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geper gl | yn jy? f &l f pRgrimacol ogy and 1 muno
speci ffi ca:Eiﬁ fﬁcpﬁ%gn sl’(flr?‘i#(s I'T eft ed @pinfowtdhal BHIROGI iaieO NS NofembeR 199%Es. 1f.68)
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i " $99/10643 | (8 igns : 8L, ADOAD Y| AZ, Bmé!B. BG,
act i vat@ipntepitiobdhapplication Nuhlesr (" MUY EESlelimats TR Z, DE, DK, EE, GB, GD,

i ntl ud i ants_of the cytoki j and 2§ %‘ﬁ{gy r o Eh 05 OB
I nterl gﬁ{ﬁ%@oﬁfﬁgfaﬁ E»ﬂ?gﬁ(&oé}c(;? yti Oli%z: c, bel1al '_ L’}g’[}u,’ Lwi],._gfn, MG, MK, MN.
I nterl g%(i n t31)(4‘ L-2) is a potent imune $ti nmulVatMx N@%E{{mﬁ}nu WJSVEI??%&Z%K.Z%.
cells ata: i ncl yding TW ' H%;%@, S s 2,
nonocytesm?lﬂsp'gsoi S alms]f(kl)plgy l?)%ﬁltesﬁégszand o Cr iz, & %ﬁa Wi, Iag ggl{c%gl% f{”,:
cells.] It was by virtue of these activities t Ts, Eprbpedh pyrant(AT.BFL JJJE, DK, ES, FI,
PR e YR
t r eat nent (ﬁmmg?%%@%gt athyéﬁrgehé Arcil noma Sar -f® astatic el anona” Fhe
use of (;IgLI-Z i n e‘ltii gible patients 20 is festricted due to the severe .

t OXi Ci 38 P etk Wi 1B kb 2 e | PiienGSt i Mated that at  best
only 26% ofs. msi%; hﬂoegiéé&tﬂ:iejgtd&aﬁ SE%SY.GCEI V With RRInioNkI seaFih@epbrXi Ci T €S

associfat ed JFEH Jefiey. M. 1 t 196y Rk HillsnRoady dle s e Pefpre i expleqrion ef ahy Jiese, limiv, forvienendivg) the
Vascular | Gtk 0 ) oL bl REYC e ot et e e

el

however, | Likedheth,S. ®B/USIC 662 PRk HOlRoAd, Ban@ipcayed I ndi cations (~17%
i - 9 le, D. [US/US]; 971 Center
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(74) Agents: GREENMAN, Jeffrey, M. et al.; Bayer Corporation,
400 Morgan Lane, West Haven, CT 06516-4175 (US).

(54) Title: IL-2 SELECTIVE AGONISTS AND ANTAGONISTS
(57) Abstract

The invention is directed to a polypeptide comprising a human TL—2 mutein numbered in accordance with wild—type IL~2 wherein
said human IL-2 is substituted at at least one of positions 20, 88 or 126, whereby said mutein preferentially activates T cells over NK
cells. D20H and 1, N88G, 1, and R, in particular have a relative T cell-differential activity much greater than native IL-2, with predicted
associated reduced in vivo toxicity. The invention aiso includes polynucleotides coding for the mutsins of the invention, vectors containing
the polynucleotides, transformed host cells, pharmaceutical compositions comprising the muteins, and therapeutic methods of treatment.




25 Al t hough the structure/function analysis of nouse |IL-2 has

been ext ensive (Zurawski, S. M and Zurawski, G (1989) Enbo J8:
2583-90; Zur awsN@ 9968128\~ et . al. , (1990) EnboJ9: 3899- 905eCcTAUISIMMEHS |,
G (1991). Trends Biotechnol 9: 250-7; Zurawski, S. M and Zurawski,
G (1992) Enbo J 11: 3905-10. Zurawski, et.al., EMBO J, 12 5113-5119

(1993)), only limted anal yH.2 SefectivtBgbnlidts nd Afitagesivisr €d. Most studies 30
with human | L-2 nuteins have been performed on nurine cells; however,

limted studies . have occurred using human PHA- bl asts, which express
the high affinity IL-2 rec - rr]. The studies
usi ng PHA-bl asts confi rrrede?hgg Fﬁ%&ﬂcgﬁ%%elg¥edt¢#e&hrc§§l§ues Asp- 20 and
the D-helix of h{Jhisapplication ista coptinuptiemminsact/af U.S.fer. N 09/080,080; filedMand

G n-126 of 44 SQumam IL-2 are the primary residues responsible for

I nteraction wf%% fhe IL-2 receptor [err]-~ and y-subunits, respectively
(reviewed in Theze, et. al., |munol Badigfourd 17, 481-486 5 (1996))

Al t hough resli qyeia |EE |t!he C-heli x of nouse |L-2 have been shown to be

i nvol ved i n==Li& ' with nmouse IL-2Rerr] (Zurawski, et.al., EMBO

J, 12 5113-5119 (9 BRktion'ib Generally 1616l ¥ i ' ofaghaV e
on!i Benerally rélgié _{lﬁrﬁetlcfﬁs%? pﬂmcaa%,gl iy lllnr??%g

not been shqQwn to have the sane properties (these r man
| L- 2 woul d Bvorgspreifiraliy, dheniwergign is dirssted seneveleanipositions efiraaties for selectively

D00 foi . 16 aRAE e (MR QuT A Raltaf BeREed hovabol O Rty Rl t¥ks”

predi ct whetchlds: Theenaveheonipositions include vanidnes afcthe oytskine €amily; Whd iif garitilll n

speci es boum < &Iﬁ are known using cells expressing only
t he human interne ?rg’twgmaidfdl ?t%y receptor IL-2R[err]. Sonme human
IL-2 nuteins have been exam ned for their activity on human PHA bl asts

(Xu, et. al IBJr ., 1tao L ne tw, 6, 237-244 (1995)). Miteins containing 15
substituti OH@Q%—M%UU ne (D20L), as well as Arginine,
Asparagimse, and Interleukit® (122) 8 pBteAf iRk QtilBMor, SRUGHRe ARERE bolld Fulhel T
ability to iinduce proliferation of PHA- _
Immune system, including T cells, B cells, and monocytes. IL-2 is also a potent and
critical growth factor of T cells. It was by virtue of these activities that IL-2 was tested for
its ability to treat cancer. Human IL-2 is an-FDA approved drug for the treatment of
metastatic renal carcinoma and metastatic melanoma. The use of IL-2 in eligible patients
20 isrestricted due to the severe toxicity associated with IL-2 therapy; it is estimated that at
best only 20% of eligible patients actually receive therapy. The toxicities associated with
IL-2 therapy include severe fever, nausea, vomiting, vascular leak and serious
hypotension. i)espite these toxicities, however, IL-2 is effective for its approved
indications (~17% objective response rate).
25 Although the structure/function anal'ysis of mouse IL-2 has been extensive
(Zurawski, S. M. and Zurawski, G. (1989) Embo J 8: 2583-90; Zurawski, S. M, et.al,
(1990) Embo J 9: 3899-905; Zurawski, G. (1991). Trends Biotechnol 9: 250-7;
Zurawski, S. M. and Zurawski, G. (1992) Embo J 11: 3905-10. Zurawski, et.al., EMBO J,
12 5113-5119 (1993)), only limited analysis of human IL-2 has occurred. Most studies
30 with human IL-2 muteins have been performed on murine cells; however, limited studies
have occurred using human PHA-blasts, which express the high affinity IL-2 receptor



bl asts. Thus, this art teaches that substitution of Asp-20 will result in

mut ei ns of corrprom' sed activity. _Additionally, Xu, et al states that
to date (1995) %ﬁﬁ | L-2 mut ei ns have been identifi edcrasoriosdzer
clinical or research applications. 20 The human |L-2 Q126D nutein
generated by Buchli and O ardelli, Arch Bi ochem Bi ophys, 307(2):

411- 415, (1993) sho fIC

potency and aé}o%ﬁ‘%l?% ﬁStH %‘%m%gw&@qeﬂﬁ& |tegfﬁ1§r0%8&f olpa | ess

activity thanygandthd lb-hzluammbﬁhau.emt has lﬁexpﬂmbvnahat agotiesAsp-2handGlnrd6 ot cel |

assays, the nutein was nearly I nact i el |

expr essed thehWﬂ&WWWmPE’rrﬁﬁ‘@stW“ﬂY_’ﬁQf° é?f?‘ @%iﬁé@ig&l I

types, Q126D ¢is f%uﬁé{rﬁé &&b%c@ew vl iR TRERE QR k. Clmhurdl abda;aae,dtswssw ty,
artra

al t hough only p t he nan T cell assa

n )
W, et al.s AQISQGBNthdmglrmsadue& mmtﬁarwﬁ zfancasﬁllcaxe‘af(‘%?fn shoxmdg be %@'J‘? ’
1993 erforme Stl. ut|o - 9, 99
nd 126, P oy LA GOl e, £l 212803310195, f“é. iy as

Q

qonpared to V\kqu{zaiéﬁt re¥idiids lﬁiﬁuméiﬂL-ZJwe heét-teerashdwh26 hays-the same mwﬁ@é these| v,
iiln a nouse T-cel] ( h hi ng or
guggestion t haﬁm@mgﬁmﬂ@mﬁ‘f‘b &?ﬁ%ﬁ‘#&%sﬁé cgag% %?mﬂ&n&?q@& 4

y, specifitfty REhdwiEbeiwédn\huinkin SxdrhouSKIL-2|(hanandl -2 exbitiat-d004dd her such
ghanges woul d have a simlar ef fect,_on_human. ‘3#

dol Iins, L1, eqdueﬁdacﬁwmwwewbw “{‘1‘9@’85‘“’?‘@% “t’i‘b‘ﬁaﬂ‘ﬁm&?ﬂstutuon
gf Asp s HoRddries, OND stdiet e kobRhiding &lgl ted in
g | oss of bi ngnﬁgaio%%go 1 OO f%l d rel atlvestoehuman | L- mgfor bot h

t

he high (IL- Wﬁsmk pnlvehaiwapmﬂpmélatemfﬁmqylwmmr IL-2RBy.
Some human IL-2 muteins have been examined for their activity on human PHA

blasts (Xu, et. al., Eur. Cytokine Netw, 6, 237-244 (1995)). Muteins containing

15  substitutions of Asp-20 with Leucine (D20L), as well as Arginine, Asparagine, and
Lysine, were shown to have severe defects in their ability to induce proliferation of PHA-
blasts. Thus, this art teaches that substitution of Asp-20 will result in muteins of
compromised activity. Additionally, Xu, et al states that to date (1995) no useful 1IL-2
muteins have been identified for either clinical or research applications.

20 The human IL-2 Q126D mutein generated by Buchli and Ciardelli, Arch. Biochem.
Biophys, 307(2): 411-415, (1993) showed significantly compromised activity in both
potency and agonism; in human T cell assays, it exhibited ~1,000-fold less activity than

50

IL-2 and behaved as a partial agonist. In murine T cell assays, the mutein was nearly

inactive. Both cell lines tested expressed the high affinity form of the IL-2 receptor. On
25  both cell types, Q126D displayed the ability to antagonize IL-2-mediated activity,

although only partially in the human T cell assay.

Zhi-yong, W., et al., Acta Biochimica et Biophysica Sinica 25(5):558-560 (Sept.

1993) performed substitution experiments on IL-2 at positions 62, 69, 99 and 126,

demonstrating a 20-fold and 30-fold reduction in activity as compared to wt IL-2, with 62-
30 Len-IL-2 and 126-Asp-IL-2, r&spectivély, in a mouse T-cell assay (CTLL-2). However,

there is no teaching or suggestion that substitutions at position 126 may confer T-cell




et al) _and the internediate affinity receptor (IL-2Rerr], terned "p70" in
Collins, et al). Binding to IL-2R err] appeared unaffected for both
mut ant prot ei N0 9988128 wor k t eaches t hat di sruption of HRGTHIIY1964% ¢ he
intermediate affinity IL-2 receptor (IL-2Rerr]) will also lead to

di sruption of binding to the high affinity IL-2 receptor (IL-2Rerr]),
suggesti ng §daetive Bctivity folver WKt deli$, dpiimdicargwhetherciutly shanges eulddene hisindifrer r |
or.lL-2R er rilf i s not achi evabl e by substitution of Asp at position:
20. effecton yumangl celldy G | et "al ., Biochemistry 33(21):6571-6577 (1994)

used combi nat or i @jlins, L., et A3 PNASIESATHS: FUBIPABE1983) fipbittd taesubistition GPAS) ©
positions 17-21 in native IL-2, which are suspected to . nteract with

the i nt er meatposiion 9 witheitheriAsp (P2Dr bys 30K sesubseshiy adessof Ringing5100419 e

only 42 yer ﬁgﬁﬁ-gAIX f’e-laﬁI gqh%ﬁﬂj@éﬁofﬁﬂéihﬁ' Qﬁ-zﬁ&ggg&xﬁ p9556%0 & ColfisTer ¥

| nportance 1 ologi c Vit ere1s no s estion or teaching of
i ndi vi dual et al) and shelisteirhediite affinitw reegptorf(H-2RBY termed “p70” in Collins, ¢t &). Pat ent

No. 5,229,109 (G.i et al.), alle i sc] ose ] ow i.Cl L -

anal ogs for &% %ﬂ?%%&?ﬂ%%é?@é@%@? t . %or%gegﬁhe? ﬁ‘laés of
two | L-2 20 disppabdefbindihgtothidmterhetiito affinRy NP2 s¢cepton ALARFIBwIl dsofesione) and
Phe42 (to Lysine) anal yzed_and conpared to those, of, native IL-2.

The anal ogs diggpton %@%‘W}&Eﬁ‘ Wy IL-2 recepigy (Jh-4RePyh svgeestingithaty t o bi nd
to the ipt e%ﬁ&l%ﬂ%ﬁ?@oﬂa@ﬁ%‘aﬂﬁﬂw@ﬂ ILRPy A INEGREPBY ¥ not achievablBbyrl |y O

the so-called "high atfinity” receptor. At 'this tinme the internediate
affinity  substittioeefiAsp abpesitiancd@ght to consist only of p75 (IL-2Rerr]),

T OSSP 5L 1905k Sty 7

ability to shssetielnitsgepesis fhshmaltanbéuslydnumie positidresd7-21cih mativedLeR; whichtase

| ynphoki ne activated killing. (LAK)..Notabl L- 1] er NE[ ert]
secretion Wgysgect&tto Interget vt fﬁﬁg‘lw plizieia ’&#’#@E‘ﬁg §'eb%‘bg§b%éa-§ﬁﬁgﬁ“8‘i)ues, as
conpar edst 0 cloigs, Hily 4Y Veldacive. They foun@ it Fositions 20.8hd D1 Rele®df pimhfiuES

described in this patent are those that woul d interact 30 specifically
with IL- 2Raimppstamce far bipjogical astvitr Thereds B suggertionof m?mnszﬁ’[l@flmd%m d resul t
in r edypRfn@Glsd exbdpy f120vgh affinity IL-2 receptor bearing cells, and
woul d not affect activitb}/ . .

3 U.S. Patent No. 5,229,109 (Grimm, et al.) allegedly disclose low toxicity IL-2

analogs for use in immunotherapy and cancer treatment. The properties of two IL-2

20  analogs with substitutions at positions Arg38 (to Alanine) and Phe42 (to Lysine) were
analyzed and compared to those of native IL-2. The analogs were found to be able to
maintain their ability to bind to the intermediate IL-2 receptor, while binding only
minimally to the so-called *“high affinity” receptor. At this time the intermediate affinity
receptor was thought to consist only of p75 (IL-2RB), and the high affinity receptor was

25  thought to consist only of p55 + p75 receptor complex (IL-2Ra.p). The analogs also
maintained their ability to stimulate peripheral blood mononuclear cells to generate
lymphokine activated killing (LAK). Notably, IL-1p and TNFa. secretion were
significantly reduced in response to the analogues, as compared to the native IL-2
molecule. The amino acid residues described in this patent are those that would interact

30 specifically with IL-2Ra (p55); elimination of interactions with IL-2Ra. would result in
reduced activity on high affinity IL-2 receptor bearing cells, and would not affect activity

3



to internediate affinity IL-2 receptor bearing cells. Thus, generation of

LAK cells (which are thought to be derived fromNK cells) should be
mai nt ai ned. Twewsdigs ns descri bed .herein are directed teCHHFI0IRI d
resi due positions 20, 88, and 126; these positions are t hought to

I nteract specifically with IL-2R err] (p75; positions 20 and 88), and

| L-2R err] éﬁg {q\?%ﬂgd?ﬁtz gﬁ%ﬁ‘x’&éﬁg dldfiof &Jmn%&nts.h?hﬂ, bdreihtioh of DEK GeildWMni@l al

patent; po consequence, Interactions with IL-2R[err]
renai n unchagaht fyide derved torelNK\cells) ssouldibemaigtained. Thewyteinsddschipeds i mm et

al, wll have,  decreased interagti ons w.th L- i gh af fini .
recept or, ingce,diregteq £, AMinG agi £ES eBﬂs‘?%tszS-dzarfdznl[igr grr‘fnfscf'l B lél%%#%leni ty
receptor; ttﬂﬁlgﬂ“& fitddset speciﬁcgl?}sﬁftﬁ hedrp gﬁ'fst sitiong 20 Al SRMEIIL2RY (not

characteristiC, possessing a ‘pronounced defect in their 10 ability to
i nt er acts wiknbw highd time@of the Slingeefithe Grimpt, etal pytentepespions 12@). AR@err], and show

little or no defect. in fuRcti . [ e [ i gh
affinity r SCRFREPCS e E?Vrv]d.ij ékg?&mhm&;%.%gﬁ R%g?%{?ls%! ﬁb.’ %%%%42
( Goodson etdestribd )i Gt etsal, kil havesdeofeadel iteractionk iwith therl€-2 high affiinity he ami no
acids of the mature_native sequence, o -2 is re ced b cyst ei ne
r els i due,  TecePiph ;ﬁeﬁfhaﬁé Ih%‘/‘F?éW e%@‘d’&rﬂé"dﬁﬁ% H‘%Iﬁ?‘ﬁtﬁ &&Jg%y tr?ﬁeg%ﬁﬁh? %gtemlé pl aced

cystei ne 1 eRigib& fereifhRR! e Bifposi®e chirBt@gstie bokeig Pprfiunytddefed in/ei
honopol yners_or pol yoxyet hyl ated pol yols, wherein - t he honppol yners are

unsubst 19 utabilitoto inferisestwith the H.-3 integsmedisteafiinitymecsator Iy RBy aad phowliidls er

nmut ei ns are e .vi,a host. expr.essi.gn.o t ant; ' he mut ei ns
t hat have B’é’gg"t n ﬂ“'ﬁ“%’é’&?’%%’?ﬁ Y’ﬁbthﬁilh'gg“?' oaﬁfﬁ@ﬁgg%gr%g’ﬁ? g%{r}g%’;éi ns by
site-directed MEPaRANG -S,ZbB,SMSGbJ)d%Bn et al.) dis€lbde6 PnutB @ E5-2Gf whichdnsay be

conjugated via the cysteine residue at positigrj 125 of, the 20 ma[{ ure I L-2
protein t haf thegming acids of the majure pative seausnes of Ih-2 45 replagsd hyia cysteinesesidug, o

There i 'S NQyphich are fﬂk‘?g‘l“@{*ﬁﬁ E%tﬁnjgggtggl a,gm,gh HRaLp1aRd ERsteifedsiagholaPolythdrY -

U S. Patent No. 4,95 I scl oses nuteins of biologically
active 15  selopted fom polyetbylenssgly@lhprmenolyragrsion nalyoxysthylped polyolss wherdinr esi dues

that are nf. Gaaenihils shOunsubtinhldlr 3obeithed i bhdribieuRR guohgbed or

repl aced wi M No acl mnate sites 25 )r ~1 nt er nol ecul ar
crossl i nki nmuteins aremede wig host expressioh of mutent gines ¥nkoding the imiveing hathave been

These nuteins a e via bacterial expression of t ant . genes... hat encode
t he mut ei ns"?_“mge‘li g‘?ﬁg‘?de 4?3?/‘3" @’8 R%W?{g'g?%%ﬂ&f’&rig'ﬁ%%g hngy n grrl]eglss' oa(r%lﬁ & parent
prot ei ns byotiek sgoiesief IEH makebe conjugatéd Viaaheas)stelnk agskine at sitibhd 28 of the no

di scl osure of nmutations that confer reduc t oxi ci.t.y. )
. 20  mature IL-2 protein that is not necessary for tltlje Eigloglcél activity of the IL-2. There is no

disclosure of mutations that confer reduced toxicity.

U.S. Patent No. 4,959,314 (Lin et al.) discloses muteins of biologically active
proteins such as IFN-B and IL-2 in which cysteine residues that are not essential to
biological activity have been deleted or replaced with other amino acids to eliminate sites

25  for intermolecular crosslinking or incorrect intramolecular disulfide bridge formation.
These muteins are made via bacterial expression of mutant genes that encode the muteins
that have been synthesized from the genes for the parent proteins by oligonucleotide-
directed mutagenesis. There is no disclosure of mutations that confer reduced toxicity.

U.S. Patent No. 5,116,943 (Halenbeck et al.) discloses that a biologically active

30  reference therapeutic protein is protected against oxidation by a method involving

substituting a conservative amino acid for each meﬁﬁonyl residue susceptible to



U S. Patent No. 5,116,943 (Hal enbeck et al.) discloses that a biologically
active 30 reference therapeutic protein is protected agai nst oxidation by
a nmet hod i nvolWO #0128 " substituting a conservative am no aciRFHE¥2edh
met hi onyl residue susceptible to

4 _ chloram ne T or peroxide oxidation, wherein additional,
nonsuscept i PliSrafiieT 6t p¥foxide oxidaﬁdﬁﬁh&ﬂiﬂ%déﬁiﬁnﬂ%on&%c&ﬂd&&tm&tﬁioﬁﬂ- The ,
oxi.dation-resjistant nmutein so produced is preferably a uman nut ei n

of i nt er| eufesiduss ag nqt se wbstitpigs-The oxidation-resisignt mwpinsp praduced ig prefrsabiyad i s

t | w. i.-NQ. ' ' ' t hat
Conf er 1 el BB ol nb R or Hieied-§, i o8 SEAFRVE ling B ptge 1 O
al ;) is dirprefeablyt ajanie\There is]noalisdlobure 2f mutatiomsthatriconfer reducaditaticityy st ei ne
resi dues_.t hat ar ot eptl t i gl pgi cal .agct iyt been del eted or
repl aced’ wi t h otlﬁ‘gppg?ﬁ?ﬁé’ ‘ggﬁs’ztﬂg‘%%ﬁﬁﬁ&?&%‘f‘&‘@zﬁ’aﬁgmr%‘m&m ar
cross- | i nki wiichkysteine residhizs thaf £€ hotl eSéchfidRd Bidldgival Abitivity haviéebebr d&léted bOr Nat i on.

The pat ent diégl o‘%gls hat ,a substitution in IL-2 at cysteine 125 to
serine resufPacsd; T@minogeids toglimigate gites Sonintepmelecular srosgbinkiag ove | L- 2.

U S. Pat. NaicorrocP@RamaldoulardisaMRE brifide fﬁﬁna)tiohs’lﬂégﬁgﬁt%]gfoges%@ ns of

manmal i an . cytokines, and nmethods for screening for agonists and

ant agoni st sSubptitpignin lli-3 4t cysteine 13§ tapserineresultsrin panutéin withractivipnmmphtable doubl e
nut ei n E@Z%%ﬁ?ﬁdf dermonstrated as havi ng antagoni st activity on
murine Baf3 cells cotransfected with human a and [err] IL-2R 15 subunits.
Littl e agoni st d&8iRat.tNo. 55962 (Euratskicet al)Lis idirectéd toZnmuneibeoMBarmalisnhown t o

exhi_bit artial gn'st aertllgl%rta oni st activity on HT _c_el!s_, in
particul ar %‘ﬁ'ﬁf’ ”@?lf’fﬁ‘% % §5geening for a H’d‘séﬂi‘?_‘?‘g‘ﬂbﬂ%ﬁw @i vities are
descri bed td&aékises Ol partical4g)Gafmhn FL-3 Gbitlé mu@iFBEYA/Q126D is demdhétiedd 40"
mutations a}Ea %Sain%aiggnri]sst aczu%ity %181 m%?ige %gfg cells cotransfected with human « and g IL-2R
15 subunits. Little agonist activity is shown. Also, murine IL-2 muteins are shown to exhibit
partial agonist and antagonist activity on HT2 cells, in particular Q141D, Q141K, Q141V,
and Q141L. No mutein activities are described that show or suggest a selective agonist
effect for mutations at positions 20, 88 and 126.
Zurawski, et al, describe murine IL-2 muteins that have properties of being active
20  on cells expressing IL-2RaBy but inactive on cells expressing IL-2RBy (Zurawski, G.,
Trends Biotechnol. 9: 250-257 (1991); Zurawski, S. M. and Zurawski, G. Embo. J.
11:3905-3910 (1992)). The murine IL-2 muteins that exhibited these properties had the
substitutions Asp-34 to Ser or Thr, and GIn-141 to Lys. Asp-34 and GIn-141 of mouse
IL-2 appear equivalent to Asp-20 and Gln-141 of human IL-2, respectively. Although
25  these references refer to “selective agonist” IL-2 muteins, they do not describe their
potential as being less toxic, but rather as being potential antagonists of endogenous IL-2.
EP 0267 795 A2 (Zurawski ef al.) discloses a variety of mouse IL-2 muteins
throughout the sequence, including some containing deletions and/or substitutions within
the first thirty N-terminal amino acid residues which are biologically competent, but it

30 does not include, discuss or suggest the amino acid substitutions disclosed here at the



Zurawski, et al, describe nurine IL-2 nmuteins that have properties of being
active 20 on cells expressing |IL-2R[err] but inactive on cells expressing
I L-2R[err] (ZungyedidosasC - Trends Biotechnol. 9: 250- 257 pcTA%%9/10643
Zurawski, S. M and Zurawski, G Enbo. J. 11: 3905- 3910 (1992)). The
murine IL-2 nuteins that exhibited these properties had the
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suggest the gkql?ﬁ%e?gllcﬁ a(;véséu st |€E%’Fl(’)]§gfp f}ﬁsagﬁ%sgefg_ %gor e at the g0 l.

