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[0010] In one embodiment, the Dll4 Ab or antigen-binding fragment thereof binds an epitope

within the N-terminal domain (residues S27-R172), or the Delta/Serrate/Lag-2 (DSL) domain

(residues V173-C217), or the N-terminal-DSL domain (residues $27-C217), of hDIl4 (SEQ ID
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30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70,
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NO:2). In another embodiment, the DIl4 Ab or antigen-binding fragment thereof binds an

epitope within one of the EGF domains, i.e., at about amino acid residues Q218-N251 (domain
1), E252-D282 (domain 2), D284-E322 (domain 3), E324-E360 (domain 4), S362-E400 (domain
5), K402-E438 (domain 6), H440-E476 (domain 7), or S480-E518 (domain 8), of hDIll4 (SEQ ID
NO:2). In some embodiments, the antibody or antibody fragment may bind a conformational
epitope involving more than one of the epitopes enumerated above. The DIl4 Ab or fragment
thereof to be used in the methods of the invention is capable of binding human Dll4 with high
affinity and has an equilibrium dissociation constant (Kp) of about 1 nM or less, about 500 pM or
less, about 300 pM or less, about 200 pM or less, about 100 pM or less, or about 50 pM or less,
as measured by surface plasmon resonance.
[0011] In one embodiment, the Dll4 Ab or fragment thereof comprises a heavy chain variable
region (HCVR) comprising three heavy chain complementarity determining regions, HCDR1,
HCDR2 and HCDRS, having the amino acid sequences of SEQ ID NOS: 22, 24 and 26,
respectively. In another embodiment, the antibody or fragment thereof comprises a light chain
variable region (LDVR) comprising three light chain complementarity determining regions,
LCDR1, LCDR2 and LCDR3, having the amino acid sequences of SEQ ID NOS:30, 32 and 34,
respectively. In another embodiment, the Dll4 Ab or fragment thereof comprises the heavy and
light chain CDR sequences comprising a CDR sequence combination of SEQ ID NOS:22, 24,
26, 30, 32 and 34. In yet another embodiment, the DIl4 Ab comprises a HCVR comprising the
amino acid sequence of SEQ ID NO:20 or 116, or a LCVR comprising the amino acid sequence
of SEQ ID NO:28 or 118. In yet another embodiment, the Dll4 Ab comprises a HCVR/LCVR
combination of SEQ ID NO:20/28 (REGN281) or 116/118 (REGN421).
[0012] In certain embodiments, the DIl4 Ab comprises a heavy chain CDR1/CDR2/CDR3
combination and a light chain CDR1/CDR2/CDR3 combination selected from: SEQ ID
NO:6/8/10 and SEQ ID NO:14/16/18, respectively; SEQ ID NO:38/40/42 and SEQ ID
NO:46/48/50, respectively; SEQ ID NO:54/56/58 and SEQ ID NO:62/64/66, respectively; SEQ
ID NO:70/72/74 and SEQ ID NO:78/80/82, respectively; SEQ ID NO:86/88/90 and SEQ ID
NO:94/96/98, respectively; and SEQ ID NO:102/104/106 and SEQ ID NO:110/112/114,
respectively. In another embodiment, the DIl4 Ab comprises a HCVR comprising the amino acid
sequence of SEQ ID NO:4, 36, 52, 68, 84, or 100, or a LCVR comprising the amino acid
sequence of SEQ ID NO:12, 44, 60, 76, 92, or 108. In yet another embodiment, the Dll4 Ab
comprises a HCVR/LCVR combination selected from: SEQ ID NO:4/12 (REGN279); SEQ ID
NO:36/44 (REGN290); SEQ ID NO:52/60 (REGN306); SEQ ID NO:68/76 (REGN309); SEQ ID
NO:84/92 (REGN310); and SEQ ID NO:100/108 (REGN289).
[0013] The nucleotide sequences encoding the amino acid sequences of SEQ ID NOS:4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116 and 118, are shown as SEQ ID NOS:3, 5,7, 9, 11, 13, 15, 17, 19, 21,
3



72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 110, 112, 114, 116 and 118, are shown as SEQ ID NGCSs: 3, 5, 7, 9,
WO 2011/094467 PCT/US2011/022817

23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,
73,75,77,79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115 and
117, respectively.

[0014] In another embodiment, the DIl4 antagonist suitable in the methods of the invention is a
fusion protein comprising at least one soluble Notch receptor or fragment thereof capable of
binding DIl4, fused to a multimerizing component. In one embodiment, the soluble Notch
receptor is human Notch1 or Notch4. In another embodiment, the DIl4 antagonist of the
invention is a modified DIl4 protein that is capable of binding the Notch receptor(s) but such
binding does not result in activation of the receptor(s). In certain embodiments, the Dll4
antagonist of the invention is a fusion protein comprising the extracellular domain of DIl4 or a
fragment thereof fused to a multimerizing component, such as an immunoglobulin domain, for
example, an Fc domain of a human IgG. In certain embodiments, the DIl4 antagonists include
small molecules and other agents that can block Dll4-Notch interactions.

[0015] In a fifth aspect, the invention features any of the methods described above, wherein a
Dll4 antagonist is coadministered concurrently or sequentially with at least one additional
therapeutic agent, for example, a blood glucose lowering agent (e.g., insulin, insulin analogues,
and the like), immunosuppressive agent or immunosuppressant, anti-inflammatory agent,
analgesic agent, and the like, many of which may have overlapping therapeutic effects of one
another. Suitable immunosuppressants to be used in combination with the DIl4 antagonist
include, but are not limited to, glucocorticoids, cyclosporin, methotrexate, interferon B (IFN-£),
tacrolimus, sirolimus, azathioprine, mercaptopurine, opioids, mycophenolate, TNF-binding
proteins, such as infliximab, eternacept, adalimumab, and the like, cytotoxic antibiotics, such as
dactinomycin, anthracyclines, mitomycin C, bleomycin, mithramycin, and the like, antibodies
targeting immune cells, such as anti-CD20 antibodies, anti-CD3 antibodies, and the like.
Suitable anti-inflammatory agents and/or analgesics for combination therapies with anti-DlIl4
antagonists include, corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), such as
aspirin, ibuprofen, naproxen and the like, TNF-a antagonists, IL-1 antagonists, IL-6 antagonists,
acetaminophen, morphinomimetics, and the like.

[0016] In a sixth aspect, the invention features a pharmaceutical composition comprising a Dll4
antagonist, at least one additional therapeutic agent, and a pharmaceutically acceptable carrier.
In one embodiment, the DIl4 antagonist is a DIl4 Ab or fragment thereof that specifically binds to
Dll4 with high affinity and neutralizes DII4 activities, and at least one additional therapeutic agent
is any of the glucose lowering agents, immunosuppressants, anti-inflammatory agents,
analgesics, and the like, described above.

[0017] In a seventh aspect, the invention features a kit comprising a container comprising the
pharmaceutical composition of the present invention, and a package insert with an instruction for

use. In one embodiment, a kit may comprise a container comprising therein an antibody or



11, 13, 15, 17, 19, 21, WD 2011/ 094467 PCT/ US2011/ 022817 23,
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fragment thereof that specifically binds hDlI4, another container comprising therein at least one

additional therapeutic agent described above.
[0018] Other objects and advantages will become apparent from a review of the ensuing
detailed description.

