re3e 6T 1- I NDUCTION OF A TH -LI KE RESPONSE I N VI TRO Cross Reference to

Rel at ed " Applications This applicati i gority fromU. S. Provisional
Applicati'on 5 No. 60/ 143,757, fil eam IWIH"""WH”Q The content of this
appl i cat i onwosoioszaer por at ed herein by rejlsg{sgnce in its entparetspo/idseel d of

L

the Invention The invention relates to fusion proteins and net hods of

Genaral |y be divi ded | IBUCHION OF A Stk RESRONSRBCIRECT 0hY' Cou”ana

CD8 antigens. The immune response nediated by CD4+ T cells is 15 restricted

by class Il major histoconpatj bi |h¥ (of¢) x (MHC) nol ecules. CD4+ T cel | s,
al so known as hel per T | ymh@ﬁ&—%@f—éﬂ&w cpti 8l per functions via
the secretion of | yxiphsiciesm clabing pHomt) iRl € SPPRSRioBdApiesioay CD8+ T cell's
is restricted by class n T cells, also known as

| _.MHAC nol ecul es. CD8+ T ¢
cytolytic P I PRpptdsd, filediuly 8, B3¢ Jheeantent pf thisepplifetion s yrestrokated ty and
al so secrete saER WQefeiehdiakisRRgretypon activation. CD4A+ T cells can be
further divided into Thl and Th2 subsets. Thl cells participate in cell
medi ated i mmunity by producing | ynphoki nes, such as interferon (>F N)-gamma
and tunor necrosis factor (TNF)-bekflddfiad m&dionate cell nediated i munity.
Th2 cells provide help for hunoral 7Timuni Ty Dy Secreting |ynphokines that
25 stimul ate B cel | s Theipyentipn relates tosfygjon protpinsand methedg ofstimulating e Ak -
activate ejd hgge fdfonddn viFo. Th2 pathway can inhibit the devel opment of the
ot her. For exanple, ITFN-gamma produced by a stinulated Thl cell can inhibit
the formation of Th2 cells, and IL-4 produced by a stinmulated Th2 cell can
inhibit the formation of Thl cells. Cguliaifindi sease conditions, such as
cancer, allergy, and parasitic infect e 30 characterized by a
predom nant |y Th2 Tégnprhesetes cangenerdbrhealividesd intouws classeebased hpon expiigesidron  of

the Thl respo i i A e [ liorate

t hese conditi gﬁgm Cﬁj’%%%ﬁgé{% E%ﬁ%ﬁ/@%ﬁ%nﬁ%r y1 o%ﬁnﬁée@%enti on
The i nvent 15on résgickdydlasnllnmgordisterompatibility somplex GUHC3 mopsicales @4t Bii ng nai ve
| ynphocytes c b Il j I o) WoTR e le= L1 : onse.
Accordingly, t% ﬂ%as iﬁ?]o\sllé{r?ﬂﬁ oa%th?l g%ﬂ%ghé&n%t%ﬁ%gf&& egileel %f?]#hé&v%gﬁjﬁer a

fusi on 5 pr ot eearetvhiofiiyinghekines. Mhe ithinkee regopesalidied by GP8pTevlldsng a cel |

sanpl e cont ai ni ive | i j tx 0o ( rovidj usi on
protein cont ain p%ber&?)ly)&aﬁs K@P‘g‘ﬁ‘t&g‘ﬁ%&ﬁ% Tﬁl&(nls-lsalp?)%o l%? 83 a?‘r’ﬁa‘g‘?}@%j{ t her eof at
| east ei ght aiymygshoaytes OTEs), dareysout nell medjsted cyftotexicity and(also)seaeth edree ol ogous

pol ypeptidg, at | east eight am.no acid residues in length; (c) contacting
the cell sg(?*rpﬁ%n%@we nfaﬁté‘f%ﬁn'pr otein; and (d) determnining whether the
fusion protein 10 €DUnTl eilesande Finkhel ivitled @8 Thisad Th2tshissetseThl sdlgpl e. " Nai ve
| ynphocyt es” are. | ynphocyt e tJ;.at have not, been expased to th usi on
ororern (in vRoScBHEn Al iRy By Brundog BaRARRES, mbR st e Pvent i on.

An "Hsp" i s a(IFN)-gamma and tumor necrosis factor (TNF)-beta, that activate cell mediated

immunity. Th2 cells provide help for humoral immunity by secreting lymphokines that
25 stimulate B cells, such as IL-4 and IL-5. Antigenic stimuli that activate either the Thl
or Th2 pathway can inhibit the development of the other. For example, IFN-gamma
produced by a stimulated Th1 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 Thl response, typified by the production of IFN-gamma, may

LT
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ameliorate these conditions.



pol ypeptide consisting of a sequence that is at |east 40%identical to that
of a protein whose expression is induced or enhanced in a cell exposed to
stress, e.g., heat shock. A 15 "fusion protein” is a non-naturally
occurring pelo/aemss de contai ning am no aci d sequences der ipcaduso/segt | east
two different proteins. The Hsp used in the nethod can be selected fromthe

group consisting of Hsp65, Hsp40,§ HSE 1OHEEEGO and Hsp? 1. Additionally,
the fusion protein can contain t 2 e sequence of any of
Hsp65, Hsp40, F‘Sﬂb@vehﬂ&ﬁﬁ@bas@doﬁﬁﬁiscodeﬂyﬂi@t SilBaple octitaiRing aaive he fusi on

protein contains a fragnent no acids 1-200 of Hsp65 of
Mycobact er il WHPW%““%%‘“H’& "g"’rddI’Sﬁrﬂﬁgemﬁ"yﬁgbf%%reé%ﬂ‘?s%ont ain a sequence

identical to at AcgadingB, ﬂi%tmxféﬁﬂ&ﬁﬁhthteb'ﬁnﬁﬂloﬂ@fa&bﬂﬁmﬁﬁ whetherd fagiod ei n of a
human pat hogen, t unpr as OCI ted anti Exanpl es

of viruses H“PFE‘I“&H@“HEE‘?’&J%&%F I“TSB?I‘I:”?g oYy @SP B&%“@P%%é‘k’e virus
(HSV), hepatinbhorys ¥ vit's, (ﬁﬂﬁwldmgaméﬂpr&c@ ebhfauﬁng((ﬂq\ﬂeat shy¢koprB@iRl OVi r us

(CW), Epstein-Barn virus | uenza yvirus, .measles vjrus, and human

i munodef i (HERY 2 ag@ﬁ“t(‘hﬁr%f at Tppst CWBE amming agio rrsidpen ip frngthy Bsedaditont ai n an
HPV E6 ant I}Q?e%logoug Folyb‘&Mdéﬁt 166t cight a6 eid @ﬂ&ﬁdﬂ%‘lmﬁhﬂc) cdﬂthlﬂésthE) or a

fragment of any o hese antigens that is at, |least elrght am ng acid
resi dues i rFelléﬁ'QEIHWItQth fysign arotsing ppd &) detgmnining whsthey the BisionPEHEAI ns

Mycobactgr i 4HuRessiaSTHB ke s bme aNthe EhMsakdpld=?. The cel | sanple used in the

net hods of the invention can contain ce Is derived froma spleen, |ynph
node, peri pher al"Neivebamrhoeyies”fes lyewhociey thashave gpigheen expppedde éwe;fuaon WO

01/04344 PCLLLRQR/ &&8&% Imyfmor% (R ABER trﬁéthdﬁ“cﬁ@ﬁx@cnn'oﬂ Rh
enbodi ments, the cells are splenocytes or IerPh ode cells he stinmul ation

of a Thi - | i Hedypeptidssansistingef bée%@tceﬂhﬂﬁéﬁlebgﬂﬂétlé@ﬁlpﬁgo thhfe)f@mé@elnce of a

I hok t I
erbodi mont) L Re L Ao T e B e R IR R second
cel | saripl &“fastont rrpteiniids mw@nuylbmce@ynenolmp)ld@maemng pgino aeidsecond cel |
sanpl e WIths eﬁg%%glq Jd”f?dn?ﬁ't ‘%W‘ﬁ%‘“@’ﬂ rc(t&)l determ ni ng whet her the second

fusion prote Tt es response in the second cell sanple. In
this exanpl e, tHhefdsp ssedflmﬂlconpﬂmdmaebﬂsmtadéronsthe group eepsistingodf a
full-Iengt t I ! tein

Cont ai nsgaPH pgs, Iltr'sfp% %ip? 86 484 gwtl)u ?%ﬁmtoﬂﬁ tyh&e ﬁ%'];q?t‘élﬂ%kr?&nPa&?

eas o ’acl ess an a the sequence of a
natural |y obetidlranrigo mtbsequmcanbalﬂ@rf HapsfiSe Hsp40t HaalionHmﬁﬂmrHspélatIur es a met hod

of screeging a 6o p@%ﬂfgb@xﬁ}sg&)}, dp%mrﬂ@ﬂsgaa rgag SRR Ongoml% 9.1,,@59 naive

| ynphocytes 1 n Vi ng a fusio fofeln arning (1) a Hsp
or a fragnenhgot dfdisp6s obMydobacteriian bvis. ami no aci d 15 resi dues in |ength,

fused to (i1) 2 kel auals AR LR <L A8 Bl AIAY @) o 7 oot dues

in length; (c) con oun he fusion
prot ei n; andhnéetitivdenmenoraaidsg (v protem oﬁdienmlphthegmpég exllrusboxt(a)a Thl -11i ke

Thi ke r Qumhesti e 2okl 3 ARiced Beihal nBR b o S I RE R "
absence 26f ndt;msemmummﬂthmstQthM{B\nethWMSi(mvm ts a Thl-1like

b h d d, of
or ben ng. AR T RRY A poi et EE N0 e el Ptk ey B ve
Iyrrph;ncyt eshummvnﬁnm?deﬁbben@mms(ﬁmg Ehé hmuolngangcpb}ypq:tﬂa nﬁrﬁdomlah@n(l) ? Hsg
t
Co (i1 o Y R e ot SL EF 8 M EL AR E g d BT o P G

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



25 length; (c) contacting the cell sanple with the conpound and the fusion
protein; and (d) determ ning whether the cell sanple exhibits a Thl-1ike
response followi ng the contacting step. In this nethod, an increase in the
Thl-1i ke res‘ﬁ%ﬂ&@g‘i“n the presence of the conmpound conpar edPEHUSNW/IBEE
absence of the conpound indicates that the conpound pronotes a Thl-1ike
response by gabeofRlokeri@Mleosa. 3 PréferRiénddindéRe tHe.cefll\Be pldRbyteadt features a
met hod of determ njng_whether a hybrid compound stinulates a Thl-1ike
response by:ymehnodesilsii ng a cel | sanpl e containi ng nai ve |yraphocytes in
vitro; (b) provi dhgstimulaid éfé 1K YetgodsB 3hn besddhamineaby dakdhg@ecur ri ng and
contains (i) a non-peptide conpound havi ng a nol ecul ar wei ght WO 011 04344

PCT/ US00/ 18@pesewse of adymphokine pragyesd byshegell sample ¢. g J8ly-gapuma; of 'NF-bst. y pept i de

of at |eagt eightp g eboRFhGE thdmbtBEDAIE, in&‘fﬁ@és@:hé‘st&ﬂ@%fzhbé?’rﬂr&iridi:?éfPOU”_d i's
made by coval ently |inking the non-peptide conpound to the pol ypeptide; (c)
contacti ng tsheondspll samplpcantajpingnaivrlymphoqviescd goptasing tampcerefﬁjceaémplm ni ng

whet her th ' i : ' i 5 cel
ether the Jibf i, gfg'%%eﬁ%'aﬂ&gyhaﬁnﬁg%@g@'eﬂkﬁmé E‘ﬁgﬂd‘ﬁﬁoh %{t: ce

sanple. In one enbodi nent, _ pept ound has a nol ecul ar wei ght
of at | east stioglatdsp T dikieaesperspamthe s¢ohad collsampleodn thesaxampls, the fizst hod of

det er m ni ng : i i = r se bhy:
(a) produci nﬁg[;l\gglji ﬁ:;%eh (fﬂ g@ﬁﬁ@%%ﬁ%%@%v@f‘é%@%@?%;gé“é‘l"l %-pbégﬂﬁ %e
conpound 1@ o sacqudifysierprrotdin aofitais af least £ighti agtino amdsiut liegs then albofithe | engt h;  (b)
provi ding a ?KFH I-ni ai ve | ynphocytes in vitro; (c)
contacting ts%@eécef sgnp?%%ﬂhgﬁgahybri d conpound; and (d) determ ning
whet her the hybr ilnlamtigpespect, the invehtiondeatureTinmetholt ef sceeeping seompoundéycel |
sanmple. In e i t - i und..ha .ecul ar wei ght
bhet ween looo(g)n B%Weﬁg ”Phﬂgﬂ‘g&ﬁ’é‘g%gé’ﬁ gg?p,%gﬁgs ik gl%oh fnl) %ﬁov dé]a?\g[ tres a

nmet hod of dedusiomprotairgcontairiig(i) aH$pusiadimgprent thereofst leastleiphtamiao il - | | ke
response, py: (. rovidi |l sanpl e cqnt aj.ni nai. | ynphqcytes in
Vo (b grtea B e ikl 6 s e RRiTRols SOMRePE Rkt pobER Dept i deo at
| east ei ght rasidues iralehglh; (c)coneantirigthe éallsathpleovith thy campomad msll thofugjoapt | de at

| east eight anmino_aci in.l.en - (.c) contacti t | | _sanple with the
f usi on prot eqrﬁtflﬁﬁiadgdqgéfﬂ'ﬁmra’éﬁ ggﬁ%éh%{:eﬁ’ﬁ‘“g qF ﬁ’g‘q&gsaphﬁﬂg@(cé%ﬁ?%% ed by the
cel | sanpl e fohdwiagitiegohiaetingarepadt thisgnethapa déoreasein therDioldlikeredpondetie det ect ed
cel 1 sanpl o BORERPRT A GriReud AL e BBt o LEORIoDRI ISy o (o
cont act ed?V\litﬁﬂt?e@ddWWﬁﬁh'ﬁhhibitﬁfSThpﬁk%ﬂ&ﬁfﬁhﬁdlhythéS&l salﬁnqmnd pgl yplepti de, Zgr a
m xture of the first pol t.ide, and t econd pol ypept.ide n one

exanpl e, the det éﬂgﬁn-paﬁ?%ﬁg?@éEJBWQE’EPES%?"WD@&?SCPX‘B 49Yni® greater than
the Thl-1i kepro¢igingaeell SaipldidnCshiy/ndiVay@pRdeitds #eilro; By bding B fidfdt her

Tho Thi 11 1 KePPEASHERINSN Hi0u < BHERE tepRs AP B PR her
aspect, the lefiateHidedo () @heflogdud poIypeptide a0 leaitdightathiab Aéid Gesldugs id Hsp 10 30

protein qr fra nt thereof at |east eight anino acjd residues_in |ength,
bnd (i1) 25 ﬁ@@%ﬁlﬁf BHStREIS plsemale Wt thedtpo e tﬁﬁfuﬁana@f% 3phengt h.
The Hspl 0 pdeRdrRidingWwhdthe tielttil Siingdé OHHIR aCTA-1{RE r@géﬂé@ﬂbﬁﬁi@ﬁh@' protein,
e.g., Mycobacteriumtubercul osis Hspl O protein. The heterol ogous

pol ypept i de &RCERHE. in usweftesh e inceratrip g Thidikgrespenss in @ pegenge of Wo

01/ 04344 PCThHSEGhPREd BomPR&re il ih¥ 8bsdidet? tiRCofipodd iAdiPii&ltgdt heof a human
virus, e.g.) HPV. In one exan%)_l e, the heterql ogous pol ypeptide contains
HPV16 E7. | reogmgtmipromefssaThltikeresnonsnhy thacqlk 9iblres a fusion protein
containing (i) a hEaRdtRerRERECHR iffenton' tAFEEDNethdE bEMterAlninS@hesh 9Nt am no

acid residues in length, and (ii) a o
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



5 heterol ogous pol ypeptide at |east eight amno acids in |length, The Hsp40
protein of the fusion protein can be a mycobacterial protein, e.g.,

Mycobact eri um t ubercul osis Hsp40 protein. The heterol ogous pol ypepti de can
contain a seowsoersi dentical to at | east eight consecuti vecanisomssss ds of a
protein of a human virus, e.g., HPV. In one exanple, the heterol ogous

pol ypepti de contai ns. HPV 1 anot her, asp i nvent, on

provi des a 9f 3%?56}??“ FSQPE?WQ]EHET <’;1'|kﬁig)f?g{1 )  polypintide g %?%fté’i‘%?&’?““ﬁ aeids Bhrent
thereof at lle@g?tﬁtwlﬁ'r@iﬂfhe@@bxﬁkmo&ﬁpodnd RIh4lle®F covhldngly Uhking ﬂiédxofﬂpbbtlcﬁ

het er ol ogous pol ypepti de at | east ei ht ampno acids in | . The Hsp71
protein of Q°HB’°H¥EY°GPF PRIGreatides é‘;ﬁmﬁé" ‘é}gﬁ%‘iﬁﬂéﬁ‘?@ﬁ With t}b:rlygﬁg fompougd;

Mycobact er i 4 EpdesmitifshRethés e hybrHe té&hfound Bemiedees ThnoRsespbyReRd | de can

contain a se uence identical to at |east eight 15 consecutive am no acids
of a profei¢elispmplen finens spbodigent the nonmeptide comppinddiag amoisculanweighkafy o| ogous
pol ypepti deatq&gttﬁjons HPV16 E7. In another aspect, the invention features a
met hod of determ ning whet her a conpound stinulates a Thl-1ike response by:
(a) providing a laanetheramsce thednyeation fafurraiagrethodiob Ageniniag Mietherd o, (b)
provi di ng %ﬁ%%%&ﬂ&’und(sﬁﬁmﬁ%@ta%flllmr sE%&'(a)éﬁSﬂ%ﬁn 2QiyWid gbngrhﬁngorrpound
and (d) detecti nﬂ re onse exhibite ﬁe cell sanp

fol | owi ng tbwecaye tlté)chlﬂw %1@@ mom%@mowem@ppﬁ@deasmahttaé@w cal and

by one APt 5°?.S§§#é¢§‘*‘k°"??f°?‘nd“% Eft PleeBnR R D fmiho AT O, Her ot 00d
Al t hough netdntadtingithd cﬂhsamnliaw@ thie iy prigk compouely and(dd determining) &Y:beth@ﬁhﬁes cri bed
her ei n cann@ﬁl{g&gﬁgh%dtsg uﬁ{eggt’ﬂhqqlkg;eécrl Bﬂg gefl sta%ﬁle ﬁg&ht i nvention, the

preferred errals are publ i cati ons,

pat ent appl ¢embadimerd, thpnorepeptide compovtdiaas amedlequsnweighttwdeoi@dambr ei n ar e

i ncor por at eFS&y reference in their entirety. In case of conflict, the
present appl’ication, including definitions, will control. In addition, the
mat eri all§, met hohisnotacrdsmcaﬂwliwntimefem@ laimethod af determpmihg whetblerot i nt ended

Lo ot ™ ¢ B b OBLE 3 AR SANRNY PORS Rl FedBUER BB D
01/ 04344 PGfdltByﬁipmﬁ&% zrantre;f(bmsradmgtmfmiomﬁrotwm@ompamglg)sa ﬁisgur es | A1B
Show { he =S BERSRack ALOSI LARELER S0 8 FPL SRk lptteR’, [T gure 2
Figure 3 shlmﬁ etghemmqaeam:m 1e)fgthp[casmtabanTHeH/eEi’qrmdwmytlfed‘uslmmpsms| on of
xcpr essi g B G GRnd o THI-RE SRR Aam R o R G BB ) 0 O T
pPETMI40E7 comhta:ugngatep ehmnesmbaﬁnnaft thif déledied THEHike respénss isgensatdritimnsiequence  of

pl asm d pETS codin ressi o f _oval b n (VA . Figures 7A-7C

Chow t he' sediikergrons i BLESEpRLsoR iR coFhiPe b el meledisn” of e pova

Fi gure 8 shehen ﬂﬂaeeﬁemmlrmphﬁs @nasted ovithGHkerkhecfirsti potypémideshpseearsd on of GST.
polypeptide, or a mixture of the first polypeptide and the second polypeptide. In one

25 example, the detected Th1-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 Thl-like response exhibited by the
second cell sample.

In another aspect, the invention provides a fusion protein containing (i) 2 Hsp10

30 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. The Hsp10 protein of the
fusion protein can be a mycobacterial protein, e.g., Mycobacterium tuberculosis Hsp10

protein. The heterologous polypeptide can contain a sequence identical to at least eight



Figure 9 shows the sequence of plasm d pGEX/ Kl E7 coding for expression of
GST- E7. "Figures 10A-10B show t he sequence of plasnid pET/E7/S 65 coding for
20 expression of E7-L-BC&5. Figure 11 shows the sequence of plasm d pET65F
1 / E7 codi ngofoandla«pr essi on of BCGB5(F1 )-E7. Figure 12 siromgsoressssequence
of plasm d pETESE7 coding for expression of TB 10-E7. 25 Figures 13A-13B

show t he seguence of .plasm E)E [E7[71 codi.n for%g?piessi on of t7-TB71.
Figures 14 Shiviicy évﬁc?W"F%aea eoga hit 8“8? 2 piaghY! ’pﬁiﬁ'l 7 no’beoe&fuﬂﬁlef f

expr essi on heferalogaus polypgptide eomainFHBVEI€E7.15A- 1 SB show t he sequence of

pl asm d pET/ SP65¢c- E7. codi ng.for 30 expr.ession of SP65(2)-E7,. FlLgures

oa 168 Show ( nd EEAE ARSI e Avaa i PRI HRS BB G TP OT e Uhs B0 of
AF60-E7. 6 pr?tm&ilgaéﬁé? tR(EHH‘ﬂSDIéﬁsf‘LS&HBarEnCS' quiig&smﬁ&iﬁgﬁg&h@réd (?il)lbanCﬁd

| FN- ga rel eagse spl enocytes from.C57BL/.6. n ce I ne romthe
Char o5 B VIEHSTIa6S RPBPSPIRRRYeast SaJ AHEO 1918 13 Lok Go 1t BBRICHTBIN QY. 178)
upon exposUiisiod Protdidéan behingitoBste Bl profein, 8 BOWHLEVIRIRERA z&ﬁ%ﬂ@m&ggael ease by
spl enocyt es fr_oma_geﬁal b/c (Fi Qf 18A), C57BL/6 (Fig. and C3HeB/ FelJ

g...18B),
(Fig. 18C) mpteR StErOiRBot ROTYRSP 90‘15?*‘5&#%‘1“%“%%21&1HtalFR,sEﬁglFtF' N- ganma

rel ease by @RiRnR@YER0 ARRDIDPRAGH bPa hinddiihe e £I PRI NSorfeQRfuBbiB] thY an
ant | gen and a stress rotein but not UEOH exposur e to a fusion pr oteln

cont ai ni ng Referelagqus eplyReRide contype RV B&r than a stress protein. 10 Figures
20A- 20B15h0W enNARGIRr NI BRIRhEHERE AR, BRbEHBI GRARANGEXRGIMT € t O

fusion proteins containi gg stress proteins of djfferent types, stress
protei ns f rRSAH oF pregment shegeafiabioast cight amine agdssiduesiin dengthy ang(iipa ot ei n.
Figure 21 Srre@ee@ogdmaaﬁsebﬁh@hfeémgmrﬂiﬁ'@msw1&&@&@%&71%&%&_@%

spl enocyt es upon exposure to fusion proteins coftaining an antigen and a
stress pr ot{pian progiFeagheagnyeppacterigl pratsin, 8.8t Mreokagigrive nefferaulasisrtHspAti dence

(Fig. 22A i czéggs | %2@' | 001 Wl . = Jn et unOr
cells foll o%g%mb;ﬁﬁgrﬁct?%h ct |é)dr§ ttl el tc %‘g?ﬁ‘gg uﬁﬁeqﬁg%}% ég%%%éémE? or
AF60- E7 15Fi epnsesstivzaimiog®idsindw protein géa bwmansdrusfe. g HDY. Ineniedamuple,(thé g. 23A)

and tunor v ' ! .m yppected with TG 1 tunor cells foll owed
by an inj ecﬁ%ﬁgéé“{ghg%%’g‘?%ﬁ%rmggaﬁﬁl n za‘?tﬁlspa, MT40- E7, E7-MI71, or TB

10- E7. Det ai | ed lDaenathdrpspcotathetmventioreioatiunes a methatd of datermimndhwhetharfa st i mul ati ng
invitro a Mpbbﬁ&&iﬂlﬁﬁ&ofﬁﬁ-lm r@sponse 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 Thl-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 intended to be limiting.