5 coding euéncabfsuid gene being locdted s ipgsition dawnstreans of apremgtcfeed for an

gencr al 'y 1 ol EFEGgWharein i bolypeptigg i J3 R4 FEholifE hids i 16 1 o cia
directed to aeqieacofitivaotypehifie)Itialdd describescogene,iraembinantld¥ Alviectarsi hdSNA
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eukaryotic cell, the .
responsible for signaling or binding activity. _
It is clear that IL-2 muteins that do not exhibit the dose-limiting toxicity of the
_ prior art recombinant IL-2 muteins are needed to take therapeutic advantage of the
15 - potential of this cytokine.
. Summary of the Invention
::;ihe invention is directed to a polypeptide comprising a human JL-2 mutein
numbered in accordance with wild-type IL-2 wherein said human IL-2 is substituted at at
20 least one of positions 20, 88 or 126, whereby said mutein preferentially activates T cells
over NK cells. This invention realizes a less toxic IL-2 mutein that allows greater
therapeutic use of this interleukin.
Further, the invention is directed to IL-2 muteins having single mutations at
positions Aspartate 20, Asparagine 88, and Glutamine 126. Specific muteins are
25  represented by the designators D20X, N88X, and Q126X, where “X” is a specific amino
acid that when substituted in human IL-2, confers selective activity for cells expressing the
IL-2RaBy receptor (e.g. T cells) in preference to cells expressing the IL-2Rfy receptor
(e.g., NK cells). Muteins exhibiting greater than 1000-fold selectivity include D20H,
D20I, N88G, N88I, N88R, and Q126L. In particular, these muteins also exhibit
30  essentially wild-type IL-2 activity on T cells. Other mutations are also identified that
provide selectivity of less than 1000-fold but greater than 10-fold. The invention also

includes polynucleotides coding for the muteins of the invention, vectors containing the
6



codi ng. sequence of said gene being |ocated at a position downstream of a

pr onot er sequence, wherein said polypeptide has 132 to 134 am no acids
in total in tW@’%(FHl?R) aci d sequence of the pol ypepti de. PCEF/USPYIP643
descri bes a gene, reconbi nant DNA vectors, host 10 cells, and nethods of
reconbi nantly producing native IL-2. Tani guchi et al. do not descri be
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advant age of the 15 potential of this cytokine.
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Further, t t tati
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conf er sl0s eI earing eell is@HHA-blast and tbem-aﬁkmnes sélhis aWg cell. ThejdssagR§ err |

recept or S ence t ceI | th | L-2R[ err]
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al so i ncl udes pol ynucl eot i des coding for the nuteilns e | nVent i on,
vect or sl5coffteaveptonbeing eapable of enabling transfection of a target organism and subsequent in 6

D

vivo expression of said human IL-2 mutein coded for by said polynucleotide.
The invention is also directed to a method of treating a patient afflicted with an IL-
2 treatable condition by administering a therapeutically effective amount of a human IL-2 |
mutein numbered in accordance with wild-type IL-2 having PHA-blast activating activity
20 but having reduced NK cell activating activity. This method is applicable wherein the IL-
2 treatable condition is HIV, Cancer, autoimmune disease, infectious disease, vaccine
adjuvant in Cancer vaccine and conventional vaccine therapy, for immune stifnulation 'in
the elderly or otherwise immunocompromised, as well as in human SCID patients, or other
therapeutic application requiring stimulation of the immune system.
25
Brief Description of the Drawings
Figures 1 to 7 show the dose-response curves of wt human IL-2 (IL-2) and D20H
(Fig. 1), IL-2 and D20I (Fig. 2), IL-2 and N88G (Fig. 3), IL-2 and N88I (Fig. 4), IL-2 and
N88R (Fig. 5), IL-2 and QI26E, (Fig. 6), and IL-2 and QI26L (Fig. 7). A: Individual
30  dose response of IL-2 (closed circles) and mutein (open circles) in the primary human T



pol ynucl eoti des, transforned host cells, pharmaceutical conpositions

conprising the mut ei ns, and therapeutic nethods of treatnent using
the nuteins. woosvyso12s The invention is also directed to @oraisasohsées
selecting IL-2 nuteins through eval uation in assays utilizing

IL-2R[err] in conparison with IL-2Rerr], wherein the activity 5 of an
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l1-2[er]r-bearing ¢ ) e invention is also directed to
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activati ng aasmeasuyed ofh the dapeindieated)r bei ng capabl e of enabling transfection

of a target orgapism bsequent i LVO expy.essi.on, of sai d, human
| L-2 rmt‘gi n codetfSFHt qﬁg@ﬁr g‘y'gﬂﬁ‘%?mfﬁ Rébttf’ma.w\(me Seifs {H)’ neum_?ﬁ@s F@fléﬂ?l onis
al so direct griteldds DyRE Bichaldf trdafel a4ithNIL-2/N38RI (Bf2hgies)] PROLEWKIN (3q@ifes) lor

2 treatable condition by adm nistering a therapeutically effective anount

of a human' Vehigle (diamonds)yese evaliigted op daysiindigaedor dance with wild-type IL-2

havi ng PHA- bl ast Fi?f/&.i; ¥ﬁ4—ilﬁ‘ﬂ. B‘%B& Yideh Yzic?oglen A BUMRY, icREtikigs! ﬁ)gg?éti_ﬁh&%é (o), ,

activating activity. I's nethod 1s applicabl e wherein
treatabl e cendini¢ongapi(B) frenin@leriteated withtlbi 2/N8ARe(tngleal EROLIFLETN Gunpras) sease,
or i mmife S VAMLHARenl] WAl faEklR PRl T T P08 | Tinoconpr o G4,
as well as in huFigaeST2A-18Bt Totat bilindhin (AReALT (B), FibtimogendG).i andagstivatedit i on
requl i g St ’aﬁih]i’tﬁ‘:{l%fén};}f’%}ﬁg”?ﬁetr%e%t % [£2/N88R (triangles), PROLEUKIN
(squares) or vehicle (diamonds) were evaluated on days indicated.
Figures 13A-13D. Blood levels of sodium (A), chloride ion (B), calcium (C), and
20 potassium (D) for animals treated with IL-2/N88R (triangles), PROLEUKIN (squares) or
vehicle (diamonds) were evaluated on days indicated.
Figures 14A-14C. Albumin levels in blood (A), hematocrit (B), and hemoglobin
(C) for animals treated with IL-2/N88R (triangles), PROLEUKIN (squares) or vehicle
(diamonds) were evaluated on days indicated.
25 Figures 15A-15C. The effect of IL-2/N88R (squares), PROLEUKIN (diamonds),
and vehicle (triangles) are indicated for the total T cell population (A, CD3+ cells), CD4+
T cell population (B), and the CD8+ T cell population (C).
Figures 16A-16C. The effect of IL-2/N88R (squares), PROLEUKIN (diamonds),
and vehicle (triangles) are indicated for the total T cell population (A, CD3+ cells), CD4+

30 T cell population (B), and the CD8+ T cell population'(C).




Figures 1 to 7 show the dose-response curves of wt human IL-2 (IL-2) and
D20H (Fig. 1), IL-2 and D201 (Fig. 2), IL-2 and N88G (Fig. 3), IL-2
and N88l (Fi g.wapyeai?s8 2 and NB8R (Fig. 5), IL-2 and QL26ECTURY%}0643) |
and IL-2 and QL26L (Fig. 7). A Individual 30 dose response of IL-2
(closed circles) and nmutein (open circles) in the primary human T
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Figure 20. Plasmid map of the IL2N88R vector pBC1IL2SA.

15 Description of the Preferred Embodiments
A. Background
The action of IL-2 on T cells is mediated by binding to IL-2 receptor proteins.
Distinct cell surface proteins on T cells bind IL-2. The first to be identiﬁed is a single
polypeptide, called IL-2Ra, which is a 55 kD polypeptide (p55) that appears upon T cell
20  activation and was originally called Tac (for T activation) antigen. IL-2Ra binds IL-2
with a K, of approximately 10 *M, and is also known as the “low affinity” IL-2 receptor.
Binding of IL-2 to cells expressing only IL-2Ra does not lead to any detectable biologic
response.
The second IL-2 receptor is a binding complex composed of IL-2Rb and IL-2Rg:
25 IL-2Rg, a 64 kD polypeptide, is also known as the common ¥ (y,) chain because it is
shared among a number of cytokine receptors. IL-2Rb is about 70 to 75 kD (called
variously p70 or p75) and is a member of the type I cytokine receptor family characterized
by the two cysteine/WSXWS motif, IL-2RP is expressed coordinately with y,. The
affinity of binding of IL-2 to IL-2RBy, is higher than that to IL-2Ra, with a K, of
30 approximately 10 ®M; it is also known as the “intermediate affinity” IL-2 receptor. IL-2
causes growth of cells expressing IL-2RPy,, with half maximal growth stimulation



Fi gures 12A-12D. Total bilirubin (A), ALT (B), Fibrinogen (C, and
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(triangles), PRGHBGN (squares) or vehicle (di anobnds) wararnessatiesas ed
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CD8+ T cell ‘popu At on %g?% /W@C{P‘f&@ﬁ total T cell population (C
: .. by IL-2. Upon antigen receptor-mediated T cell activation, IL—2ROL is rapidly expressed,

15  thereby reducing the concentration of IL-2 needed for growth stimulation. Binding of IL-2
e . - to the IL-2RoBy, complex results in signal transduction through a Jak/STAT signaling

‘We have discovered muteins of human IL-2 that preferentially activate T cells

(PHA-blasts; cells which express the high affinity IL-2 receptor IL-2Rafy) in relation to

20 Natural Killer (NK) cells (cells which express the intermediate affinity IL-2 receptor
IL-2RBY). Muteins that substitute Asp-20 with Histidine (D20H) or Isoleucine (D201),
Asn-88 with Arginine (N88R), Glycine (N88G), or Isoleucine (N88I), or Gln-126 with
Leucine (Q126L), or Glutamate (Q126E) exhibit unexpectedly full IL-2 activity on PHA-
blasts, and little (if any) activity on NK cells. Previous studies of human IL-2 muteins

25  have relied on murine cellular systems of analysis, and when human cells have been used,
have not utilized cells expressing only IL-2RBy (such as NK cells). Additionally, those
studies utilizing human PHA-blasts have shown that the substitution of Asp-20 (with Leu,
Arg, Asp, or Lys; Xu, et. al., Eur. Cytokine Netw, 6, 237-244 (1995)) or GIn-126 (with
Asp; Buchli and Ciardelli, Arch. Biochem. Biophys, 307(2): 411-415, (1993)) result in

30 human IL-2 muteins having severely compromised activity. Previous studies using murine

IL-2 identified mouse IL-2 muteins with differing activities (Zurawski, et.al.,, EMBO J, 12

10



CD3+ cells), and the NK cell population (D, CD3-/CDl6+ cells). 10

Figure 19. G aph of lung netastases versus dose in nice treat ed with
PROLEUKI N (op#® 99460188 es) or | L-2/N88R (closed circles). LungFPf& CE{USAV LM
wer e counted at the conclusion of the study. Fi gure 20.
Plasmi d map of the | L2N88R vector pBCll L2SA. 15
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[err]. I'L-2 to IL-2Rlerr], i's hrgher than
that to IL-iﬂ{mme]systam'sthmdati@ of 30 apprOX| mately 10[err] M it is also
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9 renal cancer. However, its severe toxicity has limited its use to only a subset of the

healthiest of patients, and dose-limiting toxicity is presumed to compromise its overall

15 efficacy. Acute toxicity of IL-2 has been proposed to be mediated through activation of
NK cells, whereas the efficacy is mediated by the direct activation of T cells (Jacobson,
et.al., Proc Natl Acad Sci US A (United States), Sep 17 1996, 93(19) p10405-10; Smith
KA, Blood 1993, 81(6) p1414-23; Kaplan, et.al., Biotechnology, 10(2) p157-62). T cells
express a different receptor for IL-2 than do NK cells (T cells: IL-2RaBy, the high

20  affinity IL-2 receptor; NK cells: IL-2Rpy, the intermediate affinity IL-2 receptor). The
human IL-2 muteins described herein selectively activate the T cell IL-2 receptor and not
the NK cell IL-2 receptor.

Low-dose therapy with IL-2 has been utilized to circumvent directly activating NK

cells with some success (Jacobson, et. al. (1996). Proc Natl Acad Sci U S A 93: 10405-10).

25  This strategy incorporated the concept that at low-doses of IL-2, only the high affinity IL-2
receptor will be activated to the exclusion of the intermediate affinity IL-2 receptor. The
intermediate affinity form of the IL-2 receptor, IL-2RBy, is expressed on NK cells, while T
cells express the high affinity form, IL-2Raf}y.

However, the inventors approached the toxicity problem from a different angle.

30 Disruption of the interactions of IL-2 with IL-2RB and/or IL-2Ry through appropriate

modification of specific binding residues on the binding surface of IL-2 were hypothesized

11
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2R[ epqdi eéﬁd'zt"}‘iﬂ‘sn‘f?é’fﬁ and{og {le3R%s Asignakingeompetent -2/HRPRePY . Rest i ng

T&ells expre f r
i gcreasi ng th%ﬁstﬂaface expresse ApL rr']%mgg%wg&l%?l?mfva %E{ﬁg{‘]am&”ﬂ L-2.
Hon anti gen Mkelegeporsoad elleih ﬁeibtehd:e tachie 1mtmemate éfﬁni’ﬂlen tdceptbrsionNKI | Y

e pressed, 15 here reduc Ihe concent rat.i eded for growh
sfimul ation. Igelﬁdve bép%‘fe ’ﬁ_yli? e e&ﬁgrqu ‘H’Jﬁ‘bWé’ﬁﬁ‘gsdﬂFf"sal n
‘, gnal tr aosdualutenotitityqtite 2AAIK2 S hfidnt smraalmda@sed theraﬁb’&hb\!mx would have a

¥ have di scov.er d nuteing of human |IL-2 that preferentially activate T
Ils £xpanded ranggq (‘:‘FF’@)PB@G‘E%‘I‘E%C%P@FP“&W(W ect andforr ecept or
-2R[err]) Iadmedtﬁieiag dndl ! ,\M;m

Kpress the i ntJerrredl a{t])e afn%?irtll?ét&h%- %(gcgﬁvagmeﬁﬂ%@ gﬁﬁl‘ ftf' {AEI ns

that substit upbllrdge s_imnﬂtﬁwmtsslmnummrr(mqm)ac@wmmmdudms(demtqu

R e

hexpect edPy fligedse, sichas atherwlo'my, asian Bjdvant in “catienedcsine’bswnitdglesidnd féi f  any)

Ftivity on N o} S es of, human J L-2 eins 25 have

fel i ed on mur ﬁl’gﬁize ?tf}Fa é‘fnelﬁé C%*‘m%tﬁ&‘flvgl Wi s%ﬂg-ﬁl& KRFHEAILPTPCHls | o

en used, orfohﬂnu&emtntuftﬂelerd%dycel S expreSS| ng onIy IL-2R[err] (such as
i cells). Additi SSR studies utilizing human PHA-Dbl asts have

¥ | |
ghown that the su %F‘E%‘PY"OFF%S‘F‘“E@’F) ab@Asprly |Aspdg, or Gln'lﬁ&? Feduced thebinding Xy,
al ., EUr. int¥dcllsisT8r MBEML-SRE @35-2844d ﬁ%xz 188 or It(> g{‘?‘(érn-lzzgl g’t‘hé ‘%é §itset of SP:

:_' _E:hl i and G ardelli, Arch Biochem Biop 307 411
$csult in20 such substitutions resulted in IL-2 muteins that retained activity on human T cells, and

have reduced activity on human NK cells.

As it was not possible to predict the outcome of a given substitution prior to
evaluation in the T and NK cell assays, all possible natural amino acid substitutions
(except Cys) were made at positions Asp-20, Asn-88 and GIn-126, and a limited but

. 25  diverse set of mutations were made at position Asp-84 to test whether they indeed

! interacted with II-2Rf. Additional mutations would be tested at position Asp-84 if effects
on apparent IL-2R interactions were observed. Data for forty-six separate substitutions
at those positions is presented in Table 1, iﬁﬁa.

Mutations were introduced using site-directed mutagenesis on wild-type human

30 IL-2cDNA. Correct clones were subcloned to an expression vector suitable for expression

in a heterologous system (e.g., E. coli, baculovirus, yeast or mammalian cells such as, for
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30 human IL-2 nuteins having severely conprom sed activity. Previous

studi es using nurine IL-2 identified nouse IL-2 nuteins with differing
activities (Zwasméonzs et. aL, EMBO J, 12 PCT/US99/10643

10 5113-5119 (1993)), but none of the nutations that vyielded
these results were suggestive of those identified in the work

descri bed hgagbR, ChldBRHdnkste? (DH&GFIHOPQQEW Pivifiled plofinsOidre tested JALL 881l Ons at
synonynous 8’05' trons with murine IL-2 nuteins do _not exhibit simlar

acti vi ti es, (Phidgblestbprolifsration gab NK praliferating apsayy. nPiffsrentsespanses genespted by
predi cti ve SbivitiiRbugin bitheld ﬁ@élsséays, 30 BESGiAficRl iiiRfs hr CEBRL'S are

knowntothe I nv ors conparin ‘e activitlies on hunman cells
expr essi ng dckivitied. - Specifically, muteis- tB&[sHmu}ate( zrejativelyiitronger respbihsedn she PHA-

relation_to.e he- | tor rr ceII

expect ed’ o ﬁ]t&%ﬁﬁfg?' §'i‘§‘14:ﬁ'p§'1\‘e/'gf ?%P%%PR&I}% F%ng’set‘ﬂ’eNﬁlf@ Z%SCI‘I bed
wi Il have awild- ?@e queg will suggehles’uaﬁit&ﬁdnﬁ that qRavide eelluldr| sfedifi¢ity bassdon Ithe 2

t hrough the reduction of toxici % thus 10 _provjdi ng therat%eutl cally

usef ul conpBiligef mplﬁswmmeta apd agfivaty BetRoBpexprassascpn these qu‘-?nh‘ﬂa
system Stl erl,eukin 2 ur tly.in use
in the clini cg#e %nfietg Had acu]yz% é%ta e O%Iyrzgalﬁgﬁﬂian%’? ver,

its severe éxhibifiig! t}hsf]ﬁspei'ﬂyrﬂnll&ﬁud ?@sn?ts?:w 3&;:8 )lt(l}eé’llnﬁnmbtﬁﬁﬂaﬁfg niéiab@?rges of

heal t hi est of i ents, and dose- s pr ]

conpr oni&e l?‘r%e’%%ﬁdﬁ?qd 13 themmyrasspeipted dexipigies ghagy “¥a§ E PPOENSioBeen
proposed to be nedi ated through activation of NK cells, whereas the
efficacy is nediated by the direct activation of T cells (Jacobson
et.al ., Pro8 Refinitisesad Sci USA (United States), Sep 17 1996, 93( 19)

Bi ot ochnol ogy, 15795 Of PSRty bidp citkhte of tetbipun A6 Ascrbha S L

for |IL-2 tHereinwad\iMadeait the ATCG dR301: Parkla@iRDeive,|Rockvitle,INDPH20852, USA, on
15 May 5, 1999, Deposit No. . Since the strain referred to is being maintained under

the terms of the Budapest Treaty, it will be made available to a patent office signatory to
the Budapest Treaty.
As used herein, "wild type IL-2" means IL-2, whether native or recombinant,
having the 133 normally occurring amino acid sequence of native human IL-2 (less the
20  signal peptide, consisting of an additional 20 N-terminal amino acids), whose amino acid
sequence is described in Fujita, et. al, PNAS USA, 80, 7437-7441 (1983), with or without
an additional N-terminal Methionine which is necessarily included when the protein is
expressed as an intracellular fraction in E. coli.
As used herein, "IL-2 mutein" means a polypeptide wherein specific substitutions
25  to the human mature interleukin-2 protein have been made. Table 1, infra, discloses forty-
six individual substitution IL-2 muteins made, and their corresponding relative activity
data. Preferred embodiments include those muteins having at least 100-fold relative
activity. Particulalrly preferred embodiments include the following, which exhibit greater
than 1000-fold relative activity: aspartate (Asp) residue (D) at position 20 (“D20”), when
30 numbered in accordance with wild type IL-2, is substituted with isoleucine, (“D20I™) or
Histidine (“D20H”); the asparagine residue (Asn) at position 88 (N88) has been

13



20 affinity IL-2 receptor; NK cells: IL-2Rerr], the interrredia.te affinity

| L-2 receptor). The human | L-2 mutei ns descri bed herein selectively
activate the Wwe®idoidsL- 2 receptor and not the NK cell | pc2rusemmpdsor .
Low dose therapy with IL-2 has been utilized to circunvent directly

activating NK cells with sonme success (Jacobson, et. aL (1996). Proc

Nat | Acad ?ﬁbs d9§‘ 10408 PLO{NSS%‘SoanJ iHE ekERt &ghglg&gr@qgggegm; kg

concept tha 0oses 0 the high affrni
receptor wi glmdnnnacsxdmea(ﬁén) at positive 13& fﬂ)lﬁ@lmb@cn substitpied t‘é&ﬂa’a@(@flﬁhl ty

2R or 1], of Gt Quagb T ARERF I QRh, T s 12z hiliog b SRS

affinity f Oﬁcﬁil s entElidentital to wild type IL-2 at thelothey, elbn-sﬁliisatuteﬂ/xeﬁﬂlmss I-hp)pvaac hed
srupiion, of the

the toxicit |l em froma different e.

i nteractfon ecH-' 4 muteing ofithis| invention F‘}ayéﬁﬂlqlﬁ %th‘m g asisdinssrtions; o
modi fi cat i 0QejPfons ABEItIkton klith i caBS A B mnsrb Sitddiin gi stGhSothéraetduef of L- 2
wer e hypot hesi zed to prevent ef fective binding (and thus

acti vat i on) thegaties ILs2 pslypeptide ehgino ninyaceqrdznpe with this invention angsueh iapertions, cel | s
expressin glmga _ 1o the
celol , W Ig h%i ﬁﬁ?%@%ﬂt&uﬁo&:@%& ‘ﬁ?}éaﬂ ow—cYt ose ﬁ%%%‘g%ﬁﬁ"&d‘ acobs et

al . may stl blast selective ammtyf\elsle Having ceducalability tcactivatB8NK calls mdebmbiwithimg t o
I L- 2Ra, tlver cruitment of 5 IL-2R[err] and IL-2R err] can occur
on the ¢ £ H-e the I npaired- i nteractions of the

nodi fi ed I L 2 vw Cdsmhhmglﬂ:@préimémdn’ rtidularls fgyeferfedssubstittiong desiibed £bdwve in
IL-2/1L-2R[err] EEI ex can thus be fornpd. .An | L-2 variant, able to

sel ecti vel yaéaglevr&s%mm@t $rmeleeule, may result in compingtion. mytants having aptiWly | s j n

preference Eﬁurah&, thiX! EdIEd RLrin@y  th sihile nbutzhtd, SFGHExAMBleOR xﬁﬂé’ be expectec el | s
we believe may have an increased 't herapeutic index over wild-type |IL-2 due
to a that an IL-2 molecule having a combination of two or more mutations selected from Table

15 1 may resultin a T cell selective IL-2 agonist. with relative activity similar to the relative -
activity-of the single substitutions disclosed herein. Combination mutants come within the
spirit and scope of the present invention.

We prefer conservative modifications and substitutions at other positions of IL-2
(i.e., those that have a minimal effect on the secondary or tertiary structure of the mutein).