BRIEF DESCRIPTION OF THE FIGURES
[0019] Fig. 1A-1B show the effects of DIl4 blockade on the development of T cells and B cells.
Mice were injected with anti-Dll4 antibody (REGN577) or control human Fc fragment (hFc).
Fourteen days later, thymi were harvested and T-cell and B-cell subsets were evaluated by flow
cytometry. Fig. 1A: Dot plots show the number of CD4 CD8 (double negative thymic
precursors or “DN”), CD4"CD8" (double positive thymic precursors or “DP”), CD4* or CD8"
(single positive thymic precursors or “SP”), and DN/CD44*CD25" (thymic precursors at the DN1
stage) T cells. The numbers in the dot plots represent percentages (mean + SEM) of T cell
subpopulations among the total thymic cells. Fig. 1B: Histograms show the percentage (mean
+ SD) of B cells (B220") among DN1 cells (i.e., gated on CD4'CD8 CD44°CD25).
[0020] Fig. 2A-2B show the effects of Dll4 blockade on B cell developmental stages in the bone
marrow (Fig. 2A) and on B cell homeostasis in the spleen (Fig. 2B). The numbers in the dot
plots represent percentages (mean + SEM) of B cell subsets among the total cells in bone
marrow or in spleen. GC: Germinal center B cells; T1 and T2: B cell subsets; M: Marginal B
cells; and Fo: Follicular B cells.
[0021] Fig. 3A-3D show the effects of Dll4 blockade on dendritic cell (DC) development. Fig.
3A: Dot plots show the expansion of conventional DCs (“cDCs”; B2200CD11C") and
plasmacytoid DCs (“pDCs”; PDCA1"B220"CD11C") in the thymus upon anti-DIl4 Ab treatment.
Numbers in dot plots represent average percentages (mean + SEM) of DCs among total cells at
day 14. Fig. 3B: The bar graphs show the kinetics of cDC and pDC expansion in the thymus of
Dll4 Ab-treated mice () and hFc-control treated mice ([J). Fig. 3C: Dot plots show the effects
of DIl4 Ab on pre-DCs (MHCII®CD11¢™CD135*Sirp-a™) and late pre-DCs (MHCII°CD11¢™) in
the thymus. Numbers in dot plots represent average percentages (mean + SEM) of pre-DCs
among total cells at day 14. Fig. 3D: Dot plots show the presence of MHCII®CD11¢™ DCs in
the DN1 (CD4 CD8CD44°CD25’) pro-T cell population in the thymus of mice treated with Dll4
Ab, but not in the thymus of mice treated with hFc control Ab. Numbers in dot plots represent
average number (mean + SEM) of MHCII®CD11¢™ DCs among DN1 pro-T cell population at day
3.
[0022] Fig. 4 shows the effect of DIl4 blockade on the development of intra-thymic alternative
DC lineage into immature DCs (imDCs) originating from a common T/DC DN1 progenitor. DN1
CD45.17Lin" sorted cells were intra-thymically transferred into CD45.2" host mice treated with
Dll4 Ab () or hFc control Ab ().



25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61,
63, 65, 67, 69, 71, 73, 75, 77,
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[0023] Fig. 5 shows the effect of DIl4 blockage on serum levels of CSF-1 (M-CSF), a key

cytokine involved in DC development. Serum CSF-1 levels of mice un®Jated (), or treated
with isotype control Ab (L), or DIl4 Ab () were measured by enzyme-linked immunosorbent
assay (ELISA).

[0024] Fig. 6 shows the effects of the genetic DIl4 deletion, upon tamoxifen treatment, on B cell
and DC homeostasis in DLL4COIN mice containing a tamoxifen-inducible Cre recombinase
construct, CreERT2. Numbers in dot plots represent average percentages (mean + SEM) of B
cells and both pDCs and ¢cDCs among total cells in the thymus.

[0025] Fig. 7A-7C show the effects of DIl4 blockade/deletion on Treg homeostasis. Fig. 7A:
Dot plots show an expansion of Tregs within the thymus of mice treated with DIl4-Ab for two
weeks, compared to mice treated with hFc control Ab. Numbers in dot plots represent average
percentages (mean + SEM) of Tregs among CD3"CD4" T cells in the thymus. Fig. 7B: Bar
graphs show the kinetics of Treg development in thymus (upper panel) and spleen (lower
panel), respectively, of the mice treated with DIl4 Ab () and hFc control Ab ([1). Fig. 7C: Dot
plots show an expansion of Tregs within the thymus of DLL4COIN mice treated with tamoxifen
(TAM), compared to control DLL4COIN treated with corn oil control. Numbers in dot plots
represent average percentages (mean + SEM) of Tregs among CD3"CD4" T cells in the thymus.
[0026] Fig. 8A-8B show the effects of Dll4 blockade on DC (Fig. 8A) and Treg homeostasis
(Fig. 8B) in the thymus of mice expressing human Dll4 (hDll4) observed at days 7 and 14 after
Dll4-Ab (REGN421) treatment (1 mg/kg or 5 mg/kg) or hFc treatment (5 mg/kg), twice per week
for 2 weeks and at day 28 after the cessation of treatment. Numbers in dot plots represent
average percentages (mean + SEM) of pDCs and ¢DCs (Fig. 8A) or Tregs (Fig. 8B) among
total cells in the thymus.

[0027] Fig. 9A-9B show the effects of DIl4 blockade in Experimental Autoimmune
Encephalomyelitis (EAE) mouse model. Fig. 9A: The graph shows EAE disease incidence
rates (%) per treatment group. Fig. 9B: The graph shows the development of EAE based on
average disease scores. Treatment was with anti-Dll4 Ab (REGN577) pre-induction (V);
isotype control Ab pre-induction (¢); REGN577 post-induction ( A); or anti-VLA-4 Ab (PS/2) pre-
induction (m).

[0028] Fig. 10 shows the effects of DIl4 blockade on IL-17 and IFN-y production in the lymph
nodes of EAE mice. The levels of IL-17 (left panel) and IFN-y (right panel) in the lymph nodes of
EAE mice treated with DIl4 Ab () or hFc control Ab ([1) were measured on days 12 and 18 by
ELISA.

[0029] Fig. 11A-11E show the effects of DIl4 Ab in 2 NOD mouse diabetic model. Fig. 11A
shows the % diabetes incidence (two consecutive readings of blood glucose level higher than
250 mg/dL) among the mice that received either hFC control Ab (e) or anti-DIl4 Ab (REGN577)

(m) at 9 weeks of age. The % diabetes incidence of five mice that had been treated with the Dll4

6



79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111,
113, 115 and 117, respectively. [0014] In another enbodinent, the D14
ant agoni swosuitv®@ilee in the nethods of the invention is &cCruseen/opasot ein

conpr i SAfahPéutls8GSEntip Nfecied with PCRP INbhat PBGRIKS s 850 SHAEHTRNL PLBE MBS of aRADI €

of binding DIl4, fused to a nmultimerizing conmponent. In one enbodi nent, the
sol ubl B&R amibogy apd aeplet@s Hieenee!IiofFigh 11Brshrws drmeasurementiar Eldad ¢t ﬁﬁ%nt
the DI |

capabl o SFEARRRIEIIL) GhE o PARRE Aot e, RAded Sl Tlcham 3
in act |pra<ﬂuodmnsnm N@\I@ nmiee eedted (. [zclmmbocm‘rﬂ:alcnntwimdnpmad &, urttteatdd willl type

oxt r acalT e i FESROLF Partcdodts BRUGR NG EFRIRGTHost SO S5 21 ng
ﬁoxgnleN(DD rmueheasdmthMbp(gdfqtmmlel rmrdﬁnmlnrnrol’(rcght pma;rplBiacleatrrdWs iddinaten of a
ol ecul B eEfERICER TN R droy’ WRseles M RERRI MRl P HRE B st
I'n a fiHight i gewts the hembevefdanoreafie atals gsit panel)adr % beinfittivddmndesat isteesl
above, wherein a DII4 antagonist is coadm ni stered concurrently or

sequent(igitinang) fHthapaneraas o samiptiresied (Hher el ireatad M mlqeorF'@xurEm e, a
b' ood gl iGAa%e L ‘8@5& felicex Bcc(s% I&/el i MR HeBted QﬁHE'oHsél%ﬂr%gdf%%’se%ﬂ] biie

i ke), 1T nmunosuppressive a I NMuNosuppr éssan antr-in
agent Rintel) gebrecergehto), wed4£|¢l@y$ after theriiegtmeht.whi ch may have over|l appl ng
t herapeutic effects of one another. Suitable imunosuppressants to be used
in conbination with the DIl4 antagonist include, but are not limted to,
gl ucocorticoids, cyclosporin, RETAULBRRESERIPHON feron 13 (I1FN-13),

tacroli ?(gt%éf&%\rlj__@g ﬁtzrﬁéthb@soér'erbeescrrﬂ'érdcﬁlf%ttg%\értin'agrst&g tﬂétqﬁls |nvent|on is not

nycoph | ng proteins, such as inflixinma eterna
adal | mlimiled tepartickier rlnett@ds,@mtxoﬁmmerdalt¢qmdtﬂpn$;éesoslbech a@§uc1@matfmi$mdn

ant hr agp%%hu r?ssmaY\/QrgWﬁE Qsbrio {aﬁﬂ&’é(rgfoﬁ tHGy b t@m{@gggy BQ% lﬁ){%gm i 167 the

anti bo ar ge I fmune ce SUC as an Ies, anti-CD3
ant i bodiugeoseanh desdibing pesticuizuiempotinents only, rﬁnldamttloteyd@cg@rheshrmww éince the

