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Field of the Invention [0001] This invention relates
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their stablllt I n artlcul ar, the IL- 1240 pr ot ei ns
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regi on of Ly3260 and Arg261 in the p40 subunit.
Background of the Invention [0002] Interleukin-12
Fieldiohthednyentian| ammat ory cytokine that is produced
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Idflammbtory Zylokinass @spbeially intérférdniys(IEMgluced by
phagocytic cells and activated dendritic cells, and is

{80033y ed!L+- 2 isca ihetarpdismeriamplesulecearapeseshef amd-chain (the p35

byt |'L?Q%R‘§§4'3) W G106 AR bAGY, Ii_ggpsttog}hgggl%ﬁglinked by
%ﬂuﬁn@@tﬁm@e t@ffoﬂnhtr?é’:sibﬂaqvéanaoarmw 76 KDH'REterddifm@ri Amino acid

depicted in Figure 0005] For i nmmune
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[0004] Interleukin-23 (IL-23) is a disulfide-bridged heterodimeric molecule
closely related to IL-12, in that it has the same @ chain IL-12p40 as IL-12, but a
unique a chain (the p19 subunit, IL-23p19) (Oppmann et al., (2000), Immunity,
13: 715-725). Like IL-12, IL-23 is produced by phagocytic cells and activated
dendritic cells, and is believed to be involved in the recruitment and activation of a
range of inflammatory cells (Langrish et al., (2004) Immunol. Rev., 202: 96-105).
The amino acid sequence of IL-23p19 of a mature human IL-23 is depicted in
Figure 3 (SEQ ID NO:3).
[0005]  For immune cells to secrete biologically active IL-12 or IL-23
heterodimers, concomitant expression of the a. and B subunits in the same cell is

required. Secretion by immune cells of the IL-12p35 or IL-23p19 alone has not
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required. Secretion by imune cells of the IL-12p35 or
| L-23p19 al one has not been observed, whereas cells
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het er odi mer secrete the p40 subunit in free formin 10
to 100-fold excess over the heterodiner (D Andrea et
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from proteo ytic cleavage in“the C-terninal region of
t1Ae07] L - 1Bprt.-1Zoe ILi-28 prioductign of thefrecombir@nb proteinZa its correctly
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IL-12 or IL-23 variants t
mtmtfled mecambinaat prteing h0wemroegmbus aajexyr@@bﬁﬂeterogenelty

TESERS 238 iieQnic Heavhom i Gaieerangliagion of the (L. 12p40. The
mstablllty of the IL-12 or IL-23 protein can give rise to problems in its production
and clinical use as a therapeutic agent. Therefore, there is a need in the art for
improved recombinant IL-12 or IL-23 variants that yield a homogeneous protein
more resistant to proteolytic cleavage.

Summary of the Invention

[0008]  The invention provides variants of human IL-12 p40 subunits (p40
variants) which have improved stability compared to wild-type IL-12 p40 proteins.
In these p40 variants, the C-terminal region, which is normally sensitive to




vari ants) which have inproved stability conpared to
W ld-type IL-12 p40 proteins. In these p40 variants,
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toproteol ytic cl eavage, has been engi neered to be nore
resistant to digestion by proteases. Specifically, p40

Visrotetite @éajdie, i@%%{@#g%ggiﬁ%rég % Blﬁ%g‘r%efeﬁgtmaagﬂ%estion by

acid alterations in domain ained to avol
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the variant proteins, inmunogenic and . trigger antibody
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identity with a wild-type human |L-12p40 D3 domain and

i [8899] de s Aggorglingly, inoing agpeet, dbé inveation peovidesravariant of a human
i+l di n 0 resi.dyes, 258- 266 of tur

OBt AT D P EE e T RS S ot s

ddentitpseth a Wilditgpé hupfanAD- BIHY0ED3 dbhiin hhatinct'hﬂdeéﬁmﬁ @mino acid

acid alteration or alterations according to
i Higsalianoat ong er Mese pasitipas caresponsding taofesiduas258266 of mature

i it . 0 LArg261 . [0010].
SRS 20, ok MRV ARE 1AEF8h o bERAR s, onan
tapppeciation tht antaraino UiS aReration kP AteRdioh8 dcBsidiE o the invention
258- 266 ma[ylc be del eti ons, substitutions, or

ihaverthe Uay kenadit of eamenina thel petesiytic site betvaemnaltys260 and
r@rﬁbg@e basi ¢ am no acids with non-basic am no acids
ca e used to create variants according to the

i[00E0)t i OAcch@irglio the imesritionuttay amiPd adid afBiatiofds té BRAe or more
i nvention may include one or nbre am no acid

RSN Rarsspondingdeiresigues 26Bw6bdnay berteletiong: supstitutions, or

SESSURHE o 41, SRR 83 b A i

avitrenat-basie arainolaxidsseah be ngky tocréate vardnteaidcording to the
i.nduce the structural and/or functional changes
PBed above. For exanple, the D3 variant can

P S 49y 1 el B ormoro
larsip6 Gatichsubsti@iinsat, pdsjtimd G@letted frorBHIE groupicaRSiEHhE of

Ar , 261Thr, 263d y, Lys263Ser, and/or
Hgégéé?%aséggx 0. AArg Lé/,sggé; l¥s264, Agp265, and Arg266. Such
BRiRbidcit AReatiSns cBR Delsel SiGig 6P in diifibination to induce the
structural and/or functional changes described above. For example, the D3
variant can incorporate one, two, three, four or more of the following substitutions:
Lys258Gin, Ser259Asp, Lys260Ala, Lys260Asn, Lys260GIn, Lys260Gly,
Arg261Ala, Arg261Asp, Arg261Thr, Lys263Gly, Lys263Ser, and/or Lys264Gly.
[0012] In some embodiments, the substitution is a position Lys260. The
substitution may replace Lys260 with a non-basic amino acid, for example, Ala,
Asn, Gln, or Gly. Further substitutions in addition to Lys260 may occur at Ser259
and Arg261. Particularly, some D3 variants of the invention incorporate

substitutions Ser259Asp, Lys260Asn, and Arg261Thr. In a further embodiment,



substitution may replace Lys260 with a non-basic am no
acid, for exanple, Ala, Asn, AGn, or Gy. Further
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Ser259 and Arg261 . Particularly, some D3 variants of
the invention incorporate substitutions Ser259Asp,

LS 26R4%18. of IR ifVetiBA Thdorp 6ﬂét@sub§tﬂﬁ‘ﬁdnse%@r% PtL 60Asn,
variants of the invention incorporate substitut
Rg264 Abpand | yo 264 Gly, whilg DemmgallyadiezizﬂéqgsilﬁszEWand/\Asb%S
263 As terna
AR 85 BHahP et rvertondasmapetes subpivions Sefsonsp.
g'g’{sgt@ Pﬁgﬁ@sgzas Lyszaﬁ\y%élgg' 'Iémfé@%%%g ngébﬁ and
nts accordi ng to the invention, a D3 vari ant
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APBLHG T B Eicine R ARudin I RBien, a3 gmgaptinciuding

@B@bﬁftuﬁdﬁ%ﬁﬁacn@? L%&%o éﬂ&ﬁﬁﬂvely bchefed fuﬁﬂt@r Iédﬂﬁ%ﬁ\ghons at one

For exa i n_one enbodi nment a D3 varian

Ot 260 RIS Aoges LySBGQS@NsbysZQAs He@xample, in one

(BEERR 2, PR et SEBRGHioRY FysR sin. Sizsonsp,

SUWePBDGIN, Arg26 PAsSearPOptidnaliy ¢ 9s 2685k fis2 . or
rmq%g of reﬁglgduess%orres%(lmdlg&gtso Lys263, @%'ysefg'ﬂ?
i

A9pEs,  imburthes eabaginetts, it adyitiomtd substitationstatrSer259, Lys260,

f 263, Lys264 265, d
ATERIZR, onBRE riir el Yonsshondlie ks e nsnzes,
6arfdJAt Sratielbte®Nivhilé ieasethset éh‘bbhﬁﬁ’elﬂt on'aé( 6?%ré f Lys263,
Lys264d y and, optl onal Iy, Lys263 and Asp26

dorsebé dAspR 6 andA 266 are substitutes wrﬂvemonohasuc ammo acid. Ina

AEBRAThPoGmiat theslksRfonh EySABR o /BT Bba aptignaty.

rLeysQGB emdoasp2eSaredigistetio GierH3. vaﬁ%ﬁ?sﬁéf tﬂ@‘i’nﬁrﬂloﬁﬁﬁcorporate
[0015] It will_ be understood by those skilled in

a'iUtbst' PN S@ro29As Ly s3BRAs tArgat b, IaDdSLYBBM@M andauptnonally,

ed rei
JHRIaPeTESidDes Lol EpRRNNRT FFSEH. Apapp st o,
HOO01s}i nsitavill beirideestood by ARGsd SaN&Pin thBair fh%'ﬂ 40 WaRants and
p40 variant (IL- 12 variants) also are within the scope

dictive o praef thatdneorperate D3 watiart-assdesaripad hesein are
IWiEiQ Phe5 &S Bﬁhbriﬁv%’rmoﬂg gi Jal éﬁy]\flﬁg [Frfgieiﬁé gba%ctive portions

i nvention a noi ety Celd

dbemoeﬁthm@onfalma PO Varizty (o1 2{ariaris)also la'lte Mhln the scope of the
i ne or an actjive portion thereof. 16]

Yﬁn o0t yThe ipventioy fstr@iewnawapa&eces\/@smmrptm@s incliding 1L-12
weanEst e B el ARillisplebted BREARR Hipfl Sfin8sfing of an
antibody moiety, a non-IL-12 cytokine, or an active portion thereof.

[0016] Similarly, IL-23 proteins and active portions thereof that contain a p40
variant (IL-23 variants) also are within the scope of the invention. The invention
further encompasses fusion proteins including IL-23 variants of the invention and
a moiety selected from the group consisting of an antibody moiety, a non-IL-23
cytokine, or an active portion thereof.

[0017] In another aspect, the invention relates to a nucleic acid that encodes

any of the D3 variants, p40 variants, IL-12 variants, and IL-23 variants of the



further enconpasses fusion proteins including IL-23
variants of the invention and a noiety selected from
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non- | L-23 cytokine, or an active portion thereof.
[0017] In another aspect, the invention relates to a

NHE&RIh, am&.maﬁf.oﬁﬂﬁ&%?%neagmpgﬁsggsvar1 49 r'@gﬁarﬁb‘%@ cell,

variants, |IL-12 variants
tlheludm@rsuod)ra natleici asieint i on furt her enconpasses a

bl ¢ Thbvdripie e esturcsdningRs of TakGbush.03 variants, p40
f@rﬁﬁﬁs 18 2%'ﬂa'ﬂ95 3?%?3 Vatiahty éﬁ&‘f@qlpéﬂ)t&ﬁé 'cﬁﬁfal?mng these

L-12 variants, ariants an Ion proteins
cmnteaem ng these noi eties. [0019] In yet another

JEBRE: o i yet dnsihen et e fivanion mievidee mehads of Using the
SRFRASF thaTRverlth PR fycldiP %chfé"eeﬁbbﬂﬁ'@ d?é}ﬁé? R8P 8kdmple, the

a nethod of treating a patient t
daventiosnt endompasses leemethddof treatingea aammltbaﬂ ihgludes administering

unt 0 4 riant o nventi o
36 68 brlEn O MthnSlucdiB sietis 30puste’ 4 BbYaraw Stang nvention
erfm{aétﬁ,@twrﬁgnmegfjvant ages of the invention as well
as the invention itself, will be nore fully understood

1008201t heThelfomgorrw fa|ngm’tber featuzes apd mdnantagéscdfﬁnermvent:on as

[V?é*ﬁ# L3RR et Sl BE ey indersonsromcne Jalciing
és%%cngfgmagmlty with a wild-type human

IL 12 p40 mai n and conpri ses an am no acid
a[DOZzlr]atl bhsummany the inventopmlatesdass correspondi ng to

o e 300 S WAL TSI atfgast s
al t er eipBneé idBrity ﬁ/ﬁhtahﬁlldlfﬁe%ﬁﬁaﬁ'lL-Q%ﬂﬁbVﬁﬁ dopmir 8

and Arg261 . A corresponding vari ant
al t er Zoneprises ap aming acidtalteration at amhel etrnore positions corresponding

co e BIBANES bl 25R R R nBl SR el 112 p40
1S5 ch R i, o S rotsss
aci d etween Lys260 and Arg2bbet ed:
e A corresponding variant, wherein the alteration is a substitution or a
deletion.
» A corresponding variant, wherein the alteration is a substitution selected
from the group consisting of Lys258, Lys260, Lys263, and Lys264.
A corresponding variant, wherein one or more of the following amino acid
substitutions are selected:
Lys258GIn,
Lys260Ala, Lys260Asn, Lys260GIn, Lys260Gly,
Lys263Gly, Lys263Ser, and
Lys264Gly.
* A corresponding corresponding variant, wherein the substitution is at least
at position Lys260.