20 Such conservative substitutions include those described by Dayhoff in The Atlas of
Protein Sequence and Structure 5 (1978), and by Argos in EMBO J., 8:779-785 (1989).
For example, amino acids belonging to one of the following groups represent conservative
changes:

- ala, pro, gly, gln, asn, ser, thr;
25  -cys, ser, tyr, thr,
- val, ile, leu, met, ala, phe;
- lys, arg, his; |
- phe, tyr, trp, his; and
- asp, glu,
3o We also prefer modifications or substitutions that do not introduce sites for

additional intermolecular crosslinking or incorrect disulfide bond formation. For example,
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10 reduced toxicity profile. An IL-2 variant with an increased therapeutic
I ndex woul d have a significantly expanded range of use in both the
treat nent of O¥ME¥E0I1ZBas a direct and/or adj unct t her apy§T/HpR/10643

i mmunodeficiency (e.g., HV and tuberculosis). Qher potential uses

of IL-2 are derived fromits inmmnostimnulatory activity, and include

besi des di r HoR is known tothaea threntysabsidues,.catrwild-type positidnsci8e 10y and 125 ofaithe Hl V or
human SCI D R]at ients; infect i ous 15 disease, such as tubercul osis; as an

adj uvant in _"‘ 1 ccine" strategies; and for | mune system
stinul ation indi Eﬁt'mﬂib%redsmbc@&neam%mtyge anderg Méﬁﬁclﬂﬁﬁiﬂ'lﬁg althedeqcol s
or for thetreatrrent of the elderly Appropriate substitution

at “Asp- 20, Amirogeid with refereneo tp ﬁhea&%w atiyghich that argino atid nofrpgilyr ogewrs dmther or
ei ther | 5 25{'«1 le ﬁé?ﬁ?o?q'xlﬁe ﬁ‘lbﬁ,e%{B%)’he?é m'séﬂ:lg%’or(@lé’hoﬁg@e mIcﬂ',eto I@Ef ect

of 20 suUch subStILULTONS T in IL-2 nuteins that retalned activity
on human T owieirs onewofiskill in the ha\mllrapmu thatthe Asy nomnally agenrijag atepdsition

A5|tvvasn 0$Si eio edL out,Cco ve |onpr|or
to eva¢’m§¥| ﬁh‘#n 'lnﬂ’é’ °Ié?‘fbl g%ﬂ srg%)l;’s%c ?chﬂmﬁloés}stﬁ%%}%ﬁr#a‘%? RF anino
aci d subst i beiehdilysdetermined bympé&xow cotetiatioivflthe dlankiag einirdRiddwithAhose Asn- 88
and d n-126 nd a I|mted hut 25 di verse set of nutations were nade at

posi tion AsB ing Aspindldfmedle?  hey i ndeed interacted with
1 1-2R[ erp] . Additeqdd “calityded mgfmykxgizh&pf Rl MealOb t:a&rlmé\@m@ﬁavbf

effects on apparent TL- Rgerr I nteractions were observed. Data for
forty-six stiaresemorstypet i-¢.ufli eslls, activated gF celHsR qelis;i adtiyeted intonoeyeserandd i n

Table 1, infua te Lyl rected .
mut agenesi s onat\7\5|i Ngl( ‘f‘%}lﬁe 3&5%13%51 %"wg gi?&e#g}n’g'g i\%\ls/e?'}g ésjetﬂllf‘ﬁcl oned
t 0 an expr ekwmivorto haveithat receptoatype, ikoB @lp restisg mtonocytes, and resting INK cﬂlls.g ou s

system (e.0. EyCq by QaEul YL US s Y& 25 on%n BEBSRLL ATy S8) bbby 1O

15  knownin the art. Such methods include constructing a DNA sequence encoding the IL-2
muteins of this invention and expressing those sequences in a suitably transformed host.
This method will produce the recombinant muteins of this invention. However, the
muteins of this invention may also be produced, albeit less preferably, by chemical
synthesis or a combination of chemical synthesis and recombinant DNA technology.

20  Batch-wise production or perfusion production methods are generally within the skill of
the art. See Freshey, R.I. (ed), “Animal Cell Culture: A Practical Approach,” 2nd ed.,
1992, IRL Press, Oxford, England; Mather, J.P. “Laboratory Scaleup of Cell Cultures (0.5
- 50 liters),” Methods Cell Biology 57: 219 — 527 (1998); Hu, W.S., and Aunins, J.G.,
“Large-scale Mammalian Cell Culture,” Curr Opin Biotechnol 8: 148 - 153 (1997);

25  Konstantinov, K.B., Tsai, Y., Moles, D., Matanguihan, R.., “Control of long-term
perfusion Chinese hamster ovary cell culture by glucose auxostat.,” Biotechnol Prog
12:100 - 109 (1996).

In one embodiment of a recombinant method for producing a mutein of this
invention, a DNA sequence is constructed by isolating or synthesizing a DNA sequence

30 encoding the wild type IL-2 and then changing the codon for Asp20 to a codon for
Isoleucine (T) by site-specific mutagenesis. This technigue is well known. See, e.g., Mark
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exanpl e, Chinese Hanster Ovary (CHO cells). Purified proteins were tested

in T cell (HA-blast) proliferation and NK proliferation assays.
D fferent respomssgéigenerated by i ndi vi dual nut ei ns betraaaIs9vivésse
assays, i.e., EClerr], indicate nutations that effect these

activities. Specifically, nmuteins that stinmulate a relatively stronger
response i nythendidiecific Mué@éneéﬂ_(ﬂ’%e }Iu?rﬁiﬁéﬁbr()bﬂ&st If(’tbﬂféi'oﬁ !Zi&ﬁe"l, Prod) Nag.

conpar ed to t e response on NK ¢ assay pe |L- Zé Wil

suggest subMLnﬁEAt $iatpppr5é62-§é (é%“l)ulaaé Urited j States tP?teBhé’@d 48858

ability of g bind to and activate IL-2R err] expressed on
t hese cel | Sm@%ré {eghgpéﬁlz’k Fé&‘teo bi nd, and thus not activate, cells

expressi ng only AsdotlitRnethod of dohstRicting eDNsA sequence enchdihg ther]g-:l[mutgmgpﬁm ty
will thus poSSsess | the i nos ato ropert -2
with rediicelvention %@ré‘p&m ff’f %FCR‘ sc(tli}?l 1 g)fm%s‘s °r§<§‘
hypot ensi onpeptide by chemﬁalﬂ@efﬂsﬂf ihe 9ﬂﬁem sequence encodnghpﬁSLt-Z mbitein hibitigd | | i ne
used to produce the recomnbi nant, praotein described % gh %Is nade at
the ATCC, 1%s@ropesiek fesgmbedyip e invetieni Thig mefed maygigeorpesalk bofynatymgl angy,y, 5
1999, Depos fs 2 L ed
{udnabiPsl aming ackls 3 o sgrbg,ag{ea St R iflehoBitbrks O 1520 he TRLIRP

under reaty, 1t will be nade available to

a patent of fli-2Ry. SA[]éi'ﬁztti?éIy aIgbne which ehd%ﬂesﬂhd dpsiret II]'-Qemmym may be synthesized As
used herein, "wild type IL- nmeans | L- whet her 2@ h el recorrbl nant ,
havi ng t'fe &:eshwﬂawys deearaﬁ ﬁlggoamlmldacﬁyaths%e uehopligonpcieatides sen | - 2

(less the 29esxg31vhcg Baked B Rkd &fino %ﬁ%e&ﬁe'n@g oPtheasinAAIT 13 afidin 2dhd\brbRfaBlynal

am no aci ds se amno acid sequence I s describe I n FUJ Ita, et.
al, PNAS usselecsug thpaacodgus/that(ar© B3yred it the host celltin gdhich the recombingatdmiteinn a|

N-ter ni nal NBHPE Bduidsd, ‘éYﬁ Pge,gitﬁ féﬁ%ﬁ%édﬁxxékd‘ﬁhﬁl{ﬂ@&n\éﬁ@&&@@d&%%w 'S

expressed as an rac L on I
herein, "I Lthat auammn hcldamysbeecor.lerl $op g trnate thahewnslqod@pé’or exampleRhei Flis ons 25

to the man ure.in r L nfra,
di scl osg fqug@%or%y two ﬁ#\ﬂ' i’g& %m{s %%fg’eb%n{gg%ﬁﬁf*%g?‘ﬁéﬁé and

t he: rdcor L ecqied tir by Omjhéit(lA[E :&pt(\lw isdsded for ]Pjﬂlagﬂgle}ebﬂfreﬂ'ﬁéd Aaebriikighe id S

i ncl ude tho t el ns east 100-fo rel ative tivity.
Particul ai rwgl Euélffg?‘i‘aé?f éﬁb@alar@m@ﬂﬁc?eaa@% fReofimg| & Rarfigptan 4k gﬁmﬁ?ﬂ’ﬂ bi t
great er thedehiall &Qﬁ&yfmﬂ egéxé}dte/&qa&keytwmmmrfwmt (A3 mhuteiasrelue (D)
at position 20 ("D20" when nunbered i n accordance with wild type

IL-2, is suf eyitetill p eppreciziedithati ip additioripche prefsrred DNA pequence;forempteinp o ) -
the aspag aghp@ shéwn BUEQ HPRO: 12 theRAI bk Hhn§ GedehEiBk DNAE s@fthtes that code for

the IL-2 mutein shown. These degenerate DNA sequences are considered within the scope
of this invention. Therefore, “degenerate variants thereof” in the context of this invention
means all DNA sequences that code for and thereby enable expression of a particular
mutein.

25 The DNA sequence encoding the IL-2 mutein of this invention, whether prepared
by site directed mutagenesis, chemical synthesis or other methods, may or may not also
include DNA sequences that encode a signal sequence. Such signal sequence, if present,
should be one recognized by the cell chosen for expression of the IL-2 mutein. It may be
prokaryotic, eukaryotic or a combination of the two. It may also be the signal sequence of

30 native IL-2. The inclusion of a signal sequence depends on whether it is desired to secrete

the IL-2 mutein from the recombinant cells in which it is made. If the chosen cells are

16



13 substituted with Isoleucine (N88l), dycine (N88G, or
Arginine (N88R); and the glutam ne residue (A@n) at position 126
(QL26) has bewossmdisgituted with Leucine (Q 26L) or A rCRMSPU10643126E)
or Aspartate (QL26D). The preferred IL-2 nuteins have an am no acid
sequence identical to wld type IL-2 at the other, non-substituted

residues. fic, it generally' prdferfed HAtIhe ONAS sehiiénte hdi’c}é@éﬁde%rki%ﬁy seqliénge.be
characteri ze y ammno acid’insertions, . del etions,  subpstitutions and
nodi fi cat i dhtheathossmecells ane pekaryotigsiti generpllyds prederred fhat  signal saguegice be t he

native |L-2 &ﬁw&%ﬁé{’sgﬁefe% SG{)@%?@% Oqﬂgzesi 'n%glh‘ﬂcgbgﬂ%gption any such

I nserti ons,tm ons, ns an cations may result in
an | L-2 nutei n Sfandard edegtiods nay Belapplied to sybthesize s génecencoding gt iILA2t muteini | e
havi ng reduced,_ abil fy to.actjvate NK cells, and.cong within 10. the scope
of  t hi's SpaPerding to this nveRticis. Foy, Aiaipio $36 B PISE FRIP A0 SPINee By, os i
preferred s bsdstrhditd BRE-1dRGMEd BaRk. ADDNA bligomer coaifingdd fudlétidesequende | L- 2
mol ecul e may _result in conbination nutants having activity simlar to
that di scl gading frrdbi2nmptpin may be mythesized. dior sxample, sevesshmall qligopycleotdes
expect ed . t. l-g@%o@yl‘;g ' gm ' t r re
mutati ons Se g%thgcf O?tp) SHDF'QE'IF%E %@J@gggigt i n&g&érﬁlﬁ{enéiglﬁtgg.tii‘ﬁ\/@g I L-2
agoni st . windividwl adligenucleotidesi typicallyridontaint &' tane3'r evezhangs for complementatyy, of

t he si nlgl e su,l%gf itutions disclosed herein. Combination nutants cone within
t he sﬁfsﬁ Yand scope of the present invention. W prefer
conservative nDOnéd asémbled (Bynsmehekis,tsite-directad mautagedesisror ansther meathod) thel - 2

St uct ur o SV eI sipodn a0 Tk i 8, it PYEMERnER) bo CPBHE 9161 Hae
t hose desclekpiegionwebisy il dpefatively finl¥d!td &n ekpression control sequence appropriate for
expression of the IL-2 mutein in the desired transformed host. Proper assembly may be

15  confirmed by nucleotide sequencing, restriction mapping, and expression of a biologically
active polypeptide in a suitable host. As is well known in the art, in order to obtain high
expression levels of a transfected gene in .a host, the gene must be -operativcly linked to
transcriptional and translational expression control sequences that are functional in the
chosen expression host.

20 The choice of expression control sequence and expression vector will depend upon
the choice of host. A wide variety of expression host/vector combinations may be
employed. Usefil expression vectors for eukaryotic hosts, include, for example, vectors
comprising expression control sequences from SV40, bovine papilloma virus, adenovirus
and cytomegalovirus. Useful expression vectors for bacterial hosts include known bacterial

25  plasmids, such as plasmids from E.coli, including col El, pCRl, pER32z, pMB9 aﬁd their
derivatives, wider host range plasmids, such as RP4, phage DNAs, e.g., the numerous
derivatives of phage lambda, e.g.,, NM989, and other DNA phages, such as MI3 and
filamentous single stranded DNA phages. Useful expression vectors for yeast cells include

~ the 2p plasmid and derivatives thereof. Useful vectors for insect cells include pVL 941.

30 We prefer pFastBac™ 1 (GibcoBRL, Gaithersburg, MD). Cate et al., "Isolation Of The
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Protein Sequence and Structure 5 (1978), and by Argos in EMBO J., 8:779-785

(1989) .- For exanple, am no acids belonging to one of the follow ng
groups represapd oGMmEr vati ve changes:- - ala, pro, pghryusegiosss asn,
ser, thr; 25 - cys, ser, tyr, thr; - val, ile, leu, net, ala, phe;

- lys, arg, his; - phe, tyr, trp, his; and - asp, glu. 30

W al so pre nodi.f.icati Qns ar |t 0 Ites
for b\"f"i“ l#% ﬁ?:"le% gﬁ’i gﬁﬁ%&%s@#l&)ﬁﬁg n%l %%%mlqn%%&r)%éﬂ&{ Bgaﬁhe(sje bond
formati on. ERimaf GeAdinAnimal Cells", Cell, 45, pp. 685-98 (1986).

14 lL-2 is kno tq haye three cys .resi uesma% éd ype
posi tions 58, 10k addigion. any 6f 2 pyide variety of gxpression copirol Sgquences thay be used in gy,

"nunber ed i el GOGIA R Wasdfl) Aiphedsidry Béhtlo} seljueiides ditlel e Ripressidacontrehosen
amno acid wth reference to the position at which that amno acid normally

occurs i A t lsequeSesessoniateds witly strustural fgengs off the foreeping XprogRiancveriqtse Examaples or

del eti ons ar, g}&hgzl I will
appreci ate t “{m?%’é&gxssfog%gédﬁ% %llletgce:scﬁ‘rrl ngfgr at glsef)hets)ér%l& and ed g‘%m%{&%
shifted in pf)SVﬂO mdenmvﬁrhs; thujacesysteml—thm@ystemme Ta&a0ri TRC @fstemeheshmbt ed Asp

can readi l.y determ.ned gn_an r n. of t
anki ng anORERRLEEPrOmetE PHpGot phoee TRy kP e B0 ool eefin of B3
- coat protein, the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the
10  promoters of acid phosphatase, e.g., PhoA, the promoters of the yeast a-mating system,
the polyhedron pfomoter of Baculovirus, and other sequences known to control the

expression of genes of prokaryotic or eukaryotic cells or their viruses, and various

. combinations thereof.

_ Any suitable host may be used to produce the IL-2 muteins of this invention,
15 - including bacteria, fungi (including yeasts), plant, insect, mammal, or other appropri'ate
- animal cells or cell lines, as well as transgenic animals or plants. More particularly, these
hosts may include well known eukaryotic and prokaryotic hosts, such as strains of E.coli,
Pseudomonas, Bacillus, Streptomyces, fungi, yeast, insect cells such as Spodoptera
Jrugiperda (5f9), animal cells such as Chinese hamster ovary (CHO) and mouse cells such
20  as NS/O, African green monkey cells such as COS 1, COS 7, BSC 1, BSC 40, aﬁd BNT
10, and human cells, as well as plant cells in tissue culture. For animal cell expression,
we prefer CHO cells and COS 7 cells in cultures and particularly the CHO cell line CHO

(DHFR-) or the HKB line.
It should of course be understood that not all vectors and expression control
25  sequences will function equally well to express the DNA sequences described herein.
Neither will all hosts function equally well with the same expression system. However,
one of skill in the art may make a selection among these vectors, expression control
sequences and hosts without undue experimehtation. For example, in selecting a vector,
the host must be considered because the vector must replicate in it. The vector's copy
30  number, the ability to control that copy number, and the expression of any other proteins

encoded by the vector, such as antibiotic markers, should also be corsidered. For example,
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10 _ The term"cell types having the IL-2R err] receptor” neans the
cells known to have this receptor type, i.e., T cells, activated T
cells, B cell VO3¥02Bt ed nonocytes, and activated NK cRCT/HSIIPE3t er m
"cell types having the IL-2R err] receptor” nmeans the cells known to
have that receptor type, i.e., B cells, resting nonocytes, and resting NK

cells. preferred vectoE$ forlukse th thistifveRforPinchul® tHeELHaNAllow ke TN L @néodihgliRe
produced by _any suitable nethod 15 known in the art. Such nethods i ncl ude

const ruct i nB-Amuginsde he amplificdin sepygmbee Such amplifiable yggtoss #rg weil kopwn in

I nvention X :S AYERSES Shil g aed.host .
Thi s net hogﬂ\g\ﬁaﬁf ﬂpi) ogﬂgge’qﬁgé?gighgl nantﬁ blhgct’ gle %glbgj?‘git E)If ?’}lﬁirﬁg%{’ fﬁ%%n&?
However, t hesee, e.g., Kaufinasi, United StatdsPatemt/ 470,461, eepfiadrsando$hanp,0'Qoastohction bei t

| ess prefergply chRem,cal syn Si-S_or,a,conhipati f em cal
synt hesi;s a gArIédgg‘}rjr%'i ir}gwfh%{ﬁelkgg?\cﬁ?%(?é@ﬂ bsﬁne'mfs\quglgﬂflggﬁgwg %br

per f u; i oanEfﬁdunt ExpressiohiyQdsl. m;ﬂ. EﬁPe%?H' Mggf—ﬂ!li(m&bbe%ﬁﬁhialm'ﬁl synthetasé hﬁ
art. See Fr , . (ed), "An ture: ractica roach, "
2nd ed., (QEHM%F@"F&%% &2 ?r}gﬁcﬁmtﬁnmﬁcﬁlqm&nd Eprgpean E@ﬁg‘h&i ory
Scal eup of litatiohlB38/8415. (0.5 - 50 liters),"” Methods Cell Biology 57:
219 - 527 (1998); Hu, WS., and Aunins, J.G, . "Large-scale Manmal i an
Cel | Culture," dnpseleetinganpexpressipmconteyl saqpence, a5@rigtyosf Apctomsshowddralsoabe i nov,
KB., Tsg, : , . ' renn | .0f I -term .

per fusion | ﬁgég&ﬁghn%?e?d%éé?%g?ﬁﬁgm eru’rmela’tg(};% %#631 osé’fatgggsgé‘g ?e,’"“s

Bi ot echnol <¢entrgllability, a2bd: itsOGniEbilityd9@h .the actual DNA seqienceracalidpothe TEE of a
r econbi nant a,nmutein i nventi on

thad,.for producin f this ,.a DNA
sequence i smié%lr?sé)érj%“cst b“&g‘b‘gfnt gﬁrpgfl?r% a%r"eggvﬁtﬁ?é?ﬁ“?li Aerondary Atructprss nidestss o
encodi ng t hehoulid|te selepred IHy- consideratidie 6f ﬂiaiirt@hif}bﬁtiﬁih@ WitH Qhe ERgser\VBetbk, e 2
codon for ... ls tLeuci ne (I P¥ site-specific mutagenesis. This technique
is well kn Otmqlcmsgfg, e Bl.'oél.u?t or by the DNA sequences of this invention, their secretion

15 15 characteristicVh £8fold the polypeptides correctly, their fermentati
N i SHO4LRiY polypep Y, entation or cuiture
requirements, and the ease of purification of the products coded for by the DNA

sequences.

Within these parameters, one of skill 'in the art may select various

vector/expression control sequence/host combinations that will express the desired DNA
20  sequences on fermentation or in large scale animal culture, for example, using CHO cells
or COS 7 cells. '

The IL-2 muteins obtained according to the present invention may be glycosylated
or unglycosylated depending on the host organism used to produce the mutein. If bacteria
are chosen as the host then the IL-2 mutein produced will be unglycosylated. Eukaryotic

25  cells, on the other hand, will glycosylate the IL-2 muteins, although perhaps not in the
same way as native IL-2 is_» glycosylated.  The IL-2 mutein produced by the transformed
host can be purified according to any suitable method. Various methods are known for
purifying IL-2. See, e.g Current Protocols in Protein Science, Vol 2. Eds: John E.
Coligan, Ben M. Dunn, Hidde L. Ploehg, David W. Speicher, Paul T. Wingfield, Unit 6.5

30 (Copyright 1997, John Wiley and Sons, Inc. We prefer refolding from inclusion bodies

generated in E. coli, or from conditioned medium from either mammalian or yeast cultures
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et al., "Site-specific Miutagenesis O the Human Fi broblast Interferon
Gene", -Proc. Natl. Acad. Sci. USA 81, pp. 5662-66 (1984); and United
States Patent wWHoo/sthz@88, 585, i ncorporated herein by refpcEUs®10643
Anot her net hod of constructing a DNA sequence encoding the IL-2 nuteins of
this 5 I nventi on woul d be chem cal synthesis. This for exanple includes

direct synthesis - of a epti de b chem 4 i -
sequenc ey enEmdnging 3 givenJputrip “Emﬁﬁ?t@f‘ PR gfcﬁatlr"% g %«fc{{éé%?sg S;h?{e.qiqghd

described i gubRgobaMR ) Se®Bxantils3 (Eez-mdndrwmnmwnmmmmdw nat ur al and
unnatural am no acids at positions that affe t.he i.nteractions | L-2

with the |L-2R eFhebiglpgical achvptznﬁ\quéLTZ]mutpanfg &WYF@P?}’ fSs a\XFH a'éyncodes
the desiredg; é b2 oDl A odih diard KOLHRSIS Sitiukld PEAKbIGA BibliFbIRBANKIGHNG an
e synthesl zer

ol i gonucl eot’ Suc I gonucl eoti des are desi gned based
on the asi neroliférstione Mieinssofappropristeiactivitade.) fully agtivecanIL-ZRaByp with seduse

? canbi nant S oo beagry 115, AEHE Eorphd itlg e el TR Sl

recogni zed Gty BEa SIGREL ik reasred With rtqgenmaﬂcmype IL-2, andt dsalescaibed irther aci d
may be coded for by nore than on odon aml e coded
for by two dm Al gxamples; b the ‘ITF“°‘P$ ¢ \RPiYity 8%53@?‘3?‘ B’ﬁﬂ}i’é{’ toTiFlﬁ?‘Htl hi s
(H is or by CAC or CAT Trp (W is coded for byasmgle

codon, TGG Accorc?}lngl it wll be appremate thaf for a gi ?
sequencelfencodi n@haﬂp&mmpﬁﬂ“ﬂ inventiont il be administered 2t a,§qs¢ apRroximNe

degenerat e prattéiihs var gpgg ytliu!rn]n %ﬁﬂgﬁd% tﬁe%}v with wild"Hpé 'nﬂtwe':&rrecombmﬁi( arml e,

it will be apprec on t preféerred DNAsequencefor
mutein 20 D20 Améffactivd amdbintof e HQ2]mute1hes prefﬂraﬁly b@nmtﬁyef-ble@@ efifestize DNA
sequences that cpde for o Q%*’Pﬂ

sequences arfB° %nmtag&mﬁﬂtm%g{eﬁkpgg g of 168 tPn S | tg on. & die O
Therefore, 'cofgmraidicaion beidi tfeatell e Tv0ill beuapparm td:thmee:)ftskldifmtliu agt thantbert | on
means al |l DNA sequences that code Jl and ther ebé %blﬁf exp esqs]o:ggrlhof a

parti cul W effectivggmgpnt of Jk-2 mutein w ers i SRR S £8S5Aeh

nutei n of t RiiiridAAREH dcRSHule\UFBleTEL2 RiRRAWEEther the I1Y muteirtisdidmérdsterdd alone

mut agenesi s, chem cal synthesis or ot her net hods nqt, als
i ncl ude: DNA%W@@nmﬁtomme@cﬁmﬁh%ﬁ%wgﬁégg&? @%’@H‘%{W‘b ence,

if present, 4 Rént €Ccogni zed by the cell chosen for expression
of the IL- 2 e@?%hg%hpof%% prokaryotic, eukaryotic or a conbi nation

of the two. It mabe dLso rivesin He prbfratly cdminisiered dn BCeonpasifion. inglnging The
i ncl usi ofy of phitmial e%acally ag&uggl%%argigp eﬁﬁ'a?m?&u&&% Q@Jepfablc carrflPShEfd alcarrRECr €t €

that does not cause any untoward effect in patients to whom it is administered. Such
pharmaceutically acceptable carriers are well known in the art. We prefer 2% HSA/PBS at
pH 7.0.

