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FUSI ON PROTEI N FI ELD OF THE | NVENTI ON The

present invention relates generally to polypeptides

and constructs 5 conprising an antigen derived from

one or both of the tunor rejection antigens NYESO 1

and LAGE-1. BACKGROUND TO THE | NVENTI ON Cancer testis

(CT) antigens are a class of tunour-associated

antigens with 10 expressFOSIONHROTEIN estricted to

germcells in the testis, ovaries or trophobl ast

cells. These antigens are not usually expressed in

adult somatic tissuesFIEREQFIHPHBNENHEOMNI ., Nat. Rev.

Cancer, 5(8):615-625. (2005): Scanlan,.et_al .. .l mounol.
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| comprisingdarl eifigdr?06ded fidre apener bathwfahe domof reéfdction antigens NY--
j.gens, | i,srupted in cancer patients, leading to

?ﬁ%b%Sa%lé%?‘gﬂt expression of these antigens in a w de

variety of tumours. The first CT antigen to be

by T-cel | epi tope BORPRPTURAHEREdhEITIGE: ' %) 106,
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BB Ll oy tiGBh 3Ptk o patops coning (van

edgrelfrugglert et g, 0\99 nSéidrecec bR 5088 1643 evan der Bruggen et al, 19989

R Rk e 1 i Yo TR bR RERaHE o) a5 162, ano

ty o Patenttlol 5242,774. Sinddth&SGetologicalincer testis ‘
B S JSERER), G358 A" 05, Aco. s U,
i@iE(E_S)’r.f‘liBed-_‘lbmﬁE(RiE%)' andnUx&ESBﬂEalgew. %ﬁﬂﬁgﬂﬂé&)s ré&rhbinant antigen
carcinoma I n the at e ) . e W YOI [ anc (0)
SRR e St RS, RlisdhBce! e SR cITTP e eo 15 (2003)) and
ad!iﬁergﬁ’d%? Rigi&,exﬁﬂa(sﬁ))g fgilggiéq%rec bg I91_7,)mt. gndah«!i%sécs’ﬂt?wsz (2000))
. , rn R S n er \
Ny Mot 4o 58 dbenpiPle OF BamaRrsfely onET ftlefis: M e number is
peipeptegtio dgownhitoe rominggeRst Thedirdiunogeniong bf B8t Yntigens in

B Sk AL 34! B e 4 P s,
I N cambeESTreat petdncel nestRe ahifEnao@eentynef mhicragufiCese in cancer

AR PSS Bk RS W i o B i o
prdsopieadan sdembextell MOCiROMB/i0 TORTe AQ'spibhe sSleadyeRr Branch of the

ugust .2 dj scl.oses varie of fusjio ot el,n
R e ClotoRERT ReReRlc (e oflsctNBS USK Ba(o):1914-1918
M PEBsandD. S FastenttNes 5:604,380 )vectors for use in
expressing and/or secreting fusion proteins in
Li steria. These Listeria products are useful in the
i nducti on of imrune responses and in the treatnent
and/ or prevention of a wide array of diseases or other
condi tions, including cancer, infé&ctions and
aut oi mmuni ty. .The reconbi nant nucleic acid nol ecul e
that encodes a fusion protein conprising a first
pol ynucl eoti de encodi ng 15 a signal peptide and a
second pol ynucl eoti de encodi ng a tunor-associ at ed
antigen (selected froma group of tunor-associated
antigens that includes LACE-1 or NY-ESO 1). The
protein NY-ESO-1 is 180 am no acids in |length and can
be described as 5 A collagen-like region conprises
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5LAGE-1. A further cancer testis antigen, LAGE-1, has
al so been identified. Two LACE-1 transcripts have been
descri bed, LACE-la and LAGElb. LACE-lIb is inconpletely
spliced and codes for a putative protein of

approxi mately 210 am no aci ds residues, while the

WO 0174855 W2 etstishetiashict Gstober 2601 AR cirsesoyaivig fusiBhdhreteins

(Sun et al. Cancer ‘| nmunol | munot her 2006: 55:
compriging - @szgolymw@er\r aetgﬁmapomegnews #nd ¢ AR ImeRnEsplatory

compowntEﬁ’Qm}ecPrfFHrﬁ 8‘[}% Ry gBk ydcﬁﬁé‘iaoﬁf’ ek %ﬁngEep{bté@NgE&ch

have nore than o | en it wever

fusion girdte@tss proposddy- fErSQrsia im ctdmeec etrﬂatmertt e oore vihstahceyr ¢he
only 62% i denti The C-term nal s - -1, and

sequenceof 2 Zpemﬁsﬁr JUusigRs &roten (ﬁ%@@“?wgn '\g’i&&sg@éh Apgy the

Lpﬁ\ﬁsﬁe er and not

mtracet(l)'tﬁéﬁﬁé?@gd{ gﬁtggl @Et ougéttte 91{.3 haveé:ihetsr? ieﬁgg 5 50%

identity with the sanme region in LACE-1a/ NY- ESO- 1.

WO 2@2&{%%5&& t | o Lqr:rilﬁ é\tggggt ?%6%.' §{5 seclc%e%tg \Eﬂc‘leh? of fusion

protem@"’tﬁblﬁéﬁ%ﬁ"e’cﬁmﬂhén’t RiE R altasciles, SAvEENocadbbites and

OThe present invention prOV|des an

vectors foruwes) imiexprassingnapd/or @eﬁretm@pfussqrhgrot(ernﬁ INVListgyian These

istorf LGB gL DB hE TR B o oty e

treatmémd&a8/dr ASfevéntien tafua ogided apay peff t:llwalsgs t@mu oﬂ*ﬁreebndslnons
s a fragnent i ncluding one or_nore epito

includingy- get, difectiens jandrisaitejruBumty. 5 henr%fﬁﬁmgwaat Jy/cleic acid

ol 445 e THRIRGRA 005 s BT OGFBL G

a signal pegtidagemdt at secanf ,pdlynudteatideatenbedmg anturobr-associated
NY- ESO-1 and/or LA 1|strunc tiall
antigen (spleated fromra geoup ¢ rtélﬁtPén"tSSPﬁ@l %fg?ﬂﬁg%'ﬁ%{f@# inides LAGE-

-1orN‘? dé§ s of NY-ESO-1 or LACE-i. Thus, 10pol ypepti des

on proteins conprising truncated or partially
truncated NY- ESO-1, or a fragnent thereof, including
one or nore epitopes of NY-ESO-1 are al so provided.
Al so provided are pol ypepti des and fusion proteins
conprising truncated or partially truncated LACE-I, or
a fragnent thereof, including one or nore epitopes of
LACE-1. Conpositions and met hods invol ving such fusion
protei ns and pol ypeptides are al so provided. 5 BRI EF
DESCRI PTI ON OF THE FI GURES Figure 1 shows a
nunber IHC (nmaj or histoconpatibility conplex) class |
and Il epitopes on the NY-ESO- 1 protein that have been
identified by different groups. These epitopes are
nerely representative of epitopes reported for the
protein thus the list in O Figure 1 is not exhaustive.
Furthernore, at |east one or nore of the epitopes
reported and/or listed in Figure 1 have not been
confirmed by experinentation. The reported am no acid
sequence for NY-ESO- 1 is found herein in SEQ | D NO 49.
Figure 2 shows construct A a fusion protein
conprising full length NY-ESO-1 and truncated LACE-1
such as LAGE-1 a. In this enbodi nent, the Ctermnus
of the 5 NY-ESO- 1 is fused to the N-term nus of
truncated LACE-1, together with a Histidine affinity
tag to provide a fusion otein of 288 am no acids in
| ength. Further details 0Of construct A are given in
Table 1 (SEQ ID NO 1; SEQ ID NO 3). Figure 3
shows construct B, a fusion protein conprising the
first third of protein D wthout its secretion signa
(for exanple am no acids 20 to 127), full length
NY-ESO-1 0 and truncated LACE-1, such as LACE-1la. In
this enbodi nent, amino acid 127 of protein Dis fused
to the NNterm nus of NY-ESO- 1, the Cterm nus thereof
being fused to the N-term nus of truncated LACE-1, to
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5 term nus thereof being fused to the N-term nus of
truncated LACE-1, to provide a fusion protein of 321
amno acids in length. Further details of construct F
are given in Table 1 (SEQ ID NGO 10; SEQ ID NO 12).
Figure 8 shows an alternative enbodi mrent of construct

Fhe YNEESOL1WRI 180 shmoCadies IH lengthroand lcbndRt eekcribed as
LACE-1 is fused to the N-term nus of truncated

being qempesesl of theee 18gERSde a fusion protein of 212 anino

F t
gglns Nlté}{'l @T%ﬁre ;é%ogjﬁf’f %%F&“{"%téy ?@@Eﬁﬁg |gj2-{@nSEQ
b D ANE2ritr3) region Fi ghoueoPairoximatebnsmimacacids, 7 atof 18, and
t ted o1, t d
P A EaEaiaN | AEIURORARPTPHE N PRl A g Bt
A colla¥f N RodiHP e fRNRRRIbOLES! APrpRREIN SE%% oo 808 154073
oftheEStfersninalcﬁegierx(aqell%gurfsdéed to the N-term nus of

TEREARBITREE: § ot Dbl ¥ AL ST Bt flnchf ncing but

not Iarﬁsre'dn &RloRaridNY chS6er] lurigo canesr| deeast fcmcem moslmen oeéo;ﬂ&@eai
amno acids in Iength Further details of constr

cancerabl@dgerv@;amcernamblsl raelaneraes)y (Michgipaws!, %@d@ Immyee! @GL'J%'O' 2006
h
s R AR S Bl sagse o)

Spontdraols aiumoml ramgcedliathr amhiuagenasﬂ)orises @grmshthlsThetl@mi haveeteen

o et s P S BTl 0 ZRGAALEY B pamon,
Leuko@ﬂﬁﬂnfi{i@@ t%és GXRRT N 'i@srﬂltxéiédj ?@ptides have beév Id@nffleds (Uager, 2t al.,

an exenp usi on I‘O ein COEI‘I Sl ng
1998 thheExpi. rMedtm&TzﬂZ)o%ﬁpZTdteYamagWhi h@bt8| i t2004e E4iBt |Q3?WC Res.,

T R

107029 r Eﬂé@abl%ﬁk/ 60thb et llitdtgtuew B U.S. Patent Ndsg emaomosem 603;
schemat’i c of an exenpl ary reconbi nant E@&% q 8%
6,242 B&b‘pr@ BT Ry-Ca338.94Kii (64 1 1Rl t Banddy! i uRERPEd 89,742,

Figure 13 shows a
6723@@%’( (ﬁaﬁ]%‘i Faﬁgn rexe q mpl'ary fusion protein conprising .
tllhlai fclmesﬁl tribl, ridreef pantlall)e|oner[[appi|rtgwblm’t-ES®si~dermedt pepiides with

sinting e oL B2 A0 5 52t R b B = vcone

to treﬁoMe?”\Qfg alidrits uﬁfﬂ”ﬁfaﬂastatlc NY-ESQUI Expkésdify aurBélreNathis study

ws a nunber of epitopes identified within the
demonstratech theati syABEN A YHESOe1 rmeptmi@s@repe tagipuistered aefelyl gnd are

coonl L SERM P oAy RbRED ORS00 18, it s

USA, QHQQ§12{Q'3€1m3§0pes reported and/or listed in the
figures may or may not have not been confirnmed 5 by
eXRﬁﬁbl@E@t ak (2000)i describbb ey amslydiave leeeAZFresmctﬂcEGD& T
c.), unless otherw se stated here| n. The co
cell 1 mmm@ 40 G bL aepitPnesy deRved | komethg dUMRrassed ted Snigen
I [ Q Ih t ol
gen g S T RS, P oL st e oy eeate
vacchigguicenduse swhof spedific neﬂmwe@deﬁmumiysagaﬂgstamr@EQ I D
NO 71. Figure 15 shows a schematic of both NY-ESO 1
and LACGE-1, as well as a 1.0 nunber of MHC (maj or
hi stoconpatibility conplex) class | and Il epitopes.
These epitopes are nerely representative of epitopes
reported for the protein2thus the list is not
exhaustive; one or nore of the epitopes reported
and/or |isted have not been confirnmed by
experinmentation. Figure 16 shows a schematic of the
NY- ESO- 1/ LAGE-1 fusion design. 5 Figure 17 summari zes
in schematic fashion fifteen constructs and their
production levels. P = protein D C (grey box) =
NY- ESO- 1 col | agen-1i ke domain; C (white box) =
truncated collagen |like donmin; L = Lage 1 without the




Based on the expression profiles of LACE-1 and
NY-ESO- 1 the fusion protein according to the invention
has the potential to be effective in an estinmated 37%
of O breast cancers. The treatnent according to the
present invention may al so be particularly suitable
for the treatment of patients.not eligible for . ,
Hbmompgriof itise (@aior historsyPat R SRTRIFI sl A ! qaigpes n
the profR¥%ERAVOBedrbidehEredi\edifetepd giqupb&eef foe @khmplel, Figure 1. These

. approxi mately 35% of prostate cance tients, 35%of. .
epitongs el aneTEN TERIESAEH b SPIRRSE SEPORALIBIRE PRIPEATS tizdist i
Figure3996 pbt HdbLseS MirtherM&el & leastorfdd hoeedl thé @pliopes reported

arci nom) . the_fualon of

(oF: non 5 1n onE eangjneag, pFoteln .
and/of fateq VSRR Jnaygy ok RER EOTRFE R SPPHUBTET AL b i Collagen-like
regiorPitthe NeerhRaPéoritsifg ke abiesRUmRICPahsENdfitopa véfeged tomhereh as

that express both NY-ESO 1 and/or LACE-1 (including

LACE-| a and LACE-1b) may be given a fusion protein of

t he present invention. The fusion protein

according to the invention may al so be nore

i mrunogeni ¢ Othan its individual conponent proteins,

for the foll ow ng reasons: renoval of one or

nore of the collagen-1like domains may reduce potentia

i mmunot ol erance of the conpound caused by its honol ogy

wi th natural endogenous col |l agen structure, or the

optional addition of a heterol ogous fusion partner may
further stinmulate 5 CD4 T-cell responses. Thus, the
fusion proteins are useful for inducing an i nmunogenic
response to a cancer antigen such as NY-ESO 1 or

LACE-1, or both. The NY-ESO- 1 enpl oyed in the

invention may be full length, partially truncated or

truncated NY-ESO- 1 or any fragnent thereof that

i ncl udes one or nore epitopes capable of raising an

I mmune response to NY-ESO 1. Full |ength NY-ESO 1

protein in O the context of this specification is

intended to nean a protein of about or approximtely

Ito 180 amino acids and at |east 95, 96, 97, 98, 99%

or 100% identical, to the naturally occurring protein

(SEQ ID NGO 49). As used herein, the term"LACE-1"

refers to one or nore LACE-1 fam |y nenbers such as

LACE-la and LACE 1 b, as described in the |ines bel ow

"Full length LACE-la" protein is intended to nean a

protein 95, 96, 97, 98, 99% or 100% i dentical to SEQ

ID NO.58. Simlarly, "full length LACE-Ib" proteinis

5 intended to nean a protein 95, 96, 97, 98, 99% or

100% i dentical to the naturally occurring protein (SEQ

ID NO 71). In one enbodi nent, the identity is

over the full-length of the sequence. Thus, the

i nvention also extends to said fusion proteins with

conservative substitutions. Conservative substitutions

are well known and are generally set up as the default

O scoring matrices in sequence alignnment conputer

prograns. These prograns include PAM50 (Dayhoft M O

et al., (1978), "A nodel of evolutionary changes in

proteins”, "Atlas of Protein sequence and structure”

5(3) MO Dayhoft (ed.), 345-352), National Bionedica

Resear ch Foundati on, Washi ngton, and Bl osum 62 (Steven

Heni koft and Jorja G Heni koft (1992), and "Am no acid

substitution matricies frOQ%grotein bl ocks"), 5Proc.

Natl. Acad. Sci. USA 89 (Bi“Othemistry). 10915-10919.

