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| nvention The present invention relates to nethods for the construction and

expression of nultiple YYGkFRETPRE/STROPHAPRERES and their conpositions.

More specifically, the invention relates to fusion proteins conposed of
mul'tiple cytokines and '"a targeting conponent, and nmethods of using the
sane for the treatnent of diseases such as cancer and viral infecti-on

Background of the Invention 'I;heeﬁ%gtullgkgﬁlﬁg WO.r ks controlling the imune
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turn on-and gifs atppﬁcaftiUH Elalxﬁ)p&le %EnelfWG% genall RoZ6b/ ﬂﬁl d24 filed August 9, 1999,

the disclosure of whrch 1s herein incorporated by reference
h Field of the Invention
The present invention relates to methods for the constructlon and expression of multlple
-"5.  cytokine protein complexes and their composmons More specrﬁcally, the invention relates to
fusion proteins composed of multiple cytokines and a targeting component, and miethods of
using the same for the treatment of diseases such as cancer and viral infection.
Background of the Invention

The regulatory networks controlling the immune system rely on secreted protein

10 signaling molecules termed cytokines to turn on and off the ﬁrnetious of immune cells as well - |
regulate their proliferation. These responses generally involve rr'mltiple cytokines that act in
concert to achieve the desired biological effect. Certain cytokines such as interleukin-2 (IL-2)
can induce immune cell proliferation by themselves and can activate other functions including
secondary cytokine: secretion. Another cytokine, interléukin-12 (IL-12) [revrewed by Trinchieri,

15 1994, Blood 84:4008-4027), can induce proliferation of certain immune cells and induce another
key immune modulator, interferon~y (IFN-y). This induction of IFN-y is a key acuvrty of IL-12,
although IL-12 has other important activities that are IFN—*,r mdependent Since IL-12 itselfis

. induced at an early stage in mfectrous disease situations, it is thought to link the innate and
‘acquired immune systems 7 -

20 Many in vitro studres with both' mouse and human immune cells have shown the
importance of cytokme combinations in the development of optrmal immune reSpODSCS For
example most T cells do not express IL-12 receptors (IL-IZR) until they have been activated

 with rmtogens or cultured in high ooncentratrous of IL-2 [Desm et al. (1 992) 1. lmmunol
148:3125-3132). Once the receptors are expressed, the cells become far more responswe to IL-.

25 12. Furthermore IL-12 mduces IFN-y transcnptron, but lFN-y mRNA is degraded shortly
thereafter. ln the presence of IL-2, the mRNA is stablhzed, resultmg in a dramatrc mcrease in the
amount of IFN-'y produced [Chan et al. (1992) I Immunol 148 92 98] In other studres 1t was

: found that the cytokme combmatrons IL-3 plus IL-11 or IL-3 plus Steel F actor had a synergrstlc



regul ate their proliferation. These responses generally involve nultipte
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. The half- hfe of IL-2 in the circulation after bolus i mjectmn is approximately 10 mmutcs In

| stnkmg contrast to thesc pharmacokinetic properties, the circulating half-life of IL-12 has been
reported to be >3 hr in mice [Wysocka et al (1995) Eur. J. Immunol. 25:672] and from 5-10 hr in
: hl.;mans [Lotze et al. (1996) Ann NY Acad Sci 795:440-454].
This difference is thought to be due to the relatively small sizes of both I1.-2 and GM-
CSF ( 15-25 kD vs. 75 kD for 1L-12) allowing IL-2 and GM-CSF to be cleared by renal
ﬁltratwn Proteins Wlth a molecular wcxght of less than about 50 kD are cleared by renal

e ﬁltratlon Almost all cytokmes are smaller than 50 kD and undergo smular rapid clearance by

30



20 conbining two potentially synergi stic agents in vivo, especially when
there isthe negd to -maintain a fixed ratio.of activities of two agents
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pro%(r;hrty Thus, Fc-X _fusions are expec ues I ncreased
ser havsed (¢ #Fogiegion in 2 ForX cewfigueation. and @n rqsnltlng fuswns have much Ionger

. serum half-lives. However, the serum half-lives of two different Fc fusions wiil not generally be

identical. Thus, when delivery of two different X moieties is desired, co-administration of two
different Fe-X proteins will not generally be optimal. |
Under some circumstances, a better approach 1s to target the effect of the cytokme toa
30 cell surface antigen by fusing it to an antibody (or fragment derived therefrom) having
specificity and affinity for that antigen (Gillies, U.S. Patent No. 5,650,1 50; Gillies et al., Proc,
Natl. Acad. Sci. 89:1428) or by linking a protein antigen and stimulatory cytokine via a peptide
linkage in the form of a fusion protein (Hazama et al, Vaccine 11:629). While antibodies



the liver, without the deleterious effects of ADCC and conpl enent fi xati on.
Lt has been denonstrated that many different proteins with short serum
hal f-1ives can be 25 fused to an Fc region in.an Fc=X.confi.gurati‘on,” and
theé resulting fusions have nuch longer serum half-lives. However, the -
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of the conponéeordingdkprrespécn oftht investionah it fdeioh4lifigord SloRpe aspect of the

“inventio . i ct.i,onal si on protei conpr.i sing a pol ypeptide chain
def i ni ng@%%‘ﬁ?%%%‘%?%”%ﬁﬁ aF’e‘é?%BWg("‘Pé‘j’{““ﬁf’&r]?b‘%@ region (J@), 2 fist ev%/v@ki ne (Cl)

selected fromthe gro

and d5secpnkine (CTf2ad e nécond, difi@ert vtk HRk{edl), \Wheta] é&idslgi Sid @ 5321 d O and
said C2 ggigczrran ed jn an N to G termnal direction to produce a fusion
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- A - CBy a(orimuld3electell Srom the grouft Bshsistihd b @) 15— 64 -d. iy Mhefei p,a dash
represents q%onl yéeegtei dgmbqngmgél aspjsit)lfl%/)ﬁfeﬁll%egl i%%(gl}).d\goigﬁe\%’o Anot her
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l east a fihgest fusion protein conprising a first cytokine fused to at |east

a po éion of an i nmmunogl obulin Iight chain, and a second fusion protein
conpfTsing a d@ebacaspei bf be énentiayis ekiutifufistivest fretcialcomsRE coRpRid | on of an
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immunoglobulin light chain, and a second fusion protein comprising a second, different
.cytokine fused to at least a portion of an immunoglobulin heavy chain, wherein the first

and the second cytokine is selected from the group consisting of IL-2, IL-3, I1.-4, IL-11,

25 IL-12, 1118, GM-CSF, or IFNy.
Disclosed herein is a protein complex containing at least two different
cytokines. The cytokines could be in the same polypeptide chain or corm.f:ctf:d-b}r a covalent
bond such as a disulfide bond or a bond formed by chemical crosslinking. Alternatively, the
cytokines could be in a stable, non-covalent association. In some preferred embodiments, the
30 ,

- protein complex comprises a targeting moiety, such as an antibody or antibody fragment, that

targets the complex to a locus in a mammal.



IL-12, 1L-18, GWCSF, or IFNy. Disclosed herein is a protein conplex
containing at least two different cytokines. The cytokines could be in the
sane pol ypeptide chain or connected bym%.covalent bond such as a dl?u|flde
bond-or a bond forned by chemical crosslinking_ Al ternatively5 kbf

cytoki nes could be in a stable, non-coval ent association. In some preferred
enbodi nents, the protein conplex conprises a targeting noiety, such as an
anti body or antibody fragnent, that targets the conplex to a locus in a
manmmal . 5 FEB 2004 In a preferred enbodi nent, the invention provides a
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terninusma&whmﬂo@ﬁﬁmﬁﬂ, p40 subunit of IL- 12 with the general fornula
IL-12-X or X-1L- 12, where X is a second 5 cytokine. In another enbodi nent
of the invention, the fusion proteins conprise a second cytokine

coval ently bonded at either the am no or carboxyl termnus to a
single-chain (sc) formof IL-12 conprising the two pol ypeptide subunits
joined via a flexible peptide Iinker with the general fornula sclL-12-X or
X-sclL-12. 10 In yet another enbodi nent, two cytokines are further fused to
a protein capable of formng a dineric or nultinmeric structure, at either
the am no or carboxyl termnus of said protein chain. In a preferred form
of this enbodi nent, one of the fusion protein fornms of IL- 12 wth a
second cytokine is further fused to a portion of an i munogl obulin (IQ)
chain, such as the Fe region, that is capable of dinerization. Further
enbodi nents i nclude fusion of at |east one




15 pol ypeptide chain of IL- 12 at either term nus of a portion of an Ig
chain and a second cytokine fused at the other term nus. In another
enbodi ment, two or nore cytokines are fused to a protein with targeting.
capability by virtue of binding to a specific receptor. For %EEBI@# an Fc
region is capable of binding to Fc receptors, which are abu n the
liver. FYSPHA4%13f an Fe region with nultiple 20 cytoki NRSI/V§NREEY at e t he
advant ages of both dinerization and fargeting, but in sone circunmstances
it is useful to construct fusions of nultiple cytokines that have only

mul timerizati I pahi l.j t but not. both capabilities. In yet
anot her e%od@%ﬁ%‘?}%ﬁ%ﬁg+%% ngrf’gtné‘feﬁél cnoﬁrr%rﬁllssl?"r}’dmﬁ’ﬁ‘f‘ ETRPTSe AFSRAGHRIIS s
further foromsddLd® irewhib thetp3s aadipa® subunitarflBoNRY laret imkad byus dikelfide pabed of a

cl ass of ith diverse. 25 targeting capability, sugh as_an

ant body SN bRl Lol iind R shRRR it & BBy arbiia e 3 o
[1998] Ppétsubatit ofAEQ vEith the/génerAFord o R~ 7)-X oAXpIF 1], etbIX Breshinaent is the
f usi oQ 01:: Olgluéti pl e cytokines to at |east a portion of an anti body capabl e
of bi ndi ng A*ant i gen, such as an intact antibody, a single-chain

anti body, or m asbther centolrhent bFthe @xgietion, faisher preBRo i@t 8 sedolg byeignd USi ons
of at | east one (pgl ‘¥F%p idtg chai n of bI L-112 at either termnus of at |east a
portion SOPAROTSS 6'%‘?/' RAPHORAEOPE! EEF 1 otngl-riiigedamant gén, and
a secondcayjriskignge fwsgetlpaptideRbudisheined @4 BIBHBle phRRRNidk&GvilHant hgeabove

descripti.ons, i s,gepnerally preferred to construct multiple “cytokine
fusion pforels éir?dxglﬂ%t??“@:"ég'cyt oki ne-anti body fusion proteins by genetic

engi neering 18 yat inbBeP o diadrt USRI 2okTnkS ade @6HHA A4S0 asi:}r'&bintc%ﬁatbgtﬁe
e

conponent protejns are |inked coval ent bonds such as am onds or

by : ! . .
di sul f i dE"BERASImERRR Ry timerc siRichre,gt eithst the amipops cabowsiiepminus pireis | | nker s
Lo const pidgdn SUEN In BHRIGH GARBE MXEbodiiizhr BR! fRACREbR plfdh rRL 8P phed T

the art of protein chemistry. Alternatively, It Is so I mes s cient to
gener at eVBh 86&PrRd eBplineisdurthey fysgd fngypatiierf efraa immenaegjatwkin Mgk cheirt, luchas thaer

pr ot ei nSg¢ Rafon! AT Slpablk 8 BRARHC AV Pltihef %ﬁgﬁi ilngl%e Cy.t%\([)‘rg}‘ §t1eaft O

n
coval ent heterodi ner support protein i's use rst Ine’rs ?used to
one 3ubupdlypeptide ¢hain i dbd2 si¢ithsr terminye obmpbrigt aflan fechiain dndsesdcdnd catokiee ond
subuni t gfed hehNpiLtRMdi®.r. and the two fusion proteins are mxed under
appropriate conditions. For exanple, nucleic acids encoding the two
subuni t - cyt oKiraeothersmbadinent, évo st s @ighines gre duseditot dygrosmneitlcatdeting N thi s
way, a i i r ! ompl ex may_he nst.ruct ed,i n which
the’ companeultydy e o BB EREMR, B CRtal IR Bk Py Ssmolahty ect Iy,
To achi ebvieding® Fueppges, ofhithree aindattiiothe livér. IFasieadas Bt yegidohaith BulGfle a
conphgex -j t abl e _engu t Q. be i.nt.ai ned. upon. admi ni.styration of an ani mal
and hgc h{:@?/%negl i) t(%g|c%gran§?%eégf.§°t$ﬁgnﬁw&%aflgH’I%ﬂtlg% B BAPHESUTHRSAEPE aci ds
t hat encodastfubioennynuot fakinss afonyltipleichgkinegthaihaveldnlyBaRintybaldnbe rgether € one
of the cytoki. is preferahly IL- 12 and the fusion protein encode by

ot 3 Rl RGO

the nucl &P . . l'udes other protein noieties. Preferred
enbodi ment s ilngkimetherdifbolihieraCd flSioh Pattei® BEAHRING WRIIONS cREKih¥s REmIOT €
cyt oki neg to a dinmerizing protejn, such as an FcC :
sed at either the amino or carboxyl terminus to a member of a class of molecules with diverse
25  targeting capability, such as an antibody or a peptide aptamer with or without a scaffold (Colas et
- al. [1998] Proc Nat! Acad Sci USA. 95:14272-7). A particular embodiment is the fusion of
multiple cytokines to at least a portion of an antibody capable of binding an antigen, such as an
intact antibody, a single-chain antibody, or a single-chain Fv region. Further embodiments
include fusions of at least one polypeptide chain of I.-12 at either terminus of at least a portion
30  ofan antibody chain that is capable of binding an antigen, and a second cytokine fused at the
other terminus.

According to the above descriptions, it is generally preferred to construct multiple

cytokine fusion proteins and multiple cytokine-antibody fusion proteins by genetic engineering



portion of an anti body chai n. Anot her set of preferred.enbodi nents are
nucl ej ¢ acids that: .encode fusions of ' two.or nore cytokines to a prote| n
W th targeting capabl lity, such as’ an '20 anti'body. The |nvent|on al so
provi dés et hods fér construction of -fusions of two or mn?d es
wel | as ngthods,.for expression of such fusion proteins. Ion aI so
provi des nethods for treatnent of diseases and ot her cf'””?uw"'t?dﬁdltlons

in which treatment involves the usef@l conbination of the activity of two
or nore 25 proteins. In one enbodinent, at |east one of the_proteins has a
short ( e.teghniquess suchaat g cinpoest protsinsand lyﬂcamﬁ,ewoaaiemohwcﬂ & Gidb ®&#dst han
40 m nut | LS. @Le. fused enetic engi neer| ng
or ot her%?ggﬁ%?gl%@ang%%mlﬁgg Sgrpls%ﬁﬁo U ﬁl cé?ssé‘ﬁ%/%"cof‘ﬁnicﬁﬁ%c y, the
acti vit i @sotef complexsso Spelomethpds ae wel;bemtﬁsﬁedumthaaﬁbﬁﬁdte{rﬁéﬂeﬁxstﬁﬂd separate
adm ni str schedul es of the two prote| ns are not
required Pﬂkhﬁﬁ%ﬂ?p t%ﬁ&&%k@é}g gtff%h%ntlp%rcn‘TrF If BIOfin ¢omplexss by fusipg diffesenti n wi | I
gener &l | gylokinapwith sarmei' moteirts mmmmwmnmomau BorfSIeRAN e exinbl2. b Hen! Onger

serum hal, the N fectjve half-life of the pretein or
prot ei ns é\naH?ft F ?{EIIOQ ‘énlp ?é‘? H?Sn ?ai%fF?téytog‘”?ElﬁuS%MOWthQfghQ

PCT/ USOOh@ttintinez, a oo cypokiriefis figbd 192 sebuad isEbLai bi BOLAEBYIRAE SnlBid\ails of

i mune- t e e}lpegtu ¢ treat i se such as cancer or infections or

ot her di s6as6es. That A ‘E"%ﬁ{eaﬂ?é@l“ﬁ?el as‘f?‘é‘ﬁt Eer Wﬂeém?lmactﬂq&nwmfbkl ne

such as hteﬂlﬂ:unm-cytomhe fisioh @Roting fre @x ﬁ@cﬂﬁl tK/da ik CAE- In't
embogi nent fused, with ILﬁe_ or Gw CSF and ]g?n@ﬁ sexﬁélr?[éé to an

ani na Fytﬂlﬂprﬁﬂmtﬁ%c%’f‘m@‘r may b¢ eanstanrtedsin ahich dherpempenenait@Sesiar: datsed to | L-4

and adni covaleatlgtinked, difec bTRireilya TOWEREve th ;e;;yaé | et 12 i's
fused to,lL- 1 and adm ni st ered tyo an ani rrac;b u?rlaiﬁgmguclﬁlstnreg%sts%nts -

t he mveﬂ’tﬂf%‘r‘i BroPPlgR & table %’@“ﬂy@d’emﬁl@@mﬁumn Wbmnmmtbnmf e enidiab eias e
treat nenﬁ@uevlaabaadg@dl@ﬂectnet hods of vaccination agai nst diverse antigens,
whi ch can be used to prevent or treat various diseases. 10 In other
enbodi ment s of Pt iREEoRRIshBIGYides isled¢ adidsrtan encoye fikion potainscofrpsiethg t@o ar

di SHEGHL F f tibod d
i St g e R e At b s et 20 12 e BPlep o2t ded hods,

the cyt oRY the npeleig 261d§pﬁwam mcbadch@hﬁzpmtag mmnetmt direferrid éhbodii@ROMEEYt OKi ne

that is et other. enbodi.ments of these
net hods, ﬁ%.&vgc %ﬁ%ﬁtgﬂéﬁg% C %@2‘%??% % g’étM ‘%ﬁalfl}%’es profgin. ek ke and

are adni PArdepiag angbedy Ghmnnﬁlnother deumefeﬂmi mlmdi@feﬁa’s afthmicRidBeR]s thdrese

met hods, L-12 used t ant | body noiety along with a
second c?r%cgﬁﬁ%gxﬁgﬁ@gs{%ﬁecﬁo 1s T 48P "’I‘f‘ targeting\gapabplity;Tieh pnatent i on al so

di sAloseantibbdst.ur es of anti body cytokine fusion proteins that are useful in
treating di segses. m xtyre of an antibody-1L-2 fusion

protein and an -an eng%%lasq proy esf‘ﬂgtﬁ%‘if fB’r‘i?P%ﬁ“ﬁtl?l’sOfé%Smspét‘m@anordl sease. For
exanpl e, cydkimausarell asinfettlodis Fir@fpre®ion TudAdedid frétkind. Nf €Ction is treated.

' Thc mvenﬁon also provides methods for treatment of diseases and other medical

) condmons in whlch treatment involves the useful combination of the actlvlty of two or more

25 | | protems In one embodiment, at least one of the proteins has a short (e.g. less than 20 minutes)
or only moderately long (e g less than 40 minutes) serum half- life. The proteins are fused by
genenc engmeenng or othcr techmques and administered to a human or animal. In this way, the
activities of the two proteins are present in a fixed ratio, and separate administrations on different

o dosmg schedules of the two protelns are not required. In addition, the serum half-life of the

30 Afusmn protem will gencra.lly be more sxmﬂar to that of the protein component with the longer .

serum half- hfe, thus lengthenmg the effecnve half-life of the protein or proteins with the shorter
serum half-life.



Bri'ef Description of the Draw ngs The precedi ng and other objects of the-
present-i:nvention, and the various.features thereof, may ‘be ' nore fully -
understood fromthe follow ng descriptions, when read toget HeFEBi20% t he
acconpanyi ng drawi ngs. Throughout the draw ngs, |ike punigesriefer to |ike
struct YW@enoea2 . Figure I A schematically illustrates the fusion of two
cytokines inits sinplest form one cytokine is fused to a second
cytokine, optionally through a linker. Figures |IB-11 show var i,g‘gsé ways in
whi ch a second cyt gkine (I. .ed’ oy dskeE irinthAstherdpdutc trepmpdO&r odi meri ¢
cyt oki ne |M919sp39§@%‘ﬁfr F%éi%%%&gwg%g%%%ﬁycyf o_l%rbe c %{‘1 )lé[?ea{eld%ﬁgl 119wt he
Cter md&gécg%u&?@ chirdeg bF @fetBins of hiker dipeagssnihaf el Tff:’d’i { ale guc{e lgﬂc‘}rr@ nL h;—:
C-termnus of p35 (Fiqure.1D) -0 Nt dRUGKkRE. M3bpréemed i E). In
addi t i chainFytgkine 5‘1““5158‘5:733H‘b%\%nébléaééggﬁﬁ%ysl?gﬁngﬁfm tl‘e fusﬁdoﬂltxe? Arsicagl e
chai:n ggﬁgﬁg AleDfith IE-22r GRp&ESFland adrhipistes¢digia a’é’ﬁ%fi bk b i 7 rmmeguigs may
have p35 Ntermnal to. WMt : 26 \ahbia] Bea latmahh & ®oteY m nus
(Fi gur enibiojlinsnts; Wﬁﬁégﬁﬁsﬁj@lﬂﬁ%%ﬁ%’%ﬁms 15 FER 2004 PCT/ LSO/ 21715
Al ter nat jvi 1&[( ot SO 6 AEBE@iTLIIS-ahd adminstaredto apralineh O N°TErm nal -t

cyt oki e A € C-termnus. (Fi gw'easle@ca cnt By Aditn! the PS&tionptovidehe second
( Fi gur ecad e 2@ddo lsemaipae 3'111? Fow rmﬁii ple-cytokine fusions (boxed)

depi ct ed %st':clquﬁ%&mltio il divefst Btigehs sdithrcgn Betged 19 BEYFHOTFFL1 "ant i body |
shown h&FE°3s a |ngeH(%§i), a CH () Specifically,, any of the eight

nol ecul giseasés. Figure | nma be fused to either the C-term nus (F‘ihggrgce 2A) or
N-term nus gﬁi(,%%rr% g&ﬁh&eh&fbfﬂkb&nz‘:ﬂm&tmdefgomé:YE%}“%?‘ef‘ﬁé e P&gion. In

Cyt dRine and™Secon cyt oki ne (eagh %@iﬁe%) &Hc?&gag&ginig@gcﬂb@ﬁeﬁiinﬂc&ttached to
each ot beitein buiety anclins thohhEgo8@* th g1 Ei gur es 3A-3G schenatlcaaicl’r% show a
uc noiety (Fi ureet%%d FRsehetibds, the cymiime T 18/ fappddo HEIFE FIH2 XM Poki ne
fusion 5‘ i ah‘gy e urther fused&tmg2 a'b}\izl-'ﬂfs%‘:t I mmunogl obul in such as
an | gG vwihe: deednd aytukine thatiewpepreieaty e A 5noval | abel ed VH, tt}gaki ght
chain al =V 120 Ol BRBbAMeMHS of &b e nio diffgyersiestolines a5¢ fised B ECt A

mul tiple cyt Oown as an oval _Figure L nma cad mbtheds, the
G-t efgm ngagb&d ,h{mha&n'mimﬂwaé@@?ilﬁ‘rﬁ"%' H?Béséfé?%figé’d | n(?!(l henalvy chain

Figure 2B (Figure 2A), t ' 6o dritien econheyigkinedhaHSTBRC of ¢ h
(T S o e phrby mptpms v e o "The

. e 2Q)... oI - ShdkineUEsiod t he
I'n addi t;%r@férabl)fwzoﬂﬁm-ﬁﬁﬁ. &b@lhﬂﬂﬁ@néﬁﬁéﬁﬁlpéﬁsmeasgﬁ%glbg%)t ﬁt\e N Ylways in
ir .

whi ch a PT1ET and second e ol o dcionn afmishe: dfsaey et it ght

fusion protein and an antibody-1L-
70  cancer, viral infection, or bacterial infection is treated.
Brief Description of the Drawings

12 fusion protein is used to treat disease. For example,

- - - ’ f,
The preceding and other objects of the present invention, and the various features thereo

may be more fully understood from the following descriptions, when read together with the

accompanying drawings. Throughout the drawings, like numbers refer to like structures.

cally illustrates the fusion of two cytokines in its simplest form: one

3 1A schemati .
. Flgum B-11 show various

is fused to a second cytokine, optionally through a linker. Figures 1 . .
" ways in which a second cytokine (labeled 'cyt’) may be attached to the heteroduneflc cﬂo@;
IL-12. Specifically, the second cytokine can be fused to the C-terminus of p40 (Figure 1B), the

N-terminus of p40 (Figure 1C), the C-terminus of p33 (Figure 1D) or the N-terminus- of p35 .
. ows how a second cytokine may be fused to a single chain

‘ i iti i 1 sh
30 (Figure 1E). In addition, Figure | ' )
version of IL-12. Specifically, single chain TL-12 molecules may have p35 N-terminal to p40,
F) or the N-terminus (Figure 1G).

with the second cytokine at the C-terminus (Figure 1

cytokine




are shown in Figures 3E-3G Figures 4A-4C schematically show how a first
cytokine and a second fused.tq a "singl'e-chai.n" antibody-in which the ..
vari abl e |igbt..and. varia cytoki maybe 20 fused,  and the prlot:ej,: i 5
expressed as a single polypeptide that th n bo heavy chains "'aYEB 2004
Specifically, a nultiple cytokine fusigon may be placed at*¢HESqURams
honodi meri zes. termnus (Figure 4B). I’n addition, the first cytokine and
second cyt Umdnghkhaﬁlgilﬁg%ge{c}{]&éﬁ gure 4A), or the N n, the a first
u

cyt oki ne b at t ached, Haphave pénNatad h.the - -

si ngl e-chg?g %ﬁ%&%ﬂ%‘eﬂnﬁ% (Figsaty 1HpohyNGELGUT €,.4C) .%@gﬁ%é"“@%ﬁse&cond
schemati cal |y Sfigwed®mne séiiehkic tgki ne and a $e8¥KdDs fused to a

si ngl e- chaigyEY %i n_consi st %’S wamltMMi@ﬂlgi%t bchaud'f)n'. of the

fused yari a%llr_e regi EnEebiusedte au e edpminhra g SpeC] f i ca \PS5ed) degieted in

cyt oki e-_é’omda(dﬂagwngjrﬁ(@, or, t he N—termﬂ_ SS?WWWm e PURGRY At -

the Ctermdls o AceH. not be dirte Fylcaily.aon efthe b hGH&e&) I({r}ﬁa dition, The
irst cytokine an s@Rigne 2 Lconnect e roug . ayxlehai n

first cytokir e dermigusRig ,gg}m ¢ q thr OGoT HHaEwE dghay twhai
Fv noi et ya‘{qm‘%ﬂﬁfﬁtg%%e%ﬁbﬁ%nd 61 ;sho%"h"é %@Obﬂtmeagib&-.ﬂg-and -
IL-2 in b%cﬂgﬁ]%nbﬁeri hera SW%K@ﬁwbleh)"m@)qlelg@ngtI%e L nduction o f Y

cel I's (PBMVCs) In°Peap ﬁg@nbﬁedmuggg@rr?%?.g@oki nes or edfrﬁg'b%hﬁiai ns. In
Fi gure 6A , erl?igﬁréseﬁsz_ggsgﬂek_nh.hlﬁnan | L- 1'% Siirg 2Quar es) or after

phyt ae LyLinin~ activa Eoia ¥ Rhay 2 subserof thh wa 811127 l.L- 2 fusion protean
before (dr amoRd&jR By baOuBldr FRQA 2 £ REGT;US00/ 2171578 fp 2 Irtindvertekig ut i ni n
acti vat i ehaift ¢V regibgtQfdwn Fi Qure 6B sﬁommﬁ?f“%l‘ﬂlé‘hnnmmasbﬂlg@i ﬁel s were
treat ed % a_mi xturew%?sﬁ%Lo-valllﬂb%dJ\éHthcﬂg}ﬁ%%gVirQ 2 11" mofar Ta¥io .
(bl ack _dp% LR ES é,mdd@umnré‘g%nglﬂelb -1 L-2 fusion prot & i E§heyn egamoeg), and’
human ankjghady; L1 2-1L-2 fusion r°8?‘éiﬁ¥r(ulﬁ;ghéyt@(u@é/ﬁlgig a&qges . The X

axi s indicate mtﬁgeE]G?F@éﬁﬂmﬁ-ieﬁﬂinQéoﬂtﬁgqaﬁvi [, whet h’e At as an
i ntact plevesiminFigse 25 g% rotein. The %?%Wm)cﬂie%téﬂf-ﬁmg of

congeant r@ﬁl_]{%%j(dpn n /m’ﬁf’, Fﬁﬁ%@ﬁm@ﬁ@@@j&“ igure 7/ Sdde a
typical IL-12"D E%‘é%ﬁ%ﬂ thhaddisep et pl Y, Basur es _actli/(i)rt'ge tepminys bHthe

pr ot ei ncawld beeapaﬁﬁfa&ﬂgh%d% 6h1%§$ ag}‘i{c;i NON- TS 8dWhith 4 firsrmh @ Sdab ey %Fi s

depi cted i g.the _stinulati - thryainichf 12 HRhAKS ;0f human P n
responsgretsgo‘?%ﬂ%&"Fﬁ&zG(whi te 10 circles), ?o a ﬁil‘%{'qﬁb@u@ﬂhmﬂdfh&sé L-12
plus |L-2 adFiggret # L molar ratio (black squares), to nurine IL-2
(white 'aatﬁ%lﬂe_s) ,A%r?ésc%waé‘ﬁalg’rﬁlpﬁd)dyﬂrﬂmbﬁshhgﬁ-I L-2 fusion protein

(bl ack ~ di afmdnd8sle-caa” tidBaFiniLGAL €. %lhe. concent 52 beyteling mag bsononer i c
cytki rfeenl) andihep gk, . present as an 1 M4 ¢ lightend variddle a9 f4Si ON Protein;
the y-guiscindicates égﬁrﬁﬂse‘{#siqwaqﬁl)@@mma@ﬁwn'hncor_porat | o{?ﬁ are

Cifically, a multipl Omodimerizes,
terminus (Figure 4B),

e cytokine fusjon may be placed -at the C-

.y terminus (Fj
In addition, the a firgs eytokine and secoq gure 4A), or the N-

need not be.dlre 1] ) cytokine and .
50) Cly attached, but can be connected through the single-chain F Se(.:_ond cytokine
an ¥v moiety (Figure
Figures 6A and 6B |
show the Synergy between I1.-12 and IL-2 in the jng i
uction of JIFN-y




15 Figure 8 shows a standard |L-2 bioactivity assay. The graph shows the
stinulation .ef. nouse:CTLL:cell-praliferation, in response to nurine |L-2
(circles), tean antibody-murine IL- 12-1L-2 fusian protei n é(rirl ds), and
murine 1L-12 (squares). The x axis indicates the concentrati E%p ¥ of

rmnorrerigveg%m&gg ne(s), whether present as an intact pree@iudeddizigs a fusion
protein. I's were incubated in nedium contai ning vari ous anounts of

cytokine or fusion 20 protein for 48 hours, then assayed for viable cell
number using the MIT/MIS assay. The y-axis indicates the absorbance at 490
nanonet eiffer piivtotitiiagglofinit pétlvaridn (Etangled)y F{guld) 6B fliogid 2@ efpetintans irl Winicls téllsul at i on

of 3Hthym di ne, upf ake by . B in . respgonse to. rine JLL 12 (white
circl es)ix’erﬁge%fe GF‘E"%‘%@ mﬁgﬁﬁﬁﬁ&%ﬁ&%a Ei_-"fﬁﬁrcf&té%l@l%&éil%min% lar ratio
mu (bl ackurfdn/FelIes)2- 1L DfiioRprotdie (drey Firdies) Lmd haindn hntibbady-11L-12-1L2sfusionpr ot ei n

(black triangles), and to 5 rine. single-chain IL- use 0 rine
[0 57 bl Bl g ey Theak s I Caiis Coneparaton o it ¢ 3t PR CH b
NDNONBT | Grefert Ak HRh protdih 81 LRI fufl6LHBRIn. The FhxisNhdicdtedIFRL-LEdhcOitrafidn &inf USi ON
protein; the y-axis indicates cpmof tritiated thym dine incorporation.

Fi gure 1ug'mhowhick as asapd PYELSA-of 3H t hyni di ne uptake by human ‘PBMCs in

response to I’T%Urie'?%hddfs' iCE 118 bidabse) B0 sepdrfteR thdashid§ Bctiity Bk iikgod L- 12
plus GW CSF added in a 171 nolar 30 ratio (black circles), to murine Gw CSF
(bl ack t pioteingandspmparasiit tosthaief rpn-frsed - Mmplsenle. (What Js dspictssHs fhigsi on protein
(X's). T i 3'_%!] Ga GEp kPR rmgq@ngrc",gu—

cyt oki ne%lgﬁu%ia%é)?h%r prglglgﬁgt;%?fgﬁﬁi nt aﬂéggpro?@%étgﬁﬁ%s a fusi onteprot ei n;

t he Y0 axcisclishdd g atxureof muring 1L+ 13 plisiflediaddad i 2} : hsnolasaetipblagk sgiares).50 FEB 2004

PCT/ US00/ 21715 j ﬁ%g ) el fnbi = OV Pliipg- cyt oki ne
f usi on pénc%?ﬁ%ﬁ‘él{af{e%qe%%l%# aﬁ%&dggﬁgﬁgﬁgggﬁégﬁﬂgush{ unor s
derived #iamonds).2Bhechoin irdivates thewancertidtion (1} ofwmeeromesin giriokimetsd whethex pr ess
human EpCAM .t he .antigen fo - ) o I ndi t unor
Vol unes: PROGH S0Rar Hgre of by APl Qe L ARRS, LR bE Rk Gl RpAtRe 13
and 4. Sintodparagbres i ndi cate average tunor volunes in mce treated with 6

m crograns of . .KS- | L:12-1L- 2, ares_.indi ca average t : . in

T celfr oat ed TiERR 5304 i G Shat) Beh 1fe BGh il HERGmUBLATRE | T 1,
| ntrat ur peog CTII &titprelifsraue, tn egohertorathrind 162 feimldsy to adantvodp-nivnee lunber
of days d.follow the first .injiect)on:; -axi s indicates the
aver age i%’ﬁgi%lw RIpfeTy (Hg&%‘?% and P\“FP‘fnit[‘éfzts{sq%esig:i&f’{)éa’Tﬁ micas %fehe ef fect

of anti beghteiskiol (PM)y hasingEe E6HiIas) DrliRE Prebent ad areintacoproteRCdAs mifoson

beari ng subcut aneous ,tunor,s derived from C[26 col on carcj.nona.cells that

were  enBiofderedlisireipphated imMAGATERRARANE RURHS RO U 9F £YPRng GESI9R ¢ unor

Vol UBBS bidtdth £o2 48 Rars, tHE Bsdybd RE VRaBle bEIl MuniBBudsy GeMTDIAMTD a8 YFhelr-axis 2,
3, and 4. Triangles indicate average tupor_ Vol ames inmce treated with 6

mi cr ogr afgicates (s absarpance at 490 nagometessiniupils fpplcal %‘F&éé‘gpﬁrmr 15 vol unes in
mce treated bR odndwiinesREtRAS APHKS bR uatke By Rufi PRI iBregforkStol L 12.
Intratunoral 1njections were perforned. The X-axis indicates the nupber of
days el apuige 152 (whifersipclepletora mixturg ofjretring dler12 plvs l-2added inrl :L aodas rathe
average W&Eﬁrcir‘éﬁk)‘ﬂ{l}’a ljn&'iﬁé%#s%éig-éﬂairl-ﬁtﬁr—ﬁﬁ fusion protein (black triangles), and to
25  murine single-chain IL-12 fused to murine IL-2 (black diamonds). The x axis indicates the
o _concentration (pM) of monomeric cytokine(s), whether present as an intact profein or as a fusion
protein; the y-axis indicates cpm of tritiated thymidine incorporation.
'Figure 10 shows the stimulation of *H-thymidine uptake by human PBMCs in response to
murine I1L.-12 (white circles), to a mixture of murine IL.-12 plus GM-CSF added ina l:i' molar
30 ratio (black circles), to murine GM-CSF (black triangles), and to an murine Fe-murine IL.-12-
| - 'GM-CSF fusion protein (X’s). The x axis indicates the concentration (pM) of IMOonomeric
cytokine(s), whether present as an intact protein or as a fusion protein; the y-axis indicates cpm

of tritiated thymidine incorporation.



