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WD 2007/ 136778 PCT/ US2007/ 011953 Docket No.
76322- PCT/ JPW AG Fusi on Proteins, Uses Thereof And
weemcasEges For Produci ng Same Background of tPer/US2007/011953
Invention 5 Throughout this application, certain
publications are referenced. Full citations for these
publications may be found i nmedi ately preceding the
claims. The disclosures of these publications are
hereby incorporated by reference into this application
in order to nore fully describe thepsdiaite Nof. 7le822F PCT/IPW/AG
to which this i nvent| on 10 reI ates Accordl ng to
current : egffiune system
contlnuouslyl gisel sodpging o$anel cel | s.
However, sonme cells escape from an apparently

‘%fég},avgfim@rﬁ,‘;mgase and 15 consequently becone
Tunors (1-4). lunor evasion fromimunpe esponse i

ThEQUIPORE | SBILPS REELLFRENOREN R HEIDIETD b S 191 e ott erenced.

Fuldt udi est iaits | SofaudeadebypubMicde ivasi aiay Obesuggest etinmediately

prece%&ﬁgtl he (cglalﬂ'\)s Aﬂﬂ.p &Dggfo%ﬁ%gargfs%%eg:p\h?ieications are

suppressive cytokines, the
henqinyune@ewpﬂamecbelpwuvde%erwe ri@sos thA8eaPBL PERKIQT iy order to

mox@%qhamys e 3ABRL @HeS)st ared NG HeD 0Tt dVHM £dASEhis invention
1-4). One of the evasion nmechani sns shown to be

rel?ttre@ngl y correlated with tunor progression is the
| oss or down regulation of MHC class | nol ecul es.
Thi s evasi on nmechani smis abundant in many tunors and

Acé&i‘hh@s%t ctlf:ggﬁ@ ﬁh‘rm% :ﬂir\'délflfl%.héat tHEB@?' Oaﬁe immune system
Several studies 25 reveal ed weak spots in

CoRAFREUPLY b AR FESEACHE| DFRTTBUTEY RERYAr nghpYgKer . some
celfs behaaﬁe mfeioag| @ﬁ)u|api>,ar'EAE’1£/TAHZerﬁth&ial ohtmund VMPesponse and

conse&u&nggs LOSS of het 3 ozy&o% ty I t he %4;@89%8 from immune

regu?a?l on O % speci f| c
respemsenti sc anoed 1 mmihelnecbypfsmqme@gme@emypséaat?d in numerous

sttﬁﬁ}élsoléntihgst&\&nséﬁ By f Wike bﬂ?&'@@}{ saﬁtﬁggetsmedhmaremﬁlsms (1-
and the cell ul ar stems. In the first, stem ¢

4) i nPRERY orF 5 ehi ‘Qﬁc 3139 yaﬁﬁnoc‘i‘rtfhapr°§ﬂ? b @& suppressive
cyt{die)s, dithec tiedsagd nsdmubelkdbmsnahacpeptimyss asigoci aé€istance to

kllz-!Lnt Igg%%%hagggrqgn?%éét%s%%)‘ﬂ %dStt?-lgallgg Sbgghlé?c;@féss I (1-4).

I'm clinical trra
an:u:yft Hdemsvasiant p\eph%;smb%hown to be strongly correlated with

tumor progression is the loss or down regulation of MHC class I
molecules. This evasion mechanism is abundant in many tumors and
can result from a number of differenﬁ mutations. Several studies
revealed weak spots in the MHEC class I loading and presentation
route including loss of beta-2-microglobulin, TAP1l/TAP2 mutations,
LMP mutations, loss of heterozygocity in the MHC genes, and down

regulation of specific MHC alleles.

Current cancer immunotherapy strategies typically employ the two
arms of the immune system:‘ the humoral and the cellular systems. In
the first, systemic injection of high affinity wonoclonal
antibodies (mAbs) directed against cell surface tumor associated
antigens has demonstrated statistically significant anti-tumor
activity in clinical trials (5,6). Furthermore, anti-tumor mAbs

that carry effectors such as cytokines or toxins are currently
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that carry effectors such as cytokines or toxins are

currently WO 2007/ 136778 PCT/ US2007/ 011953 2 being
we@aazat7esl in clinical trials (7). The second Pe&j/082007/011953

approach for specific cancer immunotherapy enploys

the cellular armof the immune system mainly the

CD8+ cytotoxic T-lynphocytes. Two nmjor strategies

are currently being used to increase the anti-tunor 5

effectiveness of the cellular armof the inmune

system (i) active inmunizateon of patients with

pepti des known to be recogni zed by T- |ynphocytes, and
beifng evadvptedeinrahbiiral Harigdised 7 hat Thralskeonfiemajor approach

forS e frtiiFQR, c%%'i:le?éatlh\{iﬂno@ﬂéjra?ﬁﬁpaéh%m&ftl{@ HdMular arm of the
reactive T-cel go pul ations with inproved

immyme SY§vse p&?éﬁ&y f FR@*fFV§PtT§l%pBrb§%?P°CYteS Two major
stiddegiiest rdd edupeait Besbdeng vedeldr oto r anepthye the anti-tumor

eedglSUEhLET o UIRL ASPRCIA! Sl 4505 (SUED 356804001s) active

e Usé vacci h
immygtijzafion ¢ﬁe&@tannﬁ'wspécpﬁptléﬁﬁlkﬂawn(hg'beeaecognized by T-

1yl d8s , akgahi(ghh Y agBpei fé CrEtstOr t PRl FariXE USiate enable the
expression in specific tissues £8 il The second

Se]setcl’:éf’égy,a‘i%l"é?d"dﬁf‘l' ARG PXPPRASPRY gfhagl%%:%ntreﬁct”e T-cell
utgi@@ﬂlan:ﬁrpnesswm r&stplrbSedin antdt-asimaki CcposdranonaIn the first

ap}#%tc\l Fn]nt §1an r@@{:fpc% t%.%e%c td%@‘lvgan?.%orge F%g%{ét}/ % identified

s against d ere t over - expresse
tungirf PEseRt Rhe? AP eI FerisuRlr @S| 9ot A e he XPEHdggouP . NY ESO-1)
areexugéao tﬂ:ﬂdvabehﬂ&ﬁ@dlﬂﬁ@iehast herrﬁ;'bté eatnaerl gelii®ic antigen-

roac ersi st ent, cl onal ation o
derf &8 Ee%%‘&%f ettat i 6’1%9?’2Yvu %e‘”l‘ %‘\‘?al t acf?‘%ﬁy,ex‘ﬂ“s”e
expma#supaffuoklagetoficunnlsﬁue@s W@FeldenDWSErabedond strategy,

%vl:A)c é nq{aréerxaé{eeq}tllgr asﬁ'rg L Cs%q Y results in

presente es a antage of two I she
metas@%w(ufpe%wwomtéﬁ%%t|%n@§écaf g5 selected,  tumor-

re&sttl%oxnrccznynp&g@ﬂs&s dRfEbeeRt i rﬁmw@x@fsseal | Se1f-derived

esentin hl y i mmuno enlc ptide co exes
dl’%:?&eﬁt Bnn " BRlas b diher GaIAERT acE DTG nees vivo  and
Jirmrgaemlcag wia ktbeomiti@ntstr agfentshiof apprododi es, persistent
cl%lnlﬁ/ep%p%g_laglggab@ %‘V cEEi‘Q”EBFcél(?éfé’é)on TPA SVJ.VO functional

proach utilizes a reconbinant fusion proteln
ac%ﬂﬁﬁ&dSeanéftf%&ﬁ%ﬂ##ﬂ&h&?l6H§P¥ys%ﬁ%ﬁlﬂﬁﬁ9 éﬁWPP?%%@t%Q)‘12 14) .
a S|ngle chain MHC class | nolecule that carries a

A o BTMEERS0LE L IR R LU oSt Ly pavantase
of two well- establlshed areas: (i) the known effectiveness of CD8+
cytotoxic T-lymphocytes in the elimination of cells presenting
highly immunogenic MHC/peptide complexes, and (ii) the tumor-
specific cell surface antigens targeting via recombinant fragments
of antibodies, mainly‘ single chain Fv fragments (scFvs). This
approach utilizes a recombinant fusion protein composed of two
functionally distinct entities: (i) a single-chain MHC class I
molecule that carries a highly immunogenic tumor or viral-derived
peptide, and (ii) a tumor-specific, high-affinity scFv fragment
(15) . Several groups have -previously shown that a biotinylated MHC
peptide multimerized on streptavidin or monomeric HLA-A2/influenza
(Flu) matrix peptide complexes coupled via chemical conjugation to

tumor-specific antibodies could induce in vitro T-lymphocyte-
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(15). Several groups have previously shown that a
biotinylated WHC peptide nultinerized on streptavidin
w@eoonosoneri ¢ HLA- A2/ i nfluenza 35 (Fl u) natri xPEEPS100B011953

conpl exes coupl ed via chem cal conjugation to

tunor-specific anti bodies could induce in vitro

T-1 ynphocyte WD 2007/ 136778 PCT/ US2007/ 011953 3

nmedi ated |ysis of coated tunor cells (16-20). However,

t hese approaches utilize chem cal conjugation and use

whol e anti bodies or 1arger fsagnments, e.g. Fab

fragnments. However, production and honbgeneity ow ng
mediiatklie rxnmﬂi rF stoatedy tasmome| keddst ufig-2) . However, these

'appgggghg Suﬂh@ﬂ?@%&%ﬁk&laegnsuégéf3L(Qﬂ%.h%etuﬁoh@rgﬁtlbodles or

SI'ZE 0 ecul'es. Lev et al. describ geneti c
larggsi ofragmeated bRidweRal fHaggeBtehai nHPEEYRBI ndfcduction and

homdg8nd2t ANChuHYPr ts,peehéi Ceiffidnig Tbeﬁﬁtec_fﬂuSiaﬁﬂs wéBlEe as tumor

shown.to be funitlona VItQ? n bei Lng., £ h
peral PR LGRS BORRPT LY TR bibt tod | B ok Ehoa2Bsh Sige of suc
moleicl esantievnetOali. vdebysike o4 Bangeicctnﬁkmhtcwnﬁted between a

siﬁ%? Léh%%é):rézggﬁﬁhggﬁll QE tJH% Qém%f”" g@EkEic ichvs These

'ecule is ependent on the presence of the
fusjepsi aeren strﬁ%é"‘"l\/l—!(’i’ PRobenCTIAAN of R, Vit §308Pdt iidn Hfvo, being
abltehQ:cp%l&Iécd.QlcEliQyn tih&u&é HbAlgngrdm;men uﬁdﬂalaedcmmemteo and in
ecuy sta . -
vidgdveieeg £ RPEIpr of o%%"fﬁ%ytué"é’ﬁstCF &b g@g 8 sppnidity of che
newpilemerds imelelkcudk tise rpeptlvdeiepsndenheonedthteo Hiesence of the
pep%qiateAmA?dh%C i YIIHAC THePe oSO Gidddlric ISt NG peptide

fusion protein was tested for its in vitro
frag ddifeniEHA-Ad IMS1i8giafal thsc tFRATMSF ic2 Melecylgr a7 iFpair its
staWJ.dQIty recogai gedaneedadfdssedn@liifsUproblpmnobei BohBBiucting new
chlmerﬁ F”?égﬁ I% iASMQUQ1tﬁptl%&EXdebPPdcgﬂﬁgété?rg§tthe SCHLA-
S roug SERV nol ety ~as we as nedrate
A24ﬁﬂﬁ¥nponette@t|V@?£ﬁﬂﬁhﬂﬂkﬂﬁﬂﬂkercytGbeﬂlGPWnyHiQQQMFOtein was
tedthQ EBET Uil MEAly Of L8 Echehfbd S WMPIRo1986hET SEEWIS, (21) .
governed by the covalently Iinked H LA- -restricte
peptide. 25 The MHC class I-restricted CD8+ cytotgxic
ThéEeC&bla(GHaélﬁfféﬁﬁgﬁiz@ﬁﬁneéﬁ tbe adepi ifumiompretein that can
sponse | t e z r Il
mair AR Nt R pEPL PR BEd GERHRL ZE LU celife) Tifuon ene
scHvh moleky destwekli ea. weiarsr  Poterts RaFectivel @@éd specific

cyéﬂyy%iégk93t€ﬁrough the recruitment of CD8+ T-cells whose
specificity is governed by the covalently linked HLA-A2-restricted

'peptide.

The MHC class I-restricted CD8+ cytotoxic T-cell (CTL) effector arm
of the adaptive immune response is best equipped to recognize tumor
cells as foreign and initiate the cascade of events resulting in
tumor destruction. However, tumoré have developed sophisticated
strategies to escape immune effector mechanisms, of which the best-
studied is the downregulation of MHC class I mwmolecules which

present the antigens recognized by CTLs.

To overcome the limitation of previous approaches and develop new
approaches for immunotherapy,. a recombinant molecule was

constructed in which a single-chain MHC is specifically targeted to



30 strategies to escape i nmune effector nmechani sns, of

whi ch the best- studied is the downregul ati on of MHC
wa@b@ga3d77sol ecul es which present the anti gensPCT/US2007/011953

recogni zed by CTLs.. To overcone the limtation of

previ ous approaches and devel op new 35 approaches for

i mmunot her apy, a reconbi nant nol ecul e was constructed

in which a single-chain VHC is specifically targeted

to WD 2007/ 136778 PCT/ US2007/ 011953 4 tunor cells

through its fusion to cancer 4%pecific-reconbi nant

anti body fragnments or a ligand that binds to receptors
tuﬂ@%pr%%%ﬁ% Byrroughor 12| |&usIgD 2607/ 9% 28 specific-recombinant
antREEAYSEOAFAEID BFr 25 1iGuARBENaOfbidtss |Hd @lelepBorBi éxpressed by
N inveniton provides a fusion protein conprising
UmeEnS8ct¥t ve amino acids which, beginning at the anino

term nus of the protein, 5 correspond to consecutive

am no acids present in (i) a cytomegal ovirus hunan

VHC-restricted peptide, (ii) a first peptide I|inker,

(iii1) a human (3-2 mcroglobulin, (iv) a second

peptide |inker, (v) a HLA-A2 chain of a human NMHC

class | nolecule, (vi) a third peptide linker, (vii)

a variable region froma heavy chain of 10 a scFv

fragnment of an antibody, and (viii) a variable region

froma |ight chain of such scFv fragnent, wherein the

consecutive amno acids which correspond to (vii) and

(viii) are bound together directly by a peptide bond

or by consecutive am no acids which correspond to a

fourth peptide |inker and the scFv fragnent is 15

derived froman anti body which specifically binds to

mesot hel in. This invention also provides conpositions

conprising the fusion protein and a carrier. 20 This

i nvention further provides a nucleic acid construct

encoding a fusion protein conprising consecutive

am no acids which, beginning at the amno term nus of

the protein, correspond to consecutive am no acids

present in (i) a cytomegal ovirus human MHC-restri cted

peptide, (ii) a first peptide linker, (iii) a human

R-2
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25 mcroglobulin, (iv) a second peptide |inker, (v). a
HLA- A2 chain of a human MHC class | nolecule, (vi) a
wo boord3qoepti de |inker, (vii) a variable regi oPCT/USINA011953
heavy chain of a scFv fragnment of an antibody, and
(viii) a variable region froma light chain of such
scFv fragnment, wherein the consecutive am no acids
whi ch correspond 30 to (vii) and (viii) are bound
together directly by a peptide bond or by consecutive
am no aci ds which correspond o a fourth peptide
l'i nker and the scFv fragnment is derived from an
Sumparyhafy the Epventian fj cal |y binds to mesothelin. WO
2007/136778 PCT/U82007/011953 6 This invention stil

i rtherifrOV|des q@ i ed pre aragkpn of _.oio _copsecutive
lbsacf%Y?ré I eRPYESEEY Pnc {5 e cORPrT &1
ami3® peridenwhibl, mbeghmnxﬂgzaﬁtﬁhanaqyngtéﬁmmnnus of the proteln,

cor¥e:Po gancetcw thLQ ?ﬁ&‘&f‘é“ ' Qﬂlné Tg'c§dbnv%lte's%91tal Sth (i) a

provi des a process pro ucl n% fusion proteln .
CYLSHRFALEV hEUe uPeIRR MHC T QS iSESANBEPE SRS, coRpY i 3) AEFSt peptide

1141&% fufuqn BI ofuiah, @thh@br&@ﬁoﬁdlsilrpn P{of €hN decond peptide
exgress , and _recoverin fu5|on protein so

resddd® BEATREsCPAVRNTS d% ‘ﬂ??h@?*p F37Pded BoMBTHLY (V) @
thiofd pelpedtieveigkedr] | (wvig)aa vambable| tegidvrcfroonpr hsesy chain of

a SC&Q} %ggﬂgni:hgf Cgljllarmlthj?) eaLHSI(Q{]ll)Dré)t\%ﬂa%f].&TE?gion from a

.lnventl Nn I n an anount e eCt|V8t0|n|t|atea . .
119hﬁﬂ%h%ﬁ?|%ﬁuﬂ%0¥e§56ﬁséra§%?%%t vhereihothe eFPrgeryfsive amino
acitdb t BRI ERY cdﬁrbgpbhﬁ tdd:rmr(vﬂﬂ | anli5 Braaihl yaréhlti?ound together

ntlon further vi de [ eati
ARV OB | B (S RO he 851 RETERoBH P “BaPPadgids which
comtd splondc onpr a s éguztht amaptnglet Hei rikeproramse| the tSHFNhefragment is
ded UL BROLAT D¢ AGGRS VUrAGnt QpbBer i IVBY 1R 3kNtBNmesothelin.

anount effective to’initiate a 20 CIL-nedi at ed i mmune
response agai nst the tunor cell so as to thereby

Thid e@ﬁv&ﬂﬂ@lérﬂﬁﬁis6e|ﬂrov&\8ean RN AL Yn 80| REplre sohgt e fusion
resent .inventipon, a.single-chain MC nol ecul e
PrtiifodBd Bf ©355H%r ogl obul in fused to the al, a2 and

a3 25 domai ns of HLA-A2 via a short peptide |inker
Th:(le_LrRz@n@_QoﬁCkﬂ§1\_ é{&%st 9 BGSlé?EVaé%l éMHsQ:Q‘uct encoding a

targets nesot O construct a
fusion protein compr:.s:.ng consecutive amino acids which, beginning

at the amino terminus' of the protein, correspond to consecutive
amino acids present in (i) a cytomegalovirus human MHC-restricted
peptide, (ii) a first peptide 1linker, (iii) a human p-2
microglobulin, (iv) a second peptide linker, (v} a HLA-A2 chain of
a human MHC class I molecule, (vi) a third peptide linker, (vii) a
variable region from a heavy chain of a scFv fragment of an
antibody, and (viii) a wvariable region from a light chain of such
scFQ fragment, wherein the consecutive amino acids which correspond
to (vii) and (viii) are bound together directly'by a peptide bond
or by consecutive amino acids which correspond to a fourth peptide
linker and the scFv fragment is derived from an antibody which

specifically binds to mesothelin.
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fusion protein with covalently |inked peptide a 9
am no acids peptide derived fromthe CW pp65 protein
WOROMPNRATS/( SEQ | D NO. 4) was fused to the N-tepei/nsmoD611953
the scHLA- A2/ SS1(scFv) fusion 30 protein via a 20
am no acid |inker GGGGSGEEGESEEEESGCEEES (SEQ 1D NO 6) .
The fusion protein was expressed in E. coli and
functional nol ecules were produced by in vitro
refolding in the presence of CW/scHLA- A2/ SS1(scFv).
Fl ow cytonetry studies revealed the ability to
decorate antigen-positive, HLA-A2-negative human tunor
Thi3b Deldrsignt BtHIA- Aunrdetr daroomwlsem ispkatmshrgreparation of
baétté%a\ﬁ@§ S%fé&iéﬁ ﬁ?cpﬁm%@lt %'1 $C|Jv3ér0f30 percent
the targeting anti body fragnent WD 2007/ 136
by pEetabs206 72 oUBiRR PF°WB§P Fﬁp%??%ﬁﬁ%ﬁfe with the invention.
CNNYSCHLA—AZ/SSl (scFv) - nedi ated coating of target
ThidMOL ceéis made themsgfaceptlblo for ¢ f|c roéucug a fusion
1sspe&PY?’é R AZASCr SHTHETEA, * W OFERT I I spB J
pra@Einnedeupeisingsi sul Gimeiseg pesttansifamedst catk tdesmprising the

fud bpdye gui ded ot UpRLe aRk0eR; SPECT firbraihar get Ie&%regsed and
- pepti de conpl exes on tunmor cells can render t
recqysEdpsi bhre PeSiom@®rpbednt Pat P88 1ing. This
novel approach now opens the way for the devel opnent
il JSNATIUNALABLPOUL LG, oL T 81 GO ESq DBEHe LA RP Winring a

tun©FL - batkdwbycht mrneehammctiagl r\‘-h@orm%]c]t i wAthi tthpe  fusion’

- prdt8PRSeRk HAVERLION. iR LPVElosT Jlavcyas cdeygriopad a crL-

to re-target class | MHC peptide conpl exes_on the
medi gted. d e [eSPORER| QgF‘hnﬁtmé?et FHCF s cFFrEieﬁé’mfe%tt" thereby
kil thieeteambentenm. class | MIC expression by the target

tunmor cells. To this end, in one 15 enbodi ment of the

present invention, a nDIecuIe wth two arns was

Fingidlyoy ethisOntneanhionhefurtiheat i pRPVislast ya  DeRbedse§ treating a

tunid¥OlceSRECAL En &&Q:'gys@;%m mb58ERENM S n aﬁtﬂsbo‘éh??ace, which
directed to tunmor or _ differentiatjon anti

ens
CONpRIS e RONLRE 10 Ty JUAPE 16511 artidih  Lhe #s6n  protein
acdAdiidigS Opeise ioxemsiay iugs lamonanceffeeklise Toe initiate a

CTI?—E%%%{—%Q eL{')se o{)]}’ggﬁbﬁ&a a@?a%gﬂgr og{}?%ul In |rl nﬁggyt Oo as to

thqqﬁ?uIﬁﬁeétekh¢aEQNQHHQQlldonalns of the HLA-A2 heavy
chain (24, 25, WD 01/72768). By connecting genes