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

following detailed description, and from the claims.



cell sanple containing naive |ynphocytes. These nethods are useful for
assessing the 25 ability of a protein, e.g., a fusion protein containing an
Hsp Iinked to a heterol ogous pol ypeptide, to function as a stinmulator of a
Thl -1i ke reswoonsesss Addi tionally) the method can be used t ceara@ob/idsys
conpounds that can regulate a Thl-like response. Various materials and
procedures suitable for use | nttge ﬁ Ihogg 3{ the invention are di scussed
bel ow. 30 The terns stress p € n Sprotein (Hsp) are used
synonynously herigures 1301BiShow theaeuzhse st plastiil SETESI coliing Gor@kprassiompfence t hat
is at least_40% identical to that of a protein whose expression is induced
or enhanced®a cel | exposed to stress. Turning to stress proteins

general |y, cel | Fifnaepehsvs e feqiénce 86plasniill yBT & (NH) Redihg freGltessioo® 011 04344
PCTNSOO/ 18828 treatnment) by increasing the expression of a group of genes
corrrmnIySre?'érred to as stress, or heat shock, genes. Heat shock treatnent
i nvol ves exposurggit 3 eRdvsth®keqérda 6f SiEmill PETATET eatling B8 edpi@biodbf One to
several degrees Cel sius above the tenperature to which the cells are

adapt ed. | n¥br di nation with the induction of such genes, the 5 | evel s of
correspondi ng_ StEiggss 4K-aB8h6w tﬂe%cﬁxﬁﬂ&%flplhsﬁidﬁﬁ%@@/ﬁlﬁm%odid'%fé;klsed_ herein, a
"stress protein," also _known as a "heat shock protein” or "Hsp," is a

prot ei n t hatxpressiemedsPE’by a stress gene) and is therefore typically
producedgi n si grgifleAU 5K 6w MeBbqRARMTpRsMROTE TINIPAGOoaRE Q" exposur e of
the stressor to the organism A "sStress gene,” also known as "heat shock
gene" is useprdasepepiMd40-E7gene that is activated or otherw se 10 detestably

upr egul at ed due ; . i : i ning the
gene) to a st resﬁs}gurr?5 QE‘&WQ@%SQ{“’??:@%Hﬁ?g@‘?ﬂf%ﬁ%@%?@‘%ﬁ‘gﬁ@ati on,

heavy met al owdhuran (WA).bit ors of energy netabolism and el ectron transport,

and protein den -g;rgp; i O0LH tns. Nover, L.,
Heat Shock Resp?r% e, &C%Pg%&e%ﬁ%ﬁ%e%é@%g&@ﬂgﬁ? ﬂ&@?‘%gas%m Stress gene"
al so i ndiSudexpréssiappblden@®Vaenes within known 15 stress gene fanmilies, such
as certain genesg:Wi LRi a1 even

t hough such hongﬁlg%:%ggﬂcé‘gﬁn@gE%%&ﬁg?ﬂ%ﬁgg\@gﬁ%%g?ﬁ%%@g%%%%hgf(?gg'sor. Each
of the terns striEgwe§ehewsthe sauenss of plasmie pGEXK/ES edding far lexpressios ofit

speci fi catiﬁgT@y be inclusive of the other, unless the context indicates
ot herwi se. An antigen can be any conpound, peptide or protein to which an

i mmune 20 responBieues1@leddB etbw thaséqyents ofplasmaid pET 74’63 edangefet  ar e
tunor-asz%ocg%g%gmgg%gg_ G@é | ergens of any origin, and proteins from
viruses, nycoplasma, bacteria, fungi, protozoa and other parasites. Fusion
Protei ns 25 The Figwent iskowsghosaquense bfypasinid pBTOSH G7aoding foksxpressibnioér ei n, a
"fusion prob%iG%'é FII? 3 non- nat urally occurring pol ypeptide containing at

| east two amno (ac' g sequences which generally are fromtwo different
protei ns. The anFigaredeishbvesatheisquencebf flésmid pETESEInptling ffarsixpmessponatfei n i s not
i denti cal tg i@_ﬁnam no acid sequence of a naturally occurring protein or a
fragnment th P " An Hsp fusion protein contains an Hsp or a fragnment 30

t her eof 2t | eastFigiug13AnBB chovcihe sequenck efpihdmill pBEAT/ A @oding &drer ol ogous

pol ypeptide. An 'Hs eptide" refers to a polypeptide consisting of a
sequence t h§tPrPs§to t°PFZ'QJ§¥P’4O%identi cal to that of a protein whose

expressi on is i nBigaes144-14B oW séquerte 0£plasntid pBTART/110cakingfBs) €. 9., heat
shock. A "heterol ogou ol ypeptide" refers to a polypeptide that is 8 WO
01/ 04344 Pﬁﬂfﬁséﬁﬁggég"ﬁ@“ﬁ%@@ "to the Hsp protein or fragnment thereof. The
het er ol ogous pol yigeres i 5158 sksvethe kajubnte of plaiid pETISPBSc-BYtddingdfoi dS i n

| engt h. %(8 sone enbggﬁgig&% t he heterol ogous pol ypeptide is at |east 10,
20, 50, T00S*PIE§onPspt ~/*or 300 amino acids in |length. The heterol ogous
pol ypept i de geneFightey 164-16Bshdwdthe s€fnerte lof flhsndid PRTUFEOE Nco@imgdr’ | Ng Hsp. 5
However, the fusjon 86%}7” can al so be a fusion between a first Hsp and a
second, diffz@r&ﬁ’ﬁwﬁg‘%, 6f* between all or portion of an Hsp fused to all or
a portion of the sanme Hsp (as long as the resultant fusion is not identical
to a naturally occurnng protein). The Hsp pol ypeptide can be attached to
the NNtermnus or CGterm nus of the heterol ogous pol ypeptide. Preferably
the fusion proteinis a purified protein. 10 The preferred Hsp fusion
protein has one Hsp pol ypeptide |inked6 o one heterol ogous pol ypeptide, but
ot her conformations are within the invention. In one enbodinment, the fusion
protein conprises at |east two copies of the heterol ogous pol ypepti de,
e.g., HPV 16 E7. In another enbodinent, the fusion protein contains at

| east two copies of the Hsp pol ypeptide, e.g., Hsp65. Additionally, the
fusion protein




15 can contain at least two different heterol ogous polypeptides, e.g., two
or nore fragnents of a single antigenic protein representing different
epitopes or fragnents of two or nore different antigenic proteins derived
ftomthe saweopw4ddd f f erent tunors or pat hogens, and/ or at RGIAIN00/18828
different Hsp pol ypeptides. The Hsp and heterol ogous pol ypepti de can be
directly fused w: a1 _ggl I iments, the
C-term nus of t\k?éblgg%ﬁ(‘?‘aﬂ%gﬁg{?@gﬁigﬁﬁﬁge aéa?%égﬁélé]%%gg&gf t he

het er ol ogouSSTRIY§ pigetdbthinedrfranhthe ChadesRimerdabératome (Rigt1@Ad brsktbe $acksiny pept i de
can be dir |y f ] f the Hsp. Alternatively, Hsp and
het er ol ogoﬁlggbﬁét%/rggﬁgi @gaggm%ég{r?lﬁkqﬁ E?'o each other via a peptide |inker
sequence. Pref erRigded 180<«23C steqwuenham=sd (FY-gainoiireleasd bptplenoeitexfriohe 25

ext ended_canf tian, I t L r si.ty for devel opin
an or dergdogﬂ%zﬁgr@}gt &?&@E@Pﬁﬁ%ﬁ’ a&ﬁ@?ﬁﬁﬁ@ﬁ@éﬁ@f% 81t i nt i ongl Iqlsp
and het er ol &posige PHspESpt | de domai ns, and (3) should have m ni mal

hydr ophobi ¢ or ar char act er ich could propote interaction with the
fﬁnct !Oonal pr ot |‘?1“rgg %’?FDEWF%H%MI%W%F Fa ?Tl?yrr‘i?lir%ei’)ﬁ%s YPAR FERORYTBI® pr ot ei n
regi ons i ncfukids pfdteins AnthirdnglanSekigerPaidrilstradsi ppstsin Gt 2 upsH éxPoded @ aSequences
containing Ay, Asn and .Ser would be expected to satisfy the above criteria
for a |inkefsioRRALFR contRiping an Ariteen and g profeinother thana giressHrotging oi §s, such as
Thr and 18l a, carFighre92022208 eitbw ehhbiRd IFNNgRhmS @€elRO B splAd¥yted lgRh ani no aci d

can also be used 1n the linker. A |inker sequence |ength of fewer than 20
am no aci dsSXPaRTe e fYsiay pigteins fpniginingsiase ngﬁfbffi%@‘é@eéé“ﬁ%wta@s a

suitable 5eﬁ@rﬁ%ﬁfifé?éht@fgaﬁi\dﬂﬁ,tdr@'fﬁkg:&ﬁt%ffE!st'i‘esﬁlﬁfméiﬁ!_s, al though | onger |inker
sequences may al so be used. The fusion _protein may be further fused to

anot her ami no adiigueddskavsenhanged ER-pamumna releasq bylypgh ppdeccstis ¥ of t he fusi on

protein. Ongjdhdettd ugoH TkRukt®@fRioR proteifs Loataimng MSandiBerPAralaSirBssiprot¥hli ch the
Hsp- het er ol 6gous i de sequences are fused to the C-term nus or

| t
N-ternirfds of t rﬁ?@fﬂg‘gﬁ%ﬁlw alime corste af Swneplingidanee (Fig 280 L oy
pol'y-hi sti didigmé (ig)22BYH rﬁ]{ée i el Wi T’C%ﬁﬂr deligfoleRed'6) &1 1)L Fitn

pol ypepti de sequences are fuséd to either the Cterm nus or N-term nus of

t he pol y- hi eithcgsaliae, JpBéndd3(rE7gor AY69-E/.6. | n anot her enbodi nent, the
fusion protein cgpf éf‘?A—hﬁ'ﬁsﬁJNHin'?:e@&lu_&'m\hxﬂ&iﬁ&@én%‘(@%_zbm ﬁidrlmghhereby
permtting the purification of the fusion protein by chitin beads (Hoang et
al . (1999) wnme (KaP3B3n BEeinjacted with Beditimer ashid fodlowedby art injectianswithn  pr ot ei n
cont ai nypa Si . PRI isNn. In certain host cells
(e.g., %)mgwg%]ﬂg’gﬁggzwgd ElZ’]xpr ess?’oorrﬁ?ﬁgﬁgi secretion of the Hsp fusion
protein can be increased through use of a heterol ogous signal sequence. For
exanpl e, the gp67 15 secretory sequenef.ebifidle bacul ovirus envel ope protein
can be used as a heterol ogous si (Current Protocols in

Mol ecul ar Bi ol ogVhe iAventibe felat¢es taimethodsief. simiilsting WA viteg 2 ThEbkstespodgina Ot her

e M i R A R S

gal i f% rd5a) abiRtyai apymeince.si ?f:'usi_bn pwcpjlemménin?afp\mp lindeed tomhemdbgc?ys?ﬁg Ir eti f)n
y a pro Jd .ce : pho ret ecul ar
Cl oni ng, Saﬁgl%%&ldéttggﬁ&tf&sagg c‘c)’lrll%%i@h&?g f%ﬁﬁl @Eﬁ rﬁs@ggﬁr %%P %‘b’? n%abor atory

Press, 1989jnethod ctrhse ysedtodtdentify compoandsitlyat samregilate BIThi 4like reapdiisat ech;

Pi scat away, w Jersey). .Fusion proteips of. the invention, e.q., a fusion
i ot el n'of | MaBRes Sy peste S e AuiG P 8 in I POE L 8 g il nant

t echni ques. diseussaMmigw.e, DNA fragnments 25 coding for the different

pol ypeptjde sequences are liqgated.together, in_any order, in-frane in

D Cor darth it i EB o S shartpn et bR ok ey EBRYAF Hird vmoFPHIY bt

enpl oyi ng bhemein: eacks 196 pSlypeptids eonsidig dfarsequenceftidt is 4t dpaktid0%h, idémisalr i cti on
enzynme digestjon to provide for appropriate termni, filling-in of cohesive
ende a5 app R eaTHER PR ST Hheed o PUPTRAE 4 ool S9OSR 1 abl o
j 0i ni ng, anQuatidy/WRiress pdt@nd deférallys Qelsatspenid tolai stkaa(typicallfiReat Wdckuc! ei C
acids requires that the product of the Linkage encode a chineric protein
consisting of a Hsp noiety and a heterol ogous pol ypeptide noiety. In

anot her enbodi nent, the fusion gene can be synthesized by conventi onal

t echni ques, including automated DNA synt hesizers. Alternatively, PCR
anplification of gene




10 WO 01/ 04344 PCT/ US00/ 18828 fragnments can be carried out using anchor
primers which give rise to conplenentary overhangs between two consecutive
gene fragments, which are subsequently anneal ed and reanplified to generate
a chinmeric geoeuseguence (see, e.g., Current Protocol s in hol/eswsiass

Bi ol ogy, Ausubel et al. eds., John Wley & Sons: 1992). Expression vectors
encodi ng fusion pgotelns co talnln a heterolo ous pohﬁge e and either

an Hsp or aU'FARE! By Beirating fhg fxeressiqe ot E&F?“Bé’ﬁ pegrage éﬁﬁ%e

procedur es. stkessbphes sick F@aesf U-Eda@dhoaf@éa@m&lﬁ m@lvebex;foguadmeus bt er nat i onal

pat ent application WO 99/07860, incorporated he ref er ence t hat
descri bes vEHARFME {EMPETafres fhat arg gpe OSeYsa é"?&"eﬁﬁﬁ‘? ?‘P% ?"b‘i}i“’ A Bact eri um
bovi s BCG Hgp@hich the cklR\ard fiaptéd HS&E?&nafuuﬁwntnmamlan 88subk kénegithdf HPV 16
E7 (E7), histidine tagged HPV 16 E7 (hE7), and M bovis BCG Hsp65 (Hsp65).
Addi t i ondl toxslspf egr °éﬂ°nHW6ISEFSé PEGIBINETRRSS R FEpssed crlds Aéﬁis?%lifé?l?f linked to a
het er ol ogoussaed MBRRL A& kndwd -as a Akat ER¥cIRPloteeor “BES” BapestbiAeeht jsn WO

89/ 12455, WD 94/29459, WD 98/ 23735, and references cited therein, the
contents of engededbyg wresesenp.and isdherploretypigaliyprodiced @rﬁ@lﬁcestlmgrvapn ety of

heat shock prgigi ﬁ&nhﬁé’@on&%@& ekéd%{u%to‘?@w sHeQBRE th@&%mﬁéﬁ?‘rﬁ@t %éﬁg »froma

di verse array of organi sns Bi ot her apy 189, 199 Any Hsp
or fragment a hén@ofasﬁ%ayatbmkam bilesedbtrremsaemgﬁnetth@ ig aptjvased ?I(ﬂﬂ}ﬂp‘ﬁpﬁl des and
conj ugat and Hspl O
are armng)st ﬁéteﬁ%\ﬂ;g)?&é%{lﬁetlﬁc?nﬁhﬁﬁtﬁ{g crgétgggk??edéﬁgwﬁl J’#?B?Qn?r&cﬁ';g@r e%ﬁ gnses to

i nfection bgewmﬁas;mser,ismh Bheatisheskchypoxiasglugnde Mp@wmt lmammetabpdta,e. I n

addi ti on, obacterium
bovi s, F?ounto(l’p Otﬁg&'ggh%t E@ect%@?%}?ﬁnﬁ a% etne]cﬁ&:%!1 essc%ged in the
exarrpl es belcetwm Pagvduimge etisaslwless\kg@né& féwdSlpzrbRespnwf ORCReass.ilnc.t he

Fep100- 200, TREbAB" T (SR sl YRl Bfholdffi s o BERED.

cycl ophi 1§ nsiressigp(farBlies, GhghRys catqugenelspitlﬁp thdquﬂDtandﬂ{snSQIStmmgme and protein

disulfide i q . . I atory
Res. 25:59. JUPIEY Y thodft sy ol gt : @ﬁﬁhé’s “@%‘SF’Q*%&E/E%&”?@&@@ %‘gegg& and U. S,
Pat ent No. 88 tBEGm&AtesscgeneghdHitps praitclhusl eseHisp®b presigp g cifichtipin@rayHs p6.0,
and Hsp7l. 30. ortion of,the fusion teln can include either a
full |engt h% mﬁp“c?lrveé’ P‘eé’{ghrré le% theconlt%‘ymdfcmleg%@?rw e‘ght anino acids in

| ength. In sone Ammnlgmmsq aﬂyhempbmmdqu;gdemtprotsmgmwhicbantrifraunclo am no
aC|dS|n ength, a r ably.is .at l.east 20) 5 0, 180, 200, or
300 am na? acrase i fealiel iR rba Rl AR b8 st st 08 1 he 12

WO 01104344 an&géﬂssﬂaem&m aﬁdlpnomms;ﬁ'ontanrses;mysopﬂasmadfacmm angaci ds 1- 200 of
Hsp65 of M/co acter% trgn LS O her portions of Hsp65 and other Hsps can be
used in a fL%‘f%%?aﬁ'P P Frr?a{aﬁleél icit a Thl-like response in vitro. O her
preferred Hsps include Hsp40 of M tuberculosis, Hsp 10 of M tubercul osis,

Hsp65 of Streptogoccus pneunoni ae, and Hsp60 of Aspergillus fumgatus. 5
Het er ol ogouﬁ%@-ﬂ&ﬁ?@%ﬁ des can contain any am no acid sequence useful for
ﬁtl mul iat 25g an :rrﬁumteexgﬁﬁpms@s H'lsmfuﬁ'ohbgataﬁ@éﬂusbdlhe:‘éim&-"ftBI(ﬁf;ﬂdStaihi' Y, tC he
et er ol ogous po e e contains an MHC- hi ndin tope,.e.g., an IVH
class | or M—%‘%’%&é‘g“ﬂh OKREEE AYYRPHiG pRntainipg tl“%“?%‘?% aﬁ‘g'g’tﬁ‘d;f&&%&?ﬁti de can
contain sgq WeHietEgenéraliyshe :ﬁanﬁwbrdqreﬁﬂﬁpmm:umé aﬂﬁﬁlo&mﬁ@é’@@ndﬁ%‘fﬁﬁgﬁm e.g.
viruses, bagter.i as [ protozo 10 a t her parasites, “or
sequences f Eﬂﬂpﬁ’ﬁm{‘% ‘g‘?’éf‘@f’ﬂerﬁ‘l"ﬁg FBHnCACUReAuER éﬁ?‘“&i‘ﬁ%ﬁ%&g

Exanpl ?SH Of proteidDes flagifient GRrddf A %%ﬂoh@f&exﬂbdxﬁﬁns(aﬂ%m@ﬁ tsi mpl ex

Vi rus

heattls BV|rus itis Cvirus (H
cyt omaga??)w there (“b‘%ﬁ‘ﬂgﬁ‘ﬁé‘tlé‘? pfd d? fength W'E ‘itEB‘Pftemi lopops RabPsPder A1 rreasl es
virus, and hmpaolwamaadsffefs% & PSlypaptitidiSonkisting of aFXele fat Rfat ledfALYASSOCI at ed

antigens include
1dentxcal to that of a protein whose expression is induced or enhanced in a cell exposed

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



15 MAGEl, MAGE2, MAGE3, BAGE, GAGE, PRAME, SSX-2, Tyrosinase, MART-I,

NY- ESO- 1, gp100, TRP-1, TRP-2, A2 nel anot ope) BCR/ ABL, Proei nase

3/ Myel obl astin, HER2/ neu, CEA, PlA HK2, PAPA) PSA, PSCA, PSMA, pg75,

M.IJM 1, MJCWO 0188344E7, GnT-V, Bet a-cateni n, CDK4 and P15. EOr/tfdrisssi gens
fromany strain of HPV are suitable for use in the fusion pol ypeptide. HPV

expresses Si.x exen n uct ur.al t ruct ural oteins. Viral
capsi d prot &}Sﬁﬁg{"ﬁs’e gﬁ%prf%"é?r ﬁgﬁ}gn{tg?rggtg&}lﬁﬁ?tﬁrrogqgobsr%otlgfeﬁgée ¥1 is the mjor
capsi d pr ot gieferatilyiat ladst eighteadriinb mmmmgthoﬁn ¥dmedmbalitengs) khe lerpsiegosed anmong

Pr ot of ns. EI PoRBSAR S sEaRIg, 5040340 ol al Pe P g pege Rigia. e on

Protein E4 akielldpoay/solyppepdegentrally rsuﬁtmwraﬂtdf@ﬂatufahlsz o&@lneng)msﬁs is |ess
wel | known. Prot eins E6 and E7 are oncgpr ﬁ)el ns critical for viral

repl i cat i‘on Hoxeverethp fusionmsotein gag alsopg a etiery a firsbHsmand 4 368815 or mat i on.

