Fusion Proteins, Uses Thereof And Processes For Produci ng Sane Background
of the Invention 5 Throughout this application, certain publications are
referenced. Full citations for these publications nmay be found i mredi ately
preceding the clains. The disclosures of these publications are hereby

i ncorporated by reference into this application in order to nore fully
describe the state of the art to which this invention 10 relates. According
to current inmmune surveillance theory, the i mune system continuously

| ocates and destroys transformed cells. However, sone cells escape from an
apparently effective i mune response and 15 consequently becone tunors
(1-4). Tunor evasion fromimmune responge is a well established phenonenon
denonstrated in nunerous studies and is caused by a wi de variety of
suggested mechani sns (1- 4FusiAiDRgotdiRne UR6d AHesabsar e: the production of
suppressi ve cytoki nes, tfead 8secedsasnpunctedusny saaet | des; the resistance
to 20 killing nmechani sns (apoptosisi, and the loss of MHC class | (1-4).
One of tlEackyachsd JFeehanisventsbaWn t o be strongly correlated with tunor

progr essi [ e l.ass or _.down. regul ation of NBC ¢lass | nolecules. This
evasi gn n@%ﬁﬁ?‘t’s% i § R HFAsE Q?ho%nvrttﬁﬁﬁr BUBHIFREARVF e 86T t TFFRFR S Runber
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het er ozyg}%gigt% %at gr%g%e%e,f%%c%om Or &QLF aTHRHF CBF T Sheltt rrdefHee
al | el es. "S@eCiPL Bt IesaTdee thRuRbetrerahythst mategoeshiyghi thid yirempkoynt he
two apns refiatée. i nmune system the hunoral and the. cellular systens. In the
first, systemc injection of high affinity nonocl onal antibodi es (mAbs)
di rected agai nst cell surface tunor. associ ated anti gens has denonstrated
statisti jgnificant anti-tunor 35 activity in clinical trials (5,6).
Furt her n%?%by%ﬁggrl Curor - ibs THAE BYFYSHEPPeR t 0 ¥uc g siesk e B
t oxi ns aFEREIRYRFLYyLlocatss agdededtrayedt Tansfiorned ateltlsi. al BoyeRer, TAemsecond
Maj or appedBehebbipsSpEebhi Grf ARSI nBIYNQYRSLADYe eTRHhAYS thEGald ulay arm
of the |ggy£g%dg%§&§nl %ggly ythggrgix}gwg¥totOX|c T-Iynﬁhocytes. Two maj or
strategies are cur ent ei g Osed 10 % ncr BHAEF t FE2FHPR- tihpgy immune

_ regsponse 1s a well established phenomenon demonstrated in numerous

studies and is‘caused by a wide variety of suggested mechanisms (1-

~4). Among these mechanisms are: the production of suppressive
cytokines, the loss of immunodominant peptides, the resistance to

20 killing mechanisms {apoptosis), and the loss of MHC élass I (1-4}).
One of the evasion mechanisms shown to be strongly correlated with
tumor progression is the loss or down reguiation of MHC class I
molecules. This evasion mechanism is abundant in many tumors and

can result from a number of differenﬁ mutations. Several studies

25 revealed weak spots in the MHC. class I loading and presentation
route including loss of beta-2-microglobulin, TAP1/TAP2 mutations,

LMP mutations, loss of heterozygocity in the MHC genes, and down

regulation of specific MHC alleles.

30 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 monoclonal
antibodies (mAbs) directed against cell surface tumor associated
antigens has demonstrated statistically significant anti-tumor

3s activity in clinical trials (5,6). Furthermore, anti-tumor mabs

that carry effectors such as cytokines or toxins are currently



5 effectiveness of the cellular armof the i mune system (i) active

i muni zation of patients with peptides known to be recogni zed by
T-1ynphocytes, and (ii) adoptive transfer therapies that enable the

sel ection, activation, and expansion of highly reactive T-cell

subpopul ations with i nproved anti-tunor potency. In the first 10 approach,
WMHC-restricted peptides derived fromrecently identified tunor associ ated
antigens (such as gpl00, the MAGE group, NY-ESO-1) are used to vaccinate
patients. These tunor specific antigen-derived peptides are highly specific
due to their exclusive expression in specific tissues (8-11). The second
strategy, 15 adoptive cell transfer, has recently shown inpressive results
in netastatic nelanona patients in which highly sel ected, tunor-reactive
T-cel | s apaingtewilfaecanin o:mrnigxpr@&_sﬁd 3¢} f - ded \é%gogéfrﬂa%ro%”tﬁ'bﬁi-i:&&:

anti gens e te en -vivo and reintroduced to the patients.
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activity, and trafficking to tumor sites were demonstrated (12-14).

A new immunotherapeutic approach recently presented takes advantage
of two well-established areas: (i) the'knqiwn effectiveness of CDB+
25 cytotoxic T-lymphocytes in the elimination of cells presenting
highlyr immunogenic MHC/peptide cbmplexes, 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 fusic;n protein composed of two
30 functionally distinct entities: (i) a single-chain MHC class I
molecule that carries a highly immuncgenic 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
3s (Flu) matrix peptide complexes coupled via chemical conjugation to

tumor-gpecific antibodies could induce in vitro T-lymphocyte-



10 vivo lysis of target-coated tunor cells (15). The stability of the new
chinmeric nolecule is highly dependent on the presence of the peptide in the
IVHC groove. Therefore, dissociation of the peptide fromthe scHLA-A2 domain
of the chineric nolecule can inpair its stability. Oved et al. addressed
this problem by constructing new 15 chineric nol ecules in which the peptide
is connected to the scHLAA2/scFv construct via a short linker. This new
fusion protein was tested for its in vitro biochem cal and bi ol ogi cal
activity (21). There is a widely recogni zed need for a new fusion protein
that can 20 maintain its dual activity: bind tunor target cells through the
scFv noiety as well as nedi ate potent, 3effective and specific cytotoxicity
t hrough the recruitnent of CD8+ T-cell s whose specificity is governed by
the coval grfilaychi nisesq sHLde A%oa%&rlt%ed &%qtlgdeua?%The MG lasspese
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correspond to a fourth peptide |inker and the sc fragment derived
froman anti body which specifically binds to nesothelin. This invention
al so pro¥PeEEs icompuifiehomrecognpredinegdt her faisiegnipsireiproaaih ahear cawr .
20 maintain its dual activity: bind tumor target cells through the
ScFv moiety. as well as mediate potent, effective and specific
cytotoxicity through the recruitment of CD8+ T-cells whose
specific_:ity ig governed by the covalently linked HLA-AZ-restricted
'peptide:
RS ‘
The MHC class I-restricted CD8+ cytotoxic T-cell (CTL) effector arm
of the adaptive immune response is best egquipped to recognize tumor
cells as foreign and initiate the cascade of events resulting in
tumor destruction. However, tumoré' have developed sophisticated
30 si:rategies to escape immune effector mechanisms, of which the best-
studied is the downregulation of MHC class I molecules which

Present the antigens recognized by CTLs.

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

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



20 This invention further provides a nucleic acid construct encoding a
fusion protein conprising consecutive am no aci ds which, beginning at the
amno termnus of the protein, correspond to consecutive am no acids
present in (i) a cytonmegal ovirus human MHC-restricted peptide, (ii) a first
peptide linker, (iii) a human p-2 25 mcroglobulin, (iv) a second peptide
linker, (v) a HLA-A2 chain of a human MHC class |I nolecule, (vi) a third
peptide linker, (vii) a variable region froma heavy chain of a scFv
fragnent of an anti body, and (viii) a variable region froma |ight chain of
such scFv fragnent, wherein the consecutive am no acids which correspond 30
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
scFN, fragmert d¢elider tnsshdh omtan ragiobody Waiders pesddiirsal bycdimidsnto
~nmesot hel iyRe 3584 Té]:'a%m_%ﬂ?.’% Ni,l QN ﬁééulxé drdEt DL Provides an i solated , o
preparation of %acterla y- expressed 1 nclusion od|e§)conpr| I ng Gver 30
percent BY™REi GtlSf a fusion protein in accordance with the invention. 5
This invention also provides a process for producing a fusion protein
conprising culturing. a transforned cell conprising the fusion protein, so
that the fusion protein is expressed, and recovering the fusion protein so
expressed. 10 This invention further provides a nethod of selectively.
killing a tunor cell which conprises contacting the cell with the fusion
protein of the invention in an anount effective to initiate a CTLnedi at ed

i nmune response agai nst the tunor cell so as to thereby kill the tunor ‘
cell. 15 Finally, this invention further provides a nmethod of treating a
tumor cell which expresses nesothelin on its surface, which conprises
contacting the tunor cell with the fusion protein according to the
invention in an anmount effective to initiate a.20 CTL-nedi ated i nmune
response against the tunor cell so as to thereby treat the tunmor cell. As
an exenplary nol ecul e of the present invention, a single-chain MHC nol ecul e
conposed of 132m croglobulin fused to the al, a2 and a3 25 domai ns of HL-A2
via a short peptide |linker (15 am no acids) was fused to the scFv 551 which
targets nesothelin. To construct a fusion protein with covalently |inked
peptide a 9 am no acids peptide derived fromthe CW pp65 protein
NLVPMWATV(SEQ I D NO: 4) was fused to the N-term nus of the :
SCHLA- A2/ SS1(scFv) fusion 30 protein via a 20 am no acid |inker
GGGGSGEEESGEEESEEEES (SEQ 1D NO. 6). The fusion protein was expressed in E.
coli and functional nolecules were produced by in vitro refolding i.n the
presence of CWMW/ scHLA- A2/ SS1(scFv). Flow cytonetry studies reveal ed the
ability to decorate antigen-positive, HLA-A2-negative human tunor 35 cells
w th HLA- A2-peptide conpl exes in a manner that was entirely dependent upon
the specificity of the targeting antibody fragnent. 7 Mst inportantly,
CW/ scHLA- A2/ 5S1 (scFv)-nedi ated coating of target tunor cells nmade them
susceptible for efficient and specific HLA-A2-restricted, CW

pepti de-specific CTL-nediated |ysis. These results denonstrate that

ant i body-gui ded tunor antigen-specific 5 targeting of MHC- pepti de conpl exes
on tunor cells can render them susceptible to, and potentiate, CTL killing.
Thi s novel approach now opens the way for the devel opnent of new

i mmunot her apeutic strategi es based on anti body targeting of natural cognate
IVHC | i gands and CTL-based cyt ot oxi ¢ nmechani sns. 10



In connection with the present invention, a novel strategy was devel oped to
re-target class | IHC peptide conpl exes on the surface of tunor cells in a
way that is independent of the extent of class | MHC expression by the
target tunor cells. To this end, in one 15 enbodi nment of the present
invention, a nolecule with two arns was enployed. One arm the targeting
noi ety, conprises tunor-specific reconbinant fragnments of anti bodies
directed to tunor or differentiation antigens which have been used for nany
years to target radioisotopes, toxins or drugs to cancer cells. The second
20 effector armis a single-chain MHC nol ecul e (scMHC) conposed of human
P2-m crogl obulin linked to the three ex§dracellul ar domains of the HLA- A2
heavy chal n (24, 25, WO 01/72768) By connecting genes encoding the two
jmiat: : yentigrene and expressing the gene, the new nol ecul e
IS expressed effici entIy in E. con and 25 produced, for exanple, by in
vitro ref,gl di n? in the presence of HLA- A2- CW peptides. This approach, as
descri bed Pt} ef W dRGe RE THESE aF‘geft“sf‘BﬂDPrBE‘F’r% SERRTISLEFE| FORGeFYeiE by
cyt ot oxi cafiimelacdds egara.edpgdfinidwiat MAE axppieseroinbeve tardprbusimmy be
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Compound A after purification on 1'on- ange hronat 0og rap Fl gure 4
Bi ndi ng of Conpound A to reconbi hant rresot hel i n. Mesot hel i n was

i mobi | i zed sonibventuhor phates pabdi dias ecdarendeahs bioghrig iah Gmpommoﬁ was
noni t or ed, Ry eQNf.y MBLLOP; sensitive mAb 25W6 (33, 34).

20 This invention further provides a nucleic acid construct encoding a
fusion protein comprising consecutive amino acids which, beginning
at the amino terxminus' of the protein, correspond to consecutive
amino acids present in (i) a cytomegalovirus human MHC-restricted
peptide, (i} a first peptide linker, (1ii} a human p-2

25 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
scFv fragment, wherein the consecutive amin6 acids which correspond

30 to (vii) and (viii) are bound together directly'by a peptide bond
or by consecutive amino acids which correspond to a fourth reptide
linker and the scFv fragment is derived from an antibody which

specificaliy binds to mesothelin.



Fi gures 5A-D Bi nding of Conpound A to nmesothelin-expressing cells. Figure
5A-B denonstrates the flow cytonetry analysis of the binding 30 of Conpound
A to nesothelin-positive HLA-A2-negative A431K5 cells and

mesot hel i n-negati ve HLA- A2-negative A431 cells. Figure 5A shows the binding
of the KI mAb (31, 32) to A431K5 cells, and Figure 58 shows the absence of
bi nding of of the KL mAb to A431 cells. Figure 5C shows the binding of
Compound A to A431K5 cells, and 35 Figure 50 shows the absence of binding
~of Compound A to A431 cells. The binding was nonitored using anti-HLA-A2
specific antibody BB7.2 (35) and a FITC-| abel ed secondary anti body. Figures
GA-B 5 Potentiation of CTL-nediated lygis of HLA-A2 negative tunor cells by
Compound A. In Figure 6A, the nesothelin-transfected A431K5 cells and the
par ent al IfmSOtzﬁhﬁéhfkd]ﬁQ@lﬂl\le ﬁMBﬂmﬁ ebk&u\@rse anNGlBAhL esa WhidpLawpornds A
(10pg) and MW, spec i:(r:e Lds .8 g Qc@t hi oni ne. rel ease assay. Fi gure 6B
deronst r a6  Hos6-depRhaEnt c BET R t YO *oSPBLR R WhET percelit

mesot hel iby- ¥EagRY e’é’t Edfmmsre@m lanﬂc‘FMap‘&Pemt& tiresbehraitiignpegat i ve
A431 cells were incubated with different concentrations of Conpound A and
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via a 15tasian atbdeld hkeb GHIGSGEHLSETA TN (§E@dlla NC: 8)exp2@sfQur 8nd
Nucl ei ¢ Q%Egv%ﬁ%ﬁe@fxg R%%qll gg %qugn%@ _( %I;Qd NO: 22). Figures 9A-B 25
pur i

EXDFGSSIOH an I cation nmpoun

10 This invention further provides a method of selectively killing a
tumor c¢ell which comprises contacting the cell - wiﬁh the fusion-
protein of the invention in an amount effective to initiate a CTL—
mediated immune response against the tumof cell so as to thereby
kill the tumor cell.

15 _
Finally, this invention further provides a method of treating a
tumor cell which expresses mescthelin on its surface, which
comprises contacting the tumor cell with the fusion protein
according to the invention in an amount effective to initiate a

20 CTL-mediated immune response against the Atumor cell so as to

thereby treat the tumor cell.

As an exemplary molecule of the present invention, a single-chain
MHC molecule composed of B, microglobulin fused to the ol, o2 and o3
25 domains of HLA-A2 via a short peptide linker (i5 amino acids) was
fused to the scFv 581 which targets mesothelin. To construct a
fusion protein with covalently linked peptide a 92 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
30 protein via a 20 amino acid linker GGGGSGGGGSGGGGSGGGGS (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-A2/881 (scFv) . Flow cytometry studies revealed the
ability to decorate antigen-positive, HLA-AZ2-negative human tumor
35 cells with HLA-AZ-peptide complexes in a manner that was entirely

dependent upon the specificity of the targeting antibody fragment.




Fi gure 9A shows SDS/ PAGE anal ysis of isolated inclusion bodies. Figure 9B
shows SDS/ PACGE anal ysis of Conpound B after purification on ion-exchange
chromat ography. 30 Figures 10A-F Binding of Conpound B to

nmesot hel i n-expressing cells. Figures 10A-F denonstrate the flow cytonetry
anal ysis of the binding of Conpound B to nesothelin-positive _

HLA- A2- negati ve A431105 cells and nesot heli n-negative HLA- A2-negative A431
cells. Figure 35 10A shows the binding of KI m\b to A431K5 cells, and

Fi gure 10B shows the |ack of binding of KI mAb to A431 cells (B). Figure
10C 10 shows the binding of Conpound B to A431K5 cells, and Figure 10D
shows the | ack of binding of Conpound B to A431 cells. Figure 10E shows the
conpari son between the binding of Conpound A and Conpound B to A431K5
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10
In connection - with the present invention, a novel strategy was
developed to re-target class I MHC-peptide complexes on the surface
of tumor cells in a way that is independent of the extent of class
I MHC expressicon bf the target tumor cells. To thHis end, in one
15 embodiment of the present invention, a molecule with two arms was
employed. One arm, the targeting moiety, comprises tumor-specific
recombinant fragments of antibodies directed to  tumor or
differentiation antigens which have been used for many years to
target radicisgsotopes, toxins or drugs to cancer cells. The second
20 effector 'arm is a single-chain MHC molecule (scMHC) composed of
human P2-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
25 pProduced, 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 appreoach to potentiate CTL-mediated anti-tumor immunity.
30 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.



20 Figure 12 Potentiation of CTL-nmedi ated |ysis of HLA-A2 negative tunor
cells by Conpound B and Conpound A. Mesothelin-transfected A431K5 cells and
t he parental nesothelin-negative A431 cells were incubated with 25

di fferent concentrations of Conmpound B or Compound A and with CWspecific
CTLs in a [S35)nethionine rel ease assay. The figure shows results of

i ncubation of Conpound A with A431105 cells, incubation of Conpound B with
A431K5 cells, incubation of Conpound A with A431 cells, and incubation of
Compound B with A431 cells. 30 Figures 13A-B Schematic representation of
SCHLA- A2/ SS1 (scFv) and M cov/5cHLAA2/ 551 (scFv). Fi gure 13A shows.
the Ctermnus of the scHLA-A2 fused to the N35 term nus of scFv via 4

am no acid linker. Figure 13B shows thé 11 ML58- 66 pepti de fused to the

N-ter m Nuse Qe boseSiciiAn A% ST $6E¥lesvi @ @ 15 am no acid |inker
ceeces rgure 14 Nucl eic acid sequence encodi ng the

MLcov/ scHLA- A2/ SS1 (scFv) fu3| on protein (SEQ ID NGO 23). 10 Figures 15A-B
Expr essi oftammds ptA-iE i cation of the M -cov/scHLA- A2/ SS1 (scFv) fusion

protei n. fhiaukesdSA Mishig: S5/ PAGE aughitels /et i sokalad | nakiusiog
bodi es. anal%m s of M -cov/scHLA- 15 A2/ SS1

(scFvy fl}%?%g%g/sostcé"lﬁ‘ 312{%'7‘1 p(L?FIPWCEﬁCI’“Sﬁu *Mon- exchange chromat ogr aphy.
Fi gure 16 iBumgdi ny o listerabescobe sCHIsAmARRSSIE (Se\ScHLasPdNLpFest dion the

N-terminus of 8S1 (scFv) via a 4 amino acid linker. Figure 1B

illustrates that the CMV pp6S5 peptide, i.e. NLVPMVATV {(SEQ ID NO:4)

was fused to the N-terminus of the scHLA-A2/881 (scFv) wvia a 20
10 amino acid linker GGGGESGEGESGEEGESGEECGGES (SEQ ID NO:6) .

Figure 2
. Nucleic¢ acid seguence encoding Compound A (SEQ ID NO:1).

15 Figures 3A-B
" Expression and purification of Compound A.
Figure 3A shows the SDS/PAGE analysis of isolated inclusion bodies.
Figure 3B shows the SDS/PAGE analysis of Compound A after
purifiéation on ion-éxchange chromatography.
20
Figure 4
Binding of Compound A to recombinant mesothelin.
Mesothelin was immobilized on immuno-plates and dose-dependeﬁt
. binding of Compound A was monitored by conformation sensitive mab

25 We (33,3a4).

Figures 5A-D

Binding of Compound A toc mesothelin-expressing cells.

Figure S5A-B demonstrates the flow cytometry analysis of the binding
30 of Compound A to meéothelin—positive HLA-AZ-negative A431K5 cells

and mesothelin-negative HLA-AZ-negative A431 cells. Figure S5A shows

the binding of the K1 mab (31,32) to A431KS cells, and Figure 5B

shows the absence of binding of of the K1 mAb to 2431 cells.

Figure 5C shows the binding of Compound A to A431K5 cells, and
35 Figure 5D shows the absence of binding of Compound A to A431 cells.