Fi gure 13 conpares the effect of antibody-cytokine and - o
antii body: cyt oki ne=cytokine fusion protein treatment of mce bearing. = .
subcut anecus tunors of Lewis lung carcinoma (LLC} 20 cells that were .
engi neer edwtl(’)uexpr ess human EpCAM Di anonds indi cate aver ager f 4! 7k vol unes
in mce that Wef'é injected intratumorally with PBS as copgi S days 0,
1, 2, 3, and 4. Squares indicate avepage tunor volunmes In mce I'nhjected
intratunmorally with 20 m crograns. of ""KS-1L2 on days 0, 1, 2, 3, and 4.
Tri angl es i ndiKigire1 pMRfa volumes in mce injected i 2tratunora y
with 20 ngég rﬁﬁs of Ks-glﬁéfgégo[ 5“’&‘%& Yocytakine cytokinefudion prowis treagiemaire
average 25°% ?b%P&ﬁ'é@uianequcmbmjdeﬁﬁCfrdn@bmHJI@{%,&W th i,?
m'crogramgﬁfeer&&o]e&epégsﬂdg;aﬁg},@%gy@ 0.1 2 3 and & a ¢elly that were

i ndi cates, t he number of days el apsed FoFnde ﬁﬁ@'lf%e‘?»lédknﬁarndmajgamﬁda%vegagg
y-axis i nUPeaYelunssiemigedhat gerd injerteduBtiLIPES wcd;,gpjsgnqy i li % rs. Figure 14
shows iherﬁél@@ﬁ:di@ite%éq@;gbp%/toki ne- cyt oki ne fusr o protern@idbat ment of
m ce be'a‘rs q%%eéﬁ@ﬁ%t an;zé)g uno %uﬂﬁl‘r’i %ﬂ“?ﬁ@#wtbﬁhécrb%tﬂgs efKsimangy gel | s
t hat wer e ayaakettanenlanss i WTBL i, anonds i ndi cate average
t unor vol'mimgrajngoﬁkgg['ffaﬁ]mwere i.nj ect edga\?ﬁth bgénﬁg"%’&ﬁ’t‘“‘r" K&-1b3 agb§3 0,
1, 2, 3, and 4. Triangl'és |n%f“@é?é@ﬁ‘if@ﬁ%@’émtmrfgmedvdhuI%E&isiumiga’tgsqhgreat ed
Wi th 20. THPEFSE Aameslapsediieiidving th first idjec @{ee)s_?ji ndicate averse tunor

vol unes ivglumcqlgmﬁ)%qg@ﬁq with 11.5 m crograns "ot Ko §#ss b gveragertpmen g
grarrip of K\i}%l’.‘léﬁ -FEE)_QO&O&: WD. 01/ 10912 PCT/ USﬁO/ 215%5 I fl gt r at ulrmral |
I nj.ecti ons igurp @2 Slorwsethe effdte oRaitbbdv-LAdLGat.eS, .t hunber_ o ays el apse
fol | owi nngIB"ﬁijeibEaﬁ-hgisn[%, eg:ni on; t'hPeSé;%hl g@%&“@é‘%ﬁ“{%é’“&%ﬂ&@f@e@lﬂfor ,
vol une in cubic nilPirTEEPEousu cuBedfionCIRb @okoh taGinoRk cells that were

ant i bodyengjreoted resxpyesOhinte Kiesh 0N mmgg#sqnﬁgagat ment of mce bearing
subcut anﬁ,gllé%-écltleréo&ig’l%ed from Lew s T ung taftrss mergioluses iramiceithaner do
or do 5 not expres MEFORpelam dBysei, 3o ands, Tﬁﬁig&aqmi@aygg‘g%gegﬁggr '

I ndi

vol unes Yolumesdemivearehegwith 6GhKSA el | s, [Black dianon cate
aver pge ‘;0&%1'%) .volumes in_mce g%é%ﬁ%%f%%&%q S %y Suarehivdisate Waagammner

treat'ed W Si’bmf?F&eﬁﬁ‘i'&%3eﬂfmi¢82grmnia€Kﬂ-ZL@&1djﬁymé}0%ém 81, aNd 4.
Intraturiouahmbmjiﬁi@&ti&;@%ewe%o%g@o rreed. The_ x-axis indl cates 2 nunber of
days el q,gﬁ'ed ; ‘fvhol‘l owi_'r}:% the f1r.St I BeLF Giicaten theyrumbesofidagk ddagsed t he

aver age t.ungPe U fipstaigchion: the E—anislihdibdtés&h@avelé%clﬁ;;%rvgh%% Shaws Bﬁv‘ﬁa ef fect of
ant i body- cyt BiguRq3erhpkkNf feh%&m}fgﬂ otein treatnent of = M ¢a° MRy
subcut aneous tunors derived from W@YT%f@éﬂéhm-cﬁbhﬁe-cﬁbﬁué 106
cel I's - WY ATOlfia fregiment afanit @ hexring lsibothnbilg t&nogo?ﬂaﬂldz i ndi cate average

t umap veélum“ieféeggﬁg‘gfdmeg{e. S@gare i ndi cat e average fAGIomsItbhes in

m ce th%lu@@f‘ pr_ee;%lhous y hag su ‘E"aéR—.thM— iamonds intti¢ate/Bdrat QadeeW S | Ung
carcino Hnugdihet were Bjengl iR QGRE humgn 15 EpCAM and had
been Cus@ﬁr&findirﬂf‘esa%}ag rs g% treat men v@mﬁﬁ%ﬁoﬁﬁs Rﬂg?ysf’hb%@mtldé.-

i ndi cat-es the nunber v H"&ﬁé%@lqeowb@m hlgamhﬂrdll@jvﬁﬂijoq{?{,cr&lgpa‘?nsy axis .
i ndi cat BS-IERen daye0abye, 3 tandar mahgg@i.ﬁ'd{ba&%%% % iliters. Figures 1/A and
17B showmm‘)gﬁ{,g%zgf single- of nultlple-cyt oRIhECINmes wimicemjacetli on by
tumpr cells on the &bITfP "chKeg-I:IéBIOQdamsm,d;mj,gﬁa)({_sxisqmﬁ&t@merrgagle with a
nor ffal fmeuvRiusessn aiice Inyected intratumorally with 20 micrograms of KS

23, and 4, The x-axis indicates th

et
—pade

-IL-12-IL-2 on days 0,

3o e number of days elapsed following the first injection; the
y-axis indicates the average tumor volume in cubic milliliters, ' |

30

vere inje | , 1,2, 3, and 4. Triangles indicate average
N - - - V . a e
‘volumes in mice treated with 20 micrograms of KS-I.-12 o

: ; -IL-2. Squares indicate avers
volumes in mice treated with 11.5 micro 0 rage tumor

grams of KS-11.2 and 18 mi'cro_grams. of KS-11.12.



20 I'n Figure 17A, four sets of mce are conpared: C57BL/6 micé injected. s.
c. Wth 1x106-LLC tumyg; cells. (black. di anonds).; C57BL16 nice i‘njected. s. .cC.
Wi t-h 5x106 LLC tunor celTs {whité ~di anmbnds); C57BL16 mice injected s. c.
with 1x106 LLC tunor cells expressing sclL-12 (black trbahifl é8y;: and =
C57BL/ 6 @) loff ected s. ¢c. with 5x106 LLC tunor cells LAg sclL-12
(white t?ibgﬁédlggs). Figure 17B conpares C57BL/6 mce i angg‘{i{asgﬁzg"n@C' wth
1x106 LLC tunor cells 25 (black diarionds); C57BL/6 mce injected s. ¢. with
5x106 LLC tunor cells (white dianonds); C57BL/6 mce injected s. c. wWth
1x105 LU@rdtemuomrl iojeblionsevepe pgfirmed.sThe x-ids Indic2tes e ajmbarud dayszFpeli6 i ce

I njecte - ' .5x106.LLC tunor. cells expressing, scl.L-12 Lte

circl es%?ﬁamgg th\éﬁ-ﬁ%g frgécﬁlr?& tI(l:-lgl éaglsr%%%?s% ' fa\a?gg EA R luF}?j"éE‘gql%‘g?}ll\@fte‘F'he t unor
cel|'s. The yFuxresls shdivs dteetfetting ahtifmay-cyiokineeptokine Cusbinprotein/tiea®iepr . 30
Figure 18 shows the effect of single- nul tiple-cytokine protein .
Gedreri degb e hbGuhdoRE hurfrs R Fom e b, Borkinfb Sl W PRt @i 1 1 an
i murfe- def éxpresnburani BECAMT Blackfsquatesindicatapeerae tSebivolings in MiRetkaigS. C.

with 1x umoy, cel | | ack dji anpnds); SCID mice injected.s. c. with
106 1 LA R i, Bt frortts HERCHS Y i ool Pl LR PN b i o
5 FEB 2Q04-deivedigie dMice were itbdidt Wit 0B midedgrad @K S8l 1212 %RMUeRT, 1Y, §¢! L- 12
(white cir Iﬁ%. Trrlﬁ.x_-axi ) indiﬁéate he nunber of days after injection
of the t3fdr TEEPMOTE HECHPNS e BRG] e Xaispipdieates thepimher phfayg elapsed

mi |1 metfeiidvind Bk firdt GfedBRECthe PlakBindifatéshiRe dveMeehinfR vBlukiRen bibIERIHIRESs PT OVi des
protej n nol ecul es in which_ two Jmore distinct, cytokines are fused or

conplexed. THIEYS SisbPws gﬁﬁﬁﬁe@ﬁg&b@@ﬁé@&’i‘e‘ﬁmlﬂﬁ igpgoteiptiefmsrof i ncl ude

addi ti ongke bdafifd QibButhRiodt ifors el HoRD W24 Bhj 8RciRGRARIE. Abodfybt éfBT | zati on
and targeting such as antibod Fc _regions and antibody regions that
i ncl ude ViR Rigatsd edhesianearglyanleay 0. Mismppdsdpdiraimaverage tumaryeluges inmaieei ¢ aci ds

encodi NGyifall duite® imAichRIGvBGod Hisid? Vot B BRe thifEadl ' | i des 10
met hods flor g{cﬁe constr ucti%n of nacl el c ac'i: ds encodi ngiyqrrﬁfi?‘%b% e- cggt/ol ci ne

fusi on psersperived fipm kews hingcagsinsthecellpihatorerarenginested te gpodss handnusi on
protgi Nngpcang hostsn dil ' kAQE | Gy roteins in
t rea?lnesrﬁp.of ’éﬁggasesngﬁ{gdﬁzg}egaﬁumégiﬂ i teﬁ%@y&%i{?&gyﬁ%$% ,x%%yt oki ne"
refers tinliggtosgharnambgr pf dave elapssd feltavwinptht inieptiomtthoy-axis indiviates theererade t hat

nodul at SenAsdih Gl anﬁflilﬁe%ls of the immune system Exanples of cytokines
15 include the i nterleukins, interferons, chenokines, tunor necrosis

factors, col BigyrestVMmahdivghovw thetefliest of singlenorumdtiglelcitokine protesiosesretiamisy SO0 on.
As used ' N .0diNEr | okine" refers to.a cytokine consisting of
oo i ctiortell on BERRERSHRS L AR alory oot Safh SR PR B | |
occR0i ndn Rigtuerlddi, fomre sats offhivk iareccotipatedi €57RD/6wce Infsorid &rc. withtikf°CiLal
het er odi _er.i c,.cyt oki.nes n nstruct ed. For, ex . IL-6..and.20 a
sol ubl e t'f"?‘é’é’%sneﬁaﬁg d1aE‘-°8§§ cgﬁf%'g(g&a%‘f%‘agf-& W%m&“@ﬂﬁ GoH? ‘g"tﬁyt oki ne,
as can @dhfondHnNdsBIFE nikceinjebrd k1o, w05 LLCLARM) cdbls eRsteRthz40081. (blAsk used
herein, i n%e)r_l eduéég%éﬁ (1L:12) refers tqg the two-subunit cytokine
consi st i'TRFEGH: A NEVSAgIeE t‘i'rﬁ'f”,lﬂ‘éi’d%ﬁd[é‘ctﬂ’\?écélfﬁﬁ?‘éssﬁlﬂéflﬁ'lfzusi on of
P35 and (@Hitk trieviglés). SPiphietly Bidipafts C5STBLAGRB njecRl sAE Withaki 6°a I @mePlells

25  (black diamonds); C57BL/6 mice inj.ectcd s. ¢. with 5x10° LLC tumor cells (white diamonds);

C57BL/6 mice injected s. c. with 1x10° LLC tumor cells expressing scIL-12-IL-2 (X’s); and

C57BL/6 mice injécted s. ¢. with 5x10° LLC tumor cells expressing sclL-12 (white circles). The
x-axis indicates number of days after injection of the tumor cells. The y-axis indicates the tumor
volume in cubic millimeters.
30 Figure 18 shows the effect of single- or inultiple—cytokine protein secretion by tumor
* cells on the ability of the cells to form tumors in an immune-deficient animal. This Figure
compares SCID mice injected s. c. with 1x10° LLC tumor cells (black diamonds); SCID mice
injected s. ¢. with 1x10° LLC tumor cells expressing sclL-12 (black triangles); and SCID mice



25 As used herein, "interleukin-2" (I'L-2) refers to any manmalian |L-2,
such -as. hunen-I'L-. 2, ‘ifbuse |L-2; or an-active species ar allelic variant,
frafjrr"ent‘ or- derivatjve thereof . As used herein, -"GwW CSF" ref ?gi Zh[g a -
manmal i an G anul ocyt e/ Monocyt e- Col ony Stinul ating Factor cy i protein,
such as human GW CSF, nouse GMt CSF, or an active species-or-allelic
variant, fragnment or derivative theyeof. 30 As used herein, "immunoglobulin
Fc regi on" neans the carboxyl-term nal portion of an inmmiunoglobulin heavy
chai n coinjcadts. ¢.egthar]0qULGinRP 8IRG rebir © reof . . Far exanple, ‘an
irrrrunogl.ogul in.Fc region of 1gG rr@y-x@%sr?pﬁ%sé%qa}t&f}%% cfleé)'p %X 8HSof a hinge
region, & S th SHRPS of 4818 afieraRizCiRmatithe twinor @llprBfeeraddingigegingeihot he Fc
regi on ivothméeiscudlc thiiagdierg pPortion 5 FEB 2004 WO 01/]10912 PCT/ USQ0/ 21715 13
of a hinge region and a CH3 domain. In another preferred enbodi ment, the Fe
region includes at |east Re@iled Bgsamiptionndtivdnenpioef erably al so incl udes at

| easts - a port iTHe ifenford YirBE&es oSt S her ei n, eptide |inker" nmeans
one or %sre]% pept i des I{}ssred ts.gﬁcoﬁp oeleét%%s)%hp‘rg%{:helgv som’[OB%‘Ee‘lFtﬁlé"Fcl(‘@‘?Qesamﬁrot ein

and an &G romplexerh d hp proteinieomplenes or Hiior proteinsansy @t Sl fin MR MAGRRILES 5
such as.préteid- moiBi@AQNLA Mo i+0 nd/or .serine. Preferably, 1he peptide
linker is a nr”llﬂ ?(Ied ser | g%%‘%?‘éuggr%gé%gﬂglﬁﬁvewg?@ arRefngspches andibpdiues and
i s about"°Fe8i9%s aiapebody ragions fal Eniytihantien usstdnihesiel.NThd iGedieh Mspmu! ti Meri C”
refers togoidi ngkiafl ' &l at of two or. nore, protein subunits through
coval en{pﬁgr non- cm?gl Sﬁtﬁ&?ﬂr}? _Le[_{r“g{;[%ff'%? . 9'8‘?10’61”9{9}"%?[%1%%@9#&9 previdsed

her 0n, methods &rithe efinstprction of miblefcsacids eicodRGhifitite- OB LS B iﬁgul e where

t wo 10n%mdg5cé}rp§6&g§g]{to§.n%ﬁelassoci ah,g_d stably through coval ent " or -
non- coval ent i nteract I onae A < FEBKac Msgpprasms, andmethds fanusenf multiple-
di ssoci &ytekme fusicm proteing inf tretub eyt ofdiscateshfdStdisRYGhflonl NUt €S (such that the

conpl ex woul t.abl & |ong,enough during in vivo use to reach a target
tissue and h%@té}?eé&e "i‘“m%‘ﬁ%‘% “‘Ke}gfﬁg%i‘?%ﬂqﬁ%lnﬂ@tempa@wmfmmmbfmmca| ly

forns ath¢reeéthabmodliatedthauativith f eelis LA SR Sne SOBR' E§Mﬂesaof%0 Llon of the
Tany -

hi nge r egi domai n_and/ or . CH3 donmi n. Fowever, Bt ein
| ggﬁds&girugg ﬁlh"g\%%ﬂ‘r“g‘“ﬁi RiFrewns.chemolipgsefymer secepsis acttirsyeolony-btimubgihoki ne X

di meri zmtowmhﬁyceug)muﬁomggo},_n an Fc-X molecule will dinerize to a
much greater , extent,, sjnce the dinerization process is concentration
dependent . TARU5HPEicin 'hefsrodimpsiq gytolting” efers vwa Htokiieebhdsing @B ARG BisBRctbY FC
woul d- npdoteint Subuflits YRt pgabric .- BNs kHal r OCess reatly shifting the
equi |'i gl;rl umin favor of. he di_gt e_rcr gnglng%w&%éfrﬁé th?ﬁg?%{?icﬁfﬁ’%@ﬁés

recept of-° 20 “AViYSk drtifiekbiieierodimerie eytokinusams beystiiorl e Fér exaingl<C ANBLLGI N a
nucleot 4 stdutie BHARGR of B NP ELAR! . ' rporated .into a host cell and to
be rec%i (ﬁﬁd V\A@?h gnq ] nt‘egjréé:to Iéngufgﬁtt%ﬂ’ éll?'etﬁ‘gé'fmﬁ‘&f’yto’@‘@?r@ﬁé’?‘n &NTEo

replic MWW@@D&(@%@@@&@Oﬂh vectors include linear nucleic

aci ds, plasm e of 0 RNA vectors, viral vectors and the
ke non Fased BOBECT e GORIR 2 1) IS IE s P subitevtakineramsisingof a o

adenoviR3a$nd pd0 aubunitien en adive singleattain 2sioti dfpss afiHa0SRY PEERIVArandENe
eXpreSSfHéﬂfenEE}&&i%Qﬁ@e%ﬁé@o’} of a protein" is unders’t'ooé to meantthe

25 . .As. used herein? “interleukin-2" (IL-2) refers to any mammalian IL-2, such as human IL-
2, mouse IL;2, or an gétiv.q sp_eci_e's or allelic variant, ﬁ'agmént or derivative thereof.
| | ' | As pééd herein, "GM-CSF“ ';'efers toa mammaiian Granulocyte/Monocyte-Colony
) Sﬁmﬂaﬁpg Factor.:cy'_tc_)'kim.a_prqt'ein',- such as human GM-CSF, mouse GM-CSF, or an active
* species or allelic variant, fragment or derivative thefeof. o |

30 | As usled.herei_n, "irmnunoglobtﬂ_in Fe region‘f means the carboxyl-terminal portion of an

unmunoglobuhn heavy cham constant ;t_agion, or an al_mlog or portion thereof. For example, an
| 1r_np;unog!qbglin F c regipn Qf IgG may comprise at least a portion of a hinge region, a CH2
| domam, Vax_ld E.l.r CHSdomam In a prgfgr;egl embodiment the Fe region includes at least a portion



transcription of the DNA sequence, translation of the nRNA transcript, and
ei ther secreti-on of  a protein product or . productlon of - the prot ei n product
in an. |soI atable form As used herein, an |mmnocytok| ne" is_a fusion .
protein conprising an antibody and a 30 cyt oki ne, " as di'sclo$E8 P} U. s-

Pat ent 150. As used herein, "| eader sequen otein
sequencsovﬁ?gﬁ?’% attached, usually at the N-t erm nus, Cﬁ?ﬂb&“@%@%d protein
sequence, and that directs the secongl protein sequence to be secreted from
a cell. The | eader sequence is usually cleaved and renoved fromthe second

5 FEB ZOMahhtgepﬂfgﬁmﬂnd aXCHAUdOIGAn. Wahdther PREGIFR SmbHEmERY, e FcREQLF IR IudddR L erm
"l eader 3 gﬁ@gﬁ gméteral Il¥ @ﬁ/nonym)us wWth "si gnal sequence". As used
her ei n, E”g rdg‘inélr“ BorsREisEPly aiso dnefudes iy FF@%‘ladW“Fﬁﬂ of @iiRge(regioni | i et al .
(1998]  140: 13%kSsdfifein, “paiflide SnkerNRBME BT Wiokdp msecf%adahﬁﬂﬁvb rddlhd gen
bound by KS-1/ 4. CXM Is a cell surface protein

t nocl onal ég{g@aj}pt i bod
that is éﬁﬁf(ﬁa’&é § 9 PEYR oReienl dp peptifly %ﬂkea@ﬁqn\)éasqsrreﬁ@f aminorpsidsal
cel | s5 Asutissde. Q?pxeﬂdimnaﬂ@'glﬁfﬂne a‘h%?ieﬁné Q’réfe)ﬁ@l&t thé gcj']ﬁ{de m&% 2 %ﬁ?am i body

that binds.to used herein,

12-1L2" C&e of H?BPWQ‘}“W%Y%’FC%S%@ fé%*ﬁ“%@éys eabwbwrhseamng .aeudspmpghns

consi sting of ASSsch/Merai, ke thrt ShhiBRK i ders K03nd & > and
KS-114 with bot hsl nt grl eukin-12 and interl eukltétbl%ngﬂb%{:ﬁ%%%ré

Anal ogouPFSFein R thequgh covadane proawAlentigtesacien el disulnbidd bhediet.n. Because
it is possibl @stgedHegsn, Méﬁk“d?ﬁéncattcﬁﬁ Ydai %L:ciﬁ(? {;rge@% n?cﬂe %ﬂ%re Bogly

nol ecul e, a description such as ass of
pr ot dPns PESHiB PREPHYaR gssepiatedstably tﬁnghucma@m @'ukmﬂevialem frderacticans] Austdbie 2 f used

15 at an [ n[f@écl xpl I othe used
her ei n, )é?tﬁlg%g lgr% fers ‘bgpgdm%gtal %ﬁrﬁé &rcr)oh(n%%’l &c{;ﬁg ?ﬁ 5D mm\tglﬁ @u‘ﬂﬁﬁﬁ% to
the tumbiecompdgxivanidba St@xbﬂrﬂomougedﬁema lin wivd use tar Iaaqhwetagebﬁsi;um lsaveia
protein n_ar rate ures 1 5.
Part s of SRR i PR Bt BRI BEnf Smel of ditheall hiaiiapn?

ref er ri ngomprisiiga partioroof the ings mglos,mldonmml-'angﬁor €83 ldAmkin. Felvévict, lxﬁdnfyat i ng

t hat yany L8l r.om Fj be fu er f-used to other
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light chgjn, vakriable reaion are oval.s. The present,
|nvent|oﬁ escrl oo Bt 8 %Ifcﬁn%%ﬂ% “EEWFaﬁ TPRHIRY; o fﬂéﬁ"é’f?txt‘,‘}ﬁ’t’%l?ﬁ nes
25 and optimead by Fé wohld diake tladiitnérizﬁtit&.l anfitRBledulabprotdss Sreafly RAHRAH thET | C

cyt oki neé er. |ntferfe§.ﬁ]8 al ph i nterferon beta, interfefon gamma, |L-5,

| L- 8, Hl avorof fhg dgRerjan E’S‘ﬁ{‘%‘i’%ﬁs F‘tgltﬁﬂ@m%eﬂﬁ’&m ts, is

nevekd hel ess As meﬂ@bﬁlrQWe@i@k'nﬁean§hﬁ9 ﬂu@[eic)écxd@orhﬁﬁs@ﬁ B oide Qé’cfu@ﬁéene such as
| L-12, althou[ﬂh it contalgs subunits that are erent, IS a sin Ie

cyt oki ne SOTRRFFTH 1 Pripeemporatad inte g eshestt and tOdtemC@mbmsfl wéthiapd frseardiedinty
cyt oki neBost&bl@ﬁena&eaor%hédté\@%r%nﬁﬁglgﬁs%'eﬁ?(gme Kin %céﬁtfs &étﬁ@t&iﬁl es of a

normal | y hcim)dl nerj ¢ cytoki ne hang, J. Bi ol
nucieic acids, plasmi phagermds cosnuds RNA vectors, viral vectors and the like. Non-

limiting examples of a viral vector include a retrovirus, an adenovirus and an adeno-associated
25  virus.
As used herein, "gene expression” or "expression of a protein” is understood to mean the
transcription of the DNA sequence, translation of the mRNA transcript, and either secretion of a
. protein product or production of the protein product in an isolatable form.
As used herein, an “unmunocytokme” is a fusion protein comprising an antxbody and a
30  cytokine, as disclosed in U1.S, Patent No. 5,650,150.
As used herein, a “leader sequence” is a protein sequence that is attached, uSually at the
N-terminus, to a second protein sequence, and that directs the second protein sequence to be

secreted from a cell. The leader sequence is usually cleaved and removed from the second



269: 15918-24) is a single cytokine. The conpl exes of the -present invention
contain two -different cytokines, each of which (e.g. IL+2.and |L-12;5-1L-4
and GW CSF; " ‘McP- | and eotaxin; -etc:-) is capable of nodulating an activity.
of a cell of the inmmune system WO 01/10912 155 FEB 2004 5 FEW MIOQ 21715
Figure | A.depi-cts a preferred enbodi nent of the inventian,.df.f,usion
protein 10, the Ctermnus of a first cytokine 12 is fused to the

N-term nus of a second cytoki ne 14,14opti onally through a Iinker region
(not shown?. | n sone _eﬁrgodi ments of the invention, the protein_conplex . of
the i nvelPIEBTeREAteahich Becomes the matwre Pyateiri Ahe topr Teadegisegviendel asgdnyratly f f er ent
ser um hadyhenymoaswitirodigibl @yadRebe, using' a small and a large protein wll
often result jn a fusign protein with a circulating half-life ~
charact eri st it Y534 hefran,| gPé‘éM pefstsap gpithpliak eell @dkesidnmalequie(Cirotisetnh §1998] he
conbi ned14ef15e9-1534),@hd slsydotiyaRdEs #ith 8RQAD &nﬂ? hedy. 1t woul d be
advalr’gt'ageo_Fs 5& eipressyt.hg t\/\o@lt(ﬁ;ygg%_nlgg a tgg?ﬁ{g?%ﬁ&%@gyg?enmg?&?%@d
general 44 oy ES-1/# EnbAM isa csll surfago projgie that iX abendanteopnasadyonaiindee cellfwo
parti cul @fivatiyahtades kR, seen. First, the serumhalf-life of the nore -
rapidly 10 cleared cytokine is extended. Second, the serum half-1ives of
bot h cyt oki né$ Wrddsrai. vEBy1/4 geferd tare nagicelac mooodienal ankiboiwthet ids 6yt oki ne
such as ggecahd can be fused to another cytokine at the N or G termnus of
ei ther the chain of the two-chain cytokine. In one enbodinent, a second
cytokine is Apusddersin, EKEAB2,” {'KE-INL2,Band 1KIS-T12-IL2t ¢andi tha likep fefarith her t he p35

or .qbgy}',t o L: .15 1..B; .4 n fusio rotein 16 of Figure
1 Bl,qﬁ'(t)h:_aﬂ'\l-tefr);lﬁ %&éh{#{% &44%%@%%0%%?&“ ?t}l}gsé?‘f%h’fnﬁ?gwl"f‘%’ﬁﬁ'elqulerm nus gf,
t he | L- itedeylimiZ and40S-18. wisuliininter|paRingl 2i sd teanadinel] réspedtively2 subunit p35

20 by | .22 In fusion prgtein 24 of Figure 1°C _the

N-t er mi %ﬁéﬂ% * sgg'%?ﬁntp r(ltgmicgnﬁmg“cfgc ‘gﬁo ‘fsﬁg%?f-e’c“eﬁ?F%@tb‘fpoﬁﬂP@tto &3¢ oki ne
éz and icytokipasw stvech! pasitp@s o umnﬂbbdﬁﬁolbﬁua, ﬁ:dbéaﬂiﬁ{bhfsb?ﬂﬂ “R%;ILlEj%gyr e 1D
epi cts [ otein 26 in whic N-term nus o irst cytokine 12 is
fubed ¢ RS By Bl pibvdiincomoifind Kb min S0t mgwieeinila and vl Aspscd
covdbentat ayressiide pasitpADutesd eiplicitlStatddothdrveer € 1E, fusion protein 28

i ncl udes p35,subynit. 20 dlfgse at its Ntermnus to the Ctermnus of first
cyt oki ne 12 é‘ﬁ&segg‘?ﬁ‘?&tfé* & yelersia p aptticparmonorlong! gaibody thatrbinds 1@the| n a
second ewheadipesfivantipdieGBoibunits of [ L-12 may be fused-to forma

si ngl e-chain \prf){lei n,. sclL 12, with either the p35 subunit or the p40
subunit at t feeR! HEstRtive Fopdiments af protein copstsucesommebodying ierinventign e at t ached

to the Mus@iteCinFigRedy 1051SPRi of iR hél idE%rﬁﬁL sl €5 Hearedh: 1 Thus,
in preferred nen%(g,di ment dgpi ct ed_&%ﬁ!rl\ésFl ure %@%flé}g%% %?Siagfﬁ&éﬁ" ont ai ns
Si nép e- TeiFEng t the fsion proteips shpwn e Figures 1 4+ Husd dluspagshHd any 6f th8fisionf used t o
the C tefdlinUfor®Fickra ' ' .y throu tide Linker. In
this: engodi ment , 1&&@2&’%&@%@@& OGEP%%I S lca?%sga’?‘ﬁ‘guelsﬁée OVBr ni nus
of p40 dusErngles; @ostapt regiensefipniiiadingtaresthown a5 avdls, gnd the hedSy chila vi¥iabk t er ni nus

of p35 mﬁ“?ﬁghiﬁ?&ﬁ%ﬁgr&é{oﬁ%s T}!ﬁrg%n%getﬁdg%(’:vyt okine 12, optionally

through a pept ) T gur es _ fusion proteins 34 and 36
cont ai ni ng aketiwsentdivegtien destritien proseis canplefeslcbnthidirgiwoliffded: BoRinter M Nus

of the p : i.f is f d to the C-terminus of the p40 subunit,
opt ?gnaﬁgd;?o]% ]llé?%%éé}cl%ds%at@"%agalIﬂr?fﬁlgr“.'o‘?tf?sf ég}%?dﬁﬁcm?%@&,(&ghmﬁﬁem Fi gure
1H, o alpha, interferon beta, interferon gamma, IL-5, IL-8, or the like), although it contains multiple

.. subunits, is nevertheless a single cytokine. Similarly, a heterodimeric cytokine such as IL-12,

- although it contains subunits that are diﬁ"efénf;f is a single cytokine. Furthermore, a

N hete_rpdimcric form Qf noni_xa]}y homedimeric cytokines, such as a MCP-1/MCP-2 heterodher,
30 oroftwoalleles of a normally homodimeric cytokine (e.g., Zhang, J. Biol. Chem. [1994]
" 26?;1_5918424) isa single cytokine. The complexes of the present invention contain two

_'di_ffe_rci:r_xt cytbk_ines, each of which (e.g. IL-2 and IL-12; IL-4 and GM-CSF; MCP-1 and eotaxin;

- etcf) is capable of modldating_an activity of a cell of the immune system.



6 FEB 2004 16. the N-termnus of. cytok| ne 12 is.fused to the C-term nus of

p35. subunlt 20. -1 n*f usi-on-protei.n 36, - shewn in Figure 11, the N-term nus.
of p40 subunit 18 is fused to the Gtermnus-of cytokine 12. 1In a hlghﬁ?
preferred enbodiment, 1L-12 is fused to [L-2: The producta@@BOﬂMBuch
nDIecuIeﬁwJﬂ“{ggther illustrated in the exanples. 5 It ﬂd%RQQ&ﬁglconvenlent
to express eronultlnerlc nol ecul es, such as IL-12 or an antlbody as

si ngl e-chai n nol ecul es in which thajnon i dentical subunits are connected
by short amno acid linkers [Huston et al (1988) Proc. Nat. _Acad. Sci. 85:

5879; Li eschiggued maepl.ﬁtwgﬂerend}ia&nlﬁuﬁa@.@bmé mvéﬁlo%m fldi@Sgotem 105thelc- and
Mul | i gan 5,891, 680] . ene _fusion is constructed,

and t henfemé“sd’éégﬁ‘%élytﬁ%% é1$' iy tﬁg‘eé&ﬁr@é‘&’é&f? Fecerd pokimt4aprianglla si ngl e

10 reconfirdugins ANAGRATAStERbWN)SUE Rorfié Eﬂb&hﬁl@ﬁk Bf M inveibs, @F pﬁ)tem complex
heteromul tj neric.cytokine can be further fused to a second Iajﬁ/to I ne, which

still al ?Qﬂ%‘“ﬁ?ﬁ’&%?@?‘%%?@?ﬁ%%kﬂ%Wéféﬁgi‘gﬁa%{b’tqlﬁ?fﬂ“é@m’t fdéfeéxlfﬂfessed
fromg sbRgh, dsBEASHaNARE 2 Pie Tﬁg&% WIS AchBsuliR E?t%ﬁin%otgifn WHE cilRegl es s

illustrated |n the exaqples i nvention also describes a fusion protein

conpr i si h-ite cheragtraisiegpicthgiargey protein. Therpformain Biatiaps phereitq ombined gfettul i n

funct i ongdrt oshd mcaﬁd%l@ma@a@sxﬁa%%ﬁﬁ%%ﬁﬁg&ﬁmé@k& tfe@b S  Anot her
useful fusion coggrlses I L-12 18.. These cyt oki %oth pronDte t he

Thl  res iRapetein ot genarlfempdaidL-12ohpt BdbriRavjeraiis osacond. The

I nventi o 0 | | t, fused
| vt o0 10EIRHPRP AT 4 B Bl B W Ra AP E b IS
suchl@s Hesesivipking ipexteidech eSesondiithesesm Fﬁéllmﬁm&weﬁhesmhmavml ecul eis
t hat thegy Bﬂm@? hg{hepne or nore of the cytokines may be enhanced by

n sone

di meri zati on cases, enhancenent of potency by. dinerization can
occur because trechaintoytokine shénaidLE 12 dande fised pt zmoﬁascyaoldmcrm the N4or@he

Do min R bl R AR S AR TR bSO 1o R Bl o BRoRRCHBRNYSs

nol ecul e, s as an ( ano
and a sefswidt citheothe MNeteaniaué as@dertmimisiod eiftter Hemsdionp4( subingt @iTDtIQI(Rigarkety. I n

o bt & oS TR AgH T Rini1h S R o R e als il P 07 1 B 8 g
or ]Eier! ng@-tﬂﬁ];m_euﬂham-m sibunit 4P 18t Sulﬂm{tlimleu B ikﬁcohﬁezlfédttdilﬁ,-ll\ﬂ siIlﬂnigpMi‘I(myDi in
a fusion protein. r. .£exa nterle an secon c oki ne
are fuseﬁ%vgle’éfrl?ol&%fﬁelﬁ fiion IHE“%V\Q\% %%}E‘b"ﬁﬁﬁe@l THgEs ‘E)fdg‘ﬂs RpoEd8ii

or der t OtottheeC-Nrminis 6F firet dytdkize Iﬁarﬁhﬁcﬁﬁetft&ﬂﬂo(ws s@¥unfne bs;)stcekdlaﬁbmzbe 30
fused at_the ternlnus and, the other_ at the Ctermnus, Sone of -these

per nut at FIgHE 13 depiets figsiqn preteip 26 {npyhigh the Ml-termpigps g)ﬁéﬁﬁmeﬂzﬂ%@seéﬁ‘b%l nent

showpo i NClrBikue o35 sabln#S100WhithGs Sdrhedéd 9} cdviRni KbnEnD Iccp;mol sbidised i o the
C-termnus of _an Fc region caontaining gg regi on CH2 region 40 and

CH3 r egi UAu=3E, fption pratei 2% welyd M%ﬂb@u!s?q; edOE Nr@nem@gh«zc -terminus
PCT/ USO Oéfm%ﬁol@lﬁe 12 and connected by covalent bond 22 to P40 subunit 18.