anal 9esiebge behe SHUB A ABNLIPEERNRS) Hi By B dooRhdds agagont st 1 nol ude,

corti costero non- st er ol anti -1 rugs ( NSA Ds), such as
aspiri r{003ﬁdrﬁruﬂeglnn thimgprasiieatiamand the alop&ra;iedniamna, thesmgolar torws “a’ "an”, and

ant 390”‘8% 1E‘jclu|d|9 pﬁ;ré‘i%t%ﬂé?{&b%'ﬁlesé‘ &N&PBQ?@ndigﬁfegmtﬁ&msgﬂﬁhﬁéfor%QQm@l'ére

ik a SiIxt aspect e | nvent atures a pharmaceuti
conposia ietareneentor'a siatpdi IﬂDIud@S ane aymersmethads | angdar staps Oéttm typ@degcribed

ther apgd dif aﬁﬁ/%PBNCQWII @e&%wg&%ﬁ%p%Sﬁé@@ﬁn % & &Son fe ?dlﬂﬁ‘?ms

enbodi nment, ant agoni ragnment thereo
speci flch%qlqudrebl nds to DII4 with high affinity and neutralizes DI I4

activi tmpﬁde@ﬂgssadeﬂhgé‘ﬁfheﬂmge 4L dHrRARhnd Mérﬁﬂ@%&rhﬁ u??& HEre‘ir?hé%)%%h&EaﬁwQe

gl ucose ring agents, I munosuppressants, anti-inflamuatory agents
anal gegng@lngaaﬁjcqmr@only lugderg’@@dhy@@a chb@nary skill in the art to which this |nvent|on

belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by

reference in their entirety.

Definitions

[0033] The term “Dll4 antagonists”, as used herein, include antibodies to Dll4 and fragments
thereof capable of blocking the binding of DIl4 to a Notch receptor (such as Notch1 and Notch4)
and/or blocking DIl4-Notch signal pathways (see, for example, WO 2008/076379), fusion
proteins comprising the extracellular domain of Dll4 fused to a multimerizing component, or
fragments thereof (see for example, US patent publication nos. 2006/0134121 and
2008/0107648), peptides and peptibodies (see, for example, US patent no. 7,138,370), and the

like, which block the interaction between DIll4 and a Notch receptor. Thus, in certain
7



[0017] In a seventh aspect, the invention features a kit conprising a
contai ner conprising the pharmaceutical conposition of the present
i nvent i onwoand/m@4qpackage i nsert with an instruction for PasaIS20in/0e23e7

enmbodi r&ﬁtsodiraeﬁrtis,tthéwefm@mémﬁm;@smmgmﬁstg QUK hs kgl idesctied, aibadits bpdy
or WO 20,11/_09a,467PCT/ us2011/ Zgi{ﬁfra ment theﬁyeof hha speci fi cal | %

bi nds HHIgAN-PRAGO{@eMERi EPTsar 2B like; thgt sRRHIGRY Ripd Naiggre '8 &8ft ABlal

L her apeNgitiet @rﬂ?ﬁ?ieﬂ,&ﬁﬁirm&&ﬁh arhtbfwaiteﬁl&@.;aﬂwq aobvgotlm!nio&sgt%grmngataggwt aggls E\II:vi I
econe ren roma review o e ensul etall e escr 1on.

DEGoR HOPER TR et At BoREces Rond1eai S TS0dRE (e Fiel toamunpgiob @ngroiepyias

bl ?pkgﬁzwis%@er fd@M@dFI{WélﬁiﬁEG\jS@é? )clﬁéinsT, t\ﬁ@bbé\?ya(ﬁltﬁ cBaiﬁf:bﬂwc?twd\ﬂg(hE%L%ﬂgn'? nitelgct efl with
antl - antl1 po or contro unan C agnen C).. ourteen
days |eﬁOQP‘?Ct?%gYwS%MJ&F%bﬂ%‘Z%e%%Céd‘eémchﬂiwlqonmﬁiae@{%ﬂ?a"éﬁ?@é@t"éﬂ%lﬁéegion

eval uat(gebreyiafedMerdiy b9 MEVR or Vi) Gind BAieallp thdth @bRstaiougibMEC ) UThE he@fy dHafhr 0D8-
(doubl e negative th mc,pre(% rsors or "DN'), CDg+CD8+ tgdcnhbl eﬁiﬁosmlve

t hym c C&nétgmr%}% igFompsed o qdgpa 1o SR gne Cods FRPN IR RDANES precur sor s
or " SP"compaiséd BN gt 4m&ipwariald|é Rayiorc(aBbeViateedieintas LT/ FObHY $ bag @)ight dhelr S.

The nunbers in the oﬁ, 'gtlcgts regres_ent percent a e? nmean _Sgl\/) of T aﬁv
subpoplﬂoﬁﬂafih@gki’ﬁnﬂ_ge g GNBNRONB IR hicgIoRds F@T‘Prﬁeg.o PBe dpinginofyr-a e ¥nah the
per centragiend s&abe fuREr SfodRiderl ihts réd8rddNhypemadali, e@hdscdmplémentgayed on
CD4- CD8- CD44+CD25-,3£. éB%gOé Fi % éA—, B show the effects of Dl 14 bl ockade on
B cel | RBIRpHERQIADS ( JQterSPEESFE WIBHBIIRES NGHATERNYe CoRFerseR (e cel |
hOfTEOSEfﬂaﬁfﬁeﬁNdrlk\ rémségziea?&@gaTﬁBW is bclih@oaewaahﬁeteih@m@gndimur PRef &rdriged esent
ercent.ages nean . O cel, supse anon (0] e

P T o TG PTG RAUS (S sareay AP B RS ol RpaIrder Rt AnR v s GiRg, P
subset GDMB, MrFRmnal B cells; and Fo: Follicular B cells. [0021] Fig. 3A-3D

show t ffects of P14 blockade on d itic (DG vel oprnent. Fig.

SR o R FRINES e et AR B B S vl FEMAAE LGS S i 103)

anfl_ plt)ﬁllqa@we@@b E@NI’% i'hplﬁNEan% an&am@géta@%gﬂtammy)cmms vhiein &Hﬁ‘eléﬂéi:ifiéQCHC\{R

antl - eatl nent, U ers |n (0] ols_represen aver age ercent es

e sk L M e ING Hgio SR e oS fHlceog otey “GarNepfigne thal car e sep 0, 1aAg

show E ;‘tﬁe bglﬁ}ﬁigri§§ op?DRFﬁmttﬁ@Ka_Béﬂmgii)tiﬁm ,ih@ Chgtgiat d&fi?ﬂi&r,oétnd}hﬁ AbmtO- treated

mce ny{ -contro rea mce. | . . 1 g. y ors sno e

Tt f oot Lieliflpg| T gibotsh Sms: BocEbet R IG0Ms104 oD rrspausrs YAsaaiyaiig Grialda

pre- DCtSdeéiMﬁ@h B%éegg ithe Ib?@tidnf'th‘ Mstrdﬁﬂﬁ@l&?@( .ielgz,idah@,lt?rm mtésxgwecuurlfﬁlﬁiegys @VSB age
er cent ages nean re- anon a ce S . 1 0.

e o DY TR bRvaan e RBek o Rl e p e SNBSS & Ropln Setivendes bt

(_CtDﬁ- CEP%DI | 4@%%% b@mﬁt nbltogiye@l-liﬁee@t,l' Nadgrdl &ts'tit_rmtesic? Hela?h,tﬂfeﬂﬁ%gﬁiaﬁlﬁ/ldn@weﬂ; vx?aat ed

W . .y n mce reate C coniro .

