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BRIEF SUMMARY OF THE INVENTION
[0004] The present invention is based in part on the observation by the present inventor that an
antibody, which specifically binds Dll4 and blocks DII4 binding to Notch receptors, is able to fully

1



[0006] In a second aspect, the invention features a nmethod of treating or
aneliorating a disease, disorder, or condition in which increasing the
nunber ofwolreg/weisss i s beneficial, conprising adm ni st @CITAH26E1/022810

t her apgiteverdh pyogrédsisi of\Expanmental mutomnrmmeclemupaglemyeﬁnst(eA&) puhicecin afimaeed
sease or, di sorder trea he i nvention

t her eof
is any ra?%éﬁgg“h”@ﬁ%v'w? SCISWOSEOWH':iet? B?I”thlu?Etﬂa/‘I% dB@?‘I@‘P‘i Qr‘?\ﬁI‘?EIAtE , i nproved,
amel i orFatrmdrmdarehIhbIprr@énomv@mtewmstcﬁ@bobyreﬁeﬁmmb effedtidf Bhfi-Dd aptibodgeict | on of

D14 activi.t i ncreasjn e nynber L Tr cells.in the treated
Sub; oo Assaitbo B IAE Bbreag5d BBk it SROT adfiion. AdegBeet biel fchisd
Ijl mbt ?dhét(hnl :fcm;/lalw e?tt]zso@j pl@U%rﬂI[s ANHbRe atiesea@e? ,g_llﬁgUQéII[eaél_e{I‘f_dwrésﬁr@sﬁhé agm@es

| apetes ne us an leunat ol ar ri n.s |sease,
GoodpadrEorshagRupticeana pit FovGRituty Eis pa sl maceliph B isgy
Hashi nairg' @cﬂbﬁ@c&@are atieastah phe, rh@du@t@bwyh@mneuopm Prega, irri tabl e bowel

syndro t hemat osus connective fissue disease, ast heni a
o) avi o Tonga1cTtS B\ AP oG <SR MReR meliost & EhtEatg TRov b e TPS.
pri mar y:ehs Idoafpysmg radhmﬁsttérmgsarﬂgﬂfe&)ﬂvé aspoekad @EDIMLdnwjoatslt Wea S@jédtirsneed

vascul i ranu o 05|s and the

r wel | or gan
B pitherRot, WHEET e DI aors: PRgsOe T a5 Raniaen Bl ard a BT Tedeptor
ant agorirgitthé aurlneemadeg 5e|rsh§:mﬁrgab@djs of the invention is a D14 antibody or
fragnme I eci fi [;ah,I"i/%bi nds DIl4

f " ti1 - " [ |
i o Hhedelih Breebnditpes. Biadevaion teaidien & BANS Pl B REANEIG AR ot or &
and/ or ddezeksdisdrgerDdddonition in &highacr@linyvay sumbBeofalied beidyis Eﬂé-tyeﬂ@(al

| ycl I al. hi h
Bt bodTsHis PR 2GR Bipe Lt EpereA A HRATT st Rl DThag 2Bt A PECk Rai n
ant i bodyeedater&ath Therdusiaasé babisdrder {r&AQ8E byme)metred‘@edlhmxennéme doly ldfseAbe,or

t bi ndi t th d he N-t |
Sgn%?ﬁndﬁdé@?rhﬁ O ey Bafag. o R eE AP AlsS SR eksior st e By
( resi duemoVAl/idhibdibr Jor relfucﬁd‘rEOfl‘IBIMearclﬂvlt‘yalheE&iy |dﬁ§§¢|ﬂﬂg {heasmintbee sf H2g-cerslin)the of

hDI | 4 (SE th 4 Ab anti bi.ndi
= - eI L e T S S RO T
about ajtaoirasiude dissassesudPasimNEpId scidausiy, diabptes M2diRudEBE 1(eﬁlﬂrtmm2 2),

D284- E3 do E360 2- E438
Caonar dhaymeomasthaid o pRe aaisaass, Cogiadu seybarorin CRnvs o5 codsh. Biiely HEkery ) b
2 WO ZyhdroaRAEHEITHAIGAODY disba8d OdibithiRic. thIommmpeImpahpmirstabteImwntl body
or antibog'yfr ment . ma blndaconfor ti.onal ito oIV|n nore t han
one. of VRAOES: ILBHE ENTRI I SHE e RPaNeoNE TBTICISER G, MY RSlEERRA 0@ Rer eof to be
Eseﬂ [ ][hatrctmaepsmﬂse:m\aq@is \IdIQhrisnp!érﬁ”bloQﬁl ahémizapalpingositis, brimaynglidnolhodk! 4 Wi t h

I gh afflnit

t ta f bout 1
nPor | bdehd sitoREouE Rk b Vaaiull. WESHakp SPrPa oSt o0 T e b o
| ess, atslds ck§én ﬁMs‘pIarIt@ectIoag aa@@wu—ltﬁo pMor |ess, as measur ed by surface

| 009 nb
Phar coftobEAdR RBEEmporaten, ed oM S Eap e tg%ﬁé@?@w RO R i e onis 2e
heavy diiri dntibodypbrefraginient tHeyeod ¢taati-MillAIARY of c{gM@ﬁﬂ) thh@@hﬂcmsam WAEDRGh

B e Aty S BincRE hie SalHs o, 8uaoS Bitch ekatire antief BiofXia byt el

chain \mrthvaé:yise The @intisodyLrbRde poIpgIchzs| rignddionae(nAlg hthimbed, mummbemra ari t y

et enatdIg & Hisodses ér@@m@CPtEZ@OQdTherCDR%eeI sy B0 BReR o ment

the DI IzhtibbdyoanfRapgeredt (Fabgs eof conprises the heavy and |ight chain CDR

0. 52 Rfid Brp e %%ﬁ%%ﬁ%ﬁ@ﬁ@q”% S A e T

conpr i siithgh theeN-gininal derhain Segidass 82pR 13EQol heNBIRISa@ratd/Lag-2¢DSh) ddrviin

cboai nittuer 14 B Ther e ST DSl PR IR s R er e, ol RER S "'

NO: 20/ 280 CREGN2BIHer embbdiodehi, 8hé IEQNI&Z)l)antldthduﬁ)c]md; flagraehiahéreefiodt arent s, t he

e e e U A

NO 14/ 146/ B252-D IB@@MM? y D28EQ3PD dN@IéiBB)C}(E/BQZ E860 &Eﬁhlh@ NQGQGMHBY (@Bmain

| B N R P gt Dl D F/ 6 Bl bep sty v % B

SEQ I D NO. 94/ 96/ 98, respectively; and SEQ I D NGO 102/ 104/ 106 and SEQ ID

NG 110/ 112/ 114, respectively. In another enbodinent, the Di14 Ab conprises
a HCVR conprising the amino acid sequence of SEQ ID NO 4, 36, 52, 68, 84,
or 100, or a LCVR conprising the am no acid sequence of SEQ ID NO 12, 44,
60, 76, 92, or 108 In yet anot her enbodi rrent the DII4 Ab conpri ses a

/I 1 N\ I~ 1 o A=~ 1 I~ 1~ ~ N R I~ ~\ N~ 1



[0015] In a fifth aspect, the invention features a pharnaceuti cal
conposition conprising a D14 antagonist, at |east one additional
t her apeutwo 2agéng46sand a pharmaceutical |y accept abl e carPcirars201i/022sme

enbodi medR). hnld érﬁbmmag@nuhétantuﬁoo@ dplahdbdly ffargnfernagmwbtndt&@drmfnambﬁél

specifical | y. binds to |4 wit haff|n|t neu
Settvi 190epd VRS s et ot ebngs cpaap iR agha DI B or agment
2011/ 09AdrebRoels2a i ine22&hedd o tmmv@fﬁndnh@ca;mum@fsmmﬁgaﬁm Bli4 with high

e, R =Y 5B i SR P oo EEG Eat Sboh & PR1G 45, Bho B0 P -

ki t COrr@ers abog saomm@aemrab@mrmmpm Boletd) @bpltarovashe bt lee€lor 2BOWEDI pM 6nless, t he
pr esent mventqé) acka e insert with an instruction for use. In one
enbodi ASAPeasyred iy ?H:{CaCEB m°§é ®"P8FR%-ai ner conprising therein an antibody

or fraquoeog] Ihbeasenfootingint ape Dil4 ABar frdgendBerebl dohpritadbheave oiidiatible

conpri sin n at Ieat one additional therapeutic agent de ed
above. T @8&&*1'18%@%%3"& teclvR G cagR e gl BN g o e FOCL
revi ew HEDRPané HOBDRR) hdahgrtrhee@tnm%@rd s@buerﬁbesBIRBEE) IDESOBI 23 129N naF6THE

FI GURES [0018] Fig. 1A-1B.s he effects of DIl ockade. on
devel odﬁé‘?ﬂd'@'y-Tf”%O%?réﬂﬁ’o ”Leé‘ |ige aﬂﬁ@ey%ﬁ%gmﬁntétﬁrsaf %’TIFH'S%?H'Q@H‘&'”
ant i bodpriIREEEIG )LDVR)@RpFiging w@amgtﬁ@hérna@ﬁmtmérhﬁq) defeardinirgaagiday,s | ater,

EC?%WE%@@%@%M@%& B S BBl NCSORbIE HUgHh | ve

thym c rpsgetvspr B avfothelahrm)oodi@%faﬁmana( Aalmbrregrpeﬁtt ther‘eef cthtM:ms@s [Hegifasvg @ng or

o CudSEH COR ARSI CarBos b0 2 O ES BN B RGBT STl 50 THNOS BBt < i n

t he dotzr?otaot& ARPB4sienet assteaHnageiiméiens DII$|:_QMco®rfprl'£e§e|HC\EUb@ﬁpmd|@ thens
anong the tot

| hym | . iq. - Hi h h
S Bine Apd senodnert SEGHD NREaeie. ¢ LOPA ShanS o e g Begc e s )
[0019] JFiSEQ RANRRSsErowst heyatfdnetics embodieht, lheoDhade compBsezed HCYaVed \WRMEnt al

(Frg. . saporhien ALRGErR NorpRatREENsed e PR BEoN Eant ages (mean SEM

of B cququbseuttan @mgm’am e Bil4 Aebbmpngestmemham\@m1/CmFQm;lBresl. GC.