As an exemplary molecule of the present invention, a single-chain
MHC molecule composed of B, microglobulin fused to the al, o2 and o3
domains of HLA-A2 via a short peptide linker (15 amino acids) was
fused to the scFv SS1 which targets mesothelin. To construct a
fusion protein with covalently 1linked peptide a 9 amino acids
peptide derived from the CMV pp65 protein NLVPMVATV(SEQ ID NO:4)
was fused to the N-terminus of the scHLA-A2/SS1(scFv) fusion
protein via a 20 amino acid linker GGGGSGECGSGGGGSGGGES (SEQ ID
NO:6). The fusion protein was expressed in E. coli and functional
molecules were produced by in vitro refolding in the presence of
CMV/scHLA-A2/SS1 (scFv) . Flow cytometry studies revealed the
ability to decorate antigen-positive, HLA-A2-negative human tumor
cells with HLA-A2-peptide complexes in a manner that was entirely

dependent upon the specificity of the targeting antibody fragment.
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encoding the two arnms in a single reconbinant gene and

expressing the gene, the new nolecule is expressed
webdorasemt |y in E. coli and 25 produced, for- BXEDP1087/011953

by in vitro refolding in the presence of HLA-A2-CW

pepti des. This approach, as described herein, renders

the target tunor cells susceptible to lysis by

cytotoxic T-cells regardless of their MHC expression

| evel and thus may be enployed as a new approach to

potentiate CTL-nedi ated anti-vunor imunity. 30 This

novel approach will lead to the devel opnent of a new :
Most| asgrertapsdpnbi AMW( Selicr AP F5lc dgehve -vaghdted ofcoating  of

tardfeleelin¥e kihil ngawctheel S48 %tgsn@ffawa:frf&%hg and specific
utilizing, natural I%mate MHC ands and_CTL- based

HLASP25E8RF 1 bt hant¥YreP oG SOGPLEI6T s CRETT ALY oSy  These
resh1Bii efeessttgtid othat tdre iFHogiyr-gnidedgutesorl AaBtigen-specific

vazgelSiB o MRBRER A opeletsd (5 0y, STl hrdhger enen
susdepsblat &9, t lMdCrPeent hate of CThekttHNg A2 Thtedneyel approach

now h enS t @hET RIS, 0FoPSEnkS bl 1bbRedtr 4 ST AOw AGhflunotherapeutic
l'inker. FigurelB illustrates that the CW pp65

StifLEEREE, PAREd NCUPVPRAPIREGFEFRO™  fasht t Gognate MHC
liddi@isNahar orniBasdd tdye ookl A- Ae¢1Ehli recFv) via a 20 10 :
ami no acid |inker GGEGGSGEGEGESGEEGESCEEES (SEQ | D NO 6) .
Figure 2 Nucleic acid sequence encodi ng Conpound A
In(SE’Ql¢<E3=iP@‘1)Vith15hPi RESESTSA- BTBOHies| oh afyYel strategy was
de\féll feacabi 98- Qérmm A. Mﬁbgﬁéﬁgtftﬁ Qh:ﬁr\ﬁﬁetxgg on the surface

DS/ PAGE_anal ysi s of |soI ated, i usj on b
of RNgien 5 1Bncie o HEY SORY G MRS o P L bR BREEH of class
I e eexpms:fdmady cnheortanyecexmln@mge:eahsorran@grtaptw end) in one
emllgéqw t o%l Q%E %r%fseQQ”ERUQHtﬁ:r%O éeﬁgi@émtw1th two arms was

mesot elln hel'in was 1 nmobi |l i zed
emplayieso- plqalleegrahd thes éaééﬁ’ém rft‘mﬁmd!%}‘%flseénﬁémﬁﬁ' specific
reddnihaflBNi 1IOFREhelY sCONHOr NBLE L BRNS| VLY  to  tumor or

differentiation antigens which have been used for many years to
target radioisotopes, toxins or drugs to cancer cells. The second

effector arm is a single-chain MHC molecule (scMHC) composed of

human B2-microglobulin linked to the three extracellular domains of
the HLA-A2 heavy chain (24, 25, WO 01/72768). By connecting genes
encoding the two arms in a single recombinant gene and expressing
the gene, the new molecule is expressed efficiently in E. coli and
produced, for  example, by in vitro refolding in the presence of
HLA-A2-CMV peptides. This approach, as described herein, renders
the target tumor cells susceptible to lysis by cytotoxic T-cells
regardless of their MHC expression level and thus may be employed
as a new approach to potentiate CTL-mediated anti- tumor immunity.
This novel approach will lead to the development of a new class of
recombinant therapeutic agents capable of selective killing and
elimination of tumor cells utilizing natural cognate MHC ligands

and CTL-based cytotoxic mechanisms.
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25 W5 (33,34). Figures 5A-D Binding of Conpound A to
nmesot hel i n-expressing cells. Figure 5A-B denonstrates

wo bw7fibome cyt onetry anal ysis of the binding 3BCD{S2007/011953
Conmpound A to nesothelin-positive HLA- A2-negative
A431K5 cells and nesot helin-negative HLA- A2-negati ve
A431 cells. Figure 5A shows the binding of the KI mAb
(31,32) to A431K5 cells, and Figure 5B shows the
absence of binding of of the KI mAb to A431 cells.
Fi gure 5C shows the binding o8 Conpound A to A431K5
cells, and 35 Fi gure 5D shows the absence of bi nding
i : P af AX g3 WD 2007/136778
PCT/ USZOO?/ 011953 9 The bi ndi ng was nonitored using
anti-HLA- A2 specific antibody BB7.2 (35) and a

Figuree LApB| ed secondary anti body. Figures 6A-B 5

scHabenti at reprebekTac Tadi ated | ysisrofatlshiA2 negati)ve and  a

t unor ,cel | np In_Figure 6A, the
Pen &y ﬁSFVhEtZ?%ss&;c(tsggvi4ﬁ%po‘éré ‘and the parental
Flgmotmelulﬂulsegatesethemc E‘etthsnwver@f tine ubcH It AM tfused to the
ﬁldgd dt}.‘ (é Pg)(s@W)CWaSpgchf '&nlgg-saé{hall[iﬁé?] Figure 1B

mat I oni ne re%)ease assay. Figure 6B denonstrates
111d{f§éﬂﬁéﬁeﬁ}d%'htt11€0 At |RH5t5yP8Pt€6?mo‘urﬁi ALYFYYATV (SEQ ID NO:4)
wadTes@ddie| td- thanst eeieind¥ 33K5 cael Istnandazyber paservpl via a 20

mesot hel ne e cybhat ed th
an{iF At ant BT ST RS eE oo St e dRahE !
CW-specific CTLs in a |[S35] rrethl oni ne rel ease
Fi y. 15 Figure 7 Schematic represent ati on of the
p/ scHLA- A2/ SS1(scFv) (Compound B). |n Conpound
{ Bwerunst Phd S0 £Br M of
SCHLA- A2/ SS1 (scFv) via a 15 amino acid |inker
Fich oSCEEES (SEQ ID NO8). 20 Figure 8 Nucleic
aci d sequence encodi ng Conpound B (SEQ | D NG 22).

- Expgiepgion ond pwsifigatdeon of aedreunrd fA-cation of

Fiéaygmaﬂngh§WS the SDS/PAGE analysis of isolated inclusion bodies.
Figure 3B shows the SDS/PAGE analysis of Compound A after

purification on ion-éxchange chromatography.

Figure 4
Binding of Compound A to recombinant mesothelin.

Mesothelin was immobilized on immuno-plates and dose-dependent

. binding of Compound A was monitored by conformation sensitive mAb

W6 (33,34).

Figures 5A-D

Binding of Compound A to mesothelin-expressing cells.

Figure 5A-B demonstrates the flow cytometry analysis of the binding
of Compound A to meSothelin-positive HLA-A2-negative A431K5 cells
and mesothelin-negative HLA-A2-negative A431 cells. Figure 5A shows
the binding of the K1 mAb (31,32) to A431K5 cells, and Figure 5B
shows the absence of binding of of the K1 mAb to A431 cells.
Figure 5C shows the binding of Compound A to A431K5 cells, and
Figure 5D shows the absence of binding of Compound A to A431 cells.
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Fi gure 9A shows SDS/ PAGE anal ysis of isol ated

i ncl usi on bodies. Figure 9B shows SDS/ PACGE anal ysi s
wo@booCasgeind B after purification on ion-excheemes2007/011953

chr omat ogr aphy. 30 Figures 10A-F Bi nding of Conpound B

to nesot hel i n-expressing cells. Figures 10A-F

denonstrate the flow cytonetry analysis of the

bi ndi ng of Conpound B to nesot helin-positive

HLA- A2- negative A431K5 cells and nesot hel i n-negative

HLA- A2- negative A431 cells. Fogure 35 10A shows the

bi ndi ng of KI mAb to A431K5 cells, and Figure 10B
Th%ﬂhmmﬁ#ﬂﬂeWPacmoﬁitQﬁQQMHﬁ}nsfaﬂilnﬂbAtﬁﬁﬁﬁEﬁF%ﬁﬂq gntppody BB7.2
(35 QL 21 9STVO 20074 d IRTERAREY/ BISROOIAP11953 10 shows

the binding of Conpound B to A431K5 cells, and Figure

10D shows the [ ack of binding of Cbnpound Bto A431
FlgnﬁésseA—E gure 10E shoms t he conpari son between the

t . cel
Poten JT_aQ lj)rneo I;ll\gdl IgggP ggl n%ngzéééé%&go%%ndor cells:
bYACa'rmo%ﬁ'pé’undIlB tFegAztsl el | §heThr@smtﬁaﬂhg teanstected A431K5

ceTTYi tOed S %ﬂﬂa‘lHLAne%tm(ihf-h@gé‘f‘i\l'@()dﬂtl£B7 dells were
and a FI TC-| abel ed second%é¥ anti body. Flgures 11A- ,
inqEPRBRENFEER| FTPBPUERL - Fredi R | §Rfs @fY Specific’ CTLs in a

[S*FlLie A2 dreiget ire@ebdaDas £t | FidoyeCeppdenchd: rdtesFidgseedependent
acé]él\é. %ﬁ\é &rﬁnvgﬁeqf:tn%% ﬁ%}%% %{)g‘fé’%&é |3§3 1X5 cells and

pare ta eI|n negative S were
the npasanEal wﬂleﬁoebﬁbmmp@tl(vfop@'}“an&eéw #g&ej fincubated with

di £fldsSerdth dorlcedRlHRt BhONbRECcHRpS@S® ASSAY. ClP-fpdii@clidirs in a
ﬁﬁ sIraIes dgse dependent activity of Conpound B, .
S WHBRE R HEL N 85 2P P RS Bet ed A431K5 cel I's and the
parental nesothelin- negative A431 cells were
é&%%l bated with different concentrations of Conpound A
CW-specific CILs in a ESSS]nethlonlne rel ease
hefahic 2pepreRRRtatiopot@ht CAEi RERISAHIA-ABIFAE EFT¥)s| §Compound

B) of 1HL Acdpifgat By € thengemialdes NOyPoPAPOUREsB Aéd to the N-
?ﬁgpound A. Mesot hel in- transfected A431 cel,ls andd link
ar &t aPC HE%O? 613 - &Gt veYAR31% cel T s ABPE @<t inxer
GGGG&QﬁﬁﬁSQ¢GWSthSEQ ID NO:8).

Figure 8
Nucleic acid sequence encoding Compound B (SEQ ID NO:22).

Figures 9A-B

Expression and purification of Compound B.

Figure 9A shows SDS/PAGE analysis of isolated inclusion bodies.
Figure 9B shows SDS/PAGE analysis of Compound B after purification

on ion-exchange chromatography.

Figures 10A-F

Binding of Compound B to mesothelin-expressing cells.

Figures 10A-F demonstrate the flow cytometry analysis of the
binding of Compound B to mesothelin-positive HLA-A2-negative A431K5
cells and mesothelin-negative HLA-A2-negative A431 cells. Figure
10A shows the binding of K1 mAb to A431K5 cells, and Figure 10B
shows the lack of binding of K1 mAb to A431 cells (B). Figure 10C
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25 different concentrations of Conmpound B or Conpound

A and with CW- specific CTLs in a [ S35] net hi oni ne
wo edogas@g7assay. The figure shows results of iPCDst00D0N1953

of Conpound A with A431K5 cells, incubation of

Conpound B with A431K5 cells, incubation of Conpound A

wth A431 cells, and incubation of Conpound B with

A431 cells. 30 Figures 13A-B Schematic representation

of scHLA- A2/ SS1 (scFv) and M cov/scHLA- A2/ SS1 (scFv)

Fi gure 13A shows the C-term nws of the scHLA-A2 fused

to the NN 35 termnus of scFv via 4 am no acid |inker.
shdwisguite I3B1&Gimgisof heowifr RED 78 1867 A83PKY/ US2067/ @hBi9F3gure 10D
shokb Whasy ?@kp%@t ffai Hgedet @oﬁxS@m’x\htﬁ”%nH%i?fc&i‘fs Figure 10E

SCHLA- A2/ SS1(sckFv) via a 15 amno acid |inker
*e*ee%‘.et&’ §EC§W|eBnN®hS) bimdimdyfe CRFPRYEefcand Compound
B @@lﬂ4smyea§e;gncaekangutgheeMlmvlsirdv&sA@x?éssackselfv)bmdmg of

f Usi rt|n SEQI R ) Fi 15A- B .
ComBRST SSI ’ﬁgaﬁ%f“%%‘ﬁ’%fQch :\lgﬁgng%#) glglgv Sé’%@ﬁg&%%g&OIutored
usifgr FaptifHoh okR prapesiificki gurbd®A FRMS t ledSDS/ PAGEC- labeled

se&!ﬁ%'ak{-?' $nPindsp! ated inclusion bodies. Figure 15B
shows™t he SDS/'PAGE anal ysi s of ML-cov/scHLA 15 A2/ SS1

(scFv) fusion protein after purification on

-Fidutl&sexmhange chromat ography. Figure 16 Binding of the

M GV scHL Sl tschy) fusiop: pppfein to .20
Por b AP Evedst REP Eetetpt Tl Pr HEA AR AR, cumox cenas
by ¢lempoipduBo- pl at es and dose- dependent bi ndi ng of

In Mhigeow/ .SLQKlLAn@&./:LSS.ll1(:§-QE\st‘ﬂ@§tem51q{59‘l{:ebis and the parental
conformati on sensitive % 1'2 Fi gures 17A-D
SHEESCF

25
meSg TG AG - BFIML Eov AECHL AR} FORRRYGH prdtei fompound B
(10 ) Mesat hehv Aspesdiies SCTIGs Cehl & [3*Puicahibiine stelwase assay.

Flguf@ngﬁtggﬁéﬁgfégggQ“Hé%eogegggdent activity of Compound B, when
mesothelin-transfected A431K5 cells and the parental mesothelin-
negative A431 cells were incubated with different concentrations of

Compound A and CMV-specific CTLs in a [S*°*]Imethionine release assay

Figure 12

Potentiation of CTL-mediated lysis of HLA-A2 negative tumor cells
by Compound B and Compound. A. Mesothelin-transfected A431K5 cells
and the.parental mesothelin-negative A431 cells were incubated with
different concentrations of Compound B or Compound A and with CMV-
specific CTLs in a [S*®*]methionine release assay. The figure shows
results of incubation of Compound A with A431K5 cells, incubation
of Compound B with A431KS cells, incubation of Compound A with A431
cells, and incubation of Compound B with A431 cells.

Figures 13A-B

Schematic representation of scHLA-A2/SS1 (scFv) and Mlcov/scHLA-
A2/8S1 (scFv). ' o

Figure .13A shows the C-terminus of the scHLA-A2 fused to the N-

terminus of scFv via 4 amino acid linker. Figure 13B shows the
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bi ndi ng of M -cov/scHLA- A2/ SS1 (scFv) to

nmesot hel i n-positive HLA- A2-negative A431K5 cells and
wore®oetibels n- negat i ve HLA- A2- negative A431 cel PGT/US2007/011953

Figure 17A shows the binding of KI mAb to A431K5

cells, 30 and Figure 17B shows the absence of binding

of KL mAb to A431 cells. Figure 17C shows the binding

of M -cov/scHLA- A2/ SS1 (scFv) fusion protein to

A431K5 cells, and Figure 17D shows the absence of

bi ndi ng of ML-cov/scHLA- A2/ SSIt (scFv) fusion protein

to A431 cells. The binding was noni-tored using’
M1%A1tG6. HieptAdes fusefl toarttiehdthreBpings 96 Ahg HCHLA-A2/SS1(scFv)
vid G ahehetasaeondiiet ekhbesycsNRA) AEED3EB Ro: ) .

PCT/ US2007/ 011953 12 Figure 18 Potentiation of

CTL-nedi ated |ysis of HLA-A2-negative tunor cells by

ML- cov/ scHLA- A2/ SS1 (scFv) fusion protein. Mesothelin-

transfected A431K5 cells and the parental

nmesot hel i n-negative A431 5 cells were incubated with
Figiixef ddent concentration of ML-cov/scHLA- A2/ SS1 (scFv)
Nuéﬂgidmakhdwgeéggﬁéé|éhéﬂdﬁn@zthﬁsﬁﬁb@&ﬁﬁkﬁzﬂiiﬂ/ﬁsa (scFv) fusion

%ﬁ th%q met hi oni ne reI ease assay. Detailed Description
pr dSERVERtYSiP3)10 This invention provides a fusion

protein conprising consecutive am no acids which,

n%ﬁ&l Risadgat the amno term nus of the protein,
orrespong to consecutive am-no acids present in (i) a

Exprassiegal 6vfr uBUFLFAERRIVNIAC r ©5t r FEeedMpeiRY/BEHLEPR/8S1  (scFV)
fudidStodeeBihde 15 linker, (iii) a human (3-2

m crogl obulin, (iv aseond eptide, |inke
FigE ASBnaf POt & unERONRCE | JRALYoHE) cbh| oy inclusion
bodidg.d PepirtedelbB nlsdows( \the) w&/aéﬁblmalagam $éf ONLacov/scHLA-
A2 }]E.esalvy ( g@?v)n %Bf‘gns Cp':%tta[i?g I'H‘af’l:termp étqggy ! or@nQﬁn-exchange

a variable region froma I1g t aln of suc
Ch%ﬁﬂangiagﬁEﬂt wherein the consecutive an1no 20 aci ds
mhich correspond to (vii) and (viii) are bound
Fi ge Qgr directly by a peptide bond or by consecutive
d®aci ds whi ch correspond to a fourth peptide
Bindirier «ind tthee #aFeofy aghehtAl/Ssider(se®d) fr usdpn protein to

re&lp QY Wil &I 13PR8G flﬁ@é&%@lmswgg mgwm@d dflo immuno-

one enbodi nent, the first cPeptl 't nker has the am no
pPlakgg and dose- dependent binding of Ml-cov/scHLA-A2/SS1 (scFv) was

monitored by conformation sensitive mAb (W6) .

Figures 17A-D

Binding of Ml-cov/scHLA-A2/SS1 (scFv) fusion protein to Mesothelin
expressing cells. Figures 17A-D show flow cytometry analysis of the
binding of Ml-cov/scHLA-A2/SS1 (scFv) to mesothelin-positive HLA-
A2-negative A431K5 cells and mesothelin-negative HLA-A2-negative
A431 cells. Figure 17A shows the binding of K1 mAb to A431K5 cells,
and Figure 17B shows the absence of binding of XK1 mAb to A431
cells. Figure 17C shows the binding of Ml-cov/scHLA-A2/SS1 (scFv)
fusion protein to A431K5 cells, and Figure 17D shows the absence of
binding of Ml-cov/scHLA-A2/SS1 (scFv) fusion protein to A431 cells.
The binding was monitored using anti-HLA-A2 specific antibody BB7.2
and a FITC-labeled secondary antibody.
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25 sequence GGEGSGCEGEGSGEEGESGEEES (SEQ ID NO6). In
anot her enbodi nent, the second peptide |inker has the

wW@eiona3@des d sequence GGGGSGEEGSGEGEES ( SEQ | D MCX/8%2001/011953
anot her enbodi ment, the third peptide |inker has the
am no acid sequence ASGG (SEQ I D NO:10) _ In anot her
enbodi nent, the fourth peptide |inker has the am no
acid 30 sequence GVGGSGGGEGSGEEES (SEQ ID NO 19). In
anot her enbodi mrent, the cytonegal ovirus human
IVHC-restricted peptide has the am no acid sequence
NLVPWATV ( SEQ | D NGO 4). As used herein, "first

Figunet il®e | i nker", "second peptide linker" and 35

pot drit ek B oRE R Qlﬁ‘Ll 'm@h?& ed 1§51 OcPeRt hdRS - CAIROSRI Qfmor cells
a nononeri Cc bgr%tl whose am no_acid sequence I s

by GxMas ceYEerH 1 or (8°HY 2007195y 7g Protein.  Mesothelin-
tré?GE/eHsgaOM613953elﬂ§ A t i iee rpd Featteaf ,méHﬁﬁhEIllanm/tlve R431
e any amno.a Thes tide I|nk
lﬁkﬂ th rﬁ‘gr 161fcu£a%680}~13uc ?r%%%erfgtr conce r&tloi{no%‘ ﬁl -cov/scHLA-
A2 /83h mn‘v)rreandeauhhnmﬂonﬁpe@@Hpt Hﬁé h&yrwnme@an@‘bs in a
[Saa]sm&rhléyl eLeRka ke B her nononeric peptide in the
[tinmer depend| ng on 5the identity of amno acid X
In one enbodinent, X in the nononeric peptide is the

- petiile@d desdriptise df\/)thel Onganthes enbodi nent, X in

the nononeric peptide is the amno acid glycine (G.
In presently preferred enbodi nents, the peptide |inker
Thigpnpnierticn nREOVRESS of tHHXieror PIRRiMDAGARF}ing consecutive

amiPld 4. whicBar bbguhRiny & r@ﬂé |af§ﬁrn00ftetrh\5.ﬁﬁs of the protein,
nononeri c eptldesm whi ch N-terminal X js

coxpesPpidho R dOPSaR e s%‘ab’i‘u‘a ar?&lfiﬁu r PEESeRte tHE (B @
cyttidt@alavidus hnanneHenhodiniened peetsdquentet) oi fhest peptide

onsec tlve am.no _aci din i i .
llrf o1'1"owed be fahehl?“c?%rt‘ﬂ_szpe%\?fz%g jf nEeq‘ ?ﬂoo dé%cfnd peptide
lirfkgri.j ) (V)s as @LAf-BRt hhahnSEQaDlmrqdeq Flasst Remolecule, (vi) a
ch &P YPEJRAE 11AR£ONEEGUL iaV & adhBPe - A4 fish Hrdrh@ hH&{PNchain of

protein, Conpound A have the am no acid sequence set
a $rH rFruaﬁ‘“SEQ o502 FNALLAYTHRE] ikt ) oh \g}rggbg,,eoypgégn from a
1idghtC Ot t oﬂnsﬁenpsbsvngragﬁem Onwh@tr&iei thé Nconsecutive amino

wc Q6 SURERS bebllal OO0 s SLLLET b Wb cogerres

mﬂg;y()ﬁ ipenride bond or by consecutive amino acids which
correspond to a fourth peptide linker and the scFv fragment is
derived from an antibody which specifically binds to mesothelin.
In one embodiment, the first peptide 1linker has the amino acid
sequence GGGGSGGGGSGGGGSGGGGS (SEQ ID NO:6) . In another
embodiment, the second peptide linker has the amino acid sequence
GGGGSGGGGSGGGGS (SEQ ID NO:8). In another embodiment, the third
peptide linker has the amino acid sequence ASGG (SEQ ID NO:10). 1In
another embodiment, the fourth peptide linker has the amino acid
sequence GVGGSGGGGSGGGGS (SEQ ID NO:19) . In another embodiment, the
cytomegalovirus human MHC-restricted peptide has the amino acid

sequence NLVPMVATV (SEQ ID NO:4).