The IL-2 muteins of the present invention can be formulated into pharmaceutical

[14

25  compositions by well known methods. See, e.g., Remington's Pharmacautical Science by
E. W. Martin, hereby incorporated by reference, describes suitable formulations. The
pharmaceutical composition of the IL-2 mutein may be formulated in a variety of forms,
including liquid, gel, lyophilized, or any other suitable form. The preferred form will
depend upon the particular indication being treated and will be apparent to one of skill in

30 theart. |
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the IL-2 nmutein fromthe reconbinant cells in which it is made. |If the

chosen cells are 16

prokaryotic, iwaereer2al |y is preferred that the DNA sequence rraiT/EIvodes a
si gnal sequence. If the chosen cells are eukaryotic, it generally is
preferred that a signal- sequence be encoded and nost preferably that

the wi | d-type | L-ge 10N sk HERGEeRE RRibosition may be admirh@Rfagliyoly0ds

may. be applied to synthesize"a gene encoding an |L-2 5 “according

to this inveaerdsok intrEvenowsty igtramuseulaslye inmgpesitenealiy, intrademepllycayisubmitangenslb e
q ) 0 >
oot o. SE TN ol Bl S oo U 46904 00O °

nucl eoti de sequ n e synthesi*ze
exanpl e, sewvhe phrtiarka|ihdicdtion being krested almiswill be appadhtty dne of gkilltin diesarnf Thée

desired pol ypepti de, be .synthesized and then ljgated.. . The , | )
i ndi vi du?ﬁ 9 aﬁ%ﬁ&@%ﬂ@?‘%ﬁ? ‘Eﬁk’f '%‘il P 473y be adgpinigiered, jn cpnjppctiop yyith
conpl ement argthekOtherdpéudidbagénts. These agents maf B iRdoRRFRE® Chs( OfNhRe Sinse

site-directed nutagenesis or another nethod), the sequences
encodi ng an Rbaomec i ppraprositing or imaychr adminigtered sppagatele froay thentlo2 aputein,

eXPr eSSt 0N VELOEonBlitbnl) S 3h dBhdankd MifiChrly ol BXRIARS RAnRAD idhyBofience

appropriate pression o mutern in esire

t ransf or med 4ddition, the Hp2 muteis phragingeentical bempidsitionandy termseld by amadjluso to other
sequenci ,tﬁesgriction mappi ng, and expression of-a biologically
active po ype%??ﬁ% in a suitable host. As is well known in the art, in
order to obtain [Acedidingly, thisiaventioh providey eopesitions ahd Rfetids st tH€ Reatinén@
host, the ger}elé&lségé)e oge_r atively linked,to transcriptional and
transl ati ondl preADEFTo ARG disseshy s fliteass, Japcing adiywat i Canger
chosen expr 6/sdift) ak® énventional vaccine therapy, for immune stimulation in the elderly or

otherwise immunocompromised individuals, as well as in human SCID patients, or other

-

15  therapeutic application requiring general stimulation of the immune system in any suitable
animal, preferably a mammal, most preférably human. As. previously noted in the
Background section, IL-2 has many effects. Some of these are stimulation of PHA-blasts,
resting T cells, B cells, monocytes, and NK cells., etc.; muteins described herein will have
activities on cell types expressing only the high affinity IL-2 receptor, such as resting T

20  cells, but not the intermediate affinity IL-2 receptor, such as NK cells or monocytes.

Also contemplated is use of the DNA sequences encoding the IL-2 muteins of this
invention in gene therapy applications. Gene therapy applications contemplated include
treatment of those diseases in which IL-2 is expected to provide an effective therapy due to
its T cell activity, e.g., HIV, Cancer, autoimmune disease, infectious disease, vaccine

25  adjuvant in Cancer vaccine and conventional vaccine therapy, for immunestimulation in
the elderly or otherwise immunocompromised, as well as in human SCID patients, and
diseases that are otherwise responsive to IL-2 or infectious agents sensitive to IL-2-
mediated immune response.

Local delivery of IL-2 muteins using gene therapy may provide the therapeutic

30 agent to the target area. Both in vitro and in vivo gene therapy methodologies are

contemplated. Several methods for transferring potentially therapeutic genes to defined
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20 The choi ce of expression control sequence and expression vector

w Il depend upon the choice of host. A wde variety of expression
host / vect or cw?i,mhisons may be enpl oyed. Usef ul expresscousyensar s
for eukaryotic hosts, include, for exanple, vectors conpri sing

expression control sequences from SV40, bovine papilloma virus, adenovirus

and cytonegal,ovi nus. exnr essi i05iC i ReSBAsRY Shidet €1l GéneMetapy”, NCl ude
known bact %Flzgfp‘g%%nf)?%gn#&g} s(éséhg'g’g@mf) a’sn?([js fromE. coli, nl ncl u%r ng col
El, pCRl, Hckaes 26421986-32101998))6lhese methodddncludat i ves, wi der host range

| asmi ds, such RP4, phage DI\@S : t ny | jsyes of
Bhage | ambda, eiS.D,‘m?\'ll\ﬁ?g@%ﬁﬁ' ?ehg'g" Wﬁﬂgge%ﬁgﬁneagmmegqghg\%ﬂ%

fil ament ousvadcah ¥ivd"| Sdiélfeel 20MNAM6868E890)Usef ul expression vectors for yeast
vectors Yor 1 nsaxineumeneiiund Bk st b 53 Caflendt -1 sStur mERERY, | 1
g_? bcoBRL, &R BesesPidhder T e NALIEMhelftim Of PhécatsaWithCyslic Fibeosis", Nature

Bovi ne And Hunan Genes For Millerian |nhibiting Substance
And Expr essMedh 3CB9-46£1995); Crastake Theoeme AnADmugn Natuge Med. 1:13417 (1935); Gﬂﬁ.
685-98 (1986). " | AL addi ol a | NAY MEdn¥feBionS 2T €SSi ON
control se ')gngggn‘%’ra)ﬁ bbéovﬁlse%ulg‘gg ﬂlb%{lﬁegéa%g)étc?gﬂ%guch usefulonexpressi on
control seqyanmelan Cellst)Biodhlan. Risphys Resofommn t17%L80-85 (198kiences associ at ed

Wi th structural nes.,of the f 0i ng _expressi,on veaechar of
usef ul é&pressiéﬂ&%%%meg’é&ﬂgﬁ?ﬁs%&l 2%Ep OF gtx‘g'r’r’p]ﬁe‘,ﬁ 9 Ee earefa?yand

| at e pr onot®f Hemophili® B: SWdkinéd PatisinCottection I FactbralX-Byfitient) Ddge® Sdigpegyst em
the TAC or TRC syste t he naj

e T O S i B eSS SO IRASS 15 0" ©
4) DNA Virus-mediated DNA transfer. Such DNA viruses include adenoviruses
(preferably Ad-2 or Ad-5 based vectors), herpes viruses (preferably herpes simplex virus
15 based vectors), and parvoviruses (preferably "defective" or non-autonomous parvovirus
based - vectors, more preferably adeno-associated virus based vectors, most preferably
AAV-2 based vectors). See, e.g., 4li et al., "The Use Of DNA Viruses As Vectors For
Gene Therapy", Gene Therapy, 1:367-84 (1994); United States Patent 4,797,368,
incorporated herein by reference, and United States Patent 5,139,941, incorporated herein
20 by reference.
| ‘The choice of a particular vector system for transferring the gene of interest will
depend on a varieiy of factors. One important factor is the nature of the target cell
population. Although retroviral vectors have been extensively studied and used in a
number of gene therapy applications, these vectors are generally unsuited for infecting
25  non-dividing cells. In addition, retroviruses have the potential for oncogenicity.
Adenoviruses have the advantage that they have a broad host range, can infect
quiescent or terminally differentiated cells, such as neurons or hepatocytes, and appear
essentially non-oncogenic. See, e.g., Ali et al., supra, p. 367. Adenoviruses do not appear
to integrate into the host genome. Becauée they exist extrachromosomaily, the risk of
30 insertional mutagenesis is greatly reduced. A/ et al., supra, p. 373. |



coat protein, the pronoter for 3-phosphoglycerate kinase or other

gl ycolytic enzynes, the 10 pronoters of acid phosphatase, e.g., PhoA, the
pronoters of MW@yewst a-mati ng system t he pol yhedr on ppErosseniodas
Bacul ovi rus, and ot her sequences known to control the expressi on of
genes of prokaryotic or eukaryotic cells or their viruses, and various

combi nati ons t heydefd-associated viruses exHibiY sithilat ABVAtdges hs ARYoRRlBaRE VebioR! Oduce
the IL-2 muteins of this invention, 15 including bacteria, fungi

(i ncl udi ng Kevevesn AAYs exhibit sitesspesific infegtetion oy hymanehrampsams 1%t dli ef al, ani mal
celI's or cefl,g %ryﬁ as well as transgenic animals or plants. Mre
particul arly, these hosts may include well known eukaryotic and
prokaryotic hosisa pefemedembadimemsthefILER pwmidin-encoding MMNAdafimhisciayentios iis | us,

i nse such frugi perda

S f i - cell .
OS] Pt Y © e i A0H ek RS e Ry aing ad o TV, Sleciops diveashtiet bol | o

such 20 asashfbefonlodikyand@Bncgfsghich BORKAakRlohfa. such as COs 1, COs 7, BSC 1,
BSC 40, and BNT . 10, and human cells, as well as plant cells in tissue

cul ture. For anfAERrdingiie thisqmbodupct, gene therapy with )N cagqdingethe H-2mdas 7
cel I's in cufihis fverionl ipﬁfobildtea' ks bai\ﬁghbﬁ rieblPifefdol, coh@ftreld $Ath, (frtiwéx?hfégz or

the HKB line. . shoul d of course be understoo al |
vectors ano‘%ﬁ@&%}&on control 25 sequences will function equally well to

express;g he DNA ' i Dl ... NeipLh will. all_ hosts
funct i o# equal | ;/l'ﬁ %Fﬁg gﬁglft ﬂ@%@\‘%ﬁ%&@%)%%gr%ﬁcngg,tgﬁgﬁe%,m}gw of i} one of
skill in tHuveption toprevesthmdesired toxixity and adversg etdnts The sidlled fitisa@ @l €SSi on

cont rol uences a host s, Wi t hout undue experinentation. For -
exanpl e, i ﬁpg%?l%gﬁaﬁanyasu{}%b& 6‘?“,°§hmpy Verar Wmﬂ%ﬁtsﬂﬁnﬁﬂ?@{’d&"éhe pedause
the vect or imasbrdaseiwiththie embodiment] TRe eiGfidles Sor@Omifrudithg SR éctortafe abi lity

to control ,that copy nunper, and_the expression of any other proteins
encoded by kPﬂ‘%"'\?@%F&’,A’gﬁﬂma‘g Fatiymean fiene Therapsn Narur §vh¥?@ 126§-38) (é&sb;e

consi dersed.Vehfid, I#%2¢Ha Omia, N., Gene Therapy - Promises, Problems, and Prospects, Nature,
389 239-242 (1998). Introduction of the IL-2 mutein DNA-containing vector to the target
site may be accomplished using known techniques.
In order that this invention may be better understood, the following examples are
set forth. These examples are for the purpose of illustration only, and are not to be
20 construed as limiting the scope of the invention in any manner. All publications

mentioned herein are incorporated by reference in their entirety.

C. Examples
Example 1. Production of muteins in E. coli. Muteins were generated by site-directed
25  mutagenesis using primers containing codons corresponding to the desired mutation
essentially as described by Kunkel TA, Roberts JD, and Zakour RA, "Rapid and efficient
site-specific mutagenesis without phenotypic selection" (1987), Methods Enzymol 154:
367-382. Briefly, human IL-2 cDNA containing the restriction enzyme sites Bam HI and
Xba I was subcloned into the M13 phage vector M13 mp19 (New England Biolabs,
30 Beverly, MA) using the same sites. Wild-type IL-2 cDNA was obtained using Polymerase
Chain Reaction (“PCR”) from a cDNA pool generated from mRNA isolated from human
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preferred vectors for use in this invention include those that allow the

DNA encodi ng the IL-2 muteins to be anplified in copy nunber. Such
anplifiable V%ts%@ gre well known in the art. They i nedrispernbeas
exanpl e, vectors a ?e to be anplified by DHFR anplification (see,

e.g., Kaufman, United States Patent 4,470,461, Kaufman and Sharp,

"Construction o, A Nodul ar . Di af ol 1 A 10Anal ysi s
Of Signal s WP?@@&P@WPM%‘M"S ﬁqcr.c'g?gﬁqurtgg g‘é@%git‘%}a%ﬁgﬁ&glgl ., 2,
pp. 1304- 1%%;&98%& POR pfliners aBad \6ers Yorithes' @ad of the IL-2 opdaSeddingiivammé,i cat i on
(see, e.g., United States Patent 5,122,464 and European publi shed
application 338, 841). In selecting an expression control
sequence, a Vagi gk Gh dRACHY RS bt e Ab8 GcROroc 103 CIE 4wy awb: 3These

i nclude, for exanple, the relative strength of the sequence, its
controll®ability, and its conpatibility with the actual DNA sequence
encodi ng t hgdlfbriRe 3* end of HA'IER BpedfredditigSranityent i on, particularly as regards
potential secondary structures. Hosts shoul d be sel ected by
consideration of their conpatibility with the chosen vector, the

toxicity of tBe gLodbaf 30enl 3 irldig PV GLGUENCEREY Thhive: ayenti on,
their secretion characteristics, their ability to fold the

pol ypeptides correctly, their fernentation or culture requirenents,
and the,gase of fe%c‘ti&ncé?)%lﬁﬁsi&g F%cpﬁl 8‘-&@2%&8&9%@3'-‘;&&) wWi¥e indSrpblitd
sequences. I'n ese paraneters, one of skill in the art
may sel ect intyéachisligonucleotideardonré indioated by isalics.ofhe RTR cenglitions usddovare 1

conbi nati ons, t hat _yj expre e si.red

f er nent at i oﬂ“’d‘feﬁtﬂwldah Gﬂn'gﬁﬁtl%g'éﬁ’i ”f‘?al(i %P?&%%g‘rzi@g‘un%@&ﬁg@%‘g CHO cel | s

or COSt 7 Cem-%qDNA sequent;:e so?btaii[éiﬂwdsl tco?‘itﬁﬁtﬁ%&@&qu@ﬁﬂiﬁgl xrsmgt}ae:chudnasd et 3_ t he
resent invention may be cosylated .. oy .unglycosyl ate endi ng on

'Ito he host or?&ﬁ?ﬂﬁ#ﬁ&%ﬁmﬁﬁ ybﬁﬁg‘ée’%"ﬁ% W%?'h{.{m&'gﬂg}ﬁséﬁéfﬁ‘tbegby ﬁgr e chgsen

as the host pbRGnlrbe Urhcikeoliaiig bl OMMAE HNA (U-DER) wag biasd byt ed.

Eukaryotic 25 <cells, on the other” hand, will glycosylate the IL-2 nuteins,
al t hough petransfosmingithe B colstrain CJ236 Bio-RagyLaheratosies, Herqules CALWER y cosyl at ed.

The I L-2 ' t - i i1 ed
€ wfbﬁébb?&-@@*i%gﬂg M&gﬁ%& @g%rﬁ{r%%t?%enemﬂ%fze@ﬂh&&%ﬁﬁﬂ e

according to any sul ods are known
puri fying | tongainiGets melegtides homologdusde the séraplate UFPNAL' to the redents) tagsited Eds:

John E. Col i gan. .Ben n | . I : hcher, Paul
T. Wngfi el @r%‘ﬁg eéx_sémglaon p{}f’ pﬁr&%%ﬂ@(ﬁﬁ%1 @%ﬁﬁ%‘é’%ifm nc. W
pref er ref ohwtleagddshoniologalsus thenenisate ESDNA 3' ofthe rstaitertd mnclBotideo Initialkys  f r om

condi ti oned .medi um from ei.t her nmal i an or, ast. cul tur .
site-directed mutagenesis was used to mtrocﬁxce aNcX Frestnctmn sité at the beginning of

the mature sequence of human IL-2. The use of this restriction site incorporates an N-
terminal methionine residue that will direct expression in the cytoplasmic space of E. coli

using for example, the expression vector pET3d. The primer used for this purpose was:

25
' 5'-GCA CTT GTC ACA AAC ACC ATG GCA CCT ACT TCA AGT-3' (SEQ ID NO:5)
Specific primers used to incorporate mutations at positions D20, N88, and Q126 were:
30 D20X: 57-GGA GCA TTT ACT GCT GNN NTT ACA GAT G-3' {SEQ ID NO:6)
N88x: 5/-GGG ACT TAA TCA GCN NNA TCA ACG TAA TAG-3' {SEQ ID NO:7)

Q126X: 5’-GGA TTA CCT TTT GTN NNA GCA TCA TCT C-3’ (SEQ ID NO:8)
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19 produci ng a given nutein using cation exchange, gel
filtration, and or reverse phase liquid chromat ography. See Exanples 1
(E. coli) andwid®oddetd® cel | perfusion) bel ow. The 1909k 653
activity of the IL-2 nuteins of this invention can be assayed by any
suitabl e method known in the art. Such assays include PHA-Dbl ast
proliferation and NK cell 5 proI iferation. Miteins of appropriate activity,

ie., fully active on_IL-2R[err wi th reduced ctivity on cells
bear | ng I L-2R eMl?feWNIW%EPJPGFAWf‘hré’éla%?l?ﬂj‘q‘}?é"‘ff%%éﬁ’é éé ARderrel ative

activity" %olé\hcﬁﬂét(ﬁ'r@) a2 ﬁaﬁﬁoﬁmﬁﬁ éﬁ%ﬁxﬂe (CoPPilydift (AT, bY RelebdindaTRd as

described furt is the'ratio of the activity of
PHA- bl ast (atpasition 28R or leucMQT&)l(at posmo:pQéN)f ther mytationgutilized a similae | L- 2
mut ei n of t hi |nv ntion will adm.ni s Gh tely
paral | el ngmf1 anaPBmPnate ‘g’ﬁf‘ér vc;?eng, |€1°q'[ rt%f)sd‘g%glpﬁgﬁl%alag%pe native

or reconbi nsig T4 polynh&e&ldemmoxﬁngmndrmmlmms, BévdrllyeMN)uﬁngﬂteel nis
preferably adm_ni stered. An

anpunt capabl e
of prevent PRV S PERIOGY Mﬁ PS?Vhﬁ?n@ﬁrtgz\E%W‘ﬁmpa“gndition or

i ndi cati on dRetngien with I7INA bblywielake @om@ﬁamamﬁ@ HbreaRs, WA)skdilslof ihg £ he art
that the 15 effecti ve am)ung' nutein wll d depend, inter alia, upon

t he di seaseoliistiein §Fise™ (GIchBRL %rmm,ﬂ@)wemeé%ﬁimfl L-2 mrutein,

whet her the I i st.ered Ione n.co unc ion with
ot her therapaécu E‘%gﬁP%PBFﬁgmggmfﬁ{%‘f ﬁlm?%og( atgﬁré‘%m F%t and
tge generaI3('j7P@,qilid&e9\irefelaq>a|naédhyr|ixchngasmgle Qudd#diramfé:emgtd Enﬂgﬁflg abl %I
adm ni stere osi t.i.on phar ti,cal accept abl e
carrier. " ?QII‘?]‘H@ %N"F%}glﬁéﬁtﬁﬁag %&NA rﬁ@ B%Wﬁf*’b% t hat
goeﬁ not  C3Pusification kitMORBEH, thet Idiakivoith (1R gef Pafufh@urdPOpfbiokoll snhdaddHedi St er ed.
uc

containing the desired mutation were identified by sequencing the single stranded DNA

15 using the Sequenase® sequencing kit (Amersham Life Sciences, Arlington Heights, IL)
per manufacturer's protocol. IL-2mutein cDNA from Replicative Form DNA
corresponding to plaques containing the correct mutated sequence was isolated using Ncol
and Xba I, and subcloned to the plasmid vector pET3a (Stratagene, San Diego, CA)(Strat).
The E. coli strain BL21 was transformed with mutein containing pET3a vector, and

20  grown to an ABS,,, of between 0.60 and 1.0, at which time 0.4 mM IPTG to induce IL-2
mutein production was added.

Example 2. Extraction and Purification of IL-2 muteins from E. coli.
Three hours post induction the cells were harvested by centrifugation at 16,000 X
25 g. Therecombinant IL-2 muteins were renatured and purified by first dispersing the cells
in 10 volume (vol./wet mass) sucrose/Tris/EDTA buffer (0.375M sucrose, 10mM
Tris/HCL pH 8.0, ImM EDTA). The dispersed cells were sonicated 3 times at 300W with
30 seconds rest intervals in a ice bath, using a Missonix model XL2020 sonicator equipped
with 1 inch standard probe. The sonicated material was then centrifuged at 17,000 x g for
30 20 minutes at 4°C. The pellet, which should be white in color at this point, was washed by
resuspension and centrifugation one time in sucrose/Tris/EDTA buffer, twice with
Tris/EDTA buffer (50mM Tris/HCL pH 8.0, ImM EDTA), and finally resuspended in 10
25



pharmaceutical ly acceptable carriers are well known in the art. W prefer

2% HSA/.PBS at pH 7. 0. The IL-2 nuteins of the present
i nvention can vp(i”f&bgul ated into pharmaceutical 25 conposit ipgpmishyedsl |
known met hods. eé, . 0., Remington's Pharnacautical Science by E W

Martin, hereby incorporated by reference, describes suitable fornulations.

The phar maceutical composifion aof .the |l-2 muteln mul ated in
a variety ovolfGhyfdris/HCL, ﬁ?%ﬂﬁéﬂf‘ﬁ&éﬁ ,engaifh,’s °%?ﬁ¥e§r§%aé’% %A%Q%ny ot her

sui tabl e fOAE%f&}E@f&r@fﬁlﬁﬁgaﬁlqmm%J I depend upon the particul ar
I ndi cati on being treated and Wil be apparent to one 8{ sk'&l{l.in(ﬂ) t he
art. “The pellet was dissolved by adding 3 volumes of 8 M guanidinum,¢ oride 1n 0.

The | L2 MURPIdLRER(RES) thd 1% O5IRAD hindbaptBihahel. e Ricabatiof oro/tdludsy, DY

aerosol, intravenou ntranmuscul arly, intraperi tonea(la;(lwy, i ntradermal |y
or subcusanatroarh femperature,dhe siamplmgasowmglg%‘be%(i minuges g hhel x ghEhesr ef er r ed

node of admnnistration wld.d nd Q ' lgpglyk cat i on

bei ng treat &aulé?ﬂ{f"@b{“ﬂ‘ “Béd'éﬁﬁ%&gmppwﬁee‘y %? hg},&?%a‘ﬁﬁ]ﬁ? ﬁdgh.g% tl.OH.%e 5

phar maceut i aYHCRFRSI0} 1:9M BDTA &e4°CL TRe solttiinnwasapnthifugediat 17,000 ergefir 201
conjunction with ot her ,éherau&autic nts.. These a egilf ma?;,lge

i ncor por at efinesgdjustegto P4% teifpqroacetic acid, R ’Bﬁﬁﬁ' FP8h "6f nay be
admi ni st er egyHER R tehNerfddGieMatelylto @ sifibdried bottle and Idaliéd\éito § OB @blum@Nt | Y OF

i n accordance with any ot her acceptable treatnent -schedule. In

addi tionp t K¥éydat 208TROR)ilh-2sheteinnwers prrfigd using3diming s linggr erpdient using45-an
adj unct to %%%etorﬂ'&le ihib(.alr%a%&s The concentration of the eluted protein was determined by
A280 and amino acid analysis. The protein was then aliquoted (100mL) in siliconized
tubes and stored at -20 degrees celsius. Mutein so purified was typically a single band as -
observed by SDS-PAGE (silver étain), and was quantitated by amino acid analysis
15 (accuracy typically >90%).