20 reconbi nant Mesothelin. Mesothelin was i mobilized onto i nmunopl ates and
dose- dependent bi ndi ng of ML-cov/scHLA- A2/ SS1 (sem ) was nonitored by
conformation sensitive mAb (Ws). Figures 17A-D 25 Bi ndi ng of

M - cov/ scHLA- A2/ SS1 (scFv) fusion protein to Mesothelin expressing cells.
Figures 17A-D show fl ow cytonetry anal ysis of the binding of

M -cov/ scHLA- A2/ SS1 (scFv) to nesothelin-positive HLAA2-negative A431K5
cell s and nesot hel i n-negative HLA- A2-negative A431 cells. Figure 17A shows
the binding of KI mAb to A431K5 cells, 30 and Figure 17B shows the absence
of binding of KI mAb to A431 cells. Figure 17C shows the binding of

M - cov/ scHLA- A2/ SS1 (scFv) fusion protejn to A431K5 cells, and Figure 17D
shows the absence of binding of M-cov/5cHLA-A2/SS1 (scFv) fusion protein
to A431 celd SindhegbididinBg:t@SdRBiA@ran ivaLAgGAARpeckHEfe AXtSpesy By . 2

ant i body 7. 5 1, BTG { abel e ry, anti body. 12 Figure 18

Pot enti at ?%r% é?gﬁié%ecg%%%%d[ fglggg%'}l%ﬂﬁﬁggg?%égati ve tunor cells by

M - cov/ 5¢cHLA- A2/ SS1(scFv)fusion protein. Mesothelin- transfected A431K5

cel | s andridweepas®si al nesot hel i n-negative A431 5 cells were incubated with
di ff er.ent i -~ GHLAA2/ SS V. Wi Lh ML cific
HLA AS. 1 e Trre o o 2 Qe M RE A et P P 36 e Ll GRS T
Descri pt i®dh SP*RARY rentP of1I0-ThER: | HEENTIEERLPe bVT-deanafqreido R4 dBei n
conpri si ng:laenseadt i vBe anpax@erael dsmedbieielihegedqiing ahabhe a0 Wei@ NUS
of the Prlhleed OLiEAPAMLbBaE OB CELbINNE 3L NACT dikeserlrbh () 28
cytonegal ovirus human MHC-Testricted peptide, (11) a first peptide 18
linker, (15 1YeEPHoRHIT P2t rogrEbUT I e £F) derstoptr D S9EraReReiedt, (v)
a HLASA2 ssttraivatpfoi deuwawnd/HC wheassedotumglid¢ottsinsferied Adiikd peipts dea
linker, (oHd )pdret@bhalle@ot Rl QN nbEQM NEAYY el R SeRMbakEaONERE Of an
ant i body,di\%ﬁd éw i |%{éa vari abl e reg:h%n froma ’Ib‘Js ht chain of such scFv
fragment , \WEFETH TS CERERETS VW SATRBYZ0 AcT i EReCU e SFid o (vi i)
and (viiils*dmetbbomihe ogéenes adisrgct|y by a peptide bond or by consecutive
am no aci ds which correspond to a fourth peptide |inker and the scFv

fraggﬁnt FiS,deryved froman antibody which specifically binds to

mesot hel i N2 1n one enbodi ment, the first peptide |inker has the amino acid

25 sequerfceslGIFTSCOIBSEEOC8EESof SERR| [PMNOSEHLA{AR /FRdL dekv)entadinemnt, t he
second pepti de | tekgesundass,t henanbbpe atd dnses@ATe JFSCEREFE0EGES: (REQ I D
NG 8). | er i ment he,t hird peptide. Linker has the amno acid
seqguence t%@ %E@fﬁggw/sf% a(nsoc{yk‘{ér ‘21 odi rrélﬁt,ar? 6 fgﬁﬁlh lﬁgﬁﬁfefde

| i nker h&SCPRECEAGTFECECFEBIPsEGUPnce OVGESCOGGESO0OGES (SEQ ID N0 19). In
anot ker enbodi nent, the cytonegal ovirus human MHC-restricted peptide has
the am ng;ggid s#equence NLVPWATV (SEQ ID NO 4). As used herein, "first

peptide linker", "second peptide |inker" and 35 "fourth ge,pti de |inker"
refer to PEPEH UL APBLE 0 e HifofEFPEUna B (SEQ ID NO:22).

Figures 9A-B

25 Expression and purification of Compound B.
Figure B9%A shows SDS/PARGE analysis of isolated inclusion bodies.
Figure 9B ghows SDS/PAGE analysis of Compound B after purification

on ion-exchange chromatography.

30 Figures 10A-F
Binding of Compound B to mesothelin-expressing cells.
Figures 10A-F demonstrate the flow cytomeﬁry analysis of the
binding of Compound B to mesothelin-positive HLA-A2-negative A431KS
cells and mesothelin-negative HLA-A2-megative A431 cells. Figure
35 10A shows the binding of K1 mAb to A431KS cells, and Figure 108
shows the lack of binding of K1 mAb to A431 cells (B). Figure 10C



pepti de whose am no acid sequence is GXGGS (SEQ I D NGO 20) or a 13 nultiner
thereof, wherein X may be any am no acid. These peptide |inkers nmay be a
mul ti mer of 2-10 of such nononeric peptide. In any such rmultinmer, each
nononeri c peptide may be the sane as or different from other nonomeric
peptide in the multimer depending on 5 the identity of amno acid X. In one
enbodi nent, X in the nononeric peptide is the amno acid valine (V).In
anot her enbodi nent, X in the nononeric peptide is the am no acid glycine
(Q. In presently preferred enbodi nents, the peptide |linker conprises a
mul timer of three or four nononmeric peptides, 10 particularly a nultinmer of
three nononeric peptides in which the ygpst N-termnal X is the amno acid
V, and the second and third X are the am no acid G I n one enbodi nent,
t he sequenoesOothé hBifdNEE Colt | GEnpaind0Batbd .4 1br< ot¢ BISpONGiangribaré viLbp,
f ol | owed h N i ed GVILLE) o0 Sy f hin
SEQ I D NE?%%% Ehé?%L%ﬂé?ﬁgéhgﬁ%%dgﬁgﬁ??gt % consg%ﬁ%igghgﬁiﬁgig%ngB%f t he
. fusion prYPEPR NtRTSTPBRREA: HThVEst Hd'ahiiditgcPd SetRreAteAs#rd fGPRURA SEQ
201 D NO 3. tEhizst3iiHgerbeilda, ahsd pigwuiddesra EWBO%hei QACROMEN Shagn@ &£Si on
Protein iBnaceRd 42068 Whidbuies! €Y Slkh0e A Achal i fling' PaOMeriERELL BN,
the fusion protein I s present In the conposition in a f? tﬁerapeutlcally
ef f ect i vESARDURPEARH R 1P caPEFEFLTF s 2R pReadBat 2 catY ZccBpiapirEetadri er .
Thi s i nverteodnat sotpraisr.des a nucl eic acid construct encoding a fusion
protein conprising consecutive am no aci ds which, beginning 30 at the am no
termnus _of the _protein, correspond to consecutive am no acids present in
(i) a cyE3MBEAT W Bs human MHC-restricted peptide, (ii) a first peptide
| i nk®?, EFrieytimthemapi3CZlmediggledbdipis ¢f VijLiaAgevegat pepttivgdex| caklbs , (V)
a HLA- A2 pgh@édpRiagashuman MHC class | nolecule, (vi) a third peptide
linker, (vi[L) a 3 ari abl egion froma he chai.n of .a scEv fragnment of
an anti bgay#g%ﬁﬁ? \#I iy°F t\?’aerafgbﬁreanrséﬁf%%d fAF‘g%%é% (fefa]glﬁt “PAathif SPE8hLH 14
scl 7v fr agaemeligheesitiveheAedbhsSedl fversam noncabprdsdwhiich compegpdnddt o
(vii) andiyd)i i ndr ewbaiprditogethes dhr acttlsyﬁm%émai&ﬁhmei cteé_lgaslal_ a&sby- dih
consggut i espond to_a fourth peptide nker and the
Soretragtentl 18 BoheRerticey SEIL SRBRREL A 4L 1L e BB bRk

. 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 [$*®*]methionine release assay

20
Figure 12
Potentiation of CTL-mediated lysis of HLA-A2 negative tumor cells
by Comppund B and Compound. A. Mesothelin-transfected A431K5 cells
and the parental mesothelin-negative A431 cells were incubated with
25 different concentrations of Compound B or Compound A énd 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 A431K5 cells, incubation of Compound A with A431
cells, and incubation of Compound B with A431 cells.
30 '
Figures 13A-B
Schematic representatian of scHLA-A2/881 (scFv) and Mlcov/sScHLA-
A2/881 (scFv). ' o
Figure .13A shows the C-terminus of the scHLA-A2 fused to the N-

35 terminus of scFv wvia 4 amino acid linker. Figure 13B shows the



5 specifically binds to nesothelin. In one enbodi nent, the nucleic acid
construct has the nucleic acid sequence set forth in SEQ ID NO 1. Thi s
i nvention al so provides a vector conprising the nucleic acid construct of
the invention. Exanples of such vectors are plasm ds, 10 viruses, phages,
and the like. This invention further provides an expression vector
conprising the nucleic acid construct of the invention and a pronoter
operatively linked thereto. 15 This invention al so provides a transforned
cell conprising a vector according to the invention. The transfornmed cel

may be a eukaryotic cell, e.g. one selected fromthe group consisting of a
mammal i an cell, an insect cell, a planiycell, a yeast cell and a protozoa
20 cell. Alternatively, the transfornmed cell nmay be a bacterial cell. This

i nvent i omysisové dpsptaniel Fobadetioptepay atdroinoé bACctiny | sdHDpA-BR PSS ERE V)

i ncl usi on,hodi e5 LARRrLS] NG 1QUEE RUJUREEEMdNS W8RG @b. & fusion protein
according to the invention. 25 This invention also provides a process for
producing a fusion protein conmprising culturing the transforned cell of the
invention so that the fusion protein is expressed, and recovering the
fusiog protein so expressed. |In one enbodinment, the recovery of the 30
fusion pragtein nprises subjecting the expressed fusion protein to size
exclusioﬁigﬁfaﬁéfography. I n anot her enbodi ment, the fusion protein is

expr esseducheincaisi engbodiee sncbdimn ehenbchyErHLA tAR SS1locesv )f fushen

conpri segybkedhi ot BB wd&laysi on bodies so as to separate and refold the
fusion protein and thereby produce the 35 fusion protein in active form In
anot her enbodi nent, treating of 15 the inclusion bodies to separate the
fusi df prFdseres t3&8f rom conpri ses contacting the inclusion bodies with a
denat ur i ngpageston AsndSeshiehehfiodn oraCthy e M10kLBY/ Sdurtan @2 f 4k O sREQT €1 N
nmeans a ngg§§ezgkgggsional conformati on of the fusion protein which
permts the udi on protein to specifically bind to nesothelin when

mesot hel FATEES prESenthBif t e s HPF4ERCHT apatyupbt @&l | isofkitsd| nrsdiséatal so
provi des vadies hodigiresel mct siuplsy toid | sy mack0 ananpsicebt , MIVE®GH seaBpri ses
contagcti W th the j 2| . i nvent i i unt
effeg%ivgg{%gfnﬁ§%%¥% g?%ﬁ%h@%#g%g% ﬁ%ﬁ%ﬁeQ?%&S%%ggiggég%s?g#ﬁ%“%%ﬁggncel
so as t o PREPERFRPPY-the tunor cell. In one enbodinent, the tumor cell is
in a patient and the contacting is effected by adm nistering the fusion 15
protein ®ghie MAtient. This invention further provides a nmethod of

treating _a tunmor cell which e&presses sothelin on its surface, which
Conpriseglndlng of the Ml-cov/scHLA-A2/S81 {sCFv) fusion protein to

20 recombinant Mesothelin, Mesothelin was immobilized onto immunco-
plates and dose-dependent binding of Ml-cov/scHLA-A2/SS1 (scFv) was

monitored by conformation sensitive mAb (W6). -

Figures 17A-D .
25 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-A2/831 {scFv) to mesothelin-positive HLA-~
AZ-negative A431K5 cells and mesothelin-negative HLA-A2-negative
2431 cells. Figure 17A shows the binding of K@ mAb to A431K5 cells,
30 and Figure 17B shows the absence of binding of X1 mab to A431
cells. Figure 17C shows the binding of MI-cov/scHLA-AZ/SS1 (scFv)}
fusion protein to A431KS cells, and Figure 17D shows the absence of
binding of Ml-cov/scHLA-A2/S51 (scFv) fusion protein to AR431 cells.
The binding was monitored uvsing anti-HLA-A2 specific antibody EB7.2
35 and a FITC-labeled seccondary antibody.



contacting the tunor cell with the fusion protein according to the 20
invention in an anmount effective to initiate a CTL-nedi ated i nmune response

agai nst the tunor cell so as to thereby treat the tunor cell.In one
enbodi ment, the tunor cell is present in a solid tunor.|n another
enbodi nent, the solid tunor is a tunor associ ated with ovarian, |ung,

pancreatic or head/ neck cancer, or 25 nesothelioma. The present invention
provides (i) novel fusion proteins; (ii) processes of preparing same; (iii)
nucleic acid constructs encodi ng sane; and (iv) nethods of using sane for
selective killing of 30 cells, cancer cells in particular. , The principles
and operation of the present inventio y be better understood with
reference to the figures and description set forth herein. 16 It is to be
understoquhbatlghe i nvention is not limted inits application to the
details forth escription ot _as.e The invention
enconpas athfhbodlng‘ gygé%aﬁfeéﬁgﬂ%%ﬁﬁaa?ﬁﬁﬁn L] kagarried
out in véPM ou%lvﬁydscﬂpéom/ﬁsﬂt |§SC{FU}be ferlierst oprotdiat: t hidegsihadént ogy

aRd Iter mtt&ahggac@aog@mds hesis ang £8E ﬁzmarhunpaggotgfelqﬁsz@ég{d%twenzaa@ﬂ o
shou not .be regarded unor ressi.on i en as iate

- with ghe ségre?llgen ot° |m%rﬁ%e- Ltlho%glﬁf) ?%’é%l%ém Bri&=aR g/or E%vﬁcﬁﬁﬁ

down- r eg@R4EFbN (8FFWHCaBf agsth MAt |S@eﬂlE#%s’éh&ﬁta-e“HS‘FWFlor@‘l(SZ)m E%en
when a spedd]fken{Flincesp0BsR: assgenonstrated in patients, this response is
| ow because the anti-tunor CTL population is rare: very infrequent, and in
sone cases t he CLTs ar e not functlonal or anergic (26). Mreover, it is 15
wel | - est EBEREIR ' RELLPept i de conpl exes on the surface of
tunotocel | s t hat pr esent a partl cuI ar turmr associ ated peptide is |ow (27).

Si gni fi capt o PLAYLESSord OPRLH Hevel 09154&% t@% tég@.hf %mg;téange% @;ﬁ@

i mune response agai nst. tumors has i Avol the i tion o

protei n RtPYeHS Hs ¥EEFat PUHPRR202 rtjievé‘ﬁl{’ﬁn‘f)‘?n"tl?ﬁé ah e iPEepB Rappi ng
of tunor cantegems f oro MHOmdegwsive andnid@assadids esprdsehed Binnding nodifs
were idep @ﬁ@&l@r@ﬁeh&wﬁ %E:L¥egﬁl1@geﬂs§gpﬂ1r& vari ops, VaGEhNaLLO e

prograns. 14; 11, MHC cl ass | _nol ecul es presenting the appropriate

peptttes?® ?Eelh'ecék ry?t BPrRvPaR PRETFBEAR: sildhhl @ FP5FCPRcBFRFE%DNn and
25 kil |i agnksxr CTivs. aHgWavAEZ chahe pfiadhypah WBChalssmIoholammie,esehdpeais the

| oss, dowRiegWedeial Ofnialsdt, er(aii)ora bbby PG LESEARAL RBW- QRdEL Lhe
target cell #gvﬁnresgE #ve to CTL SIS the cell expresses the

v
appropri 8t & Pt g&h R38R THE dﬁ’r‘e?’é fe‘”‘r’r\}énfll BHABPO% °® HERP dbpr oach
to circubveht ¢hpip b V| rpedent ngetisheipr ébentoisnrattivenanno

pracid Ceacid¥0khi SPEGokkesgaiagetd Ngvof) chags (ki MG pept idang 0BLEeXES: ON
t unor

Celd_LLxs'ectly 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.
In one embodiment, the first peptide liﬁker has the amino acid
25 sequence GGGGSGGGGSGGGGESGGHEGS (SEQ b NO:6) . In another
embodiment, the second peptide linker has the amino acid seguence
GGGGSGEGGEE5GGEGEGS (SEQ ID NO:8). In another embodiment, the third
peptide linker has the amino acid seguence ASGG (SEQ ID NO:10). In
another embodiment, the fourth peptide linker has the aminc acid
30 sequence GVGGSGGGGSGGGGS (SEQ ID NO:iB) . In another embodiment, the
cytomegalovirus human MHC-restricted peptide has the amine acid
sequence NLVPMVATV (SEQ ID NO:4).

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

peptide whose amino acld sequence is GXGGES (SEQ ID NO:20) or a



was shown to be an effective and efficient strategy to render HLA-
A2-negative cells susceptible to lysis by rel evant HLA-A2- 35 restricted
CTLs. This new strategy of redirecting CTLs agai nst tunor cells takes
advant age of the use of reconmbinant anti- 17 nmesothelin antibody fragnment
and CW ligand that can localize on malignant cells that express a tunor
with a relatively high degree of specificity. 5 The anti-nesothelin

anti body targeting fragnent and CW |ligand are fused to a single-chain
HLA- A2 nol ecul e that can be folded efficiently and functionally. The
results presented herein provide a clear denonstration of the 10 useful ness
of the approach of the present inventi qg to recruit active CTLs for tunor
cell killing via cancer-specific antibody or |igand guided targeting of
scVHC- pepﬁhﬁ&hmh@xe& T&}mlﬁeﬁuhﬁﬁ Ayt f&ﬁ.m@hé,ﬂi th@egevslle I t of
a new i n erapeutic _approac n atur occyrring c ul ar

i mune pggp%%’]ses \%hl & mg{lg“?%rdl ?%c 1§ 8gai*ns %’éor?eﬁr‘rﬁrpséﬂdge It 1
be appr ecRfBY eguehatuttigefrysieanph prerwioyiof PFPIEl_C}FF emaentbe ntientsame ors pBr ti ons
ther eof canthereptepasm bubyrsaveimdr i vayspt idRC EH Y makidePNRSRNRE QY &l

synt hgsi s chd OVBYEL, . OFEhea“m‘gf ercri(ad 2go erggiodl rns*ntem]%| the ‘ nngntl ovﬁ}teh or

| east maj or portion mol ecul es, e. e SC W dorai N (
wi t hout t'ﬁ‘é“cﬂwlﬁeFﬁQ%ﬁean’tf t Héesélmvﬂﬂorm’lﬁ ara igeneflt-ed e t paerHieat i on
of a respamidaimentic| i anathd memSidriet pepnmmsisr e fNeadangat e dmleecul e.

25 Accordt aly, ngeé,tt Q%ﬁe %939&% 'Q&JJ RS ar 6,8 u%p;tengto 1 SYL hesi ze

t he nol ecu es of tra atron. These open r franes can
resi de on“HFEERGPe, &t V\B“b?”'teﬁr efnuth®ie & d fﬁBFecGPE%‘“erFﬁusPeP'é?dB@xanpl e,
a singl e prudlientasly da constintat cEarh3Be CAGHymedie, depBi@ts ald $Hi@e wpen

reading MAeS:-(CRUAA LGP (S andid |0 69ULAk OLY: SRAGHCES, CA e wsed

to control the expressign of the one to three open rea ranes. FoOr
exanpl e, %ithg grino acid G.

In one embodiment, the sequence of the consecutive amino acids
15 corresponding teo (vii), followed by the fourth peptide llnker,
followed by (viii) is set forth in SEQ ID NO:12.

In another embodiment, the consecutive amino ‘acids of the fusion
protein, Compound A, have the aminoc acid sequence set forth in SEQ

20 ID NO:2.

This invention 'alse provides a composition comprising a fusion
pProtein in accordance with the invéntion ‘and a carrier. In one
embodiment, the fusion protein is present in the composition in a
25 therapeutically  effective amount and the carrier is a

Pharmaceutically acceptable carrier.

This invention alsoc provides a nucleic acid construct encoding a
fusion protein comprising consecutive amino acids which, beginning
30 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, (iii) a human g-2
microglobulin, (iv} a second peptide linker, (v) a HLA-A2 chain of
& human MHC class I molecule, (vi) a third peptide linker, ({vii) a
35 variable region from a heavy chain of a scFy fragment of an

antibody, and {viii) a variable region from a light chain of such



cis-acting regulatory sequence can control the expression of one, two or
three open reading franmes, in a cistrone-like manner. In 35 the
alternative, three independent cis-acting regulatory sequences 18 can be
used to control the expression of the three open reading franes. QO her
conbi nations are al so envisaged- The open reading franes and the cis-acting
regul atory sequences can 5 be carried by one to three nucleic acid

nol ecul es. For exanple, each open reading frame and its cis-acting

regul atory sequence are 10 are al so envi saged. Expression of the fusion
transformation/transfection transfection of a single cell protein can be
effected by and/orco-transformation/coj,or a plurality of cells with any of
15 the nucleic acid nol ecules, serving as transformation/transfection

Vectors (&my fragngitisihdseiPhagesonftagert denind a¥idsISRSkn bérdgonke-
sorree st b1l BIE (LAY EOLEL WREAD AR A5 B5USDSH LR Seha'or !
or by consecutive amino acids which correspond to a fourth peptide
linkef and.the scFv fragment is derived fiom an antibody which
5 specifically binds to mesothelin. In one embddiment, the nucleic
acid construct has the nucleic acid sequence set forth in SEQ ID
NO:1.
This invention also provides a vector comprising the nucleic acid

construct of the invention. Examples of such vectors arée plasmids,

10 viruses, phages, and the like.

This invention further provides an expression vector cohprising the
nuclei¢ acid congtruct of the invention and a promoter operatively
linked thereto.
15

This invention also provides a transformed cell comprising a vector
according to the invention. The transformed cell may be a eukaryotic
cell, e.g. one selected from the group consisting of a mammalian
cell, an insect cell, a plant cell, a yeast cell and a protoczoa

20  cell. Alternatively, the transformed cell may be a bacterial cell.

This invention provides an isolated preparation of bacterially-
expressed inclusjion bodies comprising over 30 percent by weight of
a fusion protein according to the invention.

