| AGENT FOR TREATI NG DI SEASE The present invention is concerned with
treatnent of autoi mtne diseases. The invention involves an agent such as a
humani sed nonocl onal antibody with a long-termeffect that nay be

adm ni stered to patients in therapy |legss frequently than previously
described. It is particularly beneficial for patients having di seases or
characteristics that cannot be renoved in the short term or require
indefinite treatnent for effective relief froms tonms. The invention
envi sages uses and net hodsAQENErFéHiWBﬁAHWBWE%S he conpositi ow4 and
medi caments conprising the agent. Autaimunity is the failure of an
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' aut or enalicaneentd cmqiﬁsmgo&iepgment ation of autoantigens processed by antigen
presenting cells (APC) leads to their clonal expansion and mgration to the
specific tissues, where they induce inflammtion and tissue destruction.

Nor mal | AryodmifihitySisAhe félﬁir@ bRah o‘PgaInlihrﬁ FIRBghiSe Pc!;”o%o&)%'t%u&ﬁtsp%% (@5%n el Y
react on presentati on of heterologous structures. Central tol erance and
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cells (Trc formerly o) deS| gnated "suppressor cells") as pante

suppr ed¥mp H‘fﬁhfﬁ%ﬁvﬁsk}@irpﬁlﬁéf\éﬁ tol erance and regul ate autoi munity
(Suri-Paver et al., J Inununol, 157: 1799-1805 (1996); Asano et al., J Exp.
Med. 184:387-396 (1996); Bonom) et [trum not. 154: 6602-6611 (1995);
Vat er f ilogiimare distaseustcting Wherb I1edB0re¢d@iz) andT adaath &5 Belfetokikcules,| that is,
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Revi ewd212 203- 216 (2006) Shevitch, /Virtu. Rev. imunol. 18: 423- 449
(2000) ;%€ EBn et al . I munity 12: 431 440 (2000); Sakaguchi et al.,

| munol . Rev 182: 18- 32 (2001)). Several subsets of regulatory T cells
have been characterized. The fam |y of Tregs consists of two key subsets:
nat ur alNgmatly sT wgllearg tolepaChtbiregare ¢ auinlhgpes ilqﬁnenad byl.w rn@mj @ewresvnﬂatlexnd Th3
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regul atory cell s invol ved re(gul ating autoi nmunity or pathogenic. inmmune
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| ow rmldecabpmemsﬁlﬂwmﬁ;sthe CD45 mol ecul e, CD 152 (CTLA-4), and the
transcription factor FoxP3. The role of Tregs is exenplified best by
experinments involving reconstitution of nm unodeficient nude mce wth C04'
cells that were depleted of CD25t cells. CD41CD25" reconstituted nude mce
devel op various organ-specific autoi nmune di seases, such as gastritis,
oophoritis, orehitis, and thyreaiditis (Suri-Payeret al.; J. Imnunol. 160:
1212-1218 (1998)).




11 of the CD4t CO25t subset into reconstitution experinents with nude m ce
prevents onset of these diseases (Sakaguchi et al., J Imunol. 155:
1151-1164 (1995)). The protective val ue of CD4ECD25t cells agai nst
organ-specific autoi munity has al so peen shown in several other nodels of
autoi mmunity (e.g. autoi mmunc gastritis, prostatitis, oophoritis,

gl onerul onephritis, epidinytis and thyreoiditis) caused by neonat al
thymectony perfornmed 3 days after birth (d3TX? or inflammatory bowel

di seasBergdgtédolpganee sothsthackun aynilebleSCrentrdl delevance faiB4sRBhiterhactiop4reldors T
cells. Admnistration of ant.i-0 antibody in.vivo in mce al.so induces
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fimetio:n and the previous observations that patients with 1PEX syndrone

(i MUYy SPRIIEASEN on, pol yendocri nopat hy, enteropathy, and X-1inked

i nheritance), a severe atory disease simlar to that seen in mce
deficient in CD4+CD25E regulatory cells (scurfy syndrone), have mutations

i n FaxTRsgulptooy icdikd (Tregs,r feineddpralsel désigntddetsuppresdn @U'Y)i axmpare odnictine
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and antigen-specific cell activation. The suppression Is nediated by a cell
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suppress in art anti 1g_'.l;ellg-.i nde_Eendent manner the response of° CD4+ T cells and
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TGF- 13A(li egg], yim@holaRevied 110203016 986); BB8Cach2A02). RMNakamuhdl. €8: 4203, J
Exp. Med. 194: 629-644 %2001)), The functional significance of TG--13

