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10 signaling nol ecules termed cyt.okines.to turn.on and_ off the functions of
i mmune. cells as . well. regulate their, prgllferatlon These responses
generally ‘invol ve: nuhtlple cytoklnes t hat act i'n “concert to achieve the
desired biological effect. Certain cytokines such as |nterleuk|n}g (IL- 2)
can induce imune cell, proliferation %y t hemsel ves and can® a&€i ¥at e ot her
functi onwomagdumzdli ng secondary cytokine secretion. AnotieEruseytok ne,
interleukin-12 (I1L-12) [reviewed by Trinchieri, 15 1994, Bl ood
84:4008-4027], can induce proliferation of certain i mune cells and i nduce
anot her key i mune. nodul ator, interferon -y (IFNy). This induction of-
IFN-y is a key activity of IL- 12, although IL-12 has other inportant .
activities that are IFhkVu?ﬁﬂéEﬁﬁﬁﬁﬁ%uﬂEﬁﬁ%@mWEEwﬁ itself is induced at an
early stage in infectious disease situations, it is thought to link the
innate and acquired i mune systens. 20 Many in vitro studies with both
nmouse and human i nmurie cells have shown the inportance of cytokine -

conbi nations in the devel op ne. responses. For exanpl e,
nost T cells do not express erﬁcetg?iekﬂqa‘*‘ép%t'i’éﬁ) until they have been

activated w o | L-2 [ Desai
ot at (102 b BbhORERS s kYR R SR PR Rt 4,185,

expr ess dbe disdlesursedf vehitleis baeir iacorpomedbgs¢faasdieve to |L,. 25 12. Furthernore,
I L-12 induces IFN-y transcripti cifélgbpi éF K NRNA i s degr aded shortly
thereafter. In the presence of | Bis stabilized, resulting in
adramat i ¢ i ndhepeeent invehidon rebitus né mefholddr the RORHUERA ah@l%ﬁﬁ}es@&m%f mulﬁél%gz) J.

| nmur, oI 8: 298 ot her, studies,. it _was. found that the cytoklne
conbl nat® ?%ir%‘gle pfq_mﬁl:%?‘ﬂ@x?i theirgompositonsy Morespesifically, therinyeationrelatentr gi st i ¢

2 eff ectfusmri;liroﬂelns t@mposet b mpltiplé éyeslahdsQnd @ tar@fin ?2'0 LORRI Hrhdas BF 09eni t or
cells [Tringhieri above]. ‘The co nati on of i1nterleukin-4

and Gv CSPETE SpYF F?rgtﬁff té‘?qtg?e‘lfsoggﬁf’”%s”ﬂ AhHEARSRE %Vu’ﬂéﬁf&ﬁ!ﬂm c cells (Pal ucka

et al. [1998] J. I munol ogy 1§Q01@5§75m531nv§pﬁwstl mul ation of the cell-

medi ated | onse it is also useful to conbine IL-12 with IL-18, a
recently dis v&g@a ‘ﬁﬂ”"” copfRljipgth EVP‘@R‘FWStWtTPlYQDMFGGmMcm es that are
comnem@@mmaemxaﬂemmmam@ s b iy 583- 589;
Bar bul escu_ et _al i1998 | munol ogy 168 3642- %6 g%}éa%l 6n, IL-2
and i nt &eplacthey proliferatinne Thess responses ecmerally invelve @mhlmlacweienqslﬂaalt haadti no, M

A, U SconcBRt®#thieVe thee8B Ko kicall i BBV ¢8R SR RS ugjb@? AL t was

found that  the relative | evel of each cytoki‘ne was

Waer eas “¢Hg %dmmuaﬁaﬂ*pmfe@onhym@upkvesm@eumvwwt ﬁlmatﬁonamnlmﬂmg of | L-2

| ed tog&¥ u vity and
SSBRGIDYy biind {rdil YRR GLIRE bl GiAL ﬁgah%‘%& Wheiegy and

| FN % i nduction, conbinations
cyt dRi nd&9%eBlood $414903-4024, faintle@@n putifaatjoRef vetiminahunealklls an&mduaammler

149: 349 tr 151: 2444- 2452 (1993 A
sinilar Ef%%gﬁéi sodl\%%r% °““¥ﬁh"35rb’i1?fa*f‘ﬁ“8ﬂg“8f#& T 152 ke aetivity of IL gl'?r Sy)n]er gy

st udi es alﬂemgleﬁnll haslotha AElp Ot hetBiitted tiad 8% If'quy 1&&%65::%8@5&&& ﬁnlﬁtseﬁ*&t | -t uror
responses m ce. G’ave al'sg shown m xed results. I n some nodels synergy was

seen at 1nd § @bi“i??é S%g&"’&c%‘a%seéﬁ%%m@sah@ﬂm%ohdbﬁlesmiaedndo enhanced
t oxi C'chulﬁ@dinﬁnﬁd&s?&t&% S

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

 with lmtogens or cultured in high concentratlous of IL-2 [Desm et al. (1 992) 1. Immunol

148:3125-3132). Once the receptors are expressed, the cells become far more responswe to IL-.
25 12. Furthermore IL-12 mduces IFN-y t[anscnptmn, but lFN-y mRNA is degraded shortly
thereafter. In the presence of IL-2, the mRNA is stablhzed, resultmg in a dramanc mcrease in the
amount of IFN-'y produced [Chan et al. (1992) I Immunol 148 92 98] In other studles 1t was
: found that the cytokme combmat:ons IL-3 plus IL-11 or IL—3 plus Steel F actor had a synerglstlc



nodel s, conbi nati ons of" IL- 12 and IL-2 showed |little or no synergy [see;:
for exanpl e, .Nast aI a.et--al., J. Immunal . 153:1697-1706. - (1994)]. These
resul t's..may refl ect: the inherent difficul ty of 20 combining two potentially
synergistic agents in vivo, especially -when there is the negd t.0nwiaintain
a fixed rati.o.of activities of two agents with differept.ph ﬁa"p_,é‘l ogi cal
properties, stick as different circulating half-life and biodistribution.
Inin vitro cell culture experinent¥, it is straightforward to control

cyt oki ne Level 3 t _many_factors can affect the relative biodistribution
and | ocaf ezcéf”i‘%;[nl" y W%’&%?f&‘?“%ofﬁaﬂbhemﬁwm@Brmmmmihg{ﬂrﬂneh:en 1994;

i Munost tieadl abbed] YWﬂaﬁon Ihﬁltémﬁi&n-h TREGNABEE ?sfpa}*tﬂze f’“‘?‘é rus% F{?zst If"}%i‘]laté‘j('}'% on

half-llfg The half-life of IL-2 in the circu
i s appr oXiEPE PSS {Rplvugka gt ald 1998] J. knmyaelogy 160418764505 Fot Mimelapibmofnthe odi-net i ¢

t i i 1. ted t 3
hr °.pﬁr . e f“'&??’é‘?ﬁ“a&‘é’é‘ﬁ”&?e”?lﬂéw “sghil © bl 1685 SR E3875 B Fivpisd 10 e

Hunah2! -piogiosae gitokine with sy ammeWamwnmmeﬁ%y 440- %(Hashi&ﬂ)ta_&tlzﬁ

dlfferen M}g&gﬁg t smal,l th 1k-2
and Qo EhMlley 183 363 SUF Rt &34 0K pRiPreenl G o be
cl ear ed Ipyrddidi &IIL A‘qnldtnpta!ﬁr@m aRy o gintic wictimincinmisattsa [PAREGRAL MOfA_egs than

about 50pkD: {,E5 d by renal filtration. Alnost all cytokines are
smal | er thanﬂ{% ﬁ%e under go simlar, rapid clearance by 5 FEB 2004 WO

01/ 10912 PCT/H;JS@@Y Qﬂmm ssnergmhdzés i mmouﬁmma\ﬂxa@lahb@ﬁb%%aeﬂ dykifByauUCh
smalyl r F%l]le%e%c (ﬁ es g geswed it is’ sufficient to sinply
co- adni n e Cyfe ﬁ IEB"\‘/\%QI 712 1. the presense of ukeptispal mmonpts o Hi-2 el for
cyt oki nas synetg‘ymltlwihduoﬁambif Hickdioh @polyieht
adm ni st rgil ondg{(écyt oki nesmlos f:dl ffi (IS:H;J))J@laduue\)i Lﬂs’q’é‘ﬁ%ﬁ{”gr“"%‘&é"a‘s‘? e )

ef fect s-°F #ppine a highopeatang cmkmmwm: fcemd to bd itgonistiel [Rerissia et
signi fi ANl Ishkke leizfgegqtgg_%o@ I ocrine
toxicities, It |(§ expect ed tﬁlagt9 rruwIQt cy?%ne&fg H%ﬂw%%gﬁf‘%%]h&m
part|culséﬂnil?5§%ﬁ“PBB’§°§¥1&éﬂb¢mﬂ%mnmﬂLdamdﬂIs7 de effects of systemc
admipi strati @yp& & i S ofusea okine to a

Pn by SR RGoen 101 aﬁ&BﬁF Okmlgfj 8}?5'%6?‘?{39%# Hrf"Per region is

second nol ecu W th targeting capabi
pl aced Tggonyes t“rfélcNh@@ralﬁOﬁh@Wnﬁumdamtmhsomeoﬁcﬁieh sﬁ@gyrﬁds sdefiapinof usi ns' or

'Fc- X fh'l:?d a ron al pha), have a nunber
of di st |snct ive, d%%fﬁeta %ib‘é?)%l%lﬁlbl ol ogcgi'e Sesﬂ?%ﬁé% ?Eﬁ‘%tw}&le inother 5. pat ent
parti o S?emm?@“ﬂ 0830 L 2aborad s oh €y A Aip G o |
particu 1 Sti i Vv
receptors o%a}ée L ts%r 32%@2‘% ?%vgﬂese\mﬁw’P‘H’e‘eﬂ?"ég}?dﬂltﬁf%@fﬁélﬂm@ recept or
on & celcomhmufgawe pottemallyrsymgﬁm @em@in ﬁzﬂﬁ?cs‘f)@mﬂﬁg\h&fh thée issm@ht&ifd and the
sequenc 0 ant i.bod %ggldent cel | - nedi at ed (;i/t otoxicity (ADCO
and corrpi errent SE ‘g‘fﬂ}&‘ %Wdiﬁé‘&mmﬁ%@m prophgies;stichegi on
in an Fesd«fﬁmhemmhhungmsm%dms&twum or conplement fixation

effectively. IThe ccy to Ic effect due to the fusion of an N-term nal
cyt oki ne and H"®R%SELC F’épqr’@@ﬁ“@n“ jsstroiehtforyardim corfiot cyéodanple&f:ls,th| on of

LL 2 '; Om‘ahlﬁ lfd?dtc{l)ﬁfamaﬁﬁa: e rel%ﬂvg BioBR S REbnGhE ﬂcﬂﬁaﬁoﬂr&l c?r?o s b %Efo | abI eto
ing.to cells bearing
95 ecting their immunostimulatory CaPaCHY The most important of these factors is the half hfe

. 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
E hl.;mans [Lotze et al. (1996) Ann NY Acad Sci 795:440-454].
30 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



20 the I1L-2 receptor, fix corrpl enent, and |lyse the ceI |s as a.result =
[Landolfl N - ke (1993) U S PatentNo 5,349, 053] ~tn.contrast, Fc-1L-2
fusi on protel ns do not “have ‘this- property. Thus, Fc-X fusions are expected
to have the virtues of increased serumhalf-life and rel ativeScRER&®br at | on
in the t hout the deleterious effects of ADCCF errent
flxatlonLﬂ}q/(ﬁhf]‘ua)‘évI been’ denonstrated that many differen 88’?’8 Zil]ﬁs with short
serum hal f-lives can be 25 fused t® an Fc region in an Fc-X configuration,
and the resul ting fusions have nmuch | onger serum half-Ilives. However, the
ser um hatehall filr&®no ﬁNhenﬂredﬁnfeilEWﬂnibﬁoEﬁcH s:t&[ls)ﬂﬁld!/y didareidyt KERNR i PddsHed 8t is

i dentical, wIQL{%ds;m n..del “\l/er%/ hfferent X moieties is desired,
co-adm ni's i On- T X @%?%ﬂ‘t‘“eﬁ W%Vrebtcé‘aﬁgnwwmﬂéﬁ“(ﬁé’ﬁ@iﬂaﬂ oy be
opti mal .c)ttbidmsvamrmgrﬁ:ﬁdanﬂmmfeﬁﬁﬁjflﬁc@etter approach is to target the
surface antigen by fusing it to an

effect of .th eyl kizne .t 0 30

ant i body (oreﬁ 1% Eca&@ry%&o ‘Fﬁ&?’@*‘?‘&?ﬁd Attt 1@ theis ideleterioys deleffidcts nity
for thatFarexgpls, mga lebélest IntdrfSron BipheRbuliNa. 51g51fﬁ5.9,si1d@@ffe£&llhaﬁ§ gtiial - Proc.
Nat|. Acad. .Sci. 89:.-142 . nki ng protein antigen and Stinulatory

cyt oki nenSHFUOElc. Jmpe an %‘ﬁdﬂ?{ﬁlﬁg"xiq‘fwﬁ hi ‘%‘%P?ﬁt%‘fthﬁ m@smleﬁmkmp@mm«smm et
al, Vaccsme/p]aﬂncﬁl%ﬂ)zseﬂ%bbﬁeaﬂr&ctsbodl es 5 FEB 2004 4 thensel ves can increase
the hal f-1if a fuseg_ gltokl ne, there are still differences between

di fferent cyt Fﬂ'&elﬁ}jgl RS ofi syFempi edminisiratign afspakings ene Stfngexmwfpbtea

Gllies kaut BeRas dle i b
|mmI ol @&%(:6%;5335 6202}0@%{1?“ m%ﬁé&géapéﬁ@fq-ﬁsggﬁﬁihé?%dn# %‘tgg“’?‘ E ac‘?d

di f f1%uldt -ty o5 & grothrs protein {igrmed Grmunelasios’ tOO'F&fX'lfmballsawberC|}ms-a5
cyt oki neligagd kuch'ab Bfterfeiéh-S1861) 8RS rhhﬁex%%ishﬁ&véya!a‘é %%Bh&bigf E:%fe%rfn?erg o ach

addition, the use of two “di'fferent fusion proteins
fusi on S&B&falt &l p- Pasent Nog. STA64¢ ang %54 1088dka f&l@h,eErgtezrmltgimdeang andosihdn

fur ther goRbsuaPndioh b caWITBAY ofe 1S BYELLON TheyRigsent | nventi on

provi des _conplexes or fusions between two Of mor & Tyt oki nes,
whi ch arldoweyer. when e ligandbbinds ta ifs wedptoras atcelt gefaed therm‘lmaubh ef thp\Fc rddies e

conmlsex | ot noi et i.es
Feator o o et ¥ AOANARE A Hcrc b Bl o oo lra oo G ATEN | s
of the codsomplamentyitxgliomapeirrio be dockdel. rAata resultémem’bdetg’lg; ianQ?&E!X ampaate of the
Il nvent i | u mprisin tide chain
defini ngﬂgsnﬁ’?t %%EJHBEE 09@8‘1111%Iem§nt %i‘?tg)fe £ Fllyth %rfqt%g %S'P %&J—Bﬂe (a) -
andda c; é’us;mdpfaatll“{-mxélam cyaoitmamday}-takmmﬂ F¢ e@on iWieIl Rhdwis. aF sk dxgnélpﬁaﬁﬂlo? and
sai in - term rectlonto roduce a fusion
protein Zh?I g%%? ﬂﬁ\l*“g%?’b‘if?aéﬁaf’?‘g fhtbatg% ocipd fosqeflpeasing (i) | g
- C20- @xIle2 fc)wlﬂ)f fix hgmplgﬁﬂrét and ke (.He:cblls dola resu@%Lanl dbHi, N"Z'Peo(lggﬁbslg g\as[]h
represe on e i nker not her
nepect - Gpepmid PRI Fastt i Hiied Prtrins ot bfva deioRispesty.c M Takng
fusions are expected to have the virtues of increased serum half-life and relative concentration in

the liver, without the deleterious effects of ADCC and complement fixation.

Slte

It has been'demonstrated that many different proteins with short serum half-lives can be
25  {used to an Fc region in an Fc-X configuration, and the resulting fusions 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



at least a first fusion protein conprising a first cytokine fused to at
lleast a portion of an inmmunoglobulin light chain, and a second fusion .
protein conprising a second, different - cytokine fused.to at least' a - -
por-tion of an inmunogl obulin heavy chain, wherein the first: and the second

‘cytokine is selected fromthe group consisting of IL-2, IL-3, { kﬁ#e@tﬂb*l_ 11,

IL-12, 1L-18, GWCSF, or |IFNy. Disclosed hereinis a protein ¢b
containing at |east two different cytokines. The cytokines could be in the
same pol ypeptide chain or connected By a coval ent bond such as a disul fide

bond or athbonﬁi f or med bg chem cal crosslinking_Alternatively, the

cyt oki nes"CBU S 8 giease e hpltdite abm fused, evteline. dhssowe atill differeheest@iirecar ef er r ed
enbodi mendisterehfttokie QlsRindwiR IR SXnCRRPEdSES:, Forl ing. moj ety, such as an
ant i body 8&&@%'1“ 825{;'/ fragnent, that taryzlgts’ﬁ%rﬁggrgﬁg%qu}g&esFgoa?‘aﬁfoc‘}eﬁié‘g?tﬁ a
manmal . 5 7804-1 {2 pPdlies et e e fpwanele h0:6 k9620 vn twonld rmaleviodes a
protei n clotglizeionaOMaigli e dieheule L QaGLLI 1&hain cyt oki ne, such,as
| L-12,_with that _ of agesecond cyt oki ne. Th_§°‘%{’/%‘*gﬁ<“f°\§feaéea%§ﬂﬁ\}'%‘@?@6931 ently
bonded® ( eSPkinegsdities apd deseensedith desiredispnasgisokelites. imaddaiampthbasasmae at ed

t hrough odiffetnt MA@ Sins Eoir&% t ti.d g%ai n ¢ontai ning the
second cyt oki ne coglrd insnclefsul{je gﬁ@%%ﬁ?hniggﬁglg%ﬁ%ﬁ?f% e eREelitscfivenesys

| L-12, suRAligendthenfwibprdenying @s mixte@sor a receptor to IL-12. Alternatively,
t he binding nmoiety could int er?ﬁ;nn%”};f second noiety that is associated
with the IL-12. For exanple, if a por pZ‘b W& i n encodi ng a subunit of
IL-12 al so i AB¢Resest inventiomprovhies pohpipegstar desia bemicsi 06 difors 88RAG, CYt oki ne

may i1pcl LOLA in noj.ety. |Ln one preferred enbodi nent, the
. may 11c kﬂbs‘?%ﬂh %%_u%f&%ggénerﬁa W %ﬁﬁt% P

second cyfokine is e"Tmvent 'enp et fsEeey dhese emplesehart i on
of fusi orfugirsppianellysihiclids-lifertphattin maiktidsaionetTeitre bisulid cifbledds oY sl fnat of

the secong, i i).e providing a longer, single pharnmacokinetic
behavi or, élﬁ%nf7 Prg‘r/ﬂ?gelﬁﬁha‘{megfo f?‘?f—Tf‘q%f‘?gl"V‘,O 31 4 fHed eives the duration of
the activityAstonding te enoaspect pf thk inventivagla ritthitosaltiigod@bapce of

011 10012 B R S A PG 8 bl o O AEME S0 ho

i nvedfi onytokine (€ )sinda squond, & fiG e QbR S B ke 1€D E WhdiciEL| IL-12 in

whi ch the .p33 and aF;A'O sub it(sj of | L-Oig) areg I?nkec?i%{??(gg’ |ag{1ﬁ ?ﬁcfle bond and
coval ent I'Y° b6AHH LN 3B Mg iR Cr (Bl dliregtiorsiomieduce i &istomipnaeiordefimadboxy |

t er m nusbeh farhelqsdkced froRffle 50 Bbdsisahis bt 1i) B2 Wi LId. ner al., formul a

I L-12-X or é‘ﬂl - 12, vvhgre S(gl;ésb’a glesco%gﬁgl)(i:%t (Y)\"I%i rrlbei.’la]?)n@gnc?ﬁ hé? enbodi ment
of the i AYEWEI Gh R hdervkerena gedireprasentsamplypsptide toad ondpalypepkiae

coval ent liyxdponded at either the am no or carboxyl termnus to a

Si ngé@-chai n (sc) formof IL-12 conprising the two pol ypeptide subunits
j oi €U via a fnetirnmseeqyepthe doehiionde r nwiltiflandtioaal ih@bmpleRchmpasigse! L- 12- X or
J Ge6te: p Asi e

X-scl L- 12 : : fo ;
1%t lcast a first fusion protein comprising a first cytokine fused to at least a portion of an
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.



10 I n yet another enbodi nent, two cytokines are further fused to a protein
capable of formng a dineric or nultiperic structure, at either the am no
or carboxyl term nus of said protein “hain. In a preferred form of Ehis
enbodi ment, one of the fusion protein forms of IL- 12 with adsdoAd
cytokine is further fused to a portion of an inmunoglobulin (1g) chain,
such as the Fe region, that is capable of dinerization. Further ,
enbodi ments include fusion of at |east one 15 polypeptide chain of IL- 12
at either termnus of a portion of an Ig chain and a second cytokine -fused
at the ot her Iit=gir¢femetembodingeng ttheinventibadirowdds, a frowein@eompier ecrobinoigithes ar e

fused to.a protein with t etin bilJ virtue of bindi .10 a
speci fi ¢* @ggﬁPg?@wﬁﬁ?m‘¥§ eé?“%ﬁwE@H?éﬁp%h¥#gﬁﬁﬁ%§8f§D%P& %ﬁﬁ%%m?o-Fc

r ecept Olay bebbitndy Bordbliegafiset)toteheh dthsre IThe Kywkiaesmayf alerbdRsdetgedon wi t h
mul tiple 20 cytokines iJlustrate tgg ad“ﬁ”t%%§5 ot.bo%h di meri zation and
tar get i ftgoughstber moehese FOT ¢xapRle dhrcprlypaptids chaifconiaming the s3tenq eiokiRg i ons of
nul ti pl @oRY §RkidOLEintiA noldy BaO§eli Xk bifBS 1128, isQuh a8 bn hRTHIAY toMWL-1C@pabi 1ity,
but not both C?E&bl|ltl€§. In yet another enbodinment, a fusion protein
conpr i sergpiRLithpReAKgHERFle the kinding RIS cquid intrragt with ERgord RRiAHiAbS or

car boxy &8l GHE HeQr. 8 2 "BSRSanHe, ¥ LhdrepRiic SRR ES: MilblnitbMEL BLalse? S
targeting capability, such as an antibody or a peptide aptamer with_ or

wi t hout inchedesndvidindhq IiNpagtidstcontainipg $ogpcond sgtokise maainsindsdiotigsaa targeting

95: 14272k, 13 RELLEEH BLoSAREH RALcdnd dDRidyshion of mul tiple cytoki nes
to at least”a portion of an antibody capable of binding an antigen, such as
an intact aibtdibosision prosidenghiethofiaion therprodwtyn objusion piotegised Thad? tiaFv regi on

Furt her enhadi i.ncl ude,.fusions of .at, l.east .,one I tide ghain of
L 15 hten bPE B 7 abEY B bt 388 Secha BleokiB A SR BB PEREL 8l S 1 O}
i s capalphermtokiiericbehgvian sianilar gethat ¢iill-12 iselfpthat inyréasdsi theddrathechfalie t he ot her

term nus. .Accardi n o the abhove descriptions,. it.is neral ly.preferred to
Const r ugEiTHIE FEEon Gr e A G s RE oLarivis o ABF Sty | body
f usi on prjedRhMgo Myar@eslet i ¢ engi neering 6 5 FEB 2004 PCT/ US00/ 21715 :
techni ques, such that the conponent proteins are |inked by coval ent bonds
such as am de bonds or disulfide bonds. However, it is also useful to use
chem cal cross-linkers to construct such protein conplexes. Such nethods
are well established in the art of protein chemstry. Alternatively, it is
sonetinmes sufficient to generate protein conplexes by fusing different 5
cytokines with partner proteins that form stable non-coval ent conpl exes.

For exanpl e, a non coval ent heterodi mer support protein is used: a first
cytokine is fused to one subunit of the heterodiner, a second cytokine is
fused to a second subunit of the heterodiner, and the two fusion proteins
are m xed under appropriate conditions. For exanple, nucleic acids encodi ng
the two subunit-cytokine fusion proteins are expressed in the sane cell. In
this way, a multiple 10 cytokine protein conplex may be constructed in

whi ch the conponent cytokines are not covalently linked, directly or
indirectly. To achieve the purpose of the invention, it is necessary

TR S



that such a conplex is stable enough to be nmaintai ned upon adm ni stration

of an animal. and achieve a biological effect. The invention also prOV|des :
nucl ei ¢ aci ds that encode fusion proteins conprising two or 15 nore.

cyt oki nes, where one of the cytokines is preferably IL- 12 agf deiu3|on
protein encoded by the nucleic acid optionally includes oth E

nmoi et i es WPPIEPYEr ed enbodi nents include nucleic acids REAVSBATHde f usi ons
of two or nore cytokines to a dineriging protein, such as an Fc portion of
an antibody chain. Another set of preferred enbodi ments are nucleic acids

that encode more cytokines to a protein wth.targeting
capability, siﬁgﬁbggﬁeﬁoﬁ} arﬁg?%'oé@ven ég}er%l/sé RrgRm QF%IBP iis ‘&505 HEhods for
constr uclformnf(blt-lﬂ irsvhbich thefp3waad pd0 mhumts @Yt aRiardmkediby mblhlﬁaébdmtah@ds for

expr essi sj on Qtei.ns. e nvention.al sSQ pr.ovi t hods for
treat rren? &5‘ g?gin'aﬁgéﬁo Hh O'P‘{ﬂé?qmﬁ% (eLATE the aTHRg oroarpexyiit ﬂ%ﬂﬂ‘h‘ cﬂ%ﬁ?@gg?rrmnt
i nvol ves ptthssbusiesflll- Ronith tha fgbmnal Fbmttkellard-K\ar t(yILof2, tWbere G isiiE&nd 25

proteins. | one enbodi ment, at |east one of the proteins has a short (e.qg.
| ess hanyt i nut es) or onIy noderately long (e.g. |ess than 40 m nutes)

serum hal f -1 |En@notﬁh&nﬂfoditﬁ&mﬂsfméemfeﬂﬁcﬁdthla)ﬁjsugﬁﬁﬁbinﬁc&ﬁ]ﬁis@@@édoﬂ@ cﬁ&kxﬁht her
technlquesgtqﬁrélea5 's to.a rrg g animal. In th fy

activiti 8P i Bt ?Pi’?"’z?roé B FFF“}"HSE?"HI‘}%‘HCW(S@ %ﬁ‘]ﬁlf%'elﬁar ate
admi ni st c@ﬁprﬁng tmﬁoﬂﬁepﬂitle suﬂﬁﬁitsljginédlw_h@dﬂEﬂBle%Epttd'@ﬁnkéqutﬁé §lnggy are not
required l%g{ﬁf%g F&d ﬁrisrum hal f-1ife of the 30 fusio4 protein will
general | 9’“5‘8"‘ B Pase that of the protein conponent with the |onger
serunphal f - | i Th&et dndther é@mﬁﬂ&ﬂlméﬁ&]&uﬁa%ﬁﬁé?ﬁﬁé’d% fr&t@inquz{'bﬂeofprm ein or
proteins with the shorter serumhalf-life. WO 0171 10912

PCT/ USOOfosatrge dimergraneliimeris steuctyre, at eifhsr thﬁ@@mom ﬁarbwl/ tegminupref atdds of
| Mmune- t BREAPGHH Gn h pRAIRTRbF thill SRRt %H@&tﬁéﬁ%@ﬂ?ﬁﬁmﬁ’f’ NS ftzons or

ot her di seases that m ght be usefully treated wt Rar cyt oki ne
such as Pib Eeoioﬁd %%P%létﬂl@wr\%?%tcaa BEEonef 2aymorieaiobulin (i) ghrasf, eucheslthe

enbodi Mepd yegioch Lmatjis?cdpﬁblfe W @ﬁjneWzﬁtrb M&%ﬁﬂﬁ%ﬁs{ i‘gﬁ&&ﬁ%@ﬁb? %t?%a?tdorl 0 an

e
animal or human. In ot her preferred -5 e used to IL-4
and &dni pelneptidarchais od AL Riakeithen terminys pfmportion ofpoihenrin exiacdtas rytoking - 12 i s
fused toplldadShetud: adpiistered to an animal or a human. Such treatments
t he invention provides can be used in conbination with other disease
treat ments. |ln apeth§riembadinmest, ifyd or uﬁrwatxkaaamdmeag)aa prsttelrdmﬂewagetmglt i gens,

N N e e,
di mer | c bipdiog & Fr mﬂzﬂpﬁn‘g wisahchie alsurkig i-the lieer @ﬂsmlfs oflan Rotdghedyith dtdplar e
T 50k 0 e O e R SR
that is minesefl efconmbyfubibaofariul(ie €bkines that have only multimerization or targeting
capability, but not both capabilities. v
In yet another embodiment, a fusion protein comprising multiple cytokines is further
fused at either the amino or carboxyl terminus to a member of a clasé 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



In yet other enbodi ments of these nethods, two different cytokines are -
fused to an intact: .15 antibody, and-are adm nistered to an aninmal or -
human:- I n-a-preferied formof these nmethods,. the cytokine IL-12 is fused
to the antibody noi‘ety along with a second cytokine that IS L
preferabl y,llig.0r GWM CSF. The invention al so discl osesmr_n' Xt ur
anti body-cytokine fusion proteins that are useful in tre’é't’“‘l’uﬁ‘ré”d?seases. I n
one enbodi nent, a m xture of an anti®ody-1L-2 fusion protein and an
antibody-1L-12 fusion protein is used to treat disease. For exanple, 20
cancer, VeGBiquesapushithap the comppresat proteds arainked bycovhlentbor®s sach asBiriiak bonds

Descri pt i pg; FMBGS ; I I n nd. ot her opjects of the present

i nvent i or??agn ld% Egld\%lrl ous ‘f%%t?alljsfgeug&ﬁﬁrgrueo SRS '@“ﬁ%?@qoﬂfwtﬁﬁéerst ood
f r om t he Pre¢in soinplgxese Sueli pethodmsare whid nstatdisiibd e wh 6f prdkeid cHe@stryacconpanyi ng
drawi Ngs.4q . Wnas. . i ke nunbers refer to |ike structures.
25 . Fi glﬁltggfaﬁggg’ﬁgifré{’@%gﬁ'{%“ﬁl%&%?rgﬂ%‘%m PO CROIPSFeR Y fusie diffeskitnes inits
si npl &st cyiokines Witk partipt proicives that férssablé nacosAER BmsiRK FixaMBld 28k ¥

t hr ough |} Figures | B-1l. show,various _ways in which a second
cyt oki ne@((’Y%%’gﬁéetglmgly ST URRRY P Boéclﬁfst'ﬁg(llr&a)‘{rft(‘}yt?h‘@e Rdvsed Suenespbunitgfithi ne
| L- 12. * Spefeiotlirea) 4 secondnartakiredsn fhsed/fokdctund ebtni of hblEQ6kolithel N8 Gid Gl Nus of
p40 (Fig onlB))' .the N-rermnus of p40, (Figure IC}, the C—jterm' nus of p35
(Fi gure %’B}a FFOFRE a’i\el-ntné?ciﬁ“' G5 2Rpronngis copditions; Koresamply, nupleicagidis ehendinghgur e 1
shows hotwasubeniongtokiyt fislonerateiyis be ckpte@ed fhsasie 0l %Q}Eé‘ixgy a‘é@ﬁ[@; n of
ave'’p er mi nal

IL-1 Specifically, single chain IL-12 npol ecul es may

to pﬁo o Qﬁﬁ%‘?ﬁpﬁoﬁ%ﬁ/ %%ﬁg‘"a/g%'kqnﬁté“c&qd ip pdicketheccomponent Gidldneserelft or 't he
N- t er mi nosvalenily tinked] Sirectly oSindBedrizB T3 Q0K i ernatively,
single C'B_gi n *]L- 12 {ml,egcﬁloegl rr;yghavepi%%é%&rgngééﬁg%]%ﬁ%ﬁ lnsgneg e

C-t er mi ntE* {UeP §GPRPlekiys Sablg snousk todempinained wpon Mmihistreteneidn afifiayade 2A- 2C
schemat i getidve 2DVl ti pl e-cyt oki ne fusions (boxed) depicted in Figure
| may be further fused to an_Fc region of an antibody , shown here as a
hinge (H), a Emjnvutipn gsepiovideanuoleic ackinthaynaotiefusion hioteimnd w@aipriemg @fobi gur e |
m be T asRdvidkifkt ' ' ' e term nus (Fjqure
addition, t hgE fir s’tfngé%(;%g}rf g% %%@%Hﬁéf@gﬁ&%ﬁg&fﬁe %’t"&lﬁ?’?@‘n&ﬁéo%gcond
cyt oki nebY bsarclpis peid privenally insfudssothieneattinynoidtien chefdrrédemR@aheat fRfudebUt can
be connegifd. | 1C 3G schemmti.cally.shqw a uc noiety (Figure
20). 10 subse%ﬁ%sﬁﬂg%gavd\g%?%% |°c?1“§°r§§$?lf"ﬁsé° %mﬂ?lﬂgprolt?j%is&ﬁh BB n may
be Y furRetien efaentibatyshainn taother serofmefendl dnitbdieai aasmialkid 4fs dlfie hea

chain V &REIARsbAs SN D AR AR 1] 288N bl bl ChaL D &V region
20  antibody.