Fusi on prot Qifﬂsﬁen@fﬂsb!'& HefweRn il eﬂp&ﬁ&l mt}esprﬁn@uwﬂr ot s dfitiee sag@uence of
an HPV protein or a fragnent t her e ragnent of at |east 8 am no

acids. In o P Eastions asdhs resultamt fS%JmFP‘W%\‘HF‘%E(éHP @ né@&%ﬁe@%g pretein)ed from a
“high risk” THEHS;I) uél?fhpﬁae L‘R\ée]aﬁa&kd RNe NGefmfinky RiCBlefnindd\&r thPV anti geni c

sequence can include an MAC bi nd |n]g epitope, e.g., an MHC class | andJor an
MHC cl ass | hetgiolpgopgpadyneptidse Praferab WMIP@R@MH PEpuaSebpreBdr8 | n addition

to Hsp fysion pr25@#@&nc@k@ﬁfusfoﬂ?&&8nﬁ£§&£'}ﬂﬁ G%Pzd?ﬁcﬂﬁféétbﬂ nd h€ in vitro

assay descri bed herein. These no fusion ns contain a first
pol ypept i de heterolaggus padynghtidey hvtrmheaemfgmanomwgwnhmﬂhmwemlgn alnsameond

ol ypept | de cbodifh 1 rdin A0ioiiboRplitS of ladk BAL ms\M@&{eMm?%g first and

second pol ypegp s are derive er ent roteins erably
natural | y oeelypenige &1 BPYiE) E7. ﬂn@nwbg‘iemom@iﬂw sigmprptegfoentainstat have t he

seauence of \asfigh Ul ot ACBH SORRPRIOLE! Ropdsh ARRichiY) B RS S0l the

i nvention, neither e frrst econ ypeptl d an am acid
sequenceli haan ¢antaimatrieast tyvq;bﬂdcnt@ptcmlqaoes pelynepliddscag.i oo awmoadet ect i on, e. g.

GST or poly ﬂl@@hﬁt%ﬁa?sng%@a&tge ﬁf‘ortelﬁ it n‘g{gﬂgfe%t Eﬂ&)k)gsnor%gﬁ] ﬁt?o h ”“C' ei c

aci d encodi ng can uced
a bact er i umtwa opmbrralifferend Iaht;lgcmc paoteinsarived fromekk saslelor anfemnumnmgp c&n

expression y [g! hen used to produce the
fusion prot @?&Bgéf'ﬁ J?Ba%\tgga%mﬁ o@%ﬁ%ﬁtgi?@g 'lhent or stable, the |ater
soneti nmes accorrplTthqﬂaxtd;hetmhtaugpoﬂgpepﬁdmdmhadirmly fusd witheutraiodkerot | de

di | | b ked
or ror o PEoSRaent, Tu bitfirl oBbORefle e C st o FiP B Rittnbk BSEE 1 2 Do e
used for exps gdrN-erminkfief thehererologousl patypeptids efjthe I-eiminey &fithe t 0 pronoters,

o onal o) - SUERRIEh B Rt R Bt e OB Nt B o i ' coeddel
(1990) Gene Expr mmﬁveTﬁahp@hd)lgs,terolzgodmi:biypetﬁldbsrba&ma}iﬁkﬂdﬁgyach&'&xer Acadeni ¢
et or ence.  FAUPRHSS YPeEtraubebiefiied Hakef Rrabeners (f SRRlRaBPOfRRIe it ve
Sxpr essi on Q&teﬁddﬂ%?ﬁﬁhhitﬁﬂ, (szlgemmge;t b)ﬂuli‘rwpfolﬁéflpli@ysfoﬁﬂed&ming@ﬁ|ot'1d‘eredt holsle t hat
1 rect expressi gon o the nu t.l.de se C OI’IX n t al ost cells
(e.g., ti ssG&%"BEWFW“F&&’ fcg “%t?aﬁéﬂ‘ﬁfg‘égﬁ 4108 ltl#B &' P‘t‘sect

expr essi on l;ialypelstﬁwbﬁmblaﬁd (B RAII Bdve qifinihal hydPdphobib of aﬁ:g@aem of an

i nduci ng ageriu It will be a re(;| a‘h“ag’“ y those skilled In the art that
t he design of ?%@“M?’@g@l‘%?fa 8t“61h cliopelpiotein depains.+ Tutieal surfee t he

choi ce of thgnih®sddsGehikxible p&aelﬁ Eégm& @HerRe Gly, A8n bVSdr. PémRdRibRSst on of
fusion prot ein desired, and t 'L ke. Recaqnbi nant expression vectors can be

desi gned 9ora“é%ﬁ“‘é%%eﬂb??"?ﬁCW@Q‘WIQOA%"&?&W@‘}I%b?)?’@ﬁ‘é?‘i/@tsﬁ%s%weeukar yotic

cell's. For exgiddrierialfosd Iﬁﬂcc%c@ﬁ&icE‘SOﬁl&"heh@al%i( RéLnERFhl hlinBAGHE shbascel | s
such as E. coli, insect cells in the bacul gvirus expre55| on systen),

yeast cells EF%MM%O@@WF@ in %&@kwrﬁq%@e Ay Stheg gping agif gan also be

used in the linker. A linker sequence length of fewer than 20 amino acids can be used




di scussed further in Goeddel (1990) Gene Expression Technol ogy.' Methods in
13 WO 01/ 04344 PCT' / US00/ 18828 Enzynol ogy 185, Academ c Press, San D ego,
CA. Exanples of vectors for expression in yeast S. cerevisiae include

pYepSecl (Bgobdwisget al. (1987) EMBO J. 6:229-234), pMra (P€anjsasissssd
Herskowi tz (1982) Cell 30:933-943), pJRY88 (Schultz et al. (1987) Gene

54:113- 123 d, pYES2 (| ation S Bacul
S"Vectors HoRFAA R AN espbebbR PE R R Rt RmaPa o ona ke noct

cells (e.g.scqﬁfnc&xﬁ@lz{la:)bdlrsed ude the pAc series (Smith et al. (1983) Mol.

Cell. Biol. ,_and t he gries Lu 1989
Virol ogy 170: 311135)}?8[’ et mo’?‘a]ﬁéf leirgl"f’e%&p &f?)‘ﬂmgé%l?(g?qéle?cﬁcl ude )pCDIVB
gsig(; (1 ég ;37&3%35111?35 &%uﬁ‘g@étm?mﬂthﬁ is2dnp r()ﬂéﬁhquTriaaleefeltfluflbn profeRBigh GAMBO J.

en i nt en or. use in manmal.ian cells e _expressi on
vector' s> coﬁ‘l‘ﬁ‘PBP@ﬂ‘i’iH‘c‘i"B‘ﬁ%%F’@M‘F‘F@%&?P%&ﬁ)ﬁauweﬂ?@ﬁs afeeé‘ﬁ?déf’ % el enent s.

For exanpl ec-t&HmuRok K- ﬂéﬁﬁﬂuﬂfﬂl@@ﬂ Seqabre d AnbthechstfuPAitsidR bitdddRis 2Adenovi r us
2, cytonegal gvirus and n Virus 40. In addition to the regul atory

control seceRivBisgdige é%‘ﬁ)s@é‘ﬂn 3{9&%1“ whigh the Hepretaraknsousalypeatidsn vect or ~ can

contai n addighh, GR& ard HistERLkHE (REGHERHES or ﬁqem&@s%mogm&mner econbi nant
expression vector may encode a sel ectable marker gene to identify host
cel s that $PUECEFeo &t bpnother spghodispent, oy fugigr protaimeanipins| the ghitii-secr et i on

of the f4si BR4iRE MR brliftON) Rer@BPpermfling thb Burﬁﬁfaﬁbrpé’ﬂtﬁé fuSBAPRkdiRBy host cells,
t he reconbi nant “expression vector can encode a sig sequence Tinked to

t he ami no- t ehiti brags Gloang et 1. (3999 Gerat 8P 337:301 ALY %@Wﬁﬁm@@@m%sﬁlbn t he
fusi on prot gy, 'pr%tém Bof&Re ;ﬁgna%éqheﬁcb ?rogl%ﬁihgxnﬁ’hteﬁle%'%ﬁn fodsgflsto its

am no termnus. This signal Sequence directs the fusion protein into the
secretory p@tgmma}mmhmﬂ@st@ells), expEessien andion segzatian pfthe Hepfuston paateingag f or :
rel ease of fus) w t hout the
si gnal sequ{é%?g%ggﬁﬁ#%ﬁggﬁﬁﬁbgbug klgn %fse%‘lte}s?l& ngé se %re{r?l%gb?o facilitate
secreti dd ofecrstasy e¢quencgof the ha¢uleviru enyiglopenietdin ean bewsed a@@lhlc@rqlcegomom in the
art . 25 Veckgtu QieRanchfer PARBNGRHOIRLR: BloRlar Xibdl oPA1, Exkompt i ¢ cell s

Vi a convent| na ranstormati on or transtect tec ues used herei n,
the terns " Wikn<f Sonsat998h "Otherexamplanefegkaryesic SIMI%qumgesanohadeﬁm y of

art-recogni r]BQHﬁ g., DNA
into a host Ee%%twgghﬁc&légéfn&a{m %%du %nfta Léor CEHIP %’hg{r# C %eé‘g
co- preci pi t baldh, C@Emmaa)eRmkauotrmﬂmt Mummmséfebﬁor imnreas3iy decrpmxeb}ta on,

| ect i Sui t abl
oL oL 9P hillyofd SREIN SR, A ok Bl ISR Sl 201 €
Sanbr ook et etal., secdusl amdnaeold:ISpnnijarb& l]‘aébmtoay Bregs, 12890 ahd th@ potefrdAt i on, Col d
Spring Har bo%ﬁ[f!f? abor atlwrﬁﬁsém&cg%&)&w ﬂﬂrﬁdﬁwo}fegg | aboratory ma_nual s. 14

WO 01/ 04344° enonl racti on of manmalian cells
i ntegrate the foFwsiopprébdias oftheinverdion, ag,rmfmon pmtemnfeHspﬁi)aricﬁ@l‘ﬂ&E?,and

Cesi stance. £8 BTRR PRt tep BAARER Tof SRRl ROA FREFE Song vi ¢
t he genesencadingfyr thiedifferait polypeptilesenuenbesaieligaed tmﬂ&chxakd)&)rdm,r ker s include

5 those that, confer, 1esl:e ARS8 gD, Ra Tl W ALANG," and

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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Nucl eic acid encoding a sel ectable marker can be introduced into a host
cell on'the sane vector as that encoding the fusion protein or can be

i ntroduced on a separate vector. Cells stably transfected with the

i ntroduced mecdiwussaci d can be identified by drug sel ecti arcresogissegel | s
t hat have incorporated the sel ectable marker gene will 10 survive, while

the other cellsnfieeh vo Ahel ARUNMELYnoR RGO URIAR, HSX ] S3BIARF O Can be

transcri be rans I n Vi or exanpl € usi ng pronot-er

regul at ory seruagcteswemndwd corpeduyine gersdraginentaduhith o subsequiently ameattd nant

t echni ques descr.i l@d bove t%gusén%n CEéOt einnc g‘c t he 'nveepl%fi an.gan be forned
by Ii nking ¢ 1583?53&5?,6 e.hty.l, & E)cqﬁﬁcf St 060 gof8 Bbl ypepti de,
to form a cMojevglat Bioloyk Ausibel@f alf @lsyiotm Wigy & Bonsidaens are descri bed in WO
89/ 12455_ WD 94/ 29459, WD 98/ 23735,. and W0 99/ 07860, .t he contents of which
are herePn i ncorPBFEHEY EPT &caing fysion protgios goniaiping  hetsrolagops « ¢ onj ygat e

co Irrpr i ses dagbblmptidrl]d’ﬁi‘d eitAer ah@?ﬁ of:a)mhfmamr tharndéeidisptoan Be ﬁepﬁéd)lb)ﬁgeus _

pol ypeptide via the action g oypl.i ng agent . copj ygat e . thus conprises
two separ at PONHPRCTIUES: rlp‘ﬁ%IPplﬁ%l é’fsB&E‘ﬂm? 0 gﬁﬁ%h"‘%%ﬂl“ ReiPBher. The term
"coupl i ng agkedk applREticHSWO 9907860) indoffordted Keeinl by RAGaRE, hatielriBeo! coupling
one pol ypeptide to anot her paol ypeptide,  e. (% , a Hsp to a heterol ogous

pol ypept i deVeciRR FORsHHEHARnFRPEPSIen igation ot Myeohagreria beysBORISSsuch t hat
the |'nk‘légeHPVwEﬁ?H@E%‘dﬁfon?mf&hﬁiQ&l S0 FON 7 @ hfsﬁBinEP@%&i me needed

for the as?rﬁé ae.%, at | east 12 hours,ﬁéref erably at |eas 2 hours) is

sui tabl e, V6 Fi (Meaied A Pgvir RECidtnge REFRO3). ndddiienalixamples omygleic where a
Hsp is |inkgghstinb&iitg ah Hi @nbﬁéu@rmk&gelaslefeﬁhyg%%pf)ugﬁepﬁ@é, clghdh kst , e.g.,

where a Hsp is linked to an_interne a kbone, and t hat

; t O ¢ diate, e.qg., ac
i nt er nedi at @tigsn,&resdfsmhﬁﬁauwﬂb”(h?é5§»e\{~’@r96(?8§g%sW@@WéEés pufrefepenesup| i ng

agent shoul gl iedih QRe Lonets T WhithiakORPeiR incbpOREdady#ilrendtt, Sal t, sol vent
system and other reactants that substanti al Ié@r etfain the chem cal

stabi | i tly of theAmaiety phheabiherbpntsing havedwesisalaieds olonedand chasagiarized ol ogous
pol ypept i degor JCfitHrel didy BEGRAniSHAN MibZeK, BiBTHIARE 76:373-F8c 19983 ERPHINEr @

het er ol ogous pol ypeptide, wthout the addition of the coup'l_l ng agent to the
resul ting ffragmgnt thereofinay bxuitable faywps inrthe fugion pelypeptidéstand ponjpgatesddli t i on of
the couplin : [ } { 1. JS00/ 18828
pr ot ein. Fo?le%{}rr% nté,q:ogg’gag p?%g Sg}gdggltsésdézg%eﬁé?ngss- ??%&%ﬁ%ﬁ%gﬂaﬁ that are
hono- or hedeermilmanfsiraeignizediby, hashichmuns responsenite infectiomrby Mitcobdaceeriwonponent s of

the agenj, i ﬁ;b&p%hz%ki?%%w JbQé’ze’fiBmg?JeF '?r%hdlitﬁs Cﬁgq%'sio?ﬁa&@ﬁ&ux{eﬁé‘fsu&?n not a
cross- | i'nki ng agent can Be temoved entire ynTo oW ng e coupling
reaction, s@COgrt strdie ofibyeduttenunpbody vhs foaand tockerapeffective stimulefoyy of t he Hsp,

t he heterol g%ggg?g%%%b%%@%'ﬁg%ﬁm%ﬁgsb%lolg@ckbone noi ety (if present). Many

coupling ag mne and a carboxylate, to forman am de, or
an al cohol and aFamititsofisiress getes afidpmicans farsisein th€mesehi ingentige atesvedlr e known i n

the art, se e.d. odansk "Prinei pl fPept i de nt hesis", 2nd

ed., referefted ﬁé@ee%%ngiﬁ?%%d%ﬁ'?xaﬂpleeE@ﬁgﬁ?oﬁ’. HVE&S ,IPSP%Q%‘P & SP?/‘Z G oups in

Or gani ¢ By nHesa0, TF55, Bspd (CEKBPS S clophiling, Méd20y30, CYP, GpEpHp19, whdequitis shoul d

| i nk conponent_ noi efies.st.a . but such that, there.i.s nni or no

denat ur at 1 of R aSLERT ¢ Ehdsschifeestl Sbs; €8 MaekEPeCOT STRARAREY pept i de.

The conj ugaLatoraibrytRes. 2568210, 1 993; Barselbet ajyrRegvaGentt.[27.46D494,i1088; and5.t 0 a 15

het er ol ogous ,pal i i t hod i rt var,j ety of

coupl i ng aggﬁt?’%t,ﬂqpﬁgﬁgg?%&%@g%g@msﬁ???‘fﬁfé?%\é@%k@ﬁdggﬁpa]@e%@gdm\dor coval ent

conj ugat i onHsfggdanpl es of cross-1inking agents include

N, N' - di cycl oﬁ?ﬁng@ bodi i. m g (IHDCC' Pj erce) .

Nsucei ni 3 dyl - S SRS PYHT el dhe T proliipgan igluds either s fylligpeth Hepor a

pyri dyl di t hifagméf pf anHéEat (2Rdht abinb Acidphdengte nadomebfbididentd, thed) . and
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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20 sul fosuccini mdyl 4-(N-mal ei m donmet hyl) cycl ohexane- 1-carboxyl ate

(sul fo-SMCC). See, e.g., Karpovsky et al. (1984) J. Exp. Med. 160: 1686 and
Liuet al. (1985) Proc. NatL Acad. Sci. USA 82:8648. O her nethods include
t hose descrwigadnigs Paul us (1985) Behri ng Ins. Mtt. 78:11%ckaroo/Besgnnan et
al . (1985) Science 229:81-83; and dennie et al. (1987) ,l. Imunol. 139:

2367-2375. A large nunber qf coupl.in nts 25 for pepti a pr ot ei ns,
al ong wi t h BtieR BROLEIn SOPSE AL g dﬁé%ﬂgggﬂenﬁ egélw%{’ﬂeteﬂ@ggfrlﬁeﬁgr% t he

Pi er ce Chergogtadns GPHsgb3taal @ﬂwrlﬂé}ﬁ%&n He use®in Jﬁl@i@@prole@@l‘b didif 4 ThiNlikber i di an

Rd., Rockfvrd IL, 61105, U S A ; erce Eur P. O, Box 1512, 3260 BA

O’ Hor| o |TETIRSEI difige A PES{ETES HpR et WSy M- idearelatsis. FRROBdE nt o by

reference. 3hLrEXibsid, Hsp63 SrSknd zos&umpﬁagmaﬂsafandm 0GE A B fumggaledsord, 1L).
It pronotes cou I|n g6f t he };I cohol NHS in OI?Pr erg(gepizo 8?%% form ng an

activat edl d3eterplogp deh@awldsécerfegem JnyjeEng 3sidysaYanpasisaill fqnetimulating

(N, N -di CV%QHME Féﬁ&f?,g'zh Ui‘tr@eahd/o§zna;:zx$‘oarl"?éfé’r¥b Srecﬁéﬁétéiﬁlogélﬁﬁx% ﬁbﬁlﬁ%r commonl y
used as a coupling g ent’ in peptide synthesis, 16

PCT/ US00/ 188a®inssd -binding) piiencas-swen YHIC eass 305 MBIC clagsdi binding s ef ul

i nk |
o 055 | nkePHpey T HefroRigols () ehld: chelondhseiefleh RREI LBEELE™ p s
mol ecul ar mo@ﬁpd&abmma&mera eepawesmamnemg@mlmaeﬁegangmmms is
reactivgg toanh"dﬁle‘?ﬁﬁrgiés %pgegaérrcurtkm inthOprBleRURS rﬁﬁé}%%ﬁ%‘%ﬁé ey Cl eavabl e

cross-1linking suc er reaction, ent 1s efimnated so
the Hsp can(Th&b) Enmmemfmsdsyncduﬂeémmankmﬂmna)\nmhﬂﬂngh@gcﬁmpbxypept| de.

of bl ocked G PSR BARIL 80 £ nafRe) il AR RSeel Vet T ke wi

hydr oxyl ami (GMYCEpstéeindaoevinig ERIB) lnfhmams,mmn(uﬂaedbmn#QZSZZ) , reactive .

are al so avirnugieicty MRy, emplen Bt ool R BT, | 10 2pe S
conpounds$ MAQBIONEEG;%MADGE?: |BakGE,rGAGBrRl§WErS&X-Q;TbgomaScMARTHase as an

i nt er nedi at g{%; f roteins or to other
conposi ti onlgyé gtr)r%l e tgq-rRegder)Fer Eﬁooo pS or L Bﬁoefa %rs for metal ion

| abel i ng of3/MyplbbtaetlmI—lEktzeaeni,lGE)4.,(fslédHKa EH’BZIESAQI’SCAZPSSMW;)bg’Khed Nov. 4,
1987). 15 ¢aLb [oups can be joined to |lysine
s-am no gr OW?W§£6?§?OH§S%’%& :egﬂ%‘g g‘rut her by prefonned reactive

esters (sucdkisas Nhydroxy succini m de ester) or esters conjugated in situ by
a carbodj,i m de- i at ed r action. S. cont ai ni ng

sul f oni g'baci dg ENUESHS oM Ay Stiain ‘{}m’gﬁt%ﬁ‘ﬁ@gferf%‘ ‘?ﬁ}“ftg‘%&sm&hl ori des that
react wth mnypeptidy. (Hmsexpl-aﬁts sixtoasevizn vien-gttucardl Ak o @ieRs pesinsbe | oi ned to
am no grou n th ol nin srt carbo de net hg Hsps can
al so be at F‘Z‘éﬁéapse rﬁ?ﬂ%gj 58?6{?52516? Sgg?q"ﬁ refeing. h'crjieﬁﬁ GHEAPEPHes, or to
su: t hydr ylj ﬂbﬁﬂpﬂae@ﬁn&y&icﬁeﬁlgné@ﬁlMS higﬁly&dﬁ@efde@ﬂmbﬁg diﬁf@demgﬂb‘gs of twocI
pol ypepti des ., a Hsp and a hete QUS 0 rid conmpounds
can be constP'P?fcfrg‘Bre@fﬁﬁ%ﬁPWﬁaﬂbn%F'meﬁm Wﬁé‘gﬁgtﬂfsa@o%q@h‘ﬂ y |inked
to a poby petaiﬂodma&e irevfils réligdtionAPioisn B4 hﬁs plafs 4 ®Rgh RirusguRGby pept i de

conponent brid c ound_can he any_of the hetergl ogous

pol ypept i de'gh L‘&f%éﬁleﬁ& own. Ero tyE 7fe %‘c?ﬁﬁe‘F‘Erg‘i“Eﬁﬁgéf otein or
conj ugat e. iekrepliefioRfastwe ab B hog BEll BenSRNPRIR Rhd @dnsfolthtionY Fhdien compound
i ncl ude pol ynucl eqti des, pol ynucl eoti de anal ogs, nucl eotides, nucleotide

anal ogs, orijalsins obfheiinyshtionfap °‘§(§‘“EB‘ﬁﬁ‘}bmﬁd’gﬁ’ﬁé?ﬂuﬁ@’%f%?’g}{ﬂ%ﬂn\ﬂé? ght |ess
than about St GEREE eRESk fABhéht oP4aERT Blhivio BEEIVAR BnddiMédinlen® Ak and 100

gr ams per mpl e, and salts, .esters, and other pharmceuti caIIy accept abl e

forms of%sudhv %%Wﬂ%éc%ﬁmﬁﬁggmalﬁgh% Y oulnas HRV1g P Wdsays f or

Thi - Li ke ACET?oEeYn PRab/HIRO 11588 Seqli@ck caARNL&SInOPAt AiiHiepitahe) 8./, ¥aPhocyt es
are prepared from any a nouse, rat, rabbit, goat, or human,

and are pl aMéiF%lﬁssaﬁm&mné\éﬁfl&laésgﬂbwgmwpmeone or nore tissue culture
pl ates. A naive |ynphocyte is a | ynphocyte that has not been 5 exposed
(either in vivo or in vitro) to the fusion protein (or to either of the
pol ypeptides that are joined to nmake the fusion protein) prior to the
cell's use in the in vitro assay.