Ge I B I'ls;
oot e obiell cBBAs PR car iR ko LRESER b o714
bl oc kadeaows/dﬁam SEQADawb114(1BG)8, Et%bed:tNEWBSEQ IBn@p SSAD/QCEndFEEmﬂEDShOW t he

P18 Bl SaAA B! DN G e o PRl ARSI

Nunber SDlmodonzxﬂMrﬁi SEQDIENTS/80/82 a8 pduEl B EQES I\(OT&@!88/965M1 StE‘Q [DCs anong

DG ex HSPSR 9 eegly ke SEonp o ARy PaABRanFRE BNgdBReedan: o ™

t r eat edespeetvdlf) In driother 3@boBiaienp|toé BIIS AbwoinbeseS 4 BICVR edmddising tA® amingoddid DCs

MHCI I 1 OCD1L 1 Sir | at CD11 th
Namber Seieg ol sesy 10 RO 5854, 6B e g dBp o e A plaas, o0 ahs o s
anong tsehaéncealfISEGID Nam 2144, 66,96, Sor D08. Pl vt anstheverhbedipests tiedsl4afb

PO s S B i e ST SRR b R T P kaRgn T

t r eat edNOI36RI4HRECN290Y; HECAID NDBHIED (REGNSEE); PEQHD NEp8/F6 ¢REGABE9RGEQIDTber

o, R R E08 SRR Rt el pop ol on o ey .

bl ockadeoot] THeenudrioeti® pegrehcad endatiing-thdsimird aid ﬁquamesaafISEQ ID'R@$a4,iBNBO

coig, 110 2t B Pt ke i P BT PR okt b 48 TRED 088 P os:

m ce tr@aseobmsma)|7b47M4( ¥6,018, BGcszcemtseglssﬁ@n (60) 94,[98022]106| 902,908ht0es t he

A R Y e e AR e

t r eat ecdk3pes 7, QQIS"DQBQBB]TSWQBQ/NH 49)45, av, 43, b4, 7%y 56) 5TYEH0e6 1Es3S 85,687, BY, 71,

enzyre- ) Dker LIHNGRoRoen! B, (L LM, Jh0OF 4 f 97O\ ahae e s Legts

honmeostgi espéctiely4001 N m ce containing a tanoxif en-inducible Oe

reconbi nase construct, CreERT2. Nunbers in dot plots represent average
percentages (mean SEM of B cells and both pDCs and cDCs anpong total cells
in the thynus. 3




[0024] Fig. 7A-7C show the effects of DI 14 bl ockade/ del etion on Treg
honmeostasis. Fig. 7A: Dot plots show an expansion of Tregs within the
thynus ofwoizes/mussat ed with D114-Ab for two weeks, conpRCedseei1/o22s¢0t r eat ed

vvl t h hHootZ)Nh aabthAbembbdivents tHelDIdOént@éd?ﬁﬁ ué@cpé %metmeawwsag%qomvmmh aeg@s

th
oo s RPN e Bre A AClpash oBg SAbE N facePar Priaariont Hssee Sadle pFang
rs1 I|th een k%lh(ﬁff@%@?%%ﬁd)to _arrﬁlﬂt;rﬂéiﬂzm’%bc}’rrpcfﬁent Em dﬂib%ﬂdd&ﬁérﬁdhéﬂs?lh_ﬁ)_lémlo@fclﬂbt ﬁ ) and
C contro . . 1 d. . 0 SNOW an ex on o re W I N
The C Y RERPaTie ok Ateht: ot Sl Rara et T boriRe R i aaogh SR o
cont r olinyAnkid® ¥l ANmbtifiad ©u4 prdtéin et is &idabl@Qﬂbrn@ling thl Mo&hSetdptsis) bt gm

t t + T |1
| b B SodT i Bt &S St TE sReoo b Ot T SR f Rk DIte o DC
(Fig. ?a‘h)a it o1 10g m/érrms‘easrugonﬁ Ercgem 8&)npn§1ng e dxivroalvilp domameof®iR02 2SI NQ

human II4 hDI 1 erved at an fter D114-
t r eat nEfY @ﬁ %g_ﬁf 30 ?rwwergﬂ%ﬁmwsa% a3 " IRYPRPe Ok’g’\ﬁPEgg\lf%Blgr YPeek
for 2 veakplsaaad F%tdodﬁaYn &% &t Igtheneersiatantiddiherits, gied DRNAntadbhidieirklide dot

| ot nt EM . of pDCs d cDCs (Fi 8A
b Tt e gecu e s e 0ok HeNeR i B8] Fi g, on 98 show
the ef f[e013] Inta third dspelcn eheniel @erition et RENEALD ALrelemimg @r Fiiveplgalnonyel i tis

(70 paou B keouyienn of 1 GO g TR KSR o TSR oS SRMEnT 2ot * EAE

based aubpr¢eEwRER pﬂe@igmd%eeumptﬁ & &ﬁ@éﬂ@rdpmdgatﬁemtebsea@rtdusd?&éﬂcd\hpmm??)
e cont naduct |

duct. | Ab
Per 1 AR o g SRS £ GDRb oA RSV ATE0 s as bl Rraoprst o 2eatedy.
10 S hOV@ndeﬁﬁn@rftf méﬁrﬁ/eﬁﬁorﬂuhﬂerﬂba’@Mn@moUlﬁ brevanthd cb'rhdecruqmgml peddisiny bhari he

nodes, of vel s of Ny (right
panel ) 99t HRNS F?J‘?Fgaﬁé’r gg”@m% G %EPPFE%?P@EQ\MOH‘F’BF'PQ el ’t'ﬁqerdﬂg fiFc
cont r ol préhy(d2licailgretfebi@sinicmht ona 08y anthgosistdo Ik feyipkent 6&fore Md/or after the
2011/ 094465PCT/.US2011/ 022810 [0028] Fig. 11A-11E show the effects of D14
Ab in d"AERRBHST di abetic model. Fig. 11A shows the % di abetes i ncidence
(two cqoeefluh la\»feurtre@siieag ﬂw&ﬁvéﬂtlemﬂeeglh re€ @grethey of pravgiay, trdaing 3bametidreling
anong the cei ved r hFC c

( REGNPF) “??"T‘”H{”e ?ﬁ@éﬁ?rglﬁo%ﬂﬁé °r‘?HQr%”dfaé‘BB'FBLreleﬁEé’B&HE‘Q”SFQ?P%“si?rt“@ t hat

had beao atsrue@bteld néet thdrést dol dfidciie @anelirt gba ey antagynistin ecmeﬁhawnrt wittPgel Ab at
P061 i s.an anti CD25 anti and deBIete

20 weeks, i.s % 0 sqgwn %ﬁgf ¥
Treg cefddliongtierapqiic Y FEAMREs A7 LVDHROSYPPESFa agen a?ﬁ TMPRLPPIFssan
aut oantanlﬁoman(rﬁatomeantana@bsibagem laleodigtde@sﬁlbmwgaa@rﬁ@e &G0, insulin

toantib d ted hE
o o 2o anafiied ol e e R e By B b oG te arayic eieetS AL
pancr eadriocheis estitans ingh@iodeppretssdntd ol wedlin Borabidafiyswith (hEddx aptagselst m ce

t ted with I hF trol i gh ).

b £ ovee A ke aF Ui, SRRebeRice. PeiERE e b atea RGP 6 ERFSS

i nfiltrtadrongus;elrblimud, falaatmobhuee insdredptopurpel onﬂald§|r’)lycoﬁhgnoléiépl'lﬂmmlr‘tghe
Nncr ea

nunber of. pancr atlc i.sl | eft nel r % nfiltrate
T Tor s Aot SUsh et 51t aB e rar it A BB e e P e B liteg g e
Ab- treedaednc(rhydn @ethr&aygunebliﬁutsdnmO,b%oﬁfyamgmﬂhnamybinoa@b theugesantibedies i n

m ce treat at the onse c control
(0 ¢ ovadelits plpuideasrSih St Antsgen A atiodeb dodhedes Botor o
the pr @ﬁtablermﬁtuhm@rmrﬁategc@ats drexbr dntlgiesicé corbembmdamm@mﬂnéshmth arhnlmd
invention is. not I, m to rticu ndi ti ons
doser iBIRooRst et Rt bof Her ey R oy BEL NFAIRS) o6

under stazpiiint baprofeme nhgrorémahd lius eTNmaradtagohistst Hr1 tahteg@rustpplaes aftagonists,
descri bin articul ar enbodi pents only, and is not intended to be limting,
si nce t%&%’ﬁ%‘é‘%fmﬂ%‘ NOFUTEHgS . ARG BTN wi 11 be limted onl y by the
alppende[dotﬁ]ah laimfth[a@ﬁé@] thAsnveatish featurdy & plsaaﬁ(acémttbat tampasitidntdompeising adzie

Cl al ns

(i co THRERBHCE S Lo ponL arBevls BT iua0d® rrilSasifiol Aefraal tarer

r ef er erle@né enibadimeniiabé Dilhahtagesistdse D Aosrdrageicnotherech titht epe@ftoeu),sbmﬁs tohe
Y0P oo AR Pl ol Lokt RGO R Rl oL S pel A

otherwise, all technical and scientificdterns used herein have the sane
meani ng as commonly understood by one of ordinary skill in the art to which
this invention belongs. Al though any nethods and materials simlar or

equi val ent to those described herein can be used in the practice or testing
of the present invention, the preferred methods and materials are now



proteins conprising the extracellular domain of D14 fused to a

mul timerizing conponent, or fragnments thereof (see for exanple, US patent

publ i cat w0 20090944806/ 0134121 and 2008/ 0107648), pepti desTarsdopopasibodi es

(see leén)eéfaﬁ’é||rﬁmuh&l@@f&@éntﬁﬁantiﬂmﬂa?ﬁnétﬁﬂbageﬁmadahélgeéié:dsgluc%é Rvehh@ck the
nteraction becﬁ] eig n‘% g a Notch receptor. Thus, in certain

enbodl RGNS, apd e lisp resrdPdaloyfpasses ant agoni sts, such as smal |

ol ecul[ee1s]aﬁfalsb@|dag@corth@m/emm fbatmi:jswin‘croam‘em@ﬁa ¢drediegrfconfrging fitee | 1 ke,

t hat sp%m ficall rece anti Not chl anti baodie

ant | - NTEHECE P GATBEsIa & e BiFBY BactBh ek peaage GHAT By Sctonesa)
The teryse” arlﬂblhéléldbodlm@ﬁt uSﬁdné}ecfcfmmtselaScdn[Elm(iemthn@ @feesintan antbadyagl obul i n

nol ecul.es co of four pol halns two heav |ns and
Po | | iAo M fhst praicebhRos B Praiher i et RIS S ARG oL MR n | s
corrprl m.t.@ﬁa|ahé@pym.ccdg@hmeeanb@bé@v@eg| on (abbreviated herein as HCVR or

hal n _c tant r The heavy chain constant region
e comiB Y SR B0 REoeEa] BRUE PR MO Ie RGN ABR s
conpr i skehileli dasdripibh. chai n vari abl e regi on (abbreviated herein as LCVR or
VI) and a light chain constant region. The light chain constant region is
conpri sed of one domain, CL. The VH and VI _ regions can be further

subdi vi ded i nto regi ons OBRIBRPESERIRTION OF THEFIGIRES DI errent arity

conser T FiGTLATTR iy el eGP TRE eseteiad e Jrrelianeit o FeSIsoaoea eefor

three @ﬁ)@éw@f@lm]‘&wrd wifRsantieDii4agieddy (mmmn@rbemtmllnumathm@h@wchFe m nus

th || d FR4. 34]
ot hoad GHASE HErRRABI TR deRE g TEHGT I R ho R0k WEHA Srered v ighaci o
sequenaymonedtsy. KFMGWA: Dot $iéts 3hbw ansingralberlag CEARE D& dddubld d@ﬁtwé yhyRlRs wi t hi n

the specified H no.aci d sequences di he

Comven oS B o S G (G BB By e Pl oot o DPor L0 Bl e ¢ he

Kabat oteﬁglalpioemme tyheic Gleet3bm ateSPT)j AndDIN/GIv Cbes Atnyhriteprebirsbierat tHeDN 1
Kabat defjnifion is based nce valrd t he

|t bilit
SOt e it el oFng BUgbeS T IR don 801 Battan R mass 5 arM gty ons.
and t hesubpdpuigtioingiatiody theStoaalmmmé eénsseta@eltBNeHi@tdgFamé@w th@rpéréammd@l fnean

approach e Kabat nces of P S . nol o ical
PP er act SO K FalidPoaors ERE00 DGR Th R ct st HO G G EEB8 1) Al Fazi kan
etal ., [001NtRig. 2A-2B. shBW&hQBfTec%l& B)Iﬂég&c'n’dkada@d B\abélltdeirelebmlental §ages inNBé bone