Number Lakaniat B 100 Bt e2Sab SIRTeRe AR T g Plaenhalh AR PO o

DCs anmggpd98lorrai1Jsy el Pubne BalaBhdcdaratalsdavaifabld P &i2htifying.CR séqudhcede

effect of . DlI4 ﬁl ockade on the devel opnent of intra-thymc alternative DC
|i neagViiiit 3 p Yire DCs (inDCs) originating froma comon T/ DC DN1

pr ?ge 2:3[2336] SANLHICEYS oﬂdrtei dr-ntm@r@ rat;;ﬂtd L&guﬁ oK/gm%siorr\tdf EE@ bvmoeatlbﬂztli)g ?u@@f e \r&) ed

I NtO .2t 0S. mcC reate W, \ " L) .o0r G contro

2011/ oé’@&%‘%igc%’ltj 49 PRSI qasegd iRing S%f’%‘f{%{)@ﬁ“ﬁ& '%YVB@%P”SW Bq &’RS

bl ockagen®e dgiensed ®itefd bfdifgSHPablldn\eGERi) 9953F ASHB 0y9:983-189) dneBlzé@thd N DC

devel opment . Ser um CSF- 1 I.g(\ﬁ:l S r%) m ce_unnat ed (%%6 or treat eld_ with

i sot ypeOBKT Fegionaheppen agtivegiesangthey aptgensnRased R PUshadArRial StrHRigEes,

iDTT"i ngs?fd:zg@nblummt ?rﬁic b&_ﬂ\%t-on[e?iﬂﬂﬂd ofd tgu'rd of SBmlst@s @étﬁa@ﬁ@nmfct ithbe_ genetic

el etl on on noxXI T en reat.nent, .on ce oneopstaslt s I n

DL 4001300 eaPadlRe Bk o AP OIER I eGP 6 tocC e BRI AE s Pt

gr EEﬁr%onhictﬂhﬁHi ﬁn iaﬁtigﬁht(sgé alkss, wamseét@{m.tg‘toe?zarm?fei@gao ﬂﬂt')altgﬁﬁ ( msanOOSEiV) I:_Of
ce an C a n otal. cells I n e nmus, | 1 g.

A P R Y e I R R ot JE U S R Ay R R

7-A{ th[))teﬁIr%? fr@d”m wt samoaxwmsctmmtareg@mt quédijgr@d),{ﬂ@gil’@giﬁﬁ§ oDFKaleE'tCE]DFtslr ezﬁ) ed

W - or S CO al e 0o.mce real.e W con 0 .

Nurber 47 ot g iaa LRSS bu FRIEDEF TS S a3 Cofi’ SRl s

a;ﬂ)?g @EBrtd ajlémettescFIt!@us'tur?ny Bebstifiyediwith & gllrninYJE’éc(ijcBﬁdfc:lugyithllﬁe éda@&p@rhtﬁrlwdd netics

(0] re Vel O n I N 'US u er ane an S een ower ne ,

s oc O Pg I Boe Suhar P et S ParsRASLe O s peee: oSS (%))

Fig. 7C. Dot plots show an expansion ofgTregs wthin the thynus of DLL400I N
mce treated with tanmoxifen (TAM, conpared to control DLL400IN treated
with corn oil control. Nunbers in dot plots represent average percentages
(mean SEM of Tregs anong CD3+CD4+ T cells in the thymus. [0026] Fig.

8A- 8B show the effects of DI 14 bl ockade on DC (Fig. 8A) and Treg
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WO 2011/ 094467PCT/ US2011/ 022817 Ab and subsequently injected with PO61 Ab
at 20 weeks is also shown (). P0O61 Ab is an anti CD25 anti body and depl etes
Treg cel IWO 2Bi1gn94461B shows the nmeasurenment by ELI SA of a&otrivseeigobism7

aut oantgubemitidrOxitiam ¢ DRt dndHmih & Btifls &Cé ibsHREAEoNYd BS Sclbsted 6NRARAlY.
roductlo s in NOD mce treated with DIl4 Ab or hFc

aut oant bod
contr ol mB‘Bﬁ%%L YN 87 BECRIFERFINE £ P ERRPPTRIIKG SURSTIRIoRS C shows
pancre oge]mféttb@ﬁSarﬁub@dyﬂ%ovuntbma@m%%%wbga\m.@%madmb@@h/c@é ErS m ce
treated with DII4AbﬁIef pan or hFc control é{lﬁ&g anel% Bla
ar r ons RAHEI AP SOMRAPRIIGRYSNS: ;S%Hf@ Hen 1O reao¥e YndeRia YCOSYIRURN $ithaimay
infiltrnakfundresy. ||‘ém&t/élfhflaft|é't%eln$dl@t§/ td rrfcgéatse @an@id»d Pe@denla;&nu&{mmtdxtm
nunber bC&acreatlc i e]\ é}&@ )g@cg} (Vo[ F iltrated pancreath
islets ( ?\ unclaR (3eei eI &f BlatrPe £ ?1?@7@% " Jnern grpieigng.gsmarvalsi Na
Ab- t r eaflyR@s{latidn SR mEy @duééﬁncﬁé%ﬁ%leﬁr’ﬁ@uﬁ@?é&%nd é’géﬂis@% tﬁéﬂa@)@@ﬂt ariB6dies,n

t he di sease, hFc cont'rol

m ce treated, at

(0), ox%ﬂ”cﬂ%a%aﬁﬁ&”éﬁst‘gq“ec %%Pg'éat Rt OtPEE?WVVEEE?rBEM“P%ﬂO@\?f PEESEYIBE b e
the pregeme rﬁ@d&.ﬂ@d@ﬁ@n@@ﬁ@&@rﬁ@dmehtdep%na@wt@towm@tmwwgqi that this

i nvent Ib[§939] not limted to p rt| cul ar met hod and x er i rregt al conditions

descri edgEh %Pé'@ﬁ%&@dﬁﬂﬁ ragg1et 19" @R NHRRAN/AY ?}mp af‘%boéﬂly 13916 NHk as
under styged heha, réfass tbefnelorﬁqaida@vagm@ﬁts f@eaueaﬁnbo'ayftm réthi the! BBIf 8o Sbecifically
descrlw rticular enh 0|rre q¥ is.not intended to be | mtlng
o mee wietelTli Gra i aeadrd st ARt wAn AieoY fiaBten: By ke
appendeffhgﬁieaqt e (abPEbimehs, dib@flagiedtha svsmagmbm eairighictamslFy @Fameléd@d a

cl ai ns, A:l?e[e sin ular forns i ncl.yde pl ural refe ences

unl ess AR %P'”&“%é?qosg”@PEPa'ﬁ%%O“GtSH%m%8 amiQ,Ciq grsiques Aat grimig the

: ef er gﬂ%eﬁvgn%kﬂ% raRfidrost ariﬁﬁhbb@tﬁ@ gzhm@frj mamrc@ntaaiumgodsDFa@fléﬁ:sgﬁt@d)@Dﬂb t he
ype e rpe er I n an or I C W eco 0S ersons
SUPT) SR SR mlsaUEechgs ChHoogs JEROe (DRSS abs MUNGoeT Proas
ot her Wefr@om@laésetiemtmm malexpn@dsuaﬁraﬂbefﬁmedtr@rfr@mmda@amj terdiaV én tdreairsane

nmeani n corrrmnl understo one of ordinary skj in the art to which
this |g rB‘?PtBe% Ormh%fr@wt%{thsayea ey ?F%”J'slg%t? 9%r or

equi valtrerapé@icthisisy (dmmhbb@qbdwé Bishcle a8 ak§tous@t al dhetrldehdpdpetic @RigPANt est i ng
of the l(%r esent inventi on, referred nethods and nmaterials are now

t he
descr i HBEUNRFYPRIRRSAN Y3 'GHY! i oned herein are incorporated herein by

r ef er eroe4d)Mr adigen®irdingefragmdaebi ah bihtway WAOFBtalliwnigeseat IBhdttone variable
ant ago sts",_as F herein, include antibodi es %o Dil4 and fr. gmantgl
t her eof 06%&5%le%9 Yﬁ”ag CRaRY My R’ Y fige 8F ABINoAGGCARESItoR %”Qd’\él'g e duch

as Not coinpried alNehstthe GURIAWPIchhs agiktag t@&rhﬁfd&mec\nutrsmrm@ihm@@tfmwmlnl( slee for
t he extrac ul ar

exanpl e, WD 2008/ 076379), .fusi on teins copprisin

oo SopUEdes. feuenprding FAqmRans bafies 2y assHpiatedyy b Soman e

(2 Sgg/ B%H7ﬁea\vnﬂ64 &na.h&g@ﬁb@@guau@trelﬁwglt@an@aﬁothaﬂa%%aﬂab?ela@ér@emetnt It:or
epi es .an odl es see en no.