Lys258d n, Lys260Al a, Lys260Asn, Lys260G n, Lys260Qvy,
Lys263d y, Lys263Ser, and Lys264dy. A correspondi ng

waosmeseehdi ng variant, wherein ¢ he substituti BOT/EB20a6/012301
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| east at position Lys260. A corresponding variant,
wherein the substitution replaces a basic am no acid

consi &t PaeSing VBt Etreif TS Sl iEionttistia phgic amino
var i ardcid whtareehon-basicvahinaricid, Welditéd FORPHH UB%R?gsting of

nore substitutions at positions Ser259, ArgZ2obl or
266. MacHppeShoeiGlYy variant, wherein the

s A O T R D LSO 5
Lys260Asn setditiNonatt Pakitiond S068 SRene % GA/rgrﬁﬁ%Rt ,

further conprising the substitution LCys2
cor PedhpEAHERRONAING yatiantwmbersin the substitutions ane Der269@ind Arg261.

h [ Lys263 265 del et ed.

cor e L GRHESROTRY aRER, HERGTR i Substiiars areeraags.
corremggbAgn}@qd_xﬁg’;@’:\q—thySZM, Asp 265, and Arg266
are del'eted. A corresponding variant, further

conpr iAcagespending nariantpfurthes csntpshirtgdhbmu&sﬁmltienﬂ_gg.956461y.
fromthe grou onsi sting,of: Lys263, Lys264, Asp 265,
and® AA}E@%?SQM%Q Matan, %BPF%Q Hatharenedsdn kpth &f tf&ﬁﬂ(’jqwu:s
aci d rnest IS non- basi ¢ am no aci d.
corresL o%g?%guvpéér@a@nt l(JHrét?%tgra' conpri sing one or nore

subst iA obiresporatihg vakaht! wherdih @mglroﬁ'lﬂiﬁlor@Cr%id‘éxte;SA rR@rreEponding to

Lys258, 259, Arg26l , Lys263 and Lys264.
c)c;r r ei@’@?génlgys@gf‘i’ gﬁ??%héf‘@i/\ﬁgi-’%aﬁﬁj@%'ﬂ%ti ons are

Ly 3 Sl AT BB e o e
subst isubstitutions geRetEfromtHe Igred® 46hsisting of:
Lys263, Lys264, Asp 265, and Arg266,
wherein the corresponding original amino acid residue is replaced by a
non-basic amino acid.
» A corresponding variant further comprising one or more substitutions
selected from the group consisting of:
Lys258, Ser259, Arg261, Lys263 and Lys264.
e A corresponding variant, wherein the substitutions are
Lys258GlIn, Ser259Asp, Lys260GIn, and Arg261Asp,
* A corresponding variant, further comprising the substitutions Lys263Ser
and Lys264Gly.
A corresponding variant, specifically comprising
(i) the following substitutions:  Ser259Asp, Lys260Asn, and Arg261Thr,
and
(ii) the following deletions: Lys263, Lys264 and Asp265,
wherein said positions are related to the unmodified wild-type molecule,
thus forming the sequence track Lys — Asp — Asn — Thr — Glu — Arg at
positions 258 — 263 of the variant.



A correspondi ng variant, specifically conprising (i)
the follow ng substitutions: Ser259Asp, Lvs260Asn ,
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Lys263, Lys264 and Asp265, wherein said positions are
related to the unnodified wld-type nol ecul e, Lhus a

f or @1 Ny cbABsSERYIRG VariARSletifiSaln cﬁ&?ﬁpr‘lsi. n - Thr - Gu

- Arg at posllgtipng 258 -_§63 g?yt e variant. A

cor r eshoths fefowing substitutionasi f i Ser250Asprhys260Asr, iArg26EThr, and
foll owi ng substitutions: Ser25 Ast g#}éS%OASﬂ- , d
Arg261Thr, and Lys264d vy, and V? 4 » fol l owi ng an

del et i(@fhe following dE16tidgP265, 63 SndAkg2ewsi tions

are re(l gt ed to tﬁqh%e.pnnodifi ed Wﬁl-type ng?ecul e, thus

f or ni Nghereln saiguosiionsrase kelatgdsto-thesmmodiied wilditype molecule,

Au - N ositiqns,258 - 264 qof theg varjant

A cor r@é%&%&ﬁﬁg t@%??% n,cegm igf‘ rTgK—ﬁﬂwE%é&‘r ﬁtu ﬁéi’"-' —Gly - Arg
subst idtigoshivhis 25852 2840R theSearadAs _, Lys260Qg n,

Arg261Asp, thus form ng the sequence track: G n - Asp

- Grn A cogpspording vatlirst, coinpsisingAhg faltowing 's?bstitati@rw -

265 of, t rian or ndj n riant,

compr i SAgBETE SBRPOAs saB0e ArpantAsR, so5ea n

Ser 259A68 formidg AOSbAuertedrk e — AS203PS Asp — Gly — Lys — L
Lvs264Qdy. rthug_form@#ag t he sequ%‘r]céeégra'ck: %‘% - H\sp ys—Lys
- GIn = Argpt posiions 25%+-268 of the Amgamt posi ti ons 258 -

265 of, the vari ein, or a fragment

hot o bOfesRtdiNg yaral. carPashodhs flowine subHRdiesind

bel ow. b N,

cont i e ao0 Bl SerPhoAgh. 1ys 36001, 1A% Ash 13588 8er, ys264Gly,

A fusitbus gm‘nilag the: sequencertrack: Gim i-aAsp, - _Gti)n 3m_sgu BGluoerSer- Gly
-23 j d (i d an anti body or an

!algt i ve—pé'éoé % ‘29136}69{@?2@“_5%% Qfdﬁgé@ﬁ%'ﬁdi ng fusion

ot ne VLl E PRt 3 8 Hetiniogh Ui Pohg yafiaht 3¢ fescribed

por ti @bovprarfdebelbwy to the Fc-portion of said

[ erein said anti body targets tunor
ant'-b%jr}/ IL-%] protelrl]n, or a fragment thgreof, gontaining the variant as

described above and below.

* Afusion protein comprising a variant, or an IL-12 or IL-23 protein as
described , and an antibody or an active portion thereof.

* A corresponding fusion protein, wherein said variant or said protein is
fused to the C-terminus of said antibody or antibody portion, preferably to
the Fc-portion of said antibody, wherein said antibody targets tumor
antigens, such as KS (EpCam) or 14.18, or receptors that are
overexpressed on tumor tissue, such as HER2 or EGFR or VEGFR.

e A nucleic acid or DNA molecule encoding a variant, or an IL-12 or IL-23
protein, or a fusion protein as described above or below.

e An expression vector comprising said nucleic acid.

e A host cell producing a variant or an IL-12 or IL-23 protein or a fusion
protein as described.

» A pharmaceutical composition suitable for the treatment of IL-12 or IL-23

triggered diseases comprising in an pharmacologically effective amount a



antigens, such as KS (EpCam or 14.18, or receptors
that are overexpressed on tunor tissue, such as HER2
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encoding a variant, or an IL-12 or IL-23 protein, or a
fusion protein as described above or bel ow

An
expre 'rféﬁt VEEILRY2 BPﬂPQB?J!r&% r?'g(?ldaa nﬂ}%‘f{l‘?h&t@iﬁiq%mnging such a

host ce produci ng a va

pr ot eivari@ant ar L4 2 am Ilp-QGtmotelrasopﬂgaam]{ tmgéthher/wlth at t
harma euti cal 03|t sui table for the treatnen
of | L Anamaceptically acoeptabie samies dident orasinientnar Wihther

phaf ”Wrﬁ%'c%ﬁidn&all?féfﬁﬁfl¥a Er%‘%pr e c@ﬁ%bﬁgﬁ heé}g% 'rfi@]ﬁ’]s?

or IL-23 protei™n , nconpls
a var |/anse<mf shid- gitarmaceutiédl dontpasition eits §Msdtiv components for

t oget a pharmaceutically acceptable carrier

di ?ueﬂﬁe@a’@gﬁt}b‘l’%ﬁf a md'mmﬁnbﬁ&e praimen oIf égheern oryan
ef f ect | combi nation therapy reginmen. A
use ofé%fgllnghuﬁgﬁr%:aggtl cal conposition or its

effective corrponents for the rr?nuf acture of a
Fitief fRaraptPoardBe dERnGBescr i pti on of the D awi ngs
O], PR SNt B By SRR B, o

(me|p$5tszm)1uthuﬁmmature1@w|63§§ze) Burbigh L1 2. (sE@a?NcEwur e

icts the mature am no acid sequence of the
ﬁ i Figure 2itemiats thematune, ammOaam@saqeemaa d)fdheﬁoei)am ie.,

NI PSR A R B, B GHEE RS B 25 e

t[D@ mrﬁspdadfngagrpmitndmrmqsmﬁsom III)CI\NDOZH)t ﬂs%fﬁmzed and the
258-266 1s underlined (SE , and

/99@2 ¢ fﬁggmntgwr@@ppndlnauq pogmoza]zssr@ﬁne lmdedmedt(§EQ ID

ROy Hh Ey B0 BnB A2 S E NG eR inof pey hunan i L 23
(16823]1 D Ngude 3 ddietblthéhizitire ind VS sbfFerrdr Q% %‘%ln ie.,

for several purified batches of human IL-12 pro

dbe #1Pi sybunits ofa matyiedmdldrtype) hurman IL-238BEQUD NO:3).

Toft1c,*BRo A iR TASRAGE Al B Bl g betihes o
urhan Ns12 ppodiscell as 3ht+bo'59ﬁuélbn b6 sP(Mshds 1 2§§)%ue Figure 4B
subuni t is covalently attached to the anti body” heavy

Shaws. theRDSiAGE g€l fer several pustiedpatohes of human IL 23 produced
as antibody fusion proteins (lanes 1 - 3). The IL-12p35 and IL-23p19 subunit is
covalently attached to the antibody heavy chain. The 6kD band is indicated by an
arrow. Molecular weights (kD) are indicated for the markers (lane M).

[0026]  Figure 5 depicts the amino acid sequence of the C-terminal peptide
fragment of mature (wild-type) human IL-12p40 subunit. The fragment starts at
Arg261 (SEQ ID NO:4).

[0027] Figure 6 depicts the amino acid sequence of a peptide fragment
corresponding to positions 258-266 of a mature (wild-type) human IL-12p40
subunit (SEQ ID NO:5).

[0028]  Figures 7.1 and 7.2 depict an amino acid sequence alignment of IL-
12p40 subunits from various mammals including human, baboon (Papio anubis),

rhesus monkey (Macaca mulatta), mangabey (Cercocebus torquatos), dog (Canis
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mature (w ld-type) human |L-12p40 subunit. The
fragnent starts at Arg261 (SEQ ID NGO 4). [0027] Figure

Q‘aﬁﬁﬁér@) Scétr(FeﬁéTb&MS?Q'lo‘i'sé S%Ztlﬁ{&f 5 r@fllgg)s E)% E&?fscrofa cow (Bos

fragment corresponding to

ndaurue), @mat (Caprad)irausiesheeh-(Oaries) bdeer (e e@phus), water

e (B i) Pster Tfosfiodonth pbcothmo e adCavia

deT’ﬁ‘@llLfsel cottoiitat 9S kB bn M@B@QE) (’MW&U@W@ICU@hSE& Thouse

nonkey (Macaca nul atta), man Cerc
t(BAug.anuseylusobhe tum lagﬂatmabldarm b))ld indicate-the protedlytic) cleavage
;Eq{se (Equus cabal lus), pig (Sus scrota), cow (Bos

L?rus) goat (Capra hircus), sheep (Ovis aries), deer

([08291Us  FiARBBSdepittBttRe abihd akR dRURALY Bf Q%‘ahﬁ)referred to

hanster [Mesocricetus auratus), guinea pig
garein a%aﬂov&o@fta;matw Husnapildd2p40 subunit(SEQ4AD NO:6). The

Mu | The t
el Yottt R andndR o s b ot eo yt o el eavage.
S0030] [ OFRRIre Bi dupicts3hé Qﬁilﬁé écid%q@v@hﬁé o%'\}in?ﬁﬂ Y&fdFed to

of a variant, referred to herein as

haraineashpA@Vi2, of alc_rmweélmaﬂ {L-1 2549 su]bumt (EQTRNO:7). The

lined. [0030] Fi 9
neel teafane Rddertiitf L 000 LoD ot e r v e
t[oojmqr ei Figuse n@%éfbuctgﬁh@anmwéeidmé@enbéoiawgﬂaﬁv né‘%'n’ed to

SEQ I D NO. 7 The engi neered sequence i s underl |

[*msgm] agFpHYS of @ aapiretiimar llah2pr) sehunitERQ@MRNOB)a The

as p40v3, of a mature
%%rEdfgég%ﬁg%bumc{bﬁ I D NGO 8). The engi neered
s{emlx]nceFlgmremdeddplcﬁsme éﬁﬁ}ﬁibcﬁlﬁ%énééoﬂﬁ%ﬁbﬁt Fé¥erred to
no acid sequence of a variant, referred herel n

e BRARPAQYA ool e ety ILL12pHBUBITUSEG (DEDED The

nce is underlined. [0033]
Eéﬁ}g‘{_%eee@%ﬁggu cts ‘ﬁ"j"z 0 acid sequence of a
v@033nt , FigefrerRatk sﬂheﬂaﬁtﬁncpé&&’%e_cllgén@e 8R4 YaRaht Fé¥8rred herein

I L- % ubuni t ID NO 10 he alteration is
|ﬁ§d%46(? éf'g a mature man L-12p40 subunlt (SEQ ID NO:10). The alteration

is underlined.

[0034] Figure 13 depicts the amino acid sequence of a variant, referred herein
as p40V6, of a mature human IL-12p40 subunit (SEQ ID NO:11). The alterations
are underlined.

[0035] Figure 14 depicts the amino acid sequence of a variant, referred herein
as p40V7, of a mature human IL-12p40 subunit (SEQ ID NO:12). The alteration
is underlined.

[0036]  Figure 15 depicts the amino acid sequence of a variant, referred herein
as p40V8, of a mature human IL-12p40 subunit (SEQ ID NO:13). The alteration
is underlined.