-

The invention alsc provides methods for construction of fusions of two or more
cytokines, as well as methods for expression of such fusion ﬁroteins. |
~ The invéntion also provides methods for treatment of diseases and other medical

) _ _c__ongitio;is, in w_hich treatment involves the useful combination of the actiﬁty of two or more

25 | | p_r__oteips. In one embodiment, at least one of the proteins has a short (e.g. less than 20 nﬁnutes)
or only rﬁqd?;atgly long (ej g less than 40 minutes) serum half-life. The proteins are fused by
ggnetic gnginee’ring or other techniques and administered to a human or animal. In this way, the
ac_‘:tivities.of tI;e two proteins are present in a fixed ratio, and séparate administrations on different

o dosihg schedules of the two plrote'ins are not required. In addition, the serum half-life of the

30 fusmn p;otgin will gegcra.lly_bé more similar to that of the protein component with the longer .

serum half-life, thus lengthening the effective half-life of the protein or proteins with the shorter
serum half-life.



| abel ed VL, . and constant regions are blank ovals. A nultiple cytokine shown

as :anoval' Figure !,may be placed.at.the.C ternminus of the heavy chain-e-
fusicon, ras illustrated in heavy chain (Figure 2B (Figure 24 FEBH®04
N-termnus of the ), the N-term nus of the |ight chaifcidsehegi®t chain
(Fi gur gy@dineodi e 2C), or the Gtermnus of the In addition, there are nman
could be separately attached at the N Y ways in which a first and second
cytokine and C-termni of the heavy and light chains; three erftt ?ese are
shown in Figures 3E- Fi.qur.es. 4A-: Gh&¥eF irembhe/thedapantib tioatmentiof st -
cyt oki ne angloae%ns %ny, H?égye génaéfsglié%grlﬁe- chai n"..a\?r%ti l%ﬁ@ﬁéa&d%ﬁl%he
var i able. | iglfcraRdaas beinfptiosior ntigbiiseagess HRGHENITPSTRY Protel n i s
expressea as a si n%lte ﬁghg e tgigﬁobmatslgcdﬁdlagmhﬁaymz:;haﬁenei epphediment,
Speci f icbaih kytokige IB r @?OIRI ne tusion may be %a ed at tothger%,;& ed .
honDdiqghéqgﬁmmi@aﬂtmg&n(HMQHWEmdaymnmwﬂﬁbeﬁP al Pt T8 g{ oﬁ%ne and
second "cyt oki ne need nqt _be, difec kS Erodf)aningl of dtemidn. i ancler a fir st
cyt oki rentedinestss G CSTdt f“ﬁ?:%t&}?ﬁb% x%rgﬁﬁ%ééléconn_ec ed throu Qché%g ents
si ngl e- Cm%id{}n&ﬁ’tlﬂkﬂﬂl@ﬁlsc@-ﬂﬂlbmchpd mg},&r@p@@@@r_amr golpieaiment
schematfeaI Ty Show how a f] rs{h cylokine and f sagRadhdinvesied ptovidas
si ngl e- ehdensdin cegbBAtiFbLR 8 F'h‘ésccyto ine may be a light chain. of the
fused var%gg)lcg’f\;a 'a{?ﬁﬁaéﬁns’idheﬁwntigeaé,wh@hdmﬂ ueerfo &g q“&?“%?atfl rs‘?
cyt oki n&<e°o meﬁg‘kFi gure 5A), or the N-term nus fusion may be pl aced at
the G tapgeasesus need not be directly attached, b ~c~e B) I(? ad@%&hon, t he-
fi r% cyt ol(<i neoﬂ%ng%ggi%QQ)btfﬂiékﬂﬁeﬂ%@) tr*]woabﬁ“ﬁe%ttcé@kmﬁf? Eﬁgﬁe & EPRYT e- chai n
Fv ety gure Figures 6A and_613 Yeh e dBlaeimal dr- 12 and
| L-2 ihph;yeiinumﬁaw,pmhq@ﬁb?ﬁqreﬁ}%(?éa‘hﬂﬁ%ﬂ%)évfégiﬁc%el | sﬁ%fhe induction,o f Y
cel I's (PBMCs) inrr@ﬁ?@%ﬁﬁ&f%és@ﬁxeﬁlemﬁﬁtcgtoki}m@kﬂﬂe%fuéﬁdt°FhﬁgFB‘??’mﬁTa&ﬁ & ns. In
Fi gure @Km?n'eIP@R?ea ed w th human Lllé% b%{ &g squares) or after
phytohelmﬂﬁds&tdndimkmﬁtth&té%m@wm‘?@e@%’}? 7 Wi I\ﬂ(ﬁ_ 12-1L-2 fusion protean
before (di arTEnds) or oﬁye&@%i%e&rﬁéﬁ'ddﬂ&%/dﬁﬁgﬁcaﬁok@ﬁ %ﬁ?‘ﬁ‘?ﬂf@ﬂ’gﬁ%}cuti ni n
activation ( ‘i‘?e&r?&f és‘}n. I gure 6B shov€ an i‘ﬁ%e‘r %ég%@tforhrbf\mg@,ﬁ\etﬁ&islme wer e
E[)Fafsel;dddﬁ%&uyaa’ 1t 2¢¢ ndmpingsteréd to apanixal,er HyMas. Bq |dr; al%: %h%trpslsrg{grar atio

ack di anonds).... hu - b 32 e letyZalbnsSwitina prcondeytokingrtag) ! res), and
human arﬁ)’F%}Lr]Lz-‘Fg‘fsn??oztﬁgﬁﬁstlkbgggn%%oﬁinﬁgs | i ght_. ar hb@&NGhESe fudibie X

c o . 0 c’lg Sgrgig%?es%aﬁﬁtb &N

axis | Ndie@iply NAPoPONLERE: he vensfonplso EFCIOFSSYFINT “nhe NG
intact protein -or as Si ] e enbedixdns, al mictiugeatias i
concent r profedn ﬂéartﬁreusegﬂ in afiflg BS . oo

' fusion protein and an antibody-IL-

70  cancer, viral infection, or bacterial infection is treated.
Brief Description of the Drawings

oy

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. |
’ kines in its simplest form: one

25 - Figure 1A schematically illustrates the fusion of two cyto .

is fﬁsed to a second cytokine, optionally through a linker. Figures 1B-11 show var.mus

" ways in which a second cytokine (labeled 'cyt’) may be attached to t%'lc heterodimefic cytlc;}klxlz1 )
IL-12. Specifically, the second cytokine can be fused to the C-terminus of p40 (F igure 1B),
N-terminus of p40 (Figure 1C), the C-terminus of p33 (Figure 1D) or the N-ter:mnus- 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

ther 5 preseEt as an



ng/ M), which was assayed by ELISA. Figure 7 shows a typical 1L-12 bioassay
that separately neasures activjty of .a‘fusion. protein and conmpares it.to.
that of a newo-fused IL-12 nolecule. What is depicted is thleg §E' \%bH ation of
3H-t hyni di ne uptake of hunman PBMCs in response to nurine |'L~12 be 10
circles), to a mxture of murine IL-l?8 plus |IL-2 added i iFal’¥swamisar ratio
(bl ack sqlr:&rles) , to murine IL-2 (white triangles), and to.an
ant i body- nhFRelivaly, sidelelchy g Ief%{lﬁtﬁei n (black dianonds). The X axis
i ndi cat es &)}igdg@zg%%rat L on _pr\/kmo WW&?M&M&&M%@#S whg{ her present
as an intact protein “Gymipys lsmsiIHmom@ngrHﬁntglgg% axi s 1ndi"e tE%SQ,Opmiof
tritiated thynifgme 24-pDceiRena, Aol Fi gure 8 18WeUD- a standard IL-2
bi oacti vi tmg@gq%be e graph s OWS ?%Eo%mumleaiytdqu{,sio se CTLL cell :
proliferatjon, 'in rgziﬁgﬁé@SQCUOME‘hE@idnlof Qrﬁ,jbr‘gl es), to %5 deeigied inur i ne
|L- 122 L-d?“"amdﬂcﬂi%aih&%gww, and” MIPThehqvn hege gsahiage oy a%x .
axi s indi Wﬁ)&{ﬁ? Lﬁo cent rat | gh“ CaB?,_anEnﬂﬁeéikﬁtrﬁME%gi nofé.(Fs), V\)ﬁet 2
present as_an | Ntac e.gr‘%"ffélims.(ﬁilgu&apgof.ugtgrg}n ?,otei n. Cell% fiere limayuat ed
i n medi un?%‘rlﬂlaﬂmiﬁngcﬁaﬁhggﬁis%m nts of cytORITI8USRB) a§iheFc2 iBh Of,£i-n for-
48 hours, edligh25sayed for viabi¥ ¥okine tanbboxedsicngndhg M T/ MIS assay. The
y-axis indicated" bﬁ?ﬁﬁmmﬁhmﬁmggﬂfgq_gn{]uano&eters 7 CGieethoattashed wal
density (OD). Fiwesr 3 -9GSHaus 'tarl:le Sti mul At OhFEUrsRCX hymi di ne upt ake by
hunarlgPBI}gS} | N response to {5 é’sllq_wisub@mofﬂ]e“g}gﬁl\ﬁlslg to a mxture of
nurine |IL- %’P[?E“Pixhefadhm(ﬁisieﬂt@a:ﬂin&cg@| ar ratio ml § 3maltiple tytokies), to a
muri ne Fehéhh@bgogﬁashM L-12-11-2 fusi oIHmBPQﬂl@uhnétldhaeanéd}_a@géﬁg% and to
25 nuri nF gﬂﬁngll e-chain ﬁafé’vﬁ%hﬂed‘a{mi@,ecﬂagﬁgré bl ack di anpnds VY The x _
axis i ndf20sied l&ﬁlﬁcmﬂm&eéﬁ&@fa}e%aﬁ(pl\/%]'of nononer i & Ty skowe esan owhet her
present Bgpan jntact protein or as & &sﬁ@mltimeq&@ﬁﬁgﬁlgig& %--.gxi s i ndi cates
cpmof tritiated ﬁ?ﬁ??ﬂ‘iaﬁ&leiﬁqmﬁﬁm%@fttﬁ%av Fi.gure 10 shows’ tHe"¥tSdinat i on
of 3H- t HiFAVYithmén W@)b%e%u{mn. PBMCs i N Fe @M@A)nmeimeeﬂr&ﬁljs%f whi t e
ci rqlses)ﬁghi%aﬁ; ixture 0 rrurcFWé‘“'??_ﬂllezlightdmn@v}g@?zqddgtg ina 1.1 nolar 30
ratio (blfack cl ¥ EID). dwaddinion) mefVhGSE, (bl ack triangl § C-taainupofahe nur i ne
Fc- nur i feuldibe $épara@d¥ GEE L usi0n Pr ot €] ngﬁyﬁagi-!nwhehaﬁmxaﬁdéa&gﬁ& &5t he

. ch a?rg}e.r&_an Lo g);( é]ﬁe.
concent paty on of nono | éﬁt@kmme;(fa])e,he% ?r resent as an intact
protein or as & T&&Fb¥E-Gotein; the y-axis indicate 1eh f threej dfithdse d
t hym di ne im@ﬁ@mﬂlﬂc‘%@ﬁe 5 FEB 2004 PCT/ US00/ 21715 10 Figure 11 shows the

ef fect d'atntai“b,od -cyto |“??é‘9%1§)t%kwmewfalﬁi§teﬂomg in treatment of BalblC

m ce bearing s SBelatchaiedamibbaymg: deri ved fTom ¥orshexteline nagpecel | s
tha0 wehed, aughdgstad: .o ex%s@uﬂﬁﬂrrﬁwmt aptheariibld 1940, LoL; KS. 1/ 4. Bl ack
di amonds i.gdi cat e aver S0Ressed aesysingdd pﬂdeg{gi_ﬁg hhat were 1) etfed with
PBS as “€§f F%ﬁysamnitip&;@rt&inej%si& 3 ."and 4. rI-afgredimengescat e aver age

t unor M@?Fib&e% treate w??y‘%eﬂriﬁcé??@ighea@aerﬁmg?%hfel‘g-lL- . ._Squares
i ndi cat%?gver age tu a%‘l’%ﬁsaifhstmy@ﬁng%teed with 3. % M ¢Pogr BedN-of

KS- 1L224At8ed; bat canbe cageasPmal, Eﬁ{el L 12" T'ntT at GeHokae teed aabeascier ©

performed. fpg.xXs XIS l|1 ndi cat €3 "FR&gle-chain antibody moiety (Figure 4,




nunber of days el apsed follow ng-the first .injection; the y-axis indicates
t he ;avérage tunor- volune in-cubic mlliliters.. 10 Figure 12 shows the.
ef f ectof ant:#body- cyt oki ne-cyt oki ne fusion protein treat rn;n%ﬁ ClD nice
beari ng subcutaneous ,tunors derived from CT26 col on carcimno @e? § that
wer e enw’d}ﬁﬁﬁﬁg to express human EpCAM Di anonds i ndi ¢grgisgigrgge tunor
volumes in mce that were injected with PBS as controls on days 0, 1, 2,
3, and 4. Triangles indicate average tunor volunmes in mce treated with 6
m crograms of KS-IL-12-1L-2. Squares indicate average tunor 15 volunes in
m ce tr egtee phynblichageldtiih activgtiai(aianblet SFiguz 6Bustdws a8 erpatinog anshich cdS- | L 12.

Intratunoral injections wer rfo d he x-axi.s indi.cates th unber of
days ol ApGedeApbRTbaRITutn 17 B SHRT aaeh de AR5 ol LR GRanRel  ha
aver age huhIFMOL 12083 fusioH piotein{drdy dqiidred) sand @b entbddgdbN2MES fukienef f ect  of
ant i body- cyt oki ne:and ant | body.- cyt okj ne-cyt oki ne . fusi.0 rot.ein .treatment
of mce H@ém Wéﬂtﬁﬁﬁctﬁ‘f"%riﬁgu@h%}& ﬁ%? 515’8?“3?_ %“clcﬁtf?ém&é’?br'ﬁ% pg/ployhethsy oo g
that ger f‘feﬁﬂgés%@ﬁt_ﬁ‘d phdleif ¥PAsQTasi B proRinE MR ax{d iadioaesIFNN i Girbrrative (inge
tunor volunmes in.mce that were injected intratunorally with PBS as-
cont r ol sngmDeuhish yasassaypd bELRY 4.  Squares indicate average tumor vol unes
in mce injeckgde hRESA MFREATL M 2 Widafiag BalHepiBlyanSastbs adtRitklofa 8RidRYS 0, 1,
2, 3, and 4. Triangles indicate average tunmor volunes in nce injected i

2t r at unopratejn agdichmpErenit & bafrod Aowfus 12ipolgeple; yhatas depictedisthe ang 4, X' s

i ndi cat e, ayear.age 3 '%“29” UFRSmALPEMES id fi hei et Wity Wi th 20
m crograﬁsﬁyg R%f]lﬁ F?I%Eu on dayﬁ/%lh@,) 1, %%Eh!go?gé;%dﬂllglﬁl{ The x-axti S

i ndi t&t esirddsh tnambswreof mybys!lel 2pueld-2 vldedin sl medarrpticlacksearssdio t he
y-axi s indi. S 1 10E L DGy InC » M, L: L i L okl gure 14
shows thrélgxé'ﬁ%afé‘c (%ﬁég%%ﬁ%%%%%@?ﬁ%ﬁ@h%%b?%@%Izo'ﬁrxlé Iiﬁ)lj# %llt&eﬁ&’th}cgat ment of
m ce beadiamgndsiybThe X% aeio islicatesthe sonbentrativr Ny afimadnoniesic icpiolingés).ovhethen cel | s

] g GATi Emcoi o @, ofhsie
Lumor voPeie ST paerner SEHET R B S b BB B PRl 20

1, 2, 3, inec@ordtiorlri angl es indicate average tunor volunes in mce treated
with_20. mcrQgra of KS-1L-Jl.-2-1.L-2. . Sguar indicate : .

vol utln%s inm lgég"[f’ g%g?‘éﬁa %“}dﬁrdf&f%sbl?ﬁcé‘rnggrgsasan% e@? %!‘iﬁ‘}wsa%g@@%ﬁlﬁw g
grans, OfnolfE-ATLI1Z holHERtiG) rediOnirlt kheihe ITRT{itdEEY) @ &V diibbdy-hndrinafLtor al

i njection re.performed. The x-axi.s jngdjcates,t nunber,. of days el apsed
fol | ow nbf’ph\,\'g f‘ﬁ“ﬁb‘im'ieﬁr@'@ﬂ%%i apgl mugine| "@ éﬂ‘%ﬁr?%t % s g\?éﬁa%‘ég‘%unor :

vol urme i BorekiaGioR{gM) dfivk@bmeriEEsgokine(sh Swisiinpresdng asdi @meict prbtein or as a fusion

ant i body- cyt oki ne-cyt oki_ne fusiqgn protejn treatnent o1jf ni'dgle beari ng
subcut anéﬁgf‘é“-t%r"%"rﬂ’é‘f“i‘wuf SRPEmNg Yarions AROHBITRT EXPKEe PHEPIB) t her do

or dogS PRkeik ¥R U8 hidurk AGH hsfRbd i viBhia 64l MANRT 8Sing e MEL/RIBY isay ETHeUmis
volumes In mce bearin KSA- derj ved tum)_réﬁ%;1 Bl ack_di anonds i ndi cate

n g LL !
aver age indirgies ths|absrakance at A8 ganpmetarsy unity of opbica! Jevpiy (HBYs. M ce were
treated wi th g8, iohogt ARBaRhlation IfEH '_l?_i%g AptakStPhiinanPBMCs $n respiiiélicd

I ntratunoral injections were perforned. Xx-axi s indicates the nupber of
days el apuwige IL-12 (white circles), to a mixture of murine IL-12 plus IL-2added in a 1:1 molar ratio

(black circles), to a murine Fe-single-chain-IL-12-11-2 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 1L.-12 (white circles), to a2 mixture of murine IL.-12 plus GM-CSF added ina 1:1 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.



following the first injection; the y-axis-indicates the average tunor:
vol.une i'n eubi-c mlI7titers. 10 Figure.16 shows the effect of - el
anti body- cyt oki ne-cyt oki ne fusion protein treatnent of mce bearing - .
subcut anequs tumors derived fromLew s |ung carcinoma cellg. efpowh 106

cel I's were injétted subcutaneously on Day 0. Dianonds i pgiggfs,ALer age
tunor volunmes in naive mce. Square§ I ndi cat e average tunor Vot Ufes in

m ce that had previously had subcutanéous tunors derived fromlLew s |ung
carci noma cel | Bgirhal shilfs ee(g@ r o_express human 15 EpCAM and had
been cur eg ﬁ)‘ t hese t urm(rﬁé ycP(?é%ﬁ%gE 'CWIBHe'%OIPEel@sibnﬁrotah&eat&ﬁxﬂo?
i ndi cat es ERE RiGRBRering subgnyacceis apaad déﬁdd%n@@ﬁtf's 1&,?1:3%9 i on; El}ga y- axis
i ndi cat eserighiReod BRPRss MMBE foﬁgﬂ%' n.cubic milifi ersl.norﬁ“l‘ﬁfi#s t¥e and
17B show the effect of single- or- IHiPTHgndotksdis4. laqhy didreords SRNdatd dvedg DY
tunor. cel PEOLYPIYRRS impiigeithat vake infietadalitisPR of Qntfbis $AR5 Ssrég f‘g anjmal wth a
nor mal5s i rﬁﬁﬂﬁgle§M§1‘E%€hverZé2tﬁﬁorFi(ﬁure 17A, four set’s Sarsl, 1.2, r%“‘H)rrpar ed:
C57BL/ 6 :ﬁ'ce injected s.oc. W IATTSHEICE Eeaterhwith 6 elidrograik a£KSdi APINGS) ;
C57BL16 q(‘:’%re?Wﬂ’é@?é@r&etmnowmhn%%céﬁ&tédW3Sel'lSg]%v‘hwﬁi ge di amonds) ;
C57BL16 niie@giaﬂlisspkgﬁr,gz & with 1x106 LLC tunor  cel'f88enseksihg andsp- 12
(bl ack ‘triangles): and CoTEIPETliyections wereansrfommed, Tive bcbix Bl Oatdslifee t UMDY
cel I's exprEbdiofidaysclapsedFoliqwing te: ﬁﬂ@gﬂ'jﬁj&gﬂi&ﬁhre JFhgure 178 conpares C57BL/6
m ce inj e6heR iSeubfe mifil 1X106 LLC tumor cell “?%?‘a%@eaveampl: C57BL/ 6
c. W

m celipnj ect egF.s.‘ i [ H5x106 LLC tunor cells (white dianonds); C57BL/6
m ce 'Fnj ect edigure 82 shuvishthel of12P f—:ir@bB&ﬁFIBﬁ ls expressing sclL-12-1L-2
(X's); aB@ID'%g%[i%ﬁl(grp l?e njected s, C. \c/’\nﬁﬁ chLEEB%EEP@PFQI%FCMGh@f 7
expressing sclL- WAT T ERERYSHPmgys denite from X026 coloflcardinBfia RUIEGL: Rf daYSs -
af ter i npiteineeuss toodxptesehintiEp Sl %iaﬁgﬁdsy'(ﬁ)(i s indicates the tunor ~ vol une
i n cubi Cw@elirg{:(c%%t ﬁ%‘rspoqéo Figure 18 shows T gat%?\fega(gfugporgohgpeginmcethat

nul ti ple-cyt 6Ki ne #fosielsenidays By, 2481a0d 4.CBHASIQMd; ility of the
cel | s t ovdlumenit mivenated with Gi'm&%%da%#@ﬁﬁ?ﬁfi rra%}-% Tﬁ%&% %#aé%%‘boﬁpar es
SOl D91 cyiplgebed s, go yith X106 L1 o e lHagareindickte dvaagedmp:  SCI D
mce injected Sicegreatsd with Byimirogrgns MS—EEM@S.?W;&M? ﬁglﬂib%lz (bl ack
tri angl,dal)ratuxamdlm&nm?c}%ﬂf)ﬁﬁego 12 injected s. c. W T‘l X LLC t unor
cells e%éss‘i&g‘scll; 12 (Whi te cireiE8yss teg theyoumber ofdiagsdinged he nunber
of days ‘aftepé jﬁégé%‘?‘?fﬁoﬂifthtthexisdmﬁcat&&héﬁverég@?uﬂdr%i didicates the tunor
vol ume in cuBigreMBlchnBRESAS o tog.i I eé:IdDescr | ption of the Prbie pifliterss The
i nvent i 325% ovi des proteln noléc [2RRoqdy-cxakite apdyantthodyroytekidlé-sjtbkigt _
cyt oki ne¥! fE"teIf‘H§€Ele@'r0fmain@bmm@.suﬂ'dﬁ&n@5&tt§,hgmgpﬂp‘jﬁ?fes or . fusion {)r ot ei ns
may 20pt icellsahd Weletbhitbg AR L }eonﬁl rotein noietl€s, i HeGEHRGabLEL i es
capabl‘ey&;‘@@r?ilét i_me&ji zati on ana: r4e R%%lfbhtn@gisé:lﬁi¢dmrag5ﬁm5&gi ons and
anti bod HYcq gt ware Dfjactte! inthtaSBRI | B sites. The invention al so
pr ovi desqﬁbﬁ'hﬂi&te%;%%gc ncodi {L%Egul tip _%y%%:&ncgn?§§ R%Eaﬁroolé, Asand¥he
i nventi-gn al so provi dés 10" fBtsa4n misie injhefed mmratumioedllyanitof midfdoSink BCI ds -
encodi ngsrﬁ'j?pp fidve Ocl;20B cinde, fltiﬁ!nglas Q{dgzg\%i Qﬁfa %hods for production of *
mul ti pl_ﬁ%ggwgmg?@i an grot eins, and met (oHs F velymesin migt injqsted- :
cyt gki ne fusi on’ pro HEOpRms R K SHEAR ovfdags 6,403,655 agul Redhdighe SRAGLLT ONS.
F;lg:or volumes in mice Injected inpamomuy with 20 micrograms of KS
1,2,3, and 4. The x-axis indicates th | '

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

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

30

, 1,2, 3, and 4. Triangles indicate average tumor

s of KS-IL-1 2.

: lOll;iII-lé.S-' i i icrogra
A l 7 m mfge u'egtgc__i with 20 microgram IL-2. Squares indicate average tumor
volumes in mice treated with 11.5 micrograms of KS -

-IL2 and 18 mi'cro_gramsl of KS-11.12.



As used herein, "cytokine" refers to a secreted protein or active fragrrent
or ‘mutant . thereof~ ‘that,, rmdul ates. the. actlvrty of cells of theé inamne
systém Exarrpl es of cytokl nes 15 incl udée the interleukins, i nterferons
chenoki nes, tunor necrosis factor's, col ony- st| mul at i ng 5a‘?£t5020§5f0r I mune
cel | pregyhspfs» and so on. As used herein, "heterodi n%ll.ﬁ_,s@f}lﬂ%l ne" refers
to a cytokine consisting of two distinct proteln subunits present,
IL-12 is. the only naturally occurilig heterodineric cytokine that is

known. However, artificial heterodineric cytokines can be constructed. For
exanpl e,IntrdtuBorahidje2dors veent piyfoemed.afirenbxinindickieSiRe mambéref doystelapssd to form a

het er-odidwer.i. ca ph Chl 1994)

81 ood a4 on6s PRty DEeioRSinE 9ol 957t BBl i g e

t wo- subuni t EiguekiSshows tieieffectng aoﬁbody-cpﬁﬁmamgltomeﬁmﬁdmpm&m u@ﬁmﬁﬁt ciICt I ve

single-chaip fusi of p35 and cles varian

deri vati'Vve l?ch red cutﬁ%eoﬁgﬁﬂéé%d Vlggfrﬁmﬂi“ﬁgglﬁ 8?5%‘?’??“?“3@5%‘{ %‘rdé’ to any

nmaned i atot dxpreds hmnmiﬂEpoqAMU B ackl st]uaré.’s indioats evdrige&nn@fvoamnea@ﬁ inkR bé@ﬁﬁgl es or

allelic mant Lve her eof sed herein, "GwW CSF"

refers tl\é‘%ékﬁ‘grﬁ?ﬁ rﬁ?c&ccﬁ H'Slb“g? SEVEBEDIHOr E‘%i}“ﬁ‘fﬁ igfichbepring or

cyt oki nd_.LmIdHrﬂrbtﬁltunﬁ:MQl'M&ﬁ mmehtﬁwmsfo mwanmmﬁlz%z@ﬁ dagsto, Y&, 3speci es
fragnent or d r|v élth\ée t hereof . 30 As used herein,

or alleli ri ant
'i munod® @6 ﬁmwrzz?rﬁlé@ﬁ%wm RELG RS Sxarisipdicatgs he nysaher pistryoslapsed

I i unogbiMihg the Eﬁ@s’ﬁl&ﬂe&i&ﬁ‘l tﬁe QQﬂi%tlﬁ’dl&atésQEé Herag funidh voale 9 cibic MMMlkLoN
t her eof . For _exanpl e, i_munogl obulin Fc region of 1gG may conprise at

| east? a port Fighreoko SQOWF Hﬁéfﬁe@@féﬁ“b"gyeﬂ?mnﬂ'ﬁﬁﬁ e fusion poteiptregfomatal. 1 n a

preferr eﬁc@mﬁaﬂd% RBhtahddRs TendreirRad BRI TUIESIuag ca{réaaérha @eleO%meSceEEB 2004
WO 01/]0912 PCT USOO/21715 13 of a _hinge region and a CH3 domai n.

anot her Ysreriseied gubsiisaenushyinn Dasfe Rismendy ipdicateieyerage surmar Voluémsm Iul‘»@HZ domai n
and 1mor enipd. eRaRbl n)dm%le%@ex‘a@é*uﬁ%@%oﬁlneb fiice thalRd %\%fg e gﬁm{oﬁg' on.. As
s us

used herein, "peptide |inkér" means one or nore peptl to couple t wo
prot ei n@@rég@,rmé ﬁO%LwalW@ﬁ@mnmllaﬁhamw e@um)ed to¢rpresepuinabe | i nker

of t ey | Sy AN ah& BadPhech Tl of e%tuﬁm% en?wﬂh KS&L?Q?%Q NNt x; 9! yci ne

and/ or serl ne. Preferably, the peptl I's a mxe series of
pr edon raditatep thy npmbeeoidays s@psedéoli@snm@émjmdn,ltbe by indi@tes Seamirage aci ds in

I engt h. (As orq,gpgnel]ﬁrc%lgmﬁ%rg erm"multineric" refers to the stable
association of two or nore protein subunits through coval ent or

non- cov al ent Figntee d 28 2nd A 7B ehayy thetiefattplfi sidele barmoliltigle-cptokins prbtdieseetetion bhe t er m
“di meri tlnerlc nol ecul. e ere two 10 roteln
o COEL 3 P a0 P B Rbors R ey e /8

subunits are assocrl at e stk
i nt 0actlh Bigsre 1AAs faalobats ofmivp la&)«:ompaﬂ:dc QS PBESS nvikd injeatedtssammakl(ﬁm,wat e, or

O 2 Pl PRI A0 L e PR B, 5,
bi ol ogi Gﬁdmoaﬂi);eCﬂBUG enifeinfecrd mmmtmmﬁfr,n@mﬁabdw ekgtes¥igdclll ITplagd t he
heavy c haalnrgllel;)r ggc{@ﬁBsUG mice injected s. c. with 5x10° LLC tumor cells expressing sciL-12
(white triangles). Figure 17B compares C57BL/6 mice injected s. c. with 1x106 LLC tumor cells
25 (black diamonds); C57BL/6 mice injected s. c. with 5x10° LLC tumor cells (white diamonds);
C57BL/6 mice injected s. c. with 1}':1.06 LLC tumor cells expressing scIL-12-1L-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. c. with 1x10° LLC tumor cells expressing sclL-12 (black triangles); and SCID mice



conpri si ng a portion. of the hinge region, -CH2 donmain and/or CH3 dommin.
However, , -many:- 15 prot & n. Irgands are known to bind to t:heit receptors.as a
di mer_ If a cytokr ne X dinerizes naturally, t he X noi ety iN Fc- X

nmol ecul'e will dinerize to a much greater extent, since the * ﬁggrépqﬁzatlon
process is concentration dependent. The physi cal proxi mt-y- of--t-he two X
noi eties connected by Fc would makg the dinerization an intranol ecul ar
process, greatly shifting the equilibriumin favor of the dieter and
enhanci nigjectest sbé. veihing10°C I Rndof her vector" neans
any nuclei,c acid copprising a nﬁ%lﬂtgg rese sequlleéﬁg ite E‘ﬁgt@ﬁx‘%‘sbe

i ncor por RESAEs WF&“'&gﬁ'd’s‘fia)@éﬁPr iicatianofitee tmonrels. rikte waxidinaiosted Meeghat €d i nto
the hostolmft in @BRGMimdds.t O replicate autononously as an episonme. Such
vectors include linear nucleic acids, plasnmds, phagem ds, cosm ds, RNA
vectors, viral vectors andDFWe‘elﬂP&ecnnﬁpnnfthemmanﬁguexarrpl es of a viral

vect or |ncI Udheanvettidrioh nd an adeno-associated 25
Vi r us. sed her oi nrle ggﬁgr‘ggﬁﬁ’g‘gé}?‘}?ﬁi“u&m%%ﬁré?& Ystinst cgolgper Bk n” i s

under st 95 orBRigxadh e protgia eahpleses or Hisiot bmtdﬁ%@egﬂ&m@ indladWlaftioh@n Of
t he MRNAréteinnasibida! rotein product or
product i on of the plru(:)lta(qelfiignﬁlb;eﬁgSr P gﬁ%g%ﬁ&ﬂgl@?‘? %szﬁ"él Hrgrting spch asandibpdy ei n, an
"i mmnofyesgerrreandlagn@dr trEians th:at mt:blrdn amrgepmnihmgg aRs.avhd Red¥ioaRtoa 30
cytokr Nerovide .5, 650, 150. As used herein, a
"| eader %s(equesglgilgicﬁgﬁgedﬁg %Lb]% Lf'gﬂ?ée frig proteing, 'tna“eﬁé%{mﬁﬂsibalnnywaets t he
N-t 4P i meghods dorgheeonemition mﬁmhrmmseﬁ@ﬂrngaﬂmhﬂw@&o}&ﬁ d f5b ph gn§ econd

pr ot ei N psBHA ted fro acell The | ea guence is
usual Iy cl ea\gle (i)réogwt?oglrf’ove"gnﬁ? ]f‘H% 198 SFleins, pdpnetiypls fornge pfmuxklple-

sequencéytomﬁétm@emqimsmtﬂmnmtufcﬁsdaﬁéafaﬁdﬁedxﬂgi'@orfdﬁfoﬁé | eader sequence” is

general ly ?gp%& )]gri% %n sequence". As used herein, "EpCAM

refers to epl iral e e OHh ELPE i ﬁﬁqcmréﬂte@ormwfremmtm(rms]

140: 1519131@3@&1maadatesthsymrnyﬁpbalswﬁh@un!ﬁ%s st&ﬁa]@kﬂgpl‘gsc?f St gen bound by
3 cel ol

t he,son i body. KS-1/4. EpCAM i s ace 8in that is
abu}r%gn%%f(ag@ er%%%‘%‘@‘"ﬁ teﬁﬁf?&? chempkinesgigpmoyragrobis Gstaepicolony-stidulaghg s. As
g

o oA e o e b 15 and K TL Tt L (and
p - - - -

the |ike) r?@?s crei’@ "heteredimenic expekine” mefers tosd @mkprea:bmmmgeen% gisting of

KS-1/ 4 pmteﬁnmmtdeu dlerd, ILIG id 12, and KS-114 with

bot h i e(rg\lfng Ivgﬁ‘d’%é gdﬁﬁg@e{ﬁ%dgﬂfﬁm;ﬂ o%EME Wr‘ﬁﬂcd: ke thatdsed

f usi on secxte!enbsrwmmumnstﬁeteaus@- dxbmbpRe, A8SLP! € tO

f usi® caygmlaﬁg mgeﬁeg@[: AR Yokt 0f_a ntl.bod o eculke) a description

such as" l&%ﬂ L2" refers toﬁ{‘%ﬁto o d'B’r"B%@WH’é‘“%@ﬁﬁ?‘F@NT@ KS-1/ 4

with bd %%[ﬁ%@lmﬁﬁﬁﬂwdmwmsp fused 15 at any possible

posi tion, UNA@$sd8xBii W s As used herein, "14.18"

refers to a partlcﬁrlgglr%r%ljrl\oc onaletﬁéﬁ) ’('NO fi S¥-BibHeAS cytekineonsisting of a

p35 and p40 subupit, or an active smgle-cham fusion of p35 and p40, Or a species variant,
ﬁ'agment, or denvatwe thereof.