25 '
This invention also provides a process for producing a fusion
pProtein comprising culturing the transformed cell of the invention
so that the fusion protein is expressed, and recovering the Ffusiocn
protein so expressed. In one embodiment, the recovery of the

30 fusion protein comprises subjecting the expressed fusion protein to
gize exclusion chromatography. In another embodiment, the fusion
protein is expressed in inclusion bodies. In one embodiment, the
process f[urther comprises treating the inclusion bodies so as to
separate and refold the fusion protein and thereby produce the

35 fusion protein in active f£orm. In ancther embodiment, treating of




20 amino acid nethionine, likely represents the fusion protein as expressed
in a bacterial cell. Depending on the specific bacterial cell enployed to
express the fusion protein, the N-term nal nethionine my be cleaved and
renmoved. Accordingly, it is contenplated that fusion proteins in accordance
with this invention 25 enconpass both those with, and thnAP wit-hell* A
N-term nal nethionine. In general, when a fusion protein in accordance with
the invention is expressed in a eukaryotic cell, it would |ack the
N-term nal nethionine. Therefore, it is to be appreciated that the am no
aci d sequence of expressed fusion proteins according to the 30 invention
may i nclude or not include such N-termygal nethionine depending on the type
of cells in which the proteins are expressed. \Wenever and wherever used,

t he | i nkethepephi¢Usiion SbdEeisediodfl sapamatienctiaci Busaglepeetaiin Chhérsfrom

i nherent| I . 0 i
|ndependé%?ﬁ%ggﬁg(%g¥%§gP?épﬁ%Ha? ‘%§°Bng&§§g%é§§§dﬁ thgﬁgggu}g%%ﬁpy
facilitating the formation of a 19 functional or active single chain (sc)
human p2MsRivseDripdxexn, arin bedyitar getnngodr tie mins k32 NprdrAin Cdaneshr i ct ed
anti 8N GOIRlCHinchd¥Bhadf bhFoMAELEHCoAChIL GABSER Uskst 18S Ghl HEhdifELN

conprise at least one cis-acting regulatory sequence operably |I'Tnked to the
codi ng potRfnudPebeR derathdPei Fo  PRSCAFLEILLY t REEi stUctMeRgEPreyd atBeY
sequence nessckbatin onalpreselpacinerha. svalthee naf iav ehyper tdvd 1ci s- acti ng

regul atory sequence is functional in yeast. Still 10 alter nati veI y, the
cis-actin r uI ator¥gsequence is functional_ in_anipmal cel

al ternati rivﬁ’é'ti: ALEP nGEPEHTRS tabrVe?écifueﬂfcesfjse?tl}ﬁ’@ﬂ’oﬁé?li“?? pfant
cell g0 Tfmmu.vlrsceéh nghielgukanprisese qeenset oan tihec| esdd avimhormiteerfuséguence

15 and adgdidkk9Rabs tiraNSGeRtigNaln ah andddNHeabbonal t@hiﬁ@?&te’se@q%ﬂces al |
of which s LV éor faC| |It8.tl%r9) t he, expr%sm on of t goléyan:cl eqt i gs when

introduce€d I'A TSP EpetT T exanpEE bt “prontt €75 At e GeSeYi bed
her ei nbel*wli ﬁheoh‘t-‘@%‘ etllari %@%W@Pwen%noﬂm grEmoForcetl edkpr &é8sion
systens epwdlieﬁtt&tea AheLXaHPh &SI rEP Gl @PEMUeEN b Ohb@IVE: s tlelr il | heD&usion

apprg é) ted 15 ng%g &lgs-acting regul atory sequence can be utilized in
a nuc aCrd construct to direct transcription of a single transcript

whi ch |ncI udes one or nore open reading 25 frames. In the |ater case, an
i nt er nal ThibosavEnteikn Fusither (pRESpesaa hethdd |dzatteaoing 4 Oovldrowe1l

translati@ncnf LiedJuer nq\legxupﬁo@t'%ﬁedlggclsu&a%@d IRILENCEmpMiDEVEr

co- expressi on of 1 ndependent gtl es in asingle cell[ 30 1s of choice,
t he const"r"ﬁ&?‘:%’r“gc&r‘i?t FHEPE %‘??d-l c‘j’yé tf‘ﬁé°ﬁoﬁ‘|’?b‘ﬁf‘e&°§a'ﬁ?f‘%§? the
| eveks ofingxprigsiion aof ambent nefifpendent cpainipépte desCry-gedpitied Zedpngo as

to 0bta|&Egbgnﬁ§taéH5%QQrEh@nﬁuﬂgrtégiﬂ'égﬂaspkgﬂ%ﬁkreby treat the tumor
cell. In one embodiment, the tumor cell is present in a solid
tumor. In another embediment, the solid tumeor is a tumor
associated with ovarian, lung, pancreatic or head/neck cancer, or

25 mesotheliocma.

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 fbr selective Kkilling of
30 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. '

35



20 invention is a strong constitutive pronoter such that high | evels of
expression are attained for the pol ynucl eotides foll ow ng host cel
transformation. 5 It will be appreciated that high |l evels of expression can
al so be effected by transform ng the host cell with a high copy nunber of
the nucleic acid construct(s), or by utilizing cis acting sequences which
stabilize the resultant transcript and as such decrease the degradation or
"turn-over" of such a transcript. 10 As used herein, the phrase

"transformed cell" describes a cell into which an exogenous nucleic acid
sequence is introduced to thereby stably or transiently genetically alter
the host cell. It may occur under natural or artificial conditions using

-various nethods 15 well known in the art some of which are described in

flet ai :c hQrtgiiE:bQ:ltoO\Me: :’hﬁ@ﬂ&ﬁéﬁd V\iﬁa{l} Stﬁzﬁfiifrﬂvﬁnw&l l |seﬁldi:f 1h]9§£e@ek£slitg he
ransforned._host. cel|l c a_eukaryotic ce ch as or. exanple, a
el i aPRETTACAER { FR bR cBPFRLLP pfdint TEE 1% DRSO THR A as®

pr ot 0zoaesenplifiedy| t efheatinMeingion henewidasgan peher bemiasiimahtezerid ¥When
utilizedchpanpalkst Watihg pasdticehl ofX@888H08ut tihe vakebes Gwadel.d camsbr uct (s)

accorgingtto.th%opregeq}djnvengipn cantgg a shuttle 255%%C185mu%@h8h can

pr opagat € both i§ E°°cd efs 2Fei it he c8n§?Fﬁ€F°c%%%rises an appro%?iate

sel ect abeBPhRYREheaRdn oFs fiox She rpiRcsat PhiiesantPbe aRfatitiid reE be
expr essi eaghfadillear yohiwidyast cells. The nucleic acid construct(s)
according to the present invention can be, for exanple, a plasmd, a
bacm d, a phagem d, a 30 cosmd, a phage, a virus or an artificial

_ chr onosoAETCSRECHFESHhTid CERCR)PIESIRBIA S SPehR® IRTTEELC™ Rft 1AaMEROL
i mied sopppedlNA2, PolNAS. l4rd/of, fhéeoSMA{-reghlatiSec Tag?2 MEpDi apisay, 1
PEF/ 1Y C/ Gkt Daerd IMLENELCHED: cBifihohe WALN BUEnaWdid:Alhe LEAMAR cr

I nvi trogenm Cor paration (Carlsbad, CA USA), P Ichis avallable:%rom
Pr omegant B8 Ht<atiSo AP RAD ST W= UBR) L e BK- BE\? SIFFPRRRE Gy 10y Pecause

the antiutumor_CTL population is rare, very infrequent, and in some
cases the CLTs are not functicnal or anergic (26). Moreover, it is
15 well-established that the number of MHC-peptide complexes on the
surface of tumor cells that pregent a particular tumor-associated
peptide is low (27). Significant progress toward developing
vaccines that can stimulate an immune response against tumors has
involved the identifijcation of the protein antigens associated with
20 a given'tumor type and epitope mapping of tumor antigens for MHC
class I and class II restricted binding motifs were identified and
are currently being used in wvarious .vaccination programs (14,
11,8). MHC class I molecules presenting the appropriate peptides
are necessary to provide the specific signals for recognition and
25 killing by CTLs. However, the princiﬁal 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.

30 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-
Az-negative cells susceptible to 1lysis by relevant HLA-A2-

35 restricted CTLg. This new strategy of redirecting CTLs against

tumor cells takes advantage of the use of recombinant anti-




whi ch are available from Stratagenee (La Jolla, CA USA), pTRES which is
avail able from d ontech Laboratories, Inc. (Muntain View, CA USA), and
their derivatives. 5 Insect cell cultures can also be utilized to express
the nucleic acid sequences of the present invention. Suitable insect
expression systens include, but are not limted to the bacul ovirus
expression systemand its derivatives which are commercially avail able from
nuner ous suppliers such as maxBacm (I nvitrogenm 10 Corporation, Carlsbad,
CA USA) BacPakm (C ontech, Laboratories, Inc. Muwuntain View, CA USA), or
Bac-t 0- Bacm (I nvitrogenm G bco% Carl sbad, CA USA). Expression of the
nucl ei c acid sequences of the present ipvention. 15 can also be effected in
plants cells. As used herein, the phrase "plant cell" can refer to plant

pr ot opl asrﬁ&otfalgh.iﬁf Q:ﬁtﬁ:ddya:'ﬁrabh%ﬂégarﬂlh' duif eLigaehl en@f BhRniodariizvedn
tissues or cells o ant s ere are var

i nt roduci Ty “Hoe tél%e\c';.Ygl (‘E%cgns U&tss 2 |% BOHIERE cerfg t’é’%@ﬁ ﬁé??}o%esgrregl y on
ei t her st@blseerhidgitati on of the nucleic acid construct or a portion
‘thereof into the genone of the plant cell, or on transient expression of

t he nuycl onshr ich _case the e._se S e, not tably
i nt eglrblat 2% ggﬁ Nt o t Stthe'igno'?lrnetl h&%p Etltngcer? eqI'here arg{’t rd|sncﬁ pl e
met hods ofus&ff eb?i iy ﬂlaﬁFé'Wm EL-’PTﬁzegF'ai?%eof tb&‘bgéﬁﬁ@usbﬁucﬂ@d@dam d

sequencess richens: ¢ hage runedigadipi t hi n the nucleic acid construct of the
present invention 30 into plant cell genones: (i)

Agrobacterium nedi ated gene transfer: Klee at al. (1987) Annu. Rev. Pl ant
Physi ol . W& F67RABS; PIGERTEAd MEBREY PHovide| # €LpaTrdemanac Sorieri ©ECshE
"Genetiiocs wfefRhAd S, oF Olthe 6 aphbbeaill af Bhel ggysait Planrinthdal @ar £nest

. d S h l ive’ mo K 1 a o] i a 1
Garif (195578 590 A5 uncl PICr BRI UL IR 5o Hiems. and

Arnt zen, 1(‘,933 %ﬁ%rﬁ%ﬁ?ﬁl%tﬂq ssﬁgflg PYRFIOn SOMRIEesE 1 BB =Y. “9’3‘ £22.
(i) di ramveDl\tihQthwake fcﬁasxhewsieveebp@ém; pA CGel he@ul imnecamsrGemrtcc Cel |

Geneti cs ae,fprg’ila{lt Basdlp! on ,naMaJr a&&irqllggy cghélﬂ ammmclﬁégpoﬁggss eds.
Schel | I(;ignd Vasi | Academ c Publishers, San Diego, Calit. (1989)

p. 52°68 Whi1 | et ﬁ&dﬁﬁ?‘ﬁ'ﬁ% AIFETET (A CHPPRIGEISP DNA i nto protopl ast s,
Toriyama, K et al. (1988) Bi o/ Technol ogy 6:1072-1074. DNA upt ake |nduced

by brief el aghni %&hagﬂsré&a%antthﬁel legie ZRAABnEHrAkei )l BBt &Rl IpA2eRNne(1988)
10 7:379-384.. Fromm et al Nat.ur e 1986 319: 791-793. DNA injection into

7
pl ant ceI_Insentufl ssuegoﬁtlorﬁsrtfréﬁreeo R ER &N PRt Séﬁve‘JBfLo/""T‘éfﬁhnol ogy
(1088) 6155066 NECAbENATe WTOTBAD/ TrthrologyHeUOes) 6n02E: aPEitesantor d.
Physpol . eRba@imedt199€) ci Zgﬁv&ocg.onby ddhe 1usse Ofma%gr %ﬂ%@@)ﬁg VSt effs:

Neuhaus %Elg-]:ule Theorg ,Apghe sSscHLA-AZ2 domain (with or without the CMV
peptide} and the sScFV domain are generated by translation of a -
respective nucleic acid construct or - constructs encoding the
molecule. ’

25
Accordingly, one to three open reading frames are regquired to
synthesize the molecules of Figure 1B via translation. These open
reading frames can reside on a gingle, two or three nucleic acid
molecules.  Thus, for example, a single nucleic acid construct can

30 carry one, two or all three open reading frames. One to three cis-
acting regulatory 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

35 the alternative, three independent cis-acting regulatory sequences




15 Cenet. (1987) 75:30-36; Neuhaus and Spangenberg, Physiol. Plant. (1990)
79:213-217; or by the direct incubation of DNA with germ nating pollen,
DeWet at al. in Experinental Mnipulation of Ovule Tissue, eds. Chapnan, G
P. and Mantell, S. H and Daniels, W Longnan, London, (1985) p. 197-209;
and OChta, Proc. 20Natl. Acad. Sci. USA (1986) 83:715-719. The Agrobacterium
systemincludes the use of plasm d vectors that contain defined DNA
segnents that integrate into the plant genom ¢ DNA. Mt hods of inoculation
of the plant tissue vary dependi ng 25 upon the plant species and the
Agrobacteriumdelivery system A wi dely used approach is the |eaf disc
procedure, see for exanple, Borsch at al. in Plant Mol ecul ar Bi ol ogy Manual
A5, Kl uwer Academ c Publishers, Dor dr ecft (1988) p. 1-9. A supplenmentary
approach s.th robacterium del i very syst i corrbl nation ywth 30
vacuum i an'nFt ?’étl tE’)ngT 2 ﬁgftobgct gil’l unrsy s?%or’ﬁ |°§ gs%e% arty VFabf 8T H'd he
creation &Fasgsbl Ptbﬁﬁmﬁﬁ@@%%émlmeawiﬂg&ﬁts There are various
met hods of direct DNA transfer into plant cells. In eI ectroporati on,

protopl as are bri osed t sLron 35 el ec c field.In

ni croi nj e%tﬁl ocg eg%\’l% i sgrr"r%schaénrﬁoé%fe EHRY re@?op \aal cﬁeguences can
bonbardineRe, Fﬁ@‘{ﬁ%%’ad@@r sed tbresr ’é‘l‘@;ﬁ'l@j éé%@l@%lwéﬁsas Fagnesserissul f at e
crystal s, ehetnggieti rpading | RAmar a@d| b Pasilsi-aEhg FaGul oy Csreqaéﬁeecetﬂel es
are physi callse AGEel LA0 L GRELLE LRl Aol ESUES: oY rECt NGBy
transfer can_also’be utilized to tran5|entl transformio cel?ETs Fh any
case suit3BREIR IRETHT GGt é?%lmséﬁcé%?ﬁ%é’lﬁr??‘ilf’@der amoam se@gjgnces
expre55| oarefcddrdefli bgta anichgdeconciaiuclaelia asicduiequentss, conbliiadeioaut are
“not lhgn t gfl t sCAMYG 328 R OMDt er, 10 ubiquitin pronoter, and other strong
pronoters which can express the nuclelc acid sequences in a constitutive or
ti ssue specific manner. Plant viruses can al so be used as transformation
vect ors. EABuESS§ons tdfat hhwe Haeaoshowrcteibe usef ulbd or efffiected by

t ransf or ne&mo%a@i&fyttrsﬁéie&%hs [ nCl HH& cEaV TWoaBEhx%\éorﬂiaé{&I/Q,fdmt I on

of plants lant_vir uses. IS 855, 237
(BOV), EP %‘?@ggg V\ﬁf)/ féif)‘gnes%e ubcfxi %@&uﬁﬁbﬁycé’tfl ﬁlf\B ‘"6%‘ PREOSE(TW)
EPA ]‘.-@4 v \M‘)CIEEPAaQJFB "BERCEBYS ;. R iCbuzemrrangfogpagion/t2@nsfection
Comuni catdegsi e Ml easl pladiiak)O¥hadds, abhdMpatiasSor GakehsSPy | Ng Har bor
Laboratory, New York, pp. 172-189 (1988). Pseudovirus particles for use in
expr essi n]g foreign DNA in many hosts, including plants, is described in WO
87/ 06261. T25¥Eon ke RRRTGHIBFeD| Bt RIS viysions PrBEeithehefe GItETT GFidnd
expr essi orequenpeniyi sat £xage noUSSENaDe NG : 2CaAkd SEEtIedees the Pl edtntinal

denopst r al8GhobYadile RAQUE er a n e t
Virol ogy (1989) 172 285%28%1% Tabarer e aEJe. @gEI\/%é J. %g"é?;g‘é’g%‘? ?%1

‘French at res ?e‘ﬁ‘c@ Pi@%%]ﬁlaé3felég4 Wdl%dbn the specific bacterial

cell employed to express the  fusion protein, the WN-terminal’
methicnine may be c¢leaved and removed. Accordingly, it is
contemplated that fusion proteins in accordance with this invention
25 encompass both thege 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 appreciated that the
amino acid sequence of expressed fusion proteins according to the
30 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 isg selected of an
amino acid seguence which is inherently flexible, such that the
35 polypeptides connected thereby independently and natively fold

following expression thereof, thus facilitating the formation of a



30Takamat su at al. FEBS Letters (1990) 269:73-76. When the virus is a DNA
virus, the constructions can be nade to the virus itself. Alternatively,
the virus can first be cloned into a bacterial plasmd for ease of
constructing the desired viral vector 35 with the nucleic acid sequences
descri bed above. The virus can then be excised fromthe plasmd. If the
virus is a DNA virus, a 24 bacterial origin of replication can be attached
to the viral DNA, which is then replicated by the bacteria. Transcription
and translation of this DNA will produce the coat protein which wll
encapsidate the viral DNA. If the virus is an RNA virus, the virus 5 1is
generally cloned as a cDNA and insertedginto a plasmd. The plasmd is then
used to make all of the constructions. The RNA virus is then produced by
transcri bfngectirmavi rat segienceimfld hehpirasnid) anthnbnarpshatironcohpide Vir al

genes to PhOdULs tRE 608INPT Qkel Ry WL EARSNC ARG daLgod NQe YA T 8kndiNA,, 10

Construction of plant RNAviruses for the 1ntroduction and expression in
pl ants of SRS ral exogenous nuclei ¢ acid sequences such as those incl uded
in the construct of the present invention is denonstrated by the above

ref er encegnpscpelhe agubieid Saci%atc%t.stwcté-Sée @rﬁbgélhe¥§ﬁ§t c&ﬁszi§eC% al so

be utili z%ga&s ctmst cel | stbg the present invention. Numerqus exanpl es of
yeast expressi of’Vett dr¥¥ el AR F6FY e G5FRERFDN BT T HE Hdeket ¢ Facitde
sequences<edinghe pedgpente@Gdeay eritémini.n yedsefarapynowrhen the-arttingnd are
COMMES Ci atdyiatakl abbuenddChsV el MiSnal 1 MSulday bt reouced: i fe, Y@ast host
cell via known.i.n_the a&t. exanpl e, the_gpvggxrp 25 the YEXm (C ont'eche
syStenB. Ccis-acting regulatory secquence i ctional in vyeadast. Still

10 alternatively, the cis-acting regulatory sequence is functional in

animal cells. Yet altermatively, the cis acting regulatory

sequence is functional in plant cells.

The cis-actihg regulatory sequence can include a promoter sequence
15 and additional -transcriptional or a translational enhancer
sequences all of which serve for facilitating the expression of the
polynucleotides when introduced into a host cell. Specific
examples of promoters are described hereinbelow in context of
various eukaryotic and prokaryotic expression systems and in the

20 examples section which follows.

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
25 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—expreésion cof independent polypeptides in a single cell
30 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 preoduct.

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

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




met hods well Commercially avail able systens include, for (lInvitrogenrm
Corporation, Carlsbad CA USA) or Laboratories, Muntain View, CA USA)
expression It will be appreciated that when expressed in eukaryotic
expressi on systens such as those described above, the nucleic acid
construct 30 preferably includes a signal peptide encodi ng sequence such
that the pol ypeptides produced fromthe first and second nucleic acid
sequences are directed via the attached signal peptide into secretion
pat hways. For exanple, in mammalian, insect and yeast host cells, the
expressed pol ypeptides can be secreted to the 35 growth nedi um mhlle I n

pl ant expression systens the polypeptldgs 25 can be secreted into the
apopl ast, or directed into a subcellular organelle. A bacterial host can be

transfprnedwwhthomriaruuﬁmﬁangaebdssﬂqmeneepwadbde&aeséaranﬁd(nlgmeubodismelI
known in tdie Bhtesd 16 Lgdaenqitftganeafaf@ &neC g%%@%leoteaéf OF P .20 (%ogt

CaCl2) or el ectroparation. Nunerous exanpl actert al expr és
syst ens wfis¢h LR TEFIP%ed to express the nucleic acid sequences of t he
present 10 invention are known in the art. Commercially avail abl e bacteri al

5 It will be appreciated that high levels of expression can also be
effected by transforming the host cell with a high copy number of
the nucleic acid construct(s), or by utilizing cis acting sequences
which stabilize the resultant transcript and as such decrease the
degradation or "turn-over" of such a transcript.

