TRAIL R2-SPECI FIC nmul timeric scaffolds BACKGROUND OF THE | NVENTI ON

Ref erence to the Sequence Listing [0001] This application incorporates by
ref erencewa 28agusesge Li sting submitted with this applicacras2mia3EBsS- Vb as
text file entitled "2943.011PC02_sequence_listing.txt" created on April 12,
2011 and having a size of 211 kilobytes. Field of the Invention [0002] The
present invention relates in general to the field of antibody m netics,
specifically to nmultineric scaffolds based on the fibronectin type I

(Fn3) dormain useful, for exanple, for the generation of products having
novel binding characteristics. In particular, the invention relates to
TRAIL R2-specific multineric scaffolds derived fromthe third Fnlll domain
of human Tenascin C and their use for TRAIL R2 receptor detection and
nodul ati on of TRAIL R2-nediated function such as treatnent of cancer and

ot her disorders. Background Art [0003] Bi onol ecul es capabl e of specific
binding to a desired tar gRAIRRSPEEI-ICanwdimgicaefioldspor t ance as
therapeutics, research, and prdi.caly 9ia9RR%L4 %t 00l s. A wel | known exanpl e
of this class of nDIecuIes is the antibody. Antibodies can be sel ected that
bi nd speci fical | y Refecinopgottliy Sebnperiiisting t 0 al nost any structural epitope.
However, cl assjyg@ antrlt, agglcm RSl YRR 3dolenc DR P LAIAL L T aner i ¢

mol ecul es with are tcult tic systens. As a
resul t, nost anti BBUFEE Vé"r pr gdlucetdglc e““ﬂer‘] %4%”’%02 Seﬂ“ﬁm’ypnény ve mamal i an
cel | expression syﬁﬁﬂﬁ%AmT@G@%fﬁﬁﬁ?&?ﬁ%“ﬁﬁ&Wﬁ@“reIatlvely defi ned

t hree-di nensional structures, conmmonly referred to as protein scaffolds,
may be used as reagents for t he desi gn of engi neered products. One

particul ar area i rfidhefetinsefeh scaffolds are useful is the field of antibody
m metic desi gnypgeant i b@ﬁiyprégannmehtg§ relales B geneRITBI the 08 -aABLdy RGEMcsPr Ot ei n
t her apeut I cs, capi d al‘ alﬁ'q ?@1meﬂc scaf?(;d\slgagt[dg‘rgcﬁe r(gr.{ectig‘ptellll?&% %%rlmg‘ulant ! bOdy

fragnents, such asfﬁ Il OW | nmunogeni city
and toxicity, whil® eé%‘? dfPrrity g§"8?{ﬁ5 on of Pr{"ﬂ% aﬁ“gs‘i‘i%f P‘?“EF |°1§ara°te§‘ﬂlésh "3as the

t endency for ant|bﬁﬂvm¢ﬁ%@ﬁ@ﬁﬁ@mﬁé”ﬁgﬁﬁﬁgﬁﬂ@“&Hﬁ“%@ﬂ®@%§“§%%ﬁle t han
full-length |1 gGs. theORO5hMhiesn drhawd deksin Caand ther ael@r ERFRE2 byertrsi ng ant i body
fragments created dkidahgy @y TRAIL RAMddstefunctidi QucRRtteddRolor Bakd ve fol d.
However, this oftep GaUsEs299regation when amno acid residues which would
nornally be buried i n a hydrophobic environnent such as an interface
between variable and constant domai n become exposed to the solvent One
exanpl e of a scaf fIrE°H4LEd anti body mnmetic is based on the structure of a
fibronectin nolBle of Bioypwulds kdpablehipdcifiy bindae e detirad tfegheridretieded®t acr oss phyl a
and protein cl assegiport®tCR t@Bpeiitids, MBRANME |abdifediod] ARghosaN Bols tA walt kassal pr ot ei ns.

[ 0006] TRAI L ( t UI'TDI’eX GBin%s’ chiss o@-ﬁ&le@tﬁes Es@fle@h&ﬂy @Q@&tep&ﬁ 35 sél@m 3121 I gand al so

referred to in the |1mﬁfgﬁut§aﬁﬁwA@%§E% %thﬁgéglIg gnggm&p the tunor

necrosi s factor (fﬁ supe en | dent| aF an actlvator
of programmed cel ™t es@?“%k‘ﬁ@’§h?“m?ﬁm?%ﬁﬁcu%é?? &t

menbr ane- bound andxEs1 i BRde fERFYpHS sEemsTE fesulg imest apjpogdiest oy PEOF‘fCij‘g‘é?g apopt osis via
interaction with TRk and epepteonsmilipcdedssorsytear.get cells. In humans, five
receptors havepheen idﬁﬂ&dB&ﬁ@r&ﬂwba&ﬁwbhmﬁhﬂ@maﬁﬁ&M&@# fodonkRAI L. Upon

bi ndi ng of TRAI'L trQerrIBfg‘la!—prﬂm sQe[ffolIRéiyLbe as Q@@B@életﬁer (@Jlgﬁ-toggglﬁegédl death is
tri gger ed. In |i 9 producgc (}ne haﬁldJ?H gea in qncfl suif:}}_lscgfflolys are){léeful 1st?1\e !‘eld 0 d t her apeut I C

approaches are bei'n ti.c appro ﬁes based on TRAIL
or TRAIL Rl or RQ‘ﬂﬂWﬁﬁ“ﬁbdﬂT@ﬁﬁEmﬁﬁ%lbnﬂ?%§mﬁ§W@®U@@ﬁ‘8%@8?%ped however ,
TRAI L has a very shuotlige doithe edvanjages ¢fjapibasliet and glehedy\fragmsete pyehos Bieh afinel t he | ar ge

si ze of anti bodi esingiadofltdrgdts tindtidveimmurbgefiieny apenety atik eridndAoeonpidiengl y, there is
a need for novel nolecules that can bind to TRAIL receptors, pharnmaceuti cal
conpositions conprising those nol ecul es, nethods for screening for such

nol ecul es, and net hods for using such nolecules in the therapeutic
treatnent of a wide variety of cancers. [0007]C tation or discussion of a
ref erence herein shall not be construed as an adm ssion that such is prior
art to the present invention. SUMVARY OF THE | NVENTI ON [ 0008] The i nventi on
provides a TRAIL R2-specific reconbinant nultimeric scaffold conprising two
Tn3 nononer scaffolds, wherein (a) each Tn3 nononer scaffold conprises
seven beta strands designated A, B, C, D, E, F, and G and six | oop regions
designated AB, BC, CD, DE, EF, and FG (b) the Tn3 nonomer scaffolds are
connected in tandem and (c) the reconbinant nultineric scaffold
specifically binds to TRAIL R2.



3 In some enbodi nents, a TRAIL R2-specific nultineric scaffold conprises 3,
4, 5, 6, 7, or 8 Tn3 nononer scaffolds. In some other enbodi nents, all of
the Tn3 mwoanari3sx2affol ds in a TRAIL R2-specific multi mecrassaafsnBgl of the
invention are in tandem [0009] In sone enbodi nents, at |east one Tn3
mononer scaffold of a TRAIL R2-specific nultimeric scaffold is connected
directly, by a linker, or by a heterol ogous noiety to 1, 2, 3, 4, 5, 6, or
7 other Tn3 mononer scaffolds. In certain enbodinents, at |east two Tn3
nmononmer scaffolds of a TRAIL R2-specific multinmeric scaffold are directly
connected without a |linker interposed between the Tn3 nononer scaffolds. In
sone enbodi nents, at |least two Tn3 nononer scaffolds of a TRAIL R2-specific
mul timeric scaffold are connected by a linker. In some enbodi nents, the

| i nker conprises a peptide linker. In some enbodi nents, the peptide |inker
is a flexible peptide linker. In certain enbodiments, the peptide Iinker
conprises a (GS) ysh@x%ﬁlk‘@lﬁﬁ;% ﬂmer{d&byrfor)ﬁntMQ frdbméits & deflRORE 6o lesVBECI N X 1, 2, 3
or 4, and wherein ﬁx{l er 5, 6, or 7. [0010]In sone enbodi nents,

the binding of a T ﬁﬂ CIfI multjmeric scaffold of th invention to
TRAIL R2 is inpt®ed ol&r d‘f’ éﬁ‘s Bt beédd’ieﬁﬁﬂ g agt%%dé |ﬁ?%m8ms'l°rr?§ednﬁﬁ%rrer scaf f ol d.
I n some enbodi ment $movelpérass efdicmeibes nqitrold f Hovpest TRAfR oRes @gesaiori ¢ nul timeric
scffold to TRAI L RRhehmproeudssidichehich@buldyprmaly b¢ Huged tng hxg@bhotgneeironmirat  of a TRAI L
R2 specific Tn3 NDROIRIan Skaict Gdntten {2401k Lldl dnsGid NEMNBIQEE BPRIISe the he

ITg rovere nt i " E' trlgﬂo&v]ghg o exdh llﬁ%%ls&ffoﬁ%aéfmh e G @afoPnGhe g;fu?%boleél nvention to
over at _of a ific onmer .scaffo is an

| mpr ovenent in bi nf lircﬁxegctm ule 0 type Illﬁﬁﬁg a domam. founc}_ v(\slvep acrosi ph.lyla ang Iprote I ng avi di t y.

I n ot her enbodlnenﬂ?“sPH@SBPHH?W@m&FFPﬁWFV”PHF“TRAIL R2 and protein

stability are il¢%pfl ovedRaVetumerhnesoes ferfror-plafiiRugpiosiRipiucing digand: plge sl tronomer

scaffold. In sone aenkodiaent spo2lt e TiHsSAId] Rigneawitdintng: fe@dsis TRAIINFR2 and protein

stability are inprQy&ehiQVes nd BRS Qe@ficads TRMitaoRE BRRGhAI S FRB sonomer

scaffold. [0012]I n@ﬁqy SIROgs rﬁ%mmen@m%%&mﬁ%mﬁaﬁgg offlneAMJ ik merl ic

scaffol d contains I nker conp rising. tg on? oi ety. in.s
enbodi nents, the fﬁﬁ@??dﬁ@?mﬁﬁﬂ%? tign 3Vt {4 %?rsoﬁf T Aor <& ?ra nent
thereof. In certalHméﬁﬁﬁﬁﬁﬁﬁﬁ%@m”F%émWﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁ4W?%ﬁ”??%gﬁ@ﬁt thereof is
sel ected fromthe bindyapt TBOMSI TRAILRY oOfRAILR2 Fegsbpscfrelaeg nall déath isgrigkegeth' In f r agnent , a
Fd fragnment, a Fd' idt @gaRtdeathacivy, TRARGIERN herapautiChRoathtsagvantpursiad. F(ab' ) 2

fragment, an scFv, s@erglkh@rbpgﬂyapp@acﬁegEaee@enmh mﬂmm@omlhhmén%@galb anti body, an
Fe region, and a conp éwyln certain

enbodi ment st he tlIOdICS ve Qelen cgveio?emowevef ?gz(lfhas % Ve{yaflog life, it b1n:[is 10

onpri Ses an Fc
donmai n and a h|ngemW@6F6ﬁm6F@§WeW@@?“FﬁmﬂFﬁé?“%Wﬁﬁﬂ?ﬁ@hﬁgmrT%@

i mmunogl obul i n or fheagmar ot eyl eeifculfsyikat drepindclp ALY Sesgiorn PRIMYEgHai n. | n sone
enbodi nents, the i mRogh @bpHsihgthegrmofetuig iRt fir koeerde for odmpkiusesd a Ckappa
domai n or a O anbda.tadi Rin®lucitfode@Sin hORdBliranire eadi ks, at | east
one of the Tn3 mongper scaffolds of a TRAIL R2- specific nultineric
scaffold is fused to a heterolog us %1¥ Iup Sone enboqhnents t he

het erol ogous Bl ety conpiT e S R bREEEI I6h et 84t PSH THE" gr oup
consisting of: a p@@ﬁ%ﬁWﬁmmé“ﬁébﬁFﬁ%mwﬁwbroteln donaln a linker, a drug, a
toxin, a cytotoxic agent, an |ﬂ@@ﬂﬂ§@%@@ﬁW%N%Q¥adlonucl|de a radioactive
conpound, an qggni c D&Lynos{onp Edeg qum&emlm\émm aulmws@mw ene gl ycol

(PEG, biotin, a human seru umnaf f§ ﬂqg portion, an
anti body, a domai n“SPER “n 6‘6’8311““ a eﬁldg N Omer A singl e chain
anti body, a domai ncaisEsHeyenpeta étﬁ“daﬂeﬂﬁjlﬁ‘i’drﬁ Bi‘hé?’r g ﬁ‘bgﬁildrf‘x l?é??lre@‘i”i‘iym&\ a

| i gand, a recept or designatey] AT BOGDPBPEH @ FG, gb) the ifin3 FEratongr sgitodif frodoghectedn epi t ope
tag, a reconbi nant mpRlMPRPE) iieecDinyiRAimed sEXiOdcielly mado aRAADRDI nat i on of
two or nore of said noieties. [0014] In sone specific enbodi nents, a TRAIL
R2-specific multimeric scaffold is conjugated to PEG |n other enbodi nents,
nore than two of the Tn3 nononer scaffolds are connected by |inkers and
wherein at | east one linker is structurally and/or functionally different
fromthe other linkers. [0015]In sonme enbodi nents, the Tn3 nononer
scaffolds in a TRAIL R2-specific multinmeric scaffold are connected in a
branched format. I n other enbodinents, sone Tn3 nononer scaffolds in a
TRAIL R2-specific multinmeric scaffold of the invention are connected in a

| i near tandem format and sonme Tn3 nononer scaffolds are connected in a
branched format. In sone enbodi nents, at |east two Tn3 nonomer scaffolds in
a TRAIL R2-specific nmultinmeric scaffold are identical. In other

enbodi ments, at |east two Tn3 nononer scaffolds in a TRAIL R2-specific
multimeric scaffold are different. [0016] In sone enbodi nents, a TRAIL

R2- speC|f|c nultlnerlc scaffold of the |nvent|on blnds to at Ieast an
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S multimeric scaffold of the invention bind different epitopes on TRAIL R2.
In sone enbodi nents, the different TRAIL R2 epitopes are non-overl appi ng
epi t opes.wOnoatizes2senbodi nents, the different TRAIL R2 eprtusped/ 0azies

over | appi ng epitopes. [0018]1n sone enbodi ments, the beta strands of at

| east two Tn3 nononer scaffolds in a TRAIL R2-specific nmultineric scaffold
of the invention have at | east 90% sequence identity to the beta strands of
SEQID NGO 1. In sone enbodinents, at |east two Tn3 nononer scaffolds in a
TRAIL R2-specific multimeric scaffold of the invention conprise the am no
aci d sequence:

| EV( XAB) nALI TW XBc) . CELXI YA ( Xcn), , TTI X2L( XDOnYSI ( XEr ), , YEVSLI C( XFal KX
3TFTT wherein XAB, XBC, XCD, XDE, XEF, and XEG represent the am no acid
resi dues present in the AB, BC, CD, DE, EF, and FG | oops, respectively,
wherein X1 represents am no aC| d residue A or T, wherein X2 represents

am no acid residue D or ein X3 represents am no aC| E or G and
wherein the Iengt‘r‘ls‘ﬁ‘Fe'f‘hr‘i‘émelnt&(ﬁ‘ﬁR‘ﬁlLlR%S"écﬂﬁc e iE tRBER *2* 3%d" 26. 1 n some
enbodi ments, the AB Tnpoproesnpiddel sSEQrymigdmedsal ¢of e TEDRSH conpri ses SEQ
I D NO 37, and t heafils ih ORPILFORP(ificaeEnSEQHoDofN@inv@®n art intaglgme  enbodi nent s,
the BC | 00p GGOPr i SE€Sn AmSREIARIBELat BRI RLIInEHoninkeDIRHING 2 GEOUR-HHIMS| St i ng of SEQ
I'D NGs: 97, 98, &?lt‘;lrl@;%c'sca}fﬁd 1§&H§cte§mcglglb§r§1me§ or b? bﬁte%jolls%gty QQ”ZP“ ses a

sequence SE| ect ed Ognf)r 7 O%lfl‘q{‘.ﬁ rﬂ%}n er sca§f|01§st 'In cg‘lam embogr%sné,dlt least two T:LJOZ 103 and

179. In sone enbodi're nce sel ected from
the groups consi sPIpET sHokdEda ITBMN& Sp“iftﬁ(‘i““ ‘“T?B‘S scaffplygre di‘B@’ GMF170. In sonme
enbodi nents, the BEodt obper dmped bswen BED3 mprop@scalips. it syee PRdimgtsp conpri ses SEQ
ID NO 179, and tA@adolTeDponeanpEfoses aSREIL] D-spdedic dufithericl stuffigo@®e enbodi nent s,
a TRAIL R2-specifG.dht i fRET G sk hido@his e itldCohpve i ROIELNPr i ses SEQ |1 D

NG 209 or 204. [0019 lgo[illmés KJ},?Q !nﬁ@nlts ﬂe@lbll_wtlh‘e ﬁ%ersﬁhe‘éﬂlﬁ c multimeric

scaffol d of the invention |nds recept ar vvlth an affinity
(Kd) of 1 uM or | &¥glimept, ﬂﬁﬁ’?fﬂ’?é?‘keé%léiﬁfsr?e o S&“““fﬁA RS- sp"em fic multineric
scaffol d of the iFgasTthesn il faer f-gndapherieaiLl 204 PEcCEptor with an affinity
(Kd) of 500 maiopr | eSssomd ambadistentsuthaitindiey of @ FRIFR 2rpeedific mugimdrRARA0IRP - speci fi c

mul ti meric scaf f ohéhn@ftiod (NERAINKENENERd BbrMEhSor £ TRARL RERALfc TRPmdm@@ept or Wit h an

affinity (Kd) of 108nMOEL enllb@<§r§ents 1O bihd} &R ThE mmmwgpg&ﬂ m@lisQe provi des for
an isol ated nucle] gtfl%CI QA gncy)vegtheagtg)gonltkgga: oyert?atofatplgédgws ecrfrerl c scaffolds
descri bed above. sone odi ne , an e%%re55|on VECtof i conprises the
nucleic acid. In B‘Pﬁ‘é‘}"m‘éffbff?ﬂl rrents, a host cell can conprise the vector.

[ 0021] The i ittt i on Imbwe epiodipingets: mrmerdod bofingf edBELn saecfRAI L

R2-speci fic nul ti @@k o6t waitdiataTRML R2veer ihn wEATRAGIR2G@ER TnShagrecul t uri ng a
host cell under Cgmﬁmslmoln@odelnenym&mg Lehy bl lmgsaergemsmfd&gvmyencoded by the

nucl ei ¢ acid nol egul.e |5, .8x0r glg%ﬁ b a}a;l ﬂomﬁ& kpghd%loﬁéq smﬂgywes a

conposition conprisin reco eci tineric scaffold
of the invention "B°% 6?‘?&1‘%0‘5&?@5& Wi S%&‘é C{?“(’amere>S<C(‘f‘:f|§’Idlngln °* The invention
al so provides a rr?é'tbe’G’Efmbfheb?dé’%évmtli%@“{%‘%é‘tdlpﬁtj‘“SWIWCSPP&’E’?%‘@" or managi ng
cancer in a pati embs i aTRIEERP sbehibr Tadfionpyer ssedfpiini st eri ng an effective anount of
a conposi ti oneeepNPr i Sh e @bdiRAhd,.a FRATISERskifid Multifetc kdatiRichninSCakef 0l d of t he

invention. In Son&mﬁEQQQ'm%&LﬁmerhQn gﬁ@@%dnheats skl geledmbi&omad ung cancer,

non- Hodgki n' s lynpnmunnabbul%\{)az{ flr ment(%herec\fefn CCIT%IQ 087 atn%g {nfmunogl)bghn.%g;t al cancer,
pancreatic cancer { alg (|) I nvent I on al so

provi des a nethodﬁﬁﬂ?t ??@ﬁd@?ﬁ@ﬁﬁ?ﬂ?ﬁﬁﬁl ﬁwﬁgd §é§’@@?ﬁté Patient with a
conposi tion conpr frasingg 2 &d TRapt. aRY-fegreeti 4 Pofaguat @ Moy fagmegicaf®o? d of t he

i nvention. Al soO phr@wéntledch,3 diabotye b lred artbody, nidilieigh gntibopo ptrostis, anh a cel |

expr essi ng TRAI L B%orﬁ)glmﬁ io§ itvﬂ)gorcﬁtﬂé af:'%d.idngoi&ikb.e IrC@ethLin \é‘.nltohlmalts,TBA| L R2- speci fic
multinmeric scaffold of the invention. In some enbodi nents, the nethod of
preventing, treating, aneliorating, or nmanaging cancer in a patient in need
t hereof further conprises an additional therapy, wherein said therapy is

i mrunot her apy, bi ol ogi cal therapy, chenotherapy, radiation therapy, or

smal | nol ecul e drug therapy. [0023]1n some enbodi nents, the TRAIL
R2-specific nmultimeric scaffold specifically binds to human TRAIL R2. In
sone specific enbodi nents, the TRAIL R2-specific nultineric scaffold of the
invention binds TRAIL R2 and (a) agonizes the TRAIL R2 receptor, (b) mmcs
the binding of TRAIL to TRAIL R2 receptor, (c) facilitates TRAIL R2
receptor dimerization or oligonerization, (d) induces apoptosis, (e)
reduces or inhibits cell viability, or (f) a conbination of activities (a),
(b), (c), (d) and (e). [0024]In other enbodi ments, the invention provides a
met hod of altering an activity in a TRAIL R2 expressing cell conprising
contactlng the ceII mnth the TRAIL R2 speC|f|c multinmeric scaffold of any

o I a oy T I TR Y Y A Y I L ———ar B F——. T 2N



[ 0025] I n sone enbodi nents, PEGis conjugated to the TRAIL R2-specific
multinmeric scaffold of the invention at the N-term nus or the C-term nus.
BRI EF DES€RI2PTIVGN20F THE DRAW NGS [ 0026] For the pur posePpofi/uskéssrias i ng t he
invention, there are depicted in the drawi ngs certain enbodi nents of the

i nvention. However, the invention is not limted to the precise
arrangenents and instrunentalities of the enbodi nents depicted in the
drawings. [0027] FIG 1 shows linear, antibody-like and fusion fornmats of
mul tival ent Tn3 scaffolds. Miltivalent Tn3 scaffolds contain two or nore
Tn3 nodul es attached by a spacer indicated by a bl ack octagonal bl ock,
where the spacer can be, e.g., a linker. [0028] FIG 2 shows TRAIL
R2-specific multival ent Tn3 scaffolds, designated as A2 to A9, which were
generated according to the three diffgrent nolecular formats shown in FIG
1 with val encies (nunber of Tn3 nodul es) varying from2 to 8. [0029]FIG 3

shows non reduci Ngy,RRRRM @Rk Sk cbriseab BewRAChes hiat p®dia (right gel)
and affinit y puri fIICQ gn (%?:‘r%?%o%%g&s! t\%lr i%ﬂ&@gllo%ulig 8‘rﬁ£g§’l§l’p QQQI‘ iﬂrglertccgnpl'iéeﬁear tandem

constructs desi gna%e _ .V val enci.es varyi fromlto 8,
expressed in E coff ©mapdpso] Eeeme g‘ﬁgwgno%{ObE'B’ﬁb%F‘%F&%Wfﬁﬂp@ﬁ neasuri ng

bi ndi ng of nonovalaérradapain opatdpmpd famaig oflarls- (A2, A3) Tn3 scaffolds to TRAIL
R2. [0031] FI Gomi3] shows senclehipwimeystapipms oreiofthelTinShangpreesraidds of HHBAITRAI L R2- specific
nul tival ent scaf f abdinAQuipkR ot if i@edd2ihdZol@els hietC OTipaTeABbdimasA cognat e
control scaffold (tﬁggter(;lJé@ag mgé?}_ﬁémﬂﬁg%gchlhdggﬁoﬁ-g@téd frBZthe g[ronél%]mﬁégéa 6A shows the

effect of valency on . the specific killing of the TRAIL R2- expressing cell
line H2122 by nul %78 %?ﬂ’“%é"aff"%&d saj“’zb’t%%ﬂ {ngG? %%“Ba; (L)[vvs “j‘?“ﬁt’e?“gpeci foi ty of
H2122 tumor cel | KPgep 15ept pipdionpelifel o 2L SWPPPE RS PO PETE At "84T f ol ds.

[ 0034] FI G 7A showslytéhe relfefrgent slob! (RSD.eeotrh aburfprer by K14 Y of H2122
cells by TRAI L R2-msipeddhd @rtiod) bt initadyendomaic etfah eltichgy, eoamppody Siagagnt Tn3 nodul es.
[0035] FI G 7B showggit g efif@f b asfainRIs& h @ibunkiOfidd®@d dofin, kh bizndg Of H2122
cells by TRAIL R2_11§g E%Iretépt%r, m'ilr!dltné B/egnldg QLOH-%rﬁﬁ‘chtﬁldgaﬁ ep%&)ggg, b §el:oglgina§t Tn3 nodul es.

polypeptide polymer, a cytokine, and a combination of two or more of said moieties.

[6014] In some specific embodiments, a TRAIL R2-specific multimeric scaffold is
conjugated to PEG. In other embodiments, more than two of the Tn3 monomer scaffolds
are connected by linkers and wherein at least one linker is structurally and/or functionally
different from the other linkers.

[0015] In some embodiments, the Tn3 monomer scaffolds in a TRAIL R2-specific
multimeric scaffold are connected in a branched format. In other embodiments, some Tn3
monomer scaffolds in a TRAIL R2-specific multimeric scaffold of the invention are
connected in a linear tandem format and some Tn3 monomer scaffolds are connected in a
branched format. In some embodiments, at least two Tn3 monomer scaffolds in a TRAIL
R2-specific multimeric scaffold are identical. In other embodiments, at least two Tn3
monomer scaffolds in a TRAIL R2-specific multimeric scaffold are different.

[0016] In some embodiments, a TRAIL R2-specific multimeric scaffold of the invention
binds to at least an additional target, which may be a T cell antigen. In some
embodiments, this T cell antigen is CD40L.

[0017] In some embodiments, a TRAIL R2-specific multimeric scaffold of the invention
is a receptor agonist. In some embodiments, at least two Tn3 monomer scaffolds in a
TRAIL R2-specific multimeric scaffold of the invention bind the same epitope on TRAIL
R2. In other embodiments, at least two Tn3 monomer scaffolds in a TRAIL R2-specific



8 [0036] FIG 8A shows the specific killing of colorectal adenocarci nona

cell line Col 0205 cells expressing TRAIL R2 by linearly fused tetra-(A3)
and oct avabent1/13883 TRAI L R2- specific Tn3 scaffol ds. [ @03AJSE01E03BBS shows
the specific killing of |leukemic line Jurkat cells expressing TRAIL R2

by linearly fused tetra- (A3) and octavalent (A5) TRAIL R2-specific Tn3
scaffolds. [0038]FIG 9A shows the design of nurine CD4OL-specific tandem
bi val ent Tn3 scaffolds (M3 constructs). [0039] FIG 9B shows the SDS-PAGE
anal ysis of a purified nonoval ent ML3 construct (CD4CL-specific Tn3
construct), or tandem bivalent scaffolds with |inkers containing 1, 3, 5 or
7 Ayd4Ser units (denoted as GS) joining two ML3 nodul es. Monoval ent ML3
construct was run in lane 2, Construct C in lanes 3 and 7, Construct C2 in
| anes 4 and 8, construct C3 in lanes 5 and 9, and construct C4 in |anes 6
and 10. Sanples were run either non-reduced conditions (lanes 2-6) or
reduced conditions (lanes 7-10). [0040] FIG 9C shows the conpetitive

i nhibition of MUCD4COL binding to Murine CD40 receptor immobilized on a

bi osensor chip bymtchiACksn!S prari ifvirGion B @ifabre BitopésMh FRADIR2biv@hent t andem

scaf f ol ds. _The_ hat!mfbod%ﬁﬁ [ﬁ@hlffér&!ﬁmﬂm B itoge@%%ro%%biﬂérkpi(oﬁe%oatheﬂc or the various
constructs is i nde!m (%'ltm%g. thld?fgﬂ"r{f/k I%ziépssggg‘ysﬂag plgee lahi bitory effect of
MuCDAQOL- specific nonovar ent N3, "bival ent-tandem scaffol ds, or
anti body MRLI®HBh ant i ECHre et HHERRS °6h SMUrDRORSPRESERE D86 expr essi on
on B cells. [0042TRAIR2-p@ifis eiesriq f§8told phire seption havey dfs *Bf ssag*ubl e nonoval ent
and TRAI L R2/ CD4Glenidy ® e Gétf srgidst ot SIAEIM N9I: V.ah @m¢ embpiBregig afidanbvd Teonst r uct s
reconbi nantly exprisseshibi ife TRABIRD-sBMR nyiZee: LSS RGN ahpdshe bact eri al
culture nedia. M eoa}{lglj)gg%eqlﬁgcgffol ds, Al and 79 are shown in lanes 2 and 3,

respectively. Tan C LSJn 9, joined in
tandem by a d y4§S§&§%A§IS&§153'§E%‘%@¢S%?‘X¥ %5"35@%%&@&%8’@%"‘& oghate to
constructs C5, C&F'E7 and C8) are shown in | anes 4-7. The expressed
constructs are i ndieciaKedXorket Ke: %t aidiedenyedt dyypmianacdssides pekent if 0043] FI G 11A
shows the bi ndi ngmoAB, b, spemH, £, &d T Bops, Gadediiodydighetio X TEdbeuts MZnoags ayed usi ng
faph ure EélD[Slg_ [ 0Q4d A;Ar@, whlrgiBXerL}?%s&xﬂﬁam D@k Of whlthiS ReGkefechts In3 s fﬁf fol ds
0 Human assayed. usi.ng, capt Ur : shows t he

si mul t aneous bi ndzimrllré ac(l)dfé%!(}"sagdevgl}e‘%? %e ll?%ﬁatlet?ﬁ%%%gé?glg%é%}t‘g%&&n%%m, C7, and C8
Lo TRAIL R and COFUE “oeluybaaSinyER-A" EhDSEF Salrel BRato

SEQ ID NO: 37, and the EF loop comprises SEQ ID NO: 39. In some embodiments, the

BC loop comprises a sequence selected from the group consisting of SEQ ID NOs: 97,
98, or 168. In some embodiments, the DE loop comprises a sequence selected from the
group consisting of SEQ 1D NOs: 102, 103, and 179. In some embodiments, the FG loop
comprises a sequence selected from the groups consisting of SEQ ID NOs: 106, 108, 109,
169 and 170. In some embodiments, the BC loop comprises SEQ ID NO: 97, the DE loop
comprises SEQ ID NO: 179, and the FG loop comprises SEQ ID NO: 170. In some
embodiments, a TRAIL R2-specific multimeric scaffold of the invention comprises SEQ
ID NO: 209 or 204.

[0019] In some embodiments, a TRAIL R2-specific multimeric scaffold of the invention
binds to a TRAIL R2 receptor with an affinity (Kq) of 1 puM or less. In another
embodiment, a TRAIL R2-specific multimeric scaffold of the invention binds to 2 TRAIL
R2 receptor with an affinity (Kg) of 500 nM or less. In yet another embodiment, a TRAIL
R2-specific multimeric scaffold of the invention binds to a TRAIL R2 receptor with an
affinity (Kd) of 100 nM or less.



[ 0046] FIG 13 shows the stability of Tn3 scaffolds in the present of

guani di ne-HC1. Cm (m dpoi nt value) for each tested scaffold is indicated.

[ 0047] FI GvoRdi1si3e3es t he t hernostability of three different/Uba@198m8$ ol ds
with different | oop sequences, but the sanme |l ength FG | oop (nine am no
acids) conpared to the parental Tn3 scaffold which has a | onger FG | oop
anal yzed by differential scanning calorinetry (DSC). [0048] FIG 15 shows
the increase in stability in the presence of guanidine-HCL of Tn3 scaffol ds
having a nine amno acid length PG |oop (P1C01, A6, and 71) conpared to the
parental (W) Tn3 scaffold. [0049] FIG 16A shows a schematic representation
and expression of a trispecifichrivalent Tn3 scaffold. The D1-1E11-79
scaffold contains a Synagi s(r)-binding domain (D1), followed by a TRAIL
R2-Fc binding domain (1E11), and a GCsterm nal Tn3 domai n specific for human
CDAOL (79). Aflexible (Gy4Ser)3 linker separates each domain. [0050] FI G
16B shows a BR8- PAGE!HE ivehtdp!Bipmvides forgih isgiatsd nyglic geldanclecklp precsisesdy ind puri fi ed

D1- 1E11- 79 scaf f @k chutiddie scewpestcaid foteei@ W embdingtan @fprefsibi 8ct@onst ruct i s
approxi mately 34, Asemlmtxcg@ac1d[199§;-4m'§(ldg‘nentslzh%st&h%@)mbrh@thesvlh&wl t aneous bi ndi ng

of the tri Spﬁfﬁdfl cltriv vaI ent als‘(l)'gpgovfgcaff&og ‘%l’ (ﬁ%ld ?186.&%@}%3940- and TRAIL

R2- Fc usi ng haScre en bl ndi Ccree gna] (ASS) shown as
a function of Tr &R ffE:ff"@BHEeéWf“F“é?tci’"&f’ﬁsmg °‘[hbrﬁ‘ Bijost gl gpcer °‘7“§‘ Thdws t he

si mul t aneous bi nahiefgtharfultimes seafffldsqyeoedd by ty puelpiqasid @nlecuty ifaxasecek 1151 d D1- 1E11- 79
to huCD4OL and SymaginS{se provited NGgmpkifrn aGarigan typmbilam GRAR&RPyesdifs. Al phaScr een
signal (ASS) showRiidsic Gaftoling itk Mlen@hn 1Sy PAGh&{ttaly GapERNkdihd 0. [ 0053] FI G 18

shows the simul t%@&%ﬂ%lspbra%wmgﬁod wﬁevtnmgSpe%g fahlglo&trng Vi l@fing TN3 scaf fol d
D1- 1E11-79 to TRAIL Ro-Fc 0054] FIG 19 shows a

atlentmlfeed]t}%xagfl Sn&rét i USI eguvealqounﬁ)falfﬂéltland its affini ty

sequence al i gnrreﬁ‘”t“ce“f“ paten
mat ured deri vat i VE®STFHeTRAYs R-frefific STl Séaﬁij‘i‘ ﬁ&?"r &Frsul f9"e bond i s

hi ghl i ght ed, t he eaofinwts tirdinepit wiscte fran Ihng eatel eprHerleki Horkpe ot newor k

nmut ati on, and ChaRge Solon Bandel@lofe@DPSer! fagtcatiaéahcsrendtuitiplgyedid.i ni ty mat uration
are shovvn in l)!bh ghl i gmergenp(lngﬁd(ﬁovﬂes aBhetn&d, foraﬂglosag or ugieQmE AR5 .G 20 shows a

CellTiter-do Cel ltler}(l ?’bbclgl ti{tfobis,o%gr}lsmgéTliA}?@R}sg&i%c gl!llt%gc s@art)fgd !)fttlﬁ af fini ty

mat ured derivati \?e concentration tandens as a
ti TO met 184U opti a1 ex ressmg T

function of tinme THBOUEEEE §M™ YT FEAPPIA SHoRR ™S equence al i gnment

corres pOI’]dI ng t o R h@p@’sﬁg poptecEpedlet cell with a TRAIL R2-specific multimeric scaffold of

invention. In some embodiments, the method of preventing, treating, ameliorating, or
managing cancer in a patient in need thereof further comprises an additional therapy,
wherein said therapy is immunotherapy, biological therapy, chemotherapy, radiation
therapy, or small molecule drug therapy.

[0023] In some embodiments, the TRAIL R2-specific multimeric scaffold specifically
binds to human TRAIL R2. In some specific embodiments, the TRAIL R2-specific
multimeric scaffold of the invention binds TRAIL R2 and (a) agonizes the TRAIL R2
receptor, (b) mimics the binding of TRAIL to TRAIL R2 receptor, (c) facilitates TRAIL
R2 receptor dimerization or oligomerization, (d) induces apoptosis, (¢) reduces or inhibits
cell viability, or (f) a combination of activities (a}, (b), (c), (d) and (¢).

[0024] In other embodiments, the invention provides a method of altering an activity in a
TRAIL R2 expressing cell comprising contacting the cell with the TRAIL R2 specific
multimeric scaffold of any one of claims 1-47, wherein the multimeric scaffold binds
TRAIL R2 and (a) agonizes the TRAIL R2 receptor, (b) mimics the binding of TRAIL to
TRAIL R2 receptor, (c) facilitates TRAIL R2 receptor dimerization or oligomerization,



enhancenment of cyno cross reactivity for clone F4. The common feature anong
all of these clones is a nutation fromD to Gtw am no acids before the DE
| oop. [ 00&6]2F11B33028B shows ELI SA neasurenents of the i nircChiuszan/osfisdi ndi ng
of either human or cyno TRAIL R2-Fc to F4nodl coated plates by F4 or F4nodl
nmononer. [0059] FI G 23A shows a sequence alignnment corresponding to
germining of the clone F4nodl, specifically a conparison of F4, F4nodl and
FAnpd1l2 to the TN3 gernmline. [0060] FIG 23B shows ELISA neasurenents of
the inhibition of binding of either human or cyno TRAIL-R2-Pc to F4nodl
coated plates by F4, F4nodl, or F4npdl1l2 nononmer. [0061] FIG 23C shows a
Co10205 cell killing assay conparing G6 tandem 6 to F4npdl2 tandem 6.

[ 0062] FI G 23D shows a Co0l0205 cell killing assay conmparing G6 tandem 8 to
FAnpod12 tandem 8. [0063]FI G 24 shows an 11T29 cell killing assay conparing
the activity of G tandem 8 to F4npdl2 tandem 8 in the TRAIL resistant cell
| ine HT29. [0064] Fl @ in@&es shows, @ sd@ueniasiatel garinir Gor voespdmdf ng to t he
clones tested in AnfikRN®, GRLHIGI8RF. | Munogeni city anal yses. Differences

wi L respect i qughone HATRIE.aLS, LoD fiteaeg e B9PSLEL, 2Ashows SEC

traces of non- urf 6. tandem 8. shows SEC traces of
SEC-purified G tanﬁ%ﬂf‘ﬂ 8f W"(ﬂ%"?ftl‘—lf&temi“?‘s WS e anges in tumor vol ume in
Col 0205 col orectal cancer xe%@”r%?@RlPﬁWéngHFﬁWé%onse to different doses

of the Tn3 TRAI I-[-OOR? ag%! ﬁépﬁmg@oftllﬁlm@g]thﬁ m@eﬂﬂn %retala'agﬁt% i8 the [hQ)QI@B] FIG 28
shows chan ges in bod Xam ml)(glments oﬂhe%gh%lgioé)wgvglj f n%gnttu%lls rPét@’mﬁ)eg {o%'re Lrec%p dels in

response to di fferent doses. o a%\‘i’l‘ & tandem 6 and G5
tedrawm

tandem 8. 11 DETAI E’E‘@e‘ﬁﬁwFWem‘Iw‘%ﬁﬁ@% gs.

[0027] FIG. 1 shows linear, antibody-like and fusion formats of multivalent Tn3
scaffolds. Multivalent Tn3 scaffolds contain two or more Tn3 modules attached by a
spacer indicated by a black octagonal block, where the spacer can be, e.g., a linker.

[0028] FIG. 2 shows TRAIL R2-specific multivalent Tn3 scaffolds, designated as A2 to
A9, which were generated according to the three different molecular formats shown in
FIG. 1 with valencies (number of Tn3 modules) varying from 2 to 8.

[0029] FIG. 3 shows non reducing SDS-PAGE analysis of crude bacterial media (right
gel) and affinity purified samples (left gel) corresponding to linear tandem constructs
designated Al to AS, with valencies varying from 1 to 8, expressed in E. coli .

[0030] FIG. 4 shows a competition ELISA measuring binding of monovalent (A1) and
multivalent (A2, A3) Tn3 scaffolds to TRAIL R2.

[0031] FIG 5. shows a flow cytometric histogram of the TRAIL R2-specific multivalent
scaffold A9 binding to H2122 cells compared to a cognate control scaffold (B9) that does
not bind TRAIL R2.

[0032] FIG. 6A shows the effect of valency on the specific killing of the TRAIL R2-
expressing cell line H2122 by multivalent scaffolds.

[0033] FIG. 6B shows the specificity of H2122 tumor cell killing by TRAIL R2-specific
multivalent scaffolds.

[0034] FIG. 7A shows the effect of molecular format on killing of H2122 cells by TRAIL
R2-specific multivalent scaffolds comprising 4 Tn3 modules.

[0035] FIG. 7B shows the effect of molecular format on killing of H2122 cells by TRAIL

R2-specific multivalent scaffolds comprising 8 Tn3 modules.



Definitions [0069] Before describing the present invention in detail, it is
to be understood that this invention is not limted to specific
conposi t iwoDri3ps28cess steps, as such can vary. |t nuskechaseates2iBhat , as
used in this specification and the appended cl ains, the singular fornms "a",
"an" and "the" include plural referents unless the context clearly dictates
ot herwi se. The terns "a" (or "an"), as well as the terns "one or nore," and
"at | east one" can be used interchangeably herein. [0070] Furt hernore,

"and/ or" where used herein is to be taken as specific disclosure of each of
the two specified features or conmponents with or without the other. Thus,
the term"and/or" as used in a phrase such as "A and/or B" herein is
intended to include "A and B," "A or B," "A" (alone) and "B" (al one).

Li kew se, the term"and/or" as used in & phrase such as "A, B, and/or C' is
i ntended to enconpass each of the foll ow ng enbodi nents: A B, and C, A B,
or C A or C AI®86]B;, BIoBA Bpwshhe grdic@lingof eofvebctBBadeBeaginena@ll ik Goladopne) ; B
(alone); and C (al 088)exprdsQ TALIURE BSiSeat@lsianedd-(Of he b8, (asptlant @chni cal and
scientific terns us%gcég%ﬁéagohj;ave the sane meaning as comonly under st ood

by one of ordin Skl I ention rel ated. For
exarrpl e. the Co I e lll(t“v 8]gshowsehe E})_meﬁﬁqﬂm\,\{)g!e%emlc ling Jsur at K%ﬁ eépresslmérltﬁlr ol ogy, Juo,

Pei - Show, 2nd ed., %@Zneaf@ﬁ@dpf”e@é)mﬂﬁ‘é“‘ﬂtW)Tﬁﬁ%’rr&%S FheE@sridld Mol ecul ar

Bi ol ogy, 3rd ed.[00381999, FIACaddems cheRiegm oof monnd GDHE-s@xficoterdenDpivaentomar y O

Bi ochem stry And Mokeeul@ns Bisalwgy, Revi sed, 2000, Oxford University Press,
provi de one of sdgdil W hd o8 ¢BENETSBE P AECHARDS Yur@ld rFRRNenQfi13 thAGud €r M8 used in

tnis tnvention 004zl tffmpmrlgfseo%mdamvaﬁém?&d§mﬁrlﬁ<eg@mmgdl in their

Systeme Internation Nuperic ranges are

i ncl usi ve of the nufe¥ & SHEFiRES “°fef‘1és (?Séﬁ’ e Mol @eigy NePRFE & ndi cat ed,
ami no aci d sequencengrevarn nfapd- Faafrect §1gn regepd % Fongp o eess adboxy
orientation. The heeditmngs ipressiaaidchndhrers@ictt4 drlaes A atd 14. fanpltsate ongdtheof t he
various aspects or efRadidBbitics Ghes 1-£)6r rtdiiedtdieR gandhiigh can be had by
reference to t he[‘00§(ﬁ’ec' fﬂl@ @& ghg\ps tl%%on%et%%l%rtlon’%@ﬁwl)qdﬂbghlyg!to It’[g}ﬁe é]ﬂ!ﬁ ms defined

i mredi atel y bel ow are nor ecification
inits entiret y [ 0 8?§Tr 11E1mob1fhzed oxy blOSPtnSOI‘ %lp bhxlflél)\?&% sFemIPlc monov nti @fl OE ts are

descri bed herein wi PlﬁleﬁtH@deI‘“aﬁ‘iﬁfﬁlésgéhe"‘EléfPﬁ?‘?% fopijton CW%‘@’P% (Ecé’) 2h4f ogous

enbodi ment s descr i beadous snstrets frindigfed." consi sting of' and/or "consi sting
essentially of' [@mg al SG.PDGKWE e inhibihZ eff0F MudDdoneciie int®vaiitaMrgf erred to
herei n by either theis LERIMRALYsHOeW: hithGevtiehd SE-MaYTII0 kSbdy) Y the
one-letter synbols ;ﬁ BER e§9D89¥xpxteJ}§no¥HP C-11. 113 Biochem cal Nonenclature
Conmi ssi on. Nucl eot | St JpKEWM Se, are rfg . 19 élthel 8{mony
accepted single- ?é@ter (Gl TOPOBTEPTRE &P T BPRen &L her ei n
refers to a protei nRUSHEHPeEnbnders Pttt d noraBiF Fastp reembaandegPestsf d of t he

i nvention. Epitopesinistdbdalyzeciyr3e$-BAGESE thehamplcaiuk pedachnpalens gaflde e gr oupi ngs
of nol ecul es such agi afl MVQreaBidvwelSin Bhes UGAL, BbdBrell: NAMIAS scamvth dstiak | y have

SEeCI fi Cht hr e;% di rrfa&lpm hy aﬁws‘ﬁmﬂa andamiéf&;@e; sﬁso:cageﬁhnk?sfm%slng astspem fic
charge charac eris Il gﬁ"[( nanoco m-%cts 7an 8 aqn con lorrp;]lhona Qpl opes are
et RE D t e N Ti

di stingui shed in that not the latter is |ost
in the presence of éPéSr‘f&“ESﬁ’Fi“ﬁ te%?ﬁ'%\?g?‘i‘teggelby %8 The terns "fibronectin type
LIl (Fnlll) domdf andFl¢.pin $hPWSd}Gr?BHhF€'°fPI§>FC€F Tedoseafelfsyp Bt Bessatibnol ogous to
t he human fi bronect wingtappeElidd. dormai n having at | east 7 beta strands which
are di str;but edr%mmeenplévmmmmslgﬁ@agsof b%&mn%mekovm@amL a?ai nst each
other to formthe c rotein, an urt her containing solvent
exposed | oops whi chgséageﬁgiencg;%ag%ﬁgu%eta strands to each other. There are at

| east three such | oops at each edge of the beta sheet sandw ch, where the
edge is the boundary of the protein perpendicular to the direction of the
beta strands. In certain enbodiments, an Fnlll domain conprises 7 beta
strands designated AL B, C D, E F, and Glinked to six |oop regions
designated AB, BC, CD, DE, EF, and FU, wherein a | oop region connects each
beta strand. [0077] The term "DNA" refers to a sequence of two or nore

coval ently bonded, naturally occurring or nodified deoxyribonucl eoti des.
[0078] The term "fusion protein” refers to protein that includes (i) one or
nore scaffolds of the invention joined to (ii) a second, different protein
(i.e., a "heterol ogous” protein). [0079] The term "heterol ogous noiety" is
used herein to indicate the addition of a conposition to a scaffold of the

i nvention wherein the conposition is not normally part of an Fnlll domain
Exenpl ary heterol ogous noieties include proteins, peptides, protein
domai ns, |inkers, drugs, toxins, inmaging agents, radioactive conpounds,

or ganl c and |nor ganl c pol yners, and any ot her corrp05| ti ons V\:hl ch m ght

1 o o, M e L, 1 g, T p— 1 - ., 1 r



13 portion thereof, a domain or fragnment of an antibody (e.g., antibody
vari abl e donmain, a CHL domain, a Ckappa domain, a C anbda domain, a CH2, or
a CH3 dommonpii/moxsngl e chain anti body, a domain anti boagT/tsroialobriss n

bi ndi ng domai n, an 1gG nol ecul e, an enzyne, a ligand, a receptor, a binding
peptide, a non-Fnlll scaffold, an epitope tag, a reconbinant polypeptide
pol ymer, a cytokine, and the like. [0080] The term"linker" as used herein
refers to any nol ecul ar assenbly that joins or connects two or nore

scaffol ds. The linker can be a nol ecul e whose function is to act as a
"spacer" between nodules in a scaffold, or it can also be a nolecule with
additional function (i.e., a "functional noiety"). A nolecule included in
the definition of "heterol ogous noiety" can also function as a |inker.
[0100] The terns "linked" and "fused" are used interchangeably. These terns
refer to the joining together of two or nore scaffolds, heterol ogous

noi eties, or |intets byFighathemetec simBlamsus binddg uthispgificth@ean Takafdnfiigat i on or
recombi nant means. b@a;ﬁ)ailiIhﬁTmtmnc'ildfmbltdssgﬁd‘usmganﬂlﬂlllabcjrmzisﬁy scaf fol d* and
“mul tival ent SC% 1;6?' d” Iﬁ@ﬂ?!hm’ss%e?lﬁ)m 0?{;11? cgf b@t?hegrgslémgflg%ane%l lCeaSt two

Fnl'l1 scaffolds In $sacl tion ormng a multineric scaffold
can be linked throu p?inIa?W‘@Fac?thgfsc%f&l?ﬁf"?%m sach scaffold to function

i ndependent | y. "199¢A t i ¢4 shaprdhetpipotiqbilis o ihyee differepy T geaffptde with diffee changeabl y
herein. A nultival ehtr sggades, bt tic gagiener Giom dip egiofatids) conpayd ispemiefd c. [ 0102] The
terms "domain" or " pi3QiafdidwHite BBk Rngel 1€ 185 alazedby iR s@ining cApfi@dirgi N t hat can
fold into a stable gﬂg& e-di nensi onal structure, often independently of the

rest of the pr Ot arﬁG Wpshows theflncreasefln S bqlgf eap\{\éiseglcl’e! opg[uglglrn;[ ]!l(?lﬁl} '??]ef unction.

This structure ||]1ta|ns a sp ron domain's
function within thes"ﬁ)ff”idbllaﬂ%%la "raa‘fng?cﬁ‘1“1%}"§}I°°I’é"ﬁ§‘{}1~rﬁtﬁn‘{;7lb‘i‘3fll?a{7i“€§? creation of
a recognition noti frépp CYRdNefoldpl ecul e, or to provide necessary
structural conpaments frRG acprdivei m {i@meXi sprestrptic@ PEr kipewo@rofenvi r onnment of
proteins. Both withiifpedicRiv@neinscieial Try pand Wi staibincoki@ds ab @ekisPriQt.ei N
superfam lies, prot ﬁdm%nﬁﬁm?aho%d ?Q‘PRAQ@Rzeﬁéglk&iIg'd&{lﬁ'h'Ehyan%%%-rﬁlﬁéﬁﬂs regions.

When descri bi ng the conp he terns "domain.
“Mononeri ¢ scaf f ol d*"4h (Sfeca r‘m%cD‘g"% ({)gngi;sﬂee te (&f"‘éerr)é L’%ﬁﬁ%’aﬁ?g gk By "native

Fnl'1l domain" is rreéﬁ‘f‘many non reconbi nant Fnlll domain that is encoded by
a |iving organi 468501 [ 01 03§ /B'Sipret S AACREURNIeT is)or! of tiarmssedend mrifseéquence”
means a | i near represant-atsiadl. ahe dkiR@edaidiedinr vaight df 160G HctilpfdxBatin a

pol ypeptide in an agjRopdkr M naI to carboxyl-termnal 14 di recti on in

V\hl c h r eSI dues t JB?IE nel }g@?’PA ShOWS c SlmUﬁthFeg;.lS ngm OI?Fl E‘lséxgzll‘fe/%valentaftag %g

conti guous in th rlmar_y structure he term
"nucl ei ¢ aci d" ref eP§" b6 Ry R & %{'LechFd\/“aTPgeﬁ'f’lTa@”"BbHHié’é MU eot i des or
nucl eoti de anal ogs &lPhagreser siget (A5 hownasa fppsigog of f iR congerfyptisn-t er m i ncl udes,

wi thout |imtati@se DNAIG. RitAhowanelsifitheous ivdied  iheriaeifictivamdni'spdblynucl eot i de”
are used interchangealiymher @idbaorl %0%@1@@ ki Miphd9&dey Nitdhe Qlalyde” 1S
intended to enCO”paﬁﬁsh@m@Hs@ &sh%ca a?dnﬁnoﬁ&‘sgmg@s@co}{@xltrhoés plural nucleic

acids, and refer ﬁio a nucl el Clg‘ﬁ cOo ruct, e.dg.,
messenger RNA ( q:IJ} %?showsdheﬂﬂill\ €0 c?ngo etrlstpecff\igmyalent TPSSa I’lUC| ei ¢

I
acid or pol ynucl eot Hb‘“l %“IWET‘H@&I“? PeEr R spgEiBinucl ei ¢ aci d nol ecul e, DNA
or RNA that has [9&&n r &ifVedovsromrchc gligmentjofmrens VRALb Rivaning cif@pClexanpl e, a
reconbi nant pol ynucheat iftiey ere@diRgives.e Tig.ppsition &atafefighbettd aifulftihiend invent i on

contained in a vect QEhhéh&d GO Rk HEERId 18RI R ok BhmehMEMPMIPASSS0T t he
pr esent invention. Fldlr ‘0 [hatgn mnggf%mtggatgrglo%e&eoslm%1%%5&9%&:){ &El egtd de include
I N S

r econbi nant polynucfeotlaes mal nt'ai n tero ost cells or
purified (partlallymﬁp substantially) polynucleotides in solution. |solated
RNA nol ecul es include in vivo or in vitro RNA transcripts of

pol ynucl eoti des of the present invention. |solated pol ynucl eotides or
nucl ei ¢ acids according to the present invention further include such

nol ecul es produced synthetically. In addition, a polynucleotide or a
nucleic acid can be or can include a regulatory el enent such as a pronoter,
ri bosone binding site, or a transcription term nator. [0106] The term
"pharmaceutically acceptable" refers to a conpound or protein that can be
adm nistered to an animal (for exanple, a mammal ) wi thout significant
adverse nedi cal consequences. [0107] The term "physiol ogi cally acceptable
carrier"” refers to a carrier which does not




have a significant detrinmental inpact on the treated host and which retains
the therapeutic properties of the conmpound with which it is adm nistered.
One exenpiaryiipisyesol ogi cal |y acceptabl e carrier is physcolusgiiaab2isal i ne.

O her physiologically acceptable carriers and their formnul ati ons are known
to one skilled in the art and are described, for exanple, in Rem ngton's
Phar maceutical Sciences, (18th edition), ed. A Gernman), 1990, Mack
Publ i shi ng Conpany, Easton, Pa., incorporated herein by reference. [0108] By
a "pol ypeptide" is neant any sequence of two or nore amno acids linearly

| i nked by am de bonds (peptide bonds) regardl ess of |ength,

post-transl ation nodification, 15 or function. "Polypeptide," "peptide,"
and "protein" are used interchangeably herein. Thus, peptides, dipeptides,
tripeptides, or oligopeptides are incluged within the definition of

"pol ypeptide,” and the term "pol ypeptide" can be used instead of, or

i nt er changeabl y [mssjh amyG.ab stohes eclilieras ccll Faslitt etaof poloypept mdes 1 s al so
intended to refer tgmhpgmgﬁ@gug%§ of post- expression nodi fi cati ons of the

p0| ypeptl de i n% I ng F\%chs oﬁ‘ﬁsconéergpatOQ‘Sfnggnd qqﬁl&lor?‘&fhr?elﬁmo%&?%' ati on,
phosphoryl ati on, anlda tion rivati zatign 8% nomnﬁprotectln%/blocklng

gr oups, proteolQ??% cIéﬁ@dﬁé BF Hrairr L PHSHE KBalur St occurri ng
ami no aci ds. A pol ypepereeccun cperegit Pedont Fohaconamirgte 2pinotledi cal source
or produced by r ecotit danis amegionpn@gy G two ertinojagids dre tied@Edmsari | y transl at ed
froma desi gnat egdsspucl eic 208 kidwsSRPACHGRremdks POhY PR dLbitiap ob@ngener at ed in

an?/ man?e(rj i n?' udi ﬁlﬂmhaycy&l‘[%ﬁlLQ@'F%éWHMi%é{e?plateL@%@&]Fﬁloath&fé{ uded as |
pol ypeptides o invention are fra er | i,ves, anal ogs,
or variants of ﬂ% ?foredgp%xmmmase“m??lmmmcmm% emﬁg%ﬁ’ﬁfgﬁethereof
Variants can occur ﬁﬁ?ﬂr%WT?mﬁfmﬁ§“%6ﬁmHQ?HP%WTW? T i PP 8g™i"Non- nat ural | y
occurring vari ante can He 2ph educiedbrumdesngment tof knobiktiomatf biyes efsditer t echni ques.
Vari ant pol ypept i desmgad 3o TRAIL-BBFCo Reed IV@idd \pRteOly FACAnGORSBIVAL | Ve am no
aci d substitutions, ngdehetions, or additions. Al so included as "derivatives"
are those peptiggg,t hatn&%sﬁolwpa&u@osgeﬁlkmgra@saﬂ%;a&nghkMnd&%yh!;nmg ani no acid
derlvatlves of the tg@ %y standard am no acid random zed" or
"mut at ed” is neant ¢t udi ng one or nore anino aC|d aIteratlons i ncl udi ng
del etion, subst i on & 23&)d‘bﬁwf?%’HzOSFf‘éI‘"%iWW?@m@g?@%f“&%@@eﬁhence By
"random zi ng" or "matdetd ng" is nmeant the process of introducing, into a
sequence, such ameam N@FI@C4 fHovabd 1Bl BMNng 2RARCHPEANZ At dcOOy D6 AAitnag | ON can be

acconpl i shed thrOUgQFh&h@g&k@@ﬁhmﬂﬁhﬂQﬂmmgﬁh§@QﬂtaneOUS sequence vari ati on,

generally of a e n qpence occur any

techni que, for @Mghp Iﬁ%égd%wsas “me mwﬁcﬁmmmmm%h mﬂcp Sﬁﬁ Synt hesi s.
The terns "randomzi‘“ﬁ‘{j’pe EW?ﬁﬁHHW??%ﬂWW mﬂﬁ?a?@ﬁﬂw“ “ﬁuT%T g cl%hd the Iike
are used i nt er chang®&abdlyarthéghigghted. [ 0111] By a "cognate" or "cognate,

non- mut at ed prot®@ésn” | sIGre@ntowasSHOmatsef fan-sHTirifiedGatg@ntsi cal i n sequence to a
variant protei noogxCeptrid. 4B skohesrmBQr ehdinfdsatd0ns i ntroduced into the
vari ant pr ot ei n, Oﬂwer elln'_‘r Ehs%ov%%ahg@snlt tuﬁgrg(;llgderﬁl do§20|g mgjegtmc&%gxeg)gral{mt at ed.