(4
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The cell sanple can be derived fromany of various primary or secondary

| ynphoi d organs or tissues of an animal, e.g., spleen, |ynph node,

peri pheral bl ood, bone marrow, or thymus. The sanple nay al so be derived
fromany ti «u@/043#4t he body 10 containing | ynphoid cells, BcRUScas8sehe | ung,
respiratory tract (including pharynx, larynx, trachea, bronchi, etc), and
anogeni tal nucosa. ,The | sample. can include naive | hqcytes sel ected
fromNK cel | s, ﬁﬁaﬁl&(ﬁlg? Fogﬂ:lSpa%?ﬁqR PRy QiR tlillgclm Brgf?'?.cﬂ'ﬁgg%gln?/&lgé'hpl e can be
ei t her unf r aipbiassanidedribed Ierein.cisete hon-Hap fimioh iprotdiny conelin a fissppolgpeptidd | t ypes.

In addition to naiyve | hocyt es he, cell s le can tional ly include
nai ve 15 anf$ l@"éh‘”ﬁl?té’%%qn%%h% %Eﬁng@’ b’ﬁ&%toés’e??ﬂggglﬁmﬂ’s‘gg ?88‘5{185&#1&0 cell's,
and/ o][ B Cghdiﬁs ianelhglﬂgedhbreﬁanpﬁm Qﬂhe@c{iﬂip@l}@éﬂtﬂeéﬂﬂiﬂﬁ%d@"?kﬂ differegss, e.dg., a
transforned T ce i or a T ce cl one. e.ce sanm IS exposed in
vitro toda PRSPt ﬁatB'rau%P‘Efb‘H]“Wd’é?t&m@eﬁF fision H‘i‘&?‘@i‘ﬁéf BFEPBW ng a
period of i RselRd degiendebi@urhiifEodetiringpadi@he and the fusion protein or
conjugate, e.g.,_ 6, 12, 24, 36, 48, 60, or 96 hours, .a determnation is

! 72
made 20 as to whBhefusignpriteip ke invepns aeithgthe BEhnen seednd 2alYPSPLdRE cel |
sanpl e. A Thi ahink @cid @8qRAGERh A3 cdAEnbRY 86cH St prétoih pEXAEHRLE or BXeciBASUr i Ng the
production of particular |ynphokines, e.g., |FN-gamma or TNF-beta, by the
cel | sanpl e&-8AGSd s Relychistidiney Thl Iike response can be detected by assaying
for cel lygsur f acemmTRided pddileIRSSBn pRGH) adficisle Ad CRé IR thfslod PRIAGE YT i C
activation nol ecule), or for cytokine expression, using a 25 variety of
t echni ques ¢4ndie ip edeintorq kgt ¢olls @ 2w PaFferium, a primary,cghiysir@n impertdized

unfract i onatapilsRRAR ¥kteGintveres BIRIbDiAAG ARk %8 ek TREAS YrRRcAhE
prepared froma nouse and are plated in tissue culture plates. Methods of

i sol ating afiicapretein he ypnstastien eandedapsiend erstative ¢he lpteipmedimes Pr ot ocol s i n

| nunol ogy, a&glﬁgﬂﬁf&d%'h%olog@lﬁgecon‘m{lowl ey & Sons, 2000. Cultures of

spl enocytes 30 are then exposed to different concentrations of a test
protein,1%. g., aTheaskeotidraenuarspericading a fysiantpegtein will psually be operabdpen al one, or
anot her ant i;gen- Wl | [ | i fificient to
elicit a ne!asurég?gé%ﬁﬁérggﬁ#@gggb gﬁ'ggggg%ﬁ‘%dg{“ tgelgdtsgﬁégﬁr}?togncﬁl?gr%st ress
prot ei n f ususad fprexpressiors Ue ters) "régnlatery aequense” tadqrédd, prometers) ¢énbancders pat ent 18
WD 01/ 04344 0k ' Q.an in the
Exanpl es be ﬁgc\%’rélgc%ig ?%v}ﬁ@ oﬁlé‘:%ggglocgéﬁ‘r&%{go(?@f ﬁ\ge?y%d%flﬁz%glﬁfﬁ% ég%' géq%hgygt% feléotry pr ot ein,

t he | FN- gamsequbmoes hreidescribad, forter@opik,| inlGarddebd PN Gene Bepressivnriedino®igng a

sui t abl e, as syuch.as I R Bl sul f the a .descri bed
bel ow r e%/(ga?%m’g? lﬁ%’@"ﬁé‘l’nﬁ%ﬁ%ﬂgélg e“’gllgrlescﬁaé@ﬁ 5%/0’ ?é)%ﬁ@g@%t Ogi%}s%llsenocyt es
or | ynph nodieometatel Heceiaby tdqperfceis R egulgiorg sejuendes inoludé thoms thatsiidestt ant i al t han
that induced by, exposure to.the.antigen itself, the i f, ..an

adm xt ure. of PRI EATgongsa NEeRfbe HEPske Bt S ol Fhe il B ot ei n

ot her than dirkis pxprédsidpnas deyucibotideaequencervhiydn cartain st cedle (e.g. ptisswal uate a
preparation _of .an 10 fusi tei e.g., as. a.quality control assay)
or conpare aPﬂ‘Pf%rf ﬁgﬂ?’(ﬁfﬁ?ﬁ‘ie’?ﬂ ﬁ’g‘{ @?sellgaﬁ %Fffg FEeSSPR e ng.ﬂa%hlé MY ur enent s
t aken i 2% hee. gsedy imthe piesdnté 6f 2 indichgdgémy. Ii widiteiabpriecigiedbp ehiokd skillear | y
active batch or t i i nat e. subst andard bat ches qof fusi rotein

pr epar at i oné‘?&?ﬁ’é%ﬁ‘gb‘ﬁ%m° %8“’5‘38‘8%&?‘?8‘355["?%??5s‘bﬁ?‘cfoﬁcg%‘?i“% ®procedures,
st or age r egich#ite ofthchost ¢ellaabe ransforinbd, i lavelaiéxpressidihof-fusitieprogiiponse to a
parti cul ar 5.agtig n.is desired, the assays can be used to test different
f usi ons bet 1% ®gen and different types of Hsps or Hsps of

different origi NRecdmbindiCéxprassion VdteoraiSmay desighel foreggrdssion df disstona seri es of
di f ferent candi date gntiﬁens to ide ti% the antigen that gives rise to
Ay

the nost>Pr SFRICIATES f RECukAY Bl Rels- Frn sxamaple JUsQh protes can be

expressed in bacterial cells such as E. coli, insect cells (e.g., in the baculovirus

expression system), yeast cells or mammalian cells. Some suitable host cells are
discussed further in Goeddel (1990) Gene Expression Technology: Methods in
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The assay can al so be used to identify regions in an antigen sequence or an
Hsp 20 sequence that are primarily responsible for eliciting a Thl-like
response and t hus have therapeutic potential. To identify such active
regions in soaniisgen, fusions containing individual subreagiTomsseods2g he
antigen fused to an Hsp can be prepared and tested in the assay of the

invention. To ide | veore fusi ons cont ai ni ng
i ndi vi dual 'fﬂﬁ'F@ héjy ?fscﬁsg?%fbné‘&g?’ C?‘{]'hg"%g?ﬂlfs Hecé%{ﬁ PSS ed and
test ed. Th%@e%SdﬁPﬁs&ﬁmﬂélu@]ﬂ'mﬁédl (Psldati ebezl.t(mes‘fomﬂo.frcﬁrzzommonst ruction

of shortene npro eins co .S regi o f .antige or Hsp
Chat ar e suP¥FE bt Berkry TR 2l RS Eeg Bt i 8 B8 g
subr egi ons @énes4tiap- 1aB)J/a@dpMWiﬁag&n@or@mt@ﬂxsaamegoamAbeBmﬂ&mm by
conparing the elicited Thl-like r onse to, thl?rur i nduced by a full |ength
fusi on pPot ¥cteryfveHabls BRgaxpiessiopof 5’5 og pEpteing ja sptured msegh gells (62 0Bt Dr ot ei ns

descri bed hgiig) iAcladEths Fﬁf; beriek (slﬁmw (fgsa) ol €2N B9l 8QIPRYIYET addthe t hei 1
ef fectiveness in stimulatin e response. For exanple, the Hsp
%}Wer%(l%%ﬂ)

fusi on pr ot Yk geriep rucklopeand terotoee 1TERL-d%ma secretion in the in
vitro 19 WO O%WMOPMQQ!%&Z&@@&% ﬁandbgcym%@ea (pgrrols to test

candi dat e conpounds for their abi Pro uce the sane effect. The

syst em descMemeeP20848) pdrmM TG %Pﬁ@@r?@ala PRY), EMBRY. 6880 Whinvi tro can
be used po ﬂ%&é@&?uﬁ% m&aﬁ%ﬂ Lfelns G éx?:ré?e.&ﬁof{kréé%rs%ntfo?fdﬁ@ﬂné}ﬂta?etdf&ﬂ into an
i ndi vidual. This % be useful for treating conditions characterized by a
domi nant TthOYlﬁﬂfhh)é‘”F Spyletay glemenip Foi syamplejcemmonly uspdRBBRSE aThe assay
can al so beqdiRed b dofleRlal AderoPHROL BHSmE xﬁ@&mﬁ%aﬁlﬁlsaﬂhl -like
response. Conpounds can be screened for their ability to inhibit an

Hsp- f usi on pr ot dnrddifiertodhe renlatoryGenirelspeiesess discussed Phevmriice a Thi -1 i ke
response i NgofiBiARR 'é)épctbgﬁgln%ctsﬂaﬂ c&?axk‘ﬁ@dlwﬁl ﬁlfbjé&ﬁ? &hflenc& F‘oP enhance the
Thl -1i ke response I nduced by a usion protern (or "any other protein
found t d5ac@xanmlqathmm¢e1bu@0mxareemrevemr mayicprofieis sadestableanarker)gend tohi bi t ory
conmpounds @er&&

i nappropri gtﬁ‘l éntﬁiﬁ PHs?gélwothn‘ggmwlﬁ Q‘? hg%%%?owg&%} gﬁ%@%ﬁg‘% ?l}s%fas es.
Potential i thmfmmmrste(nefrcgnah@t cfﬂi, mdiartigulaf nmmagsnh@t ¢edls, shgecmatinant usi on
proteins to

fusi on- enhan’@%glgﬁto f&%r@%%gcggéséslggm? géé‘llghc Llnlge@rtgle}%ggﬁ%oge’%ﬁ%o\{sme A cell
sanpl e corrpfuswnmg)tﬂm sueh thytmplon expression.gherfugio pwit¢ih iszyfithesizsd withdlieei n or

conj ugatg t | a_Th| -l . anma
secreti ofn\) %‘al sesthaxﬂ: %%Eeg?o %s('} gﬂégoﬁtggh%QJ. #&%ﬁﬁag?ﬁﬁﬁﬁggﬁ%ggge élolrs:l e added to

t he cell cubxtotmmmm thé eacraterfy patbwaydfithe celland ssi then usazibalemved) alidvangfbadi t i on of

the Tuston RSGLELnOhaGR GO ORI » THE sRlhGakef g AOTRS ISR e

i nduction o respo asure
can be det efrnmnbdhdsycertlo rmabf agjgriah eeqnespm'&eahtatxe setrationcdfpeiteimscbrwhen t he

fusion pr o:rgl ndgﬁ; gonr#a%ggigngosnpe? %?Vﬁ@?mg the cell sanple. In a simlar

manner, reene rability to pronote a Thl-Iike
response25 Any cowmorrquamhensme}hetdpfrmaryohsmmkhnybgc d:eﬁs viegul ate a
Thl -11i ke 25 S &spons

i des | de chem cal s.
These conmpolifit; tf°n'8ftff&§£m i°n %efu ﬁg‘i&’f”@ﬁeﬁ ?{] ﬁ‘] 'Y i domi neti cs
(e.g., pept Uratsijonnamnhmchmadsf¢ct1am mﬁrm\dnauya&‘ag-secogﬁieﬁnemhanéslfﬁhes,

pol ynucl eot i de .anal 0gs leotl des cl.eo e .@anal ogs, prganic or

i nor gani ¢ CS’%‘}S U ORAR] '"im E%%%Pﬁg\%f’@h?&lcggémbwgﬁ °3g 5,000 grans
per m)Ihe aphbsphdté &ca&&hﬁh élﬂoncRI’cd pﬁﬁcfpﬁ&hdﬁbﬂﬁm&u&hﬁﬁuluecﬁﬁﬁﬁ&bﬁéﬂl e fﬁr ns of
30 suc 0] this.case, .a ce S n ynphocyt es
"o cont ot eNBH PP oo B BtieRn B PRBTIeS T R SHEBlY on t he

i nducti on oine&xomforhmks@omﬂsgmmmfecﬁnghost &dils eRpisc foed 1b$mhﬁlbblgaram rel ease,

is then nea co to a con ol (no t or conpared to
an Hsp fusi ?ﬁré glf@"g'}t) 1a g%(f’@’yaM IZPQES‘“"“’ Galdsp Sp“ng ”gm

Laboratory Press (1989)), and other laboratory manuals.

(
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20 WO 011 04344 PCT/ US00/ 18828 response. This assay can be used to
identify novel compounds that can be used to stimulate a Thl-like response.
Preferably the Thl-like response stinulated by the conpound is at | east
25% e.g., WOOMER4t 40% 50% 60% 70% or 80% the |evel PEAUSA¥IEHB num
response induced by an HspE7 fusion protein. In one enbodinent, the 5

conmpound i s pref@f@inty #thalffrition bAmbMmAG &l ﬂﬂeg‘iﬁ@rﬂ{él{é}@}gnm&-ﬂ% her
enbodi ment, the conpound is a peptide, wherein the peptide does not

correspond their genome: Jp REleE tOdflenalfShW%Fq Hesg entearanty a;s@aﬁté?tr?nwﬁ%af ol | owi ng

are exanpl eg)QfableBarRé@E L], fRisRhicd BANIKIYERY @b idtRRAM A B0 MY hdsOeel® be
construed as limting the scope of the invention in any way. Exanples

Exanpl e 1: #oers with e gepocncrding thedesion nrgigins Rreferred ssleaieb @r@ﬂ@rs ineladerbi nant
Prot ei n5515th§seti19:|ctmﬁ%£c§i'sﬁﬁccabal]u égﬁ-ﬁ)as@;rlﬁﬂ gllaﬁ@);m(ah@m%&&a\e\?re used as

t he host for all reconbi nant rot ern uct i he exception of

PET65, whi cNugleis acxdan@fdmmlemble nBLIm c{xﬂﬁsytr«pqusn(cwdmag@ﬂ)on th 21 ( DE3)

0 L yeast cYPRanrior BOnBRERAEHE LBloR IRl ot TR o ddh b P 0750 10

I'tg/ m  kanawsetirn Calisist@dy pragisficted iwitbrtheriptrediced hycleih adidcantbe lmtlﬁtchby
t ransf or man anycin. All
bacteri al Ehli‘ \gfaécglog cgrlf(%vﬂ# ﬁeg}? %%ﬁﬁgd;é@% ?é&% ?&g/(%h 4%gpr pmto

OD6~=0. HOanshrvme,nvhlledhn:@Uer\mlliﬂlé) 5 MMIPTG for 3 hours at 37C. Cells were

t hen harvested %) fuga n nut es,
t hen suspended |)rglt§8% rrly’ k‘% %mgllnas’ﬁlgﬁr 5’?"%?@“%1"&@1&? dgafgwﬁﬁ? atg&

2- mer capt oetMalfpr qadaknisleﬁbsmgl'lymwtermgdataﬁ' saqiwaciesmd P0Polymemakg. and t he
B e L i
added (2 p, gicﬁﬁvcaﬁasmtanmerfomﬁdpg)lmhng emq:)pxpypeptldez g/ aﬂismﬂsatlmterdogmsl 2 MM

PMSF). The ¢ si_.on_was _.sp stored on ice, and
coni bat o 3Doyperde R st ol oMelnop b Paind e BTRUeG s wf RlelbefiRa o

Br anson, CO WO B9/17485, W@M/ﬁ%&nW@WZEeﬁ,athﬁd 95/02860} the cqsmd:dte(bf which

centri fugatl on at 35,000 - 60,000 g, for ]l% nytes at, 4C. For sol uble
pr ot ei ns, q?{?b‘bﬁ“ﬁ%ﬁ’%fﬁ?d\?é?ff{@ﬂff Asys Eeé%% SP, SCORIgAELFIMATSSHAN ct § on.

For protei anﬁmaﬂﬁhslbeeﬂmhu Jolihkb@diﬂ&ter&%gous%yﬁédti@éaﬂ%d%ﬁbm/ 18828 the
super nat ant was, di scarded an he pel] et was washed w tpat%ﬁm s Buffer

(optional | y COURnG PERTR oA PORPRAISHYS comprises Fvo-BeRaraimaleqies)thatave hegr | ¢ j ng

M Xt ure YAs chiptd Gewd ﬂiefotlﬂﬁtTHUietﬁ{ "c3§plQQQFent 6@s §0@ héreihOrefedto adbagihtnut es at
4C and t he supernatant, di scarded.  The et’ was di ssolved in LyS| s Buffer
cont ai ni ng sawblsroéaouvhnsenmlmmdeéomhwemﬁ%ﬁmwdw f 4C for 10 - 20
mnutes at Rerefdih ous?cﬁ Hdd A@B'Cbohﬂlﬂrhféﬁ lig @bamaﬁflﬂﬂcﬁfgmﬁmﬁlpaﬂ&ti d4€h

super nat ant stored C as the | nclusion Boq_é raction, Exanple 2:

Producti on d&at ﬂz@d@hﬁenaﬁeblmm%mygwmak@aé@% ps fima nesdsd fardhencodi ng
Hsp6S> was caggl (éftﬁ(iiea@lsuf}ﬁh}s eram}‘%t Mastb@%b&sﬁ@ﬁt@a@le"ﬁﬁ@ﬁnl@%% sequence
was PCR anplifi FrompR B 1300 (van Eden et al. (1988) Nature

331: 171- a573)tweus¢m@onpwé rrfaanbp &ikpoh §-BorWhetsrasHspris linked digetly to 2 heterolqeppue: 5° TTC
GCC ATG GCC 6 Gffah, ot Idaifeb( 8., whe?EQﬂspstQkéd fo aﬁ%&%lcﬂﬁtceg_@fg.ﬁg G%o_%té%{caz odon

at an Ncol site. The reverse primer (W0 _
and that intermediate is also linked to the heterologous polypeptide. A coupling agent

he

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., a 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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ATC CAT GCC 3'; SEQ )D NO:2) contains an Nhe | site downstream of a TGA
stop 15 codon. The PCR product was digested with Ncol and Nnhel, purified
and ligated to pET28a (Novagen) which had been cut with Ncol and Nhel.