Example 3. T cell proliferation assay.
Peripheral blood mononuclear cells (PBMC) were isolated from approximately
100mL of normal human blood (Irwin Memorial Blood Bank, San Francisco, CA) diluted

20 1:2in cold Dulbecco’s phosphate buffered saline (Ca>* and Mg?* free; DPBS). Ficoll -
Paque (Pharmacia) is underlayed and the sample is centrifuged to isolate the PBMC,
followed by extensive washes in cold DPBS. PHA blasts (activated T cells) were
generated by resuspending cells in RPMI 1640 containing 10% fetal bovine serum
(Hyclone), to which 1% (w/v) of each of the following is added: L-glutamine; non-

25  essential amino acids; sodium pyruvate; and antibiotic-antimycotic (RPMI media) at a
density of 1X10° cells/fml. Phytohemmaglutanin (PHA-P; Sigma) was added at a final
concentration of 10pug/mL, and cells were incubated at 37° C, 5% CO, for 3 days. Cells
were harvested and washed two times in DPBS, resuspended in RPMI media and plated
into 96-well flat bottom plates at a density of 1 X 10° cells/well in 200 pl with varying

30 concentrations of IL-2 or mutein in RPMI media. Plates were incubated for 48 hrs at
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Accordingly, this invention provides conpositions and nethods for the

t reat ment of H'V, Cancer, autoi nune di sease, infectious disease,
vacci ne adj uvNQ9968128ancer vacci ne and conventional va®STAS*YHES Py,
for imune stimulation in the elderly or ot herw se i mmunoconpr om sed
I ndividual s, as well as in human SCI D patients, or other 15 therapeutic
appl i cat i o meeptilsel RehJQIC 3al-thgmiding (BuPam NEN® ' BostomMAd/ vesjisforiiisn  any

sui-t abl e animal , preferably a , st eferabl y, h n. As
previ ous| y hfvestgd,iand adicactivity WaBé{eﬁﬂ'F T TSP%?&I’SI?P? g?ﬁ§ﬁpr§#§‘%§f fects.
Sone of these are stinulation of PHA-bIlasts, resting T cells, B
cells, nonogytes, .a NK cel.ls.. etc.; muteins described herein will have
activities ﬁﬁ“ﬂg?ﬂ F‘%‘é@’é@&%’é@f‘ﬁ@“&m y the high affinity IL-2 receptor,
such as gesti Rg Péri ral%ﬂoh&mnbbﬁcleﬁﬂ&ell& (RBMT) %mwlmeﬁ%ﬁhmbﬁmaylz .
receptor, such as NK cells or nonqcytes., SO cQn ted is
use of the M@BM@B‘F%@B@Q @vin HemoriabBlogd gf“ﬂ% SEJ‘F Frapgisco, SAS ﬁﬁrﬁf‘fgent i on
In gene thef:ﬁﬂ%’co@’@ﬁhb&&&*s?ﬁtéwggge &é}fgaﬁﬂy(@a@%aqagv%g, ISEBY)e Fbat ed

i ncl ude treatnment o Iseases In which'IL-2 is expected to
provi de an Reghe(Rhameciaisruadsrlajedanddhe sample is centrifuged to isplate e PBMG. g. , HI vV,
Cancer, autgi,nmune disease, .infecti di | | nt in
Cancer vacc °h%“’%§! RVent | (%1 ﬁsé{" c\(éyc%i?lse’ {"ﬁ‘g@gﬂe}éﬁs gﬁr{‘;{gﬁ%ﬁgrgsotﬁ%ng%igt ion in
t he el des | yTierMidichyiBibteets NEKnaeH dsdiatipn Rivi(BagiscloGladisch, Gamany; Ganbd65803) i3
patients, and I Seases t, are otherw se responsive . to IL-2 or

PO ecti ous BEERrbioe HERERGE. The i Eopsits of S egenis CPRATHA OB R S0

Local del i Vggwerfaf mhdmetic Ealirfth Bppbit THe SSi¥Rageness aRYckiEY ofiHapich Hénjlgdated
therapeutic 30 agent to the target area. Both in vitro and.in vivo gene

t her apy netmerpsiosal Ga3, £04, CD19, G333 antipodiessef moyse 1gG isqtgen oHhis isdp

t2 " an sferri ng Rad GOPMBC o 1 ik, P& aifd BFAGR cefls. ABis'eBRiSioned that any suitable

Cre O

15  set of antibodies recognizing these cell types can be used. The second reagent consists of
colloidal super-paramagnetic MACs microbeads conjugated to an anti-haptén antibody.
Cells are resuspended in PBS with 0.5% bovine serum albumin and 2mM EDTA
(PBS/EDTA). The volume of the suspension is dependent on the number of cells used and
is provided in a chart by Miltenyi Biotec. Typically, with a cell number of 2 to 5 x10*.

20 PBMQC, the cells are resuspended in 800uL of the buffer and then 200uL. of each reagent is

. used. After incubation with the reagents, the cells are added to the column (resuspended in
2 mLs of buffer). The non-NK cells adhere to the magnet (depleted) and the NK cells are
isolated and collected in the flow through. Cells are washed, resuspended in RPMI media
(contains: RPMI 1640, to which 1% of each of the following is added: L-glutamine; non-

25  essential amino acids; sodium pyruvate; antibiotic-antimycotic (all from Gibco/BRL,
Gaithersburg, MD); 10% fetal bovine serum (Hyclone)), and plated into 96-well flat
bottom plates at a density of 1 X 10° cells/well in 200 ul. Cells were harvested and
washed two times in DPBS, resuspended in RPMI media and plated into 96-well flat
bottom plates at a density of 1 X 10° cells/well in 200 pl with varying concentrations of

30  IL-2 or mutein in RPMI media. Plates were incubated for 48 hrs at 37°C, pulsed with 1
uCi 3H-thymidine (DuPont NEN®, Boston, MA)/well for 6 hrs, harvested, and
radioactivity was measured after harvesting cells onto glass fiber filters.
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cell popul ations are known. See, e.g., Milligan, "The Basic Science O GCene
Ther apy", Sci ence, 260: 926-31 (1993). These nethods i ncl ude:

1) Direct genewbwswuiser. See, e.g., WIff et al., "Direct GCeRETUSAHHbEY

I nto Mouse Muscle In Vivo", Science 247:1465-68 (1990); 5 2)
Li posonme- nedi ated DNA transfer. See, e.g., Caplen at al.,

"Li posone- nedi at ed CFTR CGene Transfer To The Nasal Epithelium O
Patients Wth Cystic Fibrosis", Nature . 3:.39-46 (1995); Crystal,
"The Gene AExgwmpledgMuteins which nelertively activate TfQ'é‘S‘)"" ells. " and Huang, "A
Novel Catio

Varmal i an Cgl*tﬁ?edtg &%@g ra{gga%ﬁ%&he-ﬂectgé frlufd @&Tsm-&(ﬁﬂéf éggg(lggﬂ(quetho;is 10
3) Retrovi r Bszymefli154: cI6TEIXR) atpesthASp-EéASP-MgAsn-%wde@ndI% and|wers/i vo Gene

Ther a ai ned.Par t

| X- De!co ?/c?enfxmfffége ‘H%ps‘éql'éﬁg'é%e %si%geﬁ asféde%fﬁg%cﬁgégﬂ gdr}%%‘ﬁqn tg‘f-l#g{ man Gene
Therapy”, ﬂ%m) 26tGteftd SrefeputifidPBy recovery of inclusion bbjieDhigudnidite-HEL) at ed DNA
transfer. Suc vi ruses include _adenovirus pr fersgii. Ad- 2 or
Ad-5 based 1e6elith 34 cheramangeephed wned DT af BresionS) e Tus 15
based vect Oiu%lem@%se 9504 pulrt! 6 ﬁlv@%ﬁﬁﬁﬁﬁ-?A@e&ﬂCst\éﬁalyﬁdepn aut ononous

par vovi rus vectors,” nore preferably adeno- associ ated virus based

vectors, nosencentestion as pprity by amimo.acid analysis (AAAtaseusaciesdpically >90%).A) | et al .

L The 530 L, e S SEA BB ot Gl s, G0l 20,

by referencenaha;indMinémﬂzbpﬁnﬁedeweré’a:tseytdiﬁﬂﬁ:wcqlkﬂswwmmwdyherei n 20
by referenc a_ parti V. for
transferri ngesfﬂ'ée &ﬁ]é“ﬁacf‘m‘?régﬁ’ %P'I upeins ‘na’et}te%‘é;ude Een&gb’arafee‘ ‘%caq 11“act ors.
One irrportarn;bléact or is the nature of the target cell popul at| on.:

Al t hough retroviral vectors have been extensively studied and used in a
nunber of gene therapy applications, these vectors are generally unsuited

for infgeting 25 norpgieYi. %ﬂaﬁéﬂahﬁtedmmmts*ele&ma&ﬁxtlfyow ruses have the

otential for oncogefgrcTt ] T ov THhe advjant age

!tohat t hey have a b?o i 3 elatlvg‘a?:l:i\‘gig}gt rﬁmﬁgf??@ymm er—Her m gal Iy
differentiated cells i lihet)at ches a
essentially non-oncopetiLe See, f.g., Ai et a|l.0008pra|l.9000867.
Adenovi ruses do not @p o integrate i pto the hgst genomg. Because
t hey exi st extrachr ol , the risk of 30 joignsxs ti on@mbooust agegnesis i s
greatly reduced. Ali I%OH"" ., supra, 5)900’373. 0.37081 0.00009

D201 7600 4.59635 0.00061

D20K 330 0.06301 0.00019

D20L 100 0.00063 0.00001

D20M 490 0.05372 0.00011

D20N 160 0.03000 0.00019

D20Q 100 0.03180 0.00032

D20R 33 0.00018 L0.0000I

D20S 170 0.06640 0.00038

D20T 1 1.00000 1.00000

D20V 10 0.00093 0.00009

D20Y 1000 0.06587 ‘0.00007

- IN88 muteins

N8SA 50 0.50000 0.01

NSSE 10 0.01172 0.00115

NSSF . .22 0.02222 0.001

NB8SG 980 8.33333 0.00853
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22
advant ages as adenovi ral

supra, p. 377.

mut ei n-encodi ng DNA of this invention is 5

I rmunodefi ci ency di sepN88H such a4 H V; Bnfecti
tubercul osis; and canpgge, such ds regglp car cCi
to this embodi ment, ggfggtherapy with enco
of this invention is 8Qﬁldedtoapati nt in
with, or imrediately after dlagn0|s 1
advant age of the sele ¥ acti vi ty of 250he | L-
invention to prevent N88Bsired tdxici®3p0and ad

artisan w ||

gt any 8oui t abl

containing |L-2 muteiNsPNA may bd usedygs |
embodi nent. The technhgges for cg nstru bing su
See, e.g., Anderson, Hurran er apy,
15 Verma, |I.M, and (§ ¢ene Th rapy -
Prospects, Nature, N33Y389 2394242 (1898). |

mut ei n DNA- cont ai ni ngQ126 mmteins t
usi ng known techni quelQl26A

better understood, theigeh! ow ng
exanpl es are for the gose of, i
construed as limti nggg 5: scope (
publ i cations Q126G

QI126H
Q1261
Q126K
QI126L
QI26M
Q126N
Q126P
QI26R
Q1268
QI26T
QI26V
QI26W

Q126Y

he target

| nogoder tldat743hi s

100
0.03
33
1.0
680
9.1
10
3.0
11
33
33
330
1.0
10.

exanp4es are |o.146305€t
||USthatI0n o)

.00
f the3bnvent| b gh{kg2nY

Adeno- associ ated viruses exhibit simlar
-based vectors.

site-specific WREMOES on on human chronosone 19. Ali
In a preferred enbodi nent,

However, AAVs exhi bit
et al ., PCT/US99/10643
the IL-2
used in gene therapy for
0.50H00s eas {s0UCh as
099074 oooom ~According
te| ns
ere concurjr ent
888460h ﬁﬁ%olappr ogch takes
029000 ns (H0Qlhj s
8.8880vent0000ThHe skill ed
000209 t hefoadBpogect qr
036600 dankeporbéd tHis
cto known.
Eigm\be %5 30 (11998);
ses bl ens,| and
0.PORA%Ct i ofP-OH the I|L-2
site may be acconpli shed
0005809 1 on |may be
oot These
nd afn&Rpg Lo be 20
B Al
0.55556 0.00556
0.02216 0.73875
0.00100 {0.00003
1.00000 1.00000
3.06186 - 0.00447
19.94092 2.19298
6.57895 0.64993
0.00032 LO 00011
4.02695 0.36392
0.03417 0.00103
0.00010 0.00003
1.00556 0.00302
0.20000 0.20000
0.88500 0.08850

Activities of muteins are described in terms of the relative concentration of mutein

required to give a 50% maximum response (EC,;) in comparison with the EC,, of wtIL-2

in the same assay; in the case of multiple assays on the same mutein, the geometric mean
5  of the values are listed. The EC, values for wt IL-2 ranged between ~10 pM and 150 pM
in the T cell assay, and ~50 pM and ~200pM in the NK cell assay. The ratio of T cell vs.

NK cell activity of muteins is expressed as the relative activity of the mutein on T cells

divided by the relative activity of mutein on NK cells. This ratio is determined for each
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mentioned herein are incorporated by reference in their entirety.

C. Exanpl es Exanple 1. Production of nmuteins in E. coli. Miteins were
gener ated by sid®smtizsect ed 25 nutagenesi s using priners conGi/BsNA04ddons
corresponding to the desired nutation essentially as described by

Kunkel TA, Roberts JD, and Zakour RA, "Rapid and efficient

si te-speci f jngtefiltk@ %H@%bﬁwwde{eahme@mﬂgmmmnwn@mnmys {sirfpfcz)ls frddatah ods
Enzynol 154: 7-382. Briefly, ‘human I'L-2 cDNA containing the

restricti onSlmhf}QPel’ -sites Bam HI and Xba | was subcloned into the M3
phage vector {f%%ﬁ% 9ed3ht9'6%?§adc3@ r%VQIiOOO-fM&)TMI ng the same
was o tal ned usi E’

sites. WId- type n ol ynmer ase
React i on (" selRtYityt Rbkﬂoabm&WQafoldTg@mekm\efd, Wnbwo'lf%lél'réieﬂd f rom hunman '

phorbol 12- ?ﬂﬁ‘?%‘fyaf‘ %’3@3@3‘2@% ym&a‘%?? 5%%@1&&& %?Zlqj\nsteg wer e,

for the 5 fRidkekttivityefor dither DK cellsdi ng f r ane, - CCT CAA CTC

CTG AAT TCA Tgﬁ%é%ﬂ%ﬁé N88(GS'[:'%15RNO 3); 5 and for the 3' end

of the IL-2 ope
Class 2: D20K, L, M, N, Q, and S; N88M and T; Q126D, E G,L,and V.

Class 3: D20R; N88A,E,F, Sand V; QI26F, L N,R and S.
10 Class 4: D20I; N88G; Q126E,L, M, N, and R.
Class 5: Q126A, H.
Class 6: D20A, T, and V; N88H, K, L, W, and Y; Q126K, P, T, W, and Y.
Within Classes 1-3, preferred muteins are those that exhibit near wt IL-2 or better
activity on T cells. In Class 1, this would include D20H and I; N88G, I, and R; in Class
15 2, this includes N88M and T, Q126D, E, G, L and V; in Class 3, this includes N88A,
Q126F and G. Muteins in Class 4 are predicted to have greater potency than wt IL-2 in

vivo.
It can be seen from Table 1 that no single mutation resulted in an IL-2 mutein
inactive in both assays. However, it can be derived that a combination of mutations that
20  resulted in severely compromised activity from two different positions would potentially
yield an antagonist IL-2 activity on T cells, or other high affinity IL-2 receptor bearing cell
types. Such an antagonist is predicted from this data as the mutations have been designed
to alter only interactions with IL-2RP and IL-2Ry. One such example would be the double
mutein D20R/Q126T. The combination of weakly active mutations in one molecule is
25  predicted to be combinatorial in nature, that is, D20R has 0.00018 activity on T cells,
Q126T 0.0001 activity on T cells, the double mutein D20R/Q126T would be expected to
have 0.000000018 the activity of wt IL-2 on T cells. Other combinations can be derived
from the data provided.

30 Example 6. Biological activity of wt IL-2 and IL-2 muteins.
Figures 1 to 7 show the dose-response curves of wt human IL-2 (IL-2) and D20H
(Fig. 1), IL-2 and D201 (Fig. 2), IL-2 and N88G (Fig. 3), IL-2 and N88I (Fig. 4), IL-2 and
© 30



5'-GGA AGC GGA TCC TTA TCA AGT CAG TGT TGA G - 3' (SEQ I D NG 4). 10
Restriction enzx’me sites Eco RI (5'-end) and Bam H (3 -end) were

i ncorporated WO9HE} each ol i gonucl eotide and are indi cat edPHYUSE40FBs .
The PCR conditions used were 1 mnute at 94[err]C, 1 mnute at
58.7[err]C, and 1 mnute at 72[err]C for 25 cycles. The correct

| L- 2cDNA sed88R(EigsD, B andRI26HaFig: 6hrnd Hed and/ Q2 iThgAu dndividudle
ei oht o, 1 1 fodksespenne BP RS BCR ey ARG e chBieSh BRGFMar bl 7 )

strand DNA (ctH pibliferatiors assint @HAeblasts). B: Individasisiosy nespogsd dfdLE (eloksed strai n
CJ236 (Bio-Rad boratories, Hercules, CA) wth |.L- 2cDNA- cont ai ni ng
VL5 mplo. SOty At Ruthop Bt Fibe Frbad Rufban DSt Proiertg s
contai ni 8g 15 nupheahdresithyespebias Bigs], fot thd Ekpbiaibnt ahewi N sS of WPILLP e

codon(s) targetted nut agenesi s, nucl eotjdes that incorporate the

f
desi red chadHbEven % marieal mpliemion (:Cid it it Kok0 Hor el coli 6Abando-1 Ko
template U hAM for fe NI el 5asdll! PREEC D1t A IR ~21201 610 i ihis T cell
s u Pntro t

site-directed nutagenesis ed to uce a Nco | restriction site at
t he begi nni agapiut estimatedto beat1X ¢0 S thisNKadfell lassapnThe ne? imfifogement inT t hi s

restriction _sjte in ate NN ..t er i Oal t hi oni ne, resi.due that
will direct c@x%’?é‘?’sﬁ?@n& °‘feﬁ§K2°§7{l BEIRA %u%%{apcd@bﬁo@.s%tﬁwmed £o"a’tﬁi ng for
exanpl e, 10t hassax pSimsilar resulty @tebtaiied ith bidvd frunh BditidiaPdbnbfy (dith hSt(mufvﬂpS e Was;
25 5' - GCA T, ACA AAC ACC AT CCT ACT, TCA AGI-3'" (SEQ 1D NGO 5
Specific priner g’é’é&%ﬁd""#‘ﬁ&ﬂeﬁdﬁ’c&{g@’ %%Xammattsm,mecﬂ%emﬂ%& and
QL26 were:  thaBgives389simaximal proliferati JSIITXAGT Xeedr GBI M fAY¥ld G G 3
(SEQ ID NO %‘o&m’ K imal ol e A R H A s T

TAG 3" (S MfoheNK cell (B) @ssap XThe EC,, fos D20fasmatse cIcT X1107° MimthisK celCA TCA
;ST C3 assaf,%ﬁcgsﬁixgatugo@e only ~5 X 10° M in this NK cell assay. The net improvement in

15 T cell activity of D20I over NK cell activity is thus ~16,000-fold as determined for this

assay. Similar results were obtained with blood from additional donors (data not shown).

Particularly with respect to Fig.3, for the experiment shown, the dose of wt IL-2
that gives 50% maximal proliferation (ECy) is ~4 X 10" M for the T cell (A) and ~2 X
107° M for the NK cell (B) assay. The EC,, for N88G was ~5 X 10"?> M in this T cell
20  assay, but estimated to be only ~3 X 10* M in this NK cell assay. The net improvement in
T cell activity of N88G over NK cell activity is thus ~1,200-fold as determined for this
assay. Similar results were obtained with blood from additional donors (data not shown).
Particularly with respect to Fig.4, for the experiment shown, the dose of wt IL-2
that gives 50% maximal proliferation (ECy,) is ~1.5 X 107° M for the T cell (A) and ~1 X
25 107" M for the NK cell (B) assay. The EC,, for N88I was ~4 X 10""° M in this T cell
assay, but estimated to be only ~5 X 10 M in this NK cell assay. The net improvement in
T cell activity of N88I over NK cell activity is thus ~18,000-fold as determined for this
assay. Similar results were obtained with blood from additional donors (data not shown).
Similar results were obtained with blood from additional donors (data not shown).
30 Particularly with respect to Fig.5, for the experiment shown, the dose of wt IL.-2
that gives 50% maximal proliferation (EC,,) is ~1.5 X 10"° M for the T cell (A)and ~1 X
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where NNN was replaced with an appropriate codon for Histidine (CAC) or
| sol euci ne (ATC) (at position D20), arginine (CGI) , glycine (GGI) , or
i sol euci ne (AWQ)9960128 (at position NB8), or leucine (CTG (BIT/YSMeHMDN
QL26). Other mutations utilized a simlar 5 strategy and an appropriate
codon for a given nutation. Priners were phosphoryl at ed using T4

pol ynucl eot diem‘” géﬂﬂ@f&%ﬂ’x‘i&] 18 O§sli3@¥seldx1lom‘l\)nmsnﬁcénhe

manufacture S pro ¢ annea prinmer to the U DNA
tenpl at e and:say, but estimdreito be nnlyi~8 X 107 NDitAthisoVk; eel} 2s8ay. (Tibe setimpravamertak or i es,

Her cul es, cells ol RL,

Gai t her sbur ele%c?tg\th ﬁ% E%’fﬁglba%vfctﬁ 1‘(’5&? 58‘1“? mgétéé%éegfpgﬁgm xture
and pl at ed isgayl. BimiRairsstltowert obainsdwith Bidod em additiomal domvrs{datainonshatm).
37[err]C5 pl ac?te;amwerafe%e ?%g%epcti&%&% (cglé %‘a Si Eg 3@?@?’6 ag‘(vhg1 gnsferri ng
to 2 nls’of LB culapy 3 strand
DNA was i so slsé% Miofiferation Eeyy isf-189@10 Ry %tﬂxe(f@eﬂ@ﬁﬁand'—ln

Chat swor t h, manuf aCturer’s protocol, and c cont ai ni ng

the desi redloﬁJt\/IafOttlnM‘échi(Bme fm@o@yfos@mw@m M inghis TseeHanded DNA
15 using ”‘e Sﬁ&l‘é%rrﬁ%&{t%ﬁaehmgea%w ﬁﬁéuﬁ%&?&é@?%'&ﬁr@%& ehtin

Arli ngton nmanu urer's protocol L-2nmut e n cDNA
from Repl i c'abelvscuﬁmy of QIEE overNKcelrmmprsdhmﬂOQ}qu aaﬁmmg@dﬁalﬂns ng t he

cubcl ondd  SSBh TP Vg chi nﬁ%r'stﬂ siog A aenel doner Bt Pl o )
The E. coli str paticBlady wi@ é@&sﬁl 178 thelekperimeheshowathe doseiofigrt [IET 3a
O o i e R LT o B bt 17
107" M for the NK cell (B) assay. The EC;, for Q126L was ~2 X 10™! M in this T cell
assay, but estimated to be only ~2 X 10 M in this NK cell assay. The net improvement in
15 T cell activity of Q126L over NK cell activity is thus ~625-fold as determined for this

assay. Similar results were obtained with blood from additional donors (data not shown).

Example 7. Chimpanzee Toxicity Studies.
1L-2/N88R was selected from the IL-2 mutant proteins in Table 1 because of its

20  demonstrated T-cell selective agonist activity in primary human T and NK cell assays.
Relative to wild-type IL-2, it is ~6,000-fold more active on T cells than NK cells, and
exhibits activity essentially equivalent to wt IL-2 on T cells. IL-2/N88Rwas produced in
CHO cells, purified, and evaluated in a chimpanzee model of IL-2 activity and toxicity. In
this in vivo model, it exhibited T cell activity comparable to a commercially-available

25 recombinant variant of IL-2 (PROLEUKIN™, Chiron Corporation, Emeryville, CA), yet
induced only mild side-effects in comparison (both in terms of objective and clinical
parameters).
A. Experimental Design

" 1. Materials And Methods

30 The in-life portion of the study took place at New Iberia Research Center (New

Iberia, LA, Sponsor Bayer Corporation, Berkeley, CA) and involved two phases of studies
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Exanpl e 2. Extraction and Purification of IL-2 nmuteins fromEn coli.