[0112] By "RNA" is neant a seq re.cqva onded,
natural |y occurrlngm%ﬁ““mﬁmf”oyewm%%ﬁﬁ%?ed¥&ﬁ BT B anp%e og a nmodi fi ed

RNA i ncl uded withi n®t% termis phosphorothloate RNA. 16 [0113] The terns
"scaffold of thdt0§8hyenthl®ps shoys cagesafbbdyweight ofColpZRecolprpiabrtoprgintioddsgn used her ei n,
refers to nul ti neri esp&ead dimles Sosa 5t iahi TRAB. ROBHKGIEDL lakiedrérnd &6 ts@afsf ol ds. The
term"target"” refers to a conpound recogni zed by a specific scaffold of the
invention. Typical targets include proteins, polysaccharides,

pol ynucl eoti des and small nol ecules. The terns "target"” and "antigen" are
used i nterchangeably herein. The term"specificity" as used herein, e.g.,
in the terms "specifically binds" or "specific binding," refers to the
relative affinity by which a scaffold of the invention binds to one or nore
antigens via one or nore antigen binding donains, and that binding entails
sonme conpl enentarity between one or nore antigen binding domai ns and one or
nore antigens. According to this definition, a scaffold of the invention is
said to "specifically bind" to an epitope when it binds to that epitope
nore readily than it would bind to a random wunrel ated epitope. [0114] The
term"affinity" as used herein refers to a neasure of the strength of the
bi nding of a certain scaffold of the invention to an individual epitope.
[0115] The term "avidity" as used herein refers to the overall stability of
the conpl ex between a popul ati on of scaffolds of the invention and a
certain epitope, i.e., the functionally conbined strength of the binding of
a plurality of scaffolds with the antigen. Avidity is related to both the
aff|n|ty of |nd|V|duaI ant i gen- bi ndi ng donalns mnth specific epltopes and



bi ndi ng nodul es, e.g., the nunber of Fnlll nodules in a scaffold of the

i nvention. Wien a scaffold of the invention conprises nore than one

ant i gen- bwodnngi3oxedul e, each bi ndi ng nodul e can speci fi ealrlus2ditnszise. g. ,
the sane epitope or a different epitope, in the sane target or different
targets. 17 [0118] The term "di sul fi de bond" as used herein includes the
coval ent bond forned between two sul fur atons. The am no acid cysteine
conprises a thiol group that can forma disulfide bond or bridge with a
second thiol group. [0119] The ternms "Tn3 nodul e” and "Tn3 scaffol d" as used
herein, refers to a Fnlll scaffold wherein the A beta strand conprises SEQ
ID NO 42, the B beta strand conprises SEQ ID NO 43, the C beta strand SEQ
ID NO 45 or 131, the D beta strand conprises SEQ ID NO 46, the E beta
strand conprises SEQ ID NO 47, the F heta strand conprises SEQ I D NO 49,
and the beta strand G conprises SEQ ID NO 52, wherein at |east one loop is
a non- natur ally occurring veaTuam DESERIPT@N OOy VVENIONe "W | d type Tn3
scaffold.” In certapn enbodi nents, one or nore of the beta strands of a Tn3
nodul e conprise at ['east one amino acid substitution except that the
cysteine residud®siin thf€ dyetbas $¢ mamdinegiogin detdlijeis © s tngdrsved thanthiSEQ | D NOs:
45 or 131) and F betansh isabdisitd DEECED oNXitiAOYy piade® sikpRlas Stk iUk ed.

[0120] The term "wil g4 %nlsted%? agggfnf @l qamffaa%m%@@le igs'eru@a amésemrléul;ro an Fnl 1
scaffol d conprising,SEQ. L,

, affold
Gorived romthe SSETER] o i b o S-S0 MOPR] Sheb ity 435S
"i munogl obul i n" an&4sit TPHETY " Cofpr ¥ §8'¢ ’\l}eaf?“inbﬁ@m’d’?"f?a&“dc“l‘ L&*’?é’ées of
pol ypepti des that cemnbdyesd diesitepeeptibessited bi ochemically. Those skilled in the
art will appreci@re thatrieayyanthairms s gerdl ias sd fied sdficgadge of MU, al pha,
delta, or epsilon. Lbhdrse h&a%pea@ema@rescaf cobnfinéhts iR Ridobtatte ol@! BurBes t he

"class” of the anti ?&d){ndﬂls as uge in a pQML uLklgi'sA“A eg(%r Boﬁereingsﬁntenﬁeg%%ﬁ&el"xel y-

Modi fied versions o feSes are. r adi | de/ |sce nable to the
skilled artisan. d“ﬁgrel ne “F)ﬁIé ?ér 7 an"’t"“sf)oﬁltemn incl Gdes"but not
limted to an int acf’hr"éfnftufhb?ﬁd$> B.aendfs ' 5 @epddrip P’Bﬁ’ﬂ’fﬁs eagh, of %f"l%”d% VL or VL
domai n, a CHl donai Apbodimd@k af BaandiOniaBrrr Cat €Cantyda Bdotraiam, G 4mdBeB domai n (see
supra), a CH2, or aalH @aiss @onc); ndd2R2)c).As used herein, the term"nodified

anti body" i ncl uq@s sy Nt hiedsi abinfaQEmbRiseOfn t@mcmm%mcmﬁsqm ke nak tier ed such

t hat they are not nat urlileaalulg,asccc))gnr%ung uncplgtbod% ebfo% Qﬁl tﬁeartt[ow chtglorrprl se at
| east two heavy chal'n por ut % eav alns (as, e.g.

domai n del eted anti Bbeﬂ‘i“’égre@?ed rﬁ’rr‘?i"“ﬁlblalthégj"c‘sell?ﬁ“’PT‘%";SE‘(‘E‘?@F‘BC af’dolY[‘ilféulabf ant i bodi es
(e.g., bispecific, BrbgyguePdihew used 2§02.4RE BresdheRictigsprmef Celand Mgdeew¥  nor e
antigens or to di ffeiblegatsrdepi vOpesicat Praés; s\ hghdordbittibige 0 Biochenisaddd t | on, t he
term"nodified anti heeyiar Bidbgy, RELS, 2080] blrvPbBBtity bk FRvi@fonatiibagd es (e. g.
trivalent, tetraval e'i]&aldl&‘lEn%rybfnﬂﬂlohpquﬁqs%&dR'?I*?st.nv&n%nt hree or nore copies of

the 18 same anti E eeri.n nt er mann & Dubel ,
eds., 2010, Sprl(%gér Pro O Eref’lxesg‘m‘g 'rbtiltrslareg) et n@%ﬁ%f“’l”?f“%‘m"“ L% Vi vo

hal f-l1ife" is used (SR aepred figp r?ﬁll“enfrﬁ‘a%‘ﬁ ?‘ii;md‘isw"e"f the inppgberg F‘i‘?ﬁng&’fe ri’ﬂﬁfi ch 50% of

t he bi ol ogi cal act i Vilgsyotigfwisa infialeds pript doid ecayescessare Yrittenpefigs Bght in pming th e
body/target organ, e#botyh@entaiiciEThabeadtdds Erbvided1RreCitel ol limjtatiods of the v4p@b ypepti de i s
50% of its initial ysaécty%r er&%dnﬁmts 3t 1h8 iR@fidnV &hich Qald Bl B ) Rchgke frdiBet i onal i n

vivo hal f-1if e, "ser U atlon 28 a wlh Acchr'?yglybt%e gl%lg eﬁEQd q&lg(’hatei’]y b%lo ar'é plgret ime at
e no u

whi ch 50% of the pofpec e €s. clrcu asma or

bl oodst ream pri or t8‘ ?“ﬁdgbyﬁfeﬁ%ﬁ‘é&es"fﬁg’faé?nrﬁ‘ﬁ%{‘f"ie%n of ser um hal f-life is

of ten nore sinpll® A han Tét wierriopdi Y Yhesrvert JrowiEnty #e ¢isayibed ek vith e and t he
magni t ude of serum hahdee |"ioh@ising’ oiStrdsk | ayalogoug EOEdiingrd | ©AtbkO I Gfns tdie magni t ude
of functional in ViVenskaldr-ahdd @onsiihd Lednal bvLe As€frd¥Bed 0 serum hal f-life
include plasma half-life, circulating half-life, circulatory half-life,
serum cl earance, plasma cl earance, and clearance half-life. The
functionality to be retained is nornmally sel ected from procoagul ant,
proteol ytic, co-factor binding, receptor binding activity, or other type of
bi ol ogi cal activity associated with the particular protein. [0124] The term
"increased" wth respect to the functional in vivo half-life or plasm
half- life is used to indicate that the relevant half-life of the

pol ypeptide is statistically significantly increased relative to that of a
reference nol ecule (for exanple an unnodified pol ypeptide), as determ ned
under conparable conditions. [0125] The term "expression"” as used herein
refers to a process by which a gene produces a biochem cal, for exanple, a
scaffold of the invention or a fragnment thereof. The process includes any
mani festati on of the functional presence of the gene within the cell

| ncI udi ng, w thout Ii m tat| on, gene knockdown as wel | as bot h tran5| ent
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19 glycosylation, the addition of |ipids, association with other protein
subunits, proteolytic cleavage, and the like. [0127] The term "vector" or
"expressiwo 208¢i3e28 i S used herein to nmean vectors usedPCcm/iseaonsasgEe Wt h
the present invention as a vehicle for introducing into and expressing a
desired expression product in a host cell. As known to those skilled in the
art, such vectors can easily be selected fromthe group consisting of

pl asm ds, phages, viruses and retroviruses. In general, vectors conpatible
with the instant invention will conprise a selection marker, appropriate
restriction sites to facilitate cloning of the desired nucleic acid and the
ability to enter and/or replicate in eukaryotic or prokaryotic cells.

[0128] The term "host cells" refers to cells that harbor vectors
constructed using reconbi nant DNA techn:t ques and encodi ng at | east one
expression product. In descriptions of processes for the isolation of an
expressi on produot4] f r omntie eadThE kel st Dy eithd) @it @nn®ily kaeh thice Rind " cel
culture" are used i%a)rsgheynfgeeabie&a byRbdleRehRd8 SOUPAEIUS BictHaGcEXPr €SSi on

pr oduct unless it i ?om%ncgé CXmé&'g I&JCI?OQdGchﬂ@{SMr§ %ferréd t@by’ therr%&rgn\éﬁg y of the

expressi on product fromt means el ther recovery from spun down
whol e cell's, or recH¥V&F m??%ﬁ“f e ceII cul ture containing both the medi um
and the suspendé%ﬁbellsmemFUIggf Fiesd haginisters foy pyptein djermingry eppliht * as used
herein refer to bot bindink@raagafol piohet inveibnrdinitora ngally caph pi detily agive pr event ati ve
measures, wherein t{igacoObjuReit ofinSlediles sigh 8MeiRd aci@or SfaDitle @iMAnd(uhuBs 8LN) an

undesi red physi ol 09 Gt HRANAGAL HhAAN ABFacdiflic® =5 URH E6 tspeciBliClre@S t he
progr ession of an i r}|1f 1c%m Corfﬁyrmeglonal adsnorl-conform;%dn ep1!opes a[ri ﬁ? gulsfhéd(i:n l or desired

clinical results incl viat| on of synpt ons,
di ni ni shnent of ext‘é‘?ﬁ‘“d‘ﬂqt"'Eﬁfg’@&‘s'é“"t‘s“fléfﬁ‘ilili’s?éﬂ”ﬁ““‘ﬁ Ofdelﬁtﬁrt“g WBFEeni ng) state
of di sease, del #976br slTbsemy "Bfonginsende (EBH%Q@@@"S%nFHHIa%M orfatd on or

pal liation of the dpgease stdbes o andmidivosginope Il wireh heing paast7ivad or total),
whet her det ect abl & Qhnadagls b Akt Lretked 130 RRetd BKiM thehdeRA b Rbinst al SO NMeans
prol ongi ng survival .gs mgqmanﬁqms S}m‘é‘?@%%ﬁﬁmﬁéﬁo\ﬂm}{ﬁé sollcht e;;ya;ed leag:el vi ng

treatnent. Those in nheed r eat I ncl t he
condition or disor dgl}w éonnectt}r | eta stranfisﬁo esace other 'Ilfllere %re at ﬁast three mﬁ?ﬁ(}%naaclf i on or

di sorder or those i ffewfi ttenbef ket |W63°‘ﬁie 8? e‘Hf §ot’f’ed‘é’i‘“d'1‘”s °f &° FeFhr event ed.
[0131] The terns "suisreditulat to"thenditpetianchli & beta strapn rfg bertdin Empedinpetifan ¥ollpr " pammal ™
refer to any indivi aeah sompadsi7@ad sriis dasindita A, B,icnD, [FAF, tidCUlneed boysixavoprammal i an
subj ect, for whom d}eaapaagnaed AN BYROSIESER, Ak F&NBEAYodh SgilESint-B8en MaNMTAI i AN
subjects i ncl ude hugF g domestic aninals, 20 farm ani mals, and zoo,
sports, or pet anina g such as dogs, cats,_ guinea %-%@b rabb| S, rats,

m ce, horses, calflie, CBWE™ "XVY EE Cietepss 149 THE LRIFRY AP ecept or * as
used herein refers wamaggwe@@ﬂ%mvﬁa@dﬁwwﬁs TRAI L and, upon bindi ng TRAIL,
activates progranspd celht ereefdidn po@poEgtras predin thaningludeyiy one @lmloss scafdldnon- 1 i m ti ng
exanpl e of a TRAIL §@kephédf jond € (idesond, MierchiRAlel (/B2 eRBBRLOfrotein)[ 0133] The
terms "TRAIL Riyspr " TF%%\L temR%etm&apnn%; ,éns@d W&o unaaa%rt&haag,ﬁ@m y herein to

refer to the fu?l | engt h nee [ gxtracellular
dO ITHI n f OrnNE o f t heco;p Oéltelon tto (_slrsca éc{ ogtlgl Even %‘h conaaom 10n 1{ nop r10rmta?l y gdrt

277: 818-821(1997); Pdrlletoma) Frempiyy ?ﬁfﬁ’@g"“S’Z‘?"F‘% fistuds pepiciy 9‘@7*75“ Pf?je“s Pat Nos.
6,072,047 and 6, 342dB68; ifR@T dfyyftbxins,Nmaging VWSS fadidap S compiymig /opgdgd  \ADO8/ 35986,
W99/ 02653, W99/ 091h&5Hmic WHDEL, 46 G DiherasnthosBB 9hidh i Sl rrovBe imaabignheet al ., Curr.
Bi ol . ) 7:693-696 ( 13)9 Zl)lerent%!hgﬁrﬁkdoglgm @Jelf mclﬁ\@@ut\]arey not]lﬁrltﬁetg@ﬁlyitaﬁeze ( 1997) Wi
et al. ! Nat ure Genel Ic((;'ls(PE : ;I"onw aF tb 1]5? C%Z()ldé,el k %&ﬁ%o@& Ia\{igﬂergzwoi l engt h

TRAI L receptor sequ%ﬁces ire’ avaj ce s*gpb s. AAC51778. 1
and 014763. 2. [0134f°Ffig etgé?“f’ﬁ‘“'z*PP?A?"Ela‘Wel&‘%ﬂts‘B‘fm d‘Blﬁ s?\ RHY6RF st is used
in the broadest sense, and includes any nol ecul e that partlaIIy or fully
enhances, stinulates or activates one or nore biological activities of
TRAIL R2, and biologically active variants thereof, in vitro, in situ, or
in vivo. Exanples of such biological activities include apoptosis as well
as those further reported in the literature. An agonist may function in a
direct or indirect manner. For instance, a TRAIL receptor agonist may
function to partially or fully enhance, stinulate or active one or nore

bi ol ogi cal activities of one or nore TRAIL R2 receptors, or one or nore
TRAIL R2 receptors and other targets, in vivo, in vitro or in situ, as a
result of its binding to TRAIL R2 which causes receptor activation or
signal transduction. [0135] "TRAIL" or "TRAIL polypeptide" refers to a

| igand that binds to one or nore TRAIL receptors, including TRAIL R2, as
wel | as biologically active fragments thereof. Representative TRAIL
sequences are avallable at GEnBank Accessi on Nos AAH32722 1 and P50591. 1.
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[0136] The terns "apoptosis" and "apoptotic activity" are used in a broad
sense and refer to the orderly or controlled formof cell death in mamal s
t hat is twpiealidys2acconpani ed by one or characteristic eefrlusehangass

i ncl udi ng condensation of cytoplasm |oss of plasnma nenbrane mcrovilli,
segnentati on of the nucl eus, degradation of chronmpbsomal DNA or | oss of

m tochondrial function. This activity can be determ ned and neasured using
wel | known art nethods, for instance, by cell viability assays, FACS

anal ysis or DNA el ectrophoresis, binding to annexin V, fragnmentation of
DNA, cell shrinkage, dilation of endoplasmc reticulum cell fragnmentation,
and/ or formation of nenbrane vesicles (apoptotic bodies). Introduction
[0137] The TRAIL-R2 protein is encoded by a nmenber of the TNF -receptor
superfam |y gene, and contains an intracellul ar death domain. In sone

i nstances, it may al so be known as TNFRSF10B; CD262, DR5, KILLER,

Kl LLER/ DR5, TRAI LR2portidRhdei24 dothbdh &Hi2gfent FiFth i, (e.F RBEEB varighle ddfa-RO.  Thi s
receptor can be act ividbRsh DikalAi¥Rikin, B EGHRS oSk, CHD bralcal MindE), 2RAPT OST S

i nduci ng i gand (TN&%E anilrl%{iy-r%n‘!a:élp}ﬁ;%dglag albuf?lﬂc&nﬁlﬁgatfarﬁgyﬁle@G Qlaecap%pt otic

signal. Further, TRA D%’po tOStldS i Vo kgaseglgses and the
intracel | ul ar adapt ‘élfymﬁﬁl ‘é% Ia eceﬁtﬁ “TWAPe zak et EvBd), (1997),

16, 5386- 97). [013‘8‘1"?&’”{%6@@??“@@‘2}3@}‘3‘23?"Y‘P‘S?’ﬁé‘%dﬂﬁf‘k"nor mal ceI | s express TRAIL
R2, apoptosis siltg#al i ngh¢ tamdligh" & hiesherep oot tomy gpiprelarrasendly tagoipsest ri ct ed
primarily to tunor eeledisSwo MRirEGaiHIBC ORENEREIN®: StddCePihbsbfutidn@s tcke@t h r ecept or -
medi at ed apopt osi s A'@pateh%et&;égﬁ-lxtmﬁﬁlgs Hpi sczlﬁbl@'o[: it E&QMQ%%LIE%MUO%COQeneS such

as Myc or Ras (Wang s IS . 4o 4 ov et al.
Cancer Res. 64: 3922ﬁmf10 %043 %QWAW% A §$e}%%§é§]%{)3 t)é‘i(%ng%gg)g by human

cancer cell lines adeaiers %etypfaf‘ﬁﬁf‘i?“‘f"lfﬁﬁ%“ [ 0139] The present invention
provi des a fam [000bf r cldoieryi Higket and el praeserringrghipecaibe Thes errg priotei n scaf f ol ds
capabl e of bindi ng jdinglihyhd: offfR or npre Pafokid, tetetolgops rokvdes,pr gkesibnghagescr i bed

her ei n may be used ﬁl@nsd‘iclﬁdﬂigaﬁmldaﬁfoiuﬁgﬁdnArQ%ﬁlnMeﬁhh are anal ogous to the
conpl enent ari t yggser m ning. [ &Qk:Qns- nﬁmmﬁ%&a&om%d @,{amadreﬁtl hady xasi abl e region.

These | oops may be s ted to rando n or _.res d evolution to
gener at e di versit y Ccl;af.%&l%lﬁ tcom?rlsets)at least two sca{:filol s 1rr a{sso(ilatlcg 'Fhe ?05{01% %an conpoun ds.

The proteins may be?BEEssfaf Pipe ik T‘@?[B@‘Eﬂﬁaip&rmﬁsc?&‘?f%‘ﬁ°ﬂ§’ﬁ&‘%{‘ﬁ%bl e of

bi ndi ng to TRAI L R2ingpeddeitly "Nz’ angd "muliyalyest gn be B ift@chepgrpibnhessipeei f i c
enbodi nent's, the i nMeRtinO@afl Qv betemspdddBbdbisfeadficspeci fi ¢ bi nders which are
useful for preveys ng axfﬁ&l:dnp%{ainrw,pro@ﬁﬁ&%lragmaebglmpﬁdtmatca{fmmm toring

di seases, such as r. & enbodi ment s,
TRAI L- R? SpeCI fic binlgl Ist%beﬂg%:awrglgrgfsguc uf%‘ %g'l inde erQlen9§t' (t}?hre regtgﬁtﬁe!ljc!t QhI, ;

ntion are. usef or the
treatnent of cancer ¥4 ?'ICh\KﬁleT?d°éV§dn”Etéf’paété‘fl"F g‘”&%pﬁ@f%‘mfﬁmml_am?&s? “I'h sone
embodi ment s, cancer@Cﬁﬁws‘icﬁ‘eqvﬂ‘ﬂé‘edOB'EI'ESf'ﬁ‘ﬁ‘@“ﬁ%‘t“ﬂ‘lef’fﬁnflérd‘e“f 6% THHY® cancer,
non- Hodgki n' s | ynphendty, ceatar ¢f ameceaitro eptif fgehotrr noRater o mokorestal cancer,
pancreati c cancer, af@hrdisnbondals &r Ap@IirQRist il h@m'bum/@momﬁi ofthoEes. BsOVi des

met hods of usi ng th@lth%%%IofeQ lfaglﬁy :In&)mglﬁlpéla%ﬁ grotan &Selfelmﬂ@@ﬂb&&@&olnﬁﬂ -ca\nlbgl one
enmbodi nent, net hods of t| .on of the

epl
fol | owi ng C6| | typeesvolutlonarﬂiy conseﬁvl t{] reglbns \?herh decrlgmg 1hf comlgthncnl? P le Telnc B cel |
mast cel I, nonocyt e¥*&Hd® lfﬁ‘??fr "derpafny” M["@T‘Zi‘i]sﬁ"ﬁ@d sThf ‘f‘?ﬁ’l‘lﬁlsca‘bf’e t‘“ﬁ% i nventi on
are multimeric scaf ftorctgmzeably (P (“atve gl Ao fendaet sy eepfrfeornbiiant Bl dopd® from t he
third Fnlll domai n aftiskismeivy b Bhasehim.C, i n which at | east one non-naturally
occurring intr arr(ﬁbﬁcul A "p@ie§ Uéqlfeilcge)r mm&iacma@um%mﬁQgﬂeﬂ%&ﬁlﬁiﬁlon—ghe Tn3

scaffol ds that ITB.kethUano acid gysLth!nthral pglyp'%pq Qef 1I1 81' aglﬁlo gImmtalh(? calb&qugrnhap n correctl y
fold i ndependently of eac retain their binding spécificity and
affinity, and each of the nononeric scaffolds retains its functional
properties. Wien the Tn3 scaffolds that nake up the nmultinmeric scaffol ds of
the invention are assenbled in high valency multineric scaffolds, e.g.,
hexaval ent or octaval ent scaffolds, the nononer scaffolds correctly fold

i ndependently of each other, retain their binding specificity and affinity,
and each one of the nononmer scaffold retains its functional properties.
[0142]Mul timeric Tn3 scaffolds, including high valency scaffolds (e.qg.,
hexaval ent or octavalent), fold correctly even when the topol ogy of
construct is not linear, e.g., when the nononmeric Tn3 or multineric Tn3
scaffol ds are assenbled in conplex branched structures (e.g., Pc fusion

constructs or antibody-like constructs). [0143] Native Fnlll domai ns such as
the 10th Fnlll domain of human fibronectin and the vast ngjority of
naturally occurring Fnlll domains contain no disulfide bonds or free

cysteines. \Wen nultidonmain proteins are engineered by introducing multiple
cystel nes, I ack of pr ot e| n expr e55| on, pr eC| pi tat| on of t he resul t| ng

o, . N T o .,__‘.._,__l o, . o o S



(SEQ ID NO 1) would contain 16 cysteines along a single polypeptide am no
aci d sequence. |In another exenplary enbodi nent, an anti body-Ii ke construct
conpri si yo4ofinBdosmedul es, wherein two Tn3 nodul es are | ipolras2410/08&B heavy
chains and two Tn3 are linked to 1gG light chains, would conprise 8
cysteines distributed anong 4 different polypeptide chains. Miultineric
scaffolds of the present invention, such as those containing 4, 6, or 8

| i near Tn3 nodul es, conprising such nunber of cysteines and such structural
conplexity fold correctly and display inproved stability and target binding
properties when conpared to their respective nononers. [0145]Wien Tn3

scaf fol ds conprising one or nore engi neered disulfide bridges are assenbl ed
in high valency nultinmeric formats, each individual nmononer scaffold fol ds
correctly retaining its binding specifiwgity and affinity, as well as its
functional properties. In addition, the nononmeric scaffolds are capabl e of
form ng stable, funditettioniakhichasidueCtr Bt efch bidd: thel ramdeitidisnpreicatigaaf f ol ds.
[0146] An advant age Qﬁw&ﬂﬁﬂﬁ&ﬁé&mﬁﬁﬁmgﬁaffo|dS of the invention is their

abi |'i ty to bind &1911 ul t'f“hp €] eIE Bel.%fbrsg argrtWO o(- lngre (Ql/aﬂg!y@(glde;i Qucmﬁllegl pl €
epitopes in a sin ope 1 n mul tiple

i
targets, (iii) blnd?h@‘?%fﬁﬂi P @”@%fﬁo%é%gﬁg%hfgbw%hmgm 1 8F&ht subunits
of one target, or (PWWW%HPNﬁnﬁN%dmﬁﬁNQ|ﬁW@wéﬁFtﬁﬁe@Wﬁﬁ“ﬁﬁlﬁ?ﬁﬁé targets,

t hus i ncreasing avi dhietchangep@liefei] | N addi tion, due to the flexibility of the
mul timeric scaf fiabgls ange teth tphﬁucﬂ&ﬁ&'ilsblhtl:rh&dyo efomyad y/dingdar ldieic 6bidst ance bet ween

mul tipl e Tn3 nMONOMeLS; ¥ hida hicdlk &S andtré?ees i DB add s &af fRlds are capable

of binding to multip gither on the sane
cell/surfgce or in dff?“mlggﬁcgq#&f 5@%%QM§F81§§?5élwmmﬁlm f of their
ability to bind sinffldaPeBsI§ it IBtEIﬁ‘Hfeéersttﬁ%l?ﬁ‘°18ﬁaé‘df"ﬁlF°&étDN ChE W' t i meri c
scaf fol ds of the i ntrerfedormednidye itusies eogironpriul deresxprplet p gtcembyet hways,
cross-|ink recept or solyonle@idC@bdding Wi f aceffoldérnigh inelibn Suifeddea reecreipt or s on
separate cells, andifgdtd kel BF GEHupbR @ el beSut Qlene! kusind Qadlesshast r at e.

[ 014 9] From pr ior se chzgeg g(ﬁyqﬁ:ﬂégdy lﬁéluﬁe rgjornlﬁ‘BAt h&lynﬁtﬁ%ﬁﬁés Qr?.lntalllle@[ngger(}{o@gug ations were
s, are not crucial to

seen in the BC and stin

stability (see, forﬁgfﬁp F%mm%%%ﬂg% |%3“a%$4§¥M%W§§68§fb5§§§ The
present invention pF@%Pd@g“TW§“§63Wﬁ6Wd§”Rﬁﬁ“ﬁ&?ﬁﬁﬁpﬂﬂﬁ?%V@df§fablI|ty,

whi ch vary in am noreet éves@guérigd rbyuclopfiliescdn nelbinpdids s@ording & bregggp havi ng a
shorter |ength thanm%hahfmmahnamﬁﬁﬂfea@madmﬂ@aF6h$@@mzoh idigont i rd Fnl 11 of

human tenascin C. olm§m@££9n&p§%d\/&dbe ohah SRk teMoAtihheslG h 00ps results

in'a miated T3 schl LR ol hndl 25 LNGLERSEA.ShAR! | [Ty, Consequently,
anot her aspect of t he™ I.aventlon pro arrants of the wild type Tn3

scaffol d (SEQ | 'R 1) AE™r ﬁ‘&‘?aléyaaﬁ"éﬁabbrfaff%ﬁf’ A SBPR; F PEKP e 6'1501 I'n
certain enbodi ment sbe HmiFiESednp o pritel € gfefplf ¢ epfelhwithpy eeinonvedtnpri ses an
FG | oop havi ng 9 anmmsigaadseggocand an i ncreased stability conpared to a
scaffol d conpri gueg t hermh @k Wigsididdicdng adphtlid cardl@MmBkrio Qfcaritti B dbee@asci N C whi ch

has an FG 100D | 'englh. Qloud O ATh0R Abksn: AAdh AL Xubdif ibigsENt | Nventi on

provides libraries of div ca . ed EG | oop
| engt hs which are u%é?%sofmcm“mm‘gﬁwgdnwsémnm“?fpgeIPE%3MS£% ner eased

stability. [0151]In“ﬁﬁﬂ#??%ﬁ‘“*ﬁ@b%W€§@hPm?ﬁW@H%Fﬂ%a%@ﬁ@ﬁﬁ%@sﬁﬁlt|speC|f|c
scaf fol ds that can Beinfermplgiont RAkjowiRR org pilledyin ¢he eyt andrsy descigbddl Fot fxomplelin t ar get s,
affinity matured scadufiplogisphaher@ian sdches, afsf iediioh)y e fA. GerBeafivol dack Or a
specific target is m@uh@oggnwtaaonnmtla&ipggedhmyaf;@rfciol ds whose

| munogeni ci ty gggy or Céos ?f'a‘d%tls YL Y, A0RAQ ?ﬂJog}BnLoresaB%&c Sinkay Todul at ed

via nutation. Also the i nV I On. provi yuce ihe scaffolds
of the invention as Rk uk %@%ﬁ% °T8“§ﬁ§?ﬁg . 2BLFPBIGE W TR desi r abl e
physi cochem cal , pharmacol ogi cal, or inmunol ogi cal properties. Furthernore,
t he present invention provides uses for such scaffolds and nethods for

t herapeutic, prophylactic, and diagnostic use. The Fnlll Structural Mtif
[ 0152] The Tn3 scaffol ds of the present invention are based on the structure
of a fibronectin nodule of type Il (Fnlll), a domain found w dely across

all three domains of life and viruses, and in nultitude of protein classes.
[ 01531



[0154] I n specific enbodi ments, the scaffolds of the invention are derived
fromthe third Fnlll domain of human tenascin C (SEQ ID NGO 4). In one
speci fi c wokodi38328, the scaffolds of the invention conmpciras2@i1sAssodul e.
The overall tridinensional fold of this domain is closely related to that
of the smallest functional antibody fragnment, the variable region of the
heavy chain (VH), which in the single domain antibodi es of canels and
canelids (e.g., |lams) conprises the entire antigen recognition unit. 25
[ 0155] The Tn3 nononeric scaffolds of the invention and the native Fnll
domain fromtenascin C are characterized by the sane tridi nensi ona
structure, nanely a beta-sandwi ch structure with three beta strands (A B,
and E) on one side and four beta strands (C,D, F, and G on the other side,
connected by six |loop regions. These | aep regions are designated according
to the beta-strands connected to the N and G term nus of each | oop.
Accordi ngly, the ABod fa@fpni "Solipepadal’ eaptiiet avg et tra usd Mmanigszeably aeigh. B, t he BC
|l oop is |ocated betweepRepsied @spltes Bipafbks, G olifopridedlare iAIGHRd Wishin kioaLi@d bet ween

beta strands C and Q’ Iaotl)E%nQEanh% Bm! '§01)Jp8§<@'t c%‘dbe%zl %e%pofbo?kl@rcﬁxtggaﬁ ds D and E,

the EF loop is Iocate 3 | oop is

| ocat ed bet ween bet ¥"&T%% iﬂ’ar%te‘rfs Tﬁ‘?jw@ p‘)ii'ﬁelptfdf lsctlaés?raie?‘?%dt‘b%fgré tLspmg“(‘ﬁtlsvent exposed
| oop s tol erant of ParfEEFeEiRr jicaigps efhths adiprriideqingyiing dhoyefeiPtie i on of

di verse pool s of pr @iceiviaioscaftflabd sphoppalbion efidalinn derimgyzaiebs fkognt argets wit h
high affinity [0156}tdi/boiee aspe Clrodlytict H@vabd) 6L RbdiMsion T donc@u@y NS ar e used

as scaffolds which @&@nﬂf s&hﬁo%gﬁseypoiygepﬁb saﬁ Qetd%@eﬁ}()ﬁﬂ u;tdmmo@@ﬁ gogt&a;;l to
random ze one or nore, o by recombman?P c§mo\{m C&!__gi‘ort ge]pessarl t(r)ags?y %froal a des gnaled

conpl ement ari ty- det 8  hiNg riabl e region.
Such a directed evof“lﬁ‘f‘? 6“1’1i Sﬁ‘b‘ﬁlf éé’ﬁ‘“’i" et %e?’fra‘f"h& "b‘/r ‘B"d’t‘f&t“i°‘6dr‘?g8¥

anti body- | i ke nol eceferig! siithedis- hi gh affinities for targets of interest, e.g.
TRAIL R2. | n addibdion, Al isodesseshadicnent sestohigvesioadd fotngss, desdwd, bed herein
can be used to di sphayesdefdinest mekR%EFbbBQRSand fHPfomeXANPLE:. YQQPS previ ously
randomi zed and sel esaLﬁc@wqgmwﬁs;bpeoﬁhaﬁmﬁ;oczuﬁﬁl%%nmuaglas&)nn Qi der to direct

the evol ution of nDL | es .t |nta to syc |9tr9 t $ This type of
sel ection can be caff 8§ dte F & T HBKETFY TRESoR T % ﬁpe%Tscanc "B £ or any

i ndi vi dual CDR-1Ii ke°°|“56’6"]5‘v“-‘d¥ nonaqnieaftlﬁeaweéwub“fﬂt&?ns th@mF -QEYYIEY i%6h of two or
all three CDR-1ike Ihdepsss Geivibiveved: thorrtpertides tha Finimena pr repginghagieocbiringli ng noi et y.

[ 0157] The scaf f ol dsamido atid@rivhtRdsentedn@hy amh@rdmdhecitd es based on the third Fnll

domai n of human §gpascig Qn&glfzéacwrnﬁtlmmstmamq@%rgl fed hix BGL Bublication

No: WO 2009/ 0583 79. al eratlsot?st 1n<9tbdm%1%[et?og s!lb?tglft]lonbog atﬁ%on r@lgt tdo é%mﬁl de s(e:queng‘ncajn ES) t \I‘,]\QI E’)h

can confer specific tar

and E strands, and Phé™Fmity 6 “B‘@g‘]ﬁ ‘éf“f’aﬁéfﬁlﬁfé’“’ceiss °§H§?§’f°im§’é‘ft3/a S9HE> BC, DE, and
FG | oops of t he t hi pieh #maming acidi givaion Rekontigaiie F usta swibhac@mplihsd trougs, and 10
am no aci d resi duesinfeningl, blihe spaoticseieyuenceadntiinegagtaly G nklkies@ cddopps fal l s

Wi thin the narrow range afid dah ok 0gRALRARE ke SRmilE0GYRId:-beR Pkraps found in
anti bOdy heavy chai aérncaI m Lyﬁthemz ’ﬂhg’teréis rand@rﬁlgng ‘Zﬁdoﬁlmdno nﬂlﬁllmg’s in | engt h,
respectively. Slmlartyd %ﬂlgk <ﬁmrh qugn B, 'CD, and EF | oops
(7, 7, and 8, anino HEIdS™ R 2B NGt R Es ectlvely) run between the A and
B beta strands; {IH& C afc D"gb"éet & Step Ef‘é‘m“téfFde‘”‘t‘EI‘Pe ispheah @ PREB PSS st r ands,
respectively. 10158@@h@bﬂwa%ﬁﬁwiwewpaﬁme§@ﬁ@tb¥@mﬁ6&ﬂh@gﬁﬂ®w¢mmlty blndlng
to a target, the | 00PSe ialant dfi@inWhaeitlbdraian plray is edesiza antuaed S Wi th targets
equi val ent to_ thaigont agtanefis khe acs%al@et@ 1oL IR rlor@ Qi Slentiybordd, inddRAlY €5 .

Accor di ngl Yy, in SOTTg 1%1”?? mocrl"geggl onucleq%des %he € le gquiogﬁed kﬁggéudgdrv&hlg andomi zed
and sel ected for ngr init y?lln Ing to one or nore targets, e.g., TRAIL

R2. In some enbodi nBRtESREPEOMEEEIR zat i on and sel ection process nay be
perfornmed in parallel with the random zation of the BC, DE, and FG | oops,
whereas in other enbodi ments this random zation and selection process is
performed in series. Mounoneric Scaffolds of the Invention [0159] The

i nvention provides reconbinant, non-naturally occurring Fnlll scaffolds
conprising, a plurality of beta strand domains linked to a plurality of

| oop regi ons, wherein one or nore of said |oop regions vary by del etion,
substitution or addition of at |east one amno acid fromthe cognate | oops
inwildtype Tn3 (SEQ ID NO 1). [0160] To generate inproved Tn3 nodul es

wi th novel binding characteristics, an wild type Tn3 is subjected to am no
acid additions, deletions or substitutions. It wll be understood that,
when conparing the sequence of an inproved scaffold to the sequence of Tn3,
the sane definition of the beta strands and loops is utilized. Inproved Tn3
scaffol ds can be generated using the third Fnlll domai n of human tenascin
C) a wld type Tn3 scaffold or a preV|oust |nproved Tn3 scaffold In

R Y B oy M o Y Y e 1 M o, o - M




[0162] I n one enbodi nent, XAB conprises SEQ ID NGO 35. In one enbodinent,
Xgc conprises SEQ ID NO 36. In one enbodi nent, XcD conprises SEQ | D NO
37. I n onwoenhodiszent, XDE conprises SEQ ID NO 38. |In eoe/usochodsrmnt, XEE
conprises SEQ ID NO 39. In one enbodi ment, XEG conprises SEQ I D NO 40.
[0163] I n certain enbodi nents, XAB consists of SEQ ID NO 35, XCD consists
of SEQID NGO 37, and XEE consists of SEQ ID NO 39. In one enbodi nent, Xgc
consists of SEQID NGO 36, XDE consists of SEQ ID NO 38, and XEG consi sts
of SEQID NO 40. [0164] In certain enbodi nents, XAB conprises SEQ I D NG
35, XcD conprises SEQ ID NO 37, and XEE conprises SEQ ID NO 39. In one
enbodi nent, Xgc conprises SEQ ID NO 36, XDE conprises SEQ ID NO 38, and
XEG conprises SEQ ID NO 40. [0165] In some enbodi nents, the nonomeric
scaffolds of the invention conprise a T®3 nodule. In still other

enbodi nments, scaffolds of the invention conprise a Tn3 nodule (SEQ I D NO
1), wherein bet goisd]r andrh&ieods "gaffoldiofr dle Fmhtioh" @ OwaibIs «fihe ryain” fseseasci n C ( SEQ
ID NO 4) is repl acggibired w/iidiindditscaBgdsds SdraaRhoderié BHQ NG 4d or SEQ I D
NG, 131) conpri sing. %&h%fe&sqgmogﬁlmdgeya&z%&t%%f s%o?Jo%thmsQﬁ&naTﬁIcIl and F of a

third Fnlll domain o t enas aced by a
variant beta strand taf_ges( %%e Frﬁelﬁdoy arde El ucleon es and lerri’oﬁegl:u%al "l' cyst eine. In
sone enbodi ments t h&E™Sclaes Grddantiesp” afeh’é"d i "IbBﬁer‘é‘bﬁf)ertFr‘é‘eSP?i‘ﬁWsﬁs modul e

wher ei n one or nor euvef hetelee.dyért the sring GpecBealyimgy” ios'epeafic bindiges'trefente ham no aci d
substitution exceptmhhahmh@eyemﬁbehmﬁnfﬁehdmesmMnmbherﬁhamdmﬁvbeta strands

(SEQ I'D NGs: 45 or 131, mé}DngS.E@ldinQdJ}Qns that BRI RE&lads\GhYebmRM AP DE

substi tut ed. [0166] Tl’t]eenlo(r?eotps Cognr?gmdl n;[anbse gérogéarp?h A§c§rr§£tgs of the
scaffol ds of the invention can be.random ze or sequence

diversity. In one ef5otrHEMC 2 EPSREHPYT G © oPeHiL bl‘ VERETS HAve at | east
one loop that is raﬁ@eﬁﬂﬂ@dmﬁmmw$eﬁﬁt%@aﬁﬂﬁﬁwdgeﬂﬁeﬁée*ﬁﬂWé@%|ty In one
enbodi nent, at l[@agt onBy tal "dfeigsts dsedtsreimtefels @as meatulyro éhe stgtethl Bdet f our, at
least five or at | egfdingstaXerkiRQpBId OHfthe Biveifo fofuOhdilicad @idpandom zed for [ength

and/ or s eq uence glléf er SI ”I’h¥ ternl rzlvu@tgf‘eas @Jgpﬂ?:gfn @e%tto th@&verLlﬁ@a%Jtty cl)r%p Of t he
scaf f ol ds of the |n¥ent|on IS, st one}addltlonal

| oop is randoni zed etweenl ﬁo&tfleﬁlon of ds;;aff(ig o? the 1nvent10n danc? a cemu ypatoqe ie. é.nO t her

enbodi nent, at Ieasﬁmﬁﬂ@WC%PmF@§§$htﬁﬁmnBﬁdéWFﬂPHfﬁgﬁﬁtmtﬁﬁﬁgmﬁB CD, and
EF are kept const antAvigityiis|retated to bhtiptbeffinigrp@individual patigesbindingdomaigywith oeilit hr ee  of

| oops BC, DE, and F&pitgkLant addovexed ik atffoldeniglienth. Sequence di versity. In

anot her embodi ”9[61'&6 at "l"h@@&jr- "a@bon tl'@-targlete%jé tottﬁé@mdlr%rof Abuth®RStrdd dr t hree of

! oops AB, CD, and It:he %I‘ etl()l;l qggpngga& dqo ﬁé bj ol(%t%ﬁ%ff gtggﬂultl from% | east two,
or all three of | oops. BC d are random z J

and/ or
sequence diversity. ’Wﬁgs@tTﬁw%ﬁ Pﬁg#fgﬁﬁyﬂiﬁgﬁwsmgﬂngggSm%%%mnat | east
two, at |east t hree insfact|%psgaricypfl tresk gpd/oy epitops e 8 exarpyley Bring yo tBgeE s x of
| oops AB, CD, EF, B@ysidaly,clogn digdeGreabodic pancdmugald iftegriod @ndgitctareetsequence
diversity. [0167] | N et8 ONB: ré2dtdd@ &bl TRBINIRS,, "aclin Gn 64 tard¥D kelrs folRiefidQicwL ltAi N a | oop
are held constant “@h&ﬁe%§9§ bt Ut Cor LARMAMbZ&E of 8 hi&RELN and/ or
sequence diversity. l.n.sgnp, e odi ment s, one or hore residues within a | oop
are held to a predef%?ﬁlne and limted nunber of different amno acids
whil e other resilfti8s ar B ghd8ffs adfotr &gt 'h "anaPs ol Bkgiietite™ di versi ty.
Accordi ngly, scaf f obiddnzapduchies. it yebt PGH sedyedorrplsd hoientor Whsee | oops
havi ng a degener at e sGBRSERSISnLSEOLIBRE Bordthed b1@ ntig-Binddiz maddle2ach bindie i ant  am no
acid residues. In O%duemqsitlftel}tbmd thenseas Hobds  @fterd\BicbNM@BEION CONMpri se
an AB | oop which is rq em%ggaynth the foll owi ng consensus sequence:
K- X- X- X- X- X- a, wher éi*n represents asparagi ne, aspartic acid, histidine,
tyrosi ne, isoleucine, valine, |eucine, phenylalanine, threonlne al ani ne,
proline, or serine, and wherein (a) represents serine, threonine, alanine,
or glycine. In another enbodi ment, the scaffolds of the invention conprise
an AB | oop which is random zed with the foll ow ng consensus sequence:
K- XX- X- X- X- X- X-a, wherein X represents asparagi ne, aspartic acid,
hi stidi ne, tyrosine, isoleucine, valine, |eucine, phenylal anine, threonine,
al anine, proline, or serine, and wherein (a) represents serine, threonine,
al anine, or glycine. [0168]1n another enbodi nent, the scaffolds of the
i nvention conprise a BC | oop which is random zed with the foll ow ng
consensus sequence: S-X-a-X-b-X-X-X-G wherein X represents any am no acid,
wherein (a) represents proline or alanine and wherein (b) represents
al anine or glycine. In another enbodi nent, the scaffolds of the invention
conprise a BC | oop which is random zed with the foll owi ng consensus
sequence: S-P-cX-X-X-X-X-X-T-G wherein X represents any am no acid and
mhereln (c) represents prollne serlne or egC|ne In still another
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[0171] I n one enbodi nent, the scaffolds of the invention conprise an EF | oop
whi ch is random zed with the foll ow ng consensus sequence: X-b-L-X-P-X-c-X
wher ei n Xvoeprieses8s asparagi ne, aspartic acid, histidi rer/usygoiossies

i sol euci ne, valine, |eucine, phenylalanine, threonine, alanine, proline, or
serine, wherein (b) represents asparagine, |ysine, arginine, aspartic acid,
glutam c acid, or glycine, and wherein (c) represents isol eucine,

t hreoni ne, serine, valine, alanine, or glycine [0172]1n one enbodi nent, the
scaffol ds of the invention conprise an FG | oop which is random zed with the
foll ow ng consensus sequence: X-a-X-X-G X-X-X-b, wherein X represents any
am no acid, wherein (a) represents asparagi ne, threonine or |lysine, and
wherein (b) represents serine or alanine. In another enbodi nent, the
scaffol ds of the invention conprise aniPG | oop which is random zed with the
foll ow ng consensus sequence: X-X-X-X-X-X-X-X-X (X9), wherein X represents
any am no aci d. [¢mjsti | the a@motda@fde @omtyod iui®e hdrein ihdiides Ste abvhlod tad fmed he 1 nventi on
conprise an FG | 00psdinGdb shifhr olb) ABEEnZE fid\bskife chiisef Ohidl @Wip g cH@ASENSUS
sequence: X-a- X- X- X %mm&buaﬁbége%ﬁ%&ﬁhﬂmé kﬁpresents any anlno aci d,

wherein (a) repre nts as L ne eoni n in ein (b)
represents seri r{%%i E rrfm‘%iﬂesf)ngc? |SC5§°énbs lﬁ%%ere"f S he Wgng%f fol ds of

the invention conpr chfg’ldd’i"i‘ef%thF Solstaviian ropses ERABINC: 44 i & FFtatSH*é‘df ol | owi ng
CONSEeNnsuUs sequence: cofipries REQKIDFIOK4XthGC MtaPrghd SEYHBNE| 43 oX3}, dipP bgestitnd any am no
acid, and wherein (a&mpi-8BrE@DeNt &, BRI ek Sl BdypristsSE@IDINONE, tRIF bbasgdnne. [ 0173] I n

certain enbodi rrentScommgsﬁ@ﬂ)fﬁdnhﬂ&dﬁaibetal;@nddmgmeg%@@mnv@a@n@dﬂ FG | oop

which is held to be at r fhan the
cognate FG |oop of the 't E’op lsa'I’f’nl'wlnfam Occumn%m?“{ ?ﬁﬁheqég R o \&ﬁﬁp ﬂi}

uman t enasci
further random zed %?ﬁﬂnemB?Wﬁﬁwﬁmﬁ%%PF“ﬁﬁge°tﬁf?ﬁwasgﬁée?ngeenbodlnents
at | east one of | oopgwrBGH lepEone gipigp afidupsgtution prepiiay Bucysiaih &fidsrin fhe A bet a
strand conpri ses SEgtalsbnd\N@g 4de ogteind 3 SEQ PN 45t @) stdrFebaralstedmiERges 30 SEQ I D
NO 43, the C beta skpand.enamilses SEQ | D NO 44, the D beta strand

conpr i ses SEQ I %INP 46’Th£ an J'gvﬂg)@geal"rétsc!’al‘?t)rl‘!i":'i a&&éﬁﬁ!&x’a& ?e%rs%EQ ]:InB s&@blél? the F

beta strand conpri ses S ta strand
conprises SEQ I D NOf ““ g N&héeﬁgmﬁm&mg%%ﬁﬁﬁﬁéggwggéﬂl%Iﬁgpg the CD
| oop conprises SEQ WB”N@”SVCand the EF | oop conprises SEQ I D NO..39.

[0175] I n ot her s@&ki fi cThemyothmremglpigilin”ged "mdt’ caymgsesofriopsdopsclatpy of CD, and EF
are randon zed, V\hepoeajb@u&shﬁat Aanbre tdgtingdished dEche DD | Bes siBEQin &2 NGl or 42, the

B beta strand conpr i 368.ucaEQed Pl aft Jssitidd@s g(;mba@alaa@ﬁa,rdaactr @pgmprﬂlses SEQ ID

NO 44 or 45, the D het 4 ta strand
conprises SEQ ID RKEA?MWO%&SEMH%RpB m%?%d% QﬁmemHQ%m j@§?§8 49, 50,

or 51, and the G bet'd® ??%ﬁﬁyéﬁﬁﬁﬁﬁgg§“§ %?Wﬁfﬁfm5? %“e ©° BC | oop
conprises SEQ ID Ncmsﬁm“VﬁEmDEsWﬁﬁﬁméﬁﬁﬁWF§€§WQEH%¥Tﬁ%E$B%“éﬁd“the FG | oop
conpri ses SEQ | D NOn4@ antibedhr a modigd Safyt @l aokivb&Sly &bict Y1t demign CNladewdimb | y Cccurri ng
Di sul fide Bonds [ 01¢6jpl st @lhidl doyiai fin FI b3 G bub@)l £4312,0f a dh@omailVent i on may
be increased by gy dlisfggde}@;femaﬂmegamaﬁed amoéomaud@snmﬂum%%f scaf f ol ds

of the |nvent|on can of Ctermna
r egl ons. The N- and 711’[119)?1& V{thlach are alterfd suc?%mat tﬁeg arg nott n tu%lly riccurrln% te é dantg)oc{ ei 2 3. 4,

5,6, 7, 8 9, 10 of™uwEe it S PO HPPRE B8 70 P BPHE Fog BBk Prent s, the
Tn3 scaffol ds of t hes-i dayamdeletespntebedis bremighodipsh: Impliseedifih fpris wf anidpeidire {egg  an

al teration that i ncei@asesrisgeficda)hated obid @wo asnot @signd dbe diffi@regiopes | N yet
anot her enbodi ment, oft,RgycERBen$ GAfidiRdh, & R 'mbdiRd AV NEIAR mQAQBRE &€ an

addi tion, deletion tit esidue to
stablllze t he hydro%%%ﬁ%%aé%ﬁgbg'gﬂ%%m2%5%§&§&ﬂgﬁ%?%%%gﬁga%%ggéoIds of the

invention can be effectively stabilized by engi neering non- natural

di sul fide bonds. Such engi neered scaffolds can be efficiently expressed as
part of nmultimeric scaffolds. The correct formation of the disulfide bonds
and the correct folding of the engineered scaffold are evidenced by the
preservation of the biological activity of the scaffold. The fact that an
engi neered scaffold conprising non-natural disulfide bonds can bind
sinmultaneously to at |least tw targets (see, e.g., Exanple 8) or three
targets (see, e.g., Exanple 12) provides evidence that the tridi nensiona
structure of the scaffold is not significantly altered by the engi neered

di sul fide bonds and that the relative positions of the target-binding |oops
are preserved. In some enbodi ments, scaffolds of the invention 31 conprise
non-naturally occurring disulfide bonds, as described in PCT Publication
No: WD 2009/ 058379. A bioinformatics approach nay be utilized to identify
candi date positions suitable for engineering disulfide bonds. [01781ln one
enbodi ment, a Tn3 nononer scaffold of the invention conprises at | east



one, at |least two, at least three, at |least four, or at |least five
non-naturally occurring intranol ecul ar disulfide bonds. In a specific
enbodi nenwo 20he130328ent i on provi des a net hod of obt ai ni ngca/Use@166a8$ ol d
having increased stability as conpared to the third Fnlll domain of human
tenascin C conprising two, three, four, or nore engi neered intranol ecul ar

di sul fide bonds. [0179]In one enbodi nent, a Tn3 nononer scaffold of the

i nvention conprises at |east one non-naturally occurring intranol ecul ar

di sul fide bond, wherein said at |east one non-naturally occurring disulfide
bond stabilizes a nononmer scaffold. [0180]1n another enbodi ment, nultimneric
scaffolds of the invention conprise at |east one non-naturally occurring

di sul fide bond, wherein the bond is | ocated between two di stinct nononer
scaffolds in the same nmultineric scaffokd. In yet another enbodi nment,
scaffolds of the invention conprise at |east one non-naturally occurring

di sul fide bond, wheksi mtitde GeNd., iAstivbdyFagieeind) Eom@en &\Wobediedst pbgct nul ti meric
scaffolds, i.e., th@mﬂ&auhkagﬁmggpd is an internol ecul ar disul fide bond.

For exarrpl e a d[bl§i‘]” fi d vﬁ»g‘ﬂllf 1]!5”15\159‘1'1]?& nEln%Iﬂ m§a§§£ hg§me at ‘glrlchexarrpl e, two

i sol ated Tn3 mononer, s sca n i g % {1 tgrp%‘ scaffold and a

nul timeric scaffold; b‘?'fthf f‘°flT“P‘r%ra CPLRRFOI RFEY 3EEC%F 81 d and a
linker, a Tn3 scaffé‘Félm‘aﬁthlélhthFFF“ﬂ%ﬁ’éih"rlP°lybeﬁ’“dé‘S'F'ﬁ of fsgififi e g an ant i body
or fr agrrent t her eof alteinives @misteeiniye dimand gn vige bdiffli] (herurpfhalflifd mapvbent | on
conprise at | east oOB&mARN-hathdidnalal Yhid GRAIbthePGlydepitiehdmnlice eittliad in ¢ Sul f i de bond

that links a Scaffolplglsméa@lo@dammmﬁzﬁeglgng;e@r@l QEMS frzymwhfe aoagaffold and a

het er ol ogous noiety fu ited to a old, or a scaffold
and het er ol ogous noi arl;él%;:qﬂgaél %T?llm&g%ﬁmnalf 50{}’&“3 ang%fefne%mmd TR f ol d.