Tna second embodiment, the subunits of IL-12 may be fused to form a single-chain

protein, scI_L112, with either the p35 subunit or the p40 subunit at the N-terminal position; the
25  ‘second cytokine may be attached to the N- or C-terminus of the resulting sciL-12 (Figurés 1F-
1I)." Thus, in a preferred embodiment depicted in Figure 1F, fusion protein 30 contains single-
 chain IL-12, in which the N-terminus of p40 subunit 18 is fused to the C-terminus of p35 subunit
20, optionally through a peptide linker. In this embodiment, the N-terminus of cytokine 12 is
fused to the C-terminus of p46 subunit 18. In the embodiment shown in Figure 1G, the N-
- 30 terminus of p35 subunit 20 is fused to the C-terminus of cytokine 12, optionally thr.ough a
peptide linker. Figures 1H and 11 show fusion proteins 34 and 36 containing another single-
" chain version of IL-12 in which the N-terminus of the p35 subunit is fused to the C-terminus of

the p40 subunit, optionally through a peptide linker. In fusion protein 34, shown in Figure 1H,



have a variety of structures, including, for exanplie, the structures of
fusion proteins 10,16, 24, -26,28; 30, 32, 34, or 36 depicted in Flgures
|A-11. If fusion’ proteln 44 has nore t han one N ter i nus and C-term nus,
as in fusion proteins 16, 24, 26, and 28, the Fc region COHWE@ 18t fused to
ei t her N-term-aus of fusion proteln 44. As shown in Fi guhe.-e8.. . sion
protein 44 could be fused 5 to the &kterninus of an Fc region. In the
enbodi ment shown in Figure 2C, a fitrst cytokine 12 could be fused to the

N-term ny d econd ¢ ne 14 coul d be fused to the
Ctermn uiNgtf nﬁﬁgﬁ%ecryr%%’gnl%g 4 'Saéf?cﬁgﬁllf (2 g@ﬁéi‘@“&ﬁ@“ 1t fugiop grateip 36t ant
General fardirh mEoRaT Lhen This Ty e op ab e e G okl T2 "
Tl lustraf g@%‘n\/\?{’%‘erpgﬁ“&b?%ﬁmnﬁf 12 ﬁq:%s 35? ﬁ-k{z ne. fusion proteins for the
fanmly of cy(Tieipruptiot efisnch mbleculaXafmihes illusEam iC%E g3 fall intoa .
protein fol dlp%O%LI§SS termed the "four-helix bundle" our helix bundle

pr ot e| ns include gr anuFye tt‘éexc%‘fsﬁh'iﬁe@ﬂumeé{clwcﬂlﬁ%ﬁmh#@-@F‘Vm| nt er | eukin
6 (I L- 6)pptiiddy, mmm-ahmmbmmw WA R n&udgamammﬁtpm@%ﬁ@ shid" Y

neurotro hi c f tor l-e erythropoietin, granu ocytg nacrophage
col ony St1THT4 ﬁl&relg% %ﬁﬁmﬁ Nateprady i {35559(791_1-16@)11(6 mmmva

col ony- Naitmtitecﬁmagli astLQEScmM GSF)ande?ganllleé UlsB S 'tﬁHké Boregol -atlpe | L 10:
i nt erfer.on- beta the |nterferon has_and-t he close at’e |nt P%ron

tau, and TR ESPRIH Rtetmrthen therdgs fpin cap bggxpresseddn @kls ecpntammg(afsxdgle S and
| Fl\H@arWﬁi:mrﬁﬁﬂ ODNAN&msrRE, O f our _.r.oughl
an Rh @ﬁngfechlhgm%rsmg Qfﬁe?%‘#é“lﬁrf’ eric cyiokine %xcep .

paralle a hellces and two crossover conne
|L-5 an § Fﬂ?aseC?fh’ecYFolqr@rWhlﬁhstllhﬂuwsh@stenmotmmmtmeesﬁed adiwitgane fdce

of the ﬂ;rsg@ SO6SH roteins, | L-5 and
1FN- gamm, hzip\,;cessthe SE%EE%TJS?%EMP)H? ern}mﬁ]ﬁg ﬂf‘rﬁ’fﬂﬁ?&g Bg ﬁ%ﬁé ulesiBin for
| L-2, | Hlustrated incghe esmpless o apply to other four helix bundle 25 proteins and

ofter smal! e A B 4 o B SR B L gph O SR LS B dFisl ar
gr agq enf@mbingtionsd paticulatheusefid irofuactionaldf stpating hftigeh pESRG1h bl dBAEMIcCel | s.

For exaggise qrj}{ﬂD mattrnaghan nocytes, nmacropha es and
act i vatg% TiCel s aseg‘gtfgsiﬁ&l e ngcs ﬁér?ﬁatﬂi 3gc £ ceekines path pEpnete dhe
i nt er| exgEPonse, bushafecshmhattdrﬁaeémrmnfpmmm&tsh&ﬁﬁhbd s. In 30 addition to their

chemattractf;ﬂé L%%Iimj) rmdy .nes, her c t oki nes, are able to

i nduce the expression S8fd° gis ?‘?:"Efé’??é‘? ‘ﬁ‘ﬁ’ e(ﬂ‘%@ﬁg@lse%@)rwlgneslzor

ex arrpl eare fipfthet fised thopokin @pabzadﬂeaningeaw&%&h% h&fl d&éé%?[ Eggt?fr In
o) em

ot h cI e cell checter et al.
28%&% IS af‘ﬁ%m’l‘g? zﬂ‘gﬁﬁ@r{n‘b@%’éﬂ %%%y@%w@ommrﬂeftﬂmm ons and
antl bodsmmhﬁmﬂebm&kdeaaydMIz&i& i1 s GaBesOfMBarREmdR b ﬁ%cfié(&&n b.“es s a

chenoki e |nvent|gn al so di scloses protein constr h three or
nore cy l&?f‘ﬁ%&“‘l R OFH OFFaBITdRG ey oldRacbindsto F Freeriter ana dimemoliiare.  For  exanpl e,

t he chesmibddi@ent] Multiple dytMifePare Yhda It@z!l on b - ah%gigofég&r Osﬁ(éa y

chenoattractant proteins, eotaxin, |y ot-acti n
second "€81°8 1gure )t i apother embodlment, I1.-12 and a second cytokine are fused to the .

25 _ homodimerizing protem moxety In a preferred embodlment, the second cytokine is IL-2 or GM-
| CSF. The fusion protems may be created in a variety of ways, reflecting all the various

to a

ordenngs of several dlStlnCt protein moieties from the N- to C-termini in a fusion protein. For
exarnple when mtcrieukm 12 and a second cytokme are fused to an Fc region, the two cytokines
~ may be both fl.lSBd in any order to the N- or C-termmus of the Fc region, or one cytokine may be
30 fused at the N-terminus and the other at the C-termmus : 3
Some of these permutanons are illustrated in Flgure 2. For example, in the embodlment
shown in Flgure 24, a fusion protein 44 of the mventmn is fused to the C-terminus of an Fc

rcg:on contzumng hmge regmn 38, CI-I2 reglon 40 and CH3 region 42. Fusion protein 44 could



Wi t hout "ot her noieties such as an anti body'_' noi ety. The human genone, for-
exa_rrpl‘e,.-_". encodes -at. ‘I'east  50. chenoki nes: Known chenoki nes generally share
a si'm l'ar “three-di-mensional nonomer- structure and protein folding pattern.
Accordingly, the general types of pr otein constructs ang &GﬁBt'mf’ctl on _
strat egi gl S Jéosed here 10 can be applied to a varie Jf){]

as-yet-uS’&? 1(9(9(8/ red chenoki nes. Chenoki nes have a di st%’g’?’g? & I"'ng pattern
with three beta-strands and one al ptya helix. Chenokines fold as nononers
and, in sonme but not all cases, then dinerize after folding. .For all

chenoki Nesve atvaBetl of ﬂiu@ﬁrdﬂaﬁlélﬁﬂlﬂg,%r SBRPROACSRE Y BPRkion 'p?otél% 0§i18adq and the
overall. structures are extrenely simlar. For. exanple, the three

di mensi o#faR28s10s a%t%rgéé@PPlFﬁ@thWl‘ W41 IBfusion profein 44 hasapase than qveNanorma
gr owt h - sfebinh f4rddCtedhinbid,iab Yo m{@'ﬁﬁemulmmp@@% 2snthlew¥@gl&{ you@é e Rlsito M P,

RANTES (regul ated, upon_activation, normal T-cell expressed and secreted),
Mbnocyt ecithehNriermminyset fusion REetendiin As sl(lcmu:n Fzgurep?@Aﬁrysion Boteir ¥ conldrbe dysed
chenmoat tg %ﬁéﬁ&&mﬂﬁ&to?hl‘F@ %): f 113€,

Neut I‘Ophl0| -activati ngrﬁ)eplel e-2 (NAP-2), St rorra %lf 3gr?tvg{é)ﬂrla%cl?or-l

( SDF- 1) , cavidbbeofybrade theY-tesminus of an Forregion, anda Smmkmelﬁcwlébeﬁm(amtlhgphage
i nfl ammag tr@lee2d o beta, Cytokine-induced neutrophil
chem)attrg%:r%h(;l’?gsqJ 1 3?_&1?_\%;30 have been determ ned by X-ray

crystal |l ography and/ or NVMR net hods; all of "these, structures show the sane
fold andear ener jisSi M lar. Because the chenokines have the

sane_-fo ! |c§zgagattgr ﬁ}yt he nmet hods described.herein for |ynphotactin also
appl30 to ot hdtis Imhmktormtqihuitcgtokmes 25a fafsofprofsins careiimilar infsiza anth&noki ne i s
often i i [ ant ageous in sone
embodi Wg?l s}afpotldm ng ﬁ@g% ct)l%sSp F%Bg x%’“ﬁfesadlg%%sg%gﬂwg%ﬁjﬁtgq‘ # i body

noi ety, @nstoddn ﬁmltmlmymkmarfm:et protefys frehd faméygl of qytokive peottias. Forexample] he

Chemok, nBiey BuSR0S kRl AoBh BT RIS i, Pl

c hermk| riEﬁldleq:»rbthﬁs Elcltﬁé lgifﬂilloqfte-adilgwﬁtﬁrbﬁhﬁyg gmbe@;as_a)m thtdriegikih &@BA'C?W,S Sone
C | NES C ar e neric naer | Q) OQlI ondi.tions.

Por T TR i Berar L), BSOS plinY Sexbrrbt B TP ot ol me

ant i bOdWrﬁﬂlﬁdp@lbhn%ﬁhﬁ&y&&nddmp%a@d’ﬁm&@dﬁmﬁlmlﬁd&Q (GMIEBP)) int@ieaRth-MILD an

unf used L noi ety or an | L- dlffe ent fusion partner that

does not rWF‘é‘PEI??tgeﬁ? PW‘?W%lf% M?@tl}'z Illﬂ"‘t‘ﬁlegc‘llié‘}r?’ (Mnd: HidPerent .

| L- 8 nDi iaterRfonCistta, W ifddrfer0 418hakInd tHefeldBely Aded iMEFELIHIND akd ifderrepl Sinfa Mer i ze
wi t hout sgatl al constraints or polynerization that mght result if all IL-S

noi eti es %sed to an anti body chain. The desired nultiple cytokine
fusign proteiwikae &%ﬁo@@ﬂﬁ?ﬁﬂf@ﬁeﬁnﬂ&, sihér dpRs) r&eﬂls f&H%.Fnﬁﬁoﬁ’erstvh& basi s
of blndlng to an anti body-bi nding protein such as St ap ococcus
pr ot ei n. fogr P@glﬂwpltallﬁla@hé%]@m ansl tvgerasspvprrconrecians.c brgach sasngxtzfptﬂeﬁr@m ne, it
is a pr eﬁ-.ﬁ em;,_bg i I ri
| ocal i zi ng %unctl on, q%rfjﬁgl&gg@%tﬁ da%m%h?ddrg&n@?%ftgﬁaof&% %gﬂt ?"g?{’sgn i gen.
W t hout fmsh'rln@tmdletmotm axceptiLshao N- gatnmashagethe sahd @)lclulrg)pajiern theat
Doy il ddsliich Bl 8o o5 TR/ RS oR5NBNG ol R nélix bERAL 1 © 2

25 proteins and other small cytokine proteins that fold as monomers.

Chemokines are a specific class of cytokines that are thought to form extracellular

gradients and mediate the chemotaxis of specific classes of immune cells. For example, MCP-1

* is a chemoattractant for monocytes, macrophages, and activated T cells; eotaxin is 2

* chemoattractant for eosinophils; and interleukin-8 is a chemoattractant for neutropluls In
30 - addition to their chemoattractant function, chemokmes hke other cytokmes are able to induce

- the expression of specific genes in spcc1ﬁc target cells For example MCP-I is thought to

" induce the expression of Tissue Factor in vascular smooth muscle cel!s (Schecter et al., I Biol
Chem. [1997] 272:28568-73). ' ' '



desensi-tization of cells toward that chenokine. In-additioon, it is thought

t hat-_t:he.chenpattractant: 210 function of a ‘chiengki ne can. onI y ‘be mani f est ed
when there i's.a concentration differential?of the chenokine. A preferred
enbodi ment is a | ynphoki ne-anti body-interleukin-2 fusion $rREgepm: Anot her
preferredremadi-nent is one in which both the chenoki ng@angdhe,;second
cytokine pronote a Thl response. fr exanpl e, a fusion protein conprising
| P-10 and IL-12 is one highly prefetred 15 enbodinent. Extending the

hal f-1ife' of t okines. with short serum hal f-1ives The invention
al so descri bes Fw g&@?\’ dgs\ré‘Sfeéfﬂgﬁ'esﬁﬁPtlgt ionggnd grtisriyrewtokinecitoinh a short

serum hagiohs mevhwhloaeok rh@e eytblindsds ATHeR{okind! tihe Fnve Rl A& &iE@l{ﬂs@g brokdid € For
exanple, ., Iatlon of. .dendritic cells is desired %t ul to

combi.ne ¢ act ) VI o8 1By pytokinesniy viNghape comqry piekiag is achemukinel ForMet hods
[ 1999] zezammemﬁ; cneaiohmmP-letmNTE{s L2908) aigha, Mr@mfb@ta, mﬁ&ﬁﬁh %?87 4595) .

Becauyse are_smal | _nol ecul es serum hal f -

| i veg C?gﬁ;jgadﬁ%ce Wrogg‘s’ceBﬁ?Pr ymphotasting BB, ﬁﬂdleefpwdé@mqosd nyokine Fethoegi on,

| L- 4, arwithGht & moldiies sucleS&Untaniisbdyhg&y! € 1s a powerful stimulant of -
dendri'ti'c ceé.h Frol | feration and activity. Likew se, both IL-4-and G\ CSF
coul d be fus aé’g["'ﬁ?‘@"efq‘ ﬁ&"%?rﬁ@?f@ﬁ%a@@éhﬂadlemkmslﬁnmynﬂ&tmkfhes 25.

eralBl sh at thete QMRS th t f |
ot oeipg o P SOeLr e el aina okt N ARE ald Mo Kubeibaitn ar 1 of an

M redet erm ned anti
i nt act P H'&bpthe &FRCER H‘P@rofwﬁ@n gonsppgpand ¢apstriaion stegipd dsdlose@kerne
f usilons chiibd apFhdd 108 vaGY ﬁg@ggls et_gh(ﬁgc%\w/,ant aﬁ%ﬁ(‘)%é‘?ﬁ depend| ng on the

specific appH}cat Ion, er les | ncFrege Szation,  extension of .
serum hal f - | fFremokiss h@\tey dEQH‘ttcﬁﬂﬂmg pettemp vitheinte baistrarddy ah@oﬁ@&p@t&h :

ant i bodyheg t t and binding to Fe -
recept og‘ F?H%?grﬁﬁg#to o? sgtﬁ%oﬁgﬁ’\&q%?lg ?% gﬁ%ﬁﬁf’ fissfoldipg.f Rt ur e and
i mmrunol GBF]&EIFO]‘EF & herfpiding petfern hithé-monegéeranbaiieis identTRo bhdiHe o6rall JEESILLAD! €,

it is paefe@irabdifsih® <C that is a natural variant or nutant
| acki ng_one or ﬁlﬂre#mﬁ%ﬁgl:fmgﬁgﬁe Shsional strucsigesofiptariowda:8, Platelet

PCT}USOBFtR1 *ﬁsllsielmmmamhlsmpulaﬁng detivisy mssmmmxtﬂ;aggmlmt@ﬂ gfo?‘g;ﬂg’e nd th e

serum h t okjnes.with short seru i ves,
i s pref ?rIg’b e to @‘t:o%ﬁ %% g%?ﬁ‘l“t“rﬁ awtcﬁuieﬁ@'e‘f%mﬁecmﬂét dionocyrpr i si ng
an Fe_remonteciampiuisin (GBI, MCAB Howih] MinsSRASELHEL RN Sfaduced or

no affl af e to use an Fe region carrying a mutation in
the Fe é(;gpﬁ g % Eﬁ%o %ﬁ?aéta{kl"t? Newtfophylactivasing peptidey2 GbAR2); Soamal hat
fusi on wi-degivel fagmok(smvsl)maaapha@@ﬂﬁﬁﬁmia PARAR. ot Ph em&L{. %ct of the

as

fu n , Fc rece tor and that th| resuf t’s rates of
cl Zia)(r) an ea%' E’haggﬂ'%}?ﬂt"éa rCé'g?kémsmdNEH neetthphédharhbdtmadiant,f or  Fc

r ecept cmel GRIC/Glodiare ied Gd’téi‘ﬁ]ﬂ }zlb h i f
nol ecult{e_:l %ggl i e et ’él 1599 wcggge e%aﬁg%&’% M [ﬁ dgdttﬂ‘éfrs Sone
ci r cunst an Efﬁ]é“rﬁﬂtnﬁ i an ﬁi@gwmﬂmsmdaruBeohusameléherﬁa@n@mm{rm& bi nds

to the si:ﬁtelfcldi’n aotmh%éat df B&dfibed! nall a '?ﬁio“ the nultiple "
cytokl n%emo gﬁjer otein and degllrlgege{ltgfeownf B? P@E%Q}R?rne noi eti es.
1115,

25 _ A free N-terminus of a chemokmc is often unportant for its functton Therefore, it is

advantageous in some emboduncnts to construct fusions in which a second cytokine, antibody
| molety, or othcr protem moiety may be ﬁ.xsed to the C—termmus of the chemokine. To construct
a protom complex contammg two actlve chemokmos it IS {useful, for example, to fusc the two
different chemokines to the N-temnm of an antlbody S heavy and light chains. Some
30 | chemokmes such as IL-S are dnnenc under physmlogxcal conditions. For certain applications,
| itis uscful to coexpress a multxplc cytok:me annbody fuston, such asan IL-S-anttbody—cytokme
N | ﬁJSlon along w1th an unfused IL-8 molety or an IL-8 mo:ety mth a dtfferent fusxon partner that

docs not interact with the antibody moiety. In this way, the different IL-8 mojeties can



Targeting The invention also describes fusion proteins in which two or nore
cytokines are attached. to-a protein that is. capabl e: of |'ocatizi ng the
cytokines to a parti ‘cul ar target nol ecul e, cell, dr 15 bodi | y |l ocation. The
preferred mol ecul e with | ocalizing capabili ty is an anti bf? )é Ofgnia noi ety -
conpri sr %the anti gen- bi ndi ng variabl e regions of an antibh %}{ However,

ot her 412, nol ecul es, or domai ns thereof, nmay bECHYEWZIL3ch as
speciflc Ilgands or receptors, natggally occurring bi ndi ng proteins,
enzynmes that bind to particular substrates, artificially generated ’
pept i deshetddtimbib¥ SitheRRpsifal Gmbkednd OF ALl
capability, p tides w ?h 20 di sltlr ncFag&%ﬁhgﬁggfm%pnglfgfrl(I)ﬂ'gcr‘??l%%cst hat
resul t |Yerefused igap prithodwghabi ITheydemmddmeltmb cvilwhtne ﬁus:&&;s@emaam alegbt:l ng

capabi | i deyarlig ¥ thi BiRisQr Qé&dd el S Lar »
other ty }és of " proteins. I i);(S:)sétse tcl)l?ﬁ’ggusr ng m()gyteny OB RE tgmtsge}éas

targeti HM]OQQQQP%AP@tWeferred first cytokine is |IL- 12 When IL-12 is
used,s a pref ey &uSES i r. n e of an

anti body, there arg %gipgg&%ﬁ %?Ihgféd\}%r%m mﬁ%ﬁ aSFe ?Ffﬁ%z :

cyt oki neﬁsnhg‘dmebethﬂulsﬁdswrbwm@sq $rempeisey zelosdrmryﬁmqmssuhﬁ & a&laﬁﬁbodyf
attach onsi t wo
|'i ght gﬁg{nﬁglﬁ%rhiﬁﬁé\'gh g‘i}gg‘gr Wel%%ntg‘p 1%%198 VSR B g‘ﬁ %{Srf-'&Pef f used
to an N-thabody-wiske distibytiof ofel clhbmokmh wilhbaveynoefiettve ldad ghd ganbai n

Al t t fu ! t el f the N-
ARt BRI L S %urqurmrrzre@ggowﬁw o
waysll n fupaion yf oéticmekinerean daty. Beunsrifesed aemthetdio d Yoncemt-tion Hgferdn@itl SPRD! €,

referrin ng @qFr gure. 3A, a fusion protein 44 of the invention could be
fused t o tHe " term nus of an immunogl obulin heavy chain 46, which is

ass;)cr at zd WAL prefaited dnibodinegt ﬁbu&m;ahdkﬁr&g&f/nﬁgtglii%tegi%ukﬁ ngsd"ozrgﬁrgié{zﬁ Znottfepsi on
protern C avye. 4a varl
PCT/ USO df%i“i‘%%“‘g’f’g‘&t’ff‘w gee In "ﬁ%‘lhuhﬁﬂhépcrlﬁw the segopd cytokinepioreaie af f usi on

pr ot ei nsTHlQespdise. Bet.exafiple 3FusiSOproted rp&@m@l@m.@ﬁ A 11.
e‘g r‘Fng’g Igr gure 3Baﬁgefus?lonprgr o?ce%ﬁprﬁll%;ou | d be fugsgoéfe!tﬂléﬁu%éﬁe&
N-term

i rmunogl obulin heavy chain 46 associated with an

| munog| Exubiing teiHaitife syhadpléSunokints Wik -sn& BB IReShOWn in Figures 3C and
3D, fusion protei nyiélm I'S %sée%‘rto he N- 5 term!rﬁjse(Fr gure 3C) or the

C-terninus (Eﬁ‘gwr@hswseflesarhbﬂr Mﬁgp@m |cplnpr1$lgmtwcmmkmea,8m&swma shostd wi t h'
an | mrungahoBilic #1881 GhabRiAPwidS IR T FlRUFSS ARpANGRIE, 2 fiTst

cytokine 12 nmay be fused to an I munoglobu I ght ch assocrated '
with an stimglatiersef] dsafmtrc sellsdadspirethds ig nagfulitg seubmeﬂu asrenmscbféw@hd @M14. The

cyt ol NeSSF 1@1&9& P lﬂ&‘%ma‘dyir%%g)?%atﬂ?? NIl fiBbAY BBl Or Lhe

Ctermni igure 3 |nca’|ns qtlvely, as in
Fi gure 360 45$W5bﬁWﬁbotMLﬁwd Wﬁﬁeﬂe $moall imelebblésowiti shoﬂ serfunt Iadf-

[ rrrrunogllf;z,{gygt {0l tokr ed to the
C-term nus 0f]pl'[lﬁjrc#(:aug.{alcrc{unuF]tr(}l ﬁ%ﬁgﬂ"ﬁo&lﬁ% r%s?rf%i Zf% &)2 (#%1 é#ﬁr -chain
ant i bodiremiting modecule fsst pmﬁubmrth eﬁﬂerﬁntxerxqjhﬁsﬁfefaﬁtsm hﬁi:hcﬁﬁztﬁSleb\nﬁé e-chain
mol ecul §%th Ii-ﬁfsand GM-CSF could be fused to a targeting component such as an antibody for the

25 . purpose of delivering the combined cytokine activities to the site of cells expressing a
‘predetermined antigen.

The Fe region, alone or as part of an intact antibody, can confer several properties to
multiple cytokine fusions that may be advantageous or disadvantageous, depending on the
specific application. These properties include dimerization, extension of serum half-life, ability

30  to fix complement, ability to mediate antibody-dependent cell-mediated cytotoxicity (ADCC), ..
- and binding to Fc receptors. If extension of serum half-life is a pn'niary desired feature and
immunological properties of the Fc region are unimportant or uhdesirable, it is preferable to use

an Fe region that is a natural variant or mutant lacking one or more immunological preperties.



15 sinvention al so provides-fusion proteins in which two or nore cytokines
are fused t.0o a.S|ng|e- chai n antlbody This has the advant age of reducing
t he nunber of 't he -DNA constructs used when expressing the deS|red fu3|on

protein, whi ch may be especially useful in gene therapy. particular, if
t he cytolﬁim&uﬁ&e si ngl e-chai n nol ecul es, then fusion q,t_.l. 5, 1!*oki nes to
the single- chain antibody will all ow expression of the fusion protein as a

single protein chain. 20 As shown 28 Figures 4A-4C, in sone enbodi nents,
cyt oki n% can be fused to the single- chain antibody at its Ntermnus, its
C-t er mi KhOsXagleif ibisidssirablerip miuah%md@xmﬂe semm lalfdives ffiwo b @dfee 4A, f usi on

pr ot ei NcgdkimBdwhR skt &t gaﬂ”ﬁﬁ:sqtg ?%ﬁ ons cgl ﬁyftw?qg@%:f&?g%gfgn 54.

havi ng i ght chain variable regio eavy
As showRFI§in EPyprEngm Fe fegion &nrqdnmamlgGMr Iz, whslﬂrcb;ﬁ:cifi%ﬁﬂﬁv& Ledub&l or

N-t er mi Ry sk In the 2 nt shown in |
Fi gure 4yC a ?I%r)ﬂ;}?;' IEC %%(raﬁn’%l: %(re &8 Cf"rory ’flﬁgnﬁ-%"g?fﬁtﬂﬁgf gFergrbinding: hai n
ant i Dodsitesdn fagidt bas e@ﬁydseezymkmam Tbidnsofsome dytblinds headibb e Thétisse Ofhe

si ngl e- i rred dlrrent rises a fusion- of -
| L- %2 aﬁdgma@g gg% fgﬁ%é%nnﬁlz?o&tcﬁe e f@fﬂg it (e “a‘ﬁf‘n?rﬁﬂfﬂipfchaﬁﬂ?@ﬂpr eferred

enbodi nefimalsole issef Fr kegions m@%dﬁﬁé‘d #fnihor @emqﬂors Gt Mol gf%g}, The

const an gve t pote to nediate vari ety of
T ot oriep e BB Sl AR INES G it Bl Boonshrertees 692489 5169 ADCC
and bi ntindey some Ecimestapeoand deﬁéaﬂmg@,amnd Sfolades WRHdCAh 1tchEgi &Y&&‘ﬂ% fused
may &l t nst.ant. r effector _function e

usel (ﬁl Re retﬁ%g ﬁ%ﬁ'# ‘8%“%“ 1‘3?1‘8%‘@‘“&?’*‘8‘3{‘ uligle ayiabing ﬁi3§md>é<§¢mé@ﬂd@4ﬁEﬁomoo4 22
I n somﬁas@smmecmglubemdeﬁd:sr able to construct a fusion of two or nore :

cyt oki nﬁfr 19,8 noiety with the targeting region of an antibody, but
wi t hout " TR&"®onst ant regions. Such a fusion proteinis smaller than a

fusion of a Teripbeition akb dbedbestdsidnoRins 'i‘fpﬁvﬁlc:ﬁw&)&'xﬁb@ eytMles Q:e%{:lg%n will

advant ageous, fo té certajn pur poses. I n addition, suc usion p
| ack on® 2dFoligyiaatdy °%PHB‘38 ’eﬁﬁlg&gdbe ﬂmi@mqs@mpmwmtargmmﬂecmﬂ;aenpay but

Wi 115 r eiodilf 1ddados. arieirefefe S ABRBALE Wik %&&jﬁﬂﬂ%@z{ﬁgﬁlﬁﬁqy an antl 0 invention

therefore features fusion proteins | ot e ey PRI are fused
to a sifgresgihantgen-sigding vareblesgians oﬁantaneb@mbﬂdwmn,toshede;pmﬁ@ in

Fi gur esm8l8cifiés, of 8 LhesN-ternmnus or the
C-term nus of *he F?/ﬁ%/ﬁelgf:égﬁnﬁﬁorg@}‘osﬁg’esg%o sl%rf%ée@I figands orreGopiprs; pafrally-o

exanp| CeUrsing baEng nyoteing auayrags, that binddo partlp.llmtsabstraﬁeé agfficlall gbridygéd | on nay be
10 fus aln Fv..r.e cont ai_ni ng an
%pﬁ&bsttﬁﬁ bt l?ereghélk’&eﬁor QPS—EQE Eﬁg %WB ‘Iifiﬁb‘%m n heavy

i munog] obulin |ight aln var
chaln mma%v%phywp@herswal plofertisis dat mm:t en a’tafgétmgfmyabﬂitﬁ gr&aang‘ &i&ﬁﬂséegs the

N-termanﬁ% shown i n ure 5C, a

first cytok nge@d%gﬁﬁg; useé‘“ﬂ'ﬂﬂpﬁ’éo ”g‘;if'ﬁ até?"”&ﬁte‘l';\?fp@giwngs ofnd a

,SA ecogd PEStEioR i heﬂlzt_&lasewﬁﬁlsbg tWUSﬁdkllhéb tb?@argéﬁn:gr,ﬁm&g@ refeHé‘d E%T £ (9&19@13 15 .

ntibo ric yehicles for multi oki nes !

ci rcung%gﬁc?zhé}le@“e{ﬂa‘%sr?gﬁr fléecf’ﬁ%glfti’l&ﬂ?‘sdld‘le%pé%c(ﬁ two or m)re

cyt oki nes | linthdmsﬁ‘qfahahtmdd? tﬁémhfb%lﬁﬂé&ﬁﬁﬂnﬂ&%fu&%ﬁut i t‘E 'iet he protein
ﬁ e na

urally

i S @SS for tiv For exanple, it ma

occSr r %21[ k}{i- ? SR ea’n[t‘cj‘§ do*’e‘%\ﬁﬁ thers a7e sesieral possible WQSOf atachgwetn Foa¢xample, an
IgG antlbpdy consists of two heavy and two light chains. The two cytokines may be fused to
each other and then fused to an N- or C-terminus of either the heavy or the light chain.

A]terpativcly, each cytokine may be fused separately to one of the N- or C-termini on the
o a_qtibody molecule
30 i Flgure 3 illustrates a subset of ways in two cytokines may be fused to an antibody
molecule For example rcfemng to Figure 3A, a fusion protein 44 of the i invention could be
- fuscd to the C-termmus of an unmunoglobulm heavy chain 46, which is associated with an
) mmunoglobulm hght chain 48. As in Figure 2, fusion protein 44 can have a variety of -



for -the activity of each cytokine. It is not possible to construct a singke
pol-ypepti de-chai-n fusion 20 protein in vibi gh both cyt oki ne noi eties would
be active. Antibodi es are heterodi neri.c proteins consisting of heavy and
i ght chains that are covalently |linked by disulfide borﬁc,i\f IZI] git IS
desired tv? gfm%%zr uct a nmultiple cytokine fusion Protein E% QND eyt oki ne
moi eti es TR th require an intact, unfused N-termnm nFEPYSPORIIS pref erabl e
to separately fuse the two cytokinegito the N-termni of the heavy and
i ght chains of 25 an antibody (Figure 3E): Simlarly, if it_is desired to
CONSt I UCknituFed, incRidBigCiok Slahipte, THeSHOGRE 6f Biin peMeEdatl b8, sA b Fisf]gf)ﬁ?.i gl es

it is pre

that both require-an intact, infused C-term nus, _ erable to

separ at ePR G {rpEtadiR Figpess d prldi ivishownin igre3 B e fsion proteint Heconlsehpyfusaddol i ght
chai ns Ofhe Mt OLkA im&:Ehs;%b&ﬂﬁﬁ?eavﬂ dhata® a?é&&i%@@%'h&iﬂﬁﬁgxgoﬁ ﬁ?b?‘ig?tg a

vehicle to connect.two cytokines in'this manner, 1t nay uset (

mut at e ofhaiefietls tharmahodigsnisishoan it Figwres 3 andsd fusianaroteio it ds fuaetiiottheNal 30
Propey ti Rmingh Atigide 80) RO ReritnS (Figlke 3 Bfﬁfﬁ‘gﬂiﬁ] Il iyt erable to
use an Fab rfleglag%%%s_)a vehi (;e tsdl:%{grg the Fa reg%?%ﬂrllﬁlﬁlg%gtl%%rfﬁgg :

het er odi #spsiated Wishan Eemunoglobrlimbenny Fhriri6. b shbwe knsFigtres 3B amicaF, o fisst

char act eghsitih€1Phat Perb& th 8RR ur . : se an anti body
or anti b_o%y f rag?_r}ent n t\(vhi g?@ﬁdegﬁogﬁ?%{ggh%g%@nﬁ %?%ga?éds%%eg} S _

non- f uncioweglobglinrikgvy dgdn 4ORis¢d teiaseeond ytokihe 14| Bhe cytbkinenEsaridd 4ansy bodi es

Cyt ok net p e gre NHERBA Bk 374 b 67 e T PR BRI RRVIRY g ©

ext eHtedAltemativelst, asintRguod 3G.dirkt ayyokolei 12asayite fised tl theNderhing of fieget and t he

especi al . C1: eF; . tem ¢ .admi.ni.stration of .nul tiple,
syner gi sff'?é{:“é‘h%yigbg%‘ﬁ‘%hg El}:@? %ﬁﬁ#&%&g?é&%gg %@?ﬁ%@! 18 é‘ﬁ%‘ﬁoi}%ﬁ (g'li?rﬁ‘é“"\?fﬂ%

ef f ect i visigurdighobnlizkelvpchandd.i meri zed; and the cytokines do not need to be
directly ;Su%gqop#l le_r&rg‘y.ng’gﬁfogseed to different sites on the heavy and |i ght
chai ns of “tHE 1 SRE A4 S48 e. 1 n designing a fusion protein conprising
nul tipl e cyt dkissemetimes @nvemitint lostyress Atibediarae siagle RhibRlolRble@Pthcons and

STk ur BB el bR el Bt HE A RE e Y otk e e oy

cyt oki neshafrednitibodyt Thés ek @B advir@igeedredudify ih¥ niibhe bede DN SEsREdtsIGidr €S
consi st of four alé)ha heléfﬁgs and have the N -terminus and CG-termnus in

the sameVRFRCTRIGSMmE 1A dgRiRd fusfon prefeing Which gy be especially weefulin gaer the@pX- and C-
t er m nusparScubdy if te@shtokineird sinfIg-chin dndlethRK R fhEGERHRY oytckones kd M8 sidghl M nus
can be used for fusion to and antibody or to a second’cytokine. wever,
it is sometanssody wiliatlawexpressinnal the fpsiprigretcingsia singletprateinchaind C-t er mi nus of
a 4-4pel i x bungi 8.06M Rk i ey i et terd _ \Wen
it is desirable t0 0 fus;galt%\s/pﬂ'(ff' Elfer&g%%w?gﬁw%ﬁj&ggeca%ﬁ g&% %g(gﬁ?%ﬂ%%e

ant i bodychainanfigodyas jta Noemninyss it$ Gitenminysyerat beth terwipd. ofor nxernple,@s shdwrirent site
on the amgaxteqsio: fusfinlpRSiR 4l Ll e fubdd tb e 1o SN et Bain AHBIdy S haldin

pol ypeptide chain of the formlg chain-cytokine-c oKi ne, ong “or arbre

f 1 exi bl dight ahadn yariphle region/Frandthsaahainonsatiihegon 641 As ol ie FiguredB) nst ead of
an anti AR S i . Ot her secrete eterodi meric

ol ecul (ta)@g %Slcl) p}%%l}rl%a#uaﬁﬁoﬁgﬁgégb‘fo &ﬁ{é%.g‘" or 55‘%%?%‘?‘8?“ . 021&?@1 gkﬂ_’le.ncl udi ng’
pr osA3at esnstpelinénit shent in Fégured(l] atfivet cyfokiviedd Sefuseding tie NotermintidlofMitigtdiclhdin

conpl exea%tibgé]y%d, gnpﬂ zt] see%gl}/d c%rpo%n% I%qg ﬁJ%fr:]de tthheC -?érglinusng smegges-ch%gn aEnrt]i%ody 50. .