In general terms, substitution within the foll ow ng

groups are conservative substitutions, but

substituti ons between groups are considered

non- conserved. The groups are:

i ) Aspart at e/ aspar agi ne/ gl ut amat e/ gl ut am ne,

1. OH) Seri ne/t hreoni ne, Hi)Lysine/arginine, iv)

Phenyl al ani ne/ tyrosi ne/ trypt ophane, v)



5 175, 176, 177, 178, 179 or 180 or any conbi nati on of
these am no acids, for exanple fromamno acid 71 to
amino acid 180 or fromamno acid 69 to 178. In one
enbodi ment truncated NY-ESO-1 or LACE-1 conprises or
consi sts of about or exactly am no acids 71 to 180 (or
about or exactly amno acids 71-210 in the case of

A'SACEFhé Rbntrd r}%@&‘? cﬁrﬁﬁ%@s%%ral MR EIS{:%E é@?%%&g%eﬁgﬁ E:; Rerein as

context may nmean am no
DRIVPEL, Dﬁé PBY and findb dihisofegioniatee contaiss sefvershd e gasmbepitopes

ré?éﬁed’fbthé?é‘iﬁ'a'sys35a§9?dc\9§ gﬂﬁ'@@dﬂé é%r‘nﬂ%éﬁseﬂéi%%&to ¢dhtain at

enbodi nent, truncate rises

Ie@ﬁt worpiasstlsenippes{ IRt and laE4)7an<i @ne1dassdfepRieEsd). 1 or
LAGE AgE-1. A furthBr %?ﬁeﬁﬂ@? %h LA ENCaLedsh ggnic*%g}iﬁed. Two

cO rses or consi sts am Nno acl
LAREND tsariseri@y, hae been d@scnta&d MGEma gyl dAGHE!L. oLAGE-1b is
rl%Bfl]-r@ bﬁ’lm%@?nd %oagaﬁbr%g)ﬁtatagﬁrotgﬁ%f Q pr%;cfpneﬁél QW amino acids
(040 | oNn O t hese am no aci xan'pe r
residues. ‘erb!ﬂedtthPtQEémgeae apiogductiapniging ﬂ%ﬂrﬁ@rﬁon@l(hfﬁsdﬂusg (Sun et

al ©ahb&- Imhfbngnﬁn@umr@@ﬁé E;SrHMﬁB?)d LAGE- 1b conpri ses
or consists of about or exactly amno acids 71 to 210.

I n ot dhisFainakmegionshef ttee hAGEJuand | NYERG 1 cretaing are highly
cORErRR ArRksa tﬁ@dﬁ?&nhé\m mereafhfbﬁ%r%ldeﬁt.#/ HohRPfLAGEE differs

total nunber am no acid seqguénce are

frap N6RSQ-§ inthgcgntsal regigas whish are @ﬁ*ﬂtﬁ@%’ﬂ isleatireh cBhe Crierminals of
NYIES QMDA f@@tﬂateﬁé‘ 'ﬁ%‘)@&)ﬂ%@@gd | rkHoFeotﬁ'Qﬁ b?%sldgﬁtlty) HowBever the

consists of amno acids 71 to 210 of

Y

Cgtrmigal ofrififpleribgs langer ane REbEONSEHSE @Mﬂ @Hho'méﬁo have less than
5DGEERE} Rt thel SAhf2 b il EAGR- 1ROy Bigh-9f the invention,

result in a final protein wth the desired properties

and @eneiatinigeration relqiing testhese prioking isavalablerigom the LICR web site
(RN cBeeraMRPOrdc THMaB&EY!r dance wi th the foregoi ng

are provided nodified antigens conprising an antigen

derived fromthe tunor rejection antigen NY-ESO 1

wher ei n the col | aggivASIYOOF THEPRVENTION truncated or
conpletely truncated. In sone enbodi nents, nore than

t he B PragRm 'fPV@@ﬁ'QﬂPrP‘é'd?Se%\F@HU”QW”%H%O%ﬁ@(tﬁjn RRAPRSING:

the rmdlf(?ed RYIEA®A dr & 1QARNKE Fldoy, MRS ol ed. 1 n some
enbodi nents the nodified antigen is reconbinant. In

sone enbélli neh%@Eﬂr‘é'adFWQﬂ’éH‘%?ﬂ ypepti des conprising

irfRhiR bt B8 éhe STepeEBBef ahdlof D&GE[ﬁQQﬁUnBﬂe@ %F‘bﬁﬁl‘é@ﬁtruﬂdéted or
sone enbodi nents, exenpl ary pol ypeptides conprise

isn@ ('8P BYEBY BEYITINE AN O, MOtECPPiigReH 0H NY-RSB- | PORAGE-T. The present
invaRtBAEd provides b ma%gehwuﬁo@ bro?elﬁ ca@pRdlg:t her eof .

In sone enbodi pents are i ded constructs conpri sing

a nucl eofl) de AGEIR@ f@%’b‘ﬂ\tﬂ‘@r?‘ﬂe‘ nked L nent i oned

pol ypept iiges. NﬁMS@Q@?aQu%ﬂ@nﬂﬁ@Fe%fafe pr ovi ded an
|nnunogen|c Iy_ﬁﬁlde conpr|S|n O 1 or

iy whighra leaﬁtr%}eé%ff YRRy band W&@E}hl%@@@%@ Pﬁ'é'ﬁuwéuncated or

ist RefrEghbRImRubingeoh& BrOford RpRSHLR! &f NYEESG Jori BAGE-1. Thus,
partially truncated or truncated or conprises

pP'NB‘?ﬁH&’ﬁ? apf &1SiQsy PrEfedtS GORNgedribated rOFrPBFt@”EéBWQ%%NY'ESO *

ot B fERARNEMRAY: TBALGIng BHE br PRI RERSHEST NYAE8O-1 are also provided.
conservative substitutions.In sone enbodi nents, such

10pol ypepti des and constructs are useful as a

prophylactic for the prevention or substanti al

amel i oration of cancer relapse. Thus, in sone

enbodi nents one or nore am no acids are renoved from

the col |l agen regions. Mire specifically, in sone

enbodi nents 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22,



23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73
am no acids are

Also provided are polypeptides and fusion proteins comprising truncated or partially
truncated LAGE-1, or a fragment thereof, including one or more epitopes of LAGE-1.
Compositions and methods involving such fusion proteins and polypeptides are also
provided.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a number MHC (major histocompatibility complex) class | and I
epitopes on the NY-ESQO-1 protein that have been identified by different groups. These
epitopes are merely representative of epitopes reported for the protein thus the list in
Figure 1 is not exhaustive. Furthermore, at least one or more of the epitopes reported
and/or listed in Figure 1 have not been confirmed by experimentation. The reported
amino acid sequence for NY-ESO-1 is found herein in SEQ 1D NO:49.

Figure 2 shows construct A, a fusion protein comprising full length NY-ESO-1
and truncated LAGE-1, such as LAGE-1a. In this embodiment, the C-terminus of the
NY-ESO-1 is fused to the N-terminus of truncated LAGE-1, together with a Histidine
affinity tag to provide a fusion protein of 288 amino acids in length. Further details of
construct A are given in Table 1 (SEQ ID NO:1; SEQ ID NO:3).

Figure 3 shows construct B, a fusion protein comprising the first third of protein D
without its secretion signal (for example amino acids 20 to 127), full length NY-ESO-1
and truncated LAGE-1, such as LAGE-ia. In this embodiment, amino acid 127 of
protein D is fused to the N-terminus of NY-ESO-1, the C-terminus thereof being fused to
the N-terminus of truncated LAGE-1, to provide a fusion protein of 398 amino acids in
length. Further details of construct B are given in Table 1 in section 1.6 (SEQ ID NO:2;
SEQ ID NO:4).

Figure 4 shows construct C, a fusion protein comprising partially truncated NY-
ESO-1 and truncated LAGE-1, such as LAGE-1a. In this embodiment, the C-terminus
of partially truncated NY-ESO-1 is fused o the N-terminus of truncated LAGE-1, to
provide a fusion protein of 242 amino acids in iength. Further details of construct C are
given in Table 1 (SEQ 1D NO:5; SEQ 1D NO:7).

Figure 5 shows construct D, a fusion protein comprising the first third of protein D
without its secretion signal (for example amino acids 20 to about or approximately 127),



renoved fromthe portion including the collagen
region, i.e., roughly amno acids 1-73 of SEQ ID
NO 49. The ami no acids may be renoved from adj acent
positions in the collagen region or from positions
that are not adjacent. In other words, in sone O
conbi nation thereof, wthin that portion of SEQ ID

L A49. § ' r ' :
PR aBBaRR R E3 00, oD NGl AT SLBTYY Bk i s
mbedﬁmn&smnmedad:c‘rﬂ?t b‘atprcpjalnt Dcisl fasee po ttbpa-terivénusi of partially

EARIEE RS b Gl ALY i REBEE e Ntpmihh of e

truegateuh LAGECH tie rprpvidé arfeglpmprmtemmfl 3522e‘dlno'|21111d§ inj IangbmsFurther

d?%ﬁ%%&t%&%ﬁohpﬁ%&%ﬁgg&a@% seq ence set for ﬂ5

| D Negdre,6 showss constagirEna usiadl prefeirctonuasisingi tnunoaied cNY ESO 1 and

tr@@é%%@ [6%@1 o %u@‘gbg bg @Iofﬁﬁgé%{%@dﬁ%t%? ﬁeirglﬁms of truncated

NYtBSQ20is fulsed-td #& N1aré i Bmf ru8data BEAGESK 1d pr@videsaliugian protein of
o} 5P, KRR M 8503 hep i e o
Nhe; SE@ IINEeTBt and that in sone enbodi nents, the ani no

aC| d [ r -

o ARG Do NTiSHEN S Sl BHIPh i ofroon o
WIthQE-its. secneﬂ@mﬁten@rtﬁm@kmmpsanan@ apd®p meabrwt mapmrpelmately 127),
ARt RIYCI{::’@@W §h@ﬂﬂm§dﬁ_h@$ﬂ1 derch \é%dLA(F?%t h thid"BHhbodiment,

rejection antige -1 wherein the c agen region
aiménopadid i1 8T lof proteim Ehiscfdsest toctbedl-terminys of tripeatedi NYHRSO-1, the C-
téﬁ%s%ﬁ}gﬁﬂﬁms A F%}%ﬂghh? FQM% 1104, rﬁvxdeafusuon

r enove : Ifie nfl
prteieof 341 apinbaidsdnfiength. Furthes detadsrobennsiuetd; arlermven m Table 1

(g@(g ”f)ll\@zh @GE(Q&F‘N'OS*li ecorrbl nant. | n sone enbodi nents
are provi ded pol ypept'i des conprising an antigen as
deschrigiyed showsise allermatiee emgodimentefcesstryat Es bamely E', in which the

Gndabiy E‘A@EE%EB fhs°eodt%rth¥ et n@ﬁ‘s‘o‘f‘?ruﬁ NY-ESO-1, to

rejecklon antl In sone e odi nent s
pm’vrtdeg@nfussmd@fqt@edoff 2o am@Ot agies in dpeatn; orFLﬁtﬁﬁf gi@falls of this

elrB&nRt, chbAstRICPEY a Pé@@éH Hef’éb%1 ?@Tﬁ A2, l$$é b NO:23).
protelns conprlse a heterol ogou proteln SUC
pr otEgurerd shews Fersinich . @sfursiﬁﬂlmr@tﬁz\a@omerw%twcaéﬁdsNY -ESO-1,
trUhGHEPDAGEPCSEM as Lﬂe&omea B oIBR8 EqiBR, AYikd gé the collagen

constructs ¢o rsing ucl eot1 de sequence enco

regien BODMNGERCH né’dtmﬁ)wp@timeabﬁwe Ericwis ehibe eplgengike region
|saf‘d? eQér?iWedﬁg?é'ﬂ) ey Mﬁ@ﬂg%f Reh él@@Ut\é@ pom{mﬁﬂha% termlnus of

ragnment t erein LACE-1 does not

’fhenfélliflfé@dt RGEdIip é@ﬁﬁ‘i‘- foithe N-iggnipes of Hupeaied MY-ES@H, fo provide a
fl%ﬁ:[a gbr@!ellryoftfalgnéiﬁhﬁ%cﬁfs i ré}‘fcéﬁﬁt BaHHRYr deRITROf E6StRBYG are given in

her eo 'udes one or nore epitopes.

Teble dPE QRN 1R RES, IDWa:18b| ypept i de conpri ses a

nybriig@l 16 Nendefihs IschehBerir d aRthniig e@ldriitant | bdifbeptive
regi on of NY-ESO 1. sone enbodi nent s,
C%PW’@NYd%S@dnmths%ﬁafﬁ'aW trumat%ﬂ Ico”aélﬁntllK@ CKW“@SOTI'G epitopes
coll agen region joined to partially truncated or

truncated LACE-i.In sone enbodi nents, such

pol ypepti des have conservative substitutions.In sonme 5
enbodi ments, such pol ypepti des and constructs are

useful as a prophylactic for ¥he prevention or

substantial anelioration of cancer rel apse.

Thus, in some enbodi nents one or nore am no acids are
renoved fromthe collagen region, or even fromthe
N-term nal am no acids. Mre specifically, in sone 1.0
embodi nrents 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,

53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,



11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,

shown in Figures 10-13 are merely representative of epitopes reported for the protein
and have not been confirmed by experimentation.

Figure 11 shows a schematic of an exemplary fusion protein comprising the first
third of protein D without its secretion signal (for example amino acids 20 to about or
approximately 127) and NY-ESO-1 with a partially truncated collagen-like domain.

Figure 12 shows a schematic of an exemplary recombinant polypeptide
comprising NY-ESO-1 with a partially truncated collagen-like domain.

Figure 13 shows a schematic of an exemplary fusion protein comprising the first
third of protein D without its secretion signal (for example amino acids 20 to about or
approximately 127) and NY-ESO-1 with a truncated collagen-like domain.

Figure 14 is a schematic that shows a number of epitopes identified within the
truncated LAGE-1a protein. These epitopes are merely representative of epitopes
reported for the protein thus the list is not exhaustive. For the avoidance of doubt, the
epitopes reported and/for listed in the figures may or may not have not been confirmed
by experimentation (i.e., they may have been predicted, efc.), unless otherwise stated
herein. The complete LAGE-1a amino acid sequence is set forth in the sequence listing
as SEQ ID NO:58. The complete LAGE-1b amino acid sequence (LAGE-1b not
depicted in this Figure) is set forth in the sequence listing as SEQ ID NO:71.

Figure 15 shows a schematic of both NY-ESO-1 and LAGE—1, as well as a
number of MHC {(major histocompatibility complex) class 1 and Il epitopes. These
epitopes are merely representative of epitopes reported for the protein thus the list is
not exhaustive; one or more of the epitopes reported and/or listed have not been
confirmed by experimentation.

Figure 16 shows a schematic of the NY-ESO-1/LAGE-1 fusion design.

Figure 17 summarizes in schematic fashion fifteen constructs and their
production levels. P = protein D; C (grey box) = NY-ESO-1 collagen-like domain; G
(white box) = truncated collagen like domain; L = Lage 1 without the collagen like
domain; N = NY-ESO-1 without the collagen like domain; black arrow = poly histidine
tag; (-) = low production; (+) = some production; (++) = high production; (+++) = best
production. The amino acid sequences for eight of the constructs and the nucleotide
sequences encoding them are summarized in Table 4 and the sequence listing.