Three hours post induction the cells were harvested by centrifugation at
10, 000 X 25 JvOM&IBeconbinant | L-2 nuteins were renatured aPEl/gead1peddd by
first dispersing the cells in 10 volume (vol./wet mass)

sucrose/ Tri s/ EDTA buffer (0.375M sucrose, 10nM Tris/HCL pH 8.0, 1nmM
EDTA) . The di$PeycaRgladifll tb 2diiBmele SRitipaie@hvith bddyBfeigtits Gidfkdhddtffbm about 30
seconds rest Intervals in a ice bath, using a Mssonix nodel XL2020 .

soni cat or edbtpiks. with 1 inch standard probe. The sonicated materi al
was then centrif The

pel l et, which sh%&?%’@imvél te 1n co{&&e@%a?ﬁg ﬁ%ﬂﬁ]ﬁv@g‘éﬁ\{f\gg&&%%

r esuspensi osutntinependase bfig sehicde onmsabtitaneousdoseior BROLEUKINEDTA mglmf,er twce

WD o et BT P8 OBt BT S i el 1Y

vol . 0. 1M TPROLEOKINPMJIGLOMNSER giver subsirRonsty, E%t?ﬂZhburkttll&hmrBHa)str gel

anal ysi s) and centrifuged for 20 mi nutes at 17,000 X

The pel | et \]H%‘WF%H-I 2/N88Ryanwlrcted toprovide, rRmpasableexposie in loride in
0.1 Hi‘ﬁ'g:h(lﬂlﬁcﬁluﬂéuc ARYsiO- Biddd ¥a?ﬂ;flé§qzlre)re k&R kel bedida After

|ncubat|on for urs roomtenperature, the sanple was centrifuged

for 20 ni nuphe;mlary CBCobanstolggy/quagulation, anddEACS mﬂys@mfmmmgl di al ysed for
appr oxi me 10mM -Tris/HCL, pH 8.0, 1mM
[ cpifstof s BBl b s

EDTA at 'on was “centrifuged at 17,000 x g for 20
m nut es, adJ usted to 0.1%trifluoroacetic acid, and filtered in a 0.22

mcron filter unit. The solu n ed i medi ately to a
siliconized bottle and | oaded ont?@ &? ﬁ’?@“l(Vydac 208TP54) . |L-2
mut ei ns were purfi UST NBushbérbi [THesE ArticEar| dsedl €N Fiéghétdy 20} - 85%

acetonitrile in|Qukbed FA. | ARgngionceptration of] the el ujed protei n was
determ ned by 1 A280aig—am MO AV Eharal YSTINA 1€ Pl B sves| t hen
aliquoted (100m}) in silig¢onized days
2 2 PROLEUKIN | 1.2 mg/m* | BID for 5
days
15 Table 2B: Phase II Protocol
Group Number of | Test Article Dose Frequency
Number Animals
1 2 Vehicle 24mlm’ | ql2 hfor 5 days
2 3 PROLEUKIN | 1.2 mg/m* | ql12h for 5 days
3 3 IL-2/N88R 1.2mg/m® | qi2hfor5 days

2. Dosing Procedure
On study days in which blood was to be obtained, animals were completely
anesthetized using IM ketamine at a dose of approximately 10 mg/kg prior to
20 administration of the test article or vehicle. On study days in which blood sampling was
not required, animals were physically restrained using a squeeze cage prior to
administration of the test article or vehicle. The dose was administered by sﬁbcutaneous
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tubes and stored at -20 degrees celsius. Mutein so purified was typically a
singl e'band as observed by SDS-PACE (silver stain), and was
guantitated bwassideeesaci d anal ysis 15 (accuracy typically >209)S99/10643
Exanple 3. T cell proliferation assay. Peri pheral bl ood
nmononucl ear cells (PBMC) were isolated from approxi mtely 100mL of
normal hu | L 5 Y | gL ibHed QE} D il uted
20 1:2 i gq@gﬁl(fg%g?gégg%‘ﬂss%gﬁgé%%d?ﬁ&?eredeg,‘g??lrllﬂe:ﬁe( ggl[l%fﬁ %%ol\/g[ err]
free; DPBS)the $fadyo| The-site and tirRnofidesig@Pivas reeariled) for eachdeiwr | ayed and t he sanpl e

Is centrifuged to sol t he, PBMC, fol |l owed by extensive washes in
col d DPBS. PHA tg'f‘?aﬁé@iem‘i\%ﬁ T cells) were generated by
resuspendi ng celd)spiily G¥bivatiché end-Fuod DonsuneptibA.)E bchtanimd) owak nbsesved twice
(Hyclone), to which 1% (wv) of each of the fqllpow.ng is,added:
L- gl ut anﬁ? néwlnmwakn%@w%muoamﬁpaﬁﬁe fhegéﬁﬁ'mﬁ%%’um;s and
anti bi oti c- g{:dnﬁ% APkkrE bioRENto 1HE JiréhtioR b tBe Study DHRESH, PYojédt VENiGkdn/ dnd

0

cells/m. P magl utanin (PHA-P; Sigma) was added at a final |

concent r at i tbeiSpsimsar®epresantptive., Fogd ¢onsumptionpascopfipnpdand gecgrded tyigs daily, 500
CJerr] for_3.days. |1ls wer e harvested and washed two tinmes in DPBS,
resuspende Y ng'ﬂ%%lws‘n%&fla and pl at ed into 96-well flat bottom pl ates

at a density of (§) BodyOWeiphts. Bady wéigits werienake frefstudy] prioxite Hosing gni day 130

concent 1At 20e. gl 2o ShmlTY ! ) FRYL Bl ionP! ot 05 were | nCUbated for

(¢) Observation of Injection Sites. Injections sites were observed daily. Any

abnormal appearances such as redness or swelling was recorded.

Table 3A: Schedule for Phase Il sample collection
Time CBC CHEM COAG | FACS | SPONSOR
ASSAY

Pre- X X X X X

Day 1, X X X X
pre-dose
Day 1,
15 min

pre dose
Day 3,
15 min

| Day 6

Day 8

| Day 10

{ Day 12

Day 15

ot B - | B -
o] I B - I B
o] I B B B -] B B B ] -

s | . | I -
ot S I B B B

Day 30

15
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37[err]C, pulsed with 1 [err]C [err]Hthym di ne (DuPont NEN, Boston,

MA) /well for 6 hrs, harvested, and radi oactivity was neasured after
har vesti ng cel W9964691689I ass fiber filters. Exanpl e 4. RET3i8P9/10643
proliferation assay. 5 Peri pheral bl ood nononucl ear cells (PBM)
were isolated from approxi mately 100mL of normal human bl ood (Irwn
Menori al Bl ood BRrSampléeHakdhigei sco, CA) dil uted 1:2 in cold Dul becco's

phasphat e buffered saline ((Ca[err] and Myler DPBS). Ficoll -
Paque (Phar maci & %—%ﬁ%ﬂ?—%"é}?&”‘!‘ﬂ lé’&rfﬁi’ém? appies M élactﬁgﬁ?em ate
the PBMC, eachaﬁxﬂiai ﬁ‘(@ﬂb%ﬁ%ﬁ?ﬂﬁb&ﬁ%umﬁé ab eﬁs?leéiﬁgftﬁﬁe potfitsCBldoa were

separated fromother cells. 10 The MIteny ec'sNK cell 1solation kit
(Bergi sch @WWMFW%iM%@BOW@d to CI%FeWOeFlrte@PtFrmet hi s

pur pose. ;Th r I a very
power f ul rrag#e%a}n@ ukén%’ég%%&%d tﬁﬁ%%& reagen %&g tgml? of hapten
conj ugat ed Clinical Pathnlogy_habdranﬁES ,Th€EMIRC eafidard &io®8 cherhistop panebinchidedinse | gd

i sotype. Thg.a)é deplete the PMBC of T cells, B cells and nyeloid
cells. It Vi SI oned that any suitable 15 set of antibodies recognizing

these cell types can be used. The second reagent consists of
col | oi dal super-paramagneti c MACs m crobeads conjugated to an anti-hapten

ant i body. Cells are resuspgﬁ‘ﬂeﬂl $ﬁ°4vﬁemmwae=5% bOVI ne serum al bunin
and 2mM EDTA AN Phosthotul© ndent on
t he nunmber of cells |s row ded in a chart by Mlten/i

Bi otec. Typically, watassiumeI I he
cells are resuspendes 300+ bt ar C : r eagent
is used. After M eayen =d to
the col um (resusperWWadhere

to the magnet (depl g cellls are isolated and col|ected
in the flow through. A@eﬁlinsl’hwehmmd Ademipended in RPM nedi a

(contains: RPM 164( 104 ﬁ@ﬁa—W
L- gl utani ne; non- 2 Laests?er.?'cf’gen?ﬁ GRS UM 5P uvat e
antibiotic-anti rryco?i(bDH;il | fromG bco Gai t hersburg, MD);| 10%
fetal bovi ne serum v nnn\\ and nJ a Nt o Q6. vell fl at bholt om
plates at a density 4repartate 10[err] cel I?F%QFW in 200 [err]l. Cells pere
har vest ed and \Agthif6trandferaké QEST)I N| DPBS, resuspended in RPM nefdi a and
plated into 96-wel | Lflat bottomplates at a density of 1 X 10[krr]
celI's/well in 200 [ ¢Adgnineshminotransierasg ¢Ealsm rati ons of 30 |IL-2 or] nutein
in RPM nedia. Platg¢ e incubated for 48 hrs at 37[err]C, pulsedfwith 1
[err]C [err]Hthymdineg (DuPont NEN[efr], Boston, MA)/well for 6 hrs,
harvest ed, and Caxbon Ridxide (OD,)as [rEamacgiutamhytrankeraseGGNg cel] s onto
gl ass fi“per- filters!

L4

(b) Hematology. Approximately 2 ml blood samples was collected from each
animal into EDTA tubes at the above specified time points and forwarded to the NIRC
Clinical Pathology Laboratory. The standard NIRC hematology panel, including complete
blood count, differential, and platelet count, was run on all samples.

15 (c) Sponsor Assays. Approximately a 6 ml blood sample was collected into tubes
with EDTA as an anticoagulant at the times specified above. Blood collection times were
documented. The samples were centrifuged, the plasma separated and aliquoted into three
separate tubes. The plasma was stored frozen (-60°C or below) and shipped to Bayer
Corporation, Berkeley, CA as soon as the study was completed.
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27 Exanmpl e 5. Miuteins which selectively activate T cells
over NK cells. Mut ei ns were generated using site-directed nutagenesis
(Kunkel et alwbb9&ids Methods Enzynol 154: 367-382) at pesStiusmR06sp- 20,
Asp-84, Asn-88, and G n-126, and were 5 expressed in E. coli using the
pPET- 3a expressi on system as described by the manufacturer

(Stratagene). . I\/gtei ngagre purified by recovery of inclusion bodies in
guani di ne- HCL, refol ded, and chronat ographed using HPLC, as previously
descri bed. The (2)<Rrbgedvrg. Approxmseaﬁnﬂppegsmlsw/sq%mdBy80§mnver st ai ned

SDS- PAGE, gnd was..anal r . 3} “191 and purity by amno acid
anal ysis ( Cﬂgﬂ@g@lﬂé@f‘{}%ﬁ@gﬁ Tpﬁclgg‘g%gﬁﬁ' %i%i ns "havi ng appropri ate
ﬁ/ﬁt ivity were 9]??%5‘%@&”@“?@?@“?“?9;?6@'?“@@' Cell anal Iysi S.

eins so purifie re.assaq in ce ssays previously
descri bed. b&?ﬂ?@%ﬂﬂ‘?“&%ﬁ@ﬁ@??%@&%@ r?eTWEST and NK cel | assays
are indicated in2x75glass by fastic tubed Were appropriately labeled fotltheantibody\aneéll ns
evaluated for T cell-selective activity

rel ative adeingirmy Antibedweraptibogyicpektail were added to the tubes followipg manyfacturer T
vs: NK cell NK cel | : wt | L-2
1 S“Eg.eé%g‘ﬁ}ﬁﬁg‘ 1. 00000 D20 mut ei ns

100pl of well-mixed blood specimen was added per tube and the mixture was
10 . incubated for 30mn at room temperature, protected form light. '
After incubation, 2 ml of lysing solution ( Becton Dickinson FACS brand lysing
solution , BD# 92-0002) were added, the mix was vortexed gently and let stand for 10
minutes at room temperature. The tubes when then centrifuged at room temperature for 5
minutes at 300 X g. Supernatants were decanted, excess liquid blotted and 1 ml of PBS
1S buffer (GIBCO 14190-144) was added to each cell pellet. After a gentle vortex, the tubes
were centrifuged at room temperature for 5 mn at 300 X g. Supernatants were decanted
and excess liquid blotted before adding 1 ml of fixative solution ( 0.5% formaldehyde
solution, prepared by diluting 10% formaldehyde (Polyscience, Inc. #0418) 1:20 with PBS
buffer) on the cell pellet and vortexing gently for resuspension. Samples were then
20 analyzed on a Coulter EPICS SL Flow Cytometer.
Antibodies used for the study: MIgG1/MIgG1 isotype control (Becton Dickinson,
Cat. # 349526), CD45-PerCP (Becton Dickinson, Cat. # 347464), CD8-FITC (Becton
Dickinson, Cat. #347313), CD25-PE (Becton Dickinson, Cat. # 30795X), CD4-FITC
(Becton Dickinson, Cat. #340133), CD16-PE (Pharmingen, Cat. # 347617), CD3-PerCP
25  (Becton Dickinson, Cat. # 347344).
6. Coagulation Profile
Approximately a 2 ml whole blood sample was collected into tubes with sodium
citrate added as an anticoagulant at the above specified time points. The coagulation
profile consisted of Prothrombin Time (PT), Activated Partial Thromboplastin Time
30 (APTT) and Fibrinogen.
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D20A
D20H
D20

D20K
D20L
D20M
D20N
D20Q
D20R
D20S
D20T
D20V
D20Y

5

5 0. 00024 0. 00005
3900 0. 37081 0. 00009

WO 99/60128 7600 4.59635 0. 00061 PCT/US99/10643
330 0. 06301 0. 00019
100 0. 00063 0. 00001
B. Results And Dlﬂ&@Slon 0. 05372 0. 00011
. 0.03000 0. 00019

The pnmarylg?gl of this phase wQs QQ@&& fy an O]Qm‘;@ PROLEUKIN dose for

comparison with IL-2/N88R. This opnmq dg@@@ Lﬂ(@b‘gﬁ}argeted tobea

tolerable dose (loxﬁﬁ 31%:1 the maxxmmngolg%g%?lose) wl'g hg\ggﬂaeally cause clinically

N88 mut ei nssignificant, but moderate and ré¥@8sible toxicity. A PROLEUKIN dég of 1.2 mg/M?, 0. 50000

0.01

0. 00115
0. 001
0. 00853
N88H
N88I
N88K

10

15

20

30

" BID, was deterxnim:NSaEs3 ﬁ)gg'y_itial dose based on cross-sp%g&sze}&apolationog'i\(/)e]ﬁ(];ﬁ%ifg? >

dose regimens of PROBBGKIN, their corresponding toxiélf#é€k, and in-house cynSasigss
monkey PROLEUKINglose-response regultsg1 00 0. 00 128

Two chirggaggees were treated irPthi¥dNdther with PROPEUKIN. These animals

3 0. 00010 0. 00032

became increasingly less active, distressed, and dehydrated throughout the course of
dosing. Both animals developed severe gastrointestinal symptoms starting on days 3 or 4,
including reduced appetite, diarrhea, vomiting. Dosing on one animal (number X-159)
was discontinued after 3 days of dosing because of severe renal (Figure 8A&B) and
moderate hepatic (Figure 8C&D) dysfunction reflected in blood chemistry chemistries.
These include elevations of blood urea nitrogen (BUN), creatinine, and total bilirubin,
ALT (SGPT). Lactated Ringers solution was given i.v. to both PROLEUKIN-treated
animals on day 3 and 4 (animal X-159) and day 4 only (animal X-124) as resuscitation or
to prevent further dehydration. Animal number X-159 was removed from the study on day
8 due to renal dysfunction and possible thrombus on the right leg as indicated by very
minimal pulse (femoral), and the entire calf was cold and enlarged. Although significant
toxicity was observed in one animal, the other animal experienced less severe events and
the profile of adverse events for both animals was reversible. Based on this, 1.2 mg/M?
PROLEUKIN and the equivalent dose (based on exposure) of IL-2/N88R, q12hr was

determined to be an appropriate dose regimen to compare these two compounds.

2.__Comparison of IL-2/N88R to PROLEUKIN

Clinical Observations. Table 5 lists the clinical observations made during the study.
Values are reported on a scale of 0 to 5, where 5 is severe. All PROLEUKIN treated
animals were severely ill; there was one PROLEUKIN treatment-associated death. Values

reported post day 6 for the PROLEUKIN group reflect data from the remaining two
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N88L 4 0. 00400 0. 001

N88M - 250 0. 25000 0. 001

N8BR. - WO 997601286200 0. 89730 0. 00015 PCT/US99/10643
N88S 80 0. 00200 0. 16000

N88T 395 0. 50000 0. 001266

%g% animals. The most o%%ious side-effect «81" %%88&&3&%118%(:&& to be mild GI

N88Y disturbance (emesis) fthough treatment)i® @¥0€e nomind) t@ddity in terms of the
QLZ0 UL el NS rameters indicated indpble 42853/ weight of the PROLEVKIN grolp £l 69 og gy 01 74>
8- 8(2)g8 é and dropped as low as @?/2 &Eday 10 and slowly recovered @kreafter (see Figuré 3)7 gggo
0: 02749 5 contrast, IL-2/N88R an@}ge@ucle groups had merely 1-3"7% 4 \gight loss at mosb 55556
0..00556 QL26H 0. 03 0. 02216
0. 73875 Q1261 .33 0. 00100
0. 00003 QL26Mable 5. Clinical observations* 1.0 1. ooooo
1. 00000 . Ql:el“l,IGeneral Towof &80 3 6
0. 00447 QL26N . 9.1 9 94 92
219298 Treatmegll 26 Condition Appetite Lej:l@rgy GI | M A o
0. 64993 . QI26H 3 000032
0. 00011 IL-2/N8&R 26 H good 1 111 2 |1 4 02695
0.36392 PROLEGKIN i |5 35 O Y Ees 14
0. 00103 7| severely 3.3 % 00010
0. 00003 Vehicle U126\ normal 0 380 0 0.1 0053
0. 00302 _ Q126 ' 1.0 0 20000
0. 20000 *Scale of Q% here 5 is most severe 10. 0. 88500
0. 08850 Activities of muteins are described in ternms of the relative
concentration of nutein - required to give a 500% maxi mum r esponse

(ECerr]¥in contﬁarﬁsmuolog)t HL:2AN88R0nducefl celfulanteffbdts consistenf with he sane assay;
D11, S25° B PL e RR KSRk ORI 2,
and 150 pM bloodlcﬂlst(Hfgui’é mB) ndutentyphils (Figure Q0Q)ymerechlsodbegridd. 1Lt he NK cel |
assay. The rZ?t& és% Juced on? a m\érsgmal thrombocytopenia (nadir of ~15%) compared to

PiiOLEUKIN (nadir ~50%) during the treatment portion of the study (Figure 10D).

15 (b) Renal Function. BUN levels were markedly higher in all Proelukin treated
animals on days 6 and 8 (Figure 11A). BUN levels were over 130 mg/dL in two of these
ahimals; Creatinine levels also increased dramatically in the two animals on both day 6

and day 8 (Figure 11B) indicating a complete shut down of renal function. In addition,
both serum phosphorus and anion gap also increased in the PROLEUKIN treated group on

20 days 6 and 8. In contrast, in all IL-2/N88Ranimals, these renal parameters remained
basically normal throughout the study (Figure 11C&D). .

. (¢) Hepatic Function. Total bilirubin more than tripled in the PROLEUKIN group
on day 6 and remained high through day 10 (Figure 12A). In contrast, only one animal in
the IL-2/N88Rgroup had a transient, minor increase on days 3 and 6. Serum SGPT level

25 elevated dramatically and reached over 100 U/L in all PROLEUKIN animals on day 6
(Figure 12B). The SGPT level in animal number A199 reached 651 U/L, and the SGOT
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NK cell activity of nuteins is expressed as the relative activity of the

mutein on T cells divided by the relative activity of nmutein on NK
cells. This r WQ80828det er ni ned for each PCT/US99/10643

29 mutein using only activity determned fromgiven T and NK
cell assays using cells froma si ngl e donor. Mut ei n

activities sp g fﬁ%%@obﬁtmﬂ@#wm&m i Reble Mindibafift dridl Ghotp ce! |
selectivity; 2) 100- but <1000-fold T cell selectivity i 10-. but

<100-f ol d TMsen Chersistry, ¥plses, paget1y:of 2 Ofﬁsfqbkédn@eﬂn&atsy"% igarifgirg.o | L-2 on
1cel S 2L N o) bosfilabh, P‘fthoFeﬁké%ﬁnorethan g%lgd %Pﬁﬁepm.%égan&l ther T

or NK ceI | s.
Cl ass 2: DZIIKZINSBRMOIIM an@ peaked ofsdayNs Rigwra d2C). Thedadeaseapr@arsito haved V.

58 o b o o d S e o

C ass 6: D2@¢\an ihcreas®f ¥1%N8 3% ofdayl3. The &Mgéé in @bAAdGen Mhay be a\fésulted Y.
Wthin Classes 1-3, preferred nuteins are those that exhibit near wt IL-2
or better acute ﬁelemrpﬁpynwﬂwrém cagylgtion dgfects ince FH"'EF WeG PR MeaRp D20H and

I, N88G I, g&s? APFTYr 35S d%%%éhgmﬁb%géﬁ:dwwegp@m@lzﬁﬂ@ E, G L

and V; |nCIas this 1 ncl I\/Ute|n5|nCIass4
are predi ct Bdweverstartingfroradey | Qpbe ARTT levehin RROLEUKIN gnimals showedan

10 obvious up trend although the absolute value remained within the normal range. The same
trend, although to a lesser extend, was also observed in the IL-2/N88Rgroup.

Interestingly, however, fibrinogen level appeared to have drifted lower during the same

period of time accordingly in both groups.
(e) Homeostasis. Serum sodium levels decreased to under 135 MEQ/L in two of
15  the three PROLEUKIN animals on day 8, but remained normal in the rest of the animals
(Figure 13A). Chloride levels in the PROLEUKIN group were also reduced to under 95
MEQ/L starting on day 3 and remained low until day 15 (Figure 13B). The calcium level
was lower in two of three PROLEUKIN animals on days 6 and 8, and reached as low as
4.9 and 3.1 mg/dL in animal A199 (Figure 13C). The potassium level decreased to under
20 3 MEQ/L from days 3 to 12 in all PROLEUKIN treated animals except animal A199
whose potassium level actually increased to a toxic level of 7.2 MEQ/L before being taken
off the study (Figure 13D).
() Signs of Vascular Leak. Serum albumin level decreased in both PROLEUKIN
(37%) and IL-2/N88R(19%) groups (Figure 14A). An increase in hematocrit level was
25  observed in the PROLEUKIN group on days 3 and 6 (Figure 14B). In contrast, the
hematocrit levels in both vehicle control and IL-2/N88Rgroups decreased during the same
time period and remained low indicating mild anemia as expected due to multiple blood
sample collections (Figure 14B&C). The elevation of hematocrit in the PROLEUKIN
group when coupled with a decrease in albumin is consistent with the development of
30  capillary leak syndrome.