A preferred embodiment comprises a fusion of IL-12 and a second cytokine to the single-

'~ chain antibody. A more preferred embodiment comprises IL-2 or GM-CSF as the second
cytokine.
30 The constant regions of antibodies have the potential to mediate a variety of effector
functions. For example IgG1 mediates complement fixation, ADCC, and binding to Fe receptor.
The position at which the cytokine is fused may alter the antibody constant régibn"s effector
function, which is usefu! if modulation of these effector functions is desired. o



TG -beta fam |y and their astacin-like binding partners, or 1L-12 could be

used. | C| ei c-acids 25 The i:nvention al-se. features nucl.ei-c aci-ds capabl e of

expres E) ‘Bachof t he above typés of ~“proteins. Thesé include nucleic "

aci ds encod| ng fusion proteins conprising two or nore cyt@krpgpsf usi ons

conpri si ng-twoe--or nore cytokines and a di nerization donpln.sieh,@s an Fc

region, fusions conprising two or pgpre cytokines fused to an anti body, and

two or nore - cytokines fused to anfv. region. Preferred fornms of the

nucl ei ¢ aci din? e QJ}‘A vect 0&? %& m 30 which the fusion proteins can be

expressed in el thef BAtPey befegipab Hﬁﬁ‘PSF&ﬁac@FIPEOmeorfmgnewmokp:emtoa ns t hat

conpri senmaﬂymﬂitheafgeﬂwgbﬂef@mha&l . BRNRiHoham di ng cleic acid
may be uselxlj1 Al t Q‘ﬁ‘b it may ge usef ul tSQE ace%?%ns #b? ¥8si on-

prot ei n &G rﬁf‘%%l@ﬁ & sl? OQaWWerzmwm@emmkmegm¢m becul e.

ap

The Exarqdmsagebﬁsusmampn@bsdscmaaa toR! SEh 2 nucl el ¢

encodi ng @5 okl nes. The nucl el c ag’scfnl {)E?h‘”ﬁﬁg%%qe%ﬁ‘oé?%&‘e

par ticul AI?‘I@% e "’B’rm@%&ﬁ%@é{y&\“ il yetdin thetargeting cakabibity dfus batibody Ot ei ns,

for either tﬂhemvexﬁiuﬁtﬂhdi’é’i‘m@ffe hhESRsibg ene ther ur.poses.

5 Met hoﬂs for, gnt hesi zi ng usef ul end Fel'rr[%ﬁ?g‘;hcl) tr?g) |”i’ﬂf§ﬁ¥‘f’§ﬁ¥”§§ﬂ{ﬁﬂl as

assays " U BFOBICTBFNFE L48I0My Astshown inthe erakasiirogits dépicted mv]i-‘l'gmeSSAacsnd@scrl bed

in the k¥RRRESSa H’&ﬁséartsﬁféf}i_t b r qvi des_phar maceuti cal

conposi tigns andy et hods of th *wﬂuﬁgcﬁg&q?%a(&% ? 5‘1%6%%%@’{0&11&6? a

wi de varREtirmypusyfopersmple, aswhow:nr@gtbaﬁAnmmsiamprmem 4400f thé RREARA M be

var i1gus fised ffthe eNSmARE 2966k vacci na Lon al nst various di séases. 10

Ml tiple C%ﬂ t oki ne. fuis%]gon Qﬁ@?é?ﬁgg‘éar‘gmﬁl “ogesy %%O%Mléﬂ%hqdlam

par asi t iv&rable iggign 52 émdammunoglvﬁwnﬂmmy&hamrvaﬁﬁmsedgmm R R0 (Roteinlgs] 2 |s

known t @,,03K6 1@ n _many types. of infections, inc u i ng

but not IaPm t ed fltgc%&)l n elél;{%g%m\ﬂf%#‘f’ngmﬂéﬁfléf%%fi_g‘g?éﬁ Asrebave it Bigeses

t he par aSi 4 Brst Ixtokins ldsnaflg:(fmdd kg the Bi-BhillhiN 6f d88vOegiof \Ehd LRERIQS A TaNSoNi ;

t he funﬂﬁ?bcﬁé%’{o é cans. Ed the viruses chorioneningitis virus and

cyt onmegal Ovi rus. NS Rf the Vi%'%eneral ly act in combination, it is

of t & uéelfllmdmb‘wbe‘eroﬁ’MrzmnehwﬁUmrﬂﬂt:ﬁ@mkzﬁgmg two or nore cytokl nes that

are known t ne stl al | or exanp since IL-2 potentiates the
effects of Oﬁ"%gﬁ?ﬁ%%c ’g g/‘fabﬁé%ﬁ?ﬂsﬁé"tta@@@ﬂ ef/tvakonreereicptokinesinnent  of
baCterlE’h%Chmfamdfﬂmcyfdkﬂ@@th@@ﬂeﬂhd@ﬂtheﬂﬂo&%?&% enflal L& ‘r?d et hod of

treatne i.nfecti.o di segse is_to userrutlpecytomefumn ?Q
pr ot ei négamﬁ’aef 1y Cqﬂﬁ]i‘#ﬁ@ g gequgring N-ferginus ef tee differerht aytokﬁheemesSsteﬁtﬁl

mul ti pl for ttackivityeofahchidykike! B iPfor phR{HRED! dong st at egi es
areydescri bed t}%ﬁ :gﬁ) harrlracoéutlcal gg%pu&\s{ﬁlglggﬁp(?s’p? ﬂ@‘ A% ray

be t5edPPIIHL elf&"lct'eéé’mﬂﬁldﬂlelaétlveor | i qui d dosage. forms such as,

for exanpl eArmbbhﬁ are 8@ ety | ons, or the || ke,
pref er abI uni ts dosa Slléh@&nrrgl%sw t%ﬁétb%%rf%advr%%%i%sg&aﬂﬁﬂ%% ecise !5
dosages®® Xflﬁ’é‘PYclHHﬁ%gY tﬁ%‘%éﬁ bands. If ivds dﬂSeechtomonmtaﬁﬂMpl@ HIIRE fildfoh C al __
carri erproleinS¥e fNoEd ok thoidtds m&h ﬁ/lg{a tglpgiq.lseéﬂher medi ci nal agents,.

pharmaceutical s agénts, carriers, AR, ﬁll-"ent S may

i ncl udePreferable to sepemiahs fussihe twwold:ms tc.eaha INefefmink BFERE he Ay URdH LT OF
25

an antlbody (Figure 3E) Snmlarly, if it is desired to construct a multiple cytokine fusion protein
' w1th two cytokme mcnet:es that both reqmre an intact, unfused C-terminus, it is preferable to
. separatcly fuse the two cytokmes to the C-termini of the heavy and light chains of an antibody
(Flgurc 3F) If the anubody 15 used solely as a vehicle to connect two cytokines in this manner,
it may be useful to mutate or delete those portions of the antibody that confer additional
30 properties related to nnmune funct!on For example, it may be preferable to use an Fab 1 region as
; _la vc]ncle since the Fab region retams the heterodlmenzat[on feature of an. antibody but lacks the
Afunchons charactenstlc of the Fc reglon It may also be useful to use an anubody or antibody
fragment in whmh the anhgen combmmg stte is non-functional.



plasma proteins. Actual nethods of preparing such dosage forms are. known or
wi 1. be ‘apparent:  to those Skrlled in the art.:The caonposition or
fornulation to be adrinistered.will, in any event, contain a quantity of
the active conponent(s) in an anount effective to achiev Fhg gasired
effect i LhR-sUDj ect being treated. Administration otbqhgwggnnpsrtrons
hereof can be via any of the accepted nodes of adm nistration for agents
that exhibit such activity. These @8thods include oral, parenteral, or 5
FEB 2004 W01/10912 PCT/ US00/ 21715 25 topi cal adnlnrstratron and othermnse
systeni ¢ _f or isiopngfaeiliipia cytekinegse antdhodicticombineaurnyfof tudwvelifetturas pbihe The
amount  ofv@fibh Vi &Qﬂaﬁl’rﬂﬂnﬁﬂ W Rkak ﬁ{sﬁ)ﬂ W}el sEruFIfqr alfc]ﬁ%' Bistﬁe cﬁgkﬂgyg nde n]'E on the

subj ect being treated e severit

adm ni stagaalizsd andedendeds ﬂlﬂsacflw@gwfebﬂh @fokinkgis mce@;d |t<ba taggepmy‘sﬁhc pan:cxans
descr i begyRRE¥&s aekb Q;fsr éa&rdﬁﬂtr@t?on' n%]!tl Jé rﬁ&fgls%@ﬁu%éﬁg&m@% others

have been  investi gated r eat nent erFcuhst ances
it i9 achrard@ég@dugrtﬂ@nq;g effeptwﬂlm Idiriqsized Mldﬂunmed,wdeWtws do |nnt mereéat ment

of cancep ’be g%%ﬁ @Et Ry & ﬂpéc:ﬁ{) E@nﬂ%xtﬁ&e (Ssr?th\!: f?f%)/% ahd ' h? aB8%s ot 1

haIf-Irfeo e conponen r s erior ulatron of
the 10 anebaiylmeleadttrwtres of the tvvo cyt oki nes A preferred rret hod of

treat ment of { k ne artl ar, or
H oaue so t n 20T Flnd 258 bRAE bodd i O SR AUEOTA P 8o o
ef fect s mlfmbsyefcqmpns ardrcsnﬁglmmiohmmarmybbdastmgmshbﬂd)y rmneexmmati‘ousr ons of

rrultl I [A) sto an Fc ke n_ar expect.ed to be.con trated to the
| i veroo h"mlﬁ biot PRy cqnddqrpuiony ragsgt t F?)rfe?‘@gwgépaq Yi oo sfag lf?acﬁéssl i ver.
A nore pemiedmmhxrmhdleuj ']ihesetmus&s eomsist dﬂf@helphykﬂkbmdﬂiaﬁéﬂxﬂwwﬁﬁhﬁ t hat
is further, fused to t ar get. ent . su an anti bod § rticular,

t he ant |ar5'8§ E'“’IQ%ST/‘E ‘ﬂm 3 13%%“‘3&%‘2 e a 2}8?‘1‘? -]g'p?é‘g|Q| c

ant i genseimiatdds ndiMsed indlindingGaRe okiﬂeﬁecépi&%]mtﬂé} térihlmbicathd ﬁsieﬁ&‘oﬂ‘hsmﬁ'

Jour nal of n&}]o i cal thods 125:191 [1989]; U.S. Patent Nos. 975 369
and 5, 658 23400 Ao ase5e8d SHPKIBY dOWRTFS itk seme mlﬁ'@umﬂwﬂwfrse@%ften

usefysl tihe NOM@BCitgralifsofe 4-hdlx byag: @{okbzumlff@fe&{ QRS SofleldWehipdy directed
agai nst an antigen_that is likely be present on that ty ype of tunor. For

exanpl e, “’P?ﬂ cpigabifcta e tyg d\ﬁ‘?&’r“éﬁ'ﬂ‘%‘?"i byadie pyolingsde amyntibad ibis srepafors

Vst er n bRl o MAXARENSkHGH ©fa cﬁﬂ?&eﬁt $i0¢n the diBodyO AR IRy RN Adokisng, hhe
type of the tunor, cell Such net hods of tunor characterization are wel |

known t GOR¥BSEA BRlypaptide ¢hain of ghesform kg cheinrpyiokinggtpliae.onk pamorsflexiblach as

oncol ogrlﬁ&grsmgeq,gglrtotgg,&k&gé&g&m&%mbﬁ Il so possible to target nultiple 25
cytoki ne fusion proteins by a varie ot her- neans, such as fusion to

specd®ic Ii gdm!@-d@f an prabedy, dfris plad pass b to WS’ﬂJ@r\SBPwtqdézptemﬁénam mnlecwlesvot h

pre-sel SeifGt i ecul es

with localfzi ngﬂgh%lr act e?}ég%’%ﬁ@e Eﬁﬁﬂlgﬁgﬁu ergéelgt gle Ciarlllggml"}%@%s may

al so be pietegpefimhibitor aathrvdneh lbcomlms,tbhlgezhsw chain e the J chfiechérobess offtheat ment

of CancefGﬁﬂ%a%ﬁﬁﬁéanﬁ%énPAs@gm%&% pﬁRX eng 1t2h%e) q}/ 30, The nucl ei ¢ aci ds
n

of the inve as gene apy agen ?‘*’eat ment of
Nucleic acids -

25 : The invention also features nucleic acids capable of expressing each of the above types of
proteins. These include nucleic acids encoding fusion proteins comprising two or more
cytokines, fusions comprising two or more cytokines and a dimerization domain such as an Fc
region, fusions comprising two or more cytokines fused to an antibody, and two or more
cytokines fused to an Fv region. Preferred forms of the nucleic acids are DNA vectors from

30  which the fusion proteins can be expressed in either bacteria or mammalian cells. For fusion
proteins that comprise multiple polypeptide chains, more than one encoding nucleic acid may be

used. Alternatively, it may be useful to place two or more fusion protein coding sequences on a



cancer ‘and ot her diseases in which it is desirable to target the inmune
systemto.-a.specific cell  type. For .exanple,.i-cancer cells are withdrawn
froma human or ani'mal, one or nore nucteic aeids encoding a nultiple .~
cytokine fusion protein are transfected into the cancer’ getddoppand the 5
FEB 2004 --~ 26--cancer cells are then reintroduced into the,hyan,or ani nal .
Alternatively, the DNA may be inty,oduced into the cancer cell in situ. The
human or ani mal then nounts an i ne response to the cancer cells, which
may cur ever i of the cancer. A multiple cytokine gene

f usi on, SS@EBP%??%%’%%F@&&&%‘VAW&GI’ 1S8R Partehisnfosms of the drapired muchriessi on in
manal i asdscenicbding Bultiply chtekihesansf ected into the cancer cells by any of a
variety of tﬁ?ehnr&iczlg%%si i nclude the calcium phosphate nethod, a "gene gun',
adenovi rus vectors, Sg%‘i’%ﬁ?’@v‘fquﬂﬂéﬁr@g}cu}a@lﬁr‘@ﬁﬂ F expsessionof moktiplany ot her
ef fi ci estokineafusibe piotetrs, foréithedthe produdtittl (Fitkesa ik fﬁfge LLiple
cytaki ne fusfon  protein. that 5 furé,her fusgqoqetl%?%t e Q%C%P%gmoges.

Ant i~ cancer ‘gene t Her 3P ame eyl embe ts of the dysniéans pnyelhas assiyo msafhl nor e
than orfer festegtheid fhapydcoloiof actiied) Gro@oSRibEE th il ERaHDST cancer treat ments,
such as treatnents that. may augnent. the inmmune-stinulating properties of

the fused cytSRIHEFattioralso ppvides ghasmaceutisal empbsitionsanil chethofls bideir nvent i on

may al seeéxpeancnt aidyRbveRtich FawilOl&ldesr di d.d i e.devel opnent of
an  immune response to antigens expréggsed%esgﬁéu%g%?migwtg,t°or may be

co- t r arfSPHEER T VGOOYS itertians and gapear.cand yaepinasiopragainst variquschisepseat ei N moi et i es.
| n Yoarti cul avuliiple e}6kife RGbe r | t 5.Gostimulatory surface
protein lﬁgﬁg bg 1igotjr,tanlse;‘ ect egm?%&ocfaﬁﬁgﬂ%gntggrrﬁ Ezbgfjﬂ %ﬁ[%ﬁtﬁs £ah ogymal y g
Pat ent cuaps;oygangsy For pxamples Hed 2 isrknown ¢ahoera petettivewiel ia bpesomci d i
expr es shiestidhd] ihétdify bift s d S e acconpani ed by treatnment
with an anti boldj\{ (;l?g i m%tgiglg%tg St)i:ﬁ?]fg%ﬁg?@{th%?g%%g f’%ﬁ@g?ﬂ%&gmes{ Lode et
al i h( .19@%Bd%éﬂ%%.0x8§i€mma@,_@hma?t5 _mzyﬂa*fsj anclt SEIE:_&&B'&?@M_ Ebngfthé:ﬁlﬁg@r ; cells
Wi a B Gpidmt iple cytokjne fusjon may al so be
accaonpani ed by I%%k’t rgg@ﬁg%%& v%%tr%gﬂlaeﬁln%ﬁléivgéﬁﬂ%i?y?%mws-[ eRgecytakings
(1999) grneselly aghin combimetionSt is of@n LSS to usel gioAprasintsdeHishddivh LPRALe | Mune
stinul %%kﬁue%ﬂ&éhﬁﬂﬁk&&??e%} s%ll%%@‘g(l}%@s maélgal_so be " conbined wth
system ¢ treatnent w th mutxipt FEAPDIE; ce Jh Binstengateythe sffocinefige of

co- t r &atl@deitis uskfulto sordbiné thew! cyiokineni tedatriatlt F BAckeral. b %%%F ckers
S tha‘é:‘lisE&Ss?.e treatnments, unlike DNA-danmagi ng ageﬁFgagH‘c?f C btcﬁy‘g%g

bl ockers 0 not kill immune cells that may be ?5 dividing due to
St mul at] onAprefhel maihid dfeataishIfifRcros RB1 O Shembr RIL R SO ent
naclerc I ds

of 4 hi ne.t her thod is to introduce one or nor

e ncz'?)di -E‘g"g"rqﬁs- e %@Rﬁﬂ%@e@m 12ipERng Feny thatplaces the mutiple sytokinelattthesite of

rei nt r ofertion! NeriQBmGgdting SedtdpSesiand @sthtRqheimn or ani mal ., The second
cytokine is_preferably 1L-2 or GWCSF. The present invention provides novel
vaccine conigg%ﬁ’ E“‘éﬁ'cf%@?wéﬁ!@ ob thedryentiom ray bonsedfid thedbrmveselides i nt ended

t o pr oxdmigolal, B IRfuRTdds¥R f&Rls) gugpgg,fgr%gm{]gqg;@ﬁ% _rcgl%g%?&% H‘Ifd rc]rts:,/ﬁﬂcc. nat ed host :.

manmmal S agai nst certain pat’h(_)g'er_ls, usin n * MO €
cyt oki THSBCHSIRE. of the dike,papieralyly insenit desagedioompsuitabl foradihivistikER BE onse is
\ . . . : pre&isd
des§r ?Qosaﬁék'. tThe binpdtion \ﬁmﬁdﬂ& S kg p%a%gu]ﬁ% Oc%ml'zer %r7 excipient and,
 in addition, may include other medicinal agents, pharmaceuticals agents, carriers, adjuvants, etc.

- S;;Qh excipients may include other proteins, such as, for example, human serum alburmin or
plasma proteins. Ac_;tual_methqu of preparing such dosage forms are known or will be apparent
to those skilled in the art. The composition or formulation to be administered will, in any event, -
contain a quantity of the active component(s) in an amount effective rto achieve the desired effect

. inthe subject being treated, _ , ,

o Admipistration of the compositions hereof can be via any of the accepted modes of -
administration fpr agents that exhibit such activity. These methods include orél, parenteral, or



5 FEB 244 maybe fused-and the resulting fusion protein-admnistered to an
nal. i n conbi na.tw_pn_w_rth an --antigen. In’ partlcul ar, IL-12 and I L-2 may
tsed dnid-adm ni Stered with an antlgen AIternatlver, IL-12 and | L-2-
may be further fused to an antigenic protein itself and wsegrtyms5 stinul ate
an i nmune [ esponse. In this case, the invention is directed to_vaccines
that rel WYOWWHe host's cell-nmediated i munity, i. e. XE&S8Y318% ation of
cytotoxic T |ynphocytes and activaped phagocytes to provide protection
against infection by a particular pathogen. It is especially_ useful to
per f or myses hiftdseRon thd Snbiwdicaysehat SRS ﬁf&%ﬁ&d £h Qaférl-edjrgethdd-%fz and the
antigen, as this conbination directs a Thi r€spon: e agai nst the antigen.
Conventlzlgﬂ"éﬂlﬁ’éﬂ?’hvants used in 10 humans, such as 'alum tend to induce a
Th2 responseTp! &&ni&%cﬁ%ﬁﬁmﬁﬁ@ﬂﬂﬁﬁ%tér@d SRS bf c%%scfblé%é”gen(a mn i ons of
T12-promoting cytokines may be used. For exanple e use ul to fuse
| L- 4 anchubiect bging Beateds WF&G‘@FWg?féhfrmi@Fethe sainer héadmsmratlongarfdub¢ on protein
used sqs @W{dm i) icGlar, if it is desired to recruit dendritic
cells |n an ani mal es?us]ééd)ﬁg%r?b%ﬂnatl ons of IL-4 and GW CSF nmay be further
fused with 1Bsdpscriked ahovereytoldngsonch s Bradbtld, EMASRJL o amhethere hayertesent i ng
cell's,  Qfyekiidafeli B8 rehtdS b sindP @ 8@%9!% ng the fused
cytokl nesvt(l)éaei3 tartrgeet tﬁtldossue sucﬁ&éélsg&gxcn lﬁsra@se%%&%urslgoeﬁ “%n al so
provi desmrltmlebyt@mmfap@wmt;mammm ofhsanaegrgdforsatong sf gifpleasdimivinbiiong
i nt ende | t h tain ther tic
Conposi S | %%égégsgl n?ﬁlﬂ}%épog{g%ga %o%glﬁcgm %/ﬂg%g?c{r{%rssu f”coﬁgﬁﬁyn PHES ude a
sel ekﬁtedelamuemgmnnw@ﬁthemmwtduna 20 cancer cell. For exanple, a protein

conprising t Cc ki nes dm nistered dj.r ctI by an
appropri ate \r,A%u‘f%mgg?e Oél 0\?“ tﬁ"%ﬁg?tlcﬁpfeétl%%ﬁmﬁt R RG] pad'g?‘}%r c’ré/’J'Exarrpl es
Exanpl e ot tissGass theeffedt ofithe tytgkines ftg be bencempadil ad dHe stieRFRSS bh§ystemic

cyt oki nez cyt aki ne fusi rot ei n 5. To Ilfunc onal proteins
vt o SR Py e, ir gD B fiofs of BREPE elitkisrs 1o Fogeon o and
ILd2 aredpé@ﬁeﬁ\te&rfbohden&ﬂecmonﬁ@liﬁiﬁwﬁi&l% Gy B&QIF%IJISN% &ti&t@,amz(ﬁfdancbghﬁﬁsh fol on, the
codi sequence- f or ur e i ne was fused to_a pronoter
and 1I dger 1veg H‘é’ﬁ’d’é% %f{mggu%wtﬂf’gqué‘&&%s *%%‘PGH‘ thalds Brtheti ent
secreti Cﬂibed CotianBtipeguR RidSasah anfibidyD ¢n pAGcllss %e aﬁﬁ%dﬁé&sq\/h Gt 18 £arshown
in SEQID NO 2 and SEQ | D_NO 3, respectlve A human p40-1L 2 fusion

I
was al sdIERFIertiuRorSaesHi¢ smtigens(Var é‘y &aﬂ%\“ RetHE8HA4dr b villist et ga
to mousem pﬁhﬁﬁ&%&:&@@ mﬂ%deflzmgﬁ[mﬁ]‘itﬁz@ PateRUIEN4 595 604N of |1 gGL

( SEQ wer e constructed, using exg{ﬁes& on plasm ds previously

di scl os é@ﬁSPL 68)e {Whep using etbpsy-mmltiple exeking fusipnios.oflen U{eﬁg d@investigatsthen| .

U S 207l Moo G8e 24 S, 200kl B0 O UL, PSR DL

G | | i es teat tygp of tumor. |enerasipdey yt thayoes)sefid o SroEtes20By mW@MSﬁnalmlsur e
mouse angledUATBiR:, BdmiddBioh BEmEHIRSE BNR, 8f siklfy iddhuibfin ABE HRQA¥ allGRNY: Ef21 N

were constructed I.n
- Such methods of tumor characterization are well known to those skilled in the art of 1 tumor

characterization, such as oncologists and tumor biclogists. It is also possible to target multlple
25  cytokine fusion proteins by a variety of other means, such as fusion to specific ligands or
receptor moieties, fusion to peptide aptamers with pre-selected binding activities, chemical
conjugation to small molecules with localizing characteristics, and so on. These targeting
methods may also be used for treatment of other diseases, such as infections.
Tréétmem‘ of cancer and othérj cellular disorders by gene therapy _
30 -~ The nucleic acids of the invention may be used as gene therapy agents for treatment of
- cancer and other diseases in which it is desirable to target the immune system to a specific celi
type. - For example, cancer cells are withdrawn from a human or animal, one or more nucleic

acids encoding a multiple cytokine fusion protein are transfected into the cancer cells, and the -



an analogous manner (PCT I'nternational Publication W99/29732). 5 The type
of Strategy di scussed here to fuse:p40 to IL-2 and-to GWCSF is generally
applicable to the fusion of -two or nore cytokl nes. SpeC|f|caI ly, the“coding
sequence of the npbst N-terninal noiety conprises a si gn ggnce for
secretion. wuhil.e the Gtermnal noieties does not reqyil ,%fg nal
sequence. In sone circunstances, it may be useful to place I ng
sequence for a short peptide Ilnke|2‘5 preferably 10-15 am no aC| ds | ong and
rich in C|ne and 10, serine, between the codi ng sequences for the two
cyt oki nE%‘ Fgsdls mﬁbwrame@wﬂmmphmmwnnm @émnmel)ngmea)NAsuQPbetypes of
f usi onsinoBuiddtifth Bhel dABcd For exa det ai |l s of
the construction ofa fuélg%lﬁ Bﬁlv@g%h% erbﬁu%agﬁ)ltﬂﬁmﬂm 6?ﬁpfm35ﬁ?:l

mur i ne 1PgcancgEpelsqwhich may gare 0Flﬁ$$€nlﬂ@q'ﬂ§tf¢ntﬁbf\thega‘ncerhe‘t mampwpmmnta goife NUri ne

kL(ézg(ﬁt‘@’ﬁ’.“ﬁ*‘?EF?&‘?ﬁpf P SR RBL B 0l SRS B bt e

sequencBanhe teens dAQfe W@nmew angAfa M@tﬁﬂeoﬁlﬁﬁuésSEQuH&hN&]Zﬁlm i n which

a Nhel gi | aced upstream of

t he transl(g%ltlé on |%|rt | at |ed%lﬁco§;nzv dﬁagﬁsd%tﬁgwlhé%ﬁ? THFAVHR VeRQE- OF he
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Xhol sig ‘Stcg‘?;%ﬁﬁﬁf%? ?:l'te?m% etimeQ | D NGO 8) was pl acélg T);tmelcljl ately
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downst ream ron's op codon TAG (anticodon CTA). After
sequence verAfti-cancergene themphivath-atuoleic adbidagprsdingOftion 67 Mke (kA ofkrRéP €DNA

Wtdhit I ated to the Xbal - Xbol di gested expression
vec{bor %é@éf Xrgly gtg %glﬁ m%@&bth)ogﬁ %a[“g?fﬁfeﬁﬂﬁflﬁe%lfh Ayrefimentssbas oy augmhent. 7
restri cthe Unmsnet-sismlﬂbmig mogtriksal theduwed conRiat phtdn. Stdr eXintd) 4 nuRi Si ti.e
was usczecg or 1 p40 because nu-p40 has"an interna Xbal

Site O vbien oy e ot ol Dratpin S1eset L T 94 0. theddvelopman of an

ol i gonunirmniclre@thenkaﬁttgbﬁsepr@&dH ¢ @nfer B, B site
(C TGC A % Smal - Xhol fragnentyméont alrnl ng tﬁg& f%&eréa‘%rﬁ?g&%rl ne
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GTA5CGAHGRUIGRE x 4@5@6 . dues 1-6
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( I\lﬁﬁ;#%séze Pst| site, res
is 30 tﬁ‘éené g TE@I‘F%“‘{W Gﬁftcélf%[ﬁ&’!ﬂlampﬁ@ca@d dxpreasmgumltqﬂe muri ne
40, e | |- 2 Th DNA

encodi n gl e-chain nmul L12-nu erlve e
encodi ggfﬁ “é‘niqﬁﬁt"liﬁ [Fodg ¢tal. &Lﬂ%)zl’md\m wdr qi) 9§c24ﬂi@i mmmﬂohafe@w by the

1 5 FERegORH#n Snal t
The m%eseque\ﬁbggag{cjatgiﬁg %%g}%%ﬁé@%@ﬁng nmaﬁ’ ﬂgig%ﬁaicgmpgﬂ %gi/CSISZI wgs C

TCROAGH R NE Rt FRengingsriesinbladkar (e (%GEQI!?@) N@clmt AcabihBeie): f59TPC
(residues 1960 he. ite, resi dues 17-22
of SEQ 1D NO o ‘e?g%‘%%‘%% 0 ‘h‘% st F @f@ﬁ“é&ﬁﬁt gﬁlm"&?ﬁ MRy apder esi due
of nur icAmbingd with saﬁqmamentwahmmmmmmﬁwp@mﬁts ARlaRdge bt i CVCST
Exanpl %'egunellzﬁ(%tﬁ §33189na? 1mr|m|Inels &'a%clar(s) gr g?(;[ggxllesm blockers is that these treatments, '
unhke DNA-damagmg agents and cell-cycle blockers, do not kill immune cells that may be

25 . dwxdmg due to stunulatmn by the multiple cytokine fusion protein.

A prefcrred embodiment of this gene therapy method is to introduce one or more nucleic
ac1ds encodmg IL-12 and a second cytokine into cancer cells, and then reintroduce the cancer
cells into the hum_an or animal. The second cytokine is preferably IL-2 or GM-CSF.

The present invention provides novel vaccine compositions and methods of adjuvantation

30 ‘ -of vaccines intended to provide a protective cell-mediated immune response in vaccinated host
_mammals agamst certam pathogens using as an adjyvant two or more cytokines that have been |

_ ._fused For example, if a Th unmune response is desired, multiple Thl-promoting cytokines



| L-12-1L-2 fusion proteins were expressed as follows. Different '
conbi pati ons of .the- individual vectors encodi.ng p40 fusiens and vect, ors
encodi ng prot ei'ns corrprl sing p35 were co- itransfected into human 293" ‘

epi dermal ‘carcinoma cells for transient expr essi on of f;sr_-ﬁg 40t ei ns.
DNA was m“? using preparative kits (W zard, Prorreg L Ufﬁs
et hanol -precipitated for sterilization and resuspended HHVEY ?'1 e water.

For expression of biologically actipge |1L-12 fusion protein heterodiners,
different conbinations of the individual vectors encodi ng fusion and
non- f usimedy Hersm 208 tHeh Wi drSprotl Andididdtsd £ 'S d

co- transﬁyctl on of human 293 epﬁgrm car ci noma ¢ %P&R@Y“V\gg purlfl ed
usi ng praébé‘?'ﬂatlve kits (Wzard, Prornega Inc.), et hanol precipitated for

sterilization aﬂai&e&uwmoma bSfusdd ohf alihlered sphat e
precipitates r\:vlére prepare by sta)pndarl m&*%jl oggeﬁes?ﬁgﬁ géﬂf DNA per m (5

g of eacHtampasivelywd- 17 and i dam Mtﬁ%ﬁ&@@n@ﬁ@rﬂemﬂsﬁf anid/useditee wer e
added t Suntine 0 [ %
conf ?ue%gﬁﬂ %%&E CULAR c’OI%IIrE Ngm%cﬁ%B%?A h?ﬁ&l\% Og‘gg&% dﬁ%&%ﬂﬁ? 0

Fri tsch hapits cel-medidted immunity sl . ti&ﬂialtamuoﬁgwﬂaxibaﬂmﬁmﬁas oxdyacivaed, 1989).
After n
repl ace hvéoc#e? ISFEQHQ O%?nﬁ A thgfegays %%Blélu ear&r? ; Elvva%ecda“anoved and
anal yZedlsﬂblftGFBCdGMYﬁCQWaWﬂSW@M@CIDTQ@EQeﬂimpI'ESlqgl‘]b-SngIELFQ lyd thk laBiigerbol ogi cal
determ o tian.and anal y5| s on SDS
gel s of %Elc I(JJ{iil%t'tldlnv(-!,-Ji’l3 gts?%%h }léshé{pr 0 aél:'s@g’ eﬁ t'gnvfg'&mn% %uaﬁ?}% ﬁdt Rout

met HDonllmmawasuq!mdlmmtqném tndecetaiBh22Bspgnsewt h rredl um on the second day of

culture and 1 h n| n 1 ddl tional 16
o eopat onfd TRERh AR ABalst Rackind, Brba ARERRGR ST 103 bomarnd BulbRet, (o i 1
at 13, @G bepised. (Fa cxeaiqile mmwtmuseﬁﬂ:mrfhs'elltugﬁal Ilanaitol fosinl b aihgid nvdiédulqr otein A

Sephar ose,heads ef m.of culture ernatant)

arer s o BEReS i hion rplei PR aq Rt Bafe b sl it s o) 4 B0t o0

centri f dgadritizreeHnit ahaﬁmnﬁ’ﬂ&d@&nblﬁatm§obmf-¢ &1d GMITSF ridy ik fhbdNgdedetinr P40 30
( NP+ é The T}FJ]naI rﬁ \Aﬁ’ﬁ\‘;r esu?slﬁ%nded in SDﬁ contai ning gel buffer and
bot 120 Fiern e feioRstiord {980 PHHEehRSErapg ool PiridgHpaR an epbody
super natkagiblawfslidittipgdRofubel Stdkives &) 4 ﬁtgettﬁssue saidGingoragent (5%

2- mer capt oet hanol ) was added to one sanpl e and both, sanples were boiled 5

FEB 2004 30 If1pPr %‘WW SOPEPVIES AP YR S RPeiic sosmposistopsendymethedsl gel
After elgpiafiBoiesied td fevideh syi»@ﬁgmﬂ&ﬁe@t%mfc&ta& hedpdulib Qbhpdtinddi ography) .
Transfections using the foll ow ng expr ession plasmds were perfornmed: nup35
plus mingudieg @J«zﬂlieksﬂweawﬁmsts swhich mayinclidea selested aatigen opaBripg o2 nu.
p409hL- Lanché e R u. p40-1L-2,
KS- 1/ 4- hui. ps‘%elﬁllt&sl %6e§ppdga§caa§%d B o °“B°%fgﬁ %S%‘J‘fbehl L-2, where
"nu" r epdmznistered direoly bp%?mrﬂ@mutewongr\@ﬂmpsmpmtﬂm Maatted gmotraiels. \When
cells were nmetabolically |abeled w §l - met hi oni ne and secreted proteins
exam ned by reduci ng SDS gel el ectropﬁo esi s and aut or adi ography, high
| evel exXprmpkilorCaxasuctivg o Fustonks capablrolieprmsng dolkeewymkinegisgt s of
reduced fusjon proteins were predicted based on the nol ecul ar wei ghts of
corrponeﬁt proteins, as follows: p35 of IL-12, 35 kD, p40 of I1L-12, 40

' To create multifunctional proteins having a plurahty of cytokines, gene fusions between

- IE~12°s p40 and IL-2, and between IL-12°s p40 and GM-CSF were synthesized. In addition, the
coding sequence for mature murine p35 (SEQ ID NO:1) was fused to a promoter and leader

-q

sequence that allow high levels of expression and efficient secretion. Coding sequences of
murine p40-IL-2-and p40-GM-CSF are shown in SEQ ID NO:2 and SEQ ID NO:3, respectively.

