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| NFLAMVATI ON FI ELD OF THE I NVENTION This invention relates generally to
agents thwoospeoidically bind to and inhibit an 5 integriPOTrUSoBEUOr
conprising an al pha-4 ((x4) subunit, and therapeutic uses of the sane.
BACKGROUND OF THE I NVENTION I nflanmmation is a response of vascul ari zed
tissues to infection or injury and is affected by adhesi on of | eukocytes

to the endot hel i alp el i RSV RSSAlT@RAbRIINAGAIY r at i on i nto
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in the mgration of |eukocytes across the vascul ar endot’hel i um (Springer et
20 al ., 13féegtedby pdipsion 9fleukoepytes tothaendethelial gellsf blood gemselsandtheie 272: 60- 6)
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(Bevi | achtSJ[a er P%HChonef@Oé'ﬁm Ig@%dﬁmlwwsi 99%] 767-804; and Postigo et

al ., 1993 Res.Thelimmogrinslare a]féﬂuly BBeeHl&):rfac‘El‘g@cabxptems4n\h$tea-iﬂcaﬁ-znﬁesidmt eracts
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Expression of MAdCAM.1 on the vascul ar endothel i um i | so increased at

sites of MeRstRLATREEA’dRtepin uRRnifsHbatplphpst btp éé‘i“%‘f) aﬁ%&lp@rﬁ Retgy/ {¢+B7)
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97-110). WD 03/072040 PCT/ US03/05421 ~ Adhesi on nol ecul es such "‘as al pha-4

i nt egP nsalar 894serlk i PAl-1#andButsherst ak, 89 Gienc 372: 60-6) and contribute to cell

activation and survival within the parenchyma (Damle et al., 1993 J. Immunol. 151: 2368-79;
Koopman et al., 1994 J. Immunol. 152: 3760-7; and Leussink et al., 2002 Acta Neuropathol.
103:131-136).
Specifically, alpha-4 beta-1 (also known as very late antigen-4 [VLA-4]), binds to
25 vascular cell adhesion molecule-1 (VCAM-1)(Lobb et al., 1994 J. Clin. Invest. 94:1722-8),
which is expressed by the vascular endothelium at many sites of chronic inflammation
(Bevilacqua et al., 1993 Annu. Rev. Immunol. 11: 767-804; and Postigo et al., 1993 Res.
Immunol. 144:723-35). The alpha-4 beta-7 dimer interacts with mucosal addressin cell
adhesion molecule (MAdCAM-1), and mediates homing of lymphocytes to the gut (Farstad
30 etal., 1997 Am. J. Pathol. 150: 187-99; and Issekutz et al., 1991 J. Immunol. 147: 4178-84).
Expression of MAACAM-1 on the vascular endothelium is also increased at sites of
inflammation in the intestinal tract of patients with inflammatory bowel disease (IBD)
(Briskin et al., 1997 Am. J. Pathol. 151: 97-110).



agents. For instance, the VLA-4 receptor, of which alpha-4 integrinis a
subunit, is an inportant target because of its interaction with a |ligand
resi di ng wo obaiomo endot helial cells. D seases and condit iPomaSo&eukt i ng
frombrain inflamuation have particularly severe 5 consequences. |n another
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In another specific example of pathological inflammation involving alpha-4 integrins,

Crohn's disease (CD) is a chronic, incurable, relapsing, transmural inflammation of the

25  intestinal tract. The disease is characterized by inappropriate immune cell migration and
activation in the intestinal mucosa involving T cells, macrophages and neutrophils (Schreiber
et al., 1991 Gastroenterology 101: 1020-30). First-line medical therapies for Crohn's disease
include 5-aminosalicylates (5-ASAs), which have low efficacy, and corticosteroids, which
have various short- and long-term side effects (Munkholm et al., 1994 Gut 35: 360-2).

30  Patients refractory to first-line therapies are treated with immunosuppressive agents such as
azathioprine, 6-mercaptopurine, and methotrexate, but these agents have a slow onset of
action and potentially serious side effects (Stein et al., 2001 Surg. Clin. North Am. 81: 71-

101, viii). More recently, biologic agents with a faster onset of action have been introduced
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for use in treating Crohn's di sease, but such agents are simlarly plagued
by issues such as long-termefficacy and side effects. SUMMARY OF THE

| NVENTI ONVB 03h®o0pr esent i nvention provides net hods of chr eairasbsgsseeduci ng
pat hol ogical inflammation in a patient via the chronic adm nistration of
an agent that selectively binds to alpha-4 integrin. The chronic dosage
regi me of an al pha-4 agent is designed such that (1) the agent
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al pha-4 integrin, t he agent 15 a m ni st repeate to maintain
al pha- 4 |hmegmmwﬂh@@egwb¥e§@®@$at|on at 10 a sufficient level to suppress
pat hol ogi cal inflammuation. The agent of the invention can be wuseful in the
suppression of inflammtion via binding and inhibition of all integrin
dimers conprising the al pha- &mﬁmﬂMhQLIHDhQEHDQHn be designed to bind to a
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associated wth inflammtory bowel disease. Thus, measurenent bot h

al pha-4 beatsl-1 and al pha-4 beta-7 saturation IeveI s may be benefl cial in

determ ning 4y chbembddithGRNe &Ecﬁy%@ﬁ EtrGiik %sag@{e@ﬂﬁeccaﬂ@@h&bﬁ&lﬁeﬁtﬂ QRe ' €9i Ne.
In one enbodi ment, the success of chroni c dosage regine can be det erm ned

by ads es@mgrealepmfﬁtma@gn efd spﬂeaﬁk@ﬁegafl dirhes. e proticydir exampleit inhetievedon. For
exanpl e, Apralf - Pmb%% er lseigbél?redaiﬁgl Mipid &ideshid %%tM?s] th RGeipccess of

t he dosage reglne can |rned by tlon of t evel s of brain
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the success o sage regl ne can be con by detection of the
| evel s of ser Umadthgaotbbdimentpwbire multipde/itegrin dingrgpae béieyved torbe yreolhvadat her
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wel | ness, togle@rmint @@etfidacyof arhédnfd adntinigtration regime. In a specific example, both the
alpha-4 beta-1 and the alpha-4 beta-7 dimers are believed to have involvement in
pathological inflammation associated with inflammatory bowel disease. Thus, measurement
of both alpha-4 beta-1 and alpha-4 beta-7 saturation levels may be beneficial in determining
25  the efficacy of a particular chronic administration regime.

In one embodiment, the success of a chronic dosage regime can be determined by
assessing a physiological marker of the pathological inflammation. For example, in a chronic
dosage regime administered for MS, the success of the dosage regime can be confirmed by
detection of the levels of brain lesions using an imaging technique, e.g., magnetic resonance

30  imaging (MRI). In another example, in a chronic dosage regime administered for CD, the
success of the dosage regime can be confirmed by detection of the levels of serum C-reactive

protein levels in a patient. In yet another example, the success of the dosage regime can be



CD patient. Another enbodi nent of the invention contenplates the treatnent
of an inflammtory disease of the gastrointestinal tract (e.g., Crohn's
di sease, wbosnaiwe colitis and inflammtory 5 bowel di seasa)somés4zn subj ect
conprising adm nistering a therapeutically effective anbunt of a
conposition conprising natalizumab sufficient to treat or aneliorate said
inflammatory disease of the gastrointestinal tract in said subject In a
specific g i - f §
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suppressed | on ermin a.patient,.e.g., over a period of six nonths, one
year, two @t ‘£%$““WBPQFB%ﬁngﬁ@@f“%P“the met hod of the invention is that

sufficient |evalasp&ificdntdbinmentttRiiaveftion Rh@EShdoggefiginds @héttih Mdpate@d over
| ong periods to sup atholo i cal .inf tion over, 20 those periods.

I ess
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An advant age of .the invention is that _agents used in the nethods of the

i nvent i oninHpramatign in thegaienys Brpngfgr wpgeilic Plawctvaﬁmcﬁlﬁ ggenbis repgatedy and ot her

obj ect s, Mﬁ‘l@{eﬁﬂ%pro@ﬂ@ lé‘v@@wiﬁ&spafbo&m fOO%etha'pQ{'enW Il ye%fbﬁﬁ?speél?i@ar ent to
those persons skilled in the art upon reading the details of the nethods

and f or ngmbadirens, thesagentin rapeatedly administerredo peavisy leveRiofpt IpESaRIAR0-1808 OF THE
DRAW NGS 3Q h&l 1l is aline graph illustrating the cunul ati ve nean nunber

of new Gd-erthancing lesions in Ms patients follow ng dosing with

nat al izumab. P\ fpatuze gfitbevnvertion pehat andesgebloéffeststaf patheloginal inflaramgtion canre  poi nt
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and 4A—C:mhmm1the serum concentrations of natalizumab follow ng the

An aspect of the method of the invention is that sufficient levels of an anti-alpha-4
integrin agent are maintained over long periods to suppress pathological inflammation over
20  those periods.
A feature of the invention is that the dosage form provides lower levels of
pathological inflammation over longer periods as compared to a single dose.
An advantage of the invention is that agents used in the methods of the invention are
well tolerated and have low toxicity.
25 These and other objects, advantages, and features of the invention will become
apparent to those persons skilled in the art upon reading the details of the methods and

formulations as more fully described below.

BRIEF DESCRIPTIONS OF THE DRAWINGS

30 Fig. 1 is a line graph illustrating the cumulative mean number of new Gd-enhancing
lesions in MS patients following dosing with natalizumab.
Fig. 2 shows the percentage of active scans at each time point during the natalizumab

MS study. Active scans are those containing one or more new Gd-enhancing lesions.
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dosage regine time points in an M5 study. Figs. 3A-C show the levels for
the 3-ng/ kg study; Figs. 4A-C show the levels for the 6-ng/kg study. Figs.
5A-F il vsonanee4t he | evel s of receptor saturation maintaipaeasosoube VS
study. 5 Levels shown are percentage values. Figs. 6 and 7 show the
percentage of Patients Achieving Predefined Criteria of dinical Response
(Fig. 6) or Remssion (Fig. 7) following dosing in the CD study. Fig. 8
illustrates '

pat i ent o vho  THRd B eUR A C S MBS AR R Bt Sl R OWIRENS 5 ot uay.
Base- | i nedosageuregimaxtine pints imgh MS stud.w Fitsadibosho@8hellavelnop die;3-188/g ny/ kg

G oup, 32 + (N=33); and 6+6 ng/ kg G oup,
333 (N:263t§d§' ﬁ{\h%gc'&ﬁ%ﬁdﬁ%\ﬁgtf% &2‘%53“[6@‘r"ve| y the effects of natalizumab
on cir cuI at| n@gseﬁm&ﬁmdipmat&s therlew&stqubﬁowatulnatmtrﬁa&rﬁai@dihml‘naslVIlisméja.se (CD
and ul e.colitis %)’evar 9A denonstrates that natalizumab

signif ca ?Ie P?%’f%rgg%rﬁ U8t | ng eosi nophil counts in 15 Crohn's di sease
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patients aft em@ 8ridadagted &ead thatgain seruth Usieflive piogsn mb&u@se[bfdﬁﬁﬁﬂ§®hcat e the

i mpact of natalizumab adm ni.stration . on T ceI 0 ex reSS|
activat i obfd# VP‘ijéﬁ TTeRsENE ProR iRl B e 4R CSES& fBé’é‘E "Eﬁv 6 ered _g

patienys PMéebb, e (Ne26Y; Wm@/kﬂ@ S82.35 (Ne=38); @+3h@mgf(5166151t41|16‘€1ﬂ€31§e of
TCRap+cel | s expreSS| ng CD26 HLA- CD3CR and CD8 CD28 to at |east four
weeks post! dd+hremades GronRy 333 FE#P)i nf usi on.  Panel B derpnstrates the effects

of natali Zurrahrlg)snﬂcﬁaynans%!e r&p@aﬁpélﬁwa?ﬁaa@fﬁa\fﬁizhﬂab oéitcduB@Rs 1N patients
with activated ul cerative colitis, i. icant increase in TCRaO+

cells 25 wwpﬁmblﬂhgat@mzWlthHEWWOhmmgﬁG@g)@mmﬁY@%ﬂs (s Fig-88r weeks

POSt 3 NO4dthnsilsthdt AERRintaB si‘gumcam £&éh§+q &ecllfa gé&sfn%gﬁﬁcm@ uff fects of

nat al i zumab adm ni stration on 2' 3+ ex ressing activation antigens

and mafror rohnd disedse €nTiE) mlrtéceraﬁlvg ealitis patgentsi (tlﬁlZ) aﬁ@rl 3vag/ke oitalizzmdb sease,

i.e., sig a QAS {4 CRa( 3+

cells to %FI 10%612[ %gfri V\/eeekt%m{mswaﬁ%t(gl [ zgﬁ%ab%%‘gg:?%}/ﬁ %%gg?ﬁ@\ CK?)‘;WS t he

ef f ect s ofouBB imattise lemiasbilswse'ﬁﬁﬂ?aberan'@l dositiepaticets sfterg rag’kg vadlizomalant i gens,
menory and na| ve markers in patients with active ulcerative colitis, i.e.,

signifi canFu I%ficr ease of menory (CD45RO), naive (CD45RA), CD69 and CD38

TCRa( 3+ cel | s Rigs. bhaA- lwaahor[mstb thedinghdt afmadlizadab adnsihis@itioaron TEIMﬁY 636072040

(I;’IC;I'{: llJJ ISg? { %%4621%@&%1 at&)ﬁ&nﬂﬁgn Panerm\n eEnro%Etreatf;[s tee e?;ect o nataflzuma n pa %rrlrt% bon

with active Crohn’s disease, i.e., a significant increase of TCRap" cells expressing CD26,
HLA-DR, CD8CR and CD8 CD28 to at least four weeks post 3 mg/kg natalizumab infusion.
Panel B demonstrates the effects of natalizumab on TCRap" cells expressing activation
antigens in patients with activated ulcerative colitis, i.e., significant increase in TCRofp" cells
25 expressing CD26, HLA-DR, CD8DR and CD8CD28 to at least four weeks post 3 mg/kg
natalizumab in fusion. Panel C demonstrates the effects of natalizumab administration on
TCRap" cells expressing activation antigens and memory and naive markers in patients with
active Crohn’s disease, i.e., significant increase of memory (CD45RO) and naive (CD45RA)
TCRaB" cells to at least four weeks post-natalizumab infusion. Panel B shows the effects of
30 natalizumab on TCRaf" cells expressing activation antigens, memory and naive markers in
patients with active ulcerative colitis, i.e., significant increase of memory (CD45RO), naive

(CD45RA), CD69 and CD38 TCRaB" cells at one week post natalizumab administration.



type cells in patients with active Crohn's di sease and with ul cerative
colitis respectively. DETAILED DESCRI PTION OF THE | NVENTION 5 Before the
present meohedmoand t herapeutic agents are described, it PETIUSOHES421
understood that this inventionis not limted to particular methods and

t herapeutic agents described, as such may, of course, vary. It is also to
be understood that the term nol ogy used herein is for the purpose of
descri bi ng par r i I Rl i mting.
Where a range %%sc ?%gg?gl%gfmg\%e ef%?tO??at?@aa{r%gg?g{r%dl%ﬁlghat ga&n I'nt erveni ng
val ue, t otypd €ellslirepatients withfactiveeCralmi’s disdase and withwdeerdtivaricolitismespsdivelye cont ext
clearly dictates otherw se, between the upper and lower Iimt of that
range and any other stated or intervening value in that stated range is
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this invention 0 t hough a ods mat eri al s si ar or

equi val ent to Wh%fgérﬂ%seﬁad‘éea Epuer it Sipdsond g’ét %?gléaitqrﬁewevaﬁ}ﬁafeu ce or
testing Ofhe tdheh GIHRSEHI oftNVIBWE 1Mt udlES tHeIcBhBXIcRArIBIchRA StRARIs BetiREL! | al S
are now descrl bed. Al publications nentioned herein are incorporated

herein bythe ppesprchlower bmﬂ PEbpigargend anyeathsrisiedon tsrmngd@uginhat stated eri al s
i N connecthahis Whdothp ‘Q@b@@ltﬁiﬂ%e RbkbE afﬂe%ﬁe@ah@ lcﬁ&l'etr ‘ﬁﬁ‘nts bt th[%@é%ﬁlaﬁﬁ' noted t hat

as used herein, the singular fornms "a" , and "the" include plural
r ef er ent sTangAsERRY lndmer@@ntﬂse&q inglpdedrin 916 @mélﬂea{ Séb] egfith apyipseificatlygacludedr exanpl e,

reference;hiy &E stafdf r?dgé' %@% thd Sk ?g% iflcRAN AL bt vbtPs tﬁé‘ﬁrﬁlt? g&‘)d' es and

reference to " i ncl udes erence to one or nore ges and
equi vas enexsludingreghdér bloﬁmmhqsglllchldgiahmita dr¢ gldo mnlutlhiemaluetmvenanm so forth. The

publ i cations %ﬁ%%‘?@ r%d%ﬂ{e B, %fl?ecﬂﬁlé’a‘{hx?a%e% L?Jed hg}%lnrha% glogure

prior to the I'ng ’he presen app |ca ing ereln isto
be const r meghilgsasanmacniysmdeastoddisgt onedO ortdlmarypsrkdkmrthe ammevlmlmhls iirsveniidn ent it ed

to antedate such blication.,b of.. prior nti on rt.he t he
dat es of %ﬁ‘ﬁﬂgg CAPF(I;‘W I}%P\{)W:etg'ggis %g)?l%eél% |SW13E8#1?qusP%PrF ﬁlléosgg? Iéh g\ﬁ&‘fﬂ cation
dat /es Sogllhgagzalzsbmy ukedanl tHe@rdvticé ardeypiay dexhé blyésemoiinfvf]ﬂtiaiﬁ,dhe preiiRed B{e%&i)#ﬁ

PCT/ U anti - a-4 ent" e erein
ref er g to atﬁg; jlégrgﬁpw%mng\? bAlEalébthcatlons mentloneé ﬁ) eremn are 1 corporate(? here1 %

reference to disclose and describe the methods and/or materials in connection with which the

publications are cited.
It must be noted that as used herein, the singular forms “a”, “and”, and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to
25 “anantibody” includes a plurality of such antibodies and reference to “the dosage” includes
reference to one or more dosages and equivalents thereof known to those skilled in the art,
and so forth.
The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
30 the present invention is not entitled to antedate such publication by virtue of prior invention.

Further, the dates of publication provided may be different from the actual publication dates

which may need to be independently confirmed.



specifically to an integrin conprising an al pha-4 subunit and inhibits
activity of the integrin. This includes agents that specifically bind to
al pha- 4 iwoegn7240 as wel | as agents that bind to 5 an int egmiusosiosaer t hat
conprises the alpha-4 integrin, e.g., alpha-4 beta-1 ((A131) or al pha-4
beta-7 ((A(37). The term"agents" is nmeant to include synthetic and
reconbi nant nol ecules (e.g., antibodies, small nol ecul es, peptides, or

ot her synthetically produced nol ec conmpounds, as well as

reconbi nantly produced gene pr oduc;ﬂ myflons |1 as naturally-occurring
conpounds ( e. glhe tgol “‘apeplphatd 9gentinasi usatlicesin refersitotang agdnikeyhichltindshe t er m
"efficacy!_ a d herei.n jin the context of . 1 i regi e refers
to the. ereBRedaR el R oo P e cuBinihnf Ml Be MR Bl RO D
measur ed 1his actludes aghatn thet spetificatly bigico afphi-A éntelirimeasseel] a3 agagpthaidind o an agent

of the present .invention. For ex le, in the reat me f. M5, .efficacy
can bes e AREER Byner Rt Bt R ABIe-L BrEBc (9PTPa el (R LRARRg N8, and
by the presgnegsps. BRSERC et e WehR3d RBRAE §nitlEe SRNEEAILINAL YOMSuISY St em as
15 detected using nethods such as MRI. The term "success" as used herein in
t he cont efag- @ntibadiesnimallmalepulpsrneptidegi arether eymthetically pradneedangleiaseness of a
parti cul agodcaat RN elf R RbinkiSprbRckd! R PRGRIGE nailfalif 3€Hring OXi Ci ty
(e.qg., sidélggfé%ts %n pqtigh% f%Ierang§§5?)a f%%nulat?onaog do?ﬁ&% unit),
patient ewmpuindsiee, pelypEptifies, dntikedies-and the bka)oni ¢ admi ni stration regine to
be congsi dered + e iR e ] [ atient
care g?]d ef fi c]z;}%g%o%g{rcgé ucatgagﬁqg ef%@% ﬂ%gé\?g{régﬁqu cﬁ%ﬁ{cﬁfé&@@%{ﬁr@%%&g he terns
"speci fi ctikleffedtiverdss' ofarpattishladseapedirdginal Effitacyscanibeniedsaredibased oh ehange t he
situation_in whi one nenber of . a specitjc bindin ai . wll not show any
i oni 11 calte o G Es TR RebarRe e RER of S pRef UduRR Folbiemaltnl FArt ner
(e.g., anteduhemiof yISoéffiedvgutn e BEMBured by dre frequency of relapses i relipsigg-part ner) . In

t he present .ji.nv i 0 he anti -al pha-4.integrin ent |1 not show

St ont 11 cammibkSRnary bRt B R e R B s e herops PR 1 or a
receptor daatgnisthigngtads alchhaMRIi ntegrin. For exanple, antibodies used in
t he nmethods of_the ipventjon égat. hi g]d to an g{sgha-4 inte?r.i n wi.th a

bi ndi ng af fi ni 1A ' Peeressopeysed Bereingp B cppigxtaf C FHEMERIPRIF CES or

nor e, ar et éfdcBvddbR@f & patitflaamainent Rgie. AthRhaclddes Abagdervf efdackhe term
"substantially hompl ogous" as used herein is intended to nean_any

pol ypept i W&Icith &g reids cafiscta prdpagientdelerapcerfa farpyladine ar dasess WA P unct i onal |y
equi val entoriliah@, arfiGhéllikeS ForPatirbdibl h&Rin{sREtiANELRAE td Y Gn@lErBPRAcdetkFul’ N t he
pol ypeptide, thus producing a change that has no or relatively little

ef f ec®0 onitfhst helanes ¢iffergniaisractsiof patisnt ¢apand sifjgeploipaduceihe mpsifaygalo 72040
PCT/ USO3/ Padadouts@pl €, one or nore amno acid residues within the

sequence can be substituted by anot her
The terms “specifically binds” or “binds specifically” as used herein refer to the

situation in which one member of a specific binding pair will not show any significant
binding to molecules other than its specific binding partner (e.g., an affinity of about 1,000x

25  or more for its binding partner). In the present invention, the anti-alpha-4 integrin agent will
not show significant binding to any polypeptide other than an alpha-4 integrin or a receptor
comprising an alpha-4 integrin. For example, antibodies used in the methods of the invention
that bind to an alpha-4 integrin with a binding affinity of 10’ mole/] or more, preferably 10°
mole/liters or more, are said to bind specifically to an alpha-4 integrin.

30 The term “substantially homologous™ as used herein is intended to mean any
polypeptide that has an alteration in the sequence such that a functionally equivalent amino
acid is substituted for one or more amino acids in the polypeptide, thus producing a change

that has no or relatively little effect on the binding properties of the polypeptide. For
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amno acid of a simlar polarity. The terns "elicits an i mmune response”
and "elicits a host immune response” as used herein refer to the

pr oduct i omo®B/o@o4G mrunol ogi cal response to a receptor conpCrAisngosam 5

al pha-4 integrin in a subject upon introduction of an agent of the
invention to the subject. An inmune response in the subject can be
characterized by serumreactivity with an alpha-4 integrin receptor that
I's at 'eaéimfrp & e BhinBAciH S RRL &t W Bdifenod BB B RIS feal%%ryam;tﬁ' ee times
the react| an untreate ject nd cven more pre era | east
four ti rresmmhemdméaslmﬂmmq}arw an untreat ed subj ect, with serum

| mrunor eact i vify, JEAsyt 6d allﬂfxﬁﬁ@neafes%ﬁs‘ém eﬂc1'ts%th09ﬂn8.§un§Pe"sg&’ﬁée’”astu%é&’ 1:100.
The term "exci pi ent et erra t0 nean an ormng a
part of hdreinfrefemu Itlaatpmducﬁdmdf ansmmnhcﬂogieﬂiretspnmcto arrecre@toy caiBpmsitgean’ i er, i .e.

not i ntende 0. have i Vi itsel The te "a a

Doed by oftat-d fuchdin o P uRielPhubRline 3ol ot i adstforhne dlibtilbe BN 3 | oo
response immwait repeinde ithe isiitgedt tancsetchaactbriied bi satim\tédctivinovitiom dlpia-owWn el i cit
an i mmune. response. . Adj uvants nt the. immune r se using a
Vari ety o TBRSGRELTa b LG S T AL LR S T ors W CE oL BeF SfBRocy i ¢
reCr ui t methi reabti€iyl of af Untidatedsutject, did @RInlmor® piefBidbdy atQéhst POLtMBAROPhage
stinmulation.. The te and "treatnent” and the |ike are used

reatli
herein to™geiay af ?‘y“‘}?é%‘ﬁé @@Cbm@ﬁﬁwmrﬂ@lﬂe@fw&y PRATHECEINiEH™ and
physi @} ogumon@firg,%x]mg@@ 1efobect may be prophylactic in ternms of
preventing or _Bwrtl ally preventing a di sease, synptomor condition thereof
and/ or may be Hiderapsngipient materyl g insended (94peanany eAmROYAS faminsanel off a
di sease, e o8euldiBR thabi¥ 'IHQ&QIQH 1 act%@l&%fy%@ a@hkiRE e 3ot it LY bt BibiBgitdisease.
The term"treatnent” as used herein covers any treatnent of a d| sease in a
marmal , pativitgisedr |y a hunan, and includes: (a) 25 preventi ng t he di sease
from occurringpy + but
has mot et boms Sl adeed as%tﬁ%%fﬁﬂyﬁf@*?%% A o s
ar r estl$ nginimene rekporsedparesgent dithe(inyentient buswhiny will @odinsitsanye elmt en immenesi ng

regressio h I The i nvention
is di rect%a&{nts)%/va)%d S a?r ea aﬁ%qé&[t)haetll}nznn éyggg&?%srl%g&a?ﬁg/otﬂb ase related to
pat hol ogi mathahisinb,anatetingimt nd‘ﬂ'l&nlmde(sbfmphoayme rdcruptment Ti call sfimeldtiann B2611
preventin iklﬂhl bi t.in ing adverse effects attributed to

r
pat hol ogi Wflimatgfogﬁageé\}’élfﬂea}/%lhg periods of tine and/or are such caused
by the physi ol Oigitaals “fré}ﬁllﬂgr)aﬁds“t‘f@nndnﬂ’amﬂItlmrlﬂcbaieelsed’lﬁdréiﬁtﬂigdneﬂallpfrﬁﬁent in a

o8 L R Sl O BB o >

i nappr opr pr@dpkyladid in terms of preventing or partially preventing a disease, symptom or condition

thereof and/or may be therapeutic in terms of a partial or complete cure of a disease,
condition, symptom or adverse effect attributed to the disease. The term “treatment” as used
herein covers any treatment of a disease in a mammal, particularly a human, and includes: (a)

25  preventing the disease from occurring in a subject which may be predisposed to the disease
but has not yet been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its
development; or (c) relieving the disease, i.e., causing regression of the disease and/or its
symptoms or conditions. The invention is directed towards treating a patient's suffering from
disease related to pathological inflammation. The present invention is involved in

30  preventing, inhibiting, or relieving adverse effects attributed to pathological inflammation
over long periods of time and/or are such caused by the physiological responses to

inappropriate inflammation present in a biological system over long periods of time.



chronic inflammuation associated with disorders including, but not limted
to, asthna, atherosclerosis, AIDS denentia, diabetes, inflammtory bowel
di sease, wbeswste d arthritis, transplant rejection, grafPcTusises2host

di sease, multiple sclerosis (especially to inhibit further 5
denyelination), tunmor netastasis, nephritis, atopic dermatitis, psoriasis,
myocardi al ischema, chronic prostatitis, conplications fromsickle cell
anem a, |upus e 91%§1%% 1225 dsE ¥i&e LhafhrdodaQ Jhpi ury.
Such |nflam‘rat1|q{)¥érlnls%ar gcztlelrl zed by ?aSJﬁe(lyg %‘ene éen";‘ip réﬁg%ah@

i nf | ammat dwynic wiflammatiorcssatiatesl Wilf disardess inolgding Hubagttlisgted @y esthmane, such

pat hol ogi t § q§ regi on
of |nappr%gér ?%pi fr&s%o I'n ? &El%%bgé%%ﬁa '{“Ror? H?%%&egse }hgérHﬁmd% I'nct ude t he
ant i body wdrsplaktngeetioasgraiiverO3226 d(saasb; rbmldyle sclowels (epdvéally tomhibéttfatticz unab
(USAN pa nt egr [ ni zed ant 4.integrin
it boty. b EE e ineals pESETR A5 BT BepRE% S bt HrEid el
is one whratic pmstmun(i;ud:cﬂmmxdaudneﬁom sickiercalb endntig,dbpug ea}ftﬁematdsue agtbateof

Ant egr en( ) ad ter ed. CT THE | ON The
oresent "\ bkasT AR e SR TRERTet RGraTed PhaPSENTIH

adm ni st I’t&bpoﬂﬁ’e @ffmﬂaarnmemrcgmsnglcmhmgsnfm‘ratimg\leukemmum%r € sticha s sel ective
adhesi on npl . 1.nhi bi.t or éﬁ“@ éi)‘a IS sufflcuélgt to pr.ovide .the

mai nt enank&ha ‘?g‘ ﬁi“&‘ag?fb‘bf?eé@ fringipmage 10 distpg i B T9&ionsd IAPRIGPHF s

i nvol vé nginfRhi@Gfidnn di rrers Upon cessation of the repeated dosage regine,
the suppression of the inflanmation is reversed (see, i

o . g... Fig. 2).
Previ ous treatferindegm® WF%?&P@PC}P t#lﬁmtwp%%lgolﬁ%aaéﬁlg%ﬁéerﬂ}bﬁéy dosage
regi mes Ok ﬁulqbérL&rrﬁmlmnau (UShRenAR) 'Rflte%ﬂéﬁt@tls uaeoﬁqﬂanmmhm&emuof an

i nfl ammatory inhibitor woul d cause a reacfion of the body's own response
system wHPRaH* éngrin aptibody Prefegahly %dlaeaas@ercf@mhfl%bpleﬁ trftarEFé in fhemammdlion as 25
pat hol ogi galva8ds thofath Whbda %@aﬁ&tﬁal[ﬂffe@ﬁveﬁosé SeARA RAlimistered.

i nfl anmation. What the inventors have shown herein I's that a chronic
dosagé regime is not only nore effective than a short-term dosage regi e,

but in fact it is required GeneRml AiraCTS diveiE SETRAS| on of pat hol ogi cal
i nfl anmati on. Thus, in order, E"ﬁ%‘{eal i ze sanme of ort.ant

i
advant ages of H@TSSFR}SFEPEAR is P%Rkaﬂgpmm%ﬁmah‘}'f‘t °5¥°ﬁﬁe?dﬁlr$§ﬂ38@? ph agent
need to bg éﬁ?ér@h@blﬁﬁd;fﬁ&%orﬂpdﬁﬂﬂ@]@fow@fas sed NP MRS oMo RYAR ik The
present invention is based on the results of a large, random zed, . pl acebo-
cont r ol | ePAMIshis sefficigpt ta providg|thsnaintenanceef shrpnic-yupprstsen of anflammatignin i n
pati eng s &Yk&r@erﬁ flveRs @&egrﬁﬁhﬁlérs"‘%& PRUSHALEME R éé%é’cﬁ&cﬁ!i P%Inb"t e CD.