Acad. S 86:.9268- 9 1989 dat bl f
cad.. ki B, IAABLR 4y bomeodesiitthe SasST BRaaD s ke PrierSH g 8hne o'
nor e Cvts espreseat porceniay8s (nearot SENE 0DB c@lbé@os@%nmg thk setalpedis ilbahe

e COARSTRNOHE HEhe R TR BB T i GELAH Bl el §7°
9: 133- 1393; aanﬂeﬂoym.cmaesqy@ng act regqi ons bet ween anti bodi es and their

about - dReegl G g0l ir Bledt tEol naciaHRal Bhoulve) BEFpoRR T Rl o

Padl an 3A:sDof mote dhowitye @rvahaodloe&nvenmacbcwems 1BR20TDRs| Gpghdho am no

d t it ,ant i Y Vaj. d t Bi ol
a0 ool Bl LR G REBR00 8150, el 05 Sl .o 2002 b N0l B
cont af:tmmgoeastn gﬁ®lm%mp2?ehdwa§: ;@eicéma%t man[%m{sf B%sldmeﬁg (dtarcells at f
exa e resiau - | alr e n lre m r eqgi on (0]
abar G g P B edirravanakmells darbtnd Skt heihsing 1 fyLStP
enpi ri a3l Ab-tréted nﬁml’rarfdaﬂqccbbﬁ(rﬁbtrédﬂéﬂ mw‘e (5. #1g.18CeMotiglots Shais thal éfﬁécts
substituted with an am no aci d occup (rg @ correspondi ggl O%It on

anot herof flifdyp arrrretifer, (MidGUIEHE coPDd 1s@8d date §lr: RCs dMERICED ! 145dsJFt i ons
for subgt MyH{u'SO'Nu\MI:;erﬂé ﬁ‘! o@%t%ﬁre@@hf@e@é‘de%ré&taﬁé@?h’ebh’tF%E?\ﬁ)rbf@rcs—@@e

sel ected enpiricall npirical substitutions can be conservative o
P@éh’ﬁ)asses

non- cor?é'@,‘?r\gdf)tal/@e@lﬂﬁgﬁ‘)’ﬂﬁt Figa8D: [%@stm@rﬁm@@ﬁ@pb%@“ *gPdéce
ant i bodhepNIEDAL 58 @Bdh*fdt% quawlpabul%rﬂﬁttﬁ@fhpmug Bt FRERRR] WRRDIPNS,
nodi fication to renove undesirable glycosylation Sites may be useful, or
e.g., rimbuhnotd the thyreesel mise degted withihiccs ol | Ngalerg dpeeiduieis reRspsant ar

cyt of oxiveidgs AABEEmEAINE SERI) of HRRIBICRH 8" SleAmod 2R brol BEoR BEAATAR: da 1

ot her :fpl iIcations, renoval "of Nglycosylation site may reduce unde5| rabl e

i mrune T-eactions against the therapeutic antibodies, or increase affinities
of the antibodies. In yet other applicadiions, nodi fi cation of

gal actosyl ati on can be made in order to nodi fy conpl enent dependent
cytotoxicity (CDC). [0038] The term "antigen-binding fragnent” of an

anti body (or sinply "anti body fragnent”), as used herein, refers to one or
nore fragnents of an antibody that retain the ability to specifically bind




[0041] As with full antibody nol ecul es, antigen-binding fragnents nmay be
nonospecific or nultispecific (e.g., bispecific). A nultispecific

ant i gen- bwoadongdi4eagnent of an anti body will typically e®cwrSeeia/021810 east
two di floe2HrRigyvashewy me@cfgaldmmNmekaierbrem@hievabbmbhteafdﬁraathhmlcsanembée of

speci fi 1y bindin e te antigen or to a d |to nthe
s arlté fedhoe ity ithed e DR RRCH A REAI0E Fofas g 5 G rebert

the cortmsd.1Qin adriethédllg Merdinbdithgnitalgareeienet it GDUS. Doyt mfcettﬂeate@r\@ﬂﬁnt
|nvent| on ysipng routine t%ﬁhnl gues available in the art. [0042] The term

" hunan RltAbIyer hFgcope@f\héflein, is intended to include antibodies having
vari ab'[ﬁoﬂi]%ﬁ?%&wthé%%&%? I:)‘H:?"o|o\éF?é\’ge]c 6rP§ErUMrT§YéI£ r('i‘éff ReMLETHNaKepbul 1 N

sequences. The he | nventi on i nclude am no_aci d residues

not enciRkineyYvaivaden Djedenelapananimbeivg eBbi Iﬂv%%qfueh@e@tre@te@ hat H@at@ﬂs
trod

it a1 R eypd BHRMAGTCT,dr B PO o REROG Ty R I A Pirs SRS

t he terasséyt(E‘aisA)antl body as used herein, is not intended to include mAbs

o oS MERES e AREY BF kB SPGB aBRE o e,

The fuldng- Dmnameasttas;ls D1LDUL 400 Nooide esnidingg) @ aetbxiien-gidocibieyCreosammiseasene or

o AR AR NP ARG b i R T S B ksl v
conpar extllis and bmh@@m@mﬁ@mg&*mtalnellasemtembmss Such nutations can be

Lo ger PR8I ATE SO IATRRG o pRHBR:08 Rk s BT T Fe e, 008 S ence

dat abadest plothehqw as emansmme:fnfl' reys withirl the alsynaud ofbnoidée tmateeirmdtha[htlmhltgtettmr bwadi ng

o ool P e MIPER 1Baka B i ton AR MuRhe S IF oIS et g E0¢ °°
f ranemmekcmtayeer(m@mﬁ{ﬂ%@ﬂ)mié' regseammﬂga@@d*&[ﬂﬂ*ﬂheellem thedipomual. rl@grEB: 8ae(s) of

t he ger e h the b riwved, the
cor r sosbIT Rorals Areres S re bR RIVEES (PR bEle B sees Brk
conser \mheweeamemoelamfm6MQettrdawd with Dil4 Ah(almmd eBpeardiondb ¢gey.nFign2C: Dot
reS| dues(s) (such se uence chan%m? are referred to herein collectively as

" ger i IRIRS APAEN GrEantion el TesatTin thethrmis §f QRIAGOINTEseaied wBamPrIh wi t h
the hegrynvprébmp-eed toQibﬁtrBl MaOTNerdaRe With &?A 4R B6MFol dNBRIbeRSH dBepieisn. can
easi |y produce nunerous anti bod| es and 10 WO 2 r}%)[1)';/:09%}%5PCT/ US2011/ 022810
ant i gerfCRERBALRYCA0GHRETINLORR (BRI & M) TH08 a5rongdrds Vi g e tmmyse

back- m[b@%]q?l M—SBCﬁﬁBwrtﬁé bffélss bihlBIMBélbckab@ o2l [ |Q m@@lm@hﬁmea&tbs@f the
framework a CDR resi dues within the

? VH @P(rj‘r'f‘ domai ns ar ewg}t
back tdFtQhéB &tﬁady@beoqtﬂacct BRIERSING iynamblig ]?@eé‘@ﬁlﬁéﬁé@?%% teh the
ant i bodyqwas (REcNY2g trehfindht lzlﬁ an%‘%?@ HBMRY or HF! tbéattﬁérttqs mgr/tege)l iR R ek
mut at ed back to the ori %I nal }hgcegsl ne sequence, %r only the nutated
t

resi duder ¢ WERIE M Hidy chefter aion 96 Irgeimest. o'NU”F' Sdp d% RIPfs Ferreeentast 8

am no @e%ecﬁer@ﬂfage@mgaﬂtﬁgm dNpDEsethd BT AWRE AP dnTrays t(Fi nSQQEﬂaon&DRZ or
) eg rrbodl nments, one or nore of the framework and/ or

r esi dué?@f ! ttBX'B‘dF to the corresponding residue(s) of a di ffer ent

germ i r[eozsqqugrme-g(alsh@w thé@ eB&dtsTbi DIeY @@@t@aawaptmndnw AutdimreAe fromthe
i body_was or i derlved

germi quence ich th a i na

Furt heﬂ%&e héi?’ﬁtée'ﬁ'ﬁt(ﬁ?g%bmegseomogﬂe ig-Sdenthg 9{9%{5'9%’\‘? '%éé dis5ABRING d&ﬂ%

combi nahiegNuPhet thénf@?b@p gE‘ngrTanET hBWr@3H shasvsWhé Béveldpheert bARRR®aKedBSl/ Or
CDR regi ons, wherein certain in ﬁﬁ‘a/k g@gﬁgﬁ are nutated to the
Cor r es PORTERGISa05 ERES-of oA el prasu iy e Aty BE-PREPONH ) ai

ot her rigsy tlonAb peH-hbigdtioh(®MREEN Y7 (sNALUSRNTIA ) NEr SRS ALAPE/2) pre-

mai nt ai ne or are nutated to the correspondi ng resi due of a different

germ i n@d@éqrmé-ﬁce Once obtai ned, antibodi es and anti gen-bi nding fragnents
Lhat COBbBNTEN Glowithe oASLLb! B BHLALEAATL S22 I=RaRrddck B At [Bforone O

nor e d S|r roperty suc nprove b|n ing specificity, Incr
bi ndi nghoak$ bhEAEz mlcerpTha/Iedelebf tb.ﬂ‘rVa(ﬂEfe;mhr@t)tagdlﬁNs/t right@anely orths tyingohnanles gf cal

propertd t he cas ) educed i en|C|t et.c

Pra” antAT Aty iRy DFRR W broGF Rt ab Mt Beicheri o ab iy (Fend by
enconpaggeA. Wi thin the present invention. [0044] The present invention also
i ncl udes anti-D114 anti bodi es conprising variants of any of the HCVR LCVR
and/ or CDR am no aci d sequences di scl os&d herein having one or nore
conservative substitutions. For exanple, the present invention includes
anti-D114 anti bodi es having HCVR, LCVR, and/or CDR am no acid sequences
with, e.g., 10 or fewer, 8 or fewer, 6 or fewer, 4 or fewer, 2 or 1,
conservatlve antno aC|d substltutlon(s) relatlve to any of the HCVR LCVR

NN 1 17N I~



[0048] The term "high affinity” antibody refers to those antibodi es that
bind Dil4 with a KD of about 1 nMor |ess, about 500 pMor |ess, about 400
pM or | eswp 2000019846300 pM or | ess, about 200 pM or | ess, POT/isR@u022800 pM or

| ess, qoo2IFiy. DIA-PME ehow EfSeffedts dTERIZ LA afNOIlmﬁch%@Qildﬁe% rodel. ERigNEIrCe,

e. A olution-affinity ELI SA. 4 term

o gsmrﬁhpm%éﬁabe%%%ﬁa@%wn . Poisbp e Teadibon il Has Quiosp b RERE hat

al I ows d50rmé/bE) @chy/ i mié tHatdcelvbdRithdraFIESIntroFA [é)&)r a6t DNA ALREENSFTS | on
of alterations in protein concentrations within a biosensor matrix, for

exanpl dmyaf %ye@wf@gﬁc@:ee‘rfw'@pgtpéquaﬁaﬁe iiiMeaMiBe s had Peampirealpp ih éhe Blteden
d Pis t f
that | S ipatsellett) ettt lin 081 A6 M20RRckRTaIpd Shdr 39 POGT AeAE R Bt 9°1
functi de23 amilt‘mdy Rothdepletes tTdﬁge@e”ar Eigydil Brahibivg the medsisement byl ISA o aniir al
t i t
oF 't he 1oy PuRRNBLddIAE b8 SRR P ALicHdcBRbIVRGERS [0 R08) e o T X
of non-grodeabnini M@Dmc@lseatb@ witk DilaiAD erhFediontsli Som@Edved wperareated wm&p@e

So11) oeliBished lan 16 r605RRE i dis SeHIAR A i Bwaliifuin 20 EgnHSE) ol

sugar sM(dl ngibetrested piith TR Aoy (lefigsamied Br hBe conttd] (Jfg\hlt paiedu Blackedrebwd indicgtet ai n

enbodi nent cific three- n ctural . .