Pl asm d pET&® @nsxagdes the M bovis BCG Hsp65 protein, abbrregsiemksisp6s.
The nucl eotide sequence (SEQ I D NO: 3) coding for expression of Hsp65 (SEQ
I D NO:4) is sho in Figs. |A-1B. The 53265 r.ot ei n sgwilified as

fol | ows. THEOGH) Jisr exaaele covping agenty cap be &igs HENE Hah g "AWGVY from E,
col i BL21( DiedroBifiSctiofisl] 4nd viHerSbe sFasbrihtoRidyopehehtd It ithagedtie M bovis BCG
Hsp65 protein_ (Hsp65) present in the Sol uble Fraction was purified by the
fol | owi ng cqewar?ﬁ%@ﬁaﬁrﬁmsﬂweﬁs?ousb!%%qm&bﬁé%n%zemfﬂmew 2a5At cAABEr sham
Phar naci a) , refoPsPhitdd Bollowilz the couplitidRactiDREOIRA MePhabdie product3ephacr yl

S-300 (500 m col umm,” Aner sham Pharmaci a) and ceram c_hydroxyapatite 25
(HAP; 106 nsomuopesantirely ofthelisp, therheteredaequs pelspepside. and  hargbens heietytifl becco' s
nmodi fied phgsphgte buffered saline (DPBS)!15% (v/v) glycerol and stored at
-70C. Exanpl e 3: Production of Reconbinant HPV 16 E7 (E7) A plasmd

encodi ng HPV16 EManyeouplinggenie reaet veith Imipgand spqoxpittego formaa awidé.ng
sequence wag JGRAMRINA bic&8odyifMBith B Y0 Cofifie)agtitd RO LMWRIRe %280 and
wl34 (w280: CCA GCT _GTA ACC ATG GAT GGA GAT (SE FD NO: 5) and wi34: AGC CAT
GAA TTC TTACEGR- IVITBaslamskysiRuinciplegef Spptide Bynthesiy 4ndsdwsaferoresd hfrgidst ed wit h

restrictyzon ' ] Ar 22 WO
011 0434 bpc?%%o_o Tg%g%bg‘gﬁg’ %ﬁh‘é{aﬁ‘:}? ﬁ?ﬁ‘é‘ﬁ”ﬁp‘%ﬁ%a‘%?%@f“%ﬁ%ﬁa to pET28a
t hat had bekahnpVidey, BYs |Gouplingeagerty shguidiinkpemparant maietieaestablyrhut surlythe§ on

N o il .
reaction Wa&ﬁx‘é%]?_&{;ﬁ@%l Jg@%@&ﬁi&tﬁm ot QbdctibAioRlphR Iﬁgqﬁm%g%%,xfgaﬁé ones

containing the HP gene I nsert were selecte ase I aghosti c
restrictionpaypmtidé.on. This initial restriction analysis was confirnmed 5 by

DNA sequence an Si.S: o erm [ on regions. DNA
of the confir m%o%%ﬁ%%f&%%ﬁ‘é%%ﬁ%%h&? bgvggup?lﬁé %ﬁﬁ%duced by

el ect r opdr ahétemlogmispolypeptoleiusing method BkbinlE He. artTAevanigtyl dovimlieg sequence ( SEQ
B7 NO:7) coding f X ' 7 I : 1.S.: ' Q. 2. The
HPV 16 E7 p%{‘gi ooz g‘f?rgsfﬁ'il‘%’% %Té’mg’o‘iaf‘ g%"d%{gg‘éﬁ%“ﬁ o gg@t#%r‘%fp\l}\%s 10
prepar ed asofimssrlinking agtids/iaclidadiNEdicyclbhexBleabodEmile (RTCT;Piercaddn¥f or ned wit h

plasm d pET/E7Z. (NH). . Th PV 1 not\ei 1S pur jf i ed by the follow ng

chr omat ogr apiit« ns“?%f)ss'? “ 1@33 cﬁtrgtoesl%éA?f‘gd\? 'ﬁ?cc%[ﬁﬁ% tzfAmer sham Phar naci a) ;

(Sliggr (rzlﬂex ZOMcﬁlﬁliﬁgar)]mbiumtc (SRD@D,&IMmpRheMmat _ditnabehnid@?g-H\lDM(),@tlati ng Sfaphar ose
~Arer.sham Phar i.a) . under denat yri n ondi ti ia

washi ngszdg\oﬁ"fl %cic.%m%y/g? W'\‘}iale %ﬂﬂle&'g c%fﬁ}ﬁﬁ&glﬁ%\ﬁéﬁﬁ{%js%F%?%as hing to

remove resi Sefk.gl Katpomsky-¢1 00(1984)d. Elge Mraol 60l 686 ad Liaese/c088)iAbe1g HPV E7

protein vver&th ndd' allgszéﬂ.g%\égrﬁhght iggi.nét 3&5\%% TRE% ngja)Ll 1 MNaCl, 1 nM

2- er capt oefVA% a,"%l’-‘l st 311 { PoRgdsIPabde RosRAE PR W Bl i fi ed by

Ni - g hel at i ngl9§ﬁmwwa§lﬂEns()Vz‘itz.rrtz:,l1a!l«mmz;sla‘remﬂaﬁ’bzaﬂ.r(‘mfiSlal)s‘cimarel<2129:8|1%183?;tat:m2c n?l g

conditions wth. serj i Ngs t.alni 2% (v/v)Triton X-100 foll owed 20

by seri al RS f’%@éﬁ@n’?%ﬁ% ﬁ??lzggsn ‘5(? .u@ﬁrec’fgﬁ‘r‘ﬂ)fw 281 he

pr ot ei n 28as fatipeptidesl alklypr&ieins, Ang with taffag pyodyenis ainé niethads ofanss, apool ed and

di al yzed overni.ght. at 4C agai ns DPB/lO(Vvv)Sng &' g l e 4:

Pr oduct s on. GFeRERR e e SR CRuoaloz. efet B 19 (03 7756 A i asm d

encogicgg (hwﬁﬁdms?dgmktbtm;e\/le 61185, .8|A. ORierce E%epggvé,moﬁomrMEnszfsefﬁuence

was amplifjed from enoryi.c usin e foll ow ng

pri mers. TheA JBP&BF‘&F“&?‘F e NE\%&’%%Q%@‘&W@H#&W‘K&‘%AB% CAT GGA GAT

3'; SEQ I D NgeBacecont ai ns an Nhel site upstream of an ATG start codon. The

reverse prinmer (wl34: 5 AGC T GAA TTC TTA T TTT G3; 30 SEQ I~

NO: 10) c§)nt ai ns QFCEEBR?"@P?‘B’%&W (Ferrs 03 20: Ragkfardoll) c B@gmoteshe  PCR

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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product was digested with Nhel and EcoRlI, purified and ligated to pET28a
whi ch had been cut with Nhel and EcoRl, pETI H E7 which encodes the HPV 16
E7 protein containing an N-termnal histidine tag, abbreviated (h)E7, was
used to trawsfoamsm&E. coli 23 WO 01/ 04344 PCT/ USO0/ 18828 HITAISp@ESB)8 cel | s.
The nucl eoti de sequence (SEQ >D NO 11) coding for expression of (h)E7 (SEQ

| D NO: 12) 'a%d%% ogpgulﬂ \961 ofﬂ)]@ﬁ h).l'r:oz éﬂ@c?os%%k@ga efnlt?s foI | ovs.

The Inclusion epare escri ove trom col i
BL21 ( DE3) (Bwtdes#u5fdm9fquMdﬁuwmdnab¢resmn&eﬁonE‘€MthEﬁunaThanNes mdm nal

hi stidi ne- tg 6 3jc0N Bod
flracltl 1)n wa: &gﬁﬁqlﬁ\{‘&’%uéﬁﬁaﬁm F'](lovm néﬁtogé?n"g ogr% éu C s Y
Ni chel ati ngp. Sm@saomses 1e6@ivaitq NHSessthsaamd Byadymmuagroupsdmd ptedm:’esjrl ng

conditio seri \NaShI n s cont i.ni ng .2% foI | owed
o Ser i of vaerbiE bl meo Rt B3 SRR Prtor oo Bt W ot o) ded
on t he I’eSIIHIspaﬂdbelmlteﬂdinle}&oﬁhQJaa&oﬁO& hEMmlﬂgcﬁi&pﬂllypcpgﬂadD&ﬁfuseﬁﬂlrl fied

(1) 12, Ll R BT ERlEl GRL o IaR SyS o5

pl 3jsm d encfiwigstéisdrbsé-liRkhgCwhish glu%mdm%“fémlﬂymsoo ylathite-HiCl [Pydes ECG Hs865
codi ng sequ wa i usi.n e or war

pri mer (V\M%??‘g@’ 1@%@@ %l‘{\%f" %i?é%] BHIVRGW A diorrin e%@géé@yqe‘éé GAC GCT
AGC TCAI@ATOYB&Qr&ﬁvaHﬁﬁ aﬁd\Idm@Eﬂ‘g agentsSEdeIaTvmhble?ﬁoxﬁ Ptk mﬁm tgd CeR | si ; e
upstream an e. downstream of a sto e pr oduct
was 20 di ge(g‘to '&#ﬁﬁ %@81“05 (T°NH%‘I‘“ RrP?eéifséﬁH'cﬁla&& g tgosiBE28a whi ch
had been cudchyff bdze BE& infeirdedilie)| for cbifightiov oF@roteindie ditiREpasivrtcoth@s PCR
anplified from HPV 1?91genom c DNA (pSK/ HPV 16) using the fol I Oow ng priners.

The f or war dCOFIPREPNS( {pT S1ammle tocteporiepgrobnsrdpgheleiers Bxmetgbiondabeling of SEQ | p
NO: 14) contgbis &8 ditfeséiaEp 225999ﬂ9$prm1sm1¢8@e4 198%)e. The reverse priner
(w 134; 5° AGC CAT GAA TTC TTA TGG T . SEQ I'D N0: 15) contains an
EcoRl silfe domnsl’m@apﬁ@ﬁﬂutmnsmlﬁpxabﬁewscmbepmdmwm@amw di gest ed

Nie 1 and ERaH® iy heRESiodobE iRty ABLER bRl el ich 86 RIE O

into E. col lnydBL@_‘s(@Eﬁl)'nd;@ISﬂfeé or pHEEFE B ugAted ki 80 torrcadediimideusédiatedpr ot ei n
consi sting [ revi at ed
HspE7. The %%céﬁ ? ﬁdieah{syé‘l ee\ré\’é%}f l%l‘:n&gla %Wg‘? Ecq%?%up g’rh EZ)‘X %‘? gegm on of

HspE7 ( SEQ trddsfdtmddrip suh’orarhdvlmden tHat g;act wiih-afiBno Srdups. \P@ﬂﬂnhﬂ:ﬁ&d4
PCTNSO00/ 882 Th rote urified as fol.lLows. The Sol ubl e
P ot s ofonghakierblificn BE Qlrfel b HBo BHURd drrflc BBl BEan 620 U0LF
transfor rredcatbddhmpdeanethmﬂ &E]Sﬁ&@/aﬁb—bbmttadﬁsmﬁﬂryﬂﬁﬂﬁgrﬁﬁasfoﬂsarma oprotein

(HspE/7) pr ef?'necrc])%nle rr]es}drﬂgs or to sufﬂ?ydryl groups of cysteine residues.

In addition to conjugates of two polypeptides, e.g., a Hsp and a heterblogous

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 a2 component of a Hsp fusion protein or conjugate. Examples of the
non-peptide component 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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Fraction was purified by the follow ng chromat ographic steps: 0-15%
ammonium 5 sulfate precipitation, N -chelating Sepharose (100 m col um,
Anmer sham Phar maci a) and Q Sepharose (100 mi col um, Amersham Phar naci a) .
Endot oxi n wago beeyased by extensive washing with 1 % (v/v) Bet/sinn382800 on a
Ni - chel ati ng Sepharose colum in the presence of 6M guani di ne-HC (Gu-HC).

Purified HspE/ was exc ed. into BS/ 15% (v/v) glycerol and stored at
-70C. 10 a%ﬁ@&ﬁi&ﬂ&ﬂ-ﬁﬁzéﬁ%com nant M tubercul osis Hsp40 - HPV
16 E7 Fusion Protei Mﬂl&%nﬁﬂn@ﬁiﬂvﬂﬁﬂﬁ%cyﬁs e preparetl eom@Q diafiGnathi meri c
reconbi nant protein MI40E? conp d of Mﬁfﬁf»\f' umtuber ulosis (strain
H37RV - ATCEE3 RIRRNse, ﬁ%p‘&b"l&@‘)i}r‘& AG0E AT an GPRropTate TM“P“E?

protein attgeheg pbue dGuleplésMA S veaimbidede is 4 Renphbayidiing: niefotteansf or med
into E. coli BL21 (DE3) cg}ll s for prgltnel n I‘OdUCtIPOéI’?&and purification. The

nucl eoti de sEmpsecherhar SEVIVe pr ingyitnag 1o the fisiag PF‘EiFméS‘(TﬁP &dlagr ghthg polypeptides; (SEQ I D
NO: 19) is Slﬂ%‘(‘”&e ch'ﬂné:d tgsnakéﬁxeaﬁsloﬂrﬁ}@teh@_ Horteé 1S Rf18iuSe ¥aBe AYid zis@é;' as

foll ows. The Inclusion Body fraction was prepared as described above

from E. col Theeglhsampl canbp derived £i98¥ 23w of Hargus ArippRyrsesopdaniyaphaid Mr40- E7

protein was %&M&Htﬁguéé%f&gmﬁﬂﬁl gl Lﬂ%%ﬁﬂh@&@b&%ﬁ gRhbiGoSbERS: Q Sepharose
(100 M colu Amer sham Phar macra), N chelatin epharose (70 ml, Anmersham
Phar maci a) oW, prthymes. dop samnlomay %QW%@WP%@%@Y\FWQ%IW‘PWm ng 2% (v/ v)

Triton X4l0 I Trlton X-100.
The puri 19 orERsRAGERI SI6 i MARChRY "‘%“5‘9‘?*’&%‘( S A
fracti ons pdaymd trama,dar@ncylz e, @mbmggma RUCUE Hyalew%mﬂP%/la@%f( v/ V)

ut chased 1/ BE Srpheot et B L N AL AT cohBladip R R IR 0750

of Con A Sepblasanaﬂe (aﬁr’nereﬂhanmﬁmnaeﬂ a)ennmedcfcmacpaslculanm}lmperrg celhe purified

product wer 00 nd, di aI i nst B V\D 011 04344
PCT/ US00/ 188%8° Ei? “%S%“é" H“‘B % °S’2‘?eg‘ﬁe‘cs%‘gal Z} gPophoty fiface e
Hsp65-Ovas b umlgenlfm&emmgleenﬂ amclm as(dfaqn(bhagesmepﬂtasmdlsenﬂtmd Bruglld—ls]p@call was

constructed as _follows. .The | | th S, chi.cken, oval bum sequence
was exci sed SEPRIFE Wn@ﬂlyﬁ?m&jﬁgmf‘ sgf‘fé Egnfqrmsd a&gﬁ,‘B%ora?nn% ﬁgllﬁl‘?’gn edqf rom
an agarose gel. Thecamwrecieemﬁﬁdngvﬁmrto emrcﬁspscbtan obh c@(&ate&lesdmw in Fig.
6. The purlfled duct was%g& ET6 {%’éﬂ%@ Eested with the
sane enzyrre%‘”‘l‘h P‘dﬁ’tglad’f‘?"? I ﬁ“ @ et°8 £ %80l i DHSal pha
anfl put Stl vq)r%tblﬁrae&x@mteae Bi, a,glztM36m89&§gzmtabmumm@&ﬁﬁmauitﬁﬁslinawre 10
sel ect ed_based on dia C rest stio IS i |t1a

restrict #on 3V %‘iiﬁ‘ﬁﬁq@%{?‘&@ rﬁﬂlﬁ( E‘g‘& Q %‘H&Fyél dldiket he entire
fixsion genﬁespﬁﬁ@mséd&é&kdtﬂﬁeiaﬂfpﬂd BYmea@tiffhe pRldctidh of patieaf i r med
construct, naned pET65H QVA, was uysed to transform E. coli, BL21 (DE3). The

nucl eot i de SwRRakies. AP NBarmans  NERsian By the celbsampie Altsmagyel A (SEQ I D

NO: 21) is shikefes) éhsElcﬂﬁbe defectt@hy dBayiReforisdaefad RirRérx MRS cRLSch hed as
foll ows. The Inc fractjon was &lépar ed .descri ped above from

od
E. coli BL2N'#M IP%EW ASHIS ATtALN Rlecle)soFi for FKRRASLOnTINR A POy a

fizsi on psotwatie @f&gﬁﬁﬁueg(fo;mmbmﬂngsmaQQy fraction was purified using
the foll ow ng CK pharose (100 m col umm, Anmersham

r omat o ic ste QS
Phar maci a) and Nil? "g‘f“PﬁgP"S h‘ﬂ’%@g\é"n@@g Spipnocyig svlipes FopARIgRAIvE) 20 under

denat uri ng qeRghdc Qﬁre‘fs‘réphre&%inadmd&ﬁéﬁk&d@&pﬁ@ﬂhﬂﬁd@ﬁé@xlt@? fardsy) Triton X-100
fol | oned by serial washing to renove residual Triton X-100. The purity of

the protein M@t@%swé&e@&nwm enpqytes apsisiesssibpdinCurienidRrpigpals isool ed” and
di al yzed OVQBﬂﬁGIBE%thﬁ@m@&% n&;s , [ORBWiley % S¥sY2008! YaREed of shRhdcwed by a

di al ysis agalnst
30~ are then exposed to dlfferent concentrations of a test protein, e.g., a 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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sucrose. 25 Exanple 9: Production of Reconbi nant @ utathi one-S-Transferase
(GST) A plasnmid encoding Gst was constructed as follows. The kananycin
resi stance codi ng sequence was excised from pET28a DNA with AIwWN | and Xho
| digestionwawdopasi fied froman agarose gel. The puri fi edpgrosbogis2as
ligated to pGEX-4T-2 that had 30 been previously digested with the same

enzynes. The at i ed t col i DHSal pha and
Ut e ol RUERRE P sRA6 78 ARl &t PatOPShaeT Soie e b e

sel ect ed basfite csil sdmp@rtosﬂel test prosdi, itied IFN:gaimgemrtldmthe'Emraelmmtmedxum
restriction,_ana i coflrrred uenc alysis of the entire
insert 26 @ﬁﬁ% 6‘2‘3“ 56751%%% Fﬁgg EH@S&\ promot er and

term nation reglm&ltscFMQeﬁfsaykldescﬁbéﬁbeﬂdvecbveﬂlﬂ&kImgémxmamehs@a&i@b&(byms used
to transformE. coli strain 2 3)., .The nugl eotide se ce (SEQID

ND: 29 odd goRSF oLaplsmeban Rarbiiens Fll e FOHRD LSBP FIUSE AU HO! o 8. The
GST protei nsdw@nmtuahmlrﬂscédmylcﬂmureibm&hyéﬂlaemvrta@m;%ewa& prepared as
descri bed above fromE. coli_BL21(DE3). cells transformed with plasmd

PGEX/ K. Theadmi¥tuge ‘(’ft”é‘Pﬁe"rﬂ“éé"éﬂt°rlar@~‘t“l’fbb5§6‘i"i9tﬂ‘%gqﬂﬁ§€PPfPﬁeW\ﬁ@%‘ﬁ}?‘i tied by

QG ut at hi onegggar ose Chromat ogr aphy as fol | ows. Approxinmately 20 nL of

A ut at hi one- Agar ose (S@gma Al drich; Cat. #. 4510) was eqw librated with
DPBS, and ni xed Bhfcesfaylthedntenion eapdesegho eylvate ¢ prepaatinn of anHsp oom

t enper atygr eﬂ@i’bn%r@t@!ﬁ'(@é asTahﬁla &bntmragu r chiBark aﬁre&nwﬁ%paa%@@f H§O a
colum and serially washed wit ndot oxi n was renmoved by washing with
2% (v/v) Trfusion Pf@t?éeﬂ T}&ﬂqlmﬂmﬁ‘}}s ?@S?q ig|the,psayi REstitge p B foresi dual  Tri ton
Form 50 ma L e R R L e o 51 nant

G ut at hi onepotemR mv@rm eThe iﬁw nm aESP @u@m)ﬁq'wmzemrpdpmmduxew asm d

was excl sed- Pracy B e Bhichmathe TRLR Fpoh 6 AR o ur 11 e
from an laﬁgamdwngeedemreﬂhéwpwysfqae@c psedde; test differentifagionsdetwgem tBEXptigenhat had
been previo SEIE ion was
used to trans %lfme eg(ilfwﬁhgb ngsha angglgﬁ%gttl ve‘%ﬁ%glr‘%gq%%%??{%?% t he HPV
16- E7 gene hseddo testmeresesa|diffirent corulidate aptigetiscig deptifyche mdigen thai givesdi gest i on.
This initia sequence anal ysi s of
entire fusi gﬁgt%?r]\éeﬁlgstt 9&0@{1?&%%%%@%& ﬁg Iﬁrﬁg%dlr?%%ﬁges. DNA of the
confirnmed const riﬁbetassayaumdlsqnbfuéb&tdiag:ntxfmsegtmem a:rmntlgmssailmnmdiand{sbi strain

BL21( DE e .S codi n r,expression of
L7 OE, R bR R RaRit TR el R pIRNES, 7 ¢
as foll ows. ﬂBaapbﬂid;mtenuait aiondengfytehleh actige e=giing in anemtigen, fusioit ¢onkainingr e gr own
and the pr O‘in 1v1%|.g subrI eétl 9 !he t%qr;relﬁéafgsr f tI¥sp3c0 e;l;rgga?‘édoa% %gs@(hr?{ gcedure

essentially as SCrl a ove
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 Th1-like
response. Fusions containing subregions of a Hsp and/or subregions of an antigen can
be tested by comparing the elicited Th1-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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27 WO 011 04344 PCT/ US00/ 18828 Exanple 11: Production of Reconbi nant HPV
|6 E7 - Linker - M bovis BCG Hsp65 Fusion Protein (E7-L-BC&5) A plasmd
encodi ng E7-L-BCG&5 was constructed as foll ows. The HPV 16 E7 coding
sequence waswd6iRdz@pl i fied from pSK/ HPV 16 (ATCC) using prramosoonss3d 5 and
w396 (w280: CCA GCT GTA ACC ATG GAT GGA GAT (SEQ I D NO: 26) and w396: GCC

ATG GTA CTA GIT TTIC TGA S LD NO27:)). Jhe PCR.. d
di gest ed wi TG G?%-Pi%iaf)ﬁorg‘? Pn&,\cs d’%%ﬁ%f“@%&é'dsl E;éﬁﬁlrcgﬂhl%; E%é’gg “F%ﬁ]san

agar ose gelthe ddnee ¢ffeci. f i ed PCR product was ligated to pETS 65 (pETS 65 is
PET65 with a pol,l;égl gci ng | i.nker se uenclg1 I nse te@ﬁat the 5 end of the M
bovi s BCG hsp65 1% SEEHR EFEEYC HeHD 104 SBRAUNEA B ksIPSPoriedR ¥eFMPE h t he

sane enzyneged i @nkra@atiiifed BaCeilOsk WdSothzBEblirfatioh 36 be i¥ividuat Othis DHSal pha
and putative cl oneg‘1 ont ai ni ng the HPV 16 E%ngne_l nsert. were sel ected

based on>di Bghbsisetul faz dieptngGopditions sharprtepized Py 2 dominaps Th2 Imaing ¢t j on

anal ysi s wagsgonby dndnB thshpficiNfTBERYASE anal ysis of entire fusion gene,
pronoter and term nation regi ons, DNA of confiyned construct, naned 15
DETI £7/5' 65, wasihedeny o8 Thbrcieet inifentSpsamnopndsithat sereBtas & ThhdKhucl eot i de
sequence ( Sl%%o‘n&. Wnﬁ%hnm B8 sdr&the Fop tHRESbMiRy ©fintiit b B RGioh PRRhD NO: 29)
is showmn in Figs. 10A-1 OB. The E7-L-BC&5 protcin was purified as foll ows.
The Sol ubl einfycgd ThinkikeEesponse 95 FaRTomate dddd rlikp Eadpense ifed mamisy fimilanipia Bl R( DE3)
cel I's t n@ansfigy fHn Wickdin, B Asdthhcd hePFRT LG kip6iRe inbiiedt ey dEBGGn f usi on
protein present in the Soluble Fraction was purified’using the follow ng
chr omat ogr apfRicin ©F apythwprajein S ig 454 B ymaymergompapebledn a sPhiioraci a)

Q Sephar ose r%%cﬁ@o fﬂhi&ﬁmxomrnﬁwpugaﬁlrtmﬁt%ndim%ﬁﬂ‘?@fer?z%)b

Filtration col urm, Anersham Phanmaci a), and N -chel ati ng Sepharose

Fast Fl ow Gaeenierrisén HpHYSPOBDS: e, inflpmmatennarmiviioimones dispasrsr Pefertéal ur i ng 25
condi tions yhinorsQd.k bt AR S¥kyi A ésfar&gin%%&ln\é{é&)ei%%{d dnfier- 100 T ol | oned

by serial washing to renove residual Triton . e purity of the
pr ot ei n Maspreteatikeerllppr Sivgesprgein fisonsgubanspd anfigen proeessinghrpan pool ed and
di al yzed ov | C 1 o : nmount of
endot oxi n c%#[}g%&escfg ?oﬁ’&s t @@aﬁnﬁpg?ﬁ{ﬁ?‘n %%ﬂ%@lﬁ&g{f?gﬁ g%f{ ‘B{sﬁl} %g a
pre- packed fusioh poaéin nconfugie tthet isGabWiviq iRduse ad hl fike kfspondg, eld., IF80 USA)

di t 'S, i . o) / 4
per usoo! 16 A EsaRRlh "Gl Ehafiord Skt eh kPR At it e |
BCG Hsp65 Fedignubnie elberibefordPnfiereorsinhBEmang fwlthe &ldjtioh af fteshnsich pmteorkrng