10
As used herein, the phrase "transformed cell” describes a cell into
which an exogencus nucleic acid sequence is introduced to thereby
stably or transiently genetically -alter the host cell. It may
occur under natural or artificial conditions using wvarious methods
is well known in the art some of which are described in detail

hereinbelow in context with specific examples of host cells.

The transformed host cell can be a evkaryotic cell, such as, for
example, a mammalian,.ce‘}}, an insect cell, a plant cell, a yeast
20 cell and a protozoa cell, or alternatively, the cell can be a

bacterial cell.

When utilized for eukaryotic host cell expression, the nucleic acid
construct{s} according to the present invention can be a shuttle
25 vector, which can propagate both in E. coli {wherein the construct
comprises an appropriate selectable marker and origin of
- replication) and be compatible for expression in eukaryotic host
cells. The nucleic adcid construct{s) according to the present
invention can be, for example, a plasmid, a bacmid, a phagemid, a

30 cosmid, a phage, a virus or an artificial chrowmosome.

Suitable mammalian expression systems include, but are not limited
to, ©PCDNA3, PpCDNA3.1(+/-), pZeoSV2(+/-), pSecTag2, pDisplay,
PEF/myc/cyto, péMV/myc/cyto, PCR3.1, which are awvailable from
35 Invitrogen™ Corporation (Carlsbad, CA USA), pCT which is awvailable
from Promega™ Corporation (Madison WI USA}, pBK-RSV and pPBX-CMV




expression systens include, but are not limted to, the pETTm expression
system (Novagene, EMB Bi osci ences, San Di ego, CA USA), PSETm expr essi on
system (I nvitrogenTnCor poration, Carlsbad CA, USA) O the pCEEr4 expression
syst em (Amer sham Bi osci ences, Piscataway, 15 NJ USA). As is further
described in the Experinental Details section which follows, bacteri al
expression is particularly advantageous since the expressed pol ypepti des
form substantially pure inclusion bodies 20 readily anenable to recovery
and purification of the expressed pol ypeptide. Thus, this invention

provi des a preparation of bacterial-expressed inclusion bodies which are
conposed of over 30% preferably over 50% nore preferably over 75%
nost preferably over 901 by wei ght of e fusion protein or a m xture of

fusion praiehnsaref &MHE18688eRohNeRLErneThaLhSQLALLON Al BHEN iAREYSI ON
in(s) therefromare

bodi es angd .the purificati-on of the fusion protein(s .
descr i bed'g}lr{fﬁdejtpséi v?ﬁfﬁéa peri gr%e%rftaelchetl‘ﬁlgP’éafs ¢efon Wi-ch™MBFEBRB. 30
Bact eri alViexpr ERsY3H -ofind Hrefigsfioniyatdves n(s) can provide high quantities
of pure and active fornms of fusion proteins. As is further described i.n the

Exper Lme I 11s_section which follows, .the expressed fusion proteins
form éubs%%ﬁf?zi%%i pure 35° el usidn ‘B%d‘f%’sl’\ﬁﬁ?‘cﬁa%‘_’f%sagdﬁ STt Ed via

fracti on@F6n Sgguenestni qlestiRl | Piarenh | Anvémtimmt andspiralflieed ivisact or
.exarrEI e cée@aéus&z:ng-sryelaawlr%ﬁbguata?psut He fei Qﬂm:&%éat %n%hgfbéélaoivmdl—ﬁgti on
may be r ed an ed 5.in the.presence a MHC-restricte

pepti de, & itfg% Jisrﬁegfffglgérrpl iar’ﬁ%edl%%, %53{3% lr‘éessseHgW}? h3F nFREERFEALBE her
pol ypept PFY8313p1 hEX PRy BHIS Y SanTH R AL c #pabl @sofmaxBadTnglIdvetsparp™® chai n
MHC tb assokppoityipept | clerlsBsdj s churddagr sleacirbecidnibbe® exawalae 8651 1 on,

this enables hBLAENAI affend OHIANLT B! apULE Mo CLARS Lot A8HI - 10
pepti de co Iexdvxlm ch can further be purified via size exer usi‘on ’
chr omat oé’?ggﬂ?ﬁ 1 EAWPF3 be appreciated that the CW peptide used for

refol ding can be co-expressed along with (as an i ndependent peptide) or be

fused 15gkprddia oscCidesArAl ﬁ@@iéicofactiﬁes%rg@%fl AR BeMl & L Dg Dgcteria.
r ot ei

In sjysch a_case_t h‘geex%ﬂes‘sgd,fusionqp n and peptide co-forminclusion

bodi €5 whifch®c3h be C5F8d AnBl AT i FddSr oPSVHRER | BEREIR a bR gBRFREDept i de

conpl ex f'Bt#ti 6A11" can refer to plant protoplasts, cells of a plant
tissue culture, cells of plant derived tissues or cells of whole

rlants.

20 There are various methods of introducing nucleic acid conetructs
into plant cells. Such methods rely on either stable integration
of the nucleic acid construct or a portion thereof into the genome
of the plant cell, or on trangient expresgion of the nucleic acid
construct in which case these sequences are not stably integrated

25 into the genome of the plant cell.

There are two principle methods of effecting stable genomic
integration of exogenous nucleic acid sequences such as those
included within the nucleic acid comstruct of the present invention

30 into plant cell genomes: -
(i) 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
Biclogy of Plant Nuclear Genes, eds. Schell, J., and Vasil, L.
35 K., Academic Publishers, San Diego, Calif. (19839) p. 2-25;



20 The follow ng section provides specific exanples for each of the various
aspects of the invention described herein. These exanpl es shoul d not be
regarded as limting in any way, as the invention can be practiced in
simlar, yet sonmewhat different ways. These exanples, however, teach one of
ordinary skills in the art howto 25 practice various alternatives and
enbodi nents of the invention. Generally, the nonenclature used herein and
the | aboratory procedures utilized in the present invention include

nmol ecul ar, biochem cal, m crobiological and reconbi nant DNA techni ques.
Such 30 techniques are thoroughly explained in the literature. See, for
exanpl e, "Ml ecular Coning: A Iaboratggy Manual " Sanbrook et al., (1989);
"Current Protocols in Mlecular Biology"™ Volunes I-111 Ausubel, R M, ed.

(1994); Asisidbsl, einabrant Qarcrt%esna cehé | Nyl ecal ar 5 0L9GYen, John
‘Wl ey alﬂd Sons Bal t| nor e I and_ 25( 1989 erbal, "A Practi cal GU| de
d

to Mol ecd ar BB oHi%oGER B%PWF y 35%8% YSEREP1888) 23 WMdPson et al .
"Reconbi nant DNAY, dlZéClSchéht uﬁtaiceAnmalszhwsBookst; ANew Yor kGelBi rauanuesd aI

I(Eldz) " G%ﬁ”@?ﬁ@@désdeil éeN%a@staE@rglMawS abofﬁrheis"uoﬁ%%r 131?:1}9&9{ ﬂfSp“ ng

rbo oratQry. Pre w_Yor rreooolesasse orth in
a"q%g i S5es, SRen. Z?é“ ?3 8sidp Bsg K aftf2858%2 057,

"CeI I BI cﬁl@@ySh%ﬁ_alﬁépapeF?OHﬁ?Gbéok"S19@(9I>umas F2t64; @@ICFLu@ng meEhpded

(F 199;1); £t tdil&ecef ﬂ&mlo@ebﬁgsfnda &&eg%lgtﬁa%&g&@niﬂge"epyalz :

reshney, ir ; rrent Protocols in

| munol ogy\g"l3 ?'E?czjlnl IIO% Js i ')%] 1-52 gﬂd & 3PPPER? ePY aP*1tRds)

"Basi ¢ aﬁﬂea‘?’fﬁ (Fé‘lOCEOOFnﬁ%m 6‘@9‘15( SQH?HEdPttl 6#1) ?Jﬁﬁﬁl €edh Bep.arfg@ss)

Nor wabk, 7CF761904) I-Mosdaelei: and Mekuigi ((sad3) 319 Sedeaied Nﬁ&b&dﬁeb&&?' I ul ar

| munol ogys, %ﬂaﬁé 8T Aol o WO (980 Lndia! 1AL LImypoassays

ar e exten5|ve escr|b scl entl |teraFu see, for
exanpl e, B4 Te‘fiﬁ‘t‘ﬂ%ﬁs ‘%997991 63 9'(??889,’1‘5:?,*’31568,85’0, 752?/1?,%99,19%;
3, 853, 987[;9838667 BE7928; 879ainira, 3pRli 854, pBa35, Addp) 3798465389; by

3,996, 348,64 ug§4’og74‘n104'099§e§1.7e6’sfbt%@ng 2%3111’1;1191% 7Z} ang §d1281 %;;‘l

"a |?onucl eot i de r%nt esl s r'Nuc el ¢ Acl
Hybr T8i z&EPBh" HAOFEL, "B 35'36‘61%?‘19?@@ ARd SSPE‘J‘S‘E“BIEQ' (Rrosdpl - TPRRREr i pti on
and TrangRagton'79Han@s21B. br, BY ahd Higgiorts Sncubatieds. of 13BA) ; withkni nal

Cel | Cul GurRindthaghpeYieR, bewettles (4986, E:lﬁ@;@hbh&&ﬁ%&ﬁ!p@a@{& F&ZWES"
| RL Pres%gu£196 "APactlcaI Qui de to Ml ecular d onin B.
n

(1984) a S T ErzynDtBGF? VB . F-31 7RI PgessH " PCE—?1

Pr ot ocol 8anyelaui de TEORBTADdSLNPNAD L P&t irons'"L97Ag08lerd®! Rihess, PSan Di ego,
CA (d090Natm r skaly. . rsal.. , usht (AIRYI 8. f107A6C-1 Fn ThirifinAtiop and
Characterization - A Laboratory Course Manual" CSHL Press (1996): all of
which are incorporated by reference as if fully set forth herein. Qher
gener al TFBY PSS LEF EUPr BXALEEY PRPeARFhGEE MisEs cfoptaemid VERbops odedur es
-~ therei n acetdiel idegefed conre a@mlenkmcmrw An8fgfdtR: Ahtoablle a5l guhsled: f or

t he convgpi enc e o] contalned ther inis

i ncor orgétﬂéd hg{rag{!%&%yoé e%Ce‘i%Eeunl(?(g—"|1L> %gr}:ﬁ%n%f&l ?alsl S B Nnerrar%nd
Met g: UPoy téfeorﬁlrwtofspe&ﬁﬁauﬁﬂip\the Agrobacterium delivery system. A

widely used approach is the leaf disc procedure, see for example,
Horsch et al. in Plant Molecular Biology Manual AS, Xluwer Academic
Publishers, Dordrecht (1%88) p. 1-9. A supplementary approach
employs the Agrobacterium ‘delivery system in combination with"
30 vacuum infiltration. The Agfobacterium system is 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
35 electric field. ~In wmicroinjection, the DNA is mechanically

injected directly into the cells using very small micropipettes.



The scHLA- A2/ SS1 (scFv) was constructed as previously described by |inking
the Ctermnus of scHLA-A2 to the N-term nus of the 551 5 scFv via a short
| i nker ASGG (SEQ ID NO 4) (15). To construct the scHLA-A2/SS1 (scFv) with
covalently bound Hilt-restricted peptide, the MHC-restricted pepti de was
fused with the peptide |inker GGEEGSGCEEESCEEGSGEEES (SEQ ID NO6) to the
N-term nus of the scHLAA2/SS1 (scFv) nol ecule by a PCR overl ap extension
reaction with the 10 priners:

5' ML- 5" GGAAGCGT TGECGCATATGEGCATTCTGGGCTTCGTGTTTACC

CTGGGCCGAGGAGGAT CCGGT GECGGAGGT TCAGGAGGCGGT GGATCEA

TCCAGCGTACTCCAAAG31( SEQ DNO: 13) and31VL%$881-
51GCAGTAAGGAATTCTCATTATTTTATTTCCAACTTTGI31(SEQ ID NO 14),1n the 51M

priner a shl engeeraghatin, WaschBseidod, at the |bﬂK9f $£0USRGEBrbdd t hirs
change i n_segquence creates EanmHL restrjction %It The PCR products were-

sub- cl oneH TPERIEF Ty TBER or Y pBRRPTS R y SVARATST | By Dhthsar mEBBP STt i on,
Madi son, BrtSAesandrsulaséduenatticlesa TRagr ok ermbasmoexptem orengect or

(A PRI\E/I) - usi ﬂ%yélhﬁéggelacégﬂeg&@ OBIn:dJ esdiiLtbo lnpﬁaﬁt]?stls@egseneéﬁt&tc%mpund
c - S sed.as a tenplate for n_Wt

priner. Hh °&c B %ff’)sgﬁ Tse (Fh ﬁfﬂﬁng?%tslr)ﬁ Bfa %?'écf%ltsh Ndel

and BamHl, and the plasm d 25 fractl on was ligated to dsDNA pri mer

cont ai ni ngn t hay CWi¥spephi eiebise qensce ;ﬁmotéﬁs ext S| Qh Ofe t BeildAdeerFor

sequenc v (gassette): 5 TATGAA T OS_ZGT
TCIEACI;TCI%%Q\I{ m 3(§I§Q H5 ”f%) AR ﬂ&fiﬁ%ﬁ%“ sic acid

(cassetteﬁe%m@&?@' 3@nclude, but are not limited to CaMV 355 promoter,

CT CCROCGEEAAACEHCEAGRIKEAAGHAT EoheACeAT &4 ATt d CABiérSE@zD Nl The

anneal | NGl el meas. GRoCMEAY L, (gasseldal. R0l 8- CWeaWL L feassel fe))
t F 2 mn o'llefo b

was perfornmed by i ncubat | ng e priners at
|ncubat| dif"ft**room t enper ature. The |igation product was transforned to
coli DHsa for plasmd 35 anplification.Plasm d was purified by Q ACGENe

m ni prep dne %Qmééa ageNaa sbhNGe ,us}é@ %@Ck@m&%ﬁf}%@:ﬂ%ﬁg%es YerLfset for

sequence anal ysi s. rgresm on refolding and purification Conpound A 5
Conpdind Attad®¥LpPERE IR EOC 5P “E%ﬁ‘i (STBESPS cEF I (AWBFaLRR, SRS, W
USA) as igediludipehs biodilade GohpdMidard obhst Moets finasat tamsfopladt$ cadHngol i

cel | s by fheale shosks g8l hssyehfapkated on phBAMRPI a£e§553‘%7' nggbat egd_over

Cum et &G0 BN BD oty AR Rl S e SRR Mo 1o

130=2 ( 60%AmM) 14 @?OGBW)mdt}@@d & IFEFPTEBV T | mald cOiveembr atyi-on Er\V)azand

-~ I ncubat edcdmfindBadidist | N ahoBalak $iGirogy: viral vectors, Cold Spring
Harbor Laboratory, New York, pp. 172-189 (1988B). Pseudovirus

. particles for use in expressing foreign DNA in wmwany hosts,

including plants, is described in WO B7/06261.

25 . Comstruction o©¢f plant RNA viruses for the intrecducticn 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 ali., Virology (1989} 17_2:235—292; Takamatsu et al. EMBCO J.
(1987) 6:307-311; French et al. Science (1986) 231:1294-1297; and
30 Takamatsu et al. FEBS Letters (199%0) 26%:73-76. .

When the virus is a DNA vi:us, the ceonstructions can be made to the
virus itself. Alternatively, the vii'us can first be cloned into a
bacterial plasmid for ease of constructing the desired viral vector
35 with the nucleic acid sequences described above. The wvirus can

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



I ncl usi on bodies were purified fromcell pellet by cell disruption 15 with
0.2 mg/ M of lysozyne followed by the addition of 2.5% Triton X-100

(Cctyl phenol pol y(et hyl enegl ycol et her) x, Roche Di agnostics GrbH, Roche
Applied Science, Mannheim Gernmany) and 0.5M NaCl. The pellets of the

i ncl usi on bodies were collected by centrifugation (13,000rpm 60m n at 4C)
and washed three tines with 50mM Tris 20 buffer pH 7.4 contai ning 20nmM
EDTA. The isolated and purified inclusion bodies were solubilized in GM
Guani dine HC1L pH 7.4, followed by reduction with 65-nmM DTE. Sol ubilized and
reduced inclusion bodies were refolded by a 1:100 dilution into a
redoxshuffling buffer systemcontainings0.1-M Tris, 0.001M EDTA, 0.5-M
arginine, and n nn-mmow rii?fla rAntnthinnr., pH o, and incubation at 10C
for 24h. Wateriahvpnigiverf repdickidont tanpbet ettraked dPakhe edizmgdainiey

égo v (ljJr‘aAﬁ,chzozngtiﬁhs,rdymBat&pl b?V\leebYBamﬂélrEhCﬁt i eﬂa:&fcrltlgeléxol whke
mpoun L onexchan ra on arose £o

60cm) (Si grfaé%if%jll th? P 9h (19 9 %‘Ocﬁvﬁqﬁsf)dp appPyity “gucgl ?genel )
gr adi ent eTP@aﬁlﬁ‘a?:ttthnglE@hth n@f Gch?paemels A-snepeRiheriryabj Eee edrug

buf f es exzshapgerutip PBSwedd mlangcxm‘g GoRIPQwBdr&ed hﬁat@'ﬂ-&ﬂé&‘n@@l (a@Ev) was
construct d as 4 reV| usl Yis dgscrl bed ba}i135 | i nki ng termn

SCHLA- A2 Ef f“ﬁ N?term NUESRf " he B5 T Sci Vs & sﬁonfcél hker LA%&GTP‘(%EQ I D
NO 15). THresnder fhent REodarrd Ay ArapsosSibinge MR Wiral cermieasel pibébad
M—lC- rest I’pl@ls&dd papii deankhet MiIC-desind ciagkipepdrede wndhidaacpephibdechinker

NSI= we S e N-term nus of the
scHLAA2/ :SCEV% q%lggu{z}p%)ﬂ E%Fg t)évggf%g l%eﬁ)%’tenm on reaction with the 5
pri mPs5 ' -Nde- 209B2M 5 GGAAGCGTTGGCGCATATGATCATGGACC_AGGTT

CCGTTCT Clehs GauEACTAGCSET CELBTICCRIBACEHMGASCAGECCd e  introduction and

GATCGAT I ) S
AATTCTCAT %ATTTTATTT%AAC%’?‘EF%TSI%MH;f e’é%nwgz‘g%c\c%\?% s g%f‘k-éé%aé scFv)
mol ecul e KEE BEPRE 4 FERPTAL® 5% ‘i%tﬁc%o‘?fsttrhﬁcﬂeoﬁ‘?“&f ‘EYﬁfHdﬁr‘i‘d’*B I'n
t hi' s nol ezabestivc@VRyp&pti aeovd VEMAENLeESES FELNG@s 4n Was. i Fdtueoduded into
the 299caeyvhsgHW2/ SS1 (SCFv) sequence (exchanging the 209 peptide) by PCR
reaction using the priners 5 GGAAGCGITGGCGCATATGG

GCATTCTGGGCTTCGT GT TTACCCT GGGCGAGGAGGAT CCGGT GGCGGAGGT TCAGGAGGCGGTGGA 15
TCGATCCAGEEFACTELPAACY( SHEc| heNtitiyednedst thest cells by the present

' 31VLsC S3h0eAGIAATMESGd CALIDLEI TAT Je{deARPTd£alidh( SE 4t NditdBle

The exprgggi ol %gsggxm fétcau,“gn uorlggocol ngf O?m%gggd ?V\@ﬂe 29: i de€t| cal

to the expr eSS| on an urification rot 0co npoun
met héfls t}§éﬁn‘f’dmana1‘y2’§aﬁﬁe Eifeoc‘ﬁé?‘ﬁnca’rn ahifle biagt ogindal a5y opettened agly
Conpound aBawesiel d.dentia@al vée:drae aret hadsi g egntbddbeanahyze yeher agbbyity of

Conpound 2q; CoRSt LUCLL O OE MLy SN ?8?&&&?%%&%%5%%0 0 m%Q bk U%%{ he

ML- cov/ scHLA- A2/ SS1 (scFv) Yusion proternt epti e was fused to
the N-teffPiRsiBf tBeH3E A/ Sgﬁmrc?a-_x@.)lly available systems 1nclude for

example, the pYES™ (Invitrogen™ Corporation, Carisbad CA, USA} or
25 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
30 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
hest cells, the expressed' pelypeptides can be secreted to the

as growth medium, while in plant expression systems the polypeptides



30 fusion protein through a short 15 amno acid |inker by overl apping
PCRreacti onwi t ht he5' M -1 i nkerpriner:

5' GGAAGCGT TGECGCATATGEOCATTCTGEECTTCGTGT TTACCCTGEECEG

AGGAGGAT CCGGT GGCGGAGGT TCAGGAGGCGGT GGATCGATCCAGCGTACTCCAAAGBL(SEQ I D

NO 13) andt he3' VLscSS1-' GCAGTAAGGAATTCTCAT 35 TATTTTATTTCCAACTTTGI31(SEQ I D
NGO 14). PRB plasm d was used as a tenplate containing the 5cHLA- A2/ SS1
(scFv) sequence. The 31 expression and purification protocols of the

M -cov/ scHLA- A2/ SS1 (scFv) fusion protein were identical to the expression
and purification protocols of Conpound A .All the nethods used to anal yse
the bi ochem cal and-bi ol ogi cal propertigs of the Mcov/scHLA- A2/ SS1 (scFv)
fusion protein were itdentical to the nethods used to analyse the activity
of Conpougsh Ave FleR¥Web¥d OMET e labspY&YtS ioiC dhatetkd irtoCanpoueel W10 m n
at 4C in 100 10 10pg/ m), washed and incubated with the anti-HLA-A2 W)
BB7. 2 (60°ﬁ%83%34c 10 pl/m). The cells were washed and incubated with
anti-nouse FITC (60 mn at 4C, |1 Opl/nml) that served as a secondary

anti body. » Theteekhs nedte smbseqeesd nsrinas hetkrantieanat yzied aby daséAEBceal | ber
flow gytoneter (Becton %nckleq:%%gs é'%? 1J9s8 thu‘@g%j. ate, EngRihighieed

i munGsor beht =z assay | nmunop At es cone, “Bect on-Di cki hson Labwar e,

Frankl i n ¢xkede. I\thgsﬁ)almEF%n&t?@éf“éEPWt(ﬁ 50 fGH of T [RASCFFRRPHEPBr i al | y
produced reconbi nant nmesothelin (0/N at 40C). The plates were bl ocked with
20 PBS contai ni ng 2% skim mI and_then incubated W th va

concent r at TS Sf eCS‘H‘Bi ﬁflébl =S T s%’ﬁ‘éﬁ'"? hretla&?l S22 Wt h
'PBS. Bi nduwmiliwes det e@m%mw treckaici -3iA cIAERRBE | Gfal ‘e ePrRART

anti hedy Wo/e32i660aPd Nknd¥h ik R@eMa):. pl a&:a&mamwa&hedabtnéeaa&imm t h
PBS and i ncubated with anti-nouse |gG peroxi dase 25 (60 mn, %g/

The reactPRFoREsCHevePbPEY HBFHSFVBPYDARES AR t'eMh-Rdt &8+ bytb[enep di ti on
of 50pl 14.38Q4:2bh A{?ﬁﬂemm%éﬂm Ml mdyc{éx(ck)s WesnUseey@s @ it i ve
control. The i nmmunopl ates were anal yzed by ELI SA reader using 450nm fi | ter
( Ant hos m?‘n?wwnwmm ( Iy S RrRAeT, Rﬁ‘éﬁ?ﬁa&)‘°nsocﬁ?€8?gx%1 tY*Pdssays

Cyt ot oXi Céit Ye B QP ldHoRE8s h S3AvERt hhedi R @licastessay Pisdatgely, cel | s
wer e cuI tured ah 1 cul ture pl ates in RPM 10% FCS Met hi oni ne

As is further described in the Experimental Details section which
follows, bacterial expression is particularly advantageous since
‘the expressed polypeptides form substantially pure inclusion bodies
20 readily amenable to recovery and purification of the expressed

polypeptide,

Thus, this invention provides a préparation of bacterial-expressed
inclusion bodies which are composed of over 30%, preferably over

25 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 isolatior of such inclusion bodies and the

~ purification of the fusion protein{s}) therefrom are described in
detail in the Experimental Details section which follows.

