agai nst DPBSI 25%,(v/ V)
gl ycerol . Exanpl eEx@mplps; ‘ pf Regong : gpog-Dvalby .
Fusion Protein (pdspf s pI asm d encodl ng HspE? was. construct ed as
follows. The M Dbovis Hsp65 ng sequence ified from
PRI B 1300 using the sé‘rféasf“b‘?%é?dde%%PbY?e‘FasfaBﬁweda“é’jIBWCR%‘ng]I lengfle rever se
primer (wW076: §' &idkenldabGGE-GEg sehlidnceTah exaistd A pEvE VAT RIIOATe 1@@2&3 SEQ
| D NO 13) contains,_an. Nde stream an Nhe m of a
TGA stop codon. ‘I‘H\‘-ﬂe?’@RaB‘%l 6‘5\56&% n 3478 ‘ﬁgnﬂﬁaewrfcﬁksf@olﬁ)%(gg%ﬂ PL or.
purified and |i gakp@ssion opEmaEQ/mDm :’rsaui sharin €igt 6.Whe purifisit pledgheasNhel . The

e, £ o v SIS AT G LR B oA ol 9 P
CAT ATG CAT GGA G#F udd;to SEGlorD NGV D) Salpharand ipwiativerelondsGonteiaing theshigksion at an
N1 S T AR e el AT CTC
"The PCR product  vieisaldesyistipeanalyis wasenfirged bEBbRIseqususe apalsis ob b ertirg sl ¢ o
CPETesG B~ Ny -k Profifer Wd GriaorlesBOfh, DRALAT v tantbtied bhmec, hﬁ?@?basé? fN
38 encodes a f usirEA 6OV ot bad fodtapsieymd “fllé%([ﬁgﬁ W}'Flémldf CWEFSr mi nus

to HPV 16 E7, ahbggyb dezh) kisdigfor eibessw@rnfﬁoxde(wmen(rﬁﬁ@mm@ 16)
codi ng for expres_ﬁ\l %1 of HspE7 (SEQ I D NGO 17) is shown in Figs. 4A-4B. 24

The HspOva protein was purified as follows. The Inclusion Body fraction was
prepared as described above from E. coli BL21(DE3) cells transformed with plasmid
pET65H/OVA. The HspOva fusion protein present in the Inclusion Body fraction was

- purified using the following chromatographic steps: Q-Sepharose (100 ml column,
20 Amersham Pharmacia) and Ni-chelating Sepharose (60 ml, Amersham Pharmacia)
under denaturing conditions with serial washings containing 2% (v/v) Triton X-100
followed by serial washing to remove residual Triton X-100. The purity of the protein
: ) was checked by SDS-PAGE. the appropriate fractions pooled and dialyzed overnight at
4°C against DPBS/15% (v/v) glycerol, followed by a dialysis against DP_BS/2.S %(W/v)
25 sucrose. '
Example 9;  Production of Recombinant Glutathione-S-Transferase (GS

A plasmid encoding Gst was constructed as follows. The kanamycin resistance-
cbding sequence was excised from pET28a DNA with AlwN [ and Xho [ digestion and
purified from an agarose gel. The purifiecl product was ligated to pGEX-4T-2 that had

30 been previously dmested with the same enzymes. The ligation reaction was used to
transform E. coli DHJalpha and putative clones containing the kanamycin resistance
gene insert were selected based on diagnostic restriction digestion. This initial

restriction analysis was confirmed by DNA sequence analysis of the entire insert



3 1 DEC 2003 S WO 01/04344 PCTNS00118828 The HspE7 protein was purified
as follows. The Sol uble Fraction was prepared as described above fromE.
coli BL21(DE3) cells transformed with plasm d pET65C E7-1N. H@)QSBEE’\Z%% E7
fusion protein (HspE7) present in the Soluble Fraction was purified by the
foll owi ng chromat ographi c steps: 0-15% amonium 5 sul fate precipitation,

Ni - chel ati ng Sepharose (Q0O0 m col um, Anmersham P maci a) and Q Sepharose
(100 M col um, Anrersha har maci a) . Endot oxi n wad® enoved by extensive

washi ng w t‘g"é’%% v) Triton X-100 on a Ni-chel ating SephacgfRonisgtdm i n
t he presenc guani dine-HO (@u-HC1l). Purifi'ed HspE7 was exchanged

into DPBS/15% (v/v) glycerol and stored at -70C. 10 Exanple 6: Production
of Reconbi nasding/equesive; promoter and-snitation Freionss DNA ¢fiihe eonfinpedgoastiucto- £7

pETMI4CE7 is a pl ' ncog ' i Corecombi ' CE7 '
conposed of "Wﬁ‘gﬂm’iiﬁq’?ﬁ}gr cu é)rgfis‘ c?lslts?gﬁn )'%%%%4) hsp40
15 protein yigubnde(SERNDNOL2Y@AingForl&pressiopolFST (SEQ TBNOR3) istshowa in

C-term nus of Hsp4O The plasmd was transformed into E. colt BL21(DE3)
cells for pFi& n production and purification. The nucl eotide sequence

(SEQ ID YO 1S) ¢RAGRY prétbin v plsfcd 8 TollwsMTAO Slible SatPionivas@repajedias shown

in Figs. 5A-5B. The MI40-E7 protein was purified.as follo ; I ncl usi on
Body fracti describgi aheye Qp@;ﬁuce'a%gl@@ém“gmmvﬂ“&fﬁs@ B%FgHngl( DE3)

cells trans ] A FieXion Wit H0rified ' GlhRthioneasgerel f i ed
usi ng the fﬁ%%ir%%&@ﬂ%%mt ogrgghﬁl}yst.egs: QﬂSephe;?ose (100 rﬁ cgl um,
Amer sham Ph@hronitegraphiyias follomisa Aipprexseaitiy 26 sl qf (HutathionpAgargse (F1BWMAT maci a)
under nativ ondit i ' | Jeai RhiRdd Hnd /v) Triton
%1100 ol | oMUy Cit FEssto) UpbhiiBlucd WAEDPES, MR dctbliny, 1) 011 200
purity aip tbeerfight withthemample etioon: terpatiarerna@shaken cThegept mpmings &ef r act i ons

pool ed and di al yzed overni ght at i ..o%ly Yoxin @hycerol .
Exampl e 7: W&‘éﬁrﬂaﬁfﬁd&}ﬂ)a%?mﬁgu”mi ﬂ%ﬁﬁd% §?ﬁ?%1 dom(/)axén phgr/chased from
Si gma Cheni gadved byl waskiing with 2%0(y/v) TritemX-300 folloyediby seja@ashingdé remaaveA
Sepharose ( gsnﬁlruzlh'lan%f 5}‘3‘{0'6& %Iinaaaly, the protein was eluted using 10 mM glutathione
(reduced form), 50 mM TRIS-HCI, pH 8.0.
15

Example 10: Production of Recombinant Glutathione-S-Transferase ~ HPV 16 E7
A plasmid encoding GST-E7 was constructed as follows. The HPV16 E7
coding sequence was excised from pETOVA/E7 with BamH I and EcoR I digestion
\ 20 and purified from an agarose gel. The _puﬁﬁed product was ligated to pGEX/K that had
! been previously digested with the same enzymes. The ligation reaction was used to
transform E. coli DH5alpha and putative clones containing the HPV16-E7 gene insert
were selected based on diagnostic restriction digestion. This initial restriction analysis
was confirmed by DNA sequence analysis of entire fusion gene, promoter and
25  termination regions. DNA of the confirmed construct, named pGEX/K/E7, was used to
transform E. coli strain BL21(DE3). The nucleotide sequence (SEQ ID NO:24) coding
for expression of GST-E7 (SEQ ID NO:25) is shown in Fig. 9.
The GST-E7 protein was purified as follows. Bacteria containing the

expression vector pGEX/K/E7 were grown and the protein purified using the affinity
30 chromatography procedure essentially as described above for GST.



Fractions containing the purified product were pool ed and dial yzed

overni ght against DPBS. 2' 5 f3 1 DEC 2003 Exanple 8: Production of
Reconbi nant M hovi s BCG Hsp65- Oyal bum n Fusion Protein (HspOv QE@SZ'WB
encodi ng HspOva was constructed as follows. The full length 5 chicken

oval bum n- codi ng sequence was excised from pET/ OVA with Nhe | and EcoR |
digestion and purified fro n agarose gel. The sequ e (SEQ I D NG 54)
coding for expression of A (SEQ I D NGO 55) is sho n Fi % . The
purified proWe&O¢i4d | gated to pET65H previously di gest ed PerUs0YV882& ane
enzymes. The ligation reaction was used to transformE coil DHbal pha and

putative cl opgsmprenyal Pioﬁﬂcﬁob%beédﬁiﬁ&n@ﬁPVW%'Mﬁk&eﬂﬁf bBﬁ?BCG’!ﬁ

sel ect ed bas€d on |agnos IC_ restrictron drgestron. L

restriction HnsienBroteinfB7-EBEG6Sed by DNA sequence anal yS| s of the entire
fusion ene. pro ahi Lo R ructEi Gy etk e
construc'?, narrgd %Eﬁ%&iﬁé\%}g’&e stv%g'%rans orm@hoézvgl %ﬁ%&l@; The
nucl eoti de se@ﬂ@muel(cswas Pﬂimmdﬁomipwvmtoﬁéé)sumgpﬁmbﬂpﬂsﬂ (SEQ | D
NO 2 1) i [

fol |l ows. ?h AQQ?MW;#G BSSQ%@J&C%WQP&@AE @%@@ﬁ Tﬁ@&“gﬂaﬂe from
F. coli BL21@@E&)G®GIA'EG Gﬂ’&r@h L?G‘Iﬂtﬁl GM‘WIEMGA;GMA(SBQ TS NO2VH). Tlfi‘@PERpO/a
usion protein present in.t ngl.usi on racti on wa rified using
the fol | owi nBFOdNGt3vas GIRGHtes With res gn%g%rl @%“I@BEWF _
Aer sham Phaggiaese 3b1. e ptified BCR bt d@8ct SR HRAeS fb § @fs'as E&Wssb Wmm a)

under denat uri ng condl tirons with serial washings cont al ni ng 2% (v/v) Triton

X-100 fol | ome@lygiyclse tinkar sequengedaserted atabal) end ekthe dh bows sp6800. The
Dol ot ard creaibbia natiateaka BleohifSRA R pmid Gupibl PPhd o | 3011 on©
fol | owed by mmmlm!me@gaan@on@mhﬂ? djha/any szﬁvmlemsemammﬂ)b e 9:
et 0 TG BT HE e it A o GBS b T,
sequence waslnﬁiat reseuttibn analysis Fa8 soiiivhediby IDNA Mubnmrmama of exmrg éwianon and
Ph e BT B Bhons S, D R ARG By, P2
reaction l\!:VaSpEIHBWStﬁ was used to transform E. coli strain BLR(DE3). The nucleotide sequence
(SEQ ID NO:28) coding for expression of E7-L-BCG65 (SEQ ID NO:29) is shown in
Figs. 10A-10B.
The E7-L-BCG6S protein was purified as follows. The Soluble Fraction was
prepared as desmied above from E. coli BLR(DE3) cells transformed with plasmid
20 pET/E7/5°65. The E7-L-BCG65 fusion protein present in the Soluble Fraction was
) purified using the following chromatographic steps: Buty] Sepharose (100 ml,
Amersham-Pharmacia), Q-Sepharose (100 ml column, Amersham Pharmacia),
Superdex 200 Gel Filtration (26/60 column, Amersham Pharmacia), and Ni-chelating
Sepharose Fast Flow Chromotography (60 ml, Amersham Pharmacia) under denaturing
25 conditions with serial washings containing 2% (v/v) Triton X-100 followed by serial
: Washing to remove residual Triton X-100. The purity of the protein was checked by
SDS-PAGE, the appropriate fractions pooled and dialyzed overnight at 4°C against
DPBS. In order to reduce the amount of endotoxin contained in the sample, it was
further purified using a pre-packed 1 ml column of DetoxiGel™ (Pierce, Rockford, IL,
30 USA) according to the manufacturer’s instructions.




transform E. coil DHSal pha and putative clones containing the kananycin
resi stance gene insert were selected based on diagnostic restriction

digestion. This initial restriction analysis was confirned by nce
analysis of the entire insert 26 3 1 DEC 2003 r WD 01/04344 @mqg8z$

codi ng sequence, pronoter and term nation regions. DNA of the confirned.
construct, naned pGEX/ Kgwas used to transform E. li strain BL2l(DE3).
The nucl eotide sequence EQ I D NG 22) . codi ng for pressi on of GST (SEQ

I D NG 23) ig?,éggw“; n Fig. 8. 5 The GST protein was purif ipggniteisgsd OWs.
The Sol uble fraction was prepared as described above fromE. coil

BL21(DE3) cells trans

formed with plasmd pGEX/ K. The GSTgrotein present in
t he Sol ubl e Exampl : 1]

: 1 Recom} ! 2 t ography as
foll ows. App i one- Agarose (Sigma- Aldrich; Cat.
#: (4510) was FoTateo w —and m xed and i ncubated 10 over ni ght
with the sanpl e aa plasaid éoping BOGES(FINES wdsahastructét es follaws. nTherfirsto 00t he

resin was packed into col um serially. washed w ith DPBS.. Endot oxi n was
removed by M%Wﬁ‘a'"bwﬁll%asf%a{’?/P(/?{]%’Fte%ééi%&%%WFﬁm%?pl@Fifﬁ’f“ washing to
o1 Ut hi one. P F e P B 18 Eaorla g
gl ut at hi one reduced for . a ,

Producti on ofd THIGCE E N&M@ﬁ@%%r%ﬁ&%gg&g@%%@%si on
Protein (GST, ' \ S TIARCEE ws. The
HPV 16 E7 cggﬁl%&égij%gﬁﬁfgr nggsag(ci g]g?-ﬁ?jr;om ETC@?/a &E({%“ehgte%e%?rﬁ% hfgnd EcoR

| digestion @tristieh gaymes Vo I andriNde] aad andfied fgam an ggasoss gel fThegupfieftiuct was
The i gat i onr R RSbafveBed ERETSHT. AN ndh BRRSRidef TdRa SagRRET YO
cl ones cqot asanieepzythes. IIRY lipbtidieaptine wasigssdto trapsfarmsls coli DEtSalphs el on
O oy S ST P e S b v
ternminati on fegigicAvisdigédNon.oThik idtial oestriction dnalysiswas confirmel by DNSEGUENET, was
used o Uransl or it Sal nSh A, ShabieP i erifiolEhER! 118 aHeRce (SEQ
plasmid construct, named pET65F1/E7, was used to transform E. coli strain
15 BLR(DE3). The nucleotide sequence (SEQ ID NO:32) coding for expression of'
BCG65(F1)-E7 (SEQ ID NO:33) is shown in Fig, 11.
The BCG65(F1)-E7 protein was purified as follows. The Inclusion Body
fraction was prepared as described above from E. coli BLR(DE3) cells transformed
with plasmid pET65F1/E7. The BCG65(F1)-E7 fusion protein present in the Inclusion
20 Body fraction was purified using the following chromatographic steps: Source 15Q
Sepharose (Amersham-Pharmacia) and Ni-chelating Sepharose (60 ml, Amersham
Pharmacia) under denaturing conditions with serial washings containing 2% (v/v)
Triton X-100 followed by serial washing to remove residual Triton X-100. The purity
of the protein was checked by SDS-PAGE, the appropriate fractions pooled and
25 dialyzed overnight at 4°C against DPBS.