Natal i zumab is a reco inant, hunani zed, 9 WO 0 /07204 / US03/ 05421
suppression of the inflammation is reversed (see, e.g., Fig. 2). Previous treatments of

inflammatory inhibitors have approached the dosage regimes quite differently, in the belief
that the administration of an inflammatory inhibitor would cause a reaction of the body’s own
response system, which would in turn lead to a recognition of the inflammation as
25 pathological and a resulting chronic relief of the pathological inflammation. What the
inventors have shown herein is that a chronic dosage regime is not only more effective than a
short-term dosage regime, but in fact it is required to maintain the suppression of pathological
inflammation. Thus, in order to realize some of the more important advantages of the
invention, the levels of an anti-alpha-4 integrin agent need to be maintained over a number of
30  months or even years.
The present invention is based on the results of a large, randomized, placebo-
controlled trial of an anti-alpha-4 integrin antibody, natalizumab, in patients with relapsing

MS or with moderate to severely active CD. Natalizumab is a recombinant, humanized,
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nonocl onal anti body antagoni st against al pha-4 integrin. Results fromthese
two trials have shown that treatnment with natalizumab i nproved the signs
and synptwomsefopati ents with M and CD. The invention i gcaltses/osatended to
i ncl ude other chineric antibodies, including prinmatizedTM antibodies. 5 In
a general sense the nethod of the invention does not involve any particul ar
node of adm nistration, since the node of adm nistration is dependent upon
the form 4 atol i, ni ster
the acti v@ggﬁgﬁ?l(aaglwﬁoa&g\gg{?%a?ﬂ%tg g%iﬁ?rlﬁc n'e&%%ﬁsg@‘ﬁ%%g?\?%g%l er%é wer e
obt ai ned thewndhap treatmewrtrveith nathlizymabtimatavedthe ignaard sympients of patientsovithh t he

resent i i IS . AP i i . peel fical binds to
51 pha 10 SRR EF, 18 iRREH 2R MRS i RloRE b o BERLS LRl ) 207 on
of , for eprangized™bhttaldest or nultival ent antibodi es that recogni ze both

partners of an integrin diner rvi ded the,diner. onpri ses .an al pha-4
Pntegrn. The BAREIAT st pretskl o fhs ThyrgReit doghmoidpvaleany BRPRYIPIRRHE ng

rel ativel Maﬁﬁlﬁtﬁitﬁﬂbra saifaauﬁmdebf Aniniehdtos is’i&@&ﬁleﬁt@p@n ARtfoRNGS the s,c‘idtix/@ul ato ][ y
system over a perio .months or years. 15 This chraqnic introduciion o
an agent & and ghedorm Hop dsYeﬁ%ng f%yda}lﬁﬁtar-the ?ﬁtvsggqnﬂgorﬂweafﬂn@ﬁ SBSSHIST i si ng
al pha- 4 i gaf@lel DescABd Hefe wéte SHRIREESH gQiAreierd) AU MRIsRAiGAYf nafafihaiapat | on bei ng
mai nt ai ned at a constant |evel over a period_of time. By maintaining

t her apeut fEhqugh ghepresentdpyention is descrbpdrising gp antibedy thatspesifiealiydindgs ia Hiphaogi cal

i nfl aggrat 4 pReeFiaNt ReI1s6 Hitiied &) inYluEURRINRSRiGHnibiatioh BE fRakhBRE, bivilenk Br @ VEry
specific sense, the invention involves obtaining and maintaining a receptor
sat ur at i oRultigglent aptiboglies theprecprpizedath nartness off andptegiheyfies ipFryided mer nt egrin
in a ranggfisdd AMpnakakfp% to about 100% nore preferably between about
75% to about 100% 'and even nore preferably between about 80%to about
100% These r édegemralsanagpiafithminyeatien relatasdo intrafluping raletively cansteste | evel s

chroni cal : r eri . - f

cont | nued‘l‘%‘%“%%r"g%’s‘ F@ﬁ%SF&é&%ﬁQg’ng@g‘ﬁﬂW%ﬁﬁf’g% Y%ﬁ%ei&@é&*ﬁmﬁ%ﬁf ECTI VELY
Bl ND TO Allié#hrdnit MTiedRItNG of/ar ageuntshat yeledivelf bange it alphai4 integhe omddimet y t o bi nd
to and i nhibictinalPRRd Rt eI AEEhYIL orSARaBE A3 athel P BeRE A0 | CE O
the invention. ﬁ/ﬁr?y such®agent s ThabtE“been PUEntF T et “and' 30 "Ehar act er i zed,
and specimaiataige at scoastentdestovebe perivdlof vime GBy emuirthieing daecipenidetilsaflans ed

her ei n, i{ﬁ IS Wtet18| vvitgio? t he ﬁ{(ﬁ’:ll | f.f one in thg rt .tcl i denti fy. ot her
agents t PRSPt 1952 B A §merhiisiqeicat Rlammaon oo 8?’1’%{??‘&? RgUPRIESH Pn di ners
in a mann@é pitieat. bi ol ogically mmcs or is simlar to 10 WO 03/072040

PCT/ US03/ 0542]I t he sgefgcifi cally described agents, and.the present

i nvent on is i'RESAASAH JeRtey thadnvenfion pyobyss gbtaining and maintaining a receptor

saturation level in a human patient of a dimer comprising alpha-4 integrin in a range of from

about 65% to about 100%, more preferably between about 75% to about 100%, and even
more preferably between about 80% to about 100%. These receptor saturation levels are
maintained at these levels chronically (e.g., over a period of 6 months or so) to allow for

25  continued suppression of pathological inflammation.

AGENTS THAT SELECTIVELY BIND TQ ALPHA-4 INTEGRINS

Various types of agents with the ability to bind to and inhibit alpha-4 integrin activity
can be used in the practice of the invention. Many such agents have been identified and
30 characterized, and specific agents are described below. Given the teachings disclosed herein,
it is well within the skill of one in the art to identify other agents that will be able to inhibit

the alpha-4-comprising integrin dimers in a manner that biologically mimics or is similar to
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adm ni stration of such agents and conbi nati ons of such agents. Anti bodies
5 In one specific enbodi nent, the agents of the invention are anti bodies or
i mmunol ogwoaBloy2oact i ve fragments thereof that sel ectivelyPhirrabos/as4an

al pha-4 integrin or a dinmer conprising al pha-4, such as al pha-4 beta-1 or
al pha-4 beta-7. Wien the agent of the invention is an antibody, a

nonocl onal antibody is preferred. In contrast to polyclonal antibody
preparat | ffer irected
e nst it peseleiseet Beenks, RFERESEL WL R BRMANG e B0 02 nc:

single epadrmpxstrﬂrmntoﬁmchragergseamd cmnbmamﬂ ofidieh ngeatpe of nmonocl onal anti bodi es
is that they are synthesized by neans that are uncontam nated by ot her

i mmunogl obulins, e.g., by phage display or isolation froma hybridona.

Al t hough nhtbadieesent invention intends to enconpass both polyclonal and
nmonocl gonal antji bodi es._as t he |fr£11 vention cl.onal antibodies 15

1
RS aar g T3S ?Pé&‘ﬁéf‘é‘gﬁ‘ﬁg‘ﬁ%t%g BREGFYache TOYRRTeT e PRAPORER 8 1S t hus

di scussedinghin®idgicaly hdlive ﬁe@ﬁmt@ﬂ]exﬁeﬂﬂalsaa&ive@r&mﬁe gh @pha-t integlioraon, ot her
anti bodi es. can be jdentified using techniques available in the art. For
exanpl e, bearRising afphp Hodch as yphiartetss! gsalpa-1 Bfedt i on can be produced

using phage dwh& BYadREoMR ﬁg%tloﬁ'i‘stdntaﬁﬁl%dglrﬁﬁ%&l&aﬁéﬁﬁbocﬁf% pietelvg@l y bi nd
to an alpha-4 integrin or a di mer rising an al integrin are

t hen i sol Htceatrasttegrpiclongl astbadydrepdratipqsytybish %ﬂcallb%bde Axfgrentafibagdies bodi es
£ D gCaRsasl i GL0RLD g Rin LB N AR gy 100, 330

5, 858, 657¢pitope gtsthe zntgen SA$3®n¢aévanétg@oién@@éloséznﬁliﬂém&s ®aiheyzm | bodi es can
al so be PEA I t hod se net hods
have been£ qﬁgﬁg Hgﬁhéﬁ Séglgfteacr)ggﬂrib\c()) {3@3{3 b?l .Q ﬂ}g mﬁ %ggﬁ%%hp gye%} ¥ hi gh

| evel s of dlnmianom lmlﬂi on Aot aoh)dbﬂésmagélﬂnslgh Mmyesgpelmeﬁm@ xamdsgenmqonmm can

al so be u e i i on.

For _exampy o Pofciot S RARGLA0Re A7 hRR R ilendclf aBREOGH 1 BUARE O
al pha-14 i mt«pggfemdeptheppe hhghly speciéipend tlmnma:htlon injles tisorssedAfringarilsmf f i ci ent

ti me has asse el 1v¥b9r an i nmune response, the mce are 30
sacrificed™ dmpﬁgogbfgéﬁ C&I's obtained and fused with nyel oma cell s,

usi ng techni qLIﬁfaddmd)ﬂ othknmitibodies dah(be afehtlﬁe'ﬂh@mgmhﬂutmd&gvzillabledn thelakts,

hybri domas, are then 0 | ective. nmediu a surV|V|ng cells
oY own' 1 - EsreRe R moteRgnifodits S BT A b DRSS ARSI 0o g and
r ecl oni ngdisplypetholvgs. Aafibdae fiag@bmt et s‘ei’eaﬁve@aﬁmetoema[mlquuegm drfsor exanpl e,
11 WO 03/ Q72040 PCT/ Usog)/ 02421 of the,l G or le{l cl a s or ]9 subcl ass)
that S8 efiMeyeamprisinggn £lphe-Adntearingis themjsp isd aEx Y PF forred methiods for

producing such antibodies via phage display are disclosed in U.S. Patent Nos.6,225,447,;
6,180,336; 6,172,197; 6,140,471; 5,969,108; 5,885,793; 5,872,215; 5,871,907; 5,858,657,
5,837,242; 5,733,743; and 5,565,332.

Monoclonal antibodies can also be produced using the conventional hybridoma

25 methods. These methods have been widely applied to produce hybrid cell lines that secrete
high levels of monoclonal antibodies against many specific antigens, and can also be used to
produce monoclonal antibodies of the present invention. For example, mice (e.g., Balb/c
mice) can be immunized with an antigenic alpha-4 integrin epitope by intraperitoneal
injection. After sufficient time has passed to allow for an immune response, the mice are

30 sacrificed, and the spleen cells obtained and fused with myeloma cells, using techniques well
known in the art. The resulting fused cells, hybridomas, are then grown in a selective
medium, and the surviving cells grown in such medium using limiting dilution conditions.

After cloning and recloning, hybridomas can be isolated that secrete antibodies (for example,

11



or a dimer conprising an alpha-4 integrin. To produce agents specific for
human use, the isol ated nonoclonal can then be used to produce chineric
and hunmarwoed/ozte bodi es. Anti bodi es of the invention inclpadaisobess2ar e not
limted to, polyclonal, nonoclonal, 5 nultispecific, human, humani zed or
chimeric antibodies, single chain antibodies (e.g., scFv), Fab fragnents,
F(ab') fragments, fragnents produced by a Fab expression Iibrary anti -

di ot i~ | : . ' t
ant i boai o2 Bl 4 NANEL ORGP Sulckd ikl By Sion BN APLLORRLES P\
above. Moetta gmef @n@bilsiyg tamelphfamntégnml de pmdecdragan speaifi cgerhdmandsa; theant i body

fragnents. he pr nt i ncIu but not. limted to,
Fab, Fab' ‘S§‘nt85 3‘%1 (}L éﬁ\slb?enus toc? Flogigl 0 lme g%?ma%llzeng elb% AN

ant i bodi es, dlMﬂbf)ﬂldE@ﬂﬂl&'ﬂﬁEdlﬁEH&lC(l&ldHiﬂ) arandt lfmlmgne,rﬁogrckmmlpmbmd@aei ther a

Singl 6te SRR A0 e T R A e P e A o

conbi nat i Edbﬂdghhnﬁs,l’ll{alehﬁragimhss, fagneenpidducsd tyfa Rabexpressianiibigy, antii nge regl on
CHL, CH2,..an Al so i ncl uded i nven re antigen 15
bi ndi ng f}%‘@%‘%@“‘?‘ﬁﬂ“%%‘&ﬁlﬂfhﬂgé garﬁ?t‘é%ﬁ‘iﬁb g’?? f?ri‘nB#’ cﬁeér"i?g‘ﬁl e region(s)
with a hi iﬂgalnoﬁﬁglﬂpato@‘&ndl%@agrﬂéﬁﬂs &2y eoRbtd e, W6t frefeiabRdhes of the

i nvention may_be from ar;lé ani nmal orlgl n including birds and nanmal s.

Pr ef er abl @nnbwies ARy ANEgenPIRdiRg Ao D iirgmeats of @e@rese%&‘seéﬁm rat),

donkeyy sSheREs, bIRIKEN Jmﬁ@@*ﬁi tFab mtand Blab' NERd, Blngle dha B Fv 82BL), sifi6-SRain OF
chi cken (or ot her_ avi herei n, "hunman" anti bodi es incl ude

ant i bodi e¥ntiadipsn gls'elﬁée lzrakearﬁm &dw ad Sagmencenprisiae gitaa VoS gr®HM i n and
i ncl ude aﬂhﬁé@ﬁﬂﬁlﬁfﬁlg' by athohleRR) 1naWs1ﬁMq}girﬁlbU&1b§ nlay QBﬁﬁl‘ls%stheo r from

ani mal s transgenic for one or more human ~ 1 munogl obul’'ins and that do not
expr ess eyratigble meies(s) glona oyinsbmbination vaih @egléﬂﬁtb@da pertipm of thp gllowing: exanpl e

in, Eﬁ ere&% rdg%l %%&3 Mﬁg lﬂ?@lﬁ&lu&é i Ictihe 1%nﬂ§r”r% ﬁk@ humani zed

anti bod| es rom non- uman anti and tan have the
sanme of sblndmgfragmwdsi thgf cah Eamyprisy agyscontanation ofxadyble ragmrw)moﬂn atlmgy are

pr oduced I nt i e ri et al.,
1984 pr oo EREn ity € BB £ lligRles e B hgRily i B RRT 7 515
604; Takedgsmaitorigin. mclmﬁﬂgblwstamd maﬁfmfbis Fpcfyrably rtbé ardiboéipd; are hmgar, heirigenes from
e.g., a npuse anti le o riate anti S ificit

Coget hor T QR 78 RS o, FonPBEERE edh Sl i i BB okt

bi ol ogi cathi&en &g lothet i\yan)s A6 Iasametelimdme@anamxbmﬂlbhinaluﬂ&mmcmasaha@fngtﬂlm s

i nvention. For ampl e, ,a, nucleic acid .. variabl e region of a
ouse HhonBERO A SIS 569 hEtR o ARt e pa e B U ng o hurran
const ant fufalan’if@iu@sglotlig librarigédr fedm higfodls trdi@endi€ fibohé BOmeRhukedy is 12 WO
03/ 072040, PCT/ USQ3/ 05421 thus a specjes hybprid, general Ic%/ with the antigen
bi ndi ng dirrmeelopy s er thatde otk gpgess endogenous immunogfobulins, as described infra

and, for example in, U.S. Pat. No. 5,939,598 by Kucherlapati et al.
Chimeric and humanized antibodies can be produced from non-human antibodies, and
25 can have the same or similar binding affinity as the antibody from which they are produced.
Techniques for producing chimeric antibodies (Morrison et al., 1984 Proc. Natl. Acad. Sci.
81: 6851; Neuberger et al., 1984 Nature 312: 604; Takeda et al., 1985 Nature 314: 452)
include splicing the genes from, e.g., a mouse antibody molecule of appropriate antigen
specificity together with genes from a human antibody molecule of appropriate biological
30  activity; such antibodies are within the scope of this invention. For example, a nucleic acid
encoding a variable (V) region of a mouse monoclonal antibody can be joined to a nucleic

acid encoding a human constant (C) region, e.g., IgG1 or IgG4. The resulting antibody is
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anti body and the C or effector domain froma human or primate anti body.
Humani zed anti bodi es are antibodies with variable regions that are

pri mari | ywbrnenta40 human anti body (i.e., the acceptor anti lpaugsp3/msr1 whi ch
have conpl enentarity determning 5 regions substantially froma non-human
anti body (the donor antibody). See, e.g., Queen et al., Proc. Nat'l. Acad.
Sci USA 86: 10029-10033 (1989); WD 90/07861, U.S. Patent Nos. 6,054, 297;

5, 693, 761,09, §88ie0Rhriazenstaity Qdh gk i bmali o AHoAMmp£9! ON o

regi ons to%l %%%sfégg’a"t“. b%di es}ar e'tgentelgea%“%gs_o ] ro?n a hurrglﬁllmgﬁti body. The
human var iwibbdy atdithé @ or effactor dgmain dlohya lnegen pfimatmahtibedn. ant i bodi es havi ng
sequences di s e | . i, 5 . I non-huwman vari abl e
regi on bi ndi ngé %}(gér?aqzl%ﬁgn%ﬁgs %gg%bo"g}r%é W?gﬁ%ﬁé%%%ﬁqg@g{#g%ﬁﬁ}l grlogluaes can be
derived fhomntdngbshyrtée.athe adveptyr, antbody),diuf Whick havelvammplemantarityakitermining
addi ti pn, n an be chosen as on ofo_several human
anti bot 5 20E SRRyt AR 33 9 B5107 GBS e SEE R e Doay 1 s
a reconbi aroaat’bddyd. Sarli §6: hgN29¢10083 € 98Yr Wab9@E07B6 1 JEquBeeBloar anti gen

bi nding p | O h . nt. dongi guences, See. Newran,

B ot o PBi 2572 5 680 010 RS B Ot AR R s B B G SR R o Tetf 1 s 1

t he gener aftthedd affibodiz8 hiclpetkirally didddtont O hiirAdn anfibedye The dtimablRiable dambias and
human const ant sequences. .For nore.. details see U, S. Pat nil No. 6,113, 898.
Thi s tech#Mf &@écaﬁ%g?"lsf"b OIBHPWHbﬂ}"éQd‘Q mgisequenges ¢isplpgng P\g’cg Memalog¥d upon

adm niigt r }ith G dediredd WORRAEMALCRMBIE rédi@YbiRdify ddHidithe he healHiakd lig BRdigiUe rel i es
20 on inmmunj zati on of cynonol gus nonkeys with human anti gens_or receptors.

Thi's t ech¥rhie resiies ermpeIdgped tog BF sameantibedy. af iffprey hvplaendiedy Bnti bodi es
di rected {qityaMRe ségbhceSeinitRERoseRRY 4 ERBhsusIT8Getdl BufdH HBbaSEsIsuchal Ni N the
human vari abl e region are selected for substitution based on the predicted
conf or mat fdeseribeddn WQ PHEI05Bi ndi ng properties. This can be deternined 25

usi ng techni quges & ter i ] . I.ci X bahavi or and
bi ndi ng pr oper[tgi %@H% egmaﬁtgggggi lg:g r%:{&%?ﬁedra ?gﬁnﬁg‘fogggtﬁ%fg%% p\?\ﬁa&%\%m?ﬁg vari abl e
regi on; aseduaiossoraatigenbimging peftfops,tand bimaudeastantdbmoem.sequencesx Saylaymashen an
amno acig.differs e on- hunan. variabl.e reqgi on.and a _hungn
Vartabi o Peleliceed BRp iR 8 Bomathilon SF Mg o5t AR BTt ¢ e
am no aci ahtibodipothaticontainahorkbevanable dommains wat huadah eotistmt saquenses. IRor moggpeci fi ¢
enbodi nent, .t he t Lhodi es ed in the chronic.dosage. reqgi of the
resent 1 flioretl SaPEoH AR Dot it Rodie e iae Tt bbbt ene o,
5, 840, 299%ot\Wjedtdil upos admidistivndh @dmhetetasdthey &b anhReR. ThS t3dkhiged RS040

PCT/ USO03/ 05421 I n anpt her enbodi nent, transgenic m ce containi ng human
anti ba(ay ﬂéﬂé&u%@ﬂ‘)‘b cynomolgus monkeys with human antigens or receptors. 1s technique

was developed to create high affinity monoclonal antibodies directed to human cell surface
antigens.
Specific amino acids within the human variable region are selected for substitution
based on the predicted conformation and antigen binding properties. This can be determined
25  using techniques such as computer modeling, prediction of the behavior and binding
properties of amino acids at certain locations within the variable region, and observation of
effects of substitution. For example, when an amino acid differs between a non-human
variable region and a human variable region, the human variable region can be altered to
reflect the amino acid composition of the non-human variable region.
30 In a specific embodiment, the antibodies used in the chronic dosage regime of the
present invention are humanized antibodies as disclosed in U.S. Patent No. 5,840,299, which

is incorporated herein by reference.
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i mmuni zed with an antigenic al pha-4 integrin structure and hybri doma
technol ogy can be wused to generate human anti bodi es that selectively bind
t o al pha-woioshegsi n. Chi neric, human and/ or humani zed ant iPbodisesosaan be
produced by using reconmbi nant 5 expression, e.g., expression in hunman
hybri domas (Col e et al., Monoclonal Antibodies and Cancer Therapy, Alan R
Liss, p. 77 (1985)), in nyeloma cells or in Chinese hamster ovary (CHO

|l Al t od d t d t
ransgenes. 1 of AL BUR SR FREESH i SRR g S i Reb AREP el ana

subsequenimmuized athQin anﬁlgehlh:ellphaMkmttefm sthetutd adhgedidomadaihnalogy Sﬁfbee g., US
Pat ent Nos 197 9,,992; 5 565, 362 é?S 336, 894; and 5, 304, 489.

Sui t abl e r%ﬁ%& W@gﬂWH%Pad oflies, b%hﬁ%“%%vr$b’ FORSERY and/or  enhancer

froma manmmar ycrginamj hepecaid/ct hgangized Mtib@Na Eph be Iﬁa&eembyansuag tedsrhtggdnobul i n.

Smal | Mol ecul es Smal|l nolecules for resenft inve on enconpass
numer ous SHPETSSIL € 8- FEPIESIAnIR humgn b O'ngeglefﬁpt"?@)‘] é{?‘é‘ Adf’g%Jﬁ‘fSé’”grol ecul es,
pr ef er abl Yasd@prheresJARINR . CREFN INHDE5)) A nfyFlomaldBllsas ih @hinkkiHdhiktePSvalpr € t han
50 and | ess_than about 4,000 Daltons. Candi date  agents conprise functional

groups net@iQugells.f Hlteraatively: antikpdy; Godme sequerass sanhs iRFomastersinto tmsgenes | ar | y

hydrogen ReiiodfotioR o théRESGRN araltﬁﬁé Hi% aaﬁnal em%hbs%au&%@eesmeﬁmﬁé%hk
hydroxyl or carboxyl group, pref era )éat | east two of functional chem cal

groups. TeigheHMsEt wimyedese 20U sk Paent 1 946364900 DadBER; or
het er qgych bge &dat h&?dtyi(ﬁﬁsﬁngﬁﬁbleﬂfa‘i’i‘s’@hé&n&ﬁdeqpinyg%&rlﬁwnﬁ p%&xﬁdi@ﬁa‘rl&/%?

substituted Wi th oné of nore of the above functional groups. Candi date

agent s ar enhandes Gomaunammary gind speadiceend, &x ekangleichiseig or Biactoghsbulinnmi t ed t o:

pepti des, saccharides, fatty acids, steroids, purines, pyrimdines,

derivatives, structural anal ogs or conbinations thereof. The small

nmol ecul esSmalandz:cm]bi ained froma w de variety of sources i ncl udi ng 25
ounds. For exa us means

libraries of s etlc or. natur co

e avar T ant o BT SOk SIS RN Tt pEtasDiRh sarrrr s R Ly o

olr ganiie fﬂﬂﬂ@@sélﬂﬂﬁg}ﬂ@ﬁlcfllqu f€ Ullgeﬁlc molldaﬁlbu@tdﬁ@a‘t?y( ﬂﬁﬂﬁ&igﬁlﬂc &fmp’o&]i:idk)m zedI

ol i gonucl eoti des a ol i es ern e rari es of natura
corrpounds QVH‘&%EOIF%\?%“{?W%E%E ﬂ?t“s F‘H‘#ﬂ '%/4:9;99 aitﬁf‘?m andidateact s are
avai | abl eagntsicemphideyfuidtiontl gRRlps Medssﬂquhhmranatewcabn Qfth proRimet | I cally
produced 't hrarjies and 30 conpounds are readily nodjfied throug

convent i obaficulaikyhydrogen Wg‘gc%{‘ld teiepllyiingdude g lé%ﬁt an HRiRG.Larbopy, 1Wr£1§°"l§ﬂa"rus ed to
produce CoRRix)PLBND, Blefdrhbly A IEABrwSTOMHRRAEHEREQN BOLFL THRESMidte 4N Pe

subj ected to directed or random chem cal nodifications, such as acylation,
al kyl a8 i opften cempesd ayrlical ¢ashon o hpterory i sireniuresangd/or promatie gLRMyasematist ur al

anal 0gs.  4th R QA BAALARHE PR G3tPabove fihétoAbiRfstips. L& dpeRERl! des

also found among biomolecules including, but not limited to: peptides, saccharides, fatty
acids, steroids, purines, pyrimidines, derivatives, structural analogs or combinations thereof.
The small molecules can be obtained from a wide variety of sources including

25 libraries of synthetic or natural compounds. For example, numerous means are available for
random and directed synthesis of a wide variety of organic compounds and biomolecules,
including expression of randomized oligonucleotides and oligopeptides. Alternatively,
libraries of natural compounds in the form of bacterial, fungal, plant and animal extracts are
available or readily produced. Additionally, natural or synthetically produced libraries and

30  compounds are readily modified through conventional chemical, physical and biochemical
means, and may be used to produce combinatorial libraries. Known pharmacological agents
may be subjected to directed or random chemical modifications, such as acylation, alkylation,

esterification, amidification, efc. to produce structural analogs.
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The nethods of the invention can be perfornmed with any peptide that is
capable of binding to an alpha-4 integrin or a diner conprising an al pha-4
subunit. woaBudmedo i n the 5 nethods of the invention are peptiutesoi4bat are
substantially honol ogous to a region of the extracellular matrix or a
natural ligand of the specific alpha-4 integrin receptor or receptors
targeted. For exanple, for the chronic inhibition of alpha-4 beta-1
receptor, peptides can be wused that conprise at |east a portion of the
fibronectin IIICS reglon (e.g., peptides conprising at |east a portion of
aiyfalpde-4 dptpgreniceplieds 3 sequence substantial ly honol ogous to the 10
Cs-1 sequence) ctivity
of the al pha: 4%%&%0?.5 i e B bR R I AR B brdlEe e, " on
i s i ncor pbindingth 4malphefieintegueor 4 dimeet compmising en ylphaAdevtugitt hetuded inghe an | mune
Response f ] t are
pepti dzs é?thﬁaesp(?ﬂ%pg%n%gar% 'ﬁ@é}ﬁl ?Egttm grlﬁ%gt%&%ﬁplhgmmrgln%&%ﬁ? lE’:pﬁ‘fgiraogg rfn(t:ail %t of an
al pha- 4 i exttegeliuiar mémxl armatugéhgmdqud@rspmﬁq eﬂphaefhlyltegnmgamnbr d:rlne;:bptomnprl ses
an epltop epe S 5. 7 17 or
%0 cont | gaE el EpT gl RS RRR R o PirpadRla- Riyetiumabdis F pha 4
protein. uded thapepiipride asleggtie pardo0df thofitrofestimiIES givur(e. gepqinrléhacoﬂapnsng
acceSS|bIe from GenB cessjon 20 Nos. AA596 P 034706
Sk Ted 1 A BETOrEal s G PP e S GRels: B sip e SRSt ooy O i 1 o
based 1on CB4a safiehcr) as it Bedltoeiftio@frecdpphamddnigibit uﬁlaatgvﬁyhﬁﬂwdl;ﬂiaw pe

nucl eotides that enco hem ss;on Nos. 002 and NM

01056, re%‘H’éRﬂs}n\gé‘P dSefa@% &éﬁ%ﬁﬁéﬁpﬁgéioﬁa&c & meorpraied hi & %ermcecan be

initiallyinStleggRed agalnst anti bodi es known to have the desired

i mmunogeni ¢ activity, e.g., antibodies that selectively bind to an al pha-4
25 structure and are characterized by the ability to inhibit the activity

of an intg gﬂtﬂhgtm{tlamﬂgmn@km;@nsé The i mmunogeni c fragnment nmay al so be
desi gned have am no aci d anal ogs or other structural elenents that wll

enhandé t he i arTpRsdlin enmégwhsﬂ@ agpnis pfcthe ingention arqneptided er peptideyimsties nay
have alte OV ty of
30" the ol e o RRGRAR. AR JraRalpRR NG Y Bl PRORARRACL
response. aixagpleatthaicompiissh aanamggf dlphetd, aed gdnmallnhes anteasti3i Hi7 &/ 160: al pha,
al pha-di s t tyi i

p P88 ol dh e oA 0 «%héjéo ngéungayg occ%%rrr%gnﬁﬁ:kﬁ%n N rﬁﬁtﬁg] ?g./es i ne

4- hydr oxypr ol'1 ne, ganma- car oxyg Gt tri ,
gamma- N- apaptigé segeémae of 0tipnosphmd @nirine alphdt—mseﬁcgdss;bllelﬁwm Gethbﬁk mces{sfoﬁ72040

PCT/ US03/ 054 I oYY z | histidi drox ysi ne.
G her Daerat rgp Bralh U OR) e SRR b Wi ol 3 Sadi - B o perie Pl
Si gma- Al dthieddveftadhjed ohhie dmiag aed tequente af sipha-4 or using the wild-type nucleotides

that encode them (e.g., GenBank Accession Nos. 112002 and NM_01056, respectively).