[0037] Figure 16 depicts the amino acid sequence of a variant, referred herein
as p40V9, of a mature human IL-12p40 subunit (SEQ ID NO:14). The alteration
is underlined.
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underlined. [0035] Figure 14 depicts the anmino acid
sequence of a variant, referred herein as p40V7, of a

h I ,
P02, T 7 S 4 B S S o
aaﬁ mo\am @fma@eéruuﬂamlLv&Zp@kubur&h‘(@E@@ INDEB). ABe alteration

g | a mature human |L-12p40 subunit (SEQ ID
NE)UT ?r'n?ﬂe alteration is underlined. [0037] Figure 16

qepsqyt s F@ig@g%ﬁé}k ‘f'héEmﬁ%‘ﬁad(geq?ﬁ%%ﬁgwgﬂéﬁ{n?&eﬂ%d herein

herein as a nmature hunan

(@a@lo\u Ncofmmature duatarellat 2pt0 subumidSEQ R INGABB8The

ur.e 17 de E ﬁ Iseﬁge am no aci d sequence of a

r%tulﬂ & E8%rein as p40V10, of a nmature hunan
I 40 t épﬁ@ el
ugg‘ieorqf)l ng?mémngg] Fi gt]'t(?Dg 1 cgj;'a:t)il ct@%fée %ﬁﬁéﬁﬁgﬂiegfull length
Juijddype) mjman\MaﬂQaﬁO,subemlé(sE@ IDel@©i21)as p40Vi 1 of

urehuna 40 su unlt SEQ I D NO 16).

FoFBN ¢ GRS 20 denids e, BucleidRsid FomennecdTesouithetis Bucieotide
tf feeyierd, RifGrrad itsl neRa a9A LR EAbAR! (@@%&,\é}ﬁg%#‘ants p40V1

-type) human | L-12p40 subunrt
[amug_z}o .glihe VA(VZH@@gmeet etcompadses@ ¥t frehgeent dmaleding a region

RS N S s
A 8 SRS, €02 SRS Db U hgarine

Ticeding SR IBNO: 1. a |inker sequence (lower case),

Afzdy BB o sty Tracofprsid BSayassa R ghainycieotide
?qm‘ém k—fi@rr@@% ﬁéﬁélﬁ@bd/iﬁﬁﬂ‘é%@&lng Po |0°ﬁé”61{§{9 ariants p40V3

Cleotide fra nt, referred to h n as
sl M. pbhe i fsagpant enncnpassep 403 fragthem Méludiig e region

OO BRI ST Selg BRI R b4 uence
f(lowerwade Nand éutjﬁbqtjeﬁtﬁqw&abh@hﬂncﬁﬁﬁﬁ@ a r@ﬁ%n (underlined)
subsequent | a V4 fragrrent including a

@ncading $Fe@y DN

[0043]  Figure 22 deplcts the nucleic acid sequence of a synthetic nucleotide
fragment, referred herein as V5V6, encoding portions of p40 variants p40V5 and
p40V6. The V5V6 fragment encompasses a V5 fragment including a codon
substitution (underlined) encoding Arg261Ala. This is followed by a linker
sequence (lower case), and subsequently, a V6 fragment including codon
substitutions (underlined) encoding Lys260Ala and Arg261Ala.

[0044]  Figure 23 depicts the nucleic acid sequence of a synthetic nucleotide
fragment, referred herein as V7V8, encoding portions of p40 variants p40V7 and
p40V8. The V7V8 fragment encompasses a V7 fragment including a codon
substitution (underlined) encoding Lys260Ala. This is followed by a linker
sequence (lower case), and subsequently, a V8 fragment including a codon
substitution (underlined) encoding Lys260Gly.



encodi ng SEQ I D NO 20. [0043] Figure 22 depicts the
nucl ei ¢ aci d sequence of a synthetic nucl eotide
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of p40 variants p40V5 and p40V6. The V5V6 fragnent
enconpasses a V5 fragnent including a codon

qob43]i t UFiguiie 24N arWieBRIN bR GAR @90@%%@#@1@2@%%%0@.

followed by a |inker sequence (|l ower case

SSupespalents of cellsvearnsfeeiad mithi witd-typierly- t2pdérand IL-12p40 variants
AV e R P hs LR AP S UHFRGE 12 Vo independent
SHENENEE bY bf Basty NLN2HAT vaksAtSONAE phOTANBAGY 3 SHEHIOH were

herei n _as V7V8, encoding portions of p4b variants

gasied. e auowPoints do teydandaf eiaavedrt b2pid kacking GAerminal

f td2C i ng a codon substitution (underlined)
efhégﬂiaﬂ l%f‘%sé‘ggwa. This is followed by a |inker
qo0deInceFigueset shawe)theBIISRAGE @it firl antibdd YL 12 ABIBH broteins

i ncluding a codon substitution (underlined)” encodi ng

L%@%OGQ}?‘{Q)WE]"“FPQQV& p4OVZ, péDH4bpfé@V5vif p%\ﬁ, p40Vv7,
RPAONEL SR bR WA o s RHBERSF Rl Bl FprBsents e

vfasioamirete{/betwhentheeartibbd e sady RsinHrHCHs 3% SUbLAR, and the
?DS— PAGE Two |ndeﬁendent clones (a,_b) of each

| . ,_ b

Towenmai ard serreganivihe aptioesy; ighiwhain. sToe Bdaibard was not
t i '

538 3881 RPN Tl Oy B Gy TR, Mot
[vegights (kDY areindicatbd for the endileersRfdae B! f or

ntibhody-] L1 % fusi on proteins containing p40 variants _
32@473 . piaNe 26,5hows, Pharmagokipatis/dataaiaydibogydMy2 fusion proteins

. i 0 - Thea. .

R A0 BIOP oAb Y Eamfp S BRI o112
dusiob pdgteinsaagnomiatered intraveaopdy. subunit, and the

5 KR o PR TP Ko ohh dalR SAntbeey L 2 disien

. > 0 . > | ¢

FLBLEES EHbiniG 40 Varia R RV 1 U PoodBafehloHng bRl P hia ype)-
HL 2 fusi@6padieins (parelnficand Figuie2TBishons phannaedkintlid data of
fusio | r&)‘gl ns cont.ai ni n%_rfmo v8r| ants p40Vi1i- p40Vv8
@6\?‘@8{}%@- il BIRINg GPNRINIGY, pet Veriants A ppHR\ES Rempared
oA Bl 2 R prot IS Brare) B SURERERAT, |
sobcutanienysly40 vari ants p40V1- p40V4 conpared to

"18(549? OdyFl{g\ﬂmré 98 t@/ BR )I[-12p40 variant having mutations outside the D3
region of the protein.

Detailed Description of the Invention

[0050]  The invention describes variants of the cytokine interleukin-12 (IL-12)
p40 subunit which have improved stability compared with the wild-type protein. In
these variants, a region of the p40 subunit which is normally unstructured and
sensitive to proteolytic cleavage is mutated to be more resistant to proteolytic
cleavage. This region, in domain D3, is near the C-terminus of the p40 subunit,

encompassing a polypeptide stretch corresponding to amino acids 258-266 in
mature human p40 (p40(258-266)).



IL1 2 fusion proteins (panel A) and Figure 27B shows
phar macoki netic data of antibody-1L1 2 fusion proteins
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anti body-(w | d-type)-1L12 fusion proteins (panel B),
adm ni st ered subcut aneously. [0049] Figure 28 is an

| mosﬂp40 TherlLauzmbasummtn@Jh@bl@é&nﬁ@ﬁéﬁt%bhhﬁ o@ﬁqe  cytokine
%%on of the protein. Detail ed Description of
I'H

IPUKIN23 06543). Th3 hascing Slibunits cthene sukyanit amtgs aoﬂ the B

[ j y i 2 40
LR B8 TTAS bR IR of B Bl satne s Tratadoy gperefore,
praviaatsiof LA 2gudssublanit aretikewise RitiaPits 6f the€-23H40 subunit,
subunit which is normally unstructured and sensitive

t[803%ot ) 9Re gepeed elags df emhadiments; ongermoere mutations are

(BP0 B8 3o BLTNAR Gl R e 2502

etocecmrmaatel thg oﬁemgﬁmﬂﬁt “rr'gg;l?fig ﬂmnﬁm E6FBSPSHd doltAe site

etpeendyssed on yanp@oggzw Theuher spRpAEnB0ts: Spesiiamdations are

(RPB8ES inHBJRhlonhal BE el S8pkBAE L i flsed
ammcmre bin aubtmartaspséﬂof théveveprdion stURirbdGded rhu?a’%ndn%
as | L-12p40. Therefore, variants of |L-12p40

ﬁ?&}m mﬁxraée |pr%9me§é0\?dpldama!smgfthe leegineersp reien biithet p40
n
B R0 338 40 HIE o B R sponeerc

cegioasyfdhelipdg subuaitiane chosséh toepioid e Eletidh Bf b@ptudes that may
%mnate t.he cleag e site, which in human p40

tecopBizad asPatartialit-gelhepiianes inywpsnsand Arg261 . In

frg a roduced.

I[n i’taﬂle; ?fgg@;ﬁrﬂﬁﬂéfbgﬁﬂﬁtg%t} QTbg@%erggfbg éﬁ)rfitg)néprrespongmg to
targinblacid resitibss258:2661by.a Varietp of Arichafisafs. Fir é)&?nple in one
i nve (%I on, the introduced nutations additionally are

(SRke F@(ﬂ‘tt%"‘éwm‘ PiRbiRjionR @re Hlinﬁiéléﬁd@Yr%@SbthOﬂ of lsae amino
| for BRI R 'acfurtﬁ&r elﬂgggm&it g}d?&j]cglcgr Rutations are

SUbStItUtIOﬂS I'n the engl neered region

snrﬂomducteddn)edelbbsle of bne av mm‘e&éﬁd@@@@f thenp4d s it. dASet another
e recogni zed as potential T-cell epitopes’in
g | BHtieRG apR intiadusad dydnsertien ohene or more

raeﬂ.heracﬁ ré%‘f&é"s%fc?ﬁl% Uiy @ no_acid resi dues

258-266 by a variety nmechani snms. For exanple, in
d0e543 nb ol mmembadmemc thenp40 vanidrds obtiee inventiol 4RO0stiRsined in

;%o eLljnch;ctnlntpggl ions &fjcﬁ)gg IL-T2np?oteins, IL-12 fusion proteins, IL-23 proteins,
IL-23 fusion proteins or p40 homodimers. For example, in one embodiment, an
IL-12 protein contains a p35 subunit and a p40 variant according to the invention.
In another embodiment, the IL-23 protein contains a p19 subunit and p40 variant
according to the invention. In a further embodiment, a fusion protein contains an
antibody portion fused to IL-12 containing an IL-12p40 variant. In an even further
embodiment, a fusion protein contains an antibody portion fused to IL-23
containing an IL-12p40 variant. In a further embodiment, the antibody portion of
the fusion protein is an intact antibody, an Fc region, an sc-Fv, an antigen binding

portion of an antibody, or an active fragment of an antibody. In yet another



acid residue for another. In a further enbodi nent, a
mutati on or nutations are introduced by del etion of
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anot her enbodi nent, a nmutation or nutations are
i ntroduced by insertion of one or nore am no acid

reabSHIRRNt,H ﬁxsidiﬁpr@fé]n%‘é@éfﬂlﬁg t& @\Qﬁﬂeﬂﬂbn"iﬂaudes an IL-12p40

enbodi ment, the p40 variants he 1 nvention are
eniant fusedita aprnarellnt Zonpomlhz&mft@luneu onaclite partion thereof.

ROE "5t SirteratbeahonbRatetion; biefsinRodisasaions fhahgontain
%%O@Ftﬁﬁgﬁo Viftiahts d2hBliRV&HtidNARVed [ehogr eﬁ&:lémktgﬁéﬁ-nfe than the

and a p40 variant according to the In entlon
aeorespondingovld-ype, protein.| Thas, iprcomparnisonmithi lhs1210pll923 proteins

el e i 86 30 o BUER - P2 ypamS B 43 Nerts thdtincluce
aalﬂ egIfe e $40SUBUIHESE the irentign $A06 hBrAdtobbrtibdid

variant. I n an even further enbodi nent, a fusion
dhetapentic agentsnnithregandito thajir produttion, ffogadation And 23

i_ni | L-12p40 variant. In a further
m&%a%ﬁﬁe?{]%e anti body portion of the fusion protein
1[8059) | Nireg furtidri rsdinht, TRutaBEBhS b tHRNLSE2020 atho acid
anti gen bindi ng portion of an antibody, or an active

fﬁeﬂyﬁﬁﬁﬂé atﬂ indredaised wotside the \el2pA0425%-266) tediorand optionally
240 188 0500 EAHHAR g, B ab! SR Bt R B rocuces

cersevmm iR th& D3 dtﬁn@mrdfllm Z?kl@fa?ﬂfoan[t@ﬁﬁﬂodhﬁeé‘ in the other
further aspect of the invention, protein conpositions

tdeapaiBsn T AXamele Figure 280epigts asequence aba pAOsubUoi of IL-12

Tk AR {4 SO BB s 2 200

Midongl dt-al.2 (2003) PR, plath Acad. SdiiaUSAOﬁt)@Hﬁ%hﬂGB the contents of
wi |l d-type p40 subunit, 1L-12 variants or IL-2

M'P‘&ﬁf%'ﬂcﬁmmﬁm Ry Eefarensadianeinr achaarious ueﬁldueﬁ whieh may be

AP BB D B SR BRyORTREAAL 65 oon

Mhdnabmblthethree difnéAbiohal erystal strtidtare €N ot g . known

(bbb el al2e0d B LY 18: 38R0 shiie thersantentpionhiahare
Qﬁécﬂﬁaﬁétéd bg%@ré’t‘?c%ﬂéreh{-) And 7Lk 5%52% gﬁaptlfo th%ﬁlit%%:qron of the

mut ati ons can be mtfoduce
cmh@esubLmﬁt with tmopa:s surtinibof 1hel 2 averlodug adldotioh fof otidranutations