Example 13; Production of Recombinant M. tuberculosis Hsp10 ~HPV 16 E7 Fusion
Protein 10-E
Expression plasmid pETESE7 contains a chimeric gene composed of the
30 Mycobacterium tuberculosis strain H37RV (ATCC 27294 ) groES (hsp10) coding
sequence fused, at its 3' end, to the HPV16 (ATCC 45113 ) E7 coding. The chimeric

gene was cloned into expression vector pET28a and transformed into E. coli

BL21(DE3) cells for protein production and purification. The nucleotide sequence

<9



for expression of GST-E7 (SEQ ID NO 25) is shown in Fig. 9. The GST-E7
protein was purified as follows. Bacteria containing the expression vector
pGEX/ K/ E7 were grown and the protein purified using the affini Ha@" U{P\
chromat ogr aphy procedure essentially as described above for GS¥P. = g
DEC 2003 WO 01/ 04344 PCP/ USOCQO 18828 Exanple 11: Production of

Reconbi nant HPV 16 E7 - Li yr - M bovis BCG Hsp65 sion Protein
(E7-L-BC&65) A plasmid enc ng E7-L-BCG5 was const ted as follows. The
HPV 16 E7- cofdimsaRquence was PCR-anplified from pSK/ BPV16 peidfshoigdss N9
primers w280 5 and w396 (w280: CCA GCT GTA ACC ATG GAT GGA GAT (SEQ ID

NG 26) and w396: GCC ATG GTA CTA GIT CGI | TC TGA GAA(SSEQ | D N027:)). The
PCR pr oduct(SEQIDING:34) seding fox expressionaf TR 0ETAPER IRNO135hisghaypein Fignd
purified fr an agarose gel. The purified PCR product was ligated to
pET5' 65 (pET5"65 is pET65 with a polyglycine |inker sequence inserted at
the 5° end of t h&dhiTBUYEEpBEER wayshificd as foljows.c #he Inchisioh Bodp Fectionrveasi ous| y
digested with the sa nzyes.. The |i.gaty reacti op wa ed t

1 anaf or m £ PRSNGSR oA YRR ol B col i B0 S kRt v S 16 e/
gene insest pBIBSEIe I ThetTE] 0kEvsfasion protiimpresei incthe BrlusiontBody fdttipmsowason. Thi s

initial restriction analysis. confirped b sequence a i s of
entire fusi (ﬂ‘F‘-% Rang B’P‘Jﬁ@‘{v@?g& mP@SWPHEﬁ‘B% BE@P&WEH”WI@]ML@Wd
construct, ngH&eh ' gﬁg& Arkers. ) Ng
BLR(DE3). The 'nucﬁgtﬁiﬁgleaagjégggﬁgéwfw QI BUI\?gng) codi ng f}%jﬁﬂpehﬁigés)i on of

E7- L- BCG65 (astlichelptingBepharose;(68ml, Amersham Sharmpaia) wler denaturing comglilivas

protein was I ] t%ﬁ 3 qlrwﬂ _ | : d as
descri bed ag@%&e{—x%@%gﬁ ('Z é@ﬁce sﬁt@gﬁg}?dm Vé\llll %]Wp a ﬁ°1 d 20
pET/ E7/ 51065 renidwe rEsidtal BORE6X {108 The puity of the pratein mas checkédbySIPSBAGH;r act i on
was purified using. the f.ol | ow y Yol . S rose
(100 i ArdetrRerps et s gidaf Wial2Ri SpirBH 43 e BbbY10 250N

Phar maci a) , glysegkr dex 200 Gel Filtration (26/60 colum, Amersham

Pharmaci a), and N -chel ating Sepharose Fast Fl ow Chr onot ography (60 nl,
Amer sham Phar maci a) under denaturing 25 conditions with serial washings

cont ai ni ng FEuhileiy: TPrddactiot-cfWecorhbinawdIPWY6 BR il tuberculosis Hsp71 Fusion

15 Protein (E7-TB71 .
A plasmid encoding E7-TB71 was constructed as follows. The M. ruberculosis

hsp71 gene was PCR-amplified from clone pY3111/8 (Mehlert and Young (1989)
Mol.Microbiol. 3:125-130) using primers w048 and w079 (w048: 5’-TTC ACC ATG
GCT CGT GCG GTC GGG (SEQ ID NO:36) and w079: ACC TCC GCG TCC ACA
20 GCT AGC TCA GCC(SEQ ID NO:37)). The PCR product was digested with Nco I
) and Nhe 1, gel-purified and ligated to pET28a digested with the same enzymes to

generate pET/71.
The HPV16 E7-coding sequence was PCR-amplified from pSK/HPV16
(ATCC) using primers w280 and w344 (w280: CCA GCT GTA ACC ATG GAT GGA
25 GAT (SEQ ID NO:38) and w344: GGA TCA GAC ATG GCC ATG GCT GGT TTC
TG (SEQ ID NO:39)). The PCR product was digested with restriction enzyme Nco 1
and purified from an agarose gel. The purified PCR product was ligated to pET/71
DNA that had been previously digested with Nco I and CIAP to remove 5° phosphate.
The ligation reaction was used to transform E. coli DHS5alpha and putative clones
30 containing the HPV16 E7 gene insert were selected based on diagnostic restriction
digestion. This initial restriction analysis was confirmed by DNA sequence analysis of
entire fusion gene, promoter and termination regions. The confirmed construct, named
pET/E7/71, was used to transform E. coli strain BL21(DE3). The nucleotide sequence

30



washing to renove residual Triton X-100. The purity of the protein was
checked by SDS-PACE, the appropriate fractions pooled and dial yzed
overnight at 4C against DPBS. In order to reduce the anmount of 3ehc@ﬁ[b>2033
contained in the sanple, it was further purified using a pre-packed 1 mnl
col um of Detoxi Gel TM (Pi erce, Rockford, IL, 30 USA) according to the
manuf acturer's instructiggs. 28 3 1 DEC 2003 WO 04344 PCT/ USO0/ 18828
Exanpl e 12: Production Reconbi nant HPV 16 E7 - bovi s BCG Hsp65

Fragment FugioQnelaptein (PCGES5(Fl)-E7) A plasm d encodi ng i eshs E7 was
constructed as fpgl ?ows. The first 600 amno term nal base pairs ofM bovis

BCG hsp65 gene were PCR-anplified from5 pET65C/ E7-I N using prinmers wi46
and w293 (MﬂN@:@@M@fmmnq&@ﬂ-%ﬂ (BEQ IDIf0y41 Is Klyveoin Figsd w293:

GTA CCC T @?ﬁ The PCR

pr oduct \%a;sl%%%ét &%@gﬁ%w cti d%r@@r‘r’g@ od Wgﬁé te I and
purified frsgquaresgadhod endeof the higd1gend)byeeplaceiehtofadpnt] totvhe I frggrhemt t 0
pET65C E7-I N that had bee revi,ousl y . di ted with the S enzymes.
e T gat 1 ooPriAbEE FORURES PaBAEF § 0 oL P RS hete Bes Rebfesat 8 Tbassieh at ; ve
cl ones cgnt pER igAgmeimiplifieé HomchYIPEHA using prieisav352/ade Wesk BRBAIGAG
diagnostic restriction digestion. This Initial _restriction analysis was

confirmed bGCHGGTdLEAAS GEALG GEQ B NO:2) apd w2104 GAT Jd&GChr onot er and

ter mi nat i on, GRGFENTTTIGECANE(SEIED NOUHITHe fiMthg KRl pladafEd PET65FI / E7,
was used toAPF'gir‘\(g ormE. col 'i(sst rain 15)38LRe DE3) .éThepnucI eoti de sequence

(SEQ | D NO pEIVEZGd}, wgpresses ERYIGEL fused tithe gameserminusiof fillsenpth spiy 33) i s
shown In Fi fechland W BB Uehddant 7. 2 G BLADEY Thi Rbiafict tletie:  The
ody rac d "as I béd a . CO

| hel usi on I ONn was prepare esc ove from | t

BLR( DE3)10 ¢ &(SEQ Dy HO44) conding fonexpressioasfithe fpdmrompteh(SEQIRNGASkS F1) - E7
the. ol | o MVEAF Srebprisries M5B S0 ce 150 Sopharose - ©o o o1
(Amer sham PhannertieB7-TBT plotebhwasyhirifigd Sefollawa sThe(lClusibn Bodefradtiamwas
i) e erar e Ay, PP S iR A AR 7, 7o
X-100. The gr/EY/M1’. OfheBTTBT Ofusion prain plesek arkhd IncBidion BAGK frattm wqspr opr i at e
fractio ?g pp%no'lﬁ%g ugigg th%Efol?A\%lnz c egm%%%{}iﬁ% r;&:péfj} t Q—AS%pﬁlagc%c?lst n[m)F c%'?iinm,

Amersham Pharmacia) and Ni-chelating Sepharose (80 ml, Amersham Pharmacia)

under native conditions with serial washings containing 2% (v/v) Triton X-100

followed by serial washing tc; remove residual Triton X-100. The purity of the protein

was checked by SDS-PAGE, the appropriate fractions pooled and dialyzed ovemight at
20 4°C against DPBS/10 %(v/v) glycerol.

Example 15: Production of Recombinant Streptococcus pneumoniae HSP65(2) —

HPV 16 E7 Fusion Protein (SP65(2)}-E7)
A plasmid encoding SP65(2)-E7 was constructed as follows. The Streptococcus

25 pneumoniae hsp65 gene was PCR-amplified from plasmid pETP60-2 (PCT patent
application WO 99/35720) using primers w384 and w385 (w384: GCA GCC CCA
TGG CAA AAG AAA (SEQ ID NO:46) and w3835: GCT CGA ATT CGG TCA GCT
AGC TCC GCC CAT (SEQ ID NO:47)). The PCR product was digested with Nco I
and EcoR 1, gel-purified and ligated to pET28a digested with the same enzymes to

30 generate pET/SP65-2C.

The HPV16 E7-coding sequence was PCR-amplified from pSK/HPV16 -
(ATCC) using primers w133 and w134 (w133: AAC CCA GCT GCT AGC ATG CAT
GGA GAT (SEQ ID NO:48) and w134: AGC CAT GAA TTC TTA TGG TTT CTG
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Exanmpl e 13 Production of Reconbinant M tuberculosis Hspl O-- HPV 16 E7
Fusion Protein (TB 10-E7) Expression plasmd pETESE7 contai ns_a Ré@hjc
gene conposed of the 30 Mycobacteriumtuberculosis strain H3 7R 5

27294) groES (hspl0) coding sequence fused, at its 3' end, to the HPV 16
(ATCC 45113 E7 coding. The chineric gene was cloned into expressi on vector
pET28a and transforned in’ E. coli BL21(DE3) cell or protein production
and purification. The nucl*oti de sequence 29 3 1 DEC®*2003 V\D 01/04344
PCTNS00/ 188W@ 01848#) | D NO'34) coding for expression of TB1BCHYS{AEEE b

NO 35) is shown in Fig. 12. The TB 10- E7 protein was purified as foll ows.