Once an appropriate peptide is designed, it can be initially screened against antibodies known
to have the desired immunogenic activity, e.g., antibodies that selectively bind to an alpha-4

25  structure and are characterized by the ability to inhibit the activity of an integrin comprising
alpha-4.

The immunogenic fragment may also be designed to have amino acid analogs or other
structural elements that will enhance the immunogenic response. In particular, peptide
fragments may have altered C- or N-terminal ends that enhance overall immunogenicity of

30 the molecules while not impeding their ability to elicit an immune response. Examples of
such analogs include, but are not limited to: alpha, alpha-disubstituted amino acids, N-alkyl
amino acids, lactic acid, 4-hydroxyproline, gamma-carboxyglutamate, gamma-N,N,N.,-

trimethyllysine, gamma-N-acetyllysine, O-phosphoserine, N-acetylserine, N-
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be detectably | abeled to allow for tracking of the nolecule within a
subject followng admnistration to a subject. 5 Peptides, anal og

struct ur esp opepoi@omnm metics and the |like can be isol ated fProrasnaesserl
sources, and then optionally processed (e.g., via peptide cleavage) or
alternatively synthesized by conventional techniques known in the art such
as solid phase synthesis or reconbi nant expression. See, e.g., Sanbrook et

al ., Ml eg ghg&eﬁl&%e;g mdﬁliﬂﬁmqn%t 5. B{M?Jd;,g@%lgé Cold &ﬁh BghidRLAPE, Press, New

York, 2"d tio tomatic pe synt esi s cam be perforrred
using a clmmeinciigh, )Blevhamilcablaed BpigentatSignd-Abinch 2001 Jaclthe fegmentguayhalsas

Appl i ed Bbqbfélfez%%gﬁ %F ﬁonfoWrac %}dﬁtﬁ’é:ﬂbl@%ul% ﬁgﬂggg{ﬂﬂé’c%olf%tm&g' Ng so are

well esta |nant ction o s nma
pr okar yot adminisuaionds a pitgege or bact eri aI cells or eukaryotl o systems such
as yeast, i ns Al ter n be

n cells i.ns c
produced usi n?"BE‘FﬁS g mwlglﬁcu\llrfst’ P?tlgylgfnéer%s ?Jl?q&%h“e Cagﬁe PS&@{ d ﬁlnot her
exanpl e, ghags apépich dptiaiaBpprayestedife. a; viapeptila cleevagss altanaxqaryess | ar ge
nunber s of es tha e screened in vitro t entify peptides that
speci fi ca?yl“g1 EF TG E IB'P?iteﬁ ?“eéi‘ﬁq‘?‘ﬂs‘?‘ ﬂl:eo‘}‘r'bﬁufg?%sﬁﬁ Rg 5Pht egrin.
Phagf di sab@?blﬁmhfmés@gn S«f@b’gdSﬁ?l&oomaDSMbkgul@«leﬁ§§IAIQalfbrcdb;’gzerSe o
popul atiop of r m.or__s ctiv ran i.ze es. . Various nethods
of phage Hre é@"qgglﬂr‘%@ﬂ %ngrfsﬁ’rﬁeﬁglga%c%@g‘lhﬂ?’%/b?%gg %‘&B’E?F%I?CBHQ" of peptides
20 ar g WedyntHeki9¥dh uerpehb@nearutsmg E@bmﬁé@mn& evaliaale rap;;ar@ﬁs Rdm nlablif®etueat . No.
5,223, 409), describes nethods pr epar.i di verse papul ati ons of binding

domai ns oftich ﬁ%@ﬂwﬂ&@yaﬁmyﬁ@ﬁ%@ty CeligrHa); %T{d%?th"dﬂég‘é‘?‘ilga@ PHAEL vectors

usef ul fOéstd%lmucaeam?mmaﬁsd&hwbme bﬂokmway R pekiryétr, sutRbhptise bor
sel ecting potential binding domains and produci ng randoniy or se ectlvely

mut at ed bbaserinkeelomeruiary ocsyslems. iichor yeaspinsge erinssiedliapicelisar y general |y
i nvol ves AH Mhdvel) gtét i ngh %pﬁ&ucﬁ@@s&n%?laﬁéé z}r|§z{trjag¥| Motvh‘?ﬁthtegftget

nol ecul e. age t'h e target ecul e e recovere i ndi vi dual
phage lzan be dhenetber exgmple, h?élawpildteh@qurl@%@acmbealwﬂ @nemeSSéhage can be

et 1 1 g s S0 306k B { Ml A Rl S RRERS1, (1999)
and Science Afm p@é % glb 88‘8 3 descrr(lg S of apro {f&g ‘pha
pepti de dalplp-ayrd dlmeacqnamsmg rag hlpbia- ﬁglteg%ﬁ \Pbagecdnsplaa m@hmﬂbg}quwdés a
di versifyin he at i-on_of (ge pressed al so,
ruse, o T AP G Sroiaor b ofr Sy BB TS 58 Do
partic uI avhiyous pmm)ﬂf; of phagedisplaead rrfetﬂfodeﬁ)amlidecmg\ﬂltvérsapqmliﬂﬂnsbﬁ$)qdides
mut agenesi s v$|ch an be dtop ?ce ag tides or
I v T e e R e S e L T
PCT/ US03/ mbthads foﬁprzl&chng a&)erse Poasatioansk baidivgy doneilids ol fiessarfeidiaghagean be used
to pr Oducfad%erp gﬁescrlgtg phage vectors useful for producing a phage display library, as well as
methods for selecting potential binding domains and producing randomly or selectively
mutated binding domains. Screening of a phage display library generally involves in vitro
25  panning of the library using a purified target molecule. Phage that bind the target molecule
can be recovered; individual phage can be cloned, and the peptide expressed by a cloned
phage can be determined.
Similarly, Smith and Scott (Meth. Enzymol. 217: 228-257 (1993) and Science 249:
386-390 (1990)) describe methods of producing phage peptide display libraries, including
30  vectors and methods of diversifying the population of peptides that are expressed (see, also,
Huse, WO 91/07141 and WO 91/07149). Phage display technology can be particularly
powerful when used, for example, with a codon based mutagenesis method, which can be

used to produce random peptides or desirably biased peptides (see, e.g., U.S. Pat. No.
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l'i brary, which can be subjected to the in vivo panning nethod of the
invention in order to identify a peptide that hones to one or a few

sel ect ed wogan®o040The nol ecul es of a peptide phage di spl aypCirhrsas/gs4ad so can
be present as a conjugate, 5 which can facilitate recovery or
identification of the peptide of interest. As used herein, the term
"conjugate" neans a peptide or peptidomnetic of the library linked to a
physi cal C g.to a solid
Bubat  at e B R B g Ry age. and
the |ike. litnhey, whicktan eanbiptieiodie ia vive aaiingomethefiefithe pvention écaderto an agent .
10, Sore. 2QEHMS 155 U Rl o b TIVRAERAERSE M M C Lhe appropri at e
epi t ope for nduci ng an | mune response agarnst al pha-4 integrin but are
too small to bBeimiemizgefd pﬁptldfnpltahedlsplwy\hbraﬂyralwhmsbesprbmt asarronmggept i de
agent can [ri

aaponbe. EEN TG el Bi'ol BBNERRRULorife BPRUEMINERR, Bs PR { e
henocyani werm (‘¢injdgate? meansagleptiolelor peptidbmandtie of the htyraqghm@d lto :nphysmall, bum n,

t et anus tgxoi.d xoi.d 15 fr her ath acteria,.such as

it pt her | Shemicat riorBe iy 02 b8 Pl edtS 3 PR b SR bR ic P

deri vat i vén oligohgileotiad 61 aiaStetitphagey @ndlthe tikd. Hieirh@igr@ Sarl raviddh R@arisqo Mul ti pl e
MHC alleles ., at least 75%of all human IWHC al l el es. Such carriers
are sorretidﬁ’étéfy%%\‘i\%vef?f‘agte?fe art as "universal T-cell epitopes." Exanples of
uni vergal T- CeddmeipbhtORRE td éheltal @nmluid respoRkaniiReE bpprbpriitdépitbPefdy _319
PKYVKONTLKLAT (SEQ I D NO 2) PADRE AKXVAAWILKAAA ( SEQ I D NO 3),. where X
i s pref er BANSNEARIMEMES JASBONSTpgRinst alpRardintegrn bufarejioe smalk o imanunegesici a cs: T3
epi t ope EfkihAKVREARSME %Ma@&EQ e I\g id¥Q@gertkan BERAEd td SsuBasibEdragao aRrtiidgen:
HBsAg19 28 FFLLTRILTI 5) Heat Shock Protein 65: hsp65153-171
DQSI GDLI Ammwexﬁmsse@ylw e cmeerseycl‘m?wnba lngnipg kexdols Japreh heraqeayn PPAVVKL
(SEQ I D NRLH)) imnk&od ¥l Asdies tﬁg dosidt o@YﬁdﬁﬁNﬁbﬂE&@J@m Orkfexbid NO. 8)
Tetanus toxoi'd: TT947-967 FNNFTVSFW RVPKVSASHLE &ng IDNO 9) HV gp120 TI
KQ | NMAQERYeRAakienpatiiogexic basteg@; such @y diphitieria0E 0R/iochplrag oPETPWISH 3t @15421 O her

carriers fhusld Bkhabinave oRBNARREEcREk T IVEHop &SIRABRA b RGldptavpt oki nes

alleles, e.g., at least 75% of all human MHC alleles. Such carriers are sometimes known in
the art as “universal T-cell epitopes.” Examples of universal T-cell epitopes include:

Influenza Hemagluttinin: HA 107319 PKYVKQNTLKLAT (SEQ ID NO: 2)

PADRE AKXVAAWTLKAAA (SEQ ID NO: 3),
where X is preferably cyclohexylalanine,
tyrosine, or phenylalanine

Malaria CS: T3 epitope EKKIAKMEKASSVFNV (SEQ ID NO: 4)

Hepatitis B surface antigen: HBsAg9.23 FFLLTRILTI (SEQ ID NO: 5)

Heat Shock Protein 65: hsp6553.171 DQSIGDLIAEAMDKVGNEG (SEQ ID
NO: 6)

bacille Calmette-Guerin QVHFQPLPPAVVKL (SEQID NO: 7)

Tetanus toxoid: TTs30-844 QYIKANSKFIGITEL (SEQ ID NO: 8)

Tetanus toxoid: TToa7.967 FNNFTVSFWLRVPKVSASHLE (SEQ ID
NO: 9)

HIV gpl20 T1 KQIINMWQEVGKAMYA. (SEQ ID NO:

10)
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such as IL-1, IL-1 a and R peptides, IL-2, y-INF |[IL-10, G\ CSF, and
chenoki nes, such as macrophage inflamuatory protein (MP) | a and (3 and
RANTES (iwe.o3/0r®gul ati on upon activation normal T cell epprassga4and
secreted). |nmunogenic agents can also be linked to 5 peptides that enhance
transport across tissues, as described in WD 97/17613 and WO 97/17614.

| mmunogeni ¢ agents can be linked to carriers by chem cal cross-I|inking.
Lo e ot RopbrsRtiienSroPRioRBE A of Sy St il SR BthuaBEfoiRls 11 M 1o
N- succi ni sichlyd H.3t,[R-1py aiddy peptiiéspIL- By INFOIIAL 05 GVBRISIR) aralrbdemulaﬁdsnsulah gyl 4-(N
10 mal ei m donet hyl ) cycl ohexane-| - car box I at §‘d‘((ﬂ %&1 if the peptide | acks a
sul f hydr yF‘acr@ﬂB&‘r‘)‘“ﬂﬁlﬁf"ém&%ﬂoﬁ’é‘ Q)io‘cPé‘é TESgheofegalatignipenne resi due) .

These r ea&%o&&n%ﬁﬁm @l efpredsbd éﬂ%eérét@&ﬁagﬁmlaﬁ&gé’ﬁﬁQgéﬂi@éﬁ%%hsﬁ%@ 1Ak t@ pepti de
cyst ei ne that resides on one pI‘Ot ein and an amde |ink age roug the E

- am noS onpartifigpdhatenhapee EanERat FcFase tigspgsnas dgpasibpd IMWEX Y&k 764hoWOaci ds. A

varl ety 027/ %1 di sul fi de/ am de-form ng agents are described in Inmun. Rev.
15 18 ?}63 2). Other bifunctional coupling agents form a thioether

r at her than a Imnsmbgdn@eagemis pdaigd inkédht g amierstbly ehemichli coosedinking f Beohmiquesagent s

are come RM%I Pagdht t§9' gnigpﬂclhé‘ecﬂ WSS nof ;gﬁéd 18 the ?gﬁr?aﬁl%n%dlsultade

6-mal ei m (5)oclapr m)ace I C aci acet and 4- (N
mal ei m dolimkegdsyising Zesuwwhigiaidd-3-Cepridpbdiiio) proponale (Sﬂm’)@ad bexpimidyldu@®s can be

act | V% Edmglgmu orr%]kga?ﬁqur@- chrgoxg%? C(:ﬁﬁq)l(g&aﬂq' tﬁ)%pE,d lfack& a sulfhél

- hydr oxyl oni ¢ acl e ag ﬁifys can al so
be expr esgeub,ass éansje@mvmdeﬂtbgiad&nw dffa o(yaeme efslué)l T&ese redgeﬁtemhtegous

pepti des) .. i.d ent ca lin no termnnus

Car boxy! . iphoh IkaEe G ERPsGREs B el ting R RN RaIo0E Fod Weat s of

the i MunagemECTiRQps ﬂﬂﬁlgﬁmshﬁmaroﬁaemnel &dtm ﬁfeaﬁinma gRsuptiftbifer &thé onal |y,

an i mmunogeni c peptide can be linked to nmultiple copies of a heterol ogous

pept i de, ¥l éxemplyef sugh %%lifrﬂefaﬁ@der@ﬂalnsia@mta@ daseribedfin fruupBeyy 5t | de.  Sone

carrigr pept '1@%% éﬁ{e}’ﬁﬁﬁhﬁuéﬂlﬁ&{ﬁﬁh@ e@@ﬁt@ﬁfrm-g thifobther 1@&9&9&% geafqst the
carrier g@ggm €. The induced helper T-cells in turn induce a B-cell

response ¥lanyrf thesprhimeterrfoanipepaentgard Jonjueicially avadabdegandiieqludsept i de.
Wet her t Q?cti@g ggérs 'o?? ?ﬂle@xﬂfd%pﬂ%ﬁxc aolP&) b»b?cﬂ‘%dcgt% da,c REPRL tlbcgg(f]etl% %h ! angql (ﬁc ul e or

ot her pharnaceuti ca use und accor re'sent 1 nvention
that is tmalbmugm-mthyt)cycmexm quadqowld:waid Tad mrhoml gmpmnlbs agtivated bghr oni c

dosage T eg}rﬁﬁ?mng ngrlnavg us%llcm ﬁ?@ﬁlgggﬁi glrtr%ql-su%glc ?iﬁ%o@ﬁ'rq sglt me- course of

adm ni stration | " "depen re-and severi is being
treat ed. Presdeptida agﬁnts)f:artaiwdiewepltssecbasgfusloldmtemsmﬂl oamecbo(mge etc., is
bract i oRTSORIH PP rBaPEe BURt OR o° TN o Bap 1y ieat B0
terminus, or both to a carrier. Optionally, multiple repeats of the immunogenic peptide can
be present in the fusion protein. Optionally, an immunogenic peptide can be linked to
multiple copies of a heterologous peptide, for example, at both the N- and C- termini of the
25 peptide. Some carrier peptides serve to induce a helper T-cell response against the carrier
peptide. The induced helper T-cells in turn induce a B-cell response against the
immunogenic peptide linked to the carrier peptide.
Whether the agent is an antibody, polypeptide, peptide, small molecule or other
pharmaceutically useful compound aécording to the present invention that is to be given to an
30 individual, administration is via a chronic dosage regime. The actual amount administered,

and rate and time-course of administration, will depend on the nature and severity of what is

being treated. Prescription of treatment, e.g., decisions on dosage etc., is within the
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of the disorder to be treated, the condition of the individual patient, the
site of delivery, the nethod of adm nistration and other factors known to
practiti owerss/o7ixanpl es of the techniques and protocol s memttsosesdi2nbove
can be found in Rem ngton's Pharmaceutical 5 Sciences; ~18t'h edition, Gsol,
A. (ed.), 1990. PHARMACEUTI CAL COWPCSI TI ONS The present invention also
provi des pharnmaceutical conpositions for the reduction of chronic

pat hol ogi cal i.nfl ammt i in.. ubj.ect suscepti.bl e h.and/ aor suffering
Prom a S ofsGrorPip TR bk lidhehs 4 Ser SHEEH Bbr By Bpludfy s cRbunt

Phar mac e usf thadisdroernabatr¢atedsthe tortditéoni af terindividugd petieat, #iel syte obddlizeny, the agent in
a concentration fra bout. Q. 1 t out 10% of the_formulatjon. They may
al so be U3¢ oéﬂ adﬁ%%?ﬁ] gfdeo(%lé? ?c?i‘?rg?‘?()@ﬁ' QPRI Eﬁﬂg&uﬁ%@é ically active
conpoundstechblifae &ld pravoeuds mflﬁiohﬂdﬂ)oaéléhnﬂ)‘é@&ﬂﬂeﬁlf{&magten Wh@lnwc&)tz@ﬂlm ary and
are in_ no_,wa t tobe limting. 15 For oral preparations, the agents
can be’ us%cde'%tfso %HS?mf“h é@nﬁ%ﬂt)’iq%ﬁov»ith appropriate additives to nake
tabl ets, powders, granules or capsules, for exanple, with conventional
additives, such as lactose, mannitol, corn starch or potato starch; wth

bi nders, such as crystalli C e derivatives, acacia,
corn starch orragkdbdt MventintallsoPrdiidtk pRAARL&uScal cOHFRItRASs FR kY rSdudtistlor POt at o
starch or sodi um carboxynmethyl cel lul ose; with [ubricants, such as 20 talc
or magnesHiPRispakalegical inflagmationjiag subigct syicentibl to gechand/opsffesipg frgmagent s,

Moi St @i NG ARG A ciatel WEA PhtkGb¥AInMMIAdoaVOr i g agents. Wien the agent is
an antibody, the fornulation I's preferably adm nistered in a parenteral
dosage form THempcaitisplfernulations efcthemsention prefally cantade an agsgtingf

adm ni straf - j ' [ : ikd al so

el ude,  depatanlfoh IEREOTH NEuERPLLFAL KRudan ARTRAT ALATRET,

accept abl appropointetagsorigtiarawith ether pharnuicéutieritysactivhdonipoands. THefdllawihgas vehi cl es

comonl y to.for i cal it . ani mal or hunman
i st PG e pRTHEkE pRE) R G BB ARG bRl O ogi'can
activiigy of t Herombproparationgthe dgemtspdnds: wéd doretordh ¢anéniasion méth dprbpridte d

wat er, physi ol ogi cal sphate-buffered saline, R npger.s solutions,

ot 1 0so ARIDET Bt s RACTS B EL A copf R r ot itk St mceut  cal
conposi t i aditives, lseohrad la@tos Makfiyol dosiOstartie bipibeat@§thveki; vaidh Bihdets suchdsuvant s, or
nont oxi ¢, nont.her gpeuti non-i munogeni ¢ stabilizers and the |ike. Also
el uded SrAIbR colBiP et erlP RN et Se ST G e 1th SHONSE T T xanp] es
of such cakh h€foriethieR, Pof%o stArBICdrid@iumdiboryBetiytelluiodd; twdth hkicants, such as

gl ycosam nogl ycans, such as h(fp%ri_n suj f&%le, hyal uroni c acid, .19 WO

03/ 0730 40Risermagersiugtsienate; prd Hgtired vt ents pkaring agepis 4nQsERing agents,
chondr oi t praseBrativdslaad Bavdrapaga. sul fate and dermatin

When the agent is an antibody, the formulation is preferably administered in a

parenteral dosage form. The preferred form depends on the intended mode of administration
and therapeutic application. The compositions can also include, depending on the

25  formulation desired, pharmaceutically acceptable, non-toxic carriers or diluents, which are
defined as vehicles commonly used to formulate pharmaceutical compositions for animal or
human administration. The diluent is selected so as not to affect the biological activity of the
combination. Examples of such diluents are distilled water, physiological phosphate-buffered
saline, Ringer's solutions, dextrose solution, and Hank's solution. In addition, the

30  pharmaceutical composition or formulation may also include other carriers, adjuvants, or
nontoxic, nontherapeutic, non-immunogenic stabilizers and the like. Also included may be
carrier molecules such as proteoglycans. Specific examples of such carrier molecules

include, but are not limited to, glycosaminoglycans such as heparin sulfate, hyaluronic acid,
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sul fate, perlecan, and pentopol ysul fate. Antibodies of the invention can be
adm ni stered as injectionable dosages of a solution or as a suspension of
t he substwpae/nia4@ physi ol ogically acceptable diluent wi trcanso3/05421
pharmaceutical carrier that can be a sterile liquid such as water and oils
with or wwthout the addition of a surfactant. O her pharmaceutically
preparations are those of petroleum aninal, vegetable, or synthetic

O ol £ Rl EXATRIS encRBRM4-tare, SBABEAR e Waclh AR arlcomd)  I5NO7 2!
glycol s such as propyl ene yco or et ehe are pre €rred

l'i quid casuifaerpquecqmamtdncuﬂoamlb'yﬂfhtﬂr inj ect abI e sol ut| ons. The agent s of this
i nvention can t n ned. r el exanpl e a
depot i njecti oN neabogleT&l tﬁ S&%n%gh n?%ena%mlms cré m)s[ m_gctwn%@l%%o sg# fHu

f or mul at eck dsn SS&p@ﬁEl(ﬂleﬂl‘ﬂ’BﬁbSmeﬁm]}ﬂﬁj&lﬂ‘ldglC&ll}SMSé}ﬁ&Mhl’B&ﬂ\eﬂse of the active
ingredient. In add tion nt| on t hat a ant gges may be
br vt e Bk rde g S st Vil Rt PR R EB A s SR o et fler T o

anti body 4ddlitipn,ofa samghe (o:thmﬁhaﬂﬁw):eutﬂ:ﬂl}tﬁeparmbs &€ thoselbfpepoleyihimalf | de is
adm nistered o a subject. jn_an appro hIC| al |l ow the expression
of the anY‘igSBE&f/‘ QT YREARic Opgna for ex ;ﬁe Pﬁf’éﬁ“ gﬁ‘i’ E%H‘?‘ﬁa’é P&’c‘?ﬁ?% Wount. The

agent s of pdnRl, igh¢618khdhns pRPyREe émcmd} ﬁﬂ%ﬂdﬂé%ly@élﬁh@@ﬁl@fe&x@ﬂlﬁqﬁl@EarhéHseCt' ons
by di sso%w n? suspendl ng or enul sif H? themin an aqueous or nonaqueous
i)

sol vent, ly fogiajgeipblp P@u%crmo?h%%gegﬁs fhigrinysntien caé%tﬂﬂ@ﬂl%ersd dhati c aci d

gl ycer deé‘ustaﬁ.%a edicasOforh] Bh&lanmple b1 ifjedfdndiplimit SepRaRY besimotll y&Rp,. The
formul ations may al so contain conventional additives such as solubilizers,

i sot oni ¢ WBEhEa bedprpiaienl Mgudyemener ripPemTilA efaingdrelesse afittanctivyer s and
preservathgﬁegren{rhe agents can be utilized in aerosol fornulation to be
adm nisteréed via inhalation or pulnonary delivery. The agents of the
present i nventlnedditiem agratstoditheieention thatage gtibedier maylk prowdedtlvept abl e

Pr opel L ank by Sl pal Al 85 Ak ELUIAY CRLANGnRLARREE . £14 RNl e

| i ke. Furthernore ents can de 1nto su ing with
a varilet ytocaf subjects dbe s@ly:l’mcmtl@rm hdminystengyl th a setgeadm waa(perOpsiaie wkllide bases. The

agents of ; Q@ﬂ?g e:?p?gsglton of]t\tﬂg Q{l/t%b%g)(]m tRe) ful%ﬁecfaig Ttﬁér?pegﬁc§g¥ rﬁfafg‘ctstf% L¥oyia @

supp03|tory supposi cocoa butter,

car bowaxes andilpageres dffyhmeergnbycm&fomulmd il frepatationcifpr tr@ammsaiyur e, yet
are 30 s&x ?Il fied at,.room tgqg.erg{? Adm ni stration of 1 an a‘gﬁnt of the

i nvent i on“itEy e S‘&B%’t?ﬂ?&ﬁ‘%l& 7 10 8P HWITPRTY NOTAIH RS SPINE 7Y

par ent er abegletablem bthex siraing oﬂﬁ)éyrbﬂetﬁ:)aﬁplﬁlﬁib acid plycaitas, icztesd off Righer alipkatyy. The
agents of this invention c e incor ra ed into a varllez}(P(/11 of faormul ations

for tRYr a?fé qr ero?ﬁlemlb@/l 0 @mﬁeﬁqm@ 3 pl58 gf@iam conventiona tives such as

solubilizers, isotonic agents, suspending agents, emulsifying agents, stabilizers and
preservatives.
The agents can be utilized in aerosol formulation to be administered via inhalation or
pulmonary delivery. The agents of the present invention can be formulated into pressurized
25 acceptable propellants such as dichlorodifluoromethane, propane, nitrogen and the like.
Furthermore, the agents can be made into suppositories by mixing with a variety of
bases such as emulsifying bases or water-soluble bases. The agents of the present invention
can be administered rectally via a suppository. The suppository can include vehicles such as
cocoa butter, carbowaxes and polyethylene glycols, which melt at body temperature, yet are
30  solidified at room temperature.
Administration of an agent of the invention may be accomplished by any convenient
means, including parenteral injection, and may be systemic or localized in delivery. The

agents of this invention can be incorporated into a variety of formulations for therapeutic
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adm nistration. Mre particularly, the agents of the present invention can
be formulated into pharmaceutical conpositions by conbination with
appropri awe oplozzomeceuti cal |y acceptable «carriers or dil uearaisoaosd2nay be
formul ated into preparations in solid, sem-solid, liquid or gaseous
forms, such as tablets, capsules, powders, granules, ointnents, solutions,
5 suppositories, injections, inhalants, gels, mcrospheres, and aerosols.
As such, mi@ﬁﬁfgﬁaw@paraéulérhy,eth@ggeats%fmmr&%n@&%ﬁyrﬁ&nlb@ Rty S
including oral, buccal, rectal’, parenteral, Intraperitoneal, intradernal,
t r ansder nelarmacguticat campiesitipns tyrpombinaser witlyappropriete phammeagentisallyl ageeptable
intracrané'?lli Ld 856 be tRA0LA .on. Tk Gtive . be
systen c artero a rgrllgt%i%s?raﬂ)%no or a%%?/&t%@tek%g%qn}zt}gﬁﬂgygeﬁ8&812@5“6 %rlegi onal
adni ni st r gaseaus formst sughnas tablets,Gapsies mostlemt dgramulesosintreetsofoldions, npl ant  t hat
acts t? r&%ﬁ(‘)sﬂo}i&?in%%{' r?/s?in gn‘%s, a‘%ls,t hi%ro%'hte%sognd a!arrgpcllé n/ksa U ,Qdm%qgtrtatiglg) sage
fornms Tor al cor PEctal” adm nirStrat i on suen as syrups, éelli'xirs, "and
suspensi oofshapgnts earpbecachded mivarieis wags divhddgagad, buekdl, reftel; paxmadrpl, e,
teaspoonfu% t abl.espoonful., tablet.or s asitory, contains a
pr edet er ARGt Rate st PR ehel dRrindr At iSRS agents of
t he pr eseintradranisddub@imalSer) ddatihiytrationi Thekrsagazechomagsbd ytemicrijfiect i on or
intravenous .adm nistratjo onpri se. the nt. of . the present invention
in & conBBuPERHRN S may b gt En by (e gttt rrROnL MR ot B Be. or anot her
phar mag e uidnsidiktration A @ePd RhliMpRad thit@éts td iARIAME Sctivedog s thaisiiest r el ease
formul ations are well known in the art. Inplants are 20 fornul ated as
mi cr osphelmantadionns  etc. wi th bi odegradabl e or non-bi odegradabl e pol ynmers.
For exanpl e, poiyvdREge Bfmsl fadrhCor ekl adiRil{sQEtidH MEPAd s, leixkHERA an erodi bl e
polymer that is wel] tolerated by the host. The inplant is placed in
proxi mi t ySUSRFNEIRES BR% e REPVigTdoY eI Erop detags unit, dorexamplrdeaspeenfis f or mati on of
anyl oi d dgpegobsufeBRE bAdy Eos%&hcoﬂ%‘iﬁs%%&ﬁfé%ﬁ%& Yo 8%@€<5r§l)ositioﬁ0 that the
| ocal concentration of acfive agent is’increased at that site relative to
t he réSt ehtairtieg orRDr ogk/agems i e present awarfony fimildtlyr unitdesededenmstfoon of a
subj ect | BRLHAES oubibndS aBhidehTnteif) dofiprite 15 ot 40R, Slch Rl bt
i nt ravenoluge a n(l)srrlllllst r%tu?(%n;l a ttg%)jl e tgiggn t1hro RATS c:E%Jéselhx t‘%mes "fai | y;, or
a one ti nempebitasas xwpsvh serile wbles notnzk saline ncaothedpharmatuiaaty ai ni ng a
proporti O&%%}Jlt%l%(j{agn?e%r content of active ingredient, etc. The tine-rel ease
ef fect may De obtained by capsule 30 materials that dissolve at different
pH val ues, by Iogfstsifessusthiatd rehedeemditont yre lmelldaowt incthe ot.clagplangs apg by any
ot her _kno ans of controll.ed rel.ease %r ain agents of .the invention,
et udt ng EmirEDa Bl SR eyt SERS e oA iR RS A
conbi nat i Bt evarhple,golyackrdofdautic adid widd/oredlycoti add formantefoditdpdlgmerseadis n 21
well tolerated by the host. The implant is placed in proximity to the site of protein deposits
(e.g., the site of formation of amyloid deposits associated with neurodegenerative disorders),
so that the local concentration of active agent is increased at that site relative to the rest of the
25  body.
A typical dosage unit for administration of a subject includes, but is not limited to: a
solution suitable for intravenous administration; a tablet taken from two to six times daily; or
a one time-release capsule or tablet taken once a day and containing a proportionally higher
content of active ingredient, efc. The time-release effect may be obtained by capsule
30 materials that dissolve at different pH values, by capsules that release slowly by osmotic
pressure or by any other known means of controlled release.
Certain agents of the invention, including antibodies and peptides, are sometimes

administered in combination with an adjuvant. A variety of adjuvants can be used in
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WO 03/ 072040 PCT/ US03/ 05421 conbination with an anti al pha-4 integrin
agent to elicit an imune response. Preferred adjuvants augnent the

i ntrinsi cwoaspoose to an agent w thout causing confornmati ecalusosiesages in
the agent that affect the qualitative formof the response. Preferred

adj uvants include al um num hydroxi de and al um num phosphate, 3

De- O acyl at ed nonophosphoryl lipid A5 (MPLTM (see GB 2220211 (RI BI

| nmunoChe ch. |
St on TR it Rt 1pE o ln odaR AR o MRl SRR
bark of atd!iuaraﬁys il gragnh thSaonsae fespoivisd uo A aganewithau naising cSofotnmtibnd chage{ see