S o ing b Biraion G e dim it Secheoiain Ui VoV e FicdofriTe and a

Not ch r/ﬂté@rmtloélg thb dtigdribin@ing agmént NN 2048 AP dHidin dIREHCM EHEAB Lot v,

enbodi e term al so enconpasses ant agoni sts, such as small
nol ecul a”’antl bodi es or antigen-binding fragnents thereof, and the |ike,

that s qeoaf]l |6 2bhtain RbAdiNGENEd) ahe@agérobiading ft@gmeﬁfléfldNCﬁrﬁlbdd)arlﬁhy borthiast least

anti - Not ch4 ti bodi es ) d bl ock D114- Notc n at hways 0034
The 1 erdre~afigbigsapan Sualhlinand, B 358 arp Cansion 5t B DB PR Bt
[ml e?:ylcﬁtan%{{rawnﬁaﬂdamﬁb@t and cmltat?agmgme twénarne]gy%e fowed grﬂmman(dﬁ)u%@fhahamg and

WO | al n N connecte nS e n is
P e i A ARy St R R RS Ve M

VH) andsacheeya hmomnz»met ) TR- ccmmu Vhee, Y Y, Chi (3) VTSR ERS Vi-€gi on

compr i S \ZJ@ o MRV GG e ?*é.@ﬂ'ﬂ@%% B o %Et ér‘? A LOVR or

VI') anctoafiguratidn @vaahﬁblégﬁébdﬂﬁtaﬂitwmlihs iharding gl of i dxefpRsY admngumubﬁ@ is
conpri ﬁed of one an be further

The VH d Vi
ooat v 6 g el pe gkl ot SomaRs e Ser e DR R R RD & A piper or
det er mmayige lit@d®ys fLCBRYartialHirtfesqeink@deyibh h Almagjeaagioh hedy cdnSisTEIre least 2

conserved, rk regi ons (FR ach VH and. VI is conposed of
Chree (o B Toap! BRBYC Oém%%g%am?@%' diichaetut et Ry BRI s
in the followi ng order: FR1, CDRl1l, FR2,9CDR2, FR3, CDR3, and FR4. [0035]
Met hods and techni ques for identifying CDORs within HCVR and LCVR am no acid
sequences are known in the art and can be applied to identify CDRs within

t he specified HCVR and/ or LCVR ami no aci d sequences di scl osed herein.
Conventions that can be used to identify the boundaries of CDRs include the



WO 2011/ 094467PCT/ US2011/ 022817 substitution within CDRs and am no acids to
substitute can also be selected enpirically. Enpirical substitutions can be
conser vatwoeoawrosmsn- conser vat i ve substitutions. [0038] Phe/usesimoimmti body"

al so emnmﬁécﬁéceamarta@w aﬂﬁi/cﬁ“r&féhélﬁntaddﬁ%ilhé ln@s@d;ld@@%ié@fdb@ﬁbl@@ﬂé eK1Breokér,
sone applicati d| fication %}g re%ve undesi r abl e r%q(’:&gél ation Si t es
may be AISHHGEN- 6‘:"'”@ gRomeng aniippdy ok the RERSCRHINEE AP ;N M BIEP"
dependejitheed-ditheét (o wh@{rﬁmnmbt Yof eAPSGhe fvamadié Qlﬁld toRtarbabelbh infigdratidnd002)
JBC 277 267 3; In oth ek} ag%gl cations, renova C& &?l ycos%/l ation site may
reduce 'gi%d & O FRYBIRE 8'@?'%&”“&88? ﬁ%?th?rh%‘ H FAARMPOAITES, or
I Ncr easg, @f\ileuﬁd”e g)fb)ﬁdiﬁgulﬁd‘é bhreds)gs. In yet ot her appl i cations,

nodi ficati n of ctos Iatlon can _be éle in order to nodif | enent

10
dependdPAG AV ARJoGd s lectieso S0§OCTHAINGIRG [FAORRRIS qaay.bs MANGRHeF G Bhront » of
an ant ih@edpechic §grfb|s)6e0|ﬁdf)t lAhﬁdMsééoﬁﬁ%ﬂ@er) bmamgtﬂ@gmeh%f@nrannbscﬁmm to one
or nore fr rrents of an antll? %ﬁthat gtaln t abilit % t s%lflcally
bi nd t dYRies '%&OWF'S%?\W%%W@?C’ TRrenh Y P RYBRINDr %?'H?ac"A ArENS B¥BYN 1% agnent
][ray i nCdta\éd@Ie@f EdziffcamoiiBdihg tda Eé@é?at)e?anfngagaﬁteta differeflt dpitepEBAthe Sany

ragment, .

ngl e-chai.n Fv. nol ecul ment, m.ni
r ecogmaﬂ“%” u}h?B?@UE'éﬂ%‘i'féct%’ﬁ'Bg%f gf’ﬁ%t Ay h%ag%ﬁt%d g)éyﬁ%lh”etgefﬂ'&t?’“rﬁfﬁi“@r‘f'%%‘
hypervao"mcﬁ:lcijd ﬁagrﬁgﬁt(bﬂaﬂbnﬁﬁb R tHeQshysdrt irGentich (sirpidaiite ©enbigldy NQilablEPR,  or
an isol O her engi neered nol ecul es, such as di abodi es,

tri abodP@art tetrabodl es and ni ni bodi es, are al so enconmpassed within the

expr es 0043] Bt te@e rhumarthm@ody 286BSEd her@in, i fRehdeRrtgiintluderhntiBodied navmg

enbodlnents anti body or. anti bo fragments of the i nvention na
coni ugadableand corgiast EwPF%d?Fﬁfeg¥ R eretne UB R0y b SRad s The

cytot omumanamb@mhéafv@ﬁmﬁ ingy ﬁlfcwge a@iind mm@rnﬁﬁérwwe@by@um@d lg@rrﬁlmeope-
[ 0040] An ant gen bi ndi fragﬁn{ﬁnt of. an a C%bod W || 8 g(h ﬁ r| se
at | eadPMyRESlp wna%ﬂ%em%dﬁﬁ aliqngintgueed BRERTHOR:SY SHES pCiny ?1926

am ng aﬁlvdrmmsp@smtan@mumdnm I/A/o)gﬁiﬁ@k@hbl)é |r$ﬂ}éF€Dl3§aﬁci inl @aﬁdulamm@R whi ch
is ad) ent to or |r), one Or nore.trane seqguenc

ot gor e AaS fermaa U SREARCH: 28 Oor AU 5 60 ShORCda T LER TaAA I Wi .
the VH oM sé/d]u_edéégﬁetﬂﬁédﬁmfn e gorilied ichnoglerrianemalRneRBecias od. %ernousle )aRave
suitable arr erre exanpl e, the variable region may be dinmeric and

Fo
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Table 1 Days after initial injection Fold-increase in percentage
Fol d-i ncrease in absolute nunber 3 1.01.0 7 1.1 1.1 14 1.6 2.0 21 1.3 1.7
WO 2011/094467 PCT/US2011/022817

[0056] For systemic administration, a therapeutically effective dose can be estimated initially
from in vitro assays. For example, a dose can be formulated in animal models to achieve a
circulating concentration range that includes the 1C5, as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Initial dosages
can also be estimated from in vivo data, e.g., animal models, using techniques that are well
known in the art. One having ordinary skill in the art could readily optimize administration to
humans based on animal data.
[0057] The dose may vary depending upon the age and the size (e.g., body weight or body
surface area) of a subject to be administered, target disease, conditions, route of administration,
and the like. For systemic administration of DIl4 antagonists, in particular, for DIl4 antibodies,
typical dosage ranges for intravenous administration are at a daily dose of about 0.01 to about
100 mg/kg of body weight, about 0.1 to about 50 mg/kg, or about 0.2 to about 10 mg/kg. For
subcutaneous administration, the antibodies can be administered at about 1 mg to about 800
mg, about 10 mg to about 500 mg, about 20 mg to about 400 mg, about 30 mg to about 300 mg,
or about 50 mg to about 200 mg, at the antibody concentration of, at least, about 25 mg/ml,
about 50 mg/ml, about 75 mg/ml, about 100 mg/ml, about 125 mg/ml, about 150 mg/ml, about
175 mg/ml, about 200 mg/ml, or about 250 mg/ml, at least, 1 to 5 times per day, 1 to 5 times per
week, or 1 to 5 times per month. Alternatively, the antibodies can be initially administered via
intravenous injection, followed by sequential subcutaneous administration.
[0058] Various delivery systems are known and can be used to administer the pharmaceutical
composition of the invention, e.g., encapsulation in liposomes, microparticles, microcapsules,
recombinant cells capable of expressing the mutant viruses, receptor mediated endocytosis
(see, e.g., Wu et al. (1987) J. Biol. Chem. 262:4429-4432). Methods of introduction include, but
are not limited to, intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The composition may be administered by any convenient
route, for example by infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be systemic or
local.
[0059] The pharmaceutical composition can be also delivered in a vesicle, in particular a
liposome (see Langer (1990) Science 249:1527-1533; Treat ef al. (1989) in Liposomes in the
Therapy of Infectious Disease and Cancer, Lopez Berestein and Fidler (eds.), Liss, New York,
pp. 353-365; Lopez-Berestein, ibid., pp. 317-327; see generally ibid.).
[0060] In certain situations, the pharmaceutical composition can be delivered in a controlled
release system. In one embodiment, a pump may be used (see Langer, supra; Sefton (1987)
CRC Crit. Ref. Biomed. Eng. 14:201). In another embodiment, polymeric materials can be used;
see, Medical Applications of Controlled Release, Langer and Wise (eds.), CRC Pres., Boca
Raton, Florida (1974). In yet another embodiment, a controlled release system can be placed in
14
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W 0.04 0.005 0.58 0.13 FIt3-12- 0.04 0.006 0.45 0.13 Table 3 Mce %
DC in Thynus of Mce Treated with: Control Ab 0114 Ab WI 0.03 0.003 0. 37
0. 03 Fl t 3w0:20/09%4606 0. 01 PCT/US2011/022817

include, but certainly are not limited to the SOLOSTAR™ pen (sanofi-aventis), the FLEXPEN™
(Novo Nordisk), and the KWIKPENT™ (Eli Lilly).