30 A human p40-IL-2 fusion was also constructed (SEQ ID NO:4). Fusions of a mouse Fc region
of IgG2a to mouse p35 (SEQ ID NO:5) and of human p35 to a human Fc region of IgG1 (SEQ
ID NO:6) were constructed, using expression plasmids previously disclosed (Lo et al. Protein
Engineering 11:495-500 [1998]; Lo et al., U.S. Patent No. 5,726,087).



kD; ‘IL-2, 16 kD; Fc, 32 kD; Ig heavy chain; 55 kD; and- Ig light chain, 28
kD.- Proteins migrating with approximately the: predl ct.ed nol ecul ar wei ght.s
wer e’ observed Stably transfected cell l'ines expressing nultiple cytokine:
fusion proteins were also 5 isolated. In the case of hetegogggragic
constructs,. IL-12 p40-1L-2 or IL-12 p40-GM CSF fusion _pr.ofeln.encoding
expression vectors as descri bed earller for the IL- 12 p40 subunit al one
(Gllies et at. [1998] J. 1mmunol2® 160: 6195- 62030). Transfected cell

l i nes expres? %\Raf p40 fusion proteins were transfected a_second tine
Wi th express Biremare sud hynas 3 de ther{eterminvs 2f ﬁ@EKS-iatnnﬁbcbdy leavyc- p35
fusi on prdgit Bidescdibedby Gillids oA 191%51 on tor as :0
described (G| 1|i es@lg}{ al é{l%(Q l’]}Ml%%'rnq] FPE 6@19%@8?2%5?5 OLIBAWEY nat ant
from st HI9PSF 3 RHeer 15 thedi-fegmiakpofihe 1448 mtitedy Keavylchdia-vere am(stmaed in
EXpress tuEl&d@oﬂ%a@@ﬂ@@ﬂn&ha@&nml?&kdne@/@g/z@egz)t he products were -
purified-by binding to and elution fronprotern Sepharose ‘according to

t he franuf act Hied¥Peoistaegriscassed Ispid fyepd0 thdbehvandto W -CSHiegg¢ratiypr ot ei ns

' 5 | t h d t-hat
e oDt e hoin b bt e A Sl RLA0 e 0o ot bF bt oy

mass  whirlempiea maisty pesmprises 4 signalisefieinge flirfséaretion e/hile ted-esmiral moRiieddochet ween

IL-12 a the products f transfected cells
expr es s?ﬁéédr?"g A Sék L“?‘““%Z h} %%%a%r ‘Qr&itf"gﬁs’ oy pe E Ié?\B]%Fff_a eoding/e| s gave
si mi | ar segugnge for@fshort peprideiirket, preferabTh lll@-lS\mﬂixlm mdshenga&ﬂﬁ@qu gBkireRgq ELI SAs,

t he te t e beln produced I n
aboll o i betel R bt (el 1Bl e Sl SrPPies, e 1B mmn aprnioned |
| L- 12- Gmmaﬁngallancwmsefﬁmomﬂemtﬂmé1e~e1t&fskmq:1lﬁe ar’ Whol e anti body. :5
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pr ot ei rmlbumt;andﬁmureeﬁ—ziwnr@aa; folfdWrsy Full Qe SONASTRE P49 s0Burfid § §Bliong or

) fr

m t ogen- ac e uman peripheral bl ood nmononucl ear cells m
human v‘dﬁf& gf"ﬂ?&%@?@gwmmeys WH@@WWWSWM&S(&Mbm@Eh@A Human

iphenaliublferord
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( Phar ma‘g‘?‘ £C (PEQHPNQ: émnr\dnchszhr—mte GKhﬁdGﬁ(rﬁeﬁxdﬁesdemt)fsmml ni ng

t he Pswovmagpwd sﬁ‘!aﬁ%f%ﬁ%ﬁél%tfo%‘?mﬁ%&&’ Sgp MG, # el drin @ pa VO 1T

of 50 and col | ec centrifugation a mdom

gr adi erﬂw Fanence (TG40 FTACGBAICGRHAT CET 1o GGG (SEC@HDINGBBj irNvRicHRSl um

cont ai niRg s RPM - 10 t hout

phyt ohemggﬁ%ﬁ%ﬁd(%ﬁhesﬁ%ﬁqﬁﬁgé) Wadé’#’scl% ‘iﬂa@{y opmsireast pithe  and
ver¥d curasipiéon sterr codorEAE (atticGHE CTAR Aﬂnmek;ﬂeneaveeezaﬁdip ueamt-m;he cells

were c f sh d hree tipes wth_an equal vol une

of SF- %Hgﬁﬁﬁﬁ%n res%t'H %@M‘d g ﬁ&%&mﬁsrﬁgﬁ lepgerwas,higgisd to theXbal-¥bpl A | quot s

(100 I)dlgvetee exprepEnvecion pdCs mdmal \(\E9I9B;miexmghgmwxﬁgﬁi@ 4!9§l5|00{)|-ﬂ}ees to give. a
wel | . Test samples from 15 culture nmedi um were

final
seri al I y toats%gﬁeﬁﬁ%%quaﬂgaﬁwm 284 Dyel site\yesiusedofor thiee 96- wel |
pl at e. O@MgaﬂmuAﬂU&ciﬁﬁﬁhlpedhislmlgtcﬁlﬁl WMI&i6A) or an equinolar nixture of

comgercl al t%e constructmn of DNA encoding mu-p40-mulL-2, an oligonucleotide linker was
used to join the mu-p40 DNA via its PstI site (C TGC AG) to a Smal-Xhol fragment containing
the cDNA of mature murine IL-2. The DNA sequence at the junction of the fusion protein was
_ CTGC AGG GTC CGA TCC CCG GGT AAA GCA CCC (SEQ ID NO:9), where C TGC 4G
(rcsidues‘ 1-6 of SEQ ID NO:9) is the PstI site, C CCG GG (residues 15-20 of SEQ ID NO:9) is
30 : tl_le Smal site, TCC is the C-terminal amino acid residue of murine p40, and GCA is the N-
terminal residue of mature murine 1L-2. : :
_  The DNA encoding single-chain mulL12-muGMCSF was derived from the- DNA -
construct encoding single-chain mulL12-mulL2 above by replacing the mull.2 cDNA by the



| L-12 (Fi gure 6B; -cytokines purchased fromR & D Systens). The plates were
i ncubated foor 48 . hri-at -37C..in:a CQ2 incubator at which tine aliquots, (20

i

jil) were renmoved for analysis of IFN-y concentrati’én by ELI SA, fol | ow hg
the instructions of the manufacturer (Endogen, Inc., W)bS”F"EzB 280 MA USA)-. -
In Figure 6A,. the activities of the human IL-12-1L-2 fusion protein were
conpar ed®i%/#092 | - 12 al one. The results illustrate thaf TSR 50ne i nduced
|FN-y to noderate levels, while thg IL-12-1L-2 fusion protein strongly

i nduced IFN-y synthesis. Since IL-2 is also known to be insufficient for

| FN- | LN - s k2 and L1 -2 ooi et
are ot FUFMREROMARIE SR STl ONANeGudndd b dhlfinbion o Bt s o' o
syner gi &td maGMESF Max € TGGEETE COACECEI Caa (FRA INAA BCA (SEQ IBNsh1fr ot ei n, a

KS- 1 L-i - ' or Qt.ed ha N I S St f 1.1 lar ratio
of 1 L. 19pE GROGALRALS chopqiindy [0y 0 80 LB G ek A
r esul t sof SEGIR 0106 B thakind aite RCQ s tht E-tBonihbl-abfind dci@rdbidee ohmprimt ei0n and KS-
I L-12-1)- | -ej ut_the ctivity as an equi nol ar
m xtlgur eh})dfzc{:ﬁ-%igggﬁ{ﬁgélf&gﬁn@.ggﬁ'%gt%geaﬁe&?eeéu sﬁv\e‘re obt ai ned when the nouse
forns oFExdmpl@2:akixpréssion @f ILeldfgtionpedhsi n t he nmanner just described in

Exanple 1 f man forms, were used r.t onstruction o fusion
proteins.  ar BB moR et SlrfesE0% b B NGB RRCrorthieidns e s on

pr ot ei nindividurEf3c@B@hcodiiger4a Eistonss hd sectfrs bheodingpebteins cdidprising 36 Wensé®on
_proteins_were.c are o.the free cytqkines in proliferafian-based
Besays. EREeGAF REyegp) SoPHTR] eI BOyosEns g pPessivh S PRe was
test®ed DNAawisyiified usiigprebarafivekits @Wigitd OProarp@lhc.) biimol-F8bphatv®foe Obt ai ned
fromb5 volunteers and cdul tured with 5 mcrograns/ m. of phytohemaggl utinin-P

for thr¥galpa(en andrespspandedan fiertle Batel: BSS and plated into microtiter plates

at 105 cel | sFqpekpriioh of iIegiealiy@1ilON213 hardghsteinMeRERRMES, ikl Y. M K.,
Chi zzonite, R H Current Protocols in Imunol ogy [1995]

., and Presky, D. H Q
pp. 6. 1‘6-‘{1111219&"8!151%.“3?9951‘"@%% vecto Facodingbeipe and reneiisiop fame REBierbUARF | ous t est
pr ot ei Nyefe@andéhtly RRESed HND-Pandfeblidt dTRuida8 299 Epiddtndah¥dilidb e cR! Bngdded ten

hours before determ ni n% |l evel s of 10 radioactive incorporation. |L-12 and
an Byui Vet riwifisd nging rrepsrative kito(Wigard) Promegs Iney) ethang! prseipitped fr istgrilizption

3Ht hy Ml iB&ishetlioh mShelife wdler? CARBER & ‘ dary
14.18-1L-12- I?.;Zl fusi on p? otein ng&gﬁoﬁ?h"g ual Igflmgg?%éﬁa\%gsfaﬁldgﬁl mul ati ng
i ncor pongthpdyiste 18 e ohDNAden el (5 k2 of eash Whah Bveplasmide worsrcattrapsfegted) and

3H t hyng gi ' ' Lndi cating tast the
bser ved FApuwte Machl AMRlclBl 22 GORERTA SO R pls sDARRAAN O 15%,
f usi on qem@nesich (MOLEAPLAR GLONTNGrek LARORAFORY MANUALR 2udt Edy Sargbroéle Fukses amt e shown

N 54 OUGnibtis. | t & ' ' Vi the |L-2 noiet.y was
t es%:ded I'n énsd ic%”?r%gdn%r%g ﬁ“mg%‘?"%tg&a%?%h ?%sgg'a‘bh&f %ﬁftf:b‘\?'\ne rrlnge hux_ns?oél Rdar o
pr oc eduthe p(eCipitats wa$ rem@ved doidpepaced RithEresh arediuBot Afteri3ydayi the sOpernataint wsot ocol s
in Mlecular,l ol . 95 6..3..1, - 6.3.7). Th sge. CTLL-2 cel |
e ddstedts STRHPLA R oo dtrafsricrdd end esinbision W HTSA; Fioloilial 2 oo
prolif edeadrmination eSlpeigetitity, simmunéprebipitatich AdtandlesiposDSgelkof | L- 12. CTLL-2
cells i rrzlldx%g}:t}v\éley 1:!11%9&1 %Q)%esn?s. qirolgmm\gl,errn%di\{\lgs&%ﬁjout methionine was used to replace the

25  growth medium on the second day of culture and >*S-methionine (100 pCi/ml) was added. After

- -an-additional 16 hr incubation, the media was harvested, clarified by centrifugation (5 min at

13,000 rpm in a table top microcentrifuge) and incubated with protein A Sepharose bcads (10 sl
- of bead volume per ml of culture sup'ematant). After 1 hr at room temperature, the beads were.
washed by repeated centrifuéation and resuspension in PBS buffer containing 1% Nonidet ~P40
30 (NP-40). The final pellet was resuspended in SDS-containing gel buffer and boiled for 2 min.
After removing the beads by centrifugation, the supernatant was divided into two aliquoté‘ |

Reducing agent (5% 2-mercaptoethanol) was added to one sample and both samples were boiled



twice in mediumlacking IL-2 and pl ated at about: 1x104- cells per. well in-
mcrotiter-wells in the -presence-of -various anpunts of conmmercial- -nurine.
| L2, murine 14.18-1L-12-1L-2 fusion protein,c or commercial murine |L-12
and grown for- 48 hours.- At the end of the growh period,5 F@ nber of -
vi abl e cells.was quantitated using the MIT/MIS assay. FKiQuL&, &, Shows an !5
experinment in which levels of IL-2, IL-12, or 14.18-1L-12-1L-2 fusion
protein were varied. The results i B cate that nurine IL-2 and murine

14.18-11-12-1L-2 fhlsi on protein are about equally potent in_stinulating
prol i f éPat MEhPTIQHHP feedinganandiiypalyrsavmide pelndfieneledtiopietatis ge wae

det ect a&b@seatdmhﬁﬁi,ﬁ@aﬂgmggéﬂa IW)_O| iferation. This result indicates th'at
the stimulation_of CTLL-2 cel F_prol iferation by 14.18-1L-12-1L-2 fusion -
protein is diRpsfestionsaising the fdlowing exmression pledmidd werk Performiedt yiu pBX@ID! € S:

Const I gk p4OALANKK L B8SH f  si -Ghai mul ti [n I L-12-1L-2
fusion - pir)ot ei ns %H}ﬁgﬁgg\?\}ltgr%m atr??i13&334;}‘[}’%%58‘?%@49%%1%@9&12@% 5 FEB
2004  PERUSRHa2.teFe-R358 phyg lhe-pdrdl -2, Kirli4ke 35 fd hulp4d-IL QSid@n 4080t i n was

const r y&tB8e pRS i P4bINS. whereP40r | di ng sequenge .fusion was constructed
by met hods anal oggus 0 those ugée%l%it%ﬁlg%ﬁesgrf)%{:'gi ﬂﬁﬁ‘f eI AR p40- | L-2

fusi on FH1BSanpl e 1. To connect the DNAs encodi ng the p35 and p40 subunits
of IL- 12 arg, ' [ na..s\eguence,. a encodi ng a |inker
ves 5 synt hoora e e bR R P PG e e B oS fe ot he
3' endexamigedby reduciog SDSeel elattupborpsid and mfbradistiriigy SHSVRA SxMBRioR s i ed to
i nppodu I | GLI si.te, and then ligated to the 3' end of the

| ifar SeErRafelchdale MoRbUG: v AR, SR Moot A Gamithe uomasdn rdom 0
gﬁner athe melequdartwaightts ofmsriﬁoﬁera'rpdotéihf;aﬁ ﬁdioﬁvg. biﬁofXng,ﬁﬁz@ﬁpgé OHLQIDj ié@ker. ‘.
The cDMAspe jNQ, Si e: chain . mu and nu- p40-nul L2, "describéd in
Exanpl € 1%1‘ gﬁ?@%ﬁbf’%g@ cﬁ‘gfﬂj‘“hSkkﬁﬁlé‘fﬁ%l’fﬂh‘l@me%&m-cﬂfmhssi te in p40,
to gi veigratity with Bpphoxiansdly the preidanolc i 8nCRat BoddHe 12- mul L2, These

st eps vvere-gtaélri ed out uﬁlﬂrge various vectors and DNA fragment isolations as
needed. The?&¢ Eated pell Hines cxprgrsineauitiple cyiekipg Bision potyinsgpude blko 2 codi ng

r egd onisblteBER the chka of hbterdimbACcdi@iBod, I -2 0PNHoNeh Shd}0L - chai n
murine IL- 12 ﬁ@di n-ose(;ljence.vvas ponsﬁ%gfoeg“ %épﬁﬁgg%ﬂrﬁlx%ﬁgphods.
The coBPIY" SEGUREEEPTeEs A §Clors asoscribed eartierfor the Hi-82 p#D) submmif alorekiGilies

const r etcil. §099%8) PNArs@@IaIE0E6 19338208HC UL 365 L9Gea B . nedion fused to
the N-term nus of p35-]inker- p40_@E_$g$ﬁ%eﬁtgﬁg§h@§eae erasﬁlgﬁgl’eel’l4§%§ﬁ’6 | D NO 13.

Cul t ur BRIV TR FpRsisRleda fecankime with cwpressicawpetessnadingleitheritthSLe2qa8i ng t he

mur i Nesblifig|af FehiRls Fudisn ad I 2eand Be-d .- 12 proteins. Expression of
f usj on. pr ot ei n_sl]_?/as 5&%02#3%&1 %‘gggcg/l g%d‘ﬂli?\n E?%Wp‘?xgmﬁ“”ﬁ@c & on proteins
verk ptfseabed §GHlies etai. (194183 i Imgnunol. J6@:t6P56203R. Sephar ose, and hi gh | evel s

of expressiQpeRbiabCadin drarfe Fe- | b%ﬂi}%\‘ﬁ{n%n%b rved. Proteins were
synt hesi zed'sq{ﬁnt act, as S?a:rgl’yer i efc‘f%%g c?lﬁseexgrﬁ P'jﬁﬂlzg?“'z\/(é?‘ght s from .
i gr at $4preseng ES3 5 p40AE-2) twag Rolldcted and 3 phducts Mérefparitibd Bybindifgtodaa The
KS-scl élﬁ@dn't’n%ny%l’b?%iﬂ'}x 8L %tareois'gageﬁfér ibed in quang)l, e lis-a tetramer wth two
di f ferent_ pol ypept | de dhal ns SoPHEngds Yeypanuiacirer s prpsedurasiRepligers- 114 heavy
chain Mmdham,lMAéc Thd Rure proteins were assayed by ELISA for IL-12 and IL-2 content. The
5 }-esqlts showed that the jndividuai cytokine contents were approximately 4-fold different b)} mass
which correlates to the 4-fold difference in molecular weiglit between IL-12 and IL-2. Similarly,
| assay pf the_ p_rdd_ucts of transfected cells expressing human KS- IL-12-1L-2 by ELISA for IL-12
B and I_L-_2 leygis gave ‘sitnilar values of IL-12 and IL-2. Thus, within the accuracy of the ELISAs,
| the mgasureq values indicate th_at iL-12 and IL-2 are being produced inabouta 1:1 -inola: ratio.
0 Thg same results were o}?tair;ed with the IL-12-GM-CSF fusion proteins made éither‘with the Fc
or whole antibody. ' -



25 L2 noiety at the G termnus. To investigate which sites on an anti body
nol.ecul . are.suitable for-attachment of cytaokine foieties, a second fusi.on
proteln was constructed i n"which the KS- 1/4 antibody, IL-12, and IL-2
noi eti €s were in ‘a-configuration distinct fromthe KS-I LE2 éé%ﬂﬂk

conflguratlon In Exanple 1. This second protein was tetrarre

| C an
uauwu /13

consi st ed" O WS di fferent pol ypepti des. One pol ypepti "ge'“'consi’Sted of the
| ight chain of the KS-114 anti body3;The ot her 30 pol ypeptide consists of a
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TGCAG (residues 1-6.of SEQ ID NO 18) is a Pst]l site just upstreamof the

murine paet3B61n ﬁ&Qs,ua%qbatﬁr %ttwiﬁhé%m%!quqfc@ﬂdﬂb‘aeeseﬂmed for fi%arlxﬁ%ﬂ Y& no
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mat ure eavy C e resul tant encodi ng
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In Figure 6A, the activities of the human IL-12-JL.-2 fusion protein were compared with |
IL-IZ alone The results illustrate that 1L-12 alone induced IFN-y to moderate levels, while the
IL-12-1L- 2 fusmn protem st:mngly induced IFN-y synthesrs Since IL—2 is also known to be
insufficient for IFN—y synthesns these results indicate that the IL-12 and IL-2 moieties are both
25 ﬁmctmna] within the fusmn protein and function synerglsncally | .
Next, the actwmes of an Fe-1L-12-1L-2 fusion protein, a KS-IL- 12~IL 2 fusion protein,
-and a mixture con51stmg of 1:1 molar ratio of IL-12 to IL-2 were compared for their ability to
mduce IFN-y. The results in Figure 6B indicate that the Fc-IL-12-IL-2 fusion protein and KS-
: IL-12-IL—2 fusmn protein have about the same activity as an equimolar mixture of IL-12 and IL-
30 2. The same results were obtained when the mouse forms of IL-2 and IL-12, constructed in the
Itlanner just described in Example 1 for the human forms, were used for the construction of

fusion proteins.



si ngl e-chai'm mul L12-KS Heavy chai n-nmul L2 was then coexpressed with the KS

l'i ght: chai n: ~To further-. |,,deest|gate whi ch ends of an-antibody nol ecul e ‘are
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fission piakei-R, a third protein containing KS-1/4, ILI,J:gmbgp FEB 2004 -
Wa's

35 :~ 1L-2, nanely ILI2-KS(Light chain) +KS(heavy chain)-1L expr essed
and tested for activity. This fusion protein is hexameric and conpri ses
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fused t et &ﬁ %pf?@?acffwwonf@-il -AL-3sidgutgieind. second  pol ypept i de

consi sts of -t | _ nt i bod fuse man | L-2
[Gllies et al. caﬁﬁﬁ%%fgﬁélgﬂ%g l?\g&%éﬁié §r°? Swer Ta%iqto @ﬁges third
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fusion; igrgeriop a g ffe ressm cell line was_ generaie
t r ansf SCTTHRTOWT Wass 0355[9}1 %ﬁﬂwmomjwa Ofﬁ%Hfﬂ]xmndmeesiLét ance

gene atimubeiddntonasaring Mymmmeﬁﬁfétﬁﬂgtﬁﬁﬁo% PEEESRGE hdicd T, ¢ e

transfe ted with an ecf%oﬁssmn vector containin in and

heavy CRETVGPOMRERERGEH - thymidige Wlﬁefﬂb)h%ﬂﬁﬂwlaﬂ@ 1)%) ﬁxsnbuqmasm isedeect i on

marlSer prinhiibftoat D4R dosith CRELADGR IR HESEFAAL e [Gl1ies et al. (1998) ).
| munol @95] Exanple 6: Activity of nurine single-chain IL-12-1L-2

fusi on prot itieRethe biplogicak acg ity Qfé@dLr%memmiﬁcsted/\mraedlﬁB&dt dell test the
act i Vi byoliddratiol 488 £l8 roduced Ryt |ent

expresg on. The gﬁnuntmn?aesgggdr@ Lﬁ?%%edjlmr’] esogé ﬁef{y?,g %‘ qﬂ}ﬁﬂeﬁ"nat ant
was fi epikrefacels de Melecwan Is;mzan@g)u[deﬂﬁ]tposﬁdt~ &p.7a TesSRonRPINSL celir ve. The

t : d f the Fc and antibod
Pyt iy %%P@?ﬁ?“ﬁﬁdﬁfi%ﬁﬁr‘?geé%o%” oS poRdo| L 12

actPvi {lyr4obut is nayFespensivengllel 2 HEFLAL-Z eedl)s in dotit@ 1dnghasea@6meweféa~a%ﬁed scl L-12-1L
2 ol e%h@ﬁx ﬁ‘iﬁfnﬁnﬁzﬁ:ﬁﬁﬁ(ﬁ h’&n&PﬁmQ tFiI?c ceﬁs per we eration assa

descri bed. 1 in microtiter wells in the
presence of various amounts of commercial murine IL-2, murine 14.18-1L-12-IL-2 fusion

' protein, or commetcial murine [L-12, and grown for 48 hours. At the end of the growth penod
the number of viable cells was quantitated using the MTT/MTS assay. Figure 8 shows an
5 experiment in which levels of IL-2, IL-12, or 14.18-TL-12-IL-2 fusion protein were varied. The
resuIts mdlcate that murine IL-2 and murine 14.18-IL-12-I1.-2 fusion protem are about equally
potent in stunulanng prohferatlon while increasing amounts of miirine IL-12 caused no
detectable stimulation of cell proliferation. This result indicates that the stimulation of CTLL-2
cell proliferation by 14.18-IL-12- IL-2 fusion protem is due to the IL-2 molety and not the IL-12
0  moiety. ‘ -

: Example 3: Construction and expression of . smgle-cham and mulnple chain ILJ 2-IL-2 fusion
| protems wu‘h and w:thout antzboafv mazetze.s' ' '



36 Exanple 4. [L-12 and an-equi nolar m xture.of 1L-12 and IL-2- stinul ated

I ncor por ati on of.. 3H thym di-ne..into cel l s in a<dose-dependent. -manner-. ..On a
per nole basis, both -scl L- 1221L-2 anhd . Fe- scl L-12- XL-2 fusion prote| ns were
about as effective as IL-12. in stimlati ng i ncor porati o P% t hym di ne
(Figure 9). As described in Exanple 4, IL-2 stimnulates i 11 5 Ation of 3H
5 t hyni di Q VPV at a much higher nol ar concentrations, Y$HE%Wat g that the
observed incorporation of 3Hthynggine stinulated by the scll-12-1L-2
fusion proteins is due primarily to their 1L-12 activity. In addition, the
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The KS-scIL12-IL2 fusion protein described in Example 1 isa tetramer with two
different polypeptide chains: the KS-1/4 light chain and the KS-1/4 heavy chain with the scIL12-
25 1L2 moiety at the C-terminus. To investigate which sites on an antibody molecule afe suitable
_ for attachment of cytokine moieties, a second fusion protein was constructed in which the KS-
1/4 antibody, IL-12, and IL-2 moieties were in a conﬁgurétion distinct from the KS-IL12-TL.2
' configuration in Example 1. This second protein was tetrameric and consisted of two different
polypeptides. One polypeptide consisted of the light chain of the KS-1/4 antibody. The other |
30 polypept_;ide consists of a single-c_:hain mulL12 fused to the mature N-terminus of the heavy chain
of the KSl!c_l_ antibody, followed by murine IL-2 at the carboxyl terminus of the heavy chain.
The ¢DNA encoding the p35 subunit of murine IL- 12 was cloned by PCR from mouse
~ Spleen cells activated with Concanavalin A (5 pg/ml in culture medium for 3 days). The forward



of 3Hthym dine into cells in a dose-dependent manner, and the 14. 1 8- IL-
| 2- G CSF fusion- protein Was -about. equally effectlve in stimul atlng

i ncorporation. of 3Hthym dine. GW CSF di d -not ‘Stinul ate |ncorporat|on of
3Ht'hym dine at the concentrations tested, indicating tha fe 200bserved.

i ncorpor@d,i,gR.of 3 Hthymdine stinulated by the 14.18-) dJ%mWsCSF fusi on
protein 5 was due primarily to its IL-12 act|V|ty In" t1on>- the .

bi ol ogi cal activity of the GW CSF B@iety of various IL- 12 Gm CSF fusion
proteins is tested in cell based assays. It is found.that the G CSF-noiety
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on GMQ&EfcmeS P6 of SEQTBINONS) ishilfeell HHOndiaSn Bﬁﬁen%%’l’éi{oﬁ‘étop bR tEe original
32D ceII 3 Eﬁgisrl bed by Cooper and Broxneyer, to be particularly
sen5|t|9%“°° R F (Faas et al., Eur. J. Immunol. [1993] 23:1201-14). The
32D( GV cel IThk DM bifcolftly thOsih QS RARA TG L e L active |og
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5x 163 digpruclegideszacadinga hnker sich vesly«mq and sprinetrhsidyss dollowad hyfmupAGIDNNS
anmount sriRfreRAATRS Sk fusion protein
and grO\A/rl{efor 48 houtr}gﬁIﬂgar}gngn?qgl rflicgswg#elagﬁé'{nﬁ %Vt]g%;e added si xteen
houtds before deternmining | evel s of radioactive i ncorporatl on- There is a

dose responsive i Ret €8s sy NGly 2Qer BEOIGRCIEY | ;
i ncr easl pg. c%&lf'(‘? ﬁéA#k ;I%G% gﬁgﬂgﬁrﬁeﬁl % | n t| r1y g[Mhat the
GM CSF 1ol e T f:' GBFSP&%‘?%%@E?@%G @over, the
GW CSF bi ol ogical activity of the fusion protein, calculated on a nolar
basi s, Als conpare@bQepnoa7f hat of commercial nurine GWCSF. Exanple S

Tr et n&;&;@‘fc col @Bo§pieligP® in an imune proficient mamml with a mltiple
25 cytokine fusion protein. To test whether a nultiple cytokine-antibody

fusion protein could be used to treat colon carci norra in a mnmal with an
i ntact WHRGIGTYAL Bkidhdla -6 8f SEHIPNG: [ QLB ([26 s a
col on carci nonma ce?r%l i ne derllgggﬁgi(%)rfn@g llig?d?:trm ce. Js élﬁ%%oé etic
engi neéﬂm pBeEpmiaiigastopicnilen, &CE eh¢ades tha €-temgnal aemm:hcﬁd)rea'ﬁw efamurinke human
epi t helphal Ge¢ he antigen

recogni zed bylftcr(fg(peﬁgd-m 38 gﬁﬁfgﬂ—: W(@C{ weé mf”é?'&f’e‘&“ﬁf%%ﬂSA cel l's.
Bal28/ Cfaﬁﬂetete&mteonsma‘mmsyhe Noouiiad esidu dfmahkGfu-pTR6/ KSA cel |s. Wen
tunors rea f . _about cubic.mll] e were
randoni zed | n?BN?\hree i le'%a%]@&)%%qﬁv%fshaé“m %‘?ﬁqs&wtn}ﬁﬁ?w‘gg udy.
Begi nniseqyende atithe Jﬁl;ctmunﬁnmpﬁaandtge mamaeMEérﬁnﬂtfs@astwMWéhaiﬁBS about - 3. 4

m crograms of KS-1L2 m xed h 0 0g o} - 1112, or about 6
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|nt2|5aturmrally, once per day for five
* Gly Gly Ser Leu Ser (SEQ ID NO: 19}
- GGG GGC TCC TT4 AGC CAG  (SEQ ID NO:18)

-

* where C TGC AG (resxdues 1-6 of SEQ ID NO:18) is a Pstl site Just upstream of the murine p40
30 ‘translation stop codon, TCC encodes the C-terminal amino acid residue of murine p40 and
_CAG encodes the N—tenmnal residue of mature K heavy chain. The resultant DNA encodmg
- single-chain mulL12-KS Heavy chain-mulL2 was then coexpressed with the KS hght chain.
‘ To further investigate which ends of an antibody molecule are available for the
' generation of fusion junctions and to investigate how many distinct pdlypepﬁdes can be

35 *assembled into a multiple cytokine fusion protein, a third protein containing KS-1/4, IL-12, and



5 days: Tunor sizes were measured with calipers. The results of one such.
experiment” are shown q!?n Figure 11. In this experinment; KS-1L12- IL2- caused
a profound i nhi bi tion of tumpr growth: The.mixture of KS-1L 12 and KS-1L2"
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KS vector containing both the light chain and heavy chain transcription units and a dihydrofolate

25  reductase selection marker, which allowed selection by methotrexate [Gillies et al. (1998) J.
~ Immunol. 160:6195].
Example 6: Activity of murine single-chain IL-12-IL-2 fusion proteins
The same -methods used in Example 4 were used to test the activity of murine single-
chain IL-12-IL-2 produced by transient expression. The amount of each cytokine in the cell
30  culture supernatant was first determined by ELISA and used to set up a dose-response curve. The
activities closely comresponded to what was found with the Fc and antibody IL-12-IL-2 fusion
proteins and described above. -
Specifically, the IL-12 activity of a murine single-chain (sc) IL-12-JL-2 and murine Fe-
scIL-12-1L-2 molecules were tested in the human PBMC cell proliferation assay described in



I'L2 were about equally effective: five of eight mce were cured in each
group. by day - 25. . However;  in-the:mce that -were nat- cured, five of six
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did not begin to grow aggresswel? until about 60 days after the begi nning

of the experjnent. These experinents denonstrate that a nultiple- C3yt0k| ne
ant i body*fEgledhn IIpr 1284l An equimelar migdyrgafdh- 12 ond fle-dtstivaikatssk intorperation of *H-

| MUNOS WRRAIAME B adlisiRh do@ﬁ%ﬁ&ﬂd@m%ﬁnﬁéreem%} mBle Hal? gooﬁ?%c‘ii, N9 P¥og

i nt rat unor al ection of a nultiple t oki'ne tusion conpari son -
with tré Stsﬁlé'ntz']éyz fusinmpareleins WPW%QS/Q iyreas IEdZaddmleslsunglmcerﬁrbmubnméness

Of Tl PRt oS 0o DAL Bl IDARRN KR Sorafig £10 o1 nol-e

cytoki ne ol eti es agai nst a ung cel [ -"deri
expefi minEnidipg oply 4t paneivhigher malaspacentratigniCindidatiogithal thk Gpsdreed ma:mﬁrggtirﬁsm ve

tumor - depipy e fisin iRk AL expres
EpCAM prot ei n vlvas ctonstrugjt{%%gﬁ” @tr%iju 8Egléjlrtleé+ﬂgﬁuee%’g“ Ii’r‘?ﬁ’ﬁ []'EC]:}TII qgues;
t he cel BCi¥itye was terned LLC K SA C57BL16 mi ce with subcutaneous LLClI KSA

tumors were g%ﬁftﬁh%%%lﬂ%ﬁ%&c&lﬁ%ﬂ%ﬂ& &.52 9l IC%P%‘I I;-ﬁgﬁt zlé&]()f cells with

KM.). Four groups of ear | BUPERIEBY cubi ¢
m || i metes testediy aecqilrlaaqdeadsabyandmms&tmmw abiotg the:mwnsfcaﬁmtdrmel 2y 6n afbice

wer g@nl n %4 bout out 20 mcrogram;

of E% Jﬂ%gé ﬁﬂlswﬁb’gﬂ?lﬁéﬁﬁ mc 83&53%”0?812%@%1?1 I"“I"_t?’lty %&ﬂaﬁsz WOEtLWasn in

Fi gur e t3tedlimthe KTTE.Lenead, prd)liferat(&i askdy2ad dederibad imaa:]rpqt: «ﬁl'l'hc\&ﬁﬁllttgﬁﬁilﬂ:tateg@at”?L CH
Q e mcetreated w

effectiye th either KS:|1112 or, KS-I

the KS- T8¢ i myring SSﬁbth[té’ 3pd mugpe #‘fjﬁokgng’fz%‘ﬂbﬁfaw pereghgutzqualh day
74, thepetentia stimsiagng isrolifeiation, Mufige ILNEIRAGded fib Getd@SRY stiRulBSEsf @R bN
Exanpl e ffjlh%m[a%e or| nal SUb,C%It aneous tunors did not reappear in the

i ntervef (R CSBEﬁSFIFFg‘“ Ifige %ﬁﬂ‘@%ﬂrmﬁLQPﬁlbﬂﬁhﬁ@ﬂm byr eat ment

Wi t 15 ei $d1B¢12-IL40fuliOn bloleiy waSub ko hTIl- 2 fidfe: P ehd bt &QYIE- @F}H@iﬁﬁz tunor g g
unor s |

shri nkage anm ni ficant del afy in tunor r owmt but t
eventual ly g L rt{jé’rch‘é‘ﬁ%‘? thafe- L4212, é]gl?nKStlL% @delﬁqbllfliséhlﬁht previ ous
exanpl eshaig)di KS(‘H%&V)F aidtn)- I Dprofisaichbdli ﬁ?ﬂ%ﬁﬁﬁle%%r&?@@% spda iR d

? glgésg{]r ation
treatment with a mxture of inmunocytokines carrying ere cyt oki-ne
noi et i eSS §{§B’érq“b?BM§ qe}iégtlmtgonftganthyxaldngc@qm @Sa}r, thebeddy2oki ne.
Exanpl errb2 1 ihuedin® ihd af ol Lion of .a
rrultr pI e bitOkl ne fusi gﬁu eﬁaﬁidg%pr%@g% h&@%ﬁ{?}ér%tems ow% Ot Rure of
PRy Tﬁw&dwe@mgtthecaw ctli polifesationfassay the Be-EL mfmk iie-K8si on

Pnr)?tete I 2%*223‘3‘*. I PACICERn iy PRIBENA Sl 2 Ll Sho e bl T B5eBER et
was per Fndditign, icen @LJM@EIWK&Md Ik RS sght LY SAKS (&S cianerigener at ed
as des Cﬁfoﬁ:?tg Hoﬁl bound tightly to the EpCAM antigen, even though the heavy and light chain V '
~ regions, respectively, are fused to other proteins at their N-termini.
25 chample 7: Activity of murine IL-I 2-GM-CSF fusion proteins
The IL-12 activity of a murine Fc-IL-12-GM-CSF molecule was tested in a cell
proliferation assay (Figure 10). Human PBMCs were obtained from three volunteers and
CUltur_ed with 5 micrograms/m! phytohemagglutinin-P for three days, washed with Hank’s
o HBSS, and plated into microtiter plates at 10° cells per well, according to a standard procedure
30 (Gately, M. K, Chizz_qnite, R., and Presky, D. H. Current Protocols in Immunology [1995] p.