Kensil et ; t h (ed
Konst | 5 e e AE B e SR AR EFhNR gk o2ch (o0
(Aqui | a Bilakmamtgdesideaad slumﬁmar;ihbgham 3 DBQ-adldtezir mdrdphelphtgiiipgd are oi | in

combi riat | 0T 765 HARAORT R Ao CRERRSEa by KBBUHEY PortdPav s (seo

St out e etpaddof ,Coni@Q BtiduldaMs-21.is Mﬂerp&ﬁ@lycSﬁd@dr)sapo%ﬂOi&dﬂﬁ‘éd a6inuhatdrk | S CpG

(WD 98/40100 rnati.v ent can be. c dto n adj uvant.
However , ifﬁle% wam awﬁlagﬁWlaa AstoutHE S i Sé‘ﬁg e %6348t i on of
the desi r DEkig: masab@m'atnaplejuwuaﬁp;toac;a(feﬁ@%wélh& WM@PI@BmﬁMksBW 15

i mmune resg??onse A uvant s can adm ni stered as_a corrponent Of a

t her apeut }%€3); &Jo%ﬁag@pt New-Ua/ R0 éﬁw&%@ha&@ww’ EingbamgMiddi Oher ed

separ g el yjuvar afeil 19%%95&1@1@?011&?@?4 ds Rqualine 8f pe@hutdfMoptisdaliptd on of the
t her apeuti c agent A preferred class o? adj uvants for administration is

al um num @) tlelawuhﬁnmﬁmtwff&%antsa$‘l§hiaﬁWP{?QP}H@I?PBRWHbpld A ed Youe pdsphat e, and
al um num g9l faleg %?at 344 YYD SAdfoir Ecﬁuvaapls@eqvm 81468700 Qg Af?é?H&tw@l her

specific | MMUNoSt ing agents suc ynerlc or
MoNomer i camﬁmt@alam elwipked éhamasijyyenty giomeam @chmwhw Sfp@ldwoymbﬁentlaﬂm ot her

class of gdh IMANEGhrdrihafil oijtﬁ'e e?‘dr al sfoqar TR0 B0 Rarurd b theddivant s
t or w C

can be used out ot |mTunost| nulating agents such
as rrurlanyilmnpeptréscjetse( Adglvantstand)cedlyinmm*aﬁla-cbnlphmeeodw th@dapemiigl ut am ne

(thr- COm osfxox{\_%n{l gﬁ;ci VB_%ge‘ﬁoa | Gﬁlbggé/mlflg}_e?e% seﬁa?gélytb%?%g%oﬁ&%renw )

N acet yI nur
2' di pal mwmylor sfuergﬂmﬂmtl&wmmmpﬂmuspgmtyl oxy)-ethyl am ne (MIP-PE), N

acetyl gl ucsa o a i.SO L- Al a | it

o opyl o de- ( EYIeTEsRs e T R G G ER Syl hr et BT
conponent ;ﬂumguin Hyﬂrdﬁﬂiel ﬁd’lurﬁiﬂiuinﬁjhﬂdpﬂatb ruat ulﬁgnnol(naéulm @uémjlﬁﬂ?ﬁ 4830%) .

cont ai_ni ual ene 5% . Tween n 5% ally
Cont ahi et AR Or SV B AELPE AR mR A A5 SR o MBI, G5 1§ o1 es
using a nZle@lthhéjerrﬁdSno‘MéﬁB afsnol¥bide buch 9ol IGtamid déidirpBlylyshe c nabthed di Cs,
Newt on MA) SAF, containing 10% Squal ene, 0.4% Tween 80, 5%

pl ur oni c- msaet@hu\amsym in-water emylyion foppulajieps. SychrdiuvaRitsaaOe Uil HE T nto a
subm cr ony, RIBk Sh&spSYifiY MirhE68EndINiPABEL A6 R 8s MBfBEN peptides (e.g., N-

acetylmuramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-

25  isoglutamine (nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-
2'dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (MTP-PE), N-
acetylglucsaminyl-N-acetylmuramyl-L-Al-D-isoglu-L-Ala-dipalmitoxy propylamide (DTP-
DPP) theramide™, or other bacterial cell wall components. Oil-in-water emulsions include
(a) MF59 (WO 90/14837), containing 5% Squalene, 0.5% Tween 80, and 0.5% Span 85

30  (optionally containing various amounts of MTP-PE) formulated into submicron particles
using a microfluidizer such as Model 110Y microfluidizer (Microfluidics, Newton MA), (b)
SAF, containing 10% Squalene, 0.4% Tween 80, 5% pluronic-blocked polymer L121, and

thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger
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22 WD 03/ 072040 PCT/US03/05421 particle size emulsion, and (c) R bi T™M
adj uvant system (RAS), (R bi Immunochem Ham lton, M) containing 2%
squal ene,w0.028620veen 80, and one or nore bacterial cell waCir/usesmranent s
fromthe group consisting of nonophosphoryl 1ipid-A trehal ose dinycolate
(TDM), and cell wall skeleton (CW5), preferably MPL + CA5 (Det oxTM .

Anot her class of 5 preferred adj uvants i s saponin adjuvants, such as

Sti mul onT. afdd

Cher of r onf g et el RATWAAIAR iy BAGEIib AR ERAOREL Phifonry
O her adj MIanbrgaihing E%Muzm'mpo evelvaed So,mdnpd @tmorEbmm'd'l ecllaggluvant (| FA),
cytokines, such as i erleukln crg hage col ony
stinulati %Oén I}ogglt%ﬁo %I’P)COHSIS d'(g mS’POW&P%SEy?gplF <'§1°‘Cttr Slr%h?sﬁéa °&lfch

adj uvant s(TM), ganeiiavdilskeledh (@QWISY, ;frd’f&ﬁblﬂt@/mm—ﬁ@ws:([lﬁtoﬂ@)urm&er Asssad] uvant
can be adm nistered wi th an a%ent as a sing IeTﬁo ositiaon, or can be

adni ni 5t ePEEIB RGNS iHIEOHR adEvats sichps Smden S (QP il shauila Bramireheme agent .
The agent paQr phticiedicH¥ant ﬂre?e%roaﬁ sRAGK BaEMENfHnS Mm@&n@@om@xe%%m vial or

can be packa ed in separate vials and m xed before use. The agent and

adj uvant BEOMHPREG @@ep@@wagféwcwdﬁ Fompletaraf hiqempl%ﬁlfrﬂgldiss'\cbmni (HEnded

t her apeut |G 13pR! dinstdi€1 8 VAR, rately,
the pac k& g? ng t%‘gﬁg&ﬁﬁgi}e‘! ncl (H“ ésg%g?(ﬁ%glt ‘ons @H gean({o%ng%%‘é?%%eﬁﬁgg The
choi ce of (MCSHjand tamtor neanekiofacton(TNFer Sutbpdiudantoare swmll[vawbbb feosn t he
stabll ty.Qf | ation containing the adjuvant, the route of

adm ni gt r at |n6énrcgltﬁ981rc%](;5| ng schedul e, and the efficacy of the adjuvant for
t he species befkmq:;ljumnmanbe mlnismrmagmtps e‘siaglleedmpdrsa'miqnaomlan beal | y
acceptable adj een v

i i ot r SOl Bers egnROR ol Rl B8 e alOP B C S PR 4 e e £
adj uvant Sacfjmvranf’narmé]ﬁadkngbldladé sugplplied 1nMRLsaﬂladlam canbe pa@gdd(madphmte Wialo or nore

di fferent d nts can .he use Itaneous Pr ef i nations
"ncl ude af ook, R ABI n AgAvan Qb Broksges it 3 b AR es D3 and
MPL t qget ﬂh@ﬁnterﬂ'e&ﬂherabélﬁ@Ia’ﬁblfbb@od:rlﬁth@dg@t&mddjlﬁﬂﬁt aﬁeapmciagem@dra{e@wﬁg et al.
1998 25 Advanced Dru? Del | verguRew ews 32: 173- 186# pti onaII

combi nat i PATKRGIREIYBIRIYdpcludes fstrugtiensfor mixipe Raspre 354 ?Ché’éfﬁt?f ﬁh‘i ﬁgt t her eof .

CHRONI C ARM/ Nl STHBATep 6N s DPSAEE ft6iSh MaS s b8ty IT IR Tond1 4tRA OBIRhing e Mes of the

present invention provides anti-alpha-4 integrin 30 agent at a |level that

wi Il mai nedivvans theroute efpdmiristasionrthadasipg sehegwerand shesbfiewsy obthe adin gt forl

i nfl ammat {hg @pécfés ﬁelﬁ’é‘@dc@ﬂsteﬁ nln%ﬁﬂnéjfa p?elf&ﬁd pﬂi‘ﬁqa@&h@&%o pt;;bh:ead R ion
entail admnistration once per every two weeks or once a nonth to once

ever y 20 wooreghatiigs begh appreved derthuman admingsgratia by pertinent regulatory bodies.
Examples of such preferred adjuvants for humans include alum, MPL and QS-21.

Optionally, two or more different adjuvants can be used simultaneously. Preferred
combinations include alum with MPL, alum with QS-21, MPL with QS-21, and alum, QS-21
and MPL together. Also, Incomplete Freund's adjuvant can be used (Chang et al., 1998

25  Advanced Drug Delivery Reviews 32: 173-186), optionally in combination with any of alum,
QS-21, and MPL and all combinations thereof.

CHRONIC ADMINISTRATION DOSAGE REGIMES

The chronic treatment regimes of the present invention provides anti-alpha-4 integrin
30 agent at a level that will maintain sufficient receptor saturation to suppress pathological
inflammation in a patient in need of such. The methods of the invention entail administration

once per every two weeks or once a month to once every two months, with repeated dosings
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WO 03/ 072040 PCT/ US03/05421 taking place over a period of at |east six
nont hs, and nore preferably for a year or |longer. The nethods of the

i nvent i orwomsof20e obt ai ni ng and mai ntai ning a receptor sargrAlSIIEs4bevel in
a human patient of a dinmer conprising alpha-4 integrin (e.g., VLA-4) in a
range of from about 65%to 100% nore preferably between about 75%to
about 100% and even nore 5 preferably between about 80% to about 100%

These rec ' Jr ar ' '

chroni cal ﬁgﬁ‘g@%%‘%é%%@ pé??%)% s%fn% élthqrrgdrlll? h@&%ﬁ%ﬁ#]ﬁ%?%ﬁa%&}’@%?en conti nued
suppr essi dhe méthpdstolfi Gleogicotdn inndliaehtzining and thain@ingygeciefdptor esthrtdomiend jn t he
anti-al pha; 4 _agent i ' ref.erably ahugai ol human

ant i body ?g‘}né@,gpaﬁ% '8 ?gﬁlﬁg%r’,ﬁ&%ﬂ}é atllﬁ'él% Bé%Ag(yeig's %%yg?%oan? ﬂ%eyOf asis. 10
Level s of aboaC&9t o 109%t, moat prefierabbrbetyeenmabuut 5% tb aboud0&s, andeveh lnereef f i cacy of

t he dosi ng freqi and. physi ql ogi 0 kers asured t onfirmthe
succes o&efeﬁ%ﬁyﬁggﬁg ap(guélgéré’.% %u?gdo &n elswﬁq)g%’sgtg%a "Uh9EVEFs of the

anti body maintafied aDRededeveld chonicdibniei g, \oved Artiadh 686 mbnthfier sopntadllbeadyr and t o
det er mi ne thelééaotential «feffe(ﬁt .of.t}ﬁlf-l.ife on the efficacy of the

t r eat ment ORI SHRRIFSI08 £ RRfgieeical iptiamalietd in a dosage unit may depend on
whet her adj uvaataspebﬁﬂdesnb@hmma@fe‘aﬁﬁagﬁmc&gemstdhahﬁg&n@rp@mg@s general |y
being required in the presence of _adjuvant. Fé)r, i mmuni zation with an agent
of the i ntasmAzsH or Rymangnebody (¢-gnpaidliznmaby apddhg dospedbena Mgnalydae’s- 100 my/ kg,
and mps e Uil df YecahiOibanPatidd chiPbdmbitokdd, to Bdterntife hOSfficRYMY thdodily -  For
exanpl e, dosages can be about 1 ny/kg body wei ght or about 10 ny/ kg body
wei ght . Bsg%s‘gendamsw&eiéﬁwermaw%yo ﬂ@égﬂ&eﬁgc%ﬁﬁ offilee dospgeregime gﬁ t he
agent in § B& Akt erun] M9el B HOSAARIRLMA UemRRUERE Yo REntAY BleMasdelo?teOn Can
vary dependi ng on whether the treatnent is prophylactic or therapeutic.
For anti b@imbogsdmd' ¢ deteratineothe petertisl effest efdalfrifeen the afficacyyuftes tegatment. pet ween
about 2.0 to - : ' ' : i ded
herein, eff egit%l%\lé;enogrgg)gg sn Ifg%nﬁlhgtee?eggﬁﬁg ggragegmﬁ{y&%béég?ﬁ (ﬁg‘ggwgﬁhgﬁgml e
from tihe satsbedministpaede wath highar ddsigse gdenseally being regquireshindsgiresgheefdfui d sanpl e,
and determ.ni Lnt.egriq. ' S wel |
enown' | n PVl P Phlioh i 6 P Phe AEhULRGL AR, SaaliBlalit BT RER, T
subsequenb.08Enp kst 40Eemp/kicand ande nwalfusbedt Q01 tors ngkgnd therhostbbdy weiglth

i muni zation. A, particul arl ref erred anmount IS 3 er kg,of patient
por ot h SR RS o ek 8y SR o oG o e Bt v en

t her eof . Dbhage adi fivqgasicy nmybaiynigpadirigronshictatidife bhihe dgematehd patieht. iThe i ncr eased
in accordance wi.th 30 the particul ar ad&uv it and the | evel of.

i mundéfen Q?P%V“Sfﬁeﬂ‘ﬁé‘%ﬁ%dpg?lﬁﬁé‘%Cad’g"é'ﬁf ep onehether i XeAMFA S agent s,

sel ect ed blﬂpl%ﬂ&cﬁé gamen Mﬂtib.W&ﬂhﬂti&fd@%&ﬂlnisinﬁﬁﬁﬂE&dﬁ@osiﬂ%Qljéiﬁb@fs@bxﬁb@ﬂlyaCCOf di ng
to standard dosin mat?n ds, taken jn conj uncti&n with the t ea}lchi,ngs

provi ded betwegn ahout 2.0 to about 8.0 mg/kg. Inaccordance with the teachings provided herein,

effective dosages can be monitored by obtaining a fluid sample from the patient, generally a

blood serum or cerebrospinal fluid sample, and determining the integrin receptor saturation
25  using methods well known in the art. Ideally, a sample is taken prior to initial dosing;

subsequent samples are taken and measured prior to and/or after each immunization. A

particularly preferred amount is a 3 mg per kg of patient per month of natalizumab or an

immunologically active fragment equivalent thereof.

When adjuvant is being administered, the dosage level is increased in accordance with

30 the particular adjuvant and the level of immunogenicity of the anti-alpha-4 agent. Doses for

individual agents, selected in accordance with the present invention, are determined

according to standard dosing methods, taken in conjunction with the teachings provided

herein.
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24 WD 03/ 072040 PCT/US03/05421 As an alternative to chronic adm nistration

conpri sed of repeated individual dosings, an anti-al pha-4 agent can be

adm ni st ewed3anoa sust ai ned rel ease fornul ati on, provi dedpPchh@sosiagage i s

such that the levels of receptor saturation remain sufficient to suppress

i nfl anmati on. For exanple, controlled rel ease systens can be used to

chronically admnister 5 an anti-al pha-4 agent within the scope of this

i nvention. DI SEUSSRARR o BB RGN Erati GRARsdSt réRhERTRINARPURINEQT B MRY

be found in Lesczek Kr 5wcgyns 1|, teﬁé é’ easerp%osage1 For s, m%%B? (CRC

Press, | nengnti-afpha-4/zgentogn b@:mm@tereé@s aemséeaxseé releash fismalgtien, providsd tee ver y

broad spegid 19RR29 geg 5 Silt‘?@ﬂn hnol ogi es

i ncl ude, g%t%gﬁcggﬂéaqﬁemg?e oty ysli C%%Hi%;?slﬁ g’?elér%s an 38{?%?71 cal systens.

Physi cal mflenaatior. rfcirg@enpldamntmﬂed wbiasel sysmmedantt@ ,usgdetg shppically sipgnistas Wi t h

rat e- cont i encapsul ati on,
and monbr SR, 1B 8P B e A B oo anes

such as ¢tmitrbbed rb]eb@rcbsagalﬁtrmmwbc tpod dukesczk [Kubwsayndki,i ExeptiakRelecand porous

pol ynmeri c,subs at e nolithic systens, including those

syst ens pﬁysrgcgf) 39833%}1\(/:6#)%5 fibn- porous, 15 polyneric, or elastoneric

matri ces (e g The%ﬂet&l’c()ﬁﬁdﬂeérel@s@’dbﬁﬂo‘ﬂgle@IWC[‘ anerg btcal sﬁc@&nﬁn of'tlﬂlgr essi on,

et s e T S S AR

envi r am rremahas ag(eaiemumg 5y8efiis O Rhysaalksy s ik ab| ) are hatrnrmea‘de@l res‘efvuﬁt ures,

i ncl udi ng reservfg | ayers chemcally simlar or dissimlar tqQ outer
control | HERS;VIRieeSPHENIMgHYET Iaes, r?éf}h%ﬁdslcroslafens OB, JPRSTISEIBEHFHOM: or

adsor pt i oghdiRerthi® dyaan@xsshﬁeg@ysrtm moum&moﬁﬁémﬁg/ﬁ@ﬂmnésnwcydse, but are
not limted to, chem cal erosion of é matri ces H@F’ het er ogeneous
or honogehloitsiibersydlia gyicropgroys csulégieémce feo 31dgoreys palymsrly trategeAndi x (e, g.
het er ogengams, m&toli fﬁ@%ﬁdmgﬁﬂ%e sy Q0ad pisRAHSR IR Pin oRlpBRALT €5 Of
systens for controlled rel’ease may be found in Is F. Kydoni eus,

Cont r &f | epPlRB¢tic geelaspRsis anqgg(eeg noperdslile ewﬂﬁé@newmmempbagp@tat i ons, 1980
(CRC Pres h t a
bati ent T RECTE bnd ARRAIRO MBS Ry MR B o poliE Sohhebb 88

pat hol ogi daﬂtomenfclrmmws(@gn,nooferdzcbblpreapiﬂw,@ovlmmehgal agee%mgrasmqmaandent at risk
for a par L

pr ophyl ac{kjigg lav@%)é us ﬁ‘gfsg%ce% :3(:19(%?1? reEe‘??A ier%/él%%/m&ﬁﬁg %ﬁﬁ&ﬁ%ﬁ%ﬁa?

desi gned foauter hent®laggrecinfl phesysiaal dnethode rsdar astosmatticguiimpls norsdspep tivat hods, t wo

or norg a%ﬁnts eg(eha% ereQi‘ﬂsnOCl onal antibodies with different binding
spe0|9|0| are I'stered sinmultaneously, in which case the dosage of
each Chemlcal systems include, but are not limited to, chemical erosion of polymer

matrices (e.g., heterogeneous, or homogeneous erosion), or biological erosion of a polymer
matrix (e.g., heterogeneous, or homogeneous). Additional discussion of categories of
systems for controlled release may be found in Agis F. Kydonieus, Controlled Release
25 Technologies: Methods, Theory and Applications, 1980 (CRC Press, Inc.).
The methods of the invention can be used to treat a patient that is affected with a
disorder involving or arising from pathological inflammation, or to prophylactically treat a
patient at risk for a particular disorder. The dosage regimes that are necessary for
prophylactic versus therapeutic treatment can vary, and will need to be designed for the
30  specific use and disorder treated.
In some methods, two or more agents (e.g., monoclonal antibodies with different
binding specificities) are administered simultaneously, in which case the dosage of each

agent administered falls within the ranges indicated. Intervals can also be irregular as
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agent adm nistered falls within the ranges indicated. Intervals can also be
irregular as 25 WD 03/072040 PCT/ US03/ 05421 i ndicated by neasuring
recept or weatogwzimn | evel s or by foll owi ng ot her indicia eCriuses/ei4sease
process. Those of skill will readily appreciate that dose |evels can vary
as a function of the specific agent, the severity of the synptons and the
susceptibility of the subject to side 5 effects. Some of the specific

agents ar ﬁc} de& bf{?ﬂg?s'ﬂEPé R@ébt&tsbﬁfaﬁo? Pe(@@ ?}{ ﬁfrﬁn&l%g%ér QiEIa%f thg'dYs%EEeage nt

are readi termnable by those the art a variety o
means. A ppgasf.erred neans is to nmeasure the phy5| ol ogi cal potency of a

gi ven agent . | nveng[ll itk IW&‘% éxgt dob§1e98954nqjal'}ﬁdacl rfﬁlllc(%%g g¥ {hgr ”!“ ations

of the present Ion can esirabl e
effects. #Recific agdnartﬂlwsetfeh'éy b ohersyingttornnmdotie ubeeptiiligyrof ﬂwrsulace tcusdaef ul in

treatipg al e state treatabl e by |ong
term st Srpr sprgst o8 e X BT S Rk o P BT RLPR, BRfe Beldei e  ca
i nf | ammat gioen agEhtearé nudalytdemnrnmlable)bpﬂmve @fekﬂlrmtl’readsbyafvahét@af mesds. tAhat expl oi t

t he abi | |t of anti - {qpha 1 ntle rin algents o bl %fk al pha- 4- dependent
interacti ge”eq'Wgalﬁlli) ANASHE FeRaETRIlofir! Bt %ylogﬁglv\ﬁff‘%e he VCAM 1 |igand on

endothelial cells is an early event in many inflammtory responses,

i ncluding those of the central _nervous system Undesired di seases and
conditions resulting fromi nfw&#ﬁéﬁé‘—@w ing acute and/or chronic
clinieal exacerfeabhedikd Ed]éhlsélﬂﬂnulﬁﬂldrk lop{he pﬁe@&ﬂﬁrﬁ@ﬁt&m(ca(ﬁd@@&h tdbtdha, 1992
Nat ure 356; 63; Baron et al . 177: 20 57), nmeningitis,

encephal i Vid§ range ppgesirable gidacts é’ﬁrélﬁvlaqu EhP m&atwﬁl%ﬁf|ﬂaerﬁaé&n8f»§/arsa§@v iy sease

(1BD) Inc&éa@hggsseﬂtﬁﬁ%aﬁy Y€aScdtd bﬁyﬁﬂ%n@hﬂh@ﬁ&a@l@%ﬂ%ﬁ‘g efPharh iR et al .
1994 J. | nmunol 38), (Podolsky et al . din. Invest. 92:

372), rhe@ifrmtlﬂn%ﬂnamtm%tthaéta(gpapatmlm%rnﬂamg@n et al., 1991 J. |nmunol .

147. 4207, VannBlﬁkieh%n a]ﬁurﬁé\ﬁﬁ'es%eﬂ%ds of &&%er@ﬁﬁ%x?loﬁnﬁqut&%f Rieagpes 52
672); Elices et al. 4°J. din. Invest Postigo et al., 1992

25 J © i nd integviaggentso blo}:«h@)ﬂa -4aepamdent (mmacmoganﬂ@tal}ﬁlh -4- den@rg@nuntenamimnol

L00% 240y okl ML G0 RSk B 63 Ll YRR huaRegs 21 1992
J. din. ﬂemsﬂs, m@admg #O6e 9f theidelial derveut syatemswsadmdl Higeag¢s andconditidd®4 Am J.
et al, fesdiflndth RERRGNFA AR By bRHE o Bl it Boceafiiipdiy /77 %0
1995 Spr i mgktipleSeletosis (Beinovkerad PEIOR dlarurd 856: 63,7Ba2<5) et at ,eIQi931i]tE)@, Maﬂ dplm
Y EN oy T T T ey M T
| eukocyt edBPYindluéihg luttegativ )¢ dlitiy arfCIohiEls diSsase (CD)i(Hashil df of €94 J alndupoldi St T ess
Syndrome. | o> 3238), (Podolsky et al,, 1993 J. Clin. Invest. 92: 372), theumatoid arthritis (van Dinther-
Janssen ef al., 1991 J. Immunol. 147: 4207; van Dinther-Janssen et al., 1993 Annals
Rheumatic Diseases 52: 672); Elices et al., 1994 J. Clin. Invest. 93: 405); Postigo et al., 1992
25 J. Clin. Invest. 89: 1445), asthma (Mulligan et al., 1993 J. Immunol. 150: 2407) and acute
juvenile onset diabetes (Type 1) (Yang ef al., 1993 PNAS 90: 10494); Burkly ef al., 1994
Diabetes 43: 529); Baron et al., 1994 J. Clin. Invest. 93: 1700 ), AIDS dementia (Sasseville et
al., 1994 Am. J. Path. 144: 27); atherosclerosis (Cybulsky ef al., 1991 Science 251: 788-91,
Liet al., 1993 Arterioscler. Thromb. 13: 197), nephritis (Rabb et al., 1995 Springer Semin.
30  Immunopathol. 16: 417-25), retinitis, atopic dermatitis, psoriasis, myocardial ischemia,
chronic prostatitis, complications from sickle cell anemia, lupus erythematosus, and acute

leukocyte-mediated lung injury such as occurs in adult respiratory distress syndrome.
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26 WO 03/ 072040 PCT/ US03/05421 Inflamuatory bowel disease is a collective
termfor two simlar diseases referred to as Crohn's di sease (CD) and

ul cerati weomsb72is. CD i s an idiopathic, chronic ul cer ocoORETNISO3/ 05421

i nfl anmmat ory di sease characterized by sharply delimted and typically
transmural involvenent of all layers of the bowel wall by a granul omat ous
inflammatory reaction. Any 5 segnent of the gastrointestinal tract, from
the mouth {0 URfafiiSey BERYI BeqldWQYiRiv ALIRY Al sifllfr FleAGRSGAR Lgomonl y
affects the termna | eum and/ or co cerative colitis 1s

i nf | ammat Gron's éismené@!))l anfuicendtiveaeadigis.yCPD s anhidiopathiondhromsidlogrecoastdctsgbmucosa.
Lynphocyt | anmat ory bowel
i sease. anger o e AR ARER Aty IR Sl e ety Bl E 01 cemse
character mzeldexbgnt pfudl lepseofl th@lsqymhwaﬂbyleg&nmlbnmhes inflaima tolgy manﬂmnalAnyt r ee to
vari ous StliullorRRLENNALING BT BXYHBLoGRRSHE LELTAR OfinldFerae: @

ai rways. e sti rérease VaT (Ous medi &t or

from | gE- thedisedte masticonmlonly affeots Ithstderngnalhllatmwﬂdlfmr coleos Uﬂu&pﬂmvb talitia ichn

neut r ophi | i.c_chenot actl trines I an | at el et
ot vat i nBFmERGR e rn g e o B 5bh BFase o FERSegy hyPofoeyis?

eosi nophi 4l radetoph et bRpineus Mmdsnscbauﬁlemhnfolrﬁmvedl drsyasb and,lmyy contribute

At her oscl er.osi s |s a disease of arteries (e.g., coronary, carotid, aorta
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Rheumatoid arthritis is a chronic, relapsing inflammatory disease that primarily
causes impairment and destruction of joints. Rheumatoid arthritis usually first affects the
small joints of the hands and feet but then may involve the wrists, elbows, ankles and knees.

25 The arthritis results from interaction of synovial cells with leukocytes that infiltrate from the
circulation into the synovial lining of joints. See e.g., Paul, Immunology (3d ed., Raven
Press, 1993).

Another indication for chronic dosage of anti alpha-4 agents is in treatment of organ

or graft rejection. Over recent years there has been a considerable improvement in the

30 efficiency of surgical techniques for transplanting tissues and organs such as skin, kidney,
liver, heart, lung, pancreas and bone marrow. Perhaps the principal outstanding problem is
the lack of satisfactory agents for inducing immunotolerance in the recipient to the

transplanted allograft or organ. When allogeneic cells or organs are transplanted into a host
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been rn&ponddiver ae Expicatiarsals ghdimay badesgeyed daviek the cousesdif é5VHD. ﬁh@m@a&e

integrin ot hel i al
col 1 5 (5 BPRs IS bRPLNE ghbich B FEIRE e RpetiySintfinkan, W SERCT Moo
Int. J. Chonecenman@®: traaa)‘lanml)oyl, trat iessisemere €XVHI Basallso, bediD@gortasliik othbmzrpm@sra 13:
47-52); ::3233-6).. A further .use of the
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estimated .25 5Q, 000 people in the United States. Multiple
scler@8is °|1§Segﬁ§‘8§ﬁlﬁs 1{1§1 tqﬁ-ﬁ’Stt he result of a specific autoinmmune reaction in
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the insulatin shea E&‘coverl
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Ul L pi 6. SEEBY BEE TR RS b SRR P Al Beteh P eT R IRS AR pha- 4
bet a- 1 i nin@@fih Rave been reported to block adhesion of such cells to endothelial cells (Steinback et
al., 1995 Urol. Res. 23: 175-83); Orosz et al., 1995 Int. J. Cancer 60: 867-71); Freedman et

25 al., 1994 Leuk. Lymphoma 13: 47-52); Okahara et al., 1994 Cancer Res. 54: 3233-6).