[0063] Advantageously, the pharmaceutical compositions for oral or parenteral use described
above are prepared into dosage forms in a unit dose suited to fit a dose of the active
ingredients. Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections (ampoules), suppositories, etc. The amount of the DIl4 antagonist, such as a Dll4
antibody, contained is generally about 0.1 to about 800 mg per dosage form in a unit dose;
especially in the form of injection, it is preferred that the antibody is contained in about 5 to
about 100 mg and in about 10 to about 250 mg for the other dosage forms.

[0064] In a certain embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be achieved, for
example, and not by way of limitation, by local infusion during surgery, topical application, e.g.,
by injection, by means of a catheter, or by means of an implant, the implant being of a porous,
non-porous, or gelatinous material, including membranes, such as sialastic membranes, fibers,

or commercial skin substitutes.

Combination Therapies

[0065] In the therapeutic methods of the invention, a DIl4 antagonist may be provided alone or
in combination with one or more additional therapeutic agents, such as immunosuppressive
agents or immunosuppressants, anti-inflammatory agents, analgesic agents, direct or indirect
blood glucose lowering agents, and the like. Suitable immunosuppressants include, but are not
limited to, glucocorticoids, cyclosporin, methotrexate, interferon 3 (IFN-B), tacrolimus, sirolimus,
azathioprine, mercaptopurine, opioids, mycophenolate, TNF-binding proteins, such as infliximab,
eternacept, adalimumab, and the like, cytotoxic antibiotics, such as dactinomycin, anthracyclines,
mitomycin C, bleomycin, mithramycin, and the like, antibodies targeting immune cells, such as
anti-CD20 antibodies, anti-CD3 antibodies, and the like. Suitable 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
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,
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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.

Table 1
Days . . . .
RO Fold-increase in percentage | Fold-increase in absolute number
after initial injection
3 1.0 1.0
/7 1.1 1.1
14 1.6 2.0
21 1.3 1.7
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(70) i r}o% 'IECEgntlfy any effect of DI?4 gb 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.

[0075] 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
expanded at day 7 (p<0.001) through day 21 (p<0.01) in the thymus, as discussed above (see
Fig. 3B).
[0076] To examine whether DC expansion could originate from uncommitted T-cell precursors,
DN1 CD45.17Lin" sorted cells were intra-thymically transferred into CD45.2" host mice treated
with anti-DIl4 Ab. It was found that CD45.1" cells were accumulated in DN1 stage (data not
shown) and immature DCs (imDCs) were detected and expanded in thymus (Fig. 4) (p<0.01).
No cells were detected in the control Ab-treated mice, possibly because most of DN1-
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15.2 2.0 (p<0.1) 16.0 1.3 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)
[ 0087] Fiwal2by/oowdsen bone nmarrow cells (BM from N c-/ - PoTas20ve022817
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ant i - Dlsbfnréh vad DR1 peshehitsie ef fect (see Table 6). Table 6 BM Donors

[0077] Fms-like tyrosine kinase 3 ligand (FIt3-L) is sufficient and essential for the differentiation

of bone marrow progenitors into DCs and the development of peripheral DCs. Serum levels of

FIt3-L were unchanged in anti-Dll4 Ab-treated WT animals (data not shown). Furthermore, as

shown in Tables 2 and 3 below, the percentages of DC in thymus were expanded in wild-type

mice (WT) (Tables 2 and 3), FLt3-L knock-out mice (FIt3-L") (p<0.05) (Table 2), and FIt3-R

knock-out mice (FIt3-R™) (p<0.001) (Table 3), all treated with DIl4 Ab, compared to those treated

with control Ab. Thus, DIl4 blockade induces a Flt3-independent DC expansion in thymus.

Table 2
% DC in Thymus in Mice Treated with:
Mice
Control Ab Dli4 Ab
WT 0.04 +0.005 0.58 £0.13
FIt3-L™ 0.04 +0.006 0.45+0.13
Table 3
% DC in Thymus of Mice Treated with:
Mice
Control Ab Dli4 Ab
WT 0.03 £0.003 0.37 £0.03
FIt3-R™ 0.06 +0.01 0.44 +0.02

[0078] The ability of early T cell progenitors to re-derive towards a non-T cell phenotype has
been observed (James P. Di Santo, 2010, Science 329:44-45). Gene array analysis was
performed in thymocytes and pro-T cells to determine the effect of anti-Dll4 Ab treatment in
genes implicated in T versus B and DC cell-lineage specification. It was found that the genes
essential for T cell commitment (e.g., Tcf7, Gata3, and Ets1) were downregulated, while genes
(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/lB 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
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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.

Example 3: Effect of DIl4 Blockade or DIl4 Deletion on Tregs Homeostasis

[0082] It has been recently shown that Tregs are essential for maintaining normal number of
DCs. Upon Treg depletion there is a compensatory Fms-like tyrosine kinase 3 (FIt3)-dependent
increase of DCs (Liu et al., 2009, supra). Furthermore, two independent groups showed a
feedback control of regulatory T cell homeostasis by DCs in vivo; i.e., increasing the numbers of
DCs leads to an increased Treg division and accumulation, which could prevent autoimmune
disease development (Darrasse-Jeze G. et al., 2009, J Exp. Med. 206(9):1853-1862; and Swee

LK et al., 2009, Blood 113(25):6277-6287).
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[0085] 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
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
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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

[0086] 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
T - -
red Control mice | Nicastrin KO mice | Control mice Nlca:]ti::lg KO
Treg (%) in 3.3£0.2 15.2+2.0 16,013 339+ 01
CD3'CD4" cells (p<0.1) o (p<0.0001)
Ratio of absolute
numbers 0.04 +0.002 oy 02x001 | OO0
(Treg/Teff) p<v. p<O0.

[0087] 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).

Table 6
% Treg in CD3*CD4"* Cells in Recipient WT Mice Treated
BM Donors with:
Control Ab Anti-DIll4 Ab
WT 3.6+04 35+4
Nic” 37+2 41 +£2
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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.
[0090] 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.

Example 5: Effect of DIl4 Blockade in Experimental Autoimmune Encephalomyelitis
(EAE)

[0091] 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).

[0092] 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.
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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.

[0093] 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.

Table 7
D Treg in Thymus Treg in Spleen
ays Fold-increase in Fold-increase in
after MOG Fold-increase ° absolute Fold-increase absolute
Injection in percentage humber 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

[0094] 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.

[0095] 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.
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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.