25 | As used herem, "mterieukm— " (IL-2) refers to any mammahan IL-2, such as human IL-

2 mouse IL-2 oran act.lve specres or allelic variant, ﬁ'agment or derivative thereof.
|  Asused herem, "GM CSF“ refers to a mammahan Granulocyte/Monocyte-Colony
) Sumulatmg Factor cytokme protein such as human GM CSF, mouse GM-CSF, or an active
~ species or allelic vanant, fragment or derivative thereof,
30

As used herem, "rmmunoglobuhn Fe regron" means the carboxyl—tenmnal portion of an

unmunoglobuhn heavy chain constant regron, oran ana[og or pornon thereof. For example, an
| rmmunog!obulm F c reglon of IgG may comprise at least a portion of a hinge region, a CH2

| demern and a CH3 domam In a preferred embod1ment the Fc Tegion includes at least a portion



tunor-specific antigen G2. Several illustrative enbodi nents of protein
const Fuct's enbodyl ng the. i-nvention are illustrated in Fi gures 1- 5 Parts:
of the mol ecul es di agranmed in Figures 2 -5 are | abel ed | A-| o
referring to the fusion proteins shown in Figures 1A-11I and |Fﬂ3u?§@*'rating

that any & %{um on proteins fromFigure 1 can be f%&bﬁgomfzﬂﬁ d to other
proteins as I ndi cat ed. Cytokines are shown as rectangles, cons regi ons

of antibodies are shown as ovals, angl the heavy chain variable reglon and
l'ight chain variable region are shown as |abel ed ovals. The pr esent

i nvent i orofdémgetrd:g@m Al atGH Ndeein| mm&n@g&r@ﬂea emBoditentdinkFRTeRbn mthakd fes

25 and oq Pn(ajh:zy I ncl udi n 5?? u ona rotein noieties. A honodineric

cyt oki ne ¢35 4 “HE dprapin gpd poreprpisa! ylall'Ff) l@?%ﬁ‘i’%%‘t@%%%’rﬂf@&ﬁfe@am | L-5,

I L-8, or the |Askedd hedit, *pegide llhk&ﬁﬂé@;kﬂ&dﬂﬁ&éﬁg ﬁdessdé%'ctoﬁ leltSo proteins
nevert hel ess a.si ng’!f%%}ﬁ%(ﬂoffkl . Simlarly, eraodi neric. cytok| ne such as

|L-12, &% SRR tle P‘FP&E‘G léﬂkér offemrigp aeries of gmaxosacrdgl e

cyt okisne &uxsta d@nindn M /f defind. OF
su @Eﬁﬁ in _ﬂ}fg}lﬁﬁcp BB dcfi Odlré%:?f)ly!‘tﬁé pEd d¥]jlm2 ﬁ?ﬁ% s of

cyt oki nes, %1[193 FFZ
nor mal | y SHAFEHP Pugingandsesie reskdugrvgd igabopy ldlrlS Ahiemacidg dolength.
269: 15918- 24) Astisédl Hebdhg g et %ﬁlﬁ%&nérn&‘cﬁmé %ﬁéaﬁfm&%ﬁl c%‘rt%gwlghlr{pvem ion

contain two . different cytokines, each of which IL-4
and G\ CSFeteigeihupits, thepugh pevalent or nopreoyalins intezastion. . goﬂlswghﬁdb hoidigg.an activity.

of a cell of Wg%sédrﬁ&h'i&? ARAS e ARimMR Ol e&ﬁ ﬁufﬁ%r%%gcﬂecup %8@%21715

Figure | A depicts preferred enbodi nent e I nven usi on
prot dPn Ppeptein ﬁléb‘@t‘i ¥E AysAciated tably thrpugh cegﬂ!eokcprmen-mval@t fnisrectidne. tAhstable

N-termn pt.i I A | nk | on
(ot ShowoyPler s SSRGNG st i iatcy roRbr o3 f au fele B B e Bl B
the i nveltd wm%mcaﬂdwbe %ﬁblq lens enouglodwipg diciimese wi teich wtaget fissoantd have af f er ent

h . t |
of ton 1 ool ect bk TR el SRR A B e R S e

char act ecdmpiigingy pariven ¢fah¢3bngqmeglb&,| CH2 dominadindloe CHB Idoﬁ]iairu a{dm&r \wieye the
conbined n second cyt gki ne esi 1t would be
advalrllgagggc&éslg?l &gig{eé%éw%ﬁoeﬁ?%’%%'ﬁe% E’S ggneé]l yB‘ﬂ“ tdé‘P'FP%?f t he

gener al hemralilyathe Kimdigy i ar FOG(Imolécﬂle will dinfzriXe fo% m&%@ﬁf& eﬁlﬂn@ linkd@the TWO

parti cul nt ages._.are see EFirs t half-1ife of the npre
rapidly a%g%earpé e§s o?ﬁcﬁ'étr 8?&3 ‘ﬁf’&bcﬁ‘ Béﬁfﬁﬂg’ o¥ IRy Qf theAWe X moistiges of
bot h cyt oineeted bﬁEowauMaiaS(e tiei dﬁhér&ﬁndrﬁneﬁﬁhxo%ﬁlﬁf proédss, %ea@l@%lﬂ?ﬂﬂ@’ﬂx@ ki ne
such as IL cat}l&% E&F%Hﬂ ot her, c% Okl ne at the C- term nus of
ei ther tR&" VER hinding o fizdesmiobdi nent, a second
cytoRdone is RAuaed hateiretdaeE" ﬂh%s Byt R RicAkg c@:hpx@iﬁg%ﬁﬂc%b‘ﬁd@@ecﬁ'eﬁ&er the p35
or p40 subunit of ures 15 1 B-1E). In fusion proteih 16 of Figure

1 B, the“fRPHFIH %‘EEHW%’S‘F‘%‘ ?aécgﬁ enll and totbe recompinsd withgng frtegrated éntadhsus of

the IL- 1Boﬁuau bmB A6} td RplidMbdonBd & an S nit p35
20 by val gdr?t bond 2 1 I n fusion RNot e?ﬁﬁgﬂ%ﬁ%&grrsé EJ%I%EP

N-term nB = O apjdy PRSBids Rhagegnifls, cpsmidss RNAyegtprs, \iral Efrcmrﬂmd e liker Moncyt oki ne
12 and | FnfieHpEhBEs 0 RoPvak Hitilde 2 PetdVird, SOMBhENus RS Sfno-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



Figure 1D depicts fusion protein 26 in which the N-term nus of first
cytokine 12 is fused to the.20 C-ternminus_.of p35 subunit: 20, which ig
conneéted by -coval ent -bond 22 to p46@ - subunit 18. In Fi gure 1E, fusion®
protein 28 includes p35 subunit 20, fused at its Nterm nus ffG #he

C-term nus-of--f.irst cytokine 12 and connected by coval eni,, hend,,22 to p40
subunit 18. In a second enbodi nent, the subunits of IL-12 nay be fused-to
forma single-chain proteln sclL1#2, with either the p35 subunit or the
p40 subunl% at the Ni‘ rmnal position; the 25 second cytokine may be -

at t ached™ P& FidReS ¥ be@é}eﬁ#m%atw PrOteins dbe fermyiipaderistqueteel” B grnemitly 1 F-

11). Tm;monmuawnmeﬁ a[@quﬁﬁt)i)dl ment depicted in Figure IF, fusion protein
30 contains S|n chain IL-12 "in which the N-term nus of p40 subunit 18
is fused to tHe ‘ée}teé‘?’h ERGAMY rpiars te gpithelial Ceﬂ@dh%‘plnlrmi@dﬂw(cmuﬂwgh {H99|8]apt| de

| i nker. 140:1519-35%20 06 is 9 Miny riohe with ERERI- Useé

C tergi nus of pa0 subuni { 1’ I\r’lvm'g1 ggglnggﬁnﬁ%ntﬁg&ﬁgﬁng Il—lyﬁﬁei"@mlo naﬂ?he N
30 t m‘H’HEO K554 EpGAM ie azgll pusface seagein that h@b@daeﬂmxmsmfonm@kcae 12,
opt i onal devivédran efithalial BARL | de | inker. Figures 1H and 11 show fusion: :
proteins 34 and 36 contai ning another single- chain version of IL-12 in

whi ch the N tsuRdhgeinfKHM pelrsiabumiticulas mbousdohal antibbéy Gat igrdstaus of the
p40 subusfidamoptional Iy through a peptide linker. In fusion protein 34,
shown in Figure 1H, 6 FEB 2004 16 ‘the N-term nus of cytokine 12 is fused
to the Cter disnerd hereiny SESILAT HKS-TR02,” and FKSTlor2- -A28{(@idnhs3lke) ref@yn in Figure

e 1f..18 <] termnus of cytokine

ITOP n aghlﬁ"l%% pr g%'er ﬁjg%gflﬂrgg&alsm ?f ﬁ§ L%‘i‘ﬁlq‘li’ E’t?f{?@@B“% BS1l{4 vithThe .
pr od;Jct |1©‘ﬁﬂ@$(msl}€andﬂb$-é@wh§5baﬂs inftertetiking 12i dn Gistb il @ik, Irékp&di'ﬁeﬁxaﬁm es. 5 It
|s ofte [,ess h eromul.tineric nolecu such as IL-12 or

ant pAg& g@ &Qs S Ed%%mn %lte‘ﬁ‘c Iaé%ajf%“"‘\ﬁﬂ #“c’rﬁ“‘t I‘?@"%?\“FW%‘P@@ fusgbuni t s
ar e conrziokmes abyevstabpcbsnwam)man aﬂ:ibddjr ol R, 4 MG RPdnRbcAds “kEI8F)- [Ei’oc Nat .
Acad. S%fe Qé 79 L| eschke et Ef41997 Nat Bi ot echnol . 15:
Li eschke; L 1

ri0 e e o pre ffl?sg%fﬁﬂpﬂﬁéns; guthhthyjrteriqaking 2gnd i m@}ﬂmﬂ fyende

f usilén |a5anqumbwpds&dm,mﬂasta}k]ﬂi&ntymatélﬁ&hérﬁ&iseprot ein can be expressed in
cells containi % 3 Si ng‘qt treconbl nant DNA construct. Such single-chain
versi ons of £ BFiSH WEII? Emé?ﬁaﬁuﬁ@%w%ﬂﬂwlbwmitmt@t!nea second
cyt oki neymovkspedificSdntipdn @Dizows a fusion protein with the desired activities
' rom a single reconbinant DNA construct The expression of

to be expres
such ol ecul g%"cfalmuf*tﬁ“ﬁ% pnbdigents of M@teéfkwlé%s efﬂhvéymgﬂenﬂvmnommo _
descrl b@ifusarbd i Frdd 108, SPafits GO MR rhlbddks dhapfanidy 50 Te"r{e b%glgéﬁ{‘(b “at Ion

6rt|cularly useful in functional ystlrru at|n ant’i ion by
de ndPi t Fderringq the fugion prataing shewn in FigutesdAcrmpd lllmtatingﬂhai amjnﬁfthé_ﬁﬂ;ﬁ)n These

L O o forP iR 12 BE b EPBUNRE proiifhe AN B ned ol TR

conplementary activities. The Invention P¥Rns in
whi ch ¥ @Ffﬁnéew@ﬁmsgwm@unmm Iarerm“'nas evaﬂs,l ahd bt hédvyRBaih Qaidabitd Ot €i n

vant a8 TRl SR BeioR Ui ROUBIHIREDS - Sne o “rore of The
cyt oki nes m%mthMm dpgcriliesproteia tomplexdsitonRifihedns Afierit bHOEBAENT  Of
pot Qflcy a}?cy optionally including additional protein moieties. A homodimeric cytokine (e.g. interferon
. Va_lpha, interferon beta, mteljfcron gamma, IL-5, IL-8, or the like), although it contains multiple
o _Vsu’ounits is nevertheless a single cytokine. Similarly, a hetefodxmenc cytokine such as IL-12,
o although it contains subunits that are dlﬁ‘erent isa smgle cytokine. Furthermore, a
N heteroduncnc form of normal}y homodunenc cytokines, such as a MCP-1/MCP-2 heterodmlcr
30 or of two alleles of a normally homodimeric cytokine (e.g., Zhang, J. Biol. Chem, [1994]

" 269'15918424) isa single cytokine. The complexes of the present invention contain two
_'dlfferent cytokmes, each of which (e.g. IL-2 and IL-12; IL-4 and GM-CSF; MCP-1 and eotaxin;
. efe. ) is capable of modulanng an actmty of a cell of the immune system.
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dlnerlzatlon can .occur because the cytokine binds to its receptor as a
di mer:: 1'n one * enbédi ment ;. mul tiple- cytokl nes are fysed to a portion of an
anti body mol ecul.e, such as an Fc region (Figure 2).: I'n another enbodi méft,
| L-12 and a second cytok| ne are fused to the 25 hormdl rreré :(:lEggznmr otein
noi ety. wboqﬂggzeferred enbodi ment, the second cytokine | Ny S*) % G CS F.
The fusion profeins nay be created In a variety of ways, re ?ec ing all the
various orderings of several distirct protein noieties fromthe N to
C-termini in a fusion protein. For exanple when interleukin-_-12 and a

second cyt oklﬁi@ramdépiae@lpfdfe@a ntbot REHNOBE tht ekt FMLG4] fi8tin MBYhDE- bot h
fused in an ord r to% %I— 1]?'}& C-term nus of the F¢ region, or one

cyt oki net H&% tf’lfQ ge 42 15 dl@ﬂ@r%t%‘ém’éﬁﬁaﬁ??én%ﬁﬁ@?“ea}ﬁ epionally er ni nus.
Sone of tHhiRgka REkP R (RRSheWS). iTh ksiat Eﬁb&ﬂmbﬁ}s bt @ Erﬁ/e&’uon ﬁ@?r&&@%ﬁex in

t he enbodi pent .shown in Figure 2A _a fusion protein he i nvention is

fused t ootith@n@ntlgrr FATiAiRS b feashiwa cytokings Wih sigRificant erbef?rFW@émF\efgj’lldeessFormz
regi os 4& &tﬂ? o 2al1QRd 4 ZargEPtedNwill S rsuftdn ﬁ@wsﬁdﬁ p‘?otEE%n&Oa%cmx /10912

PCT/ USOO/ have a variety of structures, including, for exanple, the
st ruct uraf ’éfF chagpctesistiopfdhelarger prptein.g Thergfore, mﬂzstmns@fhemhe Qunbinsd effects

depi ct edofi1n.- Blafidis 83 oddPeyldkind dre fibkHeANt RoR®k raa%tagéo%s @é@;&;@&fg éx%'e N-

termnus and C-termnus, as in fusion proteins the Fc

regi on cotkenepes # fusien rogrin ef thy @enexalifermpla; IE-131X puXilbrl 2pwhare Xiis asecomd  shown
in Fi gur &4 I !g,laﬁta f of an Fc
regi on. In@ﬁefl\g’% llclqrr!éé“g£ éﬁaﬁﬁwﬁgggﬁg %@M#ﬁﬁl?@&@k%ﬁﬁgh@gﬁ coul d be
f used0 t ocledned M@Pm extended. Savofd thfe&}nmhalﬁhmeseofbeﬂa@msbkmys bkbmev&® coul d be
fused tol&ngﬂ(g:egcﬁ Liepus of the Fe region. Structural considerations 10 It
i's inportant to not & 't hat cytokines, as a class of proteins, are simlar in
size and in Pgweqhaincwwkmemgcfpaﬂhemqaasbs ﬁﬁadlsq artoﬁers}p@nmdat@eé‘%mnﬁ] es

di scl ose S t oki ne f.usi.on
pr ot ei nst‘é?ﬁ\ﬁﬁ qlgglﬂ#eléllnq%l&&% ﬂqwﬁlc(r%%mp%?&m oermbé’g fé ﬁgﬁv 18 ?Skl nes
fall intimseal apcxﬁteﬂmNtahﬂmngoxo(Eﬁaﬁnﬂmroﬁanhdrﬂep315 @up40fmlbunit dsﬂlndlze{FLguE@ur
heI| b teln e e-.col Qn

& i) PHAER IPERIR einitp of e AL ORI Sf RS SRR L P 8 o, e
hor rmlne Ccerlnums yf thelll-02 mdninhit @460 agt StibunpENEF I 8 id dbﬁhécfbd to Hr-ym kubaniop lys lolr(b
r anul ocyt e-macro col o st tin nt erl.euki n-5
05y SRt o o5 B B A0 Bgur 4e BF Ml of b sabinj 835 ised
interl GUdoltlib-G-teiThinuﬁbffu’sd.cyltﬂmnc 12ndrdrié ai’rﬂBcthE{b@BS tsiilﬁmtm)wta%%x@b&{m
and-t he ¢l os by r.el ed i nt ef eron t and interferon gamm,. a
20 Wth ‘ﬁ‘é‘e Sepjets *%rpr?tems%éﬂ &Nbaalmmnm figst cyolcme 154 gm d as
NONOD@I SCWerinfhus bOPFS suBMEITIOY wWibiha éaine@éd) NalehCRRd @@@b u&ﬁxﬁ)ﬁ%w@r
connectigns. I n each case except - | FN- gammma, N-term nus and

the C t eFIERAAE: lusign Bioteihes @ah@e&é’ééubwt%ﬁﬁﬁ%%téwﬁ-tm@éh@ fderfénps- hel i x

bundl e pérficRoking ¥ SRE cohbeRediFcol MM QRNTBS ¢ C@arre fol ding pattern,
the nethods descrd bed herein for IL-2, 1L-4 and GM F al so apply to other

four helix bdmapasond embodiment, the: subunits of IL-12 may be fused to form a single-chain
protein, scI_L—12, 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,



25 ‘proteins and other snmall cytokine proteins that~fold as nonomers.
Chenoki nes are a' specific class: agf cytokines that .are thought- to form e :
extracel lul ar ‘gradients and medi ate the chenotaxis’ of specific classes of
i mune célls. For exanple,” MCP-1 is a chenpattractant forsg rreBolfk es,

macr ophagesy~and activated T cells; eotaxin is a chermaI.IJaaGI..am f or

eosi nophils; and interleukin-8 is henmoattractant for neutrophils. In 30
addition to their chenmpattract ant function, chenokines, |ike other

cyt oki ngfe n@ e.e reSS|on f SpeCIfIC enes in specific
t ar get ceTFa{ﬁln—ﬁmgfcéfprrp e% P%het 5ﬁﬁﬂ%29h@’%%ﬁﬁe§§¢loﬁﬁof

Ti ssue Fhowoin qumﬁnhé HFtemmmdfpmafﬂumt t8td f&se(i ooie Clibimifls o?chto ,[

Chem [ 3 ve on di scl oses cyt oki ne- cy ok| ne
f usi ons%%@%@%’lﬁg WYJS%JF\?@ @yf ed ﬁs#ons in which one or nore

cyt oki nes |sﬁemmmoMsu&rmlemen§Meﬁnﬁmeu&%9m sotein constructs
W thet hree or one or- m)rectgklne I s a chenoki ne.

For 5exarrpl eI“tsk?gt é’r’fﬁ%‘f"ﬂe‘ée"ipﬁsi °th E@ncquiﬂcpla%pwéaasmm obet a,

MaCT ophagBbdly esingié-thAs inaletule 8 taHidhthe ROH-AG Rl LMHERIDE 361 g By Gorgan be
f used tg a sec ngﬁﬁ Ki ne 0 wi_t hout ot her noieties such’as an

ant i body" 1 e‘?@ Wﬂﬁt énéi?&ﬁbpf“f‘cfﬂa‘e&%ﬁﬁlp&é 85378 ridsschke ¢tahdi 950
cheroki iNes Bidtedhinol. ¢hepukisore; GIERaE Mullis-8 R €, 8.55 e&o AEnRsLonal
nmonomner Sstructure ang 4rr)lr otein fol ding: pgatter n. @SAlgdggéllrt #51@%0& ggeen%r al

1

types of UPHE SPRstRgTdrand dhee theflesiacshseteinoen bﬁemqsaﬂetgws calht&ningae(hgimr e 10

canibe puphibathnt DNA dakiRLYS ver ed . ghenoki.nes.
Chem)klg ﬁ h%lse a distinct f‘%f‘é#‘%g’%@t g%ﬁmXSf‘%ﬁé é@@&rge?cc)g? Ut B g one

al pha h Prekeyiaking, whichatiibattoves afigon proteinorith thedesived aqivitigzases,

t hen di gEpd I | nes, the foldi ern of
t he mnomr@ﬁ%ﬁéﬁ‘J%gﬂ leégﬁo(g% nana{?ih eg%gllé#a EXRIYSSIgR P ?"égg"‘g"rcé‘ S renely

si i | ar Hlysiated gy thagxampleshe t hree di mensi onal* structures of Interl eukin-8,

| at el ! |
Platel et 15 ﬁ'ﬁ@hﬂ'éntfﬁﬂaﬂé%d@&gg?sn%gﬁﬁr ﬁtﬂib\fr{rfyf’@%};tng %‘%'\é’ﬁ Eoﬂhbﬁctlvatlon

Macr ophage_ inflammatory pro
nor bal  qomhinatiends perticar nnsefid ociusttionylly mmmgenngeﬂﬂpxmtahms& aeﬂdrﬁ{cot ein-1

(MCP- 11 NCAR, [ noc. rotein-3
Chenoki %eg donallhr?l-:-g% i}%irfn%%'{& %éei“ﬁlgi’?'? g‘i)‘h féﬁf eﬁ@"‘ﬁé’mm@éﬂ? F-NAP— 2),
St r omal Iesm;ﬂsb,-h!!ehwpesdmbwhatdrﬁ”drex(tﬁﬁﬁrple)nenﬁgc&ﬁpllﬁa‘ge i nfl ammat ory protein-2,

Chenoki h h fl 5, Gob

Oyt oki ne- | na BE Rt ARS AREATR o PotRats h ihich oty ke ﬁﬁaééﬁm

det erm aredhliﬁgﬁr)ﬁasedyo Tpipeibdapstde aPloymmp ahMmd/ ket had ?dmgrls t hese,
ar

st ryct ne fol.d and are eneraII sim Because t he
cheir?cokﬁ]egéroalar\‘/eé"st adyaniage of gichiatpe ﬁaﬂ%%m@t@ﬁ@ewpﬁ@d@rmgpﬂhed herei n

for |ynpholtinestdy b @haeRpby dib@RLAl In SHSGKGL B{c%éﬂfx Bﬁ%‘%t‘%‘%ﬁ%yf ree

N-term nus of .a chermk%ne I s, often inportant Tor Ther ef or e,

it is ATUIATEBN Q°5U8 behis thsbbelinadinds to s tsertorase tinfensinams i n which a
second eybafiinge, maRipldYetkineS e Hhsbd tP4 %&g&%f aBraﬂﬁb%ldy mn}%:cﬁalt Ysulfy Ys Bpd used to

the CGterpm s of _the chenokine. To c
reglon igure 2). In another embodlment, I1.-12 and a second cytokine are fused to the .
25 _ homodimerizing protem moxety In a preferred embodunent, the second cytokine is IL-2 or GM-

| CSF. The fusion protems may be created in a variety of ways, reflecting all the various

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 cmbodlment
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



a protein conpl ex cOntaining two ‘active chenokines, it is useful, for -
exanple, to fuse.the 'two different chenpkines to the N termni of an "
anti'body*:sheavy: and 1ight- chai ns: -Some 30 chenoki nes, such as |L-8, are
di meri ¢ under physi ol ogi cal conditions. For certain appll&ﬁﬁBdW¥ it is
usef ul ess a multiple cytokine antibody fusio an

| L- 8- antSﬁ@gvﬁﬁ tokine fusion, along with an unfused prﬁgﬁgﬁzsy or an
IL-B noiety, with a different fusiory partner that does not interact with
the antibody noiety. In this way, the different. IL-8 noieties can WO °

01/ 10912348 a%afibty Bf #R0resRaJIGIRE Forekihple Ve ﬁfu@ﬂle%f‘fléfon‘#&tagylo 8234,

constraints or 5 éynerlzatlon at m result if al nDIetleS wer e
4 &l

fused t o*ard8ath Phddyerdhaericted Hetiguss Fad L i fusiop ptely fhhdsreore thansne pi-ot ei n

can t henehginus SRAC-RnffudRs Hﬁsmﬁl&elﬂflesms Qhd 5] el {HASH Souldd h.?hﬂgd fag to
an anti body-bi ndi.ng protein such as Staphyl'ococcus™A pr ot el n.

a
mul ti pl ecitipr Nrpminys oS fusionpreteiaidts Asohqyrm is Fityre2Be fisiopipratein 4141coul§ ba fpﬂeéf erred
errbocb Metind Ratmiih JFds FOReRNOTEIE cAbsf &egm“hﬁ Jﬁ%?l tion,
such as an antib 1dy nnletfﬁ? atﬁhfnds ?o an ant ﬁﬁr kh%ﬁ?ng to be
bound bycaubbles ased;te thedN-trammnapf an Kdregighend mmorld@dswkw dé cchlé bfz fipad tothe of a
chenoki n 3 ect or lead to a general desensitization of cells
toward t éﬁﬁkﬁmn)ﬁﬁyykééﬁaddltlon it is-thought that the chenpattractant
10 function of a chenokine can onIy be mani fested when there is a
concentrgguéghfﬁé§9@gg&kal of the chenokine. A preferred enbodinent is a

| ynphoki ne-ant y Interleukin-2 fusion protein.. Another preferred

enbod] nent i dt Grimpprtentie roke thastetytokines, ehe chadsiofiproting, arosimiieciosteayd aki ne
pronot e Ror . ax f Si t el |S|ng | P-10 and
IL-12 i sge cl)lﬁreaptd&ﬁ? 61% %rg Ser'l(rﬂcl'-,\lsd(?h isggmﬁ% )%fn PQ&'E?(@ @?{8‘“2‘ us%ntg P ife of

mul ti pl ecomyﬂmrknmd{q:lwﬁdhnelfosmn pretein ftrethd fainily efcyfdiineiphoteins. | For eahxaplegescrl bes

fusion proteln cOo S Qr e

hal -1 1 1A Gdkined Sl g F&&‘emf’@%ﬁ%s "%dt%@%g"‘géﬂf"‘ﬂffrgﬂé | Fpdeligo;

exanpl e, butﬁ&rprotﬁins in¢lode gﬁﬂul@éytdedildﬂiy dtintulatiag faStot (6-08B), iéélieukin ¢ @Lu;s eful to
conbj activi.tie d GM 20 Thur ner I N@thods
[ 2508 Asierf nltulont B (L. oAl s, ey AP gty (RRGE ms

Because ‘digthfopoletifl, @ﬁdﬂﬂﬁc%&r@h&geﬁé&?&n& sﬂiﬁlxeﬁlglfazsormmCshphﬁermm tmtf -
lives, it is useful construct a f §§€ protein conpr|5|nﬁhan Fe region,
| L-4, am RFeRhage oRRE g9l -§ ?tmgrf@ctwé Jelli’s rintrepikin-3 di-Mulleandd, of
dendr i t i atefelon-HkD tiefi@Edrb® ApRdGna el clsdly reldiddi Qe tan, RAY fhtdrterdh £SW CSF
could be fused to a targeting conponent such as an antibody for the 25.

pur pose @FNd%FPV%rlng t he conbi ned cytokine activities to the site of cells

exprggsi ng a WnH"ﬂ?eflﬁE&hBh Bed.-Suld I@ﬁ%mﬂb?alf&fﬂle@&fx@&m%lﬁ nBhofSsh of an

i ntact antlbogél can confer several properties to t1ple cytokine

fusi ons foreroughly paaliel alphahelireband tyio cmsgaerwameagmeuhm eadegaén dkoegt Bns and
speci fi crrap) %blﬁétth teriﬁﬁkﬁé%n@&l%e{ehhﬁﬁs ar0G e Gl IR Jr 5 r0im. BERE RN Of

serum hal f-Tife,”
four-helix bundle protems except IL-5 and IFN-gamma, have the same foldmg pattern, the

methods dcscnbcd herein for IL-2, IL-4 and GM-CSF also apply to other four-helix bundle

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). ' ' '



30 to fix conplenment, "ability to mediate antibody-dependent cell-nediated
cytot oxi-ci.ty.:(ADCQ)., . --and- bi ndi ng to Fe recepto,{&,s. | f- ext ensi on of serum .
hal f-life is a pri mary desired feature and. i mmnol ogi cal properties of the
Fe region are uni nmportant or undesirable, it is preferabl$ RE® pme an Fc
region thatv¥g-:a natural variant or nmutant |acking one .Ql,&B6E /s