Char act B us! Ganc At S ERCL v ie R s g deatioe el WU R gt ¢ighkpaned
typi calRiy. 11 smsRSthathum®asdf pancRatc RS (1615 p@idYor %8f infiatedpa@Eredtid Bledgn no
aC| ds in a unique spatial conformation. [0051] The term"treatnent" or

"t r eat "(righidanskin the panereas of hirix comtrebtreaie JIHrAlpiresag (Me mics. (ng 11E
prevent r e -G

S} ccrd ol e BhghS F ARE ol AR B roHko) S0 b hSG TR S RN E R
parti cluAafe) cohEd cordm) (dj ewer d@daps aftirdeabeatnient. al so t hose who are

predi sposed or susceptible to devel opi ng such a condition, disorder or

di sease and are benefited by prophylactic procedures so that the
occurrences or recurrences, orDEﬁAIWQES@ﬁIB‘HONf it occurs, of such a
condi ti r.di e ! [
cond! | BB KapIGE ptect AR A= EEER s BB PR i B
anount "limitegrio paritaeat inetotly, amidfexpetimentanmunditions desctibéd, exstsucle nethmastahdi s
meant t i

adm ni s Qﬁa@gwﬁ]ﬁéog&a% 8%%@3(?]?&@“‘3?%2@8%3%&% t%ﬁh'nglgé¥ ﬂ@éocll?er hy %forf[hreeat nment,
t he agqauw@etdhelesurbmgqfarmumutemb@tim'nmomyi antdhsenotomxaedeﬂ toehtrhnmtlr&g Isance dmg and

teohni et PEEPresRPinfE M BF By HuBBy vieeafted Sais 2" and " Teshnol ooy
of Phar[083@¢juis esed iICinpspetdicatipn a@herapper[@dmianps; tba s[n@OFéB]orﬁihéa pfams,eamd
i nventi. “4HL *n%lu%@% %I' gfepéa}{cgs Eleggf‘he ﬂpéxpgga(j] %t er o? %’ﬁug or%%%r%plgy a

Dl14-specitic a resu I'n t e 1ncre
whi ch, d mefdéranae toga mwmd§ inciusigda ©es or morejmleﬁy)sls,aar';dmygmssuf the t@pe ederibed

di ab ) :
0, b S B B PSR B Kol BRI S0cgd b
2008/ O MigTBureTher apeuti ¢ Admi ni stration and Formul ations [0054] The present
e B LS REA DR BL AEEIL] 8% s AL 9o TR DAL RO glmo
benef i agnedningasgommbnly uademtmodﬂoerunag)f ardirfagy alpldammttheartltgfwefchelmsmwenhnmunt of
h
o3 TR AL A4l OB SRTBHERARY Pt SphPTa ke sBHEBBRART L e,
corrpr i mncmmsed mrtbweepradldelor tmstihg ofhibe apmeni |ove1g|enttbe psaieﬂnechmethods and

TTUTCSHRBEES SR BERL B8 bR At QUSRI MRS IR, O oo

t her apefaterenoeomrﬁtemetnhmms in accordance with the invention can be

adm ni stered vm th suitable carriers, excipients, and other agents that are

i ncor pgy to fornmulations to provide inproved transfer, delivery,

t ol erance the like. A nmultitude of appropriate fornulations can be

f ound |[ﬂ0321eTHedemnml Rikyariagonists” oasaliseddteneinpiodudé getibodies o Bil4 andéragmenten’ s

Phar ma T,
gﬁé‘rreb&ae{pa% be%?mg Maecl!ﬁng rlglof iy V\ﬁga @@H%t&?ﬂcﬂ%@ NI h1 ggf'ﬁ?tggdj)

formul ations 1 nc Ol nt nmen
waxes, asidlas bldckipg d¥l4-Natehi dgnal\oamyﬁ W%PWU@ZWQZW@W) fUSiOﬂ
7



(cationic or anionic) containing vesicles (such as LI POFECTI NTn), DNA

conj ugat es, anhydrous absorption pastes, oil-in-water and water-in-oil

enul si onswoenu/®i4ns car bowax (pol yethyl ene glycols of wamiusesi1eedsecul ar

wei ght rotefeBompaibing tieed:8racalifbarHomairsef DIM fUted trepulimRlisihg cogpeasriaamax. See

o0 e oSSR b SEh B SR Feb PRGEOLSLRL 4 ™ = o1

adm ni s2008101107648, psdwd@ep@mﬁ pémbbcreets‘e@ptor \éﬁardﬂéeusqbatelhEn@Smmm arditheal |y
froml S vitr | at ed i n. ani nal

model s 6 Wit Bo8 = imeRianSh Prlregn rlamnd 2N Rargirt hat Mferdifos. the 1 cso

as det eymbodiitlents, thekdrmcakd Md@mp‘é@ﬁs arlégonisid, isath agmbmmmdletsomm@es or
i n. hupans. lnl es can al so be

accurately deterni.ne useful dpse i al  dos

oot | b BANg FROTE Edhereop aga tha el suseialy Gy ﬁ'atﬁewmt%aé%gt REY are

wel | Knoeh 1 antibb@iedr dnti- r@tehmarvubaguegr@ic maﬁdbﬁakk DII4-l\rcbtdhi'l§i?gr%ll pate@dysl readily
im hu based on ose nay

ooy BRI Bk ARt S Koo JuSTe0ge T B i BRIooah Bgo e f Ao

ar ea) Qfonﬁ‘JrlSQ@bH@Ur p@yd@@tua@laﬂmw&m Reavyt (B gﬁémsiaﬁ@mﬂ;ghcm)@hém@nﬁer route of

adm ni stration k r system c adninis tion D4 .
o hoorroanectd by ARine Brads: Tash Mopho it ISHIUIPECS BUh Ean HeeAREabIE KeRian { or
l nt r ave{abbrévuatémmr@h B&HOWR ar e, ainda k| ¥halesengintabgion (€ 01’ht3 GealosHainl 00

ko “Gegeiglsiondn a@n@rPoﬁrﬂf%ré% HSmAgs, Con B Bua EedR it sBa R ot ot or cd.

a';) abozﬁggﬂonﬁgd ba R0 dhaif QQridile r@&ﬂﬂ@ab&@vﬁﬂadfﬁbr@b%&ﬁﬂ@om aﬁ@@lﬁght?c@wan‘g to
about or.a

b 30 t bout 300
200 he s PBLED B E Ne PR B At O o pormbisaare! 285 AgPair: Capolt Vsdn
itl;gut FegioBé ban beheter dUbdiviaydthto ré@omﬁ oflk%eﬁighaﬁmty abodd dcﬁﬂol@i’géﬂilfa?tyabOUt
I NMes er
ioo. ™ dRsraiintegins R nepoman it 120 pHg %L?rermﬂ&ewonﬁ%q e vt e
ant i bodigseviak rég@onsr(Fm akhoh wdamd siseorovédiof thideaBROESd fody ERE) @fanged

oL v PRl UG RSRS AT nen 0 o i 95 v

conposiChRB, aid RAe i nvention, e.g., encapsulation in |iposones,

ot Ol Ganod A0SR Iggﬁtﬁwae,?@% iy BSRPaY O aRIRASS  1857)
J. Bi olseq@mms azﬁggeffﬁza?—mﬁr??gﬂu NE'E bi@grﬁplﬁa:‘d r:? Pdnﬂﬂlmmﬁwlth|ﬁQH13J§1@C|f|lédtl—|GiJ‘|% not

| ted t t
Subeu: e CVH ARER Tk sealbh G RIsah netdlt | GRREN IO Bar el el 00 zsf?hwy be

admi ni shebelgwdaygaaycoaewm#@nhe Kabétﬁjeff]lﬁmm etb(@@ﬁbmudndefmmf)usamrembwbl us
|nject sorption tnr Jthellal or nmucocut aneo | NI

or i 0o BraaePaLisamer e RePuTellin s Bassiom SegHE oraip BRIl ATERY e

t oget hezrefmmbdlﬂ istidzed oglthJéBmggrml deheiﬂtuCMﬁala@wlﬁe@loné\déﬁd'thé ApRE deﬁgut@alre de
systenlc or ocC ceutic osi t on C, e a S

Surl v o DahromBs Bebraandne kabdar bR SR dse RER 2ok B MRapgudp sci ence
249: 152:7r0tbg&3)f Irhin@ablogicall Intetekd 8Batidrial lnspmsesrffme(anhtm&haémar ®Ay(1961); Af-ect i ous
D sease an ncer pp.
b Sea- K Moot Mg BT 27ERE7 S I B3 AnEip S Efﬁfe%i’#f%%%cy Uy Pho
2011/ 0%bEHRON 7092060 / Q:H,%Bdﬂat[aﬁﬁﬁ&] aré alsoeivhitdbe B idgatifymgCDR Beguences

phar rracehlm)cal fp[oneOSi tion can be delivered in a controlled rel ease system

In one ‘¥ a punp may be used (see Langer, supra; Sefton (1987) CRC
Crit. Ft6035]3lm§ENtlorEﬂf§pneM n2é+é)CDR remr@ts ltber)mwmmd:lf Rabr mped &DBBI|§aIl§@t erials

W e ( AfsSple. bptEs hé apreh s e g v s mapEh 2k of R CORE"™
enbodi reantbe dispe0Béd @lith &‘ﬁl birelirea sfeadtarsétein (¢995 BESEB dced33-n3Pranalyred theof the

conposition's tar t hu uir a fractio t he em ¢ _dose

(see. ” ot Ggicis Satieeh HERTES bR aRlqess RO R YA SUUE U Supr o

\éol 2 ar'ldr.’conélwedlfh&t orilﬁaléc)ut on@GieiP ko El'riﬂaethirﬁjoﬁCEDilineeldpés?a@tualtylcxar’lisstc:tmlyzl i ncl ude
osag or |ntr ous taneous, intra

it T amACORP e P Bep BB Tt RRSS Brg o pud b AR ReT e o aces in

pr epar ajontzaswhygn laetlanqB@é aldo pyajdied biarl20000I Vel IBiollsaown 5-488y. exanpl e, the

i njectabl e preparations may be prepared, e.g., by dissolving, suspending or

emul sifying the antibody or its salt described above in a sterile aqueous

medi um or an oily nedi um conventional | y8used for injections. As the aqueous

medi um for injections, there are, for exanple, physiological saline, an

i sotonic solution containing glucose and other auxiliary agents, etc.,

whi ch may be used in conmbination with an appropriate solubilizing agent

such as an al cohol (e.g., ethanol), a polyal cohol (e. g., pr opyI ene gl ycol ,