30 Bacterial expression of the fusion protein(s) can provide high

cquantities of pure and active forms of fusion proteins.

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

35 inclusion bodies which are readily isolated via £fractionation



free for 2h, followed by incubation overnight with 15 pG/m of 35
Snnet hi onine (NEN). The target cells were harvested by trypsinization and
washed twice with 40nl RPM 10% FCS. The target 32 cells were plated in
96-wel | plates (5,103 cells per well) in RWPI+10% FCS and i ncubat ed
overnight at 37C, 5% CO2. Target cells were incubated wth different
concentrations of Conpound A fusion proteins for 2h, effector CTL cells
were added at different target: 5 effector ratios and the plates were
i ncubated for 8-12 h at 37C, 5% CO2. Fol |l ow ng incubation, S35-nethionine
rel ease fromtarget cells was neasured in a 25pl sanple of the culture
supernatant. Al assays were perfornedzén triplicate, lysis was cal cul ated
directly: ((experinental release - spontaneous rel ease)/(maxi mumrel ease -
10 spont &F€503TVeT edset ) HROTT SPortEnedlhs FE RIS ThaR NeaseEd HS™BAF
met hi oni kenaehebsednadnrisg gekpsel | s in the absence of effector cells, and
maxi mum r el ease was neasured as S35-nethionine released fromtarget cells
| yzed by 0.05M NaOH. 15 Cell |ines P431 and A431K5 cel |l s (epidernoid
car ci nomdPenéraivhi pEGSHed Ph HISVITHERT AR &6t BEnFRross FEs! 1efpldedni ne
and peni dinl kha/stespicenpei . MHheefddild€edcpépridenewhsera iBurathepildakesi d
carcino A43 i abl y _tr ecgl. i i t hee 2
t r ansf egﬁ ed cel %?p\%\g%%é@m?%?igl %zé‘d “\%&? E %ggpvéttrﬂ@f 13%&% JJ{(-:EI(S:’-SBR(gf, e
| nvi t r ogemfenFien anch PRIPAFPERI B Piofing é’m Fispke i Fiadrt ¥HEG sitaefvIpp65
epi tope ENLVPAMATIGS. waseidi Ndititepr dascdetedyirrchs branpLléashaeéGiar,i thes
Berlin). ' Xpa j I kL h i de .nul
.radi at ed-l;t(’ll %]8%%a§°\l\g8%§%§t%r (I% mf%&%égf{%{/ﬁaf;&% p%ﬁécft t fvﬁ%oﬁ%r%ﬁ%s\%r e
mai nt Qi n@GPFHIA ULFRG c89, EeS-hss) MM i Pe aptdebtifoixctusion
peni ci | | ichkreraegmmpei-n 10105 U L. Results: 30 Construction of Conpound A A
construct encoding a single-chain MHC nol ecul e conposed of the 132
m cr ogl o%l in.gene fused | ..a2 and a3.of the LA—AZng%ne via a

i cE¥ *

chor popt HELPTRE et R hfed Bal hud “GBE Seltade fthasE 24158 ch
targets MesobhekxpressRdgatiend AithTHas aorgtdependenis peptide) or be fused
15 to the scHLA-AZ chain of the MHC Class I molecule in the bacteria.
In such a case the expressed fusibon protein and peptide co-form
inclusion bodies which can be isclated and utilized for MHC class

I-antigenic peptide complex formation.

20 The feollowing section provides specific examples for each of the
various aspects of the invention described herein. These examples
should not be regarded as limiting in any way, as the inventicn can
be practiced in similar, yet somewhat different ways. These
examples, howéver, teach one of ordinary skills in the art how to

25 practice various alternatives and embodiments of the invention.

Generally, the nowmenclature used herein and the laboratory
procedures utilized in the present invention include molecular,
biochemical, microbioclogical and recombinant DNA technigques. Such
30 technigues are thoroughly explained in the literature. See, for
example, "Molecular Cloning: A laboratory Manual" Sambrook et al.,
{1989); "Current Protocels in Moleculax Biclogy" Volumezs I-III
Ausubel, R. M., ed. (1394); Ausubel et al., "Current Protocols in
Molecular Bioclogy", John Wiley and Sons, Baltimore, Maryland
35 (19892); Perbal, "A Practical Guide to Molecular Cloning®, John
Wiley & Sons, New York (158B8); Watson et al., "Recombinant DNA",




anal yzed in detail for its biochem cal and biological activity and 33 was
found to be functional in-vitro and in-vivo (15). To construct a fusion
protein with covalently linked peptide a 9 am no aci ds peptide derived from
the CW pp65 protein (NLVPWATV) (SEQ ID NO:4) was fused to the N-term nus
of the scHLA- A2/ SS1(scFv) fusion protein via 20 am no acids |inker
COGGESEEEESEEEESEEEES (SEQ I|D NO 6) (Figure 18). Compound A was constructed
in two steps: First a covalent fusion protein terned ML/ scHLA- A2/ SS1(scFv)
was constructed by overlap extension PCR In this construct the influenza
ML58- 66 peptide A LGFVFTL (SEQ I D NGO 21) and a 15 amino 10 acid |inker were
fused to the N-term nus of the scHLA-A2/SS1 (scFv) fusion protein. In this
construct, a new, unique restriction sffe (BanHl) was inserted to the

l'i nker seguence b siJent nu atl t he,.secaond, step PRB. pl
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total i ncimsinonohpwdi 8. MHSS Freegam eadd) CoTheNesoIYared (aeBabi | ayaidallel usi on

bodi es wefgnedrsar apd Eﬁé&h&%@lynaé@érrlgea nna 09X M Tdniange hufdfigh ¢
Mononeri c_ sol ubl e fusi on proteins (Co werg;t)%rlfled
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reconbi na el n vids © ose ehdent i s suggests t

functi onat- -d6fai K39 Cd'rﬁi‘ﬁ'&ﬁﬁl%?e‘jt K813E PP SSEY™ @ net T é’ﬁ&*’?he(wss’

pept i de/ scHL#A-aA2 idaracnias etd omdedoar edbhyngMoremyar,, #he By ( 358)

dormai n Ofu,Jefaﬁo&yShprgangfag,d YN BCfiVealosmiane cap, LorPeriidLals.y bind

mesot hel i
A ‘Guide To Methods And Applications', Academic Press, Sa.n Diege, CA

28 {1990); Marshak et al,, "Strategiez 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
30 the art and are provided for the convenience of the reader. All

the information contained thérein is incorporated herein by

reference.

Experimental Details
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Materials and Methods:




FIl ow cytonetry analysis (FACS) To test the binding ability of Conpound A to
nmesot hel i n-expressing cell |ines. FACS anal ysis was made. As a nodel target
cells that 20 are HLA- A2 negative were used, thus the reactivity of an
anti-HLA- A2 mAb can be used to neasure the binding of Conmpound Ato cells
that express nesothelin on their surface. This nodel of nesothelin-
positive, HLA-A2-negative cells represents the extrene case in which the
tumor cells lose its HLA expression. Therefore for the 25 FACS anal ysi s,
HLA- A2 negative A431K5 cells were used, which are human epi dernoi d
carcinoma A431 cells that were stably transfected with nesothelin. The
parental A431 human epi dernoid carcinoga cells which are

mesot hel i n- negati ve and HLA-A2-negative are used as negative control. The
bi ndi ng of Conmpound A to the target cells was 30 nonitored with anti-HLA- A2
mMAb BB7. 2cesmipll BRI Gompidah@akly fol | owed by a FITC | abel ed secondary

antlbody A h a |Egﬁb 1he exprLessi Level s
of mesot hell % g#ékl 5 | gure %%%&%5% cel %é‘&%rsel 8 % e:er;l"‘véziys of
nesotheI|¥FnHMW§ré&§ Fhéeb%&%ﬁﬂeﬂf/$ﬁﬁPAcé¥lEOchﬁOF Eﬂﬁﬂ%ﬁﬁ? PﬁetP&r§€F
antigen. dde Akl a3snhbinerinrilagod AlKD wer ) at w0 .t ast ednérudthane

expr essi of, %Aﬁkgsfg USIRY Fhen 2o9REGINLC LB0hL DAY LR (i 8lea POLIE :GR!

i nes were
the MHC-restricted peptide was fused with the peptide linker

GGGGSGGGGSGEGESGGEGES (SEQ ID NO:6) to the N-terminus of the scHLA-
AZ2/s881 (scFv) molecule by a PCR overlap extension reaction with the
10 primers: 5'M1-5'GGAAGCGTTGGCGCATATGGGCATTCTGGGCTTCGTGTTTACC
CTGEGCGGAGGAGGATCCGETGECGGAGGTTCAGGAGGCGGTGGATCGA
TCCAGCGTACTCCARARG3 ' (SEQ ' ID NO: 13) and 3'VLscSS1-
5 'GCAGTAAGGAATTCTCATTATTITTATTTCCAACTTTGT3 ' (SEQ ID NO: 14).In the
5'M1 primer a silence mutation was inserted at the linker sequence,

15 this change in sequence creates a BamHl restriction site.

The PCR products were sub-cleoned to TA cloning vector {pGEM-T Easy
Vector, Promega™ Corporation, Madison, WI USA) and subsequently to
a T7 promoter-based expression vector (PRB) using the Ndel and

20 EcoRI restriction gites.

Toc generate Compound A, M1/scELA-A2/SS1 (scFv) was used as a
template for 1igatioqlwith dsDNA primer. The M1/scHLA-A2/4881 {(scFv)
(in PRB plasmid) was digested with Ndel and Bam¥I, and the plasmid

25 fraction was ligated to dsDNA primer containing the CMV peptide
sequence and the extension of the linker sequence 57CMVcovLL
{cassette} : 5' TATGAACCTGETGCCGATGGTCGCGACCET A
TGGAGGTGGCGETTCTGGCCEAGGAG-3! (SEQ ID NO: 15} and 3’CMVcovLL
{cassette) :5'GATC

30 CTCCTCCGCCAGAACCGCCACCTCCAACGGTCGCGACCATCGGCACCAGGTTCA3'(SEQ D
NO:16). The annealing of the primers (5'CMVcovLL (cassette) and
3'CMVeovLL (cassette)) was performed by incubating the primers at
95°C for 2 min followed by 1h incubation at room temperature. The
ligation preduct was transformed to E-coli DHS5a for plasmid

35 amplification. Plasmid was purified by OQIAGEN" winiprep kit




35 negative. However, when A431K5 cells were pre-incubated with Conpound A,
they were positively stained with the HLA-A2 specific anti body 3B7.2
(Figure 5B). Antigen-negative A413 cells were not affected. The specific

bi ndi ng of Conpound A to A431K5 but not to 5 A431 cells further indicates
that the binding is exclusively depended on the interaction of the
targeting scFv donain of the fusion with nesothelin and that the fusion
protein can bind its target antigen as nativel y-expressed on the surface of
cells. 10 Cytotoxicity Assay To test the ability of Conpound A to nediate
the killing of HLA-A2- negative nesothelin-positive cells by

HLA- A2-restricted CW pp65 N, VPWATV (SEQ I D NO 4) specific CITLs,

S35- Met hi oni ne rel ease assay Vas per f offfed usi ng HLA- A2- negati ve
mesot hel i p-itransfected A431K5. 15 ge gat.L.v

mesot hel i hQ nquati \% A43'% garglnt aI& IUF s@%ah‘g’t%yrh&néz g %H:I ?ﬁ T)%cteentl al
of the Cwreayyedpfic CTLs, cytotoxicity assay was perfornmed using

HLA- A2- positive JY cells that mere radi ol abel ed with MetS' and | aded with

the CW M&%;N:Vﬂgé&%d% @ﬁ&égﬁ?gél&élo Jf.,ryg of the JY cells by

t he CM/ speci was 47% E:T ratio of 10:1 (data .not,
shown)s. ASOREHRA iPn ‘ﬁs’gu?’&’lﬁése@oﬁ‘f}o@nd"%& efPekt i(HR%3) n‘é‘v’(ﬁlé‘t eNoVREeR A | | ng
of the Adgddimorel lva (wesot el ineposioni wedikd- Aemsyatd &) corBpesicki ovdd | | i ng
coul d 1 €agl (G¥hla COBPRLLSAN LORPRY Ul 02 ] YeEeld SuerYS1adtld lde'0

with the fusion %oteln was even noré efficient 25 conpared
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However, whemsteleed argetich4dddbme dbhisem@rethhcaligtiletdented Wilkp GMeseeci fic
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Conpound FME3FEYt SEOR SERRY AR HiE e ATE xR SHF o™ -
experl menaddiad opel f 8y med3vecdet erm ne the . potency of Compound A, as shown
in Figure 6b, the killi ng of mesot hel i n- posi ti ve A431105 cells was °

dose- depend nt with an IC5 |t| f rreathelln
by the taryerFag™ o‘?f%iiens d"fer&o mf)’im(f]d Q% Iﬁﬁl§8 erlgndg'f e gge%l Téty of the
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A431 cel | not .st.ai ned éf yre, 10, C-D) .. The sp ¢ hinding. o
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Cloning of Compound B

The scHLA-AZ/SS1 (scFv) was constructed as previously described by

35 linking the C-terminus of ScHLA-A2 to the N-terminus of the sSsi
s¢Fv via a short linker ASGE (SEQ ID NO:15). To construct the



To anal yze the binding of Conpound B in conparison to the Conmpound A
fusion, a FACS anal ysis was performed using both nolecules in simlar
conditions and concentrations. As shown in Figures 10E-F 35 only the

mesot hel i n-positive cells A431K5 were positively stained 37 with

M_A- AZ- speci fic Ab when pre-incubated with both fusion proteins, however,
Compound A exhi bited better binding. Cytotoxicity Assay 5 To test the
ability of Conpound B to nediate the killing of HL-A2negative

mesot hel i n-positive cells by HLA-A2-restricted CW NLVPWATV (SEQ I D NO 4)
specific CITLs, performed S"-Methionine rel ease assay using HLA- A2-negative
‘mesot hel i n- transfected A431K5 cells was_ perforned, and the HLA- A2-negative
nmesot hel i n-negative 10 A431 parental c%?ls To deternmine the killing

pot ent i al ; @i al RE/SIVSRRELH I Qzl@ILéoGé/fé}IcQ§' Sbh¥a aﬁﬁ@)fce%§1@l§3ci OgdfRd gelisi Ng
HLA- A2- positive Jr cells that were radi ol abeled with MetS' and | aded with

the OW péist i"BE-RESBIMIATY. PPRELIR ety 1Ep PEPFTL® kil 11h5Tg HFCEREESPPEEER s by
t he CW- spmg fID CGKL®)wageae oufubefS- 50% tisd ng-aertEnher abfo e ofscH@Al (dat a

not showy), /583 (SEERMN wioReELHUNS, Ll Acr CobROuRd, eﬁtsﬁém 'r\és!:yu;i?%%e%ahe

killing of the A431K5 ceII mesot hel i npositive A- A2- negat i ve
speci Pi c BT Ag was 66t °i nN SIIPFEoh WSEATW&E e TF 150%
conpar ed AUSTICTCEIUTSECCMIMEAST CCHEEIECRACCENIYRSCAZAIIE cel | s were i ncubat ed

with 20 theceMrsrerhbfedaklaiialiene W4 haw. prehncuhat i pRe W § hyy(ueaeund B

when th | A431 cel | h
W thout g1 GOPGERA SR 00 THUGIABBEIT [BCRB EYEBELATES 4L MOTTS) wis obser ved.

Titrati or?@%p‘ef#MéZﬁ\#ﬁleh(ﬂi@Vérmmlﬁheat"pm@@sﬁ ef tenpldugsifomr phet ei n,
showagi n aolaetkh&ﬂ;ddﬂg &f RRpLARY | n— polsqi t ties Aﬂaié%'ialeFi G ecilnd B eplli 8e Was
To conpar, ic.activi an PO n
proteins Iﬁ'\‘/C{tg; ?%&%( ??1 '(tﬁ 2 m%%%‘fl?%“g used to cggg r{rslcé&"gttach
the anti d’érﬁﬁélpéﬁﬁwéles?%“ﬁﬂ?@ 332‘3%1@@ Bb%I| 499, pgrtide) by PCR reaction

using the primers 5'GGAAGCGTTGECGCATATGS

GCATTCTGGGCTTCGTGTTTACCCTGECUGAGGAGGATCCGGTGGCGGAGETTCAGGAGGLGETGGA
15 TCGATCCAGCGTACTCCAAAGI ' (SEQ ID NO: 17) and the

'3'VLsCS515 ! GCAGTAAGGAATTCTCATTATTTTAT

TTCCAACTTTGT3 ' {SEQ ID NO: 18).

The expression and purification ' protocols of Compound B were
20 identical to the expression and purification protccols of Compound
A _

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

25 analyze the activity of Compound A.

Construction of Ml-—COV/scﬁLA—AZ/SSI {scFv)
To construct the Ml-cov/scHLA-A2/3851 (scFv) fusion protein the MI
58-66 peptide waé fused to the N-terminus of scHLA-A2/SS1 (scFv)
30 fusion protein through a short 15 aminoc acid linker by overlapping
PCR . reaction with the 5'Ml-linker primer:
5 'GGAAGCETTGGCGCATATGGGCATTCTGGECTTCGTGTTTACCCTEGGCGS
ACGGAGCGATCCGETCGCGGAGGTTCAGCAGECGGTGGATCGATCCAGCGTACTCCARAAGR ! (SEQ ID
NO: 13} and the 3'VLscSS51- 5 'GCAGTAAGGAATTCTCAT
35 TATTTTATTTCCAACTTTGT3 ' (SEQ ID NO: 14)}. PRB plasmid was used as a
template containing the  scHLA-AZ/SS1 {scFv) sequernce. The




S"-Met hionine rel ease assay was perforned using simlar conditions 30 for
both fusion proteins. As shown in Figure 12, both nol ecules efficiently and
specifically nediated the killing of A431K5 cells, but not A431 cells. Wen
relatively high concentrations of fusion proteins (Conpound B and Conpound
A) were used, the killing activity of both nolecules was sim|ar. However,
when | ow 35 concentrations of fusion proteins were used the cytotoxic
activity of Conpound A was superior probably due to better stability and

38 positioning of the CW peptide in the MHC pepti de-bi ndi ng groove due to
the longer linker. M-COV/scHLA-A2/SS1 5 The M -cov/scHLA- A2/ SS1 (scFv)
fusion protein was constructed by overgfp extensi on PCR reaction in which
the Influenza ML 58-66 peptide and a 15 anmino acid |inker GGEGSGGEGEGSGGEGEES

were fused4:Qskhen Nah@r Bl pus: af ibhe pReEbdsiA2/ SIBLESE M) - SRR 01 Bish
(Figure 1?% The PCRdProduct.was i gated t.o A—gl oni,ng vect or J.‘(R%;GEI\/I 10
Pronega) , ‘¥ XAst SPFER t F*BEEHT i 158a LBT1EPPosiPi v T oIBR8 1Rt e 288 ect ed
and the imsdfticapien spratawlysiafy EraRundnd:-Ndell The maskeds wasedi gated to
FRB expr egsiigleVaOr babchddi2asf ol dni 1460kl Obpeceiés. JPOSthkd VerL-

col oniLes were nt .t segyenci ng (Figure, 14). 15 ression an
pur i f:scatcf°6'|‘{ ngg%b%pfégw&?c%ﬁe %ﬁ?’goonvlé’ PEA-A2/*68T (%ce%\?fc?%sir%oon %F Stein
was expr exsddgdpnuied ¢ol Rn@yEe be| actdvdty upbrrdmpaued ifon wit h' i sopropyl p-D-

t hi ogal act osi de, | arge anmounts of reconbi nant protein accunulated 20 in

intracel Iyl ar ipclusion bodies. SDS/PAGE anal ysis of i sol ated .and purified

i ncl usi on DOdI€s reveal ed that the ML-cov/scHLA- A2/ SS1 (scFv) fusion
prot ei n alR st ivereorimerbated evighsEotraved 50- 092 oint Ak t26Falni ndWwdi on
bodi @8 Mgl puUraskA) andhentesd rlbedisnl ubé | dmad suAcAzIiSiz0N Bdizegsver e

ol ubl e 11021 GF PGt oite vgbﬁ%t@%iﬁ% R T
i on- exchaffé " BArHEt 3G 4phyRich 2B SHepdited &mlISHSRPABES w2y s sSefondRey
M cov/ sc HoAiB2ApSIrHes eEY) s fusieO Bupsaiini 3y eugsidedna drighkyd by id irads
MONOMET | GiTRLEE Ut FouVcl, Boh e £ XRESL S D1 k% Enin, 7 KRS QM §52558) -
.15 ‘ .
- Enzyme linked immunosorbent assay
Immunoplates (Falccwf, Becton-Dickinson Labware, Franklin Lakes, NJ
USA} were coated with 10 ug/ml of purified bacterially prodﬁced
recombinant mescthelin (O/N at 4°C). The plates were blocked with
20 FPBS containing 2% skim wilk and then incubated with various
concentrations of Compound A (60 min at RT) and washed three times
‘"with PBS. Binding wag detected using the anti-HLA-conformational-
dependent antibody W6)32 (60 min, RT, 1 ug/ml), plates were washed
three times with PBS and incubéted with anti-mouse IgG-peroxidase
25 (60 min, RT, 1 pg/ml). The reaction was develéped using TMB (DAKO)
and terminated by the addition of 50pl H,SC, 2N. Anti-mescthelin
antibody {Kl} was used as a positive control. The immunoplates were
analyzed by ELISA readet u=ing ,450nm filter (Anthos 2ooim{ Anthés
.Labtech; Salzburg, Austria).