[0181] I n sone enbodftightis s dearrbirde ‘°6f°f ’ﬂ“‘rl‘éa@‘mfé)ﬁf”fma??ald’bﬁ’ﬁrhf"glge a disul fide
bond that forns a mAltmitrerdres §cafid dilidiioinclye rlwgdeltife. glfngdalflifa gt | east 4
or nore scaffol ds. FU8y] rdffifeaaoi hesranenbod denicy, sCcaddod thelitf Tt he | nventi on
may conprise an el oRgabhi@o frediddis NmaMGhiQkd kot pRkJIIURA] prolc8 @i, @M Bator | N ONE

enbodi e nt, t he sc afclL(QJ_l_g q&epg)t blédgg ac{nm% grrl)rth%r%e & 91 %' Jal%&w@rzlss&latrec‘\aﬁ'nhie on to

i ncrease serum hal f e, described herein. 1n yet another 32

embodi nent, the scaf°"1‘1 ?:rlg“’t ‘f the invention conprise an addition, deletion
or substitution Bfat | Baem Briesednitiersds b esrlnopd i&emiprands t he

hydr ophobi ¢ cor e of likheusictafifdipdtdthat te G488 halffifegof dpedyrtitide iemivgddinent ,
scaffol ds of the invigikinBNinGQAPHiER @tthal 68 S tref@N@ MDA @dr Ukadplk Yan OCCUr r'i Ng
i ntranol ecul ar di sumoggedWudgvgg@eqegmgd&,aecoﬁpagﬁ;c@ndglgr{sand dormai n conpri ses

SEQ I D NG 42, bet g str.and .comn Ses 3, the beta strand
conpri ses SEQ I E ﬁ% 45 i ﬁ Tffpf) rrplseéherelareérsgaﬁocs?%g‘é‘%%eﬁpkéce the E

beta strand conprisé °°§E(§a”l ﬁe’ﬁk‘?l%ai“aﬂf’lﬁ%fﬂlgmﬁeé‘t°&°r§lﬁ?g53ﬁ‘ﬂth‘°t§‘*8‘hﬁ? PEES SEQ | D

NO 49, and the G beingudsy g prdnifeststigyrdf she Sungp@ prpyeNOpiGde epQvigy] haneelh speci fi c
enbodi nent, scaff ol dsudpb, withvet limhatien tehOmockdowmds iwsless adth taeigtexperen moén- natural |y
occurring intranol egkbleakprethios Ut firki6hes @R ImiMAEL kRicApitN® th chehnd ofld and domai n

consists of SEQ ID NG éligNAstaﬂcﬂhﬁmQﬁr}oﬂof%&cﬂﬁﬂr@\s%%ﬁéo?In§re Rfpeptasd R NG 43, the C
beta strand consi st beta str 5pgonsf1 sts of SEQ I D

S I
NO 46, the E beta s ragﬁe “eggmdm £ blf"Cheg’l‘:c F’Breﬂ&? R ‘bet’a strand
consists of SEQ | D ReYadral a¥iey PERECS beta strand consi sts of SEQ I D NO 52.
[0185] I n a specilfR@ enbiydierrerion pradodf dupbeckihend nuelkie acjdngp ntriceimee 8Npr i se at
| east one non- nat upadutey byOREEpfidnREa kehd brarpolyeeid. expraiia ol @sdgmd, wher ei n
the A beta strand dopai mn&pﬂlaildstn'acl&szfeemﬂalpésytrmmp%@ hidibRé 2., t he B beta

str and COﬂSI sts essent C?\ﬁalfé or f)oﬁrge%%e Ngtran‘?glhtlo%hxgodlgcago%g a Snge[haglgn COﬂSI sts

essentially of SEQ FOB stran onsi sts®essent I al | y of SEQ
I D NO 46, the E beta strand consists essenti ally of SEQID NO 47, the F
beta strand consists essentially of SEQ ID NO 49, and the G beta strand
consists essentially of SEQ ID NGO 52. Enhanced Scaffold Stability: FG Loop
Length [0186] The i nventors have di scovered that the length of the FG | oop
plays a role in the stability of Tn3 scaffolds. In particular, Tn3

scaffol ds conprising non-naturally occurring variant FG | oops which are at
| east one am no acid shorter than that found in the FGloop of an FO are
shown to have enhanced stability. In certain enbodi nents, scaffolds of the
i nvention conprise a non-naturally occurring variant FG | oop which is at

| east one amino acid residue shorter than the FG |oop of the third Fnlll
dormai n of human tenascin C. [0187]In a specific enbodinent, the stability
of a Tn3 scaffold is enhanced by deletion of at |east one amno acid in the
FO | oop. In another enbodinent, the stability of a Tn3




33 scaffold can be enhanced by deletion of at least 1, or at |east 2, or at
| east 3, or at least 4, or at least 5 or at least 6, or at |least 7, or at
| east 8, wo2at1/13ems8t 9, or at |east 10 am no acids in treTRG20100p2188t iS
specifically contenplated that the stabilized Tn3 scaffold can conprise at
| east one non-naturally occurring disulfide bond. [0188]In certain

enbodi nents, the Tn3 scaffold variant also conprises at | east one |oop,
(i.e., AB, BC, CD, DE, EF, and/or FG that has been random zed for |ength
and/ or sequence. It is specifically contenplated that the Tn3 scaffold
variant may conprise at | east one non-naturally occurring disulfide bond.
[0189] I n certain enbodinents, a Tn3 scaffold variant conprises an FG | oop
which is:at |east one, or at least two, or at least 3, or at |east 4, or at
| east 5, or at least 6, or at least 7, 19or at least 8, or at least 9, or at
| east 10 am no acid residues shorter than the FG |oop of a wld type Tn3
scaf fol d, wherein t Bgosjiadn, s addfiad & lipi@,rabsaotion fwitk btltegrotEORLils, 9BSold@t | east one
am no acid substi tuglgapd?e anPhali ity I\/Easuremant s [0190] The increase in
stability of thq abi d.calll .scaffol the invention,  isolated or

fhz ?rmf ]yec or CX&I‘CSSI% VEC OI' is uSTd €in to mean vi atOI'Bu skd in

as part of a rrultl ric sca e readi y nmeasured Dy t'echni gues

wel | known in the aPforsqEH ﬂ%ﬁreie‘ﬁé‘?’?i‘éf’f‘ TR AN AU O SP FERAL ur at i on
(such as treatnent dbithepresien pregpct ades et nés gayn g jhose giilist @asat.tsykat ment (such
as treatnent with tkheomwhsasiy b)sdetd tunotchen ansitinad gleplde dhappevihesdeal ogy t o
determ ne protein staldsdst ¥ genfralCRER BRRIMG ME the BMineMeRbn §i@ chipiisgies used to

measure protein stajolg,} r}{aﬂ&a!i}p@p%ati Qé&[@ﬂm s1fe«9t£ rENARIE, bihe alHHi LML Protocol s

in Ml ecul ar Bi ol og;ld% 2 ahi toenteragl/or I?t ocol s |n Pr %el n Science" by John

Wl ey and Sons. 200 P ST IS POTEIPERE S Pect of the present
i nvention provi d8& nul t e chog cfFt BRade eBhhrti ePhigesr uEEst tiRd Tn3 nononer
scaf fol ds of the i nrembipgnDyitradues prdt @erdiemt 1Setche rplesiPmererdue Seaf f ol ds can

be assenbled in nul Heisoﬁﬂ)tﬁnsfoﬂjﬁrﬁ&'ﬁes for Ih&is@msrof @nfpeiismrtst ftohaecddbdariDNOMer
scaffol ds are assenpligde lefhs cunafar-celf&ﬁwséusyah@;c%geabnyno (Qltota%s Sadedi ments the
scaffolds are assenpll gxﬁresswn Pgd@p%é?sdn Oc'ie%t Fec&é% o%_brwge ge cho %of 312 I'n a

speci fic aspect, the tineri wherei n at

| east two Tn3 scaff 8‘1"’85§‘°nd’f°8“cbf8ﬁ‘ﬁ}§cielé“dm?a?f etthﬁrrfﬁfévﬁ‘ly \?i’”éSp%P ‘B@‘b‘f@ﬁée"ﬁ inker. In
some enbodi ment's, a“THSersEaTesiqulfn coptrgingpfh thy pedipp ed theguspegded fefip| ds of t he

i nvention bi nds @121 TRAI Tke &2; "tedi@r ‘Geegned’ =8 esegidirein 3o Wbatkholtdrdimeds t 0 a
different target, t hepeayacElOrRRetaid ntaag:s, Rkrdin dRloBect iU v BRSIow &R/ or to the
sane target, therebuesge,ﬁ%%ﬁﬁgnghgphm% l&ahﬁ,@@xr aeHeOh a;mug{ t¥n Qf wf ar get

bi ndi ng, other acti oro f the df Dhe increase
in val ency and/or aV g(fsf ca)'? en mul tiple
scaf fol ds bind to tH@“d§é’W€‘fetI%§3P b“éiﬁd enelegtia o ﬁ’%ﬂ?%ré‘ﬁf‘@me‘itﬁée"feﬁd’f ease in
val ency i nproves a dpesisthilgedded. ingrvopmingyete hdiget delaype Hovaes of diespseasi ng t he
di meri zati on of a t abgeion phdibr@iomor pliBHbE &tte Riscase 84p@d khisioebdeipirant , t he

mul timeric scaffol do@fanlvaénet SVRBE b:QR&@IPr | Ses at | east two Tn3 scaffol ds

of the invention, lgo?ngewgna D BAROR I HOSHEL, SA60 L T0Da20 A1 ,tpg%}eg bi nds  at

I{ameOéyt SBﬁlC OIdCOI’ﬁlthD ene 101a1 or gilrﬂ cEmcal Ies

| east one target ereln.each Tn3 sca np urallty of
beta strands Ilnkedwpgag‘ﬁFU?QFWWVﬁ%f ?“6““r§mwym‘ %ﬁé&ew?ﬁ | east one
| oop is a non- naturéfWV“@EE&P?Fﬁ@“ﬁ&?@&ﬁPmﬁﬁmFH@“E@@hgﬁémFUBB“Fn awld
type Tn3 donai n. Mintvhigglicicgdiia ndiermicSeabdpelated. [ 0193] | n one enbodi nent, the
mul timeric scaf fl@mbgls of Tt s i'stbean tihddfiual ORIk, S'PatitidOor "dahm@Ercferfiddy , five, sSiX,
ei ght or nore Tn3 mm%grpa&m inglaldé pmcm;ﬂl;:@mwaﬁaﬂtsabm for kvnonsaaag;%me nbodi ment s
sone of the Tn3 ITDI’]OITEI’ISSC%I_a 1S esn’ecﬁq\demm %Ccts 1nc1udeq1umans rqlc 1malsxyet anot her
embodi nent, some of "the Th3 Rononer sca s’'are connected 1n tandem and
sonme of the Tn3 nononer scaffolds are not connected in tandem In a
specific enbodinment, the nultinmeric scaffolds of the invention conprise
two, or three, or four, or five, or six, or seven, or eight, or nine, or
ten, or nore scaffolds of the invention connected in tandem (see, e.g.,
FIG 1 and FIG 2). [0194]1n one enbodinent, the nmultimeric scaffolds are
generated through coval ent bindi ng between Tn3 nonomer scaffolds, for
exanple, by directly linking the Tn3 scaffolds, or by the inclusion of a
linker, e.g., a peptide linker. In particular exanples, covalently bonded
scaffol ds are generated by constructing fusion genes that encode the
nmononeric Tn3 scaffolds or, alternatively, by engineering codons for
cysteine residues into nononer Tn3 scaffolds and all ow ng disul fide bond
formation to occur between the expression products. [0195]1n one

enbodi ment, the nmultineric scaffolds of the invention conprise at |east




two Tn3 scaffolds that are connected directly to each other w thout any
additional intervening am no acids. In another enbodinent, the nultineric
scaf f ol dswof2otinso32aventi on conprise at | east two Tn3 scatiraisds 1tobass ar e
connected in tandemvia a linker, 35 e.g., a peptide linker. In a specific
enbodi ment, the multineric scaffolds of the invention conprise at |east two
Tn3 scaffolds that are connected in tandemvia a peptide |inker, wherein
the peptide |inker conprises 1 to about 1000, or 1 to about 500, or 1 to
about 250, or 1 to about 100, or 1 to about 50, or 1 to about 25, am no
acids. In a specific enbodinment, the nmultinmeric scaffolds of the invention
conprise at least two Tn3 scaffolds that are connected in tandemvia a
peptide linker, wherein the peptide |inker conprises 1 to about 20, or Ito
about 15, or Ito about 10, or 1 to aboub 5, am no acids. [0196] In a
specific enbodinment, the nultineric scaffolds of the invention conprise at

| east two Tn3 scaf f etsimbil aid z@rseort€ e etbaauch A ddgd o aimed pigs, @bbiksirnker , e. ., a
peptide |inker, whepRl Rrdd@ud ihkelisdos. @ functional noiety. The functional

moi ety will be %ﬁ%ﬁCt edpDaseds AN L6 dash L& LANGE Ak, ARFRTRAL
characteristics of the .4|nﬁkf0t§qaffold. ﬁ@gtfgaqugh artmngtlonal

moi ety useful for plfi'PTEatHEoR ey PERmE P AT PRGY Y B Used as a

| i nker. Functional pdiietipesempedp [falgsceptqr prdpsdheilRdl-faecriut are not linmited
t o, pol yet hyl endoigdlycol Thé PESITRAR. RS dr GIRAKI RS rageritre wed intgdiingmtbcieride, 1 magi ng
agent, biotin, a di wBirzahd QN leAONRAN, reckhbi B RE ind Bahllk, Rkiteulaf HRA) or an FcRn
bi ndi ng portion theggafy ndedRBRb@ih shéidd VRN scife, Fs ARSI ROFWm & Si NGl e
chaln antibody, a domeln.anhh09fieAlab L Byl NAL G LOBD pufn | 9G

nol ecul e, an enzyme, "a | dand, “a I e ﬁ or, a in gept 5162 non- Tn3
scaffold, an epitop8°t a§O%31Phc B HGAt WSF’?ﬁsé’ptW%pégzﬁ b yWBY I8 cyt oki ne,
and the |ike. Speci 088 46&ptaiddéO%/] 1AN eemsatan i fum Siol-GaRIa P BtYasgk whi ch may be
used as linkers areedi . ssBogeth:5paab18a (1997} OL &4 . Natre Sowmies, @n30UB RNt s, t he

mul tinmeric Tn3 scaf kQlednGOd Ml 1inSE R AL redeRASelued-Ware FaBbiSE kAl Asesdohat ar e
connected via one o 8 td k&l i$3 mherein the |inkers interposed between
each Tn3 scaffold can be the linkers or different linkers, In sone
enbodi nents, a I'hker égﬁw%bTégﬁgﬁﬁﬁﬁ???ﬁféyﬁﬁdwgégﬂQﬁ%%ﬁﬁ%%ﬁdbe the sane
| i nker or different "Fidaieayrolecuieihaippiigly & Afhtaheprentigulapaivas §F Grafity of

| i nkers are concat ebigiberd actigiteye! TRAIaR? antl higlodichliyleesivesvadsatn thiyeot, fApfet it onal

noi eties. Miltinmeri GuaeahiokbdmiBis Bidich GolGicaliagikilic® iadde ypoftddid 88 4 hsome

enbodi nents, the nu'fut'ﬂilem@;roiteq in-l;ﬁl?ﬁteﬁ&@:fgngéoﬁlst %Wtio§ﬁ a%ﬂ;e&fo; iQiirgsmequ@t are

speci fic for TRAIL BE-ndll QURRL SIRPUIRILS ndlbt b LI & kel ds of the
i nvention conprise sca??%?ﬂs that are s echlc for different epitopes,

whi ch can be diff er SifteErEEIaT B HHRAFL RO Y O/ "M 1o Snt 'Y get s.
[0199] I n a specifi coenbsderdRall RE presptpppitng ptheg frigets. 3o go#P PO d“ch bi nd two or
nore different epit epesfifedge e TRONRDALEH faasppicepyr ;etpyitbropasy! romudifse sane TRAI L
R2 nol ecul e. in 3§ anotrRer - speif hoGppibaetin®B Aligand de il botohd @ mble TN3
scaffold can bind t \f'QAIQ Feceg;QrE, %clﬁuing fn%{n? _ﬁi asq’_gil Ls%BﬁécamctiI% ILentBaereo_%. n yet

anot her specific enhodi nent he multinmerjc In3 scaff nd two or
nore different epiPg%%%m%W’QﬁQJTQKFfmﬁ%E%%85%%%%?f%ﬁ%ﬁ%§fg%?ﬁgﬁat | east one
epi t ope on one or nFREGI EREES Pkfy B hint BRG] BsrP LEig Pouait her

speci fi c enbodi ment abogt haming hofdirevigyes, or aPp3 tozbarf 26.0f Aovt Bite P iepidiest webphe sane
epitope on a TRAI L R aicites amidonciyeddua it TRaIL @eriopidk s@ete, Ophvealyyttbt i meri ¢ Tn3
scaffol d can bind t grA iR bRsisB B b AR AR5 Binola8BrSitaud: ¥R, 5RAL, 15327, ol ecul es.
In certain embodinents, the n é#ﬁ@pric Tn3 scaffold can bind the sane
epitope on two or nore copies of the TRAIL R2 nol ecule on an adjacent cel
surface. In some enbodi nents, the nultineric Tn3 scaffold can bind to the
sane epitope or different epitopes on TRAIL R2 or on different targets with
the sanme or different binding affinities and/or avidities. [0200]1n anot her
enbodi nent, the nononmer scaffolds in a nultinmeric Tn3 scaffold can bind to
epi topes on one or nore copies of TRAIL R2 according to a specific binding
pattern designed to achi eve or enhance (e.g., synergistically) a desired
action on the target, e.g., target dinerization. For exanple, the Tn3
scaffolds in a linear multineric scaffold can bind to a single TRAIL R2 or
to multiple TRAIL R2 according to a certain pattern, e.g., Tn3 scaffolds in
a 6 nodule linear nultivalent scaffold can bind to two TRAIL R2 targets A
and B according to an AAABBB pattern, an AABBAA pattern, an ABABAB pattern,
an AAAABB pattern, etc.; to three targets according to an AABBCC pattern,
an ABCABC pattern, and ABCCBA pattern, etc.; to four targets according to
an ABCDDA patterns, ABCADA pattern, etc.; etc. In addition, when a

mul tinmeric scaffold of the invention conprises a plurality of engi neered
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[ 0202] The invention further provides nultineric Tn3 scaffolds conprising at
| east two Tn3 nononer scaffolds, wherein at | east one Tn3 nononer scaffold
may be fuwedotioizes2Bet er ol ogous noiety. In this context trhe/Usetiensiisgous
noiety is not used to |link the scaffolds as a spacer but nmay provide
additional functionality to the nultimeric Tn3 scaffold. For exanple, in
sone enbodi nents, a nultinmeric Tn3 scaffold that binds TRAIL R2 nay be
fused to a cytotoxic agent to facilitate target specific cell killing. In
sonme enbodi nents, a heterol ogous noiety can function as a |inker. [0203] The
present invention enconpasses the use of nmultimeric Tn3 scaffol ds
conjugated or fused to one or nore heterol ogous noieties, including but not
limted to, peptides, polypeptides, proteins, fusion proteins, nucleic acid
nol ecul es, small nolecules, mnetic agents, synthetic drugs, inorganic

nol ecul es, and organi c nol ecul es. The present invention enconpasses the use
of nultinmeric Tndssscaf fiateiss wepenhinnapbby «diused il ine hediseakldyefconj ugat ed to

a heterol ogous prot gi r@eﬁy Qqénmaﬁgﬂndfecemeatﬁ  AGHRR thaliNGH80 beconi@Ry Ugat i ON
i ncl udes both coval nt aharacprbspc c%l a sell}}:lu ntjnéjggtm}o?g’toplllsg l&?ﬁasgpb()dl ments, a

nul tineric Tn3 scaffold c use or chem cal v con o a

pol ypepti de of at | @%{"mfﬁc“’“ﬁ‘t segmenialipn ob e nuggus. fiegradafi nﬁ% rOJ&‘Fg'I east” 40, at |east
50, at |east 60, at lofsefmipehmgrial fyctiondhis petigipean beydetprpigedpndgresurgipsineersls 1 100, at

| east 200, at | east kg@0yrt @adthodsefrs tustb@0py @it vialtilitl @ast FAGOBahaimeneNAaci ds) to
generate fusion proli@idresid Ao bnexid W SheREhiadn oCIINN, &t aiikas d0dionadf Mul ti meric
Tn3 scaffold to Oneen@Jpla%r x@ucﬁﬁﬁ %Elpl'ref'gxggl{algbn mh/&tﬂ)rﬁ§101p @inm%ralgl el 1.€.,

wi thout a linker in between a Tn3 scaffold and a heterol ogous

noi ety, or via one i nker sequences described herein. |In sone
enbodi ments, scaffofds, gan be used to target heterol ogous polypeptides to
particul ar ceII types, elther invitro or in vivo, by fusing or conjugating
the Tn3 scaffol d¥310 ah@fB@@%@%ﬂ@bé@#ﬂk@Wﬁ@ﬂmﬂaﬁkﬂé@Fﬁﬂm%%ﬁﬁmﬁnrface
receptors in the taggeind @ehilssy intGeshitr &Sh dodBn. ThAde knstés:s, it Wbl also Wdwoie Tn3
scaffolds fused or %Qﬂh@@@i@ﬂ%ﬁ®Rh@h@mokﬁggy@upﬂmﬁpepmbﬂg$mcﬁm,also be used

N Vitro i munoazsays AAY LiEAThORR! Qlogactmragmmtmg known i n

the art. See e.g., ternati onal Eur opean
Patent No. EP 439, o@%"”%ﬁ%?ﬁfﬁ%‘“%f‘“glmg@n#%ﬁ%ﬁ& ‘et “i? “‘@S “°§§“ 1994; U.S.
Pat. No. 5,474, 981; ®eyidit jigng Eirthes| TRATERIARIUEY -apoposs- s cospgyznd Uhd Fel | et
al ., J. | mmunol . 146m@ﬂﬂ6a@#@@Mwmgngm%ﬁFUNW&WGﬂWﬁ@@ppdﬁﬁtédﬁﬁw reference
in their entiretie89n[0205]ln sonme enbodi nents, the nultineric Tn3

scaffol ds can b tegrﬁ@ncﬁl sWeJalhypt:skb? mn éxmﬂ&lﬂﬁmgmwmé usi ng or

Conl ugatl ng a Scaf 1s recepfor appear: r1mar1 ro domal,n IC 91 i ncl udi ng,
but not limted to, %{ﬁmm4 §9 ﬁ S(’egﬁm% Pa %t S cns“%hﬁk% %hrough the N

or C-terninus. SlﬁlWﬁ?PVwmﬁh‘&§P§nwﬁ§?méﬁwméa@@ﬁ?fﬁﬂﬁ gﬁﬁtﬁfgﬁﬁplenent
protein, such as Cf teosfepatonde orrggsnds fueh 2 MpyyatRac@pies! o ACpEstehi-Pdt ween a
mul timeric Tn3 scaf faalgl Neseeby qr G0 Xaer CRaenl 6k8921T @I04DOTRYHeRA fsi feakdly destr oy
cell's that carry a pakddi6ituidh ARt LIOBR %1 d@SRkinked herein. [0206] Vari ous

pUbl i cations deﬁtﬁlgd be nﬁl& Hggl§1n\tegiiz)n ;chi@s'a@elnﬂgof@@éﬁ%in& chlnzgtg'cllll' ycaﬁfﬁg ive
nol ecul es whose

alf-live blndlng
pol ypeptide into th%mﬁﬁrﬁemi%%MQQQmL@t°T %;%QJQ?T%§3%%MRUS wﬁ%
5,869, 046; U.S. Pat herefgnay 5 uspdyty dl@EBdeﬁl\?@%‘r@?éf?%al"g&ﬁH ﬂ’@\ﬁme‘if?‘fi%zfazea) by
fusing the nol ecul esetewitidg repivdsi 3RS f anpodely FaRpidbicsiai Fgsedfosi rvt es are
preserved but affi Nibjk®s wotddomBdibheF redrbted ROERLt OB rala Bivedinlreet ogsieat | y reduced

(see, e.g., WO 99/ 43713 kiwdr Y JudShROrmt REcBlLeWl@DieiMnd Mulks&imc bi ndi ng
dormai ns of antibodi secgffogscnpe%lﬂgb ghn%%o%lg% an?é@ger nH? (s, !Dat No. 4,703, 039)

Speci fi c techni ques an I ncreasl ng -life of physiologically
active nol ecules can also be found in U S. Patent No. 7,083, 784.
Specifically, it is contenplated that the nultineric Tn3 scaffolds can be
fused to an Fe region froman 1gG wherein the Fc region conprises anm no
acid residue nmutations M52Y/ S254T/ T256E or 11433K1N434F/ Y436H, wherein
am no acid positions are designated according to the Kabat nunbering
schema. In sone enbodi nents, the half life of the multimeric Tn3 scaffold
can be increased by genetically fusing the multivalent Tn3 scaffold with an
intrinsically unstructured reconbi nant pol ypeptide (e.g., an XTENTm

pol ypeptide) or by conjugation with pol yethylene glycol (PEG. [0207]In
sonme enbodi nents, the nmultineric Tn3 scaffold can be fused wth nol ecul es
that increase or extend in vivo or serumhalf life. In sonme enbodi nents,
the scaffold can be fused or conjugated with al bum n, such as human serum
al bumin (USA), a neonatal 39 Fe receptor (FeRn) binding fragnment thereof,
PEG, polysaccharldes anti bodi es, conplenent heanIobln a blndlng
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(e.g., generate scaffolds with higher affinities and | ower dissociation
rates, or scaffold with increased ability to dinerize TRAIL R2). Tn3
scaf f ol dswoayiibomBt ered by random nut agenesi s by error PprarseoiP@s188 andom
nucl eoti de insertion, or other nethods prior to reconbination. One or nore
portions of a pol ynucleotide encoding a scaffold, which bind to a specific
target may be reconbined with one or nore conponents, notifs, sections,
parts, donmins, fragnents, etc. of one or nore heterol ogous nol ecul es.

Anti body-1like Miultinmeric Scaffolds [0211]In sonme enbodi nents, the

mul timeric scaffold of the invention conprise at |east two Tn3 scaffol ds,
wherein at | east one Tn3 scaffold is fused to a domain or fragnment of an
anti body (e.g., an 1gGQ, including but not limted to an intact anti body,
an anti body 40 variable domain, a CHldomain, a Ckappa donmain, a O anbda
domain, an Fc domain, a CH2, or a CH3 domain. [0212]In sone enbodi nents, a
Tn3 scaffol d caneilng f usedpetif: @nbelig¥md, fhe Giivertisnagivaet TRafL-Raspind biledy. The
donmin or f ragnent Qﬁlchae& Q}Eﬁll'ﬂ%enﬁr@&m@ll&fa&n@ecfete&ﬁhhal@éﬁﬁﬁp toh%loxﬂtvringi ty and/ or

affinity of the nul tiner scgaf fol.d, By..Rr Aw;.eﬁrUXAEtahe Fc
domai n descri bed be?seases’ bt |Er;?lgrqlt§ae| %n grq ﬂ%}p&?ﬁé 'Jor] n whi ch

facilitates the for ﬂ’ﬁ“ﬁc BIPld“‘éfcafF?Hf ¥ RBYTE &Y “é"‘lf"f tt8‘] ﬂ?:féreaéﬁ‘femf’#fgm“h“/‘g??kl on.

Furt hernore, the doreederrells exrfers ARMERE: Ingpmegpbodimerstrandsrs rees Heltdg PEAe Pt enhance t he
scaffol d' s action ohmitehen, tiag g@ter, en-HodgkinyOynphakf pveriae minkey odibmreandezi Nng or

nul timerizing a tar g@kecta kfad fhdddicSQ0® aREIRFE BRIGHS The @Rdniion AREroRLk t | Meri c Tn3
tandem scaf fol d conpgg.g o@gm% mpscamai mgme N1 aop%lamm aagg,;b&qnegrmefhm ed to a
dormai n or fragnent qf jmeric tandem
scaffold can be fus@ domai n or
fragnent of an ant|Bﬁﬂvlfﬁmﬁmq‘ﬁ?%@%ﬁ?“%%&ﬁﬂ“ fan mTTﬁﬁt chain of an

anti body). | n sdéll enbod rreffetds of trpidventiomenre neultimier3 sestiddh Paylpibipe apnemasie eat ed by
fusi ng or conjugati Refolrived froffbieéhird MBI ®oaf df Blndsterbsoin tHewlNh itgadonus and/ or
the CGtermnus a pOLeMQﬁP:Iu& dc%url(ﬂlfg iRk REGRE BsuBile fohAGEBIaL en@iﬁeex@cﬂ TNt body (e. g.,

a heavy chain and/ Orcaﬁ%ld% rhakg Q@Iﬂg rglﬁtlm@rﬂ: s%%lldsb S}dt){e 1nlfe|;1t1o§ Q%Cﬂ? nfg@ di ments,

sone or all the Tn3 sca fused gonal di%tgng gf an antlbody
are identical. In sSﬁ@mﬁﬁﬁé?“%ﬁ%%d?WEﬁ? inding SRl GFTE HE TH3 ™8 caf f ol ds
fused to a domain omoPPe s rfins dnungiedl peerjesalien tif P ekt ot P59 14] I n some
enbodi nents, the tandemifingicseadldof tksinvagiethrd asengpish @rhgh ealeagqy maindipody- | | ke
mul tival ent Tn3 SC&RBBMQe@ﬁﬂm@@ﬁbﬂkﬁmhﬁ&ﬂ&&ﬁﬂeﬂ&mﬂ&km&hs$ﬂ3mnﬁdu|eS. I n

ot her enmbodi nents, Fen&eﬁf}@feegehm& el Qhals sHsRe amffgﬁnﬁﬁ alr&ndth

ant i body-1Ii ke nU|t|¥1mrmmama§Memmmmﬁmg gan contain a different nunber of
Tn3 nodul es. For exanpi { N3 scaffold can be formed, e. g.,
by fusing a I|néﬂf”forHﬁﬂmfﬂ¥?éW§P§ﬁPwW%§h@%ﬁ??bﬁﬁﬁﬁbwé b posi ti on, or
by fusing one Tn3 netrrel: fobicaffiyledn s thhieropersif eansgpet @ pdd lingertesi P i ¢ | i near
format Tn3 scaf f ol dtt eo@fat MEror PoiBhdit B, scalisldsbyg afserdien @ couydx dianvied i ¢ Tn3
linear format scaff QlsestQ, hM@mﬂ&&&ﬁﬁ&ahuﬂpﬁ&&m£M§) or by fusing 4 Tn3
monormer scaf f ol dg,; eac hNa%%nlﬁ Bt %nssghcﬁgsﬂ% 1R R ofm%lfﬁueam gndﬁlpem fic

enbodi nent, multinmeric T e.lnventi 'S our
mul timeric |inear Tﬁaét néag)gf f) Orlatdral OCCULTIN, tn%lt aoma S contaln 10 leu%f((ie lrr}l)c{s [ 1%(6') f an

anti body wherein ea@ﬁ“ﬁﬂ”@?ﬁ@PWEWPFH@%F”FW3%§%§F?B¢ﬁW%H ?W§@§Stmo Tn3
nononer scaffol ds t hektof apten eorracieiditaiion of tarebdng wiogingor|piofikier ofpft G 1) . I n
ot her enbodi nents, mudtibrhiREcing ard Eidimortdteus@ad. f ksl Sele@fiout Hiects ar\vaBND KON conpri se
at |east one, at | € Bhshrect Matlo@tof 1Lt§iﬁ§$cul£r RuEBmairPdndidr %@e%t)maﬁlpdtﬁﬂﬁdea)gndJ east five,

at |east si x, at ! ea%}or tI'lse mcorr ct 9)1'(11 on ofl 1r$enn Iiecu?ar (gsulg'deb anOV%CEI regult m nccmé tt imeric Tn3
scaffol ds of the inVvention fuse onmal n or ?ragnen of an anti body.

[ 0216] I n one specific enbodi nment, a tetravalent Tn3 scaffold can be
generated by fusing one Tn3 scaffold to the N-term nus of each of the |ight
chains and heavy chains of a domain or fragnent of an anti body (see, e.g.,
A9 construct in FIG 2).

he 1nve tlﬁnn ar?\lllsff}{l in the d«g)lep o]p O?QIC %flowmépfl]. es? e(fsm(g}:n




[0217] An anti body-1like format nultival ent Tn3 scaffold can be generated by
fusing any conbination of Tri 3 scaffolds to a domain or fragnent of an

ant i body wo 20mdi3b32ed anti body. Exanpl es of nodified antiPpbodises lioszmiBgide
domai n del eted anti bodi es, m ni bodies (see, e.g., U S. Patent No.
5,837,821), tetraval ent m ni bodi es, tetraval ent antibodies (see, e.qg.,

Col oma & Morrison, Nature Bioteclnol. 15:159-163, 1997; PCT Publication No.
WO 95/09917), thermally stabilized anti bodi es, humani zed anti bodi es, etc.
[0218] Each of the linear Tn3 scaffolds of the invention used to generate an
anti body-like multivalent Tn3 scaffold according to FIG 1 can contain the
sanme linkers and linker distributions, or different |linkers and different

| i nker distributions. Fc-Fusion Miultineric Scaffolds [0219]1n sone

enbodi ments, a nmultimeric Tn3 scaffol d.ef the invention conprises a
plurality of nmonomeric or multimeric Tn3 scaffolds connected to an Fe

domai n. The fusion ebtifforids. t Thae kifetts AN@EnS0ahEGikiad ok deh@mbenyf @RtiheOn t 0 an

anti body fragment cgﬁplrpyoging(gnaﬁns]ﬁ@easgtpnal n further enhances the avidity

and/ or activi ty (ﬂf the Prnﬁl %mlgm aI hnear multlmerlc sca%qg f (rrgfllﬁrgmg ymBrt}%VlIn Is%k@‘

di meri zation do tion dinmers of the

mul timeric Tn3 scaf f359d%N0[ BZ‘?@‘]‘ F%mlgé%%VSt%%ﬂﬁF AL pdy?f?ﬂ ¥R ul ti meri c
Tn3 scaffold i s fusedetp e exdentpgi sbodiment,n grieady-ikp eongpbERIPITERt . nul ti meric
Tn3 scaffol ds of thensimiuenivhean sgOnpnidge atk Wgednale® heaw chaios ald¥8o Béat f ol ds f used
to an Fe domai n whel@kdto @&Qiaht Mdind, Wbl doprifd Seyfi&dd Jlsaibdedaasr@midsﬁ&tt WO Oor nore

Tn3 scaffolds that gpe nggtﬁ&l%h@scgﬂﬁs Of nIRLeLnt! ihAKET Suck B Rose 1) - I'n one
speci fic enbodi nment, mng rr%;l time f stucfe dormai n are

caf.f ol
linear format scaff 00[11 Qrfi ﬁiar 'llng;modnles compn]slng suci':nI rr%nfbca fec sEeinesm% near
format Tn3 scaffol dé‘mﬁﬁﬁ"rﬁi"ip@i“h ldt“\?\ﬁ"t*l" ‘EFBIFPh]fnPféve‘f ﬁab‘ﬂl%iﬁﬂietﬁ*%eh?“é“nF used to an
Fe domain to yield acmtitstrhameqmpeed PriBir spafieobdmesi t h a val ency of 4 (see,
e.g., A7 construymssii n Pk Tad)scaftblls can@tilione @ peeicfiginteree AROTe blRgs pret WO 42
linear format scaff Qldsied LRGN AGBEmBmerdcHEMUC ANy ShaNGonbrb fcatfid S1EONONMET
Scaf f Ol dS are f usedco%rg%:tl}arr‘tamlng 1t99ﬂ§%£}ec gtyyiﬁde‘i}ﬁ%tyaagwm IESIﬁHElI(’)I‘IaI%IO eQ.i%s Scaf f Ol d

with a val ency of 8 struct ]]In sone
embodi ments, the Tn¥ Y8%pr 'g"é“’“?eh%sé?ﬁf"lfis % ?‘?%ablﬁ(?f ta?ﬂlf‘ﬁ Stﬁb n%) "'s® t he sane
nunber of Tn3 nodul ety fidd prEmegnedelisment s, the Tn3 scaffol ds fused to the
Fe domai n conpriigesia di Af @raeme ofikendyimerio feaffbldSof i tlvehties is thbireb§ig weving nbodi nent s,
the Tn3 scaffol ds f wsREpNE Dichd e g ® bEOIFRI MuiBIOFVHEs 90 sihdtlarGamprikihdrker s. I n

ot her enbodi nent S, L.Qr%lel- g‘pe%l%ftlLlQJalgés (.Euf)rl§1%gg R%uﬂl&@e 1Fﬁes Q&@&nﬂhfm rise

dl fi erent i nker S ts one tar e{’reor (eggm 1nlgr{emut1pe epltolﬁfon mlﬂtlplergi!l ! IﬂI;YEI’ i ¢ Tn3

scaffolds of the |nveurr11 1on Se Tof F€ domain

mut at i ons whi ch favt??re"‘f“ﬁé“‘f‘té&r matl on of heter od| mers. It is known in the art
that variants off0i¢he Felnpddiinghue 1 e fpxibilitapfith prultrecrighcaolisand te iy and/ or

addi ti ons and/ or debetiinne)diserhignee matipldinhhdabsh vefifkes tho mulfnenctnd on of t he
anti body and can al t&fidt REcaRhASBRERKS Rk Grgh BRI oh € Surtfc@ cher @b T - 11 fe) of
the anti body. Thus, sathefﬁQJfécé‘ér%dl‘ﬁﬁ@a c?lﬁsfiﬁﬁcteé the multispecific Tn3 scaffolds

of the invention conpri Fl el nf s d , rise an altgretrg]d Fe region
in which one or Hdfe alt°érgt rtf%‘“ﬁé\/e Pfé Sﬁnuﬁgﬁ(ﬁ“yw "the"Fe fegion in order
to change functi onaMupry GHOBTPARHEEHRT Feteived e oyl Pét’l‘wai’sh“émr‘ml tinetic
Tn3 scaffol d. [ 0224]uktrecepwrs arf s@ll frfrosnbindtchipstirfatehi@eptyts prosupte edly. axordind t he Fe
regi on can be nodi f gl mbigutsRckieasenaie decr ease ef fector function and/ or
anti-infl ammat OI’ M4%Ct I Vl*r&rr)’pno gg{e%a galo‘{FnIﬂ &mQBQaIQWQQ@hmEtseeK 1h%e Fe r egl ons

Of t he mJl t I er I c Fé%%fs Sug%gl%tg) thesehoogs arén Qr%cllaHo 113%19 ngee or%xaﬁai;l)let er ed

gl ycosyl ati on of am % toxi c and/ or
anti-inflammatory pf %‘E’Plt“?“é*’sN‘)ofN OB O3t FW’F?‘?’E ‘%?&“F‘PBY‘@%TH KIS meri c
Scaf fol d Topol ogi es [0225].-One skilled in the art woul d appreciate that
mul tinmeric scaffolds discussed above,




in FIG 1 and FIG 2, and throughout the specification are just
illustrative exanples. The construct topologies or formats shown in FIG 1
and FI G Wwoi2biwisbzat e that in sone enbodi nents the scaf Polras2aifi/osiies
invention are fused to the NNterm ni of the constituent pol ypeptides of Fe
domai ns and anti bodi es. The scaffol ds of the invention can be fused to the
C-term nus of the Fe domains, antibody |ight chains, and anti body heavy
chains in any suitable spatial arrangenent. For exanple, an sone

enbodi nents a tetraval ent scaffold can be created by fusing an Fnll|
nononer scaffold to the N-term nus of each heavy chain and an Fnlll nononer
scaffold to the Cterm nus domain of each light chain 43 of an anti body,
by fusing an Fnlll nononmer scaffold to the N-term nus of each |ight chain
and an Fnlll nononmer scaffold to the Cyierm nus of each heavy chain of an
anti body, or by fusing an Fnlll nononer scaffold to the N-term nus of each
heavy chain and an fekihd ihprévenamey, we@ad-f @ hfinda@d dedpencdNut veicidoiipise :0FG each | i ght

chain of an antibody,, thgme{er @ngmg(tetofmat&rkspmﬁg%@ag dekne BEAHfQk ds can be
fused to full | engt antenasym 8‘ r&g{gj cen obsg\iectl theg Pmrkemilgﬁheggp Fqs esupsgnamugatgd variabl e

regi ons and constan %Oéd onmer and/ or

nul ti mer scaffolds E‘}iﬁca q“’lﬁéaé&“’?ai‘fd f‘?bUPic(é’f‘Sé"denﬂyeﬁ\?tf}"r RYY "BF’e gt chai ns
conpri sing only congtvlstvarieagpl hnwild(ge Tngscaffold SEQIIKRNG: Y ehavkg ingrepprd preteit shown i n
FIG 2). [0226] Mul téawmsi c Tn3 scaffol ds can be created by using the formats
shown in FIG 1 @s)bui liflichgh HhQGlkss, o Fimo@MaRli of i Bvaanh thady-h i ke and Fc

fusion formats are ophi ﬁmg Q%m(,cempud% MRRLITRLEY o6 ofRIRL TnS
nodul es. Accordi ngl neric Tn3

mu
scaffol ds formats cHA¥] 5‘6‘53 I:E\S 313 g domf‘r‘{")f’fnh“’ﬁa”i“ﬁcéggﬁ’ﬁ)%d‘as antFEk’"pcks shown in
FIG 1. [0227]FIGsS. ®hahd a@lnwlw‘idvl?neigfhﬁ Bresent t“Y‘f&t"“ Py ides diprare %“ﬁﬁtﬁ?ﬁf ments the
mul timeric Tn3 scaf f8lschfolds dwving epekifiad d@rloop fengtts arpich erel vafidforeiokwidsi T3 di f f er ent
| evel s of branchi ngscatbiashaexabpbestolife Fe format provi des an exanpl e of

first order brapghed fqggmaon tw;se;eeaasenﬁoheo@aestlﬁuhﬁgyrcsaaﬂ&es&esanahdtpr ovi des an

exanpl e of a secondz;prdes Qranched diorma i-gher Jdﬁfrxd hg led constructs
can be obtai ned by re aciimnone the'T i near afg(%t?r?ﬁ ymatur? i ng “fi in the

anti body-1ike for na'l‘fﬁ“df’f"flaﬁf opdorp fl’§‘?ﬁﬁﬁrgft&ff'}?ﬁ‘fam@\l‘at‘ﬁ“mfi"é‘ a1“ §aiff8?f “11“6? mat bui | di ng
bl ocks or anti body- immkeseehieity Prdiorrepssatagicik gmong pinebprindtrodti4rd e Peeten t her t he
C-termni or N-ter nim, thofivedibrepragion sitthoiuemédud G ygRpd df dleigvenbn & hel afe or

anti bOdy [ 0228] FI GRethods taré@m&r saffls TABlL&Eirale ipilyls&bai'er&&t Qh&ﬂ&lo@&@tor that in sone

enbodi ments the Ii nkn%{n%lobgl &op%gstﬂuwnl)rg tl-llerb;;eseﬁt i?\felquJ govﬁgsrhsel?@or §11:cll; uctural y
and functionally di v glqc%“hga attachnment points.

For exanple, all thsec'el €s |ﬁeu?°hpé°pﬂ§ap [ dﬁ%w%:%“ﬁestructs are connect ed
by (Ay4Ser)3Ala |i kr , G dor the 4th and 5th Tn3 nodul es, which are
connected by a (d yghégr'?fa% ﬁ[rgltoél ySer Al aMet Al aSer (d y4Ser)i Al a | i nker. For
exanpl e, in the AR consflhy Get scalblipeot filie rpertentaipvdntisne o brekd P Jre doxterk ns2 and t he
third and fourth Tn8rdefmhduler @peCOMTBCE ddaidyund Gly4bSes DAk eorhinsdker s, wher eas
the second and thi r gk L03nudOMRInRSad: 6 pRNBRGt ed by an Fe domain as a
functional noie M inker [ 0229] The Fe fusion shown in FIG 1 exenplifies

that in sone e s m)norrer Tn3 scaffol ds can be fused
to the N-terni m"“%"f the ARV fhm?ﬂ‘@ e Ctgy"%dﬁ%fqgmveé 7 8RS Ve‘?rtfﬁ"lmé eq“?l nker. In
sone enbodi ments, nbYbirErE hB?*‘“F?EFF“E“IQT@F‘?{?%é) draf fpﬂfﬁ§mb°ﬂﬂenb?‘ethe

i nvention can readi iyfoldef heigediot comirikpe TG-nfoduieniliguerah fidindpaonfldddthimi N i n an Fe
fusion format const o is cifsBP3RLT il dr &E dniiliest fubonaiREibdapEhyme@L hevaEbE | €d ant i body

in an antibody- Ilkere%@romz hes;\@ra%w@t wiich mahessgglétdotngmmo@aa,k ALY linker. In
this case, instead o (AydSer)3Ala or in a

t
(A y4Ser) 2d yThr d ySeér ﬁvéoﬁ\/zlm%wg@m%(}&%ﬁ ?ef f&[gnétmﬂmrtlker or four possible
attachnent points as in the Fe domain case, the antlbody shown in the
anti body-like exanple of FIG 1 provides 6 possible attachnent points. The
anti body-1ike format showmn in FIG 1 exenplifies that in sone enbodi nents
only the NNterminal attachnment points in the functional noiety |inker are
occupi ed by Tn3 scaffolds. In an antibody-1ike format construct sone or al
the Tn3 scaffolds of the invention can readily be fused to the Ctermni of
the heavy chains and the lIight chains of an anti body or nodified anti body
dormain. Qther fusion stoichionmetries can be applied, i.e., one, two, three,
four, five, six, seven, eight, or nore Tn3 scaffolds of the invention can
be fused to an anti body or nodified antibody. [02311FIGS. 1 and 2 al so
illustrate that in sonme enbodi nents nmultineric Tn3 scaffolds can be
generated by conbining other Tn3 multineric scaffolds. For exanple, the Fe
format A6, A7, and A8 scaffolds of FIG 2 are honodineric Tn3 scaffol ds
wherein the nultlnerlc Tn3 scaffold is forned by two polypeptlde chalns
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[0233] I n this regard, bacteriophage (phage) display is one well known
techni que which allows one to screen large oligopeptide |ibraries to

i denti fy worbari3sd2sof those |ibraries which are capabl eprofi/sp@aiosiisal |y
binding to a target. Phage display is a technique by which variant

pol ypepti des are displayed as fusion proteins to the coat protein on the
surface of bacteriophage particles (Scott, J. K and Smth, G P. (1990)
Sci ence 249: 386). A bioinformatics approach may be enpl oyed to determ ne
the loop length and diversity preferences of naturally occurring Fnll
domains. Using this analysis, the preferences for |oop | ength and sequence
diversity may be enployed to develop a "restricted random zati on" approach.
In this restricted random zation, the relative |loop | ength and sequence
preferences are incorporated into the devel opnent of a library strategy.
Integrating the |loop I ength and sequence diversity analysis into library
devel opment resydibss i N Be 118 Shioh&k @akfoldasTeHe Mlwh brdhe faive@nlll a@athr &bl pOSi ti ons
wi thin the randon zggd.|.00Re 8fBeiibddish 8 &t WREGRAN G aGhd) soul d reside in

t hat pOSI tion). [0234 TF%{JI nvetpﬁqf etas%lansdoApEg oM :E o5 Bne i eandrl:burbefg‘rs'%nd I brari es

conpri sing diverse P%$ non-nat ur al occurrin scaffolds. In
one enbodi nent, t he G brearD asthedisis arefitky W%aﬂf"iﬂfeélf"isyrh%cﬁ FEPRY® Tn3

scaf f ol ds corrpri Si népsignatedyleqqrding fotthy besdstrindst cannecte trilet N @ttel FrEnifus fle¥l to a
plurality of | oop reg ansdingyes & bop Greatd betwror teta @bndsAind BligBPdonviar y by

del etion, substituti@Rs Q:[we@dlgahcts BQ#Y (bﬂie ad lo&p@ﬁ&:ﬁted@&@eeﬁﬁﬂa@tﬁmﬁ@iaﬂ.D, In a

speci fic enmbodi ment %ﬁ@ lé%j%uw@egnbam%g%dm;é]aﬁm f@ldSalerdyed fromthe
wild type Tn3 scaffo onnectl ng the

various beta str and%tra‘%?TE(;gg a’éd&hA??'d’desalocate&etHeen betaStﬁ’n S?mdcgfofpﬁl gth and/ or
sequence diversity. PRHs e @PP&SH’P%?‘FE“tOf‘H‘@°“F‘TaHPaYW*€§CIIWS 'f‘%@‘erf“ﬁ?/ent i on
conpri se Tn3 scaf f obfdiserda aopls pigromin schitobsdapabiend bihding pecifia Ateety vgth hightfoim zed f or

| engt h and/ or sq@sgnce diodeksd: biythe ihvantion) @n3eddbod xRt s effliseast aone, at | east
two, at | east thr eesub]@ctedl gi?e@tgd etonH(rmdes@Ited Jo%ﬁd%ﬁnz@c B m&H of dk loépem 5' x| oops of

the Tn3 scaffolds ar %ogslfsQO t(ﬁe co?l%ement g df(terml%Eg reg%nsd(/CBIEs) M%ﬁ&ﬁﬁvaﬂh&/er sit y. I'n

one enbodi nent, at [ea g %d gast one

addi tional |oop is FHMNAOH %é‘fﬂ"“ﬁfd(ﬁ“’lﬂt‘%‘ﬁﬁ‘i’?’?haf?fﬂf}sélfthes'g?f&cg?ﬁ‘c “YrPer€ity. In

anot her enbodi nent , mglteulpseiiisitish pffgities &t targes afdterspiyges:. THHL B 0 aqdipreiasogf | oops AB,
CD, and EF are kept eribOdIBehiaNE scafiblils| descridd héréagit be 0ty digetey deBraddxpobedioors or  al | thr ee
of loops BC, DE, andbrE)@nﬁJ Bopk ﬁ%ﬁh[};ir&ﬁﬂlzéd%d shi@i3gnlhe 6is FeLIGRGR) idi versity. In

anot her enbodi nent, orgeg to dl?e@t%l:e e3ion of%‘toleJu@sacﬁat bul:d\QQuch Qfroafta Iéoﬁsaﬁlts t‘yaéolf three of
| oops AB, CD, and EF _are rando £ast two, or

S
all three of | 00pS §Ec 1ort5€1becarragncii.léog?n\té\grewﬁndlonmolec% %orany 1f1d1v1datlﬁ]£ and/ or sequence
diversity. 46 [0235PAR aereiels G Aererorion #Er b dhRdne 1&‘?"%“’5'?‘“? east one
am no aci d shorter inapentrkatritirokidde neett he FG | oop of an FO show enhanced
stability. Accorgsmgl y, Tht kefops @8e Rbeniion we Rbléc@8 bBEdoY thel @d Inillbiosdin €S conpri si ng
Tn3 scaffolds, wher ﬁdnian@Jascﬂn@aﬁkmg%ndd@@medi@mﬁ@ﬂ@i@ﬁénz\edwé foo/dsemgt h and/ or
sequence di versi ty 3 Ioops ?'demgnat gtBB ISE a}dh‘%) cl-{ (QQE%ﬁferasEeglﬁp Q to be at

| east one am no aci nate

1 0 g‘d% Ftla% hlrd FnIII
domai n of human tenggdérigri‘““(f’eté’&ef‘rﬂ‘ﬁ%s fEpes PWHS“ % 8817 TR s
enbodi ments, the | i B icescigly. figdC IPﬁ/@Htmdﬁp%ﬁﬁﬁlr%@llwga‘%ﬁéﬂabI ds, wher ei n
each scaffol d conpr kst Geveh abell amigt goid regldresdeg.irgreitvasd Th lengd of @ese D, E, F, and
G linked to siX | OORofk@@i PG, thewhRh Qinft o thk GRReRGnGogliAMBBIeneEach bet a
strand and is desi g%ﬂo@)dhewcha ath7 IODEﬁ aIlt:}EbZS Q‘Bﬁi aE(g‘rm rm@cfv&@}l n at |east

one |00p Is a non-n t arlylals on S€] (H'Iioo sQl%A\éaéd ntFP QW mlﬂ?ac%caff()l d |00p,
oop”i*s f eadt Rort

and wherein the PG one’ arm no aci er than the cognat e
loop in the wild type Tn3 scaffold. [0237] I n a specific enbodi nent, the
libraries of the invention conprise Fnlll scaffolds, wherein the A beta
strand conprises SEQ ID NO 42, the B beta strand conprises SEQ I D NO 43,
the C beta strand conprises SEQ ID NO 45, the D beta strand conprises SEQ
I D NO 46, the E beta strand conprises SEQ ID NO 47, the F beta strand
conprises SEQ ID NO 49, and the G beta strand conprises SEQ I D NO 52.
102381l n a specific enbodinent, the libraries of the invention conprise
Fnl11 scaffolds, wherein the A beta stand consists of SEQ ID NO 42, the B
beta strand consists of SEQID NO 43, the C beta strand consists of SEQ ID
NGO 45, the D beta strand consists of SEQID NO 46, the E beta strand
consists of SEQID NO 47, the F beta strand consists of SEQ ID NO 49, and
the G beta strand consists of SEQ ID NO 52. [0239]In a specific

enbodi ment, the libraries of the invention conprise Fnlll scaffolds,
wherein the A beta strand consists essentially of SEQ 1D NO 42, the B beta
strand consi sts essenti al | y of SEQ I D NO 43 the C beta strand consi sts
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[ 024111 n anot her enbodi nent, the libraries of the invention conprise Tn3
scaf f ol ds having BC | oops which are random zed with the foll ow ng consensus
sequence:wB2taBXizs X- X- X- G, wherein X represents any ampoo/tseoid/o3mBer ei n
(a) represents proline or alanine and wherein (b) represents al anine or

gl ycine. In another enbodinent, the libraries of the invention conprise Tn3
scaf f ol ds having BC | oops which are random zed with the foll ow ng consensus
sequence: S-P-c-X-X-X-X-X-X-T-G wherein X represents any am no acid and
wherein (c) represents proline, serine or glycine. In still another

enbodi nent, the libraries of the invention conprise Tn3 scaffol ds having BC
| oops which are random zed with the foll ow ng consensus sequence:
A-d-P-X-X-X-e-f-X-1-XG wherein X represents any am no acid, wherein (d)
represents proline, glutamate or lysines wherein (e) represents asparagine
or glycine, and wherein (f) represents serine or glycine. [0242]1n one
enbodi ment the |i br RigiheSpedibely) Rebeiwasi &R tiagIB e afpids; BEC 3 B bacaifiodnds havi ng DE

| oops which are rangp}mnglegtama;dbmgpgevefyol | owi ng consensus sequence

X- X- X- X- X=X, wher, n X sen any; @ aci 02431l R..008. embodi nent
the libraries o? n(\yleﬁanloglﬁe érgse?clx%errﬂfp ﬁnscérglflgt%atarge Ravi ig FG | oops whi ch

are random zed with ‘Pt‘i‘%‘n“fnd’faY Bt AP EoHE SRt g EET B T Bk °5th">(g§?a "G XX- X- b,

wher ei n X r epr esent SPRalpgps ia priibpdicsacralinglhererd pbqdigyntytefBe e §F a¥par agi ne,

t hr eoni ne or | ysi negeanainhed ekdrd (cbiichrSpy dsd@ntngenigtgesresalfyli ne. | n

anot her enbodi nent, r4. R€onlekedbodihdn® ShisRdndoknBRion Y GRtibn@RceS:@PHe p&BmEd | | scaf f ol ds

having FG | oops Whi%l%le@rvﬁh Eh@ng&mzaﬁpof%é Bctﬁheaidolld QW NG CORSERSUS Sequence:

X Xo Ko X X Xo Ke X X em%% ment tﬁl randomlz 1on sef tlon process 18 rfo?‘mrgd ngen?éc! d. [ 0244] In a
speci fic enbodi ment rHE T PP Ay B T Re TR e Oh - Conpr i se scaf f ol ds,

wherein the scaffolggmﬁggg&hggohngmgﬂ%yo aci d sequence:

| EV( XAB) " ALI TW Xr 3¢) nCELXI YG ( XcD) nTTI DL( XnE) . YSI ( XEF) nYEVSLI C( XFAKET FTT,
wherein ) (AB, XBG9 XCOhe }iamien pixEfes regeingdE-Opynelprels seqring Frdl seafoldd aci d

resi dues present i NeotnhdinAB, pluB@; ofGBp stikd, doba#s lighadl toFAGlurathi@ P& looprrepect i vel vy,
wherein X1 repr esentvlerelamempm@a&f idBSleLddEvafh bPleletlon, storliiMbeLi@iiod ot = 2- 26 and m
= 1-9. 48 [0245] Th%m' Acﬁﬁonftﬂercké?lﬁer 1@&9%!&1%&&@%@1%% 1f or identifying a

reconbi nant Tn3 scaff nd has
i ncreased st abi l(}l% $ Io enFr?)te 1m8r0\§:Ct?n3OnI1_? ugeﬁ gll%hnovefbn%m%fha:actenstlcs an1y | L R2 as

conpared to a wild tYlSF Té3 ‘Frfsbleﬁtﬁdatf’ fa'BlF‘dacb‘y"‘d‘%t&”i‘se@Hi“’r‘ﬁ;‘“tsf‘i’émﬂui’nbrlh‘f"i‘ & of the
i nvention. [0246] | nundetobdthan wientyaohrirgsi seguenct $fan imetviroehTfldie the deertdof yi ng a
reconbi nant Tn3 scafd:aleGant aihiftg of tRGEEBSEAndISoRLiQiilredS Impdoved TrB yeafad®s conmpared to

a wld type Tn3 scaffel gnera@mmg\m m mec@mld &Maytemcmcﬁ 2l 8081 , conpri ses:
a. contacti ng the t a?.ﬂg 0, rguousij 1mprove 13? s¢ fp 1d. Qn %me emb d.unents glvne‘longm ﬁp under
or ]{ OF a .

condi tions suitable target [1gand conple

obt ai ni ng fromthe EYHH "e‘)l%em‘ie‘ﬁ‘%pcg’?:péfTethFIH“"taﬁ‘h“fq“ﬁfends the target | i gand C.
determining if the stability of the scaffold obtained in step (b) is
greater than that ofsvihag.AWiVKsdypeX THXasTHPEGIHY SIKORYEFPIO@&EE8ETe net hod can
be used to identifyrreaRrRiNaN. XA3xSCRE fad & Wpldan: iRy 2d Riardi ng
affinity, avidity, &&&t 1thh9Ath% &195)9% andlfhlgd}!?re%@?&f}'maﬁxl rkpl%seﬁ; ep (a) the
scaffold library of v ? |nch gted wi th 1 nrobi | ized target. In
one enbodi nent, in “‘f‘mac“](r% 4t e sca O1"d: tdrget ligand conplex is washed to
renove non-speC|f|c bi nders, and the tightest binders are eluted under very
stringent condi tHéths aridorsartdjoere@e&mtcwsi@@?SEQﬂDrﬁ@eﬁvéTont trdodgmgiifence
information. It is &p@6bifsEgalNOy3ec nbenphiatne dootebisits of $8e ivadensonand/ or
sequence i nformati ogpeieal AL Endisk oG D Nk bs. GRRe BRokRRT L Bnsetk §8E® @ New

[ibrary using the mplbods, dhsehasgd e el 0b sioun 10 one of skill in the

art, which may be use I\g)oto repeat the se ectlon process, with or w thout
further mut agenesi s of the sequence. In sone enbodi nents, a nunber of
rounds of selection may be perfornmed until binders of sufficient affinity
for the antigen are obtained. [0248] A further enbodi nent of the invention
is a collection of isolated nucleic acid



nol ecul es encoding a library conprising the scaffolds of the invention and
as descri bed above. [0249] The scaffolds of the invention may be subjected
to affiniwgamvso&si on. In this art- accepted process, &cypseoriios21ss ndi ng
protein is subject to a schene that selects for increased affinity for a
specific target (see Wi et al., Proc. Natl. Acad. Sci. USA.
95(11):6037-42). The resultant scaffolds of the invention nay exhibit

bi ndi ng characteristics at |east as high as conpared to the scaffolds prior
to affinity maturation. 49 [0250] The invention al so provi des nethods of
identifying the am no acid sequence of a protein scaffold capabl e of
binding to target so as to forma scaffold:target conplex. In one

enbodi ment, the nethod conprises: a) contacting a library of the invention
with an i mobilized or separable targetyy b) separating the scaffold:target
conpl exes fromthe free scaffolds; c¢) causing the replication of the

separ at ed scaf f ahe3 of I¢loje es@diAS, XQ oESisth SEQ ID N&d: fre\ih potnpppstd Xke di spl ay
l'ibrary distingui sha;;hp,ﬁsss@m)tdm 36, th obBohbdadhedd BN BHGhridds $FOMB RO 7. dh Mer sity and by

being enriched in di J %I,sfes%ge ZYeﬁt&h@m@,ﬁbomgaﬂ?(wgommgsg rget; d)

optionally repeatin new rary of (c); and e)
deternining the nuc%}?%%gifi b et & © 1'ls(“nS(EQ e ?6% encodi n%é)t he di spl ayed

scaffold of a sp¥8les flﬁﬁfﬁ‘\‘“(f‘d‘)"’dﬁﬁlﬂs Fre eestsge gl &l 1Y 31 Ke cpaptof 48 Bequence
capabl e of bindi ng No:37.hel Xcaroget of SEQINT: b IemodnthaimegipodisiverfiSEQ t he
scaf fol ds of the i nuex: ia@mDEemystslafs_Ebwmmwanaa,ladﬁmszmqajmceno identification

froma library slﬁg@en IL&nQMbﬁmﬁﬁkm&IpylseJ@bm 39kt L’lﬁpnée{‘s}é@%' on conprise
further random zing, at | east

four, at least five or é”fedq%conémsegSEQGI?ILI@%EM]‘“emb"dlme?trxeﬁcampncfen?l ied froma
library using a metN8d® &é@&‘?ﬁ“ﬁ%ﬁQﬁ%?‘%l3§1”dﬁﬁ°%ﬁsfSr§§? b ment, the further
random zed scaf flUPY i s Isepyp erebpdireknts. dhe monsdys wefirdndt thartehtigeicoppriss et i fyi ng a
scaf fol d capabl e of mbiuadinR) ctertembogigitnts, stbles oMbt redioconpisd SBSmédaly cont act i ng
sai d further randonisze 86.af,fwaddh Bk biknd@doriaNAXE Bk iA8H oOhmS eRALAD| € tar get,
(b) separating the f%&&ﬂ}@d 4f19&%9&;§&aa%g1$&he<§ﬁaw% SQRRS s from the

free scaffolds, (c) | 1 cat t scaf f ol ds of
(b), optionally repleg h “S‘% anNéem’(né)cyS o) el er&“ ea)mand”t"?ﬂ%dﬁ?lﬁgomfnﬁe nucl ei ¢

acid sequence of théfhf*‘éa@FeW‘ @%(%ﬂnrf‘éoé i‘sdep’la‘ﬁi‘PyH‘eVF“aFtéﬁ%WE Qe affol d and
hence, deduci ng theNgeipl dodeisisegiiemig cpgpalyl emodmblinad; tgpedifgdstdiée t ar get .
[0252] I n a further enboedtdpnt; 3 Rodufewhédiamne &aad onhazed sssaadohalads conpri se at
| east one, at |east f\Qe anftlo a&@mamtobwe@b thaflfhe Jy%%rmmmuﬁ the atndlreast five, or

at | east six random zedd‘(:‘SIEQqﬂg)%o\/\/ry5 ng\{\edgngsiq ﬁ)"kﬁ“@'&’s ecthve omrgyggq,el n the first

library. In an alt ernat urther e e fur random zed
scaffol ds conprise ¥P%t&hst one, at least two, at least three, at |east
four, at |east fl41¢%, orThalponp @als%ingéﬁexaﬁmh@éﬁ*%eﬁihels%@&somhi“t?ﬁﬁ"m? e not

previ ously random z&daniidamizdfe dhgtr Sd/or lsdqipnicatiyersit]f B 2&3hbbligeni, myesibiison al so

provi des a net hod f @t inGRkAnHE Blecaittond BaSthat lsWakdohidd BCBIzh Qhdds sdplaat bind to at
| east one or nore tgraef ﬁnnelﬂoﬁméﬁﬂtmﬂonﬁme%mo fat%st&@eeatﬁ&{fﬁ@l;'dlé&g of agents

t hat act cooperatlvgl to el f V\E rt| cul.ar _res ponse X be
T af least 51x 00 sof a SC. are randomlzed for le and/or s uence ivers
advant ageous to use SUC rp an 1 C ac I‘EC]UI ri ng t he

cooperation of nor eI“t"PFa‘-'ﬁ‘b?.‘}ﬁ@m §b‘3‘f”tf°6q lﬁi’p ogthe 5 °1?5é?Eﬁ‘J“l IP‘ﬁ’dl"‘(lf EFP‘ CéFB%‘é{ﬁpl e, but not
limted to, agoni snwolf atdeatt eng efditionp! ldopls errgivipeg for Bnethhel/oT{Kjmenceediveptyde fam | y) .
This method al | ows fudher bnbedinsbtl £ R4 di€) at 0chst GO.0PA ek bM@psage, snd\wF trkhout t he
reformatting of thekelptlcms@ﬁ Whiit: @ 1da@ b btk TR ol GrreC R BX OIS, ankt B ROE

enbodi nent, the neth n tar ot
i g anld Wi t h a libra ag)dd ml_fed foi]len%th Ior sé:/qﬁenc;e dlgersny gl”poliher eS%m%%p Et?ég& [il’llp Qle g

scaf fol d: t ar get I|gﬁﬁﬂ”ﬁ&ﬁb@é&ﬁfgm?%y%fDéﬁﬁgéF °§5?HME€3FF ?d% mnth a
crosslinking agent (defined as an agent that brings together, in close
proximty, at least two identical or distinct scaffolds) wherein the
crosslinking of the scaffolds elicits a detectable response and obt ai ni ng
fromthe conplex, said scaffolds that bind the target. In a further

enbodi ment, the crosslinking agent is a scaffold specific antibody, or
fragnent thereof, an epitope tag specific antibody of a fragment thereof, a
di nmeri zati on domain, such as Fe region, a coiled coil nmotif (for exanple,
but not limted to, a |l eucine zipper), a chem cal crosslinker, or another
di meri zati on domain known in the art. [0254] The invention al so provides
met hods of detecting a conmpound utilizing the scaffolds of the invention.
Based on the binding specificities of the scaffol ds obtained by library
screening, it is possible to use such scaffolds in assays to detect the
specific target in a sanple, such as for diagnostic nethods. In one
enbodlnent t he nethod of detectlng a conpound conprlses contactlng sald

o o o Y Y e |



at | east one, at least two, at least four, at least five, at |least six, or
nore random zed |l oops. 51 In sone enbodinents, isolated scaffold | oop
sequenceswoaylibsoxrsapped from a donor scaffold to any | egp/useoia/osE8®i ver
scaffold (for exanple, an FG | oop sequence froma donor scaffold may be
transferred to any loop in a receiver scaffold). In specific enbodi nents,
an i solated | oop sequences may be transferred to the cognate |oop in the
receiving scaffold (for exanple, an FG | oop sequence froma donor scaffold
may be transferred to a receiver scaffold in the FG 1 oop position). In sone
enbodi nments, isolated | oop sequences may be "m x and mat ched" randomy wth
various receiver scaffolds. [0257] In other enbodi nents, isolated scaffolds
sequences nmay be identified by the | oop sequence. For exanple, a library is
used to pan against a particular targetgand a collection of specific

bi nders are isolated. The random zed | oop sequences nmay be characterized as
speci fic sequences i3dependenid yr 1ehs Bd)®ESHAFE Qtetu@tkooKRd agdor €. , t he

scaffol d that binds, RLORLnS WRRLRG emalglenﬁgezsm 0 EOARPHISESaR FG | 00p
sequence of SEQ I D ?least 4, %tqea%t ?E: or&h flx quOO{)S /% IEBHEFS C, \M]er(?F@‘ scaffol d

exhibits two | oop sec u oop sequences may be
characterized as bi ﬁﬂ’f”ﬁ@edf°&1?“§‘ef”“}(“°f‘ﬁ‘id‘f°f‘fey absence of the scaffol d sequence.
I n ot her words, 91¢71i s dowmembbdiateats ot pratore seeigepsf vithigslogrgie hetcendtant Whiden a | i brary
that bind a parti Cubtef rdsiaeget rimBymidee foe X{ppte 368 sagendehdivewiar | ablose | 0op
sequences that bi ndedvhihent, 4 GGlorcirRid@PRINE B R held D EprGahifieald lilbiﬁ@kbone- Thi's

process wou I'd be an gtlmgeg gtqi%feltelg aﬁum ac1(d\sovalﬁeec:l.)t¥er r%tduemncjo&zey ﬁ,l;. ie aﬁl/ol: €g ions of
anti bodies. Affinit ration &m% mL% edt%%w%mgcmnt of RAIL R2 Tn3

scaf fol ds may |nvolé%e%% %3W PSPE" PO S TRTVIVEMAR T £y mat uration
steps. Any af finitylopPabaipsa e&prag SrBaETTH “@%ﬁmﬁeMEWﬂPﬁyEEWFﬁﬁPaP%suIts in

am no aci d changes iesidug Thn®: coodtmen the seaf@ldsfafi Be Worai mproop 4B tobrathich npr ove t he
bi ndi ng of the Tn3 sGald@ktdwithQhet Hi@wHe Sinde@ sajpdnteg RIX-X-1-8250 ke am no acid

changes can, for gxamine,asgasgllecmaﬁvead w;ls@dm@a@gsem BBt REENRE] 18wine, WAl Kt hough”
nut agenesl s, and ! (F:llr}ylalamne chlflr%mne zma'rlntnea ?r%‘lglgsolﬂ é%rl éﬁcp vﬂ;;r%{a?gg g&%'sémcan be

achi eved by using, e strains of yeast
or bacteria, |ncorpﬁF%PFdﬁm%fmﬁﬁﬁﬁoﬁﬁﬂ?mH%?Tﬁﬁﬂtﬁﬁ%ﬁg#€f3%Pﬁm8ﬁanges during
ab initio syntheS|s“e@“eWMBéPPﬂﬁ*ﬁ“@@mﬁﬁpﬁh¢@MBH§%ﬁNﬁP%ﬁWﬁ§eﬁﬁﬂecule

Met hods for perfor mkKixegk-gKiX-anvtepinma repesatts Gpragdismrtic mrid dg@ine Jirsinar e

descri bed, for exanphifeinel Mlide QicindPenylabldS, thréonhd 2a8B@0prole, ID&5iné 203 7, 078, 197,
7,022,479; 5,922, 54§here§(a1§ eselggenneﬁhrggé’aﬁgg@orgycﬁgo 650 6, 194, 550;

6, 699, 658; 7, 06 43; 5, 4.
[ 0260] Such af fi ﬁdl?s ITB.tIn anot?er 6n§]50dﬁn§ t thedsgfolfs) obt*\xe menHon compnse agg% il % t h

stringency of the aHFW@@ﬁ“bWhﬁ?ﬁﬁw§%F§@Wﬁﬁ§“&§§5§a¥EX ?éﬁ%@ﬂﬁto sel ect
for Tn3 scaffol ds wietrventsrpr apine deida fridreyi (®)yepfegsnts prelinqagitajagies god vietein fopcogni zed
met hods for i ncreastpgershani®tior bGe NG Yanddkr dbdatnedt,eberseafsl@toeihflinientoer act i on
assay can be used h%gnse 48 190%}1,@;111@{3&[1%@&1& 10 RBowig odMRAsR sQfende¥P-ASSAY

conditions are varli ﬁe a% r 'J.eé IIQ‘?ID X repres_erntssgy er arkgg\nr\xyhg&d ﬁ)rl'epg)gentg he assay

buffer) to reduce t init eS|red anti gen.
I n anot her embodi mefti™ e ﬂré‘}/i‘@rtehmétﬂ af“iﬂﬁlee"%gf“ﬁ‘ft R S&Fff?l‘%r fhﬁm “¥83 scaffold to
bind to the de5|redC%mW?ﬁ%ﬁ“?@m@eﬁﬁéeﬁﬂth92@¥Tmﬁﬁm%%%ﬁﬂﬁweéﬁﬁbdlnent a
conpetitive bindi ngXstept-ancheeadde dortsentst dne apipcotcd] whepinddernresentit er act i on
assay. For exanpl e, pbi€ giltidte S:QRME, @hetlinCRRprR@ts hibdiSihe cabljcavyad wheinlgh Nd t o a
desired i nmobilized B&&hgﬂﬁnné%§QECIflc concentratlon of non-immobilized
antigen is then ed bi n t he

i mobi | i zed anteggﬁ su?@oTeng?ﬁtangfﬁ QB ol mnmmlge?ﬁ§g$ﬂww%t affinity
for antigen are el ufegmirs i PHlOVPRFEBTI SRE AT VGER X FREHPITF™ n sel ecti on
of Tn3 scaffolds with inproved antigen binding affinity. The stringency of
t he assay conditions can be further increased by increasing the
concentration of non-imobilized antigen is added to the assay.