50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,

63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73 or any

| 0 conbination thereof, within SEQ I D NO 58 (LACE-I a)

or SEQID NGO 71 (LAGE-1b). Those of skill in the art

understand that in sone enbodi nents, portions of the

am no acid sequence are preserved such that

part | ar, ' a r

Fas uIJT' §lﬁ+ﬁ8|8psgulpﬁyntwé}&§§ gf:zl%%ﬂbqﬂ %676{1%&@15‘&% ﬁgf %ﬁﬁﬁsﬂ“'ce to assess

ehcragiBA076f L\LDE9 IAGH 81 LY ESR, LMLOR@JiM26 0k VIO X e L Wi 3fbilo determine
Lon.. L] .

mﬁagﬁgggngtaﬁd}eﬁ:wgb ﬁﬁrgumg%% w%ﬂ'? tﬁé’ q@s:@ﬁm' Eﬁg&? HERbs aﬁEﬁg?t conferred

rrse gnment

ptdhm:tuanagmnatauucmemwa @balmg emﬂwttransﬁalsadgturm)rﬁ@wNYEsm )-
L AGEs F@)10%umepizl BN (- é#@‘qquh@g wiff in thferc%ﬂg@ﬂb%e used in
vx,hl RO P e P o e o o an-nG p03|t| ons

thesi6-d#y, trigl7, 78, 79, 80, 81-85, 86-90, 91-95, 96-100,

131 742e 3o gudipl o e idfRingEd wipdyn £ HEESEES; LvL0%0
LYBQ68L 651 01%6F LVI)26171- 175, 176-180, or any comnbi nati on
t herlﬁ@.ge 21-Ih9.gﬁmglflze% HEI I‘JN’ E'S@)nli RBedid [rﬁ’rﬂﬁ’f?é' AdPBfkdsP& assessed

Cld quence I s
bp b 4SA VEACS uaid Wmerpaﬁl@ﬁ anfl bAGED] a(wq@lwt e collagan dikgl domain)-
g\tf\%]éfm ifnfline&e oﬁéé@a?%%gﬁéﬁ byYELISA and EACE.ONe aspect
nventi on provi des usion protein conpr|S|n%
f ul |F|glgﬁ§t2rsumﬂm@ea_the experimental q:l(f,-s@m@‘ s&w@m #2,a 105 day trial fo
dét’é}’rﬁﬂa' ﬁﬁet@éPYﬁt%sﬂuIEKNhﬁ%m&rf%ﬁ' WitrC %%Eie%l' fidion protelns plus

parti al truncat ed I'n one aspec
adjhéentnv@’ﬁersoﬁf’%@@@hdé@ala‘Stf BIBOYY-pE6t i Hhalengsr |3§ﬁn§15/ LAGE-1a

cﬁéll\éﬂ(‘i@t ﬁ%lW‘%&)li challenege is BhQx¢ aspect the invention

provides a fusion proteln conprising full Iength

L AGEFigure 23 summariged pereaRipe #2 ang éh@\ﬁs/téﬁ!ﬁ@ﬂ-ﬁ&%\iaﬁbgﬂeage
fusi lﬂgw@fﬂt %hswﬁoé”ﬂ%bé'&gmeé”rhmﬁh&ad WitH rL%b?@' (1bAGE3 Lull-length

In oneé aspect the 1 nvention provid a fusion proteln

NYoRPPt s |LH5024r @ne éVé@'fﬁ_mB@/N\f ESehtchaligaas PerMouER4

enpl
il iﬂ%@ 215”%%% éu?%?d“o'r Bficd PnrkdMBFed Rith E‘{/E{)Tg‘EQA@O%WIthout the

in the 1nvention is
C¢'Iﬁ9©ﬂe“'ﬁﬁap’@@iﬂnof %34. Awkiengton NHESR:t e M- ef LVL068 post-
meﬁgggab,%”g,qg:@d to the Gtermnal of the LAGE-1.

I'n one aspect of the invention the Cterm nal of
NY- EHSmyre 265 Gahwypes 18, fram el fooright riowdhe repults AEELISAS carried out

tQI ﬁ%}gﬁtt ?dﬁ?ﬁﬁ%&ﬁﬂéﬁb&ﬁgﬁﬁ -shO&nd MFhME RIsPS®Ie8Sn Aficd Mtmunized with
one of the following: (1) Buffers (control) (2) full-length NY-ESO-1; (3) LAGE-1a without
the collagen like domain; (4) LVLOB8; (5) LVLO78; (6) LVL024,; (7) LVL076. Positive
control (column 8) contains an anti-human collagen 1 monoclonal antibody (mAb anti-

human collagen I).



i ncreased and/or the production properties of the

protein further inproved by incorporation of a

fragnent froma further heterol ogous antigen, for

exanple protein D, a surface protein of the

gram negative bacterium Haermophilus influenza B.

Further information on inmunol ogi cal fusion partners

derived from pr, ReT AHRSE i@ YeN

91/18926. 5The %ﬁglﬁs or ?n%g on In a fusion

par thusiondProteins. prhesfesien Prejeing Poine iMpntien aleefeld farjhe treatment

01C QohLpat Eﬁjci n%re nﬁgﬂﬁxﬂfr Spa etﬂeeﬁl%eﬁte 6P MRLRAGhal BRdRD cancer;

prot el ns I"ment fusion protein is
P@%W%S@é@erasbi%ﬁdﬁéd@ﬁ%rna"'ﬁlUdestr@'Fﬁ'tmn@t &Fh carcinoma; tpRg cancer
incfﬂﬁfn@eﬁom%gﬁ %E@%cérﬂﬁb% EN'%GL F 1EBY @eiShédk bahcer including

provirding T hel per “epitopes mmunol ogi cal fusion
opsaPhAGed Caprinafes; LayeMeus (CRll SRENINCSRA; greirmaobike gagifointestinal
rBLORRE UG URaif RSB H Ao AHIAARBLS sarbdimae

I nent er heterol ogous fusion partner
may %esmmtr@rﬁxpmﬁﬁmmgf e of f—ﬁ@%oh aﬁﬁr"!‘ﬁgﬁoahweawswn protein

a@dﬁ%iﬁ&% QRe %Uéﬁﬁ&rl Res WBB@FIUN to be effbdtiveNR an estimated 37% of
dinment, the protein derivative thereof
b@@ﬁblcag@gs abzsm ttﬂatréﬁréicﬁ%ﬁ’“i'% tpi et presgnipinveption may aiso be

pQﬁlQl‘jlﬁr‘IJ‘ suitslie W%' ﬁeé’}%Hf oP 'paBas troy éiﬁ?bfkofdi‘CH&QIn%utl@rgeted
rotein D this enmbodi nent, am no acid

tpratye. AR BEICD. MiRteRIOT e NHEnGE 1 e ATedcisdsleqberftiective in
a@kﬁmﬁ%tew §§%' df lgb*rc%@at&"'chﬁbér Batiets, rBB%?‘@f ﬁiﬁdc?eT/t\%ﬁcéFW@rﬁs 40% of

further enbodi nent,

mgkanoat mai@ntsr@%%ﬁ%&ﬁr?gﬂ@@%gvﬁbrf“%%h@ |(§@r§8'afﬂ" a‘%‘b lwg giarcinomay.

IrPFREEhYobROtHRGLSEN BRtdiR oflthé |ﬁ\fen|ﬂ6|‘i’t'r%k"én99|e|d'br6§@er population
embodi nent, the protein D for use int Er esent

of patientsi terbedfpééeqq caupR Palifats having Rimaurs Has expiesciotp NY-ESO-1
ahdl8r PAGESI fhol e REEY a dnd (FAGE-QB) RaPbeigienad fukldf protein of the

present invention, the protein D derivative i s not
PrESBIAYERHON1 O . I n one enbodiment, the protein D
furtfigr fu%%ﬁpﬁrb%ﬁﬁ a&dﬂﬁjlﬁg'ﬂt@ %@mvgﬁtlﬁhay%ﬁb Bé ¢hdré Gmmunogenic

for exanple fused to the N-ternminus of the protein D
tfﬁnafgn%wdlea' éomﬁ@n%ﬁm'u%tforﬁa? fQlgWNGi T88SHE: consi st of

MDR - 2@srdéial Bf b mbre) of thd cbl%gbh-ﬂk@ﬂémhh@&%gﬁrﬁﬂ@&e potential
addi ti onal am no aci ds my the stapilit

MYPRRIPIAraRRe /B the remeayw Ehiiser e l's BEmpKRgy FW%& %ﬁtwar endogenous

c@pgg[;ﬁgﬁru@met pereof. .5In one aspect the inventi on
provi des a fusi oncﬁroteln in which the N-termn

f r aghent the oRliopglea i’“P@Pf?HPF%QI%QUS;J‘P%%PE“W(%@’ “rther stimutate
cgﬂsqtééne?e?*aay&) fl ?Ruysmé tf?s@meprblteﬁr%r mréugsedll for inducing an
usi on roteln o e I nventli on or n_l no
'“Fff‘ﬂ@%?ﬂt% rﬁ?@ﬂé@ﬁoa%w@f@ﬁ&%w&mﬁﬁ ES&E%ENS? 1, or both.
pr ot eHeNT- @@ﬂaﬁplbyédeimh@ Wvehfior ARyfHesiup nbr@tmtp@rtraupftruncated
the invention be effect eﬂﬁsﬁuch that the |latte
OF FPNeaied "{Yh%S@1c QF Rh dTegmesh ?Ofotf‘atltﬁ‘cb'ﬂﬁ% ihy % 'Pﬂf&t epitopes
cé'@ébl@@ﬁ&sﬁ@%:ﬁiﬂﬁnun%péd%@ tbl-N\eEEIODﬂSFQIf leRGIBtIeYESD-1 protein in

beconmes t he term nus . of f usi on

ther nstexh gt t@.lso?r%‘gs'a%ﬂqnu% i 'B‘?Pdﬁ&rt? e %P&?‘%Qﬁ@‘?ﬁ‘@ or approximately

1kb 8BS amirtPacidiCarid @ Isube ds] 96, Bieod, .eokoor T009t Richticd, tb it naturally
invention, instead of or in addition to protein D, for

exanpl e: the non-structural protein from

i nfluenzae virus, NS1 (haemaggl utinin). Typically, the
N-term nal 81 ami no acids may be used, although
different fragnents may 5 be used provided they

i ncl ude T-hel per epitopes; Lyt A derived from
St rept ococcus pneunoni ae, which synthesize an
Nacetyl - L-al ani ne am dase LytA coded by the LytA gene
(Cene, 43 (1986) page 265-272) such as the repeat
portion of the LytA nolecule found in the C term na
end, for exanple starting at residue 178 such as

resi dues 188 - 305. In one enbodi nent, the O

het er ol ogous fusion partner is CLytA In a further



The choice of vector will be determned in part by the
host cell, which may be 1) prokaryotic or eukaryotic
but are generally E. coli or CHO cells. Suitable
vectors include plasmds for exanple TMCP14 or pET21
or pET26, pcDNA3, bacteriophages, cosm ds and
reconmbi nant viruses. |In one enbodi nment in which
I.essi beS( L0V t,.Qn "
oFREART SRR 155 RS0 AL MR e AR A o onc o
npirt CAGE- p%nﬁ&BmepmleGZ@chpMADEngsn@md\QﬂdB@S desasived in the
t n [ \Y; r
B gl LAGESPY AR EBASEPLER Bt o o
90U o e@l%udﬁritloai to;ﬁiEQr‘rBrN@ﬁi ogiraiady.| Tulalength IHGEAR" protein is
. b d Seki §8dgs Nggd, O I @kl
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opuwprmpmdtem (BERX UONGafge with the invention,
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Vectnlﬁo ?n{i%d%éﬁ?% :ﬁ:géh{ita‘r’lgdb\lfbr%bé ol Ié@?ﬁbﬁh@é@ﬁmb fhus, the
inveniitint i alses . exBuidsabd esaid alusibor mqlrgn% ovyith tmmgrvah\ee substitutions.
d the default
CRRRYARY £ G ogBl, % UE) LA g S SsTEbp o e com
sBrvig m@ricesein mUeMGR&lian'@Qé cqmwteugr@gramaqemm' pregrems include

k f n | Sw . o
AMARY QRSP MFEIEL bt fpre A PR bl gfiori e **f‘*% n proteins”,
"Aﬂa@amfdarotwrt hegueso @ni struetraCAGIPM(@oReyhodt (ed)). 34PBo3), National

0
o oo et it Slpp i), 1) 9SSRl o an
Jamaj Ggll-gendwﬁl(? Qaajdamdqéﬁxmmptaq;lcesqqqtatugon matricies from protein biocks"),
PIE RRE AR 5 9@%@@%@&\% 3651689, and gl ycerol .
nral i an ce s I n [ ture be transformed by
cal cinugenssalp tesgispi Suastitidwnoﬁ\"thiﬁe thge dQleWiNONArasiRe oateh gonservative
he +i Sarka0 Th
S Tpnd B SRR B SR o b ohels G boyseryed. The
grouwpe@ré:on. The DNA may be codon optim zed by
st andard tate O expression
of the réﬂTts Van?%%ﬁérabﬂefgﬂﬁélﬂ%{ tmfji‘érﬁlnir?kg9 t he transforned
hostiilcel [Seging/greeningli ti ons permitting expression of
t he | carried out conventionally, as
descrl be(‘:?f%lx%gg’hlﬁe anple, Maniatis et al. and "DNA
d onivhg" Pd'!eﬂﬂéma@@_(ﬁHOS'WprtOBfi‘%’feer ably the cell is
SUPPJ\?I' ed é‘@h&;ﬁeﬁé‘&éu'cfﬁ@fva Bitidrifeed at a tenperature
bel ow 50 e proteirns of the préesent invention may
be 5vipxprEy¥ersialefingr okar yot es or eukaryotes such as
yeas'tPalPﬁétll}( FHuRcH fl'efr‘l ial:S F?:Bﬁt%§te§f t'hfé $pechithtion i€ Qr'itbh@éﬂ Rr mean NY-

strains o such as: 8: a cryptic oge
E$Sy- 1\pédj,Af3|thp|pqg@n (aﬁa@pqrgpr@éep) nEwhm t_hL@magqrgy] pﬁjhe collagen -like has
&islifig bt the epitope A31 found in thi
?ri)éegﬁ% Ac\% Cd%lctzﬁﬁdis%h{'/o@}% %{%gséf\] anSaerp;/oﬁ%% ound in this
regigvhemn st ry) if)BLR (DE3) Novagen, W, USA (catal ogue
nunb rone6@r9§§ﬁ r’ﬁ)ant %‘aﬁia\l trﬁnéeﬁ&f\NYdESOV‘lahhMSr DAGEMZéompnses or

My De errp Gener a a selection mark

cORSIP %wmqyfcamf@o eeidp é@ﬁh%r@m@racaiﬁﬁ &5, P n47r é§. 49. aﬁ%é1 or 52
t §mlrﬂ)c&?d3"?ﬂ§‘tﬁ@ 197 a8l 17d &t 0 sletiyl donfiidtieR oPthekB@mino acids,
success I'ncor poration of the recombi nant

gene/ construct into the expression system 1.5The

product is recovered by conventional nethods according

to the host cell and accordir® to the localisation of

t he expression product (intracellular or secreted into

the culture nediumor into the cell periplasn). Thus,

where the host cell is bacterial, such as E. coli it

may, for exanple, be |lysed physically, chemcally or
enzymatically and the protein product isolated from

the resulting |ysate. Where the host cell is

manmal i an, 10 the product nmay generally be isol ated
fromthe nutrient mediumor fromcell free extracts.
Conventional protein isolation techniques include