30

' Cytotoxicity assays
Cytotoxicity was determined by S*-methicnine release assays. Target
cells were cultured in culture plates in RPMI 10% FCS Methionine
free for 2h, followed by incubation overnight with 15 pCi/ml of

35 S'®methionine (NEN) . The target cells were  harvested by

trypsinization and washed twice with 40ml RPMI 10% FCS. The target




30 ELI SA To test the binding ability of the purified M -cov/scHLA- A2/ SS1
(scFv) fusion protein to it target antigen, reconbinant nesothelin was

i mmobi lized to i mmunopl ates. The binding of M-cov/scHLA- A2/ SS1 35 (scFv)
fusion protein was nonitored by using conformation sensitive 39 correctly
with a peptide in its groove. As shown in Figure 16 the binding of the

M -cov/scH Ar A2/ SS1 (scFv) fusion protein to reconbi nant nesothelin was
dose- dependent. This suggests that the two functional donains of

ML- cov/ scHLA- A2/ SS1 (scFv) fusion protein, the scFv (SS1) domain and the
M -cov/ 5cHLA- A2 domain are fol ded correctly. Mreover, the scFv (SS1)
domain of the fusion proteinis in act'i\%g formand can specifically bind
mesot helin. Flow cytonetry analysis (FACS) 10 To test the binding ability

of the MsL£QW SgddeA- é%l {§CEy)wélq3|@rat&rsot@s-riotocem@t beti weXxpraasi ng

cell lines, FACS ana rmd ar get eI at

HLA- A2- neg \}8"V\5?% &ncﬁat?%ewéaﬁfmgﬁ m%\b ggn llfse hEto""efrionl t or
t he bi ndiwareofinchbatdd c‘oxﬂfscﬂ-ilifAEﬁQwSSlon(cseFv?qum of WP@FIF? th furdogel |
sur f ace ARt hgefor RO, Lhee&ALS canaldNiss weltbeadmaohbeti frdrenn st Aeietd

A431K5 c were used. The |nd of t he ML- S v/ SGHLA- S1 A
fusi ort pr%‘ltf} °FOF 0"t HeP R EeP}L S Snite oreg: dSCiEant A]%—%L%Aat(%c}:\gBB? 2
as primarsk af@4- bdﬁgillf%’llbemetcwatalqﬁl T@JTﬂ@éheﬁnWoﬁﬂWearﬁq%cﬁﬂrg?é t est

t he expressii@nwhevedsswebanesaol hz%lpllnsﬂﬁtﬂeanZQhepQﬁjlttbh‘@ S@irhetantd All

commerci al_anti_pesothelin mh Kl ;s yse

1yé§§ was calculated directly:
( [experimental release - spontanequs releasge] / [maximum release -
10 spontaneous release])el00. Spontancous. release was measured as S8
methionine releagsed from target cells in the absence of effector
‘cells, and maximum release was measured as S’ -wethionine released

from target cells lyzed by 0.05M NaOH,

15 Cell lines
A431 and RA431K5 cells (epidermoid carcinoma) were maintained in
RPMI medium containing 10% FCS, L-glutamine and
penicillin/streptomycin. The A431K5 cell line is a human epidermoid
caréinoma A431 cell line stably transfected with Mesothelin, the
20 transfected cells wére maintained with 700 pg/ml G418 (Gibco~BRIf,
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

25 expanded by incubation with peptide pulsed, radiated (4000rad)
PEMC's from a healthy HLA-A2 pogitive donor and were maintained in
AIMV medium + 8.9% ¥CS +50 pM-2- mercaptoethanol +
penicillin/streptomycin 1e10° U/L.

Resultsg:
30
" Construction of Compound A
A construct encoding a single-chain MHC molecule composed of the B2
microglobulin gene fused to the ol, ®2 and o3 of the HLA-A2 gene
via a short peptide linker (15 aminc acids) was fused to the scrFv
35 881 which targets mesothelin (Figure 1A). This construct was

analyzed in detail for its bicchemical and bkicleogical activity and




shown in Figure 17A-B, A431K5 cells express high | evels of nesothelin,

whereas the parental A431 cells do not express nesothelin. The cell |ines
A431 and A431K5 were also tested for their expression of ELA-A2 using
HLA- A2 specific antibody (BB7.2), 25 both cell |ines were HLA- A2-negati ve.

However, when A431K5 cells but not A431 cells were pre-incubated with the
ML- cov/ scHLA- A2/ SS1(scFv) fusion proteins, they were positively stained
with the 17C-D). This bi ndi ng of the M -cov/scHLA- A2/ SS1(scFv) fusion
protein to A431K5 cells and 30not A431 excl usively dependent on the

I nteraction of the targeting domain (scFv(SS1)) with nesothelin. 35
Cytotoxicity Assay 40 To test the abi I|ty of the M-cov/scHLA- A2/ 551
(scFv) fusion protein to nediate the kil i ng of HLA-A2-negative

nesot hel i %st&dr}ﬁe t%eBbsfmcﬁ%aﬁlﬁﬁﬁtt%%hae;&%@% Q@S pefd fdo?xsgllréb
Sm\et hi oni ne r-el ease assay using HLA- A2-negative nesothelin- 5 transfected

AA31K5 ceP| SURASR pRF P ifed’iths SHEWFRY Y Rigiee PEPEMT 0%/ ScAPARA2REEES
(scFv) fupkepnide ckeivedironothaetiapess herdtgdins (WEVBVATKD (28U gD NO:4)

(mesot hel LRz Po&iskhY e 4L An2 QLI Y& - JEOVBNET schille- Mb&zé@%ﬁswasfaa
bearing the 11158-66 ge ptide in its aroove medi ated the killing o

“mesot el i RERYSI | ViR t 4P g&PLBRI PRSIy tHB* 9D FEAHESCEEFFTIcsss ?@%6“3
speci fic @PLe). (Bigoussi®n: Chmpsurst idyadermmstpatess irhewabstdnsy Forsmraet

coval ent | xobmleﬁd 15.Rest | el $e Ml SCRMUST Offh PIGERIL A2 | 951 () cel J$; can

render HLA- A2- gtlve cell's susceptihle to Iy5| $ bx the rel evant HLA- A2-
construc overlap extension PC his construct the

influenza M158-66 peptide GILGFVFTL (SEQ ID NO:21) and a 15 amino
10 acid linker were fused to the N-terminus- of the scHLA-A2/SS1 (scFv)
fusion protein. In this construct, a new, unigue restriction site
{(BamHI) was inserted to the linker sequeﬁce by a silent mutation.
In the second step PRB plasmid containing the M1l/scHLA-A2/SS1
fscFv) full s-equence was digested with Ndel and BamHI restriction
15 . enzymes. This digestion produced twe fragments. One fragment
contains ' the peptide and part of the linker sequence, and the
second fragment contains the plasmid, part of the linker and the
SCHLA-A2/S881 ({scFv) sequence. The fragment which containg the
plasmid, part of the linker and the scHLA-AR2/SS1 (scFv} seguence
20 wag then ligated to dsDNA primer that codes the CMV pp65 peptide
sequence and an extension of the linker segquence {(FigurelB). The
new plasmid was transformed to E-coli DH5o cells and positive

colonies were sent to DNA sequencing (Figure 2).

25 Expression and purification of Compound A
‘Compound A was expfessed in E, c¢oli BL21 cells and, upon induction
with iscopropyl PB-D-thicgalactoside, large amounts of recombinant
protein accumulated in intracellular inclusion bodies. SDS/PAGE
analysis of isolated and purified inclusion bodies revealed that

30 Compound A with the corxrect size constituted B80-90% 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 scluble fusion proteins (Compound A)
were purified by ion-exchange chromatography on Q-sepharose’.

35 SDS/PAGE analysis of Compound A revealed a highly purified

monomeric molecule with the expected size of 72 KDha (Figure 3B).




restricted CILs. As previously shown by Lev et al., and Oved et al.
(15,21), this strategy has two naj or advantages. First, it takes advantage
of the use of reconbi nant Ab fragnments that can 20 | ocalize on those
mal i gnant cells that express a tunor marker, usually associated with the
transforned phenotype (such as growh factor receptors and/or
differentiation antigens), with a relatively high degree of specificity.
Second, this strategy has the ability to recruit a particul ar popul ati on of
highly reactive 25 cvtotoxic T-cells specific to a preselected, highly
antigenic peptide epitope present in the targeted MHC pepti de conpl ex, such
as viral-specific T-cell epitopes. Thi g4pl atform approach generates
mul ti ple nolecules with nmany tunor-specific scFv fragnents that target
various tunor specific antigens, conbined with the ability 30 to target

nany types;of odde PEPL] FAGyC BEPLEX ROmpSidd/iANg Singl e, presel ected, and
hi ghly antigenic peptides derived fromtunor, viral, or bacterial T-cel

epi topes. These exanpl es present a strategy one step farther by fusing the
9 ami no a&h¥sHpeptide |inked by a short |inker (20AA) to the previously

reported sGHLASAZLRE Y 3R nbUSHOT: df Wil 1A cpdRY HOLHIi 69, target

stabl | 721 ng_Lhe, peptide 11, g, MG orooue,, pyol onglng thie goneral” stability

immunoplates. The binding of Compound A was monitored by wusing
conformation sensitive mAb W6/32, this antibody recognizes MHC
molecules that are folded correctly with a peptide in its groove.
ip As shown in Figure 4, the binding of Compound A to recombinant
mescothelin was dose-dependent. This suggesﬁs that the two
functidnal demains of Cowmpound A, the scFv (3S51) domain and the
peptide/scHLA-A? domain are folded correctly. Moreover, the scFv
(ss1) domain of the fusion protein is in active form and can

15 specifically bind mesothelin,

Flow cytometry analysis (FACS)
To test the binding ability of Compound A to mesothelin-expressing
ceil lines, FACS analysis was made. As a model, target cells that
20 are HLA-AZ negative were used, thus the reactivity of an anti-HLA-
AZ mAb can be used to measure the binding of Compound A to cells
that express mesothelin on their surface. This model of mesothelin-
positive, HLA-A2-negative cells represents the extreme case in
which the tumor cells lose its HLA expréssion. Therefore for the
25 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 épide;moid 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
30 monitored with anti-HLA-A2 mAb BB7.2 as primary antibody £ollowed
by a FITC labeled secondary antibody. A mesothelin anti-mAb K1 was
used to test the expression 1levels of mesothelin. As sghown in
Figure 5A, A431K5 cells express high levels of mesothelin, whereas
the parental A431 cells do not express the target antigen. The cell
35 lines A431 and A431K5 were also tested for the expression of HLA-A2
using HLA-AZ specific antibody {(BB7.2), both cell lines were HLA-AZ




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
CW pp65 derived (NLVPWATV) fused to the N-term nus of the scHLA- A2/ SS1
(scFv) nolecule and its biochem cal and 5 biological characteristics. It is
shown that the two domains of the new fusion protein can refold in vitro to
formcorrectly fol ded nolecules with the peptide wthin the HLA- A2 groove
and an active targeting domain (scFv) that can specifically bind its target
antigen. Moreover, this fusion protein had successfully nediated 10 the

| ysis of HLA-A2-negative mesothelin-positive tumor cells by

HLA- A2-restricted CTLs. Tunor progression is often associated wth the
secretion of inmune- suppressive fact of% and/or the down- regul ati on of MHC
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optimal targets. However, when the target A431K5 cells were
incubated with the CMV specific CTLs alone without preincubaticn
with Compound A or when the target cells were A431 mesothelin-
negative cells with or without i)reincubation with Compound A, no

30 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 mesocthelin-positive A431K5 cells was
dose-dependent with an IC50 of 0.5-1 ng/ml.

35 These results indicate that the killing of mesothelin-positive HLA-

AZ-negative A431KS cell was specific  and controlled by the
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of mesothelin and as positive control a commercial anti-mesothelin

20 mwAb K1 was used. As shown in Figure 10A-B A431KE cells express high
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 anti body
"(BB7.2), both cell lines were HLA-AZ2 negative. Howéver, when A431KS

25 cells were pre-incubated with Compound. B, they were positively
stained with the HLA-A2 specific antibedy 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
ba.ndlng is exclusively depended on the 1nteract10n of the targeting

30 BCFV 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

35 only the mesothelin-positive cells A431K5 were positively stained
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release assay using HLA-A2-megative mesothelin-transfected A431KS
cells was performed, and the HLA-A2-negative mesothelin-negative
10 A431 parental cells. To determine the killing potential.of the CMV-
' specific CTLs ‘cytotoxicity assay was performed, using HLA~R2-
.positive JY cells that were radiclabeled with Met5*® and laded with
the' CMV peptide NLVPMVATV. The average specific killing of the JY
cells by the CMV-specific CTLs was around 45-50% using an E:T ratio
is of.‘lo:l {data nct shown). As shown in Figure 11A, Compound B
effectively mediated the killing of the A431KS5 cells (mesothelin-
positive HLA-A2-negative), this specific killing was 66% in
comparison with peptide-lcoaded JY cells (~150% _compared‘ to JY
cells). However, when the target A431KS5 cells were incubated with
20 the CMV-specific CTLs alone without preincubation with Compound B
or when the target cells were mesothelin-negative (A431 cells),
with or without ‘preincubaticon with Compound B, no cytotoxic
activity wag observed. Titration experiments which determined the
potency of the fusion protein, shown in Figure 11B indicate that
2= the killing of mescthelin-positive R421XE cells was dose-depsndent.
To compare the coytotoxic activity of Compound B and Compound A
fusion proteins, which differ in the length of peptide used to
covalently attach the antigenic peptide to the B-2 microglobulin, a
$**-methionine release assay was performed using similar conditions
30 for both fusion proteins. As shown in Fig‘ui‘e 12, both molecules
efficiently and specifically mediated the killing of A431K5 cells,
but not A431 cells. When relatively high concentrations of fusion
proteins (Compound B and Compound A) were used, the killing
agtivity of Dboth molecules was sgsimilar. However, when low
35 concentrations of fusion proteins were used the cytotoxic activity

of Compound A was superior probably due to better stability and
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insert was ligated to PRB expréssion vector and transformed to E-
coli DHSoxx cells. Positive colonies were sent to DNA seqguencing
(Figure 14).

15°
Expression and purification of Compound B
The Ml-cov/scHLA-AZ/SSl' (scFv) fusion protein was expressed in E.
coli BL21 cells andg, upon  induction with  isopropyl B-D-
thiogalactoside, large amounts of recombinant protein accumulated

20 in intracellular inclusion bodies. SDS/PAGE analysis of isclated
and purified inclusion bodies revealed that the Ml-cov/gcHLA-A2/SS1
{scFv) fusion protein with the correct size constituted B0-90% of
the total inclusion bodies mass (Fiéure 15A). The isolated
solubilized inclusion bodies were reduced and refolded in vitro in

25 a redox-shuffling buffer. Monomeric scoluble fusion proteins [M1-
cov/BCHLA-AZ/SS1 {scFv)) were purified by ion-exchange
chromatography on Q-sheparose . SDS/PAGE analysis of the Ml-
cov/scHLA-A2/881 (scFv) fusion proteins revealed a highly purified

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

30
ELISA
To test. the binding ability of the purified Mi-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
35 (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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"Flow cyi:ometry analysis (FACS)

10 To test the binding ability of the Ml-cov/scHLA-A2/SS1 (scFv)
fusion protein to mescothelin-expressing cell lines, FACS analysis
was used. As a model, target cells that are HLA-A2-negative were
used, and the anti-HLA-A2 mAb can be used to monitor the binding of
the Ml-cov/scHLA-A2/8S1 (scFv) fusion protein to the cell surface

15 antigen. For the FACS analysis, the mesothelin-transfected A431K5
cells were used. The binding of the M1—cov/scHLA—A2/SSl (acFv)
fusion protein to the target cells was monitored by anti-HLA-A2 mAb
BB7.2 as primary antibedy follewed by a FITC-labeled secondary
antibody. To test the expression levels of mesothelin and as

20 positive control, a commercial anti mesothelin mAb Kl was used. As
shown in Figure 17A-B, A431K5 cells express high levels of
mesothelin, whereas the: parental 2431 cells do not express
mesothelin. The cell lines 2431 and A431K5 were alsco tested for
their expression of HLA-A2 using HLA-A2 specific antibedy (BB7.2),

25 both cell lines were HLA-AZ-negative. However, when A431K5 cells
but not A431 cells were pre-incubated with the Mi-cov/scHLA-
A2/5581{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/scHLAinz/SSl(scFv) fusidn protein to A431K5

30 cells and not to A431 cells indicates that the binding is
exclusively dependent on the interaction of the targeting domain

{scFv{3858l)} with mesothelin.
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Techni on Research and Devel opnment Foundation Ltd. <120> Fusion Proteins,
Uses Thereof And Processes For Producing Sane <130> 76322- PCT/ 3PW Vc <150>
us 60/ 801, 798 <151> 2006- 05- 19 <160> 23 <170> Patentin version 3.3 <210> 1
<211> 1995 <212> DNA <213> artificial sequence <220> <223> conpound A fusi
<400> 1 atgaacctgg tgccgatggt ggtggcggag gttcaggagg tcacgtcatc cagcagagaa
catccatccg acattgaagt cattcagact tgtctttttc acccccactg aaaaagatga

aagat agtta agtgggat cg ggaggt ggca gcggctctca cgcggggagc cccgcttcat
gacagcgacg ccgcgagcca ccggagtatt gggacgggga gacctgggga ccctgcgcgg
aggatgtatg gctgcgacgt gcgtacgacg gcaaggatta gacat ggcag ctcagaccac
agagcctacc tggagggcac gagacgctgc agcgcacgga catgaagcca ccctgaggtg

t ggcagcggg at ggggagga ggggat ggaa ccttccagaa tacacctgcc atgtgcagca

e
aggggagg CClCa . [ : )
acttattacPraﬁﬁﬁlaggaﬂmq&8f§céﬁﬁgcké}gﬁﬁhaaﬁg*ﬂf%g§§§§FF1F@ng¥FE%F11n‘

acgacgggagos agigeg gt d sc tinc sffdaal -caagt gitdag - Mibat @ncafegigFdact =g s°5-

gccagcagt geadiRnel t CldAghbaC cGbhgagtad 6a0qgacaaq, £Agt GLaga QgL 14 9ac

B R I e L P S G WL e SV
cov/scHLA-A2/SS1 {scFv) fusion protéin did not mediate the lysis of
A431K5 cells (megsothelin-positive HLA-A2-negative). However, the
scHLA-A2/881 {scFv) bearing the M158-66 peptide in its groove
mediated the killing of mesothelin-positive target cells by the

10 HLA-A2-restricted M158-66 specific CTLs.
Discussion:

This study demonstrates the ability to target covalently linked
1s peptide/scMHC/scPFv fusion protein to tumor cells can render HLA-A2-
negative cells susceptible to 1lysis by the relevant HLA-AZ-
restricted CTLs. As previously shown by Lev et al., and Oved et
al. (15,21), this strategy has two major advantages. First, it
takes advantage of the use of recombinant Ab fragments that can
20 localize on those malignant cells that express a tumor marker,
usually associated with the transformed phenotype (such as growth
factoxr ieceptors and/or differentiation antigens), with a
relatively high degrée of specificity. Second, this strategy has
the ability to recruit a particular population of highly reactive
25 cytotoxic T-cells specific to a pregelected, 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
30 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/scPFv
3s fusion protein (15AA),and by doing so, stabilizing the peptide in
the MHC groove'  prolonging the general stability of the fusion




tcattcactg attggactta gccacattaa tctgaagact tactggggcc ggctctggcg
tctccagggg tggtaccagc gcttctggag atcagcagcg cctctcacgt gctacaccat
gaactgggtg ttactcctta caatggtgct ctgtagacaa gtcatccagc ctgcagtcta
tttctgtgca aagggaccac ggtcaccgtc gtggcggatc ggacat cgag agaaggtcac
cat gacct gc agaagt cagg cacctccccc tcccaggtcg cttcagtggc tggaggctga
agat gatgca tcggtgctgg gacaaagttg <210> 2 <211> 663 <212> PaT <213>
artificial sequence <220> <223> Conpound A fusion protein <400> 2 Met Asn
Leu Val Pro net val Ala Thr val Ay Ay Ay Ay ser Gy 151015 Gy Ay dy
Ser Ay dy Ay Ay ser Ay Ay dy Ay ser Ile Gn 202530 Arg Thr Pro Lys
Il'e Gn Val Tyr Ser Arg H's Pro Ala G y,Asn Ay 354045 Lys Ser Asn Phe Leu
Asn Cys Tyr Val Ser Gy Phe His Pro Ser Asp 505560 Ile G u val Asp Lets Leu
Lys Asn Gh¥oldithsAr Gisl |€ ridaty L¥Sr Vathi {3 b6 33E5801 4 SoSefuAshR bedeStks Phe
Ser Lys A%ReTEELé§§£ Eggequodi¥él%g3313g constructiog of a fusion protein

in which the CMV pp65 derived (NLVPMVATV) fused to the therminus

of the scHLA-A2/881 (scFv) molecule and its biochemical and

5 biological characterisfics. It is shown that the two domains of the

new fusion protein can refold in vitro to form correctly folded

molecules with the peptide within the HLA-A2 groove and an active

targeting domain (scFv) that can specifically bind its target

antigen. Moreover, this fusion protein had successfully mediated

10 the 1lysis of HLA-A2-negative mesothelin-positive tumor cells by

HLA-A2-regtricted CTLs.