For depi.cts a sequence of
gﬁ ﬁﬁtf%?uwcuomé"tv %g!hena‘io ghbnibaredrtermingple by one of
qm"r]ﬁ tﬁglaﬁ.sequence outsi de of residues 258-266. Leong
et al., (2003), Proc. Natl. Acad. Sci. USA. 100:1
163-1 168, the contents of

Determination of the cleavage product

[0057]  The invention rests in part on the observation that the IL-12p40 subunit
is susceptible to a specific proteolytic cleavage event, and on novel experimental
results defining the cleavage site. It was found that a purified recombinant IL-12
protein, produced in NS/0 cells as described in Example 2, consistently exhibited
a degree of heterogeneity when the recombinant protein was separated by
electrophoresis on an SDS-PAGE gel under reducing conditions, clearly visible

as an additional protein band of approximately 6 kD molecular weight. A similar
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Furt her, because the three dinensional crystal
structure of IL-12p40 is known (Yoon et al., (2000),

B¥BEHtion Whis3habe 3odrbconibifart I8 HroteM. RisGH ilRistrated in Figure

mcorgorat ed by reference herein), and residues

dswhishisaowsdhe r&D&HPeGEaaI toi wtvetah gupfied batohestof hiuman IL-12

HEERR R, ATl 2 b e B SfonS TP Bficd Bl BuCoq 86 antivoay

Mé}oﬁge Birls. are det ernm nabl e by one of skill |n t he
art. term nation of the cl eavg%e praoduct [0057] The
i(0A8ht i ohhe septaminapiawas purifietband #8 @mine agid seguenge was

IR, AU e 798RS 3 5 501 oo e

rseauéﬁée gethenChgrminal 46 aming acidli fraymérit ofake ﬂ_ouag«o @abumt itself,
purified reconblnant I L-12 proteln, produced I

NS/ 0
@@mpéatae bydyetaohdis G ?ﬁ‘@@@rﬁﬂtwegn LysE0 and o961 (Flgure 5-SEQ ID
R4l Al oBGR o | 98 AINGRY obEGr! B, oy favored

despite SserAehcgef basid@amine dicidsnig the rebjibn enﬁroundjlagrthe cleavage
vi si bl e as_an addlbﬂonal protein band of approxi ma

SRt P R RERK D Re: [rioue6-SE M NS BanhSre LHeseanade261 are

URSCABETRRIAN e, MBI Sgbied bSO i, e

[GHermieal pmmdbefﬁagmherituamams_ndr? cl()%emlly ﬁ%sauiuideh withnthe rest of
I L-23 protejn conmpqsitio Pane uced as
e PAB B U AREBAE wiicoh Tp beiRaye ardsulingrnataigenady by further
[ equence was determ ned,
gﬁrnc’éé% eéé@mdﬁ%ﬁ@tgand was found to correspond
to the sequence of the C-ternminal 46 am no acid
t ?f. the IL-12p40 subunit itself, generated by

| eavage between Lys260 and Arg261 (Figure

&@? ! Wﬁ@fﬁétur@hﬁrﬂﬁﬁ%@g@gﬁﬁﬁs bm%ﬁé}nﬁﬁdarfﬂ E?cﬁéln resembling

appears to be despite a prevale
tzasolublerdlass bc,ytollgnerm teveptargcompesed ofidainaipstD€, D2 and D3. The

R332
'dafﬁaﬁrofgerhrﬁmbtéhdgerb@rﬁ,sagd. debldrdh92P4% S306. The

subunit, the CGtermn et| fragnment renmins
raaquenoafwnnawrabsmrawe‘rﬂ M@ lsubmmt iseahiowor intfiigure4®. The amino

AR B erL P bk KD Fleted BT S e Bbldfe xray
g graphicltichird of the human IL-12 heterodimer (Yoon et al. (2000),
EMBO J., 19: 3530-41) a portion of a loop within the region of human p40(258—
266) of the D3 domain is not resolved. Without wishing to be bound by theory,
unresolved regions in crystal structures are often an indication of flexible,
unstructured loops, and may constitute target sites for proteolysis.

[0060] A primary structure alignment of the mature p40 subunit from a variety
of mammalian species is shown in Figures 7.1 and 7.2, including human; the
primates baboon, rhesus monkey and mangabey; dog; cat; horse; pig; the
ruminants cow, goat, sheep, deer, water buffalo; and the rodents hamster, guinea
pig, cotton rat, rat and mouse. In the alignment the region around p40(258-266)



L-1 2p40 protein [0059] The mature human p40 subunit
is a 306 amno acid protein resenbling a sol uble class
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D3. The cleavage site (between Lys260 and Arg261 ) is
within D3, a fibronectin type Il domain of 96 am no

amihibsitseseuanas sianigbllitye paetsutar] Withrdsplect td s @%@@h 5Eﬂlcularly, in
se uence for na%ure human | L-12 p40 subunit is sh

ae?@eg nataRlyHMHRANRiE| thesequenee is shortafeamln ethers such as

e, SRk oo A o e
hrabey epecles thkéoﬂpemtdea*notlﬁc?&%@ponﬂhﬁ%humé@p4§5(%0ﬁb)61 is
ortion p within the region of human
pqiﬁ*ﬁﬁs@d féé?f ks"ﬁnth;@lym exbikiting fwo hasicamjopasitls. These species
d
“haaueat sty S 2erUEI bR e Ry

dimitddetoi, teehorses towcgoatepig, andsheapd Consegassty, intrdducing one
tar et SI azs faQr rf{'IOt eol ysis. [0060] A grl mary

rletemutaliongAne: eegiphof Mentiunay -3 mmicorremnohng to

T e ey
dmémwlﬂncesmgttbmymadwlg-mpao mavpRwe usetll i P@:lucmg or

nts oat, shee deer, water buffalo; and
t‘#'@"'P%’H& ﬁ%lbfg ¢ eleavage ﬁga%hgma«sbli.ttRth the 4260R261
t he alignnment the region around
405 %Eg é 6) exhi bits sequence variability,
nam] cul br ;brynmplehacmumgttottne ifventiendt 13 pdsaibié €8'Li3e laML-12p40

n so SpGCleS ot runlnants he Sequence |S
sﬁlﬁpﬂﬁomﬁameaﬁwﬁ@c easnagelyﬁhamunepmdeemouf

Péﬁdlhﬁ t8 PP L fé’ﬂnaéguﬁ&qa&rdéthép Hgterologous

|nser I'n“many speci e pep

cvgarismo ridowgveto lmpraﬂ:hcnpgﬂhdﬂ}ﬁléﬁﬂﬁﬂ it B iafpoFRAY Rfnote that non-
two basic am no

ther |dent| or.. exhi bi ting
3&% '%3@&4@%‘\' generadly é@ad to antirp40 eptibedies when
%\Qfmﬁfsféréh hy h'um’aﬁ'{)t eh%reslﬁ)r%‘éhf;in tlg] ﬁb@tnﬁal ég%ﬁé@ﬁlster p40 from

l[imted to, rse, cow,
@cmssagsmsttb;anotlmerr dd Laddrtg)nothe potentialeof vatials @BA-HUMaN p40

bRl s gro}%@f}sﬁiﬁﬁrﬁ% s Beecalbrnaa. dncadsiinms p4o

ts@bOHitrbANSn Pﬁﬁ?

I L- 12p40bmay é rove usefu &f%\ﬁét@éwdﬁfaﬁ%mer S@Ieg%gag\th?{gat the step

of aseemblyi with: Behum@esmh aop3honph9,| dr- a’ch’é@te@t oftiR®raction with

F%g 61 cl eavage site. [0061] In principle, according
%FP} fon, it is possible to use a IL-12p40

vari ant from a speci es that |acks a positively charged

di peptide notif

Variant |L.-12p40 proteins

[0062]  The invention provides for variant IL-12p40 proteins with mutations in
the D3 domain that improve stability. As used herein, the term “D3 variant” refers
to a D3 domain of a human p40 subunit of, for example, IL-12 or IL-23, having
one or more amino acid alterations as compared to wild-type D3. The term ‘p40
variant” is used herein to refer to a human p40 subunit of, for example, IL-12 or
IL-23, with mutations in the D3 domain, i.e., a p40 subunit containing a D3

variant. The term “IL-12 variant” is used herein to refer to a human IL-12 protein



corresponding to human |L-12p40 K260R261 in a human or
ot her heterol ogous organism However, in practicing

W b@7iomeention, it is inportamt 1% mote that nBCIERING/012301
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forms of IL-12p40 will generally lead to anti-p40
ant i bodi es when adm ni stered to humans. More broadly,

idontainingta p40 vamantt of Feetermi “Hi-28 viafinf' 1o st Befii® € Asfer to a

t I n, additjon, potential of various
H‘gﬁﬁgfﬁhﬁﬁg a&@egumwtn@%pﬂg V§figbkol ytical |y cl eaved

irgoéEgner Rlzécyrdﬂgﬁ elln'BoﬁWérSt'o‘? he Fh\/gnﬁgﬁ’ L{Rétf% §63%n of a pao

one speclies nm unct1 on ano
manhet has at Ieasts?@% @fmasessedﬂqncmldéntw lw.mm the Dﬁldbm@m of wild-

e 0% Furtheyambsdiment 1he 35 Somei i pedariant has at
T@@stlﬁm Bt hiite %a\abﬁgé bséhggﬂn\glﬂvﬁ ﬁﬁ]gtb lq&ﬁ%@ﬁ\% RiBUGHETL-12p40.

mutations in
sln zybt another ambasigdents thee B3 ddmeain @f s pABvarkamt 4Bt ‘at least 80% or

f
éﬁgr%?e@tuepge ?‘%’gﬁy W_tp'ztge %Sgﬁgﬂb&&'@%%mtﬁ%ﬂ%wa&e in further
ArhS6 eSS the ét?ldoftap y.1 eréﬁf%s[%t Iegg}%%[)mnd?é or at

variant" 1s used erein to re?er to a
deastfi2% of mdrer oreatdapste%% Lormbrer ot &t IRrast M%mr more or at least

B ﬁ?n%s' & $38aek9ERDT More. PEatIeRsC8 s o pten oF at least 88% or
YA6re, BEEEleAst 99%65%0%7 of A RO Y 812more 2, oF 3 lest 91% or more,

protei ncontai ning a p40 variant. The t
et dgast 928 gswrmecvreatrieasi 9385 or nme,aoﬁmnaastl%%ar more, or at

B PP oA . of SRR BAGRI ot bt e

989 vAMcre} oM@deast I3 Yr rﬁ&%’l@éntﬂ? Knﬂ’thstﬁg $$N46m ?ﬁ%‘ft\}vﬁd’-type IL-
with the D3 domain of wil dtype 1L-12p40. In a t her

@969} rrent the D3 domain of a p40 variant has at

entlt with the donmin .
56, ARl ARG GRoMIRERL b bl e S90R4 i
[38qdeneé of 8140 viaddny Bas éﬂleabﬁm%toﬂ rAgee sé’cﬂféneé ua@{tﬁy with the
sequence identity with the D3 donain of wl

type
|Aming i S%ﬂqr@em rpafuren wild-dyas ti- i%nﬂ@ I ae‘umerd@maodnment the

o 48 805 1950 A e 65 728 51 e Shence onty

Iveﬂtsﬂhe&flrﬁmoradiwsequerfceadf rhe@sé wilgX }'[Q’é ILAP2§40.0ln ?ét another
e st 86% or nore, or at |east 87% or npbre, or at

dimged. dhe #p1iR0 agld saquense of gPAdariant bas at l%st 80% or more
im0 305 e bl . 200
Ivdalstin 9ditharembodiments, ahe laetind aBll%ecrjuehiBe ©f aB403kariant has at

ea 9/6% or nore, or at |least 97% or nore, or at

|%aé§[81 or more, or at least 82% or more, or at least 83% or more, or at least
84% or more, or at least 85% or more, or at least 86% or more, or at least 87% or
more, or at least 88% or more, or at least 89% or more, or at least 90% or more,
or at least 91% or more, or at least 92% or more, or at least 93% or more, or at
least 94% or more, or at least 95% or more, or at least 96% or more, or at least
97% or more, or at least 98% or more, or at least 99% or more identity with the
amino acid sequence of mature wild-type IL-12p40.
[0065]  To determine the percent identity between two amino acid sequences,

the sequences are aligned for optimal comparison purposes (e.g., gaps can be



98% or nore, or at least 99% or nore identity with the
D3 domain of wild-type IL- 12p40. [0064] According to

wap@ia3enbodi nent of the i nv_erit7i on, the am nPCHEP06/012301
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sequence of a p40 variant has at |east 70% or nore
sequence identity with the am no acid sequence of

TR el $56 $85ubtin 8 b i b S bR O bl gnment
Wit #6eoOiE afmib aESdqUents . YTIVE ggrggg?idémif%ét%én the two

sequence of mature wld-type IL-12p40. In yet another
Seduanessmis, a funstianioh theapumbeeqlidaotical poaitions sharedaby the

ARBho % o ehly SRR BobiigRilot A dsitnsytmes
"@0').e Ifithe fseflbRcesLHdIAG cBRPated bF@oﬁu‘ﬂé&:a@Fér@(t)l?,ﬁtg? héfer of the

of a p40 variant has at |east 8 1% or nore,
|seauenessisdisefdpaleteimine the tajel manberofmasiions: Ete determination

A etod B o sd B8 5 e B Boofioned using o
IneatherfiYabalgonthen. or at | east 89%or nore, or at
| east 90% or nore, or at least 9 1% or nore, or at