As used herein, “first peptide linker”, “second peptide linker” and
“fourth peptide linker” refer to peptides composed of a monomeric

peptide whose amino acid sequence is GXGGS (SEQ ID NO:20) or a
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25 therapeutically effective anount and the carrier is

a pharnmaceutically acceptable carrier. This invention
W@bk®ae/1p708/i des a nucl ei ¢ aci d construct encodi PQI/ES2007/011953

fusion protein conprising consecutive anm no aci ds

whi ch, beginning 30 at the amino term nus of the

protein, correspond to consecutive am no aci ds present

in (i) a cytonegal ovirus human MHC-restricted

peptide, (ii) a first peptide linker, (iii) a human

(3-2 mcroglobulin, (iv) a $8cond peptide linker, (v)

a HLA- A2 chain of a human MHC cl ass | nol ecul e, (V|)

- mulzippkr dhpepef devheridar X (WY )be IY \alinghlasichgi gthese peptide

1inke@B dabedyy oChailt igkra o¥ChRVY 1br agnBle Ofncidmediti RRPYide. 1In

Vi vari able region . froma.light chain of
aanMgV@%de36W%m’%§?667/ &FEP539 MRYs % "ehe same as or
dlfﬁeagnenfxomWnﬁhanwmdmameohsepﬁpuldazmn rheaobdsimkr cepending on
eneCOIAERAANA oEC diidd aBfa(Wlil) 81€ RRUNEbOSRIdA, x in cne

dir y by a peptide bond or by consecutive am no
mMONgEEYEC WHRSHT 186y r 5pdHite t amanPoAdie p¥ptine {Vinker Hpd another

embblemsaEY kr agmite Ir&ddﬁ{elr\ied pfabemian iantdnbodiniwd Ati® glycine
speC|f|caIIy binds to | n_one enbodi nent,

©the ntrtl AESRELY cBﬁ%?eﬁF&d hSE‘bi’ﬂb‘“"rfbﬁ ei ¢Pci BEP Ptide linker
com@eqaeaceasemuﬁoimhrlnoSECﬁhf?ebeﬁ. fous |n§n¢me;nc peptides,
par%|1§819£9¥| o]?%tuﬁt\.(ﬁsk%f_‘?%% ohgﬁlg gbg%%@&' Gn which the

constru e I nvention. anples o vect ors
mosr ¥-SRaBARYS, X 19 bhe udwino b/, Anf thhe |§9gendrigngl third X
are anengm;mbfagﬂdu@' provi des an expression vector

conprising the nucleic acid construct of the

i nvention and a pronoter operatively |inked thereto.
In 1&ndhesbpdveatt onthesceguencdefa thansbosgedtted | amino acids

cor‘}.%@BEhéiH& % * F‘«H’I), agGP{ G 59 e | E‘Fﬁ{]{ﬁo%epmﬁe linker,

t ransf or ned may be a eu otic one
f°1§€Wéét%H fY%ﬁﬁ&l%? gPGUSOEB%QPEt Iof NQ: Hﬁnnallan
cell, an insect ceII a pl ant ceII a yeast cell and a

prot zoa 2 rnatlvel the t t ansf or el
o (Rt dibepinesr A LaEnareby SEhGRe ppas iRt s fhe " Fusion
pratsdhat edmpqu@r}a,tﬂ@rveoftlba@menpabbyd esguessedset forth in SEQ

1p BGhUsi on bodies conprising over 30 percent by weight
of

This invention alseo provides a composition comprising a fusion
protein in accordance with the invention and a carrier. In one
embodiment, the fusion protein is present in the composition in a
therapeutically effective amount and the carrier is a

pharmaceutically acceptable carrier.

This invention also provides a nucleic acid construct encoding a
fusion protein comprising consecutive amino acids which, beginning
at the amino terminus of the protein,'correspond to consecutive
amino acids present in (i) a cytomegalovirus human MHC-restricted
peptide, (ii) a first peptide linker, (1ii) a human -2
microglobulin, (iv) a second peptide linker, (v) a HLA-A2 chain of
a human MHC class I molecule, (vi) a third peptide linker, (vii) a
variable region from a heavy chain of a scFv fragment of an

antibody, and (viii) a variable region from a light chain of such
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a fusion protein according to the invention. 25 This
i nvention al so provides a process for producing a
wo e®7a86779r ot ei n conpri sing culturing the transdDUR®A7/011953
cell of the invention so that the fusion protein is
expressed, and recovering the fusion protein so
expressed. |In one enbodi nent, the recovery of the 30
fusion protein conprises subjecting the expressed
fusion protein to size exclusion chromatography. In
anot her enbodi ment, the fusiam protein is expressed
in inclusion bodies. In one enbodi nent, the process
scHw firhgmenbnpvhersin tdgt icogsepotiye|arinm asddiseyhighggorrespond
to { QriiSCRMAI & 3819 Lkohduhhe tbystrRer papﬁeéﬁn}arxsywelsewlde bond
produce the 35 fusion protein in active form

°rzﬂﬁnqﬂéseéﬁﬁbHFnéﬂ%n°t?%%ﬂ?rﬂP%ﬁh\ﬁBrZGG?PT§6?78a "fourtn peptide
1iRCY US2007hO11353 fhagmeati nd udépivddELSmt anseparidiodly which
on tein therefrom conprises [hg

spec:.%ll&gi% BQ geS£W {nﬁso %injar%u“ % agg Fmgoé‘sqgént éhe nucleic
acitereninstrayet"” datsi \wdhef grurledl EAed of gsiauenpeosetn fpeghs im SEQ ID
no= three dimensional conformation of the fusion protein

whi ch permts_the fusion protein to specifically bind
Thith JRVSSAOR R1RRe PTONEESEE ha| VRCFST pFEBRR}SHIP tHe nucleic acid
coﬁﬁﬂﬁh&ﬁeoﬁftBetiWﬁEnﬁmﬂﬂ ERbapl ayenf | aurnhveetpirevatdésplasmids,
g of selegtlvelgkkllllng a 10 tunor cell

Frses con actlng the cell with the fusion
proteln of the invention in an anount effective to

Th1|ﬁ'l%h%lénqﬁrtw|qulem1:lee @Bt cb‘ﬂﬁrlslng the
t_.unor Ce so as to her eb tunor cel l

nuGhfd S r?t?&& TEREETYRR ‘P"un’b?e c’e‘l“fe’i?‘%"n aé‘d 6aPF8HPtﬁﬁd°Perat”31Y
lirdKedl chpiracdbing is effected by admi nistering the fusion

15 protein to the patient. This invention further

provides a nmethod of treating a tunor cell which
Thwpﬁvefeeesomebﬂa@#w:&esl Bs tzappheETediriadl comprigéng a vector

EBgtfoentn%m:rlone|‘I‘heW|ttranEESrﬂc1ék§|@llprnﬁ b8 a eukaryotic
aCCOr Ing to the 20 jnvention in an anount ef ectjve

Ce]t]U i$ridi 2T 2SSTHESTRS T FHPECUR eSS RaiHst® mammalian

ceI]h,e dninbised | csDl asat plaher ebyl{ r aatyehlse toeldr argkeld . protozoa
n 0 r e n

colf, SRR, e SARSEcEeld {5 PIEPR §ecorsns con
| S a tunor

This invention provides an isolated preparation of bacterially-

.. a
vVir se

expressed inclusion bodies comprising over 30 percent by weight of

a fusion protein according to the invention.

This invention also provides a process for producing a fusion

protein comprising culturing the transformed cell of the invention

so that the fusion protein is expressed, and recovering the fusion

protein so expressed. In one embodiment, the recovery of the
fusidﬁ protein comprises subjecting the expréssed fusion protein to
size exclusion chromatography. In another embodiment, the fusion
protein is expressed in inclusion bodies. In one embodiment, the
process further comprises treating the inclusion bodies so as to
separate and refold the fusion protein and thereby produce the

fusion protein in active form. In another embodiment, treating of
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xithothe b ce

associated with ovarian, |lung, pancreatic or head/ neck
cancer, or 25 nesothelionma. The present invention
w@ewvilsiess (i) novel fusion proteins; (ii) proPEerEE®OTO11953
preparing sanme; (iii) nucleic acid constructs encodi ng
same; and (iv) nethods of using sane for selective
killing of 30 cells, cancer cells in particular., The
princi pl es and operation of the present invention may
be better understood with reference to the figures
and description set forth ha=in. 35 WO 2007/ 136778
PCT/ US2007/ 011953 16 It is to be understood that the
the nienlusion s bodtieki ni¢ edeparates tdppl foaieon arpteha therefrom
coﬂB?fyegs 8ﬁ£a££!ﬁ§]ﬂﬂé E%%1d§§8ﬁ'$8dfa§ QitBSa denaturing agent.
exenpl i f The i nvention enconpasses ot her
enbodlnents and is capable of being practiced or
As CAséd €HePdin Navaria@dts veayormdl S ©Ghét fusibn peotein means a

undey.stood that th hr.aseol and term no
thrge Sﬁsﬁg?%?nc?%gép a% a?'ﬁﬁgﬁgfb%gﬁlaesgrlp?¥%nw%}%P permits

theshduisionot pireteirgatdedspeci fimalilyy. bindor tpr opeesthekin  when
meg&h%fﬂsnlésspgéét@dﬂmtm thersecrst ion b, paune- 10
suppressive factors and/or the down-regul ati on of MHC
class | antigen-presentation functions (2). Even when
This SPRGéNt LorCThls6 e@ﬁensaebs ad en@sdd abed siellel&aﬁ.irenirs,killing a
I S_respo oW _because the antj.-tuno
tuT?rnﬁ%ff nﬁlcrafgm PUEYSS | AP e UeHtS %nd |n!’ll ﬁ%th the fusion
prasgsies afthah€l Tovanbiowmt if lrrctdawnalt effaesiypcto28pitiate a CTL-

me&ggﬁﬁwgﬁmmhk H% n@@lhg%§kéglh§QeQuEB§tCEHQ @5“&? ég thereby
VHC- pept i de congexes on the _surface of_ tunor ce

rti &H é?F‘et ﬁ'PBPdAEEBEi atBg tPBpTi 881?515 in a
pat Gt 280 tSbgﬁbﬁtaaﬁin@rﬂ@réﬁibdﬁﬁﬂﬂhi Gemaéndptaging the fusion

'pr?gggﬁ Q%Sthga$ .étlnulate an i nmune response . agai nst

uror s has ved the identification of the protein
anti gens aSSOC|ated with 20 a given tunor type and

ThEP! {BRETRRPIFG bt Eﬂfe(ué@élseﬁétﬁ&i MG r &4 855y a A\Ehhor cel2
class Il restricted binding notifs were |dent|f|ed and

whifhe SR&ETSSF bé@ﬁﬁtﬁgéﬂnln°9arﬂﬁﬂs FHEERRAL | oRfich  comprises
coqnanymagst©é4pum&i 8311 MrikIc| @ss flusiminegitloeeipr eseotdingg to the

1nJJH%f%%p hagﬁoegetbggéctlve to initiate a CTL-mediated immune
response against the tumor cell so as to thereby treat the tumor
cell. In one embodiment, the tumor cell is present in a solid
tumor. In another embodiment, the solid tumor is a tumor

associated with ovarian, .lung, pancreatic or head/neck cancer, or

mesothelioma.
The present invention provides (i) novel fusion proteins; (ii)
processes of preparing same; (iii) nucleic acid constructs encoding

same; and (iv) methods of using same for selective killing of
cells, cancer cells in particular. , '
The principles and operation of the present invention may be better
understood with reference to the figures and description set forth

herein.
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are necessary to provide the specific signals for

recognition and 25 killing by CTLs. However, the
w@eoonadqad nechani sm of tunor escape is the | PEBUS2007/011953

downregul ation or alteration of HLA profiles that may

render the target cell unresponsive to CTL lysis, even

if the cell expresses the appropriate tunor antigen.

30 The present invention provides a new approach to

circunvent this problem While reducing the present

invention to practice, tunor-ijespecific targeting of

class I WMHC- pepti.de conpl exes on tunor cells was :
It sh@vvnot bebanderstbedt thet anteefihivenehbnstisatmegy ltimited in its

nder. HL e [ ce pt.i_bl 0
oo SRSl o SO SH B LR A% BEEEPEP ol fBLigblon or ae
exe@fplrlédedect i PRee drn*serargleqrnsqncqweéeIqtéletrakeé@oodlments and is

bianix0eeqh C?@aé'@ﬁc&i e CQUMiRANbuRNEh VWerious ways. Also,
2007/ 136778 B /[ US2007/ 011953 17 nesothelin antibod

“frla?gnéﬂt Bhd BNFTStgafd TRt SAF | BEERRPSRIGH and términology -
empipdylegnaetedsl is fdattlexpuepssa dfindesaontibgt i endt skehyd not be

I degr pecificity. 5 The anti-nmesothelin
reg%!ntl g% t‘fgtrnbg{lig fragnent and CW |igand are fused

to a si ngl e-chai n HLA- A2 nol ecul e that can be fol ded

Tuﬁﬁﬁiggo@&EbﬁlaﬂdléL&Eﬂédﬂﬁﬂsbﬁlagéﬁ eS| dife HeRSRRLEBH of immune-
herelnﬂgr ide a clear nstrati on of the
SS

de 10
SURRSSS T 3T 8PP BhcHt PREC pTeTHRT RV eREi ST oc1ass T
antrigemiipire sept avieorlCTLurfationsno2 el | Ever | iwbhgnvi a specific CTL

sﬁﬁﬂ—&%r @%&n@h%t?&&é@oﬂél Pt 1dde@BNd pgul Q@Qp&ﬁé&eiﬁnﬂow because

: pepti de conpl exes. Thesé .results pave t
thw%rtufﬂﬁﬁ HEY PRIHATLOBF 1§ Rehei rffﬁﬁbtlﬁéfrr@ﬂélﬁﬁ ¢ and in some
ca@@r&ﬁcmm&sa&eoaoeatuﬁatidnacwraﬂég:gael liglbar, Mﬁfl&ﬂ\ﬁer, it is

respon 1 \ngl h rer%grect alnt thetu
weldsl S(’l“a%re‘tlsmai5 aelgaﬁg‘rem ared that P?cgé)eﬁ)u& Sn Pr éaxes on the
surffadehecprivg@mnt cqlihsethadn oresgomtt |aorrsartth@fuéeﬁr Galmot;eassociated

peﬂHﬁH@afﬁ% bﬁo§EVQ5gb mag§gn1ff@4ﬂ5“'ﬂ%é§¥es@ pQ@%Qrd developing
protein synthesis. However, in the préeferred 2

VacGiSE Rt S HE i 8Re| éﬁ igMupg a SESREPHT %%"i"t‘i‘%stumws has

inadlvidae thﬁDhﬂéﬂtEﬁlc&lg)n otfhehscbﬂ:&éﬁl CifHFigensWiaksBobiated with
wi t hou and d

2 P bulds, 9%e, B pEELoR ndaiBaBE % AR, SlSiaens, for e

clasgnst rard gdrssoddt p:ggpglgh%(@)dprgintq% motifs were identified and

are currently being used in various vaccination programs (14,

11,8). MHC class I molecules presenting the appropriate peptides
are necessary to provide the specific signals for recognition and
killing by CTLs. However, the principal mechanism of tumor escape
is the loss, downregulation or alteration of HLA profiles that may
render the target cell unresponsive to CTL lysis, even if the cell

expresses the appropriate tumor antigen.

The present'invention provides a new approach to circumvent this
problem. While reducing the present invention to practice, tumor-
specific targeting of class I MHC-peptide complexes on tumor cells
was shown to be an effective and efficient strategy to render HLA-
A2-negative cells susceptible to 1lysis by relevant HLA-A2-
restricted CTLs. This new strategy of redirecting CTLs against

tumor cells takes advantage of the use of recombinant anti-
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nol ecul e. 25 Accordingly, one to three open readi ng

franmes are required to synthesize the nol ecul es of
woe@anss7rEB via transl ati on. These open readi nBECT/US208%011953

can reside on a single, two or three nucleic acid

nol ecul es. Thus, for exanple, a single nucleic acid

construct can 30 carry one, two or all three open

reading franes. One to three cis- acting regul atory

sequences can be used. to control the expression of

the one to three open readi ngg#*ranes. For exanple, a

single cis-acting regulatory sequence can control the :

mesmtiedssi emtobode fragnentr apfr E¥Voddgandadineg fqnekecalize on
mal'lrénﬁngI sbifgeehhKCeRBROSS -a ltumdyr tWHehakt @eNatiVely high degree

t hree i ndependent ci s- actlng regul atory sequences WO
of Ap§FA£367%8- PCT/ US2007/ 011953 18 can be used to

control the expreSS|on of the three open reading ‘
The anmel me Egr Conbl ﬁstaarr %t@hg ?Q%é{i‘@egnd &@V ligand are

pen read |ng ranes an ting regulatory

fus&ﬁqu@nces canngbe behasiay r HE@-BY oneleetehr ddaguclcepc be folded
e £ A& Rl e5HE efun fOforfianm! e each open reading frane

and its cis-acting regulatory sequence are carried by

a different nucleic acid nolecule, or all of the open
Thdfﬁﬁﬁdut§lﬁﬂ€%5nﬁﬁd mbebﬁnapseci@éed eieanc@émgnstration of the
use uqm al oré’f S@Hue ro c %aréllx p?% gnél qgﬁvghgyglnelt% recruit

ol ¢ i °€6ibiTat I ons 54

act@mﬁ $Hged fOExmlegm ealdf ki hbifgsyim qﬂrmeérﬁpeahfbfe antibody or

1ifide Gadely takgaeﬁgra@t b&ﬂééfﬂiﬁfma@ lcemp@aﬂé@r These results
co-transformati on/ co- transfection o

sin
P pGial 1Y GAoGel T WIFRE PP 18% e HHY eanepEerapeut c
appHdaztul Bsge s ebui ngataﬁranrlans:famuratngn/cterlamﬂfaectimne responses

wh G f@ﬁf_?ect%ﬁ %eaai $0:9¢heP chéiri ggem ds. or

Vi T USEs appreci ate at t'he fusion
protein whose am no acid sequence is set forth in SEQ

1t | Qi %eangp}%f@éi&%?i t pRad\ kBEM ﬂ?ﬂilonzop%ﬂé‘!ﬁl a@fd the present

. methionine, 1ikel resents th usi on prot

IS E8s &F | ROAEHY ?eFF‘SFeSEl |°anDZ‘iFen8Fﬁ@ E ﬁ@ Several ways,
inspedinki Gobadt ehaak ptetéxmn@&mghailbo topeess, t i the preferred
emktc#ﬁlm% g{prgEel tghe t qgn)g- ﬁ] na«‘h’{ yq%tagk:onﬁgfoga%c}}%lons of the

eaved and renove ccordin
molecules, e.g., the scHLA-A2 domaln (with or without the CMV
peptide) and the scFV domain are generated by translation of a
respective nucleic acid construct or ° constructs encoding the

molecule.

Accordingly, one to three open reading frames are required to
synthesize the molecules of Figure 1B via translation. These open
reading frames can reside on a single, two or three nucleic acid
molecules. Thus, for example, a single nucleic acid construct can
carry one, two or all three open reading frames. One to three cis-
acting regqulatory sequences can be used to control the expression
of the one to three open reading frames. For example, a single
cis-acting regulatory sequence can control the expression of one,
two or three open reading frames, in a cistrone-like manner. In

the alternative, three independent cis-acting regulatory sequences
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contenpl ated that fusion proteins in accordance with
this invention 25 enconpass both those with, and those
wowrdhast778 a N-term nal net hi oni ne. I n general PCTHIS00A011953
fusion protein in accordance with the invention is
expressed in a eukaryotic cell, it would lack the
N-term nal nethionine. Therefore, it is to be
appreci ated that the am no acid sequence of expressed
fusion proteins according to the 30 invention may
i nclude or not include such Nderm nal nethionine
dependi ng on the type of cells in which the proteins
carirlee epe@ssed.conheherde axprewissiouerfusde, threed |opesr readmg _
tid S a a uence which
fréﬁ?% nthgﬁfl§$ exgﬁgéf.ggﬁcﬁigﬁat t#%sggé pol ypepti des
connect ed thereby independently and natlvely fold _

Thd @ﬂ&wr@gdﬁﬁgrﬁﬁéﬁélﬁ drdereef cikbdst {Rgitdhatitbgyt BBquences can
formati on of a WD 2007/ 136778 PCT/USZOO?Gﬁﬂ#QSB %%i 1
be et ishatY ofPact? vEREFRgPBELRAT n2¢Et) ™ C32M HA Sxampe.
eadhﬂﬁﬂaﬁ(reaaﬁhgbﬁdyméaageting ofs tanmEimg3 2gHlAteVsequence are
i I nyue.l
cal 33 1L BT S defhlecle 10F Hne ot the open
re%ﬂ%?saéﬁﬁﬂgsrégﬁl%ﬂ%ﬂﬁ/%ﬁﬁﬁﬁéﬁéédoﬁéﬁaﬁﬁﬁﬂﬂqrﬂ@gﬂlﬁﬁ°FMeseq“ences
are€ OsH G O IyN WCIsg Al defub e @i doi PrfRicRhley, OiBer combinations

actln regul atory sequence is functional in
ar%é%ﬁ%?FEY %?hatively, the cis-acting regulatory
sequence is functional in yeast. Still 10

Exﬁééses&%tlvsky the CIéJs%td ng &ee&iﬁtoraarﬁeqmnceekﬁected by
functi onal |n ani nmal $et a ternatively, the

XL FTRAGRY BERA ec?rt;?'msequencaé‘q €% unct i difal® %Sﬁpaﬂ?mn/w-
traﬁ'ﬁiﬂe%tﬂShe o(fl & &ahgmg ceyul akony pIQEHENEE 6ANcéId Wdixh any of

the guc Ler Ue 15 agg \afglql t ongl tr!?nscrtl tl Eransfectlon

anscntloﬁhf BHRAACET uences a

vecsmnﬁe (hog f aa$ | plaanigp tp@aezpr epkagamisis tOhreVlruses)
polynucleotldes when introduced into a host cel
Speci fic exanples of gronnters are descri bed

1t h%‘?%?nl?él @RPP-’I"?C&BE?‘%XF 8F  tiRgr i BiRd oByIBR]FSiR: WiRge amino acid

seIaRY Vi | SeteXPHAISi 0n sgzgtemsNamd aAdt hecldfesxanpl Ssterminal

am:tc’r:mecg:t d\l\me%lilx O].qlll’lg\l\s 1lktel e{ptﬁ S%QRJ E‘Ch@é eq EE?{' ?rgtein as

st ngle Cls- ac I Ng regu ato ence canh be ut
expressadudineipcbaster ohsteldet tD@Perlriees or drfcrSpsGifac bacterial

cell employed to express the fusion protein, the ©N-terminal
methionine may be cleaved and removed. Accordingly, it is
contemplated that fusion proteins in accordance with this invention
encompass both those with, and those without, a N-terminal
methionine. In general, when a fusion protein in accordance with
the invention is expressed in a eukaryotic cell, it would lack the
N-terminal methionine. Therefore, it is to be apprec:_'Late_d that the
amino acid sequence of expressed fusion proteins according to the
invention wmay include or not include such N-terminal methionine

depending on the type of cells in which the proteins are expressed.