BCG65( Fl,) - EZ.. < f il i term nal base
pai s o EbiiRR. IRRSHLLRLRE Aoyl bR inalin dra T FREHAREE ALE 7™
usi ng pri nemsasnfd®yIRN-gaBeB réleBd,Gan HT@EDMAPGeGaMribAG cAHoRsETo GEG ( SEQ | D
- 31)) TSR TA s R R o R e rdddeadh el o) s oo
?_nd l\ldg { andTpulniafsiYmilhlilﬁrranmracmangmbsm gpedcreeriddeforrheir i\liilté@ t@p]@nw»:ﬁuc?L 0was
igated to - rev i.ges Wi sane
enzymnes. Thgﬁ'gg%c?%’ H% ¥ éﬂn@ﬁ:}o gﬁg‘\%}gs&ﬁsg%%r?egé(ﬁlrdgiﬁgs/%bglpg\?ﬁc&g%ﬁe P Blhé'z]i(?pha and
g_ut ati V?_SC| msprmt sg@m@aﬁng'mpe![pﬁdesmn{i}ﬁm-mﬁmm_ ! '@hn?‘hm{cpmpahﬁef ed based on
i agnostic restriction di ion.. This initi restric n_anal ysi s was
conf rmed. bioRk a8 nCirniR i PlectpipidBimtis [ pepBideD anE i1 o1 o anc
t er m nat i onam@iacidanaldgrepaipmiclentided, golynaciedtide anddgsimicleotidespthcletidebF1/ E7, was
used to transflorm E..col.i strain 15 R‘éDES%n. Tlle nu I%o%t\%lde sequence (SEQ
| D NO: 32) cBWMS cfrgarmce%ﬂrr‘oé%aé’i‘co‘i?“}?f’mﬁg& P54 jroleculprayaight fgsygamalout's “shoun i n
Fig. 11. The,080Cgkht pé)mblé, 4nd edlR] dsteri anduitlidr phethacettiéallly laosptablEigrmspE! uSi on

SOy o 10 Rl s 2 L5 R oS0 o R it Sl AERED O 1S

with a test compound. The effect of the test compound on the induction of a Thl-like
response, e.g., as 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
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wi th plasm d pET65F11E7. The BCGS5(F1)-E7 fusion protein present in the

I ncl usion 20 Body fraction was purified using the foll ow ng chromatographic
steps: Source 15Q Sepharose (Anersham Pharmaci a) and N -chel ati ng Sephar ose
(60 M, Anemsh@midpar maci a) under denaturing conditions w pdu/esooiisszs

washi ngs containing 2% (v/v) Triton X-100 foll owed by serial washing to
renove residual Trit.on X-10Q. The puri. of . the prptein s checked by

SDS PAGE. 1 FRSPSEr B Pespecam e e PE iS4k Y neyeL snepo B Gonde W6iPni ght 4t 4C
agai nst DPB&imEsraiie -1ikd réspB’ﬁS&dE’f&férﬂ?y tie Iﬁi&qmﬁbéspalfbb stbulaieb 8y el osi s Hsp 10
- HPV 16 E7 Fusion.Protein (TB 10-E7 S asm TESE/ contains a
chineric geﬁ%‘“ﬂ%ﬁ‘abssaégeaﬁtfﬂ[ hé'gc?(?_tW%éggzgﬁi@rﬁgg%o@ﬁﬂd&%ngF%n H37RV
(ATCC 27294 maxi@irfespdis®ini03edbyGin HpB P fildiof GeotéinS fonedinbbditnest, tRNd, to the

HPV 16 (ATCC 45113 ) E7 coding. g}gﬁ chimeric gene was c]oned into
expressi on PN jirprofsrably ot £ natyeally opqugrneg ogippund; dpjaniper pmbpgtimene| | s f or

protein pr o@w%mgaumslapbﬁdd%; Whdréift fhe pEptRiciees B thi@pSRY SCEaghent of VO

01/ 04344 PCT/ US00/ 18828 (SEQ. |1 D NO: 34{)) codi ng for expression of TB 10-E7
(SEQ | D NO: 3mpturally OpeipAng pfofeity. 12. The TB1O-E7 protein was purified as
foll ows. The Inclusion Body fraction was prepared as descri bed above from
E. coli BL21 (DE3) cells transformed with plasmd 5 pETESE/. The TB 10-E7
fusi on protein preddafollovingere pxamnlesiof themurplics ofthe inyentinas Thowdre hetdo usi ng
the fol | g BY GRERNBLIMiARNNE sspeBBine HFAftioRsR Ay P8¢ ( 100 ni col um)

Amer sham Phar maci a), Source 15Q Sepharose (100 'm “col umm, Amersham
Pharmaci a) and Ni-chel ati ng Sepharose (60 nml, Amersham Pharnmaci a) under
denaturing conditions with serial waghids containing 2% (v/v) Triton X-100
foll owed by serial washing to 10 re idual Triton X-100. The purity
of the protein was checked by SDS-PAGE, the appropriate fractions pool ed

and i alyzeg @yt i OMiliiG ARbRE FRAR btk Y) oPRXEBERLy XD © 14

Pr oducti on M—tUubercutosts FsprL FUstoh

Protcin 157- TB71E. clistrainsBE24ES) priBLI(DEBBMNovages1) weretsediastthelhass fof all | ows .

The M tuber IS, .hsb.( > - [ jf romclon 3l 1118
(vt r " anardilat ApOBE SRR W e BlPRoh bl nas! R WaPEaREmed L 0e
w079 (w048: ifio BLZUDEILpRSS (SoVage®)] RIREIHI} pCES deBERArbaindpET6) wared WO79: ACC

TCC GCG TCC ACA .2 EQ I.D.NO:37)). ~dh qold t was

di gested w & %QF%%J&%%%E% VP&S“&%’S’)&%%’ 6@@(}?@ ’@Eﬁ{ g’ di gest ed
POR amplL{ 1 6.1 1 o pok) LBV, 16 (ATCOA sl n0, or Ll 5. Wo80, and na4d. (w280 COA
PCR- e 0 usi n L ner an :

T GTA %‘i:&ﬁ'fb&@&%"gws e K ‘§% Tonagis ?@5‘“ B ARy BAC ATG O
ATGt GCT t GGT badiézial eulfubdsQvdrOgdioin 38)2]}fsh?ji&$ﬂﬁﬁ&mmdoofrpﬂdvaﬁo?i;o@ﬁiﬁd Wi ]Eh 4 PCR
restriction _enzyme 0 a ifi ro ar ose : urifie
product was ﬂ?qnd'nguéﬁ‘ﬂ?’ﬁh béf;}%fp %t rslﬁgll ng{]eéff b?”&’{ﬁ%%’(é}aw&f"g@gt ed with
Nco | and Clcéftrifugatichi4eC bnd KO0L5PE)B0FE: fof B enimit&thed Busp@ed indvowaDrused to

transform E. coli DHSal pha anglg;l)ut ative clones 30 containing the HPV 16 E7
gene i nsert Lis Buffen @0 mid TRAS HELJQ nYLZgnersantesthapal pH Jt5).dysoaymewes on. Thi s

initial 5eSthakih 960 ggmua&cﬁmmgp&%mmm%t%éence analysi s of
entire fusion gene, onbter and term nation regions. The confirned
construct, nanmedTppWifythetcomisisant pwttin, thetaeHswére thirawied using 8 32%0r ai n BL21( DE3) .

The nucl eoti de sequence 30 " . .
watcrbatl'(x:I and protel%ase inhibitors were added (2 pg/ml aprotinin, 2 pg/ml leupeptin, 2

pg/ml pepstatin and 2 mM PMSF). 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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WO 011 04344 PCT/ US00/ 18828 (SEQ I D NO: 40) coding for expression of E7-TB71
(SEQ ID NO:41) is shown in Figs. 13A-13B. The resulting construct,

pET/ E7/ 71, was further nodified (to conplete sequences at the 3 end of the
hsp71 gene) Wiy010484 acenent of a Kpn | to Nhe | fragnent cderaisae/mgs
sequences fromthe 3' end of the hsp7l gene by a Kpn |- and Nhe |-digested

& oo cotiuupb R AL g BE VBT RS Su it HARE Gc%“ﬁéé

TCA CTT (XBC&oﬁI’EﬁS@QEQAI e :%4@)V) TriftneX-1 ed)uThe regulting alixtpleyasiten pET/ E7/ 71

o 0t ot n- andERRag 0P & PaA £ 33D FEHALE 4%k SR O ot de

sequence 1Qjidcaded.! 'ﬁld\{blléﬁﬁlamﬂblﬂﬁi iﬁlQIys@mfﬁﬁé‘dntH’Tnlﬁéﬂvh@'ci UBhiomiaiet ei n ( SEQ
| D NO: 45; of pET/E7/71' is shown in A-14B. The E7-TB71 protein was

purifi ed’ agvasdhanggatrifuged af 4G fa&l%ﬂoswytef ﬁfa?t,%(?f’@n QRLO0 gr2mf theayliegtvagescri bed
above from f..G04 hndthé dufelfatht G6ibd & tyds%ftﬂm@ﬁsx%hta E?pﬁéc%%d pET/ E7171'

The E7-TB71 fusion protein present in the Inclusion Body fraction was 15
purified using the foll ow ng chromat ographic steps: Q Sepharose (100 m

col urm, Ameg,shafp FhabiRhdh AR MeiGRehAbLROBSERIRE ARk M . Amersham

Phar maci a) Tmger nati ve conartrons W LT serrar_wasihr ngs cont al ning 2% (v/v)

Triton X-100 f olA plasuidiepcaiing Bp6hwahiongtnictedrag dalioavsr éﬂ;ﬁ M abvisTBCGon X- 100.

The purity Ehey; ' Kk PR

fracti Ol’llé pIg 8&5}%&3:&%’1@ 9@%"@@3‘?‘ ﬁﬂl%dtbﬁ{m?Dggfﬁgggva}‘arﬁﬁ??gﬂégyéf W v/v)

gl ycerol. E)lﬂmpl3é1:151—17’3)odmgthe(fnllaﬁm§{amefm m‘hﬂfon&rd@pmc@dmass @€unoni ae

HSP65( 2) i, AN P asm ne od| ng

SP6S( 2) - E7 gj)groc’ﬁéééju‘g%‘@dé‘g‘é%f ‘F%‘%? %])Dsﬁr@elﬁtc gcocels Eé pheunoni ae

hsp65 gene cvden #GRNvopsitef IThd rdvemeprihaywi0ds: SETPEOFCG GRTTAQATERXN GABpl | cat i on

(SEQ 1 D No: A8 CANORE R Se b R B e AP R AR e (e 1D

NO: 47) ) .15 Thead ¥CRI e RICRI ptodwet svas digessédawdith iNEdT ahif DThel, purifieendligatedyel - puri fi ed

and |igated 28a digested with the s ener at e

pET/ SP6S- 2@‘&1%&85{@\95%3 @g’!%&{&? H&“&h‘ﬁqh]é’&"a‘\ﬁ% Bl 1l ‘iP?‘i:?'gﬁcfg“PF pSK/ HPV16

(G,:TC(C)S UQSI Nge M. boES Bcglﬁsigﬁpﬂatem,3%ré%ﬂt8£Hsﬁ6601@€Au&£ﬁd€ﬁ'ﬁuﬁg€(S%@ CAT GGA

T EQ | nd_wl34. A U T 1T

01/ 04344 Pg‘ﬂlﬁﬁo’gf 2%#3&%%“&6%@?%@%%% “%r?éested wi th

reS_t][! ction enzyre#shbe bteﬂnﬂasﬁﬁ‘aﬂﬁedasdﬁmwghﬁggglbfecﬂﬁlaﬂvﬁgﬁéd & gel . The

purifie at. had .been

previ ougpy ﬁl‘%é‘é’gg a%"??f N&ch gﬂg{@gmoqu $AG rangfgrmed n was used

tE g _tranSI Or pET65. CI\BEIA/{ @bﬁﬁBQGﬁis@ﬂﬂg@t&rﬁ(ﬁs?@S)@l‘&&ﬁSn mtelsbmblalmubxhevaé ?E_V 16
i nsert wer cted bas on di agnosti sfric estion. is

initial res?‘ﬂ%fagﬁ eefﬁﬂ‘?‘?gg gl"ﬁﬂgmgﬁﬂ%? ?‘?@d%Byse ééﬂpéﬂlg@ﬂ’é’i‘fhl ysi s of

entire fusi nﬂcﬁﬁﬂﬂphmﬁeﬁe} €L Scphstode§200 MBdohiHn, mrmphmcﬁ the confirned

construct) pETé SGSSC E7, was u;ed to transf rmE. c strain

med
BLR( DE3) . h?ﬁRSlI $:390 @20 meRlump i %WCB”@)"‘“ ghy P"YéRﬁl‘%sa on of
SP65( 2) 957 aﬁﬁi;)m@n{ﬂ%mm Bioralf) Iﬁﬂx‘ﬂ%@HbﬁBSﬁbﬁ%xchlaﬁé%ﬂlﬁBDulbecco s

modified phosphate buffered saline (DPBS)/15% (v/v) glycerol and stored at -70°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/HPV16 (ATCC) using primers w280
and w134 (w280: CCA GCT GTA ACC ATG GAT GGA GAT (SEQ ID NO:5) and
wl134: AGC CAT GAA TTC TTA TGG TTT CTG (SEQ ID NO:6)). The PCR product
was digested with restriction enzyme Nco I and EcoR I and purified from an agarose
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The SP65(2)-E7 protein was purified as follows. The Inclusion Body fraction
was prepared as descri bed above fromE. coli BLR(DE3) cells transforned
with plasm d pET/ SP65c- E7. The SP65(2)-E7 fusion protein present in the
| ncl usi on Bewyofigsdmt i on was purified using the follow ng chcosdngs8phi c
steps: Q@ Sephar ose (100 m 15 col urm Arrer sham Pharmaci a) and N -chel ati ng

(60 m, Arrer Pha ur| ndi tions w.th seri al
washi ngs coff ?fjrl?F é‘)oa'ﬁql“faf) g ﬁg@f dpeenueYiaysly ashing t o
rS % gD\F/) 2 GlrE esi Eigaitedr Wlthm s&nafe&ym’éklenmigahyn fefacttdi\ea\éa@ fugddetd gaﬂmxfsﬂe:ﬁ)&ed b34/ c
- t ropriate actions ialyze overnlgt at
agai nst DPBS! 528’% tahive gl °“F€e‘i98f?ﬂ?‘$ﬁaﬁf i&@g tgeRningart RerR afleted |s
fum ~at ur HeeRE on dRYndsGic Ektricusn @igedBon! FHidlinftAFRSriETon MET4EVMEZonfimed Pl asmi d
encodi ng a reconpi nant rot ei n, AF60-E7, conposed of .the As;oﬁgg | u

fumi gatus (A8 e@:eg)cenag B ofreplineigeng. Rrompserand epmination Isgion;
descri bed i meRehfifehAVoRsktiBR harhddSEsl/BY (NHT)S whs iHeh TitfRkscel By blREirddioMatibR (ATCC

45| 13) E7 protein seqguence. PI asm d AF60E7 was used to transform E.

col i BL21( DEY Eceqli SramBLIHIED; fhp eieRtice vauaRr (RER L NQY) whins fore

nucl eoti de gﬁﬁb@nﬁ%ftslggﬁ?ﬁ)mmsmlgg: @or expression of AF60-E7 (SEQ ID
NO: 53) is shown in Fi 6A16B.” 30 The AF60-E7 geroteln was purified as

foll ows. The | ncFheHBN1GEAyroteinwas piificd as fallopsr Eep SplubleExaetioiedasabove from
E. coli ﬁﬂg&?ﬁ%& ageésl:ﬁbehfaﬁa%fmdcowgﬁmbﬁﬁr&ﬁk AR dORRQE th AEGRE? protein

was purified usin | owi ng chromat ographic steps: Source 15Q
Sephar ose ( AE® )Pﬂ'&? Iﬁb’l 1§)E7pvereiy wasiperified bithetglinwingsronggogzaphic WO

01104344 P / g{?}_;o condi tions
W th seri alc-gvvgig‘ﬁlansgj:]c con@a@r@%‘@%%@ ri tonactéﬂ%géerﬁo O\L/\t/g%(agy seri al
washi ng to rcelumpeAmgtshatn Eharmatia)y anddNitd@lating Sephardse (100 inlf Amershase ei n was
checked by - .Aﬁﬁu [ [ olele i zed

over ni ght at§ R%glgggal n%FE%%%@BEgHgﬁn%ﬁse{vwgé@?% i f%mg@gﬁﬁ\@gm Rel ease
by a Hspbb- ARE/X (198 filoyedhy sarial Washingito répavieckjduakFriterc Kt 19Aznddhes pl enocyt es
ver e DL Stk AT LGB P SRS ek BSpA Al Bl S P, o (1 er e
plated in cmﬂyjI’RRIS Haidl MﬂNz((ZiohmMaZmeFdaMo)athauol HKT. iOH‘hcdialyszl:d/\mbtem n flat

for 72 hour S hEopgifsy 1ignHufleipnaBR o5 Bl Arrsuar il bRIE | "
bovi s BCG I—lsipﬁﬁur(ﬂgsqoﬁdi)mnsHﬁuﬁlsﬁnﬂha(slﬁigs antafirisg i%l(vte}’[h&g@édO(Efolb(;vha E7), an

adm xt ur M . bovi.,s BCG Hs PV 7 or M bovis BCG
5 Hepb520 B NERE GO et S Tl S R0 ek R Reie Pt Motba 1 o
cells wler e phaedked BﬁISDSrmkcmuﬂeralppﬁoﬁﬁits ﬁ‘mlﬁfoas pmﬂalsafne:aragded mmﬁghtgnamdcapt ure
ELI SA pl ates J t.i on e replicate sanples were harvested,

pool ed in eﬁﬁ@ﬂﬂgﬁiﬁé{/ﬂﬁyg‘%ﬁ?ﬁgycﬁ@?let ed at 1200 rpmfar 7 nminutes in Becknan
GS-6R centrifuge (300 x g). The supernatants were renoved into cryovials

and frozen g pl at es (Nunc
cat# 442404F )

anti-nmousg | FN- gmn(ﬂ?bﬁdomngmm cwak consﬁua&ﬂaﬁlfolla)wsl rl‘hQHPVMS Baleding buf f er ,
pH 8.2. The s clluaeglceesww& am;?lﬂ'eeg from tﬁl’\gl 60 %Jf%ﬁﬁ%ﬁ/ﬁp@% 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 3’;

30 SEQ ID NO:10) contains an EcoRI site downstream of a TAA stop codon. The PCR
product was digested with Nhel and EcoRI, 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 transform E. coli
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t hen bl ocked with 3% BSA (al bumn fraction V: Amershamcat. no 10857). in
DPBS 25 (bl ocking buffer) for 2 hours. After the plates were washed,
reconbi nant nouse i FN ganma (8000, 4000, 2000, 1000, 500, 2SO0, 125, 62.5
pg/ nmL in corpPevessfaVPl ) was placed in triplicate onto eachPEI/USH/IA23t e.
Sanpl e supernatants were renoved from 70C, thawed quickly at 37C, and

Ceri al |y di PRELpY) b, dfe Fplcldhite (S NG S R fSBR o8| Ced by
i ncubat i on GVEA(SEQE NQyHR) is Bewkdn Bigndl ELI SA val ues were established by
measuri ng ei ght ﬁrﬁémfﬁg&w&qﬂ[ﬂ asrfgﬁ&?s”t’f}le% ‘%poglﬁ[jh? @trich%? @antigen.

Det ecti on of boun was acconplis nm. of a rat
anti - nouse bfehargdandesdribed abovedromus RIRAEHRA) ngil;rtrwefprmerdovul&ﬂa@ﬁﬁ in

bl ocki ng 33 & bound
bi oti n- COSﬁ] )ﬂﬁa?lﬁ?l bog-rm %ﬁé@gm%%ﬁ£ rff%(lé@%ﬁ u%,é@rgﬂlﬂg?g a

st rept avi di i[ncaisioaIBordg fqabtamp#mtpasﬁed:mn}gxgafodiowm@chmglaurgtaphnatdﬁAmDS) The

pl ates were bef e foII di t| chro genic
substrat e, ﬁl\{\%% %ﬁ %Eﬁﬁ‘éﬁw al(‘%l{iﬁ%’ ?&'ﬁfg g?[a onﬁfv ng/nL in
5 di et hanol ammoam&gﬁeﬁntalpiﬂgg%(v/vaﬂh—mrn 3Q0dratlatved by mubraﬁshmrg tot he col or
reaction was sto n ED 8. 0. The absorbance was
neasured at J’i‘ﬁ’eﬁ%chjj'&% rg)%&r?ahaé’&ﬂd é}%ﬂ’jﬁf 1o I‘@NB:%%S‘? gﬁ&e@yte@ﬁm pped Wit h
Bi ol i nx @& 056300 wM énidddet: dradiedts PadfifiddfhyRYavasdiatiert & sgatrdt DABSRSY (8ANpl es were
extrapol ated, fromthe standard curves generated on each of the respective
ELI SA pl at e§Y°#8ta i s expressed as | FN 10 gamma rel eased (pg/m. ~ SD).