secr et #h(3080% Satomeamelrad . dupvsry dd: A31-tHe GU0RY; Sbacudhnet atcromumel-iRevent
mce d lep [ ne di sease and that adm ni stration of neutrali zing

ant i boida%%slgt%?%?hiﬁg abrogates in vivo the prevention of atitoitnniunity
or tolerance-inducing activity of CD4+ T cells in sone nodels. Wthin the
CDer 1 _cell subset. at .| ea re different. t s of cells with .
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cells); Type |I T regulatory (In) cells and 3 cells. THese cell types
appear Th Tisegsd iFuttherpsire RS T gt ranch ODA1 GB25' haveebrenbdesedbashint heinenewndki ne

producti.o f.iles er. the relatj i n these different
types 1 eﬂﬂgﬁg%‘swagﬁaam%ﬁBdfé‘ém%‘ﬁa{é%‘l f]%qz&%l?ﬁ)%pl ng. Trl cells were

i nduced by repetitive stinulation of TCR in the presence of IL-10 and were
shown to mainly down-regul ate i nmune responses via the production of high

| evel sTimmys-deriyed olyeg ivels (Raturaliy @epuarivg D25 regoarel the maneisgelatony . | J.
Lmuno ; - : | I {1 i.n a nodel of EAE after
or al d‘%’a‘?ﬁs\]}g‘a‘”&ve@ §%.ﬁ€t1§1§éa%?&§%%u l}}g g)r ﬁ%hg?%%%a{slﬁ%#gﬁai% and vari abl e
anounts of 1L-4 and 1L-10. I1L-4, itself, was shown to be a key factor for

t he di] ferentiati(ﬁﬁ4pf Th3 cells, in contrast to_ 'al .cells that are

di f f eri8nt i aEY G | T calts queironstitpter10% of perphera) 6304 J3gels240 (1994)).

Suppr egsi onhef nank€hd thWFhhoN by using immunosuppressive drugs is a
princi pal therapeutic strategy that has been used successfully to treat
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i nmuno ession due to thepr popr, selectivit r ti Ln.inhibition of
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As a ceaseapeclctosBYErRl risks like infection, cancer and drug toxicity
may occur. The approach of using agents aimng at the activation of
regulatory T cells for the therapy of une di seases have been up to
now proven to he extrenely difficult. Activation of Tregs via the TCR using
the agonistic anti-CD3 anti body OKT-3 (Abranowicz eta!, N Engl. .1 '"Vied.
1992 Sep 3;327(10):736) or via the co-stitnulatory nol ecul e CD28 using the
super agoni stic anti-CD28 antibody TON 1412 | eads to conpl ete depletion of
the regulatory T cell population as well as other conventional T cells and
the system c induction and rel ease of excessive amounts of pro-inflamrmatory
cytokines including IFNy, IL-1 and IL-2,resulting in a clinically apparent
cyt oki ne rel ease syndrome (CRS) in humans (Suntharalingameta], N Engl. J
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receptor nodul ation as determ ned by a decrease in cell surface expression
of C4, (3) 6 partial siialing through the CD4 receptor in the absence of
T cell receptor cross-1linking which can suppress subsequent T cel
activation and wiper CD4 T cell apoptogie death, (4) Fe-nedi ated

conpl enent - dependent cytotoxicity ( or anti body-dependent cell ul ar
cytotoxicity (ADCC) leading to CD4 T cell depletion; and (5) stinulation of
regulatory T cells. Fe-nedi ated conpl enent - dependent cytotoxicity (CDC) or
ant i bodkhedeplendénTregel isuleaemplifiedtlmsi diyt yexpaDE)ts | Bavdlvimg trec@Bdtutionebf

depl eti.on is . the i n ohser hani and ,i s e W1 e ed for
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with only TRX-1 being an 1gGL (Sehul ze-Koops et al., J Rheunatol. 25(11):

2065- 7@agttisisa)ophhtitirorehitiniand thymbiditisSuoPayest 2).; I poneol 202)1 21 2H18 et

al ., qugggftology 39(10): 1139-46 (2000); Illerzyk et al., Infect immun.
69(2): ~43 (2001); Kon et al., hut Respir J. 18(1): 45-52 (2001); Mound
et al., 'transplantation 65(5): 632-41 (1998); Skov et al., Arch Dernatol.