Tamoxr prdgression is often associated with the secretion of immune-
suppressive factors and/or the down-regulation of MHC class 1
15 antigen-presentation functions (2). Even when a specific CTL
response is demconstrated in patients, this response is low because
the anti-tumor CTL population is rarxe, very infreqguent, and iﬁ some
cases the CLTs are not functional or anergic (26). Moreover, it is
well-established that the number of MHC-peptide complexes on the
20 surface of tumor cells that present a particular tumor-associated
peptide is low (27). As shown herein, the new strategy overcame
these problems. First, the tumor cells are coated with MHC-peptide
complexes independent of their endogenous MHC expression. Second,
the use of tumor specific antigens that are usually part of the
25 tumor phenotype - (such as growth factor raeceptors 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

30 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 gingle embodiment.

as Conversely, <wvarious features of the invention, which are, for




859095 Tyr Thr du Phe Thr Pro Thr GQu Lys Asp Qu Tyr Ala Cys Arg val
100105110 Asn His val Thr Leu Ser Gn Pro Lys Ile val Lys Trp Asp Arg Asp
115120125 met Ay Ay Ay Ay ser Ay Ay Ay Ay Ser Ay dy Ay Ay Ser
2/ 12 130135140 Ay Ser H's Ser Met Arg Tyr Phe Phe Thr ser val ser Arg Pro
Gy 145150155160 Arg Ay G u Pro Arg Phe Ile Ala val Ay Tyr Val Asp Asp
Thr G n 165170175 Phe val Arg Phe Asp ser Asp AlaAla ser A n Arg Met Qu
Pro Arg 180185190 Ala Pro Trp Ile Qu Gn QQu Ay Pro Qu Tyr Trp Asp Gy
A u Thr 195200205 Arg Lys Val Lys Ala H's ser Gn Thr H's Arg val Asp Leu
Ay Thr 210215220 Leu Arg Gy Tyr Tyr Asn Gn ser Qu Ala Ay Ser H's Thr

val G n 225230235240 .z

brevity, described in the confext of a single embodiment, may also

be provided separately or in any suitable subcombination.
Although the invention has been described in conjunction with
specific embodiments thereof, it is evident that many alternatives,
5 modifications and variations will be apparent to those skilled in
the art, - Accordingly, it is intended to embrace all such
alternatives, modifications and variations that fall within the
spirit and broad scope of the claims. All publications, patents
and patent applications mentioned in this specification are herein
10 incorporated in their entirety by reference into the specification,
to the same gxtent aé if each individual publication, patent or
patent application was specifically and individually indicated to
be Iincorporated herein by reference. In addition, citation or
jdentification of‘ény reference in this application shall not be
15 construed as an admission that such reference is available as prior

art to the present invention.
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aacctggtgc cgatggtcgc gaccgtt27 <210> 4 <211> 9 <212> PRT <213> artificial
sequence <220> <223> CW peptide <400> 4 Asn Leu Val Pro net val Ala Thr
Val 15 <210> 5 <211> 60 <212> DNA <213> artificial sequence <220> <223>
20-aa peptide |linker c400>.5 ggaggtggcg gttctggcgg aggaggat cc ggt ggcggag
gtt caggagg cggtggat cg60 <210> 6 <211> 20 <212> PRT <213> artificial
sequence <220> <223> 20-aa peptide linker

45

What is claimed:

1. A fusion protein comprising the amino acid sequence set forth in SEQ D NO: 2.



<400> 6 Ay dy Ay Ay Ser Ay dy Ay Ay Ser Ay dy dy Ay Ser Gy
151015 Ay Ay Ay Ser 20 <210> 7 <211> 45 <212> DNA <213> artificial
sequence <220> <223> 15-aa peptide |linker <400> 7 ggtggcggtg gaagcggcgg
t ggaggct ct ggt ggaggt g gcagc4b <210> 8 <211> 15 <212> PRT <213> artifici al
sequence <220> <223> 15-aa peptide |inker <400> 8

SEQUENCE LISTING

gggcctgagc
1/12

<110> Teva Pharmaceutical Industries, iLtd.
igzﬁnggﬁrﬁ:?i:?Zﬁalﬁduggée{gﬁaent Foundation Ltd.

<120> Fusion Proteins, Uses Thereof And Processes For Producing Same

<130> 76322-PCT/IPW/YC '

<150> uS 60/801,798

<151> 2006-05-15

<160> 23

<170> PatentIn version 3.3

21 1eos

:gigi gﬁgificia1 sequence

<220> '

<223> Compound A fusion protein

<400> 1 - C

atgaacctgg tgccgatggt cgcgaccgtt ggaggtggcg gttctggcegg aggaggatce 60

ggtggcggag gttcaggagg cggtggatcg atccagcgta ctccaaagat tcaggtttac 120

tcacgtcate cagoagagaa tgygaaagtca aatttectga attgetargt gtctgggtet 180

catccatccg acattgaagt tgacttactg aagaatggag agagaattga aaaagtggag 240

cattcagact tgtctttttc gaaggactgg tctttctatc tcttgtacta cactgaattc 300

aéccccactg aaaaagatga'gtatgcctgc cgtgtgaacc atgtgacttt gtcacagccc' 360

aagatragtta agtgggatcg cgacatgggt ggcgétggaa gcggcggtgg aggctctggt 420

ggaggtggca gcggctctca ctccatgagg tatticttca catccgtgtc cLggoeoggce 480

cgcggogagc cccgcttcat cgcagtgggce tacgtggacg acacgcagtt cgtgeggttc S4b

gacagcgacg ccgcgagcca gaggatggag ccgcgggeygc cgtggataga gcaggagggt 600

ccggagtatt gggacgggga gacacggaaa gtgaaggecc actcaéagac tcaccgagto 660

gacctgggga ccctycgegg ctactacaac cagagcgagg ccggttctca caccgtccag 720

aggatgtatg gctgcgacgt ggggtcggac tggcgcttce tccgcgggta ccaccagtac 780

gcgtacgacg gcaaggatta catcgccctg aaagaggacce tgcgetcttg gaccgcggcg 840

gacatggcag ctcagaccac caagcacaag tgggaggcgg cccatgtage ggagcagttg 900

agagcctacc tggaggacac gtgcgtggag tggctccgeca gatacctgga gaacgggaay 960

gagacgctoc agcgcacgga cgoccccaaa acgcacatga ctcaccacgc tgtctctgac 1020
' catgaagcca ccctgaggtg ctgggccctg agottctacc ctgcggagat cacactgace 1080

tggcagegag étggggagga ccagacccag gacacggagc tcgtggagac aaggcctgca 1140

ggggatggaa ccttccagaa gtgggcggct gtggtggrge cttctggaca ggagcagaga 1200

Tacacctgcc atgtgcagca tgagggtttg cccaageccc tcaccctgag atgggagget 1260

tccggaggtc aggtacaact gcagcagtct tggagaagcc tggcgcttca 1320



i nker

gtogaagatat
aagcagagcc
tctagetaca
acagcctaca
ag0ggggagtt
tcctcaggtyg
ctcactcagt
agtgccagct
aaaagatgga
agtgggtctg
acttattact
gaaataaaat
<210> 2

<211> 663
S8 N

<220>
<223>

<400> 2

Met Asn Leu val ;ro Met val Ala Thr
1

<400> 9 '
sequence <220> <223> 4-aa peptide |inker <400> 10 Ala Ser Ay Gy 1
11 <211> 726 <212> DNA <213> arti <220> <223> SS1

cctgcaagge
atggaaagag
accagaagtt
tggacctcct
acgacgggag

taggcggttc

ctccagcaat
caagtgtaag
tttatgacac
gaaactctta
gccagcagtg

aatga

ttetggttac
ccttgagtag
caggggcaag
cagtctgaca
gggttttgac
aggcggcggt
catgtctgca

ttacatgcac

atccaaactg.

ctctctcaca
gagtaagcac

artificial sequence

Compound A fusion protein

sSer

tcattcactg
attggactta
gccacattaa
tctgaagact
tactggggcc
ggctctygcg
tctccagggg
tggtaccagc
gcttctggag
atcagcagcg
cctctcacgt

val

Gl
10 Y

Gly

gctacaccat
ttactcctta
ctgtagacaa
ctgcagtcta
aagggaccac
gtggcggatc:
agaaggtcac
agaagtcagg
tcccaggteg
tggaggctga
tcggtoctga

Gly Gly Gly

Gly ser

Gy dy dy dy Ser Ay Ay dy dy Ser dy Gy dy dy Ser
<211> 12 <212> DNA <213> artificial sequence <220> <223> 4-aa peptide
gcttccggag gt <210> 10 <211> 4 <212> PRT <213> artifici al

gaactgggtg
caatggtgcet

gtcatccage
tttctgtgca
ggtcaccgtc
ggacatcgag
catgacctgc
caccteecce
cttcagtggc
agatgatgca
gacaaagttg

ser
15

Gly

Ile GIn

Gly Gly

Arg Thr

Ser

LYs
- 50

Ile Glu

65

His Sser

Fyr Thr
His

ASn

Met Gly

Gly
Pro
35

ASn
val
AsSp
Glu
val

115

Gly

ser

20

Lys

Phe

ASp

Leu

Phe
100

Thr

Gly

Gly

Ile

Leu

Leu

ser

BS

Thr

Leu

Gly

Gly Gly

GIn val

Asn Egs

Leu Lys

70

Phe Ser

Pro Thr
GIn

ser

Ser Gly

Gly

Tyr

AsSn

Lys

Glu

Pro

120

Gly

Ser

val

Gly

Asp

Lys

105

Lys

Gly

Arg

Ser

Glu

Trp

90

ASp

Ile

Gly

Gly

His

Gly

Arg

75

sSer

Glu

val

Ser

2/12

fro

Phe

60

Ile

Phe

Tyr

Lys

Gly

Gly
Ala
45

His
Glu
Tyr
Ala
Tr

12

Gly

30

Glu

Pro

Lys

Leu

Cys

110

Asp

Gly

ASn
Ser
val
Leu
95

Arg

Arg

Gly

Gly
Asp
Glu
80

Tyr
val

Asp

Ser

151015 <210> 9

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
1995

<210>



<400> 11 caggtacaac tcctgcaagg cat ggaaaga aaccagaagt at ggacctcc tacgacggga
atttatgaca ggaaactctt tgccagcagt

gt aggcggf t
tgcagcagtc
caggcggcegg
t.gggcct gag
t ggct ct ggc
ct ggagaagc
ggt ggcggat
ctggcgcttc

agt cat ccag,
cggacat cga

gCtt%%%Z%gk

<211
val

Lys IAga

Trp val

e

Prhe val

Ala Pro

Arg Lys

210

Leu
225

Arg
Arg Met
TYr His
AsSp Leu

His

Glu
305

Gly

Glu Thr

aAla val

Tyr Pro

Thr GlIn

370

phe Gln

385

Tyr Thr

YS

tct ccagcaa
cttctggtta
tcatgtctge
ctcattcact
at ct ccaggg
ggct acacca
gagaaggt ca
agt gaagat a
cacagcct ac
gct cact cag

T ey

sagsence <2
Gn Leu Gn Gn Ser

GgyserYE¥gﬁ#

n Seté

Arg
180

T Glu

Ile
19 :

val Lys Ala

Gly Tyr Tyr

Tyr Gly Cys

GIn Tyr Ala

260

Arg ser Trp

Trp Glu Ala

Thr Cys

phe Asp Ser Asp-
Gln
His
ASN
230
AsSp
Tyr
Thr

Ala

Glu

t caagt gt aa
gccttgagtg
gttacatgca
gatt ggactt
ct ggt accag
attactcctt
cagaagt cag
t gaact gggt
at et gt gc
ccaf gacctg

t caggggcaa
cat ccaaact

ggccacatta

ggcttctgga
act gt agaca

gt cccaggtc
gaagcagagc
aagggg9agio
cagt gccagc

t cagt ct gac
act ctctcac
at ct gaagac
aat cagcagc

tctgcagtct. .

gt ggaggctg
acaat ggt gc
cggt caccgt
gcacct cccc

ggggttttga

ggagt aagca

ct act ggggc
ccctct cacg

caagggacca
ttcggtgctg
ttctagctac
ct cct caggt
caaaagat gg

S @y Lys sed7@eu A u Trp || 67354045

Ala Ala sér Gln

Arg

185 :

GlU G

Ser
215

Gln Sser

val gly

Asp Gly

Pro

Thr

Glu

Ser

LysS

Glu Tyr Trp

val
220

His Arg

Ala Ser

ASp Arg

Asp Tyr Ile

205

Ala
280

Ala

His val

295

Trp Leu

‘310

Leu GIn

Ser

Ala
355

Asp Thr Glu.

Lys Trp Ala

val
405

Cys His

+hr
Glu
Thr
Leu
Ala

390

GIn

Asp Ala

Ala Thr

Asp

Ala

Arg

Pro

Leu

Met Ala Ala

Glu GIn Leu

300

Tyr Leu

Thr His

Cys Trp

345

Thr
360

Leu

val Glu

375

val val

His Glu

Trp

Thr

val

Gly

Arg Asp

Ala
380

Arg Pro

Pro ser Gly

395

Leu Pro
3/12

Lys

Met Glu Pro Arg

190

Asp Gly

Glu
205 :

Asp Leu Gly

His Thr val

Thr

Thr

Glin

240

Phe Leu Arg

Ala Leu

LYysS
270

Gin Thr Thr

285

Arg Ala Tyr

Giu Asn Gly

Met Thr

715
A =
win

Ala Leu

350

Ser

Glu Asp

Asp Gly

GIln Glu Gin

Gly
Glu
Lys

Leu

‘His
Phe
Gln
Thr

Arg

400

Thr
415

Pro Leu

Leu

<210> 12

t aaat aaaa
§8€q€%2%§?55| <400> 12 G n
@y Pro Qu Leu Qu Lys Pro Ay Ala 151015 Ser Val
Re $8& AFayvadl G1gahrRRA AdY a6 YhIYEIR202530 Thr met Asn



Ay
ser
val
Arg
Phe
val

Glu

Gly

LyS

Asp

Phe

" Thr

Gin
Lys
Asn
625

Thr

Gly

<210>

Qy

Thr Pro

Thr Leu
Ser Leu

Asp Ay
Ser Ser

Pro d
Tyr Met
Trp I

Ser

ser

du A
Arg Trp Glu

Leu

Tyr

450

Lys

Ser

Ser

ser

Gly

Thr

Met

Gln

Leu

610

Ser

Tyr

Thr

Glu

435

Ser

Ser

Tyr

Ser

Ala

515

Tyr

Ser

GIn

Thr

LyS

595

Ala

Tyr

Tyr

Lys

3

<211> 27
DNA

<212>

Ser Asp

y GQu

e Tyr
y ser
adu

Tyr
Thr
Thr
Arg
Ay
Ile
Lys
H S
Asp
dy
As

Ala Ser Gie

420

Lys Pro
pPhe Thr
Leu Glu
Asn G1n

485
Ser Thr
500
val Tyr
Trp Gly
Gly Gly
ser Pro

565
Cys Ser
ser Gly
ser Gly
Ser Leu
Cys GlIn

645

teu Glu
660

Gly

Gly

Lys
Ala
phe
Gln
Gly
5

Ala
Ala
Thr
val
Thr
630

Glin

Ile

Asn
Val

Ser
Ay
Val

Au
val

Trp
Thr
Ser

Tyr
Ser
Ay
Asp Al a

Al a Ser
Lys Ser
Asp Ser
Asp Tyr
Gy Ser
Thr G n
met Thr
Gn Gn
Lys Leu
Asn Ser
Thr

Txr
Gly GIn val Glin Leu

Ala
%
Ile
Phe
Tyr
Cys
Gly
Gly
Ile

ser

ser

Pro
615
Ile

Trp

Lys

ser
440

Thr

Gly
Arg
Met
Ala
520
Thr
ser
Met
ser
Pro
600
Gly

Ser

Ser

425

val
Met
Leu
Gly
AsS

50

Arg
Thr
Gly
Ser
ser
585
Lys
Arg

Ser

Lys

Lys Ile
Asn Trp
Ile Thr
475
Lys Ala
Leu Leu
Gly Gly
val Thr
Gly Gly
Ala Ser
570
val Ser
Arg Trp
Phe Ser
val Glu

635

His Pro
650

4/12

ser
Ser
Al a
Trp
Ay
ser
cys
Lys
Al a
Tyr

Ser
val
460
Pro
Thr
Ser
Tyr
val
540
Gly
Pro
Tyr

Ile

Leu

Tyr Asn
Ser Thr
Val Tyr
Ay Gn
Gy Gy

Pro Al a |

ser Ala
Ser Gy
Ser Gy
ser Leu

Tyr cys G n
Gxn G]% ser Gl

430
Cys Lys

445

Lys GIn

Tyr Asn

Leu Thr

Leu Thr

510

Asp Gly

Ser ser

Ser Asp

Gly Glu

Met His

590

Tyr Asp

ser Gly

Glu Asp

Thr Phe

Ala
Ser
Gly
val
495
Ser
Arg
Gly
Ile
Lys
575
Trp
Thr

ser

ASp

Gn
Al a
Phe
Ay
Ay

| e

ser
Thr
val
Thr
G n
y Pro

Ser

His

Ala

Lys
Tyr
Ccys

Phe 505560 Arg
65707580 Met
859095 Ala Arg

100105110 Thr Thr
115120125 Ser dy
130135140 Met ser
145150155160 Ser

Ser
Pro
I'le
Trp

480

ASp

Glu

Gly

val

Glu

560

val

Tyr

ser

Gly

Ala

640 -

Ala

165170175 Pro
180185190 Gy
195200205 ser



210215220 ser Lys His Pro Leu Thr Phe Ay Ala Ay Thr Lys Leu Qu Ile Lys
225230235240 <210> 13 <211> 109 <212> DNA <213> artificial sequence <220>
<223> PCR Primer <400> 13 ggaagcgttg gcgcatatgg gcattctggg cttcgtgttt
accctgggcg gaggaggat c60 cggtggcgga ggttcaggag gcggtggat c gat ccagcgt
actccaaagl09 <210> 14 <211> 38 <212> DNA <213> artificial sequence <220>
<223> PCR prinmer <400> 14 gcagtaagga attctcatta ttttatttcc aactttgt38 <210>
15 <211> 56 <212> DNA <213> artificial sequence <220> <223> PCR pri nmer
<400> 15 tatgaacctg gtgccgatgg tcgcgaccgt tggaggtggc ggttctggcg gaggags6
<210> 16 <211> 58 <212> DNA <213> artificial. sequence

<213> artificial sequence

<220>
<223> CMV peptide

<400> 3 .
aacctggtgc cgatggtcgc gaccgtt 27

<210> 4

<211> 9

<212> PRT

<213> artificial sequence

<220>
<2Z23> MV peptide

<400> 4
an Leu val Pro ?et val ala thr val

<210> S

<211> 60

<212> DNA

<213> artificial sequence

<220>
<223> 20-aa peptide Tinker

<400> 5
ggaggtggcyg gttctggcgg aggaggatcc: ggtggcggag gttcaggagg cggtggatcg 60

<210> 6

<211> 20

<212> PRT

<213> artificial sequence

<220>
<223> 20-aa peptide Tinker

<400> 6
Efy Gly 6ly Gly ?er Gly Gly Gly Gly ggr Gly Gly Gly Gly igr Gly

Gly Gly Gly Sser
20

<210> 7

<211l> 45

<212> DNA

<213> artificial sequence

<220>
<223> 15-aa peptide linker

<400>
gthQCQQtQ gaagcggcgy tggaggctct ggtggaggtg gcage 45

<210> 8
<211> 15
<212> PRT
<213> artificial sequence
5/12



<220> <223> PCR primer <400> 16 gatcctcctc cgccagaacc gccacctcca acggtcgcga
ccatcggcac caggttcab8 <210> 17 <211> 108 <212> DNA <213> artificial
sequence <220> <223> PCR prinmer <400> 17 ggaagcgttg gcgcatatga tcat ggacca
ggttccgttc tctgttggcg aggagggt cc60 ggtggcggag gttcaggagg cggtggatcg
atccagcgta ctccaaaglO08 <210> 18 <211> 38 <212> DNA <213> artifici al
sequence <220> <223> PCR prinmer <400> 18