Resul ts of assays are shown in Figs. 17A-17B. The averages fromfive
replicates re shown al on i t he, tantral
secretion o € ogetion 2t 5i Mt o 0.05,
0.15, 0.46 @p&elﬁéﬂs@gpllm HspE7. Hsp65 aI one) E? al one, hE? al one, and an

adm xture o and. E7 virtual | pabl e of str rrul ting

| FN-ganm® r el easéPI%F‘r’ﬁ ‘F‘&P‘\ﬁg%gléﬂ’jlf W%%PBS%‘%%%’@“W tﬁ‘ A o s prepared
fromm ce olpsgés@dinksedte ﬁ&&va@mﬁﬁplﬁe&%m'—;ﬂilB!:ﬁiOQfsk‘llg(ﬂFdﬁmeﬂr&hdand from
t he Jackson Laboratory FrE%%l?B 18: Stinmulation of |FN Gamma

Rel ease by ®mspeP4f)asiferp ta"hﬁrqursomr(yﬂ&;ﬁt GGG CE BEEm M ce

Havi ng Di f f eferipcRRICT ATGRORK KU T CAT @f@@r ISEBITDING!18) dohtaids@niNuE&tePr €sent ed
in Exanple 17 were carried out using spl enocyt es frommce %&r om Jackson

Labor at or y) uertreerrrae@araNhrIért@ﬁ?wrrgs%PWé@A stoprpfons ThaPORprodst wae (H-2) ;
and C3HefRy Fefhebtbl with Nedlid NbeB bl Sedthli Bigitsd RfpErhea dish RiY BERLRIWHHON t he
di fferent spI enocyt e preparations were simlar, although there 25 were
di f f er ences Negl anddNghsol ut e ampunts of | FN-gamma rel eased: the observed

order being Bal brge @V%E?Eodlfgé &quéh@@*)vas KSR Bh lﬁiefd'ﬂfbﬁxﬁm‘flﬁ gddmid1 9. 18B),
and C3HeB/ FeJ (Il owest:; Fi

in Exa e substantially increased
| FN- ganmma r@%@&(ﬁgwmﬁ@é&l llwpanmmar %ﬁorw d primgy BHlé1: 5H§6é5 al one,
of an adni xigpeeh Gy Al ¢RPEEA SATH, SEVD N!0 34aREH NRIYAC828 Exanpl o

19: Stinmul ation of Ganmma Rel ease by Fusion Proteins is |ndependent of

the Nat u?® ¢pdanps arLNﬁkIéae AFhd rgessepmeREl 34 EAGC IGATKSHASI T EeTEARGS ei n
Moi ety Expe I'T'%(ﬁﬂ%‘ao BTG A5TER 'Eé&ﬂﬁér@@low&%smfo ETRA% pus exanpl es.

It was observed that’ stinulation of naive splenocytes h)E7 or Hsp65 (M
bovis BOG) Zogmodibe BERrpsefucywan digaserwithiNdel and|Hsa. pulbﬁndatn digatedoi on

proteins co sl G4 1 29 t uber cul osi s)
subst anti al {2’?‘\’8 g’%‘@gé fﬁ%?camm re Ieasec )‘}fg su%%fpt ualTy no induction
of | FN- ganmpEEISEAEE Nwas totsfameed ittp Ea coll BL21(DE3) cens PET65C/ET-IN

30 encodes a fusion protein consisting of Hsp6S5 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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fusion protein containing E7 and gl utathione-S-transferase (GST). Wen a
fusion protein including an oval bumn fragment and an Hsp (M bovis BCG
Hsp65) was 10 tested, high levels of |IFN-gamma rel ease were detected. The
| FN- ganma r slcea®esdwedi at ed by t he HspOVA fusion protein exocradkecdshat
resulting fromaddition of OVA alone to the cell culture. These results
denonstrate that. .t i ed rele | FNg i ot .dependent on the
presence of the %‘Fr}%ﬂﬁﬁé it P\"E%?egsaf °A‘°B’F-o?gﬁ?1“@a? f*ﬂ%‘l‘eﬁtﬂﬁ@?ﬂ%u gens
fused to anaskdepcribad atsoveifioar £.\cok B2 DE3) Edlisganstornpsdedticilasaiid 15 Exanpl e 20:
Stinmul ation E7 Fuysi Prot ei ns Different
Stress -Pr otﬁ?sﬁ fﬁgﬁ@gﬂ; Kﬁ?ﬁ‘swgrpé&ﬁégﬁmﬁﬂwﬁ@tHﬁl_‘g%g@g'élﬂ under the

previ ous exaaaloas”asuwﬁacﬁbﬁﬁemmwﬁnge@ebrwogihp‘hﬁmmt 0HSPSamoium M

t ubercul gsi s s p 10, Hsp65 (HspE7),

St r ept ocdc cfalsPERS P%‘é 1\3@5@5““(3%""%%?’85 %mg%; umn, Amexghamy Fharmasia)t uni gat us
Hsp60 (AF60mﬁ7Q-Se;H1¢rdsB(eromme:olmm Mrsﬁ&ﬁ%mﬁﬁ&a}- EfdotoRirawg reriovddby) the Hsp
(M bovis BCG Hsp65 and ercul osi s respectively) was_ added to

the car boxySX@ElyF Wishipg Wfthé'y‘l:_(’fl V&WPF"&@%WQ@% ?e%krcwanps SeplerosiPlemp & i nus as

in the ot heﬂhei:#é%éxﬁ@%%ﬁ%u&ﬂﬂﬁh&m%ﬁ mlp%nﬁemﬁgﬁmasvashah sfig@ 1 n which
the E7 antlbgen was to the amno termnal one third (residues 1-200)

of the M EB§/IB‘K‘9(§VH§§U5“§'€@%W€@%§@&5( F1)-E7), rather than an intact

Hsp. It jyas observed (Figs. 20A-20B) that stinulation of |FN-gamma release
occurred upon exposure of spl enocyt es to all the di ffer ent fu5| on proteins,
al t hough di £xampaae: pe ef. 140€ \Bevr fined. ,
fusions cong gjﬁ-;erent Hsps i ncI udi ng Hsp65 from di fferent or gani sns
as well as ﬁ%es of Hsps, were capable of eliciting enhanced I|FN
gamma rel ease. MFTIMEGTiea plﬁuBId@n@dmwmmcrxg:ombgtanuygte{mrl‘d’tréﬁﬂ? at either

wer e act | ve CoRd Y BRRle e B B UL AR5 Bl B &7 O

cont ai nilAg mmennwalmhldHPYJQO’GT@f 454 130(137}80@@@&@1:68 th¢ GeteroemlsiofN ganma

t i .1 HspE7
Exanpl o 21, Paftof T8 Bldiods Mandtbiulel b h o B (D IRRASHERUANCE TEBPEN
Lynph 5 Nodpxodicdtibnﬁhdptuﬂbstioﬁo ’Iﬂlesuclécrmde sdqacxrceﬂEQ [IDNQ BB)icndiug for| FN- gama
rel ease, Vag’}tp%ﬁoggm{)rat qﬁzj%% gl umﬂ g%f(dl luted to the

desired starting concen ined as RPM 1640
with 10% fetal CElefME40-BEfprotuin &asyslotificd asfotle\pd; |’Dlmt1eclsmsmBa§r ftastiér0 5

| fl b h 1 ul
ot cot) el ATl LA F OB SR L 1
r elrr:)vedI f;oﬂnmﬂlpeawﬂzzlos:%gﬂm&mgﬁ/aemmds phxﬂi:eﬂl fdlsing tiee fBHO\gihg HanszI IbaI anced
sol utign e 9 al f serym i um) ....Fol | owi n
tsﬁel r transag?m? 5&31?@? %Fﬁ‘sr gv%pgaf Q@t J GHSh AT sﬂ’ j%"éarcr%’é\h'syri nge °

pl unger waschetutidg Sephiose 1038, Ahershgh Pﬁmﬁﬁélamheﬁﬂhﬁvmhntlohbﬁiﬂu geriaps used to

uspensi on. vesies gl R anEe x L GEREREFR Feshief et i and

added tQSV\deehLﬂuatTﬁEoﬁO{JIOS Tled puditysfithe prbtguﬁvafslcnedkeww SDS—R}ICl}E)ﬂik m . OZJI L ures
were exposed to f tejn.in nediumor 9 or 7 ours
at 37C in a?RRAREGY H»%Eﬁ’ﬁglﬁg %?‘V’cﬁﬂfﬁ%’“i ﬁﬁa"ﬁ pEgipst bﬁ%ﬁé$quiul tures
wer e pool edglyesdll s pell eted by centrifugati on and supernatants either
measured for | FN-gamma content by ELI SA 20 according to the procedure
described in Exanple 17, or frozen immediately at -70C for |ater analysis.
Fig. 21 shopgahdle7 e Oalbanidd (VL) above experinent, conparing induction of

| FN gammp rel ease by 1y node cells and b splenoc tes. The fusion

protei n Was foun@” IW"@P%E‘?H# 3&**?%1%%@?!5@##@@5%@%%%% gadpprifigdyes. The
| FN- gamma r E[taa&aa@gﬂaw @mgmo 1@501‘5@&1 A 8eiaRsO(Ah&sindbRAhhdz)exceeded t hat

i nduced by 65 al one, Exanp 22. Regression of Pre-Establ'ished Tunors in
vivo | nduceEraBV’ﬁGﬂ?th‘P’é‘Brt%R“Eﬁe‘meMWﬁ?ﬁ%]ﬁ padydialyzed overnight against
DPBS.
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Human papilloma virus type 16 (HPV 16) is an infectious agent associ ated
with 30 the induction of cervical cancer and its premalignant precursor,
cervical intraepithelial neoplasia. The foll ow ng experinents use Hsp - HPV
16 E7 fusi owpnesdsns of the invention to target imune r dREIGIH/IESEB as part
of a strategy to elimnate HPV 16 E7expressing host cells. 36 WO 01/ 04344
PCT/ USO0/ 18828 The H2b nmarine epithelial cell-derived tunor line, TCG1
(co- transforned vvlth HPV16 E6 and E7 and actlvat ed hurran Ha ras) was
At oh f K % min Fugipy) . The use
of TC1 cel%ﬂm&g S|mlar to those used hereln i's descrlbed in PCT
patent appl 9/07860. TC-1 was 5 maintained in conplete nedium
consi sting of RPMplaseddercoding Hsp@vawas congoe®d ps fllophs.chleenfulldengtht h 10% FBS

i HEPES Y | Gk v gre ke S BOR M RbE MO e kPR, 10

Sol ution (GlIb'rgestideand pumﬁadcfronlngam%@e)l The seiquévieb/c @b forrexpyessivade (G bco

Wi 7522); an@BoNRgP Bert ARS R O R i SRS Rybis 50 1

The medi um digestad with shepspine eeaytmesl e lrgaw&a(tmn&rasgédduo aaisform, E. Gblhico BRL,

t 118 B. 2 nL ti Cal b h t
oot o 19k 2250 AN R e ARt R T 21, 0
nouse St I BeleAsd mﬁﬂorﬁdiagdﬂetldmctioﬁ didestion. Thipdnitiakresdtsctiohanalysts wis/BL/ 6 mi ce

of approxi mat e 1 0 10 wee of ur chased fr Charl es R ver
Canald)g (St-&fhgé%ﬁﬁpy% prauenc of§%§n¥gﬁ% BROCRIOPPEL B { op cages
1£ff)|ur ani %Itaml Bﬁlful)ﬁ:f:tgﬁ))ls DSAlofeed doﬁﬁm&ﬁd ebmpsfu@laa:c&:eagbdfliﬁ'rﬁrsimdtfb\amltxleetsiu/eértlL as |
ol | ows. -1 cells wer a densjty o - bx S an

i ncubat ed f & FEREPIRS: £ lgPigg@gghaﬁ}elnu‘?lﬁmfdd g@%@dﬁﬁpﬁgd\?o'zéé°fig’ g e
trypsinized emhgsmnaafmp@vmsﬂqemmams mﬁﬂﬁ%ﬂmpel n (10x 20 stock,

G bco cat., no. 1505-06 d|Iutedt0IX\é\4Mt D@E%’gthe |Iutedfour fol d
with suphl ement edPeERIPAREOtEE Y2 proified|as detiong: Chs el Yiactippwes ce| | s

were pell et Q%p&tedMébnﬂ&ng%Fﬂ"ﬂn( BN E12 1{983) 4cllE thbBfmedivwith SlakaRd nat ant
renmoved by as rat| on and _30 of cold DPBS added. The cells were then

pel l eted at PE ?ﬁﬁipﬂyeﬁlsb)“ PEQIpin preseny in e Inclusion Bodx faction¥rasr enpved

by aspirati 9ﬂmﬁ@d\£&n@tﬁmlming%nwﬁtogfa@mrs&iss Q25ep5a%§9(10@nﬁ%ldrn9PBS added.
The final cell density for injection was ust ed vi abl e

cell's per niA %@me)lﬁ?d h@‘eﬂﬁt‘}}bﬁwhﬁ%(@)’i@ ’éBE’E’ISﬁ".%"P B}hafﬁé?‘ﬁ)od At | east

90% of the GRHdrAenti@the@hdifibashwiiniefisllwakhin fbscoﬁﬁfrﬁh WW TritheExaebl s were
stored on ice for imrediate injection_into.mce. ells were inplanted

as fol | ows. fellawgddy scunl wgshing Wyaerpayesesidial Triton&-100p Tha pyrity ghthe proteimi nd | ank
of each mu%s%ﬁ&ké&W?ﬂS-Pl@Elﬂﬁ%ﬂyrépﬂfé Ead%ﬁd%%%ﬁ:d ﬁ@dﬂ@ﬁé‘ddv@ﬁ@gh@mve and

held on ice until jections were rforméd within two hours
of cell tryd¢ nsazrzeﬁt %BS/lﬁP{«e(V(yéBlyse%fO«Howd by eeralgélﬁﬂga}nsr RPBRR.5C6M/F) f uge
tube and dr gyiedento a 1 nL syringe (Becton-Dickinson, cat. no. 309602)

w t hout a needle. 37 WO 01/ 04344 PCT/ US00118828 A 25 gauge needl e
(Becton-Bf cki nson, cat. no. 30S 122) was then attached and any air bubbles
vere expel | kRO ShANaH: Sk bPRUBRbZh d:aBiHe | ARG baecERpdl € was

i nserted be (1.3 x 105)
wer e injected i nAsplesnid gacodink Gisbwasonsirueted asifgllows. 'ﬂneﬂmﬁycswsmgweand

needl e was léﬁ&ﬂg E&ﬁe&\é%ax etdidel @roin’]JE%‘&d BRNA with AlwN I and Xho I digestion and
purified from an agarose gel. The purified product was ligated to pGEX-4T-2 that had

30 been previously digested with the same enzymes. The ligation reaction was used to
transform E. coli DHSalpha 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
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Fusion proteins were injected as follows. On treatnent days, the fusion
proteins HspE7, SP65(2)-E7, AF60-E7, E7-TB71 (shown if Figs. 23A and 23B as
E7-MI71 ), MI40-E7 and TB 10-E7 (prepared as described above) were renoved
from-70C sivoyy@a@esand thawed in a 37C wat er bat h. Dul beccacrysiosgbat e
buffered saline (DPBS) (4C) was added to obtain the protein concentration
desired for injection. The 10 dj | ut.ed. fusi.on e hel.d opn i.ce until
drawn into §°§Jnﬁfc‘%'§’?‘icn%f8m(’é ?:‘i‘i)tﬁﬁuﬂ 19RIB%ions E:{}?‘%BHP‘%E@% d\?\?ntsﬁ'“%{ 30 gauge
needl e (BeCtn@ﬂre GEmavusueattomnsﬁmsl&b&)sum"ﬁrm,zsmm)ssrheﬂmems used to

i nj ect 2n1_of f nt o each, no roup; the
syringe was SFW@%@%Q/&EFR&%E C@é‘}g EW%QSIPBPPGSE%(EW Pﬁ) 3933]‘% WA M ce
were injecteggggubcutaneously in the scruff of the neck, as high on the 15
neck as pos&% Tunor incidence_(T1). was a d as follows. Tl was
gener al | y3 recor dé@eﬁ% GEOIEIN YYAS Pb’éﬁe“/\ﬁé?u“b’egqﬁﬁnggleé?aﬁmnﬂ%&lg%?dés t unor
i npl ant at i OryegdMbed Mve R Kl cBQBLQnmE3)wﬁK&nstwmﬁﬁasaﬁ§9szkf or the
presence or absence of subcutaneous tunor al pation and vi sual

obser vat i on B GHerrpigifgrresen)ia she ptutds F’@Ct“’z’d”aﬁ}’#ﬁ led by Gliathione-A8He%r ed as
fol l ows. VolFEsareirapd) RFDMdsS tpgﬁwx%aewomnpmm&@u&&%%me (Sasur ed

begi nni ng on appr oxi net el ost rrgl ant ation | ongest

orthogonal dhdedsCehe: @é?%’)msqwléuate%w DXB}SOWdéPHSde@"‘@Pﬁeﬁa Cal Mark
11 digiggl &@Jnk# Grithetl kafnBIERAM R Efferdft o LRS! TR ncxPRbfuRL S Wer e

t abul at ed@| n a grcl)tsolét Egce sp reage heet. Tunor é(}lﬁxe rreélgéarerrents wer e
25 ext r apol atsinwappaeked ity wlmmﬁmenﬂbawashedMQPB_SxEod@oxlwe*e \Y;
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det ect abl38. EyornyamraphyRseredyrs gssertiaily godeseritsd abeyeferGRR: t hose ani nal s
treated with DPBS rose steadily fromday 25 onwards. 20 In the second
experinment, C57BL/6 mce (18 per group) were inocul ated subcutaneously wth
1.3 x 105 TG-1 cells in the right hind flank (Day 0). After 7 days, groups
of mce were treated with 0.2 nL of either DPBS (saline), 100 ug HspE7, 100
ug Mr40-e7, 100 ug E7-TB71 (shown if Figs. 23A and 23B as E7-Mr71), or 100
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in addition to 25 tunor volune. The data are represented as percent tunor

i ncidence (TI) per group (Fig. 23A) and2% unor vol une, expressed as average
tunmor volune t standard error of the mean (Fig. 23 B).




As in Figure 22A, a majority (approximately 95% of the animals had visible
and pal pable tumors on day 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 We01f0¢44 on protein-treated ani mal s was obser ved TR0/} by day
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response, the met h r|5|n roviding a cell sanple conpr|5|ng
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heat shock no acid
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am no acid ragaos:ugls The puahfigd RCR(pu)duciomsdngatmhg) jrizst=N ﬁﬁe(bE’_l‘SéﬁqalpETﬁﬁ witht he
stimil ates § ROt Sl e AUIPR ot Do ROR oI O ot claim
I%ls \l/vger ﬁilsm6tgbm1eh§p)tha5hadéieacpr§ﬁomsrllwdngestﬁd vg'tbhpsmz' mésggholigtﬂprS f Hsp40,

p p e fusion
protein conp?ﬁcge%wgs%o%?ﬁepf [ %E & lzgl%[ﬁ?ﬂ}a ?rﬁ‘%t “@%"6‘8 Oglgaﬁﬂélﬁét Png
Hsp65, Hsp4MHPWHSETIgne hﬁgﬁ@ﬁreaddctwslpﬂed oxﬂﬁagmpst'léhesmc&toh (dlgestionc ITausm 1,
e SRR EPRRART OO P 1 b RERR g
pol ypepti de gewpfdxmaad&eqmemnﬁeydeMabfcbmﬁmmlcmhcten@Im consecutive

am no ac rotein. of .a humap 25 n.or (ii). .a tunor

associ at ig A’?‘E&(@é% 65, G’P a5 PR tPrg?‘Ff‘é 08{’] s Qﬂ{mrei’rﬁe ?4%3‘%?8? ¥B7SGous

pol ypept i de (SPQUDIN®38)aoding aerpressibaitf EGdl-BCEG6A(SE@H3I NOe2 Q) lid showAkecut | ve
am no acids l;Qf g%l&)rgﬁei n of a human virus. 30 7. The nethod of claim®6,
wher ei n t he V&% TS selected fromthe group consisting of human papill onma

virus (HPV), her masESHLARPCEHS protcitbwisfinrfied dxfohowd. iTheBokible Fraction was
prepared as described 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: Butyl 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.
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WO 01/ 04344 PCTNS00/ 18878 virus (HBV), hepatitis C virus (HCV),

cytorregal ovi rus (CW), Epstein-Barr virus (EBV), influenza virus, neasles
virus, and human i mmunodeficiency virus (H'V). 8. The nethod of claim7,
wher ei n t hewoeti®sah ogous pol ypeptide conprises 5 HPV E6. 9pCTrussomese$iod of
claim7, wherein the heterol ogous pol ypeptide conprises HPV E7. 10 10. The
met hod of clﬁmpid 1Wﬂodu@tnénhefﬂ%gn%xﬁgnqgﬁivléjﬂ Xafzt | dg;&pﬁpr :éses HPV 16 E7
or a fl-agmsm Teteor—<at reast engt h. 11.
The net hod cﬁmghmtm?nﬁxpnﬁtmm(BCGﬁﬁQFM%)r ol ogous pol ypeptlde conprises HPV

16 E6 or a fragnmept th eof .. at ht am no es engt h.
15 12. The net hod{' zfi ﬁ? B§§§$<§ )ﬁﬁ? FsEe pﬂ’gg?lé) gﬁﬁ%ﬁ g%(g
Mycobact er i mh@tﬂrﬁuﬁsbﬁspambfbﬂP\Iﬁo%BEG hsj:BS getleevenePCRAmplified fiorm 1, wherein

bor i pher ab - IGECEB N Uike pomenoriphatt v hardBetf RESE o GeTRAG,
anogeni t al rmcasarﬁ@c@(mqvmm@opﬁndc\bﬁymﬂm@bgmrmhcmeﬂ:]@(l?ccfsam'lple 5
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Sherei et he GEESAA ST CAr ABIERIBNOT 1o o? BoR reedgminioca b diy  ne
cel I sanpl e. redtfetiob iz REd10eh mndwdau aild]-purﬁﬁmom?'dn%aﬁow eﬁurﬁéwnﬁ%aeps of 30

(e) providing a second cell sa r| S|€.% nai ve | rrphoc tes;

contacting tHeR pEdBFiasdigpted ]@5 hgen EF§Y’8P§13p¢‘(SP%‘?an“}h 8 (g)

det er m nijgg %ﬁtehﬁﬁnésh%éﬂgﬁmrédéﬁbrpﬂasnfs@&t%'tfm%hﬂw Aa5H el ahg | 1 ke
response in the second cel le, 42 WO 01104344 PCT/ USO0/ 18828 wherei n
the first fu@%‘ﬁweﬁm%?%‘%%w%ﬁcﬁﬂ@mﬁé’eﬁfs%“ﬁ@b%ﬂi emdiegnosi@t ural | y

occurring Hspgtrigdch dif&tisk COMEinkth® teaRicREPitlyRis WATBbIfF RS 8 DN@@Rbudlbght am no
acids but less than all of the sequence of "a naturally occurring Hsp. 5 17.