The | ncl US'Q%@NO‘& ?tmm?rodﬁét e with sestrideie e NheqmuE col i
BL21(DE3) c ransformed w asm 5 pETESE? The 0- E7 fusion

protein pr eE@RImﬁRWV@Odﬁ@MﬂSWOERJSF} Thepurified R%PTOMWFE}&“@ENH@*Q he
foll h
Phar maci ) PEURT o A5t i BReviclpl) cidgsRY B L HEbR IO THE Beaio 0 <100
Ni - chel at i ngadtiopwasased bﬁﬁnsform Enmhsmﬂﬁalﬂhamdmutaaye ciooiesrcontaining the ng

condi tions ' eri gl washin C n| ng. 2% s T1 . t fol | owed
by seriaP ﬁ&fﬁt"&? %OWF%WEVQ}&“% #‘tc tég@adhge.ﬁ\ n{f%'fl‘ﬂl%%)f t he
Sr olt ei ndwasreahaedﬁe&h a@ﬁgg&‘it&i‘ﬁﬁwdb ﬂlﬁ*/lﬁﬁﬂﬁ&ﬁ:;claﬁhlgaé bﬁaitirol ﬁs:opcgedmled izd

i al yzed overni ght at agal nst v cero anpl e
Product i on RYPIOREEE ahhiCHBIRALANTORIORS. gﬁiqjglm B@P%"dil‘%g °ﬁ§““7‘ 1 Fusion 15
Protein (E I haRdomE ol ERdih PER(DE3NSThemickadtias f ol | ows.
The M t ubel ;%ésslc'gE'P V&%&féﬁtgne \Agxgg CR'a lified f?]om clone pY3111/8

(Nhl ert  ansantsontSRQ B dive SmemprssionR SRS @057 GECHD NPBIMSs wo4s and
10, G s HBEEALD, & T T O (50 10160 e e
di gest ed wi t h NcThelSP65(R)-Biimzotein wasipupitied 4sifeHowis dThe Igdi!@ﬂﬂ Be qb@ar%a di gest ed
POR anpl i 1 1 BeF PRI Rl B0 e ol BLRUDRS ot oty 209 050: "
CCA GCT GTApiéatd AET/SBEFc-BEAThe SP65(2)-E7 fusion protein present in the Inclusion Body

fraction was purified using the following chromatographic steps: Q-Sepharose (100 ml

15 column, Amersham Pharmacia) and Ni-chelating (60 ml, Amersham Pharmacia) under

denaturing conditions with serial washings containing 2% (v/v) Triton X-100 followed

by serial washing to remove residual Triton X-100. The purity of the protein was

checked by SDS-PAGE, the appropriate fractions pooled and dialyzed overnight at 4°C

against DPBS.

20
Example 16: Recombinant Production of Aspergillus fumigatus Hsp60- HPV 16 E7

Fusion Protein (AF60-E7)
pETAFG0E?7 is a plasmid encoding a recombinant protein, AF60-E7, composed
of the Aspergillus fumigatus (ATCC 26933) Hsp60 protein (without leader) (obtained
25  as described in PCT/CA99/01152) fused at its C-terminus to the HPV16 (ATCC 45113)
E7 protein sequence. Plasmid pETAF60E7 was used to transform E. coli BL21(DE3)
cells for protein production and purification. The nucleotide sequence (SEQ ID
NO:52) coding for expression of AF60-E7 (SEQ ID NO:53) is shown in Figs. 16A-
16B. _
30 The AF60-E7 protein was purified as follows. The Inclusion Body fraction was
prepared as described above from E. coli BL21(DE3) cells transformed with plasmid
pETAF60E7. AF60-E7 protein was purified using the following chromatographic

steps: Source 15Q Sepharose (Amersham-Pharmacia) and Ni-chelating Sepharose (60



25 GAT (SEQ I D NG 38) and w344: GGA TCA GAC ATG GCC ATG GCT GGI' TTC TG ( SEQ
I D NO 39)). The PCR product was digested with restriction enzynme Nco I and
purified froman agarose gel. The purified PCR product was lig tgq?%c) 2003
pPET/ 71 DNA that had been previously digested with Nco |I and CLrA renove
5' phosphate.” The ligation reaction was used to transformE. coli DH5al pha
and putative clones 30 cgntaining the HPV 16 E7 ge I nsert were sel ected
based on di agnostic rest@@ction digestion. This i@tial restriction

anal ysis was _confirmed by DNA sequence analysis of entire fusion gene,

pr onot er anwotoé/ﬂfﬁ‘ﬁation regions. The confirmed construct,”ﬁéﬁ%@“&s

PpET/ E7/ 71, was used to transformE. coli strain BL21(DE3). The nucl eoti de
sequence 3 jREGRAIm Phaffiadld) ddk Hindd UBA(GB3ARh s PRk Rgheirfling 0l N
for expression of E7-TB71 (SEQ ID NQ 41) is shown in Figs., 13A-13B. The
resul ting c%"néY’YUE‘PE°“BEW‘E§°}]?Y?dWF]l}YW83 thtsaove EdidualblitenEr 0e sequences

at the 3 . Ag@gﬁ% ; f ragnent
cont ai ni nge@fe&ﬁg%@hgﬁgﬁ?ﬂ’gyggec%ﬁg&gysﬁﬁ’gg‘%%s%g%e y c?; Kgn féd and Nhe
| - di gest ed an8 dialyzed oxenmight at43Q egdinst BPBSom pY3111/ 8 using prinmers w391 and
w392 (wW391: GAG GGT GGI' TCG AAG GTA CC (SEQ I D NG 42) and w392: TTT GAT TTC
GCT AGC TCA CIT GBC CTC(SEQ I D NO 43)). The resulting final plasmd,
PET/ E7/ 71" Exaxiplecks e Stiblil4tion of INN:Geimi Releass tynd HepGSHPVETIEHpETS ul | -1 engt h
Hsp7l protein and was used to transformE. coli strain BL21(DE3). The
nucl eot i de—&é@ﬂiﬁ@@—"llo (SEQ | DNQO: 44)- coding for expression of the fusion
IEF?OEI_Ei?Q (SEQ | Dm&@n&h%ﬁorgﬁﬁlsﬁfﬁ&lides bv&m_?ﬁ@ﬂ‘bdi?orfilﬂﬁeateﬁgﬁvy& The

- protein was pyrified as OWs. e ln i on Bo raction was
ptepared a&dBHG %&%Meﬁ’q"?ﬁ'fﬂ .“E’?}isP‘"B“Lsépk‘H&)ﬁ&'&rgq“%&)h rmed with
pl asm djo pEIdEdi Ldboratdh§ afd wire platdd il EGfplate Siedivin [oRipfild RPMIIf 416 % 108! usi on
Body fraction was 15 Sg%l ed .using the foll ow ng chronmatographi c steps:

Q Sephar os celistwell in flat 96-welldissieuityop Blatesc Rephcatrrculiures (WIS ng Sephar ose
(80 mM, A [sWith 050" | bhitd ] Bl washi ngs
cont ai ni ng?@??\% %}%r?}la?g?’g(l 100 lflﬁ%v\?e%eg{e%ﬁg@g?oﬁvg;? ng 'tlg}'rermve

resi dual Tpvis BCG Hewhs (Hsp6nUHRY 16 Bi (B7her re-tgeedds’ EWEIken by SDS- PAGE,

t he appropri )§?u|” [ gﬁqﬁzjﬁ, b e ' A ovi C agai nst
DPBS/1 0 Wfﬁ\/ ﬁlo?/‘g%rbg B a Fe : gég?iglgt 1 on gpg%leﬁgon%’fg%?
St r ept otioc Hsp6HrHBNDG Eddusiisp@siein) (HspE7). Subsequent to incubation, cells were

pelleted, and supernatants were transferred to IFN-gamma capture ELISA plates.

Afier incubation, the replicate samples were harvested, pooled in eppendorf
tubes and pelleted at 1200 rpm for 7 minutes in Beckman GS-6R centrifuge (300 x g).
The supermatants were removed into crjovials and frozen at -70°C until time of
. 20 analysis. .
} Maxisorp ELISA plates (Nunc cat# 442404A) were coated overnight at 4°C
with 1 pg/mL purified rat anti-mouse IFN-gamma (PharMingen cat. no 18181D) in
0.1 M NaHCO; buffer, pH 8.2. The plates were washed with 0.05% Tween 20 in PBS
then blocked with 3% BSA (albumin fraction V: Amersham cat. no 10857) in DPBS
25 (blocking buffer) for 2 hours. After the plates were washed, recombinant mouse JFN-
gamma (8000, 4000, 2000, 1000, 500, 250, 125, 62.5 pg/mL in complete RMPI) was
placed in triplicate onto each ELISA plate. Sample supernatants were removed from -
70°C, thawed quickly at 37°C, and placed undiluted onto the ELISA plates in duplicate.
The samples were then serially diluted by seven, 3-fold dilutions in complete RPMI
30 followed by incubation at 4°C overnight. Background ELISA vahies were established
by measuring eight wells containing all reagents except the target antigen.
Detection of bound murine IFN-gamma was accomplished using 1 pg/mL of a

rat anti-mouse IFN-gamma biotin conjugate (PharMingen cat. no 18112D) in blocking
0’;)
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HPV 16 E7 Fusion Protein (SP65(2)-E7) A plasm d encodi ng SP65(2)-E7 was
constructed as follows. The Streptococcus 25 pneunoni ae hsp65 gene was
PCR-anmplified fromplasm d pETP60-2 (PCT patent applicati on&@@%@?ﬁ@p)
using prinmers w384 and w385 (w384: GCA GCC CCA TGG CAA AAG

NO 46) and w385: GCT CGA ATT CGG TCA GCT AGC TCC GCC CAT (SEQ ID NG 47)).
The PCR product was di gest with Nco | and EcoR |,gmel -purified and
|igated to pET28a digeste ith the same enzynes to generate

pPET/ SP65- 2Cwgbpossidy 16 E7-codi ng sequence was PCR-anpl i fi eplcf/tisoonrgzs! HPV
16 - (ATCC) using prinmers wi33 and wl34 (wl33: AAC CCA GCT OCT AGC ATG CAT
GGA GAT (SEQ I D NO.48), and wl134: CAT GAA TTC TTA TOG TTT CTIG 31 3 1 DEC
2003 WD 01 ﬁs&iqiweswe?}&%%“nﬁ( -¢qniugeted gnhbody s petected BHNER was

di gested w tl“]dO@Qﬁl'hhSﬁ bPﬁ‘stﬁ%&M&ﬁa%e‘ h@%aﬁﬁ@&n aegcawglcfat from an
agarose gel. The purif roduct was pET/ SP65- 2C t hat
had been preSAl@Qg)p yIhf pjetsy were\mashpdméefor@mlovze@w ¢ addigon ofpeghiremogenicact i on

was used to I optaining the 5
HPV16 E7 i ns?‘téést%q\f\ef)ég gfhgc)?@h %m ?%’dgg&ﬁdc%e x%rl C Pf&hgdl gestion.

Thi s i ni t aldiethansiamioe bufiferoplh b s iAdtend@ nimuiés inenbatidry thaNidlos egiorcwananal ysi s
of entire fusion, gene Ke) ons. DNA of tE’l
confirmed cSKEPSdERnE ﬁ%ﬂga?wgé’ %@%&@ LPS’E‘H‘?&B"WP%WM%“ §o| t
strai n BLR( Ri3dsin Tth e¢hVIR5 000 EEIS aeeeaaaﬁqui tﬁglolmckl (ébffveire.
expression of SP 10 shown in_Figs. 15A-15B. The

B( | D
SP65(2) - E7 ghelevels qtﬁ@”ﬁi&ﬁ% NQ %‘@5 les yyeze ?WH’Q!%‘F%FWB&B?/S‘P#%% on

was prepar egdyqgs aabemeﬁesge&lEeEmA phiteR( DRa)is 6@bdssed ds3ARL Or med
wi't h plasmd p /SP65c E7. The SP65(2)-E7 fusion protein present in the

| ncl usi ot¥ Beammafelgased @e/mbst MY i fi ed using the fol | ow ng chromat ogr aphi ¢
steps: Q Sephar Oﬁ ﬁ\(ltgq,qa;;g){ gg;rdﬁ Fid\TRi £188) Ifng{l“gp%ns ol eNi - chel ating

(60 m, Amersham Pharnmaci a enat uring con serl al
washi ngs coreplicatesage shewnalong Wﬁh ﬂvrstmda_xd@emtl%v@bsmmﬂ sasration of A8 ng t o
renove resi Hﬂ! s fio ed by
SDS- PAGE, ge aﬁg‘f"g%%{é&jﬁqg%t | o%fé&w"g%%'% (f?g b% @@Z‘r’?ﬂqg at 4C
agai nst DPBHspE7. Hsp65 aione, E7 alone, hE7 alone, and an adrmxture of Hsp65 and E7 were
15 virtually incapable of stimulating IFN-gamma release, Similar results were obtained
with splenocytes prepared from mice obtained from the Charles River Laboratory (Fig.

17A) and from the Jackson Laboratory (Fig. 17B).