Whenever and wherever used, the linker peptide is selected of an
amino acid sequence which is inherently flexible, such that the
polypeptides connected therxeby independently and natively fold

following expression thereof, thus facilitating the formation of a
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of a single transcript which includes one or nore open
reading 25 franmes. In the | ater case, an interna
WO pdwoamTes entry site (IRES) can be utilized SPCEHBES1007/011953
allow translation of the internally positioned
nucl ei ¢ aci d sequence. \Wenever co-expression of
i ndependent pol ypeptides in a single cell 30 is of
choi ce, the construct or constructs enpl oyed nust be
configured such that the | evels of expression of the
I ndependent pol ypeptides areroptimzed, so as to
obt ai n hi ghest proportions of the final product. 35
furirtgfceragb| 9ra Ppromst epifdle nFhannex 48pl e Tofmap  B:M/HLA complex,
anGirsRLt 't’?ﬂ“gre%gHbat BLY nofaNengf/ /il | I 286l D¥-elsR@icted antigen
nucl éi ¢ acid construct(s) of the present WO
compy$X-136778 PCT/ US2007/ 011953 20 invention is a
strong constitutive pronoter such that high |levels of

Mfég?e%%ieon uocS re%.cgteahaiic{]egon Q:rrutctt]:% p(Ql J%L%%E%Otllrﬁ%n compr:L se at

oW ng rans ornatlon
leagipr evt atcdg -vhbingi geghdaedry ofegrpressicprrehhy aldpkpd to the

co&:frfgeCt&gl}h'}ﬁélre%ﬁlsitiQEm ReelBEnhost geblrephbiya hiHE cis-acting
re(xﬁ;q nunber of the nucleic acid construct(s),

FYn FEFUENEEL g TEBGLERAs 1R S 3D | |p21§eifﬁ8¥1"ely' the
cuﬁ&ﬁiﬁﬂn’y’]t régﬂl]ﬁﬁlr}pt saqdeﬂcse suesh destehsml hén yeast. still
eqr datlon "tyLn LLp . .

2 EHATAT, S hRTadSy HaPlihed (LMIRAGLLE, faBional in
angred ) K“ﬂds whi cKefin é%ﬁg?ﬁ@&yeﬁuelereac¢%Pséﬁvéﬁ®e Fggulatory
sediddQIUGeGuhet L BRI i@kl ¥elistransiently

genetically alter the host cell. It may occur under

natural or artificial conditions using various nethods
Thd 5c el dctiimpwreguliherar segquarsceofcannhimgtl ugiiee adggomobed sequence

jn re qtext, with specihle;
ané(iexargfg{iﬂio Qﬁ Epgﬁ%mﬂé%hce&gtra)r?sﬁ ormed host cel néE:lan enhancer
sequeenceslédldy 6fi whiéeh| sexygfoxs fapdlitakimplgre expression of the

poliidldstn gesl | whah |ﬁ§t§Q§dL{é%h| , iAtH| agt Kkedd , R1Meast specific
20 cell and aIErotozoa cel |, al.ternati|

er, t he
xR TR e AT T LB BT o 18 context of
vaeldkay yetkaryhmsiic cald prgrassitie, dirgemsibei cyatieds and in the

ex&%ﬁf?JL%QJEiknaSEQEQifghfé%élhe present invention can be
- a shuttle '

It will be appreciated that a single cis-acting regulatory sequence
can be utilized in a nucleic acid construct to direct transcription
of a single transcript which includes one or more open reading
frames. In the later case, an internal ribosome entry site (IRES)
can be utilized so as to allow translation of the internally

positioned nucleic acid sequence.

Whenever co-expre.ssion of independent polypeptides in a single cell
is of —choice, the construct or constructs employed must be
configured such that the levels of expression of the independent
polypeptides are optimized, so as to obtain highest proportions of

the final product.

Preferably a promoter (being an example of a cis-acting regulatory

sequence) utilized by the nucleic acid construct(s) of the present



10

15

20

25

30

35

25 vector, which can propagate both in E. col

(wherein the construct conprises an appropriate
waedoeasam e marker and origin of replication)Penusiner/011953

conpati ble for expression in eukaryotic host cells-

The nucleic acid construct(s) according to the present

i nvention can be, for exanple, a plasmd, a bacmd, a

phagem d, a 30 cosmid, a phage, a virus or an

artificial chronosone. Suitable mammalian expression

systens include, but are not 2omted to, pcDNA3,

PCcDNA3. 1(+/-), pZeoSV2(+/-), pSecTag2, pDi splay,
inp&ERimyyc/icyta, stplhig ngorishjittoit ig€ERPromoter chughethat high levels
r 3 aggnt PRRAI I
of C%\%é%fmf &é%yég/al I abt{ﬂecolij5 rom Prl%%é:%ag?hg %B@.‘Qowmg host
Cetbr$ﬁ¥ﬁﬁpﬁﬁaENﬁﬂrson W USA), pBK-RSV and pBK-Cw WO

2007/ 136778 PCT/ US2007/ 011953 21 which are available

fro r at agene, ol RES which is
ItaVéﬁ S’B‘F ea?gfﬁﬁ’(ﬁt%rl_‘ﬁa éﬁﬁ qg‘z?g‘A F)‘lgs%-gl ﬁé‘prfﬁ/ﬁun af@n also be
effecved @Y USAnsfamhingeithed&osvarceléswith| asbéghcebpy number of
th& Wl A% %@adabsgisb@u&é () Zzed &9 %&9&@5&%@@%&5@ sequences

aci d sequences of the present invention ui tab
whigls egtabighdFee SO aPuitams iSFergaeiPbudndr 8Sngpich decrease the
deqtdadibd ort ReubAcov @yl rdB suRkpPhessaRdesid.em and its

derivatives which are commercially available from

numer ous suppliers such as maxBacTM (I nvitrogenTM 10
As(Cosedrisricdm, Chel phaadse CA 1B BaecRakdhl ( Clesnwidies a cell into
wh}r:@lboéﬁt Qﬂ)%%'lousl %cl@@tﬁlﬁ \éeﬂﬁengé l:.JgA)J.vntQBduced to thereby

Bac-to-B InvitrogenT "/ G , Carlsbad, CA
stjaohy °Exp§rré‘§§F8ﬁt6Y ﬂ?@eﬁas%hs é&FErsé‘xﬁ‘ﬁeﬂt%%t 6flthe It may
oc&ﬁﬁsﬁlﬁ&eﬂ iraQn.or k&'tﬁ&ﬁcah‘,Bchﬁdﬂfifc&ﬁ atbing plaafibss methods
As use herel the ph a - pl ant " .

we‘fffer X% pfan% pro?oglaéis célls oP ar? escFlgeg in detail
herginhglow dal konteéxp| with dmeaiddct esemhe%rofcédq% cklls.

whol e plants. 20 There' are various nethods of

i ntroducing nucleic acid constructs. into plant_cells. ‘
They ERARREPIIRE (RPSF oFf et t FiRR Q?aﬁl8“Fﬁf¥£ﬁ%ﬁlﬁﬁllofs??ﬁaas' for
exﬁﬂﬁi@}Caaﬂaﬁmﬁnﬂﬁirdﬁllpraﬂ posdédtoncéier enf plaho t&El, a yeast

cegin IT% of E'qugogogni:c:ei§l ! ’or ?Ptertr\{/a%r:l%ﬁﬁgésg%’]egéipncan be a

e nuc el acl d ~cohstruc ese

baseqnembesﬂére not stably integrated

When utilized for eukaryotic host cell expression, the nucleic acid
construct (s) according to the present invention can be a shuttle
vector, which can propagate both in E. coli (wherein the construct

comprises an appropriate selectable wmarker and origin of

. replication) and be compatible for expression in eukaryotic host

cells. The nucleic acid construct(s) according to the present
invention can be, for example, a plasmid, a bacmid, a phagemid, a

cosmid, a phage, a virus or an artificial chromosome.

Suitable mammalian expression systems include, but are not limited
to, PpcDNA3, pcDNA3.1(+/-), pZeosSV2(+/-), pSecTag2, pDisplay,
pEF/myc/cyto, péMV/myc/cyto, PCR3.1, which are available from
Invitrogen™ Corporation (Carlsbad, CA USA), pCI which is available
from Promega™ Corporation (Madison WI USA), pBK-RSV and pBK-CMV
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25 into the genone of the plant cell. There are two

princi ple nethods of effecting stable genomc
WO pdoeqasars on of exogenous nucl ei ¢ aci d sequenceEST/BEszHN7/011953

as those included within the nucleic acid construct

of the present invention 30 into plant cell genones:

(i) Agrobacterivm nedi ated gene transfer: Klee et al.

(1987) Annu. Rev. Plant Physiol. 38:467-486; Kl ee and

Rogers in Cell. Culture and Somatic Cell Cenetics of

Plants, Vol. 6, Ml ecular Biaol ogy of Plant Nucl ear

CGenes, eds. Schell, J., and Vasil, L. 35 K, Acadenic
whiRlh| ashepyaitanle) égom GHidatagenggo)(lp, Jnlim, R USA), PTRES
whizP074 1364/8 1BETeUSEAQY / @h%%@gchgz 1ERbeRbYridd), E)llﬁet (Mountain

Bi ot echnol ogy, _eds., Kung, S. and Arntzen, C
Vieyt G HSAL n PybIGheder §er825§?b\ﬁes Mass. (1989) p.
93 112 (ii) direct DNA uptake: Paszkowski et al., in »
Itur and Sonmatj-c netics of b
In%%ﬁt CU.L Ctl}lxlres a o(i/sogfbe 1% an eq'ilucci o5 sSé St:he nucleic

aciglls. se&ma@zlcles Jof arlp(nevawpsegt Kinvaptilemi c Sultable insect
exﬂjzlé@51%ne%§stéﬂg gl@ﬂﬁie C%dtf ax(elm 1Amiedab8o the baculovirus

i ncl.udi ng net hods for, direct .uptake of DNA into
Rﬁe(ﬁsd'ﬁpas?¥8t%r|%1tﬁ gﬁré}ratlYﬁ@Sg’hlch are comme;c:.ally
avéill@b_ﬁeChflﬁéwgymﬁei&YQ Zbﬂﬁéll&Nﬁ\ upicdk eas ndaepdc®y (Invitrogen™

elec rlc Sho S al
c°ﬁ attlael’ I%988‘5 %337‘53“%44‘ F%Ig%m%gtégéh Laboratories,
Inq‘\Jatuqovent(a&@BG’\)}l%g CﬂglUsQB, DA Basj-&ctBaR™ | (fryiskagen™/Gibco®,

car®Bida%i,0kat b§gHES by particle bonbardment, Kliein et al.
Blo/TechnoIogy (1988) 6:559-563; MCabe et al.
Bi o/ Technol ogy (1988) 6:923-926; Sanford, Physiol.
Exﬁ%éﬁHLon(EQQGmuﬂgnﬁﬂﬁiaoapibyseqbenues.of nherppépemtelnvention.

gfj%grg%e '\EIEP eftlr?l ar-lr 0 elﬁ.ppl sjés&nlg%rel(r} %e phrase

and pangen erg, ysl o
"Pl(aﬂ.rggosvelm" 2ran21mfecyr 9 Plendi rexatamiegbsa: i sields DA @ plant

tiddd) ctifiyrNatddld sPAd §flardee \Wr Rle @l ti dshieBX RAT idBNsAIOE whole
Nhnlpulatlon of Ovule Tissue, eds. Chapman, G P. and

Plaphitell, S. H and Daniels, W Longman, London,
(1985) p 197-209; and Onhta, Proc. 20 Natl. Acad.

Thér%' a %%9&?9, g3 g&% 749 JE@ Qgcmim Sygimonsmcts

asm d vec ors t ont a
1n¢nﬁnlﬂa$ DNAlsegnen$%FhimﬁﬁhoﬁﬁegﬁéYeOPrﬁ¥FRQRa%&P&ﬁ? integration

of IO Ccleic acid construct or a portion thereof into the genome
of the plant cell, or on transient expression of the nucleic acid
construct in which case these sequences are not stably integrated

into the genome of the plant cell.

There are two principle mwmethods of effecting stable genomic
integration of exogenous nucleic acid sequences such as those
included within the nucleic acid construct of the present invention
into plant cell genomes: '
(1) Agrobacterium-mediated gene transfer: Klee et al. (1987)

Annu. Rev. Plant Physiol. 38:467-486; Klee and Rogers in Cell.
Culture and Somatic Cell Genetics of Plants, Vol. 6, Molecular
Biology of Plant Nuclear Genes, eds. Schell, J., and Vasil, L.
K., Academic Publishers, San Diego, Calif. {(1989) p. 2-25;
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DNA. Met hods of inoculation of the plant tissue vary
dependi ng 25 upon the plant species and the
wa\gnoehaovrer i um del i very system A w del y usedrPeppsmanbii9s3
is the | eaf disc procedure, see for exanple,
Horsch.et al. in Plant Ml ecul ar Bi ol ogy Manual AS,
Kl uwer Academ c Publishers, Dordrecht (1988) p. 1-09.
A suppl enentary approach enploys the Agrobacteri um
delivery systemin conbination with 30 vacuum
infiltration. The Agrobacteriaegm systemis especially
viable in the creation of stably transforned
Gat@gnbyt y ieddiens HiateshnoYoay e ed®- vaKupgs Fet hgil gfrntzen, C.

J. digieebr DA i rAls i8helrat OBBLEM, GRldsS: (hBs9) p. 93-112.
electroporatlon rotolasts ar e brlee¥ exposed to a
ecti

strbrg 3B Rt PR PPERES: | RARFKPGIIN cBEi Gr- -t o AL Culture

and Somathanceal | genétt &ctet] Miamet, | yolnt 0 6t, h@oteblilar Biology of

.. USi er [l m i;§r op s 7 7 .
s 5%%;88%/ %ﬁsgf %3 I%Q%%fopar’tl%’?g (,%g)ﬁ;oardrre K- Academic
PulillighBiA, | SandBoeded Cnlif cr@Pea) edt-i | 62 §gchla§1ud1ng methods

£ o BRI UMY Sul et & Cbﬁﬁt ahgo byegéﬁ&btﬁar%ﬂﬁaﬁn@r et al.
an the mcro roj ectiles are

ol d rt| cles
) SR ety o 598 CLoGA |SSHake soqugea by bries
eleDjtrrﬁet sBNAkSOErpnsﬁercms alzsxanlge ettt ialli.Zzedaho Cell Rep (1988)
jent ansfqQrm e
7: 4 RBRT fohhE 91T Midlle Chideh) i3, B0(-785°, pa injection
intsy arﬂtar@elqeléﬁproé'séléﬁuéﬁ PMePPifFSFl‘anﬁo@é%’éfﬁﬁF%cI@eén et al.
Bl&/i‘zie@hn§628§?n0(3§989)n0|dl%%,9 Bys ; argcdiBe | idd t ed .t 0sE8Mvechnology

S pronoter, 10 ubiquitin romot er, and other . stron
(1R P8GR o CHRECRbr RS itte. nilrere depgo) *7bHBk-209; by

thes eqeeNOES nikropiprstet Wyistemsr Nesbuasspeci &4lc, Theor.  Appl.
nnef,.o g8l ants ipryges Lsg besyse :

ce IILR ¢109r mat i on vecg:tgorgga@??useg iggt%%xt%%% ‘e R Plal?t'

ﬂ%ﬂ@dvm 7P02bé-25f uloF oWt hEher aAsTerthatinaubgtignanef DNA  with

gefafildathagt po1nehydeciy, eWéﬁnderYExﬂ_éﬂﬂﬁéxﬂfamatM&Eh;ﬁflatlon of

Iants usi ng | ant_viruses is described Ml U Pat .
ovfis {Bc;\/f,h appan, @y 5ok (Trw; P1§Se - and

DarFil.ebJSI shied qumigmaat,i aonblon, 63198%93p ( TMU/P7 - 2EPA a@:ﬂ,@ﬁga Proc.
vatlBY) acERA 2§§1667US£ABV)198§51%51%§% Y. et al., 20

rmunl cations in |'ecul’ar Biology:” Viral Vectors,
Cold Spring Har bor Laboratory, New York, pp. 172-189

The w&&bao%%eudavswsempaﬁ&wa@& fid WSe bN PXREMRBS| Vdktors that
cogtaln!g;fggéd DNA gggggnég ‘that integrate into the plant genomic
DNA. Methods of inoculation of the plant tissue vary depending
upon the plant species and the Agrobacterium delivery system. A
widely used approach is the leéf disc procedure, see for example,
Horsch et al. in Plant Molecular Biology Manual A5, Kluwer Academic
Publishers, Dordrecht (1988) p. 1-9. A supplementary approach
employs the Agrobacterium delivery system in combination with.
vacuum infiltration. The Agrobacterium system 1is especially

viable in the creation of stably transformed dicotyledenous plants.

There are various methods of direct DNA transfer into plant cells.
In electroporation, protoplasts are briefly exposed to a strong
electric field. ~In microinjection, the DNA is mechanically

injected directly into the cells using very small micropipettes.
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including plants, is described in WO 87/06261. 25

Construction of plant RNA viruses for the introduction
w@em7/1exps essi on of non-viral exogenous nucl ei BCHUSZH07/011953

sequences in plants is denonstrated by the above

references as well. as by Dawson, W 0. et al.

Virology (1989) 172:285-292; Takamatsu et al. EMBO J.

(1987) 6:307-311; French et al. Science (1986)

231:1294-1297; and 30 Takamatsu et al. FEBS Letters

(1990) 269:73-76. Wen the vizaus is a DNA virus, the

~constructions can be nmade to the virus itself. '
In Al teror@paveiglet hebombparsimeant,f i r $hebe BNBnedi$nt padsorbed  on
mé}%io&% L;eklpéésrg&rf 0F asC238gRE s FANS SR (G @88h! €deungsten

viral “vector the nucl ei ¢ aci d sequenceées
Pardéé%ﬂsbed’rabcﬂf&d Trﬁa‘iﬁlr‘?kscan andenthe eREFEWFIIGThiles are

h)lzs{)iea?hgsra'dbellefrftba \/J'lrftiiﬁ £61Bs DN&b Vib Tttt laly\axes Dlrect DNA
136778, P us, 7/ 011953 24 a erla 0
TR eFC RO O AP a AL ARG b PR O SEbfhikfpne certs.

is then replicated by the bacterla Transcrlptlon and
t sl 0 S Wi c C 0
tn BA00 b IL AL g oA, OB Be0u8llyeeo sox
plam RNAI\}. ra@r?#elqn r @ 5tPhe géhEttl 130 GifEGRds gucleic acid
GldNdeand mtslefdeed bk 0 adepl Astn dimibea rﬂoasumvu 35tshepromoter,
%ﬁ 0 n%%?tal o%dth I&QDStrUCtIOQ%Jo e JH ca express
%?ﬁ: En Br0aGEE BYt ransSer i bing ot e Nar® sequence of P
the heuclgigs nhcingdegnemes it ivn aofcqrwelxwrcavegmestntsﬁue specific
marje@duce the coat protein(s) which encapsidate the
viral RNA. 10 Construction of plant RNA viruses for
the introduction-and expression in plants of
Planﬁmvﬂnuabse&ageames belCheed ££1tranfuemaesonSue€ltéss. Viruses
nd 958 MU LIS NSS! (oL LHE REERERbmarion of plant
Ghvent on FEFORSt Fat 60 byt e above T of of antas AS P
ceh&ﬂhos&§ nnCLh§¢ ¢t e MMVN@nd @B 5, Enﬁhﬁﬁprmaﬁe&QtOéeplents using

p1fth 3hSQebe; Ytadd28aheds ROt scel bt by e ar, e%gnbsv (BGV), EP-
i nvention- Nunerous exanples of yeast expressio

A Qler S TV t af#RANST P8BSR oRPRE L Gt AU e 0630F8593 (TMV) ,
Epsequenses abvyhe gmsesemn @47 | Neent | Gind Nncyeasdn ar €. et al.

Corrk(mrtlxovz\@:atgokge 9 t <?.'pecua.l.t ; OCQ{mFr & al {Iy af‘V%lﬁlggglrg; %%‘i'& Spring

VecYors ‘aré dsual duced east
Harbor Laboratory, New York, pp. 172 189 (1988). Pseudovirus

particles for wuse in expressing foreign DNA  in many hosts,

including plants, is described in WO 87/06261.

. Construction of plant RNA viruses for the introduction and

expression of non-viral exogenous nucleic acid sequences in plants

-is demonstrated by the above references as well as by Dawson, W.

0. et al., Virology (1989) 172:285-292; Takamatsu et al. EMBO J.
(1987) 6:307-311; French et al. Science (1986) 231:1294-1297; and
Takamatsu et al. FEBS lLetters (1990) 269:73-76.