I mmunol ogi cal properties. 20 5 FEB 2004 PCT/US00/21715 For exanple, if it
is desirable to equalize and extend”the serumhalf-lives of two or nore

cyt oki nes wt live it.is preferable to construct a .
nul tiple cyto t%%lldgsﬁ oseﬁfgtP%‘Pﬁch ¢ fusiong apghantibod-gytoking cpokinaman | gG2

or | g4, fusibhin whwhroecon @t yyroan i§ LEheaRMinR! The Shvafifdr Uity aifQEselSrold ecept ors:

or to us ion carrying a nutation in th eFerecetorB
site. "% %&cﬁ%{h Oraﬂ’?rgﬁ’\é ‘g"ée’r‘? vdhicheneros smore cgpline isfa cshemekmytﬁdﬂ nes to

ant | bodleetsmphcﬂleets:emkitwﬂ?-lam}\ms wifp-ighd, WhiPOIbeR AL&LHIQ FO receptors

and- tzhat ts:in faster at es of clearance I n The use of
Fe rtggl of rllléﬁ\k/’\nﬁﬁ?%ngﬁ %@a ¢ W'Pn'lyf“}? PRGtinEBLE eeanhedhsedime sedoodmytbking mwirhior y

| mprove mﬂmusmhmmdmbis&mmn%ﬁm dml,ecul es (Gllies et al. [1999] Cancer
Res. "59: 21593.51](13%{%]3n Under. sone _circunstances and dependi ng on: t-he
cyt oki nes us FEEDQTRS, fop Fxample, epfadasatienst Hechemokines. eannhochemdkineﬁ esul t

i n i nt ergerdralBeshine A sifilat hecethth I and. degradati on
of one oy ég??hc%tgkllne o etfdesg)hg'llg‘%%gﬁ%gu §m?é]?/'§{ ’g)rlfﬂﬁgg%teﬁbscrl bes

fusion PYGH" R B5iFre HPes /RS Penteinpenstrusts and comstrantion atritegibedisciésed Rerp! Ot €i n
t hattoi s cad BRedXb alvgﬁaj, bﬂﬂnﬂ%%ﬁ% ﬁym&%%%mh%%l%?%% i cular target

nmol ecul e, cel[, or bodi | ocat’ on ol ecul-e with
| ocal i zi ng c& %{’quF‘}eﬁ 9‘1‘1% d&ﬁmarﬁ?ldhe@wem wahnhreebgta-s@ﬁmpléh@bﬁhgalﬁﬁh%ehx

ant | genChiadking W Ak EBHON0AL pivh PRI LRG0, onever ot her Tocal i 2 ng

nol ecul-es,. or domai ns there
recept ol chempkines theyfolding pattarn nfthe modomg spbmheils fdenti€d) axdBS ovBall sPaditled O

parti cuh@r & I I er at ptides that have been
sel ect ed fet}){r&gé%%?{dlgi i og%ﬁn}ndﬁh%élu Bse\?’faiﬁ'ﬁ‘dﬁh‘%%fdmeﬁ?\}hn-ﬁeﬂﬁﬁe&és with

20 #t st fastor thdelgaped growibisémilatilg ELivineMGES), tMé’&Oﬁ}ﬁ%inhainﬁxa?or& gfogéil&' ng

capabi | ess - i ng ca ablllty by e of

bi ndi ngMIt]% anot Ee rgér%%t Ll?f)lg agon, EO'F’éf'ggﬁléa"P antksecreladh Marfocytpr ot ei ns.
I'n the etwwa@facmmsmgnﬂmceym M(BAKR}$E(§th1ﬂ WMBh&Std dﬁ%@?ﬂuﬁ&b&h gy ef erred,
first Céﬁéﬁ&%&éobb&dlz’ %@ %{2 is-used, a preferre second cyt oki ne
is IL-2 or P of Pﬂ‘ﬂt?&‘}"amﬁ@ﬂél(brw -2), §eomalber of
ways i ncolidegiled factoot (SDR-B, Micﬁyﬁa@gi %}ygﬁotéqﬁeéhergﬁﬁﬁeé? here are

sevgy al ble Ites of att chrrent For ‘exanple I body
conés%{ st%’Pa%?c’% ?%W%%Bmf% } Cghbeta I@'éfiwe-mﬁeceﬂmutu;phdlchm&mmme f used

to eacﬂndleGﬁ&dvde@ﬂdét&ﬁﬁQd%? )@&y%‘fys&iloéahg Mo%mdgeé}&ggg e%g&g heavy or

the Ii chai.n. - /Alternatively, eaCh "cytoki tely to
one of gtP‘ SEH"“HFS oy dhssame %@13‘!41%'5 g%ml'allmuglla:mBecambetheaﬁerﬁd;l@hb"semve the

3.1 11 ustamaifelding pstdds e oY t be. fused to an anti bady
mol ecul Sﬁme%? g)?anrpl e, erer r'fssﬁg&tdo gur Q}gﬁcg‘igﬁagﬁmy&%@ in 44 of the

i nventi Brofses.
25 _ A free N-terminus of a chemokme is often unportant for its functlon Therefore, it is

advantageous in some embodunents to construct fusions in which a second cytokine, antibody

| molety, or other protem moiety may be ﬁ.xsed to the C—termmus of the chemokine. To construct
a protem complex contammg two actlve chemokmes it IS {useful, for example, to fuse 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 useful to coexpress a multxple cytok:me annbody fusxon, such asan IL-S-antlbody-cytokme
N | ﬁJSlon along w1th an unfused IL-8 moxety or an IL-8 mo:ety mth a dlfferent fusxon partner that

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



fused to the C-termnus of an inmmunoglobulin hedvy chain 46, which i's
associated wth-an” i mmnogl obulin light, chain. 48, -As i'n Figure 2, f-usi-on
protein 44 -¢can have. a variety. ‘Of WD 01/10912 215 FEB 2004

PCT/ US00/ 21715 structures, including, for exanple, the st$ UEE of fu3| on
pr ot ei ns 10 16 24, 26, 28 30, 32, 34, or 36 depicted YA ?ures | A- 11.
As shownWaf bjure 3B, a fusion protein 44 coul d be fuSEyUy21

N-term nus of an irmunogl obulin heayy chain 46 associated with an
i mmunogl obulin light chain 48. In the- enbodinents shown in.Figures 3C and

3D, US| bRl %ﬂéut'sﬁad‘a}l&%guéﬁ’rs bR fotDnertzatifh %Px‘ﬁ?&g{f LSSy Ak Rledde

C-terni nus ure an i nmunog asso
an i munee ﬁnmtﬁ»oglyehm nthealesires multiph cmkiﬁﬂ@wmes)rﬁﬁnamdtlﬁﬁbea first

cytokin LN 48 associ ated |
Wi th an%cm%%ﬁggijﬁﬁﬁ éega)trv(%mé ain (ﬁ? 'ﬁﬂﬁ'{? q’f‘o a s ?glgcpy?ta?l He*®4. The
cyt oki ne‘étamloamuﬂﬂpmn be fused to the N-ternini (Fl gure 3E) or the
Ctergmini (Fi ain AIt rntlvely, as in
Fi gurffen 3G le‘raf;&Eﬁc fcmé?%no#&'f%%‘iﬂ%&?@dﬁl{ko {hﬁmo nfé i REFEe er% t he -

i Mmunog| wiheliment thghhe ﬁmam proteén avlm ¢cenpirives slecalizihgcftaion, soch d ananfxbl@igd to the

Cterm I ain,46,, Fusions to,singl.e-chain
ant i bodi p*e{(ziet?ftha? Ei{f-icsls()thegif11 Qﬁ{n@s cgﬁé}lé{ﬁthggﬁﬁ%/ }(;0 % rad &y theomyih i gsaerally g‘l"ﬁ@ e-chain
mol ecul’ etbatbﬂffﬂbewmdlsmbghmmfmcabmokxpcmliﬂaa:enbtesﬁearormwtﬂmeian whi ch two or

nore cyt hai.n. an Thi s has the

advant agdeggéo gﬂglﬂ%ﬁ?ﬁ‘?a}dﬁt&%e glfm? hg] %f{b& L??l?%éri‘tsthﬂg?&h"%ﬂ%tﬁacmm
expréssifogrtivh ef dﬂ&mbhde fansintyrbephatiftsted wivbtih thare 18y cOReREBi6s difetoatidbE iRy | N
gene theril lﬁx In particular, if the cytokines are single-chain nolecules,
then fustERY8?™the cytokines to the single- chain antibody will allow

expr essi on ofa ﬁrkﬁréd@tﬂbﬁmﬁhﬂis@llfh@&kﬂuesdnﬁ%@ ﬂEe@lTeﬁhﬁlchﬁﬁérgarotgﬁl Ancafipwn i n
i,n.sone enbodi oki.nes can fused to the single-

Figures 4
Chgl n aﬁ?émeaf“é?f’d‘imtcgt ‘F\P‘i‘%‘?‘ﬁ’f °ﬂﬂh§ Ef’“f“éﬁ“?ﬁ Hdhe sseondicyioking PF@WFF Ai . For

exanpl _e T]ﬂ&esﬁhﬁ%FM&xaﬂfpl@,lariﬁsx&P%rofd;@ ESHprHIPLID Ad 1IC.39 ifife b f?irrt:@ €
ody 50 having light chain varlab regi on

‘lﬁ\? f single-chain ant
g“’t?ﬂtal n variable region 54. As shown in Figure 4B, fusion

pr ot ei nmenaﬁgﬂﬁlha IfEof ik kﬁ;&bw}hts%ﬂﬁkéwﬁbgf /b0l e- chain antibody 50.
In the 25 enhodi rre%tﬁ?f{fm mélgi gure 4C, a first cytokl ne 12 is fused to

the N-term nd8e Brendipmalse despribes fﬂ%ﬂﬂl?fﬁ@@f comprigipgitve eytakines, both with ashot i s
fused t%eﬁhﬁnaﬁlff@rﬁ?c@t&aﬁﬁdﬁiol%%tﬁla% J@-Hﬁﬂﬂzgflﬁfef’%ré% Fef%fx £d embodi nent
an cyto f '

conprises a fusion of IL-1 a secon Ine to the si’ng e- chain
ant i bodytimnlatien ¢f dendsitie cellsds depirediiitis nsefelgnpembios thelactvites oBlk-@3Rd &M+t he

secapd (gy;t(q-}gﬁlﬁ@r Jﬁgn‘yagmggmggjunc 95, e Qteigogb%ehﬁr\{:%xt he potenti al

to nedi ate varl et i ons. o’r ex Gredi at es
conpl emdfd: 45$7x‘é\5t9§b SecaBebyth dhd abdﬁﬂﬂﬁ‘gsﬂame ﬁealtmobpﬂenrmm §H0ﬂ spmsi halbn  at

whi ch t gLt P;t’lﬁ nt i a

effector %un%’ltﬁ:e%gfo B Ich 1s us %lt‘%g‘t‘?r}lé l!% rrggg’f ?);'% %@%‘P‘?@%‘?oﬁc

f unct i onesulting deisicnle és a powerful stimulant of dendritic ceIl pr'ohferatlon and activity. Likewise,
both IL-4 and 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 prdperties.



5 FEB 2004 22 In sone cases it may be desirable to construct a fusion- of
two or-nore cytokl nes. to.a :noiety vmth t he targetlng region of an
anti-body, but_"w t hout t he const ant’ regions. Such a fusion proteinis '~
smal | er” than a fusion of ‘a “conpl ete anti body to two or nuore cytok| nes,

whi ch maw.bavadvant ageous for certain purposes. In aquLIfjé ﬁlﬁch a fu5| on
protein will lack one or nore of the 5 effector functions of an’intact

anti body, but will retain the targéfing capability of an antibody. The

i nventiQn therefore features fusion proteins in which two or_nore cytokines
are fusé&fr exagple. &f ihig|desimplgitp ewhﬁfegld@mtenmesshmxrhalfﬁwbm teabpslbfeNt S

depi ct eg Rinkd fusdto he N-term nus or
t he C—tesrn% r?usg’gﬁgﬁfgélgegpaeﬁwes I<l:ysrp?‘}:(;flﬁlleagl(%:t |ne tpgu t@é?cq;ft‘)ﬁ‘ﬁ’ierﬂ‘-ﬂ% For

exanpl e Prof&in spBRRsingarT ¢geion ﬁAm hanfandg G2 oplgﬁitiewlnclzﬂfbslfhi:u\tenﬂmalva Y&tdds may be

10 fuse 5 gle-chain F on_cgQntai ning an
i mmgoglqggﬁ.ln?tg%@éﬁéé?td;? %r %I}g?lng?e &g gcaglﬁmgi\{rﬁlﬁgg’éﬁl tpﬁﬁﬁﬁ%elgﬂt% 3‘?”41% heavy

chai h véits- dpifectribbgsairesly begn $hws&mdhat[5.lsmmfmoﬁécytﬂﬁiycsadr &ftibbBes iH&B e Met he
N-term ure B. shown in Figure 5C a
first c%%ﬁ?%gai%fﬂ °r£/ﬁg{° usea&tcg °t hag ﬁE’é "O{fb‘gearr{atﬁ/ofrcéij{%ﬁe Imand a
second awimglsi e us¢ Ofﬁayegﬁxmsm“iimei ztfﬁ&lt}Cfotre‘é PacEGrs Qlas §H3Gm WY gle®) ON. 15
Ant i bodj ehl r.multiple cytokines Tn sone

Ci rcums% ggésmgs%rﬁ&qg esl g é'geﬁgg’r”ﬂﬁstetél 53%9]5%‘“‘6?1‘ Respd9:3152168).

cyt oki nBsddrsomafsiraimstiroes Mepéndtﬂgen&b{et IR usdd iy I%%@?or?ﬂﬂ&& t2haskd ﬁTepr ot ein

S S clLi Vit For . It may be th the natura

oc cﬁ? r ﬁ%}e% éf%ll%ﬁssultolfl %%a‘%ﬁa?%?‘ﬂm&w&%me fusioagsetein prd degl‘aﬁatmrhe ‘
act i vi t 9f anf oe amite cytokilé meietiést i S not possible to construct a single :
pol ypepﬂ de.chain fusion 20 protein in which both cytokine noieties woul d
be actiVes Kf‘ﬁl bodi es are heterodineric proteins consisting of heavy and

| i ght chai nsTidiaventiog als6 avsatiuatthdlor prBlBY 1oV
desi red to comd%r uct a nmultiple c0 t%rkl ne1 ugﬁégﬁkﬂ%r"go?%%%&?h et% ‘E‘;ﬁ‘t oki ne

moi et i €8 ARAFIIBTYS ?@E\WPPEI°544IZ%f gytokinss e e gartiFula targsiumlecilt, dell, oxpr ef er abl e

t 0 Kepabodilg locafitns €TH feWBd S¥ie ni he heavy and
li ght chai ns. of . 25 aar?gntl bodyeﬁgﬁgﬁrléeggﬁgc aﬂ]ﬁ‘?’q} an%‘fdtyofalnﬁmﬂém red to

const r JOmPLsipg the ﬂ“ée%'?’fnéwg iYatigblestegionpefomeintibodyi- thewa, athek nkﬂmgml eties
that bQhéle&16)of @orfdind BERSE mal BE H&&dsu%]ﬁse%e%@k'%aﬁps oy "teﬁr eferable to

separatel y fuse the two cyfokines to Mand | i ght
chai ns WFUERE dndingaTgteins Mngymes R bindit parheularmbsinatéy, artificiifiederfepdtal Y as a

vehi o| QobRIBARRA{e bR sAK:ld, T e useful to
nut at quo? del ete those S_por t oﬁgﬁagbafl%{%ugﬁ’ﬁ 3 '%‘%‘faptﬁ%ﬁtﬁ'eﬂepﬁ‘éml"flﬂbnal 30

pr dfer tdigioctieg Bh)’é@O*LCbemmhm@eﬁwa ditat moult E@rta@xﬁmhgablmy pwaﬁoegegg able to
use an gl b since,the Fab region retains the
het er odi rrerililg‘t’gta:b ﬁ@eét ure o@é‘hd“égntf’ PR %ftl?cure.f@%ss iayggted.fop ke pes of
char actPeetpias b the cashef Fusmg&vgo oytokihés tmayargétﬁ@ ritfecReS prefebrl ﬁﬁ{ecﬁl;hgﬂsl body
or antlgqu “’f‘é'?’%% ‘%)0 %Teahe ac? en conbi nin site iIs
non- funct i ona s rre second cyiokine is IL-2 or GM-CSF. ‘

i) the case of an antibody, there are a large number of ways in which two or more
25._ cytokmes can be fused, because there are severa.l possible sites of attachment. For example, an
- IsG antlbody consists of two heavy and two light chains. The two cytokines may be fused to
each qther 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
. a_qtibody molecule
30 i Flgure 3 illustrates a subset of ways in two cytokines may be fused to an antibody
moleculc For example rcfemng to Figure 3A, a fusion protein 44 of the i invention could be
N 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 -



Fusions of nultiple cytokines to anti bodi es conbi ne -many of t he novel

f eatures-of-the .i.-nvention. In antlbody nugjlple cyt oki-ne fusions, the.-
serum hal'f-life. of the cytokines is “equalized .and extended t he act|V|ty
of both cytokines is localized to a target and the.especi é U@OXIC
effects qﬂ§ hgl system c-adm nistration of nultiple, syn t4 aIIy actlng
cyt oki nes PY av0|ded each cytokine is effectively d

mul timerized; and the cytoklnes do ot need to be d|rectly fused but may
be fused to different sites on the heavy and |ight chains of .the antibody

mol ecul esuﬂcﬂuéegﬁicu:ﬁinggfoaeiauﬁleoﬂler%&@étﬁﬂeyopﬁﬁr&{ brolefi 16711'6t bphe $y5ekiNgs and
an anti bog?«ﬁe there are a_ nunb of options and conf |gurat|ons that "can be

di st i nguPsHedrPiedip bigurs 1axide ﬁsﬁb?ﬂ"a{nl Fignre 1B adusiomproterl 44sioylddpyfused to
consi der &E'b@fbﬁmﬁh@oﬁéﬁﬁrﬂﬁ@él%ﬂmﬁﬁﬁvﬁﬂﬁﬂﬁ6@ssoﬁ%x with{ Lﬁ’hiula &Ju in!

l%hp a
class termed 4-helix bundles. These structures consi st o ur al
hel i ces SRR fvie thafabodimestsphos in Bigerer3€ ardAD: fesidnpratei 44anfsed oithe Ny, I n

general., bt aqgueﬁcyorqué@xérﬂﬁl@mw3djgf4}tmﬁ&nﬂo§obuﬁlﬁﬁ {in J4g not used

in bindi ng to a cytokine receptor, so either termhnus can be used for
fusion esocized with pmpamyuneglopulimhessy: ehrin 46t Achown irHigweessdE anidi 3, 8 fggnet i mes

di fficul ¢y sﬁnaizﬁ%tLyﬁ,ééaﬁsaﬂﬁﬁauﬂ@&bnﬁnyg}&%%£s DBl 3 4- hel i x

bundl e cytokine to different noieties erirc reasons. - Wien it is
desi r abl Emendgipbulin b@vﬂphaﬁle‘ifeﬂlﬁedmoheh¢0ﬂdbﬂnldh@14:y'ﬂnIcytnlemes 19 & ldnhipledy, it

ant | Dody 5 PR i e SEFarte DULARIRAR ) Bk iitoskthe SRt ae

chai 19 of Alttreativstyres iy Fidvas m@smyiqkmcdﬂnndylbaéused)mhow-tw@asfdfﬂw bl e linkers

may be [ r.Q Q Lnsie f an ant.i body, it
i s al sou%%ggéq%f()%ﬁﬁ ﬁ%{{‘é haw%geﬁbgee@%e ? QFﬁ‘?@l’c @ ﬁ’é’??dttoﬁbq(gé?ﬂ“é’? sEfthecar ry
mul tipl emu'gmndglqbelsnhda@ycmmﬁal e, a conplex including prostate-specific

anti gen fg\n f;gsm Lo %9%%1' ty bitor with which it conpl exes, the |IgA heavy
chain and {HE "SRRG NI BUHOZES of the TGF.-beta fanily and their
astacin-1i ke Ib:srndmatyngwohmat toCdkpiebsékﬁbﬁdi&tlad siigledBAtimoNedGle®i Theaci ds 25 The
inv\e&tldn also eat ut S nucl ei c._aci s apabl e of Xpl’eSSI ngteach of the

above t yBEFUSR SB PEYVieR istoppraterns 10 whichtwo R raree ”d%a"érf\t‘,sﬁ Ky sipglet on

pr ot ei nschamgmitibsdyn ThisiRs e aiRdrkage ©Y tedlidinethe nﬁ:ﬂﬁdr@f‘&e m&d@&ﬁ@s by or m)ré
cytokines, and a di gr}s?l zatlgir% donmai n such as an F¢ %u fusi ons
conpri si R SABreSTng B desipd Hisjondotenswhich magbe %‘f‘ﬁ?‘i“’é’éﬂ Lingersibeepynbr e

cyt oki nesarfisigadirtie c@@kﬁus ark 61510 Thaihef @uleS hedn Hididh &fmeté}%}amég k&ing sﬁ\gleds are
DNA vectgrs from 30 _which the fusion proteins can be expressed in either

bact er i &£bgH aRtRAH ‘P”éh‘?HE‘éleT‘E"’SSFQS‘rOfﬁhfsfPBﬂ“ pigfeirasiasinglelpenteipohini se nmul tipl e
pol yrept i de cﬁsasm&n umgﬁms hmmnpso%%?fﬂioaamﬂfg(‘dyﬁom ?&?%ﬁ%a?@ e &%
re i T codi ng

Al ternatively, e useful to place two or usion prote
sequence@amﬁna }FWEBS Pesgrminus, its; Crigfminysyer abbath mmu niiir exarhple, a§skovix | es

i | T ustr afignRa GinBhotia rtl%axplge fub&1 b %t({f" Ee?rﬂmﬂy&ls e-chaf AfbS g%avﬁlgr ly

mul tiple cytoklnes The nucl el c acids | NVertT on are p
usef ul flight ehain sariaplemegién Jaandihshey cheintvakinbieregion $#.0As shootndh Figurd 4B, ei t her

the prodgghi 9{'&8}; 44 Qﬁxsa?so%re%s%h B @N- Ie?mmgs qesmgﬂ-cli]mgxn od?%a.e fn the

25 embodiment shown in Figure 4C, a first cytokine 12 is fused to the N-terminus of sihglé-éhain
antibody 50, and a second cytokine 14 is fused to the C-terminus of single-chain antibody 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



5 Methods for synthesizing useful enbodinents of the invention, as well as
assays,_useful -for- testing their phar.macol-ogi cat’ activities, are descrlbed
--%nﬁiéé"The preésent” invéntion-al 6 provides pharnaceutlcal S
conpositions and nethods of their wuse in treatnment and prevepgiogpn of a-

wi de vari-ety--of--di seases, including but not linited to .lreahent of
various infections and cancer, and_yacci nation agai nst various di seases. 10
Mul tiple cytoklne fusi on protelns ¢4n be used to treat bacteri al,

parasitic, fthrllg Qr .vi r ctions, or cancer. For exanple, IL-12 is

known to have" 20 Gt P Ceqﬁflgiéﬁ%tpﬁorﬁgﬁgtat%ggoﬁmo omThertdymhings fonc| udi ng
but not thoistytvéith ﬁl@targ&flﬁg)ﬁegi@ﬂSféM dnlibddyeoRagtRit fﬁglcbﬁsiénggig?‘%ns Rogy! ganes:
P50

the paragjtes %‘gﬁ@g %g Lei shmani a nmaj or ¥Wansoni ;
t he fungpus a%ﬁ%ﬂ?‘ﬁé“‘ih@ﬁé@@m:@cmmwmkngs twiichAintyBe and

cyt orregaddoant;rge@us o el Q NBSaddi nation, i
of ten u\?ﬁ}f ul é\'ﬂ use gggirgaprsot ei ns °§g§§g’§ ??ﬁog tei&ﬁﬂ%one Qe et hat
are Knovi ot'o" HBEH%y AbFgR@ctaptihody, butwill wieimibe dargetinpompability qfah amitioayes t he

effects of  IMhe kRentioh theseftre Batllred t oki nes in treatment -of
bact erlﬁ 561})1611‘:%? flllc f ungal aanﬁfe?@gﬁateg%s&éas}?’%Oﬁfré‘?%ﬂﬂ«g@“?ﬁe?rﬁ et

t r eat men? UREY GrEony iAssheven indhe embsiments dépitted mFigitien SAISGS bod 20

pr ot ei neylokiats MaLbd fhEddNS fhef I t that places, the

mul ti pl ey‘oyt Oskl nﬁ at theﬁg= ﬁ%ﬁgﬁ}ﬁ%&?éegtt?% 'Q%Jarl o %fﬁgé%af?ﬂ?@wrﬁtﬂégu es

are desERUERNIBE S@F expmg ep#éhmwlgluaﬁzkcqusuml frbteinsa4oéf théli%vé:ﬁibﬁrx\ﬁdy% nmay

be ugedmgadi g sol i ld dosage. forns, such as,
for exanple Je m&tﬁh@% 038% gl CB%SV\UEL resglor'l cfoa%f% E%B%‘P‘p’:l‘i’ W& Lightcheine like,.

pref er aEfF'-r)}athCEllﬁn p2 dmis@g@nﬂloogmbtmu ﬂmtﬂblchmh@hnﬁﬂﬁtdy:&i satAeRid p r%ﬁﬁ%ﬁ!s e !5

dosages t | | ude. a c nventignal pharnaceutic
carr?ermgrygggggg? g%tt()déé)]g%%ﬂus g‘i“ﬂ: OTTEIORAY S %'ﬂ&‘ég‘gt*ﬁ Arestipen fraFigagent s,

phar mac 62 Bt @ff@gmkpaydmfuseé tcsthe Bicietiviaid 6 anGitvCregioDUWald £%E (?r@' ickhe TRY
i ncl Uden&&@@’ﬁm@& &ﬁg[ Sl{‘%ﬁg@gﬁﬁf or exanpl e, human serum a n or

plasma proteins. F*8¥epari ng such dosage forms are known or
wi | £S5 beAasiwdles ot hewmdmhasee]ﬁd(esl_;‘bredulhﬂletc:b@kzﬂést The conposition or

formul ati on Qsmt%gc i ?zstereq15 Hﬁ‘tt n any event, contain a quantity of
O

the active conponeé E?IFE'E@@\@SI%O'@W @vorelegtokimss ined

ef f ect whmh;fnewmﬁftmﬁdmeg%atsmakﬁﬂefﬁéiﬂowxéfsreééé a5 fSI v??r ositions
t he accepted nodes of 3m st or agents

her eof- %gg] Pe M2 bagl%/tg{
that exKipre: S0& %49 CWMHQWN&@R@@K vie diffeadnt Cﬂﬂkﬁéﬁl@kﬁbﬂtl&@l’ 5
FEB 200£brm&ﬂ:ﬁ\a@93r2adﬁcé}£o!éﬁ@01t251€o¥ﬁos%ﬁié@Qbﬁ&h; 'St;ﬁph!ng{g rcgnd ot herwi se

sys or.ns nis.a preferre 35’3 #ip Spsionry o
am)%d; I h%ﬁb??ﬁ%&’emt@%&dé@awvd of course be dependent on the
subj ect be| ryguibb@ag@gh b8 fI | ctl nner of

admi ni st rglﬁ and t e un%ﬁk!ﬁ{o'téu){s C%PSI%E]ED resgﬁng % W

descr.i b&Y B‘&/‘éﬂméh’éﬁiﬂﬁ%b@d&ﬂf #ds dasirg] tolcbnsitﬁ;ct ShGHe cyibkifie ﬁﬁm,ﬁ ot hers .

have begbtein with two eytokine moieties that both require an intact, unfused N-terminus, it is

' preferable to separately fuse the two cytoklnes to the N-termini of the heavy and light chains of

25 7. 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.



investigated for treatment of ‘cancer. Under sonme circunstances it is
advant ageous t-0 use a nultiple cytokl ne fusion protein in treatment of
cancer,. for reasons of si npl er..admi ni stration, increased serum hal f-1i fe
of one of the conponent cytokines, and/or superior nodul af irpg i the 10
relative @gtiuiti es of the two cytoki nes. A preferred pethed.qf..treatnment
of cancer is to target the cytokines to a particular organ or tissue, so
the effect of the cytokines may be 2oncentrated and the side effects of
system c distribution nay be avoi ded. For exanple, fusions of nmultiple
cyt oki nes t o Busiopgofimyliipl cytpkinesdq petiodids eambine mraiof emave dedtrares bithe i ver |

whi ch ”Bi}ﬁv@ﬁoﬁsﬁ;alﬁhbéd} IR Ak W5 Rkine sfebﬂé“&?e éumma;fﬁﬁe meéé Bi&seéivef A nore

preferred net Is to use a hulti fi'he sl on tern that is

further doysligedend extengedjdhg %V!élg@ﬁhoﬂsfumkmasw dovaliged ﬁd)a)dygct and thaespeciallar , t he

ti bodi t
(Varki e ey D ybenip B gl b S SRk ARy BEpPBER b ER, L0
| mmurdol cyetsiad; deeh ebeldnelis sffadively do89ized oy nSiltirRerizeditanditie. cytokBieS 18 66t mued
5,650,1 }p@q{g f ft
usef ul tﬁg)bl nves |gah%gtt'ﬁ§$éj@géétg1gif% {sﬁtﬁ%%/r}tg%%&%%%%gf éﬁhaénst?fé]&gy glnl’ ected
agai nst @nbai}tmglewltt hat is |ikely to be present on t hat type of tunor. For

exanple, it e SI S,
Western bl ot ffﬁés(%% ﬁgﬁong?wtqﬁ@ % Yiost S%MAES?X ﬁrﬁat he
type of xtdm:bet -ofaptionsdnd con&mduonethhnds bmdnsﬂngnnhedd;haoﬂnﬁeﬁp&ﬂﬁarmloar e wel l
kno Iillledl n_the art of tu aracterl ati such as
onco ogl s s anémff%con% nls%:[esaiso efply 85‘2‘8“‘ &Ry cytakipes it “hﬁﬁsi ple 25
cyt oki netefimesli4olelizrbohdlesn sma;e shrubtareks emsnsocif f@irAlpha heliRBSandHdedrthe N-fdimins t 0

speci fic li nds or . receptor. myietie n.to tid rs with
pre-sel P& BPWHT’WQ“’ ??He\}mt‘?‘gnqngf’ﬂfff’?é%ﬂfg cogﬁfﬂﬁﬁ‘gieg‘i‘f“{“gﬂ@ﬁ%lqn ol ecul es
with | oaadmmmsﬁg nehsédiRbRdIg tb @SytoRiNd re3€pt@]so elth@SQTiiAis@at bdGsed B fiGidE MRY

al so be use ﬁFt@E’ treat ment _of ot her di seases, such_as infections. Treatnment

of cancdpP 2% A e @spoond Fyigkias  devyeen i isemetimerditioylt todivestly feseibofle aci ds

of tise ltﬁ&ﬁ%ﬁ@@-téf&h&uﬁ%fﬂﬂ%hﬁﬁmﬂ%&ﬂ@ E@dwferel%mxaxefs Qbr $té:5A0ARAk. Of
cancer and ot her diseases in whic is desirable to target the i nmune

syst em t BogR & pedepifable 10 fyge twp 9’5@”“%‘!"318‘)3’&19?}? gytokinesie ap antibpfly ibis dhepgforedr awn

from a hisBRliedasedbiBokit 18 ahiffeTBt Sitd WithShfiboRC AR nRRCAHIiPE 1@11&&'%5%1)6
cytokine fusion protein are transfected into the cancer'cells, and the 5

FEB 2004°nstpit ¢ pelyesptideshain ofite fora fe shainrryiokinasiakingtope phaorafiesibler ani mal .

Al ter natﬁry(@llsynaytg&e,sg\gg\omodqgﬂwS{ghg&@gﬁﬁg into the cancer cell in situ. The
human or ani mal” then nounts an i Mmmuhe response to the cancer cells, which
may 2ure or II&@émfﬂm@t@e@bﬂﬁ i§ glsgpossihle toueother SBREMIfmemdenquklenelcg’@ne
fusi on, 0 £ 0 ssion in
manmal i a&ﬂg%%légﬁm‘gsbe%%%ﬁg ég?&e hig{ll%‘%'m ' Qéatﬁg—tg ot ﬂm%%y anygof a
variety Ry‘btease@tbinblqmesﬂl vhid itichenplénss,dld IgAdwavyphais pinhthe J mmmf;m&rs githe gun',

d t I ct th
o111 0f et PR, sl RSl BN R " T

cyt oki ne?\&idxs:rmds protein that is further fused to ot her ITDI eti es.