Example 18: Stimulation of IFN-Gamma Release by a HspE7 Fusion Protein in
20 Splenocyte Cultures from Mice Having Different Genetic Backgrounds

Experiments similar to those presented in Example 17 were carried out using
splenocytes from mice (from Jackson Laboratory) of three different haplotypes:
C57BL/6 (H-2%); Balb/c (H-2"); and C3HeB/FeJ (H-2Y). The relative effects of the
fusion protein on the differént splenocyte preparations were similar, although there

25 were differences in the absolute amounts of IFN-gamma released: the observed order
being Balb/c (highest; Fig. 18A), C57BL/6 (intermediate; Fig. 18B), and C3HeB/FeJ
(lowest; Fig. 18C). As in Example 17, substantially increased IFN-gamma release was
induced by HspE?7, but not by E7 alone, Hsp65 alone, or an admixture of E7 and |

 Hsp6s. '
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20 Exanpl e 16: Recombinant Production of Asperxillus fum gatus Hsp60- HPV
16 E7 Fusion Protein (AF60O E7) pETAF60E7 is a plasm d encoding a

reconbi nant protein, AF60-E7, conposed of the Aspergillus furg dapgg p3cc
26933) Hsp60 protein (wthout |eader) (obtained 25 as described in

PCT/ CA99/ 01152) fused at its Ctermnus to the HPV 16 (ATCC 45113) E7
protein sequence. Plasm ETAF60E7 was used to trgasformE. colt BL21(DE3)
cells for protein produc n and purification. TheWucl eoti de sequence (SEQ
ID NG 52) %lmgﬁf or expression of AF60-E7 (SEQ I D NG 53) pefusdiaggsi N

Figs. 16A- The. AF60- E7 protein was purified as follows. The

I ncl usi on Body fractlon was prepared as descrl bed above fromE. colt

BL21( DE3) c@hhuap | -Gammi Relepsebxiusion Protgingisdndependent n was
purified usi e faoll,ow. hr. I ' HoMdie@ Sepharose
( Amer sham P 0 i ?g?(}g@‘t"' g Pyl 03 0 WO

01/04344 PCT/ USO@ﬁ(ﬂ&ﬁz?&ts wire p&rmmeaasrdﬂmsadamda)thwdveoummplgs i Hyvas

condi tions WI th seria shin conj ai ni n t 0 foll owed
by. seri al serveg thay SP@\Q@V V&ﬂi“%?%ﬁ@@&ﬁw %tﬂ’rggfﬁﬁ t he
protein E@E‘rﬂ: Ry bﬁQﬁNP arbhﬁseawmmswn@rétemmmﬁmg@mmd and

di al yzed ovgr ni ght gt 4C agal nst DPBS, 5. %g&s gi)l nmul %on of

| FN- Gama REIsp6&S @M. hpvis BEGY3n HapAfHM. (méegeww F%‘Ha‘b’r

unfracti onaj IR E28 bRs mediskd byG5 7BL/ 6 ni ce
obt ai ned frBﬁﬁs\N@}g'n@erent 6 i RIFI gafAni g oy

ources &n%harl es River Laboratory and 10

Jackson Labmm@rmmmawmngali'bmgm nedismsfesase G5 Dim Wﬁ RPM) at 6
x 105 cells/vwell w]gmi %, q,y{,,;gcgp as Replicate
cul tures (5)”%?3“"1‘?%?‘1%%1 ?‘Rﬁ or (ﬁ%%&dsﬁv? W I/ i
concentrm Qaafedoii ghmeh‘ofmgmnm“dimewes@%éﬁﬁh%%bmawtm E7 (E7)
or histidine-tagged an ﬁgq‘% éh eﬂ%n Sd866 oA and HPV
|6 E7 (Hspetest ‘%%)% %?ngﬁs? © g‘g&ap{-{ 1%@(@1 ?u5| on rote| n
(HspE7) . Subppeusit célbcultues. Eicseaesulis dbhanmtedhat the induced release of

gamma is not dependent on the presence of the E7 antigen in the fusion protein, but that

other antigens fused to an Hsp can similarly enhance IFN-gamma production.

15 _
Example 20: Stimulation of IFN-Gamma Release by E7 Fusion Proteins Havin

Different Stress Protein Moieties
: Experiments were performed as discussed under the previous examples.
HPV16 E7 was fused to different Hsps, i.c., M. tuberculosis Hsp10 (TB10-E7), M.

\ 20 bovis BCG Hsp65 (HspE7), Streptococcus pneumoniae Hsp65 (2) (SP6§(2}E7), and
Aspergillus fumigatus Hsp60 (AF60-E7). Furthermore, in two cases (E7-L-BCG6S5 and
E7-TB71) the Hsp (M. bovis BCG Hsp65 and M. tuberculosis Hsp7l , respectively) was
added to the carboxy terminus of the E7 antigen instead of to the amino terminus as in
the other fusions.

25 Additionally, one construct was tested, in which the E7 antigen was linked to
the amino terminal one third (residues 1-200) of the M. bovis BCG Hsp65 sequence
(BCG65(F1)-E7), rather than an intact Hsp. It was observed (Figs. 20A-20B) that -
stimulation of IFN-gamma release occurred upon exposure of splenocytes to all the
different fusion proteins, although differences in the magnitude of the responses were

30 noted. Thus, fusions containing different Hsps, including Hsp65 from different
organisms as well as different types of Hsps, were capable of eliciting enhanced IFN-

—

gamma release. Furthermore, fusions containing a stress protein at either the amino

terminal end or at the carboxy terminal end of the E7 antigen were active. Finally,



pel | eted, and supernatants were transferred to TEN-ganma capture ELI SA
plates. After incubation, the replicate sanples were harvested, pooled in
eppendorf tubes and pelleted at 1200 rpmfor 7 mnutes in Beckd‘ranES-&ﬁﬁﬂ
centrifuge (300 x g). The supernatants were renoved into cryovials and
frozen at -70C until time of 20 analysis. Maxisorp ELISA plates (Nunc cat#
442404A) were coated overngmht at 4C with 1 pg/nL Ified rat anti-nouse
| FN- ganma ( Phar M ngen cat 18181D) in 0.1 M NaH buffer, pH 8.2. The
pl ates wer ewim@iRasisawi t h 0. 05% Tween 20 in PBS then bl ockedcriusho/BspsBSA
(al bum n fraction V: Amershamcat. no 10857)M 1)PBS 25 (bl ocking buffer)

(8000, 900 BCEHUEL-ERGsRs0E e agide1- AL AP MBCE Hephp rapesd b e
placed in %M%%%{eﬁoﬂm Pt sintilaP the AillldengdR HBPES cO@spRYE were

renoved fr , thawed quickly at 37C, and placed undiluted onto the
ELI SA plates in duplicate. The sanples were then serially diluted by

seven, 3-faqld dildti Qas il ' ' at 4C
Jndid 241 Rndidli B‘ﬁﬁhsmhl*rﬂﬁgﬁﬁrﬁ?.nﬁ@g pat -

over ni ght. ot
wel |'s cont lederCelleChltwresagent s except the target antigen.  Detection of bound

muri ne | FN-ga was accanpl.i.shed usi . " e

| FN- gamma b om%,isﬂj‘ﬁ‘g‘gffé@?’bﬁta}f’ MdﬁJf&'é eé?%é%l%‘@%ﬂ%ﬁ%@kﬁé‘s 113
A i R R

di | ution omeﬁnﬂﬂﬁéﬁmﬂg‘}dﬁy °ifﬁg %ﬁé&’é’fﬁ%&?@s %fﬁstf&’ﬂcé °(s&$lﬁié ®at no
ST oo eni & B B B e bt 0. (oD, S o cat s N 2765)
at’ | nglorl theassay Haesingumaliymgh Bpdesyere ‘EFP‘@?"@.’ “’K&B@‘Fg\%' ‘ng'g%f“gs i ncubat i on,
the color r, [ . RESmY st 1 edwith The
absor bance %@@;ﬁg%@glo ﬂﬁﬂﬁg:fkﬂ:gah;@éd s&g?ﬂgﬁ?w ;gﬁE{nggg#rgl ate

reader equisypEdalwalf serBmdmediunD. Folewingtherr transferdo agtegile;0.42 migrap
detected in test s s : R Belid'@ir REkSynekh, Cur ves _
gener at ed %“&%ﬁ%%mﬁ@eﬁégﬁ%%ggmﬁqﬁat es. Da?;agﬁi S expressed as |FN
10 ganma r qUediaadvasmséd to rinsSthe cells, yielding a pooled, unfractionated single cell
15 suspension. Cells were washed once, resuspended in complete medium and added to
wells at 6 x 10° cells/well, to a final volume of 0.2 ml. Cultures were exposed to the

HspE7 protein in medium or to medium alone for 72 hours at 37°Cina 5% CO;
atmosphere. Following incubation, replicate cultures were pooled, cells pelleted by
centrifugation and supernatants either measured for IFN-gamma content by ELISA
20 according to the procedure described in Example 17, or frozen immediately at —70°C
] for later analysis.

Fig. 21 shows the results of the above experiment, comparing induction of IFN-
gamma release by lymph node cells and by splenocytes. The fusion protein was found
to elicit a release of IFN-gamma in both cell types. The IFN-gamma release elicited by

25 the fusion protein greatly exceeded that induced by Hsp65 alone.

Example 22: _Regression of Pre-Established Tumors in vivo Induced by

Administration of Hsp Fusion Proteins
Human papilloma virus type 16 (HPV16) is an infectious agent associated with

30 the induction of cervical cancer and its premalignant precursor, cervical intraepithelial
neoplasia. The following experiments use Hsp - HPV16 E7 fusion proteins of the
invention to target immune recogaition as part of a strategy to eliminate HPV16 E7-

expressing host cells.

o



Results of assays are shown in Figs. 17A-17B. The averages fromfive
replicates are shown along with the standard devi ati on. Substantéa\l 200
secretion of IFN- gamma was elicited by exposure of splenocytes (DE85 '
0.15, 0.46 and 1.4 nnol/nL HspE7. Hsp65 al one, E7 alone, hE7 al one, and an
adm xture of Hsp65 and E7 were 15 virtually incapable of stinulating

| FN-gamma rel ease. Sim | results were obtained at h spl enocytes prepared
frommce obtained fromWe Charles R ver Laborato’ (Fig. 17A) and from
the Jacksonwoeb®sddory (Fig. 17B). Exanple 18: Stinul ati orP@GFUSOHISSZ8 Ma

Rel ease by a HspE7 Fusion Protein in 20 Splenocyte Cultures fromM ce

Having Differen e
presented in Ex;lﬁ’gﬁ'g #ﬁﬂga’@@é‘ﬁ?"g‘s egu %O%Hés’zﬁczinggcy@&&ﬁ%im%% ce (from
Jackson LalgpaigEy andE7 hﬂﬂraeﬁvdedlitmmﬂh-ﬁ&apm yiteined fr6ih TEL/Wu oFFchps Bal b/ c
the di {1 or EioPRSIUAGRy b Bat et DL Denst of 16 Tee s B sopn ittt AR 25 ver o
differ ence%sédhéraﬁ @&&aﬁw% mpst&:& agﬁlxdaﬁbh WADDS/07850e TEDwad he obser ved
order being Balb/c ?hest C57BLJ6 gl nt ernedj ate; Fig. 18B),

p

and C3H&R/ m@p@w ww&lw@m’s&n& §eﬂ5’§t !a?r?P B y

I ncr eased SAGHE FR&EE aI one,
Hsp65 al one,”"or an aﬁg?ﬁ’re of yclbﬂéjUQt% mm@&o 34 3 1 DEC g@(f)\lé WO

01/ 04344 Peat/xmsmsnaﬂ?k lomm@sm,ytnmﬂéts%ﬂ%p IMB@M*B)DReI ease by

Egz:“opesPrg ﬁ%‘dag{r{r&gg‘g& @R%’ ety pé?‘lt“%dr}? wer e plgr-% or medb;ts
di scussed Wﬂwate Gébcp BRI, matmoekmﬁﬂ-IOéQ), 50 pMMercaptosthanal (Sigma, @t novul ati on of
e P i Yol b GO A B L
bovi s BCG) pfetivkswaalbdbupplehrented with Gl 8 ¢01b atgAnL iaetivey Gilob BRI cht nbN- gamma
by &t usi SFSTrRR AR BRI A OZoR R B GAROTER e e PR e Gy
Wien a fusion gié merm-mebwﬁnmmn@eaa&dm mmmme thisehoase stisfn (M bovi s
The | FN:- o AMRAuHdISE SEoshib dRest EXPCRoHR oF SRR RATR B RFE Py PRI Bedea ¢ hat
resul ting {d fiwaddior agdw&t pid¥fased from Charles River Canada (St-Constant, Quebec,

Canada) and housed using filter top cages (four animals per cage).

TC-1 cells were prepared for implantation as follows.. TC-1 cells were seeded

at a density of 2 - 5x10* cells /mL and incubated for two to four days until 70 to 90%

confluent. Cells were trypsinized using a 30 second exposure to 0.25% Trypsin (10x
20 stock, Gibco cat. no. 1505-065, diluted to 1x with DPBS), then diluted four-fold with

supplemented complete medium; Following trypsinization, TC-1 cells were pelleted at

4°C at 1000 rpm (250x g) for 4 minutes, the supernatant removed by aspiration and

30 mL of cold DPBS added. The cells were then pelleted at 4°C at 700 rpm (100x g)

for 4 minutes, the supernatant removed by aspiration, and a minimal amount (approx.
25 SmL) of cold DPBS added. The final cell density for injection was adjusted to 6.5 x

10° viable cells per mL, as measured by the trypan blue dye exclusion method. At least

90% of the cells used for TC-1 inoculations were viable. The cells were stored on ice

for immediate injection into mice.

TC-1 cells were implanted as follows. Between 24 to 72 hours prior to

30 implantation, the hind flank of each mouse was shaved. TC-1 cells were prepared as

described above and held on ice until injected. All injections were performed within

two hours of cell trypsinization. The cells were swirled gently in the centrifuge tube

and drawn into a 1 mL syringe (Becton-Dickinson, cat. no, 309602) without a needle.
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alone to the cell culture. These results denonstrate that the induced

rel ease of I|FN- gamma i s not dependent on the presence of the E7 antjigen in
~the fusion protein, but that other antigens fused to an Hsp?panDEﬁ ﬁbarly
enhance | FN-gamma production. 15 Exanple 20: Stinulation of |IFN Gamma

Rel ease by E7 Fusion Proteins Having Different Stress Protein Mieties
Experinents were perforne di scussed under the prﬂ'_gus exanpl es. HPV16
E7 was fused to different ™M8ps, i.e., M tubercul osi pl0 (TB10-E7), M
20 bovis BCWewe344 HspE7), Streptococcus pneunoni ae Hsp65 KAyuseos1882s
(SP65(2)-E7), and Aspergillusfum gatus Hsp60 (AF60-E7). Furthernore, in two

'f 3E:fcijZs:_ 2% $ggegg§§é8%$€§%£§\%g§gﬁé%ﬁ%&%g‘%&f‘ﬂ@fga‘lﬁ%aﬂus of the
E7 antigen butblesaftroéxpelled. Eheahaved skift Wik Piised @gntlyland thénsdahopashinsieds. 25

Addi ti onal | construct was tested, in V\:hl ch the E7 antigen was |inked
to the ani %’d’ fsé RISt hepeath te skin shcface o Gells (.30 16°) erainiscied 02 snlBCG Hsp65

sequence  (RGERA5 K all'sfles, A O PHRedIB VAL i ety HRPARGLYC) (FI 0.