When the virus is a DNA virus, the constructions can be made to the
virus itself. Alternatively, the vifus can first be cloned into a
bacterial plasmid for ease of constructing the desired viral vector
with the nucleic acid sequences described above. The wvirus can

then be excised from the plasmid. If the virus is a DNA virus, a



10

15

20

25

30

35

cell via chem cal or electroporation transformtion

nmet hods well known in the art. Commercially avail abl e
W@ Wrase78 ncl ude, for exanple, the AYESTm PCT/US2007/011953

(I'nvitrogenT ' Corporation, Carlsbad CA USA) or 25

the YEX'' (dontech(r) Laboratories, Muntain View, CA

USA) expression systens. It will be appreciated that

when expressed in eukaryotic expression systens such

as those described above, the nucleic acid construct

30 preferably includes a sigrmd peptide encoding

sequence such that the pol ypeptides produced fromthe
badtierdalawadigénoed meplétatien dcanecpgieateachad W rideg ediral - DNA,

whidrd the atdached:signah REPttHe IBERerS8Cr €t iunscription and
pat hways. For exanple, in mammalian, insect and yeast

tr‘?’i’@état&@PI Sf t4d s S8dd RAFNSS i s AT RFYSEPerEich will
endapgihat85tgéovdfalnnﬁmun 1thithe virgpd aid axXRNAS$ieAs, the virus

syste t he_ pol ypepti de 7 17

F%ﬁ??%gﬂﬁ7fagfg%§ & Sacéﬁyggaggcre%gﬁtgﬁt6nFﬂ a plasmid.  The
plagydd dist ,then dusedt ed nake aliulpelthgl gonspiryghaébhe. AThe RNA
v1mt@|@kerh0§fom<p%}tr@f§{&'ﬂ¥31n tehhe Mﬂic'@cﬁlence of the

aci d sequence Vi a transfornatlon met hods wel | known
Pla}srﬁ“lfihé"‘a‘?ttr?ﬂ%]r%‘d’r% Pbr th@xéﬁﬁaé MU chP Produce the coat
prdtedmskor WRi tRNefEarkidaCaCliRe wir#l emta.oporati on.

Nuner ous exanpl es of bacterial expression systemns

which can be wutilized to express the nucleic acid

Comgdquetiden oPft hplapescRNA 1VimwaEst | dorar hRnownatradydfeion and

expidssiCaMiB Fﬂlahk:)é 8¥ ahbﬁmﬁﬁa@ﬁde@ouse YREesst OQc id sequences
but are not limted to, the pETTM

stens inc
s“%iﬁ'ﬁe%%&ﬁ APSTUdRT NoV dden ConeRBLEr o%fc.refrf-'c&ressaﬁ invention is
dendrageat€A LUHArhe pbevd/ exfrmsgiesn asy wkeM &bnint Uogentament No.
QR;@gratlon Carl sbad CA, USA) or the pGEXTm
"Texpreéssion system (Amer sham Bi osci ences, Piscataway,
15 NJ USA).  As is further described in the

Yeu@ﬁoe{:émt @EnD%FH'o' _SbeSeﬁt:L.Qﬂzé!@i abB Hald Owll@aﬁyertih%' present

. expression is, gartlculfrly €.vanta eous si,nce the abl

S £sed HBFFBRD! PHREPTGT 176 MRS (PR Spie vectors suitable
fox n@lxpsesalbndl@fs 2her endelgi@nexdiol eséquercy erof anhlc_a present
1n\%‘Ht| ohcaillxon ét hgre_ex%gﬁedln pgh%peag_lg dsndﬂg}% E:Qllmﬁercially

I nvention p OVI es a preparation o
avayjdabadei-al - BuPh e¥SEHOTrS are usually introduced in a yeast host

cell via chemical or electroporation transformation: methods well
known in the art. Commercially available systems include, for
example‘, the pYES™ (Invitrogen™ Corporation, Carlsbad CA, USA) or
the YEX™ (Clontech® Laboratories, Mountain View, CA USA) expression

systems.

It will be appreciated that when expressed in eukaryotic expression
systems such as those described above, the nucleic acid construct
preferably includes a signal peptide encoding sequence such that
the polypeptides produced from the first and second nucleic acid
sequences are directed via the attached signal peptide into
secretion pathways. For example, in mammalian, insect and yeast
host cells, the expressed' polypeptides can be secreted to the

growth medium, while in plant expression systems the polypeptides
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i ncl usi on bodi es which are conposed of over 30%
preferably over 25 50% nore preferably over 75%
woreey/1pa7es er abl y over 90% by wei ght of the fusPONUS2007/011953
protein or a mxture of fusion proteins of the
present invention. The isolation of such inclusion
bodi es and the purification of the fusion protein(s)
therefromare described in detail in the Experinental
Details section which follows. 30 Bacterial expression
of the fusion protein(s) can 3govide high quantities
of pure and active forns of fusion proteins. As is
carf e hegcmidscy ilned ithet lpoBlpeti nent dirpeted| sntecei gubcellular
orggquie.fplloms, the expressed fusion proteins form
substantially pure 35 inclusion bodies which are
readily isolated via fractionation WO 2007/ 136778
A FEIdIS200h6811853 b@ﬁti‘@ﬁ@f&ﬁh&ﬁ witlH theowncleithacfdt sequence
| Vvia f anpl enaturln renatun
“%t‘éﬁ% éﬁﬁ‘é“a?c tSFor™ Otrh%%( mplgT R |nventg‘ihon ey be fcluding for
exangriat, Ucbdmanal rtefglsfegmalipn Khegprésﬁﬁcﬁ ofF glectroporation.
MHC-restricted peptide, which is either linked to,
co-expressed with or m xed with other polypeptides of
Nunédmous nexsnplors anll Beictgréapabiwreisshondi suptams svhitle can be
utfm&iw Céx%ﬁ%slsx 2R YRERiLfde. R4l Sséd’l.{érn:%rs of the present

described in the exanples section, this__enables t

\gee‘fféPé‘t é78 JMTanty dhey Hikre m“arggglﬂyamVFgéﬁP%e 1gacterial
él%% C%';@tlh \A@thbugém fﬂ.&ﬁ;t hgfe beopuri fafdd/i 8oSi 28 pET™
excl usi on ronatography I't will be appreciated i hat
exp#ﬁﬁ&ﬂﬂ@ G@ﬁ&ﬁ@e(@@eagﬁar,r@M%IE}@@FkﬁnFGQMESan Diego, CA USA),

xpressed al ong .as_an epend ent t| r
poE 3 BREResten Y TTRR LA CRISER e COTTORAre A Lergkafl A, usa)
or NMBheCHERX™MN ekpee HOLI LI Pstdl GAMEY shafa 1 disltd e@xpB S Pedcataway,
NJcﬁggon protein and peptide co-form inclusion bodies
8H can be isolated and. utilized for MHC cl ass
| -antigenic peptide conplex formation. 20 The

asf 9&' QM&&%ée&éé&f}Lﬂ%OVﬂrﬁ%é %Jﬂlﬁ\eﬁfaﬂpbeéaiﬁ?é g886bion which
of the ~various aspects of the invention described

fohkave in. LAt alex SR &% 1% ot F dPABE Bl 3egar ABYRRkRgsous  since

‘thé | ditgrdiGedn pabypeplyidas fidie istbentbhOhalyn pure inclusion bodies

%Plc Igr%gnén%SI g‘ol aztecé(/% te%%%h%tgﬁgﬁd%g c%}‘lﬁ %ysthe expressed

exa however, nar
potkiéptsiden the art how to

Thus, this invention provides a preéparation of bacteriel-expressed
inclusion bodies which are composed of over 30%, preferably over
50%, more preferably over 75%, most preferably over 90% by weight
of the fusion protein or a mixture of £fusion pr'oteins of the
present invention. The isolation of such inclusion bodies and the
purification of the fusion protein(s) therefrom are described in
detail in the Experimental Details section which £follows.
Bacterial expression of the fusion protein(s}) can provide high

quantities of pure and active forms of fusion proteins.

As is further described in the Experimental Details section which
follows, the expressed fusion proteins form subetantially pure

inclusion bodies which are readily isolated via fractionation



10

15

20

25

30

35

25 practice various alternatives and enbodi nents of

the invention. Generally, the nonenclature used herein
w@ew7tibe74 aboratory procedures utilized in thECPUSRETI011953

i nvention include nolecular, biochemcal,

m cr obi ol ogi cal and reconbi nant DNA techni ques. Such

30 techniques are thoroughly explained in the

literature. See, for exanple, "Ml ecular Coning: A

| aboratory Manual " Sanbrook et al., (1989); "Current
Protocols in Mlecular Biolo®s Volumes I-111 .
Ausubel, R M, ed. {1994); Ausubel et al., "Current

technigpes| svell  Moperuliar Bl agy" anﬁohh\lW#Jaﬁ aMéa shey, example

deﬁ@htﬂlﬁgtgenmﬁq@@t%@s(1989) Perbal, "A Practical
de to Ml ecular d oning", John W ey & Sons, New
York (1988); Watson et al., "Reconbinant DNA', WO
Thezmlb%'ﬁ&temé US® 08¢ 014858 i a7 Ay et irknetAnedi gadl refolded

0 (eds): o Ge o .
i B rBUIZEL s BAE B e HRLLGLTIAER, 1y ejsper 1inved
tO'SpFPngxpmm Habbr@tror?lﬁfésyltiﬂev@%m pobgpgotides of the

1n\;gﬂtrl@>g0|agg| Sélﬂ% @%ﬁablfeobtfhbhﬂdih§ t]:Péitsn.rm.% chaln MHC class I
4, 666, 828; 01, 531; .5, 192, 659 and

poIyEePifsy Abot? BN SSRCLBE D TS, Section, chis

ena\l‘ﬂlelﬂTESol -glelnbra€é| ld ssubstdntiaady (A98<) MHECuttawse Dfantigenic

pe ney’ J\ﬁ% eyﬁ%?ﬁ% 8% h% 3%“) T&%{I%:%%eé’d]i ¥ | sé:'hz;e exclusién

Chr‘mtrosﬁrﬁpm’ot ocol s in I mmunol ogy" Volunes |-111
Coligan J. E., ed. (1994); Stites at al. (eds),

"Basi ¢ and in noI 8th Edi t , .
It Ao EREARIR RoP VBT KO CTTL GORL S\ FER| Fokpgetoraing can
be Sh:b-|eg¢pr(eedze)i alSegcet el (\&I’md&ndegéexldbntapeptide) or be fused
to aval {%I—ﬁ.gxy %alﬂn gf e@ﬁ@nm-?@%lg%s IN%W gg'ﬁ&e( %389 e bacteria.

I Mmunoassays are ext ensi vel escri
In { fechapefasgnEhei eMTTIRed |fusdon R%oteige afdpeptide co-form

1n@?§f§'ﬂ3ne,boldlgs RatichNean Be79%093¢ed 3a88%uidbBizdd for MHC class
850, 752; 3, 850, 578;. 3, %53 987: 3,867,517; 3,879, 262;
I- %“tg‘(?fné&l’epél BCPFLeX3 LEERARIIR - 3 996, 345

4,034,074; 4,098,876; 4,879,219; 5, 011 771 and
" U S’ e
Theg dgg%]icgé.h g C P CAJ:%U g@% %\Héth%§|c gﬁ\ tles Mfo} I:a)lch of the

Aci bridi zati on mes, B.
Va@rﬂ?%"@@eﬁ’ffs gf ghe éﬂgen'(li%ﬂescrﬁb&ﬁsé’PFﬁf‘Pon ARgse examples
sh&fl&ﬂ&lcﬁt beNref@f8SA & 1RmitdQgand é:hﬂg):d’}ﬁ 35 i-he Qﬂﬁentlon can

" Ani jmal CeI§j Culture" Fre ey, E
be( gkiceflrm’orbl S8 Eel %S anGoRRY %b Al rsﬁrf’ntéssways These
exa(nj[g&@ however, teach. one of ordlnary skills in the art how to

practice various alternatives and embodiments of the invention.

Generally, the nomenclature used herein and the laboratory
procedures utilized in the present invention include molecular,
biochemical, microbiological and recombinant DNA techniques. Such
techniques are thoroughly explained in the literature. See, for
example, "Molecular Cloning: A laboratory Manual" Sambrook et al.,
{(1989); "Current Protocols in Molecular Biology" Volumes I-III
Ausubel, R. M., ed. (1994); Ausubel et al., "Current Protocols in
Molecular Biology", John'wiley and Sons, Baltimore, Maryland
(1989); Perbal, "A Practical Guide to Molecular Cloning", John
Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA",
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"A Practical Guide to nolecular doning" Perbal, B.,

(1984) and "Methods in Enzynol ogy" Vol. 1-317,
w@eadasi7es Press; "PCR Protocols: A Quide To Mthos®07/011953

And Applications”, Academ c Press, San Diego, CA 25

(1990); Marshak et al., "Strategies for Protein

Purification and Characterization - A Laboratory

Course Manual " CSHL Press (1996); all of which are

i ncorporated by reference as if fully set forth

herein. O her general referem®es are provided

t hroughout this docunment. The procedures therein are
Scipaitii§yed AmerheaneBookgowleWn YOk h@igrena et fle (eds) "Genome

AniyV¥isdeds f QlapgoRareepvanianae 8érider reqdes. Alls, tl81a spring
I nformati on contai ned therein i s incor orat ed her ei n

HagRpr (RARTAHQEY ERPRFT neMeyl i (3998k \VBEEPPAPLo%iff as set
for¥ hHeds. s%p&@O?hb@G?ZSs?@Téi&O@?dm]z@% 42801CbBD} Ny, 192, 659

f. d A A2LSS] asbr U '
anéa)ls %QB?%SI )écdﬂ;cr %et?yb ?abéég %)ﬁvi@%d%g)r% rﬁuggg‘?mes T-IIl
CeldlGldLAJA2 B.q telde NS nl]§ubtu¥¢l€°$53:nl‘@]sc¢3/1]\ﬁ a & Manual of

BasiOr freli e'AS% (PEARNO Al 164501 86l0 RONSET UG obB®, Thira
SscHLA- A2/ SS1 w_t h coval ent

SC bound )
Ediierres FPFE‘F%EI %’é‘b‘i‘i"iféls i PR 4K iteeger fat cotigan J.

E. Wased.usediasiahh t Iszipept | de | lamker (eds) , "Basic and Clinical

o T ) o bRl By A s

Migheldnsi ard r efdtiiion wi tefthe 19ePritnst s: Mstipds' in Cellular
Im&%%GTTmTAMITGmTC%@TM (1980) ; available

oY SRS RTACTER ARG S| oREF 1) U VPGE8S and sciemcitic

1i G GEAGEAASCAAT TET CaXawg Id T AT ISI.CGRACT NBEST 3'3(, SB@, PB2 N3 , 839,153 ;
3, 815@ s . e g5 ML gDl iJTRIc 8 68) egcg %ﬂ?l OB W&§ 262; 3,901,654;

nsertéd dt the ['i'nkeér "séquence, s change I n
3, %ﬁq@é’#ae o984 833a Bar?de |3é§tr|4el°%n°§?te.4 9pe. PR 4.87°,219;

5, QIOG4Et Snderss, b sehonedlt goddc Tédi i deg mwsi@p%uﬁ M. J.,
Eas ector, Promegaé %f rattl on, NMhdi son V\é al)ld Higqins
Seqti¥RtryCt 61 ) dPPh 2 8888« pPes8i on? 199

S. v-ecI oed:(PRBl)ss.Bs)l Ng'Tdensddptand afd Ecaklawesin'i Hawms, B. D.,
ané'ﬁfﬁﬁins S. J., eds. (1984); "Animal Cell Culture" Freshney, R.
I., ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986);
"A Practical Guide to Molecular Cloning" Perbal, B., (1984) -and
"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols:
A Guide To Methods And Applications", Academic Press, San Diego, CA
(1990); Marshak et al., "Strategies for Protein Purification and
Characterization - A Laboratory Course Manual" CSHL Press (1996);

all of which are incorporated by reference as if fully set forth

herein. Other general references are provided throughout this
document. The procedures therein are believed to be well known in
the art and are provided for the convenience of the reader. All

the information contained therein 1is incorporated herein by

reference.

_E_:_cgerimental Details

Materials and Methods:




10

15

20

25

30

35

To generate Conpound A, ML/ scHLA- A2/ SS1 (scFv) was
used as a tenplate for ligation with dsDNA priner.
wab@7MBd73e HLA- A2/ SS1 (scFv) (in PRB plasm d) Be®US2007/011953
digested with Ndel and BanHl, and the plasmd 25
fraction was ligated to dsDNA priner containing the
CW peptide sequence and the extension of the |inker
sequence 5' CWCcovLL
(cassette): 5 TATGAACCTGGTGCCGATGGT CGCGACCGT
TGGAGGTGECGGT TCTGECGGAGGAG 3'24 SEQ | D NGO 15) and
3"CWecovLL (cassette):5" GATC 30
CTCCT CCGCOAGAACCGCC‘ACCT CCAACGGT CGCGACCATCGGCACCAGGTTCA

CI%‘S‘&%\E/Sf The annealing of the priners

ovLL (cassette) and 3' CWcovLL (cassette)) wa
The)etFHEATEE/BF1i KEEHE | YRS t FROFIURECE &6 PISTiPBFlY ﬁffﬁcrlbed by

lnflﬁlrlgov‘ﬁda by - 4 drniineighadd o8c@ta fmONMd eHﬁGT ﬁ—bié@mﬁ[ﬁ@ of the 8S1

ati on product, stransfornedto
scw%rﬁ FIEnes, PeREBEE g foSif okt gty Snstruct tne
HARAGENMSSILNI qslcem K iwti t WO 2@ 1eh8BY 7 oRad/ Uszeeéﬁmil_@&;i peptide,

thg9 F&iﬁ@oggggricé&f %@Iﬁﬁgc' Has O%ugéé) @Eghsm e%e‘fﬁ&ﬁe linker

sequence sis. Expression refolding
GGC&ﬁquGéﬁﬁﬁgﬁG@ﬁG%o?ﬁﬁﬂjﬂd? A &dorRso G N- \%8§‘“e51‘¢? e%%e?:ihe SCHLA-
a2 1451E- GRIFv) Lﬁaieéa@E&)y celHdom oMeyagsnexteddidins@@ac¥on with the

x93t o bt SR ke SR SR AR e imace
CTEIGAGACOACCABAE THAGSRCENT CRACHERTEINASPIICCAI ght  at

TedecTAirebhERa Yl & a:er ?R%e{]ggggto ri QLB%”Edl UR supeg VLscSS1-

roth) su gl enment e
5'%%%'1‘3‘\1’@131‘}8 CeTFAT AT TG I’at ”?fc 14) .In the
5° Mﬂcﬁﬁ%ﬁ/\ht Bil&léz (tﬁdﬁk&ild&pﬂﬁenﬁha&r’@éﬁ eV)thnd inker sequence,
Jnc bated.for an additional E%IS - I, n%I usi on,
Werd PELIFI ‘%reé? cEefl PPETT ’ieso Fighipn Site.
dlsruptlon 15 with 0.2 nmg/m of Iysozyne foIIovved by

Thé hfc@d&fédxfy&sotvege qs/ngréi&Qed ch;l-ol(;}\ cloning vector (pGEM-T Easy
Cct yl phenol pol y[ et hyl enegl ycol et herwg Roche

Ve‘E‘j‘a@n qrega” GRBFPOTRHR AP G iPrsc en U8R MaRAh§PRpequently to
a Or mrdRotdblsbd Naxpresshen peldtets @RE)heusid UsheéNNde1 ana

bodi es ver coI I gcl ed by centrifugation (13, 000rpm
Ec%‘bﬁ‘iﬁe E)l Bnd*Wekhed. three times with 50mM Tris 20

buffer pH 7.4 containing 20nM EDTA_ The i sol ated and
Toplgérfelr%‘d_e Compound A, M1/scHLA-A2/SS1 (scFv) was used as a

template for ligation with dsDNA primer. The M1/scHLA-A2/SS1 (scFv)
(in PRB plasmid) was digested with NdeI and BamHI, and the plasmid
fraction was ligated to deDNA primer containing the CMV peptide
sequence and the extension of the linker sequence 5'CMVcovLL
(cassette) : 5' TATGAACCTGGTGCCGATGGTCGCGACCGT -
TGGAGGTGGCGGTTCTGGCGGAGGAG-3"’ (SEQ ID NO: 15) and 3'’'CMVcovLL
(cassette) : 5'GATC
CTCCTCCGCCAGAACCGCCACCTCCAACGGTCGCGACCATCGGCACCAGGTTCA3'(SEQ ID
NO:16). The annealing of the primers (5’'CMVcovLL (cassette) and
3'CMVcovLL (cassette)) was performed by incubating the primers at
95°C for 2 min followed by 1h incubation at room temperature. The
ligation product was transformed to E-coli DH5a for plasmid

amplification. Plasmid was purified by QIAGEN" miniprep kit
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i ncl usion bodies were solubilized in 6M Guani di ne HC1

pH 7.4, followed by reduction with 65-nM DTE.
w®odoahsd7rged and reduced inclusion bodi es werBCT/US2007/011953

refolded by a 1:100 dilution into a redox- shuffling

buffer systemcontaining 0.1-M Tris, 0.001M EDTA,

0.5-M 25 Arginine, and 0.09-nM Oxi di zed Qd ut at hi one,

pH 9, and incubation at 10C for 24h. After having

been refol ded, the protein was dial yzed against

150-mM Urea, 20-mM Tris, pH &9 foll owed by

purification of the soI ubl e Conpound A by ionexchange
(Qickeaiint Dye apiyalemaiaQ Cepisal end sehphes (Webemsét Dfor sequence
anaqg, (S| gma-Aldrich, Inc., St. Louis, 30 MO USA),

p y| ng a salt (NaCI) gradl ent. Peak fractions
containing Conpound A were then subjected to buffer

Exp%gﬁagé/rétsimﬁﬁvﬁ ard gai:lgleftwtrrmdmmmsoﬁha A |
SC - s .constr e Vi ous
CorESER, Hocy TR nd ot 1 Cliertalus FEAOIERLES ((Novagen”

Madilzenl\- twr rrUaas cfs t irec1SGlions adidss aCeipoeund | Akeonstruct was

R SR D R PR A RE o
LBAMEY aPLakey Wl%dlmll@?t@ﬁ r c¥eEd PPt dét 3H. Colonies were
traMﬂ@'e&'Q'éiir tot edepamddidsm qedpbhenpept) dugdgldiRhted with glucose,

MgSQsy e?’r"r’f’ n%‘éé o‘Taitﬁ'e gggLﬂelkg‘ééﬁm&r’%rgnu%dgtgaﬁwggogm)_ at 37°C,

indRAcRdowertdnapIrDa efiSimel reactangranith tihd)5 and ngreibated for an |

%éé%%rcg%rgréﬂ 7 FFSAAGCCGT TGGCGCATATGATCATGGACCAGGT T

GGECGAGCGAGEGT CCGGT GECCRAGGT TCAGGAGCECAEGT G
GATCGATCCAGCGTACTCCAAAE' (SEQ I D NGO 17) And the
Includli®aSBbdaies Gedtd APGEI AL Gl cell pellet by cell disruption

i %@TT Tﬁggﬁ%ﬁ@)& C§E91°WF§COB eg% 2ddition of 2.5% Triton®
X- todnpl mcet}flcsrhetmép@@ymnlsi'hmtgmo@ﬁt@gnboundR@;hd n Diagnostics

Gmﬁd“' R e%&&b@1EBes9§@né@Ptm£&hel¥hVPW%¥n§A§E%aDoN.Qx NaCl. The
was | ntroduced I nto the 209cov/scHLA- [ SS1 (scFv)

lé@&@erfbfe TR CRRAGFFPR HROBIRP pERXT dEPLESHRR PBaCPRER:fugation
(13J310@@‘phhe qUniiferar 5a €BHAAKRETTEERERLATATES times with 50mM Tris

b R oA S T G AL COARRC R T (B prrified

indiUsipmd bodiess' vere S$LUBCAGE AAGGM TTET CARFATEITFATHCL pH 7.4,
folEL%AC}I;T%L{C%EQnI Qﬂi‘.\tl.(?x %g)-mM DTE. Solubilized and. reduced

inclusion bodies were refolded by a 1:100 dilution into a redox-
shuffling buffer system containing 0.1-M Tris, 0.001M EDTA, 0.5-M
Arginine, and 0.09-mM Oxidized Glutathione, pH 9, and incubation at
10°C for 24h. After having been refolded, the protein was dialyzed
against 150-mM Urea, 20-mM Tris, pH 8, followed by purification of
the soluble Compound A by ionexchange chromatography on a Q-
Sepharose° column (7.5mm I.D 60cm) (Sigma-Aldrich, Inc., St. Louis,
MO USA), applying a salt (NaCl) gradient. Peak fractions containing
Compound A were then subjected to buffer exchange with PBS.