1 17 ™ 7~



[ 0062] Advant ageously, the pharnmaceutical conpositions for oral or
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to germline sequences available from, for example, public antibody sequence databases. The
present invention includes antibodies, and antigen-binding fragments thereof, which are derived
from any of the amino acid sequences disclosed herein, wherein one or more amino acids within
one or more framework and/or CDR regions are mutated to the corresponding residue(s) of the
germline sequence from which the antibody was derived, or to the corresponding residue(s) of
another human germline sequence, or to a conservative amino acid substitution of the
corresponding germline residues(s) (such sequence changes are referred to herein collectively
as “germline mutations”). A person of ordinary skill in the art, starting with the heavy and light

chain variable region sequences disclosed herein, can easily produce numerous antibodies and
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residues of a particular germline sequence while certain other residues that differ from the
original germline sequence are maintained or are mutated to the corresponding residue of a
different germline sequence. Once obtained, antibodies and antigen-binding fragments that
contain one or more germline mutations can be easily tested for one or more desired property
such as, improved binding specificity, increased binding affinity, improved or enhanced
antagonistic or agonistic biological properties (as the case may be), reduced immunogenicity,
etc. Antibodies and antigen-binding fragments obtained in this general manner are
encompassed within the present invention.
[0044] The present invention also includes anti-DIl4 antibodies comprising variants of any of the
HCVR, LCVR, and/or CDR amino acid sequences disclosed herein having one or more
conservative substitutions. For example, the present invention includes anti-Dll4 antibodies
having HCVR, LCVR, and/or CDR amino acid sequences with, e.g., 10 or fewer, 8 or fewer, 6 or
fewer, 4 or fewer, 2 or 1, conservative amino acid substitution(s) relative to any of the HCVR,
LCVR, and/or CDR amino acid sequences disclosed herein. In one embodiment, a HCVR
comprises the amino acid sequence of SEQ ID NO:116 with 10 or fewer conservative amino
acid substitutions therein. In another embodiment, a HCVR comprises the amino acid sequence
of SEQ ID NO:116 with 8 or fewer conservative amino acid substitutions therein. In another
embodiment, a HCVR comprises the amino acid sequence of SEQ ID NO:116 with 6 or fewer
conservative amino acid substitutions therein. In another embodiment, a HCVR comprises the
amino acid sequence of SEQ ID NO:116 with 4 or fewer conservative amino acid substitutions
therein. In yet another embodiment, a HCVR comprises the amino acid sequence of SEQ ID
NO:116 with 2 or 1 conservative amino acid substitution(s) therein. In one embodiment, a LCVR
comprises the amino acid sequence of SEQ ID NO:118 with 10 or fewer conservative amino
acid substitutions therein. In another embodiment, a LCVR comprises the amino acid sequence
of SEQ ID NO:118 with 8 or fewer conservative amino acid substitutions therein. In another

embodiment, a LCVR comprises the amino acid sequence of SEQ ID NO:118 with 6 or fewer
11
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constant of a particular antibody-antigen interaction.
[0048] The term “high affinity” antibody refers to those antibodies that bind Dll4 with a K, of

about 1 nM or less, about 500 pM or less, about 400 pM or less, about 300 pM or less, about

200 pM or less, or about 100 pM or less, or about 50 pM or less, as measured by surface
plasmon resonance, e.g., BIACORE™ or solution-affinity ELISA.

[0049] The term "surface plasmon resonance”, as used herein, refers to an optical phenomenon
that allows for the analysis of real-time biospecific interactions by detection of alterations in
protein concentrations within a biosensor matrix, for example using the BIACORE™ system
(Pharmacia Biosensor AB, Uppsala, Sweden and Piscataway, N.J.).

[0050] The term “epitope” is a region of an antigen that is bound by an antibody. Epitopes may
be defined as structural or functional. Functional epitopes are generally a subset of the
structural epitopes and have those residues that directly contribute to the affinity of the
interaction. Epitopes may also be conformational, that is, composed of non-linear amino acids.

In certain embodiments, epitopes may include determinants that are chemically active surface
12
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groupings of molecules such as amino acids, sugar side chains, phosphoryl groups, or sulfonyl
groups, and, in certain embodiments, may have specific three-dimensional structural
characteristics, and/or specific charge characteristics. An epitope typically includes at least 3,
and more usually, at least 5 or 8-10 amino acids in a unique spatial conformation.

[0051] The term "treatment” or “treat”, as used herein, is intended to mean both prophylactic (or
preventative) and therapeutic procedures, unless otherwise indicated. Subjects in need of
treatment include not only those who have developed a particular condition, disorder or disease,
but also those who are predisposed or susceptible to developing such a condition, disorder or
disease and are benefited by prophylactic procedures so that the occurrences or recurrences, or
the progression, if it occurs, of such a condition, disorder or disease are reduced, compared with
those in the absence of the treatment.

[0052] By the phrase “therapeutically effective amount”, “prophylactically effective amount”, or
“effective amount” is meant an amount that produces the desired effect for which it is
administered. The exact amount will depend on the purpose of the treatment, the age and the
size of a subject treated, the route of administration, and the like, and will be ascertainable by
one skilled in the art using known techniques (see, for example, Lloyd (1999) The Art, Science
and Technology of Pharmaceutical Compounding).

General Description

[0053] The present invention is based in part on the findings that the blockade of Dll4 by a DIl4-
specific antibody results in the increased number of Treg cells, which, in turn, prevents, reduces,
or delays a progression of EAE or diabetes in mice. For a description of fully human Dll4 Ab,
including recombinant human DIl4 Ab, see International Patent Publication No. WO
2008/076379.

Therapeutic Administration and Formulations

[0054] The present invention provides methods of preventing, treating or ameliorating a disease
or disorder in which increasing the number of Treg cells is beneficial, comprising administering a
therapeutically effective amount of a pharmaceutical composition comprising a DIl4 antagonist,
such as a Dll4 Ab. The pharmaceutical composition comprising a Dll4 antagonist can further
comprise one or more additional therapeutic agents, such as immunosuppressive agents, anti-
inflammatory agents, analgesic agents, blood glucose lowering agents, and the like (see the
following section). The therapeutic compositions in accordance with the invention can be
administered with suitable carriers, excipients, and other agents that are incorporated into
formulations to provide improved transfer, delivery, tolerance, and the like. A multitude of
appropriate formulations can be found in the formulary known to all pharmaceutical chemists:
Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, PA. These

formulations include, for example, powders, pastes, ointments, jellies, waxes, oils, lipids, lipid
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[0082] To determne if D14 blockade could affect Treg honeostasis, Treg
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1.0 1. %.34Gbodson, in Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138, 1984).
[0060] The injectable preparations may include dosage forms for intravenous, subcutaneous,
intracutaneous and intramuscular injections, drip infusions, etc. These injectable preparations
may be prepared by methods publicly known. For example, the injectable preparations may be
prepared, e.g., by dissolving, suspending or emulsifying the antibody or its salt described above
in a sterile aqueous medium or an oily medium conventionally used for injections. As the
aqueous medium for injections, there are, for example, physiological saline, an isotonic solution
containing glucose and other auxiliary agents, etc., which may be used in combination with an
appropriate solubilizing agent such as an alcohol (e.g., ethanol), a polyalcohol (e.g., propylene
glycol, polyethylene glycol), a nonionic surfactant [e.g., polysorbate 80, HCO-50
(polyoxyethylene (50 mol) adduct of hydrogenated castor oil)], etc. As the oily medium, there
are employed, e.g., sesame oil, soybean oil, etc., which may be used in combination with a
solubilizing agent such as benzyl benzoate, benzyl alcohol, etc. The injection thus prepared is
preferably filled in an appropriate ampoule. A pharmaceutical composition of the present
invention can be delivered subcutaneously or intravenously with a standard needle and
syringe. In addition, with respect to subcutaneous delivery, a pen delivery device readily has
applications in delivering a pharmaceutical composition of the present invention. Such a pen
delivery device can be reusable or disposable. A reusable pen delivery device generally utilizes
a replaceable cartridge that contains a pharmaceutical composition. Once all of the
pharmaceutical composition within the cartridge has been administered and the cartridge is
empty, the empty cartridge can readily be discarded and replaced with a new cartridge that
contains the pharmaceutical composition. The pen delivery device can then be reused. In a
disposable pen delivery device, there is no replaceable cartridge. Rather, the disposable pen
delivery device comes prefilled with the pharmaceutical composition held in a reservoir within
the device. Once the reservoir is emptied of the pharmaceutical composition, the entire device
is discarded.
[0061] Numerous reusable pen and autoinjector delivery devices have applications in the
subcutaneous delivery of a pharmaceutical composition of the present invention. Examples
include, but certainly are not limited to AUTOPEN™ (Owen Mumford, Inc., Woodstock, UK),
DISETRONIC™ pen (Disetronic Medical Systems, Burghdorf, Switzerland), HUMALOG MIX
75/25™ pen, HUMALOG™ pen, HUMALIN 70/30™ pen (Eli Lilly and Co., Indianapolis, IN),
NOVOPEN™ [, 1l and Ill (Novo Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ (Novo
15
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spl een drsiecDIpdntidobies, draibCB3 anflooelies, and the like. Swtable anti-inflammatory agents
and/or analgesics for combination therapies with anti-DIl4 antagonists include, corticosteroids,
non-steroidal anti-inflammatory drugs (NSAIDs), such as aspirin, ibuprofen, naproxen and the
like, TNF-a antagonists (e.g., Infliximab or REMICADE® by Centocor Inc.; golimumab by
Centocor Inc.; etanercept or ENBREL® by Amgen/Wyeth; adalimumab or HUMIRA® by Abbott
Laboratories, and the like), IL-1 antagonists (e.g., IL-1-binding fusion proteins, for example,
ARCALYST® by Regeneron Pharmaceuticals, Inc., see US Patent No. 6,927,044; KINERET®
by Amgen, and the like), IL-6 antagonists (e.g., anti-IL-6 receptor antibodies as disclosed in US
Patent No. 7,582,298, and ACTEMRA® by Roche), acetaminophen, morphinomimetics, and the
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Thymus Spleen Control mce Nicastrin KO mce Control mce N castrin KO
mce Treg (/0) in CD3CD4+ cells 3.3 0.2 15.2 2.0 (p<0.1) 16.0 1.3
WO 2011/094465 PCT/US2011/022810

like. Suitable glucose lowering agents include, but are not limited to, insulin and analogs thereof,
biguanides, sulfonamides and urea derivatives thereof, alpha-glucosidase inhibitors,
thiazolidinedione and derivatives thereof, dipeptidyl peptidase-4 inhibitors, guar gum,

repaglinide, nateglinide, exenatide, pramlintide, benfluorex, liraglutide, mitiglinide, aldose
reductase inhibitors, and the like.

[0065] The DIl4 antagonist, such as hDIl4 Ab or fragment thereof, and the additional therapeutic
agent(s) described above can be co-administered together or separately. Where separate
dosage formulations are used, the antibody or fragment thereof of the invention and the
additional agents can be administered concurrently, or separately at staggered times, i.e.,
sequentially, in appropriate orders.

Kits

[0066] The invention further provides an article of manufacturing or kit, comprising a packaging
material, container and a pharmaceutical agent contained within the container, wherein the
pharmaceutical agent comprises at least one Dll4 antagonist, such as DII4 antibody, and at least
one additional therapeutic agent, and wherein the packaging material comprises a label or
package insert showing indications and directions for use. In one embodiment, the DIl4
antagonist and the additional therapeutic agent may be contained in separate containers.