Ant i scancer t hera ith a nucleic a ressin i on of re
t h ar‘? one fUus A mventmn Eﬁ% fehtures nucleic acids capa gle of esging eac o? %ove types o

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



10 cyt oki ne, may be comnbi ned with other cancer treatnents, such as- .
treatments -that may-augrment.:. the imune-stinulating properties of the. -
fused cytokine protein. For exanple, -the nuclekc. acid of the invention ray
al so" express other protein noieties that may ai'd in the Qe‘y@é ogaent of an:

i nmune respense-to anti gens expressed by the cancer cellsS,oRL.yRy be
co-transfected with other nuclei ;4aci ds expressing such protein noieties.
In particular, nucleic acids expréssing the B7 15 costinul atory surface

pr ot ei ng; .G Of. fected into,t cancer cells [Robinson_et al., U S

Pat ent Sﬁo@)éggg?g%@%ﬁc r'aﬁhsef%%ﬂpbeﬁ’ et prgiculas forms af the featyrethwsiladc aci d

expr esshads emddingheltipleyytokingse f usi on may al so be acconpani ed by treatment
tokine that targets the cancer cells [Lode et

ith tipod i )
\;V: . (‘?ggg;} B?‘%c. © r°talf"%.c%§%1“.‘m 8% postayiarly psgiykfos exressiopfof wwhiipds  cel | s
with a exdckiss fsian potetns ploesticnBe Prodhéting Feldse ki | | sq_be
accagipani ed fy, 20 & rigﬁ]memt vm'gg“lﬁwa d?rlllgi ogengs_ﬁn%#g%plé}ﬁlgﬁ%gﬁéngpogﬁst
(19%])? Pr oc. K}g? Rl ox {o e R ?QQ‘].meq*ﬁ@fﬁlﬁil@@nw,ngweldaﬁasi;aynakefhimmne
sti nul abotestizgtiléiophaangbbgiRResiivtsy, REHBEF IR Ak §Radifes COMDI ned with- -

system c treﬁltrrent with multiple cytokine fusion protéeins. An advantage of
co- treat ment SRFCH HYETHOP S PIOvilss RBarERpetical compositiorsragil egehiods bSthbik ocker s

i s t hatust reseathér atdolestion o1l ville vy SEITRALAY; : nd..cel | -cycle
bl ockers,  do not ,ki(ﬁﬁ i m‘r(:Jnne cel I s tHat _nay"%’emglg&@%\%}'d?oggmbtﬁ%m{o

sti mul T9RBRCIH9T YaHausinfertions andqppenti and veceinasionpeaing varidusplisehses.r ed embodi nent
of I0hi s genevilfige aR¥kiRRiEe8 plofei ' or ,more.nugleic acids
encodi 38{‘?' L-12 gndﬁg lsecondp(‘:)§etl]E)Sck}:iadril2Ie P%agggrg%c%g?te%a& E??S‘t}fngmﬁﬂeﬁr viral ,
rei nt r SRTERTHRE Rk dior exagples 1Ti-h2 ts knhem hoihave agromativeriffect i Ban 85006k g

cyt oki RgfebBord iREIGLiAObY ndling esent j.nvention provi des novel
vacci ne corrposli ti Sﬁés)ﬂ’ and et g%%ﬁgﬁng@%{?gﬁcfegﬁmjf’ff”’%f’“’%@’ #1es: i nt ended

to provhcearssites hraplasmaondy, | Leishudit euljaryadh e sespRR Hemnidhi; iackhpat ed host
manmmal A8 : It Al ysing.as_ap adj uvant two or nore
cyt.oki nes tﬁgzt% I%agsgh gg]gr\{%%gg%%gﬁfglrnggfg%f 3‘3‘&#“%? Ip§RiRee aytokipshse i s
dedPr edenarelly acpincombinatimoitizt dftey ussfblctis nseRisioR preidd dRMARing fwd oFEBr244
naybe_fcgtgﬁﬁlle glhas'gﬁloﬁﬁwlmtti%ﬁ% L. Usi.on Iprotei adm ni stered to an animal in
conbi nation with an antigen. 97 ically. (o Grafppley since 3L-2netentiates thepfiewss 61ised
and adM-l2sit srusefultb chmbine thedel ogitines A thatrB&tiof BAd¥erial, 5aé%ti@g&sgta}at?qﬂ‘fy be
furthegt d to an antigenic. protein itself and uséed to’ I mul ate an

i mune response. In this case, the invention is directed to vaccines that

rely on theA efsidmehid ofWestiieast ik BEAb likkeads is 8 usd AficEld 1AL 00, OF
cyhgt o?}ogeiT gh%/tr%h cytes gnd activated phagocytes to provrde pr 2tion
agal nst T Hrecti %ﬁﬂgﬂg“.ﬂﬁ %4 tegetans dpshtibgiatiaces theinltiplp eytokihé 3t theisefafl t o
per f or infetion] Natiduemagsting BrdidpidsQfe RIsGitRlBRI0eRMPrising 1L-12, 1L-2, and the

anti gen, this conpination directs a Thl response against the antigen.
Convent i onth%EHaﬁeaéfﬁ‘ft?al&g@awmr@@f Pgrmyention meh baesedah theyfofeslholi@, | nduce a.

Th2 1 esqmiBsiel, of Kqudl dolage ifSFHN Gick 55 B2 ' ired, fused conbjnations of <
T12-pronoting cytokines rray_Be_Oseg.ﬁﬁﬂ%@’éggﬁ%‘?sgl,es’ﬁowﬁﬁv’IH%“ eful to fuse
| L- 4 aPtPFRSIORs o redibepreferablyi wnitdsisageforms suitable for administration of precise

15 dosages. The compositions will include a conventional pharmaceutical carrier or 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
. in the 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



and. the resulting fusion protein used as-an adjuvant. In-particular, if it
is desired to recruit  dendritic.celts in:an. aninal, fused: conbinations, of
| L-*47arfd > GvCSF may be furt her fused with 15 either an Fc region to pronote
bi nding to antigen-presenting cells, or fiirther fused t® gpgaoki body - -
capable of directing the fused cytokines to a target tissue such as a
tunor. TREP®%nt invention al so provides novel therap&dfi*%épositi ons
and net hods of adjuvanting intendgég to provide a synergistic effect with
certain therapeutic conmpositions, including so-called "cancer vaccines,'
whi ch  maypitd) GirilReAioR ShShEN iR LERR RERLT TnjedBor8 a Brefa Rl dGAlE&I ofce! | . For
exanpl e, a_protein conprising two or nore fused cytokines may De :
adni ni stadpEdst@iotect |y by an appropriate route, along with appropriately
treated cancepe ﬁﬁd@?ofae@%&ﬁlp@ﬁnd Mk&?ﬁixmhfsu%!ﬁgengg@we f usi ons

capabl e of expressi.ng cytoki ne-cytokine fusion rotein O Create

mul t'i f urfebied haing Beandetha seved i ofgheatfiation) the pavifer efadpkinisestiongandahbé usi ons

bet ween juddrichPorthe}fcifl plysizian@nd between 1L-12's p40 and GV CSF were
synt hesi'zed. In addition, the coding sequence-for mature nurine p35 (SEQ

I D NO 1) was Asdeserbed gbevepeiokinesrsueinas He2dbrl2, 6MyUSRJE-4 bat othérs baveltiegh

| evel s i J.Cl I - ] 4 S.of  nurine

pa0- | L- 3T SHIATT R RRbrEhicel Oflder SORE Eh i Sl BRERE Rt

r espect imatigle c3eking thsieraproistOnltica@neint of cmcapfor sasms ofwimbler admeitis(@i@, | D

NG 4). Fusi 3 C i f, | ‘1o, ,mouse. p35 | D, NO 5

and of el BieTRE S ork or it clbontly oy el T PG Ry e

consldr uatletilve autiviting ofthp res sytalingd. asm ds previ ously disclosed (Lo et al.

Protein . Engi,neesi 1: - 500 98]; .Lo et al. . S.  Pat ent No.

5 726, 087y AR Yhiraset Bearat dreanker i@ Feudte iR AP BRSIT e

C-t er m rmsissoé, sb e eRSt bf the aptbkinesiyiaj bavoncentaddant shetkaifebe df Byteid | | es et

al. (J. lmxunol o 1998 60: 6195- 6203) . . Fusi ons of mature rnouse and

uran p ST B oq piE S GamnE: S5oabocmitnBayoRosty agrevRRe

\%gst r2 g?ﬁcﬁxﬁhéﬂ Eo l_:ol_eﬁdbmﬁbﬁﬁht@tg?uﬁe Hwnﬁhicgﬁﬁ? He%ﬁﬁlﬁﬂh&%tfo%&l&eﬁgﬁﬂt&ﬁ% > and
: e type. trate i scussed here to fuse p40 to IL-2 an

to Céie—ezli)‘?r o H‘@Fd?’%@g“@ﬁﬁf‘?‘i&ﬁ? gget %mflﬁ@?“f Baqkixs fotion peetes thatds Butist oki nes.

Speci fi Gadell o a talpetinpQ@em Gudhes W8 AGEbdy. Th ParfOshr, thbtahi®olied RIS- /R A V4. £94YRT | Ses

a signal,sequence for secretion, while the C-termnal noieties does not

requi r e YredfARaISISUBRrSRERAIC Jtiseriey 28k MM £f plaf@Beer Res [1889] 49081k Gillies & pl ace

a codi ngt, .E»Qﬁb!ﬁiﬂrﬁm{lﬂﬂogﬁca!;Mod@@@ﬁ:ilﬁ?[l'%?i@f.s. PaieR{ 16428 0Y5 36 dra @am no_aci ds
long and rich in glycine and 10 serine, between the codi ng sequences for

t he t wo “e8pPdRIndGien riae mptikodumubinlaeytekine fusival i is@fien nsefd reinaestizgteddd  such
typed Oftydelbd bfdds af @oWlelal aftiBdA§ dieMEH ainst kb Htig%aﬁth%h@ 1iﬁélg tq @irg&%é A le,

details of the construction ofa fusion between the nurin
subuni t tkattypaof lumer. |Hor example itagay g dsefid to characterienitye hungddit FACS dralypid)

buni t - - 1. ‘ R {rom. | | |
2ot vat o St oA Siaatiatpn of B8 b N of iy ARG B BLSiniel. 11
f or war d Syl methodsafitunive clspterizeton’e GENABOWAGCHAEGKINET in(6d art GAGIARG CTA ACC
(SEQ 1 D ohidh fdrizatidh, Weh 6loroldBéls bl WinFHiAGESE! A AS5osSof ¢fargdt mulele

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 -



NO 7) - was placed upstream-of the translation initiation codon ATG and the
reverse priner had- the-sequence CIC -GAG CTA GGA TEG GAG CCT GCA GG ( SEQ
I D N08) in which an Xhol-site CTCGAG {residues 1-6 of SEQID N08) was -
pl aced i medi atel y downstream of the 20 translation stop cp

(anticodan LTA).. After sequence verification, the Nhel ggﬁ ww_jq dagnent
containing the nu-p40 eDNA with its native Ieader was |igated to t he

Xbal - Xbol  di gest ed expressi on vecér pdCs [Lo et al. (1998) Protein

Engi neeri ng 11 495-500] . The restriction sites Nhel and Xbal have
conpat i FARECKeElE g5 ﬂé‘?ﬁ’cﬁmﬁaﬁ&e@dﬁ"@t@hmjwunddAﬂ@namww thelD)Mngytbfe - p40
becaus einfieddda ihtd Shetdnédd LA PRk X exSonstruction of
encodi n p40-mul L-2, an gﬁjlmo?g%: %éaa%{g-‘gn&%uma TETE 3°PBRss R he
mu- p40 %‘a&a%eéc‘?l{sswmb mayczs of ssp@@sas@ycrxtmoﬁmsmcerxmmumlpmgmnmecgemat ai ni ng

the cDN&sih, %0 at .t he junction f the

f usi on. Sr otéeq%% vvas%rééltﬁté @W&éﬁ%@%’ﬁ%m

NO 9, Wﬂébe“@#@@l@m@wwwmbmbf SE@ldtibN@hﬁl)qutssmbh&e iﬂswcﬁmi e C OCG
GG (1 espidd fe e, is the - -
C-terni ihal Elgartr% ﬁ%& g‘(i: %d g}ggs !}Qfogl)rrrﬁgr‘?eﬁ%psp%‘mgﬁows r%“ctv RO e Py nal

r esi dueanyrothietficientirapsfectipn H@ﬂwffh'ﬁlem\iﬂeemcﬂdner}gansodﬂglneﬁ@ﬂlat oltihd $udidn MUGMCSF

was derjinigel b Ol encodi ng singl e-chain mJI LI 2-mul L2
above- b‘?f re %am ng Sch O(I@{%Bﬁ%%% the 1 5 FEB 2004 WO 01/10912

PCT/ US00/ 21 7&@1-2@cm@@3ﬁrap@mhatnmm asmeelxpameg a fllien BNAo BEMQRE fusdd t he

L.12 C TGC AGG GIC CGA TCC CCG
) unml J}Egg’é g@%bﬁ 58’%%“%?&“‘ 0&}%?‘%‘%"6 A& Wﬁg%s‘a%%ene that gray SEENEMd NO 10)
i's t he tﬁsiﬂ‘lmsmt-siumﬁaﬁ@@r@értﬁdsaf tfesd tytokide pRkeinbfr Eﬁn’l}lﬁ% %l@nubﬁ:lctz@@ Smal :

site, o%u":mv h% C-terminal am no acid residue of nurine p40, GCA |S
the N-tern nar RS Fe o5t Pivat EEPFHE‘F‘PH@‘Wmaﬂ‘émjhed?dompmeégnon of

| L-12 figsmwme rggpohseito antigenslékpkdssed Hylihd @Rcd cOiL€bis B- fol l'ows.
Differ ent corrbchnat i ons of the i ndi vi dual vect or?s)mechco 4‘8%? u3| ons and

vect or SUEIEAR RGBS Fsh profsin mojetigs. dnsasievlar, pesleig acm'hgkgcisa'@ theB®d human
2 93 sep mdeﬁrﬁalhtoeﬁmfaa@ﬁﬁtdﬁeinhﬁ bd StrahéfBAS ﬁ%?\@éﬂ%ﬁ&%&h&&ﬁgghon%? Bl rt; groteins.

ng preparative kits (W zar
et hanol ab‘i"e@gp#’{’ %%e gﬂﬂ |of sancpioellawith paycleipetid expressing ttile wat er .

For expitskiiedsion nﬁj{ﬁls@% Q&H'B}Sa:ﬂ&i 1’)9’@ annjc%néllﬁﬁ'aﬁ)tfboﬁr 9t.e n'; nQEt qgﬁdxhner S
different conbinations of the ind IVI ual vectors entoding ?Pg
non- f uSFT8Hs thsrGReces cells{Eodg g5 #hi(1998) w@p@lqtram S0it952485jp Teasadion Bl cancer

co-tran Hian JHomm wa rified
usi_ng p?ﬂggtgtg :ﬁ\géeléllg?t s %&%@Hﬁlg@ TZEJ l maY@?ﬁ‘?A’ﬁ&?"“BJP@BF‘g‘PX atS eguf IorI

st @Pi | itEatmesk with g anegmpmblpciwr [Epds wm qlegs\mm NatCati 8¢ ghssgphat e

recipitate ne ds u of DNA per ml (5
o1 Bhch. wibebes Bl b A B R S B achis o Yo map alse o 6.
added tcembised m\n@@yﬁengeagmmmg miultipfOcyokind ftios pdteind D Rh QX Bl bycoZO%

treatment with additional i immune stimulators or angiogenesis blockers is that these treatments,

D

-

o _unhke DNA-damagmg agents and cell-cycle blockers, do not kill immune cells that may be
25 . d1v1dmg 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 munune response is desired, multiple Thl-promoting cytokines



confl-uency (MOLECULAR CLONI NG = A LABORATORY MANUAL, 2nd Ed., Sanbrook, - -

Fritsch and 20 Maniatis, eds., Cold Spring:Harbor Laboratery Press, 198-9')..

After .16 hr, the medi um cont ai ni ng -t he preC| pitate.was renoved and ~ -

repl aced v'vith fresh medium After 3 days, ‘t he supernata FE%SZ{]Q s enoved and

anal yzed f(?gm%gductl on of transfected gene expression gg | SA, bi ol ogi cal

det er mi n3¥G BAYSF IL-12 acti vi ty, or inmunoprecipitati oh® ’Hﬂ""é‘rﬂyisym s on SDS

gel s of radioactively |abeled protgins. For |abeling, nediumw thout

met hi oni ne was used to replace the 25 growth mediumon the second day of

cul t ur e ragythe¥asdiRl Heqtiulme {66 frilefidaniNaS e AO3R dni ﬁ%mbu%ﬁo:?‘qrﬂh tghonal 16

hr i ncubation, the nedia was harvested, clarified centritugation (5 mn

at 13, @GUE%mln a table top mcrocentrlfuge) and |ncubated with protein A

Sephar ose be@ﬁ’ﬁar(létgarl IL- IPinm%Xyoi)é’ﬁged%ﬁ atmlmgfereﬁ%ﬂﬁr %.Bﬁégl)ler natant).

After 1 hr at room.tenperature, beads were a y-repeat ed

cent ri f fytarpasivelynkd- lr?e@éé{s@rmw ﬁlﬁherv@se@)wfam@nnmmmn itselfadNsed et - P40 30

N e thﬁ%uszgﬁa@g&& of éi?&@@{&Rgh&h{}qh&%n i er and
oiled for mn. After renovin eads by centrifuga {fie

s uper nathaﬁ‘t s Wéisrﬂ%ﬂlﬂiﬁ‘—dj@dmimﬁ’d 12 \Fkﬁ Qllclt@fmwﬁ cytotReid Edﬁm@oagaﬂnd(aﬁ%ated

2- mer ca boiled 5

FEB 2002’&l Q%Q?ERJ I)myrfilﬁ‘?lplg%?g% %g%n?ﬂﬁt&l ng ger? q@%%;aam thgr%es ec:a g gel _

Af t er . elveeful toppledprs Vascinhiéong evithiasion preiss eomprising- Ihay Ifu-:l lanc( ﬂrﬂtaongai: agr aphy) .

ol s i RPN R R LARRO R B B L SR T

p40-1pL- Zl,um:an $@&chmg ab@ﬁtenﬁtcpi!xiscemJTtﬁA@spbhmZ hu. Fe- . p35 pl us hu. p40- | L- 2,
KS- 1/ 4- hu_p33%¢ Pibs; 40-1L- 2, wher e
"mu" refers to marll"’"mg IQSP (énsﬁés d@fglde i ﬁ“ﬁd1°°8?’é‘}a§°‘{58?lﬁﬁia¥?m°§%f%ﬁ‘)’ﬁ’é'e When
cell s weuay hmlsetbcifqrwdrﬁgle Ivabe,s} igchseful to B3 Aeind (o0 mcmmdsﬁglem@cnadﬂ@r ot ei ns
exan ned red SDS ectr hore IS an t.oradl ap hi gh
evel " oxd Hebtigthicitro R up B ARE B e LB RS RBRYG of

r educed dénmtmrcem intaaianisnalyefied po@binatied obmsedadamldw R0k ﬂﬁ%ﬂ@hﬁﬁ of

nent ins, as foll 35 of IL-12, 40 of 1L-12, 40 kD,
; 9 160, an & Iegion promeje ﬁﬁ@w L AieRn-PEE LRy e har ﬁﬁg‘Fli yprd tegapptibedy kp,

Pr ot ei n&apm@sfaﬁmamg\méﬂs@p@mmmﬂabgettt‘s@e&h%@trﬂﬂoml ecul ar wei ghts were
observed. Stg_% \é trapsfected cell lines expressing nultiple cytok| ne fusion
protei ns wer &g PEsent mverfionalsg prqvides pavel thewpetic gampnsiigniend reethedsadr uct s,

|12 plibmigOftelded 12pid 40 EYpreRlilcubbaMitRERh Pihita AR db RIS ST On
vectors as described earlier for the IL- 12 p40 subunit alone (Gllies et

at. [ 19iuding sowalipd fcancepyacciney 5whish gy inclnde a selested aptigeaiopcuriingen @x pr essi ng

t he2p40 sk n%ga% expression
vectors gl?]b?oﬁ}?ln %%ﬁ@?ﬁdt&?kéﬁﬁ gﬁ Sﬁﬁﬁﬁagng%g&'ﬁ%}%um on protein
or an aﬁflmmyrcg%wﬁw@n amremratwoe%pd@sgsmﬁmpp@gmmly asatecbcautegmellbed
(Gllies et al. [1998] J. |nmunol. Egm Rl 95-62030) . Super nat ant from
stably transfected, cells expressing mRn Fc- | L-12-1L-2 (i.e. expressing

KS- p35 d&dmpleQ= | Corpiyusins Oﬁgﬁnleéo‘ioad cmaaletoﬁe;vmmdgmmmezymkm ﬁwfaned by
bi ndi ngpp&eﬁpd

25 o To create multifunctional proteins having a plurality 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

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).



elution fronprotein A Sepharose according to the manufacturer's
procedures, (Repligen,. Needham. MA) .- The pure-proteins were assayed by .
ELI SA for. I'L-12 and IL 2 content. The 5 results showed that the individuat
cyt oki ne contents were approkximately 4-fol'd different by eSSy 20 ch ‘
correlates to the 4-fold difference in nol ecul ar wei ght. hetween.J L-12 and
IL-2. Simlarly, assay of the products of transfected cells expressing
human KS- 1L-12-1L-2 by ELI SA for $-12 and IL-2 levels gave siml ar
values of 1L-12 and IL-2. Thus, within the accuracy of the ELISAs, the
measur ed val D&Lon #6‘?38’&? @oRs 2pd hymarrp34 el the)C-perminus loéthﬁg(&ﬂ@chnnedm lﬂ:aﬁ;bout a

1:1 ol akairk Bldestribed BGilIea 8Bal I(F Tint fe: L L-12- GVt CSF
f usi on ra(I)tel made}hgll t her V\(/l th tlﬁowgﬁﬁ%?j %{Pﬁ \egr%{O?%OdJSIongo @%04 WO
01/ 1091 50usppan ar?ﬁref‘%o the(risFrginys ofthey t4.18 imtibody hemrcbmnmm eindsudted ian | FN
yi nduct h@ﬁhaﬂfg%ﬁé’mﬁir@}@@nqa%m%daw&b‘ﬁc& onl Wobd7 2% fusion proteins was .

measured-in an IFN-y I nduction assay usi ng ert & est | ng or

m t oyen- act i VisEeF efistapeysisonisadhert tofueropiOrto ib R apidea GM-€ISFSs gérBE’d]/E;S) from
human v RiEloShd sured b SA: Human
per i phe?‘gjl*|i bl ogzth ngl ?\%ﬁ Eﬁﬁ‘"@)ﬁ l-d(‘:) EEN{ O%%Ng% ﬁcalmqg%f%ff%ﬁqP%%PE Rasy

vol unt eBrteminal maigty cqyuprises asiignalsequance fdriseaetion while mel?l—t‘e@ﬂnhml‘ﬁrlaﬁﬁél@does

( Phar nm. t 0 20 m. coal containing
t he PBl\/%ét\?\‘é/eqsu Q-g?@iﬂig]é %{eﬂ% S“e?%%’%ﬁ{ cas ey d{%‘ay Pr%ﬂ?e&ﬂm CW%“‘& o a vol ume
of 50 n$eqnenge &ylalsbest g@uﬁ:yiudcen prefdratgﬁﬂ 0-an aﬁﬁn(ﬂ.ﬁﬂﬁ; léllﬂg’faﬁinchin Bly@ine af t €T

gr aghh en res end cell _cul ture nmedi um
con'?o ai ngl'srﬁl{;lg ri%{yeelig%fcé?‘{}% %?/“F%Se s%'? H?[r?f gﬂle\)@r}ﬂ‘h mAniRplatieas involved

phyt ohemmggftreungmllrsu(lﬁqu orﬁxsiangarmmmmalsﬂerwskm in@e £1.x 106 cells/m and

were cul tur f 37Cin.a dified CO2 incubator. The cells
were col | ec?g’de %%atfy"ﬁ% |B‘°ﬁm°§}\?¥s%u I9p bervepnyide npyiring Thri 2ad0al  vol une

of SF- H%lbfhmamﬂmmllk-aemkedfblﬂbvﬂﬁh 12 cINA (K o Lbi quot s
(100 1) _were %gg%g{? d into theS well's ofcrrultlp M@uﬁﬁlnji r{“g%tr)gén'ﬁg give a

final CBfCIgRs oMY EOYE SPiGEN qells activated avii ConcavabimALE regdlni irailtoredi um wer e
serisl Imeauml;a;emay@ fihe fdtwsrd [phikieEhARAd &%&%@gﬁ?%ﬁﬁ@c\ﬂﬁﬁé m;l‘bﬁ‘]ef;((?’ﬁ wel |

pl at e. é:ontr wel |'s recei ved | L-12 (FI or "an equi re of
comer ¢+ 446 £T44CCIEEQ 3D NO: Puinawideh ab@lt—‘bmer%Mﬁﬁ' Glesides 3-8 ONSIE) &DD

Syst ensio:7] ks ﬂla@éd%sﬁ‘ﬁﬁl%f %Mﬁﬁtfﬁq ihiRGtiS ??odon AalI & gllegrfaw?eir%ryher}%ug ator at

which time aliquots Were renove or ana

concentth@ssasency (-7 ELGI%&C’IMG&MG@GN&CCBQGAI aG® (@@ﬂ) N3 aiwhRE blr er

(Endog I re 6A, heatrvrtles of t he
Shol sﬂ&CT @?@'{fegldues%% %% Iélolcig ed: (ié)

human I'L-12- usion protein fielydpwastseng ofith
r et téIﬁHFIﬁMSfm@dom'ﬁAGl(m&doaIM) |Aﬁlmeqi1ehfd\bey1ﬁt:§hdmdﬁm{eﬁ)¢lﬁyel s whi | e

the | st.r.ongl ced | FN- nthesis. Since IL-2

is al so eh&o? tairi%étﬂl ns LP? @ e%ﬁén‘fmbf M?H?Wﬁsﬁ’ééﬁeé to éﬁé@’él'?{@ghl ts

i ndi Catthgeﬁhdt:xprbmolnlyectdra)dﬁiﬂﬂ,d dt aR (1998 EProksin Eﬂ%n&@&@ 1249514061 i@feal within
Next, the ‘activities of ian

Lhe, T ustap et Hesll on e sty ol Al e el
cloning of mu-p40 because mu—p40 has an infernal Xbal site. .

25 _ For the construction of DNA encoding mu-p40-mulL-2, an oligonucleotide linker was
used to join the mu-p40 DNA via its Pstl 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 : the 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



and a m-xture consisting of 1.1 nolar ratio of IL-12 to |IL-2 were conpared
for their ability tg- induce I FEN-y. The results ln{' gure-6Bindicate.that
the Fc-1L-12-1L-2 fusion protein -and-KS- I'L-12-1L-Z2"fusion protein have
about the sane activity as an ‘equi nolar 'm xture of |IL- 125 an@ booy, 30 2. The
same results were obtained when the nouse fornms of IL-2 and IL-12,

const ruc®®iM% he manner just described in Exanpl e 1PFOUS¥¥Ruman for ns,
were used for the construction of 59fusion proteins. 32 Exanple 4: IL-2 and
I L-12 bioactivity of IL-12-1L-2 fuSion proteins. 5 FEB 2004 _The activities
of IL-2 j f uSi t e r ed. £

cyt oki n{ang@i%d%;c% gt?%%s%}gﬁ-sgdsg% ]2@%;3@&%%%&2% [ {;/EIP y&g*ntg%.' ('Irhht}ﬁlrrflﬁgﬁ%nt I body
14. 18- | andirpuGMCSF wan L6l AGGAETE €SACHCOTCEGIGPA 2AA IGCA (SEQIDING: Bd)at i on

assay. - .Qbt ad vie] ' ltured with 5 |
o1 ogr G TR e (RN 18 ORI NRE O Y Bt SRE T 08 GR eSS Y i
HBSS, aoUSEQD H) ¥@: 10 ischenSalsite, TRCC pl tht EstennindiGminehdid residne vliinegei®pr di ng to

a stand r. UJ € . M. K . Chi iite, R, and Presky, D. H_
S Bl GCRORE R, "&ﬁ%ér?ﬁ%&{/m?‘l%g‘ﬁﬁ“pé%ﬁla 1--'6.16.15). Cells were
i ncubat Bxkripde 2.-hExppeseisr oftié- IBffusiar protegnst est proteins for 48 hours, and 0.3
m croCuri es of (i di ne-were added, t hour. efore determning |l evels
0t TS0 e e S ol M R AT e R S he? | 1Y)
and | L- ixdbidualneatoestbnéadingrpd0 fisiane andiecBdrs edoodingiphsteing Eampridgp3isvete co-

. dose- dependent. . ner ,.,and.the 14..18-1L-12-1L-2 fusion protein was about
caual | y PRI i abiein08 FRIAERh G Rtros BT GHSisR SHBESORgh L e Pioros.

sti poul aDBih waqerified wskig@fepafatiddkitd (Wizatd[Proarky Inal), dh@dPpretBltaEd for o
concentrat.ions, indi ca%i H%nthalt the observed incorporation of 3Hthym dine
sti mul a¥teyiza{on and resyspepded fn stenile waters g on protein is due 15 primarily to
its I'L-12 ackdrékprssiolResbiblogicalytacE O 12 fusfinGhéein hetetdtiméld] different t he

bi ol ogi cal, .activit ,o{;_ I hag IL-2 noiety was tested in a different cell

prol i fe?oa?‘?%ﬁma%%fé% indigidpas WEGters sncodinecfyrion pRorasdisien famsiof theisubugits |j-psky,
P. E, w&e ngﬁ%éﬂ;l Xgll:esl&d by QeLitRbectiInUraaRas |2_9§‘eﬂ)\lgérﬁﬁl’%aﬁ‘£in&ﬂi'wm.l B [ 1995]

p. 6.3.1 - 6,3.7). The npuse CTLL-2 cell _|ine depends on IL-2 for

pr ol f eWay pusitied yiug roomarative kity (WizprdePromesalnge. ghastol prspinitated for steslization to 1 0
| L-4, by = iof B LME A reipflel Srel ' q;.8hase

gr owt hbﬁv\{edr eﬁlsv\llgah?%llg% %%&ﬁnuﬁ]ecg%r}ﬁg?sgg%%%&} L- 2é gﬁ{jerbaﬁ%{ég asltta(i)i g%rgut 1x104
cel | s papthpds ysing ] 0 g of BNA rer mh€F 18 of ¢ach wéden preplasmids verecartransfsctadondt s of

comer cp | | 2T - | i3, OF

comer c‘?'g rt% ﬂ%ﬁ %l‘li_de%g) anﬁggﬁ%%némnlg&%ﬂ%? él.ategé : f&ﬁéox%;r}%@fﬁt/ he growt h
per i od, confizency (MPEECUbAR GLRNING: A BABGRARDERYMianitALL 20dBd.LuSamigrool ErikdE ARdl S
assgy. : r] | hC vel s, of [l-2 L--12, or
TR el o, RS0 oo KRR OH Nrels U TRE M o meiieoplebiidd

mur i ne the peecipitete mas iemovaiand gepliced Rthifreah inedivon Aftatlalays, aliccsupbroatntaepsal | y
potent in | oul_at,i n roliferatdon |l e increasi,n upts of., mari ne
"D 55 ol R B et Eptnplste R eche P SERUB R ARR, Pfoe®hhi s 1 coul
i ndi cat dseriiation GEILSIRiantiNint oxdmnafofretipittionceidlangly s 6if SD8geRRL by

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 harvésted, 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



noi ety. Exanple S: Construction and expression of single-chain and -nultiple
chajn IL-12-{L-2 fusi.on -proteins-with and without<anti body noieti-es WO ..
01/:10912 33°'5 FEB 2004 PCT/ US007 21715 .. A single-chain nurine IL-12-1L-2"
fusion protein was constructed as follows. A :p40-1L-2 glt@gzﬂ@equence _
fusi on wasvoonstructed by nethods anal ogous to those useq,J.,l,gPastruction
of the human p40-1L-2 fusion in exanple 1. To connect the DNAs encodi ng
the p35 and p40 subunits of IL- 123%nd generate a single coding sequence, a
DNA encfod'Lanna,l i nker.. was SSSI'ZK{F hesi zed wth an Xhol site at_the 5 end and
a Bar H°&7 {iin Bporitp doadinggaan palyaceyriamige gelh dfieneleairophqrdds the gl wasdi ng
sequen(mpmatdmc{hj,'ﬁgﬂ(g@orgmgéﬁgm_e arestriction site, and then ligated to
the 3' end of the linker.: The 3'""end of the nurine p35 coding sequence was
modi fi ed t o [GRAECHERS usingthe followingmrpesstien planhills wart petfdrmed:hau ¥BOplusi t € of

the |i pepao-IThe, KEMASHE! | ' -Ghal | L12 -p40-mul L2, .
descri b‘(fdﬁi n Exa , %\?\g?g@g%?% | hte(g lggmﬁl' | gnggn&ugﬁgﬁﬂ-@gﬂ%PsI@qu Striction

le 1
site i ‘EA@'{-P‘{%HQNE»\}B‘-%F“PW pHis bupde-da2t Kiar4-enptidilmchugidoglo; afsaian s-

mul L1243 | wer e _carried . si ng, yarti ous vectors and DNA
frag rre?f%g gllugth F%ﬁ g.q%?, ﬁggﬁ\gﬁ{uefﬁ%rs tJ% %&Bgﬁérg{'égp a.ﬁ?l' MY s 19 ARy i ne

p35-1 i MKYFIPH40-1L-2 coding region is SEQID NO 11. At the sane tine, a
correspondi Rghesi =ehal ' w2356 0ding .sequence was _constructed
by corr.es p_ond.ieﬁgeﬂn%fﬁﬁ%gg‘lf&?ﬁg&wg?#éd Wit | 'ﬁ&egllg‘g“%%ésFﬁteWteﬁ. 15 In

addi t i gramiged byredneing SB et dc¢mhwe@hm¢amgﬁ@geaﬁﬂgﬂﬁgm¢9@(;,lg@e@ic,wé_sne | gRa
ocd e Rt R Bibn e Mol B i3 ko e B prmmerisiaiduseicnn
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Fc-1L- %'Hr‘g’tl%iﬁaf"lzc%gkﬁ's i,on of qu' gqrot eins was assayed as described
in Exanple 2. "Fc fus pleeavheha éﬁ@a &g dghtspainds ¥D.firagineg to protein
A 20 Sepratimpseith aptotinglely 8¢ kalidéd BERERS ST htOferE6bdehed 2- | L-2 and Fc-1L-12

wer e observgd,. Proteins re synthesized intact, as inferred by the
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a conf gpuhidtah 30-gAis Sidibe brotdi PR 4t X L2 onfiqguration in Exanple 1.
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Nccdham, MA). .The pure proteins were assayed by ELISA for IL-12 and IL-2 content. The