A further use of the anti-alpha-4 agents is in treating multiple sclerosis. Multiple
sclerosis (MS) is a progressive neurological autoimmune disease that affects an estimated
250,000 to 350,000 people in the United States. Multiple sclerosis is thought to be the result
of a specific autoimmune reaction in which certain leukocytes attack and initiate the

30  destruction of myelin, the insulating sheath covering nerve fibers. In an animal model for
multiple sclerosis, murine monoclonal antibodies directed against alpha-4 beta-1 integrin
have been shown to block the adhesion of leukocytes to the endothelium, and thus prevent

inflammation of the central nervous system and subsequent paralysis in the animals.
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have been shown to bl ock the adhesion of |eukocytes to the endothelium and
thus prevent inflamuation of the central nervous system and subsequent
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rel apsi ngy&t age of the disease. 25 Short-termuse of either

adrenocortl cotropi c hornone (ACTH) or oral corticosteroids (e.g., oral
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Newer t herapi es reati §eron
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mterdependent, since chronlc progressive MS tends to begm at a later age that relapsing MS.
Disability from chronic progressive MS is usually due to progressive paraplegia or
quadriplegia in individual patients. In one aspect of the invention, patients will preferably be
treated when the patient is in remission rather then in a relapsing stage of the disease.
25 Short-term use of either adrenocorticotropic hormone (ACTH) or oral corticosteroids
(e.g., oral prednisone or intravenous methylprednisolone) is the only specific therapeutic
measure for treating patients with acute exacerbation of MS.
Newer therapies for MS include treating the patient with interferon beta-1b, interferon
beta-1a, and copaxone® (formerly known as copolymer 1). These three drugs have been
30  shown to significantly reduce the relapse rate of the disease. These drugs are typically self-
administered intramuscularly or subcutaneously.
None of the currently available treatments inhibit demyelination or MS. One aspect

of the invention contemplates treating MS with agents disclosed herein either alone or in
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admi ni stration rom a

ng/ kg, anml remisgonsiskkday b@aﬁassédb)a\mmhkggm’g ot ln%dnmsiasels,chiyprmmtﬁnanaﬁe
preferred. dosage reginen. s 300 ng adm ni stered once per nonth for a period
of at*!ead ‘°%“°%ﬁ8ﬁ%e%§ggﬁﬂ}eé’aw ferably 12 nonths and perhaps over the
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Mg per ki treagment o? the gove escnl\g\fi\f c%némgns w1lﬁD depen%mg upon many different factors,
including means of administration, target site, physiological state of the patient, and other
medicaments administered. Thus, treatment dosages will need to be titrated to optimize

25  safety and efficacy. In general, each administration of the dosage regime will range from
about 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg of the host body weight. One
preferred dosage regimen is 300 mg administered once per month for a period of at least 6
months, more preferably 12 months and perhaps over the course of several years. Another
dosage regimen that is preferred is a 3 mg per kilogram of patient weight per month. Such a

30 regimen may be preferable for pediatric or adolescent patients in need of therapy.
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30 reginmen may be preferable for pediatric or adol escent patients in need
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beta (TG--P), colony stinula factor (CSF) and granul ocyte nonocyt e

col ony st alaad isigp-reguleteden (wlwyoth@mﬁé?y %(ﬁtl@neﬁ ﬁfqhaﬁrilfhlﬂ:@ﬂwlaé;e?ﬂag- | ncl ude
bodi
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M P-1(3, exot axi n an ranti- anmmat ory agents i ncI ude
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For nmul at i 9 §1st inn%?egtlrgf% %e?e%ﬂ?%r?dt}g ?etléc?ﬂ and effective concentrations of

agent s 25 Ies are as described above for the humani zed
ant i bodi es ag G(Dtha’[ana-lllpﬂmﬂﬂatony ey that.caribiciused onaimbargeing with dre ang-alphar4
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factor (GM-CSF). Other anti-inflammatory agents include antibodies and other antagonists
of chemokines such as MCP-1, MIP-1a, MIP-1B, RANTES, exotaxin and IL-8. Other anti-
inflammatory agents include NSAIDS,; steroids and other small molecule inhibitors of
inflammation. Formulations, routes of administration and effective concentrations of agents
25  for combined therapies are as described above for the humanized antibodies against alpha-4
integrin.
Additional agents for use in combination with agents which mediate alpha-4 integrin
or dimers comprising alpha-4 integrin and treat inflammatory bowel disease (IBD), Crohn’s
Disease (CD) and ulcerative colitis (UC), include but are not limited to 5-aminosalicylates,
30  glucocorticoids, thioguanine derivatives, methotrexate (MTX), cyclosporine, antibiotics, and
infliximab.
5-Aminosalicylates include sulfasalazine (also known as Azulfidine) which is a

conjugate of mesalamine linked to sulfapyridine by a diazo bond and is usually administered
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hgent o di SENGRtRioraTy TRk b Al Bt e i SnibiBl%h b et 98, uoe | o
conbi nati mnwdisbuské’tﬂxeaélﬂhﬁwéhld bétireigfstodd be giel addisaii yf@gmazty:‘skm $)1hl=ﬁsed her ei n.
Pref erabl vy, mnj stered via ntr nuscuyl.ar ectiagn m) to the
Gubj cct 1 MBSt ot tuntrs nospHES B Ptiges e Ry | <

ef f ecti vetitoRog1pivalat, ﬂﬁﬁ@@&ﬂﬁiop@ateblb’dcldﬂ&'&ha&ﬁxeldl%ﬁ&pibnalteﬂ aAdbudbXidean be

adm ni stered in amunts of about 15 to about week per_subject or

as necessary akiogyaniag dsrivatives greiahie vsgtylia die tEf’PmE?PH?ﬂgpyc%nFll C. dhepospori nes
(e.g., SANBLMBNGL Dot 1iNEERRL fdrbai@rifé m?aﬁ&ﬁgthloﬁnﬁ@@mN)o MheW th the

al pha-4 integrin nodul ating agents discussed herein to treat pathol ogical
30 i nPP antiigrdress can be weed rsorehangepblysin egmbipgtiongdth any of the alphadiategrinsever e UC,

whi ch doe§1oc‘ﬂﬁ$tmg agents discussed herein.
Methotrexate (MTX) is also contemplated for use in combination with the alpha-4

integrin regulatory agents discussed herein. Preferably, MTX is administered via
intramuscular injection (i.m.) to the subject in combination with an anti-alpha-4 integrin
25 agent. MTX is effective in steroid-dependent CD, but not as useful in UC. MTX can be
administered in amounts of about 15 to about 25 mg per week per subject or as necessary as
determined by the artisan of ordinary skill.
Cyclosporines (e.g., SANDIMMUNE®, NEORAL®) can also be used in combination
with the alpha-4 integrin modulating agents discussed herein to treat pathological
30  inflammation of the bowel. This can be used to treat acute, severe UC, which does not
respond to glucocorticoids.
Infliximab (i.e., REMICADE®) can also be used to treat CD in combination with the

alpha-4 integrin modulating agents indicated herein. Infliximab is an immunoglobulin that
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respond to glucocorticoids. Infliximab (i.e., REM CADE(r)) can al so be used
to treat CD in conbination with the alpha-4 integrin nodul ating agents

i ndi cat edwbas®r240 | nfl i xi mab is an i munogl obulin that 32cCWDS086:372040
PCT/ US03/ 05421 binds to TNF and thereby neutralizes its activity. O her
anti-TNF anti bodi es, such as CDP571, can also be used in conbination with
the al pha-4 integrin nodul ati ng agents disclosed herein. Antibiotics are
al so cont g t I i [ ' AR RbGél. & rin 5

modul at i ngﬁgéggr}?\g Elrngcﬁllléé%?edg%%r%e%yﬁr&? {6‘;1%39311 éé? Ié& ucC, :nBD éﬁaéugfbfggFor exanpl e,
pati ents EBRS71hean alsedreagedwmchmpinatianwithetheblphad indsgpin giddulatiog sgeatsr

phar nacol ggi Ss%{ihgrgfﬂi valents thereof) in conbination with an al pha-4
integrin medl ating agent or in the formof an adm xture. Also contenplated
is the use of Antihaics areelst hentempletsd faymsd iBCpmbiBatzomdvithGhe alphzd mjtegnint i on Wi t h

agents.th ' -4 AT o] geie ISl | pha-4 integrin
L s g R BB Sl v S P S Al o2
colitis. Butpgatadtvwithandtivardapilesr diproflerdein (nythamaeologicalleqmivalents thereofmal gesi cs,

anti chol i ner.agi ¢. and, anti di ar.r heal nts.  Cambinin uch, s ortive

her ap: escantioR fanaf pfic S DRk Gecsy S bRt suBi D |

reduci ng a patAkétonsengatid © ik 136 df supportvd therapibefor IRMAD iyd O€ id i f e.
Supportive therapies include .adm'i nistering oral iron, .fol eitBe,. and vitamn
B1>, Ant i PR paeRe dhal RERiAGAIPhAAn SR of SITiSSE CTRHSER IR 4M5HEhoxy at e,
codei ne, hipshtiRilgemaRRtboRt disdasd, ORGHnG DiSeabOindRilriRE 0612B1 SapportB@ui val ent s
t hereof), ,which, cag be adm gj stered to patients with mld disease to reduce
the freqthiBiss Brlude RutarpBotdmlet 40, aprigssissiapcholipgraic apd gidiaptheatagintsst yr ani ne

can be use8mbiingRadh Apfottiteh@aI¥LAh b udchul Sdht pég}ﬁuﬁ%eslm@éaqmn@gegﬁﬂernq&i on in
patients who have already undergone limted ileocolic resections prior to
t r eat ment TeHRIRE 3 PAYiCRY YRIPEOMSAGH e vine Bt iandtly pllifei AUPPROIVAMETAPHSI i ner gi ¢

agent s i ngluideadrtistefthEofdlior, ftit Gld Viamif B).0i AHtidBrER @%9@9 inflhdey GiQp ne
hydrochl oride, tincture of bélladonna and the | i ke, and are useful to

r educé’ abuihiniig to dipkenpeylatp apdeing ipperemidel andragticholinergiss (or pharmaeategiost M5, t he
il 1 conghiAkh, BORRGa boathinisERitie PR Al ealt o AR ob1 ned
with 25 Gedvencycdipeelmisewents amdyobve iegalgngmend Clwlestysamine aamgiciusedine or
el or at EaRs e ARPAR A SHucld dlbrlReatholh oo e G DREILRE ' o
limted tbmiteridebaicrredeaticans psor(te trgatmedi veithethachrowy odgotens degeribetchereiltl onazepam
cl oni % ”eAnQJﬂoﬁ?le?&Q ggen?sqgclﬁﬁgbdtiageer}ot lir%ﬂgci t%,h aidﬁnqgrﬁ %iro(%nsldé, %ic?/élbmglre()pant hel i ne,
hydrochloride, tincture of belladonna and the like, and are useful to reduce abdominal
cramps, pain and rectal urgency.
For treatment of MS, the anti-alpha-4 integrin agents (e.g., anti-alpha-4 integrin
antibodies, small compound alpha-4 integrin antagonists and the like) can be combined with
25  other compounds or compositions used to treat, ameliorate or palliate symptoms associated
with MS.
Other agents utilized to treat, ameliorate or palliate symptoms associated with MS,
include but are not limited to: muscle relaxants (e.g., Diazepam, cyclobenzaprine,
Clonazepam, clonidine, primidone, and the like), anticholinergics (e.g., propantheline,
30 dicyclomine, and the like), central nervous system stimulants (e.g., Pemoline), non-steroidal

anti-inflammatory agents (NS such as ibuprofen, naproxen and ketoprofen), interferons,

immune globulin, glatiramer (Copaxone®), mitoxantrone (Novantrone®), misoprostol, tumor
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30 dicyclomne, and the like), central nervous systemstinulants (e.g.,
Penol i ne), non-steroidal anti-inflammtory agents (NS such as i buprofen,
napr oxen woad3kenepr of en), interferons, imune globulin, gcatspaesari
(Copaxone(r)), mtoxantrone (Novantrone(r)), m soprostol, tunor 33 WO
03/ 072040 PCT/ US03/ 05421 necrosis factor-alpha inhibitors (e.qg.,
Pirfenidone, infliximb and the |Iike) and corti costeroids (e.g.

gl ucocort hgcpdsgsfag&dalgﬂam@ﬂo@&grgt ipe%dnitiohe, i 8 aa@@l@me)fa% c lgn‘é@sttér&gs

mul tiple sclerosis include interferon béta- (Betaseron(r I nterferon
bet a- la (&gradycoedricoidsiagh minasdogontiasidskr on beta la (Rebif), 5 datiraner

(Copaxone(r)), Cdﬂ%ﬂ%ems P44 glcltnnsgo o] lhf?l)é @8%{0%{9 %\ fef(ﬂﬂfe

corti costeroids nlso one, Séﬁghethasone and
the |ike) (Be@tseren®);mt¢rfea:@sbe@r-lﬁ @Psyonm@ lagls-dosbeitmwbmila Rebifie but are not

limte tela(l\iprnger 0 ’ax&h%@?' Me Ol)l'ﬂg‘lr %?tg B’gl?erk??!é rﬂ{oﬁgﬁ % IQOS?C’TOI S
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di scl osed_her.ei

endi ng..o ubj ect conbl nation
bei oot PRSER Pedipd ot b SPREZPH Ballo LB ghithe Ribiiobr o "as
fol | ows: pmﬁmsdl@fepﬁu-mbﬁymfddmséwu@nﬁm(clin)o)onb,&nadiauamemsened 30 g once a week;
interferon beta-la ni stered at.. about 22 qg..or 44 three tines a
wock:  and i ne dITBRTBET I t5ep i SRR RCP TP il e SemPetid §E 550 g on
al t er nat ecdimosm()&ui@ndsbd BdreiftwonldvaRCdberdfy on kHOSb ROt ana(aa?g)comwﬁn@xal ly the
15 |nterferons are adm ni tere for rel apsing.a mul tip

scl er osi sPemgifdized, For gxam %tt“i‘t‘c’f TORS3Fe ‘@’H’éalﬁ'rﬂdfn“&ftﬁ‘ﬁ%aﬁ% luﬂ‘t"%gﬁnfeﬁfe%?@ent s

di scl osedpdig! £{AonHi®fieidnadisteABOTgRhce 4 WER! i‘nemfb% bRRY1al iDsdmidRBeRaQut 0.1 gg
to about 250 2g%g and nore preferably about 0.5 g to about 50 jig, depending

on the mafhostZd ke eiuiten tlerﬁet"aaieweqksar&dmeff?rge é?téﬂbi(wessmn%mdmmwr@% t he

ot her antht?@bﬂ@%néltérﬁﬁt@ gggoe.emyﬁ%n@éagsmmmo bo®)s T9hisalyqred herein. 20
NS or NSAIDs contenpl ate or use with this invention incl uge but are not

limitédl tipterfsems srelaé@tmareect:fgxrqlaﬂﬁmept srittippoulipleselterass. e ir i nhibitors.
Non-sel ectd ag%w'ltmﬁ{ebinh%pﬁla ?ﬁ%’mﬁfﬁe%h aBS‘ed%QIeu{hg el i@ | CYI 1 C acid

deri vati ves aspirin, | cy ates ne mgnesi um
trisali cylnmr@ronsmlasmcmde abqjutf)llwmteabout%imfgamémer preferabhyabohidhl agfone) , para-

am nophenglo, fey L LIckRRg Py marAGSh ARIATRIERN s ARHRLEAMI MBS RGE!|
U et iRe bF e an LA BHIeR A g

acids (e.g enac, oro ary acetic
acids (e. gpc pthabamxram}mm integpin corapoundd and bmppcmitwns dlsédeited |he1@fnen f enpr of en and

oxapragi ) “NSASRELIE B5LTE SR 5 o RSB ool
mel oxi camhon-stedtivealGE mﬁﬂles)rs( :ﬁ]dgelpctfvab]ﬂTBB mﬂﬂjltorsseicmes*elevme@b)« zhhmhrsm tors
el e 9, L5 YRSILE RERSP 4 s 1G5 Bl 105111 0
choline magnesium trisalicylate, salsalate, diflunisal, sulfasalazine, and olsalazine), para-
aminophenol derivatives (e.g., acetaminophen), indole and indene acetic acids (e.g., tolmetin,
25 diclofenac, and ketorolac), heteroaryl acetic acids (e.g., abuprofen, naproxen, flurbiprofen,
ketoprofen, fenprofen, and oxaprozin), anthranilic acids or fenamates (e.g., mefenamic acid
and meclofenamic acid), enolic acids (e.g., oxicams such as piroxicam and meloxicam), and
alkanones (e.g., nabumetone). Selective COX-2 inhibitors include diaryl-substituted
furanones (e.g., rofecoxib), diaryl-substituted pyrazoles (e.g., celecoxib), indole acetic acids
30 (e.g., etodolac), and sulfonanilides (e.g., nimesulide). NS are oftentimes administered in
combination with interferon to lessen the flu-like symptoms experienced by patients

receiving, for example, Avonex®. Common NS agents include naproxen, ibuprofen and
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30 (e.g., etodolac), and sulfonanilides (e.g., ninesulide). NS are
oftentimes admnistered in conbination with interferon to | essen the
flu-1ike wonphmoso experi enced by patients receiving, forpPexarmspl/esd2l
Avonex(r). Common NS agents include naproxen, ibuprofen and 34 WO 03/ 072040
PCT/ US03/ 05421 ketoprofen. Paracetanol is also frequently adm nistered to
patients. See, Reess et al., 2002 Milt. Scler. 8: 15-8. d atiraner acetate
(GA, Copa ) pJd ' ; W TaTH]] i,yat i of
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char act er MebdScley. &adfi8- 5 inflanmmatory effects. Mreover, datiraner can
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necrosis factor.- ha ,(JNF:a) may be a key cytokine in denyelination
(Wl ker eftaZtﬁfoo%B%faﬁ%g&fl cler. 7: 305-12). Thus use of agents that
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conbination with the agents and conpound i scl herein. This can
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as pi np enddlgnagaiilindied b @peurhfatdveR Moty qWethstogk-Goktinah eNds20008N shown to

decrease synthesis of TNF-a and to hlock receptors for TNF-a. Id. The |ong
mai nstay in mostmog gegresis facter-algha GG DingayPe akaY svteldas Wdemyelinsieh t he use of

ACTH, gl uppfRérte: £00061 BMA JeRht7: 805-42)S TRLOIE Sf agtRR It BRIEFInScANF-diSed for
their anti-edema. and anti-inflammtory effects. ACIH is commonly

admi ni st efusetioner inhihitjfssypthesis By by uspipbin copbinaliqnawidhibe sgants and spopepndof 59

dextrose aadodBh&tinO Rl ofn Rk k- TIOF-«3nfifiRes (4.5, APkt s Ren asasg;h@i stered
at 40 Um i1ntranuscularly at a dose of 40 U every 12 hours for days,

w th tihe sughsepirfhridonee Birbalonyisaynog-peptids drugewhickshasgar shown tidear¢ast e

scl erosis . X | dinat. i i es,y in Harrison's Principles of
| nt er nal ?\}/@gl?%?he Fzg%%g’ B(l%trh&g@.rs,%fgggﬁbé%her et al., ed. 1994).

Met hyl pr edni sdlheiengirsainsggyi io alostdeayriimiisg emdiioss andl dyseases b&(bepn thDEWdver 6
hours, 25 ferably. i. e rning.. n es i de 1 ng daily
For 3 day S TROBA Nkl itfesR R 0kiad SENIE ERS BTRrd 7 LR SndBla"Y 70
met hyl pr estrd aaolinfleernmtad rifsas eA COHS coatmaily ddsiniatesd te o sbjaet yt 8adhginest er ed.

over - ohr CERERSLRINEE B PSR N R PR O BAr sy TP 14 days.
Thus, f or adisifiisiefed @400 Altihtemustdldrlyt 40 @ dorop a0 idsednNd oorsFosT ddygweithdhscl osed
herein, t crlloese then reduced every 3 days. See, S. Hauser, “Multiple sclerosis and other demyelinating
diseases,” in Harrison’s Principles of Internal Medicine 2287-95 (1 3™ ed., Isselbacher ef al.,
ed. 1994). Methylprednisolone is typically administered slowly in 500 ml D5SW over 6 hours,
25 preferably in the morning. Common dosages include 1000 mg daily for 3 days, 500 mg daily
for 3 days and 250 mg daily for 3 days. /d. A methylprednisolone-prednisone combination is
also commonly administered. Typically about 1,000 mg of intravenous methylprednisolone
is administered over three days followed by oral prednisone at 1 mg/kg per day for 14 days.
Thus, for use in combination with the compounds and compositions disclosed herein, the
30  steroids may be administered in amounts ranging from about 1 to about 1,000 mg/kg over
about 1 to 14 days, as needed.

A side effect in demyelinating conditions such as MS, is fatigue and decreased

cognitive function. Agents such as amantadine hydrochloride and pemoline have been
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30 steroids nmay be adm nistered in anounts ranging fromabout 1 to about
1,000 ng/ kg over about 1 to 14 days, as needed. A side effect in

denyel i nawong/otonai ti ons such as M5, is fatigue and decreasedsSosoymi ti ve
function. Agents such as anmant adi ne hydrochl ori de and penoline have been
35 WD 03/ 072040 PCT/ US03/05421 frequently used to treat fatigue associ ated
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as t hese ot her ounds or EEOSIIIOHS a separate fornul ati on.

When admi H‘ﬂé‘PE‘P@ THEORPAr r%ﬁ‘éil ) andipieroidy. |Se6WH§°h&“eéﬁ ¢ d 89 Sl in L her

general l yjadpzsstered in a separate fornulation than the other conpounds
and conpositions. Wen adm nistered in conbinations, the anti-al pha-4
agents may be Hupicambingtieng of dfugs thairan jgsen sha Qntity of spargendyeent [y with t he
ot her conpphp t%reﬁ@n@aycr&m@9§d\1eks9@§le!é§&@'s diBerten&diiby 2 (ARBAL Orate, or palliate
sympt oms. EXAMPLES "The fol | owi ng exanples are p ut forth so as to provide

t hose 18f or di n¥hsn asikiinisteied in ¢pantapation, 2 waﬂlwoalp@wlwﬂpél@é idlegun argagoaistsnd

descri pti fy 88 adoGRSERATH Heiskfe RXAMRLG esligie BRChriRGBADGAI ment s
of the present 1 nvention, and are not |nten Imt scope of what
the i nvemtamesarategamdlaasn t When admmuatedmnconﬂmatlan,ehtt mwéryalphatfbmd@ddlt:mre

r epr esent : er.l r t s

pert or mocteriAty i RREY T3 Bhefue BB Garthe ol oo ipFERTOLTREY

nunber s u¥dxin ddmigisteredrin verhisipnatioasypler atitalpha-4eigenty myibe &hmms&quqmorrmnt aI
errors,

following, or concurrently with the other compounds and compositions used to treat,

ameliorate, or palliate symptoms.

EXAMPLES
The following examples are put forth so as to provide those of ordinary skill in the art

25 with a complete disclosure and description of representative examples of how to make and

use embodiments of the present invention, and are not intended to limit the scope of what the

inventors regard as their invention, nor are they intended to represent that the experiments

below are all or the only experiments performed. Efforts have been made to ensure accuracy

with respect to numbers used (e.g., amounts, temperature, etc.) but some experimental errors
30  and deviations should be accounted for. Unless indicated otherwise, parts are parts by

weight, molecular weight is weight average molecular weight, temperature is in degrees

Centigrade, and pressure is at or near atmospheric.
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30 and devi ations shoul d be accounted for. Unless indicated otherw se,
parts are parts by weight, nolecular weight is weight average nol ecul ar
wei ght, twopevaiowre is in degrees Centigrade, and presSuPETIUS0E0S4or near
at nospheric. 36 WO 03/072040 PCT/ US03/ 05421 EXAMPLE 1 CONTROLLED TRI AL OF
NATALI ZUMAB | N RELAPSI NG MULTI PLE SCLERCSI S Patient Popul ation 5
Twenty-six clinical centers in the United States, Canada, and the United
Ki ngdom enrolled 213 patients fro er 1999 until My 2000. The
institutional review board or cenwl ocal et h| Cs com*n ttee approved
t he prot ocONTROLLEBTREAL OFPAAE ‘ il EROBKFer si ght
was provided by an |ndependent safety data m)nltorl ng commttee. 10
Eligible subjects were required to be age 18 through 65 years, w th Poser
criteria PafieitiBopdlatdri ni cal |y or | aboratory supported definite MS, either
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or experi @Ry rel apse, or received systenic corticosteroids within the

past 39 days. Elf}ibe djecloridiRqand t&ém%%ﬁbams%hﬂsaﬂmﬁpaw&térandom y
assigned to one of three treatnment groups: ng/ Kg _natalizumab, 6 ng/kg

nat al i zundghinedelinigaliy eplgberatenyryprayted e@l@éﬁ%mt@u@lm&gﬁ@ﬂtmﬁ ¥k
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t reat ment roton
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treat ment, ast e J n 6) .

Fol 1 ow PR e gl e e TRI AobEpr N or Ay SRR s dRBAL

cont i guouwithid therpatttBi radnthsasi experdntadiesrelapder cxug&euteﬂeydmmib nortiessteraidgiui red. MRl

anal ysi s %rpfa(s:)tr3r6%%lysby a single center blinded to

within

20 Study Design and Randomization

Patients were randomly assigned to one of three treatment groups: 3 mg/kg
natalizumab, 6 mg/kg natalizumab, or placebo according to a computer-generated block
randomization schedule. Patients received six intravenous infusions at 28-day intervals and
then had six months of safety follow-up. The investigator, all other study personnel, and

25  patients were blinded to treatment assignment.

Study Procedures and Endpoints

Unenhanced proton density T,-weighted and Gd-enhanced T;-weighted MRI brain
scans were obtained during the screening phase (month -1), immediately before each
30  treatment (month 0-5), and one month after the last treatment (month 6). Follow-up MRI
scans were obtained at months 9 and 12. Forty-six contiguous, 3-mm thick, axial slices

through the brain were acquired. MRI analysis was performed by a single center blinded to
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37 WD 03/072040 PCT/ US03/05421 patient treatnent and history. Lesions were
identified on hard copy inmages by two experienced clinicians working by
consensuswobb®7prmspective primary outcome neasure was thecmusbgos4of new
Gd- enhancing | esions over the 6-nonth treatnment period, defined as the
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sem aut onexpetericetinicians wogiing kii sogsemstshod; Gri maud et al ., 1996 Magn. Reson.
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S pect ed S IcEY: Roy HReo T bRy el R hy TR CH T S o ver e
bot h unaw@feshdMing hidtho@atriBalid ¢ ok 11006 MRpPh. RRS®I. GRpEt 14: 398503) B¢ hitGber

neurol ogi st perforned g nedical history and_  exam nation, and recorded
adver se e?féﬁfvsa.ctlw%e&@vzfﬁd{%@d-ﬁ@wﬁ% FIORS PN AR e PRRYFRANCINESst at us

and asgi gnesishs)ERSheaiber i abhRUkadsToM Rdemimfonk BEmBAtde®Nbd-enkinsingl Y OF
prior EDSS  scores. 20 An objective relapse was defined as the occurrence

of an acuff8o®)i sode of new or worsening MS synptons |asting at |east 48

hours fol | oW NEifcapliiBbifsRRIIRE r¥ps@tred RAS  and Chardeyisl EDSS, Y@l RS0
acconpani ed by an increase of at least oné point in the EDSS score, an

i ncrease wporiad glababassaspreenh Biing 2 viualwenlogisselei(¥AA). AN adverte SYOMEREIeFSS) , or an
| ncr easeeﬁt%géd. | Bt V&éé/@xmma% s daefgﬁﬁg%%m?@aﬁﬁegmttupséﬂ%ﬁed Jil§, as

determn the eval uati ng neurol ogi st. Neur ol ogi cal synptons that did
not neet foneuspéntadaclepscs.d it tfeating andepsleatingmeurplogstsadweraeboth ynawaneof r eat i ng

neur ol 991 g1 phlnPONSLHLS A 8 St Budl B SERANIPLCA D BlediplaPoes)

On a vi sual "anal og sca patient’s nar Ion along a 10-cm
| i ne t hat examifaltion taedirectided advsse sensn {The tvalating novdogibtlassesdel nbedlogicat

ot L St 7058 0L Do ST AR DB PRREER
mont h 12.scbati ents who di scontinued treatnment, but who did not reach the
endpol fit, ver e, O O ARl as RRHLd s Y ook orrandt b 1B 258 S R0R M Rew o8 0
worsening MS symptoms lasting at least 48 hours following a stable period of at least 30
days. It was also accompanied by an increase of at least one point in the EDSS score, an
increase of at least one point on two functional system scores (FSS), or an increase of at least
two points on one FSS compared with base-line, as determined by the evaluating neurologist.
25 Neurological symptoms that did not meet the above criteria for relapse, but were assessed by
the treating neurologist to constitute a relapse, were also recorded (total relapses).
On a visual analog scale (VAS), patients marked a location along a 10-cm line that
reflected their assessment of their overall well-being at base-line and after 3 and 6 months
treatment, with higher scores reflecting greater well-being.

30 Patients were followed clinically to month 12. Patients who discontinued treatment,

but who did not reach the endpoint, were encouraged to return for follow-up assessments.
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WO 03/ 072040 PCT/ US03/05421 Statistical Analysis Sanple size estimates
wer e based on the nunber of new Gd-enhancing | esions observed during the
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Vel ves. | TiRED Ol R L e Ao ar B e e e SR oal 1y

spaced SCTY ®$iehtdwerelnd@dedieteh giig ford0lpeempesef. oOr the primary outcone
vari able, was used to test for a dose- response rel ationship using data

fromall threch§PEHRY. copwarsgf theaymbernfSdeenhanging lesions betyvee6 Mgfktar e

propor i ofkgalRhmPRiddgiMcebdstwelr RGPS BSncingHIaNER Sveld SANRRERlithg | n EDSS and
VAS were anal yzed using a t\/\o-vva%/ ANOVA wi th 20 study center and treatnent
€

groups asWileropeYiensntVhigyiramk-wian fegt) Migging ¥plies dyee opeieimere MRLsnsiy ed
patients gudh SePlolRuBfert BRpdtdi LN Re MiERE vaRt Wikt Serafl hurttperted P
values are two-tailed. There were no signifircant differences in

denogr aphlegionsrraragailable ssansder thaymatging SMEE sqanseipiped fzom pyticaysdio regeevel/RI
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Nat al i1z unmediues CHXRAGCHERHE7itel-IRieAZBBON8laMEl K@istic,MSing @ity Spichi-g®jes (fdi=74)
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response relationship using data from all three groups.