5 enbodi nent, the conposition may further conprise an

adj uvant as descri bed herein. The MACE anti gen

for use in the conbination may conprise the ful

| ength MACE antigen. Alternatively, the MACE antigen

may conprise an i mmunogeni c portion of MACE in which

1, 2, 3, 4, 5, 6, 7, 8 9, 10 or nore am no acids may

be del et.ed fron1or st [
fogézéﬁrgﬁlgé[rorq gminQ & aC| % rgé%é”ag’ﬁ 1t8E o" n?@%ﬁ‘q Iaglgé’%tto 178. Inone
eﬂlbadamnparaaﬂydmnnalyedmé/ -B80et edLAGBh mdnm)rlﬁes or oonsists oifabout or

ok T B TR 1o o Ui BRI A58 LA cose o
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of the resen |nven re 1 s prov
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&rr%t ?& %58 It 2981 I|Iq éf?ﬁo‘ﬁﬁgrﬁt theI t@rrﬁ‘dgﬂ)&dtoﬂ th% ddhext may be

am no aCI pro el D. fusi on
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s&]mengg ?Asré %Bﬁwg a%%ﬁﬁ”?ﬁ diett® [fr%n?wenﬁeq%%hé’é 3% one emt%odlment

e sequences o e antigen and
panigihotunratecheAGEdiL damyirisas paronssts pf amniorRcids 4 & de af LAGE-
he antigen and a His tail, if 5 present. The am no
acids may be unrelated to the sequences of the anti
and/'Gruricatsidbin harconiext of this specifigaiioprs [tended e meanthy ESO-1 o
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I Se am no aci ro at
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to create oning site fragnment of MAGE3 (am no
agigh dp tg-13110%fof Wmde@l nyAber gt adingdis eidhe seaygnogare prtionally
his tail The present invention al so extends
to met hods of preparing said vaccines/ conpositions
and to fusion proteins and vacci nes/ conpositions
obtai ned by or 5 obtainable by the methods descri bed.
Vacci ne preparation is generdPly described in Vaccine
Design ("The subunit and adjuvant approach" (eds.
Powel | MF. & Newran M J). (1995) Pl enum Press New
York). Encapsulation within |iposones is described by
Ful l erton, US Patent 4,235,877. The fusion proteins of
the present invention may be adjuvanted in a vacci ne
|0 formulation of the invention. Suitable adjuvants
i nclude an al um nium salt such as al um ni um hydroxi de
gel (alum or al um nium phosphate, but may also be a
salt of calcium iron or zinc, or may be an insoluble



5 permt expression of the gene in the genetically
engi neered cell (s). Nunerous transfection and
transduction techni ques as well as appropriate
expression vectors are well known to those of ordinary
skill in the art, sone of which are described in PCT
application WO 95/00654. In vivo nucleic acid delivery
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ageB8agES M) the fngien araieivs gUBe nvepfien.t ag 847- 864bp
NY-ESO-1. In accordance with the foregoing are provided modified antigens
comprising an antigen derived from the tumor rejection antigen NY-ESO-1 wherein the
collagen region is partially truncated or completely truncated. In some embodiments,
more than the collagen region is removed. In some embodiments, the modified antigen
is genetically modified. In some embodiments the modified antigen is recombinant. In
some embodiments are provided polypeptides comprising an antigen as described in
the preceding sentences. In some embodiments, exemplary polypeptides comprise a
heterologous protein, such as protein D from Haemophilus influenzae type B or a
fragment thereof. In some embodiments are provided consiructs comprising a
nucleotide sequence encoding the aforementioned polypeptides.
in some embodiments are provided an immunogenic polypeptide comprising NY-
ESO-1 or a fragment thereof, wherein NY-ESO-1 does not include the collagen-like
region. In others, NY-ESO-1 is partially truncated or truncated or comprises any
fragment thereof that includes one or more epitopes. In some embodiments, such
polypeptides have conservative substitutions. In some embodiments, such
polypeptides and constructs are useful as a prophylactic for the prevention or

substantial amelioration of cancer relapse.
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Stop 865-867bp 2 Enbodi nent B - nucl eoti de sequence
113 protein D/ Hybrid Coll NY-ESO-1/LAGEla WO coi l
(codon optimsed) MDP initiation sequence 1-9bp 1/3
protein D 10-333bp Collagen |ike domai n 334-540bp
NY- ESO- 1 334-867bp Linker 868-873bp LACEl a
874-1176bp Hi s-tag 1177-1194bp Stop 1195-1197bp 3

. EEAEE D s AR G F0EC Al g rom e
coltagen medior®) allore specifically, in some embodiments 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73 amino acids are
removed from the portion including the collagen region, i.e., roughly amino acids 1-73 of
SEQ ID NO:49. The amino acids may be removed from adjacent positions in the
collagen region or from positions that are not adjacent. In other words, in some
embodiments, an amino acid is removed from any of positions 1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 48, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73 or any
combination thereof, within that portion of SEQ ID NO:49. Those of skill in the art
understand that in some embodiments, portions of the amino acid sequence are
preserved such that particular epitopes therein are retained within a resulting
polypeptide.

In some embodiments, a fragment of the NY-ESO-1 central region or C-terminal
region is utilized. Thus, in some embodiments the polypeptide may comprise one or
more fragments of the amino acid sequence set forth in SEQ ID NO:49, i.e., fragments
which contain one or more of amino acid positions 74-75, 76-80, 81-85, 86-90, 91-95,
96-100, 101-105, 106-110, 111-115, 116-120, 121-125, 126-130, 131-135, 136-140,
141-145, 146-150, 151-155, 156-160, 161-165, 166-170, 171-175, 176-180, or any
combination thereof. Those of skill in the art understand that in some embodiments, the
amino acid sequence is preserved such that particular epitopes are retained within a
resulting polypeptide.

LAGE-1. In some embodiments are provided a modified antigen comprising an
antigen derived from the tumor rejection antigen LAGE-1 wherein the collagen region is
partially truncated or completely truncated. In some embodiments, more than the
coltagen region is removed. In some embodiments, the modified antigen is genetically
modified. In some embodiments, the modified antigen is recombinant. In some

embodiments are provided polypeptides comprising an antigen as described in the
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NY-ESO-1 1-179aa Linker 180-18laa SEQ ID NO TABLE 1
CONSTRUCT DESCRI PTI ON SEQUENCE COMPONENTS LACEla
182-282aa His-tag 283-288aa 4 Enbodinent B - am no
aci d sequence 1/3 protein D/ Hybrid Coll

NY- ESO- 1/ LAGEla WD coil with His-tag MDP initiation
sequence 1-3aa 113 protein D 4-111aa Collagen like

pge%%ina éle?\?én%ggaE}n s%’eEégb&diﬂwégfsztﬁg%tigH ri‘el.(%[erived from the tumor
rejection antigen LAGE-1a. In some embodiments the antigen is derived from the tumor
rejection antigen LAGE-1b. In other embodiments, exemplary fusion proteins comprise
a heterologous protein, such as protein D from Haemophilus influenzae type B or a
fragment thereof. In some embodiments are provided constructs comprising a
nucleotide sequence encoding the aforementioned polypeptides.

In some embodiments are provided an immunogenic polypeptide comprising
LAGE-1 or a fragment thereof, wherein LAGE-1 does not include the collagen-like
region. In others, LAGE-1 is partially truncated or truncated or comprises any fragment
thereof that includes one or more epitopes. In some embodiments, the polypeptide
comprises a hybrid of the LAGE-1 polypeptide and the collagen like region of NY-ESO-
1. In some embodiments, the polypeptide comprises part, or all, of the NY-ESO-1
collagen region joined to partially truncated or truncated LAGE-1. In some
embodiments, such polypeptides have conservative substitutions. in some
embodiments, such polypeptides and constructs are useful as a prophylactic for the
prevention or substantial amelioration of cancer relapse.

Thus, in some embodiments one or more amino acids are removed from the
collagen region, or even from the N-terminal amino acids. More specifically, in some
embodiments 1, 2, 3,4, 5,6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, or 73 amino acids are removed from the collagen region or even the N-
terminal amino acids, i.e., roughly amino acids 1-73 of SEQ ID NO:58 (LAGE-1a) or
SEQ ID NO:71 (LAGE-1b). The amino acids may be removed from adjacent positions
in this region or from positions that are not adjacent. In other words, in some
embodiments, one or more amino acids are removed from any of positions 1, 2, 3, 4, 5,
6.7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, or 73 or any
combination thereof, within SEQ ID NO:58 (LAGE-1a) or SEQ ID NO:71 (LAGE-1b).
Those of skill in the art understand that in some embodiments, portions of the amino
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290- 291aa LAGEla 292-392aa His-tag 393-398aa Hybrid
Col | agen truncated NY-ESO-1/LACGEla wi thout collagen 5
Enmbodi nent C - Hybrid Coll trunc NY-ESO-1/LAGEla WO
coil (codon optimsed) Collagen |Iike domain 1-72bp
NY- ESO-1 1-399bp Linker 400-405bp LACGEla 406- 708bp
Hi s-tag 709-726bp Stop 727-729bp 6 Enbodi nent D -

PR R BUERS et R BR PR o BB i
résniting olypeptslequence 1- 9bp

In some embodiments, a fragment of the LAGE-1 central region or C-terminal
region is utilized. Thus, in some embodiments the polypeptide may comprise one or
more fragments of the amino acid sequence set forth in SEQ 1D NO:58 (LAGE-1a) or
SEQ ID NO:71 (LAGE-1b), i.e., fragments which contain one or more of amino acid
positions 74, 75, 76, 77, 78, 79, 80, 81-85, 86-90, 91-95, 96-100, 101-105, 106-110,
111-115, 116-120, 121-125, 126-130, 131-135, 136-140, 141-145, 146-150, 151-155,
156-160, 161-165, 166-170, 171-175, 176-180, or any combination thereof. Those of
skill in the art understand that in some embodiments, the amino acid seguence is
preserved such that particular epitopes are retained within a resulting polypeptide.

In one aspect the invention provides a fusion protein comprising full length NY-
ESO-1.

in one aspect the invention provides a fusion protein comprising partially
truncated NY-ESO-1.

In one aspect the invention provides a fusion protein comprising truncated NY-
ESO-1.

In one aspect the invention provides a fusion protein comprising full length
LAGE-1.

In one aspect the invention provides a fusion protein comprising partially
truncated LAGE-1.

In one aspect the invention provides a fusion protein comprising truncated LAGE-

In one aspect the LAGE-1 employed in the invention is LAGE-1a.

In one aspect the LAGE-1 employed in the invention is LAGE-1b.

In one aspect of the invention the N-terminal of NY-ESO-1 is fused to the C-
terminal of the LAGE-1.

In one aspect of the invention the C-terminal of NY-ESO-1 is fused to the N-
terminal of the LAGE-1.

The immunogenicity of the fusion proteins of the invention may be further
increased andfor the production properties of the protein further improved by
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1/3 protein D 10-333bp Collagen |ike domain 334 402bp
NY- ESO- 1 334-729bp Linker 730-735bp LAGEla
736-1038bp His-tag 1039-1056bp Stop 1057-1059bp

SEQ I D NO TABLE 1 CONSTRUCT DESCRI PTI ON SEQUENCE
COVPONENTS 7 Enbodi ment C - Hybrid Coll trunc

NY- ESO- 1/ LAGEla WD coil with His-tag Collagen |ike

in%%irﬁiogi'o%%afﬁagment from a further heterologous antigen, for example protein D,
a surface protein of the gram-negative bacterium, Haemophilus influenza B. Further
information on immunologica! fusion partners derived from protein D can be obfained
from WO 91/18926.

The proteins for inclusion in a fusion partner of the present invention may be
chemically conjugated, or may be expressed as recombinant fusion proteins. In one
embodiment, the fusion protein is expressed as a recombinant fusion protein.

The further heterologous fusion partner may assist in providing T helper epitopes
(immunological fusion partner), or may assist in expressing the protein at higher yields
(expression enhancer). In one embodiment, the further heterologous fusion partner
may be both an immunological fusion partner and an expression enhancing partner.

fn one embodiment, the protein D or derivative thereof comprises about or
exactly the first 1/3 of the protein, for example about or exactly amino acids 1 to 109 of
protein D. In this embodiment, amino acids 2-Lys and/or 3-Thr of the native protein D
sequence may be substituted with the amino acids 2-Asp and/or 3-Pro. In a further
embodiment, the protein D or derivative thereof comprises or consists of about or
exactly amino acids 20 to 127 of protein D. In one embodiment, the protein D for use in
the present invention does not include the secretion sequence of the protein. Generally,
in fusion proteins of the presenf invention, the protein D derivative is not lipidated.

.In one embodiment, the protein D further comprises the amino acids Mef, Asp
and Pro, for example fused to the N-terminus of the protein D fragment (ie the construct
may comprise or consist of "MDP - 20-127 protein D"). It is thought these three
additional amino acids may aid the stability of the protein and/or increase the level of
the protein expression thereof.

in one aspect the invention provides a fusion protein in which the N-terminal
fragment (i.e the first third) of protein D (as described above) is fused to the N-terminus
of a fusion protein of the invention or an immunogenic fragment thereof. More
specifically, a fusion of protein D and the N-terminus of the fusion protein of the
invention may be effected such that the latter replaces the C-terminal-fragment of
protein D that has been excised. Thus the N-terminus of protein D becomes the N-
terminus of the fusion protein.

15



NY- ESO-1 1-133aa Linker 134-135aa LAGEla 136-236aa

Hi s-tag 237-242aa 8 Enbodinent D - amno acid
sequence 1/3 protein D/Hybrid Coll trunc

NY- ESO- 1/ LAGEl a WD coil with His-tag MDP initiation
sequence 1-3aa 1/3 protein D 4-111aa Collagen like
domai n 112-134aa NY-ESO- 1 112-243aa Linker 244-245aa

LAGEL# of ABreriSidRs rlidich bathe?é br fagMents thereof may be included in the

fusion protein of the invention, instead of or in addition to protein D, for example:

. the non-structural protein from influenzae virus, NS1 (haemagglutinin).
Typically, the N-terminal 81 amino acids may be used, although different fragments may
be used provided they include T-heiper epitopes;

- LytA derived from Streptococcus pneumoniae, which synthesize an N-
acetyl-L-alanine amidase LytA coded by the LytA gene (Gene, 43 (1986) page 265-272)
such as the repeat portion of the LytA molecule found in the C terminal end, for example
starting at residue 178 such as residues 188 - 305. In one embodiment, the
heterologous fusion partner is CLytA. In a further embodiment, the heterologous fusion
partner is CPC, a fusion protein comprising CLytA-P2-CLytA, as described in
WO03/104272. Purification of hybrid proteins containing the C-LytA fragment at its
amino terminus has been described in Biotechnology: 10, (1992) page 795-798.

Fusion proteins of the invention may further include an affinity tag, for example, a
histidine tail (also known as a his-tag) comprising between 1 to 10, for example & or 10
histidine residues. These residues may, for example, be on the terminal portion, such
as the N-terminal andfor the C-terminal portion of the protein. The affinity tag may be
incorporated to further improve the purification of the protein.

Certain specific fusion proteins of the invention may, for example, be constructed
as described in the Figures Each of the embodiments set forth in the Figures represent
independent aspects of the invention. Further examples of constructs of fusion proteins
according to the present invention are given in Tables 1-4 and in the Sequence Listing.

Nucleic Acids. The present invention also extends to the nucleic acids and
polynucleic acids, such as DNA, encoding for fusion proteins of the invention. The
processes of the invention may be performed by conventional recombinant techniques
such as described in Maniatis et al., Molecular Cloning - A Laboratory Manual; Cold
Spring Harbor, 1982-1989. In particular, a process may comprise the steps of:

)] preparing a replicable or integrating expression vector capable, in a host
cell, of expressing a DNA polymer comprising a nucleotide sequence that encodes the
fusion protein or an immunogenic derivative thereof,

ii) transforming a host cell with said vector;
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Hybrid NY-ESO-1/LACGEla w thout collagen |ike domain
and contiguous cystein rich region (8aa) 9 Enbodi nent
E - nucl eoti de sequence Hybrid NY-ESO-1/LAGEla WO coil
(codon optimsed) NY-ESO 1 1-306bp Linker 307-312bp
LAGEla 313-615bp His-tag 616-633bp Stop 634-636bp
SEQ I D NO TABLE 1 CONSTRUCT DESCRI PTI ON SEQUENCE

or o B e B e 45 G AR i Borsso
obpaid BiNFephlyvBRoipriducasaidpraeiguanrte 1-9bp 113 protein D
10- 3§)°>bp r!e\%'vgl%% aid protein.

The term 'transforming’ is used herein to mean the introduction of foreign DNA
into a2 host cell. This can be achieved, for example by transformation, transfection or
infection with an appropriate plasmid or viral vector using e.g. conventional techniques
as described in Genetic Engineering; Eds. S.M. Kingsman and A.J. Kingsman;
Blackwell Scientific Publications; Oxford, England, 1988. The term 'transformed' or
'transformant’ will hereafter apply to the resulting host cell containing and expressing the
foreign gene of interest. Expression vectors comprising nucleotide sequences encoding
fusion proteins of the present invention are novel and also form part of the invention.