20A-20B) that stinulation of N- gama rel ease occurr exposur e of
spl enocyfes to aﬂusxmmotemmxmmt essfollows: r@n teatmentdayh dgyfusidn proteiesmices i n

t he nmagnit f I o) ni n

di ffergnt ﬁgﬁy T n%ﬁjdlﬁ gﬁ@e%Bﬁ?r@nﬁ 85@?}“ ?gﬁ mg?‘g%r@;%?sﬂ?m ﬁ as °

di fferent tMF46-Efandigid0 Fﬂe(prepmaqbabdasmﬁedebow&btweregemnbﬁwﬁ:mﬂ—vm gamma

rel ease. Furt her mr. fusi nt ai.ni Str at..either the
amino t er Miqfaf° o“r’ed'z;l a?ﬁicﬁ%@%!@ ]?glp%"ﬂzfl F\‘H‘D{ﬁ%“?‘:ﬁffdé‘?‘ W%t i gen were
.aggf) \5/(eF Fi n@PBS) (80 was id@ﬁ(fo asain tléd:‘}ﬁ)ﬁiﬂo@ﬂ&ﬁ&aﬁﬁﬁl'ddsﬁ&ﬁ%iﬁi}&&m ogST'he duced
BC t.ai n| aclds 1- ovI S I nduce

| FN ganllj‘% %@E‘%g{’] ‘B‘hpﬁ" Eﬁi%?“‘fFHF “f%%?ﬁr?”“@ﬁ&??‘qqu% sequence
(HSPET) . Eaiition, aatnosommmmgaugmemmaom@mmbwmpE? Fusi on
Protein in LEgﬁ&é Node Cell Cultures ,Totest for the|r abl|lt%/t0 i nduce

| FN- gamma 139 Thesame RyripgswasHsedito; inse O mLiof fugipnpro (diluted
to the desua&ﬂe%ﬁ{utdmegmsemsgﬁ{ﬂgewfeﬁ&e&%ﬁtawﬂéem for 8y A8 as RPM

1640 with 10% fetal calf serurr) were ad as replicate sanples (3 to 5

repl i cat es)injeetion; Mlcamedmeqedﬂmtanmlzi@@epm fitheaneek. asmgh anttbe cel | uI ar
conponeyy %ckaspossible.

Tumor incidence (1T) was measured as follows. TI was generally recorded
three times per week, beginning eight days after tumor implantation and continuing for
eight weeks. Mice were assessed for the presence or absence of subcutaneous tumor by
palpation and visual observation of the tumor injection site.

20 Tumor volume was measured as follows. Volumes of palpable subcutancous

) tumor nodules were measured beginning on approximately Day 8 post implantation.

The two longest orthogonal dimensions were measured using a Fowler Sylvac Ultra-
Cal Mark II digital caliper with computerized data collection. Data points were
tabulated in a Microsoft Excel spreadsheet. Tumor nodule measurements were

25 extrapolated to mm’ using the formula V = W2xLx0.5 (where V represents volume,
W represents width and L represents length) and are presented as average tumor
volume + standard error of the mean. The Student’s t test function of Excel (two-tailed,
unpaired samples, equal variances) was used to test the ‘signiﬁcance (p <0.05) of the
difference of the means of tumor volumes in each group.

30 Seven different HPV16 E7 fusion proteins linked to various hsps were tested for
their ability to regress a tumor in vivo.

In the first experiment, C57BL/6 mice (18 per group) were inoculated
subcutaneously with 1.3 x 10° TC-1 cells in the right hind flank (Day 0). Afier 7 days,
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10 the assay, three inguinal |ynph nodes were aseptically renoved from
untreated C57BL/6 mce and placed in 5 m of Hank's bal anced salt i&hution
suppl emented with 5%fetal calf serum (mediun). Foll ow ng t'hQal\)EG sf er
to a sterile 0.22 mcron nylon nesh, a sterile syringe pl unger was used to
di sperse the cells through the nmesh. Mediumwas used to rinse the cells,

yi el di ng a pool ed, unf ,t i onated single cell is spension. Cells were
washed once, resuspend in conpl ete nmedi um and ed to wells at 6 x 103

cel I stwell, 4@ dnldspal volume of 0.2 m. Cultures were expo,st.?%"
HspE7 protein in mediumor to medium alone for 72 hours at 3 %‘ﬁngag%

at nosphere. Follow ng incubation, replicate cultures were pooled, cells
pel | et ed by groupsbf micegedre eated Wit QR enlnefteitherDRBS (selinejydd s ugdtspEdy 100FN ganma

content by ELI cc I n r.ocedpre described. in Ex |l e 17, or
frozen i %m&?ﬁ@?és)ﬁ’ 9’(7){9@"3%81@?2?@3%??9@‘5 .tw%faéerpﬂteg‘ﬁm ‘quge”r esul ts
of the abov@agdparthesfic melargaivalegt of Bl odtained i HspER: Tgamwabease by | ynmph
node cells and, by spl'ﬁnocytes 'Lhe fusi o ’I’ﬁ %el n was fo tg,g elicit a
rel ease of MORitgEeA{er the PIsERORe 1 F°“F?B€t§m° @OIERD Iumor Y P’é‘&s ed#ai t ed by
25 the f '%reﬁ{a;eﬁteaa%aa&dtm@ﬁm&mﬁ gﬂﬁymg )@@ @it one. Exanpl e

22: RegreSS| on of Pre-Establi'shed Tunors 1 n vivo | nduced by Adm ni stration

of - Hsp Fusi yelumeoexprossed s eueragsdpmpr vakeme + stgadard erpor pf ﬂmm@& 32B),
infectious agent ,agRAChalif #ig\bik th aﬁh@dmdmﬂecﬁﬁe%mbfﬁ%@f and

its prenalignant precursor, <cervical ‘intraepithelial neo
fol | owi ng epgstimpientatonand hy@y—lsmnomasamemsn@ﬁ tqaiQQ"/ebﬁbe ofice, hfteri nvent i on

to target i e reco t PV 16 E7-
exbr 659 ng. MoK Pmeaiy 2yt 8 ko8 i P b s len e L1 THEIE ) 5550 “The
H 2b nurjigneDpBSttheatedaninald statdkized veappraximatelyi 5084 fof the terpainddriofittef or red wit h
HPV16 E6 and E7 and actj vate u .Ha: r.as ebt aj T.C. Wi of
Johns Hopk?f ?’Q/g‘ﬂth #E@%‘ﬁg %eat)eq.ﬁl\é\ﬁgg%ono?roiﬁegfﬁ%\gﬁ% in assays
simlar to &Wﬂv@@%ajﬂeammﬂdﬁﬂmy mmhmnﬁﬁrofphﬁamhalappdl cati on V\D

99/ 07860. TC-1 was ta| n

et e nediu sting,of
1640 (I CN, gefectzhle “‘%0 af°me ‘ﬁﬁFseeH‘é% JHmas V5 obee, ﬁ‘ﬁ;’ SHger éat no
SH30071) ; 2yaidbbertdtich peficiEfof mob.of these animals. The complete regression of tumor in

15 the animals treated with the fusion proteins was also clearly seen when measured by
tumor volume. Figure 22B shows that by day 28, the average tumor volume of the
animals treated with the fusion proteins was not detectable. By comparison, the
average tumor volume of those animals treated with DPBS rose steadily from day 25
onwards. ‘

3 20 In the second experiment, C57BL/6 mice (18 per group) were inoculated
subcutaneously with 1.3 x 10° TC-1 cells in the right hind flank (Day 0). After 7 days,
groups of mice were treated with 0.2 mL of either DPBS (saline), 100 ug HspE7, 100
ug MT40-E7, 100 ug E7-TB71 (shown if Figs. 23A and 23B as E7-MT71), or 100 ug
TB10-E7. The mice were monitored for the presence or absence of tumor in addition to

25 tumor vdlume. The data are represented as percent tumor incidence (TI) per group
(Fig. 23A) and tumor volume, expressed as average tumor volume & standard error of
the mean (Fig. 23 B). '

As in Figure 22A, a majority (approximately 95%) of the animals had visible
and palpable tumors on day 8 post tumor implantation (Fig. 23A). By day 19,a

30 decrease in TI was apparent. Following this, a sharp decrease in TI for all of the fusion
protein-treated animals was observed such that by day 33, practically all of the animals
were tumor-free. In contrast, the TT of the mice treated with DPBS had stabilized to
approximately 75%. Fig. 23B shows the average tumor volumes of the mice treated



cat no. 16-801-49); 10 nM HEPES (I CN, cat no. 16-884-49); 0.1nmM MEM Non
Essential Am no Acid Solution (G bco BRL, cat no. 11140-050); 1 nmM

Sodi um Pyruvate (G bco BRL, cat no. 11360-070); 50 M 2-I\/Ercap3 deDB&n 03
(Sigma, cat no. 10 M7522); and 50 ntg/nL Gentanycin Sulfate (G bco BRL,
cat no. 15750-011). The nediumwas al so supplenented with 418 (0.4 nyg/nL
active, G bco BRL, cat no. 811-023) and Hygronycin (0.2 ng/ nL active,
Cal bi ochem cat no. 400051). Since the TC-1 cell line s derived froma
C57BL/ 6 noudQ0Iftid4d nouse strain was used as the host in tHEIRIS00/18828
experinments. Fermale C57BL/6 mce of approximately 8 15 to 10 weeks of age
were purchased.from Charl es River nada (St - Const ant ebec, . Canada) and
housed usi n‘&ﬁ’f th pespeqiiy fusiopRroteqnsy, &ﬁ%&?cﬁ"&;%m&gfwaéé%@f{.ed%ﬁe maked yere
prepar ed f Qeclesselift fiinidr velunids. Avérh ol tahdmésStot fhe\WRinflSEEARCYitRinybrdensi ty
of 2 - 5x104 cells /nL and incubated for two to four days until 70 to 90%
conf | uent . tEefupion pEgteing Was essetially nolmepgurableby day3td exposure to 0. 25%
Trypsin (I Ox 20 stock, G bco cat. no. 1505-065, diluted to I x with DPBS),
then diluted four-fold with supplenented conplete nmedium Foll ow ng
trypsinization, 1C1 cells were pelleted at 4C at 1000 rpm (250x g) for 4
m nutes, the supernatant renoved by aspiration and 30 nL of cold DPBS
added. The cells were then pelleted at 4C at 700 rpm (100x g) for 4

m nut es, the supernatant renoved by aspiration, and a mni mal anount
(approx. 25 5 nL) of cold DPBS added. The final cell density for injection
was adjusted to 6.5 x 105 viable cells per ni, as neasured by the trypan
bl ue dye exclusion method. At |east 90%of the cells used for TG 1

i hocul ations were viable. The cells were stored on ice for imediate
injection into mce. TG1 cells were inplanted as follows. Between 24 to 72
hours prior to 30 inplantation, the hind fl ank of each nouse was shaved.
TC-1 cells were prepared as described above and held on ice until
injected. Al injections were perfornmed within two hours of cell
trypsinization. The cells were swirled gently in the centrifuge tube and
drawn into a | nL syringe (Becton-D ckinson, cat. no. 309602) w thout a
needle. 3 1 DEC 2003 WO 01/ 04344 PCT/ US00/i5828 A 25 gauge needl e
(Bect on-Di cki nson, cat no. 305122) was then attached and any air bubbles
were expelled. The shaved skin was raised gently and the needl e was
inserted bevel side up just beneath the skin surface. Cells (1.3 x 105)
were injected in a 0.2 nL



volune for all studies. A fresh syringe and needl e was used for every fifth
injection. 5 Fusion proteins were injected as follows. On treatnent days,
the fusion proteins HspE7, SP65(2)-E7, AF60-E7, E7-TB7] (shogg i[If] (glezgﬁa
23A and 23B as E7-MI71), Mr40-E7 and TB I O E7 (prepared as 4 E-

above) were renoved from-70C storage and thawed in a 37C water bath.

Dul becco's phosphate buffered saline (DPBS) (4C) was added to obtain the
protein concentration desired for injection. The 10 diluted fusion protein
was held on ice until drawn into gl ol syringe (Becton- Dickinson, cat no.
309602) with a 30 gauge needl e (Betton-Di cki nson cat no. 3095106) The
same syringg y‘kametHoScF(%d%%n{nmn wheliefa Hlsioh! { m%Ee%@r'h'l‘l (gt o each mouse
within a dose group, the syringe was re iR W tTh fresh needl e for every
fifth resppme,tthomethbﬁcmpvml@ i nj ected subcut aneously in the scruff of the
neck, as hi 0 he e k as possible. Tunmor jncidence (TI) was
meagured as as(ﬂr?gé‘ggaﬁ %Wﬁqngyawgiyﬁ%lgaywstzﬁ VBt i mes per week,

begi nni ng e{hirodlang a Risid prbteiiompfEha (1) ahmsho%@@r&aﬂmsfwbﬂg for eight
weeks. M ce were assessed faor the presence or absence subcut aneous tunor
by paffisgmensthesend at/least aightasiae geid reéwu@ﬁfmﬂmth fused to; ) ebsterologeyst . 20 Tunor
vol une f pal pabl e subcut aneous tunor
nodul eé’x\&grﬂgﬁﬁeﬁgé%?%‘gﬁtﬁég#én%bes’gﬁésggﬁg% mately Day 8 post inplantation.
The two Ion@émnmcﬁMGMISMpmﬂ:tbmﬁlswemeotﬂeamdr ed using a Fow er Sylvac
ul r 1] =Y | ection. Data
poﬁhts vvere d;?bﬂrflé]f%d |etrtlﬁaez§t %élg %rPiM'ggﬁ(wgs)sgar@gd@hegg%%%d%e nodul e
nmeasur eéibsingpleser e 25 ext r apol ated to mB using the formula V=W x L x 0.5
(where V represents volume, Wrepresents width and L represents | ength)
and are presented as average tunor volume * standard error of the nean.
The St udent 2 SThe hethbd bfliMiinl 1QWhefeintk€ Hip (stsélectedfrbmdhe gmpeonssmgsarrpl es,

equal vari ances&ﬂ was used to test the significance (p < 0.05) of the

di f f er &l§p®>, 58r40, Bspida Herals and Ksp 1ol umes i n each group. 30 Seven different
HPY3i6 E7 fusion proteins linked to various |lisps were tested for their
ability to regress a tunor in vivo. In the first experipent, C57BL/6 m ce
(18 per gr odpYhewaethod pfdaimad, sderein fhe ftsiongurieinPomPrses 2 POlyReptldS TC- 1 cell's in
the ri 8%]% i%igigcgmftﬂeaé?&p(égﬁ%st% of'ﬁfsf)&ir, HZpﬂ)?l‘ﬁplO, ﬁ%, HidG14A93 WO 01/04344

PGT/ US

3

4, The method of claim 1, wherein the fusion protein comprises amino acids 1-200

20  of Hsp65 of Mycobacterium bovis.