5 }-esqlts 'sho?ved that the jndividuai cytokine contents were approximately 4-fold different b)} mass
which correlates tp the 4-fold diﬂ'e;encg in molecular weiglit between IL-12 and IL-2, Similarly,
| assay pf the products of transfected cells expressing human KS- IL-12-1L-2 by ELISA for IL-12
‘ ) and 1_sz 13?’?3_3_ gai'e ‘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.arc being produced in about a 1:1 -inollar ratio.
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spleen cells activated with Concanaval in A(5 pg/m.in culture nediumfor 3
days). The.forward-5 FEB 2004 34 priner--hgs the sequence AAGCTT GCTAGCAGC
ATGTGTCAATCACGCTAC(SEQID :NO 14), where a Hindlll site AAGCTT
(residies 1-6 of SEQ ID NO'14) is placed upstream of thg £ sarg Lation
initiation codon ATG and the reverse prinmer has the seguenc CGAG CTT
TCA coc BEN"ECT “cAG ATA GCC (SEQ ID NO: 15), where an Xhoi””°"""“‘éTCGAG 5
(residues 1-6 of SEQ ID NG 15) is phaced downstream of the translation stop
codon TGA (anticodon TCA). The DNA encoding the single-chain IL-12
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Ser Ser GC TCC GCG
TCG AGC g&; &%ﬂﬁ%& %&%%ﬁ\ %%“’ié@“%é@&é %{”‘&%‘ ?‘%réﬁ"’i\?alé( SEQ I D
NG 17) (BBl\mﬁréﬂi(huﬁﬁE@oluateN@(Fxgt&): SWHENey fisodeGon Gay mesiredi B ELESA. of SEQ I D
NO 16) is a Sacl restrl ust ..u m of .the
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restriction site. intJogu to aci tion, and ATG encodes the
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of mup40 and the mature,l\l—te m nus Pro Gy Ser Gy Qy.
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o a5 bt S Pl d e Boal e mirick REfOS pRRTIL IO sEnB FRCT | one
and 150 |cmtaf&tmmhﬁ weadeiEhydilitet tin fedh duiviny peidiuncled addudeo h:eus’iff thee@Geath| ed
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IL-12 (Figure 6B; cytoklnes purchased from R & D Systems). The plates were incubated for 48

o

hr at 37°C in a CO; incubator at which time aliquots (20 pl) were removed for analysis of IFN-y
concentration bj' ELISA, following the instructions of the manufacturer (Endogen, Inc., Woburn,
20 MA USA). |
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 stmngly induced IFN-y synthcsrs 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 syncrglsncally | .
Next, the actwltles of an Fe-1L-12-1L-2 fusion protein, a KS-IL- 12~IL 2 fusion protein,
anda nuxtu.re 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
Iﬁanner just described in Example 1 for the human forms, were used for the construction of

fusion proteins.



t~ 1L-2, nanmely ILI2-KS(Light chain) +KS(heavy chain)-1L2, was expressed .
and tested for’ - activity. Jhis fusion protein is hexarrerlc and- conprises
three different pol ypeptides. One - pol ypept:i-de -consi st's of the murine p35.
fused to the light chain of the KS 1/4 anti body. A secon :@@I)ﬁpptlde
consi st swafu.he. heavy chain of the KS 1/4 anti body fusggd?u mn IL-2-
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dosg de]‘? 4, but is not responsive to IL- 12 CTLL-2 cells in active lo
g-phase growth were washed
‘twice in medium lacking JL-2 and plated at about 1x1 0* cells per well in microtiter wells in the
presence of various amounis of commercial murine IL-2, murine 14.18-IL-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' ' '



Fc-scl L-12-XL-2 fusion proteins were about as effective as IL-12. in .
sti mul-ati.ng i ncor porati-on. of. .3H:t-hymi.di ne- (-Figure 9).. As described in .
Exanpl € ‘4, 1L-2 stinulates.ihcorporation-of 3H 5 thynidine only at a nhuch”
hi ghér nol ar concentrations, indicating that the obser veqlJ #Eﬁgﬁ[gor ation -of
3Hthym dine stinulated by the sclL-12-1L-2 fusion proteins ue -
primaril yYYP8IME r 1L-12 "activity. In addition, the biBf'é4i%al™ xctivity of
the I1L-2 noiety in the sclL-12-1L-z3fusion proteins was tested in a cell
based assay, and was found to be about the sane as commercial IL-2 on a per
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showed tent 1L-2 activity. In addition,_| n ELI SA, the IL12 KS:1L2 and
| L12- KS( .ea%%tepéﬁ"é‘ﬁfen*ja"!fdR%‘(‘ﬁa’mﬂ%%afﬂ?fﬂaf}é Dll‘ﬂ‘p FIH SSOlRiORs 450 18R%Ed: iT8Rt 1y to
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respectively, e fused to other proteips at their N-termni. 25 Exanple
7.- Activi ty “0fnGSafe figey 3 CoFssp leé?mla-g R OPIge Bl cqgipe paanenEe A6 vity of a
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(Fi %re 10). _Huppn PB wer e. obt ai ned ]
wi t 25 ni cr od® aﬁm W%%ﬂ%@gﬁﬂﬁ?ﬂ%swﬁw that eacodang muringEata Fei t h
Hank' s  rEB&Sfusad@ (Y Rbi@alinud bip3RLimker ( Gat—ié:’l?%%ﬁﬂdiﬁ%(se]qqgn&% SBQRENGES.

according to a_standard procedure 3 , Chizzonrte, R, and

Presky, D. HCulterghi cops Wemsdgnsieded wighexperssigy plagmis engpdingghe mutine gingle. 15) .

Cel I's wenginiFequbaties dnd FEe- 12 pRAGRC ExplesMan bOMS i ' 48 hours,
and 0.3 mcroCuries of 3Ht h)E;rri di ne'x\%afg add%&?;éﬁﬁ%ﬁi‘g%%rc&e%et erm ni ng
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| evel s dfesqriked Buldtample 2. {Fa fesiqaareieing were|purifiod by thetnpinsling toprateini xt ur e of

| L- -] ted | i op f i di
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into cells in a dose-dependent manner, an

fusi on Vgreswthesizedinapoastinferyertyl the efpfacent imolecilar weights fati migrativoenB®Sat i on of
3H-t hym di.ng. 11 §SF @k dn- Dotr St i I ncorporation of 3Hthym dine at

t he con er?f?ca%lﬁi)&n? ’elg?gg,’&gr%i%%a@?g}@%at the observed incorporation of 3
H-t hymi di ne stherK$-sdli2-Bg fosim preteihSlescribd®inBhaGiple T is2i torarperadithitvo 5 was due
Pri mar i iferd: OnehRypb iriad Zhafhs! th k§Y174 light chain and the KS-1/4 heavy chain with the scIL12-

25  IL2 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



I n additi:on, - the piologjical activity of the GW CSF noiety of various

| L-12- GmCSF fusi on protel ns is-tested in cell based assays. It is f aund

t hat 't he GW CSF hoiety is active, with an- act|V|ty per nole in the sane

general range as commercial GWCSF. For exanple, the biokogigaggsactivity.
of the QW,Goks/wiety is tested in a different cell proll,lLflg_rbﬁl}mg)n assay, 10
follow ng a procedure known to those practiced in the art of no Pecul ar.

i mmunol ogy (Cooper, S. C., and Braxneyer, H. E. Current Protocols in

Mol ecul ar | nmunol ogy (1996] p. 6.4.1 - 6.4.20). The nouse 32D(GV cell
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radi oact i ve ThBONA6s T 4
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i ncorporatl on of 3Hthym dine with increasing
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protein, calculated on a nolar I's corrp 0 ctt'hat of commerci al
nuri®he GW CSF. Exanpl e’S. Treat rrent of colon carcinonma in an i mune
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experinments were performed. CT26 is a colon carcinoma cell |ine derived
from Ballb/ C mi ce(seE@ypsioamdard genetic engineering techniques, this cell

i g Waeced nee(sgg]ﬁ,g,oqg)or ess the human epithelial cell 30 adhesion

nol ecul e (EpCAM, which i's the antigen recogni zed by the KS-1/4 anti body;
these cells are ternmed CT261KSA cells. Bal b/ C m ce were subcut aneously

i nocul Rk @iddr 2ex 66 K% I ch
about 100-200 cubi (é:lg%d%lﬁrrét er séq?nl\gjeléggrggséég%g&nﬂgé%% ugtqlpg}fﬁﬁ ltlgri{foups 5
FEB 2Dmaringg3%iramslagion stopseddny GEE encrdasthe CBemgiinalaminedcidiayids oftumine - bear i ng

f. KS- d with
o 25 Go8aLEl ol B or 5045 o ol ARl S padledf 1 1)
Thé8e d@glésteétg@nqnemcgﬁw qmo@bslthwﬁﬁermmaecpmhe ofmitere mi-phd.- 12 and | L- 2

mol ecul es t € ted i ral once per
day for fi v%gﬁﬁgty%%g’qﬁﬁomg%l < 33 %ﬁ@ﬂmg}' %&é%gqg }?ﬁ‘é"“ﬁésul ts
of one seqchceat fejunving ofimap4hawithe maﬁr@ﬂn&:ﬂ;ﬂus ofKStH&h\%rme“ ment, KS-1L12-
| L2 caused a profound i u h. . The m xt ure_ of KS-IL 12
and KS-1L2 al so causedrm“a}nlfl GE refrhfG |t ’E)nGIBf uffBr EYSMh but not.
as c 0 mﬂ IGLCLOSETREGH TGO CEG 6G. {45 gﬁé GGT TCA GGG GGC GGA 6GT AGC GGC GGA

"Gly Gly Ser Lew Ser  (SEQID NO: 19)
- GGG GGC TCC TT4A 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



group of mce treated with KS-1L 12-1L2, six of nine mce were apparently
cured of ~their ‘tunors; 10 these six-mce survived until day 93, when" the B
exper i ment was t-ermni- nated; and the-tumors .in . thése mice shrank and

di sappeared, so that no subcut aneous tumor could be det e gt fooom day 39
to day 93. The ot her three mce had tunmors whose growth was del ayed such
that the™P¥F"“ vol umes exceeded 4,000 cubic nillineterS'0RIY“4Pter day 87.
OfF the mice treated with a mixturesgf KS-1L12 and KS-1L2, two mice were
apparently 15 cured of their subcutaneous tunors and survi ved until the

end of fthe, @ﬁﬁ&j’rimﬂKSﬁLTé‘tﬂ chélﬂPH@S(héhvyEHﬁn)tﬁ,m APreSRY Rl iGEroAli d not
- di sappear  and_event ual iﬂ rew to vol unes of 000 cubic mllineter (1

mouse) @FtiviYe Al Tusipn prokeipschexymgric apd Wmh%‘teetl%ee(d@ffwréeylypepﬁéeﬁ & t hat
KS- 1L | 2olybeptids cHRMifs eftﬁ@ﬁxhhﬂepimeda@ ueq;ghmhﬁarofmeﬁswmﬁtod@ A Letan@nd

KS-1L2 is surprisi n% doses in this experinment deliver about

- pi conol @glyetpmagpw tﬁfdtlffaht@vy zbﬁlrpetth@j5§é14 %‘PQS‘H fassfl F‘é@ﬁ@ﬁdh‘zt[@ﬂb@(ﬁ!lﬂl 9x1012
mol egul efgafbrobNQatblabl. K. sHrQa8ITRIM 2 thREHybAHERE 1Shl?&smﬁm\é§4 gpfat about 160

cubic m I l'imeters, which corres onds to about 160 mllio Each cell
expr ess EXPIEH twalishishaies Andgwe heavy chains aye dishiphide honded todfarm the Gytoigric Ep CAM

antigen anﬁayd%ytoﬁﬁmtseu&mectn bRl SuRPE 5 BAY NG sk B i Vigin AN KS-1L12

and KS-1L2 were mxed and injectéd into mce bearing such tunors, it is
unl i kel }ilsulﬁhtdetbheé@mﬁbﬂlpmnocyt oki ne fusion 15 proteins conpet ed with

each other fep. ARfA. &f‘c@dm xf@ﬁ%tgag tng{oﬁpggtggtqglgnﬁgggﬁ jtlncttphﬂ

,and I1L-2 a tetum)r |te een a
m xtlQre of KS-1LI2 and KS- IL2 as for KS-1L12-1L2. Exanpl e 9. Treatnent of

col on-carcinona i nS@rn éemmpqgef k&:l(ﬂpt Gga@palclywsteh 8y ktélplgectegyt oki ne

f f f kill
o o R G%t%atfﬂagegﬁ%%?ﬁ%{ﬁec?%ﬁﬁgA&g&ﬁ%ﬁﬁ%ﬁwggef’t Lancer

patients often becone i mmunosuppressed.’ To address whether multiple
cyt oki ngef Wi on prot ei @sQosRoly used to treat a mammal with a suppressed

i e D m Hs@;‘) g CT26/ KSA tunors were treated with

Kg-ni 2%?‘%%%5‘0.«§5FEB 2%8% 86%/ 10912 39 PCT/ US00/ 21715 mi xture of KS-1L12
and KS-1L2, or PBS. SCID nmice are def|C| ent |n both B cells and 1 cells

and dep for
their agnﬁgfetﬂillgg)@?égﬁﬁdgsl g%%}ftg N?@g‘ié?s c?ﬁgﬁgﬁ ; s@%@?ﬁ&% tunors
wer e gemuawiat pdd trgnsidioo IStoplyedon, GO amqoﬂes tBe Caeﬁhmaéemg:oampsemﬂue 8f mugre each,
bear i ng L4I17R%: 3 7R @lgkE: 3095 sgsgggumﬁtg%@fsnmgﬁ%t&ﬁ& DML SubhERRd  bY

intratu |njec on W dre” B8O anple 8
Res@bt s fmlﬁats hgahton, amd Gidgliereodd.thd N-terhiiml embe,acidhvesidS-of thi:]’ightlsﬂmhus ion

protein and Fgreexmreéglgrrlgf&s Ksaélé_nlc nd E IL2 wer e (gbmrjt .eq '@151 effectl ve:
five of eigh PEHRr & CUY EaM TR eac Brro Hb m&w B PIESEBRE R the
mce th@tnerﬂtcbby’lﬁﬁnsﬁatnaﬁiWlthIﬂéxﬂéssﬁ:hﬁeﬁdﬂ’@h&nﬁ@ﬁibo@c@&éﬁ!taﬁte gene ahda 10
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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



This is in contrast to tunors in immune proficient mce in Exanple 8: even
when. t unors wer-e. not-. conpl etely elinminated by treatment with KS-TL 12-1L12,
the tunmors did not begl nto grow aggresswely unt|I about 60 days after N
t he begi nning of the experinent. These experinents denonst§ &€e 1rat a

mul ti pl e~oytoki.ae anti body fusion protein can be 15 usgd.iQelfgat cancer

I n an i munosuppressed ani mal. Exanple 10 Treatnent of |ung carcinoma by
intratunoral injection of a nulti pP cyt oki ne fusion protein: conparison
wWth tr trrent gi i ndi vi dual i munocyt oki nes To address the effectiveness
of multi plevh dkild@nd a2 sammplaoniiueofdfd 2 asdird stimylatsvdiacorporatign off¥6i ngl e
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experiment _ 20 was perforned. Lew s an “aggr essi ve
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mllinmeters, 'were treated by i1 ntratunor njec Ton
wer e mP@%:‘tl@d with PBS, about 20 mcrogram; of KS-1L12, about 20 mcrogram;

of KS-1L12, t - L2, s.are shqwn in
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In addition, in an ELISA, the ILI?_——KS-IL2 and ILlZ-KS(LIght chain) + KS(Heavy chaln)-]L2 '
proteins both 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



m xtyre of about 18 m crograms of KS-1L12 and about 11.5 microgranms of - -~
KS-1112, or about-20 15 m-crogranms of KS-IL 12-1L2, Results are shownin
Figure 14..I'n this case, the KS-tL12-1L2 fusion protein was nuch nore
effective than the mixture of KS-1L12 and KS-1L2. In all of rirheym ce ,
treated Wjh,.the KS 1L12-1L2 fusion protein, the tunors disappeared by day
27. In contrast, treatment with the mxture of KS-1L 12 and KS-1L2
resulted in sonme apparent tunor sBii nkage and a significant Wdelay in
tumor gromh, but all of the tunors in this treatnment group did eventually
r egr ow. of HHkghyplidind ido cals ingelosckizpernidetmemert aminthe 14.U8AE-120GMVESY fisfona

mul tiple { oki ne-ant.iho f usi qn rotein To addsess t.he t.he
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".5 recognized by the amjbody. the l,l ow er.i t perforned. A
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KS-1L12-1L2. .Results._are shown in Figure 15. In this case, the m ce bearing
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tunor. Exanp . CGeneration of ] agai nst a tunor cell type
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To test a::ié%? LWL THLE . o Ae, alkidody fusion protein
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cel | tygowarfor 48heuts. Pr3amieraCutitref 5 thgimhittink pertidal sixtant lmatrobafste t he f ol | owi ng

experi | C57BL/ 6 .gice from Exanple. 11 had been treated
with Kg&% | g%%g&g gﬁ\%ﬁ%%%w%?‘g%rﬁ%ornén il 1%%3?56&1‘1‘?8536? EH& T subcut aneous
t un®® s. inGorpdmtiodf Fethgidite with indreasingildvietof I 1 -GMICST fissioh pageiflescri bed in
Exanpl e. 14, ..t hese, ] Lce. were injected i..v. with 106 LLG KSA cells.
Asa con‘[“%‘b*f‘“ge%‘ﬁ'f‘e éggﬁgﬁl%‘°ﬁ$’§°£%?ﬁéﬂé“ié¢@écéFnﬁ“@‘8P Brptem igactiye. Nofegaes, | o Ksa
cel |'s. the GM-CSF biological activity of the fusion protein, calculated on a molar basis, is comparable

1o that of commercial murine GM-CSF. ' | -

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



On day 28, the mice were sacrificed and the |lungs were:exam ned for :
met ast.ases. The I|'ungs of: the eight control "mice were 70%t.o 100% cover ed
wi th netastases, . wi-th an;average of 20-85% | ung surface coverage. The nean
| ung wei ght for thése mic¢ée was 0:86 grans. |n contrast, Stfed &0were no
met ast ases. f.ound on the surface of lungs fromthe five presiteaied mce,
and the average |lung weight was 0.28 grans, which corresponds to the

wei ght of a normal nouse lung. Th¥se results indicated that the treatnent
of the original tunor cells resulted in a long-lasting imune nenory

agai nstofict {prdrthepsndy. Beginnirgatry Opuewehtais iie: wat abites Wik PBSOf

net ast 2R j 1] ol=1 hl.e X. Pr j.on of "regressed"
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mce fILdrmmBsdaplobutd inhititioatiumeegrow. eTHeatixtid 6 k-6 KSAGIMPL 48 | S, had
devel o ; 2gus .tunprs, and had had those tunors di sappear. .
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injﬁ)ctetg S...C.. Wi th ]drqrg‘hgc ell.s. These cells do not “express the human KS
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t uror 238t SOF giper Rige gpd Wmorswhoss\growth wes delexed sech tha tBewawse t he
hunan Kohat bgeeded HEOOMIbit il Rhet@X BRIGS8EFI9R7LLC celI's, the immune response
to the LLC cells was based on ot her antigéns expressed by these cells.

Exanpl e 15: ORtherhipt Eeatsrh with a aixtyss s KSHdRand K SAE2 moanine weidsppirpitly cyt oki ne
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rom . Cte ,

The particul ar order of noieties termnus t whet her
the fudhedrmainesesnaice did nat disanpear apd leyenaplly geevctoaolumes 0AR,000 b@iTer, nay

vary deamRdiag AB.ePRMERIENER Shoc IR EHRRLAR @hylle expressing plasr ds.
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cell expresses about. 10° molecules of EpCAM, so there are about 1.6x10™ EpCAM anﬁgen
molecules to_which the KS antibody might bind. Thus, when KS-I1.12 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-
L2 as for KS-IL12-IL2.

. 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 kiiling 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 agggﬂyggofzﬁ"gsanti gen. It
is found that antibodies are genelggt ed against the antigen. Mreover, the
nature of the inmune response to the antigen is characteristic of a Thl.
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i ntrader mal bewi2 DungCarcipema (002 & aniagRestivomeioc derived figm/E57HVemycet wkr weeks.

Al ternatiwel ¥, the fusion, prot.ei n adm ni regf'r
subcut a?fyglfg i ?“ﬁf get ﬁsso“rlﬁ a%%'ﬁf‘%le%qj‘%%é%gﬁ %af clmrl#?ug%g rb 4 tg?]%azﬁ? Eefmlr%j%{%ct i on.
Freund' engisleriug rthriques die colt likswek teanedLIDBVESAse, due-to the irritation at
the injecti o %Itjg . . o 1
5 mice with subcutaneous LLC/KSA tumors were generated as described in
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, or about
20 micrograis of KS-IL12-1L2.
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



Al ternative adj uvants such as precipitates of alum num hydroxide (Al un) -are
appr- oved for =human use and can be used in the present invention. New. . -
organi ¢ chemi cal - adj-uvants based Of?5%squatenes and |ipids can al so be .
used for injections into the skin. Exanple 16: Gene therd28Fth nul tiple
cyt oki ne-$usiver proteins The anti-cancer activity of myltjgRbi, syt oki ne
fusion proteins delivered by gene therapy nethods was al so denonstrated
for treatnment of |ung cancer. Lewi s Lung Carcinonma cells were stably
transf(?;écﬁcé 3{5? t he |ral vector system descri bed above -

( PLNCX- o 17 rgpulieg i oRsarpatept tmorsipinkses aad & sigeificint tiday inewmBA3 17
packagigigwibght thel ta@brs did 8GRI SEovC l; uersion of
IL-12, in.which the p35 and p4g§{g{1buﬁ??fﬁig%o%ggﬁésg%ﬁﬁéhg{@am etaﬁé

i nker Prﬁ"ﬁﬁ&%%‘@@?‘éﬁf"@ﬂ f?rﬁeﬁﬁlﬂﬁéﬁe%‘ﬁﬁ #1l nees ofasiministnitiog, treetienm  and

cl ones vﬁﬂﬂhhbkmr@&?fnﬁﬁﬁxh were identified by
ELI A &H & D System). Scabest %4@%@%8%‘%%%%86%@ fasnin ot
1x1 tyBg PHspprocyoking. expressi ng scl L- 12 or sclL-12-1L-2 were

[ t ok " trol, 2
106 LG ol 42, Hefmlent Bl Sirbiionl by bl b it B Sloes okl fiternce ="

The LLE¥EM §0’5R‘H|’5€§§71Wg”1@€mbj’émfwteuvhmmuwmftokgmnw at about the same
rate as tumppaddeds have nat. be .5 i.neered to
£ds M@gﬁéc'hgéﬂe% ﬁﬁhb%g?ﬁ%}l% :on %él D ni ce,

express cytokines. However, in ﬁlas
cel | s dRpusecytokipes sarying different eytokine mdl¢d¢$ﬂgh1nfit@f1@§¢dﬂ€d¢hﬁmr thgTOr S Or

fOf}_ﬂEdf&lWﬁgSe’%Q%en%j% &hdd y shrank and di sappeared (Figures 17 and

18). Exanmple 1 Construction of nultiple cytokine fusion proteins
cont ai ni ng CETWémcmtES%cumﬁmm@mSAmnérk%raag%derﬁw efescri¥ag@h used in |

conbi n |vator dendritic cells. A nultiple ;
cyt oki %%&gﬂ lgoghgg i%g(ﬁ?n%% SYE R (?ﬁ?rﬁig fjrsf"gal?fmé ePeebicact i vity was

co nst 4 uulthatstteas et treavest bmiaamdram hjcton e Goe Hays. (RdGale MRl URRBBIN; f r ame
to he KS-1/4 chal n codin se uence, which
was pr ece cﬁ?gbouélpggﬁré’ga”?é’émg%‘h%ﬁ 1.3 micrograms eiiFHel 2serpbovid® f or

| L1, mmbgtdmagfﬁSLIB&MLzsequence was fused in- frame with a linker to the

5 end of t odi n q_buglnce for the mature KS-114 anti body light 15
chai n. SpechTircafty, O‘E"é‘) Fuerltc In iycagn B diil-13-1-2 dusbm proteinavas mutth nur i ne

| L-4 anﬂretdﬁctmhan ﬂﬁhﬂkﬁn@éﬂtﬁ%iﬁhﬁ/ﬂ ant 'mglﬁixfm&% g&%j %k}é( DNA was
adapt e 1%5% usi n forward primer CAG C
( SEQ | 10n Pf° ‘aﬂ’f’&?dhfrapmar@ brﬂ@m@hr(qoemmmmnﬁwnﬁ th&EQ | D
NO 22) miagreREES- : A t 0 _codon. ATG,
ang 7) mbacks b S 110 a4 K01 BT ol SRR il e i 210" AT
T% %%ﬂ?fﬂmbmb@tﬁe moesmnéluﬁtreatmsnt&r@ardiﬂ eveiiallyGE#oWOC
dB&sny ticod
(resi 53 Ojntéﬁﬁdeﬁdﬂ%c%%}ah&-ﬂﬁ%%@l & eg amy gapz% Q,FFEC{,‘ ﬁ,@,,&ﬁ anticodon

C&) enco the C-termnal”am no aci 9Ri t er
cl oni n@"’fﬁmthe PCR fragnent and sequence verification, the Xbal - BanHl

fragment coy fidplsehe! WietiB e Wrehdivedie & TS m%ple cﬂcﬁqne-anubody fusion protein
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.

LLC

- Asetof seven C57BL/6 mice with 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



25 to an BanHl-Afl Il oligonucleotide duplex encoding:a: fl-exible pept| de

l'i nker_rich_ in glyci. he and serine residues.. Thee AM-end ‘was in‘turn 10| ned
to an artifici ally pliaced Aflll site precedi ng the N-termnus of t he:

mat ure KS-'1/4 ['ight ¢hain. The DNA and protein sequences at the juncti ons _
resulting fromthe two | egations are given bel ow. DNA: TCBH fE8A2 GGA. GOT
TCA GGG W8013@#A2GGI AGC GBC GGA 30 Protein: (Ser) dyrpBeused2y7idy Ser Ay
Ay Ay Ay Ser Ay Ay GGGGGCTC%TTA AGC GAG (SEQ ID NGO 24) Gy Ay Ser
Leu Ser (A u) (SEQ ID NO 25) wWo01/ 3912 45 5 FEB 2004 PCT/ US00/ 21715 I n

this DNA sequence, GGATCC (residues 4-9 of S and, C7TAAG
(resi dudgregired hgotkgr [1%8‘% E‘K‘P“&Fé""t "ﬁ]eer"! E%WF‘?‘ER"%‘&%?"%H‘B%“ BN and
AfLLL, Fvsm&féﬁtuuvaleﬁ,mmbﬁ@deﬁfnmuy Aa0RI4rEe 0bthass. TCG encodes the C-terminal -

serine residue of nurine |L- G ‘encodes_th re N-term nus_of the
KS-114 |i ght TéFF&‘?F‘ﬂ%H’&lcPﬁéhaéﬁl?eﬁSCO&Eﬁt‘Gng @ﬁ@ﬁ@g%?"rfgwm@wmﬁ@ﬁ pepti de

i nker  izghshRurs RELIPI LRI A RBISNOSC/ KU hbAHs, SRHIHE REIEng Rimftgh- | evel
expre55|on including strong pronoters were placed a roprlately around the

DNA 5 - respemsit enhenreddPerge Ber-mmas sffert Y36 Phsserst Aensest LSidryy of SERRF Glies

descri begdyt Gntﬂ&ﬁ‘(:hélﬂﬁg SR BBhRPby tﬁ&ﬁiy%@ﬁrtu@ﬁ&@ﬁa&@fkssibm-mm 110d c430! ecul ar
bi ol ogy. The DNA sequences encodl ng the | L4- KS(! i ght chain) and KS(heavy

chai n) - @aytsRue 1othe fast Bat e Sistanpsotpiaves injegiak digedbtiniothouney @dg#s) s and t he
correquﬂéqéfg%% &gqﬁbgﬁgdybqég xpressed at high levels. SDS-PAGE under
Itron

reduci ng con se band at about 80 kD corresponding to
t he heaVBrawpizild- CareOStormsiay remiiedeensaryl againg ppaneorisehhtige at about 50kD

corngspond nepk Belcipulchflst théthas 9&@5%3@@ m H\RARACHANCE R el ffuse and

mul t1pl e ban wer e e varia ycosyl at1on L-4 and Gw CSF,
r espect iwhether tr&fﬁm?htewﬁwmnltlpb casakmmh@bbdyrfumr@rdm@btﬂd thed rofadaationef raneri ¢

protein vmth structure [E LG W F|gure
D Thi gt Bl iefhont BLLEEPARAE e &8 MdTIANRRLR RGNt & T, 010
to bind memas&seqomeﬁom\mhgexpevihaniWBpédonmgi ons,  and the cytokine activities

o b 4 e St K BERBR Pl K RS 1 cor

act ipsi t wpp@entiytaen cadd bi}'/théllﬂ suticMafduhimae pRmdeyi4 relttivaib tieindiatizh df ritiated

thymdlnelnco rat - Owarmar | L-4
act i vi t FeaimFot lﬁgl‘!‘g P%/ube!seﬁ%’ﬂcﬁ k& ‘&Jﬁhﬁ i—PC{’% Burified
IL- 4 argidViheakontfolf éiglt@S7BUdrhﬁe oxteritdorifigctbd i. 4. witol OSMLCBES A wéilshout

associ ated anti bod guences, C tructed as foll ows. I\/Url I L-4 was
ol oned by PORTSTSRRASF YeTp Sptiees A ibe ppswere Fgmned £ meastises (18r nad
the sequapaef ChntRAT FildtertT6AMNMOITE o veRid vith(naftietasds, withr’Jerage 0f Whi ch

an Xbal site TCTAGA (residues 1-6 of SEQ ID NO 26) was_pl aced upstream
85% lung surface coverage. The mean lung weight for these mice was 0.8 grams. In contrast,

there were no metastases found on the surface of lungs from the five pre-treated mice, and the
average lung 'we‘ight was 0.28 grams, which corresponds to the weight of a normal Iﬁoﬁse hung.
Thése results indicated that the treatment of the originai fumor cells resulted in a long-lasting
immune memory against the tumor cells; this memory prevcnted 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



of .the translation initiation codon ATG and the reverse primer had the -
sequence -CGA TAT GCC GGA :CGA GTA ATC-CAT TTG CAT GAT GCT CTTTAG GCT TTC .
CAG G (SEQ ID NO 27), which placed ‘an EcoRV si'te GATATC (residues 2-7 of
SEQ I D NO 27) inmmediately 3' 30 of the' TCG codon (anti codofh FEGANencodi ng
the C-teriiwnakl-«am no acid residue of marine |L-4. After ,Sequence
verification, the Xbal-EcoRV fragnment containing the mulL-4 cDNA with its
native | eader was ligated to the SHal - Xhol fragnent contai ni ng muGvt CSF
cDNA to give ,the follow ng sequence at the junction of the fusion between
mul L-4 and nEfAORGEXPEAIRGNIEA esEiormpnyng emory HrARIIES] FigOf GERATE B8 AAA GCA

COC _COCHEREGRBER 10thMRhd Boen OB Rl R ASLAD RN 3RA JENgEAT M L4 and the

N-term nal sequence of muGW CSF are in : he GG (residues
17- 22 ofubsuianeops o and kadihad theesymats disarnsar. tSixty-tivp dayd dfeer khegaitiaton of  an

ECORY. bl ot fh ®ximpieab, i peeeRfmicl iy [ 8S BN -SA5081 NG, Hi% sed

mul L4- muGMCSF was 5 then cloned 1nto an expression Vv

pr ot2i nWiEEdNIaHed § £eWitihi0" $BE EACEThesercells damet ekpressithe biaman KiSfahtigen, band wi t h
an appaggiamol ecul ar weight of 45 to 50 kD. On a nolar basis, the-1L-4
activity and the GM CSF activity of 1L4-GVCSF were simlar to purified IL-4
and GW CSF. Imshernsive mige, tieoniseted ELC oellsdbrnBilbumors dot pgw at aphsit agt ihalKS- | L2

and expLessi t J acti n- KSI L2 otein engki nes are a
di sti ngl;h f\(%l g’@%"%@“"c‘@?oﬁ. gselé % ﬁa;?'hgar%eéi PROEGHIG RGP ﬁ{c@‘f?g(ﬁq‘gﬁ‘! SneRguseedi at e
chenot axd siboftarepummorwhd detected. Aheliehilo are shiweinkipee 16yt oki nes, chenoki nes

' eSS f i, in target cells. On
chaihor 5 e TR R elenh BFE M fesb Pttt s T b diomusc smoeme toqui  edl

for actthe LLE, celdwadbasmidnchtipdr antizehd eXpiesse@ By tege slyS that fusion proteins 15
coul d by a%o?es}.r,gﬁt’?d A} F%t %Iéi_ne- ant i body- cyt oki ne fusion protein was '
const r UEPERSn PEEPS §8F™8 RESIQAr fRirh@ YaF§iRiShot actin, which is a chenoki ne,
t he anti bodyMilGplt btokins usidn@ratdihOhyie sbd 25 vatdthés WS fA&d 1B &ﬁ&&&%nwas
)ége t

tetrameric.and co i sed t different polypeptides. One po i de
consi stiB8*eBr Wn‘rpil‘ia‘ Pyﬁ?ﬁﬁ%‘ﬁ%‘e%@m&w f%‘g'tm@ﬁn?m‘ﬁbetbffr hfusiosavy

chalsn qfrotelicls KSindik folypépas éthin &nloRbdrRhblaVar) lergndhe biSofidbl fs; The

fusion of the KS: 114 heavy chajn with |L- ] term nus; "KS-1L2
heavy dRBftFcaoneftheexnressing plasmpids The Biprebumpy b aninistreddiy avarietyl ORYtesr oC.