<220>
<223> 15-aa peptide Tinker

<400> 8
. Gly Gly Gly 6ly ser Gly Gly Gly Gly ser Gly Gly Gly Gly Ser
3y ey 5 7 10 15

<210> 9

<21]l> 12

<212> DNA

<213> artificial sequence

<220
<223>

<400> 9
gcttccggag at

4-aa peptide Tinker
12

<210> 10

<211l> 4

<212> PRT

<213> artificial sequence

<220>
<223> 4-aa peptide linker

<400> 10
21a ser Gly Gly

<210>
<211>
<212>
<213>

<220>
<223> S5l

<400> 11

11
726
DNA
‘artificial sequence

60

caggtacaac
tcctgcaagg
catggaaaga
aaccagaagt
atggacctcce
tacgacggga
gtaggcggtr
tctccagecaa
tcaagtgtaa
atttatgaca
ggaaactctt
tgccagecagt

tgcagcagtc
cttctggtta
gccttgagtg
tcaggggcaa
tcagtctgac
ggggttttga
caggcggcgg
tcatgtctge
gttacatgca
catccaaact
actctctcac

ggagtaagca

tgggcctgag
ctcattcact
gattggactf
ggccacarta
atctgaagac
ctactggggc
tggctctgge
atctccaggg
ctggtaccag
ggcttc{ggﬁ
aatcageage

ccctctrcacg

ctggagaagc
ggctacacca
attactcctt
actgtagaca
tctgcagtct

caagggacca

ggtggcggat

gagaaggtca

cagaagtcag
gtcccaggtc
gtggaggctg
tt;ggtgctg

6/12

ctggegette

tgaactgggt

acaatggtgc
agtcatccag
atttctgtoe
cggtcaccgt
cggacatcga
ccatgacctg
gcacctcece
gctrcagtag
aagatgatgc
ggacaaagtt

agtgaagata
gaagcagagc
ttctagctac
cacagcctac
aagggogagt
ctccteaggt
gctcactcag
cagtgccagce
caaaagatgg
cagtgggtct
aacttattac

ggacaataaaa

120
180
240
300
360
420
480
540
600
660
720



gcagt aagga attctcatta ttttatttcc aactttgt38 <210> 19 <211> 15 <212> PRT
<213> artificial sequence <220> <223> peptide linker <400> 19 Ay val Gy
Gy Ser dy dy Ay Ay ser Ay Ay Ay dy Ser 151015 <210> 20 <211> 5
<212> PRT <213> artificial sequence <220> <223> peptide |inker nononer
<220> <221>.m SC_FEATURE <223> X = any am no acid <220> <221> m sc_feature
<222> (2)-(2) <223> xaa can be any naturally occurring amno acid <400> 20

faatga 726

<210> 12

<211 240

<212> PRT

<213> artificial seguence

<220
<223> 551

<400> 12

GIn val GIn Leu 61n G1In Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala
1 5 10 15

ser val Lys Ile Ser Cys Lys Ala Ser Gly Tyr ser Phe Thr Gly Tyr
20 25 30

Thr Met Asn Trp val Lys GIn Ser His Gly Lys Ser Leu Glu Trp Iile
35 : 40 45

Gly Leu Ile Thr Pro Tyr Asn Gly Ala ser ser Tyr Asn Gin Lys Phe
50 55 60

’

Arg Gly Lys Ala Thr tLeu Thr val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Asp Leu Leu ggr' Leu Thr Ser Glu g(s)p ser Ala val Tyr Sl;e Cys

Ala Arg Gly Gly Tyr Asp Gly Arg Gly Phe Asp Tyr Trp Gly GIn Gly
100 105 110

Thr Thr val Thr val Ser Ser Gly val Gly Gly Ser Gly Gly Gly Gly
115 120 125

ser Gly Gly Gly Gly Ser Asp Ile Glu Leu Thr Gln Ser Pro Ala Ile
130 135 140 :

Met Ser Ala Ser Pro Gly Glu Lys val Thr Met Thr Cys Ser Ala Ser
145 , 150 155 160

ser Ser val Ser Tyr Met His Trp Tyr Gln GIn Lys Ser Gly Thr Ser
165 170 175

Pro Lys Arg Trp Ile Tyr Asp Thr Ser Lys Leu Ala Ser Gly val Pro
S ATS 1% yr Ase 85 _ 190

Gly Arg Phe Ser Gly ser Gly Ser Gly Asn Ser Tyr Ser teu Thr 1Ile
-7 195 200 . 205

ser Ser val Glu Ala Glu Asp Asp Ala Thr Tyr

Tyr Cys Gln Gln Trp
210 215 220

7/12




Ay Xaa Ay Ay ser 15 <210> 21 <211> 9 <212> PRT <213> artificial sequence
<220> <223> peptide linker <400> 21 Gy Ile Leu Gy Phe Val Phe Thr Leu 15
<210> 22 <211> 1980 <212> DNA <213> artificial sequence <220> <223>
conpound B fusi <400> 22 atgaacctgg tgccgatggt ggaggcggtg gatcgatcca
gagaat ggaa agtcaaattt gaagttgact tactgaagaa ttttcgaagg actggtcttt

gat gagtatg cctgccgtgt gatcgcgaca tgggtggcgg tctcactcca tgaggtattt
ttcatcgcag tgggctacgt agccagagga tggagccgcg ggggagacac ggaaagt gaa
cgcggctact acaaccagag gacgtggggt cggactggcg gattacatcg ccct gaaaga
accaccaagc acaagtggga ggcacgtgcg tggagtggct acggacgccc ccaaaacgca

agot Gerodes #eS a0t TIHR@EIAIF0M aCETAGHAQRE CaAJaRglzggayeggct gt ggt
cagc@#8agg gtttgcccaa?¥hact gcagc agtctdygcc aaggcettct 4t tact catt
aagagccttg agtggattgg aagttcaggg gcaaggccac ctcctcagtc tgacatctga

ggga t 1Bt gact actg ggttcaggcg gcggtggctc gcaatcatgt ctgcatctcc
- gtaa gg; cactggta gacacat cca aactggcttc tcttactctc tcacaatcag

- cagt ggagt a a&g'{)ﬁ(t@ﬁ'l Gkquence

<220>
. «223> PCR Primer

<400> 13 .
ggaagcgttg gogcatatygg gcattctggg cttoegtgttt accotygggeg gaggaggatce 60

cggtggcygga ggttcaggaq gcggtggatc.gatccagcgt actccaaag 109

<210> 14
<21]1> 38
<212> DNA
<213> artificial sequence

<220>
<223> PCR primer

<400> 14
gcagtaagga attctcatta tittatttce aactttgt 38

<210> 15
<211> 56
- <212> DNA
<213> artificial sequence

<220>
<223> PCR primer

<400> 15 ' :
tatgaacctg gtgccgatgg tcgcgaccgt tggaggtggc ggttctggcg gaggag 56

<210> 16 - -

<211> SB

<212> DNA

<213> artificial sequence

<220>
<223> PCR primer

<400> 16 .
gatcctocctc cgccagaacc gccacctoca acggtcgcga ccatcggcac caggttca 58

<210> 17
<211> 108
" <«212> DNA
<213> artificial sequence

<220> .
<223> PCR primer

<400> 17
ggaagcgttg gcgcatatga tcatggacca ggttccgttc tctgttggcg aggagggtcec 60

ggtggcggag gttcaggagg cggtggatcg atccagegta ctccaaag 108

<210> 18
8/12




-on protein
gaaccatgtg
cgaggccggt
ctaccctgcg
acttattact
ccagcagaag
tatgtgtctg
cagttcgtgc
gtagcggagc

<211>

<212>
<213>

<220>
<223>

<400>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<220>
<221>
<222>
<223>

<400>

cgcgaccgtt
t ggaagcgge
cttcctccge
ggagct cgt g
attaactgta
t ggagt ccca
at t gaaaaag
at agagcagg
ct ggagaacg

"38

DNA

PCR primer

18 .
gcagtaagga attctcatta ttttatttcc aactttgt

19

1

5

PRT
artificial sequence

peptide linker

19
Gly val Giy Gly ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 ) 15

20

5

PRT
artificial sequence

gcgt actcca
cttcacatcc
ggacct gcgce
ggt gcct t ct
agact ct gca

cagcgtggag

tact acactg-

cagact cacc

“artificial sequence

peptide 1inker monomer

MISC_FEATURE .
X = any amino acid

misc_feature

cctgaattgc
ggacgacacg
ggcggcccat
gcccct cacc

gggccaaggg
cacgtt cggt

actttgtcac

tctcacaccg

t ggagagaga
ggcgecegtgg
ccgcagat ac
tgagct ggag
tggcggt gge

ctatctcttg
ggcccact ca
cat gact cac
cact ggct ac

aggggagaag

ggcggaggag aagatt cagg

ggt ggaggct
gggt accacc

€2)..(2 ; . .
Xaa can be any naturally occurring amino acid
20

Gly Xaa Gly Gly ser
1 5

<Z210>
<211>
<212>
<213>

<220>
<223>

<400>

g?y Ile Leu Gly ghe val Phe Thr Leu

<210>
<211
<212>
<213>

<220>

21

9

PRY
artificial sequence

peptide linker
21

22

1980
DNA
artificial sequence

9/12

gt gt cccgge
tcttggaccg

38



cacgct gt ct
accat gaact
gt caccat ga
cggaggttca
agacttgtct
tggcagcggc
gt at t gggac
cgacggcaag
gct gcagcgc
t ggaacgisc

gagat cacac
ccttacaatg
t caggcacct
tttactcacg
aattcacccc
ccggecgegy
gagt ggacct
cggcggacat
ct gaccat ga

gagaccaggc
gacaagt cat
ggtcgcttca
t cat ccagca
cact gaaaaa
ggagccccgc
ggggaccctg
ggcagct cag
agccaccctg

QFPGRdAE 6 big Prateing

gt gaagca

gagccat gga

ggacaggagc
gtctatttct
gct gaagat g
ggtttcatcc
agcccaagat
ggtt cgacag
t ccagaggat
agt t gagagc
t gacct ggca

aggcttccgg
gtgcttctag

ct gagat ggg
accacggt ca
gct gggacaa
at ccgacatt
agtt aagt gg
cgacgccgcg
gt at ggct gc
ct acct ggag
gcgggat ggg
aggt caggt a
ct acaaccag

aagcct ggcg
ggat cggaca

10/ 12 gatccggtgg

t ggagcattc
ct ggt ggagg
agggt ccgga
agt acgcgt a
ggaaggagac
ct gcagggga
cttcagtgaa
ccagcacagc

gat at ¢

ctacaf ﬁﬁ%ﬁc
t cagt ctcca
gt ct ggeRaee

€8 9865h1J 68t daceGac gﬁeﬁﬁﬁéa@cbaag@@t amQtﬁtgagct ®ac

o SRR o L Cascamnah L il L B AoCadgs
gagaatggaa agtcaaattt cctgaattgc tatgtgrctg ggtttcatcc atccgacatt 180
gaagrtgact tactgaagaa tggagagaga attgaaaaag tggagcattc agactrgtct 240
ttttcgaagg actggtcttt ctatctcttg tactacactg aattcacccc cactgaaaaa 300
gatgagtatg cctgccgtgt gaaccatgtg actttgtcac agcccaagat agtraagtgg 360
gatcgogaca tgggtggedg tggaagcgge ggtggaggct ctggtggagy tggcageggc 420
tctcactcca tgaggtattt cttcacatce gtgtcccggc €cggecgogg ggagoeeage 480
ttcatcgcag tgggctacgt ggacgacacg cagttcgtgo ggttcgacég cgacgccgceg 540
agccagagga tggageegeg ggcgocgtgg atagagcagg agggtccgga gtattgggac 600
ggggagacac ggaaagtgaa ggcccactca cagactcacc gagtggacct ggogaccctg 660
cgcggetact acaaccagag.cgaggccggt'tctcaca¢cg tccagaggat gtatgoctge 720
gacgtggggt cggactggcg cticctccgo gggtaccacce agtacgcgta cgacggcaag 780
gattacatcg ccctgaaaga ggacctgcege tcttggaccg cggcggacat ggcagctcag 840
accaccaagc acaagtggga ggcggcccat gtagceggage agttgagage ctacctggag 900
ggcacgtgcy tggagtggct ccgcagatac ctggagaacg ggaaggagac gotgcagegce 960
acggacgcce ccaaaacgca catgactcac cacgcotgtet ctgaccatga agccaccctg 1020
aggtgctggg ccctgagctt ctaccctgcg gagatcacac tgacctggca gocgggatggg 1080
gaggaccaga cccaggacac ggagctcgtg gagaccaggc ctgcagggga tggaacctrc 1140
cagaagtggg cggctgtggt ggtgccttct ggacaggage agagatacac ctgccatgtg 1200
cagcatgagg gtttécccaa gccectcace ctgagatggg aggcttccgg aggfcaggta 1260
caactgcagc agtctgggocc tgagctggag aagcctggeg cttcagtgaa gatatcctgo 1320
aaggctictg gttactcatt cactggctac atcatgaact gggtgaagca gagocatgga 1380
Qagagccttg agtopgattgg acttattact ccttacaatg‘gtgcttctag ctacaaccag 1440
aagttcaggg gcaaggccac attaactgta gacaagtcat ccagcacagc ctacatggac 1500
ctcctcagic tgacatctga agactctgca gtctatttct gtgcaagggg gggttacgac 1560
gggaggggtt ttgactactg gggccaaggg accacggtca ccgtctcctc aggtgtaggc 1620
ggttcaggcg goggtgactc tggcogtgge ggatcggaca tcgagctcac tcagtctcca 1680
gcaatcatgt ctgcatctcc aggggagaag gicaccatga cctgcagtgc cagctcaagt 1740
gtaagttaca tgcactggta ccagcagaag tcaggcacct cccccaaaag atggattrat 1800
gacacatcca aactggctic tggagtccca ggtcgcttcé gtggcagtgg gtctggaaac 1860
tcttactctc tcacaatcag cagcgtggag gctgaagatg atgcaactta ttactgeccag 1920
cagtggagta agcaccctct cacgttcggt goctgggacaa agttggaaat aaaataatga 1980
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<210> 23 <211> 1980 <212> DNA <213> artificial sequence <220> <223> M co
<400> 23 atgggcattc ggaggcggtg gagaat ggaa gaagttgact ttttcgaagg gatgagtatg
gat cgcgaca tctcactcca ttcatcgcag agccagagga ggggagacac cgcggct act

gacgt ggggt gattacatcg accaccaagc. ggcacgtgcg acggacgccc aggtgct ggg
gaggaccaga cagaagtggg cagcat'gagg caactgcagc aaggcttctg aagagccttg
aagttcaggg ctcctcagtc gggaggggtt ggttcaggcg gcaatcatgt gtaagttaca

v/ scHLA- A2/ tgggCttcgt gat Cgatcca agtcaaattt tactgaagaa actggtcttt
cctgccgtgt tgggtggCgg tgaggtattt tgggctaCgt tggagCCgCg ggaaagt gaa
acaaccagag cggactggcg ccctgaaaga acaagtggga tggagtggCt ccaaaaCgCa

CCCt gagCtt cccaggacac cggctgtggt gtttgcccaa agtctgggec gttactcatt

agtg g’;;g igg@aggccac tgacatctga ttgactactg gcggtggctc ctgcatctcc

t gcacdagoi apnasSl (scFv) gtttaccctg gcgtactcca cctgaattgc tggagagaga

ct at c¢238* g agadticaahtsgaegrgaagCggC Ctt CaCat CC ggacgacaCg ggCgCCgt gg
ggcccggpea cgaggecggt cttCCtccge ggaectgege ggcggecccat cCgCagatac

Cat ga22B:aC MDeECHOCY2 (RFagCiarg) Fugdivrgpedbtedin .gcccct cacc t gagct ggag

cact ggehac ,acttattact attaaCtgta agactctgca gggccaaggg tggcggtgge

atgggcatic tgggcttcgt gtttaccctg ggcggaggag gatccggtgg cggaggrtca 60
ggaggcggtg gatcgatcca gcgtactcca aagattcagg tttactcacg tcatccagcea 120
gagaatggaa agtcaaattt cctgaattgc tatgtgtctg ggtttcatcc atccgacatt 180
gaagttgact tactgaagaa tggagagaga attgaaaaag tggagcattc agacttgtct 240
ttttcgaagg actggtcttt ctatétcttg tactacactg aattcaccec cactgaaaaa 300
gatgagtatg cctgccgtgt gaaccatgtg actttgtcac agcccaagat agttaagtgg 360
gatcgcgaca tgdgtggcgg tggaagcgge ggrggaggct ctggtggagg tggcagegge 420
tcrcacteca tgaggtattt cttcacatce gtgtcccgge CCggecgcgg ggageeccge 480
Ttcatcgcag tgggctacgt ggacgacacg cagttcgtgc ggttcgacag cgacgeogceg 540
agccagagga tggagecgeg ggegecgtgg atagagcagg agggtccgga grattgggac 600
ggggagacac ggaaagtgaa ggcccactca cagactcacc gagtggacct ggggaccctg 660
cgcggotact acaaccagag cgaggccggt tctcacaccg tccagaggat gtatggctge 720
gacgtggggt cggactggceg cttcctccge gggtaccacc agtacgcgta cgacggcaag 780
gattacatcg‘ccctgaaqga ggacctgcge tcttggaccg cggcggacat ggcagetcag 8B40
accaccaagc acaagtggga ggcggcccat gtagcggagc agttgagage ctacctggag 900
ggcacgtgcg tggagtggct ccgcagatac ctggagaacg ggaaggagac gctgcagcgc. 960
acggacgcee ccaaaacgca catgactcac cacgctgtet ctgaccatga agccacccty 1020'
aggtgetggg ccctgagett ctaccctgcg gaaatcacac tgacctggca gcgggatggy 1080
gaggaccaga cccaggacac ggagctcgtg gagaccaggc ctgcagggga tggaaccrttc 1140
cagaagtggg cggctgtggt ggtgccttct ggacaggagc agagatacac ctgécatgtg 1200
cagcatgagy yttigcccaa gocectraco ctgagatggg agocttccgg aggtcaggta 1260
caactgcagc agtctgggcc tgagctggag aagcctggcg cttcagtgaa gatatcotge 1320
aagécttctg gttactcatt cactggctac accatgaact gjgtgaagca gagccatgga 1380
aagagccttg agtggattgg acttattact ccttacaatg gtgcttctag ctacaaccag 1440
aagttcaggg gcaaggccac attaactgta gacaagtcat ccagcacagc ctacatggac 1500
ctcctcagtc tgacatctga agactctgca gtctatttct gtgcaagggg gggttacgac 1560
gggaggggtt ttgactactg gggccaaggg accacggtca ccgtctcctc aggtgtagge 1620
ggttcaggcyg gcggtggctc tggeggtyge ggatcggaca tcgagetcac tcagtctcca 1680
gcaatcatgt ctgcatctcc aggggagaag gtcaccatga cctgcagtgce cagctcaagt 1740
gtaagttaca tgcactggta ccagcagaag tcaggcacct cccccaaaag atggatttat 1800
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aggggagaag
at t gaaaaag
at agagcagg
ct ggagaacg
aagcct ggcg
ggat cggaca
t cat ccagca
CaCt gaaaaa
ggagccccgce
ggggaccct

ggcagETc(?ég

t%f@t?

ccagcagaag -fusion prot.-ggcggaggag aagattcagg tatgtgtctg
tactacactg actttgtcac ggtggaggct gtgtcccggc cagttcgtgce
cagact cacc tctcacaccg gggtaccacc tcttggaccg gtagcggagc
cacgct gt Ct gaaat CaCaC gagaccaggc ggacaggagc ctgagatggg
accatgaaCt ccttacaatg gacaagtcat gtctatttct accacggtca
gt caccat ga tcaggcacct emm gatccggtgg cggaggttca tttactcacg
ggtttcatcc atccgacatt tggagcattc agacttgtct aattCaCCCC
agcCCaagat agttaagtgg ctggtggagg tggcagcggc ccggccgegg
ggttcgacag cgacgccgcg agggtccgga gtattgggac gagtggacct
tcca at gtatggctgc agtacgcgta cgacggcaag cggcggacit
8%33@5%Fawgggcégsgrg’aaw&gaﬁeegem@agw@%wac ckB68a

agccaconhgtdigaced@ateng) Caf@Rb R0 9CiREFHY0FEcal GaC etdctgdgyatl BRec

Jagcc B Do e PR g oflayhila a diadhn Hsti g ayio

gagccat

gggt t acgac
cagct caagt
ggtcgcttca
gct gaagat g
gCt gggacaa

ccgtctcctc aggtgtaggc tcgagctcac tcagtctcca cctgcagtgce
cccccaaaag atggatttat gacacatcca aactggcttc tggagtccca

gt ggcagt gg gtctggaaac 1860 tcttactctc tcacaatcag cagcgtggag
atgCaactta ttactgCcag 1920 cagtggagta agcaCcCt Ct CaCgtt Cggt
agtt ggaaat aaaat aatga 1980
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