3. Cellular Activation.
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It can be seen fromTable 1 that no single nmutation resulted in an IL-2

mut ei n- I nactive in both assays. However, it can be derived that a
conbi nati on okwgwsieaizsons that 20 resulted in severely conpreaTadss/1acsi vity
fromtwo different positions would potentially yi el d an ant agoni st

IL-2 activity on T cells, or other high affinity IL-2 receptor bearing cell

{ypes. Such an N GISRA ol SUANSRCHREY WA fiinealiloRiithe Lifuibineons have

been desi gned tions wmth IL-2R err]

| L- 2R] er r | . péeentage 6f CD3bypositive Mmihdc}hes (titafficktingtH mroliferatioph and ithe mEPORL Q126 T.
The conbi nati on of actiyve ions in.o redi ct ed
to be conbi 3?‘85"?%%3’ t% f"émb"'t’ﬁghb?é TS BTRS “Sseggg{ygﬁ g%??%?%“ gn T

cells, il 26D29=0RQ dernRy IR GRS exgrebdicn wislfellatosdiinahenotat MeelD20R/ Q 26T
woul d be expected to have 0 000000018 thg: ﬁgﬁ't:ﬁh'g of wt IL-2 on T
cel |'s. OF hePorulasian (R3oeels)es well as the CD3EGD4+ and € opiafions-ovi ded. 30

Exanpl e 6. Bi ol og fé&wﬁf dd Mithoal Rilie¥elts BNR) moiléwe%i tm&ngh RASanalysis of the

Figures 1 to 7 show th ose-response curves of human 1L-2 (IL- 2) and

D20H ( Eaffickify pfq:ms-g:nemﬂ am'cm-pnzgwmﬁ lelﬁrﬂalembwtewg ergpf " | -2
So° 0 Vicbanemasepe R plyer igemping by ipting e ellperetinge by B

QL26L (Fig. nﬁﬁ;berAflyhmiooytedpaim datadlbuﬂmdrdaﬂpg)ﬁlehemitolbgy Zmﬂysﬁsosed circles)

and nutein (open, circ oI eration
assay (F‘IFiA f)l gst@)l ace. }'ﬁ?%ﬁm& gelol” |

triangles) agfaley tr%bm; éﬁaaat&d lby’MJDiséﬁésxtiva cmsewwumgmaﬂw Baﬂa)P\Komb |
proliferation assa Particuyl arl ect tQ .1, for
the experi nmE®gy ﬂ%%h‘m e EDFGP4T cpll sybpopulation. ¥R&ﬁ]m el
proliferati g ebfClsfn’of tD2S oni & highét pkitkefitagd ofthIDI 41 € DB+CH 4+ aﬁ&) and ~1 X
CD3+CD8+ subpopulations of T cells at day 6. However by day 8 the percent of cells
15  expressing the CD2S5 antigen was identical on the lymphocytes of chimpanzees treated by
PROLEUKIN and the chimpanzees treated with IL-2/N88R(Figure 15A, B and C), No
stmmng for CD25 at the surface of the Natural Killer (NK) cell population was observed in .
either PROLEUKIN or IL-2/N88R treated chimpanzees. Lack of expression of IL-2Ra.
(the antigen targeted for cell surface staining by CD25) at the surface of the selected NK
20  cell population (CD3-/CD16+) is suspected to be responsible for these results.
" The absolute number of CD3+CD25+ T cells followed a similar pattern as the
percentage of CD3+CD25+ T cells, with PROLEUKIN appearing more active than IL-
2/N88R(Fig. 16A). 1L-2/N88Rexhibited a similar T cell activation potential as
PROLEUKIN on the CD3+CD4+ T cell population, as the up-regulation of the absolute
25 number of CD3+CD4+CD25+ lymphocytes induced by IL-2/N88R was identical to the
up-regulation seen with PROLEUKIN (Fig. 16B). PROLEUKIN appeared to increase the
number of CD3+CD8+CD25+ T cells to a greater extent than IL-2/N88R (Fig. 16C).
The number of CD25 molecules (mean of fluorescence) expressed on the
CD3+CD4+ T cell subpopulation followed .identical kinetics with either PROLEUKIN or
30 IL-2/N88R treatment (Fig. 17). '
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10[err] Mfor the NK cell (B) assay. The EClerr] for D20H was ~2 X 10[err]
Min thi's T cell assay, but estimated to be >1 X 10[err] Min this NK
cel|l assay. Thewoessoizgrovenent in T cell activity of D2otraosesyiodds

cell activity is thus >50,000-fold as determ ned for this 10 -assay.
Simlar results were obtained with blood from additional donors (data not
shown) . ®) L@ﬂé@%ﬁéﬂ%ggd@ ofPﬁOEEUK‘m afid 0. - 2INSRR trebtifent.
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proliferati oW"’(eE‘t',’fgaﬁhF phsofute m!nbkf qtff@#@%?r ?‘Fﬁmaﬁlﬁé Fytes (Ee- 4 3B)- -Botly
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cel | actiyit 00-fold as determned for this assay.
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shown) . C. Concldsbunt i cul arly with respect to Fig.4, for the experinent

shown, the dose t hat _gi ves 50% max roliferation
CRoEDs 1 oe 080 Archimta viy exppratedtiougtth fercen Pt ARLIL S prolFiss dnman | 1  or
the NK cell ﬁrﬁha@mm{rbalﬁﬁyernkxﬁmsmﬁiomatméyfxrt%lwv]ermoeuwn s T

cel | assa put_estimated to be only -5 X 10 errl Min this NK cell
assay. The ne:0G0£okdy Based pn ‘?‘H“’e““laf Prqﬁ’&e‘FWa%Ectsf“W‘E it wedd oplydpduck cel |

activity ks hildside dfSeORn fa@. ?c‘ijﬁttaetfdg?: fatwh g efidii Sgnificant T%@ﬁﬁéﬁvalﬁﬂr{” lar

results were obtained wth romaddi tional donofrs (data not shown).
Similar resuFtpsriments mm,wmmmg@B@HmBMstmm confirored thatlHi-a not

hown) . 30 5

chown, " the (ZNASR fas s SRHGSH) BhicY st Brdsfe RET PROBEDIND whllPlerdtlfy °X0! |70
is ~1.5 X 10fommatablelability torindube Teell a¢tiationd ~1 X

31

20 Example 8: Efficacy of IL-2 selective agonist N88R in the murine CT-26 lung
metastases tumor model. '
Protocol: Mice (Balb/c, females, 6-8 weeks old) were injected intravenously (IV) with 1 x
10° of CT-26 cells (murine colon carcinoma) in 0.2 ml PBS in the lateral tail vein on day

0. Treatment was with PROLEUKIN or IL-2/N88R at different doses (diluent: 5%

25  dextrose in water (D5W)), or D5W, delivered IV, once daily for 8 days ( QD x 8) starting
day 1 post-implantation. IL-2/N88R was prepared at room temperature by dilution into
D5W using siliconized vials using a tuberculin syringe and dosed to animals within 2
hours of preparation. PROLEUKIN was prepared by adding 0.7 ml sterile water for
injection (SWFI) to each vial (final concentration, 1.86 mg/ml). Dilutions were made as

30  described for IL-2/N88R into D5W (Table 6). Animals were sacrificed at Day 11. Lungs

were removed and weighed, rinsed in PBS, and tissue transferred to Bouin’s solution. 24
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nodel, it exhibited T cel W’ﬁ{%‘ﬁavai | abl e
*0n,

| Il _activity conparahle (o
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(both in terns of objective and clinical par aneters).

Table 7. Individual metastases counts and means are listed.

{Group {Lung Metastases (counts for individual mice are listed) Mean |SEM [P value (2-
tailed)

] Jo 129 183 179 155 165 200 152 148 158 200 194 165 125 {154 |13.42

2 118 126 107 111 118 110 137 114 135 158 132 124 |4.61 ]0.07278

3 12 38 18 19 30 23 |4.66 ]0.00003

4 169 173 189 200 120 117 136 122 200 163 110 154 [10.41]0.97029

5 171 176 186 159 192 139 117 200 195 116 192 168 [9.31 {0.43401

3 [92 111 112 114 109 84 68 47 58 49 112 87 |3.16 {0.00060

7 15 13 59 62 23 55 46 16 9 4 8§ 2 26 [6.57 i0.00000

Is 7 0 3 2 4 9 7 0 12 55 0 9 4.75 [0.00000

Significant (P<0.05) reduction in metastasis was seen in mice treated with IL-

15 2/N88R at doses of 10, 30, and 60 mg/kg (groups 6,7, and 8, respectively), and in group
treated with 10 mg/kg PROLEUKIN (group 3). These results are shown graphically in

Fig. 19. Data is plotted using the log of the dose: for PROLEUKIN, doses were at 3 and
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A. Experinental Design 1. Materials And Met hods 30
The in-life portion of the study took place at New | beria Research Center

( New | berwe,99/60428 Sponsor Bayer Corporation, Berkel ey, CApcawdss/redsl ved
two phases of studies '
32 and 11 young adult to adult mal e chi npanzees w th body

wei ghts thatyg h@%?fbrfﬂ’..%ﬂm%sqs were at473 10, 3) a@60 mg/kg. Curve fittiBAsiBg b Of
t he. study was a dose determ nati on phase and involved delivering a

subcut aneou&otlinear pquation grpararaetey fit) yieldsd J€q valigs ofi $2anglke fAROJEVKRY, 1.2

ng/merr], M\%&ﬁ plyngs D) for S days. Phase Il of the study is a
conpari son S?d%%ée eni cl e, PROLEUKI N, and |L-2/N88R given

subcut aneousl y, Frosxthe tatalin this expetitiet, therIC, witly sespect to redii¢tiondn sietastasis

| L- 2/ N88Rwag sel ect ovi de .c rabl e.expostir e EDKIN :
based updn B%E%@Baﬂﬁ%ﬁpgﬁa‘ﬁ%ﬁ fi@?‘gaqg It%gff %Qé‘pf“ 8 ré;'l{‘)g%@#ﬁgo?t M yses

of bl ood  confidehwe)jiand for PROBEUKINTE b5 QGO TinglKg atI5% doAi&enaeyal ysi s of

T and NK cell 10_ popul ations as detailed in Sections 5 and 6.
Tabl e 2A. Phase Thqqu.g[lwgf&enuceareshownm@lgaﬁ. In the 10 mefkg RROLBYKIN Test

Article , one (1) mdus€8#& Bft Day 7, and an additionaMAVOS) died on Day ANIOR!
1 %ﬁ S Vehi%l e lN‘?A\ ) BxIlDaFor @(F} :
mouse died on Day 8 in each of the groups treated with 3 or 10 mg/kg IL-2/N88R, and no
10  deaths were observed at either 1, 30, or 60 mg/kg IL-2/N 88R. Additionally, most mice
treated with 3 mg/kg PROLEUKIN and all mice treated with 10 mg/kg PROLEUKIN

were moribund; no morbidity was observed in IL-2/N88R-treated mice.

Table 8. Survival of mice treated with IL-2/N88R or PROLEUKIN.

Group Day
0 74 8 11

D5W! 100.0% 100.0%{ 100.0%| 100.0%

Pro3mg/kg’ | 100.0%| _ 100.0%| _ 100.0%| _ 100.0%
Pro:10mg/kg’ 100.0%| ___00.9%| _ 455%| _ 455%

- [IL-2/N88R:Img/kg* | 100.0% 100.0% 100.0% 100.0%
1L-2/N88R:3mg/kg’ | 100.0%|  100.0% 91.7% 91.7%)
IL-2/N88R:10mg/ke’ | 100.0%| _ 100.0%| __ 91.7%| _ 91.7%
IL-2/N88R:30mg/ke’ | 100.0% 100.0% 100.0% 100.0%
1L-2/N88R:60mg/kg’ | 100.0% 100.0% 100.0% 100.0%
15 n=14 mice/group

n=11 mice/group

’n=12 mice/group

“Na deaths were observed prior to day 7.

20 PROLEUKIN treated animals in both groups were moribund. No morbidity was observed
in any IL-2/N88R-treated animal.

In summary, these studies indicate that IL-2/N 88R is as efficacious as
PROLEUKIN at reducing tumor burden (as measured by lung metastasis count in the
CT26 model). In addition, IL-2/N88R was shown to be substantially less toxic than

25 PROLEUKIN,
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days 2 2 PROLEUKIN 1.2 ng/nferr]
BID for 5

days 15 5 Tabl e 2B: Phase pér/bsshoss!
G oup N&vr%sg/rsm ? Test Art icle Dose - Frequency

Nunber Ani mal s 2 Vehi cl e

2.4 mM/inferr] h for

PROLEUKI N E’P"Zplﬁg’/ Wqﬂment otgﬂéﬁﬁ h'lgglr Pg)d&%l}g CHO cell lmeséhgk express 3

| L- 2/ N88R 11.2N88RZ mg/n{err] q 12 h for 5 days _ 2. Dosing

Procedure st ud whi ch bl pod bt d,
ani mal s were corﬁﬁbéftm@‘mmm éilli %%é%‘?’i‘éé §“ﬁ@%\%ﬁm{@$§ﬁ%§§%ﬂ§%gge of
appr oxi mat e t ticl
Tohi ole ot ket b BlisRbdg CHOMLAGTM ik ftedtion'sefod “ﬁ"”a‘a" e O

ani mal s S\BrElgle&)ZQI(M‘OQ/DQPOSJtNaI ‘ned. lElc nglnad‘@é]%e@zrés efthe ILANESR

23 8103![ Zh;gbéx%pesggn ;[Ier!]: or%r%s owhi itnltﬁe P Mid }S%B '(fih%O) Wﬁm%m@lﬁ .adm nistered by

i nj ection eggoiedalovitasiéblyiphimdier§lPs= $VidD ;bdhyndem}jlatmlsxgna@m;nmsmt | i pped of
hair on DayDHFR dihydrofolate reductase expression cassette.
The vector was constructed using standard recombinant DNA techniques. See
10  generally Sambrook et al., Molecular Cloning, 2d ed., 1989, Cold Spring Harbor Press;
Short Protocols in Molecular Biology, 2d ed., 1992, John Wiley & Son; Methods in
Enzymology vol. 185, Ed. Goeddel et al., Academic Press, Inc., London, 1991. The
expression vector contains discrete expression cassettes for the ILZN88R gene and the
amplifiable and selectable gene DHFR (dihydrofolate reductase). About 1 x 10° CHO
15  (Chinese hamster ovary) cells were transfected with 10 ug of pBC1IL2SA using
Lipofectin reagents (Life Technology Inc., Bethesda, Maryland) according to
manufacturer’s instructions. The cells were then selected in the presence of 50 nM
methotrexate and grown in DME/F12 media (Life Technologies, Inc.) deficient in
thymidine and hypoxanthine plus 5% dialyzed fetal bovine serum. Cell populations were
20  screened for IL2N88R production with a commercial ELISA kit (R & D Systems). The
high producing populations were further selected in media containing increasing
concentrations of methotrexate (100 to 400 nM methotrexate) and screened for the
production of ILZN88R. Limiting dilution cloning was then applied to derive clones with
high and stable productivity. The cloning was done in the absence of methotrexate _using

25  standard tissue culture techniques.

Example 10. Serum free production of IL2N88R in a perfusion bioreactor.
Continuous production of ILZN88R was done by continuous perfusion
. fermentation. A 19-liter Wheaton fermenter was inoculated with the stable CHO cell line
30 of Example 9 at 2 x 10° cells/ml and perfused at a medium exchange rate of 5 liters/day.
The production medium was a DME/F12-based medium (Life Technologies, Inc.,
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the study. The site and tinme of dosing was recorded for each dose.

3. dinical CQbservations (a) Daily Observations and Food
Consunpti on. M¥@BY/eM8al was observed twice 5 daily and any B{FAHEQ643
observation was reported to the Study Director. Animals appearing ill
were brought to the attention of the Study Director, Project Veterinarian,
and t h@RoSpdNG MD)Repplermetédwith/ecorisinaht bamanimgpilindh0 vg/smIr GHIMEURE™and

recorded tw_ce dail . b .su tion .. (b) Body

Wi ght s. 'BO(%C}‘IV!E ’dwifénm%%wh’ égg%yﬁ (Bﬁf%) il'ge (éecglsﬁieﬂat’é‘ﬁgsday 1, 10
and each ti iRsktiifeddtaiilos cMR/nf. TRENRGe tdly yitlaodthe dérnratet was ~200 mg/day.  (C)
bservation of Injection Sites. Injections sites were observed daily. Any

abnor mal appdap: iondL NS &R wesstablyomaintaingd far 30 98Ysnas r ecor ded.

Tabl e 3A; Schedul e for Phase Il sanple collection Ti me

CBC CHEM COAG FACS  SPONSOR

ASSAY Example 11. Purification of IL-2/N8SR produced in CHO cejs. X X

;'; g?éo se The folIo%Xgéx;?cﬂué was applied to th>é perfusion cluatédescribed abdve. X X
15 min The perfusion th¥fliuns was hatvested and applied<o an S-sepharosé column. Th&column X
pre dose . Da)§3, o . - X
15 min was equilibrategsjth 20 miljimolar Phosphate Byffer with 5 millispolar NaCl atpH 7.0. X
Day 8 10X The feed (“TCFX;(is adjusted to 4millisiemens ¥onductivity with the addition of water anfay 10
X X X X Day 12 X

X idjusted to thexsame pH with phosphoric acid.

After the TCF is loaded the column is washed in the same equilibration buffer.
Elution is accomplished by a pH shift. Muteins were eluted with 20mM ethanoloamine,
pH 10.5, to wash the muteins off the column to produce the S-eluate. :

15 Anion exchange was performed by passing the S eluate through a column of QAE
Fast Flow™ (Pharmacia) equilibrated with 10mM Bicarbonate buffer at pH 10.5. Flow
rate was maintained at 250 crvhr. After washing to baseline IL-2SA was eluted with
20mM phosphate pH 4.0.

Hydroxyapatite (HAP) chromatography was performed by passing the diluted QAE

20  ecluate (1:1 with WFI) across a column packed with ceramic hydroxyapatite (Type II, Bio-
Rad, Hercules, CA) equilibrated with 0.10mM Phosphate at pH 7.0. Flow rate was
maintained at 250 cm hr-1. After washing to baseline IL2SA was eluted with 100mM
Phosphate at pH 7.0.

The hydroxyapatite eluate was ultrafiltered to 300ml volume with a Millipore
25  Pelicon-2 unit fitted with three PES 5K cartridges (Millipore Corporation, Bedford, MA).
~ The ulwrafiltered HAP eluate was further purified by passage across a S100HR
(Pharmacia) size exclusion column at 35 cm/hr. The column was equilibrated with 10mM
Phosphate and 150 mM NaCl pH 7.0.
The Gel Filtration pool was diluted with WFI to attain a conductivity of 4.0
30 mMhos/cm and was reapplied to S-Sepharose under conditions previously described.
IL2SA was eluted with 10mM Phosphate buffer with 1Molar NaCl at pH 7.0.
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Day 15 X X X X X Day30
X X X X X 15
34 WO 99/60128 4. Sanpl e Handling (a) PermwIves10643
Chem stries. Approximately 2 ml bl ood sanples were collected from
each animal into tubes w thout anticoagulant at the above specified tine
points. Blood g 1l &XEhdn@pddl WES didfyed aHREM TR HudreRl Xafne@BsH! | oned
to clot at roomFtl%alang{ri’%t%gé. g % {'I;gﬁi S nplags vve_rgépﬁﬂtgn cgntri fuéggg, ?t he
ser um separ exesughd antl the dibatediwith sterile EBS tp @ ncentratioh pf6 mas/mbakhedinalyy
Laboratory. ,JIhe N andan deoerum chern st nel .t ded i Tabl e
4 d&{xté?d. poolegas%en s(?enle filk , %q%oﬁgﬁ zﬁm%l é%ﬁ“gﬁh?‘k ﬁl ?gé@.c ?gtﬁa% l[s;forvﬁrypan ol
Sodi um was 65%. Phosphorus Pot assi um
%‘)te g| N:3;[ % iogﬁgi n Other embodimentsof the éﬁ%gl:x%nlvglﬁ become aﬁparent to one of skill% aetalrtt] ' ne.
This invention teaches how to obtain muteins not specifically described herein but which
cause T cell activation as evidenced by PHA-blast proliferation, and reduced NK-ceil

proliferation, and thereby those muteins come within the spirit and scope of the invention.

The concept and experimental approach described herein should be applicable to other
10 cytokines utilizing heterologous multimeric receptor systems, in particular related
cytokines IL-7, IL~9 and IL-15, IL-10, interferon o, and interferon y.

SEQUENCES
The following sequences are contained within this application:

15 SEQIDNO: 1: hIL-2 (amino acid)

SEQ ID NO: 2: hiL-2 (cDNA)

SEQ ID NO: 3: 5° PCR Primer, IL-2

SEQ ID NO: 4: 3’ PCR Primer, IL-2

SEQIDNO: 5: Mutaggnesis Primer for IL-2 expression vector
20 SEQID NO: 6: Mutagenesis Primer for D20X mutations

SEQ ID NO: 7: Mutagenesis Primer for N88X mutations

SEQ ID NO: 8: Mutagenesis Primer for Q126X mutations
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Al kal i ne Phosphat ase Al bum n Lact at e Dehydr ogenase

Al bum n/d obulin Ratio ( LDH) :

Aspartate WO 99/60128 d ucose Ami not REHUT9EM 842
(AST) Al ani ne Am notransferase Cal ci um

(ALT) Carbon Dioxide (CJerr]) Gamma- gl ut anyl
transferase (GOT) 10 (b) Isimsol ogy. Approximately 2 m bl ood
sanpl es was col.l,ected from each animal into EDTA tubes at the above
specified ti l‘T%‘rnts and forwarded to the NIRC Clini cal Pathol ogy
Laboratory. The standard N RC henat ol ogy panel I ncl udi ng conpl et e

bl cod count, di fferent ial, ,and pl at el et was r al | s. 15
(c) Sponsor 1A§§&§3§’ ﬁP’BRﬁ‘W%ﬁ‘P‘&‘B QBH“%‘%WP "ﬁégaﬁ‘mrﬂaé’ﬁf i nto

Lubes 5, o Yilalype Pl Perdl sl hidfRA0LD B3hbstitutdd 2 of el SnddTRsTibR0BD ¥

Bl ood collection tinmes were docunent ed. The sanpl es were centrifuged,
the plasma d3pavharebyisaidioutein preferentially,activates T eells over Natyenl Killer eellses. The

pl asma was stored frozen (-60[err]C or below) and shi pped to Bayer

Cor poration, . Berkel ey, CA as soon as the study was conpl et ed.

35 2. The human IL-2 métein of claidC6 wherein position 20 (ssubfitoted celative to wild-
Approximately a 5 m bl ood sanple was collected in sodium heparin
ant i coagul amtt™at the tinmes specified for FACS anal ysis.

3. The human IL-2 mutein of claim 2 wherein said position 20 is substituted with

isoleucine,

4. The human IL-2 mutein of claim 2 wherein said position 20 is substituted with
15  histidine.

5. The human IL-2 mutein of claim 1 wherein position 88 is substituted relative to wild-
type.

20 6. The human IL-2 mutein of claim 6 wherein said position 88 is substituted with arginine.

7. The human IL-2 mutein of claim 5 wherein said position 88 is substituted with

isoleucine.
25 8. The human IL-2 mutein of claim 5 wherein said position 88 is substituted with glycine.

9. The human IL-2 mutein of claim 1 wherein said position 126 is substituted relative to
wild-type.

30 10. The human IL-2 mutein of claim 9 wherein said position 126 is substituted with
aspartate. |
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Wiol e bl ood speci nen was obtained in either EDTA, ACD or heparin. Cell 5
nunbers were adjusted to be in the range of 2 to 20 thousand per mmB.

12 X 75 gl ass wogeaeBi c t ubes were appropriately |abel ed for PCHESIOBOdyY
panel being run. Antibody or anti.body cocktail were added to the tubes
fol | owi ng manuf act urer suggest ed vol unes. 100[err]l of

wel | -m xed bl ood speci nen was added per tube and the m xture was 10
incubated for 30m at roomtenperature, protected forml

Af ter i ncubatl.cFhe leman o mujein pirlaie 9 whessin saidaosition 126 hgﬁ‘l’f‘e‘tﬂ& br and

|l ysi ng tjon, BD# 92-0002) were added, the m x was vortexed gently
and | et stan or 10 m nutes at roomtenperature. The tubes when then
centrifuged at roomtenperature for 5 m nutes at 300 X g. Supernatants

Ta100- 1449wt hicotman Bl 2 af i Hiteid ot pbich 126 o Bh 7 050

were centrif pgefe.at roomterrperature for 5 m at 300 X g. Supernatants were
decant ed and excess liquid blotted before adding 1 m of fixative
solution ( 0.5% fornmal dehyde solution, prepared by diluting 10%

formal dehyde§ dﬂv D niadbtital c&d?fosﬁ%ﬂédﬁﬂns;ng?@pdﬂﬂe&d%%?clalm 1 iPedhihatioan t he

cell pellet an ortexing gently for resuspension. Sanples were then 20
anal yzed on witlte pharmaceuticall$ agieptable ¢arder. onet er . Ant i bodi es used
for the qu: M gd /Mgd isotype control (Becton Dickinson, Cat. #
349526) , 5-Per CP (Becton Dickinson, Cat. # 347464), CD8-FITC (Becton

Di cki nson, Ca.. Apsymlédride Wa@%t@eﬁbek@dﬁgm,huﬁan IL-2 i30di86K) ,

CD4- FI TC Bec Di cki ns.on #340133), CD16- PE (Pharm ngen, Cat #
347617), CD3°1?’(é'? Pandiees %YWWPES Cat. # 347344). 6.
Coagul ation Profile : Appr oxi matel y a 2 ml whole blood sanpl e was
collected into tubes wi th sodi um a added a nti coagul ant at
the above sp&vifiperkagy P%h%?eﬂtt?“fmd%@d{ﬁ&ﬁ %ﬁﬁd?? fe consisted of
Prot hromdkn Tine (PT), Activated Partial Thronmboplastin Tine 30 (APTT) and

Fi bri nogen. 36
16. A vector comprising the polynucleotide of claim 14.

17. A method of treating 2 mammal afflicted with an IL-2 treatable condition by

administering a therapeutically effective amount of a human IL-2 mutein of claim 1.
20

18. The method of claim 17 wherein said IL-2 treatable condition is selected from the

group consisting of HIV, cancer including renal carcinoma and malignant melanoma,

autoimmnpe disease, infectious disease, immune deficiency including SCID, or other

therapeutic application requiring general stimulation of the immune system.

19. A method of selecting IL-2 muteins through evaluation in assays utilizing IL-2Ratfy
25  in comparison with IL-2R By, wherein the activity of an IL-2 mutein is increased relative to

wt IL-2 in one assay preferentially to the other.
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B. Results And Di.scussion 1. PROLEUKI N Dose Determ nation
The primary goal of this phase was to identify an opti mal PROLEUKI N dose

for comp YO8 t h | L- 2/ N8BR. This optinmal dose of PROLPEKISINIAS
targeted to be a 5 tolerable dose (lower than the maxi numtol erated dose)
which will ideally cause clinically significant, but noderate and

reversi bl e H@xTiE thethodofiiAih HOKIhkettDH 22 RS Ylarid INPR{fyare the individudBtedeptoras
determined as the initial dose based on cross-specjes extrapol ation given

clinical  subupibessodompinsinaprsepriaRuembigation,and pre usesd toasssire disertlyshs ci ti es,
and i n-housg;. 62 | . : thﬁgglN dose-response results. 10
Two chinpan§%§§2§£?ég#§g§Fgge%%q§ﬁ¥gfna ner with PROLEUKIN. These aninals
becane increasingly | ess active, distressed, and dehydrated throughout the

course of dosi th . ani.mal s, devel gped severe gastrointestina
eyt oms® st A Tigashotehsi 18 wngtetn te -3 By Eoem 1EEE R Hapusg 8 e,

di arrhea, vamhtaddear 1 'Zggm B n%mﬁﬁ .

di scont i nuegﬂ%?@geagﬁggé&ggggﬁgggxﬁ%ag cauée of géeveregkh-glrrllaalnl( Fi'gure 8A&B)
and 15 nodbeasingcéibtype.i ¢ (Fi gure 8C&D) dysfunction reflected in blood
chem stry chem stries. These include el evations of blood urea nitrogen
(BUN), creatinine, and total bilirubin, ALT (SGPT).. Lactated Ringers -
sol ution V\ﬁﬁz.gfhéﬂﬁethod/ofcl&nmtdhemglﬂﬁbﬁﬂgibeﬁh@%u is a PRAIbMat, an®theday 3 and
4 (animal X-159) and day 4 only (animal X-124) as resuscitation or to
prevent 10 ur Hr2Py-braringicedtisaNK ¢ell mal nunmber X- 159 was renoved fromthe study
on day 20 8 due to renal dysfunction and possible thronbus on the right

| eg as indicated by very m nimal pulse (fenoral), and the entire calf
was col d angs.eThexh@R6H of NldiM@2GVhetd @8 aésag & Proliferation f iboih the MOapPpbeirngd i n
one animal, the other ani mal experienced | ess severe events and t he
profile of eitzpeamddheth2Pirboaringieell type. mal s was reversible. Based on this,
1.2 ng/Merr] PROLEUKI N and the equi val ent dose (based on exposure) of

I L-2/ N88R, ql 2hr was 25 determ ned to be an appropriate dose reginmen to
conpare these two conpounds.
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2. Conparison of I L-2/N88R to PROLEUKI N

Table 5 lists the clinical

deat h. Val ues

mld d

toxicity in terns of the
of the PRCOLEUKI N group fell
day 10 and slowy recovered thereafter (see Figure 9). In 5

dini cal

Al

Observati ons.
observati ons nmade during the study.
are reported ovow/@®ral e of 0 to 5, where 5 is severe.
30 animals were severely ill;

Val ues

PRECEUPN 0643 at ed
there was one PRCOLEUKI N treatnent-associ ated.

reported post day 6 for the PROLEUKI N group reflect data
fromthe renmai ning two '

animal s. The nost obvious side-effect of |L-2/N88Rtreatment appeared to be

37

di sturbance (enesis) although treatnment did i nduce nom nal
paraneters indicated in Table 4. Body wei ght
6% on day 6

and dropped as | ow as 10% on_

contrast,

| L- 2/ N88R and the vehicle groups had nerely 1-3% wei ght |'oss at nost.