Pearson’s chi-square test was used to compare proportions of patients with relapses.
Changes from baseline in EDSS and VAS were analyzed using a two-way ANOVA with

20 study center and treatment groups as independent variables.

All analyses included all randomized patients and followed the intention-to-treat
principle. All reported P values are two-tailed. There were no significant differences in
demographic characteristics, MS disease history, entry EDSS, and MRI parameters among
the three groups at base-line (Table 1).

25

TABLE 1: DEMOGRAPHIC AND BASELINE CHARACTERISTICS OF RANDOMIZED PATIENTS

Natalizumab
CHARACTERISTIC PLACEBO 3 MG/KG 6 MG/KG
(N=71) (N=68) (N=74)
Age, years Mean 429 42.8 449
Range 22-66 22-65 30-63
Gender N (%) Male 25(35.2) 21 (30.9) 15 (20.3)
Female 46 (64.8) 47 (69.1) 59 (79.7)
MS category N (%) R-R 45 (63.4) 47 (69.1) 52(70.3)
S-P 26 (36.6) 21 (30.9) 22 (29.7)
EDSS Mean 4.40 4.21 432
Range 2.0-6.5 1.0-6.5 0.0-6.5
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M5 category N (% R R 45 (63.4) 47 (69.1) 52 (70.3) S-P 26 36.6 21 30.9 22
29.7 EDSS Mean 4.40 4.21 4.32° Range 2.0-6.5 1.0-6.5 0.0-6.5 39 WD
03/ 072040WB@SAtBO8/ 05421 Nat al i zumab CHARACTER! STI C PLACEBDBoMB4EG 6

ME KG (N=71) (N=68) (N=74)

Range 1-32 0-40 2-39 Nunber of

Range 2-12 2-10 2-8 Tine since |ast

D sease duration Mean 10.2 11.6 13.1 Years

rel apses Mean 3 2.9 3.1 In past 2 years

rel apse Mean 6.5 7. 2 6 Mont hs Range

2-17 2-24—2=22—Screem g T, - weir ghted—VRir (Vorth J-)Naﬁﬁnzh 29—(%3) 29 (40)
Nunmber ( Womrkasedsse Wt onme o ey gfd-ermhag kg t §ST o1y Nomper of
Gd- enhanding brain |esions Mean Inénj.5|1. 7 wfange |0- 42@0:73,8 0-p3
Basel i ne [THisewetgdaibed MNean( Mont ) 0) 1blenber] (%noec scgns w t3h one pr 22(31)
29(43) 32(#3y nore newen@- enhanci dep2l esijon(s¥4Nunbgr of h#w Gd- enhanci ng
brain | gfuphgofvbapses1. Bfeap, 3 1.4 Radge 0-{28 0232 0-12 PriPdary olt cone
Patients J_Em%é'_ﬁﬁﬂ_algebﬁ— 3L 2 3 £ 9 62¥8ew Gd} enhanci ng
| esi ons dﬁ?jlt;r"l’éﬂfshréa%‘fg' pnt h treatz?_fgnt f corre;f&ondi ng val ues in
the gr ounss G- Wikhted MRI
(Month 1) 28 (40) 29 (43) 29 (40)
Number (%) of scans with one or
more Gd-enhancing lesion(s)
Number of Gd-enhancing brain
lesions
Mean 1.6 1.5 1.7
Range 0-42 0-18 0-23
Baseline T;-weighted MRI
(Month 0)
Number (%) of scans with one or 22 (31) 29 (43) 32 (43)
more new Gd-enhancing lesion(s)
Number of new Gd-enhancing brain
lesions
Mean 1.3 13 14
Range 0-28 0-32 0-12

10

Primary outcome

Patients in the placebo group exhibited an average of 9.6 new Gd-enhancing lesions

during the six-month treatment period. The corresponding values in the groups receiving

natalizumab were 0.7 for the 3 mg/kg group (P<0.0001) and 1.1 for the 6 mg/kg group
(P<0.0001)(see Table 2). This difference constituted a 93% and an 88% reduction in new

Gd-enhancing lesions in the 3 mg/kg and 6 mg/kg groups, respectively. A difference

between treatment groups compared with placebo was apparent after the first infusion (Fig.

).

TABLE 2:

UP (MONTHS 9 AND 12)

SUMMARY OF MRI ACTIVITY DURING TREATMENT (MONTHS 1-6) AND FOLLOW -

PLACEBO 3 MG/KG 6 MG/KG P VALUE*
New enhancing lesions M1-
Mean 9.6 0.7 1.1 (i) <0.0001
Median 2.0 0 0 (ii) <0.0001
SD 27.4 2.1 2.7
Persistent enhancing lesions M1-6
Mean 36 0.8 1.3 <0.0001
Median 1 0 0
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5 natalizumab were 0.7 for the 3 ng/kg group (P<0.000 1) and 1.1 for the 6
ng/ kg group (P<0.0001)(see Table 2). This difference constituted a 93% and
an 88% r esoosimo40 N new Gd-enhancing | esions in the 3 ngkky/wmnsioB2ny/ kg
groups, respectively. A difference between treatnment groups conpared with
pl acebo was apparent after the first infusion (Fig. 1). 10 TABLE 2:
SUMMARY COF MRl ACTIVITY DURI NG TREATMENT (I\/[NI‘HS 1-6) AND FOLLOW - UP

( MONTHS QWW—PWEBW—MT@—@W G PMPESYE T NEGRETaNCT PYALERd ONS
M Mean 9.6 0. %pl. T (1) <0.000T WMedgan|Z2.0 O Qo(i|) <0.009T[ SD 27.74 2|1
2.7 Per si|eentivendtanai-ng | esi ons ML-6 Mgan 3.6 0.8/ 1.3 <0.0001 ™edian 1 O
0 40 WO |03/ 072640 PCT/ US03/0%421 PRACEBO 3 MBBKG 6 MF KG! P [VALKYEOISD 6. 5
1.9 2.6 [New adfefige | esions M-6 Meaf®9.7 0.8 101 <0. 00010 I\/Edi an 2.0 0|0

SD 27.4 2-2-3—Retiveseaps .v-u(qﬁgew%ll“. 06661 (ii)—<0-0001

Enhanci ng | esi (f)'s‘rcltw\elsclv‘mS 60!\%)’ M8 1169°°0 156 2734 i) 0. 018% '<0 010
g

(i1) 0.0 e Mediafidtean?. U0 ©32. 0 SD New enhanci ngr esi ons ﬁvu ana —T2 TYkan

2.5 2.6 26lmdd) 0.90 Median 1.0 0. 5mefo(ii) O.5% 279.0 (i) 0.005

Mean 266 0 0 (ii) 0.01
Median 2666 359.0 632.0
SD

New enhancing lesions M9 and 12.
Mean 25 26 2.1 (i) 0.90
Median 1.0 0.5 0 (i1) 0.59
SD 4.37 4.58 4.96

Persistent enhancing lesions M9 and

12
Mean 0.2 0.1 0.1 0.029
Median 0 0 0
SD 0.64 0.32 0.3

New active lesions M9 and 12
Mean 2.7 2.8 23 0.424
Median 1.0 0.5 1.0
SD 4.49 5.69 5.11
Active scans M9 and 12 42% 40% 35%

(%)

Enhancing lesion volume M9 and

12( mms)
Mean 427.0 323 233 0.260
Median 88.0 31.0 0
SD 797.0 . 591.0 686

*(i) comparison of placebo vs. 3 mg/kg natalizumab; (ii) comparison placebo vs. 6

mg/kg natalizumab.

Secondary MRI Qutcomes

5 There was a significant and marked reduction in the cumulative number of persistent
enhancing lesions, new active lesions, total volume of enhancing lesions, and percentage of

active scans from months 1-6 (Table 2; Fig. 2).

Clinical efficacy outcomes

10 During the six month treatment period, a total of 35 relapses were reported in 26 of
the 71 placebo patients; 18 relapses were reported in 13 of the 68 patients receiving 3 mg/kg
natalizumab, and 15 relapses were reported in 14 of the 74 patients receiving 6 mg/kg
(P=0.05, placebo vs. all natalizumab-treated patients). Applying the more stringent objective

relapse criteria, the effect was equally strong: 18 relapses in 15 placebo patients; 3 relapses in
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SD 4.37 4.58 4.96 Persistent enhancing lesions M@ and 12 Mean 0.2 0.1 0.1
0.029 Median 0 0 O SD 0.64 0.32 0.3 New active lesions M and 12 Mean
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rel apse criteria, the effect was.equal trong: 18 relapses in 15 pl acebo
bat | ont 5. SgeEbi e el o B ORI BT R R ol <

r ecei Vi ngpatiefitg). Kb igtifidant changes iBEDSS apeebsdrveddn p@t grony duringeRhntieng 6 ng/ kg
nat al i zumab (P=0.05). Mre relapses in the placebo group required steroid
treatnment than in the treated arns (22 in placebo, 5 in the 3 ng/kg

nat al i)z UnBRtbod Eohcdnftatidheand REEHIE Satiakiah | Zzumab groups, P=0.007, placebo vs.

all natalizunab-treated patients()i. ) . o
Serum samples were collected from patients at each visit and analyzed quantitatively

for antibodies directed specifically against natalizumab using an enzyme linked
immunosorbant assay (ELISA). Natalizumab serum levels and receptor occupancy by
natalizumab were also measured in a subgroup of 12 to 14 patients per treatment group

15  before each infusion and at 2 hours, 24 hours, 1, 2, and 3 weeks after the first and last
infusions.

Serum antibody concentrations were determined using an ELISA assay. In brief, a
2.0 ug/mL solution of a capture antibody that binds specifically to natalizumab was prepared
in a solution containing sodium bicarbonate to pH 8.3. 100 pL of the antibody solution was

20  added to each well of a Costar 96-well microtiter plate. The plate was covered with plate
sealing tape and incubated at ambient temperature for 12-26 hours. The plate was aspirated,
200 pL of blocking buffer (0.25% casein in PBS, pH 7.4) added to each well, and incubated
for an additional hour at ambient temperature. Plates were then either dessicated and stored
for later use, or washed once with 300 uL wash buffer (TBS, pH 7.5 containing 0.05%

25 Tween-20). If plates were dessicated, they were rehydrated just prior to use by adding 300
uL wash buffer to each well and incubating for 1-2 minutes. Plates were aspirated and
inverted onto tissue paper to absorb excess moisture.

Test samples were diluted in casein diluent prior to the ELISA (0.25% casein in PBS,
with 0.05% Tween 20, pH 7.4). Typically, two or three dilutions of each sample are tested to

30  ensure the natalizumab values were accurate. Dilution control samples were also prepared
using known quantities of natalizumab to monitor the accuracy of the remaining steps.

100 pL of reference standard, test sample, or dilution control sample was added to

each well, and the plate incubated between 60-75 minutes at ambient temperature. The plates
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5 On the VAS, patients in the placebo group reported no change, while those
in the natalizumab groups reported an inprovenent in well-being by nonth
6, at whiwb osom®4t he difference between groups was signi Prrasb3/¢Hz0. 033,

pl acebo vs. all natalizumab-treated patients). No significant changes in
EDSS were observed in any group during treatnent. 10 Anti body
Concentration and Receptor Saturation Serum sanples were collected from

patients ?a}are%gﬁed%ﬁréé lim@ieP R AR Sd30hdiki ﬁ%h%?sk e renfhc o0 ROt Ry di v ect ed
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dessi gat eﬁatﬂ&dmsﬁ @erceedsedfuefwéeﬁm@gingasa@\d bg moABSh&® (98 C@tcm 1BnBORNewWingash
buf fer (TBS, .5 containing 0.05% 25 Tween-20 gl ates were

dessi cat ethe ‘Pﬁéi)‘?mﬁ@rtbe ?‘@ﬁ?‘b’?‘&%Séﬂldft%‘t‘bl‘bﬁnlﬂéﬁrmﬂemﬂsoépwn ddi ng 300 gL wash

buf fer to eachawgdll asaRdsirig bRk aﬁ%é@rcoaceaumoﬂ%eas of fb@pR® sihforaald I at ed
and inverted onto tissue paper to absorb excess noisture. Test sanpl es

were dil um@nﬁpeﬁlydwblqﬁ VdiA-thsateration, yererdsteppisediyring thepdosmeg,siidy 85ipg i n PBS,
W th 0. 0504 desi, 0 Diginin nafldn ot:RYIPAQ%LtIu%u o Y8 &&erm[ee%th luiirb@ns of each

sanpl e are teste ensure the natallzumab ues were accurate.
Di | utildon ownunoessayesiyy ey qweraetsl. so prepared using known quantities of

natal i zumeb { oupRlih NG APEHLAFYnlc £15 2 LATRL ALOMGELER Ro (O

ref erence stan sanp sanpl e was a ded to
each wel | polgprapytidne tyblesitaed cold whstt mdfeb dumae seré0 { Y@ntibadies d aberatoppbicePart

tenperatu . pl ates, 4 720 42 re washed three
tinmes w t?}ﬁi\/\%-slimg%‘g?dﬁgﬁﬁalﬁ% Br ﬁ%q%%?(’ % ?{Qm?l%arrggigélﬁ%%edhfg@ farfe reshly
di | uted nmmsiﬁgadtdmb@mmm ﬂog%mité@aaltﬂ(ms ﬁhmﬂphahm@aspuagedngmd@somﬁdadded to

oo 8 oy e Rh el R PRt BGhEd B3P B0 Lonal 60 mures
wi th wash buf f390,ugatIdof £iedlidimgb swokSéfdfetce standard is prepared in wash buffer. 20
pL of the diluted natalizumab stock reference was added to the first tube, and 20 pL wash
buffer was added to the second tube. Both tubes were incubated on ice for 30 minutes in the
dark. After incubation, the tubes were filled with wash buffer up to the 14 mL mark, and
25  centrifuged at 2,200 rpm for 5 minutes in the cold. The supernatant was aspirated, and the
wash step repeated a second time. Following the second wash, the cells were resuspended in
wash buffer to the 1 mL mark.
10 pL of R-Phycoerythrin (PE)-conjugated anti-human CDw49d antibody
(Pharmingen, Cat. #31475X) was added to each tube and the tubes vortexed gently. The
30 tubes were incubated at 2-8°C for 10-15 minutes in the dark. Following incubation, 2 mL 1X
lysing solution, pH 7.4, was added and each tube gently vortexed. The tubes were incubated
on ice for 10-15 minutes at 2-8°C, centrifuged 5 minutes in the cold, and the supernatant

aspirated from the cell pellet. The cell pellet was resuspended in 4 mL cold staining buffer,
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5 renmoved. 100 L fluorescent substrate A was added using a calibrated
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The t ubesbrain lesions in the patient population (See Figs. 2 and 5), and thus a chronic receptor

saturation level above this is necessary for effective suppression of pathological inflammation

using agents such as alpha-4 inhibitors.

25  Safety and Tolerability

Repeated natalizumab treatment, at either the 3 or 6 mg/kg dose, appeared well
tolerated by patients with MS over a six month treatment period. Similar numbers of patients
from each group experienced treatment-emergent adverse events. Though not significant,
certain adverse events occurred more commonly with natalizuamab compared to placebo

30 (Table 3). A sustained mild lymphocytosis was seen in the natalizumab arms over the six

month treatment period.
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mediated and related to study drug. There was one anaphylactic reaction with urticaria and

bronchospasm in the 3 mg/kg group, which was rapidly reversed with antihistamines and
steroid treatment. There were three reports of serum sickness, one in each group including
placebo. Only one event was accompanied by a change in complement levels and all

15 occurred at the same investigative site. Overall, these events complicated fewer than one in
250 infusions.

There were no differences in the number of patients that discontinued treatment due to
an adverse event between groups (i.e., 3 in the placebo group, 4 in the 3 mg/kg group and 3 in
the 6 mg/kg group). There was one death in the study secondary to pleural carcinomatosis

20 complicated by hemothorax in a placebo patient.

Rate of antibody formation was also assessed. Overall, 15 natalizumab-treated
patients (11 percent) developed anti-natalizumab antibodies: 13 during the treatment period,
and 2 during the post-treatment follow-up period. The clinical relevance, if any, of the

presence of anti-natalizumab antibodies is not currently known.
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is not currently kn
15 selective inhibition of alpha-4 integrin-mediated leukocyte adhesion and trafficking is an

effective approach to the chronic treatment of MS. Both dose levels of the alpha-4 integrin-
specific humanized monoclonal antibody natalizumab demonstrated highly statistically
significant effects compared with placebo on suppression of new Gd-enhancing inflammatory
brain lesions in patients with MS over the six month treatment period. A reduction of these

20 lesions in natalizumab-treated patients was observed one month after the first infusion and
was sustained throughout the treatment period. For both dose levels, the reduction was
approximately 90 percent, an effect greater than the 50 to 70 percent reduction reported with
beta-interferons (MS/MRI Analysis Group, 1995 Neurology 4: 1277-1285; Jacobs et al., 1996
Ann. Neurol. 39: 285-294; and PRISMS (Prevention of Relapses and Disability by Interferon

25  beta-la Subcutaneously in Multiple Sclerosis) Study Group, 1998 Lancet 352: 1498-1504).

Moreover, the effects of natalizumab on MRI outcomes in this trial are supported by

clinical observations. This study was not prospectively powered to show effects on clinical
outcomes. Nonetheless, treatment with natalizumab resulted in a significant reduction in
relapse rate and a perception of increased well-being among patients. When all reported

30  clinical relapses are considered, both natalizumab groups experienced significantly fewer
relapses than the placebo group during six months of treatment. A significant reduction in
these episodes was also observed using predefined relapse criteria; a more stringent measure,

because it requires a change in objective signs. The effect of natalizumab on relapses

46



WO 03/ 072040 PCT/ US03/ 05421 Maxi mal serum concentrations of natalizumab
wer e dose dependent and there was no significant accumul ati on observed with
repeat ed woBogRo4The patients receiving natalizumab at 3pog/usgs/esdbki bited
greater than 80% saturation of the VLA-4 receptor during the treatnent
period; receptor occupancy was higher (approximately 90% and nore
prolonged in patients 5 receiving natalizunmab 6 ng/ kg. Post-treatnent

Fol | ow up; j : i | jons and
ot ve seoeiapetnd Gkl G B ok Bl S AR PRI 3 OO oo
(Tabl e 2) perEnteféectn@ES/MRIrAgnaly sts &rbwgs supac; tTraobs ¢ dl nsuphe PRISMS Stagly Kigowgr, oup  at
nonth 9. There was No,SjdaRiAfi t differrence in the total nunber of
reported %ﬁplmni%%asm}eelaébis%g%gfo\%%gﬁgt{%ggflﬁ'ee groups: 24 in the placebo
group, 24 in tihpodantlypddegbgmad effectaertneR6MRI ldsions & refgpdeg woreabpereed in thet he

nunber of rel apses as determ ned t he redefin ohjective criteria.
Thi's® st oy BRbEp s GripRGR oL hedtient, PR adrieh P i Grlardb
humans t hfit six hionfe weed walktolefdied) hitd BEociitedalifhmsafety oy simiaradplatedd ahdukocyt e
adhesi on and tra}fi cki.ngr i S anfﬁﬁpf ective approach to the chronic treatnent
of MS. Bof95eRRINGIOr ERrapic gtmepld ha-4 integrin- specific humani zed

rr!onog::c onal an}’liﬂ@@ék)dlt@@ﬁtﬂik is@gﬁpbvﬁe Iﬁll}flﬁi st’)u@b@dfdﬂ t@hblg oS hiphd-8 }iﬂté‘g&lihj ahd
significant effects conpared w th placebqQ on suppression of new

Gd- enhanciPA§nmprg celitiporpreshitdn Hepabpgsesiy o a5e Pty et oo he si x
nont h 1§ r epdtieRe it S, Ofhe réducBON MideRGREnhaRESEleAbhs! vRisieOTdentiafter one month

nat al i zumab-treated patients was observed one nonth after the fjrst

i nfusi on akfepatmgyt HusebspryaliprsHegssis mafakizumab acts earbyni fsiopdeydepmenbby bot h dose
| evel s, tggvgnggélglgia?&a%&oﬁg@q%ngateIy 90 percent, an effect greater than
the 50 to 70 percent reduction reported with beta-interferons (MS/ M

Anal ysi s G ougn surgosryNeaigliznealy hag.demprspatpd gwong pafeetp gn elinieglly mepmiggful Ann.
Neurol . 39; < : P ( i -af . S | ity by
[t or f or o 9EAgs s g B N Fitep B BRGAPISE TR TS o,
1998 lLancteler@&uring 88s sisOapnth trifh Teokeneficidl lgffews dlaptadizerhabrent the appesratreon MR

out corres l)tr‘he%vnh arﬁrﬁ%tgrly &Y §le§i§95? ﬁlretoﬁgm%x?e ocflcliﬁkﬁ%laﬁ%@éﬂd“ﬁ%ﬂ&&?emH." s study
was not prospectively powered to show effects on I'nical ™ outcones.

Nonet hel epaienttwedldbeirtbsemv¢chinmias sthdyzindedse thepotentea forrpbsersing aff¢ctscmnt r educti on
in relapse,rate and a perception of i.ncreased well-being anong patients.
When all 518%)8&}' gﬁ%%ng?rﬁ csgfélefsecflg%nstgsmgrrogreé%nsi dered, both natalizumab
groups experienced significantly fewer relapses than the placebo group
duri ng six nmonths of treatnment. A E’xg%ﬁnt reduction in these epi sodes

was al’do observed usi ng predefined criteria; a nore stringent

measure, becausEONTROEIBEDIFIAR GINEAJALIZUMPABINIGREGHNIIDBEARRe ef f ect of

nat al i zumab on rel apses 46
Methods

In a double-blind, placebo-controlled trial, 248 patients with moderate to severely
active Crohn’s disease (CD) were randomized to receive two infusions of placebo or infusion
25  of natalizumab at 3 mg/kg followed by placebo; or two infusions of natalizumab at 3 mg/kg
or 6 mg/kg, at a 4-week interval. Outcome measures included the Crohn’s Disease Activity
Index (CDAI), health-related quality of life (QOL), and serum C-reactive protein levels.
Natalizumab increased the rates of clinical remission and clinical response, and
improved QOL in patients with active CD, while demonstrating a safety profile acceptable
30  for treatment of this disease.
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Eligible patients were randomly assigned to one of four treatment regimens according
20  to a computer-generated block randomization schedule. Each group received two intravenous
infusions spaced by a 4-week interval. The four treatment regimens were two infusions of
placebo; one infusion of natalizumab at 3 mg/kg followed by placebo infusion; and two
infusions of natalizumab at 3 or 6 mg/kg. The investigator, all other study personnel, and
patients were blinded to treatment assignment.
25

Study Procedures and Endpoints

The primary efficacy endpoint was the proportion of patients in remission (CDAI
<150) at week 6. The CDAI incorporates eight related variables: number of liquid or very
soft stools per day, severity of abdominal pain or cramping, general well-being, presence of

30 extraintestinal manifestations of disease, presence of an abdominal mass, use of antidiarrheal
drugs, hematocrit, and body weight (Best et al., 1976 Gastroenterology 70: 439-441; and
Summers et al., 1979 Gastroenterology 77: 847-69). Scores less than 150 indicated

remission; scores between 150 and 219 indicated mildly active disease, between 220 and 450
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strata. The effect of covariates on remission and response (yes or no) was analyzed at week 6

using logistic regression.
The sample size of 60 subjects per group was calculated to provide 80 percent power
at a 5 percent significance level to detect a difference in response rates assuming a 40 percent
25  response rate in the natalizumab groups and a 15 percent response rate in the placebo group.
Two-way analysis of variance models with fixed effects for country and treatment
group were used to compare the mean CDAI decreases from base-line. Contrasts comparing
each of the active treatment groups to the placebo group were tested.
C-reactive protein and IBDQ data were analyzed using the Wilcoxon-Mann-Whitney
30 test to compare the change from base-line between each of the three active treatment groups
and placebo. In a prospectively planned analysis, the C-reactive protein levels were
compared for patients with a value above the upper limit of the normal range of 8 mg/1 at

base-line (week 0).
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response (i.e., at least 70 point reduction in CDAl), health-rel ated
quality of life, as neasured by an inflammtory bowel disease specific
quest i onmaDrog/o72ole | BDQ (I rvine et al., 1994 5 Gastr oent eralragpy3/d:261
287-96), and serumlevels of C-reactive protein. Safety eval uations
including the recording of adverse events and nonitoring of clinical
| aborat ori es were conducted throughout the study. An independent safety
data nonitoring comrittee provided an additional |evel of nonitoring.
Serum sanples were collected at each visit and anal yzed for anti bodies
agai nst nBesalts zumab by an enzyne |inked 1o i munosorbent assay (ELI SA).
Statistical A treat
(I'TT) Iast obggérr%{/%r%(})lﬁlC%:‘%@‘%tlgﬂé%%?tﬂ%g&gseg&ﬁ geé%gﬁnh?ﬁ eéi'}]éa lg\‘ﬁ eI&lé)corrprl sed
all pati ecmmaar@;iaohmnngdda grm:pBABl;ase -RPeg (Tebit 4). usi thgtlmesﬁlhe wedlb0 amelismatti ons wer e
C![ ﬁi:le;:,:n aen? engpe%elvﬁlé H;Igglelgdlcaq ons f%{ §by\,{}é$§d)}r‘:%? tAdg(Ancoénpgz4 )(4§ gpri sed
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| evel of stat cal nifican Three pa ts each. active
t r eat ment PEH aW’g‘oo Wd%B'%a%}éeBSg rgwﬁgﬁnySYer?é’ﬁhem%ﬁli‘dé%‘?'gr m %ISW‘g'spﬁlﬁ)ﬁse rat es
wer e anal yzethplying Mewéskehioain thdpcebo g-:lamslzzedi 5¢ hid- Gl B, 293,1‘aﬁxss+6( gener al
associ at i on)kgs1 andis et al., 1978 Int'l. Stat. Rev. 46: 237-54) using
country a%# %‘mal?ﬁé"“B?’fr%S@FCt’HPlycovarl ates on renission and response (yes
or no)jpowas analyzed at week 6 wusing logistic regression. The sanple size
of 60 subj ectBABEE 49" ODBvY&s: PR CriHratetkidracspvOWIEec Slomeraeat-upanver  at a 5
percent significance level to detect a difference in response rates
assunming a 40 pﬁmmm% responsepmaine in bhamnai al i zurmimgr oups a 15
percent respens o—rate—t-nthe s :T.—zv:f: ffffff A\ aalyss—of—variar
nmodel s wit “‘f‘ﬁsf? m&fdfe ts for coung ry cand tr n { J (g to
ean ean B} 2)
conpar e th@ea é&e @F&J{g‘é‘@%es fe s base- |é4Q szgi‘?n”%o%ﬁ) npakk pg.29pach
of the aCtMééxebaEetl%@-thBdrgngUps t @od (154 ac ez gLaonp wag(elgtﬁ@t edoes @roefcti ve
protei n amlseksBHQ data were anal yzed using the W1 coxon- Mann- Wi tney 30
test to corfpdre the change from babé24a ne bel W¥N eachl’d}’d he t hié&acti ve
treat nent drotips and pl acebo. In H¢ r’"@)spect‘i‘S\?@V pl aniétt”@dnal ysjé$31%9 he

G react i ve 58 '@7}1 | evel s were coﬁé l,/%d for? ég{ en;s W a val%%is

1
the upper Wif£0l Lhe,por mal ranggusifop MUl ¢

03/ 072040 &% . Results De scores,
site of dlma&anntaamﬂdla&dlmatl oNs Wer®%) 11 (16%) 9 (14%) 5 (10%)
Crohn's disease
5 ASA compounds 30 (48%) 40 (59%) 42 (64%) 30 (59%)
Oral steroids 31 (49%) 31 (46%) 37 (56%) 32 (63%)
Azathioprine or 6-MP (&steroids) 2(35%) 25 (37%) 17 (26%) 9 (18%)

*Eight of 248 patients had a CDAI score <220 at base-line. Five of these 8 patients
were eligible (CDAI>220) on the basis of their screening hematocrit, which was the value
15  available at randomization, but had scores <220 when subsequently recalculated using the
base-line hematocrit. The CDAI scores for the other 3 patients were incorrectly calculated at
the time of randomization.

*5 ASAs, steroids, or immunosuppressants.