Cloning of Compound B

The scHLA-A2/SS1 (scFv) was constructed as previously described by
linking the C-terminus of scHLA-A2 to the N-terminus of the SsS1
scFv via a short 1linker ASGG (SEQ ID NO:15). To construct the
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The expression and purification -protocols of Conpound

B were 20 identical to the expression and
w@eorfi3edag | on protocols of Conmpound A. Al theCTesivode11953

used to anal yze the biochem cal and bi ol ogi cal

properties of Conpound B were identical to the nethods

used to 25 analyze the activity of Conpound A

Construction of ML- COV/ scHLA- A2/ SS1 (scFv) To

construct the M -cov/scHLA- A2/ SS1 (scFv) fusion

protein the M 58-66 peptidesonvas fused to the

N-term nus of scHLA-A2/SS1 (scFv) 30 fusion protein
scHL-8d¢ASh dRoOFY) 19iahi wovadpatly nkenngyMEGereappichped peptide,
thd GRid-5act QB Wi BebPeae’ Mial 'tﬁgef?gg_fl:_iagr:linﬁ'er GGGGSGGGGSGGGGS

GGAAGCGT TGGCGCAT TTCTGGECT GTTTACCCT GEECEG
(S EQGGABGAYCOBT e R A ITACHRGCEAST GEATEERITRAGCRT ACTRY.  SCHLA-
Az/&ﬁﬁgbf‘&&bfécm @)amtc‘hﬂaraaﬁL%&SShsn.Bn reaction with the

. AA TT 35 TATTTTA :
PTi5rS14) . PRB pPasid dszma@-%:ls gdgégga%g TA(Té%PGGACCAGGTT
CC@amrall‘ﬁ'il"n@G¢WMGWCAQBSS§EC‘€@&¢EII)TC§@@&§IS§§GTG he WD

GAT%@C%ﬁé@@@A@MOWSQ 1933 3b.eXpr-ASSialh anthe 3'vLscssi-
o gurl |cat| o rotocols of the M- cov/scHLA- A2/ SS1

%"B‘i QWTWEPETTB%MWGTPO (BRR TR Rs%E)on
2osﬂd&ﬂr/sput.AfAz,essx)n(smmx)omh&cofleC@apouaddAasAhItérhplate for the
s _used.t anal yse th hemc I d
corgsq"rucgllcgl Sfro;o&erf’l esxo%thgth Tov) ? F—ﬁfg ATEs MV pepride
NL\(F%’IM‘)’ f (BREQONIPr ei it ervas| d@mrpéapetlo inte the ha@gcov/scHLA-

a2 A4Ead (keranaby, ?@eﬂé’l&e @swh&hgyngft@w%pﬁm@ omséopcg reaction

Cytonetry vwere incubated wth Conmpound mn
usijig ke Brf‘O‘Eﬁs > FFRPESGITFETCCORENEF and i ncubat ed Wit h
GCATIE TEBGCT HEdrdPrviic BBEcRGABOAGEATT G T4CCGEACETTCAGGAGGCGGTGGA

reqpEABERFANRC R (el ip) NBh ot Cartl iPe. ™0 coconaary
3 RCIS53 8y SCARRARGGART TRECATSABEEERENt | y washed and

TTEROEeETYY (Fed AT nzahigher flow cytoneter
(Becton- Di cki nson, San Jose, CA USA). 15 . Enzyne

I i nked i munosor bent assay | mmunopl ates (Fal con %
Thd3e eikpie B Cdoh NS08 LphwaE ecatiamkipriotbakes; &) Compound B were

identical to the expression and purification protocols of Compound
N .

All the methods used to analyze the biochemical and biological
properties of Compound B were identical to the methods used to

analyze the activity of Compound A.

Construction of Ml—COV/scﬁLA—AZ/SSl (scFv)

To construct the Ml-cov/scHLA-A2/SS1 (scFv) fusion protein the MI
58-66 peptide waé fused to the N-terminus of scHLA-A2/SS1 (scFv)
fusion protein through' a short 15 amino acid linker by overlapping
PCR reaction with the 5'M1-linker primer:
S 'GGAAGCGTTGGCGCATATGGGCATTCTGGGCTTCGTGTTTACCCTGGGCGG
AGGAGGATCCGGTGGCGGAGGTTCAGGAGGCGGTGGATCGATCCAGCGTACTCCAAAG3 ' (SEQ ID
NO: 13) and the 3'VLscSS1- 5 'GCAGTAAGGAATTCTCAT
TATTTTATTTCCAACTTTGT3' (SEQ ID NO: 14). PRB plasmid was used as a
template containing the scHLA-A2/SS1 (scFv) sequence. The
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USA) were coated with 10 pg/m of purified bacterially

produced reconbinant nesothelin (O N at 4C). The
w@b@vass7rer e bl ocked with 20 PBS cont ai ni ng 2%GKIU8007/011953

m |k and then. incubated with various concentrations

of Compound A (60 mn at RT) and washed three tines

with PBS. Binding was detected using the anti

- HLA- conf ormat i onal - dependent anti body W6/ 32 (60 m n,

RT, 1 pg/m), plates were washed three tines with PBS

and incubated with anti-nousesl gG peroxi dase 25 (60

mn, RT, 1 pg/m). The reaction was devel oped usi ng
ex;':l'ﬂ‘&S(llBAK@)nd apdri&rgrtianedphytadvd sadef t itbe @f1-30y)/ SCHLA-A2/SS1
(54'1!,2‘504 f%gldﬁnt br%é%h%é& afﬁérm@él( Kjeb V\@ﬁeusgﬂpﬁésﬁlon and

positive control. The i munopl ates were_ analy (X
PUEL fISRLERIRTAAIYG S, 4BHNFOFPPEBE (nt Abd thm s used to
and¥Y0S thkdbbesdheridlazbuaga ApsdYdgi)cal30pEypettiedLi bf the Ml-

Xicit determne by S35- net.hi oni.
°°Y/sz 2’%‘%&%5%%9 ?ﬁ%ar% et ~U&e s R/erg c%l t'Ured 1neglg ?ure
me ghade sisied RPl\mna_I).\%eFG&elmz:hnuntneof f@empdumd 2R,
fol l owed by incubation overnight with 15 pC/nl of 35
S35net hionine (NEN). The target cells were harvested
Fleyy CHYMeSTFHi zati on and washed twice with 40ml RPM 10%
ce (5. wdhe tlakgﬁhtw 281/ mmnacm U$360?d10111&534°82 in 100ul,

ce ver e ated i.n 9 t (5| I
10‘(’/\%%’1‘15% sﬁ%ﬁl ff%’() @a\éﬁ i H(% at%g Svet n}lngz§ Azstr%%dam 2 (60
muSO/@COFCTarl@etulo’sill)s T\Mecelricsubmreaj wﬂﬁcﬁlw%remubated with

anCONGSIYS @II‘I‘QnQGQmeQrg}_O% AlfOHﬁ'/ﬁﬂ% P&t el el0hs2h, secondary
effector CTL cells were added different target:

5
anpipet or'”‘teaFF&%SaYﬁ%F? HBSSES ¥, Ea?h%‘ﬁlbaoﬁdetf“la&ﬁ’ zgd by a FACS
calivdr Fiow cHYoméler FHdMWNRQicREHBah ) BHn Jose, CA USA) .
S35-nethionine rel ease fromtarget cells was neasured
in a 25pl sanple-of the culture supernatant. All

- Enzygmen \isinkede ipmphesexkent assiayl i cate, |ysis was

Imh@hpl ARl @aheeht Y BedtltXPeEk IRESR! LAKIBARSE Franklin Lakes, NJ |
ont aneous rel ease]/ [maxi numrel ease, 10 spont aneous

usR) W5Ee] roe66d $Pht difedtd/ el 85 WAL LB BAPEGT Sal geproduced
ref@hb it endselt@as ed f(oe)m twar get)celrhe platle absenbtocked with

f effect I .
rofl LT LSS U RSB varions

co@g@mm@qs of Compound A (60 min at RT) and washed three times

"with PBS. Binding was detected using the anti-HLA~conformational-

dependent antibody W6/32 (60 mix_l, RT, 1 wng/ml), plates were washed
three times with PBS and incubated with anti-mouse IgG-peroxidase
(60 min, RT, 1 pg/ml). The reaction was developed using TMB (DAKO)
and terminated by the addition of 50pl H,SO, 2N. Anti-mesothelin
antibody (K1) was used as a positive control. The immunoplates were
analyzed by ELISA reader_ using .450nm filter (Anthos 2001™, Anthds
Labtech, Salzburg, Austria).

Cytotoxicity assays

Cytotoxicity was determined by S°°-methionine release assays. Target
cells were cultured in culture plates in RPMI 10% FCS Methionine
free for 2h, followed by incubation overnight with 15 uCi/ml of
S**methionine {NEN) . The target cells were harvested by

trypsinization and washed twice with 40ml RPMI 10% FCS. The target
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15 Cell lines A431 and A431K5 cells (epidernoid

carci nonma) were nmaintained in RPM nedi um contai ning
wAa. oM 8378 L- gl ut am ne and penicillin/streptonpCi/ns200Tie11953

A431K5 cell line is a human epidernoid carcinoma A431

cell line stably transfected with Mesothelin, the 20

transfected cells were naintained with 700 pg/m 418

(G bco-BRL, InvitrogenmlInc., Carlsbad, CA USA)

CTL's with specificity for CW pp65 epitope

(NLVPWATV) were kindly provdzled by Dr Ditmar Zehn

(Charitee, Berlin). The CIL's were 25 expanded by
cellrcubaré oplaited pept Pfevwpll sedateadi Hied’( 4000rsadper well) in
rupEMesS Efdso@n% H%QLLQYe&'LA/@@n%}% tdtV & A0l 2, Ve 8rget cells

mai ntai ned 1n medi um + 9% CS+50 pM 2-

we YR ERPIRREERatithr SifEFFERF| CRPSERERRGIRRT o4, FomPRytd A fusion

prd&asiid For 34, Ceflﬁéditw‘ai i L @fel@@ﬁpeﬂeda&déa constififetrent target:

ncodi n a sin a mol ecul e S o
effegron,tatigs 05‘ eﬁ’g y_lce‘c'fefo the ug?ggcg&&g%dé f;e? at 37°C,
5% t K. HLAoA2ogene mlcabatsh@rt Spepetddohinkerelessgnifrem target
ceffé Qﬁ% }Qf%%s Usgd; 4 0y tf‘ﬁllsc‘s A¥hpde §§1tlvx\@|&hlttﬂegest®ernatant All

gure 1A). This construct was anal
2593y Rl ateE pfesf-orwgd bR AHERIEEREENd L B BF Ot a‘Fa]aFd’tll"’\FFf’ydlreCtlY

( [@Eﬁi&fﬂ&ﬂe&@gi/ ]x%%a&epcr/ Wﬂé&ﬂ&53elé’85d‘]ﬂ6[nfaﬁdiﬁﬂmt release -
be function i_n - Vi-VQ (1 35

sp%ntfad%eour? o Ot Sﬁ]Y %ggcov rreon} %. aps-eléptv?a Si&aé’a%%&ed as S |

me telp oo neec | 1l e et |ﬁj®ﬂde¢am& fqequ h’él Cie ppSepret @f neffector

.ceiﬂ-VPMTl}éxﬂnﬁErQﬁé:ielxge4)wasmafsﬁ§@g 512] tsh’e-thQQBmI.ﬁélsreleased

of the scHLA- A2/ SSi(scFv) fusion 5 protein via 20

fremi bRraes §sitPnkyre ¥RRIESGEGEES (SEQ I D NO: 6)
(Fi gure 1B). Conpound A was constructed in two steps:
rst coval ent fusion protein terned

sc'ﬁ.A—AZ/ SS1(scFv) was constructed by overl ap
A43Xt endi GW3PEBR. dellishi teriviymoddt ¢arcinoma) yerpke maintained in

retL 8- 6Q-paR} | de QA lH iRy (SEQOl"sD NOpe}) andiagidtamine and

amino 10 acid linker weré fused to the N-term nus of
pepiel W/ ArASPEAYELR FVhe PSSR FROL et e |1F tthifgman epidermoid
catOdnkdICA43 8 BV UNhgUEetaBSY I itehhBfeStéd® with Mesothelin, the

transfected cells were maintained with 700 png/ml G418 (Gibco-BRL°,
Invitrogen™ Inc., Carlsbad, CA USA).

CTL's with specificity for CMV pp65 epitope (NLVPMVATV) were kindly
provided by Dr Ditmar Zehn (Charitee, Berlin). The CTL's were
expanded by incubation with peptide pulsed, radiated (4000rad)
PBMC's from a healthy HLA-A2 positive donor and were maintained in
AIMV medium + 8.9% FCS +50 pM-2- mercaptoethanol +
penicillin/streptomycin 1e10° U/L.

Results:

' Construction of Compound A

A construct encoding a single-chain MHC molecule composed of the B2
microglobulin gene fused to the aol, o2 and a3 of the HLA-A2 gene
via a short peptide linker (15 amino acids) was fused to the scCFv
881 which targets mesothelin (Figure 1A). This construct was

analyzed in detail for its biochemical and biological activity and
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(BamHI) was inserted to the |inker sequence by a
silent mutation. |In the second step PRB plasmd
wa@onvasqrhg the M/ scHLA- A2/ SS1  (scFv) full seUesme7/011953
was di gested with Ndel and BanmH restriction 15
enzynmes. This digestion produced two fragnents. One
fragnent contains the peptide and part of the |inker
sequence, and the second fragnent contains the
plasm d, part of the linker and the scHLA-A2/SS1
(scFv) sequence. The fragnent3ahich contains the
plasm d, part of the |linker and the scHLA- A2/ SS1
wag stFuwid dayiendanzgieaslt henvifxmtang tig sPRA (35 pede construct
a El8toROgescLig GWhpf%@5a@89E1}dellﬁﬁeg&'eﬁﬁﬁtﬂﬂéi an o amino acids
extensjon of the |inker se encepg%ure

Do LA HOT FEET LI, PHESCBFPLpLBs T ivARY] (388 10 mo:a)

wa$)0$dsle‘vﬂe t60l i ew-weraisest ¢ [BNA sequBmcAVF{IHisgveé fusion

Expr SSion_an Li f| t| O%Wg Tl
PO A o B eSS0l B Wfpedorges (sm
NO ypon(Figtharet R8h - mepurs:bm owl CRuBL TG Rl Tttt gEeps: First a

covA It AMpLiSH0f  Leeealinant e -RES! elﬁhp;&ﬁmﬂz@t/ggll(gcm was
i ntracellular inclusion bodies. SDS/ PAGE analysis of

CORFHTUAEF anfPYpuPTET P | AEFRT AT bBERes réﬁeé‘lhéo" tFRfstruct  the

mBﬂJeGmmmmt-Asvmptebt&he GOULGECFTISI zmcn:omtmuzﬁ)d &t HWo%5 amino
total  inclysio R s_(

ac}so aﬁ(e(f SSESoiTT z‘gd |an0 us?:%ﬁ % |e§£\?\§§ee e I‘?{?SSI (scFv)

fusieh refoieded iIn viliso dansgructeoxa muflflumgusuﬁfﬁéﬁrlctlon site

(BMWA§ f—:@ééiQ'e% fudsitafe rarlqﬁc%&n%e(;(;eﬂeeuag A) siM8h€ mutation.
pur

i on- exchange _chr gnat ogr.aphy, on
0 O o EPOELD, S3EPSTRT AR Ay F G RSty A/ ScHLA-A2/SS2
(scBweat vl asdingilce purd fdie@steanetehi denl ead! @awHihrestriction

erbif LS MEEeClolF SO Bl dncs, | one srasment
comgfaine CORPEFRYiAe ENBAPETTo ofesthe héltﬂ“ﬁﬁl F§BBPFRiy and the

se &nd Uf + 4 dnith £ CadBriinchsA drie |§1$astnﬁrdgetpar%ntdﬂafhe tDehker and the
ecorrb nant mesothelin was i mMmpbiljzed to

SC#‘ (154t edSEHRE GISEATRGSof PRI R as" bl t siFgfains  the

plOymits,i I’@artCOdﬂf ornat ldnkeensntli rdemiicHB/-82/s8hi SscFv) sequence

wagntﬁggd¥1{;§€t%n{:5 eésl%f%epp?tl\gzc u!:ﬁac‘t t Qé‘ée@r @lA% o&lﬂ@\/\ﬁpGS peptide

correct VAR Inits groove.
se@uenge andt fe B#ﬁanﬁgorbf ofofipuRdniero Sleéléeﬁﬁ? ndfigurelB) . The

new plasmid was transformed to E-coli DH5a cells and positive

colonies were sent to DNA sequencing (Figure 2).

Expression and purification of Compound A

‘Compound A was expressed in E. coli BL21 cells and, upon induction

with isopropyl PR-D-thiogalactoside, large amounts of recombinant
protein accumulated in intracellular inclusion bodies. SDS/PAGE
analysis of isolated and purified inclusion bodies revealed that
Compound A with the correct size constituted 80-90% of the total
inclusion bodies mass (Figure 3A). The isolated solubilized
inclusion bodies were reduced and refolded in-vitro in a redox-
shuffling buffer. Monomeric soluble fusion proteins (Compound A)
were purified by ion-exchange chromatography on Q—sepharose°.
SDS/PAGE analysis of Compound A revealed a highly purified

monomeric molecule with the expected size of 72 KDa (Figure 3B).
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nmesot hel i n was dose-dependent. This suggests that the
two functional domains of Conpound A, the scFv (SS1)
waleovailss7zd t he peptide/ scHLA- A2 domai n are fpdTEs2007/011953
correctly. Mreover, the scFv (SS1) domain of the
fusion protein is in active formand can 15
specifically bind nmesothelin. Flow cytonetry anal ysis
(FACS) To test the binding ability of Conpound A to
nmesot hel i n-expressing cell lines, FACS anal ysis was
made. As a nodel, target, cel3s that 20 are HLA-A2
negati ve were used, thus the reactivity of an anti-HLA
A2 mAb can be used to neasure the binding of Conmpound
mﬁégﬁéaql h&u&be} S Piries TompoahleAi n on their surface.
hi's nodel of nesothelin- positive, HLA-A2-negative
ceIIs represents the extrene case in which the tunor
ELISAIS |l ose its HLA expression Therefore for the 25

F |y HLA- ative AA31 ells sed
T°w€? re gﬁﬁ%rrl?e 1@51 dé ‘rnaéralorflgg(g? uéle ‘? at-s target
anwwgqnstabmﬁ traﬁsb@b@BQDCMAtMemﬂéuﬂh@linwaﬁhe pameh%h#zed to

i mdMrbp 1LERN em&eﬁmaﬂngaa@ %o@ahl S WhEChhodi€ored by using
nesot hel i n-negati ve and $fQ ative are used as

ﬁﬁ%fg%{'tqt\}é?ncoﬂ?%&twﬂnembﬁdf oGt 1ROPY (fRFOInizes  MHC
moledifials agldes anes ﬂﬂd@ﬂnldo@tedtmyt Riant a- pepeide ni) its groove.

ns BBhol A3 PIiRLL ANt PROY piobkoyede R EhICA 305! €dconninant

ary an ody A nesot
megetheddin t (asex plessidapandgats ofThissotswdgestsAs Hidéwn the  two

fuﬁ@tlcﬁiag.urcfon%nsAAé?fl@oﬁﬁédxﬁi express hicgh |@sahs dmain and the
nesot hel in, whereas the parental A431 cells do not

PeRYS §§"&ﬁe”‘?ar"é’é‘?lﬁntﬁr§en OLHRS CRPTT O Y- ndPREYETand e SCFV
(sgi31bmasn e ol Sth¢ esuedohorpdieiexpressnonaafivd AfdZm and can

P ‘?%%gcav\l/eé éﬁﬁpﬁ%wﬁgv} 22237/7%82&/2 )uszggw oiilglss 35

negative. However, when A431K5 cells were

plg‘seagmeqnm}&s C@mﬁ;nd A, they were posit i vel y
tained with the HLA-A2 ge0|f|c anti body BB7.