5. The method of claim 1, wherein the heterologous polypeptide comprises a
1 sequence identical to at least eight consecutive amino acids of (i) a protein of 2 human
pathogen or (ii) a tumor associated antigen.
25
6. The method of claim 1, wherein the heterologous polypeptide comprises a

sequence identical to at least eight consecutive amino acids of a protein of a human virus.

7. The method of claim 6, wherein the virus is selected from the group consisting
30  of human papilloma virus (HPV), herpes simplex virus (HSV), hepatitis B virus (HBV),
hepatitis C virus (HCV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), influenza

virus, measles virus, and human immunodeficiency virus (HIV).
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groups of mce were treated with 0.2 nL of either DPBS (saline), 115 ug
HspE7, 100 ug SP65(2)-E7, or 100 ug AF60-E7. The doses of the two Iétzhﬁj
proteins were chosen based on the sane nol ar equival ent of E3 e ey in
HspE7. The mice were nonitored for the presence or absence of tunor in
addition to tunor volune. The data 5 are represented as percent tunor

i ncidence (Tl) per group (Fig. 22A) and tunor vol une, expressed as average
tumor volune f standard error of the nean (Fig. 22B). As indicated in Fig.
22A, the mpjority of animals had detectable tunor by Day 8 post

i npl antation and by Day 13 tunor was evident in 94 to 100% of the m ce.
After this 8.1 Tepmethbd ofldlaiin, albereif thé heterologusd@iypeptidt doipribesdEV 25 when t he
i nci dencg for the 10 DPBS-treated aninmals stabilized to approxi mately 50%
for theE®emainder of the observation period. In contrast, the aninmals
treated with fusion proteins showed a conparatively sharp decline in TI
until day 28, when none of the animals had detectable tunmor. This conplete
absence of tunbhe metbodeidaimet wherein the heteraiegpusanolpeptiderrempraes M i on peri od
for no of these aninmals. The conplete regression of tunor in 15 the
aninmal s"treated with the fusion proteins was al so clearly seen when
measured by tunor volunme. Figure 22B shows that by day 28, the average
tunmor volu ot .t he ni.nal s, treat.e ith.the fusio roteins was not

det ect abl eﬁqlgytr@fj HBQP?Q%?‘“E h’eWheé?}’éﬂ‘&gS{"’{"&?ﬁ?Ps B‘(%)lmer?@dg?m?ﬂ'ggse ani nal s

t r eat edHPW t16 FPRIBS flagmentshee@diat Madt eight ahsiyio 2Gd restlnes iddengl) | n t he second
experinment, C57BIJ6 mce (18 per group) were inocul ated subcutaneously
wit1.3 x 1 Gs TC1 cells in the right hind flank (Day 0). After 7 days,
groups of niqe THEkRtHot @REIGH 1V Wieréin theMeteftflogdus pelypdptiScdnptiseane) , 100 ug
HspE7, 100 ug Mr40-E7, 100 ug E7-TB71 (shown 1f Figs. 23A and 23B as

E7- Mr715PVdp E%ma@ggmmﬂme@m leqsh gight %@nwléf%@ﬁﬁ’&g@w}f'or the presence or
absence of tunor in addition to 25 tunor volune. The data are represented
as percent tunor incidence (TI) per group (Fig. 23A) and tunor vol une,
expressed asl2albe agthotd ofidpiny &0, whereinstha fustandreteingemprises Mysobastanivpri g. 23 B) .
As |nh F qur A kel ty (approximately 95% of the animals had visible
and{‘{]pallff%bsl Spgﬁ%drlngﬁk%:Zy 8 post tunor inplantation (Fig. 23A). By day 19,
a 30 decrease in Tl was apparent. Following this, a sharp decrease in TI

for all of the.fusiqgn r.of ei n-treat.ed ani mal r t hat by
day 33, pra ig&f’ W&QFIOP@F“? ?few%f"ﬁ?lmesceﬁl\%rrlpee ?015]\?{1%? 9$$°Z‘§F‘ 4 ndglz)&n Yast, the
Tl of tdpeee]l¢@ph h&dR| pediphérahbl BB Sofatdarsdve bhynsehing, aesphmroacarrel y 75% Fi g.

23B shows the average tunmor volunmes of the mce treated
anogenital mucosa

20

14. The method of claim 1, wherein the cell sample comprises splenocytes or

lymph node cells.

15. The method of claim 1, wherein the detecting step comprises detecting IFN-

25  gamma produced by the cell sample.

16. The method of claim 1, comprising the further steps of
(e) providing a second cell sample comprising naive lymphocytes;
(f) contacting the second cell sample with a second fusion protein; and
30 (g) determining whether the second fusion protein stimulates a Th1-like response

in the second cell sample,
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3 1 DEC 2003 WO 01/04344 PCT/US00/ 18828 wth the respective fusion
proteins. The decrease in Ti was reflected by the marked decrease in tunor
vol umes. Average tunor volunes for the aninmals treated with agqug%;qmﬁ
fusion proteins was essentially not nmeasurable by day 30. A4f C 2003
Clains 1. A nmethod of determ ning whether a fusion protein stinulates a Thl
-li ke response, the nethod conprising: 5 (a) providing a cell sanple
conpri sing naive |lynphocytes in vitro; (b) providing a fusion protein

conprising (i,) & he hock protein. 1 o f at | east
ei ght am no("g%cfe&n &‘52‘%‘%‘13 Sgocﬁlpﬁ&f:%r?gpﬁ?gﬁgesgeéeg% ?‘Hﬁg%“éﬁ‘%"@ us

pol ypepiccaieing Hsp,and thesegintl fasionprotein cdmpeisisditileast ieight amigo heidg bt lessnt act i ng

t he Cel'% sa}@)fje with the fusi nqproteir]_gs' and 10 (d) determ ning whet her the
fusi on balketiheseavghes phanairglly ofcpirie Hsbponse in the cell sanple. 2. The
met hod of claim1, wherein the Hsp is selected fromthe group consisting of
Hsp65, Hsp4O, Hspl O  Hsp60,, and Hsp7l. 15 ?ﬁ The nethod of claim2, wherein
t he ¥ usi on profanethedefseiesriag a compaund ghe method SPmRISIRE f r om t he gr oup

consi sting st R Mlvitrd, The method of claim
1, wherein gﬁeﬁlg@lﬁgﬁﬁgﬁ?}?%&ﬁises.al?,nﬁggo YRR it 0 20" of Hsp65 of
Mycobact er i (b) providing dtusith protain raeprisingdi)i Hepor afisementiharens ahlepdr ol ogous

pol ypept.i.de conprises a. Se i t] i : nsecutive
D o R ami R egess i BREN S o A A eREiohdts Bhivperipl ok ALY gy

associ adngiflo adidl re@iles idJength; The net hod of claim 1, wherein the heterol ogous
pol ypepti de conprises _a equence i.dentical, tq at. |l.east. eighf consecutive
ani ﬁg aci ds ©F ‘r’@mﬁlﬁ% Q‘Fﬁelgfag??%ﬂﬁgﬁle\ff’?’@g@d a’f‘.g the SRR PRt ’%f'&cl ai m 6,
wherei n the ) B&t8miiging Mhewtade tdlosamplecexbibits p ThDAike rbporge Rllovingtheran

papi | l oma virus (HPV), herpes sinplex virus (HSV), hepatitis B virus (HBV),
hepat i t4ostagling ft¢ps ( HCV), cyt omegal ovirus (CW), Epstein-Barr virus (EBV),

influenza  yherein a decrease in the Thil-like response in the presence of the compound

compared to in the absence of the compound indicates that the compound inhibits a Thl-

15  like response by the cell sample.

18. The method of claim 17, wherein the determining step comprises detecting

IFN-gamma produced by the cell sample.

20 19. The method of claim 17, wherein the cell sample comprises cells derived from
a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory tract, or

; anogenital mucosa

20. The method of claim 17, wherein the cell sample comprises splenocytes or

25  lymph node cells.

21. The method of claim 17, wherein the Hsp is selected from the group consisting

of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.

30 22. The method of claim 21, wherein the fusion protein comprises a polypeptide
selected from the group consisting of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.
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virus, neasles virus, and human i mmunodeficiency virus (HV). 41 3 1 DEC
2003 8. The nethod of claim 7, wherein the heterol ogous pol ypeptide
conprises HPV E6. 5 9. The nethod of claim 7, wherein the het?quEQdﬂﬁ3
pol ypepti de conprises HPV E7. 10. The nethod of claim 1, wherein the

het er ol ogous pol ypepti de conprises HPV 16 E7 or a fragnment thereof at

| east eight amno acid residues in length. 10 11. The nethod of claim1,
wherei n the heterol ogous pol ypeptide conprises HPV 16 E6 or a fragment

t hereof at |east eight amno acid residues in length. 12. The met hod of
claim 10, wherein the fusion protein conprises M/cobacterium 15 bovis
Hsp65 and HPY/ Tie rethodler clalind 7)whdéifl tifhetralogous poMPeptide Bompisec HIPV sanpl e
conprises cells derived froma spleen, |ynph node, peripheral blood, bone
narrow@6thynus, l ung, respiratory tract, or anogenital mucosa 20 14. The
met hod of claim11, wherein the cell sanple conprises splenocytes or |ynph
node cells. 15. The nethod of claim 1, wherein the detecting step conprises
det &cting | PN Tieanefhethef cfaimd dowkereiy therhstespgous pedypeptide gomprises BBVhod of
claim}, conprising the further steps of (e) providing a second cell sanple
conpri Sing naive |ynphocytes; (f) contacting the second cell sanple with a
second fusion protein; and 30 (g) determ ning whether the second fusion

. ol Thl - Li r ,
003" wher et Tiranyipodet i arv iR an B Tuehpe i SRR BBy, *2 O=°
ful | -1 epgs Hspesahd HPM 36 BLcurring Hsp, and the second fusion protein

corrgri ses at | east eight amno acids but less than all of the sequence of
ad turally occurring Hsp. 5 17. A nmethod of screening a conpound, the

net hod conppé, SA Rekthod of screening a compound, the method comprising:
(a) providing a cell sample comprising naive lymphocytes in vitro;
(b) providing a fusion protein comprising (i) a Hsp or a fragment thereof at least
eight amino acid residues in length, fused to (ii) a heterologous polypeptide at least eight
15 amino acid residues in length;
(c) contacting the cell sample with the compound and the fusion protein; and
(d) determining whether the cell sample exhibits a Thl-like response following the
contacting step,
wherein an increase in the Thi-like response in the presence of the compound
20 compared to in the absence of the compound indicates that the compound promotes a Thl-

like response by the cell sample,

27. The method of claim 26, wherein the determining step comprises detecting

IFN-gamma produced by the cell sample.

25
28. The method of claim 26, wherein the cell sample comprises cells derived from
a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory tract, or
anogenital mucosa
30 29, The method of claim 26, wherein the cell sample comprises splenocytes or

lymph node cells.
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(a) providing a cell sanple conprising naive |ynphocytes in vitro; (b)
providing a fusion protein conprising (i) a Hsp or a fragnent thereof at

| east eight am no acid residues in length, fused to (ii) a hetgaquEOZﬁﬁf'l
pol ypeptide at |east eight amno acid residues in length; 10 (c)
contacting the cell sanmple with the conpound and the fusion protein; and
(d) determ ning whether the cell sanple exhibits a Thl-Ilike response
following the contacting step, wherein a decrease in the Thl-like response
in the presence of the conpound conpared to in the absence of the conpound
i ndi cates that the conpound inhibits a Th 1- 15 |i ke response by the cell
sanpl e. 18. 30hahericthod obélaind 26, whirkin the Elispisrseletted fremeahergroimeprsistipg conpri ses
detecti I uced the cell sanple. 20 19. The net hod of
claim 1%%%&%8%8%2&? %%‘Eﬁ@’ﬁorrpri ses cells derived from a spleen,

| ynph node, peripheral blood, bone marrow, thynus, lung, respiratory tract,

or anogenital nucosa 20. The nethod of claim17, wherein the cell sanple
compri ses spiledbepethed gf clains3Q, whsrein he Bisiop pratein sqmprises a pelyReRHidsf ¢l aim 17,

el o) B TRt R B T B g sp P eim (e 1 usi on

protein conprises a pol ypeptide selected fromthe group consisting of

craim 17, wiidr dRR e RE R P8 SHERR{de bichoibelu eI ol HIE VL 10, O

met hod gd. claim 17, wherein the heterol ogous pol ypeptide conprises HPV E7.
25. The nethod of claim 17, wherein the fusion protein conprises
l\/ycH)oacteri um bovis Hsp65 and HPV 16 E7. 10 26. A nethod of screening a
conmpound, t ke mMat hethod GNEIRInE26) Sherelrbthe Réterdlogbmopolypeplide aippikes KRWDr i si ng

nai ve I%rrphocytes invitro; (b) providing a fusion protein conprising (i) a
Hsp or B/-fragment thereof at |east

34. The method of claim 26, wherein the fusion protein comprises Mycobacterium

15  bovis BCG Hsp65 and HPV 16 E7.