[ 0262] Scr eeni ng nmet hods nay al so require multiple rounds of selection to
enrich for one or nore Tn3 scaffolds with inproved antigen binding. In one
enbodi nent, at each round of selection further am no acid nutations are
introduce into the Tn3 scaffold. In another enbodi nent, at each round of
sel ection the stringency of binding to the desired antigen is increased to
select for Tn3 scaffolds with increased affinity for antigen. [0263]1n sone
enbodi nents, affinity maturation is performed by saturation mnmutagenesis of
portions of the BC, DE, and FG | oops of Tn3. In sonme enbodi nents,
saturation mutagenesis is perforned using Kunkel nutagenesis. In other
enbodi nents, saturation nutagenesis is performed by using PCR [0264]In
sone enbodlnents at Ieast one, at Ieast tmo at | east three at Ieast

o, T . o - M T N Y Y Y T o o

=]




53 [0266] I n the case of the Tn3 scaffolds to assenble into nmultinmeric
scaffolds binding to different epitopes of the sane target or in the case
of bi specwbizei1imds2scaf f ol ds, each bi ndi ng specificity caoThssaneased

i ndependently. Accordingly, in some enbodinents, a first screen to identify
i ndi vi dual Tn3 binding nolecules that bind to a first target, e.g. TRAIL
R2, is performed using a first library of Tn3 scaffolds, where one or nore
am no acids in one or nore loops is altered. In sonme enbodi nents,

addi tional screens to identify individual Tn3 nol ecules that bind to a
different target or to a different epitope of the sane target can be
performed. [0267]1n sone enbodi nents, the | oops are random zed using a
phage display library. In some enbodi nents, the binding of a Tn3 scaffold
to a desired target can be determ ned ugi ng nmet hods recognized in the art.
Al so, the am no acid sequences of the Tn3 scaffolds identified in the
screens can be det ekdtl B€ndks 2F 7281, Q6.0 GNhdtRARERAAS scdiiDBOB]k N some

embodi nents, the noponerig, ﬁsfefah E!btléép %I’:hUIE ?Qdo§i%f\£n9|ﬂgsfong&mgt Jar%enls Qve“t ion
exhi bit an mcreased I n fp TRAI L ol d, at | east

y
10-fold, at |east 2F*ord,” & e“’l“eas‘f‘”“% - f‘%‘l"?ﬂme afpa’fwe%%dt ’§‘%‘“‘i’ "f“ii‘“e at | east
80-fold, or at |eastTon- Fitegletsine, rﬁﬂ‘yéﬂa&%fnﬁﬁ?“é‘ﬁ Hagjneq preling ShisiFn@d scaf f ol d
prior to affinity nebeemath e as nmeasured by Surface Pl asnon Resonance or
by ot her assays [KmPWN IR odeld@boditdnt, tht RafSANGE the Hlxodhh Be@PAsSs DI @ Wi Mer i ¢

affinity matured SCﬁfldBIQiked%ﬂQﬁef&ltbﬁngc&%ﬂsﬂéséq%cefb@x%xﬂxQl“ﬁéé%@)t@&ése@hg const ant
(KO of IessthanSQI ess than 1 1 1M | ess than 500 | ess than 250 jtM

IIIO acl

| ess than 100 u or I'ess than 50 1.i M as neasured by Surface Plasnon
Resonance or by ffer aBZ8§ERABHMC Tl Depyentop ‘tﬂ?%’é‘]a’i’ Fel® "4t ¥ nity

mat ur ati on met hods eefamigre v Hei felldwipgp coeipe| opyerPn X-vdcaf-KeXdghawinth desirabl e
i nproved bi ndi ng pr epetis @®ragiec itpaa@ atih Ciseds.etlodk.f kdehding, @lne,Otiier desi r abl e
characteristics, sughnyREnikaMmehidDhiing BRIMERE Qe NREEC (bPEARE bsbRGine, i gh

potency, |ow i mmunoggqi eﬁélrtubé, aspaldC Ec%aglﬁgmcoafmdd&(‘gfyﬁésﬁﬁi WHEQSE LAl i vity with
TRAIL R2 receptors from ot her organi snms. Generation of Tandem Repeats

1soleucine, threoni e serm Vahne alamg Ot‘ l cine

[0270] Li nki ng of tandem cons nerated by |igation of

ol i gonucl eoti ded"® rest P’ieé‘t‘ti"%’ﬁen‘sih‘tsé °lﬂf§fﬁ“gm‘i°‘é’§‘tcr°’f‘@fﬁabﬁc' BRZPiES known in
the art, including bufmipdiwith therfotlesthe taysepsysprequine: FEnRd-X-§P&-N-F Sheraas r i ct i on
enzynmes. [0271] The reptbstoksimf dmbro 3B wieald) epesnt0bpabdie, thvwient iy, 4@y conpri se a
linker at the G temRus [RA O fa,eala%et &I RS bR Ohe LBV H. dOMai NS as
described nerel N PHIiI® fongrs@dy 363! QLS Bleohll il VEMLAN c%,g{m' sing at

| east 1, at |east 2 east st 6, at
least 7, at |east 8“816“%&’%-&‘3%%-6@‘-’%@& Porax rFPﬁff‘“B?yF‘ﬂ‘& &% €bnj ugat ed to
a dinerization donafather eptefing: iy sEiitds fbthe nyeriop seirrtivs an KO Ave MEgdy noi ety
selected from (i) andpaildfvitedyfeinving chraeniungquirdbe; X-EK;X-X/K teatlA.Glireirdbomai ns; (i)
a Fab' fragment, whicsRentsSnydaminalcid, WRGHRERE treph@Mi RGra@REMEORindRNBInCHST i ne

residues at the C t@ﬁemnmlg‘?‘e rgsgnts sgﬁe g cugmbpgzﬁc Qljﬂﬂoﬁn)\entathtl.: Qaﬂ%l(:lsatgg@nt havi ng VH
and CHL donains; (iy ins and one or

nore cysteine residl egnon comtp]hse aIC 'Jt;rgoo o w IS ra?do?"ﬁed ‘"@E«f‘ *{ora %Owng noo(V) a Fv
fragnent havi ng t he*¥aid > dchihé: ‘H‘F“‘&X?Prﬁﬁtsénydfnﬁ? ?’J"I‘1 a&‘h‘” P5fit i body;

(a) represents asparagine, threonine or lysine.
[0173] In certain embodiments, the scaffolds of the invention comprise an FG loop which
is held to be at least one amino acid residue shorter than the cognate FG loop of the third
Fnlll domain of human tenascin C and is further randomized at one or more positions.
[0174] In specific embodiments, at least one of loops BC, DE, and FG is randomized,
wherein the A beta strand comprises SEQ ID NO:41 or 42, the B beta strand comprises



(vi) a dAb fragnment which consists of a VH donmain; (vii) isolated CDR
regions; (viii) F(ab')2 fragnents, a bivalent fragnment including two Fab'

f ragment swbiznkiedodzg a di sul phide bridge at the hinge regronys2¢iin}2iss ngl e
chain anti body nol ecules (e.g., single chain Fv; scFv); (x) a "diabody"
with two antigen binding sites, conprising a heavy chain variable donmain
(VH) connected to a light chain variable domain (VL) in the sane

pol ypeptide chain; (xi) a "linear antibody" conprising a pair of tandem Fd
segnents (VH CH1- VH CHl) which, together with conplenentary |ight chain
pol ypeptides, forma pair of antigen binding regions; (xii) a full length
anti body; and (xiii) an Fc region conprising CH2-CH3, which may further
conprise all or a portion of a hinge region and/or a CHL region. Various
val ency, affinity, and spatial orientathon schenes are exenplified belowin
t he Exanpl es. Scaffold Production [0272] Reconbi nant expression of a
scaffol d of the i nvestiDG0:43, @A beka@GandCOfyBitel SERAID ON:4Q fhe A Bet2BGRT @BBileON Vect or
contai ning a pol ynugdaeibde ut Beds LACOHESs siBD %0, oF i stMCBmRses

pol ynucl eoti de_encogilg\@,s &aty 9k0.0asq e PRIALDEH G, yeehor for the

production of scaff roduced nol ogy usi ng
t echni ques wel | knoWhePAforRiEs YL NRude ¢ ‘?%%H%“?B?Q?P%BAFFHﬁEF protein by
expressing a pol ynutreorigesEREEN YNt ai ni ng a scaf fol d encodi ng nucl eot i de
sequence are desursi bed hetheispsifidatiiodss, tthiadst ar ef web ABKEDw Efbart hose skil | ed
in the art can be USREmit® WaRMSTlABEE s PIPSSISONIDNECA 6143, 16 8 BdAtrdad N scaf f ol d
pol ypepti de coding &QS{H@@@@@I\%&Q ﬂf@@@&ﬁ@&h@kﬁls&% SNoLRL1ONR I vand

translational cont roI dcongrlses S]S:gll%% [ therﬁbeta %an%comgnses%gﬁd)hl&L TE)%%F{P' €, invitro
i

reconbi nant DNA t echii enetic
reconbi nation. The Wﬁ@éﬁ??ﬁﬁE Fﬂﬂ%“‘8P8VfHé@d@%ﬁ??ﬁﬁﬁF@mﬁﬁﬁFBF conpri si ng
a nucl eoti de sequent@%emé&bdi Rg loep wemifeh SEAUIDAYO:36Hke NErspe pampiises SEQBer abl y | i nked
to a pronoter. [02780TFheai R¥ploesshmitts VMOADB0:4d.Ss transferred to a host cell by
conventional techniques and the transfected cells are then cultured by
conventi onal teCh”'ﬁH§cms de&ﬂM%? a scaffold of the invention. Thus, the

i nvention incl udes s containing a pol ynucl eoti de encodi ng a
scaffol d of the i nvEWETBR™Y SEEPEIV P ®&d to a heterol ogous pronoter.
Sui t abl e host cél'Ts% |néﬁUﬁ@mYﬁGPSﬁ#@“ﬁﬁF"WWWPP@@eP%““ﬁW€WHGﬁ3§h|sns such as
bacteria (e.g., E @obiheamdsoBe eghaditdnts| saffolds] G2 4jvintionagan &¢ gabitjfed by

host - expr essi on VeCdpaiG)stiNe /oM BYmla rddibids| irizedakier @xpne SSiod ba bscaf f ol ds  of
the invention. Such;hask wmr 8581508 7sy%t st Iﬁo%ptﬁaﬁa@a&nmvm q,l §&: by which the

codi ng sequences of |n1nne rgug&(mcm Sy bs nt L urified, but
al so represent cel | S WA C %WTQP ﬁﬁ%cgm qﬁ ﬁH %%g ?% eﬁ with the

appropri at e nucIeot?ﬁ@mﬁﬁﬁﬁﬁﬁwéﬁﬁﬂéﬁgﬁkwdﬁ%ﬁ?é%@‘ﬁygéﬁ*?ﬁﬁﬁmﬁ?tthe
invention in situ. Thisdeafoldedl tieievedsion corpprige aprgdition.jdeiftipneogsubstution & pidsest gani sns such
as bacteria (e.g., &meami@ldidramc Buabibabé iylromdpictaansdserfsed with reconbi nant
bact eri ophage Diiy7 pl asii darfolilfor @k GRS tH b%tl%ﬂﬁl@lﬁ&ﬂb@@lgﬁf@ﬁfgﬁd’ns cont ai ni ng
scaffol d codi ng_seqy aﬁf%onﬁga #u%g}edcgs}ﬁlmsax&t o Siprbhsed as (AR o Gy CHO, BHK,

203, 10 ane 313 collelear atetiec VST Lo UERERR on of

WD 2009/ 058379. Onc&'thg e‘%‘ﬁ‘fe‘f witgd eff evtdﬁ’éedlbh\‘)%"r‘ﬁs‘iwé?ﬁ’“ gpail? b ‘Br'gdliced by
reconbi nant expr essihowaffolil.t Therfagy thiy en epainedrdd saafghldlygmpgising nqwpitiyg disulfigedomds i n t he art
for purification of caavifirs@ii@hctusly f(QALE (WRtaetEt i@ MExaipleBehsa@id otds of the

invention in the reseatahe hRlake ffhe @@me'a&ail @Qamfmcammdﬁsce scaf fol ds

in analytical scale_reac r. product LAcLors. «as fescribed in
U S. Patent Publi caf%n ! ﬁere&%tﬁfpﬁne % 'g%i&/gfan%éh i ETe ljprtodguctl on of

the target -binding loops are preserved. In some embodiments, scaffolds of the invention

secreted scaffol ds



56 [0277] The Tn3 scaffolds of the invention nmay be produced intracellularly
or as a secreted form In sone enbodi nents, the secreted scaffolds are
properly Wwol2dadi3eszd ful ly functional. Tn3 scaffol ds of the/tsemensiiesh can be
produced by a scal abl e process. In sone enbodi nents, scaffolds may be
produced by a scal abl e process of the invention in the research | aboratory
that nmay be scaled up to produce the scaffolds of the invention in

anal ytical scale bioreactors (for exanple, but not limted to 5L, 10L, 15L,
30L, or 50L bioreactors). In other enbodinents, the Tn3 scaffolds may be
produced by a scal abl e process of the invention in the research | aboratory
that nmay be scaled up to produce the Tn3 scaffolds of the invention in
production scal e bioreactors (for exanple, but not |limted to 75L, 100L,
150L, 300L, or 500L). In sone enbodinments, the scal able process of the
invention results in little or no reduction in production efficiency as
conpared to the prodarisi enngprabcesgingdulfiderbonde ay describlein PESRablicaibn ¥oabor at or y.

Li nkers [0278] The Tm@:m@mﬁ&mld&wﬁﬁm@mﬂﬂbb&m&@z&lﬁmafﬁokdmcammbe connect ed
by protein and/or nQ@Qﬁg&ghghhﬁﬂgg&gmmmggﬁg|n each linker is fused to at

l east two Tn3 Sﬁ LOl d%n one emhogmI nv n@ monomer Affo%dn% emver%on COQI?eeI; at?e% COﬂSI St Of
a protein |inke nonprot el n |n i'nations ther

Conbi nati ons of |ink&r aét He: tele"Ffdlt’?iﬁ’n"é }ei‘sbf"‘(i’r o Aelpe TSP Py ?‘fcué”('ihe

enbodi ments, a nul t invamplpcplarTigifidg ogrfdf- At @l srsfifict ¢mbodimenietirt fosefior oArel Ses a
plurality of nononmemcthbn@ ob@@izfaOhtsafol &avidg Ner@se@stllity af da@pated W lterh8d ar e
identical. In otherr@niaeh 0ERIS, endsciid| bRl 6o, T3, 66 af et eheR@RPri ses a
plurality of nononmepj.G.ki3 SeRid.ekds wherein at |east one of the linkers is
functionally or uct uy al | ifferent fro rest. of the |linkers. In
sone embodi ment §0§;9F| nke{né’neéabﬁ’g HE?réglmonmsnerécongtiJ]"?%e PP THE At vity of a
mul timeric Fnlll sc¥frarargyocpios rempetli Ay ek vheyn &id 4 i pradt | y |n t he

bi ndi ng to a t ar get raturalyGZ¥@ie dlsyifids byndstabilipradioreeissifold he protein |inker is a
pol ypepti de. Themso nkerm pohy paplihdensietd diihiawe hanl-anpgtdpiwhiah | s adequate
to link two or nor eonm?mg@aly S&Hids Astifie 8na, thn@eld RVRRL i Qttte@tmtemw@r nor e

mul timeric scaffol dé stlnct onomer sca{}fv lgsq;[l !hé) srz}me! rQultS lélr% scagoky\ﬁxet ano e[r embo assurre the
correct conformation Iln one anot ret a| n the

desired activity. [ﬁﬁ%@TVHwBﬁ@wéﬁBBﬁfﬁeﬁtmwFﬁéwﬁﬂY?ﬁﬁﬂfﬂ Y45Hker conprises
1 to about 1000 anlh%mﬂété§dﬁéﬁﬁﬂﬁe§m“wdﬁwmaﬁéﬁﬂwﬁﬁﬁ§ﬁvhdmd€ﬁﬁeresidues,
1-25 am no aci d r eshoglies inteimoRlaadivhifid band | Kir x@®iecidmgdfide Hondldan lakdivist aci d

resi dues, 1-10 am nQat@mkd @r @S0t Solated Tn3moddHenuifaGl 4 isb1@&I TdURGomed - 57 3

am no acid resi duesscaffmqndla%%tdcQeaffotdugrtfh%uhtr:e\étag@dé) pﬂglseffo@d aaast ds, such as

DNA, RNA, or conbinatio . encodi ng .t ker
sequence. The ani noia“EéC g'nii scaffi)ldanés Fn%?mam ord scaf?old ann{aXEn?PEl orgag{mhg pol ypept i de

| i nker shoul d exh|bW?“br%ﬁﬁ?fT@@m?ﬁéﬁﬂﬂﬁ°h6tmWﬁP%FW@F%“é?%ﬁFFPcantIy with
the activity or funejbrecefring hgmpreshlgrjdiygfide bonT A ligls afsfafhildpedfin ifoled | nvent i on.
Thus, a pol ypept i deheleiolngoes magtyOaldcaifold Andtatheterybpods @nolard fuse@ Xhdofjightedao ®har ge whi ch
woul d be inconsi st eghe Wikl of 18816 bilaWhid HogQE mbidhNGded QRonRfarch RE aiidat | MET i C
scaffol d of the invgpfjon, or interfere mﬁth internal foIding, or form
bonds or other interactions ] no cid resid 3 e Of nore of the
Tn3 nononer donﬁ‘t HE mhuI%f?m%\Bt?F H“%%F“"%’ti’%? % ‘“ﬁ%‘%"&é"‘t"hsé B‘F“%{ Ry Bt the

mul timeric scaf f ol dPP2pHEnesioicrlt 9f & bast ot IR} 4t leqRd or mopeppfiofds. The use of
natural | y occur sty as nebther @dodamett] sfaffgisaf thegeptionagey dommikean gontagongdnnect

pol ypeptides into n@yelandot Dk&eind tgbneNn polcyieRtt, G Scaffdds \Wedhd inketioWn i n t he
literature. Accordi (Qgtlyr%e antal‘t]e%tliun th) Kﬁ*&g&: sgr% taﬂgfet Qe Qbed TRILE @ﬁ%&@l ds of the

invention are natural linkers, artificial |inkers, or combinations thereof.
In sonme enbodi nents, the am no acid sequences of al | peptide linkers
present in a multineric scaffold of the invention are identical. In other

enbodi nents, the am no acid sequences of at |east two of the peptide

| inkers present in a nultinmeric scaffold of the invention are different.
[0282] I n sone enbodi nents, a pol ypeptide |inker possesses confornational
flexibility. In a specific enbodinent, a pol ypeptide |inker sequence
conprises a (GGGGS)), amno acid sequence where x is a positive
integer. In sonme enbodi nents, a pol ypeptide linker is an inherently
unstructured natural or artificial polypeptide (see, e.g., Schellenberger
et al., Nature Biotechnol. 27:1186-1190, 2009; see also, Sickneier et al.,
Nucl ei ¢ Acids Res. 35:D786-93, 2007). [0283] The peptide |inker can be

nodi fied in such a way that an am no acid residue conprising an attachnment
group for a non-polypeptide nmoiety is introduced. Exanples of such am no
acid residues nmay be a cysteine residue (to which the non-pol ypeptide
nnlety |s then subsequently attached) or the antno acid sequence nay

I 1 N 1 1 a o o . Va2 1 T o,



[ 0285] The scaffolds of the invention can be used in non-conjugated form or
conjugated to at |east one of a variety of heterol ogous noieties to
facilitatwobarigeos2det ecti on or for inmaging or therapy. Poe/useafifsiids of the
can be | abel ed or conjugated either before or after purification, when
purification is performed. [0286] Many heterol ogous noieties |ack suitable
functional groups to which scaffolds of the invention can be |Iinked. Thus,
in some enbodi nents, the effector nolecule is attached to the scaffold
through a linker, wherein the |inker contains reactive groups for
conjugation. In some enbodi nents, the heterol ogous noiety conjugated to a
scaffold of the invention can function as a linker. In other enbodi nents,
the noiety is conjugated to the scaffold via a |inker that can be cl eavable
or non-cl eavable. In one enbodi ment, the cleavable |inking nolecule is a
redox cleavable |inking nolecule, such that the linking nolecule is

cl eavabl e i n envi r omiredtes, tixi stafiold of tp\ipeentimeghesise protdtien, dddtion osystifutas t he

cyt opl asm and ot her oft@gi @8 snitdladidtesliic@h@biliE BEWG @phdbR tdr@hiSe seiffoldrD| ecul es wit h
free sul fhydryl [«ﬁ§3PUpS Tn %@@L@oﬁdlmﬁt Leherdfsd aqlenména,gudn@ssegth@& od¥8%- be cl eaved

due to a change in r of en n Lhase containing, disul fides.
[0287] I n sone enbodi a?ural? < sta #’afnalfc dcsl‘ﬂy(?%(’d i nt%le%n are (gﬂh ineered to

provi de reactive gr‘tﬁ’[&f’f?}esﬁ%qmé‘@ﬁf ﬁfﬁﬁlb?ta(fﬁand‘f"ﬁprg"ﬁélf? PR Ir G TRE Nt er i nus
and/ or C-terninus canrridsSER Baiowe te B besr tanil epaprises SEQ IDWNO:4githe & e skt

conj ugation. | n ot hempa@isBEliDmEM7She |t Hae subbkdicetipien IS IR An:4henddeBjbigat ed t o one
noi ety (such as, DuUradd@mplisks¥Ed Bhd:i0. PEG while the Ctenninus is conjugated

to anot her noi et[M 84 SUChn 9 emﬁlt?%boalggm .LcLﬂ%]d; (ﬁ'%eqngen&hg&rlpm at leggi on\éln&e versa.

[0288] The term "pol ene, ns a pol yet hyl ene gl ycol
conpoun d or a deri Vlé%l/ll‘al ‘}éfuﬁlé% 1n95fr¥1ecular dhsulgide bonIE:T \F]herelfl ?ﬁe A be strancy (? e% ts, COUp| I ng

or activating noi et foBsE!s pRSEYD NG ihg Bt"?ﬁsﬁﬁndc"t‘sfs'isfflsé?@Not4$é‘§§lgﬁ't3§and aziridine,
oxi rane, N-hydr oxysuoo piShR N0, tg Driveid seindroghets piSE@ IDN0:46, iR € batastrand " PEG' | S

i nt ended t o indi cat @nspebised myh@svengd i€ land@énsias drstQao oay, amitie Ghrtta bet ween 500
and 150, 000 Da, inc%gghﬁngQ@bgguﬁg t hereof, wherein for instance the
termnal OHgro een thoxy grou ferred to as
nPEG). [0289] Th Eaf fol “‘feg’?t‘h‘?mem S°éeéfr‘i%? o 10en I es?i‘“\(}eégi’zed' Wi t h

pol yet hyl ene gl ycol “at“ny'G)W“mI@E@“’imgl“élarl GispR Pond\geEp Lh§(‘S\| EBIrE LB her of

et hyl ene oxi de r epewtsishessentisiivn o SKQ @H“qwetBé’FtM“ﬁ'&ICOHHWFSWW oAFERPS. PEGs are
cl assified by theirNol eglHe@stranieingdnteseniddily  BEQ 1P PO a kht  bataamwgrofsistom about 500
daltons to about 40.QR61ydadeb aMSo:46l the Ebed ARG kdudish cLRDOCHF SARND NoU e PECS

enpl oyed have 1ol echbar, 4 LAl S.LAUYLNELS A 6, 898, Gkl Al hwabout 20, 000
59 dal tons. PEGs coup ﬂgghg t ica s of the invention can be either
branched or unbranchgd > &ee2 5t exanple Monfardini, C et al. 1995

Bi oconj ugate Chem 6: 62-69. PEGs are comrercially avail abl e from Nektar

I nc., Sigma Chem CaknnbRed safisla s8I FeaRipaRines. Such PEGs incl ude, but are
not limted to, nononethoxypol yethyl ene gl ycol (MePEG OH), |
nnnonethoxypoly&?ﬁ@lenémﬁTﬁﬁﬂﬁh“?&@@ﬁﬁé?ﬁgf%ﬁﬁﬁﬁé%ﬁq“Wﬁﬂﬂﬁﬁé?ﬁb%@polyethylene
gl ycol - succi ni m dyiftabigig o iTria tcafo{dive RE@Sular, NHS) scaffpigs negmmsisibeo sopprtdfet hyl ene

gl ycol - am ne ( MePEGcMkth2yariannini@ettin xy p Ghsy@t ydoatieshgrlenipo hattfaueisy | at e
(MePEG TRES), and manansd,RexypolyaiwaYd @hRenrglsuGalin. M dadoydieatdony!

( MePEG | M 1029018{05&%34 of the 1LJ<],1%orn‘X n?egt;l&n-n'at%algg&m (zané(}{pl*é:ltbp 'wﬁch%rgpl Oyed for

exanple, PEG is ca a ch as a net hoxy
or ethoxy group. Thé °§??3?”Qﬁﬁ§ws’F&ﬁﬁgeﬁﬂmﬁcﬁeﬂng %ﬁgPE?% "8t her end by

reaction with a sui®#P& activating agent, such as cyanuric halides (for
exanpl e, cyanur @87t hl orlh descifip pogppdingbet, thy stabilityig e iTapejaffoldia pobrory bydkletit dazol e, an
anhydri de reagent (#m@fecad¥abphegida tdFdRabp InSited elbodimen iy eibiligtes a TUCh as

di bronosucci ni ¢ anhydri de), acyl azide, p-diazoniunbenzyl ether,

3- (pdi azoni unphenoxy) - 2- hydroxypropyl ether) and the |Iike. The activated
polynmer is then reacted with a pol ypeptide as described herein to produce a
pol ypeptide derivatized with a polymer. Alternatively, a functional group
in the scaffolds of the invention can be activated for reaction with the
pol ymer, or the two groups can be joined in a concerted coupling reaction

usi ng known coupling nethods. It will be readily appreciated that the
pol ypeptides of the invention can be derivatized with PEG using a nyriad of
ot her reaction schenes known to and used by those of skill in the art. A

PEG can be coupled to a scaffold of the invention at one or nore functional
groups at either end of the scaffold or within the scaffold. In certain
enbodi ments, the PEGis coupled at either the N-term nus or the Cterm nus.
1029111 n ot her enbodi ments, scaffolds of the invention, anal ogs or
derivatives thereof may be conjugated to a dlagnostlc or detectable agent .
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be determned by a variety of in vitro assay nethods known in the art

i ncluding for exanple, equilibriumnethods (e.g., enzyne-Ilinked

i mmunoabswolkent13emsay (ELI SA) or kinetics (e.g., Bl ACOREBCm)Uusamaloysss), and
ot her nmethods such as indirect binding assays, conpetitive binding assays,
gel el ectrophoresis and chromatography (e.g., gel filtration). These and
ot her nethods may utilize a | abel on one or nore of the conponents being
exanm ned and/or enploy a variety of detection nmethods including but not
limted to chronogenic, fluorescent, |um nescent, or isotopic |abels. A
detail ed description of binding affinities and kinetics can be found in
Paul, WE., ed., Fundanental |nmunol ogy, 4th Ed., Lippincott-Raven,

Phi | adel phia (1999). [0294] 1 n sone enbodi nents, scaffolds of the invention
specifically bind a target with specifi® kinetics. In sone enbodi nents,
scaffolds of the invention nmay have a di ssociation constant or |CA

(kori kon) of | ess t efiqldanke@hagiid by feledidnt 83 o4st 11or qt1@st 4 R4 at astyd.JoDat Bt 4. | X 10- 6M

| x10- ™ | x101M | X dr@r1Q3VF, orlax1dd-6, Mt ledkdd 1 at 1dshd, or kb Y, Br at least 10 amino acids

M 1x10-"M 1 x10- 14M.q& 1toesst it faicdnX 1edop thithSRE6ALS 116 &RO4E Ment s,

scaffol ds of the iny nSeaeasoen K o 0. 100 uM 500 nM 100 nM 1
nM 500 pM 100 %If Didc i §1QMKQ %mgéggﬁqm%?%core assaggr) or by ot her

assays known in ﬁﬂ% arﬁnwﬁhmﬁﬁmﬁTT ??&ﬁ?@%%eﬁﬂ%ﬂ?ﬁﬁﬂF“a?ﬁ% PfR nity of the
scaffolds of the in¢emh 86 ¢ DicEc FrrbekP) ip heeherpsandgmizder ke dedont i on
constant (Ka), whi chaise. dal ouifiedledntaslatdi@at halil ocattdinddeainfy confriset | east

| x102M 1, | x103M 1, 1edstodddddMuthratlylodedi Mhulfide 801 06M 1, | x107M 1, | x108M 1,
1x109M 1 l Xl(”'%% | X]'ngeM' n]eml'ylodﬁsllrglgM? %aff&%gﬁtsdﬁpf sesah?@-lgo]:%hlch]ts at
m1 x1015M 1, or

whi ch the scaffolds épi t ope may
be nmore rel evant thgﬁ“?ﬁéOVﬁFﬁé‘BFthQmRH”HFmﬂﬁﬁSﬁﬁ?ﬂWﬁm§8ﬁﬂ”§hbodlnents

t he scaffol ds of t heildjtypy &dts¢atiold. wkerein thy TReoFeffold farignplgrthertcpreprise] @leFt @e 1, | ess than
5x10- 3 s-1, |ess t&anaddudkingibn, | ess than 5x10-4 s-1, less than 10-5 s-1,

| ess than 5x10-5 s-1, less than 10-6 s-1, |ess than 5x10-6 51, |less than
10-7 s-1, |ess thanm?%%Qqu%mum | ess than 10-8 s-1, less than 5x10-8 s-1,

|l ess than 10-9 s-1 h 9 “t‘}th 0- 10 . In
certain other eﬁﬂoblnen %M“?ﬁ@SW%Pe s F%ﬂmYﬁ§M$85§?EPﬂ%‘%*mthe i nvention
associate with a ta?fgetm‘éﬁfntﬂtﬁ’ﬁfé HEED 5% gl reesprePA triguransll PR Wal ue of the
Kd or the Ka. |n t hitsart sndbeaizeel (T bd cha@ibricis@fufedh Goh ofrednza vithwent i on bind to
a target with a Kong#mdne sa0d, piteast amitnt 3QB asMedufentlwith @abrmbig@sd: abxd@8at | east 106
Mls-1, at | east 5 %ceﬂt&GmMoavﬁ)gylto @Iernlm@ §)tem]sgizmt%/l L comfp@ﬁenstv@%&w Q)f X 107 or at

| east 108M 1s-1 east 109 M1 q) (@ of..the invention
may al so be attache{ﬁd]?%w;“itom%ﬂ]re mﬁnS}mn ChTars” pa |cu Farfy useful for

i munoassays or pur PPPeeia i "y Behe” Pﬁrﬂ@?“gﬂt?ﬁé‘rm@ﬁ%ﬁ“&&rﬂ supports

i ncl ude, but are nobFildvpdiSeneddf.0, gl ass, cellul ose, polyacryl am de, nylon
pol ystyrene, polyvinyl chloride or polypropylene. TRAIL R2-specific Tn3

Scaf f ol ds [0296]Thewﬂﬁﬂmde&gamgrotein is encoded by a nenber of the

TNF-recept or SUFﬁﬁ‘M am |y, Qﬁeﬁ%f th@ﬁ?genﬁ%&@;{ ﬂ?o%ldé@rﬂmﬂmﬁetnE ?c&ﬁtd Whati, deat h donai n.
I n sone instances, 0 as T 5, KILLER,
KI LLER/ DR5, TRAI LR? eas‘l‘ﬁi%%?"“"‘i“ﬁl i‘}@% %QBFQT i ﬁl B H%‘fﬁﬁ

le astfone,f ?{ at east tw':l)' 0%' a?leal\s(tléd)r at Ileast ZF or at lea?tlgl or at leastq olt‘r%[g sts7 the rate at

. This
receptor can be act ftfaien Bysomblpfdt mpale fopets. I“f"a’ﬁfnﬁ?Pdmi‘eétf%‘tTéﬂm‘&ﬁE?bt osi s

i nduci ng |igand ( TNeSPldsla@/asiRAled ih Afe@-foprha)s wheggadn ¢treearsdinessheanifddyopt ot i C
signal. Further, TR%&&M&QnHﬂdﬂ&ﬁdmﬁp@$igsm5ljMMQ#MﬁSm&ﬁsmaﬁe&mﬁnd t he
intracel lul ar adapt gt;wdtg%ﬁfayécescalﬁé@%m&e&é/m GEPKarls Al wmlél\@@ (1997),
16, 5386- 97). [029/],The invent.ion Q&g%m(gmam éﬁﬁﬂ|9§ tpat. specifically
bind to TRAIL R2. In speC|FP iments, scaf I'nvention
specifically bind to human TRAIL R2 In other speC|f|c enbodlnents, n3
scaffolds of the invention bind to TRAIL R2 honol ogs from nouse, chicken,
Rhesus, cynonol gus, rat, or rabbit. In sonme enbodi nents, Tn3 scaffol ds of
the invention bind to an exposed epitope of TRAIL R2. Such enbodi nents

i nclude TRAIL R2 endogenously expressed on cells and/or cells transfected
to ectopically express the receptor. [0298]1In other enbodi ments, Tn3
scaffolds of the invention recognize epitopes displayed on a nononeric
TRAIL R2. In other enbodi ments, Tn3 scaffolds of the invention recognize
epi topes di spl ayed on a honodimeric formof TRAIL R2. In yet other

enbodi nents, Tn3 scaffolds of the invention bind nmononeric TRAIL R2 and
facilitate dinei;zation or oligonerization of 2 or nore TRAIL R2 nol ecul es
(for exanple, but not Iimted to nmultineric scaffolds). In yet other
enbodi nents, scaffolds of the invention reduce or inhibit interaction of
TRAIL R2 mnth TRAI L Ilgand In other enbodlnents scaffol ds of the
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[0300] I n ot her enbodi nents, nethods of the invention conprise agoni zing
TRAIL R2 by contacting with a TRAIL R2-specific Tn3 scaffold. In other
enbodi nenwe,2onetsbseds of the i nvention conprise dinerizi egrars2ahiogns®eri zi ng
TRAIL R2 by contacting a nononmer of TRAIL R2 expressed on cells with a
TRAIL R2 specific scaffold and facilitating dinerization or

ol igonerization. In further enbodi nents, dinerization of TRAIL R2 may be
achi eved through the use of, for exanple, but not limted to, multineric
Tn3 scaffolds that: mmc TRAIL R2 diners, stabilize TRAIL R2 di ner

formati on, destabilize TRAIL R2 nononmers, or only recognize TRAIL R2 diners
di spl ayed on cells. [0301]In other enbodi nents, dinerization or

ol i gonerization of TRAIL R2 may be achi eved through the use of nononeric
Tn3 scaffolds coupled with a scaffold de#nerization or oligonerization
agents. Such scaffolds dinerization or oligonerization agents may i ncl ude,
for exanpl e, but noteaffoldndfthepjventyn bigdnto FRAL RS evbdreps sepored AL sisfeldbindgig @ of
scaffolds with epit dipent @gs teotdedastwing hulaid fulods, es/ot © tepiicopet, t ag, or the
i ncorporation of vapi@yScRkiRl & Rkl MRk 2@k} Ok vidids JMIBLhickak on notifs
described herein angr 5@01ﬁ’£lm Bdﬂr% h(t, 1ncre|asg 1n@alJm‘;§fraxrld/Q§Jv1d1%f%pt9rgelt ﬁﬁi’ﬁ! is TRAIL R2

diners or oligoners na 4 d mn| strat|03)0do %nomerlc
scaffol ds fol | owed B%P“‘Plﬁ]éedgl&fﬁinﬂ?pgts P 'ﬁt Anedest F 8T G P HEFT P4t i on or

ol i goneri zation ageftrss<[i03E2Yy Ilﬁpr@?frf‘espﬁﬁb%‘i’nrﬁéﬁ‘t%”gehé’t*h%fd%“e'c‘f?‘g tthe i nvention
conprise the adm ni gnrigtionofe tofet reoteFRAI L R2 specific scaffold that reduces
cell viability af9areasut echediy ehidithint) B AGGRYSscAMO Wiheliftentidd@ondkides at | N f urt her

embodi nents, the regducl Al scsfﬂ,ldp@khL m%htfamohde&eu mltﬁdewhgry@;a&h% Lfr@popt osi s as
measured by known a uction in

S
cel | viabili ty is tEmda Xtﬁcﬁst l(:>)ne targgt and ]yvhereml elac(ﬁh‘n scaftgld comgrlses n.éﬁurahtF etﬁadtgy art
accept ed met hods. Iﬁra%‘blr‘i’ﬁed&f‘ﬁ’ﬁ‘ﬁlﬂﬁ‘éfﬁ?%reg‘?f‘éwa‘e‘e%i’la'alffft opetigpp & npaytited by at
| east 10% at | east oD@ vagant of GeesgratgigPyn agtld predgdomad3 409 at | east 50% at
| east 60% at |east 70% at |east 80% at |east 90% or nore as conpared to
cell viability in tMatmgkdiden $rfoldt eat ment. [0303] 1 n sone enbodi ments,
TRAIL R2-bi ndi ngo193n3 S Gabnk ehveldmif indnfi@imird Waridlal & he BRI BRpriddRAY, kwedR2 Wi t h
simlar activi ty asfoErhﬁvel 41)9@1@19 oI Qbre ?Mn!nmﬁz scamg\éf]thgﬁlve;[%l I'I-n solnp ot her

enbodi nents, TRAIL | ndi n 3 venél on are capabl e of
sufficiently acti vafm 1 m‘ f"g ﬁg PS monomer Sfa%"l rf%m?técpinvwél | 02 one or nore

intracel lul ar si gnaFnPtPFg Iﬁ&‘f‘%ﬁ?@'s °fﬂ‘ﬁ€‘I‘3d’H’F‘1‘P§’ Sfaﬁ@dséﬁf?n%e&fdl‘bﬁ“dﬁ‘f aniﬁaspase 3,
caspase 8, caspase %0¢ obthe FDonothen s@fidide rareenbevdientd rit endeRAl 2 seRPc bi ndi ng Tn3
scaffol ds of the i nw@riihealthaaitintakefoRpEt GSht®n boiprad twh, @aSte, ORI, €ancer cel |
type. In further enbRdi:NBNG Seven] RAkt, B2l i th NY mb 3cabiidlof B G&enRf t he
invention denpbnstrate an. Lef tgargsgeed Joas vﬁlég of apoptosis in at |east one
cell type as conpar ed to I 1 n.other enbodi rrent the TRAI L

R2- bi ndi ng Tn3 g@&“ﬂfol L i e 172 0 07 N - VA O1 1 16 BN i 8’%%% &8N t h bi ndi ng
for the sane epit opbindg barya) [n3Rpongst PR fof [xagaindy direptyy lighipgHbeeltbodi ment s,
the TRAIL R2 bi ndi ngaf®gabfbylhd siclgsiveofgadipabt.€ apfrtids|ligek immgrtiefar dxaydpleddi t i ng the
interaction of TRAI bovdrduyWhddabs sdabffds lare Raferadd bl @asdictipQ%on @bes Ih@ @kt BO% at | east

70% at | east 80% glgnorlle%@‘%lé sggg{@s 010£1te1¥£‘&€e§7 M!Il:%g\l rlwdoQQor%&lﬁJrggdﬁgd in anin

vitro conpetitive assa bl'e T a uch as the 114-281
fragment of TRAIL Imtonx?f’fle”%%cagscf & d&lfrwélf)ﬁs desbf)rilﬁ rmagon or (S;li er%ﬁnown in vivo

or in vitro studi eseXP‘R)’é‘t’“d’B’d‘?Sof u3| ng Tn3 TRAI L R2 speC| fic scaffolds in

t herapy [0305] TRAPL R2 Tn gnelemvdiment the ppltkicsit wafialdols the @ivegtion cqpmiésk ptrgst Al t hough
several types of nomeas egtolds hexpressd RAbly WR2ch aipoptiosiaxy Sdigral i ng t hr ough
this receptor appeangnifg Rfind &8I LIk P8, kY ru@md-b MQHo1ds &F ke, Whi ch

becore nore suscept !mt/)elnt%n to(r)nprgsee & Eelalt & ?n%ggagolds {}KEQJJ goqll%ged%pt%&n%a a%ml!eln the context
of their transformation f) oncogenes such as Myc or s (Wang ét al.

Cancer Cell 5:501-12 (2004) Nesterov et al., Cancer Res 64: 3922-7
(2004)). TRAIL R2 is frequently expressed by human cancer cell lines as
well as primary tunors. [0306] 1 n sone enbodi nents, TRAIL R2 specific
scaffolds of the invention are adm nistered to a subject in need of
treatnment (i.e., a patient with cancer). In such enbodinents, a sterile,
pyrogen-free conposition conprising a TRAIL R2 specific scaffold is

adm nistered to a subject in need thereof. The efficiency of treatnent nmay
be neasured using a variety of in vitro and in vivo assays well known in
the art, such as, but 64 not |imted to apoptotic activity, using caspases
activation of Annexin V binding, as well as a reduction in tunor burden or
vol une. [0307] 1 n other enbodi nents, TRAIL R2 specific scaffolds of the
invention are useful for the diagnosis and detection of cancer or other
TRAIL R2 a5500|ated di seases. In such enbodlnents TRAIL R2 speC|f|c
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Specific TRAIL R2 Bi ndi ng Sequences [0308] I n sone enbodi nents TRAIL R2
specific Tn3 nononer scaffolds of the invention conprise at |east one, at

| east twowoanilBwers three, at |east four, at |east fivepcorusatiilogasg six

| oop sequences that bind to TRAIL R2. [0309]In sone enbodi nents, TRAIL R2
specific Tn3 scaffolds conprise at |east one, at least two, at |east three,
at least four, at least five, or at |least six |oop sequences of TRAIL R2
bi ndi ng nononer scaffold clones selected from 1Cl2 (SEQ ID NO 132), &3
(SEQ ID NGO 133), 1E11 (SEQ ID NG 134), C4 (SEQID NG 135), Cl1 (SEQ ID
NO 136), F4 (SEQ ID NO 137), and G5 (SEQ ID NO 138). [0310]In sone
enbodi nents, TRAIL R2 specific Tn3 nononer scaffol ds conprise at |east one
| oop sequence selected fromthe | oop sequences listed in TABLE 4. In other
enbodi ments, TRAIL R2 specific nononer 3§caffol ds conprise at | east one BC
| oop sequence selected fromthe BC | oop sequences listed in TABLE 4. In

ot her enbodi ments, TRApPPUdRInkgplae frpcific eppdieethe kg pigplls ¥ Gaisrerise at | east
one DE | oop sequencemg@d @tsedo focmiftifehaDie boopd peqireneaeetideditked i n TABLE 4.
I n ot her enbodi ment Shereif BAbdstidBnk&REGHIA Cto BRIAAIEBor 56 afliGbls 16OMRE | Se at | east
one FG | oop sequence,sel gGi&dod 6O L &G 1 0B SEIHENEERS ol I S&fd 11 TABLE 4.

[0311] I n sone enbodi nents, TRALL R2 eclfic Tn3 nono aff ol ds conpri se
a BC 1 oop sequence esmqfdrérrgfteté‘e fa@ om 1 ﬁcééoﬁt(_’{ %%ﬁveéltfé’alf‘ém Elseersg? Fefsgfw e n?n TABLE 4;
and a DE | oop sequelit@ISHT &t o8y ¥ (odThE TEPF OB SEHieFcBRid it ed i n TABLE
4. I n other enbodi nemprses | PRARE0, R2 tegipraidp.fof Ide #rhBrret to shernf. prhadgdsconpri se a BC
| oop sequence @lvssel eat eshedtc affotifi@t, BOnlloe: satdentcsveltosdasisdsan TABLE 4;
and an FG | oop sequeRGR. HELeEIdeHa: bt QMelide: e RoRnseEManeRs thi-st ed in TABLE

4. In other enbodi rrvevhre]ntm% fuﬁ%onﬁ&%%t@.&he%un&fg%f r]éo?eltyg'ﬁl_ bg g%gBJd Iba%(% zl?‘ DE | oo p

TRAI
sequence sel ected from,%hﬁlé If)i%la oop seguences || ted in ;l'ABLE - and an FG
| oop sequence sel ecPeU ¥t B PHE: °ﬁ%”?°8§18°ss°§§%§ﬂt€5%° T ot FRA™FABLE 4. In
some enbodi ments, afurrieay moiRp usefdderipyrifigatiopieas. ApiEieEe) SRS & 2d8fpri ses | oop
sequences Ccor r espontngigpalin@iclico Gpful selgkraice®, Hurapmpidimged tof whyetipfenctehrobe di f f er ent
Tn3 clones. [0312] | pe®0d®oehdali, FRNEnSidel imghing Bt LbiolR? a Sip@dtibn dmalid3 mul ti meric
scaffolds are |ineaf, L DRhLSHR) &an Fflh BRRLS poRidEkredSa dohlfn ok Edehent andem 2
scaffold of SEQ ID I}lcm)”éé]%?asg etranmers syiﬁ)hahgsﬁbt%e %‘,:11 tandem 4 scaffold of
SEQ ID NO 140 or thé Y aEm A APt ol o RS B NG 4 S hexaner s such
as the 1E11 tandem & 1&uanierds 3 cRsymecpien s prergeys qtpfine Repide e384 6 scaff ol d
of SEQ | D NO 144 om cpiltee f4mmedbiinatpeighentifegolpyfier. SEM@king apdChe likg Bpecifie  oct aner s
such as the 1El11 t apg@éingrsagidinttiolatnodfies SRmbyDe MEX as nllds arctli®seBaf-d. andem 8
scaffol d of SEQdié) NO 1lédae cthdihdi€ ak4madie ri:andamodpss af if.ohwd @f SEQ | D NO

166. [0313] In_some gRog MBS Seied Mond Bhdre fgerS Rﬁeginftﬁeqim&ﬁsﬁtggaiﬁg meric

scaffol ds are Fe fusions, e g hffﬁ he CJiEZ Fe l.f usi on of ! 1 149, the
G3 Fe fusion of SEQTH "N T562Mh&" PETT FE PR %A S IDRO 151, the
C4 Fe fusion of SEQmbfyiosay: a limksr canpmprippemuitigle finkers. iyithapp R5fhe Spolitkpy oNG: 153,

[ 031411 n sone enboddiffendt igkerst In@onF [QAollimRR. whgee plirdliy of iBerrnd topepyptpde scaf f ol ds
are anti body-|i ke f wst®a6Le liGke@can betfld@iombafefi@l d resul ting fromthe

associ ation of the 1Cl2 1gGlL heavy chain constant region scaffold of SEQ ID
NO 154 with the 1CHitikaiopaffdid Biiving 8thighiamexcaf f ol d of SEQ I D NO 155, the
scaffold resulti fromthe as i ati of X V, ain scaffold
of SEQ ID NO 18 it hrﬂf TN E%a""‘fsé’g%ﬁ)’}elm% T C 2??%‘%8’%?’ %Tc %%rt){ats%% ID NO 157,
the scaffold resul t Pge ¥ IRt e I&?@%@iﬂbg?‘?‘%ﬁ’ gtimerigscafdt o Py B R_avy chain
scaffol d of SEQ | D t@prisessagfolsthetpreppsaificfe differsabnpipaes.whighteen be pifirest aieesf f ol d of SEQ
I D NO 159, the scaddfmBhd Re esudiffaengugte.o0m t he associ ation of the C4 1gGlL
heavy chain scafifighd ofm SERitcLmMNGmend, G mbdiinbic trivescBbid kappa oioghibre chai n -
scaffold of SEQ ID N, kGibpes B ;on@ve&mrfgf%%%@s) beildd AU LUl 28, @ssoci at i on
of the G 1gGl heavy chain scaffold of I'D NO 162 wth the G kappa
light chain scaffold of SEQ ID NO 163. [0315]1n sone enbodi nents, the
TRAIL R2 specific Tn3 multinmeric scaffold conbine a Fe fusion format with a
linear format, e.g., the 1E11 tandem 2 Fe fusion of SEQ ID NO 164, or the
1E11 tandem 4 Fe fusion of SEQ ID NO 165. 66




[0316] I n certain enbodi nents, where the TRAIL R2 specific Tn3 nultineric
scaffol d sequence contains a |linker and/or a Histidine tag at the

C-term nusoabivizes2sequence, This C-term nal |inker and/ ®ecTHisstii@snestag can
be renoved, the correspondi ng am no aci d sequence thus containing a
deletion of the Ctermnal linker and H's tag sequences. [0317] In sone

enbodi nents, TRAIL R2 specific Tn3 nultinmeric scaffolds are conjugated to
PEG In specific enbodinents, the F4npodl2 tandem 6 (SEQ I D NO 167) or the
F4nmpdl1l2 tandem 8 (SEQ I D NO 166) scaffolds are conjugated to PEG In
further enbodi ments, the PEGis conjugated at either the N-term nus or the
C-termnus of the multineric scaffold nol ecul e. Pharnaceuti cal Conpositions
[ 0318] I n anot her aspect, the present invention provides a conposition, for
exanple, but not limted to, a pharnmacegti cal conposition, containing one
or a conbination of scaffolds or nmultinmeric scaffolds of the present

i nvention, fornulat edhd et Bebdiddnd fe Mlipha TReaid dacaldw acseptabl e carrier.

Such co npos itions n&Mop‘esQQ ll"IUﬁdLeRp mgfetq{ioth@f S&lenﬂ)a&nbn@ the Qliltimein&rx'ﬁ LA l €, but not

limted to two or m)r g C{jtwf § errg[illhere%tcegitopes ond[ eT%AILthgnd ac[c]i\{lgnnﬁ b?nia at IJ: r exarrpl e a
phar maceut i cal corrp05| tion of the I nyvention l%/féles npr | sé a i nati on of

scaffol ds that bi nd®FdPHPF et 8t "85 YHEA L Eh et &y gta“"é{‘r‘*ft Tpa fi or that
have conpl ement ary eehpdingt fhegrgultimpriy Tad %aéfé‘é‘r‘aflib‘éd 2 R B %”é’m"“ 2dRMR & maceut i cal
conposition conpri Ségeran §akdoihirenpodimeic &t fnolkigerio fin3tstaéold qw Bt t G same

[ 0319] Phar maceut i cakpite 60 fist O MBSAIOR2 A1dkRulds N1hQEHaih Bbodh&®, tGafiiRec adm ni st ered

in conbi nation ther %Blécaffo?d%%m@ée saﬁ&mﬁe'lﬁf%wnm cchJ'b%e AR SoelPr exanpl e,
the combination ther aaggd Catn 1 ? g me enslb0(§m nts, the.mull 1c? Ecaf%ﬁiecglntbl h nvention
conbined with at |edst ORe O erace il Rersim The T nmay be

i munot her apy, chenﬁtt‘lﬁé*}“ﬁﬁli}t"l’er"h"dﬁeﬁft e'éjtﬂp‘”t ?“Jﬁﬁ%ﬁt‘” on §iffereyy iﬂ’éetstvﬁtefh&py The

phar maceuti cal conpsanddifadt Hindiee affnijieptdioomditay | ncl ude one or nore

phar maceut i cal | yozag C e pt 18 blo@er sigthodirgent, RhaherRCeArblisGed miD@sdcTep sedfold Adm ni strati on
[0320] To prepare phahdpghbkd & dhe o hors bofikd dr @R A0 RP RSdrdiy @ SspdeiChisad Ng @ Tn3

scaffol d of the inv ané' emfne@m%&aie OQLMG (o [ é&%m\’é’!ﬂl&)h RsLNREREGUt i cal Iy

acceptabl e carrier % 1% an ad | Stll’atIO reginmen for a

t her apeuti ¢ dependstafﬁﬁ ‘Felfe thlmerl’zét?f 5?” exam? &l "flsh1 I5F IHUB¥ ti ssue

turnover rate of th@af@HtC%ﬂtb?dtOtaHeglelTéﬂ%Im@f“"§3}??th R2 peppeding 57 <r@Prunogeni ci t y

of the entity, and btdien agC®es sdaifid intays odfdul¢ livear taltiglett sef@ld| can tid t4 tve bi ol ogi cal

matri x. In certain emhoe} GRmisSsnd BRcothdtoth A KEBBIpRiam 20 GABIRNA phRa il zes t he

amount of therapeut IAﬁA&%lplat%l%raﬁgA&giBtk @f@t{omm&g@é&ﬁag@;ﬂm&an
H

accept abl e level of Ba%ern an gCA?&%aﬁﬁm ang tpa(%t%rgg? tfy%UIQargetf)accorJinﬁto active

ingredients in the I nvention may
be varied so as to OBtRAPUATHS éﬁ%“tﬂ‘i“tpatﬁ‘i“ ef"hé"’ Fet49R PR g PRETERE A ch i s
effective to achi eve theheverdiersiomeries 2 lplrabifp efluanéineersddasp oirede feggineezged. dgp t | cul ar
patient, conpositi Oengingiad] oo Qiswfde sud MioénSitekra) krd Mon-evdirkdd WdatfdBigiswy t oxic to
the patient. The sehgch&sctRBABEe RN acdidhi o dRANE HRAMDIR oValzhet Y Of

phar macoki netic f ac; Qerrt§1n lblaggchCjelffgg éulaiecogiﬁ;ﬁa}lo\ﬂg nymog(fmeltlchﬁﬁ rs)(%olidg Qngb@r .
conpositions of the prese Semest ele salt or am de

thereof, the route O™ &{Ht qlﬁf‘sée{“}ﬂ? ddt%seq‘tmglgevfﬂ At “sm?mcthﬁ‘?n nistration, the rate
of excretion of M parlpiselmbdpepBiRITiOE? sy By °°'Esﬁ‘i§tscﬁ§r ation of the
treatment, other dr ngtmericoafpldunestcdnidd ¢rantihgt-ike ifehag capglebiide cimtbi nati on with
the particul ar conposiiL kDA% AP OYROR? Rt s@Gng 1SEXain\Wkrg ITbr,ins@oAdi t i on,

gener al health and 91 J:ngiﬁ eIﬁE@(ﬂ’h&@L thJr Rbnfaf M3 Qiffoltihﬁedg)aﬁellg%nlgavpﬁilrﬂglaﬁ reated, and

like factors wvell QI\JNQ -like frma?Tn gult%nae'rlc s%z[faﬁ can[ %Zl‘o ]a'%lrsgparnl‘t) w%ereaI Qn of t he
pr esent invention my §i 0b VI a I'T(% re routes of

admi ni stration usi nﬁ‘“lbvﬁl@‘ 5‘?3 hﬁeﬁrrséaffﬂ‘f f”?id WéfF|Ig§'tl‘§ht6}1“‘nsrfﬁfnrf6t3’§dyﬂlf‘?5?}iﬂat| n the art.
In certain enbodi nents, the Tn3 scaffolds of the invention can be

formul ated to ensure proper distribution in vivo. Methods of Using
Scaffol ds [0322] The Tn3 scaffolds of the present invention have in vitro
and in vivo diagnostic and therapeutic utilities. For exanple, these

nol ecul es can be admi nistered to cells in culture, e.g. in vitro or ex

vivo, or in a subject, e.g., invivo, to treat, prevent or diagnhose a
variety of disorders. [0323] Al so, many cell surface receptors activate or
deactivate as a consequence of cross- linking of sub units. The Tn3

scaffolds of the invention may be used to stinulate or inhibit a response
in a target cell by cross-linking of cell surface receptors such as TRAIL
R2. I n another enbodi nent, the scaffolds of the invention of the invention
may be used to block the interaction of nmultiple cell surface receptors

wi th antigens. In another enbodi ment, the Tn3 scaffolds of the invention
may be used to strengthen t he |nteract|on of nultlple ceII surface

e o b1 o, o e T T T T T F [ v



68 antigen, or bind two different antigens. In another enbodi nent, the Tn3
scaffolds of the invention could be used to deliver a ligand, or |igand
anal ogue wo 2a11s3ex28fi ¢ cell surface receptor. [0324] ThepPcmusediilobs2188 SO
provi des nethods of targeting epitopes not easily acconplished with
traditional antibodies. For exanple, in one enbodinent, the Tn3 scaffolds
and of the invention may be used to first target an adjacent antigen and
whi | e bi ndi ng, another binding domain may engage the cryptic antigen.