118365  928cneN-lifpiting example ptasratbgmatcalralgerithor utilized for the

SRR ARk Sueftod hE SorfaRlT i fnasfhul. (1990) proc
INesetls tACRBYS ol UBK,87:226468| mdlificdHs irKdrim anddgtschiiy (1993) Proc.
wi th theigm ng acid sequence of mature wld-type '

Nath Acad. Scoddsh), HE5GEY-éY miSushtarcalperibenis ingeimorated into the

] | e e e 1 .
SURST ShUOBIASE e SrRed BRGRS ol S (S8, B1S. 215405
cidn BleAST mudisotideiseatdhessemiss perfeimat With She NBLIS Pprdhram,
sequence for opti mal ignment wth a second am no

26PteI0Qu éﬁ%@?ﬂgfhﬁé%?&l b prafeintseaychas earehe pedormed with the
3107 iodrant LHREHC Dol 882 Fi5u8h 488 Slynens or
CaranhLpeies uppaa ST s bolped A0S Ao
nbi997) hitles A Researah, Zaf ARAsts 34824 Woen btiizing BLAST
S51R05h0% BUASTI SLrHEe aiPokbbMrs V1 respective programs

fequefBieAST amdiNBLABE) aan beniseshed using a
nat hemat | cal aépgori thm [0066] A non-limting exanple
d9067] pat eERedunend; thendRvention preyides D3 warlants containing an

RGP 8 i SBES B 65 B £4560 bt e
37 op2 ®initsdimentlithe edhins acid depdsitionang260tis eduthted( 1A B3mhore

) ) ) i . : -77. h
;nggﬁpquﬁéﬁg &ygg{sgggéﬁm%% Wilaa non-basic amno acid. Non-basic

amino acids include, for example, Ala, Asn, Asp, Cys, Glu, Gln, Gly, lle, Leu, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, or Val. For example, Lys 260 is replaced with either
Ala, Asn, Asp, Cys, Glu, Gin, Gly, lle, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr, or
Val. In an alternate embodiment, Lys260 is replaced with selenocysteine.

Examples of D3 variants where Lys260 has been replaced by another amino acid
are shown in Figures 12, 13, 14, 15, 16, and 18.

[0068} In another embodiment, Arg261 is mutated. For example, in one
embodiment, Arg 261 is replaced with any non-basic amino acid. For example, in
one embodiment, Arg261 is replaced with Ala, Asn, Asp, Cys, Glu, Gin, Gly, lle,



NBLAST and XBLAST prograns of Altschul et a/., (1990)
J. M. Biol .. 215:403- 10. BLAST nucl eoti de searches

weanw7heoper f ormed with the NBLASE program ScoOPEHLRDNG6/012301
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wor dl engt h=12. BLAST protein searches can be perforned
with the XBLAST program score=50, wordl ength=3. To

KoM AEE ST T B VB AR AR A csiment
Argad1 is kepPeoed Witle selenodydtdineRademnsibs of D3 variants where Arg261
25(17):3389-3402. When utilizing BLAST and Gapped

BlaabER eglaced byt arother amino acid ake sbewndn Figwses 12, 13, 17, and

B BB SRR S o B Ao BT S Py B,
[Bhevernbaditrient Onys260i a1@l Ary26H tare aachreplagbd WathDarRthéhgmino acid.
R__rot eol ytic cl eayage site between L{3260. and Arg261 . )

IFPr SHamiierh diviseRY 1s raptacad wih giher Gin, AdaiAsreerGly a6d Arg261 is

s S BT e
dgs860 iand|Ard261 have deanrbplacél dy oder, arAl adR¥s ardShkbwn in

?,n, Gy, He, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr,
iowgs 1 d é&anpl e, Lys 260 is replaced with either

@?@?91 g\zp|:n é?ﬁdﬂt;io%tét’ﬂ% r‘épd%r@%gf#? rqle[aeﬁedafrfééﬁ?er] gﬁfgodﬁ’ﬂgnt, while
emaddithenembbyin?é, as andnd acie!ds\ivhsdﬁte‘dﬁieﬁwgemf’o_@/sﬁﬁ(le and éArg261
S5HRot e BANRS SPGB SHg Ay AN s Gaalsd 1p wridh ona or more
43 A R0 A PN i ns
rb@'pémnbe# amtri_m acig. imonéasbodiment) oaeiot mdrerofdysaps eSer259,
NETy e R ou
i R, P ot ool SR TR i . 1
\egoitkeeTtesnbddimenty $2a59 ﬁ@?mﬁ wgg IAaglaedn *f?omtfm%’di?ﬁm’

, , and lo. .
TSR0t A, Oy bRHERY Bt Aozt
Fr8plaBE@ WihEAlal ‘FhPﬁﬁAﬁB‘.bﬂgyéﬁﬁothéﬂéﬂﬁgdlﬁﬁﬁt@%?g%?@placed by

each replaced wth anot am no aci d.
1Sar2d0 ai fyrthepembedingnthL ys264ds réplaced\by Ghps in one eGiyodiment,

hofh Ky i Bfcashurbreobafh 2Bt rbodent, Lys263
hitideL 28R drepbpiaeed BYcR réRacad by AndtHet anfih€ g0 \Fbr dkample, in
Figures 13 and 18. [0069] In addition, Lys260 and
Angnbediment Lys268 pnd bys2Ghbmieatntepladed ey Ser and Gly
respectively. In yet another embodiment, Lys258, Ser259, Lys260, Arg261,
Lys263, and Lys264 are replaced by GIn, Asp, GIn, Asp, Ser and Gly
respectively.

[0071] In a further embodiment, a D3 variant is created in which one or more
of Ser259, Lys260, and Arg261 are each replaced by another amino acid. In a
further embodiment, one or more of Ser259, Lys260, and Arg261 are each
replaced by a non-basic amino acid. For example, in one embodiment, Ser259,
Lys260, and Arg261 are replaced by Asp, Asn, and Thr respectively.

[0072]  In another embodiment, Lys258, Ser259, Lys260, and Arg261 are each
replaced by another amino acid. For example, in one embodiment, Lys258,



in a further enbodi ment, an anmno acid is inserted
bet ween Lys260 and Arg261 [0070] In a further

wernwodreveht, a D3 variant is crgated in which POFER006/012301
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nore of Lys258, Ser259, Lys260, Arg261 , Lys263,
Ly3264 or Arg266 is each replaced by anot her am no

g‘érg 5%96%’%) %%%qéfe {é@b@rglél%;dyénb}ﬁfga% , 3ping geid. In

eaeremezrd:mml Ihys288n88rd59s Lys260, mmdoAig?6 1 fve eemrrebleced by
i n one enbodi nent, Lys258 is regmaced wth Gn

£71pt Aeh. @i ann AR resBartbisly. | 1 3 Lisihes entAdiHERG &erizﬁg Lys260,
é‘%&&fm@? ;#%er gw§8rﬁ9rll aﬁ%daﬂg?}yf%s%ecﬁ/&y. Inyeta

I 'ment

rfeqblhemadbadm’renﬁl $er259r Lys2685 Arg26n and Lgemmare replaced by Asp,
enbo nent s263 | s re |.aced b In_a

@gggc’qr\gely 1I&Jé@2§§ @dAspgﬁgﬁée deleted In yet

%E‘Bﬂ*’% dd'ﬁ‘{ e Ser230 (AR dpdiasdadt Bre G5 efidbay Ase.
rAespl, andd’ rEaed;pecdzlpewC aﬂhrlb;tysi’ﬁﬁ H.eyls26m and Asp2l65 Bre deleted.
TSl T8 B B e 0 B v
thOe e&edftredbé’ ﬁ§ g?é%tr@él%ﬁﬁnhtﬁéﬁﬁ@p% EB%%%& region,

and Lys264 are ace
(Ehlys resiséng theeityhty [olﬁﬂTeL!l.ys%OaArgZGﬂ hnotlfdotauidxptra rdonfarnia®ion that

rlan iS Cr at%l \/\gch one re of Ser2 B
L 92’8(9 eayqge by, eregr"@ B@ﬁeqséepl CB? D ANE-RMbagiment. one or
aﬁbr@»ofluyséséus&@%b 2 eégﬁaw U}R268 |;_}9¥2%4°ks§26§5<9r Arg266 is

and Arg261’ a repl a non-pasic
a:ialetedam d For exanple, in one enbodl ment, Ser 259,

L[é‘i%‘ict , {}pr[l’ige(zlj ; arqe imeq E&aﬁg vagﬁg@%ﬁ:ﬁﬁég ’up_@i\dicggone or more

RS 5@63 L2649, Aéﬁ@bﬂArcﬁ%@éZ% % &aeted’ %r%% ¥, in one

anot er 'am no acid. For exanple, in one enb nent

leystaaimentdrys263 ands%siﬂ,%aara dalejed,lwhﬂeelreamtheeembodmnent,
cid nment ... Lys258
L4388 TispB3c8n8 Rsh 265 5 velefed c ATiET SBERUBYERY hye263,
/Ls,ezs@ dhd ABE26S Brd 8sleas achPrébladed By Bhlé b ﬁrore non-basic amino
nbodi nent, Ser 259, Lys260, Arg261 and are

ragmsadéda wthes pmbmrmerrh Lysm%ab%rlség&yﬁﬁ wath\ArgR66 are
y. er errbo nt. Ser259, L d

riosBl 1 & tiERFraRolR e e Mo bf Cisepdel §5264, K¥p2es or
rRgRee id deleled, Whileeore/6r28re 8MSer25020Ps 2808 od Nrgzems Healaced by
yet anot her embodi nent , Ser 259, Ly326 and

agtheranineacidhy Fggpxample in one embodiment, Ser259 Ly3260 and
Arg261 are replaced by Asp, Asn, and Thr respectively while Lys263, Lys264 and
Asp265 are deleted. In a further embodiment, Ser259, Lys260, and Arg261 are
replaced by Asp, Asn, and Thr respectively while Lys263, Lys264, Asp265, and
Arg266 are deleted.

[0075] In other embodiments, the amino acid substitutions are selected such
that they avoid creating novel T-cell epitopes. Methods to analyze peptide
sequences for their potential to create T-cell epitopes are well known in the art
(see, e.g., U.S. Patent Application Publication No. 2003/0153043; International
Publication No. WO 00/034317; and Sturniolo ef al. (1999), Nature Biotech., 17:

555-61). In one embodiment, the sequence of human IL-12p40(258-266) is



Asn, and Thr respectively, while Lys263, Lys264, and
Asp265 are deleted. [0073] Wthout wishing to be bound
wogorheesy, del etions are beli®vdd to have theref/iErmme/012301
of reducing the conformational flexibility of the
p40(258-266) region, thus reducing the ability of the
L@@md/b)gMJsamenCeKDMBEBt(SEQ: I NOD:1R).i prothBelords, Ser259,

BWS%@ h@?ﬁ?ﬁ@h%f% B AP Ay S5 Thetsenaniay whil
Y2526 hind Aéb%@%ver‘e)’@éi@t%g sﬁﬁﬂ%ﬁ?ﬁ th8'r Béﬁlﬂﬁ? ggh@ence from

del et ed [0074] I'n'a further
i resiciuea? 581263 inthiec\rariamé isolkK DIMTIER . o]’hé.yeélﬂﬁag Ly $21%40 variant is
266 is deleted. For exanple, in one

5
> A%E)dg'f WE'Q{JU’%gszes and Asp265 are deleted, while in
5154 .
G, BRI oo 4R e s
A@pmddlyéhéeaequedczmrf'ﬁiﬁﬁc(%@wmﬁleb frotker words Ser259,
n r embodj men
92830 ATLA1 Bk Bepid el b oot L et ctivewhie
fi sQBQrLWEmdéﬁH?AEpZSE‘We?é geRsy ﬁﬁd b4 ééé’u ng%ﬁf%ﬁ? Gly residue

Asp265 or Arg266 is delete
10 Saichsbat uhyeggsoltmgrsequglszrom neemiueczﬁﬁ 2&4 anthieherriaafisno

FORTETHR | P8 Btina D289 XEEntAS howndn Fiaure 8 ° 2"
dlﬁﬁ'pﬂCt | uEyet amitlhé’r éMB%%en‘t}’tﬁ%%q Qﬁcé?épﬁ@ﬁaa ég 12p40(258-266)

eleted. In a further enbodi nent,
A8 gemaced by the bequende/QRANEKKDR (G&Q 11DrN(DBI:9|<)em Dtmlrywrds

5785 $5200, LV 2D e 2B wtE TaflaEd by, ASp, Gl and Asp
15 Febsédtivaly, @Uéh HaA the |r@§dllﬁ¥b §é’c§dbnfcafff?rg'ﬂ§§’ idGy 95? ~266 in the variant

Creatln% novel T-cell eItO s t0o ana
reR0D@EP é‘é@@n&é@ rﬁeultmgéhﬂZpé@ satiant |slshommeaﬂ-'eagu1fec1@ I

39018802t RutlfrsrBiebD b Reflitndmeriiuman s 2pao(258-266) is
lreplebeabyqnaIseauémes:@'Dc@DEs'@sD%Qé/ lﬂf’ﬂélim? 3R %é%er(ﬂords

Sturniolo et al , Nature Biotech
Lypa5gn$e@§905ysﬁﬁﬁ Arg 1 sl.eq%&,cmdntyﬁﬁﬁﬂmere replaced by Gin,