A met hod of ¥weheERf th catigedhgiorugrae, Rrerotaand derminstipn regions: Theponfimesd di ng a

cell sanple ﬁmalcsﬁmcmmadmvt@g ubed o filtormd oo S3h Il N0 f usi on
prot ein conprisin or a SgEmant hereof at |east eight am no

aci d resildueBLR(P %ng%lhnuerlmléqsqqaer(cpi QI M0s32 Icodjog Br prirgssiopof de at | east
ei ght am no ﬁ@GES{FﬁﬁE?mmN@ Hi‘shogvﬁg(ﬁxg} gontacting the cell sanple with
n e

the conpound a dsi on det ermi ni ng whet her the cell
sanpl e exhibits aTlmrBCGWEI)rEakmowwamlunﬁvd wfolawes. ddminpdusionPodyep, wherein

a decrease | Badif wh3 bicphttf of S0HA3 Ebdvd tbliEr ROABEMBES celil RarRiiREYNd 12

conpared to I'n t nce o oun |cat es t he conpound
i nhi bits a Thith plamldndgljﬁdﬁyalbth H@G@i{Fl) E'éfqgioe 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 (TB10-E7)
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
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18. The nmethod of claim 17, wherein the determ ning step conprises .
detecting | FN-ganma produced by the cell sanple. 20 19. The nethod of claim
17, wherein the cell sanple conprises cells derived froma spleen, |ynph

node, peri phas@losfahood, bone marrow, thynmus, |lung, respiracysobsissgs , Or
anogenital nucosa 25 20. The nethod of claim 17, wherein the cell sanple

comp 1 ses, SRAEIFNbSH S R R ST e T A Bk B e
Hspl O Hsp6f2, and Hsp?l 30 22. The rret hod of claim 21, wherein the fusion

protein conprlses a eptlde sel 0 ou i stin
Hsp65, Hsp4O, edBDIQs%ammcah‘H”r%‘Bg a54‘“3 1°Wir\dt‘¥9%’%ﬂ%%f15 aﬁ%‘wg%szs 23.

The met hod aﬁbcﬁasraeachbemﬁweMmtm@obaml(@mgeaﬁs tRasfypeatwitelaaier i ses HPV
E6. 5 24. e nmethod of claim.17, wherein the het er ol ogous pol ypepti de

conpri ses HPRAESET. Jdhe TR{Q- EffufieR|Proteinprasent in-fhe Inplusian Bodn&actige Méh pr ot ei n
conpri ses W@rﬁt@ﬁ@ﬁﬁ%kﬂé%%h§c}ﬁl§ﬂ%gﬁﬂqc Eieps: @EE Seﬁhﬁro%@(lOénﬂQBﬁﬁﬁ of

screening a co%oun he mnet hod % ding a cell sarrpl e
conpri si ng ABIEsBan PREFBER), Suich 15Q §P18m°€%§1 Bm}\ﬁphmgAalersusm Sharplagiak n
conpri sing H&N@ch’éﬁﬁn@gepﬁa%g ﬁ?ﬂlt ARBRAER Phanali@ARd eﬁieﬂﬂhm?@oﬂ@xtl@ﬁé d
residues in length, fused 1) a heterol ogous eptide at 15 | east

ei ght ani nowibsefial yssmgésomﬁnmeﬁ&q t/v) (T@)onc%ﬂg%léqlliowgd gmer@bwwhwmol e with
the commeUNALyRRE rdsfiial HALPR- DOTRL Birt PBENE Hhotdtell HellAGy WhRLACEE! e cel |
sanple exhibits a Thr ke response follow ng t cont acg, step, 20

wher ei n an the@prrapriate ﬁaqtlhés mledlapﬁélab’éW%ght 3t 4°ﬁe1891ﬂ¥ 10%(W¥e
conmpound cogﬁo ahgd to in the absence of the conpound indicates that the
conmpound pr tes a Thl-like response by the cell sanple. 27. The nethod of
claim 26, wherein the determ ning step conprises 25 detecting |IFN gama
produced by ghligygeh) RS ofitbeodRRaRBIRO BF - 3 B MIBT Phidine ce! |
sanpl e conpTTSES CEtTS derrvea rronra sSpreen, +ynmpm node, perIpHEld| bl ood,
bone marlSowPratdiy (B7sTBTWIng, respiratory tract, or anogenltal rrucosa 30 29.

Ihe et nod of, o &bl qBREER TR MiELLnGBRRL S RN TR BBLEIARY S O

26, wher ei nhtpﬁégb@pﬂass?@?ebmﬂifedﬂfmmbltﬂﬁ%ﬂlf&;ﬁM@kﬂmSa&tYmglggﬁw&%pGS, Hsp40,
Hspl O HSpGR'Iolil/ﬂgroﬁ%Pgllﬁ%}O)t;mﬁp% R36b43Mand WS twifde: YOPFEWRA LFGT Ust on

protein conpri's
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 I, 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 DH5alpha 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
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5 polypeptide selected fromthe group consisting of Hsp65, Hsp40, Hsp 10,
Hsp60, 'and Hsp7l1l. 32. The nethod of claim 26, wherein the heterol ogous
pol ypepti de conprises HPV E6. 10 33. The nethod of claim 26, wherein the
het er ol ogouwokysaept i de conprises HPV E7. 34. The net hod mfrasosisss?6,
wherein the fusion protein conprises 15 Mycobacterium bovi s BCG Hsp65 and

HPV 16 E7. thod of determ ni stl nmul at es
a Thilike rg%p%ﬁ%ﬁ?’“ﬁé@é@&68‘@8%@%”4%’5@;@%4 %ﬁrm e
cgrrpr! si ng naAMeBI lyf}rcpksaamhgsmsmuw;iBlUB7/2Q_véd@)f11rﬂ_reﬁmbd1uie@(tachmbl@ted corrpougd
that is non-natura ccyrrin C rises (i) .a_non e conpoun
havi ng a nofEREICSS 2 g BFtth‘é@qtgﬁ& rgg, mé‘&f%?ﬁ?éﬁﬁ‘f‘l ﬁﬁﬁﬁkgm@t(' i) a
pol ypept i dec&ftalﬁfng ls&fishices FORtthedri 6na oﬁﬁk%ﬁpﬂrgeh@w Rpn MHa8 &he 1dlRstby br i d
conmpound i s_nade coval ently linking the non- peEtlde conmpound to the

pol ypept i*deP anmﬂhé-’@? A l’t‘f?élyélqugﬁﬁﬁ’P@ W2t nd WeIRGBAL uGAGhpound;
and (d) det eyt Gmgrd@m@mwmmmm mg%masﬁ mrHgiesTe dbt-| i ke

response in the cell npl e he clai m 35, wherein the

non- pept i deMGAW%QQCaC@@SE&IPclﬁpa*ﬁ))V\EﬂlgFﬁsu%ﬂg firalplesmid, 100. 37. A
met hod of dsgefgdfnP reqpm%; h@vléahmeaa)mmﬁ.uns dlgg‘_b‘@tslg%%t Hggh' i ke

response, the method %I’ISI ng (a)
pr oduci ng apmmwm mr@#0m5a¢@WPWBEM@E@ a‘hﬁmﬂqwécﬁﬂeemrrpound to

2 D01 YR} | 80T Mo by 28king bRkor@HAGE A i frl gﬂ@kb[ phibaB i ding a cel

sanpl e conprising naive octes In vitro, e cell
sanple wit hpEﬁ@MﬂbmsaomnplbghMAdﬁB 5 (d) determ ning whether the hybrid

compound Stimul SbESEATEN plotdPwhERRHE s b b eTihlndgBbA, atflon S Met hod

of claim37, wherein t on- pept conpoun | ar weig

bet ween 100 peepered 26d@cribed abeve fwrrnﬁtdw'b(ﬂ@‘l (RER) selisi transfgrmddevitieplasmiflusi on
protein sti X . I

br ovi i ng & Ao Rami T B R RARRIER prhlf L HOM BT Bl il
provi di ntp aphuSedusingrthe ﬁlilnwingmonatqggwb.lc)steps fQ&phap@bef@phi@hmat | east

ei ght 15 am i eptide at | east
ei ght am noAé%ir :jlﬁ‘ engﬁnﬂ% Cf£%g1g§e§| n?gset ggnrersgl&ﬁ%}hégw%{ah t he fusion
protein; andnﬂdhatﬂmtoenmtmg; vatthahaldeshnngaemnmm@ml(N/b) Triten Kyl00he cel | sanple
foIIovvlngt acti 20 40. . The net of . cl ai.m 39, erein the
det ect ed ThF gtbly é%rbagﬁ’gém?im oegpiRERAEn %ﬁﬂlo; itrkép?’?e‘wgﬁ‘s&%g?&ﬂi bited by
a second celwas SHEEEIQJ:(Eb}CSiIE}PAﬁE;l@emﬁpmmdtg/ﬁ'mhiﬁﬁyﬁcﬁlfd\hhediatyh&i ceatgd acel |
sanple is, C acte e r.the first polypeptide, the second

pol ypept?ode%p(gf‘gaé“sgpﬂagng )6(1”}2’&18"?’1?\’ st pol ypeptide and the second 25

pol ypeptide. 41. The rret hod of claim40, wherein the detected Thl-like
response is t han the ThI - | | ke response exhibited

by the secor FH FH $&8)sin the
det ect ed Thigay K@EVBE@@HE@telrS(SBSS(iZ)%B%)’[ five t| mes gr eat er than the Thl-Ilike

response exhibite plas¥n1 cncoaﬁg %B(?S(S)EJEJI was (r:TcBlstructcﬁ 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 w385: GCT CGA ATT CGG TCA GCT
AGC TCC GCC CAT (SEQ ID NO:47)). The PCR product was digested with Nco I
and EcoR I, 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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WO 01/ 04344 PCT/ US00/ 18828 43. A fusion protein conprising (i) a Hsp 10
protein or a fragment thereof at |east eight amino acid residues in |ength,
and (ii) a heterol ogous polypeptide at |east eight amno acids in length. 5
44, The fuswePf9dd4ein of claim43, conprising a Hsp 10 prRETAISAV/1888 The
fusion protei n of claim44, wherein the Hspl O protein is a nycobacteri al

protein. 10 <o i k:45i P IF@}@PﬁﬂdﬁctQifas QigRite With res@iTRb &zPBled B 1 and
Mycobact eri um tubercul osis O protein. 47. The fusion protein of claim

43, wher ei nEcoRI mmeééewwmﬁh Tee pusifisd PSRorodustvaschendigatedie i cal t o
at |east ei gﬁ&/s@@%@%ﬂ g@b@cﬂlmlﬁﬁiﬂﬁge@‘fw @mnﬁmcq'aﬂd BEoRLP ﬁehfggﬁg\/v' rus.

48. The fusion protein of claim4 wher el n human virus i 49. The
f usi on prot edantiosf wasl ustdriodinstatme Eetak EHéalpi@taed nut@gmorpsbmpngde 20

compri sess ﬁﬁ?ﬂ %77 ms'%ﬁ wéAb %e‘i'e%!te% d%%a[én&s%g%sh&‘u d%bgtloﬁ 'T‘ﬁlB gl ot ein or

afragrrent ht am no ~acl re5| and (ii) a
het er ol ogousespwltlylpspﬂysdsewmcoh@ayd byl seuenve apalysiksofi entnteefnmri’gen% 51. The

flusi on Pr ot gl b Ak lion SORRL | SRAG- b BRSDI B, niifeq, The fusi on

protein of erern Fotern s & nytobact eri al pr ot ei n.
30 53. The prE‘ISPﬁSan%,tmsmsaftoctﬂaasfquE cobctrpniBéJRt@EBhé‘Wymdbradberl um

protein of SFUEREISECIRAGY rinedE dpbr P IR Rentpida o "

sequencel@ dehdwicialFigsol$4-16Bast ei ght consecutlve amno acids of a protein

of a human virus si on t in.the human
virus is HPV. 56Th°r§11§6§1q}§]7§?{° Yaéslpﬁng?f%flr}g ﬁ %Zlfséon%]q% aﬁtéotner ol ogous
pol ypept i de wae preparsd ss ddEBﬁb]s&aEWefMﬂ?coh/B[RﬂBEmnens wisformedwjthi sing (i) a

ength ana Fleny S HERERaT o gbeE By B prRaeatn Pt MR RS e s i 1

| engt h. 58. frabonfwissiparifigd wsire the fullow/irgi chromarogeaphifersteps:r@QrSephdspe (10pmat ei n. 15

nycobact | APRBROREERhR SR BON P BIsh P ATParRT BESAINIRE, ng (e

Mycobact er i ghaddtirig\tbaditionsasithssetisiwabhipgdoniaining®% (WiETrtors Koroogsltiweidn of

claim57, erei.n the heterol ogo ri.ges a .sequence
i dentical t&yaenal @’&g?nge'i"d?fwvc?dgsé‘g@bfﬁ?é&g}[‘ﬁongiﬁe\“g‘g °8ﬁ‘ez§’rcﬁ?18f”gf’ n of a human
Virus. 25 6ZheckBEby SBS-PAGE, tetippropfiate fradtithSpoolsdhmd dialyztdevemighat 4°Cr us i s

HPV. 63. The fusign protein of claim 62, wherein the heterol ogous
pol ypept i de 2gainst DPB

20

Example 16: Recombinant Production of Aspergillus fumigatus Hsp60- HPV 16 E7
Fusion Protein (AF60-E7)
pETAF60E7 is a plasmid encoding a recombinant protein, AF60-E7, composed
of the Aspergillus fumigatus (ATCC 26933) Hsp60 protein (without leader) (obtained
25 asdescribed 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
NQO: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
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10 tested, high levels of IFN-gamma release were detected. The IFN-gamma release
mediated by the HspOV A fusion protein exceeded that resulting from addition of OVA
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alone to the cell culture. These results demonstrate that the induced release of IFN-
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 Having

Different Stress Protein Moieties

Experiments were performed as discussed under the previous examples.
HPV16 E7 was fused to different Hsps, i.e., M. tuberculosis Hsp10 (TB10-E7), M.

20 bovis BCG Hsp65 (HspE7), Streptococcus pneumoniae Hsp65 (2) (SP65(2)-E7), and
Aspergillus fumigatus Hsp60 (AF60-E7). Furthermore, in two cases (E7-L-BCG65 and
E7-TB71) the Hsp (M. bovis BCG Hsp65 and M. tuberculosis Hsp71, 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,
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C57BL/6 mice and placed in 5 ml of Hank’s balanced salt solution supplemented with

5% fetal calf serum (medium). Following their transfer to a sterile 0.22 micron nylon
mesh, a sterile syringe plunger was used to disperse the cells through the mesh.
Medium was used to rinse the 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°C in a 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 recognition as part of a strategy to eliminate HPV16 E7-

expressing host cells.
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1096 & () - 10&4s8iséd a@@%sﬁar(thesb}exﬁenmemsd Elxfiale C57BL/6 mice of approximately 8

15 to 10 weeks of age were purchased 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 5 mL) 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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c10 " F]lg% d;ﬂu@d' 6§ 319]({30&11{ was Hefdn ice until drawn into a 1 mL syringe (Becton-
Dickinson, cat no. 309602) with a 30 gauge needle (Becton-Dickinson, cat no.
3095106). The same syringe was used to inject 0.2 mL of fusion protein into each
mouse within a dose group; the syringe was refitted with a fresh needle for every fifth
injection. Mice were injected subcutaneously in the scruff of the neck, as high on the
15 neck as possible.

Tumor incidence (TI) 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 subcutaneous
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 III 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 = W? x L x 0.5 (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 differént 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). After 7 days,
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107 & 0)- th?s%ﬁaepom% T(%Ox/x(\l fil 0 tht:eL gncegéec(:l)med untll day 25 w)hen the 1ncu§ence for the
10 DPBS-treated animals stabilized to approximately 50% for the remainder of the
observation period. In contrast, the animals treated with fusion proteins showed a
comparatively sharp decline in TT until day 28, when none of the animals had
detectable tumor. This complete absence of tumor was observed for the remainder of
the observation period for most 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.
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 volume. 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 T1 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 TI of the mice treated with DPBS had stabilized to

approximately 75%. Fig. 23B shows the average tumor volumes of the mice treated
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2. The method of claim 1, wherein the Hsp is selected from the group
consisting of Hsp65, Hsp40, Hsp10, Hsp60, and Hsp71.

15
3. The method of claim 2, wherein the fusion protein comprises a
polypeptide selected from the group consisting of Hsp65, Hsp40, Hsp10, Hsp60, and
Hsp71.
20 4, The method of claim 1, wherein the fusion protein comprises amino

acids 1-200 of Hsp65 of Mycobacterium bovis.

5. The method of claim 1, wherein the heterologous polypeptide comprises
a sequence identical to at least eight consecutive amino acids of (i) a protein of a human

25 pathogen or (ii) a tumor associated antigen.

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.
30
7. The method of claim 6, wherein the virus is selected from the group

consisting of human papilloma virus (HPV), herpes simplex virus (HSV), hepatitis B
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HPV 16 E7 ora fragment thereof at least eight amino acnd residues in length.

11.  The method of claim 1, wherein the heterologous polypeptide comprises
HPV 16 E6 or a fragment thereof at least eight amino acid residues in length.
15
12.  The method of claim 10, wherein the fusion protein comprises
Mycobacterium bovis Hsp65 and HPV 16 E7.

13.  The method of claim 1, wherein the cell sample comprises cells derived
20 from a spleen, lymph node, peripheral blood, bone marrow, thymus, lung, respiratory

tract, or anogenital mucosa

14,  The method of claim 1, wherein the cell sample comprises splenocytes
or lymph node cells,
25
15.  The method of claim 1, wherein the detecting step comprises detecting

IFN-gamma produced by the cell sample.

16.  The method of claim 1, comprising the further steps of

30 (e) providing a second cell sample comprising naive lymphocytes;
® contacting the second cell sample with a second fusion protein; and
(g)  determining whether the second fusion protein stimulates a Th1-like

response in the second cell sample,
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(d) determining whether the cell sample exhibits a Thi-like response

following the contacting step,
wherein a decrease in the Thl-like response in the presence of the compound
15 compared to in the absence of the compound indicates that the compound inhibits a

Th1-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

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

or 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.

43



109 () - gl KKKKLhLaBbC 10! s @ | |

109& ()-f! @O%& ()-!S, - L09NN& ()-S, - 109%& () - s109%& () - SF109%& () - ghLuMVIbOOPd
EbC

10! @z 109 (WO UBMMIVE ()- @L0%& ()-f@: 10% & () -fs*109& ()PIPBD0AE:2E ) - @ Pc
PdPePf Pr PPPbC 10! 10% & ()- "Yy10% & ()-FY10% & ()- 10 10

101 : 109& () -y6- 109%& () - PQMQQ) RRIELC 10! @ 10% & ()-10% & () - |

,Z10% & ()-9g10% & () -, F10% & ()-, 10% & () - R*S} S$TvTl UU} [ <bC 10@

10% & () -! ) 10% \28' () ThE 1@%od of Plai@ 17 %shetein) thehete¥ago s o) ypeptide

10%\ & () - g‘\{%?{ bC 10 10% & ()-z2*10% & ()-'10% & ()-f @&
10% & () - $1 % % % O)-f XXYYYYYYY{\= 103"10% & ()-Y10% & ()- 10\
10\ 10\Y:10% & ()- I Of 10‘VZZ&' ()-10f 10%\& ()-YYEZZ3[g\\dE{\= 10g 10% & () -
10% & f9 10% - Q109 & () - NE (- (AR R
101 s° 18())/(\5\ & ()- ()8{!}&2@ Qaﬁ%ﬁ,%&grﬁl{ thgﬁétgr&ogo&s)pol%ﬂcle
T10% & () - 1ﬂﬁﬁpﬁsés)HP\IG£% & ()-.__ " &a~aadB{\= 10!!s* 10%\& ()- Ss*
10%& () - Ss$10%& ()-fs$10% & () -f"- 10 & ()-s!'10% & () -a, bObbb@cdE{\ =
101410 & ()-s310% & ()-110% & () -
10% & ()-.10% &25) -s Tlx@%e&loﬁ)ofelamcmmdﬁdbﬁh&ﬁisloﬁ@%ﬂ&n(cbm rises

;g%?‘g—lfo((y& Q’& O%F@rf&%/@o‘(hj }'I§)16%f6&/%v(1;5 & ()-s610% & () - adef eePf f ga?bC
10941& ( )10, 10%—l&l ( ) , 10941& ( ) - 9gg<hhhhG dEbC 10!! 10%—l& ()-
L% () » Y200 ) - 1R b eleRtegpihpd S B b PR () - akKi Bt i
nndE:/ 10H 10HY: (1}3 %'k%rdv)dn@& 3&1P4aéap e)comgrising naive lymphocytes i 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
15 least eight amino acid residues in length;
(c) contacting the cell sample with the compound and the fusion protein;
and
(@ determining whether the cell sample exhibits a Th1-like response
following the contacting step,
20 wherein 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.

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

25 detecting IFN-gamma produced by the cell sample.

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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33. The method of claim 26, wherein the heterologous polypeptide

comprises HPV E7.

34.  The method of claim 26, wherein the fusion protein comprises
15  Mycobacterium bovis BCG Hsp65 and HPV 16 E7.

35. A method of determining whether a hybrid compound stimulates a Th1-
like response, the method comprising:
(a) 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;

25 (c) contacting the cell sample with the hybrid compound; and

(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
30 molecular weight of at least 100.

37. A method of determining whether a hybrid compound stimulates a Th1-

like response, the method comprising:
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molecular weight between 100 and 1,500.
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39. A method of determining whether a fusion protein stimulates a Th1-like
response, the method comprising:
(a) providing a cell sample comprising naive lymphocytes in vitro;
(b) providing a fusion protein comprising (i) a first polypeptide at least eight

15 amino acids in length, fused to (ii) a second polypeptide at least eight amino acids in

length;

© contacting the cell sample with the fusion protein; and

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

20
40. The method of claim 39, wherein the detected Th1-like response is
greater than a Thl-like response exhibited by a second cell sample comprising naive
lymphocytes when the second cell sample is contacted with either the first polypeptide,
the second polypeptide, or a mixture of the first polypeptide and the second
25 polypeptide.

41. The method of claim 40, wherein the detected Th1-like response is at
least two times greater than the Th1-like response exhibited by the second cell sample.

30 42, The method of claim 40, wherein the detected Th1-like response is at
least five times greater than the Th1-like response exhibited by the second cell sample.
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flulﬁa’itc))@p%o(%ein of claim 44, wherein the Hsp10 protein is a

mycobacterial protein.

10 46.  The fusion protein of claim 45, comprising the Mycobacterium

tuberculosis Hsp10 protein.

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

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

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

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.

25
51.  The fusion protein of claim 50, comprising a Hsp40 protein.
52.  The fusion protein of claim 51, wherein the Hsp40 protein is a
mycobacterial protein.
30

53.  The fusion protein of claim 52, comprising the Mycobacterium

tuberculosis Hsp40 protein.
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56.  The fusion protein of claim 55, wherein the heterologous polypeptide
comprises HPV16 E7.

10 57. A fusion protein comprising (i) a Hsp71 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.

58.  The fusion protein of claim 57, comprising a Hsp71 protein.
15
59.  The fusion protein of claim 58, wherein the Hsp71 protein is a

mycobacterial protein.

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

20  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 human virus.
25
62.  The fusion protein of claim 61, wherein the human virus is HPV.
63.  The fusion protein of claim 62, wherein the heterologous polypeptide
comprises HPV16 E7.
30

64. A method of determining whether a compound stimulates a Th1-like

response, the method comprising:

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