20  Clinical Responses, Remissions, and Mean CDAI Scores

The proportion of patients achieving a clinical response (i.e., at least a 70 point
reduction in CDAI from base-line) was statistically significantly greater than placebo in all
three natalizumab groups at weeks 4, 6, and 8 (Table 5 and Fig. 6), and this effect persisted
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conpar abl e anong the groups at base-line (Table 4). At the tinme of the week
0 assessnent, 5 nost patients were receiving other nedications for CD

i ncl udi ngvB-088720emnpounds (48 to 64 percent), oral steroi ®T(U$63/053263
percent), or azathioprine/6-nercaptopurine (18 to 37 percent) with or

w t hout other agents. Twenty-seven patients withdrew fromthe study prior
to conpleting 12 weeks: 10 in the placebo group, and 6, 5, and 6 in the

oenborap R A AT Tk SR R R R lefren o

PLACEBO 3infproveinié(s i ¢BnipAbies®rée GutdeiWekébskiatd axdady rahdesks 28¢r t63fi68 66 51

i soace. dIPRPEIR AP Y it St P pbdsaiphsdled Spgin)Sitgt) 1570

7.8 (0. 6- @Aprenddtaom plasabolat theés tﬁfaﬁpmmnﬂesuam@e’the?:ﬁ&eéskgﬁmﬂhh@ liR8R ni@d1- 427)

298 (219- 296 sease S leal 15 (249% 9 (13% 17 (26%
12 (24% ééé‘%‘&‘:rﬁr%ﬁ%'f%%%“ %“'??ﬁ%sp&’t?e(a;%%‘i“l% (319 Il eocol onic 37 (59%
43 (63% 33 (50% 23 (45% GCender: Fenmale 33 (52% 41(60% 36 (55% 26
(51% MeanTaBLEE: aRATESOPREMIGIOHANOELMNIOA)REBBoNsEIN FB) H&ZchﬁP@ﬂAﬂ(ZBJ 69
(44-98) Concom'tant Medi cati ons No concom tant nedications' for 12 (19%
11(169% 9(149% 5 (10% Crohp's d| seasge 5 ASA co unds 30 (4 40 (59%
42 (64% 8B O al ster%‘ﬁ 31(@% 46% % :éi

Azat hi oprine or 6-MP (steroids) 2 (NZ&)(B % J(KJ_(QGA) 9 (s *Ei ght of
248 patients had a CDAI score <22@Mqa5tsld&q@gAp<m§0) Five of these 8 patients

were eligible (CDAl>220) on the bag $rPhts Itjlﬁgl(% screeni ng hematocrit, which
was t he WWWS ] en
subsequently rg,c %ul ated using the bas i ne hena f-)) . Th Al scores
for the other datients were incorrect 'y cal cul ated at the tine of
random zaWeek4 +5 ASAs, sterdi(ty, or | RMpsuppres9@Ms. 20 TbH(2A) cal

Responses, ReniPsaiwens, and Mean CDAI ScOrOes The prthplﬂrti on of0.28t i ents
chleV|ng a clinjcal res ons

, sta70 tion in CDAI
f rom base? IeFlﬁgf}I)’ §n§Ft stl 33(1(27%/ Si gn|2I0 ntIy grzé’%f r thanqﬂg@ ebo in all

Week 8 10(16) 19(28) 27(41) 22(43)
P value 0.107 <0.001 <0.001

Week 12 1727) 19(28) 28(42) 21(41)
P value 0.992 0.042 0.091

RESPONSE (>70 POINT DROP)
NO. OF PATIENTS (%)

Week 2 19(30) 31(46) 36(55) 22(43)
P value 0.081 0.004 0.136
Week 4 18(29) 32(47) 41(62) 27(53)
P value 0.029 <0.001 0.006
Week 6 24(38) 40(59) 47(71) 29(57)
P value 0.022 <0.001 0.039
Week 8 22 (35) 38 (56) 44 (67) 28 (55)
P value 0.018 <0.001 0.028
Week 12 27(43) 34(50) 40(61) 33(65)
P value 0.503 0.033 0.018
10 Bold highlights the statistically significant results when compared to placebo.
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three natalizumab groups at weeks 4, 6, and 8 (Table 5 and Fig. 6), and
this effect persisted 50 WO 03/072040 PCT/ US03/ 05421 through week 12 in
the two gwowp®7dolat received 2 infusions of natalizumab. Pcen$ss/éaet

i nprovenent in clinical response rates were observed as early as 2 weeks
after the first treatnment, and the 3+3 ng/kg natalizumab group
denonstrated a statistically significant difference fromplacebo at this
time point. Results for the decrease frombase-line in mean 5 CDAl score
(Tabl e 6) agree with the response rate findings. TABLE 5: RATES OF

REM SSI ON AND CLI N'TXBLRESPONSREAN FREM BATHE-LIROPUUPAN COMISGORYE POl NT PLACEBO

3+0 MJ K KG 6+6 MGl N:633+O%%LI ZUMRB, NATAL ZUVAR NATALI ZUVAB
(N=68) %@%51) REM SoL@N ( CDRAratikoNdgs NO NaGXLiZo@ds ENTRA{ Vb uiiek 2
6(10) 10( 15) 13(20) 6(12) P value 0.232880.127 0.(46) Week 486m4) 21(31)
19(29) 15(29) P val Ue MEASDEORIARZ NGO 2ECoRMERbM BASBRLNESDNAPOT Nt )  17( 27)
20(29) 29(44) 16(31) P value 0.757 0.030 0.533 Week 8 10(16) 19(28) 27(41)

22(43) Pyéalse o 107 <0, @@3&0\1%001 Ve 312 17880168590 28) AH@RY) 21(41) P

val ue’ 0. 992, 0, OA2, B9l RESPONSE (>70, g NT DRO:i)od‘ﬂo OF PA}I NI'S (% Week
2 19(30) 31(46) 3%(55) 22&43) P value 0.081 0.004 0,136 \Veek 4 18(29)

32(47) 41WEh427(53) P vablid (8829 <9-063-5D. 006100742646 243D (986) 59)
47(71) 29(Bvalue . plageie 0. 022 <0. 001 00999 Wweek 8<990Y35) 38 098% 44 (67) 28

(55) P v@lues0.018 <0.0035 QP28  g15(861)  119.4(79.1) 97.2 (94)
P value vs. placebo 0.042 <0.001 0.004
Week 8 49.7 (99.5) 82.4 (87.2) 117.8 (90.7)  106.9 (102.9)
P value vs. placebo 0.053 <0.001 0.001
Week 12 63.1(103.9) 70.1 (91.7) 119.2 (111) 112.5 (96.4)
P value vs. placebo 0.729 0.001 0.008

Decrease from baseline is defined as (week 0-week n)
SD = standard deviation
5 Bold highlights the statistically significant results when compared to placebo.

Four weeks after the first treatment, and before patients received the second treatment,
all three natalizumab groups had a statistically significantly higher rate of remission
compared to patients in the placebo group (Table 5 and Fig. 7). However, at week 6, the

10 prospectively defined primary endpoint, the proportion of patients in clinical remission, was
statistically significantly higher only in the 3+3 mg/kg natalizumab group compared to
placebo. At week 8, both groups that received two infusions of natalizumab (either 3 or 6
mg/kg) demonstrated statistically significantly higher remission rates compared to placebo.
At week 12, the 3+3 mg/kg natalizumab group continued to demonstrate a statistically

15 significant benefit over placebo for clinical remission, while the 6+6 mg/kg group

demonstrated a strong trend for benefit over placebo for this outcome.

Predictors of Remission or Response

Using the results at week 6, an analysis was performed to identify base-line variables
20  that may predict remission or clinical response. The variables examined included site of
disease, duration of disease, base-line CDAI scores, concomitant use of oral steroids,

concomitant use of azathioprine or 6-mercaptopurine, and extraintestinal symptoms. Base-
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Week 12 27(43) 34(50) 40(61) 33(65) P value 0.503 0.033 0.018 10 Bold

hi ghlights the statistically significant results when conpared to pl acebo.
51 WO 03/Wo284%R0RCT/ USO3/ 05421 TABLE 6. DECREASE FROM BASETIISHiZ034N MEAN
CDAI SCORE TI ME PO NT PLACEBO 3+0 MJ KG 3+3 M3 KG 6+6 ME KG (N=63)

NATALI ZUVAB NATALI ZUVAB NATALI ZUVAB (N=68) (N=66) (N=51) MEAN DECREASE I N
CDAI SCORE FROM BASE-LINE (SD) Wek 2 39.3 (73.5) 63.5 (74.8) 80.0 (68.9)

(30°5) - 1ober ok Eai Syl bl ampRaly it lich P30y G, YahayebTo0r "7

Week 6 49ba3e-{iBdCBAI 8kreJessdiBelt Yo &cbBvdrepi@ich) HdwePer(9p44-lindPCDAI diel nos. pl acebo

0.042 <0.001 0. 004 \We 49. 7 9.,5). 82 87.2) 117.8.(90.7) 106.9
(102.9) B° 8‘]%%9'6%‘%%*%%% Jish, B9 vahfes bk W’éﬁm%&@g@f}(los. 9) 70.1
(91.7) 11predictoislof yerdidForbor(&porkp. P val ue vs. placebo 0.729 0.001 0.008
Decrease from baseline is defined as (week O-week n) SD = standard

devi ation 5 Bold hi ghlights the statistically significant results when

conpar ed paaliy aCEiRp. Four weeks after the first treatnent, and before

patients received the second treatnent, all ee nataljzumab oups had a
statistical |y A5gHitieallyanhran; REpemegtdn B’Fanrlgﬁaﬂi‘iof?ﬁ Wa&B#‘FﬁQgEH’ %]L patients
in the plA8ARomEs ReHdmént @Rups & vaskl 6 tbipardd to phievRY By wétk 12e6Hy fhe t he 10
prospectively defined primary endpoint, the proportiaon of patients in
clinical WefnYYEHyPs %§e°%%es¥‘wgtnﬁ@aqnﬁ 9f nataliznmpt canfipyedip BW&IBB@ FOTERH t he 3+3
o/ kg pat ghd FBBniGEMMP hfRBRALEHe mcebelgﬁﬁ?l@pabw). week 8, both groups that
received two infusions of natalizumab (either 3 or 6 ny/kg) denonstrated
statistically significantly higher rem ssion rates conpared to placebo. At
week 12, the 3+3 ng/ kg nat alABk#al gy IBOR $¢ARES t o denpnstrate a
statistically 15 significant benefit over placebo for clinical rem ssion,
whi | e t heTB#PAIT kg gr oupPLAEBONSt r ad EME/KSt r onPHBMFHGT or 1980 MIGKG over

pl acebo for this outconme. =63 ct or SATAHLIZRAMBS s i NATABIZUNASD 0 N4 EALIZUMAB

(N=68) (N=66) (N=31)
IBDQ SCORE, MEAN (RANGE)
Week 0 130 (66-192) 130 (52-188) 136 (79-194) 123 (55-194)
Week 6 142 (61-219) 157 (81-221) 163 (99-211) 155 (67-224)
P value 0.008 <0.001 <0.001
Week 12 145 (61-217) 151 (81-221) 163 (86-221) 153 (64-215)
P value 0.486 0.021 0.014

Bold highlights improvements in the IBDQ score when compared to each treatment

15  base-line.

C-reactive Protein

Patients who had elevated levels of serum C-reactive protein at base-line received
periodic assessments of those levels during the trial. Those who received two infusions of
20  natalizumab exhibited a significant decline from base-line in mean serum levels of C-reactive
protein compared to patients in the placebo group (Fig. 8). The improvement was maintained

through week 12 in patients who received two infusions of 3 mg/kg natalizumab.
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Using the results at week 6, an analysis was perfornmed to identify
base-line variables 20 that may predict rem ssion or clinical response.
The vari awbes/eoam ned i ncl uded site of disease, durati omrcofusds/esase,
base-1ine CDAI scores, concomtant use of oral steroids, concomtant use
of azathioprine or 6-nercaptopurine, and extraintestinal synptons. Base 52
WO 03/ 072040 PCT/ US03/ 05421 |ine CDAlI score was a significant predictor of
rem ssion < ients with a higher base-line CDAl were |ess
likely t Sa{fE gh&)%l&abﬁ}l i on. However, base-line CDAl did not predict the
li kel i hood of Na&zsl;mmsbtrea@ment@t zﬂladose/Ewélabrlaewelawaﬂrgtzcbﬂirmh@t tiotl2svegki f i cant
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( N=68) (Nilg}%f Eﬁg@ﬁgﬁ Aﬁ( takzug)ab grojigand 6“?%2 130
(52-188) hfikghatiAShDb gi@.@) (1555611869 adviibekveits Wbze 4s6cksed k8 Yeldtbd to(sBillydzk) 163
(99-211) 155 (67-224). P val ue 0. 008 <0.001.<0.001 Vg?k 12 145 %@% 217) 151
(81-221) %‘310(188“251’? @3“"(‘6’& D) OSHﬂal/%’I“B@‘E‘S 3580’@? {oR$ q $ymp

hi ghl i@ht SsbdiREPVRREDL The Ruthbies  BRARAEADErioNORE neARA Akkbridht 8BGRet I eat ment
15 base-line. Creactive Protein Patients who had el evated | evel s of serum

C-react i vRVepIsaYeEs imHr ip thearatiousdreptaent graups: e8P peficenthia dhecrlpsshr &708P: A hose

llevel s du(?'S'i‘)QrCEﬂ?mttﬁé ?—hlg/kyﬁ%ﬁzu%@gf E%?V(@Si pérédEht) infésI8nSg/RE na@ﬁmﬂﬁﬁ@l i zumab
exhibited a significant decline frombase-line i'n nean serum | evel s of

C-react i varouprapd ] (B0psrepat) mdhe @-opng/ke patalizumab geoup) Jeded shpwsegvem g. 8). The
| nprovemegy, Pée'gat azgt(efatt@t: gﬂm atnhﬁfﬁ&&be Y8EK: S Gerbdit PRILARE SaMAnBGEluped two

infusions o natal 1 zuma
15 compared to the placebo group. None of these various types of adverse events were

statistically significantly different from placebo, and none are deemed to present an

unacceptable safety profile for the use of natalizumab in patients with moderate to severe CD.

TABLE 8: ADVERSE EVENTS NOT RELATED TO CROHN’S DISEASE WITH >5% INCIDENCE

20 OVER PLACEBO AND OTHER EVENTS OF INTEREST
PREFERRED TERM PLACEBO 3+0 3+3 6+6
N=63(%) N=65 N=65 N=51
Chest pain 0(0) 23) 2(3) 4(8)
Conjunctivitis 0(0) 2(3) 5(8) 0(0)
Dizziness 0(0) 6(9) 3059 0(0)
Fever 1(2) 4 (6) 305 4(8)
Flu syndrome 6 (10) 9 (14) 7(11) 10 (20)
Headache 20 (32) 19 (29) 27 (42) 14 (27)
Pain 4(6) 4 (6) 4 (6) 11 (22)
Sinusitis 0(0) 0(0) 00 3(6)
OTHER EVENTS:
Infusion reaction* 0(0) 0(0) 1(2) 1(2)
Pts with anti- 0(0) 8 (13) 4(6) 1(2)

natalizumab antibodies
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25 53 WD 03/072040 PCT/ US03/ 05421 Safety and Tolerability Natalizumab
treatnent at all dose levels was well tolerated throughout the 12-week
study perwod3s/o®omo | ar nunbers of patients from each grouppertusds/ew2f rom t he
study for adverse events (i.e., 2 in the placebo group, 1 in the 3 ng/kg
natal i zumab group, 2 in the 3+3 5 ng/ kg natalizumab group, and 3 in the 6+6
ng/ kg natalizumab group). Overall, 31 patients reported a serious adverse

event during t’%aﬂﬁé@I%Hgﬁm%%‘%ﬁa(‘ii"%?%inﬁn%}O}zn the placebo group, 8 in the

3 ng/ kg natal i zunab” gr oup, int g natalizumab group, and 6 in
the 6+6 ng/ kg natal | zumab group). No serious adverse events were assessed

as related to &&tlu r(ljzX 1zu arﬁﬁgdlgﬁogre tecqedc %lnataflﬁﬁn W g{eh tie r? hospi t al
0 Ped

adm ssi ons for FCAtT ons or assocl a The nunbers
of pati enpacemapewecémm r@yetaﬂlemnmmthrdetegme aradmeealwemalemerbbdlemere ngimlar in

t he various tr eat ment er.cent,) in t I ceb u 51 (78
percent) 'A%t yéo ﬁ’ﬁ’Fﬁg““ aga?‘feﬁsﬁﬁ%%l%a SU%usag ©t %%’eptngnetﬁ?s)ewr?q’f’§893+3 ng/ kg
nat al i iunwectagrecmﬁ-naandnﬂab a(naﬁbchmr cent) in the 6+6 ng/ kg natalizumab group.
Tabl e 8 shows dverse events. nat .rela ed t Wi th an |n i,dence at | east
5 percent gr eargtPAtiFnts SXPERERed ong’F?? s B! gﬁ*ﬂ?egﬁm%cw db‘i"&’cgf)o gr oup.
None of t&QeeRl iMAaEibAUA padift$n é 3-83ME/KE AateNARiab gYsp @xpeiieadddStinp@ink Bf
significantly different from pl acebo, gqull ne are, deg0 nmed .t o pres nt an

unaccept abilé tehingand exythma, ang was suhseaysntly fpund 53 ba Rosiiya FPriaptipaipizmal i ¢ h

moder at e &&b&&&erxﬂe tln-ﬁm&%r%/ ‘@Bﬁﬁa@éﬁ%@ sT@nGBOHN'
DI SEASE W TH >5% | NC| DENCE 20 PLACEBO AND R EVENTS OF | NTEREST

PREFERREDchiavnprawstpe Fhesesympiomg resplughyihouteameptgandNpenatiopldd® pain 0 (0)
2 (3) 2 (s%)ose‘é;uérﬁ])y forNb H@ﬁ Z%améfo%éeecéa%)e tilmdhliA(Bb Mtibdlies. D zzi ness 0 (0) 6

(9) 3 (5 0 (0 Fever ég) é@ Flu syndrome 6(10) 9(14)
7(11) 10( 20) Heltthe pmpe(cszf)ly neg phmary effacayy wpelzvgéhmp%hrﬁmasme) 4 (6) 4
E géc g—ﬁ'éﬁfaeﬁn?do%@ﬁ%to) $15% %tQQeeQ 6‘ 9% sQati(sQQall§3 s&ﬁlhcan%l's‘ﬁ%rg}/ W§ebd &'Tl&’ fron
the 3+3 mg/kg natahzumab group, significant benefit over placebo was observed for this
15  outcome at 4 separate time points for the 3+3 mg/kg group (weeks 4, 6, 8, and 12) and two
time points for the 6+6 mg/kg group (weeks 4 and 8, with a trend for benefit at week 12).
Combined with the findings that the proportions of patients experiencing a clinical response
(defined as at least a 70 point drop in CDAI from base-line) were significantly superior to
placebo for all three natalizumab groups at the week 4, 6, and 8 time points, and at the week
20 12 time point for the two treatment groups that received two infusions of natalizumab, these
data provide strong evidence for efficacy of natalizumab in the treatment of moderate to
severely active CD. Further, the beneficial effects of natalizumab on clinical response and
remission rates based on improvements in the CDAI are corroborated by significant
improvements in health related QOL, measured by the IBDQ, and improvement in serum C-
25  reactive protein, an acute phase reactant used to quantify generalized inflammation.
The dosage levels of receptor saturation in the CD trial are comparable to the dosages
of the MS trial, and thus receptor saturation levels should be comparable in the CD trial.
Receptor saturation levels in the CD trial are thus associated with decreased levels of
inflammation, as demonstrated by C-reactive protein levels and an improvement in overall
30  patient well-being, as demonstrated by the CDALI.
No serious safety concerns were identified for any of the natalizumab treatment

groups. The percentage of patients developing detectable anti-natalizumab antibodies was
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Pts with anti- 0 (0) 8 (13) 4 (6) 1 (2) natalizumab anti bodies 54 WO

03/ 072040 PCT/ US03/05421 *Leading to interruption or cessation of

i nf usi on.wAnBi0720ai al i zunab anti bodi es were detected i n 13PCT/US03/05421

natal i zumab-treated patients (7 percent) at week 12. Overall, patients

W th detectable anti-natalizumab anti bodies were no nore likely to

experi ence an adverse event or serious adverse event than those who had no
5 detectapl|e al : d i nfusion
Feact | onars atihlrs WRld £HOR A Rie AL ol dPRELERT. EXRRRIANGES ' )

pati ent imtibbde3+3 ny/ kg natal i zumab group experienced synptons of mld
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experie nce’chl;ﬂtymmagmn mftagmisdl blv(hatahnimabgn &wdreamwgmfrt}gz cliﬁhmkegrsyanqbt ons
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CD tri al aroalacngrtaakca:bteesubsatstxtmlrddsltegéﬁK) cHflls tlrbackiBated T atl)s 1aad1vb hus receptor

saturation,l eve] s sho in the CD tri e

saturati olr?ﬂ'fl’g{?g{o?' l?owe‘ltfﬂ'éeaébpéilreg%%we thﬁd gls%grse%l((:)lu%{ {é%fm Sh?‘ﬁn @‘etgarse1 ed | evel s
of i nbl asmgmkiicfisiorbef Id&lﬁﬁﬁﬁdbrtﬁbcﬁldecbalsu@afneﬁﬂtd melrprlaxtx@panbltembboand an

' pr Overrelrgucolc{r]teg Xl%lgrlmlls and h%glthly%g unteers ( S“lx rll‘lgdnth weecli(?y mtl}gxgeglgﬁs ox101¥y the CDAI.

study with Antegren™ in cynomolgous monkeys with a six-week recovery,” Athena Report

1998, No. 723-013-098). However, it was unknown whether natalizumab could have
differential effects on leukocyte subsets, given that all leucocytes except neutrophils express
25 alpha-4 integrins.

Methods. Leucocytes extracted from peripheral blood of 30 Crohn’s disease (CD; 18
natalizumab, 12 placebo) and 10 ulcerative colitis (UC; all received natalizumab — no
placebo) patients pre-, 1-, 2-, 4-, 8- and 12- weeks post-infusion were analyzed by
fluorescence-activated cell-sorter (FACS). Serum natalizumab levels and disease activity

30  scores were measured at each time-point.

Significant changes compared to baseline (p <0.05) and correlations were tested by

Wilcoxon and Spearman tests respectively. Wilcoxon signed rank test for analysis of

changes in leukocyte subsets were compared to baseline within treatment groups (p<0.05
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No serious safety concerns were identified for any of the natalizunmab
treatnent groups. The percentage of patients devel opi ng detectable

ant i - nat aWwpagned4@nt i bodi es was 55 WO 03/ 072040 PCT/ USO3/p05ARD3/0340v, and
there were no serious adverse events associated with detectable
anti-natalizumab antibodies. The present study provides conpelling
evidence for the effectiveness and tolerability of alpha-4 integrin

" . i ; al | ! 45
ant agoni s }aé(s: ?x%@icé&%‘ﬁ% edrfhad Fh%k%&ﬁé&@?&fsﬁ%g%@sﬁ&?% éé@ésg%néét%gs an

synptons 0 noderate to severe n, the evidence these
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di sease ((MNBlepmeBdmamark) ahpied b istlhie did pesipleeial bloey lymeghoajtey @BLE) grivukocyt e
mgration across the vascul ar endothelium being that they are ressed
onal || | il ou et Dok GariEd crlkarer ¢ ALt Bgrion Dk ) kg
natal iz urr@ke (rAenRAEERIA(Wilh) Cordbrd SO SuTvaie (RalbCer oL 19061 ICALI DY@, IdukRLMDE subsets,
natural killer (NK) cells and activated T cells igq active inflamuatory

bowel di s&¥s¥)pdbs Bsiteatageh) BLis expgying tefollowing BIaEsels e Reanidisigat a
singl g3 BRCHUAMGsJ: @msit()?eelgf TORGT GMEDNpAHVCad, BCRYSIElNEED4 se in
00

circul ating perliheral | eucocytes in animals and heal thy vol unteers

(" A si x- nsirer/ T A opll), FDRL Gxtplatis/ surpegseqrilycellyand P ONK gi-egr enTM i n

cynonol gous nof|eeNReMhid oRTERYP VERKExFIEGRY eVactivaiol 8RdzcReeDBS, cIBY8. No.
723-013-098). However, it was unknown whet her natalizumab coul d have

di f f er ent thein effintedeukinohrepentioed A%, SDPS andstL fiRRewereegasged, in edditivnye es except
neut r ophi Eﬁﬁr & i ol € ract ed
from peri lrl) ‘éere(;ﬂ%%ﬁo%()) o] @Jg‘%g’g)‘r:%ﬁ%ﬁ@s)?g F%@gsée%; f4411‘;(8T Lﬁgt g@?%ﬁ’?&@ 12

pl acebd) Ehaipet@ntake eff cytdtarac/suppiesios T(Cels, (CRI8]) axpressingedtie acdtvalionantigins- no

pl acebo) Len res - - -. 8- and 12- weeks post-infusion were
anal yzed E@tzk??%J%Ifgs[?{e‘ﬁggee-agsg%?e\?%ﬁee% cell-sorter (FACS). Serum natalizunab

I _eve! S and di sRasks. dosinupHily mdBoytn Bemd Week conmgssware gl eigniﬁeaJMylrziisqd-fpxoi nt .
e T T A
test for morhyediascdiipared to baseline levels. Neutrophil and basophil counts were unchanged. T
20  cells expressing the activation markers CD25, CD26, HLA-DR, CD8DR, CD8, CD28,
CD45RO and CD45RA were significantly raised compared to baseline at >4 and 1 week in
UC and CD patients respectively. CD38" and CD69" T cells were raised at >1 week in UC
patients only. NK cells were unchanged post-infusion in all patients and NK-type T cells
(CD57") were raised at 1 week in CD patients only. No significant changes in gamma-delta
25 (y8) T cells were found in CD/UC patients. Changes in T cell subsets did not correlate with
disease activity or serum natalizamab levels. The leukocyte changes found post-natalizumab
were not detected following placebo.
The lymphocyte counts remained elevated at 4 weeks post-infusion in both Crohn’s
disease patients (p=0.002) and in those patients with ulcerative colitis (p=0.02), before
30  returning to pre-treatment values at week 8 (Gordon et al., 2002 Aliment. Pharm. & Ther. 16:
699-706; and Gordon et al., 2001 Gastroenterology 121: 268-74).
The effect of natalizumab on circulating eosinophils and monocytes are shown in

Figs. 9A and 9B. The neutrophil and basophil counts were observed to remain unchanged in
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changes in | eukocyte subsets were conpared to baseline within treatnent
groups (p<0.05 56 WO 03/072040 PCT/ US03/05421 denotes significance).

Spear man wenig/otonr el ation tests were used to assess corr elpatriusns/odaet ween

di sease activity paraneters, natalizumab |evels and | eukocyte subsets in
those patients receiving natalizumab. Venous bl ood was taken inmediately
prior to natalizumab/pl acebo infusion and again 5 at one, two, four, eight
and twelv i d, Denmark)
was used' FotEBERaPESh A Bk Mg ey SBHRRGER N TELOPE AKERITD o

anal ysi s bymnutr@tnonmlsmmﬂq qimsvletingeh cell subsetseatl aaturadkillesestls ay CrofrC@iseaBect on

D ckenson
al ., 1996
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expr essi ng sAbfenlact i 5, CD26, HLA-DR, CDBDR, CD8, |CD28,
CD45RO an‘cﬁ@éﬁ# ' pasetTme—at >4 and
1 week in and CD patl ents_respect|ively. CD88+ and CDB9+ T cellis were
rai sed at|®l week|if? uc- 3p i'ent s “onl|y BINK I || s Her e? n:hé’nged“
post - i nf u/S¥egtronhiis aII patients and NK-type T cellls (CD57+) were rajsed at 1
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cells wer eEogiourﬂ% n CO/ UC patients. Changes in|T cell subsets did |hot
correlatel WiH sease actfivity or gerum natalli zunab | eyel s. The | eukocyte
changes fjpund post-hgat al'iZumall ~ wefe |ndf det’écied®f ol I'éw| ng* pl aékbo. The
| ynphocyt |eBasaptist S| r enmai ned el evated dt 4 weeks |post-infusion in both
Crohn's [di sease pagd ent g, (p=0 002)y gndyi N those gpatigats weth yjcerative
colitis (p= e) before 30 returning to pre-tfeatnent val ues at ek 8
(Gordon et M%{'I“yts 2002 Alinent. Pharm [& Ther. 16: 699-706; and Gordon et
al ., 2001 Gastroept-6tol odyy 1235 268- 74)82 .67 | .48 29 | Sl 31

Table 9 Mean (SD) leukocyte subset values post-placebo; no significant

differences in any group compared to baseline (week 0) values.
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The effect of natalizumab on circul ati ng eosi nophils and nonocytes are
shown in Figs. 9A and 9B. The neutrophil and basophil counts were observed
to remai rwonshaged in 57 WO 03/ 072040 PCT/ US03/ 05421 alpcTiuses/qrati ent
groups studied. Figs. 10 and 11 denonstrate the effects of natalizunab

adm nistration on specific circulating T cell subsets and natural killer
cells in Crohn's disease and ulcerative colitis patients. The error bars
denot e st gls of [ S in
basi c Ieu?ocvgl e sul;rsée%t%}éAl\?v% éﬁkEﬁéﬁJ(}Lg aﬁ OWE% ageboﬁlgﬁ&s}s% 8@?@%
Adnmi ni st r|dubssh of | Week Op| a:@bﬂ# 1t o { Mieek)2] yg atveeh¥ s i|sWeshdqwn i n Tabl e
9. Sone c"?f(%n&es Weﬂ"yn’ﬂna?ﬁ'ﬁ"es‘g”e@ﬁ‘@‘ssf q"'!i&'tl t|iM5A" afiPi|dEs8 wWer e
det ect ed ,,th —sol-atetd—tre pui Ats Ulnjl HCrohf-s pat;clltb /Tabie 10)
Tabl e 9: URMTE@UBS};TS,QN PLACERO TREATED CROHN,$S DI7$EA$,|_E PAJIENTS 10
Subset WekcrypVeek 1 Week|2 Week 4 Week 8| Cells Mean SD Mean SD Mean SD
Mean SD Mean SD K10 6 .73 dlynpivocy28 e8s |60 . 384 .|585 . 369./827. 68/.48 .29
.51 .31 |N&?tophjls .21 |75 .18 |48 .86 |36 .61 .[26 .91 .[15 Eosinophils
.19 .16 .%%13 158 137 po2 1297 1477 10% Bafbphi1g 149 /89 A4 169 .09 .07
.09 .03 . *b5 Moggocyfes 3560 38 §PS 536 82 ,HT A8 %9 sl .31 Table 9
Mean (SD)| dfaykocyt e subset val ues|post-pl acebo; ng signifijcant diffferences
in any grloup conppred ta pawel isve|(weeksD) val ues. 58 Wer 03/s072040
PCT/ US03/ (0p#2R0+ Tabl e 10: | T CELL AND NK MARKERS | N PLACEBQ TREATED CROHN S
DI SEASE PATI ENTS SuBiset?0Weell 0 -feek’d Week P weeék |4ek’ g Wek 12 Cell's
Mean SD MEa®SD Meap SD,Meay SDMeap, SD Mean, SD), 3106/ mbs | 40 5
CD69+
14 20 | 67 70| 13 a2 | 05 .04 | 12 22 | 10 .08
HLA-DR+
19 g0 | a5 .08 | 25 20| 6 .1 | A7 0 | 22 .6
CD8+
A1 .09 | 09 .06 | 16 U5 | .09 .07 | .08 .05 | .12 .0l
CD8+CD28
+ 21 1| a6 1| 30 20 .2 21| 20 U8 | 23 .4
CD8+DR+
1 09| 09 06 | 16 U5} .09 .07 | 08 .05 | 12 .11
CD57+CD3
+ 08 06| 06 05| .10 .0 | .07 .04 | 07 .05 | .10 IS
CD16+CD3
- A1 09 | 12 .09 | 16 48 | 09 04 | 12 2 | AT .09
TCRy+
A1 6 | 08 .09 | 18 28 | .10 43 | 09 09 | A1 .10
KappaMADb
+ 02 .02 | 03 05| .05 08| 07 09| 03 .04 | .10 .01
Table 10 Columns show mean counts (SD) of T cell subsets and NK-type cells of

5

10

Crohn’s study placebo patients compared with baseline values (Wilcoxon signed rank test;

p<0.05). Significant differences compared to baseline are shown in bold. Standard

deviations for each mean are shown in italic numbers.