T°(F?f;%r%h%33m%’ﬁ GEFAEYaPtvECRRT Tt | O JpsaPtit in-expressing
cen! f bthedl FAGS spedivisic lvasdimageof A@oarpmuélA torgdB8l&Ells that

arguﬁ%ﬁxn2tﬁ%égtA%élwggglgségrtpﬁﬁs é%%i%ﬁ%% B@ean ant1 HLA-

is exclusively depended on the interaction of
A2t |abt ﬁﬁ’gePansgéFﬁodBﬁﬁFHrﬁf thpebingingnofhi fpmpound A to cells

thidBSOtdelds maRdth8din tde drsiOBupEatel NTESH Mid¥l idfS mesothelin-
positive, HLA-A2-negative cells represents the extreme case in
which the tumor cells lose its HLA expréssion. Therefore for the
FACS analysis, HLA-A2 negative A431K5 cells were used, which are
human epidermoid carcinoma A431 cells that were stably transfected

with mesothelin. The parental A431 human epidermoid carcinoma cells

~ which are mesothelin-negative and HLA-A2-negative are used as

negative control. The binding of Compound A to the target cells was
monitored with anti-HLA-A2 mAb BB7.2 as pPrimary antibody followed
by a FITC labeled secondary antibody. A mesothelin anti-mAb K1 was
used to test the expression 1levels of mesothelin. As shown in
Figure 5A, A431K5 cells express high levels of mesothelin, whereas
the parental A431 cells do not express the target antigen. The cell
lines A431 and A431KS were also tested for the expression of HLA-A2
using HLA-A2 specific antibody {(BB7.2), both cell lines were HLA-A2
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target antigen as nativel y-expressed on the surface of

cells. 10 Cytotoxicity Assay To test the ability of
w@eoupasitd A to nmediate the killing of HLA- A2- PemyE$100B011953

nmesot hel i n-positive cells by HLA-A2-restricted CW

pp65 NLVPWATV (SEQ I D NO 4) specific CITLs,

S35- Met hi oni ne rel ease assay was perforned using

HLA- A2- negati ve nesot helin-transfected A431K5 15

cells, and the HLA- A2-negative nesothelin-negative

A431 parental <cells. To det@sm ne the killing

potential of the CW specific CILs, cytotoxicity
negasd ¥§ - waBOPRYSor madredsi fif3 HKA- Az?-lplﬁ| tWeFe Jpreeipgubated with

compbahdWal, € thag %@Eeb6§1ﬁ\i{'@1%§§§§1ﬁldﬂitﬁdeﬂné’\ﬂ fiba tAe spec1f1c

tid NLVPM/ATV Th f
a5 DDA T, Sverate apeA by LAY vere oo

af fwicthdan The Tspati Hi of birBding deft sComglougidovin)to 243 1g50Wwmt not to

A431 égfée %ﬁ} gym@ﬁ&ﬁcﬁ% f Q:%ta'tvel:?gen%rﬁil% t '}_E exclusively

I ng e A431K5 ce nmesot I n-positive
dePHE*ABAZ Oieddts vEtegrEdion @f k?‘P‘Fl hgreeting r 8aEy gevgim of the

fusqe.ﬁpahtspnnéébd@@ntmd%d@m Ih&ekhsion Thestekh!| EhAGbind its
thefu5|on rotein was eve ef fi |ent$2 11
cardgh APERItE HomA oL SRR aT SAes B EAGe et e 11s-

whi ch represent optiml targets. However, when the

CyttoQ; gg%l%mlpel I's were incubated with the CW

I ¢c-CTLs "al one wi thout preincubation wth
To GGﬁﬁoGha abbiitihaf COeerpaprgel telmTedifdee thg3killing of HLA-A2-

neglm&%he&ésaqtha&gatpa&@ﬁ}é Sc¥iid Q,lysmﬂphmt-restncted CMV pp65
rei_ncubation_ w ou. 0 3 oxl ¢
e R g
wasweggsex fyemiegl nui 1190 fﬁeﬁmatheepmpcyebinmmmmd A431K5
cel§§: S {:He EI'LQUF\E 1@ at!ihpe kﬁ\ééé%ﬂ negaa.n.ve A431 parental

mesot hel i n-positive A431K5 cells was doseé- endent
celggarh TRnAPESORERE (5. KiAGARS PatSAHAe Glodbel CHVNBPEsEie CTLs,
cyttdﬁ%klt:h]Eykldéslaﬁ}g wis nlﬁéﬁfdﬂﬁﬁécﬂ ﬂ9f5h§l waHRA- poslltl:lve JY cells
negat.i v 5.ce eci fi cantr e .
thatthe e\f% Z‘fﬂﬁ 7%‘1 };BW%S&% %‘ a%% recog%lhtl glcrg'R)y peptide
NLVPMVAEYot hehe na\tryratqqae spargéic nlglljbl;m riofth€odfogatil A by the CMV

spe(a%':\é/ 2Ll aad Lhe gpegi Lh%w phefbec M, G Lzsdé;@a % shown) .
pepti de/ scHLA- A2 donai n. Bi ol % cal activity of

As (BN BLSRFBSRy ! CRBRTSPhrnl Sohes tirRey) nealated the killing

of the A431K5 cells (mesothelin-positive HLA-A2-negative). Specific
killing could reach 66% in comparison to peptide-loaded JY cells.
Thus, killing with the fusion protein was even more efficient
compared to peptide-pulsed antigen presenting cells which represent
optimal 'targets.. However, when the target 2A431K5 cells were
incubated with the CMV specific CTLs alone without preincubation
with Compound A or when the target cells were A431 mesothelin-

negative cells with or without preincubation with Compound A, no

‘ cytotoxic activity was observed. Next, a titration experiment was

performed to determine the .potency of Compound A, as shown in
Figure 6b, the killing of mesothelin-positive A431K5 cells was
dose-dependent with an ICS0 of 0.5-1 pg/ml.

These resultg indicate that the killing of mesothelin-positive HLA-

A2-negative A431K5 cell was specific  and controlled by the
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To test the binding ability of Conpound B to

nmesot hel i n-expressing cell lines a flow cytonetry
W@e@hAI34738 was used. As a nodel, target 10 cel PGT/URAD7/011953

are HLA- A2 negative were used, thus, the reactivity of

the anti-HLA-A2 mAb wi I | indicate the binding of

Conmpound B to the <cell surface antigen. A431K5 cells

whi ch are human epidernoid carcinoma A431 cells that

were stably transfected with nesothelin and are

HLA- A2 negative. As controls 3he parental A431 human

15 epidernoid carcinonma cells were used which are
requonéthehi pfnagesdthelianPHL b\ 2tacgativg. denein| adi pmpound A
(sd¥v/ %@EOU%ﬁ tehé hesbeegﬂcﬁq}lsofwa&h@oméw edcB¥s to the

anti-H 2 as primary anti body followed by
PeE§1#?f€?ﬁ%ﬁe?%d*§@%ﬁhdary anti body. To test the
expression |l evels of nesothelln and as positive
ont.rol a rC| o othelin 20 mAb KI was
Biq ﬁgica;sagﬁ ek |gu e“? A-B A431K5 cel | s express
high Ilevels of nesothelln whereas the parental A431

F1elcytoll@t B9t anfIgY £ SpRREPt hel in. The cel |l |ines A431
and A431K5 were also tested for their expression, of

To HSRAFNEs DG HIPA- APILHEE| PF CCARTWL R = BISPOEfE LB frpressing

celdellirddsnes smiwe ditbme2 rgegahiyeis Hoa®vesed Whes 43ddEl, target
5 IIsvver r |ncubtedvv|thCo ou y

ce12.|. ‘ﬁrﬂ;% gta lVﬁ W?EPA ﬂesbegg¥§ El!;] Bg\%gtlvz.ty of

pos ver ai néd W Ifrc

- theBRMtd -{HRar83sm3bnyi bl ingirateelthe Wapdingt oft ﬁP‘F\E@md B to the

celiFi gUELadd Grldigehhe APEGHS | Gebi@dhﬁﬁchm a@”ﬁﬁi&ﬁ% Bepidermoid
to A431K5 cells _but not to A431 cells indicate t

cangingmig A4S le)xdadSi &R d"@ﬁ&n&é&b&ﬁ Fﬁénf’ﬁf—"éF%‘Et%ﬁh ofesothelin
and hartargeiiAm ndGastie. dasai donttdl sresbeheparentll A431 human
al yze t indln 0 ri  he .
epl(ﬁern% S cgﬁc];.nogé ge?I%/@a%yfléﬂﬁs%r %%%tgglg.n—negatlve
ancusmﬁ’gABomgﬁfshUeul Ehe | pinding |ofr CoppdndoRstanghe target cells

was HHSRbrakl BPSant's- MR hALFEAY! £Sad Qrimal’y ABkYLLE$ followed
mesot hel.i n- go& tive cells A431K5 were positively

by & HTEd MABR 3087 PASETIR PETE LRS00/ TA TR P (pRession levels
of HhefeAZredAAC iahidC aAb paisénipe eedmondiatee domndrdiallh ahtis$F@asothelin

mAkngeLt %}agsusgg/mexsrshm u@q?éggx!ﬂb& ,5,%9'4 %St %rells ex?ress high

indi totoxicity To test t abi 11
lex®@dmonhd ®a-heddinat ewheread | Ehag Eﬁr%tAlAZMhégathl\?-@ do not

expl RRLbenBesht | ¥ige (1S 18%ebl A AP - 40 tAd Rlk@d Wl also testea
for their expression of HLA-A2 using HLA-A2 specific anti body

‘(BB7.2), both cell lines were HLA-A2 negative. Howéver, when A431KS

cells were pre-incubated with Compound~B, they were positively
stained with the HLA-A2 specific antibody BB7.2 whereas control
A431 cells were not stained (Figure 10 C-D). The specific binding
of Compound B to A431K5 cells but not to A431 cells indicaté that
binding is exclusively depended on the interaction of the targeting

scFv domain with mesothelin.

To analyze the binding of Compound B in comparison to the Compound
A fusion, a FACS analysis was performed using both molecules in
similar conditions and concentrations. As shown in Figures 10E-F

only the mesothelin-positive cells A431KS5 were positively stained
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NLVPWATV (SEQ I D NO 4) specific CTLs, perforned

S35- Met hi oni ne rel ease assay using HLA- A2-negati ve
wore®oetibels n-transfect ed A431K5 cells was per fPeTES2007/011953

and the HLA- A2-negati ve nesot helin-negative 10 A431

parental cells. To determ ne the killing potential. of

the CW- specific CILs cytotoxicity assay was

performed, using HLA-A2- .positive JY cells that were

. radi ol abeled with Met S35 and | aded with the CW

pepti de NLVPWATV. The averaga specific killing of the

JY <cells by the CW-specific CTLs was around 45-50%
withsi pgrap2EsHecifiico 245 ofherO: Ppreganguhatedhowigh Mgoth  fusion
proﬁéqwg | Rodd- el € chiPoutaNROLRE: 15 &fd erlitvel ¥inRdha! ed

the killi ng of the A431K5 cells (mesot helin- positive

HLA- A2- negative), this specific killing was 66% i n
Cytoaspaci spnassdy pepti de-| oaded JY cells (-150%

onpared t.0. cel | e th a .
To EE@ Kgg Pk 1vv«e}/reoetjl SCUBSt egeg %?1 '@%&ﬁ%e % ggggﬁ‘?cﬁ HLA-A2-
neg@fliveal grsakibeRdnt ppeet Ficeibaredhswi ty Cotfgfo it r@stgicted CMV
NLmﬁwhedﬁ g@b Q\ftl'é WBhE-IESOt ReLkn- nrgalirnedl A§=31Methmmne

I'1s), or w thout preincubation with Co und
relli‘!""‘s'ﬁo a(iﬁa@t d‘}ﬁ’d‘g a‘é‘r‘hﬁ%‘;"e\%lbfﬁsé‘}e\?@&heﬁ’?r%’ﬁ eCted A431KS
celmepaﬁagreﬁésfmm, dehner medmm;z-mgeamye Oinebeéhelin-negative

A43t]1li§a%2r1?a9t Wn It:r(]erﬁll e htg'lkB I ndl C CeFFpﬁglzéf the CMV-

|ng D mascﬂhe I N- posi |ve
spetdsd cd epirmlentcyt SFOXdGAPYr eaqsay cyast @ﬁréoa@?‘ﬂw tWpigy HLA-A2-

.posqctgf%um} Qe@i)g 995@%% &aélléila@elaaoaﬁmmewﬁ céand laded with

in_the %r%} peptide used to . coval en
et PP A 8 NFEBR AT op T 1R T HARe. APSCH 0F ot DhAA (pf the I¥
celds Byothbet hmmm:rﬁlceMsaeaayamcpenra‘-amwedsuagngn E:T ratio

of S%E”J.ar P q.%.l tljlo Zsﬁgw{\ﬂr IR?“L ldr%lo p{?Jo. 11&S Compound B

own I n |gure ecu erfic
£ fasEaVELYanEinbed abbel KRELKRS | PRLEE AA31KE eeH%, tnesothelin-

podili VROt 342 Celdseivien re@liadt i wekkikigh xilling was 66% in
concentratjaons of fusion roteins (Corrpound B a

nd
COmBATISAR B T e PEPREBE, L¢3 Ki PIi ngP Lttt | vfl??/"ofcmed to JY

celmy)ec Hoeevers shehl ahe Hawgeer A45hERH tells85were incubated with

the O(?E\?'L&:I %t,LI QQS CQ‘E.sf QEPS%O%QLSQQSPEG@L‘?cwﬂ&P%mh Compound B

C activity A" was superi or
or pwbmbrtyedwems@tbe{qlehs s‘t’%ﬂtﬁl regorbpel WD TEYREAYS67(A8 31 cells),

w1t‘B‘pT 10452 QR¥h81d 955 e i3 upREH bh 0N DEh Of cdnlioualV BEPt hde cytotoxic
act:}:lrlrr}}gg? w'\r—{\l__s|C cB)esptrlvg% b n%lrg 1g1r102\:/c;e>erggeengso vEl'I;];Lecl'lx oggtermlned the
potency c;f the fusion protein, shown in Figure 11B indicate that
the killing of mesothelin-positive A431K5 cells was dose-dependent.
To compare the cytotoxic activity of Compound B and Compound A
fusion proteins, which differ in the 1length of peptide used to
covalently attach the antigenic peptide to the B-2 microglobulin, a
S3°-Methionine release assay was performed using similar conditions
for both fusion proteins. As shown in Figu're 12, both molecules
efficiently and specif'ically mediated the killing of A431K5 cells,
but not A431 cells. When relatively high concentrations of fusion
proteins (Compound B and Compound A) wei'e used, the killing
activity of both molecules was similar. However, when 1low
concentrations of fusion proteins were used the cytotoxic activity

of Compound A was superior probably due to better stability and
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ML- COV/ scHLA- A2/ SSI 5 The ML-cov/scHLA- A2/ SS1 (scFv)

fusion protein was constructed by overlap extension
w@aRn&daet i on in which the Influenza ML 58- 66 PEEPS100B011953

and a 15 amno acid |inker GEGGSGEEGSGEEES wer e fused

to the N-term nus of the scHLA- A2/ SS1(scFv) fusion

protein (Figure 13). The PCR product was ligated to

TA-cl oni ng vector (p-GEM 10 Pronega), transforned to

E-coli DH5a cells. Positive colonies were selected

and the insert was isolated wsng EcoRl and Ndel. The

insert was ligated to PRB expression vector and :
positdenfiogned ttheE-CMb| peHste ciat | the PYECt peptideéopinding groove
dué’\@:retﬁgnﬁ.ohge%rﬁ&é}uenc' ng (Figure 14). 15

Expression and purification of Conpound B The

ML- cov/ scHLA- A2/ SS1 (scFv) fusion protein was

Ml-@QM’/@&ﬂﬁd—Aﬂ/ESl coli BL21 ceI | s and, upon induction

LS th| ctoside, large anounts of
The e%gn% r{gn‘iq%r (’)%Zl L ad26m t%ea 58 EFESEPaca (rgetTucted by
overﬂ@lpuse:mermdmesPCRSDS#meEoranahys»vrsum‘ tke| Infduepral M1 58-66

pe&lirdef'aﬁ'gi'é‘ciblshﬂi‘npogbfé i?ﬂ)@é‘i‘ egG&@@éGdd&GGGS were fused to
ML- cov/ scHLA- A2/ S (scFv) fusion E‘VOtel n wth the

thes oFF BRT™ YR Ssnéﬁet Ut FBRIEH P T he fustige Protein (Figure
13)i.nciruei mrrogresusms wvabFi HigaaeibAfo Tire cisaliagedector (p-GEM,

Prosm%I ngl | It%:g%sgggngél dpgxé) ‘%lu]f S Mfsr £ J gléceq’ [J].gl{lgf Qéfjgrgles were

are I|ng b noner
selmt@@l earlicusi:bﬁ pnsest nyasM 1sd@rest Hing/ Bmm(sew) WdeI. The

inddBie Uy Ilflg%sieb:y tloorpngxea(@aggmshroeraéaﬁraﬁaytggnsfomed to E-
Q shepar ose DS/ PACE anal ysi s of

C°1clovP§ HLAS FSSlP °(s§<§r¥\‘f? f‘i?sll%‘ﬁeﬁr d’fee‘i%ss?‘é‘%/eél"eomg* sequencing
(Fihugted wapurified nononmeric nolecule wwth the expected
size of 72 KDa (Figure 15B). 30 ELISA To test the
bi nding ability of the purified Ml-cov/scHLA- A2/ SS1
Exgraspipnf aafoRupiErastiong oft Compepand Fht i gen,
The.r Q@P@&W&rﬂeﬁﬁwﬂl NscH@S FHIH | h2SL {0 was expressed in E.
| at es. . The bi ndi/vé’g’ of M- cov/scHLA— A2/ SS]1 35

°°](‘scF§5‘ } usFEALPr ofBAN Foni yYMEF IR utity isepropyl  B-D-
thicgrilecrebian, séasgei weoumid W6/ I2cotbisaant prboein accumulated

in 2%%€?€%&%1%{%82%‘1? Slﬁlcg%s qr esﬂ@)é;&ﬁ: Vglalysis of isolated
and purified inclusion bodies revealed that the Ml-cov/scHLA-A2/SS1
(scFv) fusion protein with the correct size constituted 80-90% of
the total inclusion bodies wmass (Figﬁre 15A). The isolated
solubilized inclusion bodies were reduced and refolded in vitro in
a redox-shuffling buffer. Monomeric soluble fusion proteins (Ml-
cov/scHLA-A2/SS1 (scFv)) were purified by ion-exchange
chromatography on Q-sheparoseo. SDS/PAGE analysis of the Ml-
cov/scHLA—AZ/SSlk (scFv) fusion proteins revealed a highly purified

monomeric molecule with the expected size of 72 Kba (Figure 15B).

ELISA

To test the binding ability of the purified Ml-cov/scHLA-A2/SS1
({scFv) fusion protein to it target antigen, recombinant mesothelin
was immobilized to immunoplates. The binding of Ml-cov/scHLA-A2/SS1
(scFv) fusion protein was monitored by using conformation sensitive

mAb W6/32, this anti body recognizes MHC molecules that are folded
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39 correctly with a peptide in its groove. As shown in
Figure 16 the binding of the M-cov/scHLA- A2/ SS1
W@ s@Fu3e7fgisi on protein to reconbi nant nmesot hePCTIUSTS7/011953
dose- dependent. This suggests that the two functional
domai ns of M -cov/scHLA- A2/ SS1 (scFv) fusion 5*
protein, the scFv (SS1) domain and the ML-cov/scHLA- A2
domain are folded correctly. Mreover, the sckFv (SS1)
domain of the fusion proteinis in active form and
can specifically bind nesothadan. Flow cytonetry
analysis (FACS) 10 To test the binding ability of the .
codvlectdy/ wé¢HbAaADEBEBidésdRv)tsf gspove pravt eflpowm in Figure 16 the

il %t helei ntﬁépr%SbBG/Qéﬁﬂ.AJplﬂ%%a FAGSrapal ¥§kSonWaSrotein to

use As a nodel, target cells that are
reqqmRiASDRe FEEPERSHER ewaﬁséaseaﬂ%i’et‘?ﬁj@"&nt i ThiSA- SUognRLs that the
twCanElf-tisedlt O dediner tdfe hindongseALAtAE/ssS1  (scFv) fusion
ML-.cov/ HLA / (s fu5| 0 rotein |
protl?ﬁnace ﬁé’zgg%]l)ﬁﬁi% ﬁR&Sggga cov}’?ﬁlsﬂgz&e éomaln are
folr@siot@nerﬁttlnfansﬂmce@m43:ﬁe5 sqidt | sswex edgwadn Pfe the fusion
pr&:leri%' [ﬂg Q£ LQ@lM fcﬁ:\ﬁ{ %%HLéaézépﬁlf(l%(‘aE b&Hﬁ' Q@sothelln.
protein to the target cells was nonitored by
anti-HLA-A2 mAb BB7.2 as primary antibody foll owed by

‘mca.w By’ﬁ@mbabglsdasﬁmdmycmantl body To test t he

%ts SSI e e\r/:lglngl a?brml Q:t he t%xnd ﬂ? Pﬁ&-&L@l \A%gsgl (scFv)

NS, LoRNET nesot
fusmsm mm:mn 5] gunseot_tlm:LB emqmrtgaltt%llexbm%% hFRFF analysis

was SY&d$ Ofs gearghBbel i @ar @r gasid h@h&@r gptakiA4R1-K&ldSive were
do not_ express, nesot h . The cell _lines A431

an
usei3TRE FBPeadt STEBAL Ao Fn e | 15tk b SRt o5y Che binding of
théﬂhﬂ%ﬂ&;oﬂmAkM/AﬁlspecW) ciasitdrbashyoy(eBRY . 12) , t25 belh surface

antCJsaJe:n | IFn%S YGFM &%t I \Q:%e We\@%\{: e’11\PP€E‘aﬁﬁ§é¢§ed A431K5

but no vvére pre-incubated wt
ce Ns co9¥ecMsAd- Azrlsaswseﬂwgf @§i orhepr Ylefay/seHA - ARSEL  (SCFV)

eudQH PrvekYnstai préd wut d i&%usiLéaé\Zméfpﬁ@dIféa: NanbedirA-A2 mab
BB7.2 (Figure 17C-D h| s eC| fic bindi ng_ of the

BBY2. cBF/ FERFAFK2/ 1R ?“Eﬁ? pPHt & nFth A]Zﬁsll%fdsosecondary
antciglddy .antionatesto  A#81 e>q$1’re$smd| chtaslg hatf thesdihwdiimg and as

poéf‘c:w%x%loyx% X?l yad%? g@:?%%f)%rgle e@%@h@ﬁ%hoﬂhﬂf Kihﬁas used. As

targetlng ormln nmesot hel 1 n
shw otidxi @‘pgyrg\ssgﬂA B, A431K5 cells express hlgh levels of

mesothelin, whereas the parental A431 cells do not express
mesothelin. The cell lines A431 and A431K5 were also tested for
their expression of HLA-A2 using HLA-A2 specific antibody (BB7.2),
both cell 1lines were HLA-A2-negative. However, when A431KS cells
but not A431 cells were pre-incubated with the Ml-cov/scHLA-
A2/SS1(scFv) fusion proteins, they were positively stained with the
HLA-A2-specific antibody BB7.2 (Figure 17C-D). This specific
binding of the _Ml-cov/scHLAjAz/SSI(scFv) fusibn protein to BR431K5
cells and not to A431 cells indicates that the binding is
exclusively dependent on the interaction of the targeting domain

(scFv(SSl1l)) with mesothelin.