139(11): 1433-9 (2003), Jabado et al.. J bnmunol. 158(1): 94-103 (1997)).
Dose- ddpargien el thegtlad i Dfsubsst inty recanpatution expaghncnifioWss node MsHPEvefe| es
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Kon et al., Bur. Respir J. 18(0;45-52 (2001)) and fitirvdax-CD4 (Sko-v et
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cliseases er of "patients with severe psoriasis have been
treated with the nurine B-F5 anti body and sonme positive effects were

descri bed (Robi net. et. al .  Fur rmat ol 1996: 6:_.141-.6, and bj +et
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dose of B-F5 did not indicate a significant inprovement (Wendling et al.
Rheunat(ingmune dysggeglatipnspolpandogaggiathy, antetapeihyl andsXHinked inherifgye)paseert s,
sonme positive eff.ects were ob ved .after 1 a ¥ t hents
wth FontsiRieRy e SR, R DA KGHR G Bol R Bk COLT Rl Rr I TS e
6t h norsdurRosindifiae@mave Ragadens & FRkP3, grodidedi amdifect @0Hlaildl -HBbveeh983) .
Simlar effects were observed by Runbach et al. (Mitt Scieril (4):207-12,
1996) . apipimEpag angpyhrodely nise degHMOE dnrelise A€ 3 hpmay aimnips §sress ved

in pati Lvi - f:Ql c fHwe days or (Canva-Del canbre et

al ., N(lggn%%#}ﬁ%g!rﬂﬁgwgrls%o%gl: %b??@,yé?é%) . In prevention of allograft
rejection, it was reported that B-F5 bioavailability was not sufficient to
allowits yse fin prophylaxis of allograft rejectjon (Dantal, I

Tr ansp!qlé‘r"?tlglaf‘ﬁ?‘ﬁeuﬁ%l @%%ylf@o%f? @,guifm)f Sfis Sy ek DveTens a

first 'iﬁlﬁyﬁ_ﬁoiﬁycnﬁjaﬁ GhdY Ghti beh-dpaEi REP defl AtiHRIoRI ThO RESTredsinMsdRS R ate@ by t O

obtain a clini"cal 1 nprovehent. In general, the Iong+tern1use of diséase
nmodi f yicalj cottectajspandens meekarligns that réquines agbdtionnb €D GD2adVeegs eiacthe TICR or

i nt aPH G0 a5 P rBRREREY Rispdiite bdr EGR SHERTH be SORRFES hal on°
(2007) JmigdpRnicO ahtiBHANQ0@REMRIL)Y (ShEREH, esstfe Rlel dIRminbBE 2 es3Bof (BOgENOned sease

modi fyi ng therapeutics have to be adm nistered the | ower those adverse
event s stiinulat¢sk theyl are cempetent to sappresfmpdinzané gerensleperidgnt marnes thef igpanse of
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ant i bodkpsnsiine generally obtained from nouse cells, and provoke anti-nouse
responses in the human recipients. This not only results in a | ower
efficiency of the treatnent and even nore of any future treatnment with
nouse nonocl onal anti bodies, but also in an increased risk of anaphyl axis.
This drawback can, in principle, be avoided by the use of hunanized

anti bodi es, obtained by gaffing the conplenentarity-determ ning regions
(CDRs) of a nouse nonocl onal antibody, Which determ ne the antigen-binding
specificity, onto the franework regions (las) of a human inmunogl obulin
nol ecul e. The aim of humani zation is to obtain a reconbi nant anti body




Previously the humani zati on of nobuse B-F5 has been attenpted, and success
has been achi eved i n produci ng humani zed B-F5 (hereinafter referred to as
103-F5) having simlar CD4 binding properties to the parent nouse B-F5.
Thus, in WD 2004/083247, the humani sed antibody BTO61 (humani sed B-F5, or
simply hB-F5) has been found to be useful in treating autoi mune di seases,
such as psoriasis and rheumatoid arthritis. This antibody is an anti body
that is capable of activating CD4+CD25+ regulatory T cells. The patent
appl i cBbéronrdpdditiondsawongissting that simpresper ativey aif GIMHGIZY rEegopartially

i buirulated to allow the adninistrati .d f f 0. 1-
or o or 451 (71 Snnt Sainp S MRt ads kel RutsBhS o ol o bl s 880 g
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patients over a period o days. The study was al so described by Wjdenes
et al . TGFrP spsredionty fathemnere seprasted prydbe findingathat ASFEYafriewmmiee davdopr June
2005, t | ' rosm rih b thritis was
ai sci oG R 5k B b RENHRESEM AL BRI T aPlallebph 5 1
BT061 divenlye pich@itioday avtdifintitg ofitdlanhcd-indating attivityt & ¢DI" Toeels ¢d eghenac.
The anti hody described in this study is not disclosed to be suitable for
use i "MRf'¢Per doses or longer termdoses, and it is still desirable to find
treatnments at longer tt,rmdoses so as to treat a greater nunber of
patients. CD4teD25 reqgulatory T cells are able to maintain peripheral