[ 0325] The i nvention al so provides nethods of using the Tn3 scaffolds of the
invention to bring together distinct cell types. In one enbodinent, the
scaffolds of the invention may bind a target cell with one binding domain
and recruit another cell via another binding donain. |In another enbodinent,
the first cell may be a cancer cell and7the second cell is an inmune
effector cell such as an NK cell. In another enbodi ment, the Tn3 scaffol ds
of the invention nmaimsbeffdisedbitdgo s tercahgiedien shdter dnhdder@didaofrmpdbiveen t wo

di stinct cells, sSuClamgs e el kQRRy PHa@SE MitahtB&ly-GIR lfdimabthg scarrol ca@hd t 0 possi bly

boost the immne r €3 legé @rthaclrtgﬁgﬁ'lty Jllgr@as &h@l‘{n@ap&)higtllcaﬁ(llé%segro%glgg@&t nmet hods of
using the Tn3 scaffgl.ds.to revent. c

ns of an ann%?dﬁ Lke(%ormat SC; fo}d canabmd to. t{éf ane tar%%temtr}.} '?fg"e';l{ or syrrpt ons

thereof. In one enbodi meht using the
Tn3 scaffol ds of th@“?hb@%?ﬁ%mm?ﬁ“&EEPéP@*QﬁﬁFEﬂFé@?%T%ﬂ#”@éﬁWepopulatlons
In this respect, Tn3" deadffiodyds biod to b firg taizehwdeitad baintwaffolipdusyddatf chaigs t r eat sone
types of therapy re&instignfhCanderasibody &3 Bddwlheoidmygent i on al so provi des

nmet hods of using Tn3 scaffolds to deplete a cell population. In one

enbodi ment, net hodsFuwipnst he i nvention are useful in the depletion of the

fol lowing cell to¥RES: ﬁgahml@mer pp)aﬁe@rammem ASULFAPR nJmsmg a RE! tlm B cell,

mast cell, nonocytes_a entlon rovi des nethods of
using scaffolds to Fﬁﬁ@?ﬁﬁﬁ%@msﬁ%ﬁTﬁFmt i 3rgacf93 %ﬁg?‘“The i nvention
al so provides nethoH@mB$WU§FﬁgIWﬁS¢§@%ﬂF6Wﬁ§%ﬁf6?@¥ﬁ§“d§d8ﬂﬁbﬁbst|c
reagents. In this regpeécs,: sparp Bomy eevidodidiferd thactbliiy i tedpaigergfTn he Tn3
scaffol ds of the inuemti 6 ctdpd RAboke Bdodife RSk ans Reousiedidi agnosti cal |y

to detect cells expreeSkiigy THbdeo B;Z,moilpag&t@%Elmﬁmygpmmeﬁ wnhdg, abi lity of
the Tn3 scaffol ds of t?%w nt i te bet ween cel

i nvent i
popul ations resistant 10 TRAT Q1r8ﬁm§3%§ ?mpmgm% L minetics, and cel
popul ati ons resi®®hnt ﬁHz?ﬁﬂFEmﬁﬁﬁ‘EFﬁ@“Fbﬂ?Rﬁ1ﬂfﬁwﬁﬁ??5? CEBRE e g
Exanpl e 19) can be wyesdedopfuscdjoaparo et etepylagopronnisses. inflydingPpiJotdipitef fop| d's of the
i nvention may be usgptidds, polppeiiiics, $ro@ins, ot grewitssousirariémakicfid. en mblecalst | gens need
to be efficiently captdtRe SARGURESAdae mdidulds, Snd@leSR oAt LTIPhated t hat

cancers caused 69 R ADELLALLORS e ARARKORLSFEN AlRf.A sl gat ed by the
nmet hods and conp05|%jon§ of. Qe I NV qpodlnent t he

i nvention pr ovi des HEPR d/ dconjlfgate to a heterolci,gous 6rote1L or }(;i) d/ eﬁtl e o, f%%mefm thereo
anel i orating cancer CoUTRAR el by é’(‘fﬁll“f“lal‘fiWY%CWF%?“WH‘B”%"G’S‘F@B‘F‘& can be used
to treat cancer, e.gmultineripiy3 sekidean be faohorldodigdli rniseakd arpbriypantide eelir i an cancer,
col on cancer, coIore&habn@ampek%ﬁmamﬁm@ahMQamane&ﬂwaﬂ&d7mumhh@le nmyel oma

Treat ment of cancer ;s & JRA loo, BRsPORE kifida 3005k £dst B8, bCut T3 06@Rind UT t her

conprise an addltlongsmgmﬁmg&%hm§g&h as |nnunotherapy, bi ol ogi cal therapy,

chenot her apy, radj at’l , .or_ small nolecule dru thera

[ 0329] Met hods t &2 eat Eaffedy c?ﬁ“@Bﬁﬁ?F§8mFﬂ%'%ﬁﬁ?ﬁ’ %e??ﬁ'mgo a subj ect
in need thereof a d@@@m%ms@Wﬁ%dﬁﬁ?ﬁaﬁ%f%aWFV*dF“¥H@W%ﬁb@?@%&ﬂP@ effective
anmount of one or noxEHLIAGaEeafolod dtyof vif dueor mpry@Rdr se@mnces deseibdterevat i on Wi t h
surgery, alone or iR sbhtl dnbRinet) oAt B8 uddd foRarfehRic@PEFUsHoSHepradsitON Of a

standard or experl n&&tn@al' ceﬁ%mthgg‘rv@rgxrm @voh; W@lonj&@ﬁé%ﬁ scﬁfogg ol Ogl cal
t her apy/ i mmunot her a.radia nce with these

enbodi nents, the Tngxmggf?%F§°ﬁ”P“w %°$H$%” m%§ S‘ﬁf”% Fsm revent,

manage, treat or aneliorate cancer, autoimune, inflammatory or i nfecti ous
di seases or one or nore synptons or one or nore synptons thereof nmay or may
not be conjugated or fused to a noiety (e.g., therapeutic agent or drug).
Equi val ents [0330] Those skilled in the art will recognize, or be able to
ascertain using no nore than routine experinentation, nmany equivalents to
the specific enbodinents of the invention described herein. Such
equi val ents are intended to be enconpassed by the follow ng clains.
[0331] All publications, patents and patent applications nmentioned in this
specification are herein incorporated by reference into the specification
to the sane extent as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated
herein by reference. This application clains the benefit of priority to

u. S PrOV|S|onaI Patent Appllcatlon hb 61/323 708 f|Ied Apr|I 13, 2010,

M o, e 1 o o T e o 1 Y S




70 TABLE 1. Sequences and SEQ I D Nos of nol ecul ar conmponents to assenbl e
representative scaffolds of the invention: Nane/Brief Description Sequence
SEQ | D NQvon811ByERVTDTTALI TWFKPLAEI DGCELTYG KDVPGDRTTI PCTHEREN®Y32188

SI GNLKPDTEYEVSLI CRRGDVSSNPAKETFTT (cys residues of disulfide bond are
underlined) 1 SS3 | EVKDVTIDTTALI TWFKPLAEI DA ELTYG KDVPGDRTTI DLTEDENQYS

| GNLI CPDTEYCVSLI SRRGDIVESNPAKECETT (cys residues of disulfide bond are
underlined) | EVKDVI DTTALI TWFKPLAEI DGCELTYG KDVPGDRTTI DLTEDENQY

SI GNLKPDTEYCVSLI CRRGDVSSNPAKECFTT (cys residues of disulfide bonds are
underlined) 2 3 Tn3 + SS3  3rd Fnlll of tenascin C (W N-term an)

RLDAPSO EVI CDVTDTTALI TWFKPLAEI DG ELTYd KDVPGDRTTI DLT

38

TRAIL R2. Multimeric Tn3 scaffolds fused or conjugated to heterologous polypeptides
can also be used in in vitro immunoassays and purification methods using methods
known in the art. See e.g., International Publication No. WO 93/21232; European Patent
No. EP 439,095; Naramura et al. Immunol. Lett. 39:91-99, 1994; U.S. Pat. No. 5,474,981;
Gillies et al., PNAS 89:1428-1432, 1992; and Fell et al., J. Immunol. 146:2446-2452,
1991, which are incorporated by reference in their entireties.

[0205] In some embodiments, the multimeric Tn3 scaffolds can be integrated with the
human immune response by fusing or conjugating a scaffold with an immunoglobulin or
domain thereof including, but not limited to, the constant region of an IgG (Fc), e.g.,
through the N or C-terminus. Similarly, a fusion between a scaffold and a complement
protein, such as Clq, can be used to target cells. A fusion between a multimeric Tn3
scaffold and a toxin can be used to specifically destroy cells that carry a particular antigen
as described herein.

[0206] Various publications describe methods for obtaining physiologically active
molecules whose half-lives are modified by introducing an FcRn-binding polypeptide into
the molecules (see, e.g., WO 97/43316; U.S. Pat. No. 5,869,046; U.S. Pat. No. 5,747,035;
WO 96/32478; and WO 91/14438), by fusing the molecules with antibodies whose FcRn-
binding affinities are preserved but affinities for other Fc receptors have been greatly
reduced (see, e.g., WO 99/43713), or by fusing the molecules with FcRn binding domains
of antibodies (see, e.g., WO 00/09560; U.S. Pat. No. 4,703,039). Specific techniques and
methods of increasing half-life of physiologically active molecules can also be found in
U.S. Patent No. 7,083,784. Specifically, it is contemplated that the multimeric Tn3
scaffolds can be fused to an Fc region from an IgG, wherein the Fc region comprises
amino acid residue mutations M252Y/S254T/T256E or H433K/N434F/Y436H, wherein
amino acid positions are designated according to the Kabat numbering schema. In some
embodiments, the half life of the multimeric Tn3 scaffold can be increased by genetically
fusing the multivalent Tn3 scaffold with an intrinsically unstructured recombinant
polypeptide (e.g., an XTEN™ polypeptide) or by conjugation with polyethylene glycol
(PEG).

[0207] In some embodiments, the multimeric Tn3 scaffold can be fused with molecules
that increase or extend in vivo or serum half life. In some embodiments, the scaffold can

be fused or conjugated with albumin, such as human serum albumin (HSA), a neonatal



4 EDENQYSI GNLKPDTEYEVSLI SRRGDVMSSNPAKETFTT (underlined A beta strand
resi dues nmay be renoved) 10th Fnlll of fibronectin

LEVWAATPTSOLh BYBARAVTVRYYRI TYGETGGNSPVQEFTVPGSKST PCT/US2011/032188
ATI SG.I CPGVDYTI TVYAVTGRGDSPASSKPI STNYRT 5 3rd FnEl of fibronectin
PTVDQVDDTSI VWRWSRPQAPI TGYRI VYSPSVEGSSTELNLPETANSVT

LSDLQPGVQYNI Tl YAVEENQESTPWI QQET 6 6th Fnlll of fibronectin
PYNTEVTETTI VI TWIPAPRI GFKL GVRPSQGGEAPREVI SDSGSI VWSGL

TPGVEYVYTI QVLRDGQERDAPI VNKWT 7 Fnlll from growth hornone R

PPI ALNWTLLNVSLTGAE HADI QVRVWEAPRNADI QKGAWLEYELQYKE

VNETKWKMVDPI LTTSVPVYSLKVDKEYEVRVRSKQRNSGNYCGEFSE VLYVTLP 8 Fnlll from f3
common R PPSLNVTKDGDSYSLRWETMKMRYEHI DHTFEI QYRKDTATWKDSKTE

TLONAHSMAL PALEPSTRYWARVRVRTSRTG YNG WESEMWSEARSWOT E 9 Fnl Il from I L-5R
PPVNFTI KVTGLAQVLL QAKPNPDQEQRNVNL EYQVKI NAP1OEDDYET

RI TESKI VTI LHKGFSASVIRT tetetDIHSBIn] ABS\AABARdntHMAerdoD PEG, polysaccharides, antibodies,

complement, hemoglobin, a binding peptide, lipoproteins and other factors to increase its
half-life in the bloodstream and/or its tissue penetration. Any of these fusions may be
generated by standard techniques, for example, by expression of the fusion protein from a
recombinant fusion gene constructed using publicly available gene sequences.

[0208] Moreover, the scaffolds of the invention can be fused to marker sequences, such
as a peptide to facilitate purification. In some embodiments, the marker amino acid
sequence is a poly-histidine peptide (His-tag), e.g., a octa-histidine-tag (His-8-tag) or
hexa-histidine-tag (His-6-tag) such as the tag provided in a pQE expression vector
(QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, Calif, 91311), among other vectors,
many of which are commercially available. As described in Gentz et al., Proc. Natl. Acad.
Sci. USA 86:821-824, 1989, for instance, poly-histidine provides for convenient
purification of the fusion protein. Other peptide tags useful for purification include, but
are not limited to, a hemagglutinin ("HA") tag, which corresponds to an epitope derived
from the influenza hemagglutinin protein (see, e.g., Wilson et al., Cell 37:767, 1984), a
FLAG tag, a Strep-tag, a myc-tag, a V5 tag, a GFP-tag, an AUl-tag, an AU5-tag, an
ECS-tag, a GST-tag, or an OLLAS tag.

[0209] Additional fusion proteins comprising scaffolds of the invention may be generated
through the techniques of gene-shuffling, motif-shuffling, exon-shuffling, and/or codon-
shuffling (collectively referred to as "DNA shuffling").

[0210] DNA shuffling may be employed to alter the action of Tn3 scaffolds on the target
{e.g., generate scaffolds with higher affinities and lower dissociation rates, or scaffold
with increased ability to dimerize TRAIL R2). Tn3 scaffolds may be altered by random
mutagenesis by error-prone PCR, random nucleotide insertion, or other methods prior to
recombination. One or more portions of a polynucleotide encoding a scaffold, which bind
to a specific target may be recombined with one or more components, motifs, sections,

parts, domains, fragments, etc. of one or more heterologous molecules.

Antibody-like Multimeric Scaffolds

[0211] In some embodiments, the multimeric scaffold of the invention comprise at least
two Tn3 scaffolds, wherein at least one Tn3 scaffold is fused to a domain or fragment of

an antibody (e.g., an IgG), including but not limited to an intact antibody, an antibody



29"" Fnlll from Tenascin XB

LSVTDVTTSSLRLNVWEAPPGAFDSEL L REGVPSPSTL EPHPRPLLQRELM
VPGTRHSAVWBDRLRAGT2Y SL TLYA.RGPHI CADSI QGTART 11 31Fnl || f romuUBeassiies XB
LRALNLTEGFAVLHVKPPONPVDTYDI QVTAPGAPPLQAETPGSAVDY
PLHDLVLHTNYTATVRG.RGPNLTSPASI TFTT 12 32"d Fnlll from Tenascin XB
LEAKEVTPRTALLTWEPPVRPAGYLLSFHTPGGEQTQEI LLPGAE TSHQL
LA_FPSTSYNARLQAMAGQSLLPPVSTSFTT 13 Truncated 3rd Fnlll of tenascin C

| EVKDVI DTTALI TWFI CPLAEI DA ELTYQ KDVPGDRTTI DLTEDENQYS

| GNLKPDTEYEVSL| SRRCDVMSSNPAKETFTT 14 Fnlll - grow h hornmone R

Pl CETKCRSPERETFSCHW DEVHHGTKNLGPI QLFY! RRNTQEW QEW
KECPDYVSAGENSCYFNSSFTSI W PYCl KLTSNGGTVDEKCFSV 15 Fnlll from PTPR-F
PSGFPONLHVTGLTTSTTELAVWDPPVLAERNGRI | SYTWWERDI NSQQEL

QNI TTDTRFTLTGLKPDTTYDI KVRAWISKGSGPLSPSI QGSRTMPVE 16 Fnl Il from PTPR-F
PKPPI DLWTETTATSVI LM @G R\CHY36shif )Y Rt dd@EiRQEWbAa domain, an Fe domain, a
GVATTRYSI GGLSPFSEYAHRVI: AMNGLEERGPPSEAVRARTGE 17 Fnl Il from col | agen type XV

[0212] In some embodiments, a Tn3 scaffold can be fused to a domain or fragment of an
antibody. The domain or fragment of an antibody can further enhances the avidity and/or
affinity of the multimeric scaffold by providing, similarly to the Fc domain described
below, a dimerization or multimerization domain which facilitates the formation of
multimeric scaffolds of the invention. Furthermore, the domain or fragment of an
antibody can further enhance the scaffold's action on the target, e.g., more efficiently
dimerizing or multimerizing a target.

[0213] In some embodiments, only one multimeric Tn3 tandem scaffold comprising two

Tn3 domains is conjugated or fused to a domain or fragment of an antibody. For instance,
a single multimeric tandem scaffold can be fused to the N-terminus of a polypeptide of a
domain or fragment of an antibody (e.g., a heavy chain or a light chain of an antibody).
In some embodiments, multimeric Tn3 scaffolds are created by fusing or conjugating one
or more Tn3 scaffolds to the N-terminus and/or the C-terminus a polypeptide of a domain
or fragment of an antibody (e.g., a heavy chain and/or a light chain of an antibody. In
some embodiments, some or all the Tn3 scaffolds fused to a domain or fragment of an
antibody are identical. In some other embodiments, some or all the Tn3 scaffolds fused to
a domain or fragment of an antibody are different.

[0214} In some embodiments, the tandem Tn3 scaffolds used to generate an antibody-like
multivalent Tn3 scaffold can contain the same number of Tn3 modules. In other
embodiments, the tandem Tn3 scaffolds used to generate an antibody-like multivalent
Tn3 scaffold can contain a different number of Tn3 modules. For example, a tetravalent
Tn3 scaffold can be formed, e.g., by fusing a linear format tetravalent Tn3 scaffold to a
single position, or by fusing one Tn3 monomer scaffold in one position and a trimeric
linear format Tn3 scaffold to another position, or by fusing two dimeric Tn3 linear format
scaffolds to two different positions, or by fusing 4 Tn3 monomer scaffolds, each one to a
single position.

[0215] In a specific embodiment, multimeric Tn3 scaffolds of the invention comprise
four multimeric linear Tn3 scaffolds fused to a domain or fragment of an antibody
wherein each multimeric linear Tn3 scaffold comprises two Tn3 monomer scaffolds that

are connected in tandem via a linker (FIG. 1). In other embodiments, multimeric Tn3
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scaffolds of the invention comprise at least one, at least two, at least three, at least four, at
least five, at least six, at least seven or at least eight monomeric or multimeric Tn3
scaffolds of the invention fused to a domain or fragment of an antibody.

[0216] In one specific embodiment, a tetravalent Tn3 scaffold can be generated by fusing
one Tn3 scaffold to the N-terminus of each of the light chains and heavy chains of a
domain or fragment of an antibody (see, e.g., A9 construct in FIG. 2).

[0217] An antibody-like format multivalent Tn3 scaffold can be generated by fusing any
combination of Tn3 scaffolds to a domain or fragment of an antibody or modified
antibody. Examples of modified antibodies include domain deleted antibodies,
minibodies (see, e.g., U.S. Patent No. 5,837,821), tetravalent minibodies, tetravalent
antibodies (see, e.g., Coloma & Morrison, Nature Biotechnol. 15:159-163, 1997; PCT
Publication No. WO 95/09917), thermally stabilized antibodies, humanized antibodies,
etc.

[0218] Each of the linear Tn3 scaffolds of the invention used to generate an antibody-like
multivalent Tn3 scaffold according to FIG. 1 can contain the same linkers and linker
distributions, or different linkers and different linker distributions.

Fe-Fusion Multimeric Scaffolds

[0219] In some embodiments, a multimeric Tn3 scaffold of the invention comprises a
plurality of monomeric or multimeric Tn3 scaffolds connected to an Fc domain. The
fusion of a multimeric Tn3 scaffold of the invention to an antibody fragment comprising
an Fc domain further enhances the avidity and/or activity of the multimeric FnllI scaffold
by providing a dimerization domain which facilitates the formation of dimers of the
multimeric Tn3 scaffolds.

{0220] In some embodiments, only one multimeric Tn3 scaffold is fused to an Fe¢ domain.
In a specific embodiment, multimeric Tn3 scaffolds of the invention comprise two
multimeric Tn3 scaffolds fused to an Fc domain wherein each multimeric Tn3 scaffold
comprises two or more Tn3 scaffolds that are connected via one or more linkers (FIG. 1).
In one specific embodiment, the multimeric Tn3 scaffolds fuse to the Fc domain are
linear format scaffolds.

[0221] In one specific embodiment, two linear format Tn3 scaffolds comprising two Tn3
domains in tandem are fused to an Fc domain to yield a multimeric Tn3 scaffold with a

valency of 4 (see, e.g., A7 construct in FIG. 2). In another specific embodiment, two
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[0222] In some embodiments, the Tn3 scaffolds fused to the Fc domain comprise the
same number of Tn3 modules. In some embodiments, the Tn3 scaffolds fused to the Fc
domain comprise a different number of Tn3 modules. In some embodiments, the Tn3
scaffolds fused to the Fc domain comprise the same linkers. In other embodiments, the
Tn3 scaffolds fused to the Fc domain comprise different linkers.
[0223] In some embodiments, different multimeric Tn3 scaffolds of the invention can be
dimerized by the use of Fc domain mutations which favor the formation of heterodimers.
It is known in the art that variants of the Fc region (e.g., amino acid substitutions and/or
additions and/or deletions) enhance or diminish effector function‘of the antibody and can
alter the pharmacokinetic properties (e.g. half-life) of the antibody. Thus, in certain
embodiments, the multispecific Tn3 scaffolds of the invention comprise Fe domain(s) that
comprise an altered Fc region in which one or more alterations have been made in the Fe
region in order to change functional and/or pharmacokinetic properties of the multimeric
Tn3 scaffold.
[0224] It is also known that the glycosylation of the Fc region can be modified to increase
or decrease effector function and/or anti-inflammatory activity. Accordingly, in one
embodiment the Fc regions of the multimeric Fnlll scaffolds of the invention comprise
altered glycosylation of amino acid residues in order to change cytotoxic and/or anti-

inflammatory properties of the multimeric scaffolds.

Multimeric Scaffold Topologies

[0225] One skilled in the art would appreciate that multimeric scaffolds discussed above,
in FIG. 1 and FIG. 2, and throughout the specification are just illustrative examples. The
construct topologies or formats shown in FIG. 1 and FIG. 2 illustrate that in some
embodiments the scaffolds of the invention are fused to the N-termini of the constituent
polypeptides of Fc domains and antibodies. The scaffolds of the invention can be fused to
the C-terminus of the Fc domains, antibody light chains, and antibody heavy chains in
any suitable spatial arrangement. For example, an some embodiments a tetravalent
scaffold can be created by fusing an Fnlll monomer scaffold to the N-terminus of each

heavy chain and an FnlIl monomer scaffold to the C-terminus domain of each light chain
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and an Fnlll monomer scaffold to the C-terminus of each heavy chain of an antibody, or
by fusing an FnlIll monomer scaffold to the N-terminus of each heavy chain and an Fnill
monomer scaffold to the N-terminus of each light chain of an antibody. Monomeric
and/or multimeric FnllI scaffolds can be fused to full length heavy and/or light chains
comprising both variable regions and constant regions. Alternatively, the FnlIl monomer
and/or multimer scaffolds can be fused to truncated heavy and/or light chains comprising
only constant regions {(e.g., as in the A9 construct shown in FIG. 2).

[0226] Multimeric Tn3 scaffolds can be created by using the formats shown in FIG. 1 as
building blocks. For example, the antibody-like and Fc fusion formats are combinations
comprising simpler linear format Tn3 modules. Accordingly, in some embodiments more
complex multimeric Tn3 scaffolds formats can be created by combining the building
blocks shown in FIG. 1.

[0227] FIGS. 1 and 2 also illustrate that in some embodiments the multimeric Tn3
scaffolds can be linear or branched and exhibit different levels of branching. For example,
the Fc format provides an example of first order branched format, whereas the antibody-
like format provides an example of a second-order branched format. Higher order
branched constructs can be obtained by replacing the linear format building blocks in the
antibody-like format or the Fc fusion format with Fc fusion format building blocks or
antibody-like building blocks, and connect them to either the C-termini or N-termini of
the constituent polypeptides of the Fc or antibody.

[0228] FIGS. 1 and 2, and TABLE 1 illustrate the fact that in some embodiments the
linkers in a multimeric Tn3 scaffold can be structurally and functionally diverse and can
provide a plurality of attachment points. For example, all the Tn3 modules in the A4 and
A5 constructs are connected by (GlysSer);Ala linkers, except for the 4th and 5th Tn3
modules, which are connected by a (GlysSer),GlyThrGlySerAlaMetAlaSer (GlysSer) Ala
linker. For example, in the A7 construct, the first and second Tn3 domains and the third
and fourth Tn3 domain are connected by (GlysSer);Ala linkers, whereas the second and
third Tn3 domains are connected by an Fc domain as a functional moiety linker.

[0229] The Fc fusion shown in FIG. 1 exemplifies that in some embodiments monomeric
or multimeric Tn3 scaffolds can be fused to the N-termini of the polypeptides of the

functional moiety linker. In some embodiments, monomeric or multimeric Tn3 scaffolds
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of the invention can readily be fused to the C-terminus of the Fc domain in an Fc fusion

format construct.

[0230] Similarly, the antibody or modified antibody in an antibody-like format construct

is also a functional moiety linker. In this case, instead of two attachment points as in a
(GlysSer);Ala or in a (GlysSer),GlyThrGlySerAlaMetAlaSer (GlysSer) Ala linker, or

four possible attachment points as in the Fc domain case, the antibody shown in the

antibody-like example of FIG. 1 provides 6 possible attachment points. The antibody-like

format shown in FIG. 1 exemplifies that in some embodiments only the N-terminal

attachment points in the functional moiety linker are occupied by Tn3 scaffolds. In an

antibody-like format construct some or all the Tn3 scaffolds of the invention can readily

be fused to the C-termini of the heavy chains and the light chains of an antibody or

modified antibody domain. Other fusion stoichiometries can be applied, ie., one, two,

three, four, five, six, seven, eight, or more Tn3 scaffolds of the invention can be fused to

an antibody or modified antibody.

[0231] FIGS. 1 and 2 also illustrate that in some embodiments multimeric Tn3 scaffolds

can be generated by combining other Tn3 multimeric scaffolds. For example, the Fc

format A6, A7, and A8 scaffolds of FIG. 2 are homodimeric Tn3 scaffolds wherein the

multimeric Tn3 scaffold is formed by two polypeptide chains, each one comprising a

linear format Tn3 scaffold fused to an Fc domain, which in turn are connected via

intermolecular disulfide bonds. The antibody-like scaffold of FIGS. 1 and 2 exemplifies a

heterotetrameric Tn3 scaffold wherein 4 polypeptides corresponding to two different

types of scaffolds (2 Tn3 scaffolds formed by fusing an Tn3 monomer scaffold to an IgG

light chain constant region, and 2 Tn3 scaffolds formed by fusing an Tn3 monomer

scaffold to an CH1-hinge-region-Fc region of an IgG) are connected via intermolecular

disulfide bonds.

Generation of scaffolds of the invention

[0232] The Tn3 scaffolds described herein may be used in any technique for evolving

new or improved target binding proteins. In one particular example, the target is

immobilized on a solid support, such as a column resin or microtiter plate well, and the

target contacted with a library of candidate scaffold-based binding proteins. Such a

library may consist of clones constructed from a Tn3 scaffold, through randomization of

the sequence and/or the length of the CDR-like loops.
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In this regard, bacteriophage (phage) display is one well known technique which
allows one to screen large oligopeptide libraries to identify member(s) of those libraries
which are capable of specifically binding to a target. Phage display is a technique by
which variant polypeptides are displayed as fusion proteins to the coat protein on the
surface of bacteriophage particles (Scott, J. K. and Smith, G. P. (1990) Science 249: 386).
A bioinformatics approach may be employed to determine the loop length and diversity
preferences of naturally occurring Fnlll domains. Using this analysis, the preferences for
loop length and sequence diversity may be employed to develop a "restricted
randomization" approach. In this restricted randomization, the relative loop length and
sequence preferences are incorporated into the development of a library strategy.
Integrating the loop length and sequence diversity analysis into library development
results in a restricted randomization (/.e. certain positions within the randomized loop are
limited in which amino acid could reside in that position).

The invention also provides recombinant libraries comprising diverse populations
of non-naturally occurring Tn3 scaffolds. In one embodiment, the libraries comprise non-
naturally occurring Tn3 scaffolds comprising, a plurality of beta strand domains linked to
a plurality of loop regions, wherein one or more of said loops vary by deletion,
substitution or addition by at least one amino acid. In a specific embodiment, the libraries
comprise Tn3 scaffolds derived from the wild type Tn3 scaffold.

As detailed above, the loops connecting the various beta strands of the scaffolds
may be randomized for length and/or sequence diversity. Ii one embodiment, the libraries
of the invention comprise Tn3 scaffolds having at least one loop that is randomized for
length and/or sequence diversity. In one embodiment, at least one, at least two, at least
three, at least four, at least five or at least six loops of the Tn3 scaffolds are randomized
for length and/or sequence diversity. In one embodiment, at least one loop is kept
constant while at least one additional loop is randomized for length and/or sequence
diversity. In another embodiment, at least one, at least two, or all three of loops AB, CD,
and EF are kept constant while at least one, at least two, or all three of loops BC, DE, and
FG are randomized for length or sequence diversity. In another embodiment, at least one,
at least two, or at least all three of loops AB, CD, and EF are randomized while at least
one, at least two, or all three of loops BC, DE, and FG are randomized for length and/or

sequence diversity,
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[0236] We have found that FG loops which are at least one amino acid shorter than that
found in the FG loop of an FOI show enhanced stability. Accordingly, the present
invention provides libraries comprising Tn3 scaffolds, wherein at least one loop is
randomized for length and/or sequence diversity, except that length of the FG loops are
held to be at least one amino acid shorter than the cognate FG loop of the third Fnlll
domain of human tenascin C comprises 10 amino acid residues. In some embodiments,
the libraries of the invention comprise Tn3 scaffolds, wherein each scaffold comprises
seven beta strands designated A, B, C, D, E, F, and G linked to six loop regions, wherein
a loop region connects each beta strand and is designated AB, BC, CD, DE, EF, and FG;
and wherein at least one loop is a non-naturally occurring variant of a wild Tn3 scaffold
loop, and wherein the FG loop is at least one amino acid shorter than the cognate loop in
the wild type Tn3 scaffold.

[0237] In a specific embodiment, the libraries of the invention comprise FnllI scaffolds,
wherein the A beta strand comprises SEQ ID NO: 42, the B beta strand comprises SEQ
ID NO: 43, the C beta strand comprises SEQ ID NO: 45, the D beta strand comprises
SEQ ID NO: 46, the E beta strand comprises SEQ ID NO: 47, the F beta strand comprises
SEQ ID NO: 49, and the G beta strand comprises SEQ ID NO: 52.

[0238] In a specific embodiment, the libraries of the invention comprise FnlIll scaffolds,
wherein the A beta strand consists of SEQ ID NO: 42, the B beta strand consists of SEQ
ID NO: 43, the C beta strand consists of SEQ ID NO: 45, the D beta strand consists of
SEQ ID NO: 46, the E beta strand consists of SEQ ID NO: 47, the F beta strand consists
of SEQ ID NO: 49, and the G beta strand consists of SEQ ID NO: 52.

[0239] In a specific embodiment, the libraries of the invention comprise Fnlll scaffolds,
wherein the A beta strand consists essentially of SEQ ID NO: 42, the B beta strand
consists essentially of SEQ ID NO: 43, the C beta strand consists essentially of SEQ ID
NO: 45, the D beta strand consists essentially of SEQ ID NO: 46, the E beta strand
consists essentially of SEQ ID NO: 47, the F beta strand consists essentially of SEQ 1D
NO: 49, and the G beta strand consists essentially of SEQ ID NO: 52.

[0240] As detailed above, one or more residues within a loop may be held constant while
other residues are randomized for length and/or sequence diversity. Optionally or
alternatively, one or more residues within a loop may be held to a predetermined and

limited number of different amino acids while other residues are randomized for length
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and/or sequence diversity. Accordingly, libraries of the invention comprise Tn3 scaffolds
that may comprise one or more loops having a degenerate consensus sequence and/or one
or more invariant amino acid residues.

[0241] In another embodiment, the libraries of the invention comprise Tn3 scaffolds
having BC loops which are randomized with the following consensus sequence: 8-X-a-X-
b-X-X-X-G, wherein X represents any amino acid, wherein (a) represents proline or
alanine and wherein (b) represents alanine or glycine. In another embodiment, the
libraries of the invention comprise Tn3 scaffolds having BC loops which are randomized
with the following consensus sequence: S-P-c-X-X-X-X-X-X-T-G, wherein X represents
any amino acid and wherein (¢) represents proline, serine or glycine. In still another
embodiment, the libraries of the invention comprise Tn3 scaffolds having BC loops
which are randomized with the following consensus sequence: A-d-P-X-X-X-e-f-X-I-X-
G, wherein X represents any amino acid, wherein (d) represents proline, glutamate or
lysine, wherein (e) represents asparagine or glycine, and wherein (f) represents serine or
glycine.

[0242] In one embodiment the libraries of the invention comprise Tn3 scaffolds having
DE loops which are randomized with the following consensus sequence: X-X-X-X-X-X,
wherein X represents any amino acid.

[0243] In one embodiment, the libraries of the invention comprise Tn3 scaffolds having
FG loops which are randomized with the following consensus sequence: X-a-X-X-G-X-
X-X-b, wherein X represents any amino acid, wherein (a) represents asparagine,
threonine or lysine, and wherein (b) represents serine or alanine. In another embodiment,
the libraries of the invention comprise Fnlll scaffolds having FG loops which are
randomized with the following consensus sequence: X-X-X-X-X-X-X-X-X (Xo), wherein
X represents any amino acid.

[0244) In a specific embodiment, the libraries of the invention comprise scaffolds,

wherein the scaffolds comprise the amino acid sequence:

IEV(X ) ALITW(Xpc)hCELX YGI(Xcp)n TTIDL(XpE) Y SIXER)n YEVSLIC(XrG)o KET
FTT, wherein Xag, Xnc » Xcp, Xpe, Xer, and Xgg represent the amino acid residues
present in the AB, BC, CD, DE, EF, and FG loops, respectively, wherein X; represents

amino acid residue A or T, and wherein n =2-26 and m = 1-9.
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[0245] The invention further provides methods for identifying a recombinant Tn3
scaffold that binds a target, e.g., TRAIL R2, and has increased stability or improved
action on the target, e.g., TRAIL R2, as compared to a wild type Tn3 scaffold by
screening the libraries of the invention.

[0246] In certain embodiments, the method for identifying a recombinant Tn3 scaffold
having increased protein stability as compared to a wild type Tn3 scaffold, and which
specifically binds a target, comprises:

a. contacting the target ligand with a library of the invention under conditions
suitable for forming a scaffold:target ligand complex;

b. obtaining from the complex, the scaffold that binds the target ligand;

c. determining if the stability of the scaffold obtained in step (b) is greater than that
of the wild type Tn3 scaffold.

[0247] The same method can be used to identify recombinant Tn3 scaffold with improved
binding affinity, avidity, etc. to the target. In one embodiment, in step (a) the scaffold
library of the invention is incubated with immobilized target. In one embodiment, in step
(b) the scaffold:target ligand complex is washed to remove non-specific binders, and the
tightest binders are eluted under very stringent conditions and subjected to PCR to
recover the sequence information. It is specifically contemplated that the binders and/or
sequence information obtained in step (b) can be used to create a new library using the
methods disclosed herein or known to one of skill in the art, which may be used to repeat
the selection process, with or without further mutagenesis of the sequence. In some
embodiments, a number of rounds of selection may be performed until binders of
sufficient affinity for the antigen are obtained.

[0248] A further embodiment of the invention is a collection of isolated nucleic acid
molecules encoding a library comprising the scaffolds of the invention and as described
above.

[0245] The scaffolds of the invention may be subjected to affinity maturation. In this art-
accepted process, a specific binding protein is subject to a scheme that selects for
increased affinity for a specific target (see Wu ef al., Proc. Natl. Acad. Sci. USA.
95(11):6037-42). The resultant scaffolds of the invention may exhibit binding

characteristics at least as high as compared to the scaffolds prior to affinity maturation.
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[0250] The invention also provides methods of identifying the amino acid sequence of a
protein scaffold capable of binding to target so as to form a scaffold:target complex. In
one embodiment, the method comprises: a) contacting a library of the invention with an
immobilized or separable target; b) separating the scaffold:target complexes from the free
scaffolds; ¢) causing the replication of the separated scaffolds of (b) so as to result in a
new polypeptide display library distinguished from that in (a) by having a lowered
diversity and by being enriched in displayed scaffolds capable of binding the target; d)
optionally repeating steps (a), and (b) with the new library of (c); and e) determining the
nucleic acid sequence of the region encoding the displayed scaffold of a species from (d)
and hence deducing the peptide sequence capable of binding to the target.

[0251] In another embodiment, the scaffolds of the invention may be further randomized
after identification from a library screen. In one embodiment, methods of the invention
comprise further randomizing at least one, at least two, at least three, at least four, at least
five or at least six loops of a scaffold identified from a library using a method described
herein. In another embodiment, the further randomized scaffold is subjected to a
subsequent method of identifying a scaffold capable of binding a target. This method
comprises (a) contacting said further randomized scaffold with an immobilized or
separable target, (b) separating the further randomized scaffold:target complexes from the
free scaffolds, (c) causing the replication of the separated scaffolds of (b), optionally
repeating steps (a)-(c), and (d) determining the nucleic acid sequence of the region
encoding said further randomized scaffold and hence, deducing the peptide sequence
capable of binding to the target.

[0252] In a further embodiment, the further randomized scaffolds comprise at least one,
at least two, at least three, at least four, at least five, or at least six randomized loops
which were previously randomized in the first library. In an alternate further embodiment,
the further randomized scaffolds comprise at least one, at least two, at least three, at least
four, at least five, or at least six randomized loops which were not previously randomized
in the first library.

[0253] The invention also provides a method for obtaining at least two Tn3 scaffolds that
bind to at least one or more targets. This method allows for the screening of agents that
act cooperatively to elicit a particular response. It may be advantageous to use such a

screen when an agonistic activity requiring the cooperation of more than one scaffold is
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required (for example, but not limited to, agonism of a receptor belonging to the TNF
receptor family). This method allows for the screening of cooperative agents without the
reformatting of the library to form multimeric complexes. In one embodiment, the method
of the invention comprises contacting a target ligand with a library of the invention under
conditions that allow a scaffold:target ligand complex to form, engaging said scaffolds
with a crosslinking agent (defined as an agent that brings together, in close proximity, at
least two identical or distinct scaffolds) wherein the crosslinking of the scaffolds elicits a
detectable response and obtaining from the complex, said scaffolds that bind the target. In
a further embodiment, the crosslinking agent is a scaffold specific antibody, or fragment
thereof, an epitope tag specific antibody of a fragment thereof, a dimerization domain,
such as Fc region, a coiled coil motif (for example, but not limited to, a leucine zipper), a
chemical crosslinker, or another dimerization domain known in the art.

The invention also provides methods of detecting a compound utilizing the
scaffolds of the invention. Based on the binding specificities of the scaffolds obtained by
library screening, it is possible to use such scaffolds in assays to detect the specific target
in a sample, such as for diagnostic methods. In one embodiment, the method of detecting
a compound comprises contacting said compound in a sample with a scaffold of the
invention, under conditions that allow a compound: scaffold complex to form and
detecting said scaffold, thereby detecting said compound in a sample. In further
embodiments, the scaffold is labeled (i.e., radiolabel, fluorescent, enzyme-linked or
colorimetric label) to facilitate the detection of the compound.

The invention also provides methods of capturing a compound utilizing the
scaffolds of the invention. Based on the binding specificities of the scaffolds obtained by
library screening, it is possible to use such scaffolds in assays to capture the specific
target in a sample, such as for purification methods. In one embodiment, the method of
capturing a compound in a sample comprises contacting said compound in a sample with
a scaffold of the invention under conditions that allow the formation of a
compound:scaffold complex and removing said complex from the sample, thereby
capturing said compound in said sample. In further embodiments, the scaffold is
immobilized to facilitate the removing of the compound:scaffold complex.

In some embodiments, scaffolds isolated from libraries of the invention comprise

at least one, at least two, at least four, at least five, at least six, or more randomized loops.
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In some embodiments, isolated scaffold loop sequences may be swapped from a donor
scaffold to any loop in a receiver scaffold (for example, an FG loop sequence from a
donor scaffold may be transferred to any loop in a receiver scaffold). In specific
embodiments, an isolated loop sequences may be transferred to the cognate loop in the
receiving scaffold (for example, an FG loop sequence from a donor scaffold may be
transferred to a receiver scaffold in the FG loop position). In some embodiments, isolated
loop sequences may be "mix and matched" randomly with various receiver scaffolds.

In other embodiments, isolated scaffolds sequences may be identified by the loop
sequence. For example, a library is used to pan against a particular target and a collection
of specific binders are isolated. The randomized loop sequences may be characterized as
specific sequences independently of the scaffold background (i.e., the scaffold that binds
target X wherein said scaffold comprises an FG loop sequence of SEQ ID NO:X). In
alternative embodiments, where a scaffold exhibits two loop sequences that bind target X,
the loop sequences may be characterized as binding target X in the absence of the
scaffold sequence. In other words, it is contemplated that scaffolds isolated from a library
that bind a particular target may be expressed as the variable loop sequences that bind that
target independent of the scaffold backbone. This process would be analogous to the

concept of CDRs in variable regions of antibodies.

Affinity Maturation

The development of TRAIL R2 Tn3 scaffolds may involve one ot more in vitro or
in vivo affinity maturation steps. Any affinity maturation approach can be employed that
results in amino acid changes in a Tn3 domain or a Tn3 domain loops that improve the
binding of the Tn3 scaffold to the desired antigen.

These amino acid changes can, for example, be achieved via random mutagenesis,
"walk though" mutagenesis, and "look through" mutagenesis. Such mutagenesis can be
achieved by using, for example, error-prone PCR, “mutator” strains of yeast or bacteria,
incorporation of random or defined nucleic acid changes during ab initio synthesis of all
or part of a Fnlll-based binding molecule. Methods for performing affinity maturation
and/or mutagenesis are described, for example, in U.S. Pat. Nos. 7,195,880; 6,951,725;
7,078,197; 7,022,479; 5,922,545; 5,830,721; 5,605,793, 5,830,650; 6,194,550; 6,699,658
7,063,943; 5,866,344 and PCT Publication W0O06023144.
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[0260] Such affinity maturation methods may further require that the stringency of the
antigen-binding screening assay is increased to select for Tn3 scaffolds with improved
affinity for an antigen. Art recognized methods for increasing the stringency of a protein-
protein interaction assay can be used here. In one embodiment, one or more of the assay
conditions are varied (for example, the salt concentration of the assay buffer) to reduce
the affinity of the Tn3 scaffold for the desired antigen. In another embodiment, the length
of time permitted for the Tn3scaffold to bind to the desired antigen is reduced.

[0261] In another embodiment, a competitive binding step can be added to the protein-
protein interaction assay. For example, the Tn3 scaffold can be first allowed to bind to a
desired immobilized antigen. A specific concentration of non-immobilized antigen is then
added which serves to compete for binding with the immobilized antigen such that the
Tn3 scaffolds with the lowest affinity for antigen are eluted from the immobilized antigen
resulting in selection of Tn3 scaffolds with improved antigen binding affinity. The
stringency of the assay conditions can be further increased by increasing the
concentration of non-immobilized antigen is added to the assay.

[0262] Screening methods may also require multiple rounds of selection to enrich for one
or more Tn3 scaffolds with improved antigen binding. In one embodiment, at each round
of selection further amino acid mutations are introduce into the Tn3 scaffold. In another
embodiment, at each round of selection the stringency of binding to the desired antigen is
increased to select for Tn3 scaffolds with increased affinity for antigen.

[0263] In some embodiments, affinity maturation is performed by saturation mutagenesis
of portions of the BC, DE, and FG loops of Tn3. In some embodiments, saturation
mutagenesis is performed using Kunkel mutagenesis. In other embodiments, saturation
mutagenesis is performed by using PCR.

[0264] In some embodiments, at least one, at least two, at least three, at least four, at least
five, or more than five rounds of affinity maturation are applied. In some embodiments,
saturation mutagenesis is applied to only one loop, whereas in some other embodiments,
only one loop or a portion of a loop is mutated during one round of affinity maturation. In
some embodiments, more than one loop or portions of one or more than loop are mutated
during the same round of affinity maturation.

[0265] In other embodiments, the BC, DE, and FG loops mutated simultaneously during

the same round of affinity maturation.
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In the case of the Tn3 scaffolds to assemble into multimeric scaffolds binding to
different epitopes of the same target or in the case of bispecific Tn3 scaffolds, each
binding specificity can be screened independently. Accordingly, in some embodiments, a
first screen to identify individual Tn3 binding molecules that bind to a first iarget, e.g.
TRAIL R2, is performed using a first library of Tn3 scaffolds, where one or more amino
acids in one or more loops is altered. In some embodiments, additional screens to identify
individual Tn3 molecules that bind to a different target or to a different epitope of the
same target can be performed.

In some embodiments, the loops are randomized using a phage display library. In
some embodiments, the binding of a Tn3 scaffold to a desired target can be determined
using methods recognized in the art. Also, the amino acid sequences of the Tn3 scaffolds
identified in the screens can be determined using art recognized methods.

In some embodiments, the monomeric affinity matured scaffolds of the invention
exhibit an increased in affinity for TRAIL R2 of at least S-fold, at least 10-fold, at least
20-fold, at least 40-fold, at least 60-fold, at least 80-fold, or at least 100-fold or more
compared to the same Tn3 scaffold prior to affinity maturation, as measured by Surface
Plasmon Resonance or by other assays known in the art. In some embodiments, the
monomeric affinity matured scaffolds of the invention have a dissociation constant (Kgq)
of less than 5 uM, less than 1 uM, less than 500 uM, less than 250 uM, less than 100 uM,
or less than 50 pM, as measured by Surface Plasmon Resonance or by other assays
known in the art.

These affinity maturation methods can be applied to develop Tn3 scaffolds with
desirable improved binding properties such as increased affinity or other desirable
characteristics, such as favorable pharmacokinetic properties, high potency, low
immunogenicity, increased or decreased cross-reactivity with TRAIL R2 receptors from

other organisms, etc.

Generation of Tandem Repeats

Linking of tandem constructs may be generated by ligation of oligonucleotides at
restriction siies using restriction enzymes known in the art, including but not limited to
type II and type IIS restriction enzymes.

The multimeric Tn3 scaffolds of the invention may comprise a linker at the C-

terminus and/or the N-terminus and/or between domains as described herein. Further,
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GGGGSGEEGSGGEEGESRLDAPGEQ residues at the C-terminus of the CH1 domain;

(iii) aFd fragment having VH and CH1 domains;

(iv) a Fd' fragment having VH and CH1 domains and one or more cysteine
residues at the C-terminus of the CH1 domain;

v) a Fv fragment having the VL. and VH domains of a single arm of an
antibody;

(vi)  adAb fragment which consists of a VH domain;

(vii) isolated CDR regions;

(viii) F(ab")2 fragments, a bivalent fragment including two Fab' fragments linked
by a disulphide bridge at the hinge region;

(ix)  single chain antibody molecules (e.g., single chain Fv; scFv);

x) a "diabody" with two antigen binding sites, comprising a heavy chain
variable domain (VH) connected to a light chain variable domain (VL) in
the same polypeptide chain;

(xi) a "linear antibody" comprising a pair of tandem Fd segments (VH-CHI1-
VH-CH1) which, together with complementary light chain polypeptides,
form a pair of antigen binding regions;

(xii) a full length antibody; and

(xiii) an Fc region comprising CH2-CH3, which may further comprise all or a
portion of a hinge region and/or a CHI region. Various valency, affinity,

and spatial orientation schemes are exemplified below in the Examples.

Scaffold Production

[0272] Recombinant expression of a scaffold of the invention requires construction of an
expression vector containing a polynucleotide that encodes the scaffold. Once a
polynucleotide encoding a scaffold has been obtained, the vector for the production of
scaffold may be produced by recombinant DNA technology using techniques well known

in the art. Thus, methods for preparing a protein by expressing a polynucleotide
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containing a scaffold encoding nucleotide sequence are described herein. Methods that
are well known to those skilled in the art can be used to construct expression vectors
containing scaffold polypeptide coding sequences and appropriate transcriptional and
translational control signals. These methods include, for example, ir vitro recombinant
DNA techniques, synthetic techniques, and in vivo genetic recombination. The invention,
thus, provides replicable vectors comprising a nucleotide sequence encoding a scaffold of
the invention, operably linked to a promoter.

[0273] The expression vector is transferred to a host cell by conventional techniques and
the transfected cells are then cultured by conventional techniques to produce a scaffold of
the invention. Thus, the invention includes host cells containing a polynucleotide
encoding a scaffold of the invention, operably linked to a heterologous promoter. Suitable
host cells include, but are not limited to, microorganisms such as bacteria (e.g., E. coli
and B. subtilis).

[0274] A variety of host-expression vector systems may be utilized to express the
scaffolds of the invention. Such host-expression systems represent vehicles by which the
coding sequences of interest may be produced and subsequently purified, but also
represent cells which may, when transformed or transfected with the appropriate
nucleotide coding sequences, express a scaffold of the invention i# situ. These include but
are not limited to microorganisms such as bacteria (e.g., E. coli and B. subtilis)
transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA
expression vectors containing scaffold coding sequences or mammalian cell systems (e.g.,
COS, CHO, BHK, 293, NSO, and 3T3 cells).

[0275] Methods useful for the production of scaffolds of the invention are disclosed, for
example, in Publication No: WO 2009/058379. Once a scaffold of the invention has been
produced by recombinant expression, it may be purified by any method known in the art
for purification of a protein.

[0276] Production of the scaffolds of the invention in the research laboratory can be
scaled up to produce scaffolds in analytical scale reactors or production scale reactors, as

described in U.S. Patent Publication No. US 2010-0298541 Al.

Scalable production of secreted scaffolds
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of the invention results in little or no reduction in production efficiency as compared to

the production process performed in the research laboratory.

Linkers

[0278]) The Tn3 scaffolds in a multimeric scaffold can be connected by protein and/or
nonprotein linkers, wherein each linker is fused to at least two Tn3 scaffolds of the
invention. A suitable linker can consist of a protein linker, a nonprotein linker, and
combinations thereof. Combinations of linkers can be homomeric or heterometic. In
some embodiments, a multimeric Tn3 scaffold of the invention comprises a plurality of
monomer Tn3 scaffolds wherein are all the linkers are identical. In other embodiments, a
multimeric Tn3 scaffold comprises a plurality of monomeric Tn3 scaffolds wherein at
least one of the linkers is functionally or structurally different from the rest of the linkers.
In some embodiments, linkers can themselves contribute to the activity of a multimeric
FnllI scaffold by participating directly or indirectly in the binding to a target.

[0279] In some embodiments, the protein linker is a polypeptide. The linker polypeptide
should have a length, which is adequate to link two or more monomer scaffolds of the
invention or two or more multimeric scaffolds of the invention in such a way that they
assume the correct conformation relative to one another so that they retain the desired
activity.

[0280] In one embodiment, the polypeptide linker comprises 1 to about 1000 amino acids
residues, 1 to about 50 amino acid residues, 1-25 amino acid residues, 1-20 amino acid

residues, 1-15 amino acid residues, 1-10 amino acid residues, 1- 5 amino acid residues, 1-
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the invention. Thus, a polypeptlde linker should on the whole not exhibit a charge which
would be inconsistent with the activity or function of the multimeric scaffold of the
invention, or interfere with internal folding, or form bonds or other interactions with
amino acid residues in one or more of the Tn3 monomer domains which would seriousty
impede the binding of the multimeric scaffold of the invention to TRAIL R2.

[0281] The use of naturally occurring as well as artificial peptide linkers to connect
polypeptides into novel linked fusion polypeptides is well known in the literature.
Accordingly, the linkers fusing two or more scaffolds of the invention are natural linkers,
artificial linkers, or combinations thercof. In some embodiments, the amino acid
sequences of all peptide linkers present in a multimeric scaffold of the invention are
identical. In other embodiments, the amino acid sequences of at least two of the peptide
linkers present in a multimeric scaffold of the invention are different.

[0282] In some embodiments, a polypeptide linker possesses conformational flexibility.
In a specific embodiment, a polypeptide linker sequence comprises a (G-G-G-G-S)«
amino acid sequence where x is a positive integer. In some embodiments, a polypeptide
linker is an inherently unstructured natural or artificial polypeptide (see, e.g.,
Schellenberger et al., Nature Biotechnol. 27:1186-1190, 2009; see also, Sickmeier ef al.,
Nucleic Acids Res. 35:D786-93, 2007).

[0283] The peptide linker can be modified in such a way that an amino acid residue
comprising an attachment group for a non-polypeptide moiety is introduced. Examples of
such amino acid residues may be a cysteine residue (to which the non-polypeptide moiety
is then subsequently attached) or the amino acid sequence may include an in vivo N-
glycosylation site (thereby attaching a sugar moiety (in vivo) to the peptide linker).

[0284] In some embodiments, the amino acid sequences of all peptide linkers present in
the polypeptide multimer are identical. Alternatively, the amino acid sequences of all

peptide linkers present in the polypeptide multimer may be different.

Labeling or Conjugation of Scaffolds
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[0285] The scaffolds of the invention can be used in non-conjugated form or conjugated
to at least one of a variety of heterologous moieties to facilitate target detection or for
imaging or therapy. The scaffolds of the can be labeled or conjugated either before or
after purification, when purification is performed.

[0286] Many heterologous moieties lack suitable functional groups to which scaffolds of
the invention can be linked. Thus, in some embodiments, the effector molecule is
attached to the scaffold through a linker, wherein the linker contains reactive groups for
conjugation. In some embodiments, the heterologous moiety conjugated to a scaffold of
the invention can function as a linker. In other embodiments, the moisty is conjugated to
the scaffold via a linker that can be cleavable or non-cleavable. In one embodiment, the
cleavable linking molecule is a redox cleavable linking molecule, such that the linking
molecule is cleavable in environments with a lower redox potential, such as the cytoplasm
and other regions with higher concentrations of molecules with free sulfhydryl groups.
Examples of linking molecules that may be cleaved due to a change in redox potential
include those containing disulfides.

[0287] In some embodiments, scaffolds of the invention are engineered to provide
reactive groups for conjugation. In such scaffolds, the N-terminus and/or C-terminus can
also serve to provide reactive groups for conjugation. In other embodiments, the N-
terminus can be conjugated to one moiety (such as, but not limited to PEG) while the C-
terminus is conjugated to another moiety (such as, but not limited to biotin), or vice versa.

[0288] The term "polyethylene glycol” or "PEG" means a polyethylene glycol compound
or a derivative thereof, with or without coupling agents, coupling or activating moieties
(e.g., with thiol, triflate, tresylate, aziridine, oxirane, N-hydroxysuccinimide or a
maleimide moiety). The term "PEG" is intended to indicate polycthylene glycol of a
molecular weight between 500 and 150,000 Da, including analogues thercof, wherein for
instance the terminal OH-group has been replaced by a methoxy group (referred to as
mPEG).

[0289] The scaffolds of the invention can be derivatized with polyethylene glycol (PEG).
PEG is a linear, water-soluble polymer of ethylene oxide repeating units with two
terminal hydroxyl gr.oups. PEGs are classified by their molecular weights which typically
range from about 500 daltons to about 40,000 daltons. In a specific embodiment, the
PEGs employed have molecular weights ranging from 5,000 daltons to about 20,000
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daltons. PEGs coupled to the scaffolds of the invention can be either branched or
unbranched. See, for example, Monfardini, C. er al. 1995 Bioconjugate Chem 6:62-69.
PEGs are commercially avaiiable from Nektar Inc., Sigma Chemical Co. and other
companies. Such PEGs include, but are not limited to, monomethoxypolyethylene glycol
(MePEG-OH), monomethoxypolyethylene glycol-succinate (MePEG-S),
monomethoxypolyethylene  glycol- succinimidyl succinate (MePEG-S- NHS),
monomethoxypolyethylene glycol-amine (MePEG-NH2), monomethoxypolyethylene
glycol-tresylate (MePEG-TRES), and monomethoxypolyethylene glycol-imidazolyl-
carbonyl (MePEG-IM).

[0290] Briefly, the hydrophilic polymer which is employed, for example, PEG, is capped
at one end by an unreactive group such as a methoxy or ethoxy group. Thereafter, the
polymer is activated at the other end by reaction with a suitable activating agent, such as
cyanuric halides (for example, cyanuric chloride, bromide or fluoride),
carbonyldiimidazole, an anhydride reagent (for example, a dihalo succinic anhydride,
such as dibromosuccinic anhydride), acyl azide, p-diazoniumbenzyl ether, 3-(p-
diazoniumphenoxy)-2- hydroxypropylether) and the like. The activated polymer is then
reacted with a polypeptide as described herein to produce a polypeptide derivatized with a
polymer. Alternatively, a functional group in the scaffolds of the invention can be
activated for reaction with the polymer, or the two groups can be joined in a concerted
coupling reaction using known coupling methods. It will be readily appreciated that the
polypeptides of the invention can be derivatized with PEG using a myriad of other
reaction schemes known to and used by those of skill in the art. A PEG can be coupled to
a scaffold of the invention at one or more functional groups at either end of the scaffold
or within the scaffold. In certain embodiments, the PEG is coupled at either the N-
terminus or the C-terminus.

[0291] In other embodiments, scaffolds of the invention, analogs or derivatives thereof
may be conjugated to a diagnostic or detectable agent. Such scaffolds can be useful for
monitoring or prognosing the development or progression of a disease as part of a clinical
testing procedure, such as determining the efficacy of a particular therapy.

[0292] The present invention further encompasses uses of scaffolds conjugated to a
therapeutic moiety. A scaffold may be conjugated to a therapeutic moiety such as a

cytotoxin, e.g., a cytostatic or cytocidal agent, a therapeutic agent or a radioactive metal
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ion, e.g., alpha- emitters. A cytotoxin or cytotoxic agent includes any agent that is

detrimental to cells.

Assaying Scaffolds

[0293] The binding affinity and other binding properties of a scaffold to an antigen may
be determined by a variety of in vitro assay methods known in the art including for
example, equilibrium methods (e.g., enzyme-linked immunoabsorbent assay (ELISA) or
kinetics (e.g., BIACORE? analysis), and other methods such as indirect binding assays,
competitive binding assays, gel electrophoresis and chromatography (e.g., gel filtration).
These and other methods may utilize a label on one or more of the components being
examined and/or employ a variety of detection methods including but not limited to
chromogenic, fluorescent, luminescent, or isotopic labels. A detailed description of
binding affinities and kinetics can be found in Paul, W.E., ed., Fundamental Immunology,
4th Ed., Lippincott-Raven, Philadelphia (1999).