Nat|. Agdias iSeivend - : | i Of isted. of the I'ight
Chai n o pambvenbiR Rl ighhi il SR8 oK FSRINSE, SANBIE kT Gheacd® | O
| ymphotf @fimmisgationessrially aepdiy bxemnpitealls deternBedz bpisistand 4B qiranice fi? G6imta 95

[ 19981 }vacdifesGaA 8¢ #s Vel ' i SJ eotein of nurine |ynphotactin
and the heavy chain of i e%&?f ,edtaiﬁlfé%rfal]ru"(r)clgpr‘l}({é‘{£ ui/crr(%)eﬁ'slg’%’_tc? cDNA was adapt ed
by 29CR "usi HT e¥seplenp fitsiat paoteimef thHe OFAGABRGATA A% Gld6is GlhiGdereGTcs CTG AC

(NgEng') | '%uéy‘gr%g% the bR @ hlsich Blorehi 1 § sdooid ok SRS romirf2. 552 ' P
Cogtrol mice receive the same amount of antigen-cytokine, antigcn—II,FIZ, or antigen alone. At
| Yérious times during and/or aﬂer_édminisftraﬁon of the ahtigen fusion protein, blood sémples are -
, coilegtgd by retro-orbital bleeding and plasma is prepared and énalyied for the presence of |
25  antibodies directed against the aﬂﬁgen. Ttis 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 collecting blood



upstream of the translation initiation codon ATG and the reverse priner
GGA TCC ‘GEC AGT 30 CAG GGT TAG:TGC TG (.SEQ I D NQ 30),. which placed a BanHi
site GGA TCC (residues 1-6 of “SEG 1 D™NG 30) i mrediately 3' of the G&G
codon (anticodon CCC) encoding the Cterninal ammo aci d.r?[@%i d@@ of ‘nuri-ne
| ynphotactin. After cloning of the PCR fragnment and seque 8 ‘Yification,
t he Xbal W12 agnent contai ning the nurine | ynphot a8EFHSWBASwas | i gat ed
to WD 01/10912 47 5 FEB 2004 PCT/JS00/ 21715 an BanH -Afl 11 ol igonucl eotide
dupl ex encoding a flexible peptide’linker rich in glycine and serine

resi due The . . Urn..j ol to,an_arkiflci fld]). site

pr ecedi Efg’gmg lﬁsemﬁg;#{d% télgg%-oﬁ\%%lnd\g%ﬂ%&gg lt{aﬁeé P@%ENF@ 5 Y ﬁ%’%}@‘g@h"éﬁ aﬁ%“l%ﬁ'ge

sequenc Eppéndblicatleiormiconentrifingel| ELISE flatenP6-hell) trawohted)avith dieshuh@anigeden bel ow

5 dy Ser.GI¥Gléer.Gl d d. er GI‘M Ay Gy Ser Leu CCC CGl4

7o C oA et i ot e Bipharohe iR regta e o el AEEPBSED |

III)Q 3221 aﬂ@l_boég@ﬁ‘ﬁfﬁe (xf(;féﬁﬁchsfté\?: aﬂ?uzgkéam? mNgTﬁﬁhilrrg'%’}aglwaﬁotéf&hméﬂaﬁlﬂQ I tD NO 3
a resi.dyes 48§-5: . L ar wo restriction

ot o8 AR ARTPHES pe e ViR D vss P oAb (eiBinon; | oor | oncodes

t he G t émmuicResadrti)@ogdidio hesé-gidish pérogidisen Anly\bophdiaibbiss clobealigedes t he

mature N 15 - term nus of the KS:IL2. heavy. chain; t he, anj no aci

Coquenca Bibet s Feip Rt Fiohs B s S2igtis i O oo 0 S T RS the

Sﬁque“fﬁm?ﬁgemﬁb@@@a‘dmm&@r@t&h&.”e Iy(rjrph(r)]t actin- KS-1L20I h_ea\r/]y (r:]haiKg \ﬁz

then cl oned jnto_ apn. expressi.qon vector and then coexpressed with t

| i ght chai n!DeFA algﬂi)?’é’9§@°ﬂtm§)’rfﬂﬁt9:h&5’ﬂ“ﬁ@q®“§2‘ﬁy yilkow st Brbi-H-2s Thest ed

for 1oy mpldrAsbleh, G thk Vihkdhahd, iducetG: BONE /L6 NAFRFINsA Ak bBsBibedFsSay Using T

cells (Leonard et at, [1999] Current Protocols in Inmmunal ogy p. 6.12.3).

Al t er nafxQespgus ajuvasds ard dgsnafe thedprt that the intmvenpus youts ofpdministeatipn istighlyi ty i s

obser vegdnialorabie FeARte Slh! rpafise 3@YarbPlo fRdGuBMidebs drinthBSMBRASE Lo the
activation of a Gprotéin coupled receptor (Maghazachi et af., FASEB J.

[ 1997] ; pdmingsation. AntibodigeefithelgG2a ivatyps, yhisherapical (fdltlRenhansedrespansesei n i s
t est ed JACHHLY &) i 4. : i.nd. .%o
Ep AN anl oDt hnIE AN ibcrcd B0 Byt thclfordiibiebl i sl
cel 15 pewitoder ati on assay. |Incorporation by Reference Al publications

15 prPORcfies a Y. _ ublications
T herr ent Fis PRAMEGeG d BRRRE 1) fiduibte RIGASHEER bRl dors @R EL | O
speci f i cafi@smented it tested bylmjrating ngphition of the fisigyprotein (suches sendésafibed

char act eri 5§ | Ghd BefiRebiocdifnbRbE8) H% BTRRITR M Sl & AORHR e Se

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 ﬁsing G418-containing mediu:h, and clones stably
expressing about 50 to 60 ng/ml of IL-12 were identified by ELISA (R & D Systems). |



be considered in all respects illustrative:rather-than limting on the

i nvent:i on::deserisbed 5 FEB 200% 48 -her.ein. Scope of ‘the ‘invention is thus -

i ndi cat ed by the appended clains rather than by the" foreg0| ng descri ption,
and al |l changes which come within the neaning and range pval ency -of-
the cl ai Wpopi@t herefore intended to be enbraced therei a'rm%% IMS 5 FEB
2004 1. A nmultifunctional fusion protein conprising a poI yp ¥f¥de chain
defining an inmunoglobulin regiomM4lg), a first active cytokine (Cl) and a
second, different active cytokine (C2), wherein said Ig, said d and said
C2 are arr adgedt Ixi0bmdeboutsx0p® ltIe(E B&ll’t&b{pﬂbdil%Cs‘cIIQm b1~ OEGS ward USi ON

P! S ok DB el P B B Soh AR 08 s BB pole ()
repres enjwemmpndiywﬁ itles d@ﬂradtoﬁmoesqmblxma@ pmectq,d éeltl eipres%mg/i\mg%rlﬁiﬂ p g otein

accordin rein sai d ri.se .

| L- 4, ‘E'%Tf%“? E“’I‘éa* aP‘L“V‘wi}é? SapaIriR s t “8}0“‘1 ‘i‘fN\)'cd Oml«Lﬂrse I3 fhaphaye aprbegt cl ai m

for 2, ahbﬁé@edlto&apldss(ﬂytdkﬁneﬁ.aﬁdw@?ercﬂmﬂi CS7BIYS mie ahd-aido & SCI%mQ%'iC 4. A

fusi on goteln Of{fﬂjﬁ (}Lth&lF |msl 3, wherein said

chenoki Fi&s SXBressing ot hd* potfapm seboiagecus Himass ar fonsed tumexsehan sal d d

or C2 |sﬁbdel}ueﬁay§&[ra;a<zp.a5hﬁ pcaﬂﬁﬂFMﬂf]tan&ﬁI? eof. 6. A fusion protein of any
said C2 is a human cytokine. 7. A

of the Ialgs -5, wherelLn sai-d
f usi on 1% I SP"%"% W diiele syirking fusiog profpiat enteigag &-¥ gnd GApESEes an
i mrunogl obulthéicieianss ILhPia GNSSE Rheh G644 corﬁbmau Héﬁtoa@tlparto% n of

claym7 wherein sald constant région comprises a e region mal n, a
cH2lOg o fisnditisellss Acpryltipdmestokinaantibady M@P@mtpngoléammgﬁbélaad MCSWher ein said

CONSt anksivigGh4 'Eoﬁs‘tﬁt&t@@ 55 FMBRE! @ﬂé@ﬁ%ﬁuqu%&‘ B ?gF ?vo lizilseg OO 10 A fusion

protein’of “any of the clains 1-- Fe 105 O
| munog@hebiend Af ﬁé EPyl/¢ paiibedy épava[tﬁh@nrce@ng sequleive) W\lnch/h&s pr&c‘hdedﬁbj AlRhdeR

prot ei ReQfen&! 8 M nggglcgﬁ)lgg%dnugn&quﬁ‘ gllg‘gmﬁrrll {rr% ug}tgqu%l anssl{u{ ht chain

variabl e"regi on domaln us form g an Tapabl e
of tar g'@memgth a linker to the 5° end of the coding sequence for thc mature KS-1/4 antibody light

15  chain.

.. 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)



said-fusion protein to the pre-selected antigen. 12.- A multifunctional -
protei.n. conpliex. conprisihg at {east: .a first fusion protein conprising. a.
first .cytokine fused to at [east a portion of an inmmunoglobulin light ;¥
chai h, and a second .fusion protein conprising a second, d&éé_,%%ﬁnt cytoki ne
fused to at | east a portion of an i mmunogl obulin heavy cﬁaln erein the
first and®@HE%cond cytokine is selected fromthe grofS TSRS ng of

IL-2, 1L-3, IL-4, IL-11, IL-12, |l518, GWCSF, or IFNy. 13. The protein
conpl ex of claim12, wherein the first fusion. protein is covalently bonded
to the secon ' i | mi L, ma12 or 13,
wherei n the glo%?%rﬁﬂos Jl%ﬁ(%l %ﬁgg(}[%@ﬁﬁ‘ﬁégﬁ%?t C (g?(ﬂ%gﬁ‘g?su fi de- bonded
to the fresitiesd8dB of FEQ INNAEY) alsuhd twohestriopion bitdsBamtd and Al Ipresdeetivelconpl ex
of clai =), .10z ' ..the fir c ine is
fused t gé %ﬁ%‘orrg%r oxé}i{.-,.z’t(;i ’e'rﬂr:n&néﬁlggdc?? qegtc%ﬁrrﬁﬁg? n%gﬁ%%%lfh}engfll? gl ? tliéﬁa%ﬁ%;@(w The

pr ot ei nencodpd thx mafure Netemmin® ofthell8S- LidHightehain; bl thehminotaeid séquasceaf tiehe second

cyt oki ng., 1 -car = L er MUS e, Il munogl obul i n, .heavy
chai g Wﬁﬁhm%r%‘f@' éﬂclg ésc%ﬁglg |1r?‘é‘ﬁ!'%]e)ﬁ%usseﬁ'§)eﬁé%r%lt‘xélﬂaﬁy ?)e%“%{’r‘fff tt?f h'lgﬁ'e- cl ai ns
1-16. 1l&velexpeshiodinofudpgeparg prgmatefsusdroplagadappropriaelg afodhdule DNA|.ai m 11 or
12 conprising the. st of: (a ressing-in hast..cel |, a DNA pol ecul e
of i ar e shifingh SR RO sphRtp P yERE B Besdiitd ifEenier PRI
SEQUENCEnd dtheklstdnd sl 1€&hnigheés df @solechiae piokgy. Lo, Kin M ng <120> Mul tiple
Cyt oki ne Protei pl exes <130> - ONOPC.<140> <141> <150>60/ 147, 924
<151>1999- osjf%ﬂlggg%ﬁ%"é‘c?ﬁﬁ% ‘%@Bhﬁsﬁ%&ﬁ‘."hﬂ%a‘% eafycéaél%l(g“’{s‘%’zg <212>
DNA 162 1 BisiddljBotaiis ot ifansi2dBdinto NS/ cells and the comesponding polypeptides were

ekpréssed 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 similar to purified IL-
- 4 and GM-CSF. _ o
A fusion of the c;rtokines 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



<223> Description of Artificial Sequence: nurine p35 PCT/ USOO/ 21715 COdI ng
sequ e _for mature protein <400> 1 - ,
agggteggt tccagt ¢t ct ggacct.gceaggt gt ct t agccagt cccgaaacct gct gagga?gm

accacagat gacat ggt gaagacggccagagaaaaact gaaacatt att cct gcacbg

gaagacat cgatrcargaagacat cacacgggaccaaaccagcacatt gaagacct;gl.t&:a:l-ﬁgm

ccact ggaact acacaagaacgagagt t gcct gggt.act agagagact t ct tccacaacag00

agagggagct gcct gcccccacagaagacgt ct t {8at gat gaccct gt gcct t ggt agc

tcaac cacttcag36Q
atctatg Foeah a ]
aat cac agg%gtcjf:%%c agat §§E { ct agg‘c‘gg’gg‘%@g?ﬁgé &M@c&wre the C
faccadt d@mugdacquae@anf o ctt cg%gﬁgéft}?{é agca%%c cgt g@ﬂ%"d the G
secel oo R EIOR L e R
DNA <21 FcoRM il endaio a%m]bhﬁEelﬁQ 20 resﬁl&;’@BNgec'ﬁ&Sd Ibgir}ég&u%ﬁ Gl agt gt ect o
Sequgnc sion.protein coding seq

agaagct gléeél %I‘hc? 'Y TuBen ?Jbaipreﬁflﬁlf g‘?f’é?ft ¢ SEPEsERg Aty yae mndirgd by SBSGRAGEapd

C aaat t t t
cat cacctfound tomtagadﬂﬁjse eaﬂ@maﬁ@pﬂﬁgﬁa&%k?%efgg%{ﬁ g% g? Qg

1t ca tca agagcagdtag
Rt B L e TR I I L
tttgccgm@GMCSHI ggccat gt gggagctgga gaaagacgtt tatgttgt ?g 1§8tcgfgggzggag
aaacagt t gacacgcctg 180 acctcagacc agagacatgg _
t ct gggagg ﬁdg ¥ligy &49?6@@5&&&%@&@%&5@&2@%@@@@89@ cat ct gct gc
t cca@aafaphgRarabdDPpRkdi 09t cca 360

Chemokines are a distinct class of cytokines that are thought to form gradients and

mediate 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 'I‘GC TG (SEQ 1D NO: 30), w}nch 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



aaaaacdaga ctttcctgaa gtgtgaagca ccaaattact 420 tggctggtgc aaagaaacat
ggact t'gaag: t t-caacat ca 480 “gactct cggg cagtgacat g-t ggaat ggcg-tctctgtctg 540
caaagggatt atgagaagta-ttcagtgtcc tgccaggagg 600 -“gaggagaccc tgcccattga -
actggcgttg gaagcacggc 660 5 FEB 2004 WO 01/10912 PCT/ USOG{ P lBg-2-
agcagaat aa .at at gagaac .tacagcacca gcttcttcat cagggacat ccag 720
acccgcccﬁ@”ﬁ%@ﬂ?tgcag at gaagcctt tgaagaactc acaggtggagﬁaﬁ@%@%ﬁéég 780
agtaccctga ctcctggagc actccccatt q@gtacttctc cctcaagttc tttgttcgaa 840

t ccagcgcaa gaaagaaaag at gaaggaga cagaggaggg gtgtaaccag aaaggtgcgt 900

t cct'cgt AYBaHBRAARGANIEEmRRSGRABDRS eRBLEE 3 BRASITEFSRAIIE £l IR PIRE 960
ctcaggatcg ctattacaat tcctcatgca gcaagtgggc atgtgttccc tgcagggtcc 1020

gat ccccéae resiage ade Afdkend sves fetmgeig @gg@f&@g bitgprecading decamgetute0 80
ag¢agCagCAmdrRit APASIOACEHIIARC TRODNA defitnc AL HAGHRSs IRL RIS HIR mb 140
gcaggat gga_gaatt acagg aacct'gaaac tccccaggat gctcédccttc aaattttact 1200

t gcccaaljiuligggersde giyembalevjaaagat ¢ ttcagt gcct agaagatgaa cttggacctc 1260
tgcggecatgt tctggatttg actcaaagca aaagctttca attggaagat gctgagaatt 1320
tcatcagcaa t at cagagt-a actgttgtaa aactaaaggg ctctgacaac acatttgagt 1380
gccaat t cga Fyaeg&t & g*é'agéft %‘EYQQF*X Ghacer t‘gl’ YugGuglilgFerataycct t et 1440

gt caaagceat Gearct GaaGaT 306 666 6aaGGaASGTAGR GGRTA &G edd tec TAH9 <212> DNA
<213> Axtificial Sequence <220> <223> Description of Artificial Sequence:
mur i ne R40- Gv CSE, Lon_protein coding sequence <400> 3 atgtgtcctc

agaa ot & (%‘%:qu’img%ﬁggct aac catctcctgg tttgccatcg 60 ttttgctggt

»

gc at gt gt
gt cl@cadéeCab ggcdsRYP Ngdhgct gga gaaagacgtt tatgttgtag 120 aggt ggact g
gact cccgat gcccctggag aaacagtgaa cctcacctgt gacacgcctg 180 aagaagat ga

cat cacct gg acct cagacc agagacat gg_agt cat aggc t ct ggaaaga 240 ccct gaccat
cact gt cere GRARGE eRsioas §H0556E 4D SOsER end GETAHG Atsidamighiatiool SHQ I A ct
gagCCac paEb GOk et ACRAINOmE SAR0 AL S, s fof SRoRGRicriGl- GR@et t 1 t
aaaaaatit’c aaaaacaaga ctttcctgaa gtgtgaagca cCaaattact 420 ccdggacggtt

cacgt gcersadesdecCdeymanal aming aeid cestdug gfaeiring hotastincGa Geenggdes the mature N-
15 . terminus of the KS-IL.2 heavy chain; and the amino acid sequence of the GlySer-rich peptide
linker is shown above the DNA sequence. 'I'hé DNA encoding the murine lymphotactin-KS-1L2
heavy chain was then cloned into an expression vector and then coexpressed with the KS1/4 light
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
Al] publications mentioned hereinabove are incorporated by reference 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



agagcagt ag ‘.cagttcccct gactctcggg cagtgacatg tggaatggcg tctctgtctg 540
cagagaaggt .Cacact ggac. caaagggact atgagaagta ttcagtgtcc tgccaggagg 600 - -
at gt eacctg cccaact gcc gaggagaccc' tgcccattga actggcgttg gaagcacggc 660
agcagaat aa at at gagaac tacagcacca gcttcttcat cagggacatc atcaaaccag 720
acccgcccaa gaacttgcag atgaagcctt tgaagaactc acaggtggag gticBBRtygmg 780
agtaccctga ctcctggagc actccccatt ggtacttctc cctcaagttc tttgttcgaa 840
tccagcgcaa gaaagaaaag at gaaggaga cagaggaggg gtgtaaccag aaaggtgcgt 900

t cct cotiaghn. OSRpBEsfaAhCinvalios FAfh EndRaES [l tgcaag 960
ctcaggat cg ctattacaat tcctcatgca gcaaS?g%g%pggggg@%%?ﬁm?%§§bgﬁB@c 1020
gat ccc%&%°ﬁ%$§&3ﬁi?&&"&@3@bﬂ%&@%&?@&ﬂ in tha vceyyg edd aageeycat g 1080

t agagggaivale @A RIS A8 ARCGLEGnES8ALIBE BlLYESHHELSACT ttgaat gaag 1140
aggt agaagt- cgtctctaac gagttctcct tcaagaagct aaca gthg cagacccgcc 1200
tgaagatctt cgagcagggt ctacggggca atttcaccaa actcaagggc gccttgaaca 1260 .

t gacagccag ctactaccag acatactgcc ccccaactcc ggaaacggac tgtgaaacac 1320
aagttaccac ctatgcggat ttcatagaca gccttaaaac ctttctgact gatatcccct 1380

tt gaat gcaa aaaaccaagc caaaaatga 1409 <210> 4 <211> 1389 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: human
p40-1L-2 fusion protein coding sequence <400> 4 atgtgtcacc agcagttggt
catctcttgg ttttccectgg tttttctgge atctcccctc 60 5 FEB 2004 WO 01/10912 -3
PCT/ US00/ 21715 gtggccatat gggaactgaa gaaagatgtt tatgtcgtag aattggattg
gtatccggat 120 gcccctggag aaatggtggt cctcacctgt gacacccctg aacaagat ag
tatcacctgg 180 accttggacc agagcagtga ggtcttaggc tctggcaaaa ccctgaccat
ccaagt caaa 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 cactctctgce
agagagagtc 540 agaggggaca acaaggagta tgagtactca gt ggagt gcc aggaggacag
tgcctgccca 600 gctgcectgagg agagtctgcc cattgaggtc atggtggatg ccgttcacaa
gct caagt at 660 '



gaaaact aca
ttgcagct ga
acct ggagt a
agcaagagag
cgcaaaaat g
gaat gggcat

ccagcagctt cttcatcagg
agccattaaa gaattctcgg
ctccacattc ctacttctcc
aaaagaaaga tagagtcttc
ccagcattag cgtgcgggcc
ctgtgccctg cagtgcacct
actgct'ggatttacag

gacat cat ca
caggt ggagg
ct gacadt ct
acggacaaga
caggaccgct
acttcaagtt
atgattttga

aacct gaccc
t cat ct ggga
gcgt t caggt
cct cagccac
act at agct c
ct acaaagaa
at ggaat t aa

acccaagaac 720
gtaccctgac 780
ccagggcaag 840
ggt cag E@c 20800
at ctt ggagc 960
aacacagcta 1020
taattacaag 1080

caactggag%qg;

aaacccaaac
ct gaaacat
gct caaagc

caggat gctcacattt aagttttaca tgcccaagaa ggccacagaa 1140

t{ caqgl.gt ct. agaagaagaa,.ctcaaacctc tggaggaagt gctaaattta 1200

: aéé%‘g%iﬁ’t“&%\o‘@%& 8@%@(@%&%&%@%@2@9@ gindgfisiggant a 1260
gttctggaac !igargtaditulih I888¢ : . t t qa. ca 1320
accattgtag gattpctgaalcagatgggﬁﬁfggggbg%g?gmggggg%%g%%egﬁgggﬁg%?gafygb
acttgataa 139%kipd (52)5wherinlsaidlfp7&id €2 had saMUC2 ars 3d FrgeAlit bh Neit@C- Sequence
<220> ,<223ﬁ Desc{hgtlon of Artifjicial Sequence; nurine Fc-p35 fusion
protein codi ﬁlamg%% Sroen topraduce a.fusiop profeiy d@g}@%%&&m@%&&?&dﬁ
aat gcccagc

orgdkecat gca
aggat gt act

ag6hpesRisEing0f: ttgggtggac catccgtctt catcttccct ccaaagatca
catgatctcc 120 ctgagcccca tagtcacatg tgtggtggtg gatgtgageg
aggat gaccc
agacacaaac

dijalgyt €dagC280 at cagct ggt ttgtgaacaa cgtggaagta cacacagctc
t ccagcacca

' gagag~240 . gattacaaca gtactctccg ggtggtcagt gccctcccca
3§Zgﬁg§%tgcéﬂﬁmiagtggcaagg agtt caaat g caaggt caac aacaaagacc

tcccagegee qE)aueganae-BE0 accat ctcaa aacccaaagg gtcagtaaga gct ccacagg
tatatgtctt gcctccacca 420 gaagaagaga tgactaagaa acaggtcact ccgacatgca
t ggt cacaga cYheEeingdesh apoesenfa agabpeptidedpdgyagolypgpiidelad@ac gggaaaacag
agct aaacta caagaacact 540 gaaccagtcc tggactctga tggttcttac ttcatgtaca
gcaagct gag agt ggaaaag 600 aagaactggg tggaaagaaa tagctactcc-tgttcagtgg

t ccacgaggg.
tcattccagt

cagat gacat
acat cgat ca
t ggaact aca

ufﬁ?quaa:ehggdgonﬁ@g:m?ﬁ?n vﬁe@ﬁﬁ@ﬂﬁ{dl &{sﬁm@?ﬁpﬁm,%gg
ct ct ggacc cca c ttagccagtc ccgaaacctg ctgaagacca
ébpggagﬁé&]§85%I€é§a§g@§§§,@a aaaca ttattcctgc actgctgaag
t gaagacatc 840 acacgggacc aaaccagcac attgaagacc tgtttaccac
caagaacgag 900 agttgcctgg ctacaagaaa gacttcttcc. acaacaagag

ggagct gecd. gefiimamegibeltlaianiadyntikteil M 0atod 8sid T @hngaRb T 09lRoeat ct
at gaggactt gg% tac 1020 cagacagagt tccaggccat caacgcagca cttcagaatc
acaaccat ca 3@@@ att 1080

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

5. A fusion protein of any of the claims 1 - 3, wherein said Cl or C2isII-12 ora p35or
p40 subunit thereof.

6. 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.

8. . 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.



ctagacaagg gcatgctggt ggccatcgat gagctgatgc agtctctgaa tcataatggc 1140
gagact ct gc gccagaaacc tcctgtggga gaagcagacc cttacagagt gaaaat gaag 1200
ctctgcatcc tgcttcacge cttcagcacc cgecgte$tga ccatcaacag ggt gatgggec 1260
tatctgagct ccgcctga 1278 <210> 6 <211> 1287 <212> DNA <213 pehifgici al
Sequence 5 FEB 2004 WD 01/10912 -4 <220> <223> Description of Artificial

Sequence: .hu .Fc-p35 fusion.protein, caodi sequepce PCT/ US00/ 21715 <400>
6 gagc'ccaa@tK@W&?B&’gﬂﬁOgﬁ’éjfgggﬁ&%“f‘b&é' a® ‘Ee“bgf’é‘g SEgahct cct g 60
gggggaccgt CiaghthdAsiuliiet PramaivARBEOESRHdcRGRLGRHCAL gatctccegg 120

acccct gagg tcacatgcgt ggtggtggac gt gagcfacg aagaccctga ggtcaagttc 180
aact ggt acg t ggacggcgt ggaggt gcat aat gccaaga caaagccgcg ggaggagcag 240

"tacaaca ccatgt. . ggtca tc..ctcagccgtcc. t acacgagga ct.gaat 300
gucanggag aadapy P nge can 18 eSahaaBi e R ol LR b,
atctccaaag CeaRdENGSRdNILARANALIANESRERANY MlanBgATbRHR2GitE € aHbAS A
gaggagat ga ccaagaacca ggtcagcgtg acctgcctgg tcaaaggctt ctatcccagc 48
gacat cgccg twhglswgm@agf@d pgocleaigd @ggaa acaact acaa gaccacgcct 540
cccgtgectgg actccgacgg ctcecttcttc ctctatagca agctcaccgt ggacaagagc 600
aggt ggcagc aggggaacgt cttctcatgc tccgtgatgc atgaggctct gcacaaccac 660
t acacgcagd2asagetfitiction pesteia compigangpiame at kagegt ggc cact ccagae 720
ccaggaat gt tcgcatgcct tcaccactcec caaaacct)gi; tgagggccgt cagcaacatg 780
ct ccagaagg ctHEhEBIIPetaheIBRINNg hEEst eYigkine Sised fojatdgast anertigatafan 840

gaagat at ca Cﬁﬂﬁm : t ggaggcct gtttaccatt ggaattaacc 900
aagaat gaga gttgcct a%gﬂl?l?%ggggaggg‘ngcct ctttca.taactaatgg gagttgcctg 960

gcct ccagaa agsccond fitsiont pbgat goemrisiigy geond, diffiragtcagtdkim fagaigac letagaiggg
aagat gt acc aggi.ggagt t. caagaggat g aat gcaaagc ttctgatgga tcctaagagg

cagat gtttc tlg‘géglgﬁg%l- Fjg‘tﬂiéd’i'ghﬁ?'fg‘maﬁhtg agct gat gca ggccct gaat 1140
 tcaacagt g agRGHRIHE frAGARARALG G ABE ROBALL brdub bAGARG! oFIE 00

aaaat caagc tctgcatact tcttcatgct tfcagaattc gggcagtga ttgaca
gt gacgagct diled.dhat,dt-1lt Ho a1 PR GMAISE; of IFNYy.

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.