35. A method of determining whether a hybrid compound stimulates a Th1-like
response, the method comprising:
(2) providing a cell sample comprising naive lymphocytes in vitro;
20 (b) providing a hybrid compound that is non-naturally occurring and comprises i)
a non-peptide compound having a molecular weight of less than 1,500, covalently linked to
) (ii) a polypeptide of at least eight amino acids in length, wherein the hybrid compound is
made by covalently linking the non-peptide compound to the polypeptide;
(c) contacting the cell sample with the hybrid compound; and
25 (d) determining whether the hybrid compound stimulates a Th1-like response in

the cell sample.

36. The method of claim 35, wherein the non-peptide compound has a molecular
weight of at least 100.
30
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eight amno acid residues in length, fused to (ii) a heterol ogou
pol ypeptide at |east eight 15 amno acid residues in |ength; i DEC 2083
contacting the cell sanple with the conpound and the fusion prot ein; and
(d) determning whether the cell sanple exhibits a Thl -like response
following the contacting step, wherein an increase in the Thl-like
response in the presence of the conmpound 20 conpared to in the absence of
Eﬂe commund i ndi cates that the corrpound pronotes a Thl- .li ke response by

e ce nwyggg
conpri ses der?é%rlngté()dglb—‘%-t@r'r" WRJ uce 6?1@90 : l&ggrgr% ?ﬂggengl n‘?’hzt P
met hod @épofikeq thtinzdhoddoatpeising:t he ceI I sarrpl e conprises cells derived from a

spl een, |lynmp ode,. peri.pheral od, ho trow, thymus un
respiratory ( QS( B@guclﬁé) h QWP'g}dq’rﬁF%g&“qg'dg;@g agjpR- H”eré%od mgpu@ ai m 26,
wher ei ntota%d&,@l%_}de%gmg@tggmﬂlﬁ@&,@phwﬁ tes or |ynph node cells. 44 3 1
DEC 2003 he nmet hod of claim 26 erelnthe HsPis selected fromthe
gr?hﬁpdcopm ls(b) ﬁ{j’véﬂm%?ﬁé@amll@ﬁﬂﬂf’“%naﬂﬁ lymeBesytes dn P p71 . 5 31. The

met hod of c rises a polypeptid
selected fr (gi g%e gr p°§%%ﬁ§tgrﬁgm§?ﬂﬁgg‘%@&“g%m Hspl O Elsp)ég Ioande
Hsp7l . 32. Tde detetrsioe ohebEothaigisid m@pmdﬁwtmﬂrldvlwgmnﬁfdvypepu de
conpri s S&ﬂHF 6 10 33. The nethod of claim 26, wherein the heterol ogous
pol ypep |se_s HPV E7. 34. The net hod of claim 26, wherein the
fusion protein conprises Mycobacterium 15 bovis BCG Hsp65 and HPV 16 E7.

35. 1 Ni
71 ke T espotte ahe pibenaf At ARG fog Aoasrigh SORR A ol AfshE BT

conpri swaghtqﬁw&nlmmpymps invitro; 20 (b) providing a hybrid conpound
that is non-naturally occurring and conprises (i)

")

39. A method of determining whether a fusion protein stimulates a Thl-like
response, the method comprising:

15 (a) providing a cell sample comprising naive lymphocytes.in vitro;

(b) providing a fusion protein comprising (i) a first polypeptide at least eight
amino acids in length, fused to (ii) a second polypeptide at least eight amino acids in
length;

(c) contacting the cell sample with the fusion protein; and

20 (d) detecting a Th1-like response exhibited by the cell sample following the
contacting step.

40. The method of claim 39, wherein the detected Th1-like response is greater than
a Th1-like response exhibited by a second cell sample comprising naive lymphocytes when
25  the second cell sample is contacted with either the first polypeptide, the second
polypeptide, or a mixture of the first polypeptide and the second polypeptide.

41. The method of claim 40, wherein the detected Thl-like response is at least two
times greater than the Th1-like response exhibited by the second cell sample.
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a non-peptide conmpound having a nol ecul ar weight of |ess than 1,500
covalently linked to (ii) a polypeptide of at |east eight am rib\aBEElsZ[m:h
| engt h, wherein the hybrid conpound is nade by covalently linking the
non- pepti de conpound to the polypeptide; (c) contacting the cell sanple
with the hybrid conmpound; and 25 (d) determ ning whether the hybrid
conpound stinulates a Thl -like response in the cell sanple. 36. The

nmet hod of claim 35, wherein the non- pepti de conpound has a nol ecul ar

vei ght of {% fl& %ﬁ%aoﬁﬁia(i)%l P'r:h% c%gcgﬁd Tﬁ; hk@‘regg(glﬂgﬁ a?z aflgiver m ni ng

whet her a h Pes™d S FesPonse ™ the met hod
conpri gimdggreatdy thi hd Thi Nike @esb(yﬁsé Bﬂubltrﬂ]bglﬂlm?bebgndmuaimpibl y linking a

non- pepti de conmpound to a pol ypeptide of at |east eight amno acids in
|l ength; 5 (b) providing a cell sanple conprising naive | ynphocytes in
vitro; = ()43 0Nk ﬁ&eﬁ%nﬁaﬁklhg ﬁ?%ﬁl@’]ﬂr&t&ntdﬂﬁ fagheitdhaestpolad; and (d)

det erm ni ng whet her 't he onpound stinmul ates a ThI-Ilke response in
t he5 cekightamipt acid te3idges mtmthmndw(m abeterollogons potyPSRHES &ileast $ieht ABR%ept i de
conpoungd51§dﬁmfnlecular wei ght between 100 and 1,500. 39. A nethod of
deterntnlng her a fusion protein stinulates a ThI-Iike response, the
met hod conprising: 15 (a) providing a cell sanple conprising naive

| ynphocytes,,ifn vitro; (b rovidi ng a. i n conprising (i) a
first pol yp@%tﬂ&;uﬂ?nprggfé%Oe'tlad%'ttg’g “"Jrlgrngga’l%l?hg}teglhgt h, fused to (ii)
second pol ypeptide at |east eight amno acids in Iength (c) contacti
the cell sanple with the fu F‘eln alg lﬁ %ésdetecogu thlllke
redBonse exfi-blhedysigy PofRin @ l?lms4 ereindhg HeRLA Srqiea 1s 419 |ng step. 40.

The methpgd,of claim 39, wherein the detected Thl -like response is greater

t han T 1 | i ke response exhibited by a second cell sanple conprising
nai ve | ynphocytes when 25 the second cell sanple is contacted with either

the first pgkypgpilide pro%?ﬁoﬁﬁﬁﬂl%, comprising the Mycobacterium tuberculosis
Hsp10 protein.

a
ng

15
47. The fusion protein of claim 43, wherein the heterologous polypeptide

comprises a sequence identical to at least eight consecutive amino acids of a protein of a

human virus.
20 48. The fusion protein of claim 47, wherein the human virus is HPV.

! 49. The fusion protein of claim 48, wherein the heterologous polypeptide
comprises HPV16 E7.

25 50. A fusion protein comprising (i) a Hsp40 protein or a fragment thereof at least

eight amino acid residues in length, and (ii) a heterologous polypeptide at least eight amino

acids in length.

51. The fusion protein of claim 50, comprising a Hsp40 protein.
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pol ypeptide, or a mxture of the first pol ypeptide and the second

pol ypeptide. 41. The nmethod of claim 40, wherein the detected hi [-E[‘, 12303
response is at least two tinmes greater than the Thl-like respen eD

exhi bited by the second cell sanple. 30 46 3 ti DEC 2003 42. The nethod of
claim40, wherein the detected Thl -like response is at |east five tines
greater than the Thl-1ike response exhibited by the second cell sanple. 43.
A fusion protein conprising (i) a HsplO protein or a fragnent thereof at

porypept | do 4t TTeeet Brib SEHES, B ik Roadfolinjde RyRRRANCDO

of cl aigwtéia, conprising a Hspl O protein. 10 45. The fusion protein of claim
44, wherein the HsplO protein is a nycobacterial protein. 46. The fusion
protein of claim45, conprising the Mycobacteriumtuberculosis Hsp 10

protein. 15s547ThdRSioh YRit&R oPEIRESZ) cObpiising tik #BcoBioRFiRinuBepsuldIRt er ol ogous

pol ypeptide conprisesS a sequence identical to at |east eight consecutive
am o dispd@pwteim protein of a human virus. 20 48. The fusion protein of
claim47, wherein the human virus is HPV. 49. The fusion protein of claim
48, wherein the heterol ogous pol ypeptide conprises HPV 16 E7. 25 50. A

f usi on pr ot &inThofusioh pratein Of Ylaia 36 phereprtbe béterolpgous folypgptidet t her eof at

| east eight am no acid.residues,i.n |en gous

pol ypefPIHBSE @ SPREE ‘g’f'ﬁﬁgﬁgﬁﬁﬁ%ﬁ cight c&&%ﬁ”%ﬁ“gﬁ]&%f?a?ﬁéetap S’g?on protein
of cl aifpnRlvirGONMPri sing a Hsp40 protein. 30 47 3 1 DEC 2003 52. The
fusion protein of claimb51, wherein the Hsp40 protein is a nycobacteri al
proein. 53. The fusion protein of claimb52, conprising the M/cobacterium

t uber cul 0si $5, The fusion protein of claim 54, wherein the human virus is HPV.

56. The fusion protein of claim 55, wherein the heterologous polypeptide
comprises HPV16 E7.

15
57. A fusion protein comprising (i) a Hsp71 protein or a fragment thereof at least

eight amino acid residues in length, and (ii) a heterologous polypeptide at least eight amino

acids in length.
20 58, The fusion protein of claim 57, comprising a Hsp71 protein.

59. The fusion protein of claim 58, wherein the Hsp71 protein is a mycobacterial

protein.

25 60. The fusion protein of claim 59, comprising the Mycobacterium tuberculosis

Hsp71 protein.

61. The fusion protein of claim 57, wherein the heterologous polypeptide

comprises a sequence identical to at least eight consecutive amino acids of a protein of a

30  human virus.
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5 Hsp4O protein. 54. The fusion protein of claim50, wherein the

het er ol ogous pol ypeptide conprises a sequence identical to at |east eight
consecutive am no acids of a protein of a hunman virus. 10 55. 1?\%}6 ¥gaPn
protein of claimb54, wherein the human virus is HPV. 56. The 13u [ protein
of claimb55, wherein the heterol ogous pol ypeptide conprises HPV 16 E7. 15
57. A fusion protein conprising (i) a Hsp71l protein or a fragnent thereof
at least eight amno acid residues in length, and (ii) a heterol ogous

pol ypept i de st Wole 1. 1.0, 4 | h. - 8. The fusion
protein of 8'aplnﬁﬁe@%,n@%org}%é?%g%é’ﬁé%gﬁ%%;@%ﬁgﬁﬁe fusion protein of
claim58, wherein the Hsp7l1 protein is a nycobacterial -protein. 25 60. The

fusion protejn_of. claimb9 onptL,i spng. t cobacteriu uber cul osi s

Hsp71 prot eg%rln&fus“?ﬁgmf%?fo‘ﬁa‘ @lg’bﬂg‘&tﬁl%e%%og%sw&:@ t he het er ol ogous
pol ypepbmpeses EPVRGIEFES a sequence identical to at |east eight consecutive
am no acids of a protein of a 30 human virus. 48 3 1 DEC 2003 62. The
fusﬁo_n protein of claim®6l, wherein the human virus is HPV. 63. The fusion
protein of Gi.aA%eg&d oMAEEAiRink M ME! SERRUAYSIRALUPLPh]-HRe re§RIARY, | Ses HPV 16
E7. 5 64. A nethod of determ ning whether a conpound stimulates a Thl -like
r esponshe, meth¢decomprisiwd: conpri sing: (a) providing a cell sanple conprising

nai ve | ynphggy A i : [Well 3 . 10 (c) contacting
the cell sa Ipté&a\ndlbga;éﬂiega%?rl?pé&@r%i;g{ng\r%%g‘?npgagggggt)’?lr?gpué Th I -1ike response
exhi bi t ed bgb)tprevidiagla cempyaind; f ol | owi ng the contacting step.

10 (c) contacting the cell sample with the compound; and

) (d) detecting a Thl-like response exhibited by the cell sample following the

contacting step.

65. A nucleic acid encoding a fusion protein comprising (i) an Hsp10 protein or a
15  fragment thereof at least eight amino acid residues in length, and (ii) a heterologous

polypeptide at least eight amino acids in length.

66. The nucleic acid of claim 65, wherein the fusion protein comprises an Hspl0

protein.

20
67. The nucleic acid of claim 66, wherein the Hsp10 protein is a mycobacterial

) protein.

68. The nucleic acid of claim 67, wherein the Hspl0 protein is a Mycobacterium

25  tuberculosis Hsp10 protein.

69. The nucleic acid of claim 65, wherein the heterologous polypeptide comprises

a sequence identical to at least eight consecutive amino acids of a protein of a virus.