6.16.1 -6.16.15). Cells were incubated in the presence of various test proteins for 48 hours, and
- 0.3 mwroCunes of H-thyrmdme was added ten hours before determining levels of radloactlve

,mcorporatlon IL-12 and an equ.unolar m1xture of IL-12 and GM-CSF stimulated mcorporanon



Exampl e 11. Three groups of 7 mce each, bearing tunors of about 100 to-200
cubic .millimeters, were treated by intratunoral injection for five days.

M ce were-injected with PBS, a mixture of about 18 micrograms of KS-I1L12
and about 11.5 microgranms of - KS-I'L12, or about 20 - 15 mi crpgrgngpef KS-I1L
12-1L2. Rgsulls.are shown in Figure 14. In this case, the K& IL12-112
fusion protein was much nore effective than the m xture of KS-1L12 and
KS-1L2. In all of the mce treated’with the KS- 1L12-1L2 fusion protein,
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Example 8. Treatment of colon carcinoma in an immune-praoficient mammal with a multiple
25 cytokine fusion protein.
| To test whether a multiple cytokine-antibody fusion protein could be used to treat colon
carcinoma in a mammal with an intact immune system, the following experiments were
performed. CT26 is a colon carcinoma cell line derived from Balb/C mice.- By standard genetic
engineering techniques, this cell line was engineered to express the human epithelial cell ,
30  adhesion molecule (EpCAM), which is the. antigen recognized by the KS-1/4 antibody; these
~ cells are termed CT26/KSA cells. o : - :
Balb/C mice were subcutaneously inoculated with 2x10° CT26/KSA cells. When tumors

reached a volume of about 100-200 cubic millimeters, mice were randomized into three groups



cells. Asa control, eight C57BL16 mice were also injected i. v. with 106
LLC/KSA cells. On: day 28;:-the mce were sacrificed and: ‘the Iungs were .
exam ned for netastases. .The. | ungs of -the eight control mice were 70%to-
100% cover ed ‘wi th fetastases, with an aver age of 20 85% bt} 20k f ace

cover age...Lhe..oean | ung wei ght for these mce was 0.86 grang,.,.J,R contrast,
there were no netastases found on the surface of |ungs fromthe five
pre-treated mice, and the -average3d ung wei ght was 0.28 grans, which
corresponds, to the weight of a normal nouse lung. These results indicated
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Figure 16. ﬂ) Because t he, human KS antlg EpCAM is not expressed on LLC
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ant i ge nell dxpeBses aldud ko“rmoleaﬂwbﬁﬂpcsm,r Rhére a@ about 1.6x10™ EpCAM antigen
molecules to whxch the XS antibody might bind. Thus, when KS-IL12 and KS-IL2 were mixed
and injected into mice bearing such tumors, it is unlikely that these two immunocytokine fusion
25 - proteins competed with each other for antigen binding sites. Thus, the effective dose of IL-12
-.and IL-2 at the tumor site should have been at least as high for the mixture of KS-IL12 and KS-
IL2 as for KS-IL12-1L2.

. Example 9. Treatment of colon carcinoma in an immunodeficient mammal with a multiple
cytokine fusion protein. S
30 ‘ Many forms of cancer therapy have the effect of kﬂlmg dividing cells, including cells of
the immune system. As a result, cancer patients often become immunosuppressed.. To address
- . whether multiple qytokine fusion proteins can be used to treat a mammal with a suppres.sed |

. immune system, SCID mice bearing CT26/KSA tumors were treated with KS-IL12-IL2, 2



mouse, where the cytokine in the fusion:protein is a second cytokine
different fromillL-12 :Control .m.ce receive the same: amunt of . - =

ant i geri--cyt oki ne,* anti gen-1L-12, or antigen. al one’ At various timnes dufing
and/or after administration of the antigen fusion protein,§ lgEgoitssanpl es
are collected by retro-orbital bleeding and plasma is_prepared_and

anal yzed"PM 1P presence of 25 antibodi es directed agggﬁygmpﬁgsantigen.lt
is found that antibodies are genegﬂted agai nst the antigen. Mreover, the
nature of the inmune response to the antigen is characteristic of a Thl.
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25  Example 8 (check # of cells with KML). Four groups of 5 mice each, bearing tumors of about
100 to 200 cubic millimeters, were treated by intratumoral injection for five days. Mice were
injected with PBS, about 20 micrograms of KS-IL12, about 20 micrograms of KS-IL12, of about
20 micrograms of KS-IL12-IL2,
Results are shown in Figure 13. In this case, the KS-IL12-IL2 fusion protein was much
30  more effective than either KS-IL12 or KS-IL2. In all of the mice treated with the KS-IL12-IL2
" fusion protein, the tumors disappeared by day 27. On day 74, these mice were used in 2 lung
 metastasis assay as described in Example 14; the original subcutaneous tumors did not reappear

in the intervening period or during the second experiment. In contrast, treatment with either



hunman.-use and can be used.in.the present invention. New organic chem cal
adjuvants based on 25 squal-enes and lipids can also. be used for inj ect.ions
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matloir emiodrivas afK5HDAUY-IL2.ght 15 chain. Specifically, to construct DNA
encodinga uh%npotel of rrurlneIL4andtheI| ht chain of the KS-1/4

anti body, t fheseovR i Fighyod 4y dn thisrasn the Ky ILRRALY dusing rrefein fwas waickl pri mer

TCTAGARGreATBEThET GeAinias s 1A site
. es 1-6 of SEQID. g“oﬁzéf)g@?ambggﬁﬁéﬁ%eéce%é@ggﬁn mﬁ?% he

TCTA

transl (lﬁgﬁrb%ﬂﬁ‘?‘} Retelh tepupseishisaprearedhydlay B2 respatrast, treafment with BSA TCC CGA

GTA ATixbre TK@-I@@@aﬁ:d\ re 1%@31 D N whi ch

coq{) ai a, Boam-ﬂ site %Aqgliccﬁgd esi %p%&?n%gﬁé%%%%af'ﬁ"tzﬂedl alt ely
Eeﬁ@' RESROHE N Bt ‘ilb‘lﬁib?]mm indhis weritment gt(h\p d@ld:xenmllya-bgram no acid

resi dugxgdpisrps i o n equence
verificat |pon jt‘%g Jl;_ggpeB’?%nﬁl—l(% lét?@e"%ag%v@ n| n ‘3’9"%13 pqdiﬁﬁ“’ DNA was

| i gat BRIt t o an BanHI -AfLTL ol gonucl eoti de dupl ex encoding a flexible
peptide |i NgeLLaqed ine.r Sld The end was in turn
és | CI %&%}E%%f ﬁlfﬁﬁso amuln S UBW@an protein

] Ol ned to an aTtI ace
in treatment of a tumor was dependent on the tumor-specific expression of the antigen

B recogmzed by the antlbody, the followmg experiment was performed.
~ Asetof seven C57BL/6 rmcc thh subcutaneous LLC/KSA tumors and a second set of

_ nme mice with tumors derived from the parental LLC cell line were generated as described in

Example 11. These two groups of mice, bearing tumors of about 100 to 200 cubic millimeters,
_ were freated by intratumoral injection for five days. Mice were injected with about 20
i0 mlcrograms of KS-IL12—1L2 : _
Results are shown in Flgure 15 In this case, the mice beanng the LLC/KSA tumors all
_ .‘ were completely curcd of thelr tumors In contrast, only two of the mice beanng the LLC tumnors



N-term nus of the mature KS-1/4 |ight chain. The DNA:and-protein sequences
at the junctions. resulting fromthe-fwo |l egaticons-are given below DNA .
TCG GGA- TCC GGA. GOT TCA GGG GGC GGA GGT AGC GGC GGA 30 Protein: (Ser):dy
Ser Ay Ay Ser Ay Gy Ay Ay Ser Ay Ay GGG GGEC TCC TTA AGC GAG (SEQ-1D
NO 24) Gy Gy Ser Leu Ser (G u) (SEQ ID NO 25) Wo01/ 10912 F£8 BEER 2004
PCT/ USOOWD10daiBo1k n t hi s DNA sequence, GGATCC (resi dues £c®usé2$H® | D NO 24)
and C/TAAG (residues 48-53 of SEQ, D NO 24) are the two restriction sites
BanH and Af1lll, respectively, us for reconstruction; TCG_encodes 't he
C-termnal serine resi}i e of gur_i ne .l L-4; GAG encodes the nature

N-t er i Mi§Ee ored: s qtler 14 rPeaging mHce all ;i yad  HaRsiat BEdoR BiEhtE®%t t he

G ySer - kbkiheb Stk HRR thinbré @lerinfally Bsniolakovoibhes. DNA sequence. Auxiliary :
sequences for_high-_|evel expression, incl ydi ngéﬁ]ro g pronoters \A&re pl aced
appr opr i at el yheseaesws indisatorxt the recaggition o5 the kp ﬂ“’%ﬁﬁﬁ’i‘“ﬁﬁ‘é‘l‘?{ﬁm‘cs e

pol ypeptikeshce 48 KRULI £ENNIAHS SurRABS S LK SANuRGEELS) did B sdmtiesS immagk ot her
standard techni ques of nolecul ar biol ogy. The DNA sequences encodi ng the

| L4- RS( Fesgprsedhenbageedn domsartimer eHast ies ehterist against FhSidgived funes A% wer e

transf e%cfﬁ?“&tﬂm WsHifk 6%k b3 hBy.GRE HRSEAIAEBY oPREYPENI LIS hiVesé
expressed at high Ievels. SDS-PAGE under reducing conditions showed a

di f f use nivarhe dae tathe fact thethg Bisiampraisipavaiimiertedaliteptdy nedlstuepeand-wam CSF
pol ypeptf_ﬁe(;j@}nﬁ _ 2 ﬁd)iﬂl:éﬁizﬁ@{%%éﬁhoﬁbom 5CkD corresponding to the
C

| L4-1i ght ain fusi‘on. The appearance of diffuse and nultiple bands were
due to tByemplariiiaGenerefiopas oy iramimerimeytory pEaing pdunaceisppe r espect i vel y. 15 The
subypi ts ass ' , .t?%s i de- IRl b it h a

str ﬂ?t ure cgﬁggg‘%édﬁg‘%e%tg@%é eggglgﬁé'%?%}q)gﬁ%ng%r e ﬂ%ﬁgﬁ%‘g 3G This

pr ot ei n wethet treatmpiti wjéra iiktiplervytokinctantipady fesfionSotgingould keed tioforratipniofabi nd t o

Staph ‘A,protein.via its Fe : fhe. cy [ ti Mt ke IL-4

o 2P B U MmO el |

tritiat gmkgdstqsm,mafelimmcgzmﬁatengmsntmrmmdr 2 g:e-l | s. GM C_SF agt |t Vi tydms

measur ed by the F-depende iulation o i i ne

i ncor por at i o#]‘fen% m@ﬁ’%’é’? ﬁ%mﬁlgh?#g? bt ?s‘fnféh, k%hlélzlalﬁ‘gfng% {iﬂvi ty and

'g\l/f! éSGM Gﬁﬁafr&&tﬂ beieh ?uxeﬂ ofBei kubcifths wacas. Zﬁ)ngiiyac]; rt:lati\rw?] iHeiimdatidn-of 4 ag d

F. A fusion, of .the gytoki | L-.4 an CSE, . W t hgu Late

ant | bodyieeERa RSt i Edstie P dsttie AR TRt it [ FESIESA Ghed by

AT B o W ol t6
1 L ich an Xbal site

TCTAGA (r esi ffedey£3gthgmicgpsre ﬁ%&%ﬁﬂﬂ%@%&&a%ﬁ%&eﬁéﬁrﬁ*eﬁﬁémﬁﬁe

transl atlhé%dfﬂietéi%&ﬂr& RAQIWA F0%36 100% SoveRdaritAndtist 38 witiigh dheagseguence

CGA TAT GEA GTA ATC CAT TTG CAT GAT CCT, CTTTAG GCT TTC CAG G ( SEQ

1D 20 $7Y5 lupg swrfcs caveseead hErsrAUSE peishifpRtesyThise PaL R &0 grams. o capieystp
NG 27) iy dlefd &) Metdstases found on the surface of lungs from the five pre-treated miqe, and the

average lung 'we‘ight was 0.28 grams, which corresponds to the weight of a normal mouse hung.

These results indicated that the treatment of the original tumor cells resulted in a long-lasting
immune memory against the tumor cells; this memory prevented the establishment of metastases

25  of this tumor cell type. .

Table X. Protection of “regressed” mice from LLC-KSA pulmonary metastases

- Prior Treatment Metastatic Score Lung Weight (g)
None 4,4,4,4,4,4,3,3 0.88 +/- 0.27
KS-IL12/IL2 , 0,0,0,0,0 0.27 +-0.03

30 The average lung weight of the control group, without tumor, was 0.2 g. Metastatic scores are
based on % surface coverage of fused metastatic nodules where 0 = no metastases; 1 = 1-25%
coverage; 2 =25-50% coverage; 3 = 50-75% coverage; and 4 = 75-100% coverage



30 .of 'the' TCG codon (anti codon CGA) encoding the Ctermnal amno acid
resi-due of. marine-IL-4. After sequence. verification, the Xbal-EcoRV *.
fragnent -containing the nmul-L-4 cDNA wiith its native |leader was.ligated to
t he Smal - Xhol fragment containing nmuGw CSF cDNA to give thg FEBolillow ng
sequence ratwitaie.j unction of the fusion between nulL-4 and,sGMESF: ATG GAT
5 FEB 2004 46 TAC TCG TCC GGGATG GGA AAA GCA CCC GCC CCGC (SEQ I D NG 28),
where the C term nal sequence of Hul L4 and the N-terninal sequence of
mMUGM CSF are,in bold, and the G ATG GG (residues 17-22 of SEQ ID NO:'28) is
t he sequence/rEont EXRTHMERdMisshier immupeimsmony foamatRousRYsisl aftite semeh tizea Snal

bl unt eftm BaRplea34h N SRCQ 4a S S then cloned into
an expression \I/)ector%m%g exjresseg{%d(?t{?ﬁn was aﬁ&aﬁg‘ﬁ%@/&SD& PAGE and -
found t SPOCHANCoUs BMers; %l@d@agaww tupmors disapnsar: diixtyrwb deyd after tied ighiatia ofl5 t 0
50 kD. @8 tRatRhAhL ExRas nee bl Ly d ctivity of

| L4- GVCSF. were si m %g?kig, ggbugr - full%tgd fifek e %%ﬁ%#@%‘e%%/ § Sqapicl nice

Const r uWeredmedtd priavidn kO dilfereelly niese cells dondSxpred thnburearpXSsatigen, of the 10
| ynphot pgthwe KSI L2 protein. Chenokines are a distinct class of cytokines
that are thought to formgradients and nediate chenotaxis of imune cells.
| n addi ti on,nftheaaivsines, thanisktehbEC calsdonmiet mesorthat freduanta rasid iessalpn of
speci fig: ge bl € Cells. haracteristic of chenmgkines is that
Cho. r omieRy B Eniry B¢ Ator i e RRFRRY BEM TRt s Sonircd o ghamerec
i m ts wnsubbangaystumhawas dedced. Fhotesilts are showe figuegconst ructed. A '

cytQki ng: i -C ki.ne i .protein s .constructed consisting of the
oyt 3 P B Sl R ARE SR Beron e ool TS RSHEERnd ¢ he
cyt oki ribe LLC2ellsTasshabadsonanher piitiged expis@ed betHead@sC and conpri sed two
di fferent | ypept i des. e pol ypeptide consisted of nurine |ynphotactin
f used t%mf’ﬁ)ge%-‘?&”lﬁ‘f’%ﬁmgf}e ﬁﬁéO”yH%%fWWé’Fﬁ”ﬁf the KS-1/4 antibody, 20

fol | owed by Nttifleaytokine fiSicngksttinsiay Je\Bed 45Va08n A witddGideT1d 14 1A8AYY chai n
with IL-2 ata(lhe C- terflgﬁ nus.. the "KS-1L2 heavy chain,” has beeh descri bed
pr evi odP§T & Partitazordsr of matgapsfrop Niterminga #q C-tovmiens, sewhetigahaBisioa28] . The
ot Hisr  pebtepph bidgle pERBbHiAE B oﬂdﬂ%liigdngé?tm&h@&rﬁdaien&iﬂg oftbirkridl b0y, The
conpl ete codl,ng%ﬁs{gquence_ of rmurine ynp’hot actin’was pu Pshed y Kel ner and
25 7| ot IPRTYCReT erihecxpegssing plgsidn g protemymayn besadmisisteBidbyemeaitionef mutkssi on

pr ot ei rsu6H ad¥fraveBous! BBRECBES infrapdih (v Ofnetdds. K d 2., Lhe
muri ne Iu nphot act iur? cDNA was gggpt_qéﬁ%’%ﬂgggw'ugﬁﬁgg hélefdg)rg‘?/\afanr%aéeﬁt”?%r
TCTAGA 15irpipgsacraity nestito branpnialindete®@Eaed, bs is shod2d)pradtice fdrihamaan Xbal

site TGLRAGA: ' =6n 9 410 ; .pl ac upst ream of the
transl ation Sl(af‘ll?tﬁ% g'ﬁ% grlla1 8‘2‘5%*%—?8“@&%@%{"??ﬁﬁé"r“g"e&b’gﬁg’wgm TCC CCC AGT 30

CAGOGGT TACFrrexample; sfidnprecn 201he foshi aptigent e BecyaolBadrisladsiiisefa@fo 3 CC

(resid - 1D ' diately.3' .af codopn (anti codon
CCO) elr%%o %’rrgh T #e]e %—E@el#%m% ﬁg}éﬁh@? tr 8 s‘?c@éﬁi fitekips aﬁ%ﬁgﬁ?‘-’%ﬂp&ot actin.
After dl@ﬁbl‘ﬂgléefrcwi‘ve ﬂﬁ@nﬁ aagure of antigeh-Sskiies) eftigen-11.-12, or antigen alone. At

| various times during and/or after_édminisftraﬁon of the ahtigen fusion protein, blood samples are -

v

, éoilegtgd by retro-orbital bleeding and plasma is prepared and analyzed for the presence of
25  antibodies directed against the aﬂﬁgen. | Itis found that a;lﬁbodiés are gencrated against the
antigen. Moreover, the nature of the immune response to the antigen is dharactérisﬁc of a Thl
response. The antibody response is stronger and the type of antibodies produced are d.iﬁ'ercnt.
‘than in certain control immunizations,
More specifically, a humanized antibody-murine IL-12-IL-2 fusion protein in PBS
30 buffer, is injected ifito Balb/c mice intravenously (5 pg/day x 5). Control mice receive the same
antibody, in the same amounts, but with no attached IL-12-IL-2. Neither injection solution
contains any other type of adjuvant. On da_iy 10, blood samples are collected into’
microcentrifuge tubes by retro-orbital bleeding and plasma is prepared by coileéting blood



verification, the Xbal-BanH fragnment containing the nurine |ynphot act| n
cDNA was i gated fo WD:01/109 ;’,2 47 5- FEB 2004. PCT/-USO0/ 21715 an =

BanHl - Af11:l "ol |gonucl eot i de dubfex encodi’ ng'a flexi bl'e peptide li nker i ch
in glycine and serine residues. The AflTl end was mturgﬁgé@dto an-
artificial Aflll site preceding the mature N-term nus of & | L2 heavy

chai n. TR ®13equence at the junctions resulting froRfFMNE2AYWS | i gati ons
is given below 5 Ay Ser Gy Gy4§er Gy Ay dy Ay Ser dy Gy Ay dy
Ser Leu CCC GGl4 TC C GGA GGI TCA'GEG GEC GA GGTI AGC GGC GGA GG G=C TCC

TTA Ser 1 1 esi dues 4-9
of SEQ Is%nﬁ% %%13%@ égsé? %@%&ues kf@ ogﬁdgy)cg%rgﬁ'%tgﬁcﬁ% ﬁ’é‘nt he two
restri cﬂpmndsiftt@ctﬁamidkocmtdﬁx@é I Enlsmmmeﬁmb ;:re custecﬂwithltherlmmnﬁéd ucti on;

CCC encogde .C-t.er.nm nal %rgno aci d, resi I]i)é%hotactln CAG

encodes FH% %H'Bf % iciecontapns thehuman 8?“5Fﬂtre$4§“ﬁ lsﬁjé%\c{/ Y H9%8%% he ani no
aci d seqgntedizs afadé hareGoySeas the nmﬂnmnmﬁondﬁﬁeﬂ winhéig av&y%wmdmﬁl tthee DNA

2 h h
hauST B s Aufa Rt e e Lo af PR il kS o ont e KS 1
| ght chﬁiuﬁoRéEMclﬁkpﬁ}ﬁaﬂedoﬂsglfﬁﬁhbb&ﬁklldmngmirleuﬁdlﬁitlbediﬁf &Rl Bt difectee St ed

for thac activity in a 0 en ch er ration sa |ng T

col | 5" ( RGHEF te Bptis conpiseilortgr g PHHIIPEOB U B WL FOTGH provienide 5

Al ter nathume;hlyed d}iﬁb&@ldﬂ&ﬂﬁrfﬁldjﬁﬁdemﬂ ternatively, lynphotactin activi ty i S

observed in sta rd cellylar agssa calciumflux in response to the

activation of Mge 8 B’ﬁ ?’é‘loﬁeaé’ﬂmﬂtgg' rshéé'é‘b‘iz?ﬁir %‘b’h‘dﬁ%‘ﬂ%f“@‘i‘ Iy} 2-1 di% AdEB J.

[ 1996] ; ldsiofGRotéth) en hB ofkeithahd, Giiucdshestrohy MbOd PfekpiinkEr thé—gbsf:ﬁb%b@n protein is

tested and found to be active in: assays for the ability to 25 hind to
EpCAM afogegous|adisvants andglesnite thedagy that the mﬁevgwa& Fquis ehadminjstrptigs ishighlcT |- 2

cel | p‘hﬂfab&%l@"fér‘lﬂd@fr@@x\(ch ré@%&@@Bﬁﬁ&%o%&%ﬁﬁé&ﬁﬁ@uﬁlﬂ n%&&@:lxtbﬁ i ons
menti oned herei nabove are | ncorgorat ed reference into t application

i n t hei pdapisiaden; Amgibodigyefithg lgkeaisiyee, whaﬁér@m oiicakst Ibd 2canbugedepspansess her
speci 1 GrfRLIE il B I‘i':el@al'i.t%fﬁﬁtctfefig{@u bliinot Ble negr$uqu a,e@é&%% humanized
egoing nt

characteristics there The enbodl re therefore to be
condPderwttbodr. al | respects illustrative rather than linmiting on t he

i nvention de V, $yt hus
I ndi cat ed by %Bg‘g“ﬁg% 51?0%%91 ﬁfgtfhﬂd% %@Q&@& @}EIOEB 5%11259%%19 FrESCFI ption,
and al | vatieusgegesib tested bymecting tiohitioh ef wemlcmg)raﬂetm (sachgs tlef described

above) in PBS or other biocompatible buffer, or a known adjuvant such as Freund’s incomplete

or complete adjuvant. For example, single or multiple subcutaneous, intradermal or

20  intraperitoneal injections can be given every two weeks. Alternatively, the fusion protein can be
administered first by subcutaneous injection and then followed by intraperitoneal injection.
Freund’s adjuvar'xt cannot be used for human use, due to the irritation at the injection site.
Alternative adjuvants such as precipitates of aluminum hydroxide (Alum) are approved for
human use and can be used in the present invention. New organic chemical adjuvants based on

25 - squalenes and lipids can also be used for injections into the skin.
Example 16: Gene therapy with multiple cytokine fusion proteins

The anti-cancer activity of multiple cytokine fusion proteins delivered by gene therapy

methods was also demonstrated for treatment of lung cancer. Lewis Lung Carcinoma cells were
stably transfected usiﬁg the viral vector system described above (pLNCX-scIL-12-11.-2 or

30 pLNCX-scIL-12 DNA transfected into the PA317 paékéging cell line). These constructs encode
a single-chain version of IL.-12, in which the p35 and p40 subunits have been connected with a
linker. Clones were selected in vitro ﬁeing G418-containing mediu:h, and clones stably
expressing about 50 to 60 ng/ml of IL-12 were identified by ELISA (R & D Systems). |



equi val ency of the clains .are therefore intended to be enbraced therein. 49

CLAI-VB. 5. FEB 2004 1: A mul ti f'éincti-onal fusion: -prot ei-n canprising a pol yp -
epti de chal h'defining an i mrunogl obulin region (lg), a first active
cytokine (d) and a second, different active cytokine herein said-
| g, sai dwglo/aReh Said C2 are arranged in an N- to G ter&.I rectlon to
produce a fusion protein defined by a fornmula sel ected Fom ¥ . group
consisting of (i) Ig- C1- 2 ; (44) CIl - Ig- C; and (|||)Cl C2-1g9,
wherein a dash represents a pol ypeptide bond or a polypeptide |inker: 2. A
fusi on prot ammabne?mdm@omxdo%\mm ﬂ:ells\dﬂpfeﬁ’dufg SHI-t2 & sclll- 13810 wede CONMPIi se
IL-2, . A fusion

prot ei nh"g?te %lurlrt]o ?b&%%gﬁg%%ls%ﬁt‘%é@ Biceg GCEEE'I‘I!O%’\Y%WIS%CF?_]ISV@T@ |L-4 or
GM  CSHnjedted #itd osmms pﬁmmdralsafmtarsycmfm,werrcellmm&ll&exﬁesswger,ﬂb%rﬁ@' d d or
C2is g che 5. A fusion roteln f anﬁpof the clains 1 - 3, wherein

said Q™MgPs @t F@vﬂ 4t ahoyit the S&mﬁﬁ efiypd fpp LiGegells that liave pofheen on

pr ot®ei rbngifne&létyto(ﬁcpkkb&yfdk&id@ Hbweber, i‘Mb%ﬂﬂESV Bi % ﬂxc@hn@ﬁls@ & St\AE%nfg? r%%sd; IU ga In g

cytokin f usi of ei.n of the clains -

conpr i scggs awreS?'ﬁ%ﬁfﬁ'ggF%Lﬁ githe ‘2‘3@‘9 %ﬁaﬁhbce@ﬁ%quaﬁﬂn%@r fopmedgumorsThee f usi on
pr ot ei rkubsfeqﬁ‘e\-lﬂy m:hkﬂﬁ&ﬁﬁpﬁea&ﬂ(ﬁxgéﬁaﬁb%ﬂal_lﬁgl on conprises a hinge region
domai n, %%gdomal n and domai n he fusion protein of claimS8,

wher ei rF"é’ﬁ ‘o rERSEHCt oG TPl cyinBine Bisiop T ateins eon@iting HofandGM50SE FEB 2004
10 A fusi orm@éﬁ&lahé‘s 1L4 AGRLCSE SHch 35¢tBin Lombidafiof§6 s%@#@%%grggpormﬂ ses

|nnunoqubuI|n heavy chain variable regi on donaln fusion

pr " e repriic calisn A MR %sﬂ@ﬁ@ﬁ-wlbeéhﬁwiogupr@manommmbw@m GMi-OSFght chai n
var i ablgivi§%iA %ﬁk%@de&l aé Wnbws. *?Héca‘dﬂ{gﬁ]g&géé‘fo?&ﬁwegsﬁ a\bag # glném&e capabl e;

of targeéting said fusion protein to re-se
mul tif GhR:ft icathaf thp K&t ¥t antthedp hesvycbaipcoding geqaence calsich was Iﬁrbd.‘eﬁéd lf;;usle@dtr protein

mminogE e A fRa Mo Be et 8 B ARndn BRI bR solp ity
second, amef\’fl@lraelmkectptthﬂd ‘rradfofi hedtotiog aequlemasfbr the matutd K8-16f antibodympanogl obul i n
heayy %ﬂzﬁh n,

.. Specifically, to construct DNA encoding a fusion protein of murine IL-4 and the hght
cham of the KS-1/4 antibody, the murine IL.-4 cDNA was adapted by PCR using the forward
primer TCTAGACC ATG GGT CTC AAC CCC CAG C (SEQ ID NO:22), in which an Xbal site
TCTAGA (residues 1-6 of SEQ ID NO:22) had been placed upstream of the translation initiation

20 , _codon.ATG, and the reverse primer C GG4 TCC CGA GTA ATC CAT TTG CAT GAT GCT
CTI‘ TAG GCT TTC CAG G (SEQ ID NO:23), which contains a BamHI site GGA TCC _
(residues 2-7 of SEQ ID NO:23) immediately 3’ to the TCG codon (anticodon CGA) encoding
the C-terminal ami}:lq acid residue of murine IL-4. After cloning of the PCR fragment and

- . sequence verification, the Xbal-BamHI fragment containing the murine IL-4 cDNA was ligated

25 . to an BamHI-AfIIl oligonucleotide duplex encoding a flexible peptide linker rich in glycine and

serine residues. The AfIIT end was in turn joined to an arﬁﬁcially placed AfIII site preceding the
. N-terminus of the mature KS- 1/4 light chain. ‘The DNA and protein sequences at the junctions
_ rcsultmg ﬁ-om the two hgatlons are given below.

. D@’ TCG GGA TCC GGA GGT TCA GGG GGC GGA GET AGC GGC GGA
30 Protein: (Ser) Gly Ser Gly Gly Ser Gly Gly Gly Gly Sexr Gly Gly

GGG GGC TCC TTA AGC GAG ' (SEQ ID NO:24)
Gly Gly Ser Leu Ser {Glu) (SEQ ID NO:25)



wherein the first- and the second cytokine is selected fromthe group
consisting of I-kL-2, IL-3, IL 4, 1L-11, 1L-12, I'-18,- GW CSF, or-'IFNy. 13
The protein cohpl ex of claim12, wherein the fi rst f usi on protein is- i
covalently bonded to the second fusion protein. 14. The pr;%oé N conplex of
claim12 or 13, wherein the portion of the inmunogl obuI |r§ ‘H% t chainis
di sul fi d®¥BYAAYA to the portion of the i munogl obulin 15. The
protein conplex of claim12 or 13, ggherein the am no- term nus of the first
cytokine is fused to the carboxy-term nus of the |mmnogl obuL| n Ilght

chain. 16. T,
am no-term nfl}gh%flﬁﬁegiecohgw yto Alsﬁdgggﬁé ﬁ%%(é%[?ﬁ@%& xy Ct erninus of
the i mmimedhes8t3BrfISEQN WA hare T MArmtmbmtﬁaeﬁHmd)dﬂﬁgresﬁeetlfM| on :

protei n,ofy mgcmma&ﬁn%éw%&de}éfzéﬁméat@wa%flgiée a;ngg%fg hg.f% e@gsi on

protein according to,clarm risi
expr essemgdésthamabee Ndeﬂmm@dﬁmlﬁﬁ-lléldlﬂhecl@in erluhﬂlmimmp acid dequeine ofidrevest i ng

o, 1 noh R RER bR MR e ok GERNR S PR i o B o pe

<140> <mmxxmﬂmsmbnﬂﬁlg9&mmammmaﬂaw apﬁxeﬁnéaay ShRAGhPBNGt LN Ver. 2.0

<210> 1. <21 C <223> Description
of Art i FOERTERS cugeitue N Ao R PR n O e SRR S DR oS Bt EACR o
mat ur e B;lid)dithetrmaﬁdﬂﬁltechmques of molecular biology.
agggtcattcc acct gccag C agt cccga ct gaag6
accacagat gac %]tg) ﬂ‘ée@ﬁ e&&%ﬂ%&%ﬁ%ﬁ%ﬁ%&@iﬁﬁ%@%ﬂ@ 3@%%1@%1-09
gaagac atigiatpatigaagroainseasd FEINS0RACMmATEAG N dadER 661 REptilla Lide
expressed at high levels. SDS-PAGE under reducing conditions showed a diffuse band at about

80 kD corresponding to the heavy chain-GM-CSF ﬁolypeptide and multiple bands at about 50kD
corresponding to the TL.4-light chain fusion. The appearance of diffuse and niultiple bands were
due to the vziriablc glycosylation of IL-4 and GM-CSF, respectively.
15 The subunits assembled into a disulfide-bonded tetrameric protein Qvith a structure
" corresponding to the generic structure in Figure 3G. This protein had the antigén-binding
activity of KS-1/4, the ability to bind to Staph A protein via its Fc regions, and the cytokine
activities of JL-4 and GM-CSF. IL-4 activity was measured by IL-4-dependent stimulation of
~ tritiated thymidine incorporation in CTLL-2 cells. GM-CSF activity was measured by the GM-
20 CSF-dependent stimulation of tritiated thymidine incorporation in 32(D) GM cells. On a molar
~ basis, the IL-4 activity and the GM-CSF activity of KS-IL4-GMCSF were smular to purified IL-
- 4 and GM-CSF. _
A fusion of the cytokines IL.-4 and GM-CSF, without associated antibody sequences; was
constiucted as follows. Murine IL-4 was cloned by PCR from RNA of murine spleen cells. The
25 - forward primer had the sequence TCTAGACC ATG GGT CTC AAC CCC CAG C (SEQ ID
NO:26), in which an Xbal site TCTAGA (residues 1-6 of SEQ ID NO:26) was placed upstream
of the tahsiation'iniﬁation codon ATG, and the reverse primer had the sequence CGA TAT CCC
GGA CGA'GTA ATC CAT TTG CAT GAT GCT CTT TAG GCT TTC CAG G (SEQ ID
N0£27), which placed an EcoRV site GAT ATC (résidues 2-7 of SEQ ID NO:27) immediately 3’
30  of the TCG codon (anticodon CGA) encoding the C-terminal amino acid residue of murine TL-4.
After sequence verification, the Xbal-EcoRV fragment containing fhe mulL4 cDNA with its
native leader was ligétéd to the SmaI-XhoI fragment cohtaining muGM-CSF ¢cDNA to give the
following sequence at the junction of the fusion between mulL-4 and muGM-CSF: ATG GAT



aact acacaagaacgagagtt gcct ggct act agagagacttctt ccacaaca240
ggggggggctgcctgccgccagagaagacgtctttgatgatgaccctgtgccttggtagcggg
atctatgaggacttgaagatgtaccagacagagttccaggccatcaacgcagcacttc;g oo
aat cacaaccat cagcagat cat t ct agacaagggcat gct ggt ggccat cgat gag§ckigs
atgcagtctt?gaafcataatggcgagactctgcgccagaaacctcctgtgggagaag?agﬁgua
gacccttacagagtgaaaatgaagctctgcatccu_cttcacgccttcagcacccgcglg 97y <o19s
gt gaccat caacat ggt gat gggct at ct gagct ccgcct ga582 <210> 2 <2

ion of Artificial -
s AL RS ST 1 G OBt b e
agaagct demninalsequgure gl mulftcindahe Naernagy g%g%{e;é ng Ig@@%lgggl? %tg n gg@aggﬁ]? ?}
s (D B ELRE AL A BP0 2 I a oty adnicior the lasgagatiy:
cacactggh@RVdﬂgﬁemimnqﬁn@dbhmﬁhgnCﬂ@g&gg&ggg%6??§?g%&gﬂgfgg&§§%ﬁig%kcctgéag
tatataggé? E;tg%‘ cg" cg’}é‘g C%"%t a’%&%ﬁ%&%gﬂ%%ﬁ%ﬁ%ﬁ%@%@s dam@SaaAGEtaaggtc o
tct ggaaafgaled,ﬁm@a@iﬁkebaﬂﬁﬁgﬁ{ﬂggﬁarﬂ%ﬁgﬁ?? tcc gaa gtog?%}cgtggagc g
tccacaa%g(ta g%sﬁ’{ﬂ §§a i tgfhgggg&§§éﬁt§’t’w@§%@bé§ “tetfcsamdanttoamﬁﬁedllgact ct cggg
ccaaattac

cagt gac ahd)GMrGSHI ggcg tctctgtctg 540 caaagggact atgagaagta ttcagtgtcc

4
cc_tgcccattga actggcgttg gaagcacggc 660 5 FEB 200
J{/\%C gi?%%gg’z}?lggﬁ- / %(; 9EDN. g encoding ymphotacth(lS' IL2 and expression of the