EXAMPLES
[0067] The following examples are put forth so as to provide those of ordinary skill in the art with
a complete disclosure and description of how to make and use the methods and compositions of
the invention, and are not intended to limit the scope of what the inventors regard as their
invention. Efforts have been made to ensure accuracy with respect to numbers used (e.g.,
amounts, temperature, etc.), but some experimental errors and deviations should be accounted
for. Unless indicated otherwise, parts are parts by weight, temperature is in degrees
Centigrade, pressure is at or near atmospheric, and figure error bars = mean + SEM.
[0068] In the examples below, the following antibodies in Dulbecco’s PBS (GIBCO®
INVITROGEN™) 1X supplemented with 3% FCS, were used to stain cells for flow cytometry
purpose: For DCs, antibodies against signal-regulatory protein a (Sirp-a; cat# P84; BD
Biosciences), B220 (cat# RA3-6B2), PDCA-1 (cat# eBio927), CD8 (cat# 53-6.7), CD11b (cat#
M1/70), MHCII (cat# M5/114.15.2), CD11c¢ (cat# N418), and CD135 (cat# A2F10), respectively;
for T, B and NK cells, antibodies against CD4 (cat# GK1.5 or L3T4), CD3 (cat# 145-2C11),
CD25 (cat# PC61 or 7D4), CD44 (cat# IM7), FoxP3 (cat# FJK16s); and F4/80 (cat# BM8),
NK1.1 (cat# PK136), IgM (cat# 11/41), IgD (cat# 26-11c), CD43 (cat# S7), CD21 (cat# eBio4E3),
HSA (cat# M1/69), and CD23 (cat# B3B4), respectively, (all from eBioscience).
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33.9 2.1 (p<0.0001) Ratio of absolute nunbers (Treg/ Teff) 0.04 0.002 0.2
0.03 (p<0.01) 0.2 0.01 0.6 0.06 (p<0.0001) [0086] Finally, when bone
mar r ow ceWpD0(1BWy466r om Ni c-/- mce were transferred i nt @Crasheliiog2s10
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(DC) that can arise from Pro-T cell to DC fate conversion within the thymus (Hozumi et al., 2008,
J Exp Med 205(11):2507-2513; Koch et al., 2008, J Exp Med 205(11):2515-2523; and
Feyerabend et al., 2009, Immunity 30:1-13). It is, however, still unknown as to which specific
stage of DC development is directly affected by the Dll4 blockade.
[0070] To answer this question, 6 week-old C57B1/6 mice (Jackson Labs) were injected
subcutaneously with 5 or 25 mg/kg of anti-Dll4 Ab (REGN577) (n=5) or human Fc fragment
(control) (n=5), twice a week for two weeks. REGN577 was prepared in-house based on the
published sequence (WO 2007/143689). REGN 577 binds to human and mouse DIl4, but does
not detectably binds human DIl1 and JAG1. Fourteen (14) days after the injection, thymi and
spleens were harvested and digested at 37°C for 30 min in complete RPMI 1640 medium
(Invitrogen) supplemented with 10% fetal calf serum (FCS) and containing Collagenase D
(Sigma Aldrich). To stop the reaction, 2 mM EDTA was added and the organ suspension was
passed through a 70-mm cell strainer. Bone marrow (BM) was collected from each mouse by
flushing femurs and tibias in complete RPMI 1640 medium supplemented with 10% FCS and
cells were resuspended in RPMI medium. T cell, B cell and DC subsets were evaluated by flow
cytometry after the cells were stained with the antibodies against specific markers described
above. The stained cells were run on a BD™ LSR Il Flow Cytometer (BD Biosciences) and the
data were analyzed using FlowJo software (version 8.8.6; Tree Star Inc.).
[0071] Fig. 1A and 1B show the T and B cell populations in the thymus. As shown in Fig. 1A,
Dll4 blockade induced a significant increase in the number of double negative (“DN”; CD4'CD8)
T cells and a decrease in the number of double positive (“DP”; CD4*CD8") T cells within the
thymus. In addition, the same treatment induced an ectopic appearance of B cells within the
thymus, which arose from Pro-T cells (i.e., CD44"CD25CD4 CD8 cells at DN1 stage) (see Fig.
1B). In contrast, Dll4 blockade had no effect on B cell development in the bone marrow (Fig.
2A) or in the peripheral splenic B cell subpopulations (Fig. 2B). Furthermore, DII4 blockade
induced expansion of conventional DCs (“cDCs”; B220'CD11c¢") and plasmacytoid DCs (“pDCs”;
PDCA1'B220"CD11C") in the thymus (Fig. 3A), with significant expansion starting at day 7
(p<0.001) through day 14 (p<0.001) and continued through day 21 (p<0.01) (Fig. 3B) after the
initial injection of DIl4 Ab. Numbers in dot plots of Fig. 3A represent average percentages of
DCs among total cells at day 14. Further, DCs were expanded in the periphery of mice treated
with DIl4 Ab (REGN577). Fold increases in percentage and absolute number of DCs in spleen
upon treatment with DIl4 Ab, compared to the control mice (hFc-treated), are shown in Table 1.
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Table 6 BM Donors % Treg in CD3CD4+ Cells in Recipient W M ce Treated
with: Control Ab Anti-D114 Ab WI 3.6 0.4 35 4 Nic4- 37 2 41 2 [0087]
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DT. the ¢cDC, pDC and monocytes lineages separate by the time they reach tissues, and neither

monocytes nor pDCs develop into ¢cDCs under steady state conditions. Unlike monocytes and
pDCs, ¢DCs in lymphoid tissue are thought to emerge from the bone marrow as immature cells
that must further differentiate and divide in lymphoid organs. Pre-DCs
(MHCII®CD11¢™CD135"Sirp-a™) and late pre-DCs (MHCII°CD11¢c™), are precursors primarily to
¢DCs that arise in bone marrow (Liu et al., 2009, Science 324:392-397).
[0073] To identify any effect of DIl4 Ab on DC progenitor homeostasis, the levels of MDP and
CDP in the thymus, the bone marrow and the spleen were evaluated by flow cytometry. MDP
and CDP were only detected in the bone marrow, but neither in the thymus nor in the spleen
(data not shown). Furthermore, DIl4 blockade did not induce expansion of early progenitors in
bone marrow compared to the control-treated mice. Thus, the result suggested that the DIl4 Ab
could act at a later stage, i.e., pre-DC stage, of DC development than MDP and CDP.
[0074] Accordingly, pre-DCs and late pre-DCs in the thymus and the bone marrow were
searched for using the flow cytometry. As shown in Fig. 3C, MHCII°CD11c™ DCs, which are
normally present in the bone marrow, were only expanded in the thymus 14 days after the Dll4
Ab treatment (p<0.001), while no expansion of MHCII®CD11¢™ DCs was detected in the BM of
the same mice (data not shown). Thus, the DC expansion originated from the pre-DC stage
was restricted to thymus. To evaluate the origin of MHCII®CD11¢™ DCs in the thymus, flow
cytometry was conducted to identify MHCII°CD11c™ DCs in the DN1 (CD4 CD8 CD44*CD25)
pro-T cell population. As shown in Fig. 3D, MHCII®CD11c™ DCs were detected within the DN1
pro-T cell population upon DII4 blockade at day 3. No MHCIICD11c™ DCs were detected in the
absence of DIl4 Ab treatment as well as within DN2, DN3 and DN4 T cell populations upon DlI4
Ab treatment (data not shown). No change in peripheral DC homeostasis was observed upon
Dll4 Ab treatment (data not shown). Thus, DIl4 blockade induced a significant expansion of
MHCII®CD11c¢™ DCs within DN1 pro-T cell population in the thymus at day 3 (p<0.01) (Fig. 3D)
with a peak of expansion at day 14 (p<0.001) (data not shown). Meanwhile, mature DC subsets
19



[ 0089] Thus-prepared transgenic mce |acking DCs were treated with the DI I4
Ab or hFc control according to the protocol described in Exanple 1.
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genes implicated in T versus B and DC cell-lineage specmcatlon It was found that the genes

essential for T cell commitment (e.g., Tcf7, Gata3, and Ets1) were downregulated, while genes
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(Lyl1, Sfpit1) that can each block T cell development, were up-regulated (data not shown; see Di
Santo, 2010, supra). Most interestingly, genes controlling DC (PU.1 and Spi-B) and B cell
development were also up-regulated (data not shown; see M. Merad et al., 2009, Bood
113:3418-3427). In addition, expression of Re/B and /d2 as well as interferon regulatory factors
(IRFs) 2, 4 and 8 -key transcription factors involved in DC subset development were increased
(data not shown; see Merad et al., 2009, supra). Finally, gene expression of CSF-1 (M-CSF), a
key cytokine involved in DCs development, was found to be up-regulated upon anti-Dll4 Ab
treatment (p<0.05; data not shown). Furthermore, CSF-1 serum levels were increased upon
anti-DIl4 Ab treatment (Fig. 5; p<0.05) (see B. Francke, et al., 2008, Blood 111:150-159). Thus,
it can be concluded that DIl4-Notch signaling blockade down-regulates transcription factors
specific for T cell lineage commitment, while up-regulating others crucial in DC development.

Example 2: Effect of DIl4 deletion on T Cell Development

[0078] To evaluate if the effect of DIl4 on DC development observed in Example 1 above was
intrinsic to DIl4, DLL4COIN mice, in which Dll4 is conditionally inactivated, were prepared.
“Conditional-by-inversion (COIN)” alleles are conditional alleles that rely on an inversible
element (“COIN element”) to provide recombinase-mediated conditional mutations. DLL4COIN
mice contain a tamoxifen-inducible Cre recombinase construct, CreERT2, which encodes a Cre
recombinase fused to a mutant estrogen ligand-binding domain (ERT2). CreERT2 is essentially
inactive in the absence of tamoxifen and is also not activated by endogenous estrogens.
Tamoxifen treatment of the mice will activate CreERT2 and cause the inversion of the COIN
element, which abrogates the transcription of all exons downstream of the COIN insertion point,
thereby knocking out DIl4. For details of CreERT2 recombinase system, see Feil et al., 1997,
Biochemical and Biophysical Research Communications 237:752-757.

[0079] DLL4COIN mice (n=6) were injected intraperitoneally (i.p.) with tamoxifen (TAM) (cat# T-
5648, Sigma) at 3 mg/150 ul corn oil per mouse three (3) times per week for 2 weeks.
DLL4COIN control mice (n=6) were given corn oil without tamoxifen. Likewise, wild type C5B1/6
mice were treated with tamoxifen (n=6) or corn oil only (n=6). Mice were monitored for signs of
distress (e.g., fur appearance, low activity, etc.), infections, and excessive loss of body weight.
Mice were weighed approximately three times per week. Any mouse that lost more than 20%
body weight was removed from the experiment. After 2 weeks of the treatment, thymi were
harvested and the thymic cells were analyzed by flow cytometry.

[0080] As shown in Fig. 6, in the absence of Dll4 (i.e., in tamoxifen-treated mice), B cells and
both pDCs and cDCs were expanded in the thymus, compared to the corn oil-treated mice,
indicating that the effects of DIl4 on DC development and homeostasis observed in Example 1
were indeed intrinsic to DIlI4. Thus, DIl4-Notch signaling seems to sustain T cell commitment by
suppressing non-T cell lineage potential within the pro-T cell population.