There was no significant correlation between the total lymphocyte counts and disease

activity score in either Crohn’s disease or ulcerative colitis patients (Tables 11 and 12), nor

were any significant correlations found between individual lymphocyte subsets and disease

activity. No significant correlation was detected between serum natalizumab levels and

changes in leukocyte subsets at one, two or four weeks post-infusion. Natalizumab was

undetectable in almost all patients at eight weeks. Thus correlations were not calculated for

this time point.
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Lyrrphocyt es .36 .57 .12 .57 .83 .08 .34 .98 .28 .74 .62 .84 TCRa(3+ .99

.81 .56 .28 .88 .98 .84 .95 .79 .17 .81 CD25+ .18 .11 .12 .07 .27 .22

: 17 .17 .WB 03m5204(22 .17 CD26+ .49 .32 .38 .27 .80 .61 .52CcTAS03/6521 55 .58
.43 CDA5RA+ .74 .41 .57 .39 .95 .69 .68 .59 .68 .57 .84 .56 CD45RO+ .42
.20 .31 .18 .50 .27 .39 .24 .42 .35 .50 .33 CD38+ .42 .29 .31 .23 .46 .38
.35 .27 .33 .25 .40 .25 CD69+ .14 .20 .67 .71 .13 .12 .05 .04 .12 22 .10
.08 HLA- DR+ : .09
109 .06 .16 Téeqno R ‘ﬁ.Ro‘@%%&Mf%ﬁlN&%é‘l‘%%@%%%s ﬁ%?‘%g%n 30 . 20
.22 .21 .20 .18 .23 .14 CD8+DR+.11«C.TU'9TY.09.06.16.15.09.07.08.05
12 .11 CD57+CD3 + .08 .06 .06 .05 .10 .10 .07 .04 .07 .05 .10 .15
CD16+CD3 1T .09 112 .09 . I0 Cidhn’s Bikase04 . 12 . 12 . 17 Ulckfative bRy 0+ .|11 . 16
.08 .09 . JsﬂbseQB .10 wekB1. 09 weil 2. 117 wiék 4 Kapmablidh + week2. 04 wdds4. 05 . 05 . 08
.07 .09 'Gﬁmplh)o%ytesl O Tabte 3P —Cptunns —sthowggean caogyg s [(Shhz;of| T cel |
subsets 4 FRYB- TYP CEh 3¢S O hoM| S SHidy [ pl agebo| papkent|Ss conpared with
basel i ne V@§€s (W[ Coxan S gneey rapk ©est; | 039 -0.46 0.17

CD26 031 -0.22 -0.11 -0.39 -0.29 0.10

CD45RA 0.29 -0.25 0.19 -0.54 -0.39 0.51

CD45RO 032 -0.27 0.34 0.18 -0.17 -0.05

CD38 0.31 -0.08 0.01 -0.57 0.03 -0.05

CD69 -0.32 0.12 0.12 -0.15 0.28 0.12

HLA-DR 0.19 -0.05 -0.01 0.12 -0.13 0.15

CDSCD28 0.01 -0.17 -0.13 -0.18 -0.04 -0.17

CDSDR 0.11 -0.19 -0.18 -0.1 0.07 0.24

CD57 0.19 -0.08 -0.04 0.21 -0.15 0.15

CD16 -0.08 0.3 -0.15 -0.19 0.1 -0.32

TCRyS 0.34 0.14 -0.31 -0.63 -0.47 -0.66

Kappa Mab -0.11 -0.02 -0.2 0.05 -0.27 0.19

Table 11 No significant correlation found between lymphocyte subset counts and CDAI

5  (Crohn’s disease patients) or Powell-Tuck score (ulcerative colitis).

Table 12: SPEARMAN R VALUES COMPARING LYMPHOCYTE SUBSETS WITH SERUM
NATALIZUMAB
Crohn’s disease Ulcerative colitis
Subsets Week 1 Week 2 Week 4 Week 1 Week 2 Week 4
Lymphocytes 0.03 0.49 0.64 0.1 -0.02 0.18
TCRaf -0.11 0.35 0.51 -0.04 0.28 -0.11
CD25 -0.09 0.03 0.26 0.25 -0.07 -0.25
CD26 -0.07 0.28 0.61 0.20 0.22 -0.14
CD45RA 0.19 0.29 0.62 -0.12 -0.25 -0.32
CD45RO -0.16 0.32 0.34 0.37 0.08 0.39
CD38 0.06 0.18 -0.34 -0.01 -0.45 -0.43
CD69 0.02 0.26 0.57 0.2 -0.22 0.14
HLA-DR 0.05 0.13 -0.25 0.08 0.27 -0.07
CD8CD28 -0.18 0.16 041 0.25 0.07 0.32
CDSDR 0.4 0.16 0.004 0.08 03 -0.18
CD57 0.1 -0.06 -0.31 -0.08 0.03 0
CD16 0.22 0.19 -0.5 0.13 0.37 0.25
TCRYS 0.002 -0.16 -0.2 0.21 0.61 0.6
Kappa MAb -0.07 -0.27 0.29 0.41 045 -0.41
Table 12 No significant correlation between disease activity and lymphocyte subsets,

10 except for total lymphocyte counts at week 4 (p=0.04).
Based on the above data, a single 3 mg/kg natalizumab infusion produced increased
circulating levels of most, but not all, leukocyte subsets in patients with active IBD.

Circulating eosinophil, monocyte and lymphocyte counts were significantly elevated above
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p<0.05). Significant differences conpared to baseline are shown in bold.
Standard 5 devi ations for each nean are shown in italic nunbers. There was
no si gni fwoasn7marrel ati on between the total |ynphocyte cegmusoaesd2di sease
activity score in either Crohn's disease or ulcerative colitis patients
(Tables 11 and 12), nor were any significant correlations found between

i ndi vidual |ynphocyte subsets and di sease 1o activity. No significant

corr el ati oS el KEAGHABLEERs SELURAR Bl AHIRE eXGlige AR oChanges i n
| eukocyte su Sefs a one, two or tour weeks post-1nfusion. tali zumab was
undet ect atitoslating Alcelbsatbsed Werp aighdnamlydtcreisehdbovepkieaténi yalpes, patiatlarthns wer e

not calculated for. this ti oiat. 59 3/0 P S03/ 05421 Tabl e
11: SPEA ﬁeﬁp@ﬁ‘lﬁﬁég@%ﬁ@ﬁ% L}%‘ﬁy{&%e @gg@@%ﬂﬁ%ﬁ@ CTI VI TY
Crohn' s diffead dy bhiaksuatabyaad CB)57T TsellsSudrs effsctodée k miichesder 2xtiddlk 4 Week 1
Week 2 Week 4 hocytes .16 -0.37.-0.01 -0.63.,-0.19 0.03. TCRa 0. 26
V050 D, oRal g TR QG ESyiRls, Tamgnersted Sxpess s 45158 SR hto "eppg o 31
-0. 22 -0. 4130 nd afB& tedby2fAtalziilbhb, SUgdEIRAe haPOAphadt AlegfinslBe eithebdot-eRpid&ed).cbl
CD45RO 0.32 -0.27 0.34 0,18 -0 17 -0.05 (D88 0.31 -0.08 0.01 -0.57 0.03
-0.05 CDB8exRess 4 afovegleysl onghesg cllsog 0 12 HLA-DR 0.19 -0.05 -0.01 0.12

-0.13 0.15 CDB@R38aQive IBD Qatichts; MatdiBumtb Hly 1iRiteAfficRing and GRGR & 11 - 0. 19
-0.18 -0.1 0,07 0.24 CD57 0,19 -0.08 -0.04 g 21 -Oé‘&% (? 1% 16 -0.08
-0. 3 - 0. 19reulgtigmmgny, leukpews andrgsivaiedlygmphecyiesubgsiss The dlkgeells30491s. 0 66 Kappa

Mab - Qp 11lpeugtoftRlsald BasOpHS apféarihaficdl byltBd hdnihibtrNdnof ditafiduaRB] whioh M@y at i on
found between Iygghocyte subset counts and CDAI Crohn' s di sease

: . Al 5 (
pat i ent s) sugeesbBthey. arg kers igwertent meditorgin hectratBeking afjthesqged] ¥pes2:  SPEARMVAN R
VALUES COVPARI NG LYMPHOCYTE SUBSETS W TH SERUM NATALI ZUMAB

While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various changes

15  may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective,
spirit and scope of the present invention. All such modifications are intended to be within the
scope of the invention.

20 U.S. Provisional Application Nos. 60/360,134 and 60/374,501 filed respectively on 25
February 2002 and 23 April 2002 are incorporated by reference herein in their entirety for all
purposes. All references cited herein are herein incorporated by reference in their entirety for

all purposes.
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Crohn's disease U cerative colitis Subsets Wek | Wek 2 Wek 4 Wek 1 Wek
2 Wek 4 Lynmphocytes 0.03 0.49 0.64 0.1 -0.02 0.18 TCRa -0.11 0.35 0.51
-0.04 0. 280-08/012b40 CD25 -0.09 0.03 0.26 0.25 -0.07 -0.25 eD2A750904371 0. 28
0.61 0.20 0.22 -0.14 CD45RA 0.19 0.29 0.62 -0.12 -0.25 -0.32 CD45RO -0.16
0.32 0.34 0.37 0.08 0.39 CD38 0.06 0.18 -0.34 -0.01 -0.45 -0.43 CD69 0.02
0.26 0.57 0.2 -0.22 0.14 HLA-DR 0.05 0.13 -0.25 0.08 0.27 -0.07 CD8CD28
-0.18 0.16 0-4%e913% 0.07 0.32 CD8BDR 0.4 0.16 0.004 0.08 0.3 -0.18 CD57
0.1 -0.06 -0.31°°8708 0.03 0 CD16 0.22 0.19 -0.5 0.13 0.37 0.25 TCR S
0.002 -0.16 -0.2 0.21 0.61 0.6 Kappa MAb -0.07 -0.27 0.29 0.41 0.45 -0.41
Table 12 No S|gn|f|ca be J Vit .| ynphocyt e
subsets, 10 exlc e pt ?&?gﬁrhﬂn% hﬁ gducflégvﬁagﬂl}rll dgs&??l%gm%ﬁy‘(np{p@a%i)"l. Based on
the abov emédtl&reoﬁccsnp*rgirg cBramg;hk;gadmhmiengmedgenu’té tei panerp thatlinbibits alpka-¢ased
C|rculat|n |.evel Ieuko te s at| nts with
active IBB Ef?Eﬁ?gifﬁgwrS §Bﬁ|rma§6W8%V}%‘ RE ﬁ%@%fy awe ?g wer e
significantly el evated above 60 WD 03/ 072040 PCT/ US03/ 05421 basellne

val ues for at ]east. four S. pps si,on . n, nDs atl nts e range
of ot roul ati T dbF PeeSESehENrelehY Reuh e b B - ppthsto
pretreat nRmt 6\vnthes, particularly those expressing actlvatlon anti gens.
However, NK cell counts (CD16+/ CD3") were not affected by natalizumab, and
CD57+ T cells were affected to a nuch | esser extent by 5 natalizunmab than
other T cell subseti$e nletdBBOENES WAXRIEES E16Nit BENMETraG®) ik fdra%ﬁ&pcsfawere

al so not affected by nat al i zumab, suggesting that al pha-4 integrins are

ei t her noka%*%F@§ &d, or are expressed at a | ower | evel on these cells.
Thus, in active IBD patients, natali zumab may limt trafficking and

maintain in circulation many | eukocyte and activated | ynphocyte subsets.
The NK cells, 48 cdhg gethpd ohelaim bpytiieiein theagenbis spministeredrisaeatediiapf ect ed by

the adm nhl%ﬁrfeﬁ{o'm 19 lp'ﬂg-%%ﬂemq de@F c%&pﬂﬁ)(g alpha-4 integrin, and wherein the

administration maintains alpha-4 integrin receptor saturation at a level sufficient to

chronically suppress pathological inflammation in the patient.

5. The method of claim 4, wherein the agent is administered repeatedly to the

patient such that alpha-4 integrin receptor saturation is about at least 65% to about 100% in

the patient.
6. The method of claim 5, wherein the saturation is at least 75%.
7. The method of claim 5, wherein the saturation is at least 80%.
8. The method of any of claims 1 or 4, wherein the agent binds to alpha-4

integrin dimers.

9. The method of any of claims 1 or 4, wherein the agent is a monoclonal

antibody or an immunogically active fragment thereof.

10.  The method of claim 9, wherein the monoclonal antibody is natalizumab.
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suggest that they are less inportant nediators in the trafficking of these
cell types. While the present invention has been described with reference
to the spwoioBior204@nbodi ments thereof, it should be under strawdisbyoishpse
skilled in the art that various changes 15 may be nade and equi val ents may
be substituted w thout departing fromthe true spirit and scope of the
invention. In addition, many nodifications nay be nmade to adapt a
particular situation, material, conposition of matter, process, process
step or steps, to the objective, spirit and scope of the present

i nvention. Al I11sucFheodthbd ofitlaionk vwerii the elpbled integripalimértihalpha-hbetadcope of
the invention. 20 U S. Provisional Application Nos. 60/360, 134 and

60/ 374,501 filed respectively on 25 February 2002 and 23 April 2002 are

i ncor por at ed b132 r efTae erthed hEclainmd, iwhetelrethe agent isadministeyed alamoupimffosas. Al |

et 1oty Porre 1 stk qpneRes A trarovone ceery BRERSF ST aim 1 A

met hod of inflamaati@al | y reduci ng pat hol ogi caI inflammation in a patient in
need t hereof conprising chronically adm nistering an agent to the patient
that inhibits alpha-4 integrin or inhibits a dinmer conprising al pha-4
integrin in a mher emeufreih@abhylalﬂf 126 aihtéi tROEIHRE receptord Bi@ alphbAQ@taof orCl ai m 1,
wherein the chronic adm ni s H is for, a period of at |east 6 nonths.
3. The netlAdar bfte-¢) apd thepat il AR e Se LRy A B SeTody 1 s for a
period of at [least 12 nonths. 4. The nmethod of cl a| m 1, wherein the agent
is adm nistered repeatedly in a manner to bind to ha 4 integrin or a
di mer conpri silfg aITﬂj‘ﬁaleﬂlog af dgim 12, whaginhediger r?‘}‘?étor%?d‘?ﬁlﬁhasﬂ petail 9F

mai nt ai nsalalkaObﬁetéh' eﬁl&l%rda&o[o%fc‘ﬁpirnﬁ£m§1§ﬁdﬁr1§lédu9&1 b@tane}nﬂa%aﬁ&to@taflsfehgelo@nt to
chroni cal l'y suppress pathol ogical inflammation i'n the patiént.

met hod ofthelgeammnaestmahém n the agent is admnistered repeatedly to the
patient such that alpha-4 integrin receptor saturation is about at |east
65% to about 100%in the patient. 6. The nethod of claimb5, wherein the
saturation is &t | dhsmethdof clgim Iﬂaefhn@hlhb@inﬁﬁmmb@bndiseaSWéh%i n the

saturati OE%S 8@5?%?@?& ﬁ%giﬁn §D sglg ﬂpey?gg &l tls%p}ﬁf]%fn %IF]O A 0 %Easé wherei n

t he agent egrl n diners any of clains
1 or 4, wherein the agent is a nonocl onal

16.  The method of any of claims 1-11, wherein the pathological inflammation is

caused by an inflammatory disease of the gastrointestinal tract.

17.  The method of claim 16, wherein the inflammatory disease of the

gastrointestinal tract is Crohn’s disease, ulcerative colitis, or inflammatory bowel disease.

18.  The method of any of claims 1-11, wherein the pathological inflammation is

caused by multiple sclerosis.

19. A method of determining the efficacy of a chronic administration regime for
treating pathological inflammation in a subject, wherein the pathological inflammation is
modulated by an alpha-4 integrin comprising measuring saturation of the alpha-4 integrin or a

dimer comprising alpha-4 integrin.
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anti body or an inmmunogically active fragnment thereof. 10. The net hod of
claim9, wherein the nonoclonal antibody is natalizumab. 62 WO 03/072040
PCT/ US03/WB4247204. The met hod of claim 1, wherein the al ploassos/ossegrin
dimer is alpha-4 beta-1. 12. The nethod of claim4, wherein the agent is
adm nistered in amunt sufficient to saturate at |east one al pha-4

i ntegrin diner receptor t hereby i nhi biting pathological inflamation. 13.
The met hod of a-1 or
a1 pha 4 bet a- 70 and R RAEE Ehih 14 el ke MEREPEAlGR AT PR AR T e
scl er osi sora:lpha-émm ’het hod of claim 12, wherein the diners receptors are
al pha-4 beta-1 or alpha-4 beta-7, and the pathological inflanmation is
caused by an inflamuatory di sease of the gastrointestinal tract. 15. The
net hod of cl aidh 14 Thekethed of tlhim l%whm&hﬁhmpyhmgmwanﬁnaﬁbmis caused by

ot | ammat o1 oy r g tiR o R RIS et AR PP  her ei n

t he pat homegurakatirafibredfafiihadnntegricaused by an i nflammuatory di sease of the
gastrointestinal tract. 17. The nethod of claim 16, wherein the
inflammatory di sease of the gastrointestinal tract is Crohn's disease,

ul cerative coliti s ,Thenethdtilofommtiof whdieinate pdiloRgiRel inflddmatidhds cabdday of any
of clainms 1-11, wherein the pathol ogical inflamation is caused by

mul tiple zpltiglessiewsisig. A method of deterni ni ng the efficacy of a chronic
adm nistration regine for treating pat hoI ogical inflanmmation in a subject,
wherei n the pat hol ?181' cal inflammation i nodul at ed by an al pha-4 integrin

conpri si ng measur i e%@ﬁé’f Flain bleIeFf’én %&F pitholagicy inflpmmatigp ispn dj ner
conpri si n&ﬂ%ﬂﬁﬁ)rﬁdlké%@&" th@gas@&né@@rﬁ?’t’ra@? MHB@_JSQ%E{CW%m&Qmi ehgr met hod

of claim 19, wherein the alpha-4 integrin dinmer is alpha-4 beta-
al pha- 4 bthempautically effppdverdoshefchatsiizumabioman nmypelegisally pefivefement daireos|

| nfl ammat ahént.(ﬁ{"h%%ﬁg}et?%f sﬁﬁ@i@ﬁl 6 tr%t %Fﬁﬁﬁrora%‘éﬂe TRRRHHEG Qlsedil of 1€

C-reacti veodgjr_ot ein an in the patient neasures Saturation of
al pha-4 i mSEgmtemnaEQactmemehbd of clam 19, wherein the pathol ogi cal
i nflammation is caused by multiple sclerosis.

24.  The method of claim 23, wherein the disease of the gastrointestinal tract is

inflammatory bowel disease, Crohn’s disease or ulcerative colitis.

25.  The method of any of claims 23 or 24, wherein natalizumab is administered by

infusion every four weeks for at least 6 months in an amount of about 1 mg/kg patient to

about 20 mg/kg patient.

26. The method of claim 25, wherein the infusions are administered for at least 12
months.

27.  The method of claim 1, wherein the pathological inflammation is multiple

sclerosis and comprises chronically administrating a therapeutically effective dose of
natalizumab or an immunologically active fragment thereof, to a patient in need thereof

sufficient to relieve symptoms of multiple sclerosis.
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23. The nethod of claim 1, wherein the pathol ogical inflamuation is an

i nflammatory di sease of the gastrointestinal tract and conprises

chroni calwg oadmoms stering a therapeutically effective doeerafSosredsal i zumab
or an imunol ogically active fragnment thereof to a patient in need thereof
sufficient to treat or aneliorate the inflammatory di sease of the
gastrointestinal tract in the patient. 24. The nethod of claim 23, wher ei n
the di sease of,4 he ' I di sease,
Crohn' s di sease8t or %éeﬁhg?%g%c%ﬁWh%{eﬁ%téh?“hméb%La g . édyb 9 logl ainms 23
or 24, whevegy fmunueeidsfczmnh@t|6$ncmdm1marsaremmd0ﬁﬁjooutllnﬁg(kg patleet/'@rabowtdﬁr weeks
for at Ieas gort]t hs in an anmount of about 1 ng/kg patient to about 20
ng/ kg patl P8 The method of claim25, wherein the infusions are

adm ni stered for at |east 12 m)nt hs. 27. The nmethod of claim 1, wherein

chr o cal |y adit ni S AEER L PSR i)iers 88 crvi g eLRBH BREI2 | zummb

or an i mmaathegi cally active fragnment thereof to a patient in need thereof
sufficient to relieve synptons of nultiple sclerosis. 64 WO 03/ 072040
PCT/ US03/ 05421 28. The net hod of claim 27, wherein natalizumab is

adm ni st ered 3. i nfAlsingidsiEive fof chidtic neREteht Jf@athalbglbﬁaﬁmanﬁnmthhs patiRnfin
anount of about 1 ng/kg patient about _ 20 gﬁpﬁtl ent. 29. The net hod
of claim %np%rae.aaenfwemw&gﬁsa ScicBf 1 TSR AYRRY ppathelogicalst 12

nmont hs.  3(flaAnfa8sPRShd pa@bntliRhecai@dfC treat ment of pat hol ogi cal
inflammation in a patient conprising an agent in an amunt sufficient to

relieve synptonms of the pathological inflamation in the patient in need

thereof. 31. The C%Q@h}%dsﬁ{'bn%ffcﬁin@BM@v&M@ﬁé@hf‘m&lﬂﬁs AP indphihbi t's
alpha-4 integrin activity and/or alpha-4 integrin diner activity. 32. The

conposi t i enivesy ardigr adithadi infegrin dmenctigity. wherein the conposition further
conprises a stabilizer, a carrier and/or an excipient. 33. The conposition
of any of clainms 30 or 31, wherein the agent is natalizumab. 34. The
conposi ti on of3%| aiThe 3@mpasttonef anyheftcidity 3ther3 i wherein the cotmpdsifien furthert r avenous

i nfusi on Sélﬁg aaggaoquterg Pﬁﬁdﬁo]ragglﬁﬁéfrﬂati ent to about 20 ngy/ kg patient
weeks Tor

for admnistration evéry 1 east 6 nont hs.

33.  The composition of any of claims 30 or 31, wherein the agent is natalizumab.
34.  The composition of claim 33, wherein natalizumab is formulated for
intravenous infusion in the amount of about 1 mg/kg patient to about 20 mg/kg patient for

administration every 4 weeks for at least 6 months.

35.  The composition of claim 33, wherein the pathological inflammation is caused

by multiple sclerosis.

36.  The composition of claim 33, wherein the pathological inflammation is caused

by an inflammatory disease of the gastrointestinal tract.

37.  The composition of claim 36, wherein the inflammatory disease of the

gastrointestinal tract is Crohn’s disease, ulcerative colitis or inflammatory bowel disease.
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35. The conposition of claim 33, wherein the pathol ogical inflammation is
caused by nultiple sclerosis. 36. The conposition of claim33, wherein the
pat hol ogiweloszionfok@mrat i on i s caused by an inflammtory dipseases/afs2t he
gastrointestinal tract. 37. The conposition of claim 36, wherein the
inflammatory di sease of the gastrointestinal tract is Cohn's disease,
ul cerative colitis or inflamuatory bowel disease. 65 WO 03/072040
PCT/ US03/ 0542 38. yanl
pat hol ogi cal |]3r§f I an'%‘r‘é%tnl%gn ﬁl%hggtférnﬁg&p%%?%ﬁ ¥ ggyﬂ%%cﬁg{nﬁg}%g?ﬂera
conpr i sesina moepoghdréin meco:bmhmytmf therh@i qumpdifes a38mpnsitien denp ofixidms A&t
o oLt S8 SRR B8l Lb TR G Tty oroL st on ther apy of
i nflammat ory di sease of the gastrointesti nal tract 40 The conbi nati on
t herapy of cl n the in m?i% t
gastroi ntesti ratjz?r tr Sforf“ém?ﬂogé]?eé?py\?é cot wStPérem 19%?%) %&W&aﬁ& sease or
Crohn' s dissews&by ﬂﬂﬂﬂamhetoqodtmnﬁtﬁthﬁgaar(ﬁnmﬂlﬁﬁt.l cylate, a
gl ucocorticoid, a thioguanine derivative, nethotrexate, a cyclosporine, a
nonocl onal antibody that binds to TNF, or an antibiotic. 41. The
combi nati on t her apyrhetortibiaation3IRerapiof cRInN3Y, meﬁattm@txﬂghﬁator'y Bis¢a3810Mthé ON i S
caused by nultiple, scl er03| S. 42 A use of (E)ha 4 int egrl n i nhldbl tor
for prepafRirPBifsyR! Bachisg! CHYR £0 ftlérmﬂﬂ@mtew iggageqr (Al pfisegse, an
pat hol ogi gglcompdund igPs-hRhobdlicate 24 gled&omeolaeﬁﬂmgt%t@qfenvﬁ&e The use of an
al pha-4 integrin inhibitor of claim42, wherein the pathological condition
i s causedmsiiotereie pr¥elogperEieormenockpal apteodydiat bmndg i B}Ilf)waaqa %flﬂ%'@t’l n
i nhi bitor of claim42, wherein the pathological condition is caused by an
i nfl ammat ory di sease of the gastrointestinal tract. 45. The use of an
al pha- 4 int egrdln i e Bembination tharapyipf glaim havhstein thp patholpgieal flammagign i n
i nhi bitor usH@ ler®d the inflammatory di sease of the
gastroint es?télsnaf’%hﬁ [E%er %ohn' s disease, inflammtory bowel disease or
ul cerative colitis. 46. The use of the alpha-4 integrin inhibitor of claim
42, wherein t me S n
receptors areh4?at u(}‘a S%g? Q‘% alFﬁa‘lIn?eré% fl%tib%%r 0% %péljé%l} esagm ‘%Hlé{dttgtlttglg'lﬁ%al
i nf | amat clooninhreatmentef apathalagies inflaginzation im sspatiewdn n@dttlmeeqfatl ent. 66 WO
03/ 072040 PCT/ US03/ 05421 47. The use of the al pha-4 integrin inhibitor of
cl ai m 46, wherein the nedi canent

43.  The use of an alpha-4 integrin inhibitor of claim 42, wherein the pathological

condition is caused by multiple sclerosis.

44.  The use of an alpha-4 integrin inhibitor of claim 42, wherein the pathological

condition is caused by an inflammatory disease of the gastrointestinal tract.

45.  The use of an alpha-4 integrin inhibitor of claim 44, wherein the alpha-4
integrin inhibitor is natalizumab, and the inflammatory disease of the gastrointestinal tract is

Crohn’s disease, inflammatory bowel disease or ulcerative colitis.
46.  The use of the alpha-4 integrin inhibitor of claim 42, wherein the medicament

is formulated such that alpha-4 integrin receptors are saturated at level sufficient to suppress

pathological inflammation when the medicament is administered to the patient.
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when adm nistered to a patient provides al pha-4 integrin receptor
saturation of about at |east 65%to about 100% 48. The use of the al pha-4
i ntegrin wohlikrzer of claim47, wherein the saturation isPpPcatushgesbl 75%

49. The use of the alpha-4 integrin inhibitor of claim47, wherein the
saturation is at least 80% 50. The use of the alpha-4 integrin inhibitor
of any of clains 42-47, wherein the inhibitor binds to alpha-4 integrin

di mers. 51. Thg, us t [ L. 1kl bi : g{%i%- |.ai s

42- 47, wher ei n&f heerh?&?ﬁ%e?rlﬁ??%te nglg[bk)tﬁra ﬁ?ﬁ‘?i‘%’g‘g};ﬁ&g . fécaglggtl of the
al pha- 4 i whegadnninistatei i 4 patientfpreviddsmiphd-4 intbgimeesepton eatmehercdiohait at kadti body i s
nat al i zungg/?g an i Y nol ogically active fragnent thereof. 53. The use of

t he al pha-4"i n?eﬁ?l fnhibitor of claimb50, wherein the inhibitor binds to
al pha-4 beta-1. 54. The use of the alpha-4 integrin inhibitor of claim42,

wherein the aggnt i adm . ni stered in an.ano .sytficient to saturate one
or nore diner Fecept'8P¥ qrpﬁléer%ﬂx?f‘f‘ﬁﬁf"bi“ﬁlfbﬂtar ﬁEaHBILA o QI e SPUTAYRY fSon. 55,
The use o#tlkRe78b.pha-4 integrin inhibitor of claim44, wherein the

medi canment further conprises a conpound which aneliorates an inflamuatory
di sease of the gastrointestinal tract. 56. The use of the the al pha-4
integrin inhi g or Tok ud Fitke Bfha-ARERH Mhiber ofCRA AU Whdréin Sreaaiun@isals cyl at e,
a glucocorticoid, a thioguanine derivative, nethotrexate, a 67 WO

03/ 072040”#%9?7%9%3/ 05421 cycl osporine, a nonoclonal antibody that binds
TNF, an antibiotic, an analgesic, an antidiarrheal, or an anticholinergic.
57. The use of an alpha-4 integrin inhibitor of any of clains 42-56,

wherein the i¥hi bithepsy of thealphiardinteann whibitpsoffagy af ¢laims 42141, whergrdhent of

about 1 nphiRoPRhdbiphs 3G KHersD/ kg patient for intravenous infusion
to the patient 1n need thereof every 4 weeks for at |least 6 nonths. 58.

The use of an alpha-4 integrin inhibitor of claim57, wherein the inhibitor

imim Lgr mé'Bat edsf or 1Bt EAHRROMShal AhHRLL BinfoRof S8nPBE LG 4507, RherkifBR 12

inhibitor is a monoclonal antibody.

52.  The use of the alpha-4 integrin inhibitor of claim 51, wherein the monoclonal

antibody is natalizumab or an immunologically active fragment thereof.

53.  The use of the alpha-4 integrin inhibitor of claim 50, wherein the inhibitor
binds to alpha-4 beta-1.

54.  The use of the alpha-4 integrin inhibitor of claim 42, wherein the agent is
administered in an amount sufficient to saturate one or more dimer receptors thereby

inhibiting pathological inflammation.

55.  The use of the alpha-4 integrin inhibitor of claim 44, wherein the medicament
further comprises a compound which ameliorates an inflammatory disease of the

gastrointestinal tract.

56.  The use of the the alpha-4 integrin inhibitor of claim 55, wherein the

compound is S-aminosalicylate, a glucocorticoid, a thioguanine derivative, methotrexate, a
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cyclosporine, a monoclonal antibody that binds TNF, an antibiotic, an analgesic, an

antidiarrheal, or an anticholinergic.

57.  The use of an alpha-4 integrin inhibitor of any of claims 42-56, wherein the
inhibitor is natalizumab and is formulated in an amount of about 1 mg/kg patient to about 20
mg/kg patient for intravenous infusion to the patient in need thereof every 4 weeks for at least

6 months.

58. The use of an alpha-4 integrin inhibitor of claim 57, wherein the inhibitor is

formulated for intravenous infusion to the patient for at least 12 months.
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