10 Iymphotactin-KS-1L2 protein.

_ Chemokines are a distinct class of cytokines that are thought to form gradients and
medlate chemotaxis of immune cells. In addition, like other cytokines, chemokines may induce
expression of specific genes in target cells. One characteristic of chemokines is that the free N-
terminus is often required for activity, which could place limits on the ways that fusion proteins

15 could be constructed. |
A cytokme—anubody-cytokme fusion protein was constructed con31st1ng of the cytokine
lymphotacnn whlch is a chemokine, the antibody KS-1/4, and the cytokine IL-2. This fusion
protein was tetrameric and comprised two different polypeptides. One polypeptide consisted of
- ‘murine lymphotactin fused to the N-terminus of the heavy chain of the KS-1/4 antibody,
20 followed by IL-2 at the C—termmus The fusion of the KS-1/4 heavy chain with IL-2 at the C-
'termmus the “KS-IL2 heavy cham " has been described prevxously [Gillies et al. (1992) Proc.
" Natl. Acad. Sci. USA 89:1428]. The other polypeptide consisted of the light chain of the KS1/4
antibody. -
o The complete codmg sequence of munne lymphotactin was published by Kelner and
25 ' Zlotnik (Science 266: 1395 [1998]) To construct DNA encodmg a fusion protein of murine
lymphotactln and the heavy chain of the KS-1L2, the murine lymphotactm c¢DNA was adapted by
'PCR usmg the forward pnmer TCTAGAGCCACC ATG AGA CTT CTC CTC CTG AC (SEQ
'ID NO 29) in whlch an Xbal site TCTAGA (residues 1-6 of SEQ ID NO:29) was placed
upstream of the translat:on initiation codon ATG, and the reverse primer GG4 TCC CCC AGT
30 VCAG GGT TAC TGC TG (SEQ 1D NO: 30), wl:uch placed 2 BamHI site GGA TCC (residues 1-6
T of SEQ ID NO: 30) mmedlately 3’ of the GGG codon (anticodon CCC) encoding the C-terminal
amino acid resndue of murme lymphotactm After cloning of the PCR fragment and sequence
'. '-'venﬁcatmn, the XbaI—BamHI ﬁ-agment contammg the murine lymphotactm cDNA was hgated to



-2- -agcagaat aa at atgagaac .tacagcacca gcttcttcat cagggacatc atcaaaccag 720
acccgeccaa:- gaact t gcag atgaagcctt t.gaagaact c-acaggt ggag gtcagctggg 780
agt accctya ctcctggagc-actccccatt cctacttctc cctcaagttc. tttgttcgaa-840
tccagcgcaa gaaagaaaag atgaaggaga cagaggaggg gtgtaaccag aapgghggglt 900
tcctcgta aug %? catct accgaagtcc aatgcaaagg cgggaatgtcy {:%9&09;9 ag 960

ct caggat s acaat tcctcatgca gcaagtgggc atgtgttccc gcaggg cc 1020
gatccccggg taaagcaccc acttcaagct @yacagcgga agcacagcag cagcagcagc 1080
agcagcagca gcagcagcag cacctggagc agctgttgat ggacctacag gagctcctga 1140
gcaggat gYBaHARAANCHZOMARGEIIRBRE cibsing 8 8able b FRAGIE LRl difdngl 200

t gcccaagca ggccacagaa ttgaaagatc ttcagtgcct agaagatgaa cttggacctc 1260

t gcggcab@ine Fesidgesat ke A tHband yves fctymdaig tptav@alﬁﬁaﬂ b@fatpr@@d@aglmp@tuaeszo
tcat Cagﬁ%ﬁﬁ&ﬁ%@l%&w G2 TREPNASRGSHI i GhIRGARNs A&Rinb IRY] 1380
gccaattcga tgatgagtca caactgtgg tggactttct gaggdgatgg atagccttct 1440
gt caaagten ligaherstie gigembei@iecct caat as 1472 <210> 3 <211> 1409 <212> DNA
<2133 Axtificial Sequence <220> .<223> Description of Artificial Sequence:
muri ne p40- G CSFE._fusi on protein coding sequence <400> 3 atgtgtcctc:
agaagct aac @Y geyGhc ﬁaﬁ@c@a@%é&%t%bt‘ﬂg Qly t GecHbcdeebeu tttt got ggt

gt ct ccactce catt ggc oan ghT Jgy age g acgsaagac ot deataid géagcd 24 aggt ggact g
gactcccgat gcccctggag aaacagtgaa cctcacctgt gacacgcctg 180 aagaagatga
catcacctgg acctca@f‘}%l }E% acat gg agtcataggc tctggaaaga 240 ccctgaccat
cact gt ca%a gagttt é ggtggcca gt acacct gc cacaaaggag 300 gcgagactct
gagé acﬁ@%céﬁtctgﬁﬁdé}ﬁﬁﬁhcaacaa ggaaaatgga atttggtcca 360 ctgaaatttt
aaaaaatttc aaaaacaaga ctttcctgaa gtgtgaagca ccaaattact 420 ccggacggtt

cacgtgctca t t gc aaagaaacat acttgaa ttcaacat ca agcagt a
D O bbere I it D aE Do B0 b PR COTHAG GreaorepBsstoot Sl AL
Ca0a0t 091 RR RIS iH HROBRNPucll ORI IR SR RTRR A RAR g B cecct o

cccaact géc gaggagaccc tgcccattga actggcgttg gaagcacggc 660 agcagaat aa

at at gagertedesdesngderaine! guinp ecid Mtdumfggtg@@émphaam&aa@éggenw@s themeaiyecaa
gaagkt 9eadindl GARIRST > L&nggﬁa@:‘ﬁfaﬁd A€ 248H 96344 y§§gncﬁg%p%‘&8 ctga

ctcctggagc actccccatt cctacttdétc cctcaagttc - gttcgaa agcgcaa

gaaagaakiaigr itshewn e thedidd geyerge o Ty RIS cacpdingthe yoge heghotactnkyiaga

gaagacah ol EGOAAPhECaRRLIGRAR %g,r%gg,géi% b 80 Al g{%g %ggbmgk%%ﬁﬂﬁghﬁfg

ctattaca catgca gcaag ccc gcagg
chain.

The expressed lymphotacﬁn-KS-ILﬁ fusion protein is tested for lymphotactin activity in a
20 Boyden chamber migration assay using T cells (Leonard et al., [1999] Current Protocols in
Immunology p. 6.12.3). Alternatively, NK cells are used. Alternatively, lymphotactin activity is
observed in a standard cellular assay for calcium flux in response to the activation of a G-protein
coupled receptor (Maghazachi et al., FASEB J. [1997];11:765-74.). In addition, the
lymphotactin-KS-IL2 fusion protein is tested and found to be active in assays for the ability to
25  bind to EpCAM and is also active in assays for IL-2 activity, such as the CTLL-2 cell
- proliferation assay.
Incorporation by Reference
All publications mentioned hereinabove are incorporated by refercnce into this
application in their entirety.
30 Equivalents

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing embodiments are therefore to

be considered in all respects illustrative rather than limiting on the invention described



gatcccecggg”
t agaggccat-

aggt agaagt
t gaagatctt
t gacagccag
aagttaccac
tt gaat gcaa

aaaagcaccc
Caaagaagcec.
cgtctctaac
cgagcagggt
ctact accag
ct at gcggat
aaaaccaagc

gagttctcct' tcaagaagct
ctacggggca atttcaccaa
acat actgcc ccccaactcc
ttcatagaca ggcttaaaac
caaaaatga 1409 <210> 4

Arti fi clierdin. SRAPESTIRe Iediidn isTRASRARREE bl Bl

p40- | L-

PCT/ USQdahiddié
gt at ccggat-

f usi

gcccct ggag

aaat ggt ggt

<211> 1389

rrifici q
n protein coding sequence <j%@§9%d§?%%ﬁ?05%%m§5%
cat ct ct'PHFEOPE Leseertiognd el changgy whishseme adthin ©6 nBaEEBaRDA4gaMd 01/ 10912 -3

] t gt cgt ag aattggatt
1%03 0B Q6EAS AL uﬁga&%%@e&dggggg%@gg%@&e gtag ggattg

gacacccctg

gcccgetcac ccataattgt tacccggect tggaagcatg -1080
ctaaacctcc tggatgacat- gcctgtcacg ttgaatgaag 1140 . -
aacat gt gt g cagacccgcc 1200
act caagggc gccttgaaca 1260
ggaaacggac t gt eE@agac 1320
ctttctgact gatatcccct 1380
<212> DNA <213>
ence: “human

ttggt

aacaagat ag

tatcacctgg 180 accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat
ccaagtcaaa 240 gagtttggag atgctggcca gtacacctgt cacaaaggag gcgaggttct
aagccattcg 300 ctcctgctgc ttcacaaaaa ggaagatgga atttggtcca ctgatatttt
aaagaaccag 360 aaagaaccca aaaataagac ctttctaaga tgcgaggcca agaattattc
tggacgtttc 420 acctgctggt ggctgacgac aatcagtact gatttgacat tcagtgtcaa
aagcagcaga 480 ggctcttctg acccccaagg ggtgacgtgc ggagctgcta cactctctgc
agagagagtc 540 agaggggaca acaaggagta tgagtactca gt ggagtgcc aggaggacag
tgcctgccca 600 gctgctgagg agagtctgecc cattgaggtc atggtggatg ccgttcacaa
gctcaagtat 660 gaaaactaca ccagcagctt cttcatcagg gacatcatca aacctgaccc
acccaagaac 720 ttgcagctga agccattaaa gaattctcgg caggtggagg tcatctggga
gtaccctgac 780 acctggagta ctccacattc ctacttctcc ctgacattct gcgttcaggt
ccagggcaag 840 agcaagagag aaaagaaaga tagagtcttc acggacaaga cctcagccac
ggtcacctgc 900 cgcaaaaatg ccagcattag cgtgcgggcc caggaccgct -actat agetc
atcttggagc 960 gaatgggcat ctgtgccctg cagtgcacct acttcaagtt ctacaaagaa
aacacagcta 1020 .caactggagc atttactgct' ggatttacag atgattttga atggaattaa
taattacaag 1080 aaacccaaac tcaccaggat gctcacattt aagttttaca tgcccaagaa
ggccacagaa 1140 ctgaaacatc ttcagtgtct agaagaagaa ctcaaacctc tggaggaagt
gctaaattta 1200 gctcaaagca aaaactttca cttaagaccc agggacttaa tcagcaat at
1260 - : : -

caacgt aat a



gttctggaac taaagggatc tgaaacaaca ttcatgtgtg aatatgctga tgagacagca 1320
accattgtag aatttctgaa cagatggatt accttttgtc aaagcatcat ctcaacacta 1380
acttgataa 1389 <210> 5 <211> 1278 <242> DNA _ <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: nurine Fc-p8Fesugipn
protein codi ng sequence <400> 5 gagcccagag ggcccacaat caagccctgt cctccatgca

aat gcccagc

aggatgtac%méggg@tctcc 120

aggat gacccC
agacacaaa

t ccagcacca-
t cccagcgcc
tatatgtctt
t ggt cacaga
agct aaact a
gcaagct gag
t ccacgaggg
t catt ccagt
cagat gacat

acatcgatca

t ggaact aca
ggagct gecct
at gaggactt
acaaccat ca
agt ctct gaa
cttacagagt
ccat caacag.

<212> DNA <%}3> Artificial

acctaacctc 60

ttgggt ggac catccgtctt catcttccct ccaaagatca
ct gagcccca tagtcacatg tgtggtggtg gatgtgageg

gtccag 180 atcagctggt ttgtgaacaa cgtggaagta cacacagctc

gattacaaca

o e BE o i hrin aeprins Shalip gt
qa{rﬁﬁﬁ%ﬁgﬁliii@%iogggﬁta%&aﬁti@@%?

daagaga tgac

gcctccacca 42

gtactctccg

R

%g;ggtca t

gccctcccca

ndabingasaaagacc

S e

ceytQang ), whaeingaalae sdid Claadsgdad ge gangrddaas Nyggaaaacag

caaga ct . .54
eRa0atdiceytise
t &b asRAkinee caccacacga
ctctggacct /720 gccaggtgtc

§dcC280 gccagagaaa
t acat c~840 . acacgggacc
égzggaggédch@Miagttgcctgg

oS k)

ct aagagctt
ttagccagtc
aact gaaaca
aaaccagcac
ct acaagaaa

Behby 3

ct cccggacc
ccgaaacctg
ttattcctgc
at t gaagacc
gacttcttcc.

tga tggttcttac ttcatgtaca

wlectogk fremdhayg

ccgggt aggg
ct gaagacca

act gct gaag
tgtttaccac
acaacaagag

qEbacracay- R60 aagacgtctt tgatgatgac cctgtgectt ggtagcatct
gaagat gt ac 1020 cagacagagt tccaggccat caacgcagca cttcagaatc

Jehesein @glash 1epeents npghmapigds hyodtog etpgyipepiieclatkegat  gaget gat ge
tcataatggc 1140 gagactctgc gccagaaacc tcctgtggga gaagcagacc
gaaaat gaag 1200 ctctgcatcc tgcttcacgc cttcagcacce cgcgtcgtga

QY figidrymgteid 2@0rdih @il §aOL, wlkeds 648 T 11 £8idCd Qomfrise 2L 1.1 287
Sequence 5 FEB 2004 WD 01/10912 -4
IL-4, IL-11, IL-12, IL-18, GM-CSF, or IFNy.

A fusion protein of claim lor 2, wherein said C1 or said C2 comprise IL- 2, IL-4 or
GM- CSE..

A fusion protein of any of the claims 1 — 3, wherein said C1 or C2 is a chemokine.

A fusion protein of any of the claims 1 - 3, wherein said Cl or C2isI1-12 ora p35or

p40 subunit thereof.

A fusion protein of any of the claims 1 — 5, wherein said C1 or said C2 is a human
cytokine.

A fusion protein of any of the claims 1 — 6, wherein said Ig comprises an

immunoglobulin heavy chain constant region.

- The fusion protein of claim 7, wherein said constant region comprises a hinge region

. domain, a CH2 domain and a CH3 domain.

The fusion protein of claim 8, wherein said constant region further comprises a CH1

domain.



<220> <223> Description of Artificial Sequence: human Fc-p35 fusion
protein codi ng sequence PCT/US00/21715 <400> 6 gagcccaaat cttgtgacaa -
aact cacaca tgcccaccgt gcccagcacc tgaac®®ctg 60 gggggaccgt cagtcttcct
cttcccccca aaacccaagg acaccctcat gatctcccgg 120 acccctgagg tyagatmmgt
ggt ggt ggac gt gagccacg aagaccctga ggtcaagttc 180 aactggtacg tggacggcgt -

ggaggt gcat, ,aat gccaaga .caaagcc aggagcag 240 .. tacaacagaa cgtaccgtgt

ggt cagegt (}chcfgil%ﬁ’g@el{lggﬁ@%%%gc%ggf %a c@ﬁbsa“bifc%%‘ﬂﬁ%fﬁ% aycaact gcaa

ggt ct ccaac ap@HGRHIcHIIRARECEORA vADBIARBRAHonkth (x%g.ctccaaag ccaaagggca
g

gccccgagaa ccacaggtgt acaccctcac cccatcacgg 420 ggagat ga ccaagaacca
ggt cagcgt g acctgcctgg tcaaaggctt ctatcccagc 480 gacatcgccg tggagt ggga

gagcaat ggg+C aga .acaact acga cC cct 540 cccgtqgc .act ccgacqgg
droctt ot taliqangen ol sR PRI e dRaRaR0STprate - inaRD ELhRud fabdats!

cttctcatgce t ﬁﬁ'@b&%gﬁn%ﬁﬁﬁg(x@,tthﬂ&%ﬂﬁ%%canﬁg&l bindH3GHe @Q?ab%&r"g%ﬁﬁ%
cctgtccccg ggaaggaacc tccccgtgge cactccagac 720 ccaggaatgt tcccatgcc

t caccact cc cHéth nquoteulgdaepigtselestgd anigang 780 ct ccagaagg ccagacaaac
tctagaattt tacccttgca cttctgaaga gattgatcat 840 gaagatatca caaaagataa
aaccagcaca gtggaggcct gtttaccatt ggaattaacc 900 aagaatgaga gttgcctaaa
t t ccagagad2asahtifinetiofd pedtaiatcompladohpeieing aPRdst: gcct ccagaa agacetcttt

tatgatggcc ctgtgcctta gtagtattta tgaagacttg 1020 aagatgtacc aggtggagtt
caagaccat g a%gfjg HISIQyCPTPtet SRIMRyENg %E{Sgﬁl&a]@@e fged to atdewst e pertionted gat caaaa

catgctggca gihAtliaswnAag gccctgaat 1140 ttcaacagtg agactgtgcc
acaaaaat cc tcccttgaag laagi:igg{aa?fc’?‘n?t at aaaact . 1200 aaaat caagc tctgcatact

tcttcatgct tdsmgadfisioongygeantaaeising 4 geoad) aiflaeat cygikirCigaich adlaattgaat gc
ttcctaa 1287 <210>_.7 . <211> :%' <212> DNA <213> Artificial Sequence <220>
<223> Descr i PO ob#n impmppoglobplindeaiesha®. f orward primer for. construction

: , _ . : . _ 2
of murine p4gndbmdnt Badt aRd tlférs@&ﬁidrbg(%g%?{li 2«%%{%&(; fiBhSthe bRAb Wolisistipri (2L 2)

(14) <223> translation initiation
IL-3,1-4, IL-11, IL-12, IL-18, GM-CSF, or IFNy.

13. The protein complex of claim 12, wherein the first fusion protein is covalently bonded

to the second fusion protein.

14. The protein complex of claim 12 or 13, wherein the portion of the immunoglobulin

light chain is disuifide-bonded to the portion of the immunoglobulin heavy chain.

15. The protein complex of claim 12 or 13, wherein the amino-terminus of the first

cytokine is fused to the carboxy-terminus of the immunogiobulin light chain.

16. The protein complex of claim 12 or 13, wherein the amino-terminus of the second

cytokine is fused to the carboxy-terminus of the immunoglobulin heavy chain.
17. A DNA molecule encoding the fusion protein of any of the claims 1 — 16.

18. A method of preparing a fusion protein according to claim 11 or 12 comprising the
steps of: .
(a) expressing in a host cell a DNA molecule of claim 17, and

(b) harvesting said fusion protein.



aagct agcac catgtgfcct. cagaagctaa cc 32.¢210> 8 <211> 27
Artifi-cial Sequence" <220> <223> Descrjption of Artificial- -
reverse pri-ner for -construction -of murine p40 | L- 2 .fusi on prote|n <220>

. <221> mi sc_feature <222> Conplenent((7)..(9)) <223> trarfsFatifi stop
codon WO 01/10912 -5 <400> 8 ctcgagct ag, gatcggaccc t gcaggg <2105 9 <211>
31 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artifici ato&Gaguence: DNA sequence at the junction of mrcTmsop2oLs| L- 2
fusion.protein <220> <221> msc fehture <222> (14) .(16) <223> encodes
the Gtermnal amno acid resi dy@upice Mg P40 <220> <221> msc_feature
<222> (26)..(28) <223> encodes the N-termnal amno acid residue of mature

mur i ne<i:l9—>2G1Kﬂé)aO>S&poelgcagggtc cgat ccccgg gtaaagcacc c¢ <210> 10 <211> 28
<212> DNA <@ 38imApMiRd j ci al Sequence

<120> Multiple Cytokine Protein Complexes

<212> DNA <213>
Sequence: - -

<130> LEX-010PC

<140
<1l41> T

<1l50>
<1l51>

60/147,924
1999-08-09
<160> 32
<170> Patentin Ver. 2.0

<210>
<21l
<212>
<213>

1
582
DNA

<220>
<223

Mus musculus

coding sequence for mature protein

<400> 1

agggtcattc
accacagatyg
gaagacatcg
ccactggaac
agagggagct
atctatgagg
aatcacaacc
atgcagtctc
gacccttaca
gtgaccatca

<210> 2

«211> 1472
<212> DNA
<213>

<220>
<2235

cagtetectgg
acatggtgaa
atcatgaaga
tacacaagaa
geetgeocoeec
acttgaagat
atcagcagat
tgaatcataa
gagtgaaaat
acagggtgat

acctgecagyg
gacggccaga
catcacacgg
cgagagttge
acagaagacg
gtaccagaca
cattctagac
tggcgagact
gaagctctge
gggctatctg

Artificial Segquence

tgtettagee
gaaaaactga
gaccaaacca
ctggctacta
tctttgatga
gagttccagg
aagggeatge
ctgegecaga
atecctgctte
agctecegect

Description of Artificial Sequence: murine p35

agteccgaaa
aacattattc
gcacattgaa
gagagacttc
tgaccctgtg
ceatcaacgce
tggtggccat
aacctecetgt
acgectteag

ga

Description of Artificial Sequence: murine

p40-IL-2 fusion protein coding sequence

<400> 2

atgtgtectce
ttttgetggt
aggtggactg
aagaagatga
cecctgaccat

gecgagactet:

ctgaaatttt
ccggacggtt
agagcagtag
cagagaaggt
atgtcacctg

agaagctaac
gtetecactc
gactcccgat
catcacctgg
cactgtcaaa
gagccactca
aaaaaattte
cacgtgctca
cagttccect
cacactggac
cocaactgec

atgtgtccte
atggccatgt
geceetggag
acctcagacc
gagtttctag
'éatctgctgc
aaaaacaaga
tggetggtge
gactctoggg
caaagggact

gaggagaccc

agaagctaac
gggagctgga
aaacagtgaa
agagacatgg
atgctggcca
tccacaagaa
ctttcctgaa
aaagaaacalt
cagtgacatg
atgagaagta
tgcoceattga

catctectgg
gaaagacgtt
cctcacctgt
agtcataggce
gtacacctge
ggaaaatgga
gtgtgaagca
aggacttgaag
tggaatggcg
ttecagtgtece
actggegttg

cctgectgaag
ctgcactget
gacctgttta
ttccacaaca
ccttggtage
agcacttecag
cgatgagctg
gggagaageca
cacecgegte

tttgccatcg
tatgttgtag
gacacgcctg
tetggaaaga
cacaaaggayg
atttggtcca
ccaaattact
ttcaacatca
tctetgtetg
tgccaggagg
gaagcacgge

60

120
180
240
300
360
420
480
540
582

60
120
180
240
300
360
420
480
540
600
660



<220>.-

<222> (
p40 <22
N-term

cgat ccccgg gaaaagca <210> 11
Sequence ¥P@H091x223> Description of Artificial

<223> Description of. Artificial
jurcti-on. of - si ngf-e-ehal n-murine’| L12 and GMCSF <220>

Sequence: DNA sequence-at-the

. <221> m sc-- feature

14). (16) <223> ‘encodes the G terninal. amno acid residue of - nurlne
0> <221> misc_feature <222> (26) .(28) <223> encgd §QLQf
nal amino acid residue of mature murine GVCSF <400> 10 ¢ fgcagggt ¢

<211> 2013

<212> DNA <213> Artificial

SequencRET/HEANZHES

p35-1inker-p40-1L-2 fusion protein cQding sequence 5 FEB 2004 :
PCT/ USOO 21715 27 31 28 5 FEB 2004 WO 01/10912 -6 PCT/ US00/ 21715 <400> 11

agggt catigy
accacagabae

atctatg

=

gattecaat

SRgAlo gt A

408 @5@3

feet

f Gt §@%§°a

3;&@5%

Gidblen

Bk

aat caca@esggaﬁggaggge&a&cagg e&@gg& aagagsat Jecdgat gy gea:ttt%t

tgcccaagca

- tgecggeatgt

tcatcagcaa
gccaattcga
gtcaaagcat

<210> 3
<211> 1409
<212> DNA

ggccacagaa
tctggatttg
tatcagagta
tgatgagtca
catctcaaca

ttgaaagatc
actcaaagca
actgttgtaa
gcaactgtgg
agccctcaat

<213> Artificial Sequence

<220>

ttecagtgecct
aaagctttca
aactaaaggyg
tggactttet
aa

agaagatgaa
attggaagat
ctetgacaac
gaggagatgg

<223> Description of Artificial Sequence: murine
p40-GM-CSF fusion protein coding sequence

<400> 3
atgtgtcecte
ttttgcetggt

~ aggtggactg

aagaagatga
ccctgaccat
gegagactcet
ctgaaatttt
coggacggtt
agagcagtag
cagagaaggt

~atgtcacctyg

agcagaataa
acoccgcoccaa
agtaccctga
tccagegeaa
tcctégtaga
ctcaggatcg
gatccecggyg
tagaggccat
aggtagaagt
tgaagatatt
tgacagccag
aagttaccac
ttgaatgcaa

<210>
«21ll>
<212>
<213>

4
1389
DNA

<220>
<223>

agaagctaac
gtcteccoacte
gactccegat
catcaccetgg
cactgtcaaa
gagccactca
aaaaaatttc
cacgtgcetea
cagttecececct
cacactggac
ceccaactgece
atatgagaac
gaacttgcag
ctoectggage
gaaagaaaaq
gaagacatct
ctattacaat
aaaagecacce
caaagaagcc
cgtectetaac
cgagcagggt
ctactaccag
ctatgeggat
aaaaccaage

atgtgtccte
atggccatgt
gcccctggag
accteagacce
gagtttctag
catctgectge
aaaaacaaga
tggctyggtge
gactcoctecggg
caaagggact
gaggagacce
tacagcacca
atgaagcctt
actcecceatt
atgaaggaga
accgaagtec
tcecteatgea
gecccgcteoac
ctaaacctcc
gagttctcct
ctacggggca
acatactgcc
ttcatagaca
caaaaatga

Artificial Sequence

agaagctaac
gggagctgga
aaacagtgaa
agagacatgg
atgctggeca
tccacaagaa
ctttectgaa
aaagaaacat
cagtgacatg
atgagaagta
tgcccattga
gecttectteat
tgaagaacte
cctacttetce
cagaggaggy
aatgcaaagg
gcaagtggge
ccataattgt
tggatgacat
tcaagaagct
atttcaccaa
cccocaactceo
gccktaaaac

catctcectgg
gaaagacgtt
cctcacctgt
agtcatagge
gtacacctge
ggaaaatgga
gtgtgaagca
ggacttgaag
tggaatggcg
ttcagtgtcc
actggegtig
cagggacato
acaggtggag
ccteoaagtte
gtgtaaceayg
cgggaatgtc
atgtgttccc
tacccggect
gcctgtcacg'
aacatgtgtg
actcaagggce

ggaaacggac
ctttctgact

Description of Artificial Sequence: human

p40-IL-2 fusion protein coding sequence

<400> 4

cttggaccte
gctgagaatt
acatttgagt
atageccttct

tttgecatcg
tatgttgtag
gacacgcctyg
tctggaaaga
cacaaaggag
atttggtcca
ccaaattact
ttcaacatca
tctetgtetyg
tgccaggagg
gaagcacggc
atcaaaccag
gtcagetygy
tttgttogaa
aaaggtgegt
tgegtgcaag
tgcagggtcco
tggaagcatg
ttgaatgaag
cagacccgcc
gecttgaaca
tgtgaaacac
gatatccect

i@é&cg& §§a§§ Ci@fé%ﬁ @Lﬁ %@%@gﬁgﬁ% Q%t Eic?gﬁogaag

gaagac attﬁgas&ﬁﬁaﬁi gﬁﬁgi’aa@@tdtgﬁa%@% gﬁ@@@@@ @ggﬁaﬁa’# hgaprgaechgitta
ccact gg a;getqsawcawgaeﬁt@g aFagpabyE e%tggﬁaa@ tcagyagaigacmgsgtéta@c a@aac a
agagggagcer?

cag

1260
1320
1380
1440
1472

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1409

atgtgtcacc agcagttggt catctettgg ttttecctgy tttttetgge atctecocte 60

60

120
180
240
300
360
g 420



atgcagtct'c’' tgaat cataa tggcgagact ctgcgccaga aacctcctgt gggagaagca 480 :
gaccctt aca:gagt-gaaaat - gaagcictgc atcctggitc acgccttcag cacccgegte 540 -
gt gaccat ca-acagggt gat gggetatctg agctccgcgt cgagegggygg cagcgggggc 600

ggaggcagcg gcgggggcgg atccgccatg tgggt gct gg. agaaagacgt igtg%@ 660
gaggt ggact ggactcccga tgcccctgga gaaacagtga acctcacctg t 720
gaagaagat g acatcacctg gacctcagac cagagacat g -gagtcatagg ctctggaaag 780
accct gacewotigemt gt caa agagtttcta gat gct ggcc agt acacct g PEdASAYESa 840
ggcgagactc tgagccact.c acatctgctg ctcgacaaga aggaaaatgg aatttggtcc 900
act gaaattt. ttga%aaag%g LI .caaaaacaag act é ct cctg gaaggzgaccaaatt»ac 960
(ecoadiit s tmgmg o a;ﬂéﬁ%gtm ] cdfearc 1000
aagagca.ggggg;g@g ddgesdt a%gt&@l S04 abcghadeal ggse QAhLtgh gt ct 1080
gcagag@agtg:tgmcamcgwceoaaagggae daaa@agigagtgagbtmgéagt:@ate&gczoaggag 1140

gat gtca’@eﬁtgg'a?ca%t: aifase a@t:ms@emtc sgacit§grgedacgemageacgg 1200
cagcagé&f o) %c%?%g zglg& ! éﬁaat‘:& ‘é’@&?gté‘af c"a&acca 1260

Sxi2at
gacccygEca, aiga &i‘*" LD 22@ gigﬁgig dg;ﬁi %&&ct 99 1320
gagt aCQ@L&g@ﬁa Q&aggﬁe@—tsa@tageec&aa ggatgag&a aggagggaaga.a_,g tgcetd tsgbt cga 1380
at ccag@gmtmaaeg@aa@cgadaga@ggag a&g@@g@ggg@gi@ha@xe&ggaaaggt gcg 1440

ttcct coreay Sl a%sytt:act@ B’E G@aaft = aggafggg@ gcaa 1500
gct cag ?‘E?g at¥at % Fgﬁ gcctat ggtc 1560
T 59393 °°a§§€c§§@i§ggcag 1620
C2gCagtgehadileaasadam ag Cakg @@aa c@@@&&g daccGgae tae@ggg ggbcctg 1680

agcaggahsggagaatigicagcgaageigaan teeRgaggeadagaiscanehéageanabtdt ac 1740
ttgcccaza gawcﬁ%agwcatﬁ httaray atveddbtyetaseayaagaateecasy t1géacct 1800

ct gcggé‘é ga gtﬁ gﬂ&%&g& a&a'a e‘fatﬁccga% g@& . g%%& aat 1860
St et e S %%ﬁééaa@:g@g K bratifn 1000
thC&aTgi:@cQ:g a&alzagﬁgééaté%a ks @ sgagagecttc 1980

t gt caaageatitat sirtaagaaaggetdsain dcart2gids aééig]:@&ai&tcﬁ’c]aﬂ:?a 1560 <212> DNA
<213> Arttigktad al Sequence <220> <223> Description of Artifizetal Sequence:
muri ne 35 Llnker-p40 fusion protein coding sequence <400> 12 agggtcattc
cagt ct cggﬂ acgtgccagg tgtcttageec agtcccgaaa cctgctgaag 60 accacagatg
acat ggtgaa g@cggccaga gaaaaactga aacattattc ctgcactgct 120 gaagacatcg

at cat gaage mafieatial ggqgaeaaacca gcacattgaa gacctgttta 180 ccactggaac
tacacaagaa cgagagttgc ctggctacta gagagacttc ttccacaaca 240 agagggagct
gcct gecétt acagaagac %ft cttt c1a:CL’ accct ccttggt agc 300

<223> Desc ip Artif ence: rln
Fc-p35 fusion protein codlng sequence

<400> 5

gagcccagag ggcccacaat caagccctgt cctecatgea aatgeecage acctaaccte 60
ttgggtggac catccgteott catcotteoccet ccaaagatea aggatgtact catgatetec 120
ctgagcccca tagtcacatg tgtggtggtg gatgtgagey aggatgacee agatgtecag 180
atcagetggt ttgtgaacaa cgtggaagta cacacagctc agacacaaac ccatagagag 240
gattacaaca gtactctecyg ggtyggtcagt gccctcecca tccagcacca ggactggatg 300
agtggcaagg agttcaaatg caaggtcaac aacaaagacc tcoccagcgec catcgagaga 360
accatctcaa aacccazagg gtcagtaaga gcotcecacagg tatatgtett gectecacca 420
gaagaagaga tgactaagaa acaggtcact ctgacctgea tggtcacaga ctitcatgeoet 480
gaagacattt acgtggagtg gaccaacaac gggaaaacag agctaaacta caagaacact 540
gaaccagtce tggactctga tggttcttac tteatgtaca geaagetgag agtaggaaaag 600
aagaactggg tggaaagaaa tagctactec tgttcagtgg tcocacgaggg tcotgeacaat 660
caccacacga ctaagagcett ctecccecggacc cogggtaggg tcattccagt ctetggacet 720
gccaggtgte ttagccagte cocgaaaccetg ctgaagacca cagatgacat ggtgaagacg 780
gccagagaaa aactgaaaca ttattoctge actgetgaag acatcgatca tgaagacatc 840
acacgggacc aaaccageac attgaagacce tgtttaccac tggaactaca caagaacgag 900
agttgeetgg ctactagaga gactteottec acaacaagag ggagctgcoct goccccacag 960
aagacgtctt tgatgatgac cctgbtgeoctt ggtageatct atgaggactt gaagatgtac 1020
cagacagagt teccaggecat caacgcagca cttcagaate acaaceatea gcagatcatt 1080
ctagacaagg gcatgcotggt ggccatcgat gagctgatge agtectetgaa teataatggce 1140
gagactectge gccagaaacce tcctgtggga gaageagacce cttacagagt gaaaatgaag 1200
ctetgeatee tgettcacge cttcagcace cgogtegtga ccatcaacag ggtgatggge 1260
tatctgaget ccgectga . 1278

<210> 6

<21l> 1287

<212> DNA

<213> Artificial Sequence



at ctat gagg
aat egcaacc
at gcagtctc

gacccttaca

acttgaagat gtaccagaca
-at cagcagat cattctagac:

t gaatcat aa t ggcgagact
gagt gaaaat gaagct ctgc
acagggt gat gggctatctg

gagttccagg
‘aagggcat gc

ct gcgccaga-

atcctgcttc
agct ccgcegt

.ccat caacgc
‘t'ggt ggceat

aacct cckgt
acgccttcag
cgagcggggg

agcacttcag
-cgat gagctg

gggagaagca
cacccgcegtc

360

4207

480.
540-
600

gt gaccat ca. 'Cag gy
ggaggcagcg gcgggggcgg at ccgeccatg tgggt gct gg agaaagacgt ttatgttgta 660
gaggt ggacwodyatccga t gcccct gga gaaacagt ga acct cacct g PEFASE¥YEE 720
. gaagaagat g acat cacctg gacctcagac cagagacatg gagtcatagg ctctggaaag 780
accctgacca tcactgtcaa agagtttcta gatgctggcc agtacacctg ccacaaagga 840 5 FEB