The replicable expression vectors may be prepared in accordance with the
invention, by cleaving a vector compatible with the host cell to provide a finear DNA
segment having an intact replicon, and combining said linear segment with one or more
DNA molecules, which, together with said linear segment encode the desired product,
such as the DNA polymer encoding the protein of the invention, or derivative thereof,
under ligating conditions. Thus, the DNA polymer may be preformed or formed during
the construction of the vector, as desired.

The choice of vector will be determined in part by the host cell, which may be
prokaryotic or eukaryotic but are generally E. coli or CHO cells. Suitable vectors include
plasmids for example TMCP14 or pET21 or pET26, pcDNAS3, bacteriophages, cosmids
and recombinant viruses. In one embodiment in which expression is in baculovirus,
yeast or CHO host cells, one of the following vectors could be used: pEE14, pPICZA,
pPICZB, pPICZC, pDMT-DEST48 and pAcSG2. The preparation of the replicable
expression vector may be carried out conventionally with appropriate enzymes for
restriction, polymerisation and ligation of the DNA, by procedures described in, for
example, Maniatis et al. cited above.

The recombinant host cell is prepared, in accordance with the invention, by
transforming a host cell with a replicable expression vector of the invention under
transforming conditions. Suitable transforming conditions are conventional and are
described in, for example, Maniatis et al. cited above, or "DNA Cloning" Vol. I, D.M.
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334-636bp Li nker 637-642bp LAGEla 643-945bp Hi s-tag
946- 963bp Stop 964-966bp 11 Enbodinent E - amno acid
sequence Hybrid NY-ESO-1/LAGEla WO coil with Hi s-tag
NY- ESO- 1 1-102aa Linker 103-104aa LAGEla 105-205aa

Hi s-tag 206-21laa 12 Enbodi nent F - amno acid
sequence 1/ 3 protein D/ Hybrid NY-ESO-1/LAGEla WO coi l

GRveR b TRI Pleiia ] 1] Ao RiohnBdohtiboRt & Gtémined

1 112-212aa Li nker 1l4aa
by e IBEs gell. Hwist adagtedaldmshsuciyas k. colmayRfetreated with a “Solution of

chAFRRMMNatZPOPbMNLI Aldhd C8t., #4981 6832110) or with a solution comprising

a mixture of RbCI, MnCl,, potassium acetate and glycerol, and then with 3-[N-
morpholino]-propane-sulphonic acid, RbCl and glycerol. Mammalian cells in culture
may be transformed by calcium co-precipitation of the vector DNA onto the cells. The
invention also extends to a host cell transformed with a replicable expression vector of
the invention.

The DNA may be codon optimized by standard techniques to further facilitate
expression of the relevant host.

Culturing the transformed host cell under conditions permitting expression of the
DNA polymer is carried out conventionally, as described in, for example, Maniatis et al.
and "DNA Cloning” cited above. Thus, preferably the cell is supplied with nutrient and
cultured at a temperature below 50°C. The proteins of the present invention may be
expressed in prokaryotes or eukaryotes such as yeast but are often expressed in E.
coli. Particular strains of E. coli such as:

- AR58: a cryptic A lysogen derived from N99 that is gal E::Tn 10,A-8(chID-
pgl),A-H1({cro-chiA),N*, and cl857 (ref: Proc.Natl.Acad.Sci.USA vol82,pp.88-92,January
1985 Biochemistry)

" BLR (DE3) Novagen, WI, USA (catalogue number: 69053-4): BLR is a
recA” derivative of BL21, may be employed. Generally a selection marker of, for
example kanamycine resistance or ampicillin resistance is incorporated to facilitate
identification of the successful incorporation of the recombinant gene/construct into the
expression system.

The product is recovered by conventional methods according to the host cell and
according to the localisation of the expression product (intracellular or secreted into the
culture medium or into the cell periplasm). Thus, where the host cell is bacterial, such
as E. coli it may, for example, be lysed physically, chemically or enzymatically and the
protein product isolated from the resulting lysate. Where the host cell is mammalian,
the product may generally be isolated from the nutrient medium or from cell free
exiracts. Conventional protein isolation iechniques include selective precipitation,

18



Enbodi ment 0- nucl eoti de sequence Hybrid Coll

LAGEla/ NY-ESO-1 WO coil (codon optim sed) Coll agen

i ke domain of NY-ESO 1 1-210bp LAGEl a 211-540bp

Li nker 541-546bp NY-ESO 1 547-849bp Hi s-tag 850-867bp
St op 868-870bp SEQ I D NO. TABLE 1 CONSTRUCT

DESCRI PTI ON SEQUENCE COVPONENTS 14 1/3 protein

al4diyRin %h% todrASKTL AN - SR8 1cmnié@édra;6rﬁpdﬁbmdlng a monoclonal

opti1 m sed initiation sequence 1-9bp 1/3 protein D
aﬂ@@ﬁ@ﬁb“%‘l"l@@en | i ke domain of NY-ESO-1 334-540bp

ll:lAGEﬂﬁia Sroina /SRR bid3kRT indditioR 480 BroVitel<ihdr Solibid I 8iguid form
or Ilﬁ aa%ophlllsed form. The present invention also provides pharmaceutical

composition such as a vaccine comprising a fusion protein of the present invention and
a pharmaceutically acceptable excipient.

When administered, the therapeutic compositions of the present invention can be
administered in pharmaceutically acceptable preparations. Such preparations may
routinely contain pharmaceutically acceptable concentrations of salt, buffering agents,
preservatives, compatible carriers, supplementary immune potentiating agents such as
adjuvants and cytokines and optionally other therapeutic agents.

The amounts will depend, of course, on the particular condition being treated, the
severity of the condition, the individual patient parameters including age, physical
condition, size and weight, the duration of the treatment, the nature of concurrent
therapy (if any), the specific route of administration and like factors, within the
knowledge and expertise of the health practitioner. These factors are well known to
those of ordinary skill in the art and can be addressed with no more than routine
experimentation. It is generally preferred that a maximum dose of the individual
components or combinations thereof be used, that is, the highest safe dose according
to sound medical judgment. It will be understood by those of ordinary skill in the art,
however, that a patient may insist upon a lower dose or tolerable dose for medical
reasons, psychological reasons or for virtually any other reasons. It is generally
expected that each human dose will comprise 1 to 1000 pg of protein, and preferably 30
- 300 pg.

in one aspect the pharmaceutical compositions used to administer the fusion
proteins of the invention will be a vaccine. The vaccine may optionally contain one or
more other tumour-associated antigens, polypeptides andfor peptides. For example,
members belonging to the MAGE, LAGE and GAGE families.
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1180-1197bp Stop 1198-1200bp 15 Enbodi nent G - am no
aci d sequence Hybrid Coll LAGEla/ NY-ESO-1 WO coil with
H s-tag Coll agen |ike domain of NY-ESO 1 1-70aa LAGEla
71-180aa Linker 181-182aa NY-ESO 1 183-283aa His-tag
284-289aa 16 1/3 protein D/ Hybrid Coll LAGEla/ NY-ESO-1
WO coll with His-tag (encoded by SEQ I D NO 14) MOP

| ni t bahbnBiche BE AVCLSdH-BeAGEL 2R WAGE. Dirf-ohéléabodiment of the
Col I agen |i ke domain of NY-ESO- 1 112-180aa LAGEl a

PlEsenbIOYRIKOR {thREe IS RIgYided 8 LamReSiHAFAMBFIGE) 41 Afigen ggynponent
caPPrisi9g aanY-E8EQ! bPLNGE-TABlidenlor fusion protein as described herein and

(b) an antigen component comprising @ MAGE antigen or fusion protein. In one
embodiment, the composition may further comprise an adjuvant as described herein.

The MAGE antigen for use in the combination may comprise the full length
MAGE antigen. Alternatively, the MAGE antigen may comprise an immunogenic portion
of MAGE in which 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids may be deleted from
or substituted in the amino acid sequence. In one embodiment of the present invention,
2 amino acids may be deleted from the N-terminus of the MAGE sequence. In one
embodiment of the present invention in which the antigen is MAGE-A3 or an
immunogenic portion thereof, the sequence of MAGE-A3 may be from amino acid 3 to
314 of MAGE-A3.

In one embodiment of the present invention there is provided a composition
comprising an NY-ESO-1/LAGE-1 antigen and/or fusion protein as described herein and
a fusion protein comprising a MAGE-A3 antigen. In an alternative embodiment, the
fusion protein comprising the MAGE-A3 antigen comprises or consists of the MAGE-A3
antigen and a fusion partner protein comprising about or approximately or about the first
109 amino acids of protein D, in which one or two or more amino acids from protein D
are optionally substituted, and in which the signal sequence of protein D is optionally
present, in addition to the first 109 amino acids of protein D.

The fusion proteins of the present invention may additionally optionally comprise
one or more amino acids as “linkers” between the sequences of the antigen and the
fusion partners or fusion partner proteins or between the antigen and a His tail, if
present. The amino acids may be unrelated to the sequences of the antigen and/or
fusion partner.

Fusion proteins of the present invention, as described herein, may additionally
comprise amino acids Met-Asp-Pro at the N-terminal end of the fusion protein
sequence. The Met amino acid may be from the original protein D sequence or may be

from an unrelated sequence.
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CONSTRUCT DESCRI PTI ON SEQUENCE COMPONENTS Hybri d

Col | agen truncated LAGEla/ NY-ESO-1 wi thout collagen 17
Hybrid Coll trunc LAGEla/ NY-ESO-1 WO call (codon

opti mised) Collagen |like domain of NY-ESO 1 1-72bp

LAGEla 73-402bp Linker 403-408bp NY-ESO- 1 409-711 bp

Hi s-tag 712-729bp Stop 730-732bp 18 1/3 protein

D/ Hylrdn@ datbddirhéitNheloblidmdeNbf-F880h pV@eﬁu%dmdr@.mgq\nAGE-As and

optimsed) MDP initiation sequence 1- /3. pro
potain-Bisnise imepmaigatiensi gfdhelsragent Iavermvn E%s@imn in $20D Noge.

SEQ ID NO:98, from the N-terminus, comprises the following features:

Amino acids 1-18 signal sequence of Protein D including 1-Met and the
substitutions 2-Asp and 3-Pro for the native aa 2-Lys and 3-
Thr of protein D

Amino acids 19-127 inclusive of amino acids 20 to 127 of Protein D
Amino acids 128-129 unrelated amino acids Met-Asp at aa 128-129 to create a
cloning site

Amino acids 130-441 fragment of MAGE3 (amino acids 3-314 of MAGE3)
Amino acids 442-443 unrelated amino acids Gly-Gly
Amino acids 444-451 7 his tai

The present invention also extends to methods of preparing said vaccines/
compositions and to fusion proteins and vaccines/compositions obtained by or
obtainable by the methods described.

Vaccine preparation is generally described in Vaccine Design {"The subunit and
adjuvant approach" (eds. Powell M.F. & Newman M.J). (1995) Plenum Press New
York). Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877.

The fusion proteins of the present invention may be adjuvanted in a vaccine
formulation of the invention. Suitable adjuvants include an aluminium salt such as
aluminium hydroxide gel (alum) or aluminium phosphate, but may also be a salt of
calcium, iron or zinc, or may be an insoluble suspension of acylated tyrosine, or
acylated sugars, cationically or anionically derivatised polysaccharides, or
polyphosphazenes. Other known adjuvants include CpG containing oligonucleotides.
The oligonucleotides are characterised in that the CpG dinucleotide is unmethylated.
Such oligonucleotides are well known and are described in, for example WO 96/02555.

In the formulation of the inventions it may be desirable that the adjuvant
composition induces an immune response preferentially of the TH1 type. In one
embodiment there is provided an adjuvant system including, for example, a combination
of monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid A (3D-
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334 402bp LAGEla 403-732bp Linker 733-738bp

NY- ESO-1 739-1041 bp His-tag 1042-1059bp Stop

1060- 1062bp 19 Hybrid Coll trunc LAGEla/ NY-ESO-1 WO
coil wth Hi s-tag (encoded by SEQ ID NO 17) Col | agen
i ke domain of NY-ESO 1 1-24aa LACEla 25-134aa

Li nker 135-136aa NY-ESO-1 137-237aa His-tag

Nﬁ%@d’éﬁ& with an aluminium salt. CpG oligonucleotides may also induce a TH1
response and may also be included.

In one embodiment there is provided a composition comprising a fusion protein
as described herein and an adjuvant composition comprising the combination of a
monophosphoryl lipid A and a saponin derivative, particutarly the combination of Q821
and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition where the
QS21 is quenched with cholesterol as disclosed in WO 96/33739. One formulation that
may be used comprises QS21, 3D-MPL & tocopherol in, for example, an oil in water
emulsion is described in WO 95/17210. Another adjuvant formulation for use in the
present invention may comprise QS21, 3D-MPL & CpG or equivalent thereof, for
example, in an oil in water emulsion or as a liposomal formulation. Accordingly in one
embodiment of the present invention there is provided a vaccine comprising a fusion
protein of the invention and an adjuvant, for example as described above. The present
invention also extends to methods of preparing vaccines and compositions comprising
fusion proteins as described herein.

The present invention also contemplates delivery of nucleic acids, polypeptides
or peptides as described herein for vaccination. Delivery of polypeptides and peptides
can be accomplished according to standard vaccination protocols which are well known
in the art. In another embodiment, the delivery of nucleic acid may be accomplished by
ex vivo methods, i.e. by removing a cell from a subject, genetically engineering the cell
to include a cancer associated antigen, and reintroducing the engineered cell into the
subject. In general, this may involve introduction in vitro of a functional copy of a gene
into a cell(s) of a subject, and returning the genetically engineered cell(s) to the subject.
The functional copy of the gene is under operable control of regulatory elements, which
permit expression of the gene in the genetically engineered cell{s). Numerous
transfection and transduction techniques as well as appropriate expression vectors are
well known to those of ordinary skill in the art, some of which are described in PCT
application WO 95/00654. In vivo nucleic acid delivery using vectors such as viruses
and targeted liposomes also is contemplated according to the invention.

Abbreviations

CO collagen-like region
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SEQ I D NO TABLE 1 CONSTRUCT DESCRI PTI ON SEQUENCE
COVPONENTS 20 1/3 protein O/Hybrid Coll trunc

LAGEla/ NY-ESO-1 WO coil with His-tag (encoded by SEQ
ID NO 18) MDP initiation sequence 1-3aa 1/3 protein D
4-111aa Col |l agen |i ke domain of NY-ESO 1 112-134aa
LAGEla 135-244aa Linker 245-246aa NY-ESO 1 247-347aa
Hi s- W@cc?n48 3@3&%'&%@ bﬂ liké\dgle! RWitdgeh-tike tﬁbﬂhbmw
collagen i ke domain an conti guous cystein rich

regi BR1B8aa) Q'Pt@hﬁdﬁ$tﬁ'é'rﬂ E - nucleotide sequence
Hybrid LACGEla/ NY-ESO-1 WO coi | (tcodon opti m sed)
Exagpiesy emBotimgnisioh kusfonproteinssipg thenyaiotige segueneggpcoding
shne-dr@frodikida 6P PaResSi 8P

Table 1. Exemplary embodiments of fusion proteins and the nucleotide sequence
encoding same are provided. Each nucleotide sequence is described by subject matter,
identified by unique nuclectide sequence identifier (SEQ ID NO:), and set forth in the
sequence listing. Each fusion protein is described by subject matter, identified by
unique amino acid sequence identifier (SEQ [D NO:), and set forth in the sequence
listing.