T T M O TR O i

Aegid6é 268r266 isfhBQBE$G DS PThe Rbultiidd LI Y pdl v
\ﬂ]i ile Lys263, Lys264, and Asp265 Weﬁl"rg)g,i de petoe\ggsuc Rink iV&hdlvn in

reih resul ti ng sequence fromresi due 258 263 in

it[g\?mmar ! ﬁ’\.né lgﬁhmgnf d 53 Vhliafs ContaRaP wiRh SniL- 12p40

shown in gur
subunit or active portion thereof. By active portions, it is meant that an IL-12p40

25 subunit containing a D3 variant has at least 10% activity in one embodiment, at
least 20% in another embodiment, at least 30% in another embodiment, at least
50% activity in another embodiment, at least 70% activity in another embodiment,
at least 75% activity in another embodiment, at least 80% activity in another
embodiment, at least 90% activity in another embodiment, at least 95% activity in

30 another embodiment, at least 99% activity in a further embodiment, at least 100%
activity in another embodiment, at least 150% activity in a further embodiment, at
least 200% activity in another embodiment, at least 300% activity in a further

embodiment, at least 400% activity in another embodiment, at least 500% activity



[0076] In another enbodi ment, the sequence of human
I L-1 2p40(258-266) is replaced by the sequence KDNTEGR

WO 3EQorM3ING 18). I n ot her words,,.Ser259, Lys26BCT/aPzH06/012301
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Arg261 were replaced by Asp, “AST Tand Thr respectively
whi | e Ly3263 Ly3264 and Asp265 were del eted and

r.epl Ay, resi such that the resulting

é%auefh@é ef‘i(tlﬂdq'?“é&f shat inos igﬁg%@thay Unanether embodiment, in
t In

Ee g 1 88 SRt por 2 M bEIL 12546 ety

sequence of human |L-12p40(258-266) |s repl aced by the

sequence QDQDEKKDR (SEQ I D NG 19). In other words,

Lys258, Ser259, Lys260, and Arg261 were replaced by

G@n, Asp, An, and Asp respectively, such that the

resul ting sequence fromresidue 258-266 in the variant
i BRindHe12p4Qivaiiamis| L- 12p40 variant is shown

o
!ﬂg@iﬂﬁﬁm T RRAO Vbriants dnay b oieeduced npatait Somasiions n
PAIPA0SEE X Arhb S of Qﬁologgglﬁl %Qevﬁbg%rl compositions

&3258 Ser 59, Lys260, Arg26l, Lys
atenclaﬂedbé&pﬂp aee p40Axmodimers A!srle Sued |L- amumy proteins, and

G Wead ST ololpinpcdons Sonect dulp tivagon. irapkot2

W/\ﬁiﬁan't ?49 Wfé%}oﬂﬁn&‘ EHHshstd bf séPtal péﬂ?;{)ﬁgtﬁdé; %ﬁﬁiﬁs.

nmbodi nen variant is contalned
|ALteIl_2§iw|3$ _lﬁbej !hlrﬂ 2m35é1~tariané pA0 heternd mrmsistsyf astrigle
U8B Aty bR BRI 3 yohariant o
Giegerothnel cBtists af séﬁmte BQ%éﬁn&e"éﬁélﬁé ﬁﬁbﬁ@nvsfy theaifL 23

| east 30% i n anot her enbodi nent, at | east 50% activit
ind QAvesiant p4@ heterodisner cansisteata sirgle polypeptide cinain.

INBOAT BT Bt bobiETRbotan, 38, Aan L P2 Rl protei,

end adi p¥ision Partnensan HE°ArPEAtIbId YmbiBtPHIOBAIES an antibod ,
enbodi ment , Eﬁa | east 95% act | V|d§ly in ygér?gé her an antibody moiety

digeduli antibody ammea%gmcw% enasi that target the fluri@fesion protein to the

SR RERn . 525905 o 3548k, oo the necrot

eoe® of ativhor ot td tessuppoRtingstidnial Yn bRothePERModiment of the
enbodi nent, at |least 300% activity in a further

dnyssticRethe fugion Rariner dpanethet pwtpksn& Hsefekaytokines include, but
t tivity- - in another

e‘ﬁg?‘g.i nrr@ﬁtéd t6 “'a?qﬁ gﬁgﬁ)a % activity in another

00824 rrelmtanothecasnm:t o the ihvetiom, RisqQariodfc 1LaZ3 Fukidry protein,

%ﬂ_% X I L-12p40 noi ety.

e fusion partner can be an antibody moiety or part of an antibody moiety.
Useful antibody moieties include ones that target the IL-23 fusion protein to the
tumor environment, for example to the tumor cells themselves, or to the necrotic
core of a tumor or to the supporting stroma. In another embodiment of the
invention, the fusion partner is another cytokine. Useful cytokines include, but
are not limited to, IL-2, IL-7, and IL-15.

Nucleic acids encoding p40 variants

[0083] In a further aspect of the invention, nucleic acids encoding polypeptides

containing p40 variants of the invention are contemplated. Nucleic acids



Proteins containing IL-12p40 variants [0080] The
| L-12p40 variants nmay be introduced into protein

W@ e0m3i983 ons i n place of wild-t¥be-1L-12p40. BXEEP1086/012301
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of biologically active protein conpositions that
i nclude |L-12p40 are p40 honodi ners, 1L-12 and IL-12

f ersdoniingpp40 earisntsafdhé imdation eah beZdrisHated Fﬁr%éhg:ﬁe, using
I ne aspect of the invention, the IL-12 p35_/var| nt
pﬁb‘%’?@?@’ﬁ'@blﬁﬁﬁm&'éh@ thoseskilledpmthe artp dxepupaiydrocedures can be

c3ghash E%Fn%ﬁé‘ﬁ‘? ively, the IL-12 p35/variant p40

het erodi mer "consi sts of a single polypeptide chain. In

d0084jer &ipeet!ddepitte the nableicdasid sBguéhcedndddihy Mdtdrd human
et er qdi ner_consi sts_of separate pol ypepti de

g’ﬂr% 0 sijlusit frigyres\20-22 depict sgthetionualeotide frﬁgments for
- | ot s i . ti.de. chaij.n.
By SRmERRZ ikudts Byib ipbFo RBLIRER RS iXAREh o

or part of an antibody noiety.
LENRCS QL lredlinentlising pd0Varanite ones that target the
0081, o THE N Rt g 7B pEINSGINEE -1 féreins or 1L-23
rwotrgms contaimingé pd Ot varian t,curm]‘ theirtvieation ’Qﬁ@ttxﬁéfﬁfgagt r oma.
[ [ t , e fusion
RS RS tapZiIiE RBPn By st A8 JoTUBEATAIERNLRY & uie vaeluef cancers,
st 0GR b o g, F8P Bk
IpdOp@riangs ofitheriovention ¢carebé UfséG, ;ﬁr‘eﬁragly(rfwé h_@fe{@@iﬁmé?%ith p35,
i bod i et ._part an_anti body noiety.

B e fosnidR Bkt inBilainau 7ot Biied aenal segber, calon cancer,
|dvaridnfcanter) maISh&a driy T1e8) mavand tadjdudnt for cancer
exanple to the tunor cells the e?ve's, 0 a8
neceipesc pdorvarishtsacaniaiso b usenl ampaswaqmttg/p\g) Rbomedmer to
l n.anot enbodi nent  of i nvention, the fusion
sHeR 7L R -oﬁilfﬂﬂi Bt aoiins ol adeimmune

i not limted to, -2, -7, an - .
%ﬁ?ﬁe@ aci ds encoding p40 variants [0083] In a
further aspect of the invention, nucleic acids

'[P B | ypeptides containing p40 variants of the
Mre contenpl ated. Nucl ei ¢ aci dsencodi ng p40
\eosant sBeth ILDE2 LaNARE] IR T G4Yi s,%?{bsﬁ%‘%ﬁ%]tsfo?'ihe invention
exanpl e, using DNA techniques familiar to those

SN heciacpiporaleddnto. a phammacaufical corephsition smtaﬂfb?fc_fround
?&ﬁ@é@héﬂi §U%ﬁ%§ﬁmgﬁt%%§yégﬂﬂ/ﬁ&m“6rslset n_?1£ l\J/él:riaerlltcor a fusion

protein containing an IL-12 variant and a pharmaceutically-acceptable carrier. As

used herein, the term “pharmaceutically-acceptable carrier” is intended to include
any and all solvents, dispersion media, coatings, antibacterial and antifungal
agents, isotonic and absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media and agents for
pharmaceutically active substances is well known in the art.

[0087] A pharmaceutical composition of the invention is formulated to be
compatible with its intended route of administration. Examples of routes of
administration include parenteral, e.g., intravenous, intradermal, subcutaneous,
oral (e.g., inhalation), transdermal (topical), transmucosal, and rectal



| L-12p40 subunit. Figures 20-22 depict synthetic
nucl eoti de fragnents for encodi ng exenplary nutations
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Treatment Using p40 Variants [0085] The p40 variants,
including fusion proteins and IL-12 proteins or |L-23

L4 Nigay
BB BIERT SRS o 03BolAbhE Uked flr JeiEnfePdic iralilmal, or

tsubctianabus applitatbrvéateincuidiedhy folfowtiag eimponbaed ferile diluent
t he, denmonstrated anti-tunor activity of |L-12

push asater-fr injeshon.csalipg soliionafixed eils, pelveathylene glysols,

SRR eb R rBEERI RS S AR, MBI sbfs st
rasrtaénzglhallcehol @rohemytpamEnsOamtdx&mmﬁsaai as aeteridiacid or
el llfﬂgomomﬂ and as an adjuvant for cancer

A em tSu ahinthagertasush s albylgaediamingiatraaesticacid;
EF)@{WJQ_PS@U&PQQQ'CQE&% it aqgg‘é?{)ﬁo%ﬁ %gﬁﬁ%@%ﬁts(f% ggesg?justment of

r esponse assodla
Adnicity stcrabs @od[udd 8bloriBetdn dektrdge.v pHi cant tse adijusB¥ with acids or

varl ants, and p40 variants of the I nvention can be
hasss paHcht %%hv&psh@ﬂs@ﬂ%bmlvmyde@f@@s. hpmarenteral
) L e ———

onals anadenof glass br plastiar i ant and a

Ty rhbesliamanes i éa%?zi\;&éﬁééiaiéns @aﬁéfv%n&lﬁ{sior P40 variants
I

R RS1aion LSRHAIE FRNETatbh P01 Bes 1030 ouon

itse aomiunt #ades Ascomdingoio ttielcmsagg f@geot the rmadichhentd.ke,
d&) t| bl har maceuti c adm nistration. The use

m"asgﬂ ndesh depen Sp‘m\mﬁa weight of the patients, the
%‘é'ﬁ%hé‘ﬁ@s%s iR "éﬁééas'énﬂ"[’!‘péﬂicﬁjlgfﬁ@re of I%ﬂ%ﬁb \/Ignant being used,

phar MRCeut I Cal 5

famdrthbaioetbrtsoomelooo ﬂspmtexbhmlevlfbhan tls-1Rvagiadtof thelheertion, it is
f routes of adm nistration

d tr
rDeRlb dsBisatis fopaminigter Bpiaan s .01 Fa Abeie tomgikg body
I
HAIGH 2080 ol 02 (oo 2 SRR o AIEETATor about 0.
$og/kgld@tys Tdve dmm be e misistbréd onpaloe seeeral times dally according
ication.can_inclu

r ader ma ut aneou
R IR S TicAiagS s M Hlsrass SH JREAPHETsioRUNL Eat AN Aalbody-IL-12
Vf@éléh préteirl O éﬁﬁbdw IL29'fu§ISn PROtEIN &ihtalf\ r@eéj °'1b|§40 varlant of the
pol yet hyl ene glycol's, glycerine, propy aly
anventiopy itishgeneraly pdwisable taradrinisterhediveen abbet @mri to about 1
mg/kg body weight per day, about 0.002 to about 0.5 mg/kg/day in case of
injection, or about 0.1 mg/kg/day. The dose can be administered once or twice
per 2, 3 or 4 week period, according to the nature and seriousness of the disease
and the doctor's opinion.

[0090]  Aspects of invention are further illustrated by the following examples.
Examples

Example 1: Cloning of variants of human IL-12p40 subunits




as benzyl al cohol or nethyl parabens; antioxidants
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buffers such as acetates, citrates or phosphates and
agents for the adjustnment of tonicity such as sodi um

J03]' I BeiefeHnile Bcodihb pA0 vafiRE IhEnntnPf) fefyliar,
B4®Vnahmugéna40\;f8 3EQ4DI M@S@nspwmwm&dcmd using Istandard
R D G i 8 AT csste
CHebaing d #?én%ﬁﬁ?fHa@'%h?ns te g?%r?éh&m]@ass?ﬂgﬁ\% mutated amino acid

varran e I nvehtion can have a concentrati on o
GeSidiues ahdSIsattls bt@cﬂéétéd\bwl:onvértwmeshmtlamuéﬁ wag spsthesized de

TOUBGR kP Bioa e hays Bothage WA and b HOtsS s tam
%rkgﬁoﬁ@\hg?ﬂégﬁwerit V\ﬁl? tBQ%%BQrénég c ﬁlﬁmgbsiﬁ%geexg?%g‘slon

particular~t ant “belrng use
tpthees ndid ctamnyingg thel pAOJseqlEmcee(seﬂpé g., PNC-pd0 ith U $2Patent No.