21



18 4.88 2.67 1.23 1.89 21 1.41 1.01 1.85 4.77 [0093] Tregs seened to
expand primarily within the thynus at around day 18 and a significant
expansi orwoas11g®esssi n peri phery (i.e., spleen) only aft@cTd®g012022810094]
Under tHMangslai3t | Effdctiof P Blockidealr DIADeIETiom on Diréds Rbnicosisient at the

post -i lon s e did Q@\gvs n|f|can rovenent in disease
D o0r cd0bSH PRtz edily Shows BRbTisy s corualdl BarTAT S PRSP be
furt herD@efiJ UpdreTiregidepiefion h%r&@%cﬁ%s@[brpmsiﬁk%ly#@ﬂw W&éé@@ @:fltB)-depeng‘gnt
| npor t ant ver, tne cet recejve re-induction D14
exh bi tBgeReslafes Tiskatalgalid Subrtf FuliormBie e Pabhdident e guns ot ot day
18, COTTE@dkiadk tonttd10s @guhagdry Tadi hemebstasis 09 MAsoh vAb; (& sRcréasihg i ehing of
Cel | 'B% gtlon observ g in.the s nal co rd of the L2[1ce treated with
control Cgot rb'écrgaﬁ%Ff eIBRIPN B Breumy %“I‘?@ Which 5awd BreyERSUIPINM S e
mce. [dM¥Be (déﬁel wwit (Darrdedel 228 G.tdher, @00(9&1 gx;gol\ge% QOG@& p( S%F?ézi?éﬁd gﬂ%él) OIi n
macr op es rease (p< in cells o]
decr eagig?tp%eggé)gl%/qaﬁa@éﬁ? @%ﬂ{agg‘f) and 2.5- fold decrease (p<0.001) in B
cel I s i[0083] Tredete@ite B DIMbRekideccdukiadct Mrdgl HofnedBtasROTRR RehBeds inhtByrRidfnal
cord c)fthcgn mclc(:ae treaefecs w(gh thetlﬁmcgkp })rr r9u|man Fc Ecoﬂtarlgl) %lExa-rrr%?é $w8ere measured by flow

cytometry. As shown in Fig. 7A, DIl4 blockade resulted in a robust expansion of Tregs within the

thymus at day 14 after the initial injection. The expansion of Tregs started at day 7 (p<0.001)

and reached a maximum effect at day 14 in the thymus (p<0.001) after the initial injection (see

Fig. 7B), while in the periphery (i.e., spleen) Tregs started appearing only between 14 and 21

days (p<0.05) (Fig. 7B and Table 4). In Table 4, fold increases in percentage and absolute

number of Tregs in spleen upon treatment with DIl4 Ab, compared to the control mice (hFc-

treated), are shown.

Table 4
_ Days Fold-increase in percentage Fold-increase in absolute
after initial injection humber
3 1.0 1.0
7 1.0 1.2
14 1.1 1.7
21 1.1 1.2

[0083] To evaluate if the observed Treg expansion was intrinsic to DIl4 molecule, Treg numbers
in thymi of DLL4COIN mice from Example 2 were also measured by flow cytometry. As
observed with the DII4 blockade by DII4 Ab, conditional inactivation of DIl4 by tamoxifen
treatment also resulted in the expansion of Tregs in the thymus, compared to the corn-oil treated
mice (see Fig. 7C) as well as wild-type mice treated with tamoxifen (data not shown). Thus,
Dll4-Notch signaling sustains DCs and consequently Treg homeostasis and T cell commitment.
[0084] A similar experiment was conducted in mice expressing human DIl4 (“humanized Dll4
mice”) using anti-DIl4 Ab (REGN421 having HCVR and LCVR sequences of SEQ ID NO:116
and 118, respectively), which is known to bind an N-terminal-DSL domain of human Dll4. The
humanized DIl4 mouse was prepared by replacing the entire extracellular domain of the mouse
Dll4 gene with the corresponding extracellular region of the human Dll4 gene (7 kb) in
embryonic stem (ES) cells of F1 C57BL/6 /129. Homozygous hDIl4 mice were generated and
bred into C57BL/6 background. Humanized Dll4 mice were treated with 5 mg/kg of hFc (control;
n=6), or 1 mg/kg (n=6) or 5 mg’kg (n=6) of REGN421 Ab twice per week for two weeks. Two
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mice from each treatment group were sacrificed at day 7 and 2 more mice per group were
sacrificed at day 14. The thymi were harvested and the cells were stained and examined by
flow cytometry. The remaining mice were allowed to recover for additional 4 weeks without any
treatment and, at day 28 after the cessation of treatment, they were sacrificed and the thymic
cells were analyzed using flow cytometry. After two weeks of treatment, an increase of ¢cDC and
pDCs (Fig. 8A) as well as a significant increase in Treg population (Fig. 8B) was observed in the
thymus of the anti-DIl4 Ab-treated mice (p<0.01). In the thymi of the mice that received DIll4 Ab
for 2 weeks, followed by 4 weeks of non-treatment, both DC and Treg numbers returned to the
normal level at the end of the period (Fig. 8A and 8B). Meanwhile, an expansion of DCs and
Tregs was also observed in the periphery of DIl4-Ab treated mice, compared to hFc treated mice
(data not shown).

Example 4: Effect of Notch receptor blockade on Tregs

[0085] It has been shown that an expansion of DCs is leading to an expansion of Tregs
(Darrasse-Jeze G. et al., 2009 ). As discussed above, it was observed that upon DIl4 blockade
both DCs and Tregs were expanded in the thymus (Fig 3A and Fig 7A). In addition, an
expansion of both percentages and absolute numbers of DCs and Tregs was also found in the
periphery of DIl4-Ab treated mice (Tables 1 and 4). In order to determine if blockade of Notch
receptors would lead to the same phenotype as Dll4 deletion, Nicastrin knockout (KO) mice
(Nic”) were studied. Nicastrin is a molecule involved in the Notch signaling pathway and
genetic ablation of nicastrin in nicastrin deficient mice results in a blockade of signal
transduction downstream of Notch receptors 1, 2, 3 and 4 (Aifantis et al., un-published data).
Nicastrin KO mice were shown to exhibit similar phenotype as the Dll4-deleted/blocked mice
with an increased number of Tregs, both in percentage and in absolute number, in thymus as
well as in spleen (see Table 5).

Table 5
Thymus Spleen
Treg . Nicastrin KO . Nicastrin KO
Control mice mice Control mice mice
Treg (%) in 3.3+0.2 15.2+2.0 16.0 £ 1.3 33.9 +2.1
CD3'CD4" cells (p<0.1) R (p<0.0001)
Ratio of absolute
numbers 0.04 +0.002 0('2 %%‘?)3 0.2+0.01 (o'foio%c??)
(Treg/Teff) p<. p<b.

[0086] Finally, when bone marrow cells (BM) from Nic” mice were transferred into lethally
irradiated WT mice, the expansion of thymic Tregs was observed in Nic">WT chimeras,
suggesting that such an expansion was a cell-autonomous effect; and DIl4 blockade of the
recipient mice with anti-DIl4 Ab had no additive effect (see Table 6).
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Table 6
% Treg in CD3*CD4"* Cells in Recipient WT Mice Treated with:
BM Donors
Control Ab Anti-DIl4 Ab
WT 3.6+£04 35+4
Nic™” 37+2 41 +£2

[0087] These results suggest that interruption of DIlI4-Notch signaling by blocking either Dll4 or
Notch receptors leads to similar phenotypes with regard to the expansion of Tregs.

[0088] To determine if the expansion of Tregs upon DIl4 blockade correlates with DC numbers
(Darrasse-Jeze G. et al., 2009, supra), mice lacking DCs were prepared and tested with the Dll4
Ab as in Example 1. Transgenic mice expressing primate diphtheria toxin receptor (DTR) are
conferred with diphtheria toxin (DT) sensitivity to their cells, which are DT-insensitive otherwise.
DT enters the cells via interaction of its B subunit with the cellular DTR and, upon endocytosis,
the DT A subunit is released and catalyzes ADP-ribosylation of elongation factor 2, resulting in
the inhibition of protein synthesis followed by rapid apoptosis in both mitotic and terminally
differentiated cells. Specificity and timing of cell ablation can be determined by cell type-
restricted promoter/enhancer elements and by the regimen of the toxin administration,
respectively. To target DT sensitivity to DC, Jung et al. (2002, Immunity 17:211-220) have
generated mice (CD11cre-DTR mice) that carry a transgene encoding a simian DTR-GFP
(green fluorescent protein) fusion protein under the control of the murine CD11c promoter.
Since CD11c encodes for all DCs, all murine DC subsets expressing CD11c are deleted upon
administration of DT.

[0089] Thus-prepared transgenic mice lacking DCs were treated with the DIl4 Ab or hFc control
according to the protocol described in Example 1. Fourteen (14) days after the treatment, thymi
and spleens were harvested and prepared for analysis. The expression level of Dll4 on the
surfaces of specific DC or T cell subsets was evaluated by flow cytometry in order to determine
which specific subset the DIl4 Ab bound to. The results showed that DCs and T cells did not
express detectable levels of DIl4 on their surface (data not shown). This observation is
corroborated by the report that Dll4 is expressed on the surface of thymic epithelial cells (TECs)
(Koch et al. 2008, supra). Most importantly, however, it was found that the DIl4 Ab treatment of
mice lacking DCs was not able to induce expansion of Treg, while wild-type mice (i.e., DC non-
deleted mice) treated with DIl4 Ab significantly increased the proportion of Tregs among
CD3*CD4" cells (p<0.001), suggesting that the expansion of Tregs upon DIl4 Ab treatment was
at least in part mediated via DC expansion.
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Example 5: Effect of DIl4 Blockade in Experimental Autoimmune Encephalomyelitis
(EAE)

[0090] CD4"CD25"FoxP3" natural regulatory T cells (i.e., Tregs) play an important role in
maintaining self-tolerance and suppress auto-immune diseases, such as type 1 diabetes,
autoimmune encephalomyelitis, GVHD and inflammatory bowel disease (IBD) (Darrasse-Jeze
G. et al., 2009, supra; Swee LK et al., 2009, supra; and McGreachy et al., 2005, 175(5):3025-
3032).

[0091] To see if the increased number of Tregs resulted from DIl4 blockade would prevent
autoimmune diseases, the impact of Dll4 blockade on an EAE was studied in a mouse model.
The EAE mouse model was established by injecting in the footpad of C57B1/6 mice with myelin
oligodendrocyte glycoprotein (MOG) peptide emulsified in complete Freund adjuvant (CFA)
followed (24 hours later) by Pertussis toxin (PTX) injection to induce disease. The disease
score was determined based on the following symptoms: (0) no symptoms; (1) limp tail; (2) limp
tail with hind-leg weakness; (3) partial hind-leg paralysis; (4) complete hind-leg paralysis; (5)
paralysis of all limbs; and (6) moribund. Twelve to twenty-four hours prior to the immunization,
mice in a pre-induction group (n=10) also received a subcutaneous injection of 25 mg/kg of
either anti-Dll4 Ab (REGN577) or isotype control Ab (human antibody specific for CD20,
prepared in-house according to the disclosure in US 2008/0260641), or PS/2 (rat/mouse IgG2b
against murine integrin-like cellular adhesion molecule VLA-4; ATCC #CRL-1911), while mice in
a post-induction group (n=10) received the same on the day the symptoms appeared. PS/2 Ab
is known to exacerbate disease relapses and increase the accumulation of CD4" T cells in the
central nervous system in a mouse model for relapsing experimental autoimmune
encephalomyelitis (R-EAE) (Theien BE et al., 2001, J Clin Invest 107(8):995-1006). The
injections of antibodies were conducted twice a week, for two weeks. At the conclusion of the
experiment, spinal cords of the mice were carefully removed, crushed and then incubated in a
RPMI 1640 medium containing Collagenase D (Sigma Aldrich). EDTA at 2 mM was added to
stop the reaction and the mixture was passed through a 70-mm cell strainer and the cell content
was analyzed by flow cytometry.