SEQ TABLE 1 SEQUENCE
ID NO: CONSTRUCT DESCRIPTION COMPONENTS
Hybrid Collagen NY-ESO-1/LAGE1a without collagen
Embodiment A — nucleotide sequence
1 Hybrid Coll NY-ESO-1/LAGE1a WO coll (codon optimised)
Collagen like domain 1-210bp
NY-ESO-1 1-537bp
Linker 538-543bp
LAGE1a 544-846bp
His-tag 847-864bp
Stop 865-867bp
Embodiment B — nucleotide sequence 1/3 protein D/Hybrid Coll NY-
2 ESO-1/LAGE1a WO coll (codon optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
Collagen like domain 334-540bp
NY-ESO-1 334-8670bp
Linker 868-873bp
LAGE1a 874-1176bp
His-tag 1177-1194bp
Stop 1195-1197bp
Embodiment A — amino acid sequence
3 Hybrid Coll NY-ESO-1/LAGE1a WO coll with His-tag
Collagen like domain 1-70aa
NY-ESO-1 1-179aa
Linker 180-181aa
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637-639bp 22 1/3 protein D/ Hybrid LAGEla/ NY- ESO1 WO
coil (codon optimsed) MDP initiation sequence 1-9bp
1/ 3 protein D 10-333bp LAGEla 334-639bp Linker

640- 645bp NY-ESO- 1 646-948bp Hi s-tag 949-966bp Stop
967-969bp 23 Enbodi rent E' - am no acid sequence
Hybrid LAGEla/ NY-ESO-1 WO coil with Hi s-tag LACGEla

14%2& Cmker—104- 1uw bU-J. 1T06-206aa I%ﬁ NGE
207-212@aa SE RUCT DESC
Q SCHRIEN DESCR ENTS

S 1: r~r1\/|:>r1\| FAD Hybrid
LAGE1a/AGEEISD- 1WD coi |l with His-tag 182-282aa
His-tag 283-288aa

Embodiment B — amino acid sequence
4 1/3 protein D/Hybrid Coll NY-ESO-1/LAGE1a WO coll with His-tag

MDP initiation sequence 1-3aa

1/3 protein D 4-111aa
Collagen like domain 112-180aa
NY-ESO-1 112-289aa
Linker 290-291aa
LAGE1a 292-392aa
His-tag : 393-398aa

Hybrid Collagen truncated NY-ESO-1/LAGE1a without collagen

Embodiment C - Hybrid Coll trunc NY-ESO-1/LAGE1a WO coll
5 (codon optimised)

Collagen like domain 1-72bp
NY-ESO-1 1-399bp
Linker 400-405bp
LAGE1a 406-708bp
His-tag 709-726bp
Stop 727-728bp

Embodiment D — nucleotide sequence-- 1/3 protein D/Hybrid Coll
6 trunc NY-ESO-1/LAGE1a WO coll (codon optimised)

MDP initiation sequence 1-9bp

1/3 protein D 10-333bp
Collagen like domain 334-402bp
NY-ESO-1 334-729bp
Linker 730-735bp
LAGE1a 736-1038bp
His-tag 1039-1056bp
Stop 1057-1059bp
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(encoded by SEQ ID NO 22) MDP initiation sequence
1-3aa 1/3 protein D 4-11l1laa LAGEl a 112-213aa Linker
214-215aa NY-ESO-1 216-316aa His-tag 317-322aa Hi s
N-term nal Hybrid NY-ESO-1/Lagela w thout collagen and
conti guous cystein rich region (8aa) 25

Hi s- Ent er oki nase site- NY- ESO 1/ LAGEla (codon

te- I\I\(EEBOdm&_m(EiétIYPGdetmyc SCESO-NMAAGE) a WQ-coligwith
[0 Hi gilistag2aa Ent er oki nase site 13-24aa NY-ESO 1

o rsed)—Hisrtag—se —36bp Enterokina i

1 A g ST atE P SEGUERCE
S NG N os BobSrRi POESERIPTONC; S0P AGREONENTS
S
(

Collagen like domain 1-24aa
NY-ESO-1 1-133aa
Linker 134-135aa
LAGE1a 136-236aa
His-tag 237-242aa

Embodiment D — amino acid sequence
1/3 protein D/Hybrid Coll trunc NY-ESO-1/LAGE1a WO coll with His-
8 tag

MDP initiation sequence 1-3aa

1/3 protein D : 4-111aa
Collagen like domain 112-134aa
NY-ESO-1 112-243aa
Linker 244-245za
LAGE1a 246-346aa
His-tag 347-352aa

Hybrid NY-ESO-1/LAGE1a without collagen like domain and contiguous
cystein rich region (8aa)

Embodiment E — nucleotide sequence
9 Hybrid NY-ESO-1/LAGE1a WO coll {codon optimised)

NY-ESO-1 1-306bp

Linker 307-312bp
LAGE1a 313-615bp
His-tag 616-633bp
Stop 634-636bp
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25-125aa Li nker

126-127aa LAGEla 128-228aa 27

Hi s- NY- ESO- 1/ LAGEla (codon opti m sed) Hi s-tag sequence
1-21bp NY-ESO 1 22-324bp Linker 325-330bp LAGEla

331-633bp Stop 634-636bp SEQ I D NO TABLE
CONSTRUCT DESCRI PTI ON SEQUENCE COMPONENTS 28
Hi s- NY- ESO- 1/ LAGEla (encoded by SEQ ID NGO 26) His-tag

1

(GSI'Er.E)s) =7aa—NY=-ESO jI'A%_LiEO'Fdd trker—109- 113@6UENCE
ID NO: CONSTRUCT DESCRIPTION COMPONENTS
Embodiment F — nucleotide sequence
10 1/3 protein D/Hybrid NY-ESO-1/LAGE1a WO coll (codon optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
NY-ESO-1 334-636bp
Linker 637-642bp
LAGE1a 643-945bp
His-tag 946-963bp
Stop 964-966bp
Embodiment E — amino acid sequence
11 Hybrid NY-ESO-1/LAGE1a WO coll with His-tag
NY-ESO-1 1-102aa
Linker 103-104aa
LAGE1a 105-205aa
His-tag 206-211aa
Embodiment F — amino acid sequence
12 1/3 protein D/Hybrid NY-ESO-1/LAGE1a WO coll with His-tag
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
NY-ESO-1 112-212aa
Linker 213-214aa
LAGE1a 215-315aa
His-tag 316-321aa
Hybrid Collagen LAGE1a/NY-ESO-1 without collagen
Embodiment G — nucleotide sequence
13 Hybrid Coll LAGE1a/NY-ESO-1 WO coli (codon optimised)
Collagen like domain of NY-ESO-1 1-210bp
LAGE1a 211-540bp
Linker 541-546bp
NY-ESO-1 547-84%bp
His-tag 850-867bp
Stop 868-870bp
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LAGEla 111-21laa His-N-termnal Hybrid Coll agen
truncated NY-ESO 1/ LACGEla wi thout collagen 29

Hi s- Ent er oki nase site-Coll

(codon optim sed) His-tag sequence 1-36bp
Ent er oki nase site 37-72bp Coll agen Ii ke domain
73-141bp NY-ESO-1 73-468bp Linker 469-474bp LACEla

4_Il_ 272

=7 fbp—Stop—778-78 30— Hs-Enterokina
E& [l trunc-NY ?_h'%ﬁ {.Em:oded by
§:C His-t ancw - .-P

Si

—2=0o =Zonl

t runc- NY- ESO- 1/ LAGEla

SE,
EHMPONENTS

1/3 protein D/Hybrid Coll LAGE1a/NY-ESO-1 WO coll (codon

14 optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
Collagen like domain of NY-ESO-1 334-5400p
LAGE1a 541-870bp
Linker 871-876bp
NY-ESO-1 877-117%bp
His-tag 1180-1197bp
Stop 1198-1200bp

Embodiment G — amino acid sequence

15 Hybrid Coll LAGE1a/NY-ESO-1 WO coll with His-tag
Collagen like domain of NY-ESO-1 1-70aa
LAGE1a 71-180aa
Linker 181-182aa
NY-ESO-1 183-283aa
His-tag 284-289aa

1/3 protein D/Hybrid Coll LAGE1a/NY-ESO-1 WO coll with His-tag

16 (encoded by SEQ ID NO:14)
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
Collagen like domain of NY-ESO-1 112-180aa
LAGE1a 181-290aa
Linker 291-292aa
NY-ESO-1 293-393aa
His-tag 394-39%aa
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Ent er oki nase site 13-24aa Collagen Iike domain

25-47aa NY-ESO 1 25-156aa Linker 157-158aa LACEl a
159-259aa 31 His-Coll trunc-NY-ESO-1/LAGEla (codon
opti m sed) His-tag sequence 1-21 bp Collagen |ike
domai n 22-90bp NY-ESO 1 22-417bp Linker 418-423bp
LAGEla 424-726bp Stop 727-729bp
SEQ TABLE 1 SEQUENCE
ID NO: CONSTRUCT DESCRIPTION COMPONENTS
Hybrid Collagen truncated LAGE1a/NY-ESO-1 without collagen
17 Hybrid Coll trunc LAGE1a/NY-ESO-1 WO coll {codon optimised)
Collagen like domain of NY-ESO-1 1-72bp
LAGE1a 73-402bp
Linker 403-408bp
NY-ESO-1 409-711bp
His-tag 712-729bp
Stop 730-732bp
1/3 protein D/Hybrid Coll trunc LAGE1a/NY-ESO-1 WO coll {codon
18 optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
Collagen like domain of NY-ESO-1 334-402bp
LAGE1a 403-732bp
Linker 733-738bp
NY-ESO-1 739-1041bp
His-tag 1042-1059bp
Stop 1060-1062bp
Hybrid Coll trunc LAGE1a/NY-ESO-1 WO coll with His-tag (encoded
19 by SEQ'ID NO:17)
Collagen like domain of NY-ESO-1 1-24aa
LAGE1a 25-134aa
Linker 135-136aa
NY-ESO-1 137-237aa
His-tag 238-243aa
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SEQ I D NO TABLE 1 CONSTRUCT DESCRI PTI ON SEQUENCE
COVPONENTS 32 Hi s-Coll trunc-NY-ESO-1/LAGEla (encoded
by SEQ ID NO 31) His-tag (6 His) 1-7aa Coll agen I|ike
domai n 8-30aa NY-ESO- 1 31-139aa Linker 140-14laa
LAGEla 142-242aa His N-ternminal Hybrid collagen

NY- ESO- 1/ LAGEI a w thout coll agen i ke domain 33

H

IIL 1 UKI ITadSt© DI LU' I I\ Y ED
AR T
3= 7 Coll age 10} ’m NY- ESO
78- 606bﬁ3 lirotedn DB@MMQ@WMAGILP&W‘Q—@Qﬂ WQpoll with His-
9[- 918tag (edcoded by SEQ ID NO:18})
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
Collagen like domain of NY-ESO-1 112-134aa
LAGE1a 135-244aa
Linker 245-246aa
NY-ESO-1 247-347aa
His-tag 348-353aa

cystein rich region (8aa)

Hybrid LAGE1a/NY-ESO-1 without collagen like domain and contiguous

Embodiment E' — nucleotide sequence

21 Hybrid LAGE1a/NY-ESO-1 WO coll (codon optimised)
LAGE1a 1-309bp
Linker 310-315bp
NY-ESO-1 316-618bp
His-tag 619-636bp
Stop 637-63%bp

22 1/3 protein D/Hybrid LAGE1a/NY-ESO1 WO coll (codon optimised)
MDRP initiation sequence 1-9bp
1/3 protein D 10-333bp
LAGE1a 334-639bp
Linker 640-645bp
NY-ESO-1 646-248bp
His-tag 949-966bp
Stop 967-969bp

Embodiment E' — amino acid sequence

23 Hybrid LAGE1a/NY-ESO-1 WO coll with His-tag
LAGE1a 1-103aa
Linker 104-105aa
NY-ESO-1 106-206aa
His-tag 207-212aa
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Hi s- Ent er oki nase site-Col|-NY-ESO-1/LAGEla (encoded by
SEQ ID NGO 33) His-tag (10 Hi s) 1-12aa Enterokinase
site 13-24aa Collagen |ike domai n 25-93aa NY-ESO 1

25-202aa Li nker

203- 204aa LAGEla 205- 305aa 3

5

Hi s- Col | - NY- ESO- 1/ LAGEla (codon optim sed) His-tag
sequence 1-21 bp Cbllagen i ke domain 22-228bp

=,

o0 —rrl

r- O11—22-555bp Linker, -561bp LAGEIa 562 CABENCE
St Qq_lﬁe,i, 807 2‘; _ E}JE; =SERIPTION CO\ISTRUCTC(%M%E(})NENTS
Hi s Col ?S%ﬁngétg%ﬂg% Lzegrﬁﬂ@d\%Ew BEWQ rqllowith His-tag

MDP initiation sequence 1-3aa

1/3 protein D 4-111aa
LAGE1a 112-213aa
Linker 214-215aa
NY-ESO-1 216-316aa
His-tag 317-3223a

His N-terminal Hybrid NY-ESO-1/Lage1a without collagen and contiguous
cystein rich region (8aa)

25 His-Enterokinase site-NY-ESO-1/LAGE1a (codon optimised)

His-tag sequence 1-36bp

Enterokinase site 37-72bp

NY-ESO-1 73-375bp

Linker 376-381bp

LAGE1a 382-684bp

Stop 685-687bp
His-Enterokinase site-NY-ESO-1/LAGE1a {encoded by SEQ ID

26 NO:25)

His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
NY-ESO-1 25-125aa
Linker 126-127aa
LAGE1a 128-228aa

27 His-NY-ESO-1/LAGE1a (codon optimised)

His-tag sequence 1-21bp
NY-ESO-1 22-324bp
Linker 325-330bp
LAGE1a 331-633bp
Sitop 634-636bp
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H s-tag (6 Hs) 1-7aa Col |l agen |i ke domain 8-76aa

NY- ESO- 1 77-185aa Linker 186-187aa LACEla 188-288aa

H s-N-term nal Hybrid Lagela/ NY-ESO-1 without collagen
and contiguous cystein rich region (8aa) 37

Hi s- Ent er oki nase site-LAGEla/ NY-ESO-1 (codon
optlnlsed) H s-tag sequence 1- 36bp Ent er oki nase site

— =0 070}

3 FAGETa73-378b 379-384bp NY- I:bééd
UENCE
38 E 7/lbp Stop - ﬁ r oki nase
S RBLLR, SLop 885 REFRIE 0 3% LEQMPONENTS
(128 Hi SHiS-NYSESOTAAGEIA eacedad by SER IMNR:26AGE1a
2%- 126afs-tdgeMis)l27- 128aa 1-7aa
NY-ESO-1 8-108aa
Linker 109-110aa
LAGE1a 111-211aa
His-N-terminal Hybrid Collagen truncated NY-ESO-1/ LAGE1a without
collagen

His-Enterckinase site-Coll trunc-NY-ESO-1/LAGE1a (codon
29 optimised)

His-tag sequence 1-36bp
Enterokinase site 37-72bp
Collagen like domain 73-141bp
NY-ESC-1 73-468bp
Linker 469-474bp
LAGE1a 475-777hp
Stop 778-780bp

His-Enterckinase site-Coll trunc-NY-ESO-1/LAGE1a (encoded by
30 SEQ ID NO:29)

His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
Collagen like domain 25-47aa
NY-ESO-1 25-156aa
Linker 157-158aa
LAGE1a 159-259aa
31 His-Col trunc-NY-ESO-1/LAGE1a (codon optimised)
His-tag sequence 1-21bp
Collagen like domain 22-90bp
NY-ESO-1 22-417bp
Linker 418-423bp
LAGE1a 424-726bp
Stop 727-729bp
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NY- ESO- 1 129-229aa 39 Hi s- LAGEla/ NY-ESO-1 (codon
optim sed) Hi s-tag sequence 1-21bp LAGEla 22-327bp

Li nker 328-333bp NY-ESO 1 334-636bp Stop 637-639bp
SEQ I D NO TABLE 1 CONSTRUCT DESCRI PTI ON SEQUENCE
COVPONENTS 40 Hi s- LAGEla/ NY-ESO-1 (encoded by SEQ ID
NO 39) His-tag (6 His) 1-7aa LAGEla 8-109aa Linker