Tabl e 5. C i ni cal2sesarv-at-eRSEm——r— 7000 e ——r ey ~Cener al
Loss of A Tr eat nent Condition|B Appetite ,Lethgrgy
A Ml aise 200000+ | B8R goad| 1 ]
2 1 PROLEU everely 111775
4/ 5 o P Vehicle mor mal q 0
o
0. O D 5000} 1
§ 1500001 =
o ] |
£+ 1250004 g, 4000
Q o)
Q [5]
.5 100000- S 3000 .
g.. 75000 é
o O 2000}
500001 j
O
250011 1000}
FTIOT IO 0% 105 09 107 "tm&m

[protein], M

~ [protein], M

Figures 1A - 1B
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*Scale of 0 to 5 where 5 is nost severe 10 (a) Henmat ol ogy.

I L- 2/ N88R i'nduced cellular effects consistent with PROLEUKI N
activation, inY26PE8| ar | ynphocytosis (Figure 10A), increasdGHUSHH{Ig643

bl ood cells (Figure 10B) and neutrophils (Figure 10C.) were al so observed.

I L- 2/ N88Ri nduced only a margi nal thronbocytopenia (nadir of ~15%
conpared to PROLEUKI N (nadir ~50% during the treatment portion of the
study (Figure 10D). 15 (b) Renal Function. BUN |l evels were markedly
hi gher in all Proelukin treated animals on days 6 and 8 (Figure 11A).
BUN | evel s were over 130 ng/dL in two of these ani mal s; Creatinine

| evel s al so increased dramatically in the two animals on both day 6

and day 8 (Figure 11B) indicating a conplete shut down of renal function.

I n addition, bot h ser um phosphor us and anion gap also increased in the

PROLEUKI N t r eat ed? and 8. I n conter
| L- 2/ N88Rani mal s, 30 s renmai nedooot B baS| cally I
throughout the stygyl (Fi ‘ ' c) Hepatic Fu
Total bilirubin morejthan triplefd in t he PROLEUKggbLar oup onfday 6 and
remai ned hi gh le%fﬁ?&% day 10 (Fifgure 1A). In.gontrast, only on | in
the I1L-2/ N88Rgr§)u%350md a transi gnt, mfor incra olon days 3 a erum
SGPT | evel 25 Izauoad-ed dramati fal |y apid reach®d oJer 100 UL ifn aII
PROLEUKI N ani Fi gurg 12B). @:he $GPT | evel i
nunber A199 re@:he 0T 4000 1
38 g B Not e Bpbok: NI F33#87‘4- 9852- Phage |1, Table 1
| ndi vi dual andgﬂz 1 E 30001

100000+ . 8-«

750001 2000}

30000 g l 1000}

25000+ ;

‘tld:" 102 101 10 10 10% 107 ‘ki 5102 101 10-° 10° 10° 107
[protein], M [protein], M

Figures 2A — 2B
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Mean Chem stry Val ues, page 17 of 21 of the table), indicating a severe
liver failure. (d) Coagul ation. Fibrinogen | evel nore than
doubl ed i n bob bk UKI N and | L- 2/ NB8Rgr oups and peak eREXUSoYA964%
(Figure 12C). The increase appears to have 5 happened earlier in the
PROLEUKI N group than the IL-2/N88Ranimals. This. is reflected by an

i ncrease of 51%vs. 5% on day 3. The changes in fibrinogen my be a result
of acute protein response rather than coagul ati on defects since there
wer e no neani ngf ul changes in APTT or PT accordingly during the sane
period of time (Figure 12D). However, starting fromday 10 the APTT

| evel in PROLEUKIN ani mals showed an 10 obvious up trend although the
absol ute value remai ned within the nornal range. The sane trend,

al though to a lesser extend, was also observed in the IL- 2/hB8Rgroup

I nterestingly, howe C gvel appeargg
during the sane Aperiod of time
(e) Honeost asi s.17 um sodi um | evel
15 the three PROLEJKIN ani mal s opyday 8, but r
of the aninmalg, 1s0000-(Fi gure 135&. Chljoride |evels
were al so redﬁ%ed tp under

until day 15 E?lgmﬁ 13B) . m | evel was | ower
PROLEUKI N ani &l s op days 6 /and 8, and reach@d gsliow as

nmg/ dL in ani yoob@P (Fi gurg . The potasgi um| evel decr
20 3 MEQ L f&mdays 3 tofI2 i PROLEUKEN t r i mp
animal AI99 ‘2 .yhbse poyagsi i actuaf o

of 7.2 MEQ L Eéfore bei ng t aken of f thegstud

(f) Signs of Vascyl Br Lgak. | Serum al huni n | e®el 200
(379 and | L-2/ N88K[ 199 groups (Figure 14A). An
| evel was 25 ob ved in 4 N group

I n contrast, the§5&' A d s in botﬁmm
| L- 2/ N8B8Rgr oups deg%%. g durlng t he |[sane ti
indicating mld an Z F@ae to multipl%eid®
col l ections (Figure 14B&Cﬂ3rof8m] afevati on of hematocri t[prbtélh? IPRC]_EUKI N
group when coupled with a decrease in albumn is consistent wth the
developnent of 30 capillary |eak syndrone. 3. Cel l ul ar Activati on.

39

Figures 3A — 3B
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PROLEUKI N and | L-2/N88R efficacy were followed through the variation of the
per cent age of CD25 positive |ynphocytes ( trafficking + proliferation) and
the nean of WO9%/401a8r escence for CD25 or nunber of CD25 ant iREEESIAPMEssed

at the surface of a given T cell (CD25 = low affinity IL-2R). CD25
expression was followed on the total T cell 5 population (CD3+ cells) as
wel | as the CD3+CD4+ and CD3+CD8+ popul ati ons. IL-2 activity on

Natural Killer cells (NK) was followed through an anal ysis of the
trafficking of CD3- CD16+ and CD3- CD25+CD16+ NK cells. The absol ute nunbers
of CD3+, CD4+, CD8+, NK cells were determned by multiplying the cells
per cent age by the nunber of |ynphocytes per mmB, data obtai ned during
t he hemat ol ogy anal ysis. 10 (a) CD25 regul ation of expression on

the T cell surfad®¥THepercentageof act i Viéioed e —as—adj cat ed
by CD25 positive Ié was up-reg ed by day 6 joB the tudy,j nostly
on the CD3+CD4+ | subpopul 200 PROLEUKI N gaqaipear s to i ndlice t he
expressi on of Rod@n @ hi gher lage of total| CD3+, CD3+¢Dd+ and
CD3+CD8+ subpegul atijons of T cefls day 6. wevier by day & tNe percent
of cells 15 %pn @ogall Ng the CDJ5 /antigen was def® cal on thg I vipho ytes
of chi npanzeesgtreatjed by ROLEUKI N and &he i npanzeeq treated with

| L- 2/ NBBR( Fi guEe 180, B and C), st ai nangodlor CD25 atf t he \surf ace of
the Natural Ki@ler (JNK) cell pPopul ati gn was servied in. ei ther
PROLEUKI N or LE- 290088R treat ¢l chi npadzees. Ckoggf expressfon of IL-2Ra
(the antigen tgrgetdd for c surface staini g by} CD25) atf the surfface of

the sel ected B%%cel | Iatlon(CDS/CD #) ils suspecfed to be
responsi bl e for tshe e resuls - ThR 3M%ol ut e nufber of CO3+CD25+
T cells followed A7gim | g pattern asithe pericent age jof CD3+CD25+ T
cells, with PROL N ghRedring nore gctive thanoeobl- 2/ NBBR(Fi g 16A).
| L- 2/ NB8Rexhi bited & simlar T cell agtivation potanti al /as -
A A A
¢TI IO 10 109 103167 M dmge o ien 167 16T 16T
[protein], M _ [protein], M

Figures 4A - 4B
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PROLEUKI N on the CD3+CD4+ T cell popul ation, as the up-regul ation of the
absol ute 25 nunber of CD3+CD4+CD25+ | ynphocytes i nduced by |IL-2/N88R was
i dentical to wuoo9s60128 up-regul ati on seen with PROLEUKI N ( Fi gPCTRBY/10643

PROLEUKI N appeared to increase the nunber of CD3+CD8+CD25+ T cells to
a greater extent than IL-2/N88R (Fig. 16C). The nunber of CD25
nol ecul es (nean of fluorescence) expressed on the CD3+CD4+ T cell

subpopul ation followed identical kinetics with either PROLEUKIN or 30
| L-21NB8R treatment (Fig. 17). '

40 (b) Lynphocyte trafficki ng: effect of PROLEUKI N
and | L-2/N88R treatnent. PROLEUKI N and 1L-2/N88R activities on the T
and NK cell popul ations were determ ned t hrough the anal ysis of the
vari ation in the22&8%ol i rcul ati ng7do fore,

during and after tre¢dment (Fig. Ol L- 2/ N88R apf®ared to h
activity 5 than®**P8LEUKI N for iffcreasing the apgel ute nunber
circulating i ightly red d acfivity

conpared to Pﬁ KFN f or i ncredsing tbg, alhsol ute nu +CD8+
circulating | P tes (Fig. J8B). Bgth é°8? rabl e,
t hough nodest ;& t on increpasing tlhe tot aI nunmper of
| ynphocytes (fgizsobft C). Neither PROLEUKI N n% kdoot 2/ NBBR af f ect e
trafficking 1@of NK cells (Ffg. 18D) : ‘Concl usi
| L- 2/ N88R was gemewoagt ed t hrofjgh a screen of @t L 1 L- [ i n|human
g.. 75000 §;
(3 Q 2000}
50000
2500 1000p T
¢T 1= {077 10 107 105 167 (tm—lﬁ-w
[protein], M [protein], M

Figures 5SA — 5B
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primary. T and NK cell assays. It exhibits in vitro selectivity for T cells
over NK cells of ~6, 000-fol d. Based on this cellular profile, it was
post ul ated t haVOP¥60i#Rul d only i nduce 15 nild side effects wheRCEYRMO&Ber ed
at a dose that would elicit significant T cell activation.

Experinments in chinpanzee, conparing PROLEUKIN to |L-2/N88R, confirnmed that
I L- 2/ N88R has a significantly better safety profile than PROLEUKI N,
whi e retaining conparable ability to induce T cell activation. 20
Exanple 8: Efficacy of IL-2 selective agonist N88R in the nurine CT-26 |ung
met ast ases tunor nodel . Protocol: Mce (Balb/c, females, 6-8 weeks
old) were injected intravenously (I1V) with 1 X 10[err] of CT-26 cells
(murine colon carcinoma) in 0.2 mM PBSin the lateral tail vein on day

0. Treatnment was with PROLEUKIN or |L-2/N88R at different doses (diluent:
5% 25 dextrose in water (D5W), or D5W delivered IV, once daily for 8

days ( QD x 8) starting day 1 post-inplantation. |L-2/N88R was
prepared at roomte by dilution into W using siliconized
vials using a tugé@gébin syringe and jdosed to ap within 2, ° " hours
of preparation. _EUKI N was ppgpar gd by addinq3 m steri wat ef for
injection (SWIl) to|each vial i Mal Jconcentrati o 1.86 ng/ Dilutions
were made as 30 10 cscribed B8R i nto D3 Tabl e 6). ] wer e
sacrificed at ®ay 1[. 3 renoved an i ghed, | PBS,
and tissue tragsferfed to [ ution. %g 1 1

41

cpm incorpo.
-

50000 6000-
5000}
4000
25000 3000
20001
A 1000- e A -
50T {0 10 105 10% 107 ﬁ&rﬁﬂﬁmﬁﬁmﬁ?
[protein], M [protein], M

Figures 6A — 6B
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hrs later, tissue was transferred to 10% fornalin. The nunber of netastatic

colonies in the | ungs were counted under a dissecting mcroscope.
Tabl e 6. Dosevwayébgigups i n murine CT-26 tunor nodel study. pCT/US99/10643
G oups n Tr eat ment Dose, ng/kg
1 14 D5W NA
2 11 PROLEUKI N 3mg/ kg
3 11 PROLEUKI N 10nmg/ kg
4 11 | L- 2/ N88R 1ng/ kg
5 12 | L- 2/ N88R 3nmg/ kg
6 12 | L- 2/ N88R 10mg/ kg
7 12 - 1 L-2/ N88R 30my/ kg
8 11 | L- 2/ N88R 60mg/ kg 5
Tabl e 7. shows the nunber of netastasis counted in individual m ce.
Conpar abl e ef fi cacy was observed for both the IL-2/N88R and PROLEUKI N.
At the high dose of IL- 2/ N88R (group 8, 60 rrg/ kg), all but one nouse
had 12 net ast asi ¥~ frewerT—8—of—tte T ce 3i S.
This is in contrgzg&) the hi ghesiedope of PROL UKIBI tested, bre al l
surviving mce ha 2 net ast as eat er. 12000 Table 7. i Visdual
nmet ast ases count seo@td nmeans afe ef. G g counts
for indivi dual—cm ce are liste Mean SEMg P .
tail ed) 129 1 179 15p 165 2 Y |65 125
154 13.42 S fs0000 118 126 107 1114118 11@ 1341114 135 1p8 13
124 4.61 0. 07278 2 38 18] 19 3@
4.66 0.00003 é 125000 1 §

g 100000 : g‘

O 75000+ o

50000
250002

0—'16;,, 10421077 10 105 10° 107 102 101 1040 10° 103 107
[protein], M [protein], M

Figures 7A — 7B
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4 169 173 189 200 120 117 136 122 200 163 110 154

10.41 0.97029 5 171 176 186 159 192 139 117 200 195 116 192
168 9. 31 0. 43¢dd9s60128 6 92 111 112 114 109 84 68 47 5PCT/USPY/10643
87 8.16 0.00060 7 15 13 59 62 23 55 46 16 9 4 8 2
26 6.57 0.00000 8 70324 9 7 0 12 55 O
9 4.75 0.00000 Significant (P<0.05) reduction in netastasis
was. seen in mce treated with IL- 15 2/ N38R at doses of 10, 30, _and 60
ng/ kg (group8 6, 7, and 8gun especti vel y)||Band in groGmratinine treated wth 10
ngy/ kg PROLEUKgA\._(group 3) These resultly ase_shown graphically in Fi g.
19. Data is pL(pi'ted usi the | og of the dode: for PROLEUKI N, doses|ywere at
3 and 12 42 10
mg/ kg; for |L8RiNB8R—goSes—were—at—t—|3 10,| 30, 16\30 g/ kg. Curve
fitting usi 1g7ta_7£gn%:neal_%quau’cn19~ par-aretet—t)—ytetdeeq | (err]
val ues of 5 P EUKI N arjd 10. [ng/\kg for |L-2/ NBBR.
From t he datg@ [ (%e? Wi Tespect—to reduciion in
met ast asi s 3 ?al d e 10.9 ng/ kg
(8.6-13.9m ey, 3 5| 2
mg/ kg (3.5-7. % qﬁru/ g at 95%cwnfidence)ll ,
20 L /
10 et 2
1 — o\ -
1 2 3 4,8 6 7 8 9 1 2 3 45,6 7 8 9
C Total Bilirubin D ALT
1.2 250
1 ; 200 /
08 A /\ /
150 :
-}
%00 3 /
E 100 u
) L
. 50 == L
0.2 *
0 : R 0 :
1 2 3 455 6 7 8 9 1 2 3 4,586 7 8 9

Figures 8 A-8D
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The survi val
-one (1) nouse died on Day 7,

gr oup,
8. One (1)
or
60 mg/ kg | L-

PROLEUKI N and al |

10 ny/ kg

ofthe mce are shown in Table 8. In the 10 ng/ kg PROLEUKI N
and an additional five (5) died on Day
9@%% died on Day 8 in each of the groups peeaissshoddst h 3
IL(&? and no 10 deaths were observed at either 1, 30, or
2/ N88R. Addi tionally, nobst mce treated with 3 ng/kg
mce treated with 10 ng/ kg PROLEUKI N wer e nori bund;

no norbidity was observed in IL-2/N88R-treated m ce.

Table 8. Survival of mce treat ed with IL-2/N88R or PROLEUKI N.
G oup 0
T[err] 5- T DSWerr]
100.0% 100.0%  100. 0% g%wel ght % Change
Pro: 3ng/ kg[lerr] 100. 0% 0% 100. 0% 100. 0%
Pro: 10ng/ kg[ e6:00% 100. 0% 90. 9% 4550 45-5%
| L2/ N88R: 1njg/ kg[ err 100. 0% 100. 0% 100. 0% 100. 0%
| L- 2/ N88R: 3ny/ rel 100. 0% 100. 0% 91. 7% 91. 7%
| L- 2/ N88R: 1jOongt ?’e r]- 100. 0% 100.0% 91. 7% 91. 7%
| L- 2/ N88R: 30ng/ kg[ efr] 100. 0% 100. 0% 100. 0% 100. 0%
| L- 2/ N88R: 6|0 m@.00QFe 00.-0% -100-0% 100.10%—166-6%35 -
[err]n=14 nj ce/ grou Moup
[err]n=12 njic u ~ la re obdervigd
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anpliflable and sel ect abl e gene DHFR (dihydrofblate reduct ase) .
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popul ati ons were 20
ELISA kit (R & D Syst ens).

About 1 X

(Chi nese hanster ovary) cells were transfected with 10 ug
of pBC1l L2SA Ummons
Bet hesda, Maryl and) according to
cells were then selected in the presence of 50 nM
grown in DME/F12 nedia (Life Technol ogi es,

screened for

The

Inc.) def

manuf acturer's instructions.

icient in

Li pofectin reagents (Life Technol ogy poOrusess0643

The
net hotrexate and

bovi ne serum Cel
| LZN88R production with a comerci al
hi gh produci ng popul ati ons were further

selected in n B CONCENEroatinin@’s Of NeLnotrexate
(100 to 400 nM1wethotrexate) and screengd for the productlon of
| L2ZN88R. Li rriti??g henrapptiedq—to—der+ve—ctonesg{with
hi gh and st abl qsQ |0 tonas—doneti-n-ftH-he—absence off
nmet hot rexat @ usin ul ture techni ques. BExhnpl e
10. Serum fnee 'Pric ; NGB |a gerfusior biloreactor.
Cont i nuous FroiMd L2N88R was ddfe bly conti gsous perfusion
fermentation. Al eaj on ferneqter Was i nofui™gfed wth the giable
CHO cell lineg3é®. 0_at._ 2. X &Ti—cettfgrmiyand—perfusedipt a
medi um exchgnge r | The pr% uctNen medi um wag| a
DMVE/ F12- based d | lanic
44 40 | , itentled wi fh redofpi nant humar
insulin (10 {ug/ M} (HYMILI N efr] 2 ]
20 | 1 E !
0 . — 0 e N
v 3 8 10 12 15 1 3 6 8 10 12 15 30
Days Days
¢ Phosphorus D Anion Gap
T
20 " [
i
15
m AN
o E /
3 1 g .

f

\

1 3

8 10

12 15 30

Days

16 .

11 -

-y
~—

L, [

8 10 12

Days

15

30

Figures 11A-11D

11/20



Eli

Lilly,
was ’

I nc.,

| ndi anapolis,

fermenter was w38 day.

mai nt ai ned for. 30 days.

5

produced in CHO cel | s.
perfusion eluate described above.

IN) and FeSO4. EDTA (50 uM. The cell
mai ntai ned at 4 x 10[err] cells/m.

density
The average daily yield of the
The production |1L2N88R was st H6TJUS99/10643

Exanple 11. Purification of IL-2/N88R

The follow ng procedure was applied to the

The perfusion medium was harvest ed

and_applied {® an S sepresaBiBebiool unm. Thig® col um Aks equilibrated with
20 millinol af PHbspheateBuf-fer—wth—5m| | i s0lar—NaG—at—pH+~06—6—he
feed ("TCF")|is afjusted to 4 mllisiemgns gnductivityIwith the addiltion
of water and| 120 iadj %H wi th phosphorijc aci d.
Aiter the TCF is foaded {he colum is wishe®fimthe samg equitTorarign
buffer. EI'® fonm—isfcconmptistredbyllA podhift—Mitdi-ns—were—el-utled
wi th 20mM et hanol pam ne, pH 10.5, {p wggh the muteilns off the cglum
to produce t 080 Ao enghande was perfjormred by pasdi ng
the S eluate §hrough afcblu of QAE P F&8t—Frow ( PigNmacTa)
equi | i brat ed | W % i gr ado JpH- 105/ Rlow ratd was
mai ntai ned af 250|cm jgr. TAfte shing tQ basdline | Axmas eluted with
20mM phosphatie Yt I Hydrcxyggatit- AP)L chr omat ogr aghy was
per formed by |passi utzed el (8 17 A WEL L d a
col um packed V#%¥1 0 : _‘-’-_':.:&‘?*§
Hercul es; CA) eguilibrated with 0.10mM Priosphate at pH 7. 0. Flow ratg was
mai nt ai ned at QM BT- 4. & GET Meaghignd|it o baselige d LaSAwnas: elsutwd with
100mM Phosphate at pH §,9. The hydroxyapgéite el uatg was
ultrafilterec | | i-pore—25- —Peli-eon-—2—ta-+—+t ed
with three PES 5K cartrigigged M | | i pore {18rporati ometiRedfrard, M) .
The ultrafiltfered HAP el uate was further|ipurified by passage across 3
S100HR (| Pheee? yraet+-a—stze—exetustorcgl u at 35 cni hr. The col ufm was
equi l i bratedw fh| 10nM Phosphate gn¢l 150, M NaCl pH 7. 0.
The CGel Filtnatioh pool fwas diluted w th{IMFL, to attain a donguctiv ty of
4.0 30 mvhos/|cnPahd—was—i-eapptet—to0—5S-SE ose under co
previously déescgibed. R 1L2SA was ellu r wth
1 Mol ar Nad lat pH 7.0./\ 45
3 700
3 C
Bl /A
wl A/
400 J
300
200 Y 15 — — . v
T3 8 8 012 %W 1+ 3 6 8 10 12 15 30
Days Days

Figures 12A-12D

12/20



al Cation exchange pool was dial ysed agai nst Phosphate Buffered Saline
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claim 1. A polypeptide conprising a human interl eukin-2 mutein
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126, whereby said nutein preferentially activates T cells over Nat ur al

Killer cells. 2. The human IL-2 mutein of claiml wherein position
20 is substituygdekrieti ve to wld- type. 10 3. TEeanlydigsed L- 2
mutein of claim2 wherein said position 20 is substituted with

I sol euci ne. 4. The human IL-2 nmutein of claim2 wherein said
position 20 is substituted with 15 histidine. 5. The human IL-2
mutei n of clEg o wi | d-

type. 20 . e human | L-2gmutein of claim6 wherein said gosition 88
S substituteg%m$ h arginine. 7. The human IL-2 nutein|of claim5
wher ei n sai flion 88 is bstwtuted with I sol euci ne. 25 8.
The human | :ﬁrﬁneln of cl Mrein said position 88 is sybstituted
wi th glycing. 44 9. Thg mutein of claim2l wherg¢in said
position 12 Wil d-type. 30 10. The
human | L-2 126 is subsffituted with
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aspartate. 47
11. The human IL-2 nmutein of claim9 wherein said position 126 is

substituted w wo9960128 gl ut amat e. 5 12. The human | L-2 mpaaiusowiosed ai m
9 wherein said position 126 is substituted with | euci ne. 13.
A pharmaceutical conposition conprising a polypeptide of claim1l in
comnbi nati on wth a pharnaceutically acceptable carrier. 10 14.
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16. A vector conprising the polynucl eotide of claim14.
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subunit ectodomains in appropriate conbination,
I L-2 muteins to each receptor conpl ex.

directly the
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