[0096] 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
Absolute Number of Infiltrating Cells in Spine (x 10°)
Days CD11b°
after MOG Macrophages NK cells B cells .
injection myeloid cells
Control | DIl4 Ab | Control | DIl4 Ab | Control | Dli4 Ab | Control | DIl4 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
21 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

[0097] 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
[0098] 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
characterized by insulitis and leukocytic infiltration of the pancreatic islets. Marked decreases in
pancreatic insulin content occur spontaneously in females at about 12 weeks of age and several
weeks later in males. Consequently, plasma glucose levels increase to greater than
250mg/dL. NOD mice were checked twice a week for blood glucose levels, using a
ONETOUCH® mini (LifeScan, Inc.). The mice were considered diabetic after two consecutive
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.
[0099] 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
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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).
[0100] Insulin and GADG65 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
mechanism(s) may be involved in the protective effect of DIl4 Ab on pancreatic islets and/or
insulin.
[0101] Actual blood glucose levels of the diabetic mice treated with DIl4 Ab were determined
and compared with those of the mice treated with hFc control. Diabetic mice were treated with
25 mg/kg of DIl4 Ab (n=3) or control hFc (n=4) at the onset of disease (day 0). Upon Dll4 Ab
treatment, diabetic mice significantly decreased the glucose level from about 350 mg/dL to a
normal level (about 120-130 mg/dL) (Fig. 11E). This effect lasted for an average of 4 to 5
weeks. In general, it was further observed that, when diabetic mice having less than 350 mg/dL
of blood glucose was treated with DIl4 Ab, their glucose levels dropped to the normal level and
this effect lasted longer than those having more than 350 mg/dL of blood glucose at the time of
treatment. This indicates that there is a certain window of opportunity for a prolonged and
effective treatment for controlling blood glucose levels with DIl4 Ab. Thus, without being bound
by any specific mechanisms described herein, these observations suggest that Dll4 antibodies
27



0.03 1.5 0.1 0.6 0.02 4.8 0.122.9 0.2 [0097] Furthernore, production
of IL-17 and IFN-y in [ynph nodes in the mce treated with D14 Ab was
si gni f i camol2g11diomdeni shed (p<0.001) (Fig. 10). Thus, DI | 2ctasbaibesinvol ved

in the Mbb@%&ﬁe@p@jtuc%&mﬁ faegbetl tiapetébl devel opnent and DI 14 Ab

treat %gwireveqt di sease |ndUé§|on Qé bl%@ﬁ% i t.he se?{etlon of Thl

and Th ‘E?jt rRews 51 XPBIMERTE QEpvepavs reyea ik SYaiepre aaﬁrét"egs'{’oogs]

The ef flﬁﬂkﬁO\ﬁl’ﬁ r@ula‘iorb"&ﬁhﬁéﬁ&:o@ﬂol@Itlé?é)ﬁlﬁrﬁﬁerW@JSTﬂingéllé asd E/gf'nﬁ‘vhgjr;ﬁb' ILtJ ngg
I NO et a

"NCD mic a i.c nodel e i abet es
51 kieen Boetin BRI RERS p3 eSSentabbahdRSiafeg botwegs mmyn ARG Blerans, i
(8): 397rﬁo§6%poranapmaﬁ§slfartN@E?fs‘maletﬂwerrhrabemfeeﬁmm@%mnamdorhyonmbﬂthes and
| eukocyti c |nf|Itrat|ﬁP ﬁ{>'@ @g creatic |slet§ Mar ked decreases in
pancr edMUNRS¥REh - 8o RIERC SO nE AMREBRSYVN I¢ priagorusts RFEsEABAN 12 weeks
of age dMadiiveerveihatiobGetocohttbiETred AuMBERSA VA0 ARE GoRItgLEntydoRs BRthE bkigPssion
| evel s i ncrease to greater than 250@g/dL NOD m ce were checked tw ce a

week fd)rfaHIOBB'HU@? 9@%@%%3&%?@’59%% B5-ONETOUCH(r) nini (LifeScan, Inc.).
The m ce were considered diabetic after two consecutive readi ngs over 250
ng/ dL of bl ood gl ucose. The onset of diabetes was dated fromthe first of
the sequential diabetic neasurenents. The mce were injected wth hFc (n=5)
or anti-D114 Ab (Regn577) (n=10) 25ng/ kg tw ce per week for 7 weeks
starting at 9 weeks of age. Blood glucose | evels were nonitored once a week
wi th bl ood samples fromthe tail. [0099] As shown in Fig. 11A, mce treated
with hFc started devel opi ng spont aneous di abetes with bl ood glucose |evels
hi gher than 250 ng/dL after 13 weeks of age (.). In contrast, mce treated
with anti-D114 Ab (REGN577) showed no sign of increased glucose |evel

t hrough 25 26 WO 2011/ 094467PCT/ US2011/ 022817

28



weeks of age (.) and the neasurenments are continuing for additional 10
weeks. D114-Ab treatnent before the di abetes onset prevented the

devel opnew0 20f1/ditwhet es and the treated ani nmal s di d not PEEAIsRa10/0228¢7

devel op di abet es. Interesti ngl y, whegLAmet of 10 mce treated vvith D4 Ab

were inj ed h a t| 25 P0612 mAb, at 20 weeks of ag h{l{ qer to
depl et e t Qe“ﬁ %s"gé‘ﬁl iaNt3908 54 oG Uae Bueyniap sireating LEAME IR ANG:TiIARF!Es 2
weeks |rﬁélﬁtUs 1tdﬂﬁ psa 2&1 é)@@@ém wlheacbmtth@antaborsstlmbksaherdeﬁabﬁén bét@een DIl4
pr event| v i abet es s diated, at least in

part, retceptﬁr i’i‘;k?'ab‘ftéiﬁfo?re%’/%’s?f’ trﬁa%@r two standard

aut o-a odle t hat ound in the sera of di tic NOD mice as, well as

of d a%et 8ok iie R A BvhaBiaen oy B¢ fBudingin 3@9@9@08?6 UEIdT 25EPREHN e

in the fdegehdreciaiviereiM the ahfé@oﬁ@ﬂblb@«ls ainfetdclioAbettied DI amd NeAcHecEbibSand AS

shown Ln El"g ]1318’ %J] ?{fat ment bl ocked the production of anti-lnsulin

(0) and"&RtoPd 5 By Cldu o8 CEfti bodi es at levels sinilar to those of

untreated W O057BI /6 (i m ce; eatlv ont r ol |s). .In

Cont  ack A K5 s lagee D P actionit o See Ty eloaRs oL SReE: e aecthicl SUARS o

ggto aLamqudIeem dwkﬁéwiﬁn@elr(ﬂsud:h%eﬂdéﬁdnid?lblod#h%nwhé@mﬂﬂé@h@g&nlsmbdk@m of
week 0 n treat wi t

i abet 1 EioiiRR eSOl 20 Mok Sned i SRt sty A ERaRABE i rechachen

nunber ledkepancreati c islets (the cells that produce insulin or gl ucagon

and their destruction is directly correlated with di abetes incidence) with

lpr ]eserv4edA mtrmmodfcpgewew&mgg tr@ﬁ%@; u@nél?r@ngﬂ]éb,etdseﬁelhtpan@ie 1 @ngod2,9. 11D,

eft panel no cellular infiltra

obser y T IRERG ST TREIRS gk P gt e et e et ectyB gt B By

ri ght pmtgonist! n contrast, diabetic aninmals, "which had been treated with

hFc control, had signifi cant ly | owner nunbers of pancreatic islets (Fig.

110, risgha et of l@wetingiagolodd ucdsefievehaonedprising adheniste renior eausbjdédanndede Dl | 4

Ab- d | d high levels of
col | ur APEeAT FErSEPBtry e G Rt B ohERurboran E?Staﬂﬁ r:gm panel ) .

s o R S Rk G T BB B O BB ol 2 g
expansitom sobjett iegeed tmnesfer theiapeutafipsitedile ambabt cim Riddartagomit. mechani sn('s)

may be involved in the protective effect of Dil4 Ab on pancreatic islets
and/ or 7.nEhd DIt arft8ddinidt adcdrdiap tdtlamd 3 gF theosethbevedsdiod td tleindb aftetreio tme ce

t t i Dl . itk
troat ot RRRlES R SF SRR TAR SRy e R IR Bl Ack PR3 Rlsrk 5ot b 1 4
Ab (n=3BARESE@nbot. hFc (n=4) at the onset of disease (day 0). Upon D14 Ab
treatnent, diabetic mce significantly decreased the glucose |level from
about 3B0ThegDi arttaganisi@cemting éw ehy ¢racboiutiairh20-16 3Candgy/ ailthe (fetipd detBdingTtoi s

ffect . h
cr et AIFHE L@ Py 50208 B O G0 Bt LMBBOSE Mok iBtgf it
gl ucos espaalf;callyémdedh Di# tand Dldcks Bi4-Notai sigrell pathweyd, ev alfgsialr projpedd ceropridirg

I | S_.ef ' 350
oy a. FE Bl dsler ol Bt of § e tal hal TG rRTE AR bLa iR, o
is a cdgain wi ndow of opportunity for a prolonged and effective treatnent
for controlling blood glucose levels with DIl4 Ab. Thus, w thout being
bound B EeyDiFpadaganist oe theametbod adesding bedaines evhrgrein hiesantibode prvkiag roers
t t ; /
T N R B R e e e
t he expndiCRRN3 seqsovves ofaseonemzecemdeea stspaciyvetyf oaa fighd whain yiagiakle kegiom
I t - h I