<211> 32 <212> BDNA <213>"Artificial -Sequence <220>  <223> Descri ption of
Ar tifi-ci: al Sequence:, forward prinmer for:construction of - mur i ne p40- | k-2 -
f usi on - protéein <2205..<221> misc feature <222> (12) (14) <223> o
translation initiation codon <400> 7 aagctagcac cat gt gtcctb caga?é@ct aa cc 32
€c210> 8 <211> 27 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: reverse prinmer for construction of
muri ne p4 dikrofi2f usi on protein <220> .<221> mni sc_f eat eCRUSIEA21S
Compl ement ((7)..(9)) <223> translation stop codon WO 01/10912 -5 <400> 8
ctcgagct ag, gat cggaccc tgcaggg <akbfmc® nisehde 31 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: DNA sequence at
t he | urctoroFildiesTustapdepd0-1L-2 fusion. protein <220> <221> msc feature
<222> (14) iq.1%in Ming '

<120> Multiple Cytokine Protein Complexes

<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



<223>.encodes the Ctermnal"
m st feature . <222>- (26)

am no acid residue of nurine p40 <220> <221>
. (28) <223> encodes the N-terni-nal am no- acid

resi due of mat'ure -nurine | L-2' <400> 9 ct gcagggtc cgatccccgg gt aaagcacc '
<210> 10 ~<211> 28 <212> DNA <213> Artificial Sequence <%2§)F>Q 23>
Description of Artificial Sequence: DNA sequence at the Junc”tlé *of

single-chain nmurine 1L12 and GMCSF <220> <221> msc feature <222> (14)

(16) <223»enaedes the C-term nal

<221> m sc_feature

acid resggﬁgof
gaaaagc

<223> D%§e£dc9§ga ei?i{ GLi
protein tﬁ@ibc@@tasﬁﬂdgiﬁheg Sathiciggafi0da @@gb&@&;

tcctegtaga
ctcaggatcg
gatccecoggy
agcagcagca
geaggatgga
tgcccaagca

- tgecggeatgt

tcatcagcaa
gccaattcga
gtcaaagcat

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

tat

gaagacatct
ctattacaat
taaagcaccc
gcagcagcag
gaattacagyg
ggccacagaa
tctggatttg
tatcagagta
tgatgagtca
catctcaaca

<222> (26)

5%&63 tt
accgaagtece
tecctcatgea
acttcaagct
cacctggagce
aacectgaaac
ttgaaagatc
actcaaagca
actgttgtaa
gcaactgtgg
agccctcaat

<213> Artificial Sequence

<220>

am no acid residue of PCHUPIFE1H40 <220>

ﬂﬁéf‘%ﬂ

@éﬂd@EE&@e

aatgcaaagqg
gcaagtgggc
ctacagcgga
agctgttgat
tceccaggat
ttecagtgecct
aaagctttca
aactaaaggyg
tggactttet
aa

cgggaatgtc
atgtgtteccc
agcacagcag
ggacctacag
getecacette
agaagatgaa
attggaagat
ctctgacaac
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> 4
<211l> 1389
<212> DNA

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

<213> Artificial Sequence

<220>

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

tacccggeet

gectgtcacg
aacatgtgtg
actcaagggce

ggaaacggac
ctttctgact

<223> Description of Artificial Sequence: human
p40-IL-2 fusion protein coding sequence

<400> 4

ca

. (28) .5223> encodes the N-term nal
mature nur i ne GIVCSF <400> 10 c

am- no

tc cgat cccecgg

f” ‘fagsééﬂJence <220>

Qghggtgcgt
tgcgtgcaag
tgcagggtec
cagcageage
gagctccoctga
aaattttact
cttggaccte
gctgagaatt
acatttgagt
atagccttcet

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

rapf0-1L-2 fusion

500

a60

1020
1080
1140
1200
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



31 28 5 FEB 2004 WD.01/10912 -6 PCT/US00/ 21715 <400> 11 agggtcattc
cagt.ct ct:gg.-acct-gccagg’ t gt cttagec . agt ccegaaa cctgctgaag 60 accacagatq:
acat ggt gaa-gacggccaga gaaaaactga dacattattc
at cat gaaga cat cacacgg gaccaaacca gcacattgaa
tacacaagaa cgagagttgc ctggctacta gagagacttc
gcctgccccec acagaagacg tctttgatga tgaccctgtg-ccttggtage 300 atctatgagg
act t gaaga@oghemeagaca gagttccagg ccat caacgc agcactt cag F8E0S0EFBacaacc
at cagcagat cattctagac aagggcatgc t ggtggccat cgatgagctg 420 atgcagtctc

gacctgttta 18Q Fg 273@ ggaac
ttccacaaca 24 é gygagct

tgaatcatta cca'gag:c act ct cca g @acct cct ca 480 aeccttaca
gagt gazg@ g g%éggt ggéggztgﬁi} gﬁg%ggégg@a% Cgég t gaccat ca
acagggtagaétgg&grc e@@g g8 g4 9 8-t5a84:! 2a4@9aggcagcg

gcggggg;egg:ta@agcgm&tgg:chgg:gbgmtgg RGRBJGRL g&gatgbaiogtatagt:@at%@ 3ogaggt ggact

ggactc%g&gtz g?&a ﬂae ga pteyatae cgatgeth eiracm@ 36gaagaagat g
acat cacgt tac % %@g?gg"‘aﬁ‘%ﬁt‘: %"—YB‘B 428ccct gacca
t cact gigg tﬁ@ ﬂiici gg gggiaqg gracatet gctfc%a%@aéﬁﬂ g% <sfgcgagact c
tgagccalgaggggﬁca GALA3Y % aPURGEALGRGAL Gooact gaaat t t

t aaaaa@btﬁctmaaea@aa@caodatttmga aﬁg@t@‘ggaﬁgegtaeﬂaaagdtaﬁg%ﬂ ssb ccggacggt

t cacgt es@caetcggeq gaf teafa:&? Yottty aacprcaargtaagi@? (20 aagagcagt a
gcagt t cCETIEFACTY Egﬁt (;g@g a@ P?ﬁgét ETCt%‘BdB"gcagagaagg
t cacactiggiot aaéag.?éagacag 4 a-g@&g EQE sfvedy %googat gt cacct
0CCCaAGHEREHAIAGIRE 26 L Ge6&digtE é@gi&g@@hémﬂ 90&%9939 soCagcagaat a
aat at gagamggdaaCagtacetagebtetdecen dotagggac atacdaigraaaeeagtedQozgacccgeccca
agaact tcgwgmcq%tgewcnsgiaamg %aetaxggw&ggtaa gt@ag@@g@a@&(}%gagt accctg
actcct%g : oeesge Fa %tggf‘ cERR 5 g%’ t ccagcgca
Conoag SR o écﬁ@éﬁ&.&@g agf. %&&céﬁa 93@ gggg o4 oot catag
agaagagetdighaieCeRagidate adhgiaaas & g&d dheate 3z2@Ct caggatc

gct at t aceatitagCiaat gyaageaagdpyy acatgicgtd asag@&gﬁag@ghical:’éﬁ Qzscgat ccccgg

ct gcact g¢ét: 120 gaagacatcg e

gt aaag@stwab®ct t caagc tctacagcgg aagcacagca gcagcagcag l62QG3stagcagcagc
agcagcageca gcacctggag cagctgttga tggacctaca ggagctcctg 1680 agcaggat gg
agaattqgglg gagcctgaaa ctccccagga tgctcacctt caaattttac 1740 ttgcccaagce
aggccacaga afd gaaagat cttcagtgcc tagaagatga acttggacct 1800 ctgcggcatg
ttct ggabit> gadEcdaageqaaaagct tt ¢ aatt ggaaga tgctgagaat 1860 ttcatcagca

at atcaga t aactgttgta aaactaaagg

<21l>

0>

gct ct gacaa

<223> Pescription of Artificial SeQuence: murine
Fc-p35 fusion protein coding sequence

<400> 5

gagcccagag
ttgggtggac
ctgagccocca
atcagetggt
gattacaaca
agtggcaagg
accatctcaa
gaagaagaga
gaagacattt
gaaccagtee
aagaactggg
caccacacga
gccaggtgtco
gccagagaaa
acacgggacc
agttgcctgg
aagacgtctt
cagacagagt
ctagacaagg
gagactctge
ctctgeatee
tatctgaget

<210> 6
1287
«<212> DNA

<213>

ggcccacaat
catccgtett
tagtcacatg
ttgtgaacaa
gtactctecy
agttcaaatyg
aacccaaagg
tgactaagaa
acgtggagtg
tggactctga
tggaaagaaa
ctaagagctt
ttagecagte
aactgaaaca
aaaccageac
ctactagaga

tgatgatgac

tccaggecat
gcatgetggt
gccagaaacce
tgcttcacgce
ccgecetga

caagccctgt
catcttecct
tgtggtggtyg
cgtggaagta
ggtggtcagt
caaggtcaac
gtcagtaaga
acaggtcact
gaccaacaac
tggttcttac
tagctactec
cteceggace
coegaaacetg
ttattectge
attgaagacc

gacttcttee,

cctgtgcctt
caacgcageca
ggccatcgat
tcctgtggga
cttcagcacc

Artificial Sequence

cctccatgea
ccaaagatca
gatgtgagoy
cacacagctc
gcectceocca
aacaaagacc
gctecacagyg
ctgacctgea
gagaaaacad
ttcatgtaca
tgttecagtgg
ccgggtaggg
ctgaagacca
actgctgaag
tgtttaccac
acaacaagag
ggtagcatct
ctteagaate
gagctgatge
gaagcagacc
cgcgtegtga

aatgecccage
aggatgtact
aggatgacce
agacacaaac
tccagecacca
tcocecagegec
tatatgtctt
tggtcacaga
agctaaacta
gcaagetgag
toccacgaggy
tcattcecagt
cagatgacat
acatcgatca
tggaactaca
ggagctgect
atgaggactt
acaaccatca
agtctctgaa
cttacagagt
ccatcaacag

cacatttgag

acctaaccte
catgatctece
agatgtccag
ccatagagayg
ggactggatg
catcgagaga
gectecacea
ctteatgect
caagaacact
agtggaaaag
tetgeacaat
ctectggacet
ggtgaagacg
tgaagacatc
caagaacgaq
gceccecacag
gaagatgtac
gcagatecatt
tecataatggce
gaaaatgaag

ggtgatggge

1920

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
9260
1020
1080
1140
1200
1260
1278



tgccaattcg atgatgagtc agcaactgtg gtggactttc tgaggagatg gagagccttc 1980

t gt ¢§aagca-t catct.caac aagccctcaa-taa, 2013 <210> 12.:'<211> 1569 '<212> DNA
<213> Artificial Sequence <220> <223> Descri- ption of Artificial . Sequence:-
murine p35-1inker-p40 fusion protein coding sequencé <400> 12 agggtcattc.
cagtctctgg acctgccagg tgtcttagcc agtcccgaaa cctgctgaag 605 mecggagat g
acat ggt gaa gacggccaga gaaaaactga aacattattc ctgcactgct 120 gaagacatcg

at cat gaagwodM®¥xacgg gaccaaacca gcacattgaa gacct gttt aPESHSeHHAEY ggaac
tacacaagaa cgagagttgc ctggctacta gagagacttc ttccacaaca 240 agagggagct
gcctgeccccc acagaagacg tctttgatga tgaccctgtg ccttggtage 300 atctatgagg
act t gaaggl,, gt accagaca gagttccagg ccat caacgc agcacttcag 360 aatcacaacc

at cagcagab> qrkbahagac cAagaEe e ACsd@-d9Gemdn fGREHagct g 420 atgcagtctc

t gaat cat aa t@pgigagaskicicgtiggcagae®acct cct gt gggagaagca 480 gacccttaca
gagt gaaaat gaagctctgc atcct gcttc acgccttcag cacccgcgtc 540 gt gaccat ca

acaguat fidl cuge Al el d-a0elgegeal cdageagond. ggaggeageg
gcggggg%‘.f GEdS Selcihai i S a% ey iit@’i g%n@aggt ggact
ggact cCdgact36s e @&@c@ﬁa@h@@a&s@a g%ﬁﬁce@e%c&a@a&&‘%&@%e&% gt 1ge gaagaagat g
acat cacicgggrace tgadragcHagRgechiag pagicesdaagiagdcgty gaaR@odad 24@ccCt gacca

t cact gtf@&aa@gagtcvtmtgfas gRpte &g %ca‘ee'e&‘-‘ct acagaEharag840380 FEB 2004 WO

01/ 10919{"“79?49 ARBE R4 ggt% EQC(?‘—‘E E%facét &e%ﬁaee gﬁ%tccacaaga

ctocaa cca cco
aoganadl JHLRET GO EE DB EM LSBT Bt dutt oot 0n
agt gt gag’a@et@ae@&%;ﬁgg&fi gch&gfas g;.t QL ke 3LALE @J gs4faaagaaaca
t ggact tgegtgtbs aatadgacgy) aﬁct&&gagﬂagitagch@E&d&ﬁ@tC ggagﬁagsgcc g0o gcagt gacat
gt ggaat?g!geg%e@ @Bgl&?ﬁcgltosﬂct eghygtdccatgaatdcgera gemaagag:gaeo t at gagaagt

att cagt@E cxret ¢d 8 ﬂ‘(’)"gt 9@8‘1‘?@@% ceEaeate @20 ctgcccattg
aact ggcgtr, Hdaadg % gc4gaate, aiﬁf’%% Llac g@ggagg aacttcttca
t cagggafabatibs dasdddatab: caQ@\QS 658 R0AREL %@ ttgaagaact
cacagyixpgaatggi< ageddgdgabl 2fkcagigl aReGit g ACt L6t GGqE gﬁ@&bﬁ@@c gtotcctacttct
Ccct cadEfrteEghl gheeyatti380-gatdasc agsgrattagataagasta cgalsgaaggager@cagaggagg
ggt gt aﬁf‘%ﬁé 38%9%3?4%32@;@5 t;;@ggg:g a'afgg gatggzz ;gii%g:%%%ﬁ g: aat gcaaag
gcggg a‘ﬁt@i c%%b& isgftgaaaatcc toceccttgaag 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> misc feature

«222> (12}..(14)

<223> translation initiation codon

<400> 7
aagctageac catgtgtect 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>

"<221> misc_feature

<222> Complement{(7)..(9))
<223> translation stop codon



gctcaggatc gctattacaa ttcctceatgc agcaagtggg catgtgttcc ctgcagggtc 1560 .- -

cgatcctag 1569 <210> 13 <211>.2709 - <212> DNA <213> Artificial
<220> '<223>-Description of Artificial Sequence: -mirine
Fc-p35-1i nker-p40-1L-2 fusion protein coding ‘

ggcccacaat caagccct gt
catccgtctt catcttccct
t agt cacat gologh@gt ggt g
tt gt gaacaa cgt ggaagta
gtactctccg ggtggtcagt gccctcccca
agttcaag&abCfaggtcaac aacaaagacc
aacccaa@ggﬁgtggq%@aggcgpggggﬁggg
t gact aagaa acaggtcact ctgacctgca
acgt ggagewp>gaccaacaac gggaaaacag

cctccat gca
ccaaagat ca
gat gt gagcg
cacacagct c

aat gcccagc
aggat gt act
aggat gaccc
agacacaaac
t ccagcacca
t cccagegcec
tatatgtctt
t ggt cacaga
agct aaact a
gcaagct gag
t ccacgaggg

sequence
acct aacctc
catgatctcc
agat gt ccag
ccat agagag
ggactggatg
cat cgagaga
gcct ccacca
cttcatgcct
caagaacact
agt ggaaaag
t ct gcacaat

‘Sequefrce -

<400> 13 ‘gagcccagag
60 5 FEgagiLggac

120 -ctgagcccca
pgoUsSHRZEASCt ggt

240 gattacaaca

300 agtggcaagg
360 accatctcaa
420 ,gaagaagaaa
480 gaagacattt
540 gaaccagtcc

t ggact ct@H>t¥gttcttac ttcatgtaca
t ggaaagégg:t%ﬁi%ggfget Lgagt g9
ct aagagcft ctcccggacc tcgggt aggg tcattccagt ctctggacct
tt agccagbgo-cCgaaacct g ctgaagacca cagat gacat ggt gaaggag
aact gaaaezsst bt tipeigc of e yctigslg segancgabim skgaagacat c
aaaccagcac att gemgerstieypt tueine PEYdaat tftueterceragaiit gag
ctact agagg gacttcttcc acaacaagag ggagctgcct gcccccacag
t gat gat gag;.catatQgall. ggt agcat ct “at gaggactt gaagat gt ac
t ccaggccaiz-caaggqagica cttcagaatc acaaccatca gcagatcatt
gcat gct ggta>ggeoddscelat Cgageimgat gtinagicdt ctegdduet 6t aat ggc
gccagaaacc twwigg gHya gaagcagacc cttacagagt gaaaat gaag
tgcttcacge cttcagcacc cgcgtcgtga ccatcaacag ggtgat ggge
ccgegt cdsth . Ce9dogcags dggggcggag gecageggegg gggcggat cc
t gct ggagam.aga¢iikéat gttgtagagg tggactggac tcccgatgece
cagt gaaegeiz>cacodgt gac Naegetiayaagnaagat gasaduecat Ct ggacc
gacat ggagt cratargeedne ggadlagaccc t gaccat cac t gt caaagag
ctggccagia cacctgecac aaaggaggcg agact ctgag ccact cacat

600 aagaact ggg
660 caccacacga
720 gccaggtgtc
780 gccagagaaa
840 acacgggacc
900 agtggcctgg
960 aagacgtctt
1020 cagacagagt

1080
1140
1200
1260
1320
1380
1440
1500
1560

ct agacaagg
gagact ct gc
ctctgcatcc
t at ct gagct
gccat gt ggg
cct ggagaaa
t cagaccaga
tttctagatg
ctgctgctcc

tcct gaagtg agcacca aaftac

ccg gacggttcac gtgctcatgg

acaagaagg&aggﬂg%ggg&céggggﬁg?g;& gaattttaaa aaatttcaaa
a
10

<210>

<211> 28

<212> DNA

«213> Artificial Seguence

<220>

<223> Description of Artificial Sequence: DNA sequence
at the junction of single-chain murine IL12 and
GMCSF

<220>

<221> misc_feature

<222> (14)..(16)

<223> encodes the C-terminal amino acid residue of

murine p40

<220>
<221>
‘<222>
<223>

misc feature
(26) .. (28}

mature wmurine GMCSF

<400> 10
’ ptgcagggtc cgatccoccgg gaaaagcoa

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

11

2013

DNA

Artificial Sequence

<220
<223>

Description of Artificial Sequence:

encodes the N-terminal amino acid residue of

mirine

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

1620,, aacaagact t
1680

28



ct ggt gcaaa
tctcgggeag
agggactatg
gagaccct gc

gaaacat gga cttgaagttc
tgacatgtgg -aat ggcgt ct
-agaagtattc fagtygt-coct gc-
ccattgaact ggcgttggaa
agcaccagct tcttcatcag ggacatcatc
aagcctttga agaactcaca ggtggaggtc
ccccat t ccVREH0¥2ccct caagttcttt gttcgaatcce agcgcaagaa% 2100
aaggagacag aggaggggtg.taaccagaaa ggtgegttcc tcgtagagaa gacatctacc 2160 WO
01/10912 5. FEB 2004 PCT/US00/21715 -8 gaagtccaat gcaaaggcgg gaatgtctgc
gt gcaagcdsgoaggat cgcta ttacaattcc 2220 tcatgcagca agtgggcatg tgttccctgce
agggat ccgaaggmceuggggmctagca;@cgmﬁg 238 radcanfetghan eagryggaggeo acagcagcag
cagcagc&gea@gem;eaWat greaga %mactﬂagwg@agbc Fgﬂ@g&t@g%%ct acaggag

ctcct ga@é‘%’% ?QE\%M %& e %‘“bacct t caaa
ttttact tgg St ﬁgﬁ%ﬁga a@ﬁﬁﬁtﬁ@g égi eiﬁg%@gat gaact t
ggacct ctget.-ggg@g g&i@ﬁa@ga@a gidcta 284tk coiROGPEARAG ggéatc €&at ss@@gaagat get

gagaat t taracdeage ast@racagagt aaghc %Bihcag;tct glsagsas: baaaggaet €2d gacaacaca

aacat caaga
ctgtctgcag
caggaggat g
gcacggcagc
aaaccagacc
agct gggagt

gcagt agcag
-agaaggt.cac
t'cacct gccc
agaat aaat a
cgcccaagaa

ttccccagac 1740 -
act ggaccaa 1800. ... .
aactgccgag 1860 -~
t gagaactac 1920
ct t gdﬁﬂ@b 1980

accct gacgc agcact 2040.

chefk asﬂatsﬁescgage‘gagat ggat a

tttgagt GEECTALLT gaﬁ}aa%a'agemeat 264EICCISt FFCGER

gccttct EC% cHagaayEe ZTORFICTCt LAAt SR TOTCLAT>"9%  <211> 33
<212> g éggggg (L ale ﬁ %2 > agaggggg S DlI.0Bs@f Artificial
Sequencegagg RrobRE dgoboadd dabiicatddc0ih ooty Riddabsed®3bzdubuni t of

I L-12 <%36gaag§%2ﬁkaﬁﬁa&a:gf@&btﬂa§ac eﬁ&&hca(tb@agtcatég&):tstaasaagt va@nsl ation
I ni ti at iIagACtEgdem t<dfoteag Jagagaeftrty grbgqfesnyctgtaycte gedwasyga
<211> 3FIcLETRoLE

actgaaattt
teccggacggt
aagagcagta
gcagagaagg
gatgtcacct
cagcagaata
gagcececgecca
gagtaccctg
atccagcgca
ttectegtag
gctcaggatco
cgatccocgg
cagcageagc
agcaggatgg
ttgccoccaagce
ctgeggeatg
ttcatcageca
tgccaattcg
tgtcaaagca

<210>
<211>
<2125
<213>

12
1569
DNA

<220>
<223>

@ﬁﬁgccactc
aaaaaattt
tcacgtgetco
geagttecee
tcacactgga
gecocaactge
aatatgagaa
agaacttgca
actcctggag
agaaagaaaa
agaagacatc
gctattacaa
gtaaagcacc
agcagcagea
agaattacag
aggccacaga
ttectggattt
atatcagagt
atgatgagtc
tcatctecaac

acatctgery
caaaaacaag
atggctagtg
tgactctegg
ccaaagggac
cgaggagacc
ctacagcacc
gatgaagcet
cacteoocoat
gatgaaggag
taccgaagte
tteceteatge
cacttcaagc
gcacctggag
gaacctgaaa
attgaaagat
gactcaaagc
aactgttgta
agcaactgtg
aagccctecaa

Artificial Sequence

ctocacaaga
actttcetga
caaagaaaca
gcagtgacat
tatgagaagt
ctgcceattg
agettcttea
ttgaagaact
teectacttet
acagaggagyg
caatgcaaag
agcaagtggg
tectacagegyg
cagctgttga
ctoecocagga
cttecagtgeco
aaaagetttc
aaactaaagg
gtggacttte
taa

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

ggaggeageg
gaggtggact

gaagaagatg

accctgacca

cagtctctgg
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
etgcgecaga
atcetgette
agcteccgegt
tgggtgctgg
gaaacagtga
cagagacatg
gatgctggee

agtceccgaaa
aacattattc
gcacattgaa
gagagacttc
tgaccetgtg
ccatcaacgec
tggtggccat
aacctecctgt
acgccttecag
¢cgagcggggg
agaaagacgt
acctcacctg
gagtcatagg
agtacacctg

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

g8t 33 <210> 15
900

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



<213> Artificial
reverse primer for

Sequence <220>
PCR anpl ificatiaqn of nurine p35

<223> Descri ption:

<2213 ni-sc.featureé: <222>. Conpl-enent N(»
coden <400> 15 ctcgagcttt caggcggage tcagatagcc 30

<212> DNA <213> Artificial

Sequence: codi ng sequence at the junction between p35 and

conpri se wbeyrmenri ne single-chain IL-12 <220>
(10) <223> encodes the Cterm na}._ anino acid resi due of WO 01/10912 -9
<221> m st feature

‘@ig%%?ﬁi eisa Qﬁiéc’ ﬁ’i ﬁ‘éﬁ%

(8)..
muri ne
N-term

PCT/ usog&zgz

35 <220>

Sequence <220>

09C0999gLasGats egaftatect Otgagtcﬁigg<% Q@:gllz

gcagagaagg
gatgteacct
cagcagaata
gacccgecca

-gagtaccetg

atccagegea

' "ttectegtag

geteaggate
cgatcectag

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

13
2709
DNR

<220>
<223>

tcacactgga
gcccaactge
aatatgagaa
agaacttgea
actecctggag
agaaagaaaa
agaagacate
gctattacaa

ccaaagggac
cgaggagacce
ctacagcace
gatgaagcoet
cactcecceat
gatgaaggag
taccgaagte
ttectcatge

Artificial Sequence

tatgagaagt
ctgccecatty
agettettea
ttgaagaact
tectacttot
acagaggagyg
caatgcaaag

agcaagtggg

(12))

c223> Descri pti

<222>

:gﬁtgag%%g'gg

t
attcagtgtce
aactggegtt
tcagggacat
cacaggtgga
ccectcaagtt
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
aggatgacce
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

of ‘Artif
subuni t

<223> tr
<210> 16

icial .Sequence::

of . 1L-12- <220>

anslatlon stop"
<211>. 61 -

§26€%h At i ficial
at

<221> i SECHES00RIS <222>

(61) <223> encodes the

éa t
accaaa

gE&beqede
ctgecaggag
ggaagcacgyg
catcaaacca
ggtcagetgg
ctttgttcga
gaaaggtgcg
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

f

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

g5 CotaRgcage

Rioso



<213> Artificial Sequence <220>  <223> Descrkption of-Artificial Sequence:
Protein sequgnce.at the junction.: betwween. p35-.and- p40 t'hat - conprise the .
muri-ne- smgle—chaln |'L-12"'<400>17 Ser.Ser Ay dy.Ser Ay Ay Ay Gy Ser
Gy'dy Gy @y Ser Ala -1 510 15 <210> 18 <211> 73 <212> DNA <213> o
Artificial Sequence <220> <223> Description of Artificialg ﬁﬁg%@ﬂ codi ng
sequence at the junction between nurine p40 and the mature m nus of
KS heavy ov@pmlogi220> <221> nmisc feature <222> (14)_. (Y6€TUg8RINSencodes
the C-termnal arri no acid residue of _gmurine p40 <220> <221> misc feature
<222> ( i)? (ié}) gcaa 23> .encodes the N term naI resi due of mature KS heavy
gC

chain < gc'f:' &(ggg@%ig ﬁ 55@@ ?%g %ﬁggt agcg
1000800898 hber s tarebandc sadhns aodechgeal Beads <213>

Arti fi cicadgaSeaure haterga220 >cora@3ag Besdtbh@falﬁﬁt@‘agﬂ ttddaghalc Degpuence:
protei n°§ FRFeC‘aﬁtgngé’t j @Aetcam IsEttacRtTCnerapIrRgl Qacagda S gFEB 209 WO
01/ 10912 a’ agatgaactt ggacctetge ggcatgttet ggatttgact 2520
al caaaa gct t ggaagatget gagaatttea tcagcaatat cagagtaact 2580
gttgtaaaac taaagggctc tgacaacaca tttgagtgcc 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
IL-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> misc_feature
. <222> (8)..(10)
<223> encodes the C-terminal amino acid residue of



-10-the mature N-term nus of KS heavy-chain <400>-19 Pro Gy Ser Ay Gy
Ser Gy Ay Gy Gy-Ser Gly G‘y Gly Ay sex.: 15 10“» 15 Len Ser <210> 20
<211> 64 - .'<212> DNA <213>:Artificial Sequence <220>. % <223> Descri pti on”

of -Artificial Sequence: coding sequence at the junction-between mnurine p35
and the KS light chain <220> <221> msc feature <222> gg} 2dpd 0) <223>
encodes the C-termnal amno acid residue of marine p35 < f@_ <221> m st
feature WQERWIRG2)..(64) <223> encodes the N-term naI RERYRIBEMY r esi due
of the 1light chain <400> 20 gagctccggg tcgagcgggg gcagcggggg cggaggcagce
ggcgggggeg gatccttaag 60 cgag 64 <210> 21 <211> 17 <212> PRL <213>
Artificial Seguencé <220> <223> Description of Artificial Sequence:

pr ot ei nzgeguence at the junction between nmurine p35 and the KS |ight chain
<400> Xp2GemifSefes@hye Gy Ser Ay Ay Ay Ay Ser Ay Ay Ay Gy Ser Len 1
5 10 1528t (592)..{el1)

<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



<210> 22 <211>-27 <212> DNA <213> Artificial Sequence: <220>- <223> -
Descrn pti on-of - Arti-fici al. Sequence: . forward pri-nmer .5 FEB 2004 WD 01/ 10912
-117for-‘the . PCR anpilflcatlon of murine TL-4 <2205 £221> misc feature"
<222> (9) . (11) <223> translation initi ation codon PCT/US00/ 21715 <400> 22
tctagaccat gggtctcaac ccccagc 27 <210> 23 <211> 47 <212¢ rphApos13>
Artificial Sequence <220> <223> Description of Artificial Sequence:
reverse pwordetofinar the PCR anplification of nurine |L-&£HY2521> ni sc
feature <222> Corrpl emsnt((8) .(10)) <3@3> encodes the Ctermnal amno acid
resi due of 5‘,4 <400> %3@0% at c%cga gtaatccatt tgcatgatgc
tctttagget t ccagg a7 SHTHDAT B *%212> DNA <213> Artificial
Sequencesce22{> <223> Description of Artificial Sequence: coding sequence
at the punely erroflynely se bly 41amdytdle savetiyr @yK@y1éW sexght chain

1 5 10 .15

Leu Ser

"<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



<220> <221> msc feature <222> (1) ~(3)  ~<223> encodes the C-terninal
seri ne-resi-due of mirine |IL-4 ¢220> <221> msc feature- <222> (55) _.(57)
<223> ‘encodes .tthe N-term nal ‘ami:no acid residue of the .mature KS-1/4 ‘lr-g_ht

chai-n” <400> 24 tcgggatccg gaggttcagg gggcggaggt agcggcggag ggggctc’c"t't'
aagcgag 57 <210> 25 <211> 19 <212> PRT <213> Artifici aI gum}ce_ <220>
<223> Description of Artificial Sequence: protein sequence a e junction
of nurinevorvmIgnd the 5 FEB 2004 WO 01/ 10912 PCT/ USOQ/ECITUSR0217P5 mat ur e
KS-1/4 |ight chain <400> 25 Ser Ay $pr Gy Gy Ser2 GIyZGIy (2313£>GDKIASe;1?(?y
dy dy d er 10 eu_ Ser u <210> 26 <211> 27 < < >
Ar%/i fi %:/i al Y qut:(la“rau]:;’gE b’iflcaf‘i% °%E%§(’5’l‘? gtibn of . Artificial Sequence:

forwar dezpoi mer for the PCR anplification of nmurine IL-4 <220> <221> m sc

f eat ur es22x22@sc _[{f8ture (11) <223> translation initiation codon

<222> (9)..(11)
<223> 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



<400>:26 tctagaccat gggtctcaac ccccagc 27 <210> 27 <211> 52 <212> DNA
<213>- Art1f|0|a1 Sequence <220> .<223>. Descrlptlon of Artificial Sequence
reverse, ‘pri.mer for the-PCR anplification of murine |L-4 <220> <221> ni st
feature <222> Conmplenent ((13)..(15)) <223> encodes the C-term nal am no
acid residue of nurine |IL-4 <400> 27 cgatatcccg gacgagt FaFFgcagit t gcat
gatgctcttt aggctttcca gg 52 <210> 28 <211> 39 <212> DNA <213> Artificial
Sequence WEMIAIZ223> Description of Artificial SequencBCTEIIHIS sequence
at the junction between nurine IL-4 amgl nurine GW CSF <220> <221> mi sc
feature <222% .(d)xs{A2)igR23z;:8ncodes the Cterm nal sequence -of nmulL4 i
<220> WD 01/ 10912 -13 <271> mst feature <222> (28) .. (39) <223> encodes
the N-terasbnzd sequence of muGW CSF <400> 28 atggattact cgtccgggat
gggaaaa@‘t:a%%@ged@gc@%? $€>GP0 GlKEliﬁigzger Gly Gly Gly Gig 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>



<212> "DNA <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: forward primee: for the PCR: anpl i fication-of.murine Iynphotactln
<220> <221>'nisc feature - <2225 (13)-(15) §§?§>*trahslat|on |n|t|at|on
codon <400>-29 tctagagcta ccatgagact tctcctcctg ac <210>-30 <211> 26

<212> DNA <213> Artificial Sequence <220> <223> Descri ptﬁg% g ﬁl‘tl ficial

Sequence: reverse primer for the PCR anplification of nur hot acti n
<220> <2WDOIHINZ feature <222> Conplenent ((7)..(9)) <2P8HUgNEsdes the
C-termnal amno acid residue of m~xmne Iynphotactln <400> 30 ggatccccca
gt cagggtba -CLAG! faslk0> 31 <211> 57 ..<212> DNA <213> Artifici-al Sequence
<220> <223>(deScisption of Artificial Sequence: codi ng sequence at .the

j unct i or2iset eveedestihe Neterbitaphefaaibe pfandmKSed L2 heavy chain <220> <221>
msc_feature ~<222> (1) . (3) <223> encodes the C-terminal amno acid

0>
< >
resi dUeag)ggat Ll cg%ccgé t 8&9%%5&19@ czcggocccgc 39
<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}



<221> mi'sc feature <222>(S5)_.(57) :.5 FEB 2004 PCT/US00/21715 39 32 26
5 FE-2004 WO 01410912 - 14%; @23> encodes the I Cl-ternminal amno -acid- .. -
resi due” of the.  KS-IL2 heavy chai n PCT/ US00/2171-S <400> 31 cccggatccg
gaggt t cagg gggcggaggt agcggcggag ggggctcctt aagccag 57 <210> 32 <211> 17
<212> PRA'" <213> Artificial Sequence <220> <223> Descri ptgqng sofppsArtifici al
Sequence: protein sequence at the junction between rrurl ne n'g,)hot actin and
KS—IL2 he‘ﬁswlﬁlﬁ%ﬁn <400> 32 Gy Ser Ay Ay Ser Ay Ay é SSer Ay dy
Gy Gy Ser Leu 1 5 10 15 Ser -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