[0294] In some embodiments, scaffolds of the invention specifically bind a target with
specific kinetics. In some embodiments, scaffolds of the invention may have a
dissociation constant or Ky (Ketkon) Of less than 1x1072M, 1x107°M, 1x107*M, 1x10~°M,
1x107°M, 1x107M, 1x107M, 1x10°°M, 1x107°M, 1x107"'M, 1x1072M, 1x107°M,
1x107M or less than 1x107°M. In specific embodiments, scaffolds of the invention
have a Kg of 500 pM, 100 uM, 500 nM, 100 nM, 1 nM, 500 pM, 100 pM or less as
determined by a BIAcore assay® or by other assays known in the art. In an alternative
embodiment, the affinity of the scaffolds of the invention is described in terms of the
association constant (Ka), which is calculated as the ratio kon/korr, of at least 1x10°M7%,
1x10°M, 1x10°M™, 1x10°M, 1x10°M, 1x10'M7, 1x10°M", 1x10°M™, 1x10'°M"!
1x10"M? 1x1012M™, 1x108M™, 1x10"*M™, 1x10"M, or at least 5 X 10° M. In
certain embodiments the rate at which the scaffolds of the invention dissociate from a
target epitope may be more relevant than the value of the K4 or the Ku In some
embodiments, the scaffolds of the invention have a ko of less than 107 s, less than 5x10°
3 s less than 10 57, less than 5x10* s, less than 107 s, less than 5x107° s, less than
10 s\, less than 5x10% 57, less than 107 s, less than 5x107 s, less than 10% 57!, less
than 5x10°® 57, less than 10° 5L, less than 5x107 s, or less than 10°"° s%. In certain other
embodiments, the rate at which the scaffolds of the invention associate with a target

epitope may be more relevant than the value of the K4 or the K. In this instance, the



2 non TRAIL R2-binding control of A6 B7(Dl) Fe not expressed 4 non TRAIL
R2- bi nding control of A7 B8(Dl) Fe not expressed 8 non TRAIL R2-bi nding
control oWOAB11R3(i3%) 1g 182 (HC), 183 (LC) 4 non TRAIL ReThisealiimgzigont r ol
of A9 L = linear Tn3 fusions, Fe = Fe-Tn3 fusions, Ig = antibody-Ilike Tn3
fusions TABLE 3. Schematic Representation of Tn3 Scaffold Constructs
Construct Conponents Tn3 Mdul e (Tn3) | EV-(2_ABC) nALI TW Xac), , XI YA ( XcD)
11 .., XDE), ;| SMEF)" YEVSLI C( XFG 1)" SE

61

scaffolds of the invention bind to a target with a ko, rate of at least 10° M5, at least
5x10° M'ls'l, at least 10° M'ls'l, at least 5 x 10° M'ls'l, at least 107 M'ls'l, at least 5 x 107
M'ls'l, or at least 10 M"ls'l, or at least 10° M5,

[0295] Scaffolds of the invention may also be attached to solid supports, which are
particularly useful for immunoassays or purification of the target antigen. Such solid
supports include, but are not limited to, glass, cellulose, polyacrylamide, nylon,

polystyrene, polyvinyl chloride or polypropylene.

TRAIL R2-specific Tn3 Scaffolds

[0296] The TRAIL R2 protein is encoded by a member of the TNF-receptor superfamily
gene, and contains an intracellular death domain. In some instances, it may also be known
as TNFRSFIOB; CD262, DR5, KILLER, KILLER/DRS5, TRAILR2, TRICKZ2, TRICK2A,
TRICK2B, TRICKB, or ZTNFRS9. This receptor can be activated by tumor necrosis
factor-related apoptosis inducing ligand (TNFSF 10/TRAIL/APO-2L), and transduces an
apoptotic signal. Further, TRAIL R2 induced apoptosis involves caspases and the
intracellular adapter molecule FADD/MORT1 (Walczak et al. EMBOJ, (1997), 16, 5386-
97).

[0297] The invention provides Tn3 scaffolds that specifically bind to TRAIL R2. In
specific embodiments, scaffolds of the invention specifically bind to human TRAIL R2.
In other specific embodiments, Tn3 scaffolds of the invention bind to TRAIL R2
homologs from mouse, chicken, Rhesus, cynomolgus, rat, or rabbit. In some
embodiments, Tn3 scaffolds of the invention bind to an exposed epitope of TRAIL R2.
Such embodiments include TRAIL R2 endogenously expressed on cells and/or cells
transfected to ectopically express the receptor.

[0298] In other embodiments, Tn3 scaffolds of the invention recognize epitopes
displayed on a monomeric TRAIL R2. In other embodiments, Tn3 scaffolds of the
invention recognize epitopes displayed on a homodimeric form of TRAIL R2. In yet other
embodiments, Tn3 scaffolds of the invention bind monomeric TRAIL R2 and facilitate
dimerization or oligomerization of 2 or more TRAIL R2 molecules (for example, but not
limited to multimeric scaffolds). In yet other embodiments, scaffolds of the invention
reduce or inhibit interaction of TRAIL R2 with TRAIL ligand. In other embodiments,
scaffolds of the invention mimic the interaction of TRAIL ligand with TRAIL R2. In
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further embodiments, Tn3 scaffolds of the invention agonize cellular signaling by
TRAIL-R2.

[0299] The invention also provides methods of modulating TRAIL R2 activity using the
Tn3 scaffolds described herein. In some embodiments, methods of the invention comprise
contacting a cell expressing TRAIL R2 with TRAIL R2 specific scaffolds and blocking
interaction with TRAIL ligand. In other embodiments, methods of the invention comprise
contacting a cell expressing TRAIL R2 with a TRAIL R2-specific Tn3 scaffold and
mimicking the interaction of TRAIL ligand with TRAIL R2. :

[0300] In other embodiments, methods of the invention comprise agonizing TRAIL R2
by contacting with a TRAIL R2-specific Tn3 scaffold. In other embodiments, methods of
the invention comprise dimerizing or oligomerizing TRAIL R2 by contacting a monomer
of TRAIL R2 expressed on cells with a TRAIL R2 specific scaffold and facilitating
dimerization or oligomerization. In further embodiments, dimerization of TRAIL R2 may
be achieved through the use of, for example, but not limited to, multimeric Tn3 scaffolds
that: mimic TRAIL R2 dimers, stabilize TRAIL R2 dimer formation, destabilize TRAIL
R2 monomers, or only recognize TRAIL R2 dimers displayed on cells.

[0301] In other embodiments, dimerization or oligomerization of TRAIL R2 may be
achieved through the use of monomeric Tn3 scaffolds coupled with a scaffold
dimerization or oligomerization agents. Such scaffolds dimerization or oligomerization
agents may include, for example, but not limited to, an anti-scaffold antibody, use of
scaffolds with epitope tags coupled with antibodies to epitope tag, or the incorporation of
various protein dimerization or oligomerization motifs described herein and known in the
art. In a further embodiment, TRAIL R2 dimers or oligomers may be induced by the
administration of monomeric scaffolds followed by the administration of a scaffold
dimerization or oligomerization agent.

[0302] In some embodiments, methods of the invention comprise the administration of a
TRAIL R2 specific scaffold that reduces cell viability as measured by routine assays
known in the art. In further embodiments, the reduction in cell viability is activation of
apoptosis as measured by known assays in the art. In other embodiments, reduction in cell
viability is the inhibition of cell division as measured by art accepted methods. In some

embodiments, cell viability is reduced by at least 10%, at least 20%, at least 30%, at least
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crystallographic studies, or other known in vivo or in vitro studies.

Methods of using Tn3 TRAIL R2-specific scaffolds in therapy

[0305] TRAIL R2 is known to mediate apoptosis signaling. Although several types of
normal cells express TRAIL R2, apoptosis signaling through this receptor appears to be
restricted primarily to tumor cells, which become more susceptible to death receptor-
mediated apoptosis in the context of their transformation by oncogenes such as Myc or
Ras (Wang et al., Cancer Cell 5:501-12 (2004); Nesterov et al., Cancer Res. 64:3922-7
(2004)). TRAIL R2 is frequently expressed by human cancer cell lines as well as primary
tumors.

[0306] In some embodiments, TRAIL R2 specific scaffolds of the invention are
administered to a subject in need of treatment (i.e., a patient with cancer). In such
embodiments, a sterile, pyrogen-free composition comprising a TRAIL R2 specific
scaffold is administered to a subject in need thereof. The efficiency of treatment may be

measured using a variety of in vitro and in vivo assays well known in the art, such as, but



C5 C6 A(Tn3)(04S) | RLDAPGY Tn3) GGGTLGH8 C7 A(Tn3) (AS) 2RLDAPGY Tn3) GGGTLGH3
C8 A(Tn3) ((AS) RLDAPGQY(Tn3) GEE LGH8 79 TABLE 4 Loop Sequences of Tn3 C ones
Used i n TWe=zelidswstses Cl one AB Loop (SEQ I D NO BC LoopPCBSERQ201D05Dss CD Loop
(SEQ ID NO) DE Loop (SEQ ID NO EF Loop (SEQ ID NO FG Loop

64

not limited to apoptotic activity, using caspases activation of Annexin V binding, as well
as a reduction in tumor burden or volume.

[0307] In other embodiments, TRAIL R2 specific scaffolds of the invention are useful for
the diagnosis and detection of cancer or other TRAIL R2 associated diseases. In such
embodiments, TRAIL R2 specific scaffolds of the invention are linked to a detection
agent, such as, but not limited to a radioisotope, fluorescent or chemiluminescent label.
Such linked binders are useful in methods that detect or diagnose cancer or TRAIL R2
associated diseases in a subject, or a sample taken from said subject. In addition, TRAIL
R2 specific scaffolds are useful in the diagnosis and treatment of other TRAIL R2
associated pathological conditions, such as immune-related diseases in mammals,

including humans.

Specific TRAIL R2 Binding Sequences

[0308] In some embodiments TRAIL R2 specific Tn3 monomer scaffolds of the
invention comprise at least one, at least two, at least three, at least four, at least five, or at
least six loop sequences that bind to TRAIL R2.

[0309] In some embodiments, TRAIL R2 specific Tn3 scaffolds comprise at least one, at
least two, at least three, at least four, at least five, or at least six loop sequences of TRAIL
R2 binding monomer scaffold clones selected from: 1C12 (SEQ ID NO: 132), G3 (SEQ
ID NO: 133), 1E11 (SEQ ID NO: 134), C4 (SEQ ID NO: 135), C11 (SEQ ID NO: 136),
F4 (SEQ ID NO: 137), and G6 (SEQ ID NO: 138).

[0310] In some embodiments, TRAIL R2 specific Tn3 monomer scaffolds comprise at
least one loop sequence selected from the loop sequences listed in TABLE 4. In other
embodiments, TRAIL R2 specific monomer scaffolds comprise at least one BC loop
sequence selected from the BC loop sequences listed in TABLE 4. In other embodiments,
TRAIL R2 specific monomer scaffolds comprise at least one DE loop sequence selected
from the DE loop sequences listed in TABLE 4. In other embodiments, TRAIL R2
specific monomer scaffolds comprise at least one FG loop sequence selected from the FG
loop sequences listed in TABLE 4.

[0311] In some embodiments, TRAIL R2 specific Tn3 monomer scaffolds comprise a BC
loop sequence selected from the BC loop sequences listed in TABLE 4; and a DE loop
sequence selected from the DE loop sequences listed in TABLE 4. In other

embodiments, TRAIL R2 specific monomer scaffolds comprise a BC loop sequence
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selected from the BC loop sequences listed in TABLE 4; and an FG loop sequence
selected from the FG loop sequences listed in TABLE 4. In other embodiments, TRAIL
R2 specific scaffolds comprise a DE loop sequence selected from the DE loop sequences
listed in TABLE 4; and an FG loop sequence selected from the FG loop sequences listed
in TABLE 4. In some embodiments, a TRAIL R2 specific Tn3 monomer scaffold
comprises loop sequences corresponding to loop sequences from one, two or three
different Tn3 clones.

[0312] In some embodiments, the TRAIL R2 specific Tn3 multimeric scaffolds are linear
multimers, e.g., dimers such as the 1E11 tandem 2 scaffold of SEQ ID NO: 139, tetramers
such as the 1E11 tandem 4 scaffold of SEQ 1D NO: 140 or the G6 tandem 4 scaffold of
SEQ ID NO: 143, hexamers such as the 1E11 tandem 6 scaffold of SEQ ID NO: 141, the
G6 tandem 6 scaffold of SEQ ID NO: 144 or the F4mod12 tandem 6 of SEQ ID NO: 167,
or octamers such as the 1E11 tandem 8 scaffold of SEQ ID NO: 142, the G6 tandem 8
scaffold of SEQ ID NO: 145, or the F4mod12 tandem 8 scaffold of SEQ ID NO: 166.

[0313] In some embodiments, the TRAIL R2 specific Tn3 multimeric scaffolds are Fc
fusions, e.g., the 1C12 Fe fusion of SEQ ID NO: 149, the G3 Fc fusion of SEQ ID NO:
150, the 1E11 Fe fusion of SEQ ID NO: 151, the C4 Fc fusion of SEQ ID NO: 152, or the
G6 Fc fusion of SEQ ID NO: 153.

[0314] In some embodiments, the TRAIL R2 specific Tn3 multimeric scaffolds are
antibody-like fusions, e.g., the scaffold resulting from the association of the 1C12 IgG1
heavy chain constant region scaffold of SEQ ID NO: 154 with the 1C12 kappa light chain
scaffold of SEQ ID NO: 155, the scaffold resulting from the association of the G3 IgG1
heavy chain scaffold of SEQ ID NO: 156 with the G3 kappa light chain scaffold of SEQ
ID NQ: 157, the scaffold resulting from the association of the 1E11 IgG1 heavy chain
scaffold of SEQ ID NO: 158 with the 1E11 kappa light chain scaffold of SEQ ID NO:
159, the scaffold resulting from the association of the C4 IgG1 heavy chain scaffold of
SEQ ID NO: 160 with the C4 kappa light chain scaffold of SEQ ID NO: 161, or the
scaffold resulting from the association of the G6 IgG1 heavy chain scaffold of SEQ ID
NO: 162 with the G6 kappa light chain scaffold of SEQ ID NO: 163.

[0315] In some embodiments, the TRAIL R2 specific Tn3 multimeric scaffold combine a
Fc fusion format with a linear format, e.g., the 1E11 tandem 2 Fc fusion of SEQ ID NO:
164, or the 1E11 tandem 4 Fc fusion of SEQ ID NO: 165.
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[0316] In certain embodiments, where the TRAIL R2 specific Tn3 multimeric scaffold
sequence contains a linker and/or a Histidine tag at the C-terminus of the sequence, this
C-terminal linker and/or Histidine tag can be removed, the corresponding amino acid
sequence thus containing a deletion of the C-terminal linker and His tag sequences.

[0317] In some embodiments, TRAIL R2 specific Tn3 multimeric scaffolds are
conjugated to PEG. In specific embodiments, the F4mod12 tandem 6 (SEQ ID NO: 167)
or the FAmod12 tandem 8 (SEQ ID NO: 166) scaffolds are conjugated to PEG. In further
embodiments, the PEG is conjugated at either the N-terminus or the C-terminus of the

multimeric scaffold molecule.

Pharmaceutical Compositions

[0318] In another aspect, the present invention provides a composition, for example, but
not limited to, a pharmaceutical composition, containing one or a combination of
scaffolds or multimeric scaffolds of the present invention, formulated together with a
pharmaceutically acceptable carrier. Such compositions may include one or a
combination of, for example, but not limited to two or more different scaffolds of the
invention. For example, a pharmaceutical composition of the invention may comprise a
combination of scaffolds that bind to different epitopes on the target antigen or that have
complementary activities. In a specific embodiment, a pharmaceutical composition
comprises a multimeric scaffold of the invention.

[0319] Pharmaceutical compositions of the invention also can be administered in
combination therapy, such as, combined with other agents. For example, the combination
therapy can include a scaffold of the present invention combined with at least one other
therapy wherein the therapy may be immunotherapy, chemotherapy, radiation treatment,
or drug therapy. The pharmaceutical compounds of the invention may include one or

more pharmaceutically acceptable salts.

Pharmaceutical Gosing and Administration

[0320] To prepare pharmaceutical or sterile compositions including a Tn3 scaffold of the
invention, a scaffold is mixed with a pharmaceutically acceptable carrier or excipient.
Selecting an administration regimen for a therapeutic depends on several factors,

including the serum or tissue turnover rate of the entity, the level of symptoms, the
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immunogenicity of the entity, and the accessibility of the target cells in the biological
matrix. In certain embodiments, an administration regimen maximizes the amount of
therapeutic delivered to the patient consistent with an acceptable level of side effects.
Actual dosage levels of the active ingredients in the pharmaceutical compositions of the
present invention may be varied so as to obtain an amount of the active ingredient which
is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being toxic to the patient. The selected
dosage level will depend upon a variety of pharmacokinetic factors including the activity
of the particular compositions of the present invention employed, or the ester, salt or
amide thereof, the route of administration, the time of administration, the rate of excretion
of the particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compositions
employed, the age, sex, weight, condition, general health and prior medical history of the
patient being treated, and like factors well known in the medical arts.

[0321] A composition of the present invention may also be administered via one or more
routes of administration using one or more of a variety of methods known in the art. In
certain embodiments, the Tn3 scaffolds of the invention can be formulated to ensure

proper distribution in vivo.

Methods of Using Scaffolds

[0322] The Tn3 scaffolds of the present invention have in vitre and ir vive diagnostic and
therapeutic utilities. For example, these molecules can be administered to cells in culture,
e.g. in vitro or ex vivo, ot in a subject, e.g., in vivo, to treat, prevent or diagnose a variety
of disorders.

[0323] Also, many cell surface receptors activate or deactivate as a consequence of cross-
linking of sub units. The Tn3 scaffolds of the invention may be used to stimulate or
inhibit a response in a target cell by cross-linking of cell surface receptors such as TRAIL
R2. In another embodiment, the scaffolds of the invention of the invention may be used to
block the interaction of multiple cell surface receptors with antigens. In another
embodiment, the Tn3 scaffolds of the invention may be used to strengthen the interaction
of multiple cell surface receptors with antigens. In another embodiment, it may be
possible to crosslink homo- or heterodimers of a cell surface receptor using the Tn3

scaffolds of the invention containing binding domains that share specificity for the same
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fromIDT (Coralville, 1A). Preparation of expression constructs encoding 2
or nore linearly fused Tn3 nodul es was as follows. The DNA encoding a TRAIL
R2-specific Tn3 nodule (e.g., 1E11l; SEQ ID NO 134; &6, SEQ ID NO 138;
etc.) was anplified by PCRwith the prissrers "Tn3 gl y4serl nodul e forward"
(SEQ ID NGO 112) and "Tn3 gl y4ser2 nodul e reverse"” (SEQ ID NO 113) (TABLE
5). [0336] After cégnupindfwotdifferenP@Repmroeahutedr cmbpdireentgthqolo feifelds OMA was di vi ded
in tw, wth one halfendh @asbearkd wi deiRer Bpgihd, ordipd dnfiued hosciiball furtdt gest ed wit h
Acul. The digested sappl es were purified using a PCR cleanup kit and

A gat ed WI th T4 J?Nf\ I gl%e':s igvelgtion a?s? 1l3<revid§§ m%s (9 {.al%gilﬁlcetpito?ers]goq)géilp %co%'l}gﬂhe:{ n3 modul .E,‘S
(A2). This mat el & was puritied %y agar ose gel el ectrophoresi s and again
split into two. Di g@@%‘?ddfﬁ“a{/\ﬁmfbﬂdlﬁ‘\i&fle"aﬁﬂﬁ‘nRﬁﬁ‘F‘b"f“?iT“f’ BEES S°bf§1d? P44 on i nto Neol
Kpnl di gested pSec- oppiaf pok)used telst tepar adiaen\ o009 M5 $39g. mather Exanpl e 18)
yi el ded t he bact eri ahdingpriesgioqme domgtcantigdn. f or protein A2. Ligation of

undi gest ed prodygis) i Nt OrnPi&Rhidn dko S méBE @ Gsing theTihh EchdPEAthe iGakibbad, CA)

pr ovided 80 genet I Ei‘inQBéeﬁgridl@lnctfce(ﬁntyp&.qulg Q’ﬁbl)%ntpttle sallffgllﬂ%f theq{vgn%gn n:[a sions. To
make a DNA fragnent _encodi ng rour  Tn3 nodul es (Af%} he TOPO cl oned A2 DNA
a

was PCR anmplified w1 HEFE *HEat € ahp ForWar 8"'“12 EFTDNS 114) and
"nodul e anp rever sedmEIGEERtEy eRpydimgnt.dhe figstpalipspay-beycancengell frd thaggeond iyl spl it i n two
for digestion wth adohunmogfecBpedl sucifha NKedl In grother frebodimenietesiy3 fedeldyphki ng t he A3
expr essi on const r uCthe WaSiod fb@ beSIRAB s@SethbhBlintdsi@albefwadn twiRkinn gellt, veh A2 const ruct,
wherein the DNA encdifg pA3uesn ASSIERb Rivl haMnésmmbidildisg bl ocks. Again,
concurrent cl Onhdg,%éOf %%?ﬁﬂeﬁ%og%s&%%g%edm § @ BGR el HEQ, RERYJed geneti c

material for ge tion o rder fusions. . |0337] Far pr. Earation of
A4 and AS bact eri al "BXPPESE FBA CIRELT FEFE, ™ 4R HAUPTPe H Hfflpé’“?e/\s/as i ntroduced
at the 3' end of thenehel rfwimnte Bediefys sbpuientien Qidrlie AR REsEBt € pr essi on
construct. To do t hpgylatibnkén tASesgxtime g &ioldyvf teiavergipn covebs usd ty 4t sache gst ed Wi t h

Kpnl and EcoRl, andodgyexeinsdesd ragnent was replaced with a dupl ex

cassette contai ni;ng thenol | GeRuG! Okl dRSods bNSRS s BaRIL «f ddSesn f or war d”
(SEQ I D NO 116) and "insert everse” fgsqgc;epq)eﬁg)}l]cgf 117) (TABLE

- . ulation. ne egg i | tlmre]th(BsS &(Ehe l;n t%n arc psefal m

5). PCR anplificati B8R 0f" A2 aRd A3 S€quences Trom the correspondi ng pCR 2.1
TOPO constructs was &P rehyRi it oppRhgreerhihgosl & FhswrtBanmti
forward" (SEQ | D NOmon$®s) andpyjor'ceiip thy lireentirplse myvalpsgsthodt ghehng BfNdy e 115) ( TABLE
5). Anplified produticsvasesmeit,doithke ytkige Sheiavembd 4o Barides hdité@rf ysingand ¢l oned
into simlarl y di ge@rhe:,gffcﬁig pr@t&&&@@%c&m ra QRS tnrtﬂ%spect, in some embodiments the

binding of the Tn3 scaffolds of the invention to TRAIL R2 receptors can be used

diagnostically to detect cells expressing TRAIL R2. In other embodiments, the ability of

the Tn3 scaffolds of the invention to differentiate between cell populations resistant to

TRAIL but sensitive to TRAIL mimetics, and cell populations resistant to TRAIL and

also to TRAIL mimetics (see, e.g., Example 19) can be used for diagnostic purposes. The

Tn3 scaffolds of the invention may be useful in kits or reagents where different antigens

need to be efficiently captured concurrently. It is also contemplated that cancers caused



[ 0338] Protei ns A6- A9 were expressed by transient transfection of 293F
cells, as described in Exanple 16 of WD 2009/ 058379 A2. Briefly, expression
vect ors woeopenesat ed by PCR anplifying the Tn3 nodul epCorusomdoBrasy from
t he bacterial expression constructs, and cloning these into in house
vectors encoding the Fe region, the kappa |light chain constant region

and/ or the CHL- hi nge- CH2- CH3 heavy chain constant regions for expression of
Fe fusion or antibody proteins. For protein A9, a Tn3 nodul e repl aces the
anti body variable regions in the human 1gGl heavy chain and kappa |ight
chain. The prinmers that add conpati bl e Nhel and Kasl sites for making Fe
fusions of the tandem constructs are shown in TABLE 5. TABLE 5. Priner
Sequences Used in the Construction of Multival ent Tn3 Protei ns Sequence
Nane Sequence SEQ I D NO Tn3 gl y4serl nwelul e forward
GCCGCTAGCCTGAGTAGGT CCTGGAGT GCGGECCATGEC

CAGCGGGGGCCGAGCCAGT BERATPEANGPEANAGAT @ TCAOCHATAIRE 21dPmpogtnsphiBe gl y4ser 2
nodul e rever se CCTCAEREAT CACCACCT GAAGGCTACGCAGGTACCGC

TACCGCCACCTCC(I:T m&m%{%ﬁ%hol-;&@e oM%@tu@rﬁﬁnaElﬁgr war d

C{;CGCTAC{;CTGAGFAC{;T% al:llchllTRIXR%l ﬁcrml 1[11@% %E %giffold can be used
CCTCAGCCGATCACCACCTGAA%‘?T %GG 115 éﬁfl neert Bantl | bpancpSec f or ward

GGGATCCGCTACGGGOCA W gkm sl ympLoma ovarian cancer, col
TCGAGCGATCGGTACCCT(}ML\WHWTW@G etRceatTEAlragpy of cancer with

TRAIL R2 specific multimeric Tn3 can further comprise an additional therapy, such as
immunotherapy, biological therapy, chemotherapy, radiation therapy, or small molecule
drug therapy.

[0329] Methods to treat cancer can comprise the administering to a subject in need
thereof a dose of a prophylactically or therapeutically effective amount of one or more
Tn3 scaffolds of the invention in combination with surgery, alone or in further
combination with the administration of a standard or experimental chemotherapy, a
hormonal therapy, a biological therapy/immunotherapy and/or a radiation therapy. In
accordance with these embodiments, the Tn3 scaffolds of the invention utilized to
prevent, manage, treat or ameliorate cancer, autoimmune, inflammatory or infectious
diseases or one or more symptoms or one or more symptoms thereof may or may not be

conjugated or fused to a moiety (e.g., therapeutic agent or drug).

Equivalents

[0330] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following
claims.

[0331] All publications, patents and patent applications mentioned in this specification
are herein incorporated by reference into the specification to the same extent as if each
individual publication, patent or patent application was specifically and individually
indicated to be incorporated herein by reference. This application claims the benefit of
priority to U.S. Provisional Patent Application No. 61/323,708, filed April 13, 2010, the
entire contents of which are incorporated herein by reference. Additionally, PCT
Application No. PCT/US2008/012398, filed on October 10, 2008 and published as
International Publication No. WO 2009/058379 A2 is hereby incorporated by reference in
its entirety for all purposes.



Modul e insert BanmH in pSec reverse AATTCTCAGIGGTGGIGATGATGATGATGATGECCCAGG
GTACCGATCGCTCGATCAGCACGGACCTCGATCGAGT GG CCCGTAGCGGATCCCGTAC 117 Modul e

i nsert Bawbl2ofionwesd GCCGCCTAGCCTGAGTAGGT CCTGCGGGAT CCGCCAPCETS2AG03188 Modul e
insert Nhel forward GGCGCTAGGCTGAGTAGGTCCTGECTAGCTGCCATGECC AGC 119 Modul e
insert Kasl reverse CCTCAGCCGATCACCACCTGAAGGCGGCGCCGGTACC 120

[ 0339] Expression and purification of proteins: Mnoval ent or |linear Tn3
proteins were expressed in BL21(DE3) E. coli (EMY Novagen, G bbstown, NJ)
and the Hi s-tagged proteins were purified fromthe culture nedia using N
NTA Superflow resin (Q agen). Surprisingly, despite large differences in
the nol ecul ar weights, all of these constructs expressed at nediumto high
|l evels in E. coil and were efficiently secreted into the nedia (TABLE 6 and
FIG 3). [0340] To express Fe fusion andoanti body-1ike proteins (A6-A9),
293F cells were transiently transfected with the appropriate expression
constructs. Harvests of supernatant were perforned on days 6 and 10 and the
protein was puri fiABUE Dyeqhadaed SBQ M 2ok bfimalediitr colppronas Sgmhigépesent§ti@34 1] Al |
purified proteins were anal ysed bpifgpaipAGEiasn NuPage Novex 4-12%bis tris
gels in MES bufiermudt h,sultemé educing—agent; and were—vistualseged usi ng

Si npl yBl ue Saf g3tsaitiy (| VI trogen. Carlshad. CA)__ Size exg¢d¥ion

IEVK. DTTALITWFKPLAEIDGCELTYGIKRV.PGDRTTIDLTEDENQY. 1
chr onat ogr aphy Ma&% al so| susBen Qv lrdcYvENpRkHTH i ed pro er’ns, 'and where

necessary, aggriegated vmlﬁuﬁbfdlwﬁﬁbomﬂﬂrmskihd) on either a Superdex 75 10/ 300GL

or Superdex 20010/ 300 R PRI iR R aT &, D%TE%? Y\?my? NJ), to a final
| evel bel ow 10%of tota (cmqsum«sefmmmdemmrmmﬂj sc_unit w Must ang E

IEVKDVT IT FRPLAEIDGCELTYGIKDV, RTTIDLTEDEN Y 3 . h
menbrane (Pal | |CBF Por at | @Rrbiotc s IR DGt KV Wa 8 d as|i ndicated by
t he manuf act ur €r__t 0 r enmsyeesitan of difulfily jorgs afe mésrinedyact er | al y_expressed protein

preparati ons. TABLET NSREEFEL PUILGat G of  Represent at i ve
Mul tival ent Tn3cPrep®in (qu@rbqas@rdmrdmnmybéﬂomm Yield (rm [L){A (1E11) 400

10th FnlII of LEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPVQEFTVPGSKST ’
fibronectin ATISGLKPGVDYTITVYAVTGRGDSPASSKPISINYRT
3rd Fnlil of PTVDQVDDTSIVVRWSRPQAPITGYRIVYSPSVEGSSTELNLPETANSVT 6
fibronectin LSDLQPGVQYNITIYAVEENQESTPVVIQQET
6th Folll of PYNTEVTETTIVITWTPAPRIGFKLGVRPSQGGEAPREVTSDSGSIVVSGL 7
fibronectin TPGVEYVYTIQVLRDGQERDAPIVNKVVT
Fnlll from PPIALNWTLLNVSLTGIHADIQVRWEAPRNADIQKGWMVLEYELQYKE 8
growth hormone | VNETKWKMMDPILTTSVPVYSLK VDKEYEVRVRSKQRNSGNYGEFSE
R VLYVTLP
FnllI from B PPSLNVTKDGDSYSLRWETMKMRYEHIDHTFEIQYRKDTATWKDSKTE 9
common R TLQNAHSMALPALEPSTRYWARVRVRTSRTGYNGIWSEWSEARSWDT

E
Fnlll from IL-5R | PPVNFTIKVTGLAQVLLQWKPNPDQEQRNVNLEYQVKINAPKEDDYET 10

RITESKIVTILHKGFSASVRTILOQNDHSLLASSWASAELHA
29™ Falll from LSVTDVTTSSLRLNWEAPPGAFDSFLLRFGVPSPSTLEPHPRPLLQRELM 11

Tenascin XB VPGTRHSAVLRDLRSGTLYSLTLYGLRGPHKADSIQGTART

31% Fnlll from LRALNLTEGFAVLHWKPPQNPVDTYDIQVTAPGAPPLQAETPGSAVDY 12
Tenascin XB PLHDLVLHTNYTATVRGLRGPNLTSPASITFTT

32" Fnlll from LEAKEVTPRTALLTWTEPPVRPAGYLLSFHTPGGQTQEILLPGGITSHQL 13
Tenascin XB LGLFPSTSYNARLQAMWGQSLLPPVSTSFTT

Truncated 3rd IEVKDVTDTTALITWFKPLAEIDGIELTYGIKDVPGDRTTIDLTEDENQYS 14
Fnlll of tenascin | IGNLKPDTEYEVSLISRRGDMSSNPAKETFTT

C

FnlllI — growth PKFTKCRSPERETFSCHWTDEVHHGTKNLGPIQLFYTRRNTQEWTQEW 15
hormone R KECPDYVSAGENSCYFNSSFTSIWIPYCIKLTSNGGTVDEKCFSV

FnlIII from PSGFPQNLHVTGLTTSTTELAWDPPVLAERNGRIISY TVVFRDINSQQEL 16
PTPR-F QNITTDTRFTLTGLKPDTTYDIKVRAWTSKGSGPLSPSIQSRTMPVE

FnlII from PKPPIDLVVTETTATSVTLTWDSGNSEPVTYYGIQYRAAGTEGPFQEVD 17
PTPR-F GVATTRYSIGGLSPFSEYAFRVLAVNSIGRGPPSEAVRARTGE

Fnlll from LSPPRNLRISNVGSNSARLTWDPTSRQINGYRIVYNNADGTEINEVEVDP 18
collagen type ITTFPLKGLTPLTEYTIAIFSIYDEGQSEPLTGVFTT

XIv

3rd FnlIll of IEVKDVTDTTALITWFKPLAEIDGIQLTYGIKDVPGDRTTINLTEDENQYS 19
tenascin C - IGNLKPDTEYEVSLISRRGDMSSNPAKQTFTT

charge variant
Archacoglobus PAISNVRVSDVTNSSATIRWDVSLAANNRVLFSTNSDLSSPQWSAWDNS 20

ﬁllgidus DSM TDSPMITLSGLSAGTAYYFSVYSFRPDNASLYSNSSIMSFTT
43




82 A2 (1E11) 300 A3 (1E11) 135 A4 (1E11) 90 A5 (1E11) 40 Exanple 3 TRAIL

R2 Bi nding Affi

nity for

Mbno-

and Pol yval ent Tn3 Proteins [0342] To neasure

t he ef f ecwoabiifs@s2sal ency on binding affinity for a seripe3/uskoii/esdiks

R2-specific Tn3 proteins,

96- wel |

NUNC Maxi Sorp plate (Therno Fi sher,

Rochest er,

a conpetition ELISA experinment was perforned. A
NY), was coated with

A9(1Cl1l2) (SEQ ID NO 154 + SEQ ID NO 145) a TRAIL R2 specific scaffold in

an anti body-1i ke format,

in PBS at 2 Hind overnight at 4C. Plates were

bl ocked with PBS 0.1% Tween 20 + 10 ng/m BSA. Dilutions of Al (1El1

nononer) ,

and linear format A2 (1E11 bivalent) or A3 (1E1ll tetraval ent)

multimeric scaffolds were i ncubated on the coated plate wth 0.75 nM of

biotinylated TRAIL R2-Fc for two hours at

roomtenperature in PBS 0.1%

Tween 20 + 1 ng/ M BSA, washed. Bound biotinylated TRAIL R2 Fe was detected
with streptavidin HRP, TMB, and neutralized with acid. Absorbance was read

at 450 nm Datd

TABLE 7 and wer
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PaEK TEN e LISBK A QVNTOINGS Y ¢
Fé“%tﬁHF'Yf PRYEITEGYUAT™ t o t he cond

8\.
R2-Fc to in

bi

gi ver
entr
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Hlized TRAIL R2

aicclieds Pr 087

acu‘i
DSM 639
NCBI Acc. #:
NC_007181
4th FnlIll

FSIGNNSILNLK VTGATFYLVYVNTTLIANVTTDSYSLNLTP
& ]ii/ m ﬂ@blﬁ&ﬁﬁvmsn

25

Sulfolobus
solfataricus P2
NCBI Acc. #:
NC_002754
1st Fnlll

PLPPKITSYSAGNESVTLGWNPVRLSSGYEIY WNNMGFNSSINVGNVTS
YTVTGLKDGITYYFEVLAYNSIGYSSPSSIIALTPASV

26

Sulfolobus
solfataricus P2
NCBI Acc. #:
NC_002754
2nd Fnlil

PNPPQLVSVKYGNDNVTLNWLPPTFSGGYLLLGYY VIVKNENSMVSSH
FVNSTSLTISNLTPNVTYNVFIYAVNKLGNSSPLVLTVVPITKA

27

Sulfolobus
solfataricus P2
NCBI Acc. #:
NC_002754
3rd Fnlll

PITKASVFAFITKLGNGILVNWTTSFPANITLELYNPNGNLISQIAAIKGNS
SYLFRVEQGNYTLVIIASNSAGVSKYVYQVVYYL

28

Sulfolobus
solfataricus P2
NCBI Acc. #:
NC_002754
4th Fnlll

PPASPQVSLIGFGNNLYISWNNEANVITYLVYVNNSLVYEGPSNSIVTNI
SNGTYLVKVIGVNPAGSSSPGIAVIHYTGDYVT

29

Sulfolobus tokodaii
str. 7

NCBI Acc. #:
NC_003106

1st Fnlll

PPKPQIASIASGNETITVKWYDTNASGYYITYWSNFSQKVTINVGNVTSY
TIKHLKDGVTYYIQIVPYNSLGNGTPSDIISATPSSV

30

Sulfolobus tokodaii
str. 7

NCBI Ace. #:
NC_003106

2nd Folll

PNPPIIKVKIGNLNATLTWYDTFNGGYPIEGYYLYVNGKGINVGNITSYV
LTNLTAGELYTIELIAYNKIGNSSISSVSFIAASKA

31

Sulfolobus tokodaii
str. 7

ASKANLTVTVYKKINGFLVSWNSTSKAKYILTVSKENVVLLNVSTTNTS
YFVKVPFGVYNISLEAVNIVGITKYAFILIYYIQ

32




1C50 (nM Al (1E11) 1 16 A2 (1E11) 2 0.5 A3 (1E11) 4 0.4 Exanple 4 Fl ow

Cytonetry for

Confirnation of Cell

Bi ndi ng [ 0345] Fl ow cytonetry was used to

confirm twe peicoi2scity of binding of a multival ent TRAPCTRA2@Ip®61188 ¢ Tn3

protein to endogenous TRAIL R2 expressed on the cel
Adherent 142122 cells (a non-snall

cells.
cell line),
(I'nnovative Cel

| Techno

cel |

| ogi es, San Di ego, CA).

surface of H2122

| ung cancer adenocarci noma
were detached fromtissue culture flasks using Accutase

Cells were rinsed with

conpl ete medi um (RPM 1640 nedi um suppl enented with 10% FBS) and
resuspended in PBS/ 2% FBS at approxi mately 2x106 cells/nL. Tn3 protein

A9(1E11) (SEQ ID NO 158 + SEQ ID NO 159),
format multineric scaffold,

(clone D1),

[0346] Cel | s were plated on 96 wel |
protei n sanpl egNwebe addedat 25 1.

of 10 nM. The
washed 3 tines
secondary antiQ

i ncubat ed at 4C§&@@ﬁapp
spided |

Cells were resuy
was performed ys4

or the format-matched contro

a tetraval ent antibody-1ike
Tn3 protein B9
were prepared at 40 nM conegentrations in PBS/ 2% FBS.

U bottomplates at 75 |11

per well, and

scripti

.t1 per well (to a fin

@ﬁlconcentration

g@;OOGPBS

HEE=-Nrirl S | + A £ H +
hcubated—at—4C for—approximatel

2% FBS. Anti human |1 gG Al exa Fl uor

hour, then

488 conj ugat ed

PAwBswadSee Ny ITEEA ﬁYLIWGKl)TNTHMTFNIhG‘ pl at e was

T&?W‘%‘HY‘%‘M/YY%P RL

shift (increasefeEf
the TRAIL R2 speﬁmﬁ

i n 100 tl of PBS/ 2% FBS, and fl ow

¥e and washed as descri bed above.
cytonmetry anal ysis

EtTOIm'BE CEWAVF(AIBE)PBNOS’@\IRQMUQ $, 3San Jose,

cA). A

ld hind ta ~call gl o THAL

|c5§ i
conflrned that the

ncubated wi th

TRAIL R2 SpeCi f ) FK]’LXEI[Q% cotH G RG—to—CerTuratf— A 4 (FI G 5) . 84
Exampl e 5 Effechm@&cwalency and Format on Apoptosis of H2122|Cells by TRAIL
R2- speci fi ¢ Tn3sPopteinss-034 7 Apeptetie—eeH—death—ean—bhesxinduced in
cancer cells |i|mesind®y cfrosslinking of cell surface TRAIL This effect
can be det er ni ng¥-i-n—eelizRssays—that—easure—the—nurberof Vi abl e cells.
To this end, | ymgsearci noma cell |ines H2122 cells were plated in 96 well
plates at a dengiy-of 10000 ceHsi—weH—in—75—1-31-1-of regnpl ete nedi um
(RPM 1640 nedi|um-suppl emented with 10% FBS). Fol | owi ng gverni ght

i ncubation at 3% GRSt pperentet—w-th—25—+A-of—adgiti onal nedia
containing a semm&hcdllutlon of TRAIL R2-specific (clone|lE1l) or negative
control (clone B FR3hEOFeREFsS—AHtreatrents—were—perd d in duplicate
wel | s. Conmer Ci|@hadeiyc. B a Iable TRAIL ligand (Chem con/M I Ijipore, Billerica,
MA) was used asSHipesitive—econtreot—for—FRAH—Teceptor—inguged cel | death.
After 72 hrs, t/kexebhkTiter-A o kit from Pronega (Mdi son, W) was used
according to th&Halufacturer's instructions to assay ATP |evels, which is

a neasure of theu
was neasured on
| nhi bition of cgthV|ab
val ues for tredtdd: el

cells. Dose r espeas % pl
generated, and éé?‘°g£
concentration qfsagroBe]
39 Fnlll of
tenascin C, beta
strand D
| 39 Fnlll of
tenascin C, beta
strand E
3® Fnlll of

nber

of viable cells in the culture. A

| um nescence

Wﬁfmﬁaw

SYOW Pl ate reader (PerkinEl ner, W
lity was determ ned by dividing

’ énl MA) .

um nescence

A t he aver age | umi nescence for
pts of inhibition vs. conpound cay

unt rreat ed vi abl e

rati on were

PHE pot ency (EC50) was det er mi nec
required to inhibit 50%of the (¢

t he

TTIDL

viability.

YSI

tenascin C, beta
strand F

YEVSLIS

3 Fnlll of

YEVSLIC

tenascin C, beta




[0348] To test the effect of val ency on the proapoptotic activity of

mul tival ent TRAIL R2-specific Tn3 proteins, H2122 cells were treated with

t he monowsbent1/iBo2sprotein Al (clone 1E11), and the seripes/ustoihiosxas |y
fused Tn3 proteins A2-A5 (each clone 1E11) which contain 2, 4, 6 or 8 Tn3
nmodul es. Wil e the nono- and bivalent Tn3 proteins showed no or negligible
killing activity, proteins containing 4, 6 and 8 Tn3 nodul es potently

i nhibited H2122 cell viability, with potency increasing as a function of

val ency (FIG 6A;, TABLE 8). Protein A3 (tetravalent) had a sim /|l ar potency
to TRAIL, the natural TRAIL R2 |igand, while proteins A4 (hexaval ent) and
AS (octavalent) were 1-2 logs nore potent. It is clear fromthis assay that
for a given nolecular format, cell killing inproves with higher val ency, up
to a point where the assay can no |longer discrimnate. 85 TABLE 8. EC50
Val ues for Killing of H2122 by Miultival ent Constructs C one EC50 (nM
thinun1InhibitwamﬁﬁbAGS@@Eﬂl) 0.013 91 AA (1E11) 0. 0009 | 3R AS (1E11)

0. 0006 97 hunari,"’iﬁ‘{’!—‘g}’ngj —027 98— 0349} To—denonstrate—that—tnhhi biti on of
cell viability [FSudependevstson TRAIL R2 bindi ng, 100 pM of®protein A5
(clone GB) (i.e ;ﬁﬁﬁﬁgﬁ t he EC50) was incubated with H2122 cells in the
presence of sol ke TRANEVSRZ- Fc protei n. Dose dependent fepression of cell
killing by soILﬁLEE*ﬁAIL R2-Fc is an indication that cell killing is
dependent on prigpessn A3 binding to cell surface TRALL R2I(EIG 6B) Simlar

results were seé "W b [5FBtein AS conprising clone 1E11 |odps (data not

shown) . strand G
3 Falll of KECFTT 53
tenascin C, beta
sirand G (SS3 &
Tn3+8S83)
WT 10FnlIll of VSDVPRDLEVVAATPTSLLISWDAPAVTVRYYRITYGETGGNSPVQEFT 54
fibronectin VPGSKSTATISGLKPGVDYTITVYAVTGRGDSPASSKPISINYRT
(W/N-term aa) (underlined A beta strand residues may be removed)
WT 10Fnlll of VAATPTS 55
fibronectin,
AB loop
WT 10FnIII of DAPAVTVRY 56
fibronectin,
BC loop
WT 10Fnlll of TGGNSPV 57
fibronectin,
CD loop
WT 10FnIIl of PGSKST 58
fibronectin,
DE loop
WT 10FnIll of SGLKPGVD 59
fibronectin,
EF loop
WT 10Fnlll of VTGRGDSPASSKPI 60
fibronectin,
FG loop
WT 10Fnlll of VSDVPRDLEV 61
fibronectin, beta
strand
A
WT 10Fnlll of LEV 62
fibronectin, beta
strand

A N-terminal
truncation

WT 10Fnlll of LLISW 63
fibronectin, beta

strand

B

WT 10FnlIll of YRITYGE 64
fibronectin, beta

strand

C

‘WT 10FnIIl of QEFTV 65
fibronectin, beta




103501l n addition to the nunber of binding nodules, the activity of

mul tival ent Tn3 proteins may al so be affected by the nol ecular format used
to presenwotha/idostsvi dual binding units. To test the efPertusediimsiiegcul ar
format on activity, H2122 cells were treated with different TRAIL
R2-specific Tn3 proteins presenting the sane nunber of Tn3 bi ndi ng nodul es.
The ability of the tetravalent proteins A3, A7 and A9 (each clone 1El1l) to
i nduce killing of H2122 cells was tested in the cell viability assay, as
was the pair of octavalent Tn3 proteins AS and A8 (each clone 1E11).

| nactive nono- and bival ent proteins were included as negative controls,
and TRAIL as a positive control (FIG 7; TABLE 9 and TABLE 10). In FIG 7A,
for the three constructs tested with a valency of four, it is apparent that
A3 (linear format) and A7 (Fe-fusion fosmat) are simlar in their cell
killing activity and are nore potent in killing H2122 cells than A9

(anti body-1ike [Nugbren Tioemat ). This cl earl y shows that thetspati al
H H PHOD A Al e Aan o : P ID N . PR

orientation of i Medules—ean—have—aconsiderabte—effect—onbi oactivity,
wherein A3 is approxinately 150-fold nore potent than A9 prot einin
i nhi bi ting Hzlzgﬁogb“é;’lb Ability (TABLE 9). FIG 7B shows |tfatf both formats
of octaval ent TRAk - bi ndi ng Tn3 prot e| ns AS (I i near) |and A8
(Fe-fusion), ha)%@mkwﬁf@A. Feacy—+n—nhi-birting—the viatititly of H2122
cells. The EC5(ndad:abd20r t hese constructs is shown in TABLE 9. The ability
to fine tune aflfffflity, Valency, and spatial orientation affords great
flexibility in t“erlqlmlsof sl abilTity to precisely engineer & desired
t her apeuti ¢ out|¢HHE™ ™ 86 TABLE 9. EC50 Values for Killing of [H2122 by
Mul tival ent Constructs m‘//isth a })/al pTrv nfETIIZrFm er(‘JﬁanIF(‘Rn (g\gw Maxi mum
Inhibition % Aq YY) [gE B N by A Dnse. A3 { 1E11) ©0.013 91 human
TRAI L 0.027 98 [¢THBhE 1 underﬁ({&(beta\sfmdmw@snfdmrerﬁwd)l ing of H2112 ’)mb\ Mul ti val ent
Constructs with ja-NEI°ency 8t Ei ght O one

AB loop

WT 14Fnlll of RTKTETITG 71

fibronectin,

BC loop

WT 14Fnill of ANGQTP 72

fibronectin,

CD loop

WT 14Fnlll of KPDVRS 73

fibronectin,

DE loop

WT 14Fnlll of TGLQPGTD 74

fibronectin,

EF loop

WT 14FnllIl of LNDNARSSPV 75

fibronectin,

FG loop

WT 14FnilIl of SPPRRARV 76

fibronectin,

Beta strand A

WT 14FnllIl of ARV 77

fibronectin,

Beta strand A N-

terminal

truncation

WT 14FnliI of ITISW 78

fibronectin,

Beta strand B

WT 14Fnlll of FQVDAVP 79

fibronectin,

Beta strand C

WT 14Fnlll of IQRTI 80

fibronectin,

Beta strand D

WT 14FnlII of YTI 81

fibronectin,

Beta strand E




EC50 (TI'M

Maxi mum | nhi bition % A5 (1E11) 0.0006 97 A8 (1E11l) 0.0002 98

human TRAIL 0.027 98 Exanple 6 Dose Dependent Cell Killing in the Cel

Li nes Colw@Qbiiarsas23ur kat [ 0351] To denonstrate that mnult iPcaiuspd11/DRABE

R2-specific Tn3 proteins could kil
other TRAIL R2 expressing cel

adenocar ci noma

cel |

cancer cell

| i nes other than H2122,
: | ines were al so tested. The col orect al
line Colo205 (FIG 8A) and Jurkat T cel

| eukem a |i ne

(FIG 8B) were tested for their ability to be killed by proteins A3

(tetraval ent,

A3, A5,

| D NO 148) which does not bind TRAIL R2,
perfornmed as described for

Each cell
or a negative control
and the cel

In each of these cel

TRAI L,

H2122.

linear format) (SEQ ID NO 143) and A5 (octaval ent,
format) (SEQ ID NO 145) (each clone G5).
the positive control

i ne was

i near
i ncubated with

protein B5 (SEQ

viability assay was
li nes,

A5 shows

extrenely potent inhibition of cell viability. The | ower valency A3 protein
al so i nduces ceNmeikEd T1Bgyncal bert W th Tower potency thans®&)] Thus, the
hi gher val ency [E8H8Er et —shaws—greater—aetivity—As expectgd] TRAIL coul d
al so inhibit cekdmathabillity, but not octaval ent negative|conirol protein
B5, which does HB&E=BE ndTRAH R —FABLE-11+—FEC50—Vatuesfog—Ki | | i ng of
Col 0205 by Lineg%mﬁggden1Cbnstructs Cl one EC50 (nM WMaxi mum | nhi bition

efa stran

Fc region with
hinge

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD

VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKL

TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

84

CH1-hinge-F¢
region

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG

VHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRV

EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVD

VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKN
QVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKL

TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

85

Kappa light chain

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS
GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV
TKSFNRGEC

86

Lambda light QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVK 87
chain AGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEK

TVAPTEC
Linker region 1 GGGGSGGGGSGGGGSA 88
Linker region 2 GGGGSGGGGSGTGSAMASGGGGSA 89
Linker region AGGGGSRLDAPGQ 90
from C1 (G-G-G-G-S) units are in bold; natural tenascin C sequence underlined
Linker region GGGGSGGGGSGGGGSRLDAPGQ 91
from C2 and C8 | (G-G-G-G-S) units are in bold; natural tenascin C sequence underlined
Linker region GGGGSGGGGSGGGGSGGGGSGGGGSRLDAPGQ 92
from C3 (G-G-G-G-S) units are in bold; natural tenascin C sequence underlined
Linker region GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSRLDAPGQ 93
from C4 (G-G-G-G-S) units are in bold; natural tenascin C sequence underlined
Linker region TRLDAPGQ 94
from C5 natural tenascin C sequence underlined
Linker region GGGGSRLDAPGOQ 95
from C6 (G-G-G-G-8) units are in bold; natural tenascin C sequence underlined
Linker region GGGGSGGGGSRLDAPGQ 96
from C7 (G-G-G-G-8) units are in bold; natural tenascin C sequence underlined

EXAMPLES

[0332] The invention is now described with reference to the following examples. These

examples are illustrative only and the invention should in no way be construed as being

limited to these examples but rather should be construed to encompass any and all

variations which become evident as a result of the teachings provided herein.



% A3 (G6) 0.04 97 A5 (&) 0.0005 100 human TRAIL 0.08 100 87 TABLE 12.
EC50 Values for Killing of Jurkat cells by Linear Tandem Constructs C one
EC50 (nMwbdEsimsos2Bnhi bition % A3 (G5) 0.05 83 A5 (G6) @COOG2011082188

76

Example 1
Design of Various Multivalent Tn3 Formats

[0333] Multivalent formats of the Tn3 scaffold have been designed. The multivalent
formats contain one or more Tn3 modules fused to themselves, fused to other protein
motifs that can oligomerize, or fused to themselves and to other protein motifs that can
oligomerize are shown in FIG. 1. In each case, the resulting molecular entity contains at
least 2 Tn3 modules. The polypeptide linkers connecting the Tn3 modules to each other
or to other protein motifs can be structured or unstructured and with or without a function.
Three exemplary classes of multivalent Tn3 scaffold proteins are specifically provided:
(i) linear (L) multivalent proteins containing Tn3 modules fused to each other via a
polypeptide linker; (ii) antibody-like (Ig) multivalent proteins containing one or more
linearty fused Tn3 modules fused to the light and heavy chains of an antibody or antibody
fragment and (iii) Fc-containing multivalent proteins containing one or more linearly

fused Tn3 modules fused to an antibody Fc region (FIG. 1).

Example 2
Expression and Purification of Multivalent TRAIL R2-specific Tn3-containing Proteins

[0334] A series of eight multivalent Tn3-module containing scaffold proteins (also
referred to as “Tn3 proteins” or “Tn3 scaffolds™) with binding specificity for human
TRAIL R2 were prepared. Examples were prepared from each of the three multivalent
formats described in Example 1, and all of these proteins presented 2 or more of the
TRAIL R2-binding Tn3 module Al (clone 1E11, G6 or 1C12). For several TRAIL R2-
specific multivalent Tn3 protein, a corresponding control Tn3 protein (clone D1, a Tn3
domain specific for the Synagis® antibody) that did not bind TRAIL R2 was also
generated, this differing only in the sequence and binding specificity of the component
Tn3 modules. Tn3 clone D1 is a Tn3 protein wherein the BC, DE, and FG loops of a
1E11 clone are replaced with alternative loops with sequences corresponding to SEQ ID
NO: 99, 38, and 107, respectively (see TABLE 4). Sequence identity numbers of the
multivalent Tn3 protein constructs that were expressed are shown in TABLE 2, and all
the possible constructs are represented schematically in TABLE 3 and FIG. 2. The loop

sequences for the clones are provided in TABLE 4.



human TRAIL 0.009 99 Cells were analyzed by the Cell Titer-A@ o assay as in
Exanpl e 5. Exanple 7 Design, Expression, and Activity of Muse

CD4OL- Spewofori/Bo3zal ent Tandem Scaf f ol ds [ 0352] Bi val ent powrisee 1/032188
CD4AOL-specific Tn3 proteins (TABLE 13) were prepared by fusing a pair of

i dentical Tn3 nodules. ML3 is a Tn3 protein that specifically binds Mirine
CD40OL. The ML3 sequence corresponds to the sequence of Tn3 wherein the
sequences of the BC, DE, and FG | oops are replaced with alternative |oops
wi th sequences corresponding to SEQ ID NOs: 100, 104, and 110, respectively
(see TABLE 4). Linkers containing 1 (Construct C (ML3)), 3 (Construct
c2(ML3)), 5 (Construct C3(ML3)), or 7 (Construct C4(ML3)) copies of the

G yd4Ser (GS) unit were used resulting in total |inker |engths between 13
and 43 am no acids (see FIG 9A and TABLE 3). TABLE 13. Nanmes, val enci es,
and specificities of expressed Tn3-contai ning proteins Nanme (clone) Nunber
of Tn3 nodul es  ITFABLfdcNgmes. ormgts. MaldnyicA agsrseificftipsof egrestediFp-pratei@maeieinML 3 ( ML3)

Cl( l\/ﬂ.3) 2 13 Name Format SEQ ID NO Number of Specificity
(clone) type Tn3 modules
A1(1E11) | Monomer | 134 1 TRAIL R2
A2(1E11) | L 139 2 TRAIL R2
A3(1E1D) | L 140 4 TRAIL R2
A4(1E1D) | L 141 6 TRAIL R2
A5(1E1]) | L 142 8 TRAIL R2
A5(G6) L 145 8 TRAIL R2
| AG6(1E11) | Fe 151 2 TRAIL R2
A7(1E11) | Fc 164 4 TRAIL R2
A8(1E11) | Fc 165 8 TRAIL R2
A9(1C12) | Ig 154 (HC), 154 (LC) [ 4 TRAIL R2
A9(1ELl) | Ig 158 (HC), 159(LC) [ 4 TRAIL R2
B1(D1) | Monomer | 180 1 Non TRAIL R2-binding
control of Al
B2(DD) L not expressed 2 non TRAIL R2-binding
control of A2
B3(D1) L 146 4 non TRAIL R2-binding
control of A3
B4(D1) L 147 6 non TRAIL R2-binding
control of A4
B5(D1) L 148 8 non TRAIL R2-binding
control of A5
B6(D1) Fe 181 2 non TRAIL R2-binding
control of A6
B7(D1) Fe not expressed 4 non TRAIL R2-binding
control of A7
B8(D1) |Fe not expressed 8 non TRAIL R2-binding
control of A8
B9(D1) Ig 182 (HC), 183 (LC) (4 non TRAIL R2-binding
control of A9

L = linear Tn3 fusions, F¢ = F¢-Tn3 fusions, Ig = antibody-like Tn3 fusions

TABLE 3. Schematic Representation of Tn3 Scaffold Constructs

Construct Components

Tn3 Module (Tn3) TEV (X ) ALITW(X5),CELX, Y GI(X ), T TIDL(Xpe), ¥ SI(Xgr), YEVSLIC(Xp ), KE
TFIT

Xas, Xsc» Xep, Xpe, Xer, and Xgg represent the amino acid residues present in the AB,
BC, CD, DE, EF, and FG loops, respectively where n = 2-26, X represents amino acid
residue A or T.