UEedtioe MBS0 at e3p SEQUENGE
iD NO: CONSTRUCT DESCRIPTION COMPONENTS
32 His-Coll trunc-NY-ESO-1/LAGE1a (encoded by SEQ ID NO:31)

His-tag (6 His) 1-7aa
Collagen like domain 8-30aa
NY-ESO-1 31-139%aa
Linker 140-141aa
LAGE1a 142-242aa
His N-terminal Hybrid collagen NY-ESO-1/LAGE1a without collagen like
domain
33 His-Enterokinase site-Coll-NY-ESO-1/LAGE1a (codon optimised)
His-tag sequence 1-36bp
Enterokinase site 37-72bp
Collagen like domain 73-279bp
NY-ESO-1 73-606bp
Linker 607-612bp
LAGE1a 613-915bp
Stop . 916-918bp

His-Enterokinase site-Coll-NY-ESO-1/LAGE1a (encoded by SEQ ID
34 NO:33)

His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
Collagen like domain 25-93aa
NY-ESO-1 25-202aa
Linker 203-204aa
LAGE1a 205-305aa
35 His-Coll-NY-ESO-1/LAGE1a (codon optimised)
His-tag sequence 1-21bp
Collagen like domain 22-228bp
NY-ESQO-1 22-555bp
Linker 556-561bp
LAGE1a - 562-864bp
Stop 865-867bp
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Hi s- N-t erm nal

Hybrid Col | agen truncated

LAGEla/ NY- ESO-1 without collagen 41 His-Enterokinase

si te-Col |

trunc- LAGEla/ NY- ESO-1 (codon opti m.sed)

Hi s-tag sequence 1-36bp Enterokinase site 37-72bp

Col I agen |i ke domain of NY-ESO- 1 73-141bp

LAGEla

142-471bp  Linker 472- 477bp NY- ESO- 1 478-780bp St op

70 = "ZE;EIL/ NQI s=Ente e sTte=-Cott EQUENCE
LTt QFB?%@&LI ‘ E%?%APYIQEEQ D 0 Hameonents
Cp3d age His-C ai-NYoEGOH /AGEYa Epooded by SEQ ID NO 35)
His-tag (6 His) 1-7aa
Collagen like domain 8-76aa
NY-ESO-1 77-185aa
Linker 186-187aa
LAGE1a 188-288aa

cystein rich region (8aa)

His-N-terminal Hybrid Lage1a/NY-ESO-1 without collagen and contiguous

37 His-Enterokinase site-LAGE1a/NY-ESO-1 (codon optimised)
His-tag sequence 1-36bp
Enterokinase site 37-72bp
LAGE1a 73-378bp
Linker 379-384bp
NY-ESO-1 385-687bp
Stop 688-690bp

His-Enterokinase site-LAGE1a/NY-ESO-1 (encoded by SEQ ID

38 NO:37)

His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
LAGE1a 25-126aa
Linker 127-128aa
NY-ESO-1 129-229aa

39 His-LAGE1a/NY-ESO-1 {codon optimised)

His-tag sequence 1-21bp
LAGE1a 22-327bp
Linker 328-333bp
NY-ESO-1 334-636bp
Stop 637-63%bp
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25-47aa
160- 260aa 43 His-Coll
opti m sed)

LAGEla 48-157aa Linker 158-159aa

NY- ESO- 1

t runc- LAGEla/ NY- ESO- 1 (codon
H s-tag sequence 1-21bp Collagen like

domai n of NY-ESO 1 22-90bp LAGEla 91-420bp Linker
421-426bp NY-ESO 1 427-729bp Stop 730- 732bp SEQ ID
NO TABLE 1 CONSTRUCT DESCRI PTI ON
SEQ TABLE 1 SEQUENCE
ID NO: CONSTRUCT DESCRIPTION COMPONENTS
40 His-LAGE1a/NY-ESO-1 (encoded by SEQ ID NO:39)
His-tag (6 His) 1-7aa
LAGE1a 8-109aa
Linker 110-111aa
NY-ESO-1 112-212aa
His-N-terminal Hybrid Collagen truncated LAGE1a/NY-ESC-1 without
collagen
His-Enterokinase site-Coll trunc-LAGE1a/NY-ESO-1 (codon
41 optimised)
His-tag sequence 1-36bp
Enterokinase site 37-72bp
Collagen like domain of NY-ESO-1 73-141bp
LAGE1a 142-471bp
Linker 472-477bp
NY-ESO-1 478-780bp
Stop 781-783bp
His-Enterokinase site-Coll trunc-LAGE1a/NY-ESO-1 (encoded by
42 SEQ ID NO:41)
His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
Collagen like domain of NY-ESO-1 25-47aa
LAGE1a 48-157aa
Linker 168-159aa
NY-ESO-1 160-260aa
43 His-Coll trunc-LAGE1a/NY-ESO-1 (codon optimised)
His-tag sequence 1-21bp
Collagen like domain of NY-ESO-1 22-90bp
LAGE1a 91-420bp
Linker 421-426bp
NY-ESO-1 427-729bp
Stop 730-732bp
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SEQUENCE COVPONENTS 44 Hi s- Col |

trunc- LAGEla/ NY- ESO- 1

(encoded by SEQ ID NO 43) His-tag (6 Hs) 1-7aa
Col | agen Ii ke donmain of NY-ESO 1 8-30aa LAGEla

31-140aa Li nker
N-t er m nal

coI I agen i ke domain 45 Hi s-Enteroki nase

- 141- 142aa NY-ESO 1 143-243aa Hi s
Hybrid col | agen LACGEla/ NY- ESO-1 w t hout

Si

S
| i

D

ffige 1- 3500 ey

codon opti i sed)

Cott=1AGETar NY- I:blll .55

Sl iy IS [

H SEQGENCE
NENTS

6

\PAYEVA V] V)

Lidker Bmcelwypcmw@ﬁ@ des@'&g SR IB N3G
Hi S- Enty@g@@ugm site-Col | - LAGEla/ NY- ESO- 1 (|erraeded by
SEQ MO dhgen ik dBmativbr Ny2ESDS T~ 1238 ENTETOklgiase
LAGE1a 31-140aa
Linker 141-142aa
NY-ESO-1 143-243aa
His N-terminal Hybrid collagen LAGE1 a/NY-ESO-1 without collagen like
domain
45 His-Enterokinase site-Coll-LAGE1a/NY-ESO-1 (codon optimised)
His-tag sequence 1-36bp
Enterokinase site 37-72bp
Collagen like domain of NY-ESO-1 73-279bp
LAGE1a 280-609bp
Linker 610-615bp
NY-ESO-1 616-918bp
Stop 919-921bp
His-Enterokinase site-Coll-LAGE1a/NY-ESO-1 (encoded by SEQ ID
46 NO:45)
His-tag (10 His) 1-12aa
Enterokinase site 13-24aa
Collagen like domain of NY-ESO-1 25-93aa
LAGE1a 94-203aa
Linker 204-205aa
NY-ESO-1 206-306aa
47 His-Coll-LAGE1a/NY-ESO-1 (codon optimised)
His-tag sequence 1-21bp
Collagen like domain of NY-ESO-1 22-228bp
LAGE1a 229-558bp
Linker 559-564bp
NY-ESO-1 565-867bp
Stop 868-870bp
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13- 24aa Col | agen |i ke domain of NY-ESO 1 25-93aa
LAGEla 94-203aa Linker 204-205aa NY-ESO 1 206- 306aa 47
Hi s- Col | - LAGEla/ NY- ESO-1 (codon optim sed) His-tag
sequence 1-21 bp Coll agen |ike domai n of NY-ESO 1
22-228bp LACEla 229-558bp Linker 559-564bp NY-ESO 1
565- 867bp Stop 868- 870bp SEQ ID NO TABLE 1

A ICTDRLICTF e
N

WCT DESCRIHPTIHON IENCE bUVI-’U\H:I\lIb 4 ENCE
HIERolll - LAGELa) :lﬂté[ ed hy SEO | D @%
H-%E& (611 o CONSTRUGT PESERTET ol i NENTS

8l4B5aa |HRAEOU-LAGE1a/NY-ESO-1 (encoded by SEQ ID NO:47)

His-tag {6 His) 1-7aa
Coallagen like domain of NY-ESO-1 8-76aa
LAGE1a 77-186aa
Linker 187-188aa
NY-ESO-1 189-28%aa

Table 2. Additional exemplary embodiments of fusion proteins and the nucleotide
sequences encoding same are provided. Each nucieotide sequence is described by
subject matter, identified by unique nucieotide sequence identifier (SEQ ID NQ:), and
set forth in the sequence listing. Each fusion protein is described by subject matter,
identified by unique amino acid sequence identifier (SEQ ID NO:), and set forth in the

sequence listing.
SEQ TABLE 2. SEQUENCE
ID NO: CONSTRUCT DESCRIPTION COMPONENTS
Partially truncated collagen NY-ESO-1

50 Coll trunc NY-ESO-1 (codon optimised)
Collagen like domain 1-72bp
NY-ESO-1 1-399bp
His-tag 400-417bp
Stop 418-420bp

51 Coll trunc NY-ESO-1 with His-tag (encoded by SEQ D NO:50)
Collagen like domain 1-24aa
NY-ESO-1 1-133aa
His-tag 134-130aa

52 1/3 protein D/Coll trunc NY-ESO-1 (codon optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
Coliagen like domain 334-402bp
NY-ESO-1 334-729bp
His-tag 730-747bp
Stop 748-750bp
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77-186aa Li nker

187-188aa NY-ESO-1 189-289aa

SEQ I D

NO TABLE 2. CONSTRUCT DESCRI PTI ON SEQUENCE COVPONENTS

53 1/ 3 protein D Coll

trunc NY-ESO-1 with Hi

s-tag

(encoded by SEQ ID NO 52) MDP initiation sequence
1-3aa 1/3 protein D 4-111aa Col | agen |i ke domain
112-134aa NY-ESO-1 112-243aa His-tag 244-249aa

Né FSOT+—Wo—coil NYZ WO Toit—(codon U et
S N S
NGIB4) |NS-gFES®i D/Coll trunc NY- ESO-1 wnth Hls-tag (encoded by SEQ ID
NO:52)
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
Collagen like domain 112-134aa
NY-ESO-1 112-243aa
His-tag 244-249aa
NY-ESO-1 WO coll
54 NY-ESO-1 WO coll (codon optimised)
NY-ESO-1 1-306bp
His-tag 307-324bp
Stop 325-327bp
55 NY-ESO-1 WO coll with His-tag (encoded by SEQ ID NO:54)
NY-ESO-1 1-102aa
His-tag 103-108aa
56 1/3 protein D/NY-ESO-1 WO coll (codon optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
NY-ESO-1 334-636bp
His-tag 637-654bp
Stop 655-657bp
57 1/3 protein DINY-ESO-1 WO coll with His-tag (encoded by SEQ 1D
NO:56)
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
NY-ESO-1 112-212aa
His-tag 213-218aa
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1-102aa Hi s-tag 103-108aa 56 1/3 protein D/ NY-ESO-1 WO
coil (codon optimsed) MDP initiation sequence 1-9bp
1/ 3 protein D 10-333bp NY-ESO 1 334-636bp Hi s-tag

637- 654bp Stop 655-657bp 57 113 protein D/ NY-ESO 1 WO
coil with Hs-tag (encoded by SEQ I D NO 56) MDP

initiation sequence 1- 3aa 1/3 protein D 4-11laa
T f¢ Eﬁ?ﬁtﬂﬂgﬁggé eﬁm@&dl%égft'széfsﬁélon ﬁé@ﬁs' EhdNéhe nucleotide
3 &lé@t.a@%eau&ﬁbl.@aﬁmeﬂ &)
aAgeALh #,418R Hr&idinLidEestribed BySuject matter,

Qlenble is described by
ID NC:), and
%% n
5 [o%ﬂ e"i'igc‘ﬁﬁu E@ H%Bécfb sequence identifier (SEQ ID NO:), and set forth in the

guence listing.
SEQ TABLE 3 SEQUENCE
ID NO: DESCRIPTION COMPONENTS
Hybrid Collagen LAGE-1a without LAGE-1a collagen-like domain
59 Hybrid Coll LAGE-1a WO coll (codon optimised)
Collagen like domain of NY-ESO-1 1-210bp
LAGE-1a 211-540bp
His-tag 541-558bp
Stop 559-561bp
60 Hybrid Coll LAGE-1a WO coll with His-tag (encoded by SEQ 1D
NO:59)
Collagen like domain of NY-ESO-1 1-70aa
LAGE-1a 71-180aa
His-tag 181-186aa
61 1/3 protein D/Hybrid Coll LAGE-1a WO coll with His-tag (codon
optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
Collagen like domain of NY-ESO-1 334-540bp
LAGE-1a 541-870bp
His-tag 871-888bp
Siop 889-891bp
62 1/3 protein D/Hybrid Coll LAGE-1a WO coll with His-tag (encoded
by SEQ 1D NO:61)
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
Collagen like domain of NY-ESO-1 112-180aa
LAGE-1a 181-290aa
His-tag 291-296aa
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Col I agen |i ke domain of NY-ESO-1 1-72bp LAGE-1la
73-402bp Hi s-tag 403-420bp Stop 421-423bp 64 Hybrid
Coll trunc LACE-la WD coil with His-tag (encoded by
SEQ I D NO 63) Col |l agen |i ke domain of NY-ESO 1 1-24aa
LAGE-1a 25-134aa His-tag 135-140aa 65 1/3 protein

D/Hybrid Coll trunc LACE-la WO coil

wth H s-tag

33 hnIA(?F-IaA

(¢ %: mioptinised) VDP LE on seguence 1-]9t U N

CE
f D 10-333b %ﬁ%ﬁ e donai n of N D%%
p%g A P NeamPoNENTS

I c‘- tan 733. 760HPn

A =4

751- 756bpdamiagen puscated IAGE e withiaticollagent-ikengempin

Vg 0i || Hgbiil ddilageR fruheaeadods b a SAM JuDcbifaddn-likdfomain

| nrtTat (ﬂwgﬁ( 2d Ca}ﬂg‘w'gg'i pr oternm D4- ll+%bp
LAGE-1a 73-402bp
His-tag 403-420bp
Stop 421-423bp

64 Hybrid Coll trunc LAGE-1a WO coll with His-tag (encoded by SEQ
ID NO:63)

Collagen like domain of NY-ESO-1 1-24aa
LAGE-1a 25-134aa
His-tag 135-140aa

(codon optimised)

65 1/3 protein D/Hybrid Coll trunc LAGE-1a WO coll with His-tag

MDP initiation sequence 1-8bp

1/3 protein D 10-333bp
Collagen fike domain of NY-ESO-1 334-402bp
LAGE-1a 403-732bp
His-tag 733-750bp
Stop 751-753bp

(encoded by SEQ ID NO:65)

66 1/3 protein D/Hybrid Coll trunc LAGE-1a WO coll with His-tag

MDP initiation sequence 1-3aa

1/3 protein D 4-111aa
Collagen like domain of NY-ESO-1 112-134aa
LAGE-1a 135-244aa
His-tag 245-250aa

LAGE-1a without collagen like domain and contiguous cystein rich region

(8aa)
67 LAGE-1a WO coll (codon optimised)
LAGE-1a 1-309bp
His-tag 310-327bp
Stop 328-330bp
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112- 134aa LACGE-la 135-244aa Hi s-tag 245-250aa LACE-|a
W t hout collagen |ike domain and conti guous cystein
rich region (8aa) 67 LACE-la WD coil (codon optim sed)
LAGE-l a 1-309bp His-tag 310-327bp Stop 328-330bp SEQ
ID NO TABLE 3 DESCRI PTI ON SEQUENCE COVPONENTS 68
LAGE-la WO coil with Hi s-tag (encoded by SEQ I D NG 67)

L { —t+a1-103aa Hs-ta ‘é’” T09aa 69 173 pr UE
L 6o et o, o SRR
3368 639hAGE- -1a WO coll with His-tag (encoded by SEQ ID NO:67)
LAGE-1a 1-103aa
His-tag 104-108%aa
69  [1/3 protein D/LAGE-1a WO coll (codon optimised)
MDP initiation sequence 1-9bp
1/3 protein D 10-333bp
LAGE-1a 334-639bp
His-tag 640-657bp
Stop 6578-660bp
70 1/3 protein D/ILAGE-1a WO coll with His-tag (encoded by SEQ ID
NO: 69)
MDP initiation sequence 1-3aa
1/3 protein D 4-111aa
LAGE-1a 112-213aa
His-tag 214-219aa

Table 4. The fusion proteins discussed in the Examples and the nucleotide sequences
encoding same are provided. Each nucleotide sequence is described by subject matter,
identified by unique nucleotide sequence identifier (SEQ 1D NO:), and set forth in the
sequence listing. Each fusion protein is described by subject matter, identified by
unique amino acid sequence identifier {SEQ ID NO:), and set forth in the sequence
listing.