5 T L MR NG IR
V@p@btsuﬁuﬁﬁ% sRAWNin Pigife qgng%@ S?OHTE(?E%%%‘%M&H&% p40

injection, or about” 0.5 se can
a/ananissmneethusmmed several tinmes dal ly according to

i o | RHEAIEERA thé BlcBIC Ee §e$8€¢h&%ﬂ%% 0V2 were
@éhb?é}édalst8@o\K/éJSA%|ﬂh§%bﬁr%9&&%??4@/1%&& gbeA cassettes

variant of the inventionh, it is |sa
daBrHNWtZérsy@é‘nwzaed apawrontigoous fragmeotias shown lny Figaate 20, was

ﬁ%%l?%q a’ethjg%‘h onchn t?'ﬂg?fgfﬁz %Pllg )JQ BBQ); s /M@n%coRl/

Bpu1od (ﬂﬁrvnla&tcﬂassﬂ pBEm@u (beQ?cQﬁet% with EcoR M%mo |

period, according to the nature and seriousness of

Fospatibleenns, mesmlwaw sThepBea bdigeption wlasiagiuded tmehmmate the

ST 822 Ao, ol Trtefrbfnd ol wite e gto 2 onc-

thATBEX préssi@p 48ctor A iths1e RGSHdn Witk ltisé ﬁpaf‘dp@'l%té?BEQ% NgPvu | and

p40 variants of the invention, in particular

tWUL(gEP%BbﬁVBQ'(ﬂSEQ oiained: frmNC-pAdr e const r uct ed

G300 5 AR b BBl dd b bR Sios oncoang

A0V argl MQV@mnhgtWiﬂi the ddiked thcéfm@Wﬁ%@me 21,
the nutated anino acid residues and that is bracketed

[Anddearegraiginucale acigsiensodingdn40\{(and pARYid sstadimgawith the

synthesized sequence shown in Figure 23.

[0094]  Similarly, to generate nucleic acids encoding p40V3 and p40V4, the
plasmid (pBHV3V4) carrying the synthesized sequence shown in Figure 22, was
digested with EcoR | / Bbs | / Sca | (the Sca | digestion was included to eliminate
the similarly sized V4 fragment), or with Bbs | alone, generating an EcoR | / Bbs |
(for V3) and a Bbs | (for V4) cassette, respectively, each with ends compatible
with the EcoR | / Bbs | digested expression plasmid pNC-p40. Note that for the
Bbs | restriction enzyme the recognition and cleavage sequences are separate,
and thus sequences containing multiple Bbs | recognition sites may generate
different, sequence-specific overhangs. The V3 and V4 cassettes were then gel



novo (Bl ue Heron Bi otechnol ogy, Bothell, WA), and
substituted for the correspondi ng fragnent of
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carrying the p40 sequence (see, e.g., pNGp40 in U S.
Patent No. 6,838,260). The nucleic acid sequence

ARG By hAP Bl TR RIE g P i
Matlamusmgtthewpﬁopbﬁme Bstigimed. ardP®Z] / EBo IR ftdgivérits obtained

the ng{c(leel ¢ acids encoding p40Vl and p40V2 were
848s follows. A cioni ng vector carrying p40Vvi

gﬁﬁguous%ﬁé@%fé&%@%ﬁ/ ?nn e ﬁ%’é‘& B:gaér\tlérgteaﬁjrﬁ\er nucleic

dicgbsiotetuleéd en@mling otheirpdowdriaﬂts &ﬂﬂeﬂpldte@w the ﬂtvelﬁhén
I, generating an EcoR | / BpulO I (for V 1) and Bbs

/" Bpul0Q | (for V2) cassette with EcCoR I / BpulO I

T:Ime\tsmnlnq[pm\tm‘la‘ntsagrrents wer e cI oned |nto a pNCp4O

natripleligation with the

TOW> | SPancai fiethous woie Posihip Ganeraty Cattihas Sxpressing pao
fwaﬁa%ﬁhemem. ) §Cp§feé t NoOB 338 280! Gt% Né C1pd0

appro was use t'o generate nucl el'c aci

mmésmﬂplpéﬁws elsd:cm‘mg pQOwatlhntshﬂemy&téd:tﬁ@pdratéd mto cells, e.g.,

own.,in Fi and to generate nucleic
@ﬁcﬁjﬁtﬁﬁge"'am dpa@d/ttansfes GRilswere selrcted on a

L?Sér'\téﬁﬁ'n@ RIEMRIRS GUIRING IshPer’ﬁ'a%H £ from d%.%ﬂr%‘s]s}l%n\}flones were

arly, to generate nuclelc aci s enco
asea;aemw prothactipinacfirp4d b)pBI:ttSWébndctaerhzt%hi@ttdn@%ucers weée

esi,zed, sequence wn in Figure was di geste
\ﬁngﬁpﬁelg%ﬁnp tpst%gsfg Sta%%esxnre?wﬁegs% | digestion was

ded : h \
OBl B 32481 ety Y g wi o

%ﬂahts(cﬁfdhevwerm:)d me&m}ubn(iéldrartédéctmsafﬁrbach gescrlbed in U.S.
with the Eco

PN, 6 e 08D e tquPwed: o Gagie thitisiam ProeIncSI-NHS-
txttfépzfow WBS oBbsinéd bg%ﬁhé‘#ttéﬁ“sfé‘d%é'{ﬁgtﬁgﬁ tnhgs‘é%%s%ir@‘mow

cl eavage sequences are se ar at
sw;ti[ue seeanad plasmldn mﬁ-llrﬂﬂlannbdaDBb&tS -pB8cwhichtenendes s NHS76

te. djff t fi hangs.
A S i o R o AR s oo
It G thermmetﬁttha mz 03Bt UBURR, %%rfiﬁé&'?orpb
PNC-p40 in a triple ligation usin approrlate Bbs
IpdHLAGlambdan is @derlvaﬂveaa;fcpdklm vdgreinttbe @ntadec tightrahain
conspan?domaln is a lambda chain. The cells were selected on a methotrexate-
containing medium, and stable transfectants expressing the antibody fusion

proteins were cloned by standard methods.

Example 3: Purification and characterization of p40 variants
[0098]  To characterize the integrity of p40 variants p40V1, p40V2, p40V3, and
p40V4 (SEQ ID NO:6-9), spent cell culture media from duplicate transiently

transfected NS-0 cells expressing these variants were collected, and processed
for a Western blot with a polyclonal anti-hu-p40 antibody, shown in Figure 24.
The control wild-type p40 subunit was included as a control (lane 1). it was found



[ 0095] The sanme general approach may be used to
generate further nucleic acid nol ecul es encodi ng ot her

wo4@7wae9Bant s cont enpl at ed by thgginvention. EREIVBPEOZ012301

10

15

20

25

30

Expression of p40 variants and of antibodv-1L12;
fusion proteins contalnlng p40 variants [0096]

Shangher éie@i?écf‘%ﬂécné‘? £l ﬂe -t&rﬁﬂﬁél"ﬁ l?%% % (aggtérﬁe\&hnch is normally

expressi ng p4 TR e 1 nven
Paelerasoed iﬁomﬁezm@):t pi-lm epeci€s by @hesapelestbpioretia eBhdions (see

encodi n ari an re el ectroporated into cells
AW PRt Ode End T e T, NS Ratprabentda ans ol the variants tested
t f
S 29 G T 20 00 B Be B Yl B AU Sho v

cveneresistard ta esprptebl jtior aq:tlvﬁyl pedsemt dafing HPotein ékdr@é‘slon
%E oducers wer e subcl oned and tested
?lﬂﬁ%gt abRQ Qéy rbﬁrot?tggwptar@ng dlerd 29{1@ variants were purified
t
\?fmi’c%rhh Q%ﬂr)gu!}gﬁls@&%#a‘ﬂ? HQl'hg nssée l aleré ﬁé %%4‘41% +lge’?8tem A
tGaptyedsee bhSaPpterd dNo. 6:838,26@) in U. S Pat ent

ol 8P Badh splistne eiined eathody %s?s‘?q&s‘a*&é’ms from NS-0

t f 1
098 R AR PO B 1.0 r
tthe nnnsmataied cbohtgl (lanteed is rshoive @ngrmZTDUSTNEf middie of the three

R e A o 5 AR hhaTatan st
nim@ﬁd@gﬁ%@wﬂﬂ@%do%}/}@t&eéﬁ &%g V?hé’LRBQH%s M#gﬁ@g&ﬁd

t he encoded Ti ght “chain const domal
drpresenthibedekion pretein betvesenettieantibody heavy chain and the p35

d
(Sl Bh S HreciBied ek g0 e smn i@ bs iahs chain.nl was
viBtied HaNRRh e ék@éﬁ%‘h%f"(ﬁé Bafple O@@@mbgd}{ fusion protein

Purification and characterization
[@@Qﬂﬂ"ngdeh"m@Nﬁeth&@ kDladband was nbypltefseptﬁlOFNIalLLmﬁ@VS a

d
hER s RS BB 0 B Y P

transfected NS-O cells expressing these variants were

coI | ect ed and processed for a Western blot with a

: i pcterzationoofs 2 aOe sitd-ingiineewitittype IL-
46 40b It wi | d- type p40 subunit was incl uded as a

ne 1). It was foundthat the cl eaved species

I[&@lﬂlpg The ideritity of the coﬁuté?%ahh@?ﬂﬁ?%xnm% O)FB K% prot%n fragment

nor n&e y well-resolved fromthe act specl es
tefra

eddpheiapdarg methadsi @T@ﬂvswlﬂﬁd hthS H11|2n;g'ote|n was
to%ngﬁﬂ?d aﬁelsrtaégc&a in $BardRy & Mséﬁgr%ldme AT $oiution at 55°C,

vari ant's
and subjected to reverse phase HPLC separation over a Vydac C4 column with a

10% to 90% acetonitrile gradient. The fraction corresponding to the unidentified
peptide species was collected, dried and re-suspended to run on an SDS-PAGE
gel confirming that it corresponded to the 6 kDa fragment, and to determine the
sequence of the peptide by N-terminal sequencing. The sequencing analysis
revealed a peptide with the sequence REKKDRVFTD, which corresponds to a
sequence in the mature (wild-type) human IL-12p40 subunit beginning at Arg261.

Example 5: Bioactivity of IL-12 proteins containing p40 variants




(lanes 2-9), and only intact p40 could be detected.

Thus, the tested p40 variants were resistant to a
w@e@reoddyi i ¢ activity present dugyng protein PCT/EP2006/012301
expression. [0099] Antibody fusion proteins containing

I L-12p40 variants were purified fromcell culture

t S sed n Pr ot ei
SRS, SRl B A2 RSB G DA B0 B Shdlre
sasuamEofgaNycffom ineinfa PBIVICL TRE i2REBYdY ARIGH pRIGHS ABSIL-12
fromNS-O stabl e cl ones of the p40 variants given in

sentaipingarents pgdYhde p40V8gyerarapmysared do AbrILAR withavild-type

D 46 areBBmpMapt Ry AL Rl - 200 eaved pao
5 SI0bLOB]t . TWetlANY feddctiontasday dasl peHYrnedah \éﬁt.élﬁﬂ%%gé&%ed in

nmore gl ycosyl ated speci es.” The upper nost
raptebs ehals (1995) Gg/fr@nt iBrateed!s imkmmenologheSaction®dg.4, and

IEEERPATE ]S, B, 0P, PSS Gtppo it
tPHEA.P Yort\dayeand goit 25 UM dffwa |§%&D@gs&é}ﬁﬁa%i)dr%§%ns MN)

fusion protein containing IL-
whas addedhferamadditional | 24- ltmp&o%e cells wesire wedshedk 28 1 Ao IL-2

o 4035 0080 VP LA, Bl 7 ot 9245 ARl e

wfttwoifbld dIRBAIstaMiAg i 20trid/M Qh e SORIA qﬁééé‘@orgngutlon of
Eprom mately 6 kDa protein fragment was determn

dﬁd@rtbemlnodg) Bieaty-four hours latat, Bie- Mﬂ%ehtréﬂon of |FNy was

at ured and. reduced d 6 M
PheslrRn 85 E RN he Sofiboay BT lishBesd Bam Bad) Sestets.
t[00T(AY €T FRe PEASIE éﬁws patatld Xparifents es%{g‘bgeg\néé%om different

colum with a 10% to 90% acet o |tr| e gr
15 fdoxers are %Wﬂﬂ@iﬁ@dd'abgbeﬂo the unidentified peptide
SSWAS,.C. d,.dried and suspended to run
Z'??%i%‘?s%@alsm% '?nib 113 Y?fﬂﬁfﬂ@ in AdENy t“@&?'%@ﬁ%ﬂed to
the 6 kDa fragnfnt, amd o de i re—segtgnce of
t he peptide by \I-term' nal squzlr?(k:w ng"c'h?ﬁe seqyenci ng
anal ysi s reveal pd Botempt ijde wi t ED§(heg/sduence

o .
REKKDRVFTD, whi Eh corresgo tQ, a sequence im the
mature (w |l d-type) human I%@b’gb subu#’ﬁ beginni ng at
Arg261 . Exanpl PEXp 1 Bi oactivitv of TL-12 proﬁl ns

cont ai ni ng p40 VEYERETLT = rﬁﬂ'] ﬂZL Rioactivit of

IL-12 proteins pR&PdLriZng pAP4ari ant sOfRs neqsured by

i nduction of | FWWWWW fusion

proteins Ab-IL-

Ab-IL12 V1 1.11 0.59
Ab-IL12 V2 1.09 0.32
Ab-IL12 V3 1.09 0.21
Ab-IL12 V4 1.44 0.48
Exp Il

R&DIL-12 0.05 0.03
Ab-IL12 0.53 0.42
Ab-IL12 V1 1.53 0.58
Ab-IL12 V4 1.79* 0.80
Ab-IL12 V5 0.58 0.39

Ab-IL12 V6 1.63 1.46




contai ning variants p40Vl to p40V8 were conpared to
Ab-1L-12 with wild-type p40 and a reconbi nant human
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performed essentially as described in Gately et al.
(1995), Current Protocols in |Inmunol o9y, Sectl on