Gly-Ser linker module, | GGGGS

(G4S), wheren= 1-7 The (G,4S), module wherein n=1 is shown above

Poly-Histidine Tag (Hs) | HHHHHHHH

An optional component of the constructs detailed below — useful for




Mirine CD4OL C2(ML3) 2 23 Murine CD4OL C3(ML3) 2 33 Murine CDAOL C4(ML3) 2

43 Murine CDAQOL

[ 0353] Briefly,

t he expression constructs were

generated as

fol | ows: Woagmemn32d was generated by PCR anplification eCTNszeme3fRsO
bi nder pSec-ML3 cloned in the pSecoppA(L25M vector described in Exanple 1
with a primer specific for the pSec vector upstream of the Tn3 gene and

primer "1-3 GS |

of Tn3 specific priners used).

i nker reve

rse" (SEQ ID NO 123) (see TABLE 14 f

or sequences

Fragnents Bl GS and B3GS were generated by

PCR anplification of the sane tenplate with prinmers "1 GS linker" (SEQID

NO 121) or "3 GS linker" (SEQ ID NGO 122),
specific for the pSec vector downstream of the Tn3 gene.
gel -purification of the fragnents,

respectively,
Upon
Fragnent A and BI GS or

and a primer

88

Fragnent A and

B3GS were m xed, and the tandem construets were generated by overlap PCR in

a PCR reaction with the two pSec vector specific priners.

digested with
as descri bed
C2(ML3).

in

| n or d¢

tol and Kpn

rugfiptlonc| oned back

intg the pSec-oppA(

U

i nserts generat
(SEQ ID NO 124

prinmers
NO 127) were di

generated by cut

"GS L Anp °for war d"

constructs C3(ML3) and CA(

construction of

constant region fusion

NSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVD
KRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

A9 or B9 light chain
constant region fusion

SQ(Tn3)GGGTPTRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWK
VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFNRGEC

M13 or 79 A(Tn3)GGGTLGH;
Cl A(Tn3)A(G,S),RLDAPGQ(Tn3)GGGTLGHz
C2 A(Tn3)(G,S;RLDAPGQ(Tn3)GGGTLGH;
C3 A(Tn3)(G,S)sRLDAPGQ(Tn3)GGGTLGH
ca A(Tn3)(G.S),RLDAPGQ(Tn3)GGGTLGH;
Cs A(Tn3)TRLDAPGQ(Tn3)GGGTLGH,

C6 A(Tn3)(G,S)RLDAPGQ(Tn3)GGGTLGHs
C7 A(Tn3)(G,Sy,RLDAPGQ(Tn3)GGGTLGHs
C8 A(Tn3)(G,5):RLDAPGQ(Tn3)GGGTLGH,

The products were

L25M vector

v
ExatBle 1 | yistdding, 3) and
SR2ofB0_gener adi@) e GH): GPr | i nker
4o POR m43)14(rw@513mu3)(ﬁ@)3 TaSNG.SLGTLGH, "5 GSLi nker"
X4 or B4 :' Sa 'g(t}Ag)lA( n'S‘)fG ﬂ3)('d4S)3AfTh5RG4? 'AgIB)((L 2 ( SN 8
and "7 GS|imnkeglm3 x 1 NO resoegtlveJy, W th
n3) Tn3, A(T GT n
: iﬁg@@g{g«)@@ﬂi AU TRIY ¥ &¥rse” (SEQ ID
gosted W T HPKS, KIYEHsPEaiG swiwnemwmmﬁomgmqpctor f ragment
ting pSec &E’Sﬁp LA Epkibovatl voksigbidi|ng the
PSDI&PAE_E?QH.WNYKPPPWPGSS@G&HMM@ENQQ@EG in the
Tandamiy HiSCOUMHEAR M TORSLSLSPGK . Na
Fahgem-bi-vahRNE s s S AhroRE AR na thtisScasguence me
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE
PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
A8 or B8 AMAS(G,S)A(Tn3)G1S):A(Tn3)(G4S): A(Tn3)(G,S);A(Tn3)(G,S),GTGAEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL
HNHYTQKSLSLSPGK
A9 or B9 heavy chain SQ(Tn3)GGGTPTSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW



Sequence SEQ I D NO 1 GSLi nker AAAGAAACCTTTACCACTGCAGGT GGCGGAGGT TCACG
CTTGGATGCCCCCGGGCAGATTGAAGTGAAAGATGTGA CCGAT 121 3 GSLi nker
AAAGAAACGT 0 PAGAAWEECAGGT GGCGGAGGT TCAGG PCT/US2011/032188
TGGCCGAGGT TCAGGTGECCGAGGT TCACGCTTGGATGC CCCCGGGCAGATTGAAGT GAAAGATGT GACCGAT
122 1-3 GSlinker reverse CTGCAGIGGTAAAGGITTCTTTCG 123 5 GSLi nker
AAAGAAACCTTTACCACT GCAGGT GGCGEGEGEGTAGCGG
TGGCCGAGGT TCT GGT GECGEEEGT AGCGGT GECCRAG

GITCTGGT GECGEEEGTAGCCGCTTGGATGCCCCCEEEC A 124 7 GSLi nker
AAAGAAACCTTTACCACT GCAGGT GGCGGEGEGEGTAGCGEG
TGGCGGAGGT TCT GGT GECGEEEGT AGCGGT GGCCGAG

GITCTGGT GECGEEEGETAGCGGTGECCGAGGT TCTGGT® GCGGEEGTAGCCGCTTGGATGCCCCCGGGECA 125
GS L Amp forward AAAGAAACCTTTACCACTGCAGGT 126 GS L Anp reverse
TTCAATCTGCCCGGGGGECATCCAA 127

TABLE 4 Loop Sequences of Tn3 Clones Used in These Studies

Clone AB Loop BC Iinop CD Loop DE Loop EF Loop FG Loop
(SEQ ID NO) (SEQ ID NO) (SEQIDNO) | (SEQIDNO) | (SEQIDNQ) | (SEQIDNO)
1E11% | KDVIDTT AKPWVDPPPLWG | KDVPGDR QQKHTA GNLKPDTE FDPYGAKSNPA
(NO: 35) (NO:97) (NO: 37) (NO:102) (NO: 39) (NO:106)
D1 KDVTDTT SPGERIWMFTG KDVPGDR TEDENQ GNLKPDTE PNYERISNPA
(NO:35) (NO:99) (NO: 37) (NO:38) (NO: 39) (NO:107)
G6t KDVTDTT AKPWVDPPPLWG | KDVPGDR QQKHTA GNLKPDTE FDPYGMRSKPA
(NO: 35) (NO:97) (NO: 37) (NO:102) (NO:39) (NO:108)
1C12% | KDVIDTT AKPEKWDGSIYG KDVPGDR NSRHTA GNLKPDTE FTPYGAKSNPA
(NO: 35) (NO:98) (NO: 37) (NO:103) (NO:39) (NO:109)
Mi13 KDVTDTT HDAFGYDFG KDVPGDR PDHFHN GNLKPDTE ANDHGFDSNPA
(NO: 35) (NO:100) (NO: 37) (NO:104) (NO: 39) (NO:110)
9 KDVTDTT IPPHNADSSIIG KDVPGDR YDVAFD GNLKPDTE DTFYGFDSNPA
(NO: 35) (NO:101) (NO: 37) (NO:105) (NO: 39) (NO:111)
G3% KDVTDTT AKPEKWDGPPLW | KDVPGDR NSRHTA GNLKPDTE FTPYGAKSNPA
(NO: 35) (NO:168) (NO: 37) (NO:103) (NO: 39) (NO:109)
Ccat KDVIDTT AKPWVDPPPLWG | KDVPGDR QQKHTA GNLKPDTE FDPYNKRNVPA
(NO: 35) (NO:97) (NO:37) (NO:102) (NO:39) (NO:169)
Fat KDVTDTT AKPWVDPPPLWG | KDVPGDR QQKHTA GNLKPDTE FDPYGLKSRPA
(NO: 35) (NO:97) (NO: 37) (NO:102) (NO: 39) (NO:170)
F4mod | KDVTDTT AKPWVDPPPLWG | KDVPGDR QQKHTA GNLKPDTE FDPYGLKSRPA
1% (NO: 35) (NO:97) (NO: 37) (NO:102) (NO: 39) (NO:170)
F4mod | KDVIDTT AKPWVDPPPLWG | KDVPGDR QQKHNQ GNLKPDTE FDPYGLKSRPA
2 (NO: 35) (NO:97) (NO: 37) (NO:179) (NO: 39) (NO:170)

¥Clones comprising a C beta strand having the sequence CELAYGI (SEQ ID NO: 131), all other clones comprise a
C beta strand having the sequence CELTYGI (SEQ ID NO: 45}

[0335] Preparation of expression constructs: Enzymes used were from New England
Biolabs (Ipswich, MA), DNA purification kits were from Qiagen (Germantown, MD),
and DNA primers were from IDT (Coralville, IA). Preparation of expression constructs
encoding 2 or more linearly fused Tn3 modules was as follows. The DNA encoding a
TRAIL R2-specific Tn3 module (e.g., 1E11; SEQ ID NO: 134; G6, SEQ ID NO: 138;
etc.) was amplified by PCR with the primers “Tn3 gly4ser]l module forward” (SEQ ID
NO: 112) and “Tn3 gly4ser2 module reverse” (SEQ ID NO: 113) (TABLE 5).

[0336] After cleanup of the PCR product, the amplified DNA was divided in two, with
one half digested with Bpml, and the other half digested with Acul. The digested samples
were purified using a PCR cleanup kit and ligated with T4 DNA ligase to make a DNA
product encoding two Tn3 modules (A2). This material was purified by agarose gel
electrophoresis and again split into two. Digestion with Ncol and Kpnul followed by
ligation into Ncol/Kpnl digested pSec-oppA(L25M) (described in WO 2009/058379 A2,
Example 18) yielded the bacterial expression construct for protein A2. Ligation of

undigested product into pCR 2.1-TOPO vector (Invitrogen, Carlsbad, CA) provided



[ 0354] Monoval ent and bi val ent tandem constructs conprising identical Tn3
scaffol ds were reconbinantly expressed and purified fromE. colt as

descri bedwvonofixaoge 2. FI G 9B depicts an SDS- PAGE analpgsius2aifi/os116s
purified protein preps under reducing and non-reducing conditions. [0355]1n
order to test the binding efficiencies of the bivalent tandem ML3- ML3
constructs and conpare themto the nonoval ent ML3 scaffold, their
conpetitive 89 inhibition of Murine CDA4OL binding to Miurine CD40 receptor
i mmobi i zed on a biosensor chip was tested. [0356]Briefly, a fragnent of
the Murine CD40 receptor in the formof a chineric fusion with the Fc
region of IgGlL was i mobilized onto a G.C chip (Bio-Rad) at a density of
about 3000 response units. For conpeti8oon binding assays, 3-fold serial

di lutions of nonoval ent ML3 or the ML3 tandem bival ent constructs with
different linker length were incubated for 20 mn with a fixed
concentration of E. ge@od matgingetueeation eCiagidyi onlamfosiohd r TormakeCDAGL fife@emb1. t g/ nl) in
PBS cont ai ni ng 0. 1%n{odihy/thur TR Q3R el TOROX10AR /A IDNBSA. pCR heSigedsanpl es wer e
then i nj ected over £rQ1@rs %os;ﬂecap!l) ngltd (@‘E(ﬁ JD% Ela)tagd %duﬁ%llrme& tS@é I]:;)’00 seconds

and the |evel of bOﬁl(B’lq %Eﬁépurﬁeld and s lglng\(o?ordlfestlonxiugq ) gﬂérgsg wi thin the

sensor gram and conpar eq’ {6 espon rotein in the
absence of any conp%ftﬂletPE?Fess forfrialite e BB 08 |°‘ﬁ‘§r“?‘r§&55"ffr @‘ﬁ‘é‘ﬁfhat “?egg’f dual CD40OL
was desorbed from t neing i p2 sestfugicehelyy the AiNacanjotiep A0waristsggibyd frereAHCL (pH 2. 0) .
Non-speci fi c bi ndi nguil@fzfbpat. sgat sobeutor fofit o Bhsehyleds B NAGEE #1ORG.1FOPB OF gr ar NS
frominter SpOt s of ﬂr%e&melﬂ rnatlergﬁg géﬁ@&tl&&ﬁhl&l@frofdgw%di ng to the

concentrations Tn3 nstr ri ne Cb40L
were cal cul at Ed?USI nagﬁl& aprergl ag{(alo Aé{zgcgkl!s ttge%ale regfor§<ﬁlls%§ é%/lep&odg}é the hal f

maxi mal inhibitory ¥ ‘?ﬁ“f‘f'aé’thT oﬁn (° 193 ‘Egﬁ@“eﬁflf\g"%ntpe’sﬁﬁxpmssmns 71 nM whil e
the 1050 for the bi ¥arehic dodidbniicomsior uerr e riispedids L29ffeRiS| ni | ar | C50

val ues of 5 or 6 nMn\gkecct diagred Faorrepakpé Wb valeht costrstogwiestheont ai ni ng

| onger |inkers (CONgidnbtfebiResGLdIaBN in £33¢ M) SEQUD S v 3)d,“infe@BpaCt | vel y) . Due
to the concentratiop Qetre%%s ﬁﬁ@bhﬂ/ HRABLAS S BtR a&ﬁlvﬁauan%f@tan& ke lower limt

of 1C50s that can be ob nt, constructs all
had a | ower |1C50 va Te«amnces rom%e codresFonduixg k%la['ég(g nstr cswas pe%f % th?lndl cat i ng

enhanced bi ndi ng acPi™F t“%f’d‘tﬁefmsf%@mﬁlif\’}“&"fr‘érﬁEQt“éﬁIaelrlﬁ)GIB’n??dPlﬁi‘ﬂp§°v8i3rrpar ed to a
single ML3 Tn3 nodufSEQ TTRE: NShK@BLE &ngthplified mrddesss evelsi dpgleedieesteg oSt r uct s

exhi bits sone eff ecba@nKraSsaYonpidtahdytly digdsttdn3thessishorstwest | i nker | ength
construct havi ngosisﬁ]t er naeinaiag. Ap%@QQpYessed/\’@,j LRsidiheseorRstarueds s th |inkers

of 23 or nore am rlod %g’beg?n ﬁglr? leelg%lf %l ﬁ@;%éﬂ AZhlSI%eﬂja%)ﬁ)%ysron [zthg’r?@lJO test the

activity of the bivalent tand | 1 ed act|V|t and
conpar eyt hemto thegeﬁebaf’f’&(’/"aﬁcgﬁlflphm%the Té‘ ‘F“f‘%f@ moful Flr i fl(’?ﬁerlalfe"pf\/ff Y
CD40L-i nduced CD86 &xfitcbgad cbﬁngd*ﬁseBltocrehf’?%veﬁ:a%mt‘)@sgtﬂéacfe%)sas thakaelaﬁ%hf oI t he
comerci al | y avai | athiecoamhtirgrion infer t€OHChings-fEEGH3 Iherviaghdin dooly re¢iiR) was t est ed
in parallel. 90 [O035kiderassay atibdd hrdas. RBMenpwapar edud toes ik ood from
heal t hy vol unt eers. ﬁroh}g&falllayle re£15n§§1hllley1mgaﬁ @g‘@i\ hQ\lyQQagl am@ppg Qéh &&L. eﬂe in BD

Vacut ai ner ( r) CPTTm Cel | hat addece patl Q .and. asq %ﬂﬁf\&akm %rflus{?) S oAIhE

centrifugation, the”ce&rf | cont ai ni ng s Coll ‘ect edi and washed
twice with PBS and E?FFE@“\?\ﬁhﬁW“RF% 8840 nedium The cells were resuspended
in conplete RPM 1640 nedi um (suppl enented with 10% heat-i nactivated fetal
bovi ne serum 1% P/ S)BLAS. PémE BC@UsA inithe Aongfuctin cXMIl(@lere®B Psttinsl . [ 0360] The

muri ne CD4OL-expressing Th2 cell line D10. 4.1 was washed and resuspended
in conpl ete RPM—iGf. i ommat—a t,um,t:lggqﬁe.;u,i on of T Xt wed s/ M. [0361]
ML3, ML3-ML3 tandleaistllwcallem GCCGG AGG paa gGGAT@GJ@AACGGTﬁAAG R ant'* body (Bi oLegend
Cat. No: 106508) “WEre seri afdisto Hed T M T Eonpl et e RPM | 1640 medi um

A 50 sanple of each diTution was added to wells in a 96 well U bottom
tissue culture plate. Each well then received 50 nl of D1 0.4.1 cells
(5x104), and after m xing, plates were incubated at 37 C for 1 hr. 100 pl
of resuspended PBMC (5x105 cells) were then added to each well and

i ncubated at 37C for 20-24 hrs. [0362] PBMC were col |l ected and stained with
APC- anti - human CD86 (BD bi osci ence, Cat# 555660) and FI TG anti - hunman CD19
(BD bi oscience, Cat# 555412) in FACS buffer (PBS pH 7.4, 1% BSA, 0.1%
sodiumazide) at 4 Cfor 30 min in the dark. After two washes in FACS
buffer, sanples were then analyzed by FACS LSRI|I (Becton D ckinson). CD86
expression on CD19 gated B cells was eval uated. The anal ysis of CD86
expression as a function of test protein was perfornmed using G aphPad Prism
sof t war e.



[ 0363] As shown in FIG 9D, the bivalent ML3-ML3 tandem constructs all

i nhi bited CD86 expression with an I C50 of 100 to 200 pM conparable to the
| C50 of twe 2MRu3es8i body (100 pM and about 3 | ogs noreppoiuspdiiobass t he ML3
nonoval ent scaffold itself. In contrast to the biochem cal assay, no effect
of linker length was observed in this cell based assay, and bival ent
constructs with linkers ranging from13 to 43 amno acids in length all
show equi val ent ability to enhanced potency relative to the nonoval ent
protein. Exanple 8 Expression of Bi-Specific Tandem Scaffolds [0364] To
generate bispecific Tn3 constructs with specificity for TRAIL R2 and Human
CMAOL (HuCD4OL), two Tn3 nodules, one with specificity for TRAIL R2 (cl one
1E11) 91 and one with specificity for shuman CD4C0OL (clone 79), were fused
together with variable length |linkers separating the two nodul es ( TABLES3
and TABLE 15). The sequence of the clone 79 protein (SEQ I D NO 184)
corresponds to {heyseguwencpcohrcacimE8cmedubecyieresrnccche BEG DE, and EF

| oops have been|F8pl aced w LR aIfEF Rt T VE I ESpE €O &S pondi ng|to SEQ I D
NGs: 101, 105, m&@mme%@mmmemwm@rwgsg Go¥F const ructls for the tandem

i i fi | GCTCAGCCGATCACCACCTG TALGC 3
bi speci fic scaf MG E - SEukidedctAdbaeeene WAoo rteeao y4er—( GS) repeats
(constructs C6 aiyecByd r €S D%ACQACT‘GA.? Jacwar@cgemaratachtes| descri bed i n Exanpl e

7 except that plasm s eartiHecabtierchitatchpiar@ntdcattoagit 787 wer e used
initially as PCRuiserpdeat es GT@C@BSFWQII@ATC@@CA(?@@W@AFHGH@G@ short |inker derived

fromthe nat ura Mo%u?éﬁééﬁefdﬁ?‘l-@_ G c A Qe g cthsdce Frifk—domains in
human tenasci n Gewawhi ch nayache considered part of the A het a strand of the

third Fnlll domiﬂ‘ le Bt Fid u g OOt R E BT A FBHIT R 16 €€51 f of'd bil ndi ng) and
construct C7 welr@aG@Refal e (ccrmcaCSICACh@IGAnyGdceccEaemnd 08,120 usilng the

addi tional pri mefFSEH-sted4+n—TABLE-16,—except—that—0—CSHnker reverse” was
used in pl ace 0f[0339i]- 3 Cﬁl&l‘eﬁ!ﬁ@hd rp@Mﬁ£tﬁ@of Jrafms‘qaonoxIABImEm%Tﬁme val enci es,
and specificities of_ expres neﬂm'l('gé o)y ‘ngﬁmgggegr@gb@mgsml)\lm Nber of Tn3

e ¢
mg%lzl_eqs_ IE::snl((illélg_eg %%jd%ro?e?nls wlerg {)un}/ed from Qhe cult medla using J%‘ALSuggr%ow resu( 79) 1 NA

(Qiagen). Surprisingly, despite large differences in the molecular weights, all of these

constructs expressed at medium to high levels in E. coli and were efficiently secreted into
the media (TABLE 6 and FIG. 3).

[0340] To express Fc fusion and antibody-like proteins (A6-A9), 293F cells were
transiently transfected with the appropriate expression constructs. Harvests of
supernatant were performed on days 6 and 10 and the protein was purified by protein A
affinity chromatography.

[0341] All purified proteins were analysed by SDS-PAGE on NuPage Novex 4-12% bis
tris gels in MES buffer without reducing agent, and were visualized using SimplyBlue
SafeStain '(Invitrogen, Carlsbad, CA). Size exclusion chromatography was also used to
analyze purified proteins, and where necessary, aggregated material was removed on
either a Superdex 75 10/300GL or Superdex 200 10/300GL column (GE Healthcare,
Piscataway, NJ), to a final level below 10% of total protein. An Acrodisc unit with a
Mustang E membrane (Pall Corporation, Port Washington, NY) was used as indicated by

the manufacturer to remove endotoxin from bacterially expressed protein preparations.

TABLE 6. Yield After Purification of Representative Multivalent Tn3 Protein Formats

Protein (Clone) Yield (mg/L)
Al (1E11) 400




2 8 TRAIL R2 + HUCDAOL C6 (1E11 &79) 2 13 TRAIL R2 + HUCDAOL C7 (1E11 &79)
2 18 TRAIL R2 + HUCD4OL C8 (1E11 &79) 2 23 TRAIL R2 + HUCD4AOL TABLE 16.
Addi t i onavoRnimB0328equences used in the construction of poiraseaiifosnss andem
constructs Sequence Nanme Sequence SEQ I D NO O GSLi nker
AAAGAAACCTTTACCACCACGCGT TTGGATGCCCCCG 128

82
A2 (1E11) 300
A3 (1E1]) 135
A4 (1E11) 90
A5 (1E11) 40
Example 3

TRAIL R2 Binding Affinity for Mono- and Polyvalent Tn3 Proteins

[0342] To measure the effect of Tn3 valency on binding affinity for a series of TRAIL
R2-specific Tn3 proteins, a competition ELISA experiment was performed. A 96-well
NUNC MaxiSorp plate (Thermo Fisher, Rochester, NY), was coated with A9(1C12)
(SEQ ID NO: 154 + SEQ ID NO: 145) a TRAIL R2 specific scaffold inan antibody-like
format, in PBS at 2 pg/ml overnight at 4°C. Plates were blocked with PBS 0.1% Tween
20 + 10 mg/ml BSA. Dilutions of Al (1E11 monomer), and linear format A2 (1E11
bivalent) or A3 (1E11 tetravalent) multimeric scaffolds were incubated on the coated
plate with 0.75 nM of biotinylated TRAIL R2-Fc for two hours at room temperatute in
PBS 0.1% Tween 20 + 1 mg/ml BSA, washed. Bound biotinylated TRAIL R2 Fc was
detected with streptavidin HRP, TMB, and neutralized with acid. Absorbance was read at
450 nm. Data is shown in FIG. 4. Binding affinities (ICs) are shown in TABLE 7 and
were calculated as the concentration of competing protein required to reduce maximal
binding of biotinylated TRAIL R2-Fc by 50%.

[0343] The ICsq values for A2 and A3 were at least 30-fold lower than those of the
monomer Al and are at the limit of this assay (i.e., approx. equal to the concentration of
biotinylated TRAIL R2-Fc). Binding of biotinylated TRAIL R2-Fc to immobilized
TRAIL R2-specific Tn3 was displaced by the TRAIL R2 binding constructs.

[0344] Relative to the monomeric Al protein, the bi- and tetravalent A2 and A3 proteins
bound TRAIL R2-Fc¢ with 30-40-fold higher affinity, which is an indication that the
multiple Tn3 modules retain their binding activity and contribute to higher affinity
through an avidity effect. The true difference in affinity between mono- and bi- or
tetravalent Tn3 proteins may be greatet than 30-40-fold given the ICsp values for A2 and
A3 were approximately equal to the concentration of biotinylated TRAIL R2-Fc used in
the assay (0.75 nM).



GGCAGATTGAAGTGAAAGATGTGACCGAT 0 GSlinker reverse CGTGGTGGTAAAGGTTTCTTTCG
129 2 GSLi nker AAAGAAACCTTTACCACTGCAGGTGGECGGAGGTTCA 130

GGT GCCCCAGOBI GAGMES TGGATGCCCCCGGGCAG  ATTGAAGT GAAAGAT GPGRAOS®BAT/032188

[ 0365] Monoval ent as wel |l as tandem bispecific Tn3 scaffolds were

reconbi nantly expressed in E. coil nedia as described in Exanple 2.
Expression |l evels of the soluble 92 constructs were anal yzed using

SDS- PAGE. FI G 10 denopnstrates acceptabl e expression |evels for the
confs]Er:Jcts tested. Exanple 9 Specific Binding of Bi Specific Tandem

Scaf f ol ds

83

TABLE 7. ICsy Values for the Inhibition of Binding of TRAIL R2-Fc to immobilized TRAIL R2
Binding A9(1C12) Tn3 Protein

Clone Valency 1Cs0 (nM)
Al (1E11) 1 16
A2 (1E1D) 2 0.5
A3 (1E1]) 4 0.4

Example 4

Flow Cytometry for Confirmation of Cell Binding

[0345] Flow cytometry was used to confirm the specificity of binding of a multivalent
TRAIL R2-specific Tn3 protein to endogenous TRAIL R2 expressed on the cell surface
of H2122 cells. Adherent H2122 cells (a non-small cell lung cancer adenocarcinoma cell
line), were detached from tissue culture flasks using Accutase (Innovative Cell
Technologies, San Diego, CA). Cells were rinsed with complete medium (RPMI 1640
medium supplemented with 10% FBS) and resuspended in PBS/2% FBS at
approximately 2x108 cells/mL. Tn3 protein A9(1E11) (SEQ ID NO: 158 + SEQ ID NO:
159), a tetravalent antibody-like format multimeric scaffold, or the format-matched
control Tn3 protein B9 (clone D1), were prepared at 40 nM concentrations in PBS/2%
FBS.

[0346] Cells were plated on 96 well U- bottom plates at 75 ul per well, and protein
samples were added at 25 pl per well (to a final concentration of 10 nM). The plate was
incubated at 4°C for approximately 1 hour, then washed 3 times with PBS/2% FBS. Anti-
human IgG Alexa Fluor 488 conjugated secondary antibody added was added (100
ul/well), and the plate was incubated at 4°C for approximately 30 minutes and washed as
described above. Cells were resuspended in 100 pl of PBS/2% FBS, and flow cytometry
analysis was performed using a BD LSR II cytometer (BD Biosciences, San Jose, CA). A
shift (increase) in fluorescently labeled H2122 cells when incubated with the TRAIL R2
specific Tn3 protein relative to control confirmed that the TRAIL R2 specific Tn3
protein could bind to cellular TRAIL R2 (FIG. 5).



[ 0366] To neasure the binding of bispecific Tn3 constructs to CD4OL and
TRAIL R2, a capture ELISA assay was enployed. Briefly, 8X H s-tagged
protei n cworucors A, 79, C5, C6, C7 or C8 (see TABLEPLD/USoo11081188 | S)
were captured fromE. coli nedia onto anti-H s antibody coated wells as
follows. A 96-well Maxi Sorb plate was coated with Q agen anti-H s anti body
at 2 1..ig/nl overnight. The coated plate was bl ocked with PBS contai ni ng
0.1% v/v Tween-20 and 4% w v skimm |k powder (PBST 4% mlk) for 1.5 hours.
The coated plate was washed with PBST and diluted bacterial nedia (diluted
30- fold) containing sol uble expressed proteins was added and pl ates were
i ncubated at roomtenperature for 2 hours. After washing wth PBST, wells
containing the captured constructs weresincubated for 1.5 hours with

varyi ng concentrations of either biotinylated TRAIL R2 (FIG 11A) or a
conpl ex generated by preincubation of E. coli produced Hi s-tagged HuCDAOL
with biotinylated anti-H's antibody Ekinfks11B). After washing with PBST,

bound TRAIL R2 QL nti-H s an 0 ected with
strept avi di n- hor'd&}¢ E%W%de%nﬁ?l‘m %"s'(gﬂjlg%%géi{} %ﬁﬁésﬁrﬁlﬁcng%rgmmmmx wor ki ng
dilution) for 2@34m n., Apa®hd daifjdewh tah bRBEE] inamekr ditles by agslidokofslhetri cal ly by
addi tion of TMB SUbs'iIfd&@ﬁ@xIL(lﬁ' Bils 6@}t can FOR1e@DEOK RARGH MBS ash:eBhudter 450 NM

[0367] Bi ndi ng of thg hiSpEG, fnl %ndtlﬁaQEL?cELLJl%éhlmslﬁ%rzm@% mSReGlWkl ¢ scaffol ds
to TRAIL R2, and binding of the bis ndem TRAIM?L%MI—l (P40L-speci fic

scaffol ds to HuCD4AI™&f%e ‘Hﬁsﬁ‘i UteYOic IS/F‘ie]Gm 7ff =Ky respectivel y.
Bi speci fic tandem sedfuf eipigendedsh firtted Csiteg-osht et itsT ﬁg“e%la TRAI L R
speci fic Tn3 domai nwd si@sheittd wah 2HuUCH4@lEorBIER G fohtgnink Serial dieénrf TRWIND TRAI L R2
and HUCDAQL; howeveﬁ}spéclh@(clmn@rrpgrln%np&%pwni b T REONatkiets Al and 79

bound either TRAIL co n e S ficities but
not both tar gets. [‘6§6§T fmr?ﬁ:}gq“g%%es Vce|ﬁun |80r11n;ngmgup bhigbiD oty E‘E&d

R2- HUCDAOL- speci fi chBIfE YRt YE>THRAIME 52 ™ g‘r’i’ L % &mrgmgéreff%‘frer m ned usi ng
an Al phaScreenTM asisdigrd cetbiiqaiyt Aft5118 hipfhe Eell Tigefilp kipfoaiPemess adiiomi™ig*@pr ot ei ns Al ,
79, C5, C6, C7 and 68 awetis ¢ throudtted's ittdiond Q aseVATIRAERIE wReh-iFgnefsus | on pr ot ei n
50 nM biotinyl at ed HslMbE: of PELRALE @Chel clitutz. Asﬁ@luhl}lescencgslasSﬁeﬁsﬂfmtoa‘dﬂ din

A phascr een donor bﬁ@g& I(laQe’ rQager [kﬁhﬁmr a\nﬂhaar QIIA Iﬂhlﬁoﬁma%ﬁl@eﬂs acceptor

beads (0.02 ng/nt) r LYBSA.  San : i ncubated 1
h in the dark pri or‘!lefmmedsgtyddmamgi t@mﬂ KT Vﬁl mer Envi sl o %}eeaaéagr The donor

bead popul ati on was“BeEFelr ef“ﬁj vighlp celsaPosIEsPEEE R Y BRI TGO r el ease of
si ngl et oxygen. Si nghetratiox yaesendmrted apd defl filingrptepcy (&) vas detrhipadiente it to travel
up to 200 rim by di fohcskhiioinoshetinkpird alidhibingvbamkeltvebigy.ound st ate. Singl et
oxygen excites fhg, accedattearthela%dﬁ ViR $h Gprbab@Bitc 16RTyTS hdiabetruen 520- 620
rimwhich is I'TEaSUI'Eéj ¥IC %nlggro stll-l iZQQlS Cvgéatgﬁgd w1tgﬁl Monm%ﬁn@?@t% A?‘nd accept or

beads are in proxim} gener.a r in signal

i s observed when th@"‘%’v{B”bé“gdheg ?‘ﬂéﬁ?ﬁﬁg ‘itemf o“?ReaCh cg’neelgﬁfecul es
interacting with thehiggesengy ‘gét"é ‘i‘%ﬁ?ﬁ‘t‘f’aﬁ‘@’éﬁ § gpone- Ie‘l‘fi fiygient E‘Bspé’ﬁtf‘é of bi ndi ng
to either target noshsiednadr nedigh dlifgectdiet petiedontainhB369d NE3ghdwsh in FIG 12,
the tandem bi speci f poent QifiBitedl LTILBcelSHdblily {vaR SiPebkS linyrediau ke 6l furkfRAloLvalzy and  HUCDAOL

generating a str Onggf& pba&ﬁt@gn pled aalam‘ta@m\m mmltahsz,teﬁsp pRoMakemt Tn3
scaf f ol dS Al and 7 I’qu 15':9? r\}VE[e lpro? ins A4%f1egqba§lent) and %EQJVMQQ %rpﬁy coul d not

bring donor and accep 0 SiI nul t aneou bi ndi ng bot h
targets. Exanple 101°$Sr’i“€ﬁ°é‘é"'§‘elﬂls §‘fa%1f5’i'“lﬂilst 2 ?’ﬁ@“’%&‘é’ﬂf?ﬂ&rlf‘iﬁat Igg\ﬁ{ﬁ 9 Ani no
Acid Length FG Loopm{P@@W]hFehewelaswpéo"tPhle‘“@ﬁfrﬁft@dftsayef’r‘ﬂmlj@g?ré‘ffﬁm‘f“‘@ngt h on Tn3
stability, unfolding of six HuCD4COL-specific Tn3 scaffol ds by guani di ne
hydr ochl oride (GQHCl1l) at pH 7.0 was assessed by intrinsic tryptophan

fl uorescence. These Tn3 nononeric scaffol ds contained PG |oop | engths of 9,
10 or 11 amino acids. Sanples of 0.05 ng/nL Tn3 scaffold containing

di fferent concentrations of guani dine hydrochl oride were prepared in 50 mM
sodi um phosphate pH 7.0. Fluorescence em ssion spectra were acquired on a
Hori ba Fl uoronmax-4 spectrofluoronmeter at an excitation wavel ength of 280
nm Relative fluorescence em ssion intensity at 360 nmwas plotted as a
function of GQUHCL concentration for each protein. Each scaffold contained
uni que BC, DE, and FU | oop sequences. Cones A3 (SEQ I D NO 185; note that
the A3 nononeric scaffold in this exanple is distinct fromthe construct
designated A3 as provided in Table 3), 71 (SEQ ID NO 186), 79 (SEQ ID NG
184), 127 (SEQ ID NGO 187), 252 (SEQ ID NO 188), and 230 (SEQ ID NO 189)
were nore than 50% unfolded in 3.0M GQuHC1 at pH 7.0, which is the GQuHCl
concentration required to effect 50% unfolding (Cr) of parental Tn3. Cm
val ues for clones A3, 79, 127, 252 , and 230 were 2.2M 2.7M 2.4M 2.7M
2.4M 94 respectlvely The FG Ioop Iengt hs for these cIones |s 11 11 11,



Exanple 11 Stability Analysis of FG Loop Length [0373] As descri bed above,
prelimnary analysis indicated that Tn3 nol ecul es having an FG | oop | ength
of 9 resiwoestiar3es2si gni ficantly nore stable than those Iraviusgolhosyges FG 95
| oops. In these studies, we conducted stability analysis on a set of random
Tn3s to assess the effect of FGloop length on thermal stability. [0374] A
Tn3 library was subcloned into the pSEC expression vector. This library
codes for Tn3s with BC, DE, and FG | oops of varying sequence as well as
varying but defined | ength. The PG | oop, which is the focus of these
studies, can be 9, 10, or 11 residues long. The BC | oop may be 9, 11, or 12
residues long. The DE loop in this library has a fixed length of 6

resi dues. The subcloned |ibrary was useéd to transform DH5a conpetent cells,
fromwhich a plasm d pool was purified and used to transform BL21( DE3)
cells. BL21 colonies were sequenced to identify 96 cl ones which coded for
full-length Tn3s. The final 96 clones were grown in a 96 deep-well plate at
a 500 al scale using stapsagd, gslf&Kh{ﬁgéfﬁzﬁ%quﬁ%legeméézsc shaking for 24
hours post-innocul ation) and anal yzed on SDS- PAGE. 29 random cl ones havi ng
noder at e-t o- hi gh expres§bsn | eyel s kgp@Mycal ef Npsmpplig¥ontt scal e expressi on
and purified using s*aﬁﬁé&}% HyrebiH 69%9 ret-al-affi-ni 'ly chr-oef{rat ogr aphy.
ldentities of all pgrotgimgpwerg confphrd@@ed by ess spegctromeiry. [0375] The
random cl ones wer e [aneinyzi@dilf o St abiolozdAy by DSC. Bragefly SC neasurenments
wer e conducted on a VP-Ca iIIar DSC #M croCal ). Proteins re_exchanged
into PBS (pH 7. % hrody e’é‘%?i“étﬁ R P ST il d%f’&]dﬁgfrbwlb

concentration of 0. PmBling 180 pi¥yphyrotefnotS ESE CaNE- y‘éﬁxsﬁh.e ESahyst érgbyidméh scanned from
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protein A5 comprising clone 1E11 loops (data not shown).

[0350] In addition to the number of binding modules, the activity of multivalent Tn3
proteins may also be affected by the molecular format used to present the individual
binding units. To test the effect of molecular format on activity, H2122 cells were treated
with different TRAIL R2-specific Tn3 proteins presenting the same number of Tn3
binding modules. The ability of the tetravalent proteins A3, A7 and A9 (each clone 1E11)
to induce killing of H2122 cells was tested in the cell viability assay, as was the pair of
octavalent Tn3 proteins A5 and A8 (each clone 1E11). Inactive mono- and bivalent
proteins were included as negative controls, and TRAIL as a positive control (FIG. 7;
TABLE 9 and TABLE 10). In FIG. 7A, for the three constructs tested with a valency of
four, it is apparent that A3 (linear format) and A7 (Fc-fusion format) are similar in their
cell killing activity and are more potent in killing H2122 cells than A9 (antibody-like
fusion format). This clearly shows that the spatial orientation of Tn3 modules can have a
considerable effect on bioactivity, wherein A3 is approximately 150-fold more potent
than A9 protein in inhibiting H2122 cell viability (TABLE 9). FIG. 7B shows that both
formats of octavalent TRAIL R2-binding Tn3 proteins, A5 (linear) and A8 (Fc-fusion),
have similar efficacy in inhibiting the viability of H2122 cells. The ECs data for these
constructs is shown in TABLE 9. The ability to fine tune affinity, valency, and spatial
orientation affords great flexibility in terms of the ability to precisely engineer a desired

therapeutic outcome.
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TABLE 9. ECso Values for Killing of H2122 by Multivalent Constructs with a Valency of Four

Clone ECsy (nM) Maximum Inhibition %
A9 (1E11) 1.98 80
A7 (1E11) 0.02 88
A3 (1E11) 0.013 91
human TRAIL 0.027 98

TABLE 10. ECsy Values for Killing of H2122 by Multivalent Constructs with a Valency of Eight

[0351]

Clone ECs¢ (nM) Maximum
Inhibition %
A5 (1E11) 0.0006 97
A8 (1E11) 0.0002 98
human TRAIL 0.027 98
Example 6

Dose Dependent Cell Killing in the Cell Lines Colo205 and Jurkat

To demonstrate that multivalent TRAIL R2-specific Tn3 proteins could kill cancer

cell lines other than H2122, other TRAIL R2 expressing cell lines were also tested. The

colorectal adenocarcinoma cell line Colo205 (FIG. 8A) and Jurkat T cell leukemia line

(FIG. 8B) were tested for their ability to be killed by proteins A3 (tetravalent, linear
format) (SEQ ID NO: 143) and A5 (octavalent, linear format) (SEQ ID NO: 145) (each
clone G6). Each cell line was incubated with A3, AS, the positive control TRAIL, or a
negative conirol protein B5 (SEQ ID NO: 148) which does not bind TRAIL R2, and the

cell viability assay was performed as described for H2122. In each of these cell lines, AS

shows extremely potent inhibition of cell viability. The lower valency A3 protein also

induces cell killing, albeit with lower potency than AS. Thus, the higher valency construct

shows greater activity. As expected, TRAIL could also inhibit cell viability, but not

octavalent negative control protein B5, which does not bind TRAIL R2.

TABLE 11. ECsg Values for Killing of Colo205 by Linear Tandem Constructs

Clone ECsq (nM) Maximum Inhibition
%
A3 (G6) 0.04 97
A5 (G6) 0.0005 100
human TRAIL 0.08 100
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TABLE 12. ECsy Values for Killing of Jurkat cells by Linear Tandem Constructs

Clone ECsp (nM) Maximum
Inhibition %
A3 (G6) 0.05 83
A5 (G6) 0.0001 100
human TRAIL 0.009 99

Cells were analyzed by the CellTiter-Glo assay as in Example 5.

[0352]

Example 7

Design, Expression, and Activity of Mouse CD40L-Specific Bivalent Tandem Scaffolds

Bivalent murine CD40L—specific Tn3 proteins (TABLE 13) were prepared by
fusing a pair of identical Tn3 modules. M13 is a Tn3 protein that specifically binds
Murine CD40L. The M13 sequence corresponds to the sequence of Tn3 wherein the
sequences of the BC, DE, and FG loops are replaced with alternative loops with
sequences corresponding to SEQ I NOs: 100, 104, and 110, respectively (see TABLE
4). Linkers containing 1 (Construct C1(M13)), 3 (Construct C2(M13)), 5 (Construct
C3(M13)), or 7 (Construct C4(M13)) copies of the GlysSer (GS) unit were used resulting
in total linker lengths between 13 and 43 amino acids (see FIG. 9A and TABLE 3).

TABLE 13. Names, valencies, and specificities of expressed Tn3-containing proteins

HO (FGLO) 59.5

PCT/US2011/032188

[0353]

Name (clone) | Number of Tn3 modules | Linker length | Specificity
MI3 (M13) |1 N/A Murine CD40L
CI(M13) 2 13 Murine CD40L
C2(M13) 2 23 Murine CD40L
C3(M13) 2 33 Murine CD40L,
C4(M13) 2 43 Murine CD40L
Briefly, the expression constructs were generated as follows: Fragment A was

generated by PCR amplification of Murine CD40L binder pSec-M13 cloned in the pSec-
oppA(L25M) vector described in Example 1 with a primer specific for the pSec vector
upstream of the Tn3 gene and primer “1-3 GS linker reverse” (SEQ ID NO: 123) (see
TABLE 14 for sequences of Tn3 specific primers used). Fragments B1GS and B3GS
were generated by PCR amplification of the same template with primers “1 GS linker”
(SEQ ID NO: 121) or “3 GS linker” (SEQ ID NO: 122), respectively, and a primer
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specific for the pSec vector downstream of the Tn3 gene. Upon gel-purification of the

fragments, Fragment A and B1GS or Fragment A and B3GS were mixed, and the tandem

constructs were generated by overlap PCR in a PCR reaction with the two pSec vector

specific primers. The products were digested with Ncol and Kpnl and cloned back into

the pSec-oppA(L25M) vector as described in Example 1, yielding the two constructs:
C1(M13) and C2(M13). In order to generate the 5 and 7 GS linker constructs, linker
inserts gencrated by PCR amplification of the oligonucleotides “5 GSLinker” (SEQ ID
NO: 124) and “7 GSLinker” (SEQ ID NO: 125), respectively, with primers “GS L Amp
forward” (SEQ ID NO: 126) and “GS L Amp reverse” (SEQ ID NO: 127) were digested
with Pstl and Xmal and cloned into a vector fragment generated by cutting pSecM13-
1GS-M13 with Pstl and Xmal yielding the constructs C3(M13) and C4(M13).

TABLE 14. Primer sequences used in the construction of Tandem bivalent MuCD40L specific

constructs
Sequence Name Sequence SEQ ID NO

1 GSLinker AAAGAAACCTTTACCACTGCAGGTGGCGGAGGTTCACG 121
CTTGGATGCCCCCGGGCAGATTGAAGTGAAAGATGTGA
CCGAT

3 GSLinker AAAGAAACCTTTACCACTGCAGGTGGCGGAGGTTCAGG 122
TGGCGGAGGTTCAGGTGGCGGAGGTTCACGCTTGGATGC
CCCCGGGCAGATTGAAGTGAAAGATGTGACCGAT

1-3 GSlinker reverse CTGCAGTGGTAAAGGTTICTTTCG 123

5 GSLinker AAAGAAACCTTTACCACTGCAGGTGGCGGGGGTAGCGG 124
TGGCGGAGGTTCTGGTGGCGGGGGTAGCGGTGGCGGAG
GTTCTGGTGGCGGGGGTAGCCGCTTGGATGCCCCCGGGC
A

7 GSLinker AAAGAAACCTTTACCACTGCAGGTGGCGGGGGTAGCGG 125
TGGCGGAGGTTCTGGTGGCGGGGGTAGCGGTGGCGGAG
GTTCTGGTGGCGGGGGTAGCGGTGGCGGAGGTTCTGGTG
GCGGGGGTAGCCGCTTGGATGCCCCCGGGCA

GS L Amp forward AAAGAAACCTTTACCACTGCAGGT 126

GS L Amp reverse TTCAATCTGCCCGGGGGCATCCAA 127

[0354] Monovalent and bivalent tandem constructs comprising identical Tn3 scaffolds

were recombinantly expressed and purified from E. coli as described in Example 2. FIG.

9B depicts an SDS-PAGE analysis of the purified protein preps under reducing and non-

reducing conditions.
[0355] In order to test the binding efficiencies of the bivalent tandem MI13-M13

constructs and compare them to the monovalent M13 scaffold, their competitive
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inhibition of Murine CD40L binding to Murine CD40 receptor immobilized on a
biosensor chip was tested.

[0356] Briefly, a fragment of the Murine CD40 receptor in the form of a chimeric fusion
with the Fc¢ region of IgG1 was immobilized onto a GLC chip (Bio-Rad) at a density of
about 3000 response units. For competition binding assays, 3-fold serial dilutions of
monovalent M13 or the M13 tandem bivalent constructs with different linker length were
incubated for 20 min with a fixed concentration of E. coli produced recombinant Murine
CD40L (0.5ug/ml) in PBS containing 0.1% (v/v) Tween-20 and 0.5 mg/mL BSA. These
samples were then injected over the GLC chip at a flow rate of 30pL/min for 300 seconds
and the level of bound CD40L was recorded at a fixed time point within the sensorgram
and compared to the corresponding level of bound protein in the absence of any
competitor. After each binding measurement, residual CD40L was desorbed from the
chip surface by injecting 10 mM glycine-HCI (pH 2.0). Non-specific binding effects were
corrected by subtracting sensorgrams from interspots of the chip. ICsp values
corresponding to the concentrations of Tn3 constructs required to displace 50% of murine
CDA40L were calculated using GraphPad Prism.

[0357] As shown in FIG. 9C, the half maximal inhibitory concentration (ICsg) for the
M13 monomer was 71 nM while the ICsq for the bivalent tandem construct C1(M13) was
29 nM. Similar ICso values of 5 or 6 nM were obtained for the bivalent constructs
containing longer linkers (constructs C2(M13), C3(M13) and C4(M13), respectively).
Due to the concentration of CD40L used in the assay, this is at the lower limit of ICses
that can be observed be in this assay. The bivalent constructs all had a lower ICso value
compared to the monovalent construct, indicating enhanced binding activity of the
bivalent tandem constructs compared to a single M13 Tn3 module. The linker length in
these bivalent constructs exhibits some effect on assay potency, with the shortest linker
length construct having intermediate potency, while those constructs with linkers of 23 or
more amino acids are equivalent in this assay.

[0358] To test the activity of the bivalent tandem Tn3 constructs in a cell based activity
and compare them to the monovalent M13 scaffold, inhibition of Murine CD40L-induced
CD86 expression on B-cells was tested. As a control, the commercially available anti-

murine CD40L specific antibody (MR1) was tested in parallel.
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i nprove stability. An in house Tn3/gene 3 fused phage display library was
constructed contai ning random zation in the BC, DE, and FG | oops. Miltiple
bi nders were found by a phage ELISA in which TRAIL R2 was directly coated
on a plate and binding of 1:3 diluted phage in PBS + 0.1 % Tween 20 (PBST)
1% m |k was detected by anti-ML3-peroxi dase conjugated anti body (CGE
Heal t hcare Bi osci ences, Piscataway, N.1). A ngjority of the binders had an
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further study. A subset of the clones |acking an unpaired cystei ne were
cloned into expression vectors generating either 98 an Fe fusion or

anti body-like construct (FIG 1) and tested in the tunor cell |ine H2122
for cell killing (data not shown). Although the Fe fusion format failed to
kiII ceIIs regardless of its fused Tn3, the antibody-like format did elicit




Example 14 Affinity Maturation [03811C one 1Cl12 (SEQ ID NO 132) (see FIG
19) showed the best cell killing in the initial screening assays and was

t her ef or ewohosie3of2er affinity maturation. Affinity naturatiuseomas2iper f or med
by saturation nutagenesis of portions of the |oops using either Kunkel

mut agenesi s or PCR with oligonucl eotides containing random zati on,
assenbly, and ligation into the phage display vector. Round one and three
consi sted of saturation nutagenesis in parts of the BC and FG | oops
respectively and round 2 conbi ned saturation nmutagenesis of parts of al
three | oops separately, panning, gene shuffling, and then panning of the
shuffled nutants to obtain the highest affinity output clone. Pools of
affinity matured cl ones were recoveredoafter panning by PCR directly from
t he phage or by prepping the single stranded DNA using a Q agen kit

(Q agen, Valencia, CA) and then PCR PCR products were digested Ncol to
Kpnl (New Engl and Bin®bnalsh spdipgtwioctumanIR¥0Lgdkale 1), @nreltsed todetder githrvanabie house
expressi on vector pRfEh-inkdh &pdiQUR SwoMREes EABLIBSKEABLE 15WVaEH seddadion

( I nvi tr ogen, Carl Sbﬁgdlonecﬁ)pro%HQSErQLiB N%nISQ) C%L oxIdpto %@Eéqlfe%e LfQ%:; 1@3&95 ession did
not differ greatly between Jopro V\ﬁl’stema ified by a

conpetition ELISA i KA ¥nBpl At &% fel€cB have becf‘ {/‘\’ﬂ%cﬁi t'etfaval® 100tp
anti body-|ike 1C12 {SERRB©RER D N540aKe a‘fBS‘)“’Sp"é‘i“(Ei‘y Jﬂ‘l’é‘:“i‘”fﬁ‘f‘fi‘slﬁ‘i“ts fbn in bi ndi ng
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Magi cMedi a was neasdsn@esi aAgessiedheplidieti gthel@l «S @5aitH SIExpek 0Xicdase ( GE

Heal t hcar e Bi osci en\(ﬁﬁﬁlasmﬁl M%M 1varMs)Al aﬂ&Ww&rnKP&dﬂmtﬁ@i ab mn&gldtésg IVD) was

added and neutral i Zgonstruct E? g:on?almn%a shor§ ?nker%g’ge% fy\ﬁ € nﬁlﬁaq seﬂ?}ence ﬁf&l

103821Affinity measurenen or ned on 6 protein
interaction array sV%’Pde“Pﬁﬂ(“élF‘BI'??ﬁ‘ﬁfm"]-lfé‘Paé‘LfPaécén &Tm\?\’ﬁbff?m&@p%“ ensor chip at
25C. ProteOn phosphabes ssuf pldedid Bl doman g igs DOSYFTE epfeb@indigy 7. 4

(PBS/ Tween) was useghd assthdl AN vaageetdtafed @ra, simlliRAd to RE andel8, wsipgipbiddijored on t he
chip and a two-f ol dprimie i@ InhBISEIE ] eRdept Gt FAIddIXE r@brset WL usldid pilat stdey s (1C12 ( SEQ
ID NO 132), 1El11 (%ngrgveugfmé;@ G3 (SEQ ID NGO 133), &4 (SEQ I D NO
135), and G5 (SEQ I D NG were prepared in PBS Tween/0.5ng/ ni BSA, pH
7.4 at starting concentratl ons ranging from36 irMto 700 99 nM Sanpl es

of each concent r at iTeBLBA Nemds, mjl@dets@disﬁenﬁo@iestoh@prsieckTramiaiyib@ro@hannel s at a flow
rate of 30 pl/mn. fgr—360-segpnds he. \ determ-ned—by using the

equi I i brium anal ysi ste?tl ng M4 uﬁjﬁomp Neéﬁﬂecg%l tware. [The sequences of

t he best clones fromagacihrTound are shewn 1 n FIRALKRY. The total inprovenent
inaffinity after thﬂe§9)Llo&u7gfi of affi gfﬁty ma Hﬁi?&qrﬁﬂ(\:/\ﬁanal nost two orders
of magnitude with thléig% t gneshaviig—affih e 40-50 nM range
(TABLE 18). TABLE 18- 00BEHEPhE im bindiihg conbhamt i gt Pioner i ¢ best
clones from affinity diEUsal) @n of 1 edds; Cl one | fiaiiZReasudmasur ed by Surface
Pl asmon Resonance (SPR). Round C one Kd(nM Fold | nprovenent Lead isolation
1C12 4130 + 281 TAREH iorficfiypnakPrimarseganishsetl ity copgeetion oftispopfe tandem constructs

\*J

Seq Name Seq SEQ ID NO

0 GSLinker AAAGAAACCTTTACCACCACGCGTTTGGATGCCCCCG 128
GGCAGATTGAAGTGAAAGATGTGACCGAT

0 GSlinker reverse CGTGGTGGTAAAGGTTTCTTTCG 129

2 GSLinker AAAGAAACCTTTACCACTGCAGGTGGCGGAGGTTCA 130
GGTGGCGGAGGTTCACGCTTGGATGCCCCCGGGCAG
ATTGAAGTGAAAGATGTGACCGAT

[0365] Monovalent as well as tandem bispecific Tn3 scaffolds were recombinantly

expressed in E. coli media as described in Example 2. Expression levels of the soluble



Affinity maturation 2 1E11 103 + 9 40 Affinity maturation 3 C4 50 + 2 83
Affinity maturation 3 G 43 + 2 96 Exanple 15 Effect of Tn3 affinity on
pot ency iwoanti/i3esty-|i ke format [0383]1n order to asses®ctrhms@ffosnss of
affinity of the individual TN3 subunit on potency, all of the clones in
TABLE 18 were reformatted into the anti body-1ike construct depicted in FIG

1. To express the antibody-I|ike proteins,
transfected with the appropriate expression constructs.

293F cells were transiently
Harvests of

supernatant were perforned on days 6 and 10 and the protein was purified by

protein A affinity chromatography. A

purified proteins were anal yzed by

SDS- PAGE on NuPage Novex 4-12%bis tris gels in MES buffer w thout reducing

agent,
Carl sbad, CA).
purified proteins,
ei ther a Superdex 7&nstdk 3BO@yzaIrusi§HPEPAGEKFIZ 00 ddndisBHOCeptadb lexprymiof GE

Heal t hcare, Pi scat ap@y for tNIInstrubtQesRa. f i Nal | evel bel ow 10% of t ot al

and were visualized using SinplyBlue SafeStain (Invitrogen
[ 0384] Si ze excl usion chromatography was al so used to anal yze

and where necessary, aggregated material was renpoved on

pr ot ei n.

An Acrodisc unit with a Mustang E nenbrane (Pall Corporation, Port

Washi ngt on,

NY) was used as indicated by the manufacturer to renove

endotoxin frombacterially expressedEgrdtti n preparations. [0385] H2122

cells were then tested for geaskhditofispldic FARnAAQMStic antibody-1ike
constructs using a CellTiter-G@o cell viability assay. In this assay,

| uni nescence i s @ ect |Ty mpergsrifiesrabiseeede 18 eonprasde PP Bkt hin a gi ven

wel |

of a 96 wel |

plagutr€E LIS pbsayhwap ¢mployed. Briefly, 8X His-tagged protein constructs: Al, 79,
C5, C6, C7 or C8 (see TABLE 15 for details) were captured from E. coli media onto anti-
His antibody coated wells as follows. A 96-well MaxiSorb plate was coated with Qiagen
anti-His antibody at 2 pg/ml overnight. The coated plate was blocked with PBS
containing 0.1% v/v Tween-20 and 4% w/v skim milk powder (PBST 4% milk) for 1.5
hours. The coated plate was washed with PBST and diluted bacterial media (diluted 30-
fold) containing soluble expressed proteins was added and plates were incubated at room
temperature for 2 hours. After washing with PBST, wells containing the captured
constructs were incubated for 1.5 hours with varying concentrations of either biotinylated
TRAIL R2 (FIG. 11A) or a complex generated by preincubation of E. coli produced His-
tagged HuCD40L with biotinylated anti-His antibody (FIG. 11B). After washing with
PBST, bound TRAIL R2 or HuCD40L/anti-His antibody complex was detected with
streptavidin-horseradish peroxidase (RPN1231V; GE Healthcare; 1000x working
dilution) for 20 min., washing with PBST, and detecting colorimetrically by addition of

TMB substrate (Pierce). The absorbance was read at 450 nm.

[0367] Binding of the bispecific tandem TRAIL R2-HuCD40L-specific scaffolds to

TRAIL R2, and binding of the bispecific tandem TRAIL R2-HuCD40L-specific scaffolds
to HuCD40L are depicted in FIG. 11A and FIG. 11B, respectively. Bispecific tandem
scaffolds, designated C5 to C8, comprising a TRAIL R2 specific Tn3 domain fused to a
HuCD40L specific Tn3 domain bound TRAIL R2 and HuCD40L; however, the
monomeric/monospecific Tn3 constructs Al and 79 bound either TRAIL R2 or

HuCD40L according to their known specificities but not both targets.

[0368] Simultaneous binding of tandem TRAIL R2-HuCD40L-specific constructs to

TRAIL R2 and HuCD40L was determined using an AlphaScreen™ assay. Dilutions of E.
coli media containing proteins Al, 79, C5, C6, C7 and C8 were incubated with 10 nM
TRAIL R2-Fc¢ fusion protein, 50 nM biotinylated HuCD40L (produced in E. coli),



100 turn is directly proportional to the anount of netabolically active
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TRAIL receptor-induced cell death. [0386] Aiter 72 hours, the CellTiter-Go
kit was used according to the manufacturer's instructions. Assay
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per linear nolecule. Adding seven Tn3's to make a tandem 8 from a nononer
I ncreased the half life by alnost 50% Increases in valency did not affect
t he Trmax.wblaesaviso32si ncreases in valency from1l to 8 resecrams201n/032188
approximately ten-fold and 7-fold increases in Crax and AUCnhf,
respectively. Furthernore, when valency increase from1l to 8, an
approximately 7-fold decrease in clearance (CL/F) was observed. TABLE 19:
Experimental design of anti-TRAIL R2 |inear tandem pharnacokinetic assay.
G oup # Test Dose Route Volunme Time points # Mce 1 G nononer 10ng/ kg IP
10ntl/ kg (15 mn, Ihr,16hr ),(30 mn, 4hr, 24 hr) (2hr, ar, 48hr) (3) (3)
(3) 2 & tandem 4 10ng/ kg
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respectively. The FG loop lengths for these clones is 11, 11, 11, 10 and 11 amino acids
respectively, while the FG loop length for parental Tn3 is 10 amino acids. Surprisingly,
clone 71, the only variant having an FG loop length of 9 amino acids, exhibited a Cm of
4.2M, a significantly higher stability than parental Tn3 scaffold or the other five variants
tested. Results are shown in FIG. 13.

[0371] To determine whether the enhanced stability of Tn3 clone 71 was intrinsic to its
sequence, or a consequence of the shortened FG loops length, this clone and two
additional monomeric Tn3 scaffold proteins, (A6 (SEQ ID NO: 190; note that the A6
monomeric scaffold in this example is distinct from the construct designated A6 as
provided in Table 3) and P1C01 (SEQ ID NO: 191)) with an FG loop length of 9 amino
acids (but different BC, DE and FG loop sequences) were analyzed by differential
scanning calorimetry (DSC) and compared to the parental Tn3 scaffold which contains an
FG loop that is 10 amino acids long. Tn3 protein samples at 1 mg/mL in PBS pH 7.2 were
analyzed. In all cases, the midpoint of thermal unfolding was higher for clones with the 9
residue FG loops as compared to parental (WT) Tn3, which has a 10 residue FG loop.
Thermal unfolding was reversible, or partially reversible (clone A6) as evidenced by
superimposable thermograms when the same sample was cooled and reheated. As shown
in FIG. 14, the melting temperature (Ty,) for parental Tn3 was 72.1°C, for P1C01 the Tm
was 75.2°C, for A6 the T\, was 77.5°C, and for 71 the Ty, was 74.4°C.

[0372] These findings were corroborated by testing the same Tn3 protein variants in a
guanidine hydrochloride stability experiment. Unfolding of parental (WT) Tn3, P1C01 ,
A6, and 71 by guanidine hydrochloride (GuHCI) at pH 7.0 was assessed by intrinsic
tryptophan fluorescence as described above. As shown in FIG. 15, in agreement with the
DSC data in FIG. 14, Tn3 clones A6, 71, and P1CO1 all have midpoints of unfolding at
significantly higher GuHCI concentrations than parental (WT) Tn3 scaffold, indicating
the stability of Tn3 proteins having FG loops that are 9 amino acids in length, i.e. shorter
than that in the parental Tn3 scaffold, is enhanced.

Example 11
Stability Analysis of FG Loop Length

[0373] As described above, preliminary analysis indicated that Tn3 molecules having an
FG loop length of 9 residues are significantly more stable than those having longer FG
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loops. In these studies, we conducted stability analysis on a set of random Tn3s to assess
the effect of FG loop length on thermal stability.

A Tn3 library was subcloned into the pSEC expression vector. This library codes
for Tn3s with BC, DE, and FG loops of varying sequence as well as varying but defined
length. The FG loop, which is the focus of these studies, can be 9, 10, or 11 residues
long. The BC loop may be 9, 11, or 12 residues long. The DE loop in this library has a
fixed length of 6 residues. The subcloned library was used to transform DH50 competent
cells, from which a plasmid pool was purified and used to transform BL21(DE3) cells.
BL21 colonies were sequenced to identify 96 clones which coded for full-length Tn3s.
The final 96 clones were grown in a 96 deep-well plate at a 500 pl scale using standard
Magic Media expression (37°C shaking for 24 hours post-innoculation) and analyzed on
SDS-PAGE. 29 random clones having moderate-to-high expression levels were scaled up
to 50 mL scale expression and purified using standard immobilized metal affinity
chromatography. Identities of all proteins were confirmed by mass spectrometry.

The random clones were analyzed for stability by DSC. Briefly, DSC
measurements were conducted on a VP-Capillary DSC (MicroCal). Proteins were
exchanged into PBS (pH 7.2) through extensive dialysis, and adjusted to a concentration
of 0.25-0.5 mg/ml for DSC analysis. Samples were scanned from 20-95°C at a scan rate
of 90°C/hour, with no repeat scan. The results are shown in TABLE 17.