[0092] As shown in Fig. 9A and 9B, the mice treated with isotype control Ab developed
symptoms (i.e., having disease scores more than “0”) starting around 10-14 days and peaking
between 15 and 21 days, after the MOG injections. In contrast, mice treated with DIl4 Ab were
fully prevented from disease progression compared to mice treated with control Ab. Table 7
shows fold-increases in percentage and in absolute number of Tregs in thymus and spleen of
the mice treated with DIl4 Ab, compared to mice treated with control Ab.
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Table 7
D Treg in Thymus Treg in Spleen
ays Fold-increase in Fold-increase in
after MOG | Fold-increase 0 absolute Fold-increase absolute
injection i i
] in percentage number in percentage number
12 2.46 0.77 1.08 1.46
18 4.88 2.67 1.23 1.89
21 1.41 1.01 1.85 4.77

[0093] Tregs seemed to expand primarily within the thymus at around day 18 and a significant

expansion was seen in periphery (i.e., spleen) only after day 21.

[0094] Under this particular experimental condition, DIl4 Ab treatment at the post-induction

stage did not show significant improvement in disease progression. Dosages and/or frequency

of Dll4 Ab administrations can be further adjusted within the knowledge of one skilled in the art.

Importantly, however, the mice that had received pre-induction DIl4 Ab exhibited a significant

decrease in cell infiltration into the spine at day 18, compared to those that had received control

Ab (see Table 8 below). Cell infiltration observed in the spinal cord of the mice treated with

control Ab could be a major contributor to the disease process in those mice.

[0095] As shown in Table 8, there was a 8-fold decrease (p<0.0001) in macrophages (F4/80%),
a 2.7-fold decrease (p<0.0001) in NK cells, 1.7-fold decrease (p<0.001) in CD11b cells, and 2.5-
fold decrease (p<0.001) in B cells in spinal cord of mice treated with DIl4 Ab, compared to the

spinal cord of mice treated with control Ab at day 21.

Table 8
Days Absolute Number of Infiltrating Cells in Spine (x 10°)
'\anf(t)eé Macrophages NK cells B cells mygllg;l; tt):ells
injection | Control | DIl4 Ab | Control | DIl4 Ab | Control | DIl4 Ab | Control | DII4 Ab
12 0.4 0.3 0.2 0.1 0.3 0.2 0.9 0.6
+0.05 | +£0.01 +0.03 | £0.004 | £+0.005 | £0.006 | £0.09 | £0.02
18 1.7 0.2 0.2 0.1 1.8 1.0 4.7 1.8
+0.5 +0.02 | £0.06 | £0.005 +0.2 +0.08 +0.7 +0.1
o1 1.6 0.2 0.8 0.3 1.5 0.6 4.8 2.9
+0.1 +0.01 +0.07 +0.03 +0.1 +0.02 +0.1 +0.2

[0096] Furthermore, production of IL-17 and IFN-y in lymph nodes in the mice treated with DII4

Ab was significantly diminished (p<0.001) (Fig. 10). Thus, Dll4 could be involved in the

pathogenesis of EAE by mediating Th1 development and Dll4 Ab treatment can prevent disease

induction by blocking the secretion of Th1 and Th17 cytokines.

Example 6. Effect of DIl4 Blockade on Diabetes
[0097] The effect of Dll4 blockade on diabetes was also tested in NOD/ShiLtJ mice (“NOD
mice”), a polygenic model for type 1 diabetes (Makino S et al., 1980, Jikken Dobutsu 29 (1):1-
13; Serreze DV et al., 1997, J Immunol 158 (8):3978-86). Diabetes in NOD/ShiLtJ mice is
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readings over 250 mg/dL of blood glucose. The onset of diabetes was dated from the first of the
sequential diabetic measurements. The mice were injected with hFc (n=5) or anti-DIl4 Ab
(Regn577) (n=10) 25mg/kg twice per week for 7 weeks starting at 9 weeks of age. Blood
glucose levels were monitored once a week with blood samples from the tail.
[0098] As shown in Fig. 11A, mice treated with hF¢ started developing spontaneous diabetes
with blood glucose levels higher than 250 mg/dL after 13 weeks of age (). In contrast, mice
treated with anti-DIl4 Ab (REGN577) showed no sign of increased glucose level through 25
weeks of age (m) and the measurements are continuing for additional 10 weeks. DIl4-Ab
treatment before the diabetes onset prevented the development of diabetes and the treated
animals did not seem to ever develop diabetes. Interestingly, when 5 out of 10 mice treated with
Dll4 Ab were injected with anti-CD25 (PC61) mAb at 20 weeks of age in order to deplete the
Tregs (¢), their blood glucose levels started increasing 1-2 weeks later and the mice became
diabetic. This indicated that the preventive effect of DIl4 Ab on type | diabetes was mediated, at
least in part, by Tregs (Fig 11A).
[0099] Insulin and GADBG5 are two standard auto-antibodies that are found in the sera of
diabetic NOD mice as well as of diabetic individuals. Accordingly, the serum levels of auto-
antibodies in the mice treated with hFc control or DIl4 Ab were measured by ELISA. As shown
in Fig. 11B, Dll4-Ab treatment blocked the production of anti-Insulin (1) and anti-GAD65 (H)
auto-antibodies at levels similar to those of untreated WT C57BI/6 (i.e., non-NOD mice; negative
control animals). In contrast, NOD (diabetic) mice that received hFc control had high levels of
auto-antibodies in their sera. In addition, when the pancreas sections of 23-week old mice,
which had been treated with DIl4 Ab and showing no diabetic symptoms, were stained with H&E
(Hematoxylin and Eosin), normal numbers of pancreatic islets (the cells that produce insulin or
glucagon and their destruction is directly correlated with diabetes incidence) with preserved
morphology were observed (Fig. 11C, left panel, and Fig. 11D, left panel). Further, no cellular
infiltration within the islets was observed with DIl4 Ab-treated mice (Fig. 11C, left panel, and Fig.
11D, right panel). In contrast, diabetic animals, which had been treated with hFc control, had
significantly lower numbers of pancreatic islets (Fig. 11C, right panel, and Fig. 11D, left panel) in
their pancreas than the Dll4 Ab-treated mice and the remaining very few islets contained high
levels of cellular infiltration (Fig. 11C, right panel, and Fig. 11D, right panel). Thus, DIl4 Ab was
able to prevent diabetes completely for a prolonged period and its effect seemed to be, at least
in part, mediated by the expansion of Tregs; however, it is possible that an additional
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di abet i agiimhons diseesss Hidatlaed suntiiol&E ( Hemat oxyl i n and Eosin), nornal
nunbers of pancreatic islets (the cells that produce insulin or glucagon
and their destruction is directly correlated with di abetes incidence) with
preserved norphol ogy were observed (Fig. 11C, left panel, and Fig. 11D,

| eft panel). Further, no cellular infiltration wwthin the islets was
observed with Dil14 Ab-treated mce (Fig. 11C, left panel, and Fig. 11D
right panel). In contrast, diabetic animals, which had been treated with
hFc control, had significantly | ower nunbers of pancreatic islets (Fig.
11C, right panel, and Fig. 11D, left panel) in their pancreas than the D |4
Ab-treated mce and the remaining very few islets contained high | evels of
cellular infiltration (Fig. 11C, right panel, and Fig. 11D, right panel).
Thus, D14 Ab was able to prevent diabetes conpletely for a prol onged
period and its effect seened to be, at least in part, nediated by the
expansi on of Tregs; however, it is possible that an additional WO

2011/ 094465PCT/ US2011/ 022810 nechani sm(s) nmay be involved in the protective
effect of DIl4 Ab on pancreatic islets and/or insulin. [0100] Actual bl ood
gl ucose levels of the diabetic mce treated with DIl4 Ab were determ ned
and conpared with those of the mce treated with hFc control. D abetic mce
were treated with 25 ng/kg of DI14 Ab (n=3) or control hFc (n=4) at the
onset of disease (day 0). Upon DI14 Ab treatnent, diabetic mce
significantly decreased the glucose | evel fromabout 350 ng/dL to a normal
| evel (about 120-130 ng/dL) (Fig. 11E). This effect |asted for an average
of 4 to 5 weeks. In general, it was further observed that, when diabetic
m ce having | ess than 350 ng/dL of blood glucose was treated with D14 Ab,
their glucose |evels dropped to the normal level and this effect |asted

| onger than those having nore than 350 ng/dL of blood glucose at the tine
of treatnent. This indicates that there is a certain w ndow of opportunity
for a prolonged and effective treatnmen28for controlling blood glucose

|l evels with DI14 Ab. Thus, w thout being bound by any specific nechani sns
descri bed herein, these observations suggest that DI 14 antibodi es have a
great therapeutic potential for type |I diabetes. [0101] The results from
the experlnents above have revealed an eX|stence of a preV|oust unknomn
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15. The DI14 antagoni st or the nethod according to any one of clains 11 to
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NG 118. dnﬁﬁs a-ﬁl?)% use according to any one of clainms 22 to 24, wherein the
ant i boc?y or t’rrrag'mant t hereof conprises a HCVR/ LCVR conbi nati on of SEQ I D

NG 20/ 21% %selt;fg{ci]e]tg-'like ligand 4 (DIl4) antagonist as defined in any one of claims 1, 6-12 and 15
in preventing, treating or ameliorating a disease or disorder as defined in any one of claims 1
and 3-5.

17. Use of a delta-like ligand 4 (Dll4) antagonist in the manufacture of a medicament for
preventing, treating or ameliorating a disease or disorder, in which increasing the number of
regulatory T (Treg) cells is beneficial, wherein the antagonist blocks an interaction between Dll4
and Notch receptor, thereby increasing the number of Treg cells and the disease or disorder is
prevented, treated or ameliorated.

18. The use according to claim 17, wherein the disease or disorder is an autoimmune disease.

19. The use according to claim 17 or 18, wherein the disease or disorder is selected from
multiple sclerosis, rheumatoid arthritis, Crohn’s disease, Goodpasture's syndrome, Graves'
disease, Guillain-Barré syndrome (GBS), Hashimoto's disease, idiopathic thrombocytopenic

purpura, irritable bowel syndrome, lupus erythematosus, mixed connective tissue disease,
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myasthenia gravis, narcolepsy, pemphigus vulgaris, pernicious anemia, polymyositis, primary

biliary cirrhosis, Sjégren's syndrome, ulcerative colitis, vasculitis, and Wegener's granulomatosis.

20. The use according to any one of claims 17 to 19, wherein the disease or disorder is multiple

sclerosis.

21. The use according to any one of claims 17 to 20, wherein the DIl4 antagonist is an antibody
or fragment thereof that specifically binds human Dll4 (hDll4) and blocks DIl4-Notch signal
pathways, or a fusion protein comprising the extracellular domain of DIl4 or a fragment thereof
that is fused to the Fc domain of a human IgG.

22. The use according to any one of claims 17 to 21, wherein the DIl4 antagonist is an antibody
or fragment thereof that specifically binds human Dll4 (hDll4) and blocks Dll4-Notch signal
pathways and comprises a heavy chain variable region (HCVR) comprising heavy chain CDR1,
CDR2 and CDR3 sequences of SEQ ID NO:22, 24 and 26, respectively, and a light chain
variable region (LCVR) comprising light chain CDR1, CDR2 and CDR3 sequences of SEQ ID
NO:30, 32 and 34, respectively.

23. The use according to claim 22, wherein the antibody or fragment thereof comprises a HCVR
sequence of SEQ ID NO:20 or SEQ ID NO:116.

24. The use according to claim 22, wherein the antibody or fragment thereof comprises a LCVR
sequence of SEQ ID NO:28 or SEQ ID NO:118.

25. The use according to any one of claims 22 to 24, wherein the antibody or fragment thereof
comprises a HCVR/LCVR combination of SEQ ID NO:20/28 or 116/118.
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