6.16.4, and Kob@y¥asim $89) , 170:
827-845. PBMCs )&PEL%:ZU zuredo\b/vlthh PI—|A—F52??)r 3 days and

then 25 1U m of AbdL12V® |[( R&D7Eyst ens, OMBnneaﬂol is WN)
was added for afr—agei-ti-ertt—rd—e S were

I (no I L-2 was addedto all cells,
v@%@ﬂedé@w%ad to gecasmbinantihu fLud2 dhemativier eBAbWL 12 with wild
3854 B30 eI IACRL I RD, S0 gPbot e ol 12 veran

prbteing tebtedTmrﬁQtsigmﬁcdﬂm [fgrthér &fect !H@a&ﬂﬂ?%ﬂﬁé‘?f&@m Ab-

d by ELISA ti body pair
dLF%Ih‘&Séﬂ@ Agﬁf%g moqeufrf&bgqutfan%e ao;wmy (apbximately 1.5 —

SRR RS, ??@?8*%%%%5% | EbE A BhSRIL AR Hibien
drotein.ants in a I FNg i nduction assay. |FNg I nduction

PE ot ej n gﬁor(gg/m é,AVG ip1§%:rq%m?ép | R&D EL- 12@&:/421
A % o Ao bbbl o e
|p4D. EBiahtSRadietérhiindtd. Thé¥xperidniPwbielBerfGrtedlsifg3Pandard
techniques familiar to those skilled in the art. Briefly, BALB/c mice (n=3 per
treatment group) were injected with 25 pg of Ab-IL12 or Ab-IL12 variants
containing the variants p40V1, p40V2, p40V3, p40V4, p40V5, p40V6, p40V7 and
p40V8 in a volume of 0.2 ml, either intravenously in the tail vein or

subcutaneously. At various time points up to 24 hours and up to 96 hours,
respectively, small volumes of blood was taken by retro-orbital bleeding and
collected in heparin-coated tubes to prevent clotting. After centrifugation to
remove cells, the plasma was assayed by capture with anti-human IgG H&L
antisera and detection with an anti-human IL-12 antibody. Results were
normalized to the initial concentration in the plasma of each mouse taken within
30 seconds after injection (t = 0). Figure 26 is a compilation of representative
experiments assessing the pharmacokinetics of intravenously administered
protein. It was found that compared to the wild-type control protein, antibody-iL-
12 fusion proteins containing variants p40V1 and p40V2, p40V3, p40V4, as well
as p40Ve6, had significantly improved pharmacokinetic values. Particularly, it was
found that the half-life of the distribution phase (alpha phase) approximately
doubled, and correspondingly the AUC of the variant proteins approximately
doubled as well. However, the elimination phase (beta phase) of all Ab-IL-12
fusion proteins remained substantially similar. These results were consistent with
the pharmacokinetics of these proteins when administered to the mouse
subcutaneously Figure 27, panel A, shows a comparison of wild-type Ab-IL12
with Ab-IL12 variants containing p40 V1, p40 V2, p40 V3, and p40 V4, and panel
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anti body-1L12 variant proteins tested did not
significantly further affect the activity of the
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[FRBERS 'ﬁéfamwﬁbrﬁnﬁlbﬁdwle& fusianhprotein centaining an IL-12p40 variant
about once every three weeks, in combination with an IL-2-containing
immunocytokine such as KS-IL2. These two agents may be co-administered by
drip infusion. Prior to the treatment, the patient is dosed with an
immunostimulatory amount of cyclophosphamide. Non-steroidal anti-
inflammatory drugs, for example Naproxen™ are also prescribed.

[0106] A patient with rheumatoid arthritis is treated with an Fc-p40 fusion
protein, in which the p40 subunit is an IL-12p40 variant, about once every two
weeks at a dose of about 8 mg/kg, with administration by drip infusion.
Progression of joint destruction is found to be significantly inhibited by

monotherapy, even when compared to disease-modifying anti-rheumatic drugs.




subcut aneously Figure 27, panel A, shows a conparison
of wld-type Ab-ILI 2 with Ab-1L12 variants contai ni ng
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shows a conparison of wild-type Ab-ILI 2 with Ab-ILI 2
vari ants contai ning p40 V5, p40 V6, p40 V7, and p40

7. Treatnent of a human patient with
\fgatf?%g\lvgsr'i ants [0102] The IL-12p40 variants of the
invention are used to prevent and treat hunan di seases

n@d di sorders as follows. In general, the preferred
t hod® ¥arakRfansiL b2 péd D%dwaln whereindke yariant hassat least 85%

ENE Morfy By BSR40 s SRR Lomprises an
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prost ate of treatnent

wWith a history by
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an anti body- 1L12 fusion protein containing an
| L-12p40 variant. The dose of the antibody-1L12 fusion
&. ot elAwamnttofemmehtwlwegethesaIEb@tgﬁr} élﬁﬁmﬁ}jég iherFrotease site
and may be delivered on a
&eﬁ‘ﬁ?gng-ﬁgg aﬁﬂﬁragélyr three adj acent days, wth
adm ni stration by drip infusion. Treatnent may be
conbined wth a standard-ofcare treatnent for prostate
cancerA wariaittafralaimetiob®, whetejis the alteration zpa epbstittiiort 6F a
Hj?? t&%;i ent. Non-steroidal anti-inflammatory drugs,
npl e Naproxen(tm), are also prescri bed.
Treat nent cycles are repeated about once every three
weeks. [01 04] A patient with hornone-refractory
. eastA tzam'mﬁroficmimr(ﬁa/vrmfebythéralteratlﬁmsiavsubdt"tthlowselected from
3@“ body-1L1 n géot ei %ﬁfﬁ ihing IL-12p40
¢ OEGHP CREHIS rgq L¥$2 98 nkYS4605 - lewsgf4. for
exanpl e Naproxen(tn) are al so prescrl bed. [0105] In an
alternative treatnent strategy, a patient with
&dvandevariantrof claimet, vehereinyone osmare of thecellowing amino acid
%u}g ane ﬁd hor moe. %%fractory breast cancer is treated
RUY ?P%gfﬁ/s?ﬁi f usi on protein containing an
ILlys28®dfh, vari ant about once every three weeks, in
conbi nation with an IL-2-containing inmunocyt ok| ne

dysR6QAlaKbY$260ASTH by8260®InabysR60GHRy be
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64Sfhy. mul at ory anount of cycl ophosphani de.
Non ster oi dal anti inflanmmatory drugs, for exanple
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6. A variant of claim 4 or 5, wherein the substitution is at least at position
Lys260.
7. A variant of any of the claims 4 — 6, wherein the substitution replaces a

basic amino acid with a non-basic amino acid, selected from the group consisting
of Ala, Asn, GIn, or Gly.

8. A variant of claim 6 or 7, wherein the variant further comprises one or
more substitutions at positions Ser259, Arg261 or Arg 266.
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weeks at a dose of about 8 ng/kg, with adm nistration
by drip infusion. Progression of joint destruction is
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even when conpared to di sease-no yi'ng a
drugs.- - Patent Clains: 1. A variant of an IL-12 p40

dongi n,, rei.n the variant has at |east 85%
s[ﬁhue ¥a€'@£§i§§m®\ﬁhﬁr&m e sypstituiions are Ser269/4sp, bys260Asn,
dRARYOBAFhFONPri ses an amino acid alteration at one
or nore positions corresponding to residues at
positions 258-266 of the parent mature human |L-12

pAO. A.variant. of clgjm1l, wherein the alteration
o A vatsfies Hhint Lo St Srmptsns the sussion eApely.
3. Avariant of claim1l1 or 2, wherein the alteration
is a substitution or a deletion. 4. A variant of claim
312.whek wamantiof cldimet htwhereinsfuetherbeé iot bbtroof thelresidads

fro e grou onsi,sting of Lys258, Lys260, Lys263,
a{.l&sr%‘{gs@'gg{b\sg% a(ﬁ‘aﬁ?'&#ﬁﬂqof clai m 4, wherein one or
nore of the follow ng am no acid substitutions are
sel ected: Lys258d n, Lys260Al a, Lys260Asn, Lys260d n,

Lkﬁs_ZGO‘G/gﬁciani?mmm 9 or 1O s@b 8B oneﬁd niqrg&ééiﬂhes cbrresponding to
rihant, o i m.4.or 5, ein,the substitution is
g‘t%/spggsltysglﬁﬁp §Pt%'% naﬂéﬁég‘?eé are deleted.j ant of any of

the clains 4 - 6, wherein the substitution replaces a
basic amino acid with a non-basic am no acid, selected
from thearandgh cladmsd ot 1 dgfudthentemphsing odBleror moreGbfitheS.
Jant of claim®6 or 7, wherein the variant further
§8§Pﬁ”§8§5 gﬁlgctﬁd {E?fpetggﬁé@m EORSIBHNG & positi ons
$6%269, LyA2BA6AsH 268! 8nd@bgdee, A variant of claim s,
wherein the substitutions are Ser259 and Arg261 . 10.
NReieindhe correspanding original emino acidsresiluictisrepiasedibg a non-basic

ShARYARP: Lys260Asn,

15.  Avariant of claim 6 or 7 further comprising one or more substitutions
selected from the group consisting of:
Lys258, Ser259, Arg261, Lys263 and Lys264.

16. A variant of claim 15, wherein the substitutions are
Lys258GIn, Ser259Asp, Lys260GIn, and Arg261Asp,

17. Avariant of claim 16, further comprising the substitutions Lys263Ser and
Lys264Gily.

18.  Avariant of claim 3, comprising

(i) the following substitutions:  Ser259Asp, Lys260Asn, and Arg261Thr, and
(ii) the following deletions: Lys263, Lys264 and Asp265,

wherein said positions are related to the unmodified wild-type molecule,



and Arg261Thr. 11. A variant of claim 10, further
conprising the substitution Lys264@y. 12. A vari ant
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resi dues Lys263 and Asp265 are leted. 13. A vari ant
of claim9 or 10, wherein one or nore residues

' 26, 26 ang Arg26 "
RS SIRARGYR s et ibatic S F Mo, e ™0 hy 5 61y g Aest positions
@58+ 26Bof tleeeandintior e of the substitutions sel ected
fromthe group consisting of: Lys263, Lys264, Asp 265,
and Arg266, wherein the correspondi ng original am no

al? d r@%ﬁm df%élﬁf)% non- basi ¢ am no aci d.

A vari ant o furt her conpri sing one
qi) tmrfellcswin@tsubstltmnassel S@t’ZﬁQ TFQO%QEOAH@W 61Thr, and
9

consi sting of: Lys258, Ser25 y326 and
Lys264. 16. A variant of Glg," wherein theand

KPSkl thiy s258 Lys260d n, and
XrE@MA*sP(E)\A,Im??%&VAg ant q?s%ﬁ%ﬁ%égﬂ?%rt her

oumreinssaig poisitionsfase relatedoosthe ymaidfited wild-types Rofsdule,

the foll
s g Bk sSdushsdarch: Lig s Astas Abnor ity Gle Sy AR at
@é,tbng)zgghezggldf% (&gl etions: Ly3263 Lys264 and

wherein said positions are related to the
unm)dlfled wi | d-type nol ecul e, thus form ng the

51 ¢ PoReidiit oRies. somtarisii e alowing soksyiuion: o

¢ly8p588in csymsg/ss q ysDB0EIE A g substitutions:
sgfazsgAsp 2‘6% y@ Arg261 rgtéspﬁ_(%ag;d Lys264d y, and

thus farming the wmceéra@kt ity — l_A_ggs—ZdGm amrc]tsgo.s ﬁlﬁds I?ys dLys - Arg
I.n_s ns are .related to the unnodifie

%T%BESF'?B%%& eg%@{;ﬁlen 13y i ng the sequence track:

Lys - Asp - Asn - Thr - Gu - Gy - Arg at positions

258 - 264 of the variant.
21, Avariant of claim 3, comprising the following substitutions:

Lys258GIn, Ser259Asp, Lys260GIn, Arg261Asp, Lys263Ser, Lys264Gly,
thus forming the sequence track: Gin — Asp — GIn — Asp — Glu — Ser— Gly - Arg at
positions 258 — 265 of the variant.

22. A IL-12 protein, or a fragment thereof, containing the variant of any of the
claims 1 - 21.

23.  AIL-23 protein, or a fragment thereof, containing the variant of any of the
claims 1 —21.

24.  Afusion protein comprising a variant of any one of claims 1 — 21, ora
protein of claim 22 or 23, and an antibody or an active portion thereof.

25.  Afusion protein, wherein said variant or said protein is fused to the C-
terminus of said antibody or antibody portion.



20. A variant of claim3, conprising the follow ng
substitutions: Lys2584d n, Ser259Asp , Lys260d n,

wee@261sp. thus form ng the sequence track: POT/EPA®P012301
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265 of the variant. 2 1. A variant of claim3,
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265 of the variant. 22. AIL-1 2 protein, or a
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thereof contai ning the variant of any of the claims 1

- 1. %4 A fusion protein conprising a variant of
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I 0
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|Q3‘dajme%|7to the Cterm nus of said anti body or antl body

portion.- - 26. A nucleic acid encoding a variant

according to any one of clainms 1 - 2 1, or a protein
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rotein of claim?22 or 23,
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BHREBEDIORarY 7. 29. A pharmaceuti cal
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I ve anpunt protein of any

ol oig ﬁ effecf
ar %ceLglﬁg mp@ytugr@,@@glﬁ@ 2Qiforthe manufacture of a
nﬁédaam f t
il f&“‘*ﬁ“fegﬁﬁ?““a‘f*‘%éfﬁﬁé”e%f%efﬁ il Bease, ¢
claim?29 for the manufacture of a nedi canent for t he
treat nent of cancer or an autoi nmune di sease.