TABLE 17. Comparison of Ty, values of Tn3s with FG9 vs FG10/11

FGY Tu°C) FG10/11 To°C
Al 64.8 E12 (FG10) 65.0
A3 71.8 F5 (FG10) 60.0
B2 70.0 G1(FG11) 64.3
B4 69.4 G4 (FG11) 67.6
Cs 66.6 G8 (FG11) 64.2
C7 66.0 H6 (FG11) 70.3
Cs 64.1 H7 (FG11) 71.7
Cl1 59.5 H8 (FG10) 619
DI 73.7 H9 (FG10) 59.5
D8 72.1 HI10 (FG11) 67.6
D10 65.6 H11 (FG11) 63.7
D11 65.6 HI12 (FG11) 65.6
DI2 66.4

El 75.0

E3 66.0




mn, 4hr, 24 hr) (2hr, 6hr, (3) (3) (3) 48hr) Total 36 TABLE 20:

Phar macoki netic properties of Tandem Tn3's Test Material Pharnmacokinetic
Par amet erwo 201{1383es AUC" , f T112 CL/F (}1g/ nlL) (hr) (hrlpCce/usk)110bzips
(m./hr/kg) G5 nononer 3.65

96
E9 753
Ell 61.9
n=17 n=12
Mean 67.9 Mean 65.1
[0376] In this study, the thermal stability of Tn3s with loop length FG9 or FG10 and 11

was compared. The trend shows that Tn3 domains having an FG loop of length 9 are
more thermostable than those with loop length FG10 or 11. A control, the wild-type Tn3
domain (with an FG loop of 10 residues) had a Tm of 72°C when run in parallel with the
above samples. The range of Tr, values seen with each loop length indicates that other

factors also play a role in determining Tn3 domain thermostability.

Example 12
Generation and Characterization of a Trispecific Tn3

[0377] In these experiments, a Tn3 molecule having binding specificity for three different
targets was generated and characterized. D1, the Tn3 domain specific for the Synagis®
antibody, was linked to 1E11, a Tn3 domain specific for TRAIL receptor 2, and 79, a Tn3
domain specific for CD40L, respectively (FIG. 16A). The construct was expressed in
BL21(DE3) E. coli cells and purified using standard methods (see FIG. 16B).

[0378] To confirm that the trispecific constructs were capable of binding pairs of all three
targets simultaneously, both AlphaScreen and ELISA experiments were conducted. For
AlphaScreen experiments, trispecific Tn3, subsets of two of the three total target
molecules (one biotinylated and the other containing an antibody Fc region), Protein A
donor beads, and streptavidin acceptor beads were combined in a 384-well white
Optiplate, as described above. AlphaScreen signal can only be observed when the
streptavidin donor bead and Protein A acceptor bead are within proximity of each other
(200 nm of each other), which in this assay is accomplished through bridging by the
trispecific molecule. The ability of D1-1E11-79 to simultaneously bind huCD40L and
TRAIL R2-F¢ (FIG. 17A), and to simultaneously bind huCD40L and Synagis® (FIG.
17B) was confirmed by AlphaScreen as follows: in a 384-well white Optiplate, the
following components were combined in a total volume of 30 pl: 20mM purified D1-
1E11-79, 50mM biotinylated-huCD40L, (0, 1, 2.5, 5, 10, or 42 nM) TrailR2-Fc (FIG.
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18A) or (0, 1, 2.5, 5, 10, or 42 nM) Synagis (FIG. 18B), 5 ul each of 1/50 dilutions of
AlphaScreen Protein A acceptor beads and streptavidin donor beads. After 1 hour
incubation in the dark, the plate was read on an Envision plate reader in AlphaScreenl
mode.

[0379] Because Synagis® and TRAIL R2-Fc both contain an Fe domain, the AlphaScreen
assay could not be used to demonstrate simultaneous binding of these molecules to the
trispecific construct. In place of this, an ELISA experiment was conducted. MaxiSorp
plates were coated with TRAIL R2-Fc (100 pl at 1 pg/ml), blocked with 4% milk, then
followed by addition of varying concentrations of the trispecific construct. Biotinylated
Synagis, the second target ligand, was added and detected by the addition of HRP-
streptavidin (FIG. 18). of D1-1E11-79 was also shown to be capable of binding both
TRAIL R2-Fc and Synagis® simultancously, as indicated by the ELISA results in FIG.

18. Therefore we can conclude that this construct can bind all three pairs of its targets

simultaneously.
Example 13
Lead Isolation
[0380] The first step in developing an agonist Tn3 is to isolate a Tn3 monomer that can

bind to TRAIL R2 and when linked into a multivalent format can bind two or more
TRAIL R2 extracellular domains in a way that engages the apoptotic pathway. Since not
all binders may act as agonists, we decided to first isolate a panel of binders and then
screen for agonism in a secondary in vitro cell killing assay. We first panned a large
phage displayed library of Tn3’s with variation in the BC, DE, and FG loops on
recombinant TRAIL R2-Fe to isolate an initial panel of binders. The Tn3 scaffold chosen
as the basis for this library was not a native 3" Fnlll domain from tenascin C but a
version that had an engineered disulfide to improve stability. An in house Tn3/gene 3
fused phage display library was constructed containing randomization in the BC, DE, and
FG loops. Multiple binders were found by a phage ELISA in which TRAIL R2 was
directly coated on a plate and binding of 1:3 diluted phage in PBS + 0.1 % Tween 20
(PBST) 1% milk was detected by anti-M13-peroxidase conjugated antibody (GE
Healthcare Biosciences, Piscataway, NIi. A majority of the binders had an undesirable
free cysteine in one of the loops and were not chosen for further study. A subset of the

clones lacking an unpaired cysteine were cloned into expression vectors generating either



Exanpl e 17 Engi neered enhancenent of cyno cross-reactivity [0395] For
pre-clinical toxicity testing in cynonol gus nonkeys (Macaca fascicul aris),
it is deswoabl3oxzsdevel op an anti-TRAIL R2-Tn3 that cress/use@atns21sst h
cynonol gus TRAIL R2 (cyno TRAIL R2). Qur initial affinity matured | ead

cl ones had poor cross reactivity wwth cyno TRAIL R2, although the honol ogy
to human TRAIL R2 is 88% The cross reactivity was enhanced by making a

i brary based upon clone F4 (SEQ ID NO 137), which was the clone with the
best cyno cross reactivity anong the clones that resulted fromaffinity
mat uration. [03961Two |ibraries were nmade by saturation nutagenesis: one
with diversity in the FO |l oop alone and one with diversity in the BC and FG
| oops. A low error rate nutagenic PCR was al so used to allow for mutations
outside the | oops that nay be beneficial for enhanced cyno TRAIL R2

bi ndi ng. Four rounds of phage panning were done on in house produced cyno
TRAIL R2, and out puind'ceimer glitogrdife jomtrgt Flhel) pOESdaxtyr tews ¢t ineVidet or . For
screeni ng of initi alor KilkiSind @atamdt fbdnSA Altangiate Fe Trid Srmwasiiel s edrat ed i nto
Magi cMedi a (1 nvitrogeniesGalknshath, aCvo@ntk MR QiCRRY HiEH I -QmusMper nat ant
using an anti-his tag_ antibody (R and D Systems, M nneapolis, M.

[ 0397] Bi ndi ng of elf er human or cyng TRAIL R2-Fc in solution to captured
Tn3 was detected by anti-human- Fc- HRE“™®Y 'dnes that had si gni ficant bi nding
to cyno TRAIL R2- Fe and did not appe@matuichose bi ndi ng to human TRAIL
R2-Fc were selected for ub ent sc [ |ch elther human
or cyno TRAIL Rt WasCI‘%?‘b]a %ﬁﬁgﬁ) bg)é %E lggSh‘gvﬁd n%ceu Alfants were
titrated and then dBtidcuregnsgey sahrds ﬂﬁie@ret‘%t’@e“ F‘fﬁ“‘BeIE"&’Efg‘é‘ t“H@‘“’( evel of
variation in expr essigdion veyeifgnd pomrgioomneetnsis ef poties oifislodrowing dhrd al so
because avidity fr ornhamitdagesdiov@dresh opiRMddutidER2odeing Ands@ikatdn sdm@Oul d not mask

differences in Tn3 ah tlgaaunt%,thetpmgédmﬁy hdr. aﬂolnxa\eﬁqna‘tgse ca&litadraf statmanon

di scri m nati on. S P‘il Qe dr’%tlatlon atl L gnDto Gtwo
amino aci ds bef ore lf"héenfﬁﬁ "i' Barts,o Was plesent” i a ely enm}mneecrm@ “Cyno cross

reactive clones (Fl ﬁ“até’?ﬂ)“agmfﬂﬂﬂ"?aﬁ"f%‘“h‘?ef?ﬁﬂséef’ﬁr"f?ﬁ R e é‘i‘i‘gﬁhﬁ%égraé‘a into the
original F4 to makethe rerhipgréthpdyficd mRaptpingbtaif BEEBsBIRG cutgodye. X of he cr oss
reactivity for cynoafvismgie abdeywerengoovenvigder pintitpdy PCRstran Fomalienigeddt ndi ng t o
human TRAIL R2 (Fl Gy pdgdB) the diddie bhhass DAluSAa Qlafth kiDbdeR Mo, bAnglinRg of 0.75 nM
of human or cyno TRALL ,P¢: rEa%ctst\&re%éélE%coﬁS’%kﬁ vpisr@arﬁ%mm/s Ips%rcﬁ Mapd F4 or

F4Anmodl was neasur ed. é ‘? k N Tth q ng of. a Cyno Cross
reactive enhanced ci*®R&{ B°EYH? Wpfsswvef—m ms erre e"fp P bf its

bi ndi ng to human TRXpgeMpb. <F&tr°gw (&ybadiGA) ar“%m%i‘é‘é'lgi’l @derfyﬁ}é‘te"ltrﬁsé’“ Bif P?Hl ng of a
Cyno cross reacti vedinbetictedeg klgrne mypvaygs FaRAdehtififdby FeomppetiopEbifd n t enf ol d of
t he binding of F4 t @ whithpaRs WdRAbaed Rrténvalent, @ibddO 1610 (SEGAMo@] 150dndi Ng t 0 cyno
TRAIL R2 differs by, §§ﬂrehmamsnh£@:§dn;fgq% 6175frﬁvpfﬁAtILhﬁ2 &5&5@1 fi0fesdzdredl  bi ndi ng

to human TRAIL R2. (Ih utlons Jl"nt3 1anl‘| glcl?[ %g 61 easurtis_;l isnglstreggr in- hprlseglﬁsh pgoxl:dQse human TRAI L

R2 is sixfold stronger uman TRAI L R2.
Accordingly, F4nodl %‘Fe‘@f@ca?ﬁgs‘ileﬁcfseﬁlﬁcé‘ﬂw%%)ss TMREEE %71“‘? i Fenent s.

Exanpl e 18 Germl i neaddadgidnesistizegjithgeid. éhﬁﬁ%’f?é’d“@%ﬂf%‘?oss reactl ve clone

[ 0399] Cl one F4nuwb2i was Affnity hesuregdnyg varemeif@akd broghedrole(t XERBErrardiintegsi®ent i al

mut ati ons from ger MuaNgstdmBiORASerchiQ, 428 GihGR.C RASShiP ht@s°¢. MRUONgRMei ty risk. A
panel of twelve di fEu%m;lmmﬂbBdsﬁ%éepiasm%gm n)nvg; ugé@;s%mgmﬁfeﬂ f there was

an effect froma gi tati o n nd cyno TRAIL
R2. FIG 23A shows \é&q E}] was 1mmo{;|11 CP on }ﬁchq% amgI g?d 8 éﬁ)OlE ierlalgﬁlﬁlon 0; E | D NO

194), which incor poi“ﬁt"’t%%?rsétllci2 (§Fé?s‘P§8 1§@rlﬁ]|1|(sr'ﬁ8 TA?: a{f“l) GHSER H’al\fo #3* not af f ect
bi ndi ng, to ot her c&hd$EQdR sNO:nBfelay GheSHAIDgBPIi8Reyers erast iigi nal F4
parent, and cl one FdAssoelten/ 5ol BSd, pie @ s@Bglcotyin@iod Fogg frire#GMitv®0 engi neer ed) .
[ 0400] The amino acid sequence of F4npdl2 starts with the native Tn3
sequence SQ ends with L, has a reversion of the framework 2 nmutation from
Ato T, and has a reversion of the final two am no acids of the DE | oop
fromTA to NQ FIG 23B shows that F4, F4nodl, and F4nodl2 all are within
si xfold of each other in their binding to 104 human TRAIL R2. It al so
shows that F4nodl and F4nodl2 are within twofold of each other in their

bi nding to cyno TRAIL R2. [0401] F4npdl1l2 was refornmatted into a tandem 6
(SEQ ID NO 167) and tandem 8 (SEQ




I D NO 166) construct and tested to confirmthat there is not loss in
potency relative to G tandem 6 (SEQ ID NO 144) and tandem 8 (SEQ I D NO
145) . Fl Gvo28G/BmsksFl G 23D show no | oss in potency for pChasgennBiise

engi neered, enhanced cyno cross reactive F4npdl2 tandens in conparison to
the & tandens in the Col 0205 cell line. Exanple 19 Activity of G5 tandem 8
in TRAIL resistant cell lines [0402]Multiple cell lines are resistant to
killing by TRAIL. Thus, we eval uated whet her the enhanced potency of 6
tandem 8 constructs relative to TRAIL in TRAIL sensitive cell lines wll
translate into potency of G6 tandem 8 in TRAIL resistant cell lines.
Sensitivity to Apo2L/ TRAIL in several cancer cell lines was determ ned with
the Cell Titer-A@ o Lumi nescent Cell Viablity Assay (Pronega, Madison, W).
Briefly, cells were plated in 96-well plates, allowed to adhere overni ght
and then treated with various concentrations of reconbi nant human

Apo2L/ TRAI L and TRAML Sanpie bfjcach @Bceiatival e ifeciehintythel fovamlxtaorhanzls ptiaflgy 10% FBS.
After a peri od of  48te 6230hu8in. &0 secdid@bThE K§ Was \MASmiake byetsitg Meduifitahh oW Ng

manuf acturer’s prot nglg:gls&mnﬁnﬁnﬂ@émgdamm@ hﬁéseJuages&fhl@beIBéle;ﬁoﬁ@&m stant cell

line HT29 G5 tandem 8,shqws n Y/ e, TRAI L does
not. TABLE 21 shows' mﬁatq&m{)%}ggﬁmgehﬂ 1mI(J:rOVIeTemgk1 Flmtﬁade}é{reeir\(}lints i n many, but

not all of the TRAl fiy%EpERighys @@PY MPjoRgs of peetel WlﬂEPi‘ﬁBfﬁt OB ﬂﬂ‘f‘%ncy may be
due to the higher va#fingacyhagp-¢RbagghefdthlPel ative to TRAIL, although spati al
orientation of the binding nodul es may al SQ have. an ef f ect . TABLE 21:

L 1 b t 1
ACti Vi ty of G5 tand glono € ﬂm&‘[l; alsl}ﬁneailﬁg SI'gurface Iaﬁ?a)n cn%éj (g%% ) 105

TRAIL |1 C50 [OM G6 Tandem tram Tandem 8 , , A,
Vax Kill , T64 >8. 3| KRud7/ Clone K4(nM) Fold Improvement

Lead isolation ICI2 4130+ 281

Affinity maturation 1 G3 422 + 45 10

Affinity maturation 2 1E11 103+9 40

Affinity maturation 3 C4 50+2 83

Affinity maturation 3 G6 43:+2 96

Example 15

Effect of Tn3 affinity on potency in antibody-like format

[0383] In order to assess the effect of affinity of the individual TN3 subunit on potency,
all of the clones in TABLE 18 were reformatted into the antibody-like construct depicted
in FIG. 1. To express the antibody-like proteins, 293F cells were transiently transfected
with the appropriate expression constructs. Harvests of supernatant were performed on
days 6 and 10 and the protein was purified by protein A affinity chromatography. All
purified proteins were analyzed by SDS-PAGE on NuPage Novex 4-12% bis tris gels in
MES buffer without reducing agent, and were visualized using SimplyBlue SafeStain
(Invitrogen, Carlsbad, CA).

[0384] Size exclusion chromatography was also used to analyze purified proteins, and
where necessary, aggregated material was removed on either a Superdex 75 10/300GL or
Superdex 200 10/300GL column (GE Healthcare, Piscataway, NJ), to a final level below
10% of total protein. An Acrodisc unit with a Mustang E membrane (Pall Corporation,
Port Washington, NY) was used as indicated by the manufacturer to remove endotoxin
from bacterially expressed protein preparations.

[0385] H2122 cells were then tested for sensitivity to the agonistic antibody-like
constructs using a CellTiter-Glo cell viability assay. In this assay, luminescence is

directly proportional to the levels of ATP within a given well of a 96 well plate, which in
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turn is directly proportional to the amount of metabolically active viable cells. For the
H2122 cell line, cells were plated in 96 well plates at a density of 10,000 cells/ well in 75
pl of complete medium (RPMI 1640 medium supplemented with 10% FBS). Following
overnight incubation at 37°C, media was supplemented with 25 pl of additional media
containing a serial dilution of TRAIL R2-specific or negative control proteins. All
treatments were performed in duplicate wells. Commercially available TRAIL ligand
(Chemicon/Millipore, Billerica, MA) was used as a positive control for TRAIL receptor-
induced cell death.

[0386] After 72 hours, the CellTiter-Glo kit was used according to the manufacturer’s
instructions. Assay luminescence was measured on an Envision Plate reader
(PerkinElmer, Waltham, MA). Inhibition of cell viability was determined by dividing the
luminescence values for treated cells by the average luminescence for untreated viable
cells.

[0387] Two variables determine potency: the concentration at which a construct inhibits
the viability of cells by 50% (ECso) and the maximum inhibition of cell viability. FIG. 20
shows that as a general trend, greater affinity of the Tn3 monomer leads to a lower ECs
of the antibody-like constructs as G6 has a lower ECsg than 1E11 and 1E11 has a lower
ECso than 1C12.

Example 16
Pharmacokinetics of linear Tn3’s

[0388] To determine the half life of the linear Tn3 tandems as a function of the number of
Tn3 modules per tandem, the G6 monomer (SEQ ID NO: 138), G6 tandem 4 (SEQ ID
NO: 143), G6 tandem 6 (SEQ ID NO: 192), and G6 tandem 8 (SEQ ID NO: 145) were
injected into a mouse and serum concentration of the Tn3s was monitored by an ELISA.
The route of administration was intraperitoneal (IP) injection. The experimental design is
shown in TABLE 19. Mice were bled 150 pL per time point. Tn3’s were detected in
serum by an ELISA in which in house produced TRAIL R2 coated plates were incubated
with serum diluted in PBST 1% milk. Initial ELISAs were performed to determine for a
given time point the correct dilution range in order for the signal to be within the dynamic
range of the assay. Bound Tn3 was detected with a 1 in 1,000 dilution of polyclonal anti-
Tn3 serum from rabbit in PBST 1% milk (Covance, Princeton, NI) followed by a 1 in
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10,000 dilution in PBST 1% milk of donkey anti-rabbit HRP (Jackson ImmunoResearch,
West Grove, PA). For each construct, a standard curve was made. Statistical analysis
was performed using an in house statistical program.

[0389] The term "maximum plasma concentration” (“Cma’) refers to the highest
observed concentration of tandem Tn3 in plasma following administration of the test
material to the patient.

[0390] The term "Tpax" refers to the time to maximum plasma concentration Cpax.

[0391] The term "area under the curve" (“AUC”) is the area under the curve in a plot of
the concentration of tandem Tn3 in plasma against time. AUC can be a measure of the
integral of the instantaneous plasma concentrations (C,) during a time interval and has the
units of mass*time/volume. However, AUC is usually given for the time interval zero to
infinity. Thus, as used herein "AUCy" refers to an AUC from over an infinite time
period.

[0392] The term "biological half-life" (“Ty»”) is defined as the time required for the
plasmatic concentration of tandem Tn3 to reach half of its original value.

[0393] The term "CL/F" refers to the apparent total body clearance calculated as Dose/
AUCiys

[0394] Tn3 biological half-life (Ty;) increases with increasing number of tandem Tn3’s
per linear molecule. Adding seven Tn3’s to make a tandem 8 from a monomer increased
the half life by almost 50%. Increases in valency did not affect the Tmax. However,
increases in valency from 1 to 8 resulted in approximately ten-fold and 7-fold increases in
Ciax and AUC;ys, respectively. Furthermore, when valency increase from 1 to 8, an

approximately 7-fold decrease in clearance (CL/F) was observed.

TABLE 19: Experimental design of anti-TRAIL R2 linear tandem pharmacokinetic assay.

Group # Test Dose Route | Volume Time points # Mice
G6 (15 min, 1hr,16hr ),(30
1 10mg/kg jig 10ml/kg | min, 4hr, 24 hr) (2hr, 6hr, 333G
monomer 48hr)

(15 min, 1hr,16hr ),(30

2 a6 10mgkg | I[P | 10mUke | min, 4hr,24 br) (2hr,6hr, | (3)(3)(3)
tandem 4
48hr)
G6 (15 mix, Thr,16hr ),(30
3 10mgrke | 1P| 10mUkg | min, 4hr,24 hr) hr, 6hr, | )G 3)
tandem 6
48hr)
G6 (15 min, Thr, 165r ),(30
4 tandem 8 | Om&/ke P 10mke | o g, 24 be) (2hr, 6hr, | S PG
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48hr)
Total 36

TABLE 20: Pharmacokinetic properties of Tandem Tn3’s

Pharmacokinetic Parameters
Test Conax T AUCqe T CL/F
Material
(ng/mL) (hr) (hr-pg/mL) (hr) (mb/hr/kg)

G6 monomer 3.65 1 9.31 122 1070

G6 tandem 4 8.07 1 232 1.46 431

G6 tandem 6 24.6 1 36.5 1.69 274

G6 tandem 8 38.6 1 64.2 1.76 156
Example 17

Engineered enhancement of cyno cross-reactivity
[0395] For pre-clinical toxicity testing in cynomolgus monkeys (Macaca fascicularis), it

is desirable to develop an anti-TRAIL R2-Tn3 that cross reacts with cynomolgus TRAIL
R2 (cyno TRAIL R2). Our initial affinity matured lead clones had poor cross reactivity
with cyno TRAIL R2, although the homology to human TRAIL R2 is 88%. The cross
reactivity was enhanced by making a library based upon clone F4 (SEQ ID NO: 137),
which was the clone with the best cyno cross reactivity among the clones that resulted
from affinity maturation.

[0396] Two libraries were made by saturation mutagenesis: one with diversity in the FG
loop alone and one with diversity in the BC and FG loops. A low error rate mutagenic
PCR was also used to allow for mutations outside the loops that may be beneficial for
enhanced cyno TRAIL R2 binding. Four rounds of phage panning were done on in house
produced cyno TRAIL R2, and outputs were cloned into the pSEC expression vector. For
screening of initial hits in an ELISA format, Tn3’s were secreted into MagicMedia
(Invitrogen, Carlsbad, CA) and were captured from supernatant using an anti-his tag
antibody (R and D Systems, Minneapolis, MN).

[0397] Binding of either human or cyno TRAIL R2-Fc in solution to captured Tn3 was
detected by anti-human-Fe-HRP. Clones that had significant binding to cyno TRAIL R2-
Fc and did not appear to lose binding to human TRAIL R2-Fc were selected for a
subsequent screening ELISA in which either human or cyno TRAIL R2-Fc was coated on
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a plate and Tn3 supernatants were titrated and then detected with anti-his tag HRP.
Because the level of variation in expression levels from clone to clone was low, and also
because avidity from having divalent TRAIL R2-Fc¢ in solution could not mask
differences in Tn3 affinity, this ELISA allowed for affinity discrimination. It was found
that one mutation, a mutation from D to G two amino acids before the DE loop, was
present in all engineered cyno cross reactive clones (FIG. 22A). This D to G mutation
was engineered into the original F4 to make a clone named F4mod1 (SEQ ID NO: 193)
and the cross reactivity for cyno was greatly improved without sacrificing binding to
human TRAIL R2 (FIG. 22B). In this ELISA, inhibition of binding of 0.75 nM of human
or cyno TRAIL R2-Fe to F4mod1 coated plates by purified F4 or F4mod] was measured.
[0398] It is desired that the binding of a cyno cross reactive enhanced clone to cyno
TRAIL-R2-Fc¢ be within tenfold of its binding to human TRAIL R2-Fc. Also, it is desired
that the binding of a cyno cross reactive enhanced clone to cyno TRAIL-R2-Fc be within
tenfold of the binding of F4 to human TRAIL R2-Fec. The ICso for F4mod1 binding to
cyno TRAIL R2 differs by less than three fold from the ICsy for F4modl binding to
human TRAIL R2. In addition, the ICso for F4mod]1 binding to human TRAIL R2 is six-
fold stronger than the ICsg for F4 binding to human TRAIL R2. Accordingly, F4modl

meets the intended cross reactivity requirements.

Example 18
Germline engineering of enhanced cyno cross reactive clone

[0399] Clone F4mod1 was further engineered to eliminate non essential mutations from
germline in order to reduce possible immunogenicity risk. A panel of twelve different
modifications was made to determine if there was an effect from a given mutation on the
binding to both human and cyno TRAIL R2. FIG. 23A shows a comparison of the final
clone F4mod12 (SEQ ID NO: 194), which incorporates all tested germline mutations that
do not affect binding, to other constructs, namely the Tn3 germline, the original F4
parent, and clone F4mod! (initial enhanced cyno cross reactive engineered).

[0400] The amino acid sequence of F4mod12 starts with the native Tn3 sequence SQ,
ends with L, has a reversion of the framework 2 mutation from A to T, and has a
reversion of the final two amino acids of the DE loop from TA to NQ. FIG. 23B shows
that F4, F4mod1, and F4mod12 all are within sixfold of each other in their binding to
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of the tandem relative to TRAIL, although spatial orientation of the binding modules may

also have an effect.

TABLE 21: Activity of G6 tandem 8 and TRAIL in TRAIL resistant cell lines.
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Example 20

Immunogenicity study of TRAIL R2 binding monomers

[0403] Immunogenicity is a potential issue for any therapeutic protein even if it is human
in origin. Immunogenic responses can limit efficacy through neutralizing antibodies that
can lead to inflammation. One of the most important factors in the development of an
immune response is the presence of epitopes that can stimulate CD4+ T cell proliferation.
In the EpiScreen test (Antitope, Cambridge, UK), CD8+ T cell depleted Peripheral Blood
Mononuclear Cells (PBMCs) are incubated with test proteins and CD4+ T cell
proliferation and IL-2 secretion are monitored (see, Baker & Jones, Curr. Opin. Drug
Discovery Dev. 10:219-227, 2007; Jaber & Baker, J. Pharma. Biomed. Anal. 43:1256-
1261, 2007;. Jones et al., J. Thrombosis and Haemostasis 3:991-1000, 2005; Jones et al.,
J. Interferon Cytokine Res. 24:560-72, 2004). The PBMCs are isolated from a pool of
donors which represent the HLA-DR allotypes expressed in the world’s population.

[0404] The Tn3 monomers shown in FIG. 25 were expressed (with a
GGGGHHHHHHHH linker-His tag), purified, and verified to be monomeric by SEC, and

filtered for endotoxin removal as described above. All non-wild type clones tested were
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Aggregation state of unpurified and purified G5 tandem 8 Tn3's [0406]It is
known i n wbeoarisoi2iat proteins containing nultiple cystecmas201@/os2188 a
protein made up of tandemrepeats that contains an internal disulfide bond,
of ten does not exhibit proper disulfide pairing. Scranmbling of disulfides
can reduce or elimnate expression into 107 nedia. If the protein does
express into nedia, it nmay be a m xture of inproperly folded protein with
i nternol ecul ar as well as m smatched intrarnol ecul ar disulfide pairs
| eadi ng to aggregation. Qur SEC data revealed that the majority of tandem
proteins in the bacterial expression nedia were in a nononeric, properly
folded state. After N -NTA purificatiomsof the H - tagged G5 tandem 8
protein, approximately 15% of the protein was aggregated. The observed
aggregation was reduced to 4% (FIG 26A) by reduction with 2nM DIT,
I ndi cating that nostongfe cigheri@g@nigg@abane rynyass rehktsi] FIibdeAndaieat kde Most of t he
aggregat es wer e r enmithadutBEC opdmiifel telkakOfden(shwinot 26 Bkt biadngde®er i bed above.

F4mod1 background. These clones were tested in an ELISA to verify that the germlining

mutations did not affect binding. In both the T cell proliferation assay and the IL-2

secretion assay, a stimulation index (SI) of greater than two had been previously

established as a positive response for a given donor. The mean SI, or average of the SI of

the positive responding population, is indicative of the strength of the response. A control

protein known to induce a strong response, keyhole limpet haemocyanin (KLH), was

included in both assays.

[0405] TABLE 22 shows mean SI for all test proteins, which are significantly lower than

for KLH and was not much higher than the cutoff of 2 for a positive mean SI. In

addition, the frequency of response for the test proteins was very low (ten percent or less

for all tested proteins except for the control which had a response in excess of 90%).

Previous studies by Antitope have revealed that an EpiScreen response of less than 10%

is indicative of low clinical immunogenicity risk. Thus, our observation that all Tn3s

tested have 10% or less frequency of response indicates a low risk of clinical

immunogenicity.

TABLE 22: Results of Antitope EpiScreen immunogenicity assay. Tested Tn3s are ranked from
1 (most immunogenic) to 4 (least immunogenic).

Mean $i Frequency (%) of Response
Sample Profif it-2 Prolif iLe2 Ranking
Fdmod12 2.82 2.30 4 4 =
[o03228-R07 291 2.06 8 8 2
[003228-G09 2.88 2.26 10 10 1
|00322v-A10 2.67 2.33 8 4 =
00322V-F11 3.14 2.37 6 6 3=
wild type 2.05 2.00 [ 4 =
KtH 6.51 3.98 96 92 N/A
Example 21

Aggregation state of unpurified and purified G6 tandem 8 Tn3’s

[0406] It is known in the art that proteins containing multiple cysteines, e.g., a protein
made up of tandem repeats that contains an internal disulfide bond, often does not exhibit

proper disulfide pairing. Scrambling of disulfides can reduce or eliminate expression into
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inhibition of in Colo205 col orectal cancer xenograft nodels [0407] The

anti -t unowoaotinsoi2zg of TRAIL Tn3 minmetics, G6 tandem 6 @EGIING)11(08H | D NO
144) and G5 tandem 8 (G6TN8) (SEQ I D NO 145), were evaluated in Colo205, a
human col orectal carci noma xenograft nodel. Col 0205 cells were naintained
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Menorial Institute (RPM) 1640 nediumthat contained 10% fetal bovine serum
(FBS). Cells harvested by trypsinization were resuspended to a final
concentration of 3 x 107cells/nmL in Hank's bal anced salt solution (HBSS).
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reached an average of -177 mmB. The study design is summarized in TABLE 23.
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mnetics (06TNG andqafgdN@al drB add 102 totbbdyikiehk @NAIGERTds whtad e [ceepup Test
Material Dose (mo/kgh chOSEm\MOLHA®) (Lo ud30Nh & 2RSSk NEH bsCana

administered intravenously (IV) at doses indicated in TABLE 23, daily for a total of 5

(D

doses according to body weight (10 mL/kg). Tumor  volumes and body weight

measurements were recorded. Tumor measurements were made using an electronic
. 3 .
caliper and tumor volume (mm’) was calculated using the formula tumor volume =

[length (mm) x width (mm)?}/2. Tumor growth inhibition (TGI) was calculated as percent



1 Untreated NA NA NA NA 2 PBS NA 10 |1V QDX5 3 TRAIL 30 ng/kg 10 1V QDX5 4
&TN6 30 ng/kg 10 |V
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TGI = (1 - T/C) % 100, where T = final tumor volumes from a treated group after the last
dose, and C = final tumor volumes from the control group after the last dose.

[0408] During the dosing phase (DP) (FIG. 27), 3 mg/kg and 30 mg/kg of G6TN6
resulted in significant TGI of 92% (p<0.0001) and 93% (p<0.0001), respectively (TABLE
24). Similarly, after equimolar adjustment for final concentration, 2.25 mg/kg and 25.5
mg/kg of G6TNS8 resulted in significant TGI of 93% (p<0.0001) and 94% (p<0.0001),
respectively (TABLE 24). 30 mg/kg of TRAIL resulted in TGI of 60% (p<0.001),
(TABLE 24).

[0409] By day 34 of the regrowth phase (RP) (FIG. 27), while 3 mg/kg G6TNG6 did not
result in any CR (CR; percentage of mice in group where no palpable tumor detectable
for two successive measurements), 2.25 mg/kg G6TNS resulted in a 90% CR. At a higher
dose of 30 mg/kg G6TN6 50% CR was achieved. On the other hand, 25.5 mg/kg G6TN8
resulted in 100% CR (TABLE 25). Results from both doses suggest that G6TN8 resulted
in greater efficacy in comparison to G6TN6. However, both G6TN6 and G6TN8 showed
efficacy at certain doses. More importantly, both constructs significantly outperformed
TRAIL which did not result in any PR or CR.

[0410] As shown in FIG. 28, no body weight loss was observed for both G6TN6 and
G6TNS at all doses during the dosing and regrowth phase of the study.

TABLE 23. Study design for TRAIL and TRAIL mimetics (G6TN6 and G6TNS) in Colo205
tumor xenograft model

Dose
Group ;est . Dose Volume Route Dose
aterial (mg/kg) (mL/kg) Schedule

1 Untreated NA NA NA NA

2 PBS NA 10 v QDXS5
3 TRAIL 30 mg/kg 10 v QDXS5
4 G6TN6 30 mg/kg 10 v QDX5
5 G6TN6 3 mg/kg 10 v QDX5




QDX5 5 G6TN6 3 ng/kg 10 |V QDX5 109 6 G6TN8 25.5 ng/kg 10 |V QDX5 7 G6TNS
2.25 ng/kg 10 |V QDX5 TABLE 24. Effect of TRAIL and TRAIL ninetics (G5TNG

and G6TN8yoani1fi@Gh32duri ng dosi ng PCT/US2011/032188
109
6 G6TNS 25.5mgkg |10 v QDXS5
7 G6TNS 225 mg/kg |10 v QDX5

TABLE 24, Effect of TRAIL and TRAIL mimetics (G6TN6 and G6TN8) on TGI during dosing

phase of the study.
Treatment group % TGI P Value ( compared to
untreated control)

TRAIL 30 mg/kg 60 P<0.001

G6TNG6 30 mgrkg 93 P<0.0001

G6TN6 3 mg/kg 92 P<0.0001

G6TNS 25.5 mg/kg 94 P<0.0001

G6TNS 2.25 mg/kg 93 P<0.0001

TABLE 25, Effect of TRAIL and TRAIL mimetics (G6TN6 and G6TN8) on TGI during
regrowth phase by day 34 of the study.

Treatment group PR" (%) CR" (%)
Trail - .

G6TNG 30 mg/kg 50 50
G6TNG6 3 mg/kg 100 -

G6TNS 25.5 mg/kg - 100
G6TNS 2.25 mg/kg 10 90

2 percent partial regression (PR; percentage of mice in group where tumor volume is less than 50% of volume at
time of staging for two successive measurements)

percent complete regression (CR; percentage of mice in group where no palpable tumor detectable for two
successive measurements)



phase of the study. Treatnent group % TA P Value ( conpared to untreated
control) TRAIL 30 ng/ kg 60 P<0.001 G6TN6 30 ny/ kg 93 P<0.0001 G5TN6 3 ng/ kg
92 P<0. 00W0 266TiNB3285. 5 ngy/ kg 94 P<0. 0001 06TN8 2. 25 ny/ pgTAB2R1030891
TABLE 25. Effect of TRAIL and TRAIL mnetics (GGTN6 and GGTN8) on Td
during regrowth phase by day 34 of the study. Treatnent group
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[0411] The examples shown above illustrate various aspects of the invention and practice
of the methods of the invention. These examples are not intended to provide an
exhaustive description of the many different embodiments of the invention. Thus,
although the invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, those of ordinary skill in the art will
realize readily that many changes and modifications can be made without departing from
the spirit or scope of the appended claims.

[0412] All publications, patents and patent applications mentioned in this specification
are herein incorporated by reference into the specification to the same extent as if each
individual publication, patent or patent application was specifically and individually
indicated to be incorporated herein by reference.

[0413] The foregoing examples illustrate various aspects of the invention and practice of
the methods of the invention. The examples are not intended to provide an exhaustive
description of the many different embodiments of the invention. Thus, although the
forgoing invention has been described in some detail by way of illustration and example
for purposes of clarity of understanding, those of ordinary skill in the art will realize
readily that many changes and modifications can be made thereto without departing from
the spirit or scope of the appended claims.

[0414] All publications, patents and patent applications mentioned in this specification
are herein incorporated by reference into the specification to the same extent as if each
individual publication, patent or patent application was specifically and individually

indicated to be incorporated herein by reference.



PR (% CRb (% Trail - - G6TN6 30 ng/kg 50 50 G6TN6 3 ng/ kg 100 - G51' N8
25.5 nmg/ kg - 100 GGTN8 2.25 ng/kg 10 90 a percent partial regression (PR,
per cent aggoabimizecasi n group where tunor volune is | ess rohans2@¥mwsfisyol ume
at time of staging for two successive Iitgdasurenents) percent conpl ete
regression (CR percentage of mce in group where no pal pabl e tunor
detectable for two successive neasurenents) 110 [0411] The exanpl es shown

above i WHSTIQUEAMMEDES: aspects of the invention and practice

1. A TRAIL R2-specific recombinant multimeric scaffold comprising two Tn3 monomer

scaffolds, wherein

(a) each Tn3 monomer scaffold comprises seven beta strands designated A, B,
C, D, E, F, and G, and six loop regions designated AB, BC, CD, DE, EF,

and FG,
(b) the Tn3 monomer scaffolds are connected in tandem, and
(c) the recombinant multimeric scaffold specifically binds to TRAIL R2.

2. The multimeric scaffold of claim 1, wherein the multimeric scaffold comprises 3, 4, 5, 6,

7, or 8 Tn3 monomer scaffolds.

3. The multimeric scaffold of claim 2, wherein all of the Tn3 monomer scaffolds are in
tandem.
4. The multimeric scaffold of any one of the preceding claims, wherein at least one Tn3

monomer scaffold is connected directly, by a linker, or by a heterologous moiety to 1, 2,

3,4, 5, 6, or 7 other Tn3 monomer scaffolds.

5. The multimeric scaffold of claim 4, wherein at least two Tn3 monomer scaffolds are

directly connected without a linker interposed between the Tn3 monomer scaffolds.

6. The multimeric scaffold of claim 4, wherein at least two Tn3 monomer scaffolds are

connected by a linker.
7. The multimeric scaffold of claim 6, wherein the linker comprises a peptide linker.

8. The multimeric scaffold of claim 7, wherein the peptide linker is a flexible peptide linker.



of the methods of the invention. These exanples are not intended to provide
an exhaustive description of the many different enbodi nents of the

i nvent i orwoBhugi3ozBt hough the invention has been descri lped/tiseoi3osasget ai |
by way of illustration and exanpl e forlldurposes of clarity of

under st andi ng, those of ordinary skill in the art will realize readily that
many changes_and nodifi catjqons can be made w thout departing fromth

spirit br schifeHtINeEC éfﬁfg‘?{@léﬁc gl?’a’i‘i‘n’s.wfl@ﬂlllthﬁl Pep&%’élli‘@%iq?ﬁg’,r‘s‘ﬁ%ﬁe&lé)yand
patent applications nentioned in this specification are herein incorporated
by ref er enceseijminge wWhereipa ehd iy ae intagerso whieisard , @x3 ent, and whergngir 1, 2, 3, 4,

i ndi vi dual publication, patent or patent application was specifically and

i ndi vi dual | y5,i6net zated to be incorporated herein by reference. [0413] The
foregoing exanples illustrate various aspects of the invention and practice
of the nmethods of the invention. The exanpl es are not intended to proyide
an exha¥st i vEhegmulimesici satfeld efirayreneyoldhe Pesceding chaipgi wesrem e binding of the

i nvention. Thus, although the forgoing invention has been described in sone
detai | by wayultimeric| s¢sffoldt tioohR Abd Rex ssnmiphpgofask oyarrtpatselsa iR AILaRR tspegfic Tn3
under st andi ng, those of ordinary skill in the art will realize readily that
many changesmamngndradaffolgéati ons can be nmade thereto w thout departing from
the spirit or scope of the appended clains. [0414] All publications, patents
and patent applications nentioned in this specification are herein

i ncor porlat ed! sympkiegrienealtpld of anyeongpicthe ipeseeding daimshwherginethe bindipg g& ther
each individual publication, patent or patent application was specifically
and i ndi vi duahltiyneriedcatfsle do TR AJE Rhoprpuesathe dethver @i theligrgetedver erat of a TRAIL
2011/ 130328PCT/ US2011/ 032188 111 WHAT IS CLAIMED IS: 1. A TRAIL R2-specific
reconbi nant RIkgdciTRI T3 meadrhéd daffldpri si ng two Tn3 nononer scaff ol ds,
wherein (a) each Tn3 nononer scaffold conprises seven beta strands
designated A, B, C D, E, _F, and G _and six |oop regions desjgnated AB, BC
CD, DE,12eF, HisompGmarts)scaffeldoi3laimnirayhesein thoimproxsraent an hewdingito TR AHn&em
and (c) the reconmbinant nultinmeric scaffold specifically binds to TRAIL R2.
2. The mul ti never thas odhf TRAIIoR2cdpacifc ITn3winen@ner schffolkdils tannepreveseaf frobigiding
conprises 3, 4, 5, 6, 7, or 8 Tn3 nononer scaffolds. 3. The multinmeric
scaffold of éfﬁ@i&yrar?d/oﬂ/mﬁqu@ea{dmg{bih@igg'gaﬁitppnorrer scaffolds are in
tandem 4.The multineric scaffold of any one of the preceding clains,
wherein at | east one Tn3 nononer scaffold is connected directly, by a

| i nker ,13or blheamhlsimesris] seaideld afwilaimy] @ whereimbindingaffigity fr TRARL B2 1ad profgin
nmononer scaffolds. 5.The nmultineric scaffold of claim4, wherein at |east
two Tn3 nonatahilityaad inglrdeedasver those of a TRAIL R2 specific Tn3 monomer scaffold.

14.  The multimeric scaffold of claim 10, wherein binding avidity for TRAIL R2 and protein

stability are improved over those of a TRAIL R2 specific Tn3 monomer scaffold.
15. The multimeric scaffold of claims 4, wherein the linker comprises a functional moiety.

16.  The multimeric scaffold of claim 15, wherein the functional moiety is an immunoglobulin

or a fragment thereof.

17. The multimeric scaffold of claim 16, wherein the immunoglobulin or fragment thereof is
selected from the group consisting of: a Fab fragment, a Fab' fragment, a Fd fragment, a

Fd' fragment, a Fv fragment, a dAb fragment, a F(ab")2 fragment, an scFv, a diabody, a



directly connected wthout a |linker interposed between the Tn3 nononer
scaffolds. 6. The multinmeric scaffold of claim4, wherein at least two Tn3
nononer sweafbholides2are connected by a linker. 7.The multipogriseoisoafiol d of
claim®6, wherein the linker conprises alpeptide |inker. 8.The nultineric
scaffold of claim7, wherein the peptide linker is a flexible peptide
linker. WD 2011/ 130328PCT/ US2011/.032188 112 9. The mul tineric scaffold of
Lt m 7, whel B R o (e ARE PO i FF S ekiot 110k P ERTIEN oL CUR OF BIORE 3
and y are in;@e}?er_s,.v\herein x =1, 2, 3 or 4, and whereiny =1, 2, 3, 4,
5 6, or 7. I mpkediegrul timeric scaffold of any one of the preceding clains,
wherein the binding of the nultinmeric scaffold to TRAIL R2 is inproved over

t hat of TRAl L .specific,Tn n r .scaffold. 11. The. mul ki '

sca f o Hoof G mABRE boafl 32 PR TEC uRfh o Sptos A PRl oot
multinmeric scaffold tg TRAIL R2 inproves the acfion on the target over that
of a TRAIL F@%@@?wgcmaWﬁ% m%ecréglloélog.an?&é- The multineric scaffold of
claim 10, wherein the inprovenent in binding to TRAIL R2 over that of a
TRAI'L R spepid [ifu1difdid 0N of E?ﬁrholl@_\&"h%rcﬁﬁ'.t Mﬁﬂﬁ%@%ﬁﬂgﬂ%ﬁfr &4 thereof

affinity and/or an inprovenent in binding avidity. tTmeric

scaffold of @I im10 V\/gergjﬂllt(ﬂg nd}lng affinity for TRAIL R2 and protein
stability arei %?06%3 et 08%f a TRAIL R2 speci fic Tn3 nonomer
scaffold. 14. The nultimeric scaffold of claim10, wherein binding avidity

for TRAIJ. R2TRNehuiféRd BeaFfoRDbf claimalee whHERSi® R ivafiodlinam &f fr@%iiﬁQ\'therEQf
specific Tn3 nononer scaffold. 15. The nmultineric scatffold of clains 4,

wherein the Lj ' W ok j: The multineric
scaffold of %qn%%%ig%arsﬁlﬁﬁ?ﬁggﬁmctl odna “ﬁ%?ael% I's an i mmunogl obul i n or
a fragnment thereof 17. The nultineric scaffold of claim 16, wherein the

i Mmmunod?lobul Tive swltimagrmeatfotdhef aof onesofsthk ee¢cedinzradamishehgieout least ®ns bof g
of: a Fab fragnent, a Fab' fragment, a Fd fragnment, a Fd' fragnent, a Fv

fragment, a gfdmbhedBERbifoRls i ABed #  KeddtBRBbus ABiete Fv, a di abody, a WO
2011/ 130328PCT/ US2011/ 032188 113 linear antibody, a full length antibody,

an Fe region, and a conbination of two or nore of said noieties. 18. The
mul ti me2d.c sthd molldmefic slalifeld 16, clainerd, nwhereini theuhiefobigahs maetyf eamprises a
t hereof conprises an Fe domain and a hinge region of an 1gG 19. The
mul ti meec scafnimlsilionfselzbid frobd thevdret e tansistiag iofimuproglim ipeptidgra pro@gneorhain,
t hereof further conprises a CHL domain.
a linker, a drug, a toxin, a cytotoxic agent, an imaging agent, a radionuclide, a radioactive
compound, an organic polymer, an inorganic polymer, a polyethylene glycol (PEG),
biotin, a human serum albumin (HSA), a HSA FcRn binding portion, an antibody, a
domain of an antibody, an antibody fragment, a single chain antibody, a domain antibody,
an albumin binding domain, an enzyme, a ligand, a receptor, a binding peptide, a non-

Fnlll scaffold, an epitope tag, a recombinant polypeptide polymer, a cytokine, and a

combination of two or more of said moieties.
23. The multimeric scaffold of claim 22, wherein the scaffold is conjugated to PEG.

24. The multimeric scaffold of claim 6, wherein more than two of the Tn3 monomer scaffolds
are connected by linkers and wherein at least one linker is structurally and/or functionally

different from the other linkers.



20. The multimeric scaffold of claim 16, wherein the i mmunogl obulin or
fragnment thereof conprises a Ckappa donmain or a O anbda domain of an |1gG
21. The mubthnemixnsscaffol d of any one of the precedi ngpciraisosii/0sd1es ei n at

| east one of the Tn3 nononer scaffoldsjijg fused to a heterol ogous noiety.
22. The multimeric scaffold of claim2l, wherein the heterol ogous noiety
conprises a conposjtion se|lected fromthe grou onsisting f. a protein, a
pepti de2>-a pHit BEHIBRSHaicAold ¢f &%@F,zﬁmﬁf‘ﬂ@,th%%flgﬂ%m}ffé%fg}l‘é%f& cagrssted an
i mgi ng agent, a radionuclide, a radioactive conpound, an organic polynmner,
an i nor gani cingdirgmabed fermasl yet hyl ene gl ycol (PEGQ, biotin, a human serum

al bumn (HSA), a HSA FcRn binding portion, an antibody, a domain of an

anti bo an_antipody. fra nt, .a single.chain ti bod a in antibody,
on l b DT HE R AT Drstprs syt gng, 130 R sPa AR gPRhec
peptide, a nonFnlll scaffold, an epitope tag, a reconbi nant pol ypepti de

pol yner, a citadiieaetandery farmagapd same didonorqmericatiplds agss capgecicd %Braéghedzs.
The multinmeric scaffold of claim22, wherein the scaffold is conjugated to
PEG 24. Theformbtti meric scaffold of claim®6, wherein nore than two of the
Tn3 nononer scaffolds are connected by |inkers and wherein at |east one

i nker s structurally an unctionally different fromthe ather

ke &7 el Bo it erte, BR8N b 85 poSot b wscdiSt it r SR binca e L bup iy
of clains 2, wherein the Tn3 nonomer scaffolds are connected in a branched
format. 26. TAROmerseathelds areddentical d of clai m 2, wherein some Tn3 nmononer
scaffolds are connected in a |linear tandem format and sone Tn3 mononer

scaf f ol arg. c d_ i : I.; i f-9],d
of “any e e MARBRGRCcaftoft BE ARG ORC of RidRlecedife iy (MG LI Ea? £86 1
scaffolds are identi%?I. 28..%he mul tinmeric scaffold of any one of the
precedi ng cl@Pmenpaiilfsargdiffedsat « wo Tn3 nonomer scaffolds are different.
29. The multimeric scaffold of any one of the preceding clains, wherein the

Tn3 mulig merfie SaRP SRy ¥he e @Rt prade Elhin®) dhetedd B4R TnBRulti®ic
multinmeric scaffold of claim 29, wherein the additional target is a T cel

antigen. 31. J| §i i f.f.0l aim 30, wherein the T cel
antigen is Cf%%@@q%%%tgﬁék%ﬁﬁﬁﬁﬁéﬁfgﬂ§%§§¢oId of any one of the preceding
clainms, wherein the nultineric scaffold is a receptor agonist. 33. The
mul ti ne30. ¢ sThafthaltighepic sadYoldE clafm Lhewhérematt bddiddmil iBget Whe Tajell adtigdreast
two Tn3 nononer scaffolds bind the sane epitope on TRAIL R2. 34. The
multinmeric scaffold of any of any one of the %recedLng.cIainB, wherei n at
| east tdlo Tn@%ﬁ@ﬁﬁl@é@%@lé odislabn A8, whereiarthed cellianbgrasis §P4PRAI L R2. 35.
The multinmeric scaffold of claim 34, wherein the different TRAIL R2

cBI 0P o oAU CRBIAR B P of YR RAMPIRATE TRMBROM g
ePILOPeS ar € QXS PRI 2BLL0ReS

33. The multimeric scaffold of any one of the preceding claims, wherein at least two Tn3

monomer scaffolds bind the same epitope on TRAIL R2.

34.  The multimeric scaffold of any of any one of the preceding claims, wherein at least two

Tn3 monomer scaffolds bind different epitopes on TRAIL R2.

35.  The multimeric scaffold of claim 34, wherein the different TRAIL R2 epitopes are non-

overlapping epitopes.



37. The multineric scaffold of any of the preceding clains, wherein the
beta strands of at |east two Tn3 nononer scaffolds have at | east 90%
sequence woeniwi3y328o0 the beta strands of SEQ ID NO 1. ®81/USb@1/m8diss neric
scaf fol d of any of the preceding claingl5wherein at | east two Tn3 nononer
scaffol ds conprise the amno acid sequence:

| EV( XAB) , ALI TW XBc)." CELXI YA (. Xc TTI DE) f | YSI.( XEF) f S XFG) nKX3
TETT whidel nﬂsaeuﬁgkee ferf? ﬁn@D Cleine 9L nboreh <5§t§ | R SRt ge ar
resi dues present in the AB, BC, CD DE EF, and FG | oops, respectively,
wherein X1 r@ﬁﬂb@éﬁ%@pémmmo acid resrdue A or T, wherein X2 represents
am no acid residue Dor G wherein X3 represents anm no acrd E or G and
wher ei n,4 he th.of .the niscan inte etme

mui v et s DB AiRGs aglohfBs bl e e g esipr e s R
35, the CD | pop co rrses SEQ I D NO 37, and the EF | 0q ri ses SEQ

NO 39. 40. lFA¥ thglmBreenemedseifelds haye & 19%9@% sefAIcail nP %s@pﬂtrands
conprises a sequence selected fromthe group consisting of SEQ I D NGs: 97,
98, or 168. AiISEQRR N t.ineric scaffold of claim38, wherein the DE | oop
conprises a sequence selected fromthe group consisting of SEQ I D NGs: 102,
103, ang, 179, 42. .The .mul t rc scaffo rein the EG |.pop
compr o8 & D FunEBEaE et £t BT et Shssdn flits WHGSH SNt
106, 108, 109 169, apd 170. 43. The. nultinmeric scaffold of claim 38,
wherein the leenrra%rp%éﬁﬁlﬁﬁp@@gﬂee@: POINGRCIG FUERRS: DE Ioop conpri ses SEQ I D
NGO 179, and the I- G loop conprrses SEQ ID NO 170.

aherein ho FeATROTa L oNonsE BRSPS LEralIm et et s

scaffol d of of the precedrng clainms, wherein the scaffold binds to a
TRAI L R2 redﬁﬁfBr wth an affinity (Kd) of 1 1.1Mor less. 46. The
mul timeric scaffold of any of the preceding clains, Wierein the scaffold

binds to a Tﬁﬁé&in&?% l@gﬁgb@f) ot xanasd Ki-gird esfe@ﬂlechfmlﬁgQcﬁl\ﬂeﬁﬂuéseﬁésenﬁlzl

The mul tinmeric scaf f any of the preceding clains, wherein the

scaffol d bi ngs é)]?,aI?CeTBﬁl bR G668 ?bol Pégétlﬁ%ggenc%lwq{e} &(q): r%gen%.pgnfﬁwagfd

| ess. 48. An | d nucléic’aci d tlne

ffold of di | t
ompr 1 si ng. (RBUHGE @ & SATETOR: BPERS BT BDicid R il I?@Fr(faﬁr% %af)’r%rrélts

vector of claim49. 51. A nethod of Em»ducrng a reconbi nant nultinetic
scaffol d con@hingiagigl & ar Gusdyhergia the lngiherfithefoopngs an socgsn deveenAdnd 26ns in
which the multineric scaffold encoded by the nuclerc acid nolecule is

expr essgﬂ he @uﬁ%%sgﬁgffglﬁ o(f“% 11;1'3%' Gvge{eﬂl &?B%l 'I\?O s§5a old

of any 0orie o arnﬁceu icar y ac p|ent A

met hod of pr nting, tre iora nana r,hn a

ot ont 1 " HeRdouh G aesep S L N@gﬁirrmhsﬁgér%mw L SETPSE! 2

conposi tion of claim52. 54.A method for diagnosing or imaging a disease in
a patieqy W i hRRinkQBPREHIJAUT Bfimt @Rerein the BC loop comprises a sequence selected

from the group consisting of SEQ ID NOs: 97, 98, or 168.

41.  The multimeric scaffold of claim 38, wherein the DE loop comprises a sequence selected

from the group consisting of SEQ ID NOs: 102, 103, and 179.

42. The multimeric scaffold of claim 38, wherein the FG loop comprises a sequence selected

from the groups consisting of SEQ ID NOs: 106, 108, 109, 169, and 170.

43.  The multimeric scaffold of claim 38, wherein the BC loop comprises SEQ ID NO: 97, the

DE loop comprises SEQ ID NO: 179, and the FG loop comprises SEQ ID NO: 170.



WO 2011/ 130328PCT/ US2011/ 032188 117 55. A net hod of i nducing apoptosis in a
cell expressing TRAIL R2 conprising contacting the cell with the
reconbi nawo 20ul/303meri ¢ scaffold of any one of clains 1-#¢r/dS6oiThse21s®t hod of
claimb54, wherein said cancer is selecitd fromlung cancer, non-Hodgkin's

| ynphoma, ovarian cancer, colon cancer, colorectal cancer, pancreatic
cancer, and multiple nmyel oma. 57. The nmethod of cl|aim53, wherein said

met hod 4ur t hhe weliprarisssafiold of glaim daawhersr g yealifld comprisesi EQ Ha NP2 (90t

i mrunot her apy, biol ogi cal therapy, chenotherapy, radiation therapy, or
smal | nol ecll0d. drug therapy. 58.The nultineric scaffold of any one of the
preceding clainms, wherein said TRAIL R2 is human TRAIL R2. 59. The

mul tinmeric scaffold of clai 1-47, erein the.scaffold bhind L R2
and: (& ago?hez‘@git‘tnﬁéww{%ﬁlg?@ qné(c%fﬁpgi’,recf’%}lg r?fqlr‘iné’sw HEMD) ﬁ&?a?f&’-ll—gi%”{?ﬁ,&?f to
TRAIL R2 receptor, (c) facilitates TRAIL R2 receptor diner'zation or

ol i goner i zatTRAIL RAyedeptuceth anpdihinits (k) of éuM edleses or inhibits cel
viability, or (f) a conbination of activities (a), (b), (c), (d) and (e).
60. A nethod of altering an actjvity.in a TRAIL, R2 expressing cell .. o
conpri €iong ¢ ’fi’t%l%}(tﬁnﬁ’ﬁ‘ctsi‘féﬂﬁgl qu W't tb‘ﬁ?r‘“’? SAE C%p‘é’@?rﬁ“cmﬁg@?%f""f“cds o a
scaffold of any one of clains 1-47, wherein the nultinmeric scaffold binds
TRAI L R2 andtRAH) RAgensptos svithrra affepity (KR of 8@ pMosr legsh) ni mi cs t he bi nding of
TRAIL to TRAIL R2 receptor,

47, The multimeric scaffold of any of the preceding claims, wherein the scaffold binds to a

TRAIL R2 receptor with an affinity (K4) of 100 nM or less.

48.  An isolated nucleic acid molecule encoding the multimeric scaffold of any one of the

preceding claims.
49.  An expression vector comprising the nucleic acid of claim 48.
50. A host cell comprising the vector of claim 49.

51. A method of producing a recombinant multimeric scaffold comprising culturing the host
cell of claim 50 under conditions in which the multimeric scaffold encoded by the nucleic

acid molecule is expressed.

52. A composition comprising the recombinant multimeric scaffold of any one of claims 1-47

in a pharmaceutically acceptable excipient.

53. A method of preventing, treating, ameliorating, or managing cancer in a patient in need

thereof by administering an effective amount of a composition of claim 52.

54. A method for diagnosing or imaging a disease in a patient with the composition of claim

52.
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i nhi bits wel2b1wvized2sl ity, or (f) a conbination of activi tcewstayo3iy, (c),
(d), and (e). 61.The nmultimeric scaffolgyof claim23, wherein the PEGis
conjugated to the scaffold at the NNterm nus or the Cterm nus.

55. A method of inducing apoptosis in a cell expressing TRAIL R2 comprising contacting the

cell with the recombinant multimeric scaffold of any one of claims 1-47.

56. The method of claim 54, wherein said cancer is selected from lung cancer, non-Hodgkin’s
lymphoma, ovarian cancer, colon cancer, colorectal cancer, pancreatic cancer, and

multiple myeloma.

57. The method of claim 53, wherein said method further comprises an additional therapy,
wherein said therapy is immunotherapy, biological therapy, chemotherapy, radiation

therapy, or small molecule drug therapy.

58. The multimeric scaffold of any one of the preceding claims, wherein said TRAIL R2 is

human TRAIL R2.

59. The multimeric scaffold of claims 1-47, wherein the scaffold binds TRAIL R2 and:
(a) agonizes the TRAIL R2 receptor,
(b) mimics the binding of TRAIL to TRAIL R2 receptor,
(c) facilitates TRAIL R2 receptor dimerization or oligomerization,
(d) induces apoptosis,
(e) reduces or inhibits cell viability, or
(f) a combination of activities (a), (b), (c), (d) and (e).

60. A method of altering an activity in a TRAIL R2 expressing cell comprising contacting the
cell with the TRAIL R2 specific multimeric scaffold of any one of claims 1-47, wherein

the multimeric scaffold binds TRAIL R2 and:
(a) agonizes the TRAIL R2 receptor,

(b) mimics the binding of TRAIL to TRAIL R2 receptor,
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(¢) facilitates TRAIL R2 receptor dimerization or oligomerization,
(d) induces apoptosis, .

(e) reduces or inhibits cell viability, or

(f) a combination of activities (a), (b), (c), (d), and (e).

61. The multimeric scaffold of claim 23, wherein the PEG is conjugated to the scaffold at the

N-terminus or the C-terminus.