30 70. The nucleic acid of claim 69, wherein the virus is a human papilloma virus

(HPV).
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65. A nucleic acid encoding a fusion protein conprising (i) an HsplO
protein or a 15 fragnment thereof at |east eight amno acid residues in

l ength, and (ii) a heterol ogous polypeptide at |east eight anijnd BE] @803 n
| ength. 66. The nucleic acid of claim®65, wherein the fusion protein
conprises an HsplO protein. 20 67. The nucleic acid of claim®66, wherein
the HsplO protein is a nycobacterial protein. 68. The nucleic acid of
claim 67, wherein the Hspl O protein is a Mycobacterium 25 tubercul osis Hsp
10 protein. 69. The nucleic acid of claim®65, wherein the heterol ogous

pol ypepti de conprises a sequence identical to at |east eight consecutive
am no aci ds7nfTi® mackiceichl dffclaim 70 wiserein Ehe Hoterolbgoum palypéptidacoraprisks cl ai m 69,
wherein the virus is a human papilloma virus (HPV). 49 3 1 DEC 2003 71.
The nuélPd18Edci d of claim 70, wherein the heterol ogous pol ypepti de
conprises HPV16 E7. 5 72. A nucleic acid encoding a fusion protein
conprising (i) an Hsp40 protein or a fragnment thereof at |east eight am no
aci @ resi dudd Amusleingeid enepding(a fugion PR s RIS aﬁg'ﬁ?ﬁb?f?feﬁ’eorét | east

ei ght amn i i . : h&i i i 2, wherein the
f usi on?%%?%?iﬁﬂ%gﬁ{plr@ ?géggg‘ta‘lr?]”‘ﬂé%ﬂ%&%&é?éﬁgﬁ’ h%?@.) Qi'll?ltglloﬁdugg}l ii c acid of

cl ai m Ppalypeptiee ef lsast éighttdanpridagidsandangthi s a nycobacterial protein. 15 75. The
nucleic acid of claim74, wherein the Hsp40 protein is a M/cobacterium

t ubercul osis Hsp40 protein. 76. The nucleic acid of claim72, wherein the
het er ol ogoug3 piierelRid 4Rl «f@igini73 ewherein stedusiorc protetiecmiprises andlwi0| east ei ght
consecutive amno acids of a protein of a virus. 20 77. The nucleic acid of
cl dPm P@eIherein the virus is an HPV. 78. The nucleic acid of claim77,
wherein the heterol ogous pol ypeptide conprises HPV16 E7.

74. The nucleic acid of claim 73, wherein the Hsp40 protein is a mycobacterial

protein.

15 75. The nucleic acid of claim 74, wherein the Hsp40 protein is a Mycobacterium

tuberculosis Hsp40 protein.

76. The nucleic acid of claim 72, wherein the heterologous polypeptide comprises

a sequence identical to at least eight consecutive amino acids of a protein of a virus.

20
77. The nucleic acid of claim 76, wherein the virus is an HPV.

78. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises

HPV16 E7.
25
79. A nucleic acid encoding a fusion protein comprising (i) an Hsp71 protein or a
fragment thereof at least eight amino acid residues in length, and (ii) a heterologous
polypeptide at least eight amino acids in length.
30 80. The nucleic acid of claim 79, wherein the fusion protein comprises an Hsp71

protein.
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25 79. A nucleic acid encoding a fusion protein conprising (i) an Hsp71
protein or a fragnment thereof at |east eight amno acid residues in
length, and (ii) a heterol ogous polypeptide at |east eight argi ppETiy in
length. 30 80. The nucleic acid of claim79, wherein the fusion protein
conprises an Hsp7l protein. 50 3 1 DEC 2003 81. The nucleic acid of claim
80, wherein the Hsp7l1 protein is a nycobacterial protein. 5 82. The
nucleic acid of claim81, wherein the Hsp7l protein is a M/cobacterium
tubercul osis Hsp7l1 protein. 83. The nucleic acid of claim79, wherein the
het er ol ogous pol ypepti de conprises a sequence identical to at |east eight
consecut i ve 8anThe nautdiclaciddf daipr 8 ehereinfthaHsp7H ysoteinls 8mycotiactenialc| ei ¢ aci d of
claim 83, wherein the virus is an HPV. 85. The nucleic acid of claim 84,
wher ei PRI het er ol ogous pol ypeptide conprises HPV16 E7. 15 86. The
nucleic acid of claim69, mhereln t he V|rus is a herpes sinplex virus,
hepatitis B virus, hepatitis C virus, tone al ovij r.us H@Vteln Barr virus,

i nfljuenza vi%2udhe nyglele pad of glaimes1, EYlhe'ﬁ ?}B‘Bf‘? aMrlgcstivs . 20 87.
The nuc cdighm 70, wherein the heterologous pol ypepti de
conprlsggb&da&iﬁggéy(gntlgen 88. The nucleic acid of claim70, wherein the
het er ol ogous pol ypeptide conprises an HPV E6 antigen. 25 89. The nucleic
acid of clai EAB P piR khe nucleic
acid of cl alsgl g‘genm%wg&ﬁ'ofﬂﬁ t B{E %3@3%%2&%}8 ofols %l)é)e corfgrgllggzes an
IVHC- bi ruﬂe;queneeldteml tfat Bagieiphteonsgutckangido bgadaofmmaﬁqnmﬂawagén 30 51 31
DEC 200

10

84. The nucleic acid of claim 83, wherein the virus is an HPV.,

85. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises
HPVI16 E7.

15
86. The nucleic acid of claim 69, wherein the virus is a herpes simplex virus,

hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

measles virus, or human immunodeficiency virus.

20 87. The nucleic acid of claim 70, wherein the heterologous polypeptide comprises

an HPV E7 antigen.

88. The nucleic acid of claim 70, wherein the heterologous polypeptide comprises
an HPV E6 antigen.

25
89. The nucleic acid of claim 88, wherein the HPV E6 antigen is HPV 16 E6.

90. The nucleic acid of claim 65, wherein the heterologous polypeptide comprises

an MHC-binding epitope of a protein produced by a human pathogen.
30
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91. The nucleic acid of claim90, wherein the human pathogen is a virus,
bacterium nycopl asm fungus, or protozoan. 92. The nucleic acid of claim
65, wherein the heterol ogous pol ypeptide conprises 5 an MHC bi ndi ng
epitope of a tunor associated antigen. 93. The nucleic acid of 1cDECN@Z.
wherein the tunor associated antigen is MAGE 1, MAGE2, MAGE3, BAGE, GACGE,
PRAME, SSX-2, Tyrosinase, MART-1, NY-ESO 1, gplOO TRP-1, TRP-2, A2

mel anot ope, BCR/ ABL, Proeinase-3/ MWeloblastin, HER2/neu, 10 CEA, PIA HK2,
PAPA, PSA, P . MGh , 7 Bet a- cat eni n,
CDK4. or b 8T dpe %%%cgﬁgf}l%%%g?nlg he i pafhbgen @A vius, OPL A CBLEM

An exprpestian, MaopRsmofangs| aiprgiozdae. nucl ei ¢ acid of claim65. 96. The
expression vector of claim95, wherein the expression vector is a
manmal i an expression vector. 20 97. The nucleic acid of claim76, wherein

the virus i $2aThefnResc Sidof Baim\es! whereinhipiatdrologous pelypastideltempptisesi s C vi r us,
cytonegal ovirus, Epstein-Barr viruys,_ influenza virus, measles virus, or
hunén ianiHGdindieg epiiepe of & tumor apgociafeantigel:ei ¢ acid of claim 77, wherein the
het er ol ogous pol ypepti de conprises 25 an HPV E7 antigen. 99. The nucleic
acid of claim 77, wherein the heterol ogous pol ypeptide coppr i an HPV E6
anti gen. 30 93100he fivieinanid of daipad 2 wherein|thg WQ?SSQ\%@F‘EP‘WEF%M%%EG antigen

is HPV : 3 2| el [ _gkelm 72, wherein
t he het%gﬁﬁgg%opé%ﬁ@?%}%%sesg gﬁ%ﬁ%%ﬁgmégﬁ gbg léf a protein
pr oducegh1bo, ’[:Rphurmj’-:nmgmtopbOBCRML,rﬂmdiMSe3&\1?@0&Sﬂm BERR/2e wherein

t he human path n_i | r cteri | I§, Or

pr otbz de Pﬂ@s?ﬂéthﬁﬁg?%‘lkt‘}%’ﬁﬁ&&gﬁ’nﬁ W‘W@?ﬁ?@ EZ’ ﬂet ZF ol ogous

pol ypepidifleatGRARIDIEL%r P81 MHC- bi ndi ng epitope of a tunor associ ated

antigen. 10 104. The nucleic acid of claim 103, wherein the tunor
associ ated antigen is MAGEL, MAGE2, MAGE3, BAGE, GAGE, PRAME, SSX-2,

Tyr osi nase, gYARTs e N omprafigkthe A& acid BPldim 66RP- 2, A2 nel anot ope, BCR/ ABL,
Pr oei nase- 3 I\/L/gr%%glme{stin, Ro/neu, CEA, PIA HK2, PAPA, PSA, PSCA, PSMA
pg75, MUM 1, MJC-1, E6, E7,

15 95. An expression vector comprising the nucleic acid of claim 65.

96. The expression vector of claim 95, wherein the expression vector is a

mamimalian expression vector.

20 97. The nucleic acid of claim 76, wherein the virus is a herpes simplex virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

' measles virus, or human immunodeficiency virus.

98. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises

25 an HPV E7 antigen.

99. The nucleic acid of claim 77, wherein the heterologous polypeptide comprises

an HPV E6 antigen.

30 100. The nucleic acid of claim 99, wherein the HPV E6 antigen is HPV 16 E6.
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GnT-V, Beta-catenin, CDK4, or P 15. 15 105. A plasm d conprising the

nucl eic acid of claim72. 106. An expression vector conprising the nucleic
acid of claim72. 20 107. The expression vector of claim 106,3whBEEi 2003 he
expression vector is a mamualian expression vector. 108. The nucleic acid
of claim83, wherein the virus is a herpes sinplex virus, hepatitis B
virus, hepatitis C virus, cytonegal ovirus, Epstein-Barr virus, influenza
virus, 25 neasles virus, or human i mmunodeficiency virus. 109. The nucleic
acid of clai [ . i i an HPV E7
antigen. SOHQ§gﬂi “@E%E%@é#gﬁgg?%q@%h%?g¥2?%3#%%ﬁgégyﬁmﬁﬁgaﬁg?§§%Iogous

pol ypeph MIECHirdiig epitope afa pritdin podacdd byerhunGd pathogdEC 2003 111. The nucleic
acid of claim 110, wherein the HPV E6 antigen is HPV 16 E6. 112. The
nucleic acid of claim79, wherein the heterol ogous pol ypeptide conprises 5

an MHC- bi ndijgy "BRidueleR 28id of cRirel €1, Whefeirhlie hemAy pahdpenira Waishogen. 113. The
nucl eic acid of claim112, wherein the human pathogen is a virus,

bacfer bagigriupgcuyseplasn, HRgg X PrPzo8i-ot ozoan. 10 114. The nucleic acid of
claim79, wherein the heterol ogous pol ypeptide conprises an MHC bi ndi ng
epi tope of a tunor associated antigen. 115. The nucleic acid of claim 114,
wher ei n t he 10urithe raslsisaicigtof dlaim 72.geherain the hpierologonpept YPePAREOMPISECE,  GAGE,

PRANME, SSX-2..Tvrosi S e, |!}{ﬁ5" . 5. ESO- 1, gpl OO, TRP-1, TRP-2, A2
mel ano%ﬁé’,‘eﬁﬂﬁ)’@w&r%& nasea-sé’/c @%agé?%léti n, HER2/ neu, CEA, P1A, HK2,
PAPA, PSA, PSCA, PSMA, pg75, MUM 1, MJC-1, E6, E7, GnhT-V, Beta-catenin,
CDK4, or P15, 116. | asm.d co isin he nucl ei c i f. claim79. 20
110" an expll%sﬁl‘}ﬁ‘u@@@taﬁ% °€8’ﬁB’Pir@’ﬁé‘e{&%bﬁ‘ﬁE‘E?‘?Siaés°3‘c?f°§%%‘€geg’l‘%i m79. 118. The
expr GFMRGEY,%IA@E%)MA@@{ B\Atflsg gmm E/&S3e2pTwesinae, MARTel, N%- a
ranTa I1:.".aSr(])- le,XgF];rl (()308, §I‘IRCI)’[]1,\’/1'%(]:’-2C,) rA'Z melanotope, BCR/ABL, Proeinase-3/Myeloblastin,

HER2/neu, CEA, P1A, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUM-1, MUC-1, E6, E7,

GnT-V, Beta-catenin, CDK4, or P15.

15
105. A plasmid comprising the nucleic acid of claim 72.
106. An expression vector comprising the nucleic acid of claim 72.
20 107. The expression vector of claim 106, wherein the expression vector isa

mammalian expression vector.

108. The nucleic acid of claim 83, wherein the virus is a herpes simplex virus,
hepatitis B virus, hepatitis C virus, cytomegalovirus, Epstein-Barr virus, influenza virus,

25  measles virus, or human immunodeficiency virus.

109. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises

an HPV E7 antigen.

30 110. The nucleic acid of claim 84, wherein the heterologous polypeptide comprises

an HPV E6 antigen.
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111. The nucleic acid of claim 110, wherein the HPV E6 antigen is HPV 16 E6.

112. The nucleic acid of claim 79, wherein the heterologous polypeptide comprises

5  an MHC-binding epitope of a protein produced by a human pathogen.

113. The nucleic acid of claim 112, wherein the human pathogen is a virus,

bacterium, mycoplasm, fungus, or protozoan.

10 114. The nucleic acid of claim 79, wherein the heterologous polypeptide comprises

an MHC-binding epitope of a tumor associated antigen.

115. The nucleic acid of claim 114, wherein the tumor associated antigen is
MAGE1, MAGE2, MAGE3, BAGE, GAGE, PRAME, SSX-2, Tyrosinase, MART-1, NY-
15 ESO-1, gp100, TRP-1, TRP-2, A2 melanotope, BCR/ABL, Proeinase-3/Myeloblastin,
HER2/neu, CEA, P1A, HK2, PAPA, PSA, PSCA, PSMA, pg75, MUM-1, MUC-1, E6, E7,
GnT-V, Beta-catenin, CDK4, or P15.

116. A plasmid comprising the nucleic acid of claim 79.

20
117. An expression vector comprising the nucleic acid of claim 79.

118. The expression vector of claim 117, wherein the expression vector is a

mammalian expression vector.
25

54