Thi's. rdgGlE) SeCIRL I RBRARCRAL DI RE 0By sPhEPhE o RERNE Who! B thd 3
i nMmuni trysmwvelyoloelbaﬂme but nost inportantly makes, for the first tine, the
l'ink between three inportant conponents of the inmmne system i.e.
D114- DAS$- Tiedll4 artagonish ot thermagihodacderddng b ciaimegoriieseis tfm@ztleadxsonalfrageﬂﬁeréct ive
met hodg, Qays éo?n&f%@& LAUCV Egcﬂdé%@%f &eh D‘Nq ag%‘?‘h &%%ﬂ%\ﬂ#‘%&é’%egbf 8EqQliBe

progr ession aut ol mune di seases an ed condit

2011/ 09¥ARBRCT 8132 @IHC YRAEVR cambingioniof SEQIE) N@-30/26on i1648- 4 (DI 14)
antagoni st for use in preventing, treating or aneliorating diabetes
mellitus type 1 or type 2 in a subject, wherein the antagoni st bl ocks an
interaction between D14 and Notch receptor and di abetes is prevented,
treated or aneliorated. 2. A delta-like ligand 4 (Dl 14) antagonist for use
in lowering a blood glucose level in a subject in need thereof, wherein the
ant agoni st bl ocks an interaction between D14 and Notch receptor and the

bl ood gl ucose | evel is Iomered. 3 A delta I|ke ligand 4 (D|14) antagonlst

oy =



8. The DI14 antagoni st according to any one of clainms 1 to 3 and 7 or the
nmet hod according to any one of clains 4 to 7, wherein the DI |14 antagoni st
i s an antwbady/moudel r agnent thereof that specifically bi rd3/usRhih42mnd bl ocks

D114- Notichrrei Imaént&g’ﬁnmt\@b!&rdlﬁg tRamySA Ot dnarrats alta 3GPENTT to Sliond cdmBination with at
extracel | ul ar main of DIl4 or a fra reof that .is fused to the Fe

domai n '83StQNG GRAHONTR) erarputiGpaerhselec H'PQ& IBEOIHRWRERHBF Hecor ding to
cl ai m §mmunesEdptedsast, ant- Ir‘bl@ﬁ'l)’na%ryfa@@ﬂﬁﬁm ahdGssRPigernpri ses a heavy chain
variable region (HCVR) conprising heavy chain CDRl, CDR2 and CDR3 sequences

?:‘_ C\S/%D 12D THe 21, ar?t’é’g(fmwﬂ a&ﬁ)rdlh@fﬁd)ﬁﬁ'm V’Bh/\}her@ﬁ thie ddditithalcthaiapeitdy dgeit ig ategi on
corrpr| SIn enc
NoL 30, 1658 B 26Rtep L IE SRR, SoNaF ingo R ST 81 STRB0 3 1S Rt SYEAPRICTRES, he
met hod @@l@@pscﬁlnngwetmw@k@tbnm& stwwdaaaaﬂn tifematidr @y sqN ST ENIE - ot dhed g fsts,
conpri §§1 a HC\/Rt%ﬁzlf]gence of SE% HO 20 or 116, or a LCVR sequence of SEQ
a

ID NO ANtagpgs AHBGRNIS VR tion of SEQ I D NO. 20/28 or 1 16/1

1/ 0944 7PCT/ Us2011/ 022 fgi % 15 5 anta oni sqt} ccording to
any one |Methed #C¢0rding Iny,oneT fRiIMA 440 Abi 'E“?roce?”w'ﬁ 9&Pa¢ray ertS‘ﬁ@
addi ti qh@’apélhteamp@rwowe agentt of at I@éﬁt%efdddmbbéIQWagémré%enﬂ memfgora@mti
i mTunos sant, anti-inflammtory a and ana sic a The
D14 o 3ﬂ QufeNgd age e H@nwsepareﬁ?%i aqﬁﬁaf}aéwﬂakowe %&E.ﬁnﬂ@ﬁgﬁe@ﬁ@p% utio
agent | a%tdgne @ g)(r:tled { trhe C |st| % tfllllnt on
anal ogues dPelgpd agiqieBe ??‘Eb 9%9 %@Pﬁ %%?Q i§ atleastone
non- st e;remm fr(ﬂmhegrmﬁﬂ) amﬁﬁwtmg wf msulgsOr(dNS}@szss) theWé\sFF gﬂu@ﬁb@g@de§tc$clo¢|doﬂﬂ:,

ot 20008 S s, 4 998 BB BB 1 S eyt T T ERBR SR 10 ©©

t her apetitagoalsty 1166 hetigormietsaamdiapioids. at | east one additional therapeutic
agent selected from bl ood glucose | owering agent, i mrunosuppressant,
ant i - i nifd. aeed|ldr gntagpeist acanding ratlgiesi toat@eot the nisthodldreordiighiodtlamci@ratiidg t o

e 1. Rl S e O SRR el 00 ot

gl ucocareyuetiatiadmineyraties pori n, et hotrexat e, non- steroi dal
anti-inflammtory drugs (NSA Ds), TNF-a antagoni sts, IL-1 antagonists, |L-6
ant agonicstse cracbaitpilie gand 4 DI14T heta@brigt ardeag@dunsatnyme@f diaimgs 1 to 3I7aiorm2l1 or

Lo o BN B e RS RS S riRldd diBkieb tellIShPEN il e 8K $°9°”' o
o T2 Ul A8 4 (OHE o Bforit i S Phdiiddy B ot 3Rt D) |

pr eventprengnting degaiing ooamelioehtingrddbates melitiettgse fred typé Asn agplgedt. or type 2 in
a subject. 17. Use of delta-like Iigand 4 (Dl 14) antagonist in the

nmanuf act8urldseodf daltantick ligamel it (Dilér anjagongatin thg manuéactura @f emesimeiment tor iaveering

di abet easblg%1 Q% yé:f%& e(l;’,[ype 2 in a subject. 18. Use of delta-like

|l i gand 4 goni &PIFA the manufacture of a medicament for |oweri ng
a bl °°d199'd’s%°o?%ﬁ|t§Yﬁé I é!fa'ﬁd% %)‘HQJ égomsfjr%th n%?acﬂ?rleto?a'rﬁé&?ca'rﬂ&?fb‘? e 14)
ant agoni'st” 1 n the nmahutacture or reducing or b ol |ng

pr oductdrdocsing ditg prodnttiob ad ret- an’mbadles:b] zesnbjectzo The use according to cl a| m
19, wherein the auto-antibodies are those against insulin or those against
gl ut am 9. ddiedise¢ecaerdmgtd aém 68, WIEABHSYe asto-antbedies are. thqecagasst isulbT ol ng t o

any onetpg{eh%r Iu Z?Egmaqfefmg%ﬁégébég;@@ﬁ (%rgo@rgom st is an antibody or

fragnen speciftically and bl ocks D114- Not ch si gnal
h f h
pat hvays, Bl fRe déébrapwgﬁg%%ﬂe ?useﬁisﬁ'ﬂs 2o @h&gwtﬂsﬁlm;éhgigﬁﬁﬁg‘g'aﬁ gagi.b&léﬂz

or a fragnent thereo at’1s onmal n of
The useordicgoedi thgrepbthat spaeifizally hinds kDI anﬁieblacma ¢dyoteh sipnalgpatinays hasree of

Co”p“ %g&@&%‘?@w Xorﬂﬁﬁ‘éu fﬁ?réxﬁgéé?lufa?%ﬁ’iﬁin(dﬂ@ﬁﬁe)or%‘?u‘%@l’ﬂeﬁl 8 AP Y isHD&d o CORL.

seque
the Fc domam of a human IgG.

22. The use according to claim 21, wherein the antibody or fragment thereof comprises a heavy
chain variable region (HCVR) comprising heavy chain CDR1, CDR2 and CDR3 sequences of
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| ight chain variable region (LCVR) conprising light chain CDR1, CDR2 and
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Q[rhell'.§1I4 antagonist or the method according to claim 22, wherein the antibody or fragment
thereof comprises a HCVR sequence of SEQ ID NO:20 or 116, or a LCVR sequence of SEQ ID
NO:28 or 118, or a HCVR/LCVR combination of SEQ ID NO:20/28 or 116/118.
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