Cytotoxicity Assay
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WD 2007/ 136778 PCT/ US2007/ 011953 40 To test the

ability of the ML-cov/scHLA-A2/SS1 (scFv) fusion
w@emrasd178 0 nedi ate the killing of HLA- A2- negapP@weES2007/011953

mesot hel i n- positive cells by HLA-A2-restrictive

ML58- 66 specific CTLs, S35- Methionine rel ease assay

usi ng HLA- A2-negative nesothelin 5 transfected A431K5

cells was perforned. As shown in Figure 18, M -

cov/ scHLA- A2/ SS1 (scFv) fusion protein did not nediate

the lysis of A431K5 cells' (amesothelin-positive

HLA- A2- negati ve). However, the scHLA-A2/SS1(scFv) :
To be&astngthdie MMiZ38L86 pEptthe MI-icoy/geBYR2 fAsdi at(6égFv) fusion
prcIéLan' Lhi N pfadeesehbel kM Pas) tioke fak 0o - RS vRY hBSothelin-

HLA- A2-restricted M58-66 specific CTLs 35
poqatslc'&ss?eaﬂfs hyii ELArAAyTeRHbIRt e MITHE abPPREEEH CTLs, S*-
Me t13lc@8heCOVEd Biddey Iialekegl h5sipept | deA sedHigdgaiwel USneésothelin-
elnt s can_render HL A2n ative.

erfited e Rap R oSl ol TR, ol SnOVL At pbisvre 18, M-
cov/estHLAcRBASET LEscEA rfru@mouuplrytsh@md)qu_temeétlaa? the lysis of

A43912é Queth ot (m@Lotlgé-]'.sm%J;)osﬂtrl'v% Sﬁﬁz@lﬁ%%e §1{r¥\’p MYRfever, the
ant a First, it tak esavantjﬁq the use of

sclﬂe’*cdﬁ%ﬁgérﬁﬁcm f REfFiMGs tREt WAPS |é1%1t1£‘s o™t hbs@ groove
medﬁaalde@”1atnte crilsiddabr expsethedihtip®sitibrek etargaetsuakélys by the
oci a the ansfor d notype (such as

HUQSA% S ac oé%le%e&t{)r or(:@%c ergﬁti ;ti on

antlgens), with a rel atlvely hi gh degree of
pisdeEilbncity. Second, this. strategy has the ability
—torecruit a particular population of highly reactive

25 cytotoxic T-cells specific to a preselected, highly
Thidt bgedy C defienst xeceapi thpe apiasent tion tdrmyettargetalkntly linked

2R crrpe., ral-specific T-c Ao

e e
negpd}ietsul eslhst hswgpttllm $pecl¥BEtssdmw fubegnerilsvenkt HLA-A2-

red@ Gl dV RITLRYS tmre%a%sfwc &@bhg%gs ,Leeo@@ nad Wdds oved et
the ability 30 to target many

es of tide )
COl‘rfJFe?(%)s c&Pi‘?l IfGrethgle, haspr'é‘égl BePeH, %@nﬁﬁgﬁﬁy First, it
talked i gem&a@ﬁpwﬂeshdenwecbff romdniibent \Abr airagients that can

Ct %rlglll -Ehgg ! m a%?xﬁ Jﬂ?%e @MTDL @é;sgntt d:r marker,

Fat egy one s usi ng the am no acl
usxp@pbr ROIITHREQS wta sher ttﬂaFlﬁlféFmFQOM?n?M%e(SUCh as growth

fadi&Vi OHébé!ptE&pspr t gHap6HLA-AZreeEMtiation antigens), with a -~

relatively high degree of specificity. Second, this strategy has
the ability to recruit a particular population of highly reactive
cytotoxic T-cells specific to a preselected, highly antigenic
peptide epitope present in the targeted MHC-peptide complex, such
as viral-specific T-cell epitopes. This platform approach generates .
multiple molecules with many tumor-specific ScFv fragments that
target various tumor specific antigens, combined with the ability
to target many- types' of MHC-peptide complexes carrying single,
preselected, and highly antigenic peptides derived from tumor,
viral, or bacterial T-cell epitopes. These examples present a
strategy one step farther by fusing the 9 amino acid peptide linked
by a short linker (20AA) to the previously reported scHLA-A2/scFv
fusion protein (15AA),and by doing so, stabilizing the peptide in

the MHC groove prolonging the general stability of the fusion
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35 fusion protein (15AA), and by doing so, stabilizing
the peptide in the MHC groove- prol onging the general
W@ ewBiB4778/ of the fusion WD 2007/ 136778 PCT/US2007/011953
PCT/ US2007/ 011953 41 proteins. As a nodel for this
new generation of fusion proteins, the present
invention relates to construction of a fusion protein
in which the CQW pp65 derived (NLVPWATV) fused to the
N-term nus of the scHLA-A2/SS1 (scFv) nol ecul e and
its biochem cal and 5 biol ogi«al characteristics. It
is showmn that the two domains of the new fusion :
profregingi.-n Acare redded for vikie pewf genetatieet Py fobilen proteins,

thé@ﬁ&é&rﬁs Wddheliba %@EEQ@ %t Bbﬂs{:P@cﬂeﬁi A@f g:EOQM@lon protein
and -an .active tarqgetl domai_n &scF

in WakGh | tthe | §Thi FR t%e”( t (INLYRMVEGEN? f/BF‘é‘avté? thpj §-terminus
of f usieOn spnm.tz\ehn/hmj scmeﬂsf mblgcokei adedl LG« hblby:hemlcal and

bic%{_o I_1'|L 1 ch egg I Ve Ot .?:%l iig_ Qﬁé‘!ntil tYr?aé l'gﬁ:ér t %l ldgm9¥ns of the
RIRS &SEFTctre Undr progression s often
nemsé@@imegrm:@ipthense;elfelﬁop}nof"iitmmrfel Eempr egx¥eatly folded

moTAG11QUsS WARE Qhel NHRHQWR- LegHL AL | tﬁ@ at.a M V\gl’@&% land %an active
ant I gen- present afi on functions Even

targRIdig cIeTRIR esFERYR |"sh%%rrﬁﬁ§tr 1 Girad Ay e’i’l’tréd its target
ant ijen resm@ns@reus [thisbeialisa prioeednt hakursmcc€$bfully mediated -

thé’gE“' aLi Q| Hfm é%rtfyl.vgnfn{ees%%%%tl’ln Egsiplvc"é)ngumor cells by.

58§ The cLTs are n unct 1 onal ergic

th?emﬁ@rt,rlpteﬁswmi | -established that the nunber of

IVHC- pept i de conpl exes on the 20 surface of tunor cells

t hat present a art|cul ar tunor-asspci at ed epti.de i;_ ,
Ty RIS SRE OB b HTL PSR E R S iy, P BB igets immune-
suphess igeobEaasord-i astl/ot heceHeundownetrégukateiagoab€d MEQ hclass I
an%rp%qlelsggtagno.ggl eﬁﬁ%él@%ﬁpqu?m Q\frerg h%}'[enengogggggisflc CTL

ression econ

e use of tunor SpeCI
remnsgaeri@ (demongtEatedal b yPPaFentet. (S F5SPEREP is low because

thONGNGL WRGES Ueh BSpET AV flactra&erecsia} Of r5f ¥¥dfhient and in some
differentiation anti ens%bgrevent t he down r§gul atio

catts (iR & LT Ge RS attinRr bPOhy TheRTEd 6] “ofcERgver. it is
well eaitaltishéhi rtdlaand:hentmtmhelrpo:vﬁ aniC— pépac:era‘ eoimplexes on the

' f
supPJ@ bf t&x@@r %P& Qe eﬁﬁée@ﬁ: ('\ﬂ_r%gr Qéiel%g'n Inglreéasoc.Lated

can recruit specitTliC popu atl ons
pepifidehel pepPrde 2ar bdis TR MISig ocke pew| gtrategy overcame

thédP eI alettd .t Rk s€Qr LA Nehfet UEEBL Dfaddicddbedntii@h, MHC-peptide
coxgllgxes independent of their endogenous MHC expression. Second,
the use of tumor specific antigens that are usually part of the
tumor phenotype - (such as growth factor receptors and
differentiation antigens) prevent the down regulation of those
antigens and prolong the efficiency of the treatment. Third and
most important, the effector domain of the fusion protein the MHC-
peptide complex can recruit specific populations of CTLs depending

on the peptide harboring the MHC groove.

It is appreciated that certain features of the invention, which
are, for clarity, described in the context of separate embodiments,
may also be provided in combination in a single embodiment.

Conversely, various features of the invention, which are, for
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are, for clarity, described in the context of separate

enbodi nents, may al so be provided in conbination in a
waeoghss7esrbodi nent. 35 Conversely, various feaptr/es2001/011953

the invention, which are, for WO 2007/ 136778

PCT/ US2007/ 011953 42 brevity, described in the

context of a single enbodinent, may al so be provided

separately or in any suitabl e subconbi nati on. Although

the invention has been described in conjunction with

speci fic enbodi nents thereof,42t is evident that many

alternatives, 5 nodifications and variations will be
breypitar.emescyibfdsénskhe| eantext M & tsingdec @mdioddment t may also
be 'ﬁ‘rdxﬂtcfé@d ggp£9a€gi)}|; a5%e ¥ langUshit@bierNAdN®ination.

fications and variationS that fall within the
Al%ﬁﬁ?ﬂﬁ SR8 DrysRtdOipeld? H5ETc| FFEFigd in conjunction with
sp@d;tbﬁ:ldl &ﬁ'db@ﬂSmeﬁﬂﬁ ettheére ) d mahenéva@@ﬂm CtHdtOhdany alternatives,
ned in thls S]] C|f|cat n,are_herein . .
mog %ﬁ%b PRFed™ EI? ire 9 BS a@?%?%%ceégnfgo?%eSkllled n
thepewitf.i cat ﬂsnordingft}he SIams 1e‘xt em:ea@eciif texclembrace all such

a1t Stiatideal i GRlitQBnsPARN vOFi atdRRNt ¢ RRP! ife8h1 AWithin the
was specifically and individually indicated to

be
SPHREL i REFHSSART 15 rdFerTiid® | n didi ] ications, patents

analpaﬁenﬂ1app1udienbn§|mahtnmneﬂ fﬁnmnxéeypyumflbattbnSare herein

in?zﬁ%é CQ:t Idon Sgﬁelrngrtxtpxee lbger%Er yggcgslrﬂﬂ) GLCHQ Ss?)'e%@.flcatlon,

SUCh fefeérence 15 av lof art to th
tOpFBSeﬁﬁmﬁnWEWEMQWaﬁ%#%reﬁebsleﬁtéﬁd@ﬁl1Pub§iQﬁﬁ%q9, patent or

patmtwﬁca&%%p%m&&&&awpt baa aaalvaaalw Qﬁ@lcated to
do about it._ Cancer nol , | nmunot her. 48, 382-38

be ( 15G0FPosated| POEFID, PNGEATIME), | SrFATia s,  Sitation or
1dé\m¢11g1m1phoccessarr}g tmtﬂ’nemrey :hretak:ch)v\aplarmbatum shall not be

PWJh asn%nglimigg%?l)r{aé?a %%&g?éfgge%ég%)ava%lable as prior
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1. a cyt QﬁﬁgahO\ﬂrfdﬂ:&lnhLHHi@JﬂYHQnQedeﬂs@fc&dipepta'nd@,o (ddidds which,

a first pe e |inker I u R- 2 .
i b At ) “Fiaschprladt ME T egeeipy) egerespona o
HLAGmSmweOf apihon@arideC prasent il edii) e, 2 (Qvitpmggalovirus

thi ﬁ&’maﬁ?phhéeréé@i‘ﬂnec( Vhlpt fae/ar (£D) ear edi it ffaéﬁﬂﬁe linker,
heavy chain of a scFv_fragnent of _an antijbody, an

(vi 1312 yafiugBre Pedi I FFWHoRABht EH% n aof s?lf(?ﬁd peptide
scFylxﬁ}Eag,n”en&) a WHBRA €AD. élharcmeauhumenannommmlsx molecule,
gorr ond_tQ nd (yidi re_pound .
togg}”her dlglr%gc I?egt£<¥ dg bgn )) Q J" consecutive from a
am heawci deaithi eh eoﬁPESpénelgm@fa fP%uintlhanbémChd»e and (viii) a

LT nker; 0k t BegS&RY ehbagENt i dist dend¥ed ofer i scFv fragment,
ant i body, which specifically binds to nmesothelin

ThevREEA . i ANAFUE LUPab RIS SR ITH e FrPeppond to (vid)
pepahde (viibhkeardaboth® aogetheaci dissmignasy a peptlde bond or

Qac co a our
roE’él n of c::ua;L V\’;]rg)llrze l'LQ (';Qs'}g%cohnd pggfgfgggal in fourth
haspﬂh@l@ﬁm ﬂenaelrd @rehuéhee mgem%esq SE@}'#\BEd from an

NO Bt i Boay! R ifdkS isBRCRE DL L1 TV HirddsaicB) hes¥bRERIA. t he

third peptide |inker has the am no acid sequence ASGG
(SEQID NOIO.
2. The fusion protein of claim 1, wherein the first peptide
linker has the amino acid sequence GGGGSGGGGSGGGGSGGGGS (SEQ
ID NO:6).
3. The fusion protein of claim 1, wherein the second peptide

linker has the amino acid sequence GGGGSGGGGSGGGGS (SEQ ID
NO:8) .

4, The fusion protein of claim 1, wherein the third peptide

linker has the amino acid sequence ASGG (SEQ ID NO:10).

5. The fusion protein of claim 1, wherein the fourth peptide
linker has the amino acid sequence GVGGSGGGGSGGGGS (SEQ ID
NO:19) .

6. The fusion protein of c¢laim 1, wherein the cytomegalovirus
human MHC-restricted peptide has the amino acid sequence

NLVPMVATV (SEQ ID NO:4).



5. The fusion protein of claim1, wherein the fourth
peptide I|inker has the am no acid sequence

WOEUBGSEBESCCEES (SEQ ID NO 19) . 6. The f usPONUS2007/011953
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12.

protein of claim1, wherein the cytonegal ovirus hunan
IVHC-restricted peptide has the am no acid sequence
NLVPMWATV (SEQ I D NO 4). WD 2007/ 136778

PCT/ US2007/ 011953 47 7. The fusion protein of claim
1, wherein the sequence of the consecutive am no
acids corresponding to (vii),4followed by the fourth
peptide linker, followed by (viii) is set forth in
SEQ ID NO 12. 8. The fusion protein of claiml1,

. Whetgd N BEC S ORSEEH A VB A A9m qm q\ﬁnefi%\iﬁ tdh% adiffence of the

acid sequence set forth in SEQ I D NO.2.

conPeRFEFHH Vot i™a iR FORTGHPHUG; rF°of “é’rf;) rof followed by
cl atre fduﬁtﬁuyéptlaaruueker10foﬂimweuamposwhu@m @k set forth in
cla Eé |n the fusion proteinis present in the

conpo %lon i a therapeutically effective anount and

the carrier is a pharmaceutically acceptable carrier.

11 pAe NEGL ELE Sl iGN i nfNCOQiNAT el nf ¥B0ROREREEE ve amino

conprising consecutive am no aci ds whi ch, begi nni ng
at BRXMAMNAE e ATHES BF LY REPITEE Fet cEPFER poh FFo ID NO:2.
consecutive amno acids present in (i) a

. ??/:, g{m%@%{}g%treﬁfsn Eci(uom'prl(sln?) %%t r If%tSQQ?BBgQEé dr? og : <l=u)1y of claims

m clofl apdld rearfiiey.a second peptlde l'inker, (v) a
HLA- A2 chain of a human MHC class | nolecule, (vi) a
third peptide, |inker, (vij) a variahle rgglon froma

hea¥je cIFAMROSEELORcAF  Flahedt Wieai PantfMhodySi8Rd protein is
(Vi pr¢senwannabime r egnpasitdon ainl ighthekhapeuofcslioh effective

SC Fvﬂgur?\g meJHd gﬂgr e%gr}. gr rlase%ut HSrm (f_aacil.llqrs acceptable

whi & COrrespon (VIII are boun
t ogeehriexirectly by a peptlde bond or by consecutive
am no acids which correspond to a fourth peptide

Ilnker and. the . scFv frggnent is. derived from an

ant f\bBH§1WﬁﬁF é:lﬂnlsitc"c |t encoding a fusion protein comprising
consecutive amino acids which, beginning at the amino

terminus of the protein, correspond to consecutive amino
acids present in (i) a cytomegalovirus human MHC-restricted
peptide, (ii) a first peptide 1linker, (iii) a human -2
microglobulin, (iv) a second peptide 1linker, (v) a HLA-A2
éhain of a human MHC class I molecule, (vi) a third peptide
linker, (vii) a variable region from a heavy chain of a scFv
fragment of an antibody, and (viii) a wvariable region from a
light chain of such scFv fragment, wherein .the consecutive
amino acids which correspond to (vii) and (viii) are bound
together directly by a peptide bond or by consecutive amino
acids which correspond to a fourth peptide 1linker and the
SCFv fragment is derived from an antibody which specifically

binds to mesothelin.

The nucleic acid construct of claim 11 having the nucleic

acid sequence as set forth in SEQ ID NO:1.



bi nds to nesothelin. 12. The nucleic acid construct of
claim 1l having the nucleic acid sequence as set

wo aoovh3d7ms SEQ | D NO. | . WD 2007/ 136778 PCT/ US20071/032095611953
48 13. A vector conprising the nucleic acid construct
of claim1l or 12. 14. An expression vector
conprising the nucleic acid construct of claim1l or
12 and a pronoter operatively linked thereto. 15. A
transfornmed cell conprising the vector of claim14.

16. The transforned cell of asim 15, wherein the cell
is a eukaryotic cell selected fromthe group

13 comsieedymy ofomprigangabhanmeeldic @ridsomsteert, of claim 11 or
plapgy cell, a yeast cell and a protozoa cell. 17. The
transfornmed cell of claim15, wherein the cell is a

14 hachpre¥Rresiion YECtaR FeBPE T dtdifaGlgacoficid construct of
bacéefimll1y X preafgda i prdnitiedn opb@dt £6e TP Mtk @ hereto.
over 30 percent by weight of the fusion protein of
any of clainms 1-8. 19. A process for producing a

15 f ush orrprsficgimedc grpl | sémry icuinguthrgvether tofarsifagmad -
cell of claim15 or 16, so that the fusion proteinis
expressed, and recovering the_fusion protein so )

16 expfle® s&Fansforpedr 5dds For cprdBucithg YPeIRidnthe cell is a
p:rowftamﬁmw L&bmgh%%nduﬂeag fihe tomnsgeoapd eldistfing of a
claiml17 sq t the fusion protein_ i§_expressed, and
e cBORF IR e Trsi B PRETET neabt exfr 83885 SP1i7ng Yeast cell
pr oged sa gfrafogiom €81dr 20, wherein the recovery of the
fusion protein conprises subjecting the expressed _
fusion protein to size exclusion chromatography. 22. )

17 TheThf 0&e8@sEPTRES| 5238, UheFePA™t He ugp%ﬁeb‘?olté‘ien Gl is a
exppb&ssetidin denal.usi on bodi es. 23. The process of
claim?22, further conprising treating the inclusion
bodies so as to separate and refold the fusion WO

18 20085 13G0ALRET/ NISAGOAAONO5SE bacterially-expressed inclusion

bodies comprising over 30 percent by weight of the fusion _
protein of any of claims 1-8.

19. A process for producing a fusion protein comprising culturing
the transformed cell of claim 15 or 16, so that the fusion
protein is expressed, and recovering the fusion protein so

expressed. "

20. A process for producing a fusion protein comprising culturing
the transformed cell of claim 17 so that the fusion protein

is expressed, and recovering the fusion protein so expressed

21. The process of claim 19 or 20, wherein the recovery of the
fusion protein comprises subjecting the expressed fusion

protein to size exclusion chromatography.

22. The process of claim 20, wherein the fusion protein is

expressed in inclusion bodies.

23. The process of claim 22, further comprising treating the

inclusion bodies so as to separate and refold the fusion



49 protein and thereby produce the fusion protein in

biologically active form 24. The process of claim 23,
wob@rasq17g reati ng of the inclusion bodies to BEpHESADB0O11953

the fusion protein therefromconprises contacting the

i nclusion bodies with a denaturing agent. 25. A nethod

of selectively killing a tunor cell, which conprises

contacting the cell with the fusion protein of any of

claims 1-8 in an anpbunt effective to initiate a

CTL- nedi ated i nmune responsessdagai nst the tunor cell

so as to thereby kill the tunor cell. 26. The nethod

of pratied?5, ander ethertdhy t uppedees | ithei n fuspert | eprotein in

and, 1 be sonhact Lng;is gifgcted by adm nistering the

fusion otein to the patient. 27. A nethod of

treating a tunor cell which expresses nesothelin on

24 | t STIS&IN 268es¥NbEN CAGHRI i236S wrEHaael i@ dthagt WIrtkel knclusion
with the fusion protein of n)é,of cl ai_ ng 1-%1in n .
anotAt-S%f FSCt?Vga’i‘%el nFET att @4 CBTRAREE S e ‘?’ﬁ?‘ﬁﬁ’é" comprises
r espomsectage nde inhhdusiomrbatlds gwdthsat dendtarnsing agent.
treat the tunor cell. 28. The nmethod of claim 27,

- wherein the tunor cell is present in a solid tunor, )

2529 AThethrd IRfd ssTlegtdvalZzgkihhireith tURes Asld -t WRBFhj Somprises
a t R actATROU R bW Wl thV hedBusi BAJprHeELH €8f | énProf claims
heagigefg agagggaﬁtoéf eé%%JgﬂgéNE%itiate a CTL-mediated immune

response against the tumor cell so as to thereby kill the

tumor cell.

26. The method of claim 25, wherein the tumor cell is in a
patient and the contacting is effected by administering the

fusion protein to the patient.

27. A method of treating a tumor cell which expresses mesothelin
on its surface, which comprises contacting the tumor cell
with the fusion protein of any of claims 1-8 in an amount
effective to initiate a CTL-mediated immune response against

the tumor cell so as to thereby treat the tumor cell.

28. The method of claim 27, wherein the tumor cell is present in

a solid tumor.

29. The method of claim 28, wherein the solid tumor is a tumor
associated with ovarian, lung, pancreatic or head/neck

cancer, or mesothelioma.