TABLE 4
NUCLEOTIDE AMINO ACID
CONSTRUCT NAME SEQUENCE SEQUENCE

LVL020 SEQ ID NO:72 SEQ ID NO:73
LVL024 SEQ ID NO:74 SEQ ID NO:75
LVLO26 SEQ ID NO:76 SEQ ID NO:77
LVLO30 SEQ ID NO:78 SEQ ID NO:79
LVLO068 SEQ ID NO:80 SEQ ID NO:81
LVLO76 SEQ ID NO:82 SEQ ID NO:83
LVLO78 SEQ 1D NO:84 SEQ ID NO:85
LVLO79 SEQ ID NO:86 SEQ D NO:87
LVL106 SEQ ID NO:88 SEQ ID NO:89
LVL151 SEQ ID NO:90 SEQ ID NO:91
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H s-tag 640-657bp Stop 6578-660bp 70 1/3 protein
D) LAGE-1la WD coil with His-tag (encoded by SEQ I D NO:
69) MDP initiation sequence 1-3aa 1/3 protein D
4-111aa LAGE-la 112-213aa His-tag 214-219aa Table 4.
The fusion proteins discussed in the Exanples and the
nucl eoti de sequences encodlng same are provided. Each

nygcteotide SEQUETICE s de $ E' Dy SUDJ ect matter,
i dentified by unique nucle p seguence identifier

(‘>EQ ID NO ), and set f NUELERTIDR 5sd uencPéWNOsAC@
1CICON%TW1CEMI\¢En i s dSRQAUBMAEDY subJ ect SERYENCE

dentifip@d % uni que am g]ggqt[glm) ggquence i ggmt[DfN@igg

i
(BEQ D NG and—sgt—f SEqUETIC
TABLE 4 B SBrUCT NAMVE m%%@&bfﬁ X SEQ FI\I(‘FEE | Q,Qpn
SEQUENCELYM5T55 SEQ|I D NEEQIDSKTES D NG 93 BLIBNGED
ID NO 94 SEQ I D NO 95 LVL157 SEQ | D NGO 96

As will be evident from the sequence listing, many of the constructs of Table 4
have similar designs to one or more embodiment set forth in the preceding tables. For
example, LVLOG8 shares the same design as the embodiment set forth as SEQ ID
NO:45, Table 1. LVL076 shares the same design as the embodiment set forth as SEQ
ID NO:25, Table 1. LVLO78 shares the same design as the embodiment set forth as
SEQ ID NO:33, Table 1. LVL0O79 shares the same design as the embodiment set forth
as SEQ ID NO:37, Table 1.

In addition, several of the fusion protein constructs set forth in Table 4, namely
L VL1565, LVL106, LVL156, LVL157, LVL151, were generated by routine modifications of
other fusion protein sequences set forth in Table 4, namely LVL068, LVL030, LVLO76,
LVLO78, LVL024, respectively. Such modifications include the removal of the amino
acid residues between protein D and the beginning of the chimers (i.e., the portion
derived from either of NY-ESO-1 and LAGE-1) and the removal of the amino acids
between the his-tag and the beginning of the chimer. Thus, certain of the fusion
proteins of Table 4 correspond closely to other fusion proteins in Table 4. The
correspondence between these fusion proteins is set forth in Table 5 and described in

greater detail in Example 4.
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SEQ I D NG 97 As wll be evident fromthe
sequence |isting, many of the constructs of Table 4
have sini|ar designs to one or nore enbodi ment set
forth in the preceding tables. For exanple, LVLO68
shares the sane design as the enbodi nent set forth as
SEQID 5 NO 45, Table 1. LVLO76 shares the sane design

W@@ é %%% e‘{\%erf Ed“saaﬁvé%@ LAL0¥8, 5107ERbYE0d4 and the
%%,'E) bI e f%ﬂ{;/ 079.shares the sane
design as the errbodl MLBM forth as SEQ I D NG 37,

%f (1om, Several oTEGSN BROYEWT ot ei 0
,.1<2H§?€Ag§it [ CORRESPOIR Fo  GBREYRUCTVL 155,

(o

L VS EvVELST W&ﬂ by
routine rrdé-fliofaéau ons of ot her f'u l'r1 protein

Y

L

(

pquences 18&036orth in [Table 4, IM&M®By LVL068,| LVLO3O0,
VCO70, L\{_L\;L(ﬁ LVLUZ4 respectlll\_/\;q_%ﬁ Such

vdi-f-ecati+ons—tnhelude—the-rerpval—of—the——antn acid

r esi dues UefbéBn protein D and tYW¥-¥&gi nning df the
chi mers (iL\LO24t he port] on der i vedLf&1om ei t her| of
NY-ESO- T and LCAGE-1I) and the renoval of the anmino
acids 5 between the his-tag and the beginning of the
chimer. Thus, certain of E’g@/‘ PLE?P on proteins of Table

Eﬁa:ﬁgfefﬁwmmfe‘:h%&)c)br&t@m%a@h afnb'%)lrélﬂbcﬁcﬁrpt eins in Tab! e
4 he corres%on ence between these fu ei ns

sét $evierd NYTEFOh 1/ EAGEA NSPORIPIERSVETR g;gfe withand \fwthout the

cblﬂa EXamR! Gorhain, TaHdl ith- ak®rwigtRONEENER Retvisgn dtvgbra@& D as
LVCO030, LVLO76. LVLO78, LVL024 and the nodifie

suymegzed iy igge ({1156 feraner Comtmss WL gotn optimized for

ektfebsidh PROTE Nefidis TERUCT CORRESHENES Tteh EUﬁla@\l EBMEbBl from
TRUCT LVLO68 1LVL155 LVI030 LVL106 CE)VL g;p%l
|p backbone

oliapng 7igotideg  apgifer |RER prpducty 1151¢ TragaDbives

(.thﬁ]e %ﬂiﬂrdr@ PP RIS Sit€ Wl d':eﬂidmmtdffmjel and Xhot sites in
Sever al ESO- 1/ LAGE-1 fusion Fr ot ej ,‘?Bf wer e desi gned

the 7' 1ene ARd e K606 of the aplimized 980e reapeay, and with

and yhd BRidmid Mﬁ%st Stﬁﬁﬂeﬂuﬁorﬁftreﬁfsﬂirmleﬁ @C@‘Ia and concentratton
summari zed in Fl deS| consﬁEf ructs

E‘? d wer
GelseBRen i Y ZeEcTEh et@xprb% 2 oS UL WS VPLNRCLOY, SYgUENCing. The
oEJ—rrﬁlzét‘f néclftmg nggﬁé\ﬁ:e\é\/;?& &5es idrett NYQ[’A(%_E cr;:merlc constructs was
ol i gonuc] eoti des and/ or uct s e, fragne
SOPTE PHEY ptior PEACR LA AR Pu PRGOS VaRA il B xhol
rés@r?c.ttlbh Céitbf)ﬁo 5g5ét eBe \gd\tlhAGFecrﬂgéﬁ Tek%r@sﬂén Itkamicn d Fﬁhéﬂilonmg into
sites in e end a e end o ze
oEare PEBpavtemengre desoned fBrist de, s HRAMRBL HipReral This
aﬁfpﬁrealné.araéméaﬁrd tmﬁa@rmaoamé 6 wnswmasahn o pda;eewnm rieed coding
UV spectronetr L ? §truct was veri ?'
rqu@@h@grfgﬁeﬁant eﬂqétructs This ampll ied fragment was enzymatlcal y digested

with Ndel/Xhol restriction enzymes and the different NY/LAGE chimeric constructs were

subsequently cloned into pET26 (KanR) multiple cloning site to get the expression
plasmid. The final constructs were verified by sequencing.
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5 optimzed codi ng sequence for the different NY/LAGE
chimeric constructs was subcloned directly into pET19
(AmR) nultiple cloning site using Ndel and Xho
restriction sites to get the NY/LACGE chi mer expression

pl asm ds. For cloning into pET26, PCR prinmers were
designed in order to ad N-term nal Histidine-tai

1INt SsRBlabk B! 5thtEthd iRglciBn BFRcARRNGY: kb 6
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LVL 024 LVL 30 p SS P PPNTP PBS 1X; 1mM TCEP, 1nM
EDTA, pH 7,03 20mM Bi ci ne; 138nM NaCl; 1M
TCEP; 1nM EDTA, pH 8,68 p SP P PPNTP  20nM

i m dazol e; 138nM NaCl; 1mM TCEP; 1nM EDTA, pH 5, 99
pSPPPPNTP

CONSTRUCT
BUFFER

LVL|LVL [LVL JLVL {LVL |LVL |LVL|LVL
076 1079 | 78 | 68 {020 | 26 | 024 | 30

PBS 1X; 1mM TCEP;

1mM EDTA, pH 7,03 pI S| S|P PP NP
20mM Bicine;138mM
NaCi: 1mM TCEP: olsipl|le|lprP|P|NT|P

1mM EDTA, pH 8,68
20mM imidazole;
138mM NaCl; 1mM
TCEP; 1mM EDTA,

pH 5,99

10mM Sodium Ac; 5SmM
NaCl; 1mM TCEP; 1miM S s S S S S |NTt S
EDTA, pH 4.99

10mM citrate acid; 5mM
NaCl; 1mM TCEP; 1mM NT|NT| S S INT|INT|NT| 8
EDTA, pH 3.7

Chart 1. Fusion Protein Solubility. Key: P precipate; S no precipitate; NT not tested.

Example 3: IM immunization with fusion proteins

The fusion proteins were evaluated preclinically in a mouse model involving a
series of intramuscular immunizations screening experiments, as described below. The
mouse model chosen was CB6F1, a first generation resulting from the cross of C57BL6
mice and Balb/c mice. Such mice are commercially available from Charles River
Laboratories, Inc., 251 Ballardvale Street, Wilmington, MA 01887-1000. The chosen
tumor cell line was B16 (Mouse melanoma cell line), a transplantable murine melanoma
commercially available for the study of cancer therapies.

Screening #1

Experimental design. In a 76-day trial, CB6F1 mice were used to assess each of
LVLO76, LVLO79, LVLO78, LVL068, LVL020, LVL026, LVLO24, LVLO30 to determine
whether intramuscular immunization with the fusion protein plus adjuvant conferred
protection against subcutaneous challenge with transpianted tumor cells
(B16/NYESO1). Specifically, mice were immunized intramuscularly with 50pL injections
containing 15ug protein and an adjuvant. The adjuvant selected was AS15. AS15is a
liposomal adjuvant formulation comprising QS21, 3D-MPL and CpG.
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Six mice/group were challenged with subcutaneous transplanted B16/NY-ESO-1 tumors
on day 28. Antibody response to NY-ESO-1 full-length, LAGE-1a without collagen like
domain, and human collagen was assessed at day 0, 14, 28, and 76 by ELISA (IgG1
and IgG2a). Cell-mediated response was assessed by FACS at day 28 using harvested
splenocytes (restimutation--3 pools of 3--with NY-ESO-1 and LAGE-1a peptide pools).
The experimental design of screening #1 is summarized in Figure 18.

Results. Of the four controls, only full-length NY-ESO-1 conferred some
protection compared with buffer. See Figure 19. Of the groups of mice receiving either
full-length NY-ESO-1 or LVL030, two from each group were tumor free at the end of the
trial. Of the mice receiving LVL068, four were tumor free at the end of the siudy.
LVL068 and LVLO78 conferred longer survival compared with mice that received
buffers. See Figure 20. NY-ESO-1-specific immune responses were assessed by
ELISA, FACS, and Western blot. LAGE-1a(without the collagen like domain)-specific
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In a 105-day trial, CB6F1 mice were used to assess each
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of LVLO76, LVLO78, LVL0O68, and LVL0O24 to determine whether intramuscular
immunization with the fusion protein plus adjuvant confetred protection against
subcutaneous challenge with B16/NYESO1 transplanted tumor cells (after two
or with B16/LAGE-1a tumor cells (after four
Specifically, mice were immunized intramuscularly with 50ul. injections containing 15ug

immunizations) immunizations).

protein and 25pL of AS15 adjuvant.
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* Full length NY-ESO-1

*  LAGE-1a without the collagen-ike domain (CLD)

* MAGE A3
Ten mice/group were challenged with subcutaneous transpianted B16/NY-ESO-1 tumor
cells on day 28. Nine mice/group were challenged with subcutaneous transplanted
B16/LAGE-1A tumor cells on day 56. Sera was taken and antibody response to (i) NY-
ESO-1 {ull-length, (i) LAGE-1a without collagen like domain, and (ii) human collagen
was assessed at day 0, 14, 28, 42 56, 84 and 105 by ELISA (lgG1 and IgG2a). The
experimental design of screening #2 is summarized in Figures 22 and 23.

Results

B16-NYESOT1 Tumor Challenge.

Of the mice receiving LVL0O78, two were tumor free for over 50 days post B16-
NY-ESO-1 chailenge. Of the mice receiving either full-length NY-ESO-1 or LVL024, two
from each group were tumor free for over 50 days, three were alive. Of the mice
receiving LVL068, three were tumor free and four were alive. Of the mice receiving
LVLO076, 3 were tumor free and five were alive. See Figure 24.

B16-LAGE1a Tumor Challenge.

All of the mice receiving LVL076 or LAGE-1a without the collagen like region
were dead earlier than day 40 post challenge. Of the mice receiving buffer alone, one
survived tumor free to the end of the study. Of the mice receiving LVL024, one was
tumor free at the end of the study. Of the mice receiving full-length NY-ESO-1, none
were tumor free, but one was still alive at the end of the study. Of the mice receiving
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production. See Figure 26. Similar studies (results not shown) were carried out for
collagen Il and collagen VI; neither mouse anti-human collagen il nor mouse anti-
human collagen VI antibody production were detected.

Example 4: Refined constructs

Modifications were carried out using routine cloning techniques on some of the
constructs listed in Table 4. Specifically, LVL068, LVL030, LVLO76, LVLO78, LVL0O24
were modified to yield LVL155, LVL106, LVL156, LVL1567, LVL151. There were two
kinds of modifications, first the removal of 5 amino acid residues between protein D and
the beginning of the chimers. For example, this modification was carried out with
LVLO24 (SEQ ID NO:74; SEQ ID NO:75) to yield LVL151 (SEQ ID NO:90; SEQ ID
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6. An i mmunogeni c conposition or vaccine as clainmed in
claim5 for use in nedicine.

CLAIMS

1. A fusion protein comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO: 81; SEQ ID NO: 93; SEQ ID NO: 85, and SEQ ID NO: 97.

2. A nucleic acid molecule encoding the fusion protein of any of claim 1.

3. A vector comprising the nucleic acid molecule of claim 2.

4. A haost cell transformed with a vector of claim 3.

5. An immunogenic composition or vaccine comprising a fusion protein according to

claim 1, a nucleic acid molecule as claimed in 2 or a vector as claimed in claim 3 additionally

comprising an adjuvant, and/or immunostimulatory cytokine or chemokine.

6. An immunogenic composition or vaccine as claimed in claim 5 for use in medicine.
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