2004 WQ.03£10912 -7 PCT/ US00/ 21715 ggcgagactc tgagccactc acatctgctg

ct ccacaapa> aggdaapaiglofaktilrgoiHCsYPbhce 2GLARAM LEs t aaaaaattt caaaaacaag
actttcctga agbgirgaageincediagt @60 tccggacggt tcacgtgctc atggctggtg
caaagaaaca t gacttgaa gttcaacatc 1020 aagagcagta gcagttcccc tgactctcgg
gcagt gai: ﬁ tetetgtet 1080 c% tcacac a ccaaagggac
tat gag E ioh St iﬁi?@i ﬁaic@ﬁ §§3§§§&§398 £, cgaggagacc
ct QCCC%&c@c@aﬁé gﬁﬁ@ltbcggéé%@@@é‘sﬂg alaalk 9@9@@0 ctacagcacc
aact t ctdeacagdeag ggadacoaicasaRaa a]aﬁfx&aa@aﬁa@g@@&ﬁ 9@@%&’5\6&5@@&0 gat gaagcct
ttgaaga‘@@ﬁawea Fg{{gtg}gs %&}g cE8X@atqratpcacwaty chatatgazygagye cact ccccat
t cct actgtg(:‘ga-c&-"@ @&%ﬁﬁ 5""?3%’15’“"&??@5 t‘,%lc %aao gat gaaggag
acagag caagi ccg;ggagcaagﬁ g % aé% %: Eatte t accgaagt ¢
Caal gCAAg Sttt Ghat bt ci&addels Q&Ia@&ifa&aaottcctcat gc
agcaagtgggteatgtagtégacsi gerggate &Bﬁﬁagdagﬁce&tcagt agak0z0d 3 <211> 2709
<212> Didarsegs agagdaptati eftcSerigencestodP>atga@RBot Beswrni@id 660 of Artifici al
Sequen aai’ggri é‘gf—g,;zg% F¢ tﬁk‘“e?ccg@@awa?f-‘f EP§F‘E£W9 Gﬁféﬁgﬁa@%ﬁil sequence
<400> 13 §§9g§ CIe-10) §1£c§§§ FYRREOL E o oo o (oL g;%t galfcdfagc acctaacctc
1t QRQEAREa CRALLELLL hadeaddiloh GogdaghlRagniaad &ﬁt Q&_I sg@t gatctcc 120
Ct gagcctaatigagi gaedicyadgt Ggh@iihag GatgtGgagegcagesy gamgca@abgd ccag 180
at cagctaygtetagp gaasdiatiggtaggatayca dat@cEagctimagacacas@ecogatiegagag 240

(= £
gatt acAIER TR COTRE LI oot T ey setmoyetifhat g 200

cagat
ttcaacagtg agactgtgce acaaaaatcc tcccttgaag aaccggattt ttataaaact 1200
aaaatcaagc tctgeatact tcttecatget tteoagaattc gggeagtgac tattgacaga 1260
gtgacgagct atctgaatge ttectaa 1287

<210> 7

<211> 32

«<212> DNA

<213> Artificial Sequence

<220>
<223> Degcription of Artificial Sequence: forward primer
for construction of murine p40-IL-2 fusion

protein

<220>
<221
«222>
<223>

misc_feature
{12)..(14)
translation initiation codon

<400> 7

aagctagcac catgtgtecct cagaagctaa cc 32
<210> 8

-<211> 27

<212> DNA

<213> Artificial Sequence

<2205
<223> Description of Artificial Sequence: reverse primer
for construction of murine p40-IL-2 fusion

protein

<220>
C<221>
<222>
<2235

misc_feature
Complement{(7)..{9))
translation stop coden



agt ggcaagg
accatctcaa
gaagaagaaa:
gaagacattt
gaaccagtcc
aagaact ggg

agttcaaatg
.aacccaaagg-
t gact aagaa"
acgt ggagt g
t ggact ct ga
t ggaaagaaa

caccacacggomi/a@gagct t

gccaggtgtc
gccagagaaa
acacgggagg,

agt ggcctcggga

aagacgtctt

ctagacag
gagact ct}

ctct gcat cc

ttagccagtc
aact gaaaca
faccagcac

caaggt caac

gt cagt aaga -

acaggt cact
gaccaacaac
tggttcttac
t agct actcc
ct cccggacc
ccgaaacctg
ttattcctgce
at t gaagacc

tg%gé’sqﬁc&a%éa%&& cc

gatgac cctgtgcctt
cagacagagﬂ»tzcaggccat caacgcagca

>g¥at gct ggt

>

t'gctt cacyc

c:.aaf %e

ggccat cgat
tcet gt ggga

Tttcagcacc

tatctgagﬁﬂbccgcgtcgag cgggggcagce

aacaaagacc
gctccacagg
ct gacct.gca-

gggaaaacag
ttcatgtaca
tgttcagtgg
ccgggt aggg
ct gaggacca
act gct gaag
tgtttaccac
acaacaagag
ggt agcat ct
cttcagaatc
gagct gat gc
gaagcagacc
cgcgtcgt ga
gggggcggag

tcccagegcece
tatatgtctt
t.ggt cacaga

agct aaact a’

gcaagct gag
t ccacgaggg
tcattccagt
cagat gacat
acat cgat ca
t ggaact aca
ggagct gcct
at gaggact t
acaaccat ca
agt ct ct gaa
ctt acagagt
ccat caacag

gcagcggcegg

gccat gt ggzp-t petyggaaachgaciflitizll sgitegtagagy seggace ggac
cct ggagaaa cgtpaertiemet tmyripe Patyéct Juatprarxpiedacat
t cagaccagg, gacat ggagt cataggctct ggaaagaccc tgaccatcac
tttctagq % .cliagceagl,a cacctgccac aaaggaggcg agactctgag
ct gct gcke-apafigaagga aaatggaatt tggtccactg aaattttaaa
aacaagaectii>t ecbdmatheg Ctigatiged cotinaatdiaciestdrega ggt t cac
ct ggt gcaaa gma®mPfha cttgaagttc aacatcaaga gcagtagcag
tctcgggcgg tgacatgtgg aatggecgtct ctgtctgcag agaaggtcac
agggactq gbqgggqggghg agtgtcctgc caggaggatg tcacctgccc
gagaccclge.ceaiTgaact ggcgttggaa gcacggcagc agaat aaat a
agcaccageis>t eicbaat aagNggadalzt adntinaaage agatdieCg cCaagaa
aagcctttga oRpenet vacaegdtygaggt ¢ aget gggagt accct gacge
ccccattcgf a “ttctccct caagttcttt gttcgaatcc agcgcaagaa
aaggagag, agﬁ %%ﬁ%ﬁé'éﬂ% gagtgcgttcc tcgtagagaa
01/10912 5. 004
gtgcaagetnbaggatcgcta ttacaattcc 22207
agggtccgé%bcﬁhcgggtaa agcacccact 2280
cagcagcé ggagfa @fagcagcac 2340
ctcctgagca gga ggagaa acaggaac 2400
ttttacttmggs.ccaagcaggc cacagaattg 2460
<223> Description of Artificial Sequence: DNA sequence

at the junction of single-chain murine IL12 and
GMCSF

«220>
<221>
<2225
<2235

misc_feature

{14) .. (16)

encodes the C-terminal amino acid residue of
murine p40

<220>
<221>
‘<222>
<223>

misc feature

{26)..(28)

encodes the N-terminal amino acid residue of
mature wmurine GMCSF

<400> 10
’ ptgcagggtc cgatccoccgg gaaaagcoa

<21.0>
<211>
<212>
<213>

11

2013

DNA

Artificial Sequence

<220>
<223> Description of Artificial Sequence: murine

p35-linker-p40-IL-2 fusion protein coding sequence

cat cgagaga
‘gectccacca

cttcatgcct
caagaacact
agtyygep on
t ct gcacaat
PCTUSYRETS
ggt gaaggag
t gaagacat c
caagaacgag
gceceggacag
gaagat gt ac
gcagat cat t
t cat aat ggc
gaaaat gaag
ggt gat gggc
gggcggat cc
t cccgat gcc
cacct ggacc
t gt caaagag
ccact cacat
aaatttcaaa
gt gct cat gg
ttccccagac
act ggaccaa
aact gccgag
t gagaact ac
cttgcagatg
ct ggagcact
agaaaagat g
gacatgtacc

28

360"

420#;3;
480
540.
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040.
2100
2160 WO

0/ 21715 -8 gaagtccaat gcaaaggcgg gaatgtctgc
t cat gcagca agtgggcatg tgttccctge
t caagct ct a cagcggaagc acagcagcag
ct ggagcagc tgttgatgga cctacaggag
ct gaaactcc ccaggatgct caccttcaaa



aaagatcttc agtgcctaga agatgaactt ggacctctgc ggcatgttct ggatttgact 2520 -
caaagcaaaa gctttcaatt -ggaagatgct gagaatttca tcagcaatat cagagtaact 2580. ... -
gt t-gt aaaac .t aaag§getc# gacadcaca tttgagt gcc aattcgat ga t gaat cagca 2640 -
actgtggtgg actttctgag gagatggata gccttctgtc aaagcatcat ctcaacaagc 2700
cctcaataa 2709 <210> 14 <211> 33 <212> DNA <213> Artlflcﬁa‘TE%&kﬂbence
<220> <223> Description of Artificial Sequence: forwar rimer. for PCR
anpl i fi cafYO#H8M2nuri ne p35 subunit of 1L-12 <220> Z%QUW@%\ Peature
<222> (16} _. (18) <223> translation igdtiation codon <400> 14 aagcttgcta
gcagcatgtg tcaatcacgc tac 33 <210> 15 <211> 30 <212> DNA <213> Artificial
Sequence.ss82@r <223> Description of Artificial Sequence: reverse primner
for PCR mappldattc abgtonctaly antrgrregd 3gtaitbytri dgtofcgadd cdigce@adgy>60 <221>
m sc_f edcarergaxp AsaBghgsl mmccm)) gazaaaftR) Jacart2RB> ctyegpsdHt +¥%h st op codon
<400> 15?3&%% ‘Eaté %g@% a'fa&gg BH-LIIP> TG OLTRILBL  <212> DNA
ga

<213> ArERd caca yo iR zbﬁtgé\cjc %l al Sequence:

aatcacaacc
atgcagtctc

- gaccecttaca

gtgaccatca
ggaggeageg
gaggtggact
gaagaagatg
accetgacca
ggcgagactc
actgaaattt
teccggacggt
aagagcagta
gcagagaagg
gatgtcacct
cagcagaata
gacccgeoca
gagtaccctg
atccagcgca
ttectegtag
gctcaggatco
cgatccocgg
cagcageagc
agcaggatgg
ttgccoccaagce
ctgeggeatg
ttcatcageca
tgccaattcg
tgtcaaagca

<210>
<211>
<2125
<213>

12
1569
DNA

<220>
<223>

atcagcagat
tgaatcataa
gagtgaaaat
acagagtgat
gcgggaggedy
ggactcecga
acatcacctg
tcactgtcaa
tgagceacte
taaaaaattt
tcacgtgetco
geagttecee
tcacactgga
gecocaactge
aatatgagaa
agaacttgca
actcctggag
agaaagaaaa
agaagacatc
gctattacaa
gtaaagcacc
agcagcagea
agaattacag
aggccacaga
ttectggattt
atatcagagt
atgatgagtc
tcatctecaac

cattctagac
tggcgagact
gaagctetge
gggctatcectg
atceogecatg
tgcccectgga
gacctcagac
agagttteta
acatctgertyg
caaaaacaag
atggctagtg
tgactctegg
ccaaagggac
cgaggagacc
ctacagcacc
gatgaagcet
cactececat
gatgaaggag
taccgaagte
tteceteatge
cacttcaagc
gcacctggag
gaacctgaaa
attgaaagat
gactcaaagc
aactgttgta
agcaactgtg
aagccctecaa

Artificial Sequence

aagggcatge
ctgegecaga
atcctgctte
agctecgegt

tgggtgetgg -

gaaacagtga
cagagacatg
gatgctggcec
ctocacaaga
actttcetga
caaagaaaca
gcagtgacat
tatgagaagt
ctgcceattg
agettcttea
ttgaagaact
tectacttet
acagaggagg
caatgcazag
agcaagtyyg
tectacagegyg
cagctgttga
cteccecagga
cttecagtgeco
aaaagetttc
aaactaaagg
gtggacttte
taa

e

codi Ng SRYLEIESsy atctsg’a@gajttbﬂe ¢ %&\@@@a@

tggtggccat
aacctcctgt
acgectteayg
cgagcggagyg
agaaagacgt
acctcacety
gagtcatagy
agtacacctyg
aggaaaatgg
agtgtgaagce
tggacttgaa
gtggaatggc
attcagtgte
aactggcgtt
tcagggacat
cacaggtgga
cectcaagtt
ggﬁgtaacca
gcgggaatgt
catgtgttee
aagcacagca
tggacctaca
tgctcacctt
tagaagatga
aattggaaga
gctctgacaa

tgaggagatg

Description of Artificial Sequence: murine

p35-linker-p40 fusion protein coding sequence

<400> 12

agggtcatte
accacagatg
gaagacatcg
ccactggaac
agagggagct
atctatgagg
aatcacaacc
atgcagtcto

~gacccttaca
~gtgaccatca

ggaggcagceg
gaggtggact

gaagaagatg

accctgacca

cagtctetgy
acatggtgaa
atcatgaaga
tacacaagaa
gectgeccce
acttgaagat
atcagcagat
tgaatcataa
gagtgaaaat
acagggtgat
gegagggegyg
ggactcccga
acatcacctg
tcactgtecaa

acctgecagyg
gacggccaga
catcacacgg
cgagagttge
acagaagacg
gtaccagaca
cattctagac
tggcgagact
gaagctctge
gggctatetyg
atccgecatyg
tgcceoctgga
gacctcagac
agagtttcta

tgtettagee
gaaaaactga
gaccaaacca
ctggctacta
tetttgatga
gagttccagg
aagggcatge

ctgegecaga

atcetgette
agcteccgegt
tgggtgctgg
gaaacagtga
cagagacatg
gatgctggee

agtceccgaaa
aacattattc
gcacattgaa
gagagacttc
tgaccetgtg
ccatcaacgec
tggtggccat
aacctecctgt
acgccttecag
¢cgagcggggg
agaaagacgt
acctcacctg
gagtcatagg
agtacacctg

g J&@ cag
cgatgagety
gggagaagca
cacccgogte
cagegggggc
ttatgttgta
tgacacgect
ctctggaaayg
ccacaaagga
aatttggtcc
accaaattac
gttcaacate
gtctcetgtcet
ctgecaggag
ggaagcacgg
catcaaacca
ggtcagctag
ctttgttcga
gaaaggtgcg
ctgegtgcaa
ctgcagggtc
geagcageayg
ggagctoectg
caaattttac
acttggacct
tgctgagaat
cacatttgag
gatagcctte

cectgetgaag
ctgcactgct
gacctgttta
ttccacaaca
ccttggtage
agcacttecag
cgatgagctg
gggagaagca
caccegegte
cagegggggc
ttatgttgta
tgacacgect
ctctggaaag
ccacaaagga

360
420
480
540
600
660
720
780
840
200
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2013

60
120
180
240
300
360
420
480
540
600
660
720
780
840



conmprise the marine single-chain |IL-12 <220> <221>.msc feature:. <222>:

(8)..(10) <223> encodes the-Cterm.nal. amno. aci'd -resi due of WD .01/ 10912 -9
nuri ne p35.<220>.<221> ni st feature - £€222> (59) . (61) <223> encodes the
N-term nal ami.no aci-d residue of mature murine p40 5 FEB 2004 - :

PCT/ USO0/ 21715 <400> 16 gagctccgcg tcgagcgggg gcagcggggg C%ﬁ@gﬁgﬂc
ggcgggggcg gatccgccat 60 g 61 <210> 17 <211> 16 <212> PRT <213>

Artifici avosegeence <220> <223> Description of Artifi cPcu/ushegiisce:
Protein sequence at the junction between p35 and p40 that conprise the

muri ne gl ngéa%tglhggwl L- 12 <§c00> J12.7 Ser gfrfggaéi%g);a;ertgGy Ay Gy dy Ser

Ay Adyg & FELFp 20 <213>

Rt B3 el el T e e et o0
gmd

sequen C@agﬁﬁcdg gpmet:dca rtglaetdmegagl gﬁﬁc_fiﬂ.gaEatp Ect¥BG e ddot er mi nus of

KS heavycaeh%aag L28@stgga XXbragyupsc thbgrgapgt

gatgteacct
cagcagaata
gacccgecca

-gagtaccetg

atccagegea

' "ttectegtag

geteaggate
cgatcectag

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

13
2709
DNR

<220>
<223>

gcccaactge
aatatgagaa
agaacttgea
actecctggag
agaaagaaaa
agaagacate
gctattacaa

cgaggagacce
ctacagcace
gatgaagcoet
cactcecceat
gatgaaggag
taccgaagte
ttectcatge

Artificial Sequence

ctgccecatty
agettettea
ttgaagaact
tectacttot
acagaggagyg
caatgcaaag

agcaagtggg

atPRBg{c] 4ygachddl

aactggegtt
tcagggacat
cacaggtgga
cectcoaagtt
ggtgtaacca
gcgggaatgt
catgtgttce

Description of Artificial Secquence: murine

Fe-p3S5-linker-p40-IL-2 fusion protein coding
sequence

<400> 13

gagcccagag
ttgggtggac
ctgagceoccea
atcagetggt
gattacaaca
agtggcaagg
accatctcaa
gaagaagaga
gaagacattt
gaaccagtce
aagaactggg
caccacacga
gecaggtgte
gocagagaaa
acacgggacce
agttgcctgy
aagacgtctt
cagacagagt
ctagacaagg
gagactcetge
Tctectgeatee
tatctgaget
gecatgtggy
cctggagaaa
tcagaccaga
tttctagatg
ctgctgctec
aacaagactt
ctggtgcaaa
tetecgggeag
agggactatg
gagaccctge
agcaccagct
aagectttga
ccecattect
aaggagacag

ggcccacaat
catcegtott
tagtcacatg
ttgtgaacaa
gtactctecy
agttcaaatg
aacccaaagg
tgactaagaa
acgtggagtyg
tggactctga
tggaaagaaa
ctaagagett
ttagcecagte
aactgaaaca
aaaccageac
ctactagaga
tgatgatgac
tceaggeecat
gcatgetggt
gccagaaace
tgctteacge
ccgegtogag
tgctggagaa
cagtgaacct
gacatggagt
ctggccagta
acaagaagga

‘teoctgaagtg

gaaacatgga
tgacatgtgg
agaagtattc
ccattgaact
tetteateoag
agaactcaca
acttetecct

aggaggggtyg

caagcoctgt
catctteoct

tgtggtggtg

‘cgtggaagta

ggtggtcagt
caaggtcaac
gtcagtaaga
acaggtcact
gaccaacaac
tggttcttac
tagctactec
cteceoggace
ccgaaaccetyg
ttattcctge
attgaagacc
gacttcttce
cctgtgecett
caacgcagcea
ggccatcgat
tcetgtggaa
cttcagcacc
cgggggeagc
agacgtttat
cacctgtgac
cataggctct
cacetgecac
aaatggaatt
tgaagcacca
cttgaagtte
aatggcgtct
agtgtcctge
ggcgttggaa
ggacatcatc
ggtggaggte
caagttcttt
taaccagaaa

cctceocatgea
ccaaagatca
gatgtgageg
cacacagcte
gcecteecca
aacaaagace
gctccacagyg
ctgacctgeca
gggaaaacag
ttecatgtaca
tgttcagtgg
ccgggtaggy
ctgaagacca
actgctgaag
tgtttaccac
acaacaagag
ggtagcatct
cttcagaatc
gagctgatge
gaagcagacc
cgegtegtga
gggggcggag
gttgtagagg
acgcctgaag
ggaaagaccce
aaaggaggcy
tggtccactg
aattacteccg
aacatcaaga
ctgtctgeag
caggaggatg
geacggeage
aaaccagacc
agctgggagt
gttegaatce
ggtgcgttee

aatgcccagce
aggatgtact
aggatgaccc
agacacaaac
tccagcacea
tececcagegeco
tatatgtctt
tggtcacaga
agctaaacta
gcaagctgag
tccacgagag
tcattccagt
cagatgacat
acatcgatca
tggaactaca
ggagectgeet
atgaggactt
acaaccatca

agtctcotgaa

cttacagagt
ccatcaacag
geagcggcegg
tggactggac
aagatgacat
tgaccatcac
agactctgag
aaattttaaa
gacggttcac
gecagtagoayg
agaaggtcac
tcacctgeec
agaataaata
cgcccaagaa
accctgacte
agcgcaagaa
tegtagagaa

ggaagcacqgy
catcaaacca

ggtecagetygg
ctttgttcga
gaaaggtgeg
ctgcegtgeaa
ctgcagggte

acctaacctce
catgat.ctee
agatgtccag
ccatagagag
ggactggatg
catcgagaga
gectecacea
cttcatgeet
caagaacact
agtggaaaaq
tctgcacaat
ctetggaccet
ggtgaagacyg
tgaagacate
caagaacgag
gecceccacag
gaagatgtac
gcagatcatt
teataatggce
gaaaatgaag
ggtgatgyge
gggeggatec
teccgatgec
cacctggacc
tgtcaaagag
cecactcacat
aaatttcaaa
gtgctcatgg
ttececectgac
actggaccaa
aactgccgag
tgagaactac
cttgcagatg
ctggagcact
agaaaagatyg
gacatctace

1140
1200
1260
1320
1380
1440
1500
1560
1569

&0
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1280

2040 -

2100

2160



<223> encodes the C-term nal am no acid:resi-due of ~nurine p40 <220> <221>
m sc feat urei <222> (-71)_..(73) %223> encodes the- N-term nal ‘residue of.
mat ure- KS heavy chain. <400> 18.ct gcagggtc ‘cgat ¢ECCygg gat ccggagg ttcagggggc
ggaggt agcg géggaggggg 60 ctccttaagc cag 73 <210> 19 <211> 18 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artigf E%égb%Sequence
protein sequence at the junction between nmurine p40 and 5 F

01/ 10912 M&IPVIBIA/ 21715 -10 the mature N-term nus of KSPAERSWZARE n <400>
19'Pro Gly Ser Gly Gly Ser Ay Ay Ay Ay Ser Ay Ay Ay Ay Sex 15 10
. ol 02, <2 1> b4 <212> DNA <213> Artifici al Seq_uence <220>
<223> g.?{:g&éao ifg |Eg§§g Ct‘c ° oA S chprentiecat? %gne junction
bet ween nawgcﬂetapEB

nagﬁ Q&caf; c;iﬁzsgz, deature <222>

(8) (r@ggag@&»tmms ¢checa@ga¢n:rr¢d’tabgoargg:aegga§¢aj ttesbeue: odoo mari ne p35
<22(x> ctgaaactcc ccaggatget caccttcaaa ttttacttge ccaagcagge cacagaattg 2460
aaagatcttc agtgectaga agatgaactt ggacctetge ggeatgttet ggatttgact 2520
caaagcaaaa gcotttcaatt ggaagatget gagaatttea tcagcaatat cagagtaact 2580
gttgtaaaac taaagggctc tgacaacaca tttgagtgec aattcgatga tgagtcagca 2640
actgtggtygg actttctgag gagatggata gcottotgte aaageatcat ctcaacaage 2700
cctcaataa 2708
«<210> 14
<211> 33
<212> DNA
<213> Artificial Sequence
<220> : .
<223> Description of Artificial Sequence: forward primer
for PCR amplification of murine p35 subunit of
IL-12
<220>
<221> misc_feature
<222> (16)..(18)
<223> translation initiation codon
<400> 14
aagcettgeta goagecatgtg tcaatcacge tac 33
<210> 15
<211> 30
<212> DNA
<213> Artificial Sequence
<220>
<223> Degcription of Artificial Sequence: reverse primer
for PCR amplification of murine p35 subunit of
YL-12
<220>
<221> misc_feature
<222> Complement ( (10)..(12))
<223> translation stop codon
<400> 15
ctecgagettt caggcggagc tcagatagee 30
<210> 16
<211> 61
<212> DNA
<213> Artificial Sequence
<220> .
<223> Description of Artificial Sequence: coding

sequence at the junction between p35 and p40 that
comprise the murine single-chain IL-12

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

misc_feature
(8} .. (10}
encodes the C-terminal amino acid residue of



<221> mst feature <222> (62)..(64) <223> encodes the.N-term nal amno.
aci-d’residue-of the- |ight chafn <400>'20 gagect-ccgeg-tcgagegggg geageggggy
cggaggcage .ggcgggggcg gatccttaag 60 cgag 64 <210> 21 <211> 17 <212> PRT
<213> Artificial Sequence <220> <223> Description-of Artificial Sequence:.
protein sequence at the junction between nurine p35 and EWGEBCK;QOUL' ght chain
<400> 21 Ser Ser Ay Gy Ser dy Ay Ay Ay Ser Ay dy 'y Ser Len 1
5 10 15 SK@okRIR> 22 <211> 27 <212> DNA <213> Artifi cﬁ%l’”é@'&l?é-ﬁce <220>
<223> Description of Artificial Sequeqce: forward priner 5 FEB 2004 WO
01/10912 -11 for the PCR anplification of nurine IL-4 <220> <221> misc
feature <22957Fdy°. (11) <223> translation initiation codon PCT/US00/ 21715
<400> 2Z22bLt agaccat gggtctcaac ccccagce 27 <210> 23 <211> 47 <212> DNA
<213> Arif mtsqedSeepience

«222> (59)..{61)

<223> encodes the N-terminal amino acid residue of
mature murine p40

<400> 16 .
gagetecgeg tegagegggg gecageggggg cggaggcage ggegggggcy gatccgocat 60
g 61

<210> 17

<211l> 16

«212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Protein
sequence at the junction between p35 and p40 that
comprise the murine single-chain IL-12

<400> 17
Ser Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ala
1 5 10 . 15

<210> 18

«<211> 73

<212> DNA

<213> Artificial Secuence

<220>

<223> Description of Artificial Sequence: coding
sequence at the junction between murine p40 and
the mature N-terminus of KS heavy chain

<220>

<221> misc_feature

<222> {(14)..{16)

<223> encodes the C-terminal amino acid residue of
murine p40

<220>

<221> misc_feature

<222> (71})..{73}

<223> encodes the N-terminal residue of mature KS heavy
chain

<400> 18

ctgcagggtc cgatccccgg gatceggagy ttcaggggge ggaggtageg goggaggggg 60
" ctecttaage cag 73

<210> 19

<211> 18

«<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: protein
sequence at the junction between murine p40 and



<220> -<223>-Description of “Artificial Sequence: reverse primer for the PCR
anpli-fication:. of UL i:ne: - 1.1-4 <220> . -<221> ms¢ -f eature-<222>" :

Corrpl ‘erent( (8. (10)) <223> encodes t-he &t érminal’ ‘ami'no acid residue of
murirne | L-4 <400> 23 cggatcccga gt aatccatt’ tgcatgatgc tctttaggct ttccagg 47
<210> 24 <211> 57 <212> DNA <213> Artificial Sequence <@3@m 208£23>
Description of Artificial Sequence: coding sequence at the uncti on of

murine | Lwoomepizhe mature KS-1/4 |ight chain <220> OMPSeS feat ure
<222> (1) .. (3) <223> encodes the Cygermnal serine re3| due of nurine
I L-4 ¢c220> 221> nise feature <2 ga> (§i3 . (57) <223> encodes the

N-terninal amno &acrd reerdte °6f“t A& Yrafute KS- 1/4 | i ght chain <400> 24

t cgggat ee®-02g9t t cagg gggcggaggt agcggcggag ggggct cctt aagcgag 57 <210> 25
<211> 18ro < Zer RET @131 8sr Ard |Gfly(malc31$e$ﬁremweclgz2@ﬁr>e1y<§&3> Description of
Artificiadl Sequence: protein sequencé®at the junctio¥ of nurine IL-4 and
the 5 FLEB _2:004 WO 01/10912 PCT/ US00/ 21715

"<210> 20

<21l1l> 64

<212> DNA

«213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: coding
sequence at the junction between murine p35 and
the KS light chain

<220>

<221> misc_feature

<222> (8)..{10)

<223> encodes the C-terminal amino acid residue of
murine p35

<220>

<221> misc_feature

<222> (62)..(64)

<2232> encodes the N-terminal amino acid residue of the
light chain

<400> 20
gagctcegeg tegagegggg goageggggg cggaggeage ggcgggggeg gatcctiaag 60
cgag 64

<210> 21

<211> 17

<212> PRT

<213> Artificial Secuence

<2205

<223> Description of Artificial Sequence: protein
sequence at the junction between murine p35 and
the KS light chain

<400> 21
Ser Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Leu
1 5 10 15

Ser

<210> 22

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: forward primer



-12 ‘mat ure KS-1/4 |ight chain <400>-25 Ser QGwy. Ser Gy @y Ser Ay Gy Gly
dy Ser @y Gy Gy dy Ser -15; 10 15 Leu:.Ser Q@ u.<210>-26 <211>27 .
<212> DNA <213> Artificial Sequence <220> ".<223> Descri ption of . Arti fici-al
Sequehce: f.orward primer for the PCR anplification of nurine |L-4 <220> °
<221> msc feature <222> (9) ._(11) <223> translation wggggtmgp codon
<400> 26 tctagaccat gggtctcaac ccccagc 27 <210> 27 <211> 12>

<213> Artweiriogiz Sequence <220> <223> Description of AGIYSeREIS Sequence:
reverse, primer for the PCR arrpllfqu. ion of murine IL-4 <220> <221> m st
feature <22 5 <223> encodes the Cterm nal am no
acid resi du?o%%nrryﬁglar'{'gi (fE "?31%% %?‘nid&f‘ﬁtcccg gacgagt aat ccattt gcat

gat gct cdzbbsaggctttcca gg 52 <210> 28 <211> 39 <212> DNA <213> Artificial
Sequence2x?2@sc_fed28e Description of Artificial Sequence: codi ng sequence
at the ‘jz&ﬁtt(if’bn {BEt ween nurine 1L-4 and

3> translation initiation codon

<400> 22
tctagaccat gggtctcaac ceccage 27

<210> 23

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
~ <223> Description of Artificial Sequence: reverse primer
: for the PCR amplification of murine IL-4

<220

<221> misc_feature

<222> Complement({8)..{10))

<223> encodes the C-terminal amino acid residue of
murine IL-4

<400> 23
cggatccega gtaatecatt tgoatgatge tetttagget ttccagg 47

«<210> 24

<21l1i> 57

«<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: coding
sequence at the junction of murine IL-4 and the
mature KS-1/4 light chain -

<220>

<221> misc_feature

<222> (1}..(3}

<223> enccodes the C-terminal serine residue of murine
IL-4

. <220>

<221> misc_feature

€222> (55)..(57) .

<223> encodes the N-terminal amino acid residue of the
mature KS-1/4 light chain

<400> 24
tcgggatceg gaggttcagg gggcggaggat ageggeggag ggggctectt aagegag 57

<210> 25

<211> 19

<212> PRT

<213> Artificial Seguence

<220> . -
<223> Description of Artificial Sequence: protein
sequence at the junction of murine IL-4 and the



muri ne GW-CSF-<220> <221>'m'sc feature <222> (1)._(12) <223> encodes: the
C-ternlnal sequence of mul L4 i <220> WD 01/.10912 -13 <221> mist feature”
<2225 (28) .7 (39) <223> encodes the N-term-nal sequence of muGW CSF <400>
28 at ggattact cgt ccgggat gggaaaagca cccgccege <210> 29 <211> 32 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artj ffgims Sequence:
forward priner for the PCR anplification of nurine | ynphotactin <220>
<221> mi sWOMAMIRe <222> (13)-(15) <223> transl ation i RFVPER2HAS codon
<400> 29 tctagagcca ccatgagact tctcctertg ac <210> 30 <211> 26 <212> DNA
<213> Arti flﬁtgge%qypqng%q £24Q7, <223> Description of Artificial Sequence:
reverse prinmer for the P rlflcation of murine |ynphotactin <220>
<221> mewe>fEature <222> Cbnplenent((?) .(9)) <223> encodes the C-term nal
am no a%ﬁrdG%Esﬁedt}elYo‘FlY Atr Che Glllyﬁﬁmdilac&errﬁlqmﬁwaocly Ser

Leu Ser Glu

210> 26

<211> 27

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: forward primer
for the PCR amplification of murine IJ.-4

<220>

<221> misc_feature

<222> (9)..{11}

«223> translation initiation codon

<400> 26
tctagaccat gggtctcaac ceoccage 27

<210> 27

<211i> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: reverse
primer for the PCR amplification of murine IL-4

<220>

<221> misc_feature

<222> Complement({(13).. (15))

<223> encodes the C-terminal amino acid residue of
murine I¥r-4

<400> 27 '
cgatatcceg gacgagtaat ccatttgcat gatgctcttt aggetttcea gg 52

<210> 28

<211> 39

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence: coding t
sequence at the junction between murine IL-4 and
murine GM-CSF

<220>

<221> misc feature

<222> (1)..(12)

;223> encodes the C-terminal sequence of mulIl4

<220>



ggat ccecca gtcagggtta ctgctg <210> 31 <211> 57 ..<212> DNA <213>- 3
Art-i-fi ci-al - Sequence <220> <2233 Descrlptlon -0f . ArtlfJCIa] Sequence codlng
sequence at the junction: bet ween- nuri ne Iyﬁ%ﬁﬁtactTh ‘and KS-1L2 heavy .
chai n <220>-'<221> nmisc:feature <222> (1) . (3) <223>-encodes the . -
C-termnal amno acid residue of nurine |ynphotactin <22€>--<éﬁé> m sc
feature <222> (S5) .(57) ..5 FEB 2004 PCT/US00/ 21715 39° 33565 FE 2004
WD 01/ 109WP uAdI2 <223> encodes the I Cl-term nal am no afFHUPW&Idae of the
KS-1L2 heavy chain PCT/US00/ 2171 S <4Q0> 31 cccggatccg gaggttcagg
gggcggagsd -agcRoe8gag ggggctcctt aagccag 57 <210> 32 <211> 17 - <212> PRA
<213> Acbzfi ¢isdl . S@guence <220> <223> Description of Artificial Sequence:
pr ot ei n<8BgUeNEdeathd Neteruimal isequdnes weernartesme | ynphotactin and KS-1L12
heavy .chain <400> 32 Gy Ser Ay Ay Ser Ay Ay Ay Ay Ser Gy Ay dy
Ay Serf¥g 2°

. atggattact cgteccgggat gggaaaagca cocgooege 38

<210> 29

<211> 32

«<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: forward primer
for the PCR amplification of murine lymphotactin

<220>

<221> misc feature

«222> {13)..(15)

«223> translation initiation codon

<400> 29 :
tctagagcea ccatgagact tctectectg ac 32

~<210> 30
<211> 26
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: reverse primer
for the PCR amplification of wmurine lymphotactin

<220>

<221> misc feature

<222> Complement ((7)..({9))

<223> encodes the C-terminal amino acid residue of
murine lymphotactin

<400> 30
ggatccccecca gteagggtta ctgetg 26

<210> 21
<211> 57
. .<212> DNA
<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: coding

. sequence at the junction between murine
lymphotactin and-KS-IL2 heavy chain

<220> )

<221> misc_feature.

<222> (1}..(3)

<223> encodes the C-terminal amino acid residue of
murine lymphotactin ' '

<220>
<221> misc_ feature
<222> (55)..(57}



15 1Q 15 Ser ™ .

5 FEB 2004

WO 061/10912 PCT/US06/21715

-14-

<223> encodes the N-terminal amino acid residue of the
KS~IL2 heavy chain

<400> 31
cccggatccy gaggttcagg gggcggaggt agoggeggag ggggctccett aagecag 57

<210> 32
<211> 17

«<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: protein
sequence at the junction between murine
lymphotactin and KS-IL2 heavy chain

<400> 32 .
Gly Ser Gly Gly Ser Gly Gly Gly @ly Ser Gly Gly Gly Gly Ser Leu
1l 5 10 15

Ser