t ol er aWathimmice €| Btcell aubsit ranleast 2 tprd diffevertti tygest b cglisoviithesuppressivend

eyt oki pe production bath of. anti.gen specific CD4+ and CD8 T cells. Previous
o ual cBRPROTHTES HBORET e T SKoHE ersprebpps s anfEen TiaFbos

bot h pa@igtieratih@kisiBdediiNody PrUVSITAR P £d&Blat DScdiRd@etheicéiner by
pol y-cl or?al or Ag-- spe%l?f |1(;]:y sti rru?i .ﬁ%urt hgg‘goargy%&t)ﬁ)c% T cells inhibit

t he acThesarcelbiypes a@pset torkes@gingaishatly fionhChrt CRGS bbteks hase@ op theduestoline and
up-regul ati,on of ~11,-2Ra-chai n ression (Riecirillo et al.. .J.

Pt ¢ PareBhebrtd R Bselioi BERERIIAP SRaE bt B s ane
conventhie @idles &f &tlohSrexi@psingO25 only upon activation by an inmunogen
stinmulus. In humans, CD4' CD25t T cells preactivated by anti-CD3 or
anti-CD28 anti body affect CD81- T cells by leading to reduced proliferation
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mul ti pthewnetoshainiyl detwineregulatet imnei respoapatvea gretprgdurctiandf highdededs ofif-1@ 3

weeks. mara et al., Eur. J i ol . 33:3473 --- 3483 003 Di eckman
et al. t,ogégtﬁﬁw 8@9?@1"3{‘@9‘%‘%}‘5“1‘51:%%9} gt 5%&?1@%&53&%%%%&@%3% prior
art, it is an aimof the present invention to treat patient, having
aut oi mune di seases with | esser and/or |ower doses. In particular, it is an
ai m of Thheells(@leptifekint a modelnifi EAE atierf gmdddlivent ofeamtigen)aodursyhi gleampmwits ed t o

pati ent ow freguenc uring, a ng.term. ra in order. to.mnimze
Phe. nutpEe ot oo e nBetiah™ Brd B o Tallerfy BB ngafRuBitd ¥y rllon

Ast oni fhitgiifferdnfigtioMyLThY tslls) 8V CorthseioVEd dellathaBaROdiffeRAtAikH GatH M.-10
stinul at es CD4+CD25+ Tregs whi ch sugpress the proliferation of CDS+ T cells

by i nhi®ienichy..tS¢tenge 3eRitE3 o4 (1994)2 and I F by al | oreactive CDS+ T cells,
Furt hernore BTO61 pre-activated CD4t CD25t Tregs render suppressed CD8t T
cells unable to express CD25 upon re-stimulation for up to 10 days enabling
f or t hguppréssiontdfriecell fargoh &y msingdmaniobippreébive alrugsnis tar gradcipad thpddpeatics Wi t h
this anti body, as CD25 expressjon is one of the hall marks of activation of
such d%ﬁtesyaéﬁq has begp upeq ugresstdly de preaauteimpmune,diseasess dloveventhgss dgige t i on
of unvaghed, %Eﬁérmmrﬂam@ppﬁr&%idnm %P BEY st &%mn%m HiBHER bon
provi des a pharnmaceuti cal ‘conposition tor treating an autoi mune di sease
conpr i sotreglyathp hammiat Buntiicms dffhainvemcadystens bt dlsy usefid oaes. Agendonsapaite of
activatin =CD25+.requl atory . T cel.l.s, wherein the conposition is to be
adnini%?@%&ggéémﬁl?éﬁ?ﬁbgmﬁﬁrWﬂiﬁ“@gg?QE@mﬂ§9§3“Preferably, t he period

bet ween admi ni strations is at |east 4 weeks, at |east 12 weeks, at | east
twenty four weeks, at |east 6 calendar nonths or at |east a year. In one
embodi Asents inferferingawitbnt cplb rfiaetionsarg rtherpegqutic ragingays faeavarigngl apfegmmune
conpos'é&gqsis adm ni stered yearly over a period of 1, 2, 3,4 or 5 years.
In particular, the conposition is to be adm nistered nost every 6 days,
preferably at nost every 10 days, Typically the nmedi canent may be
adm ni stered to a subject every 3-31 days, nore preferably every 3-10 days,
or every 3-6 days, The long termnature of the therapy is not especially
linftted, provided that it is longer than the time required for

i mredi at e/ acute treatnent of the patient concerned. However, periods of at
| east 6-nonths, 1 year, 18 nonths, 2 years and 5 years are envi saged, as



It will be appreciated fromthe above regines that the inventors have found
that, surprisingly, the humani sed anti body 8T061 (humani sed B-F5, or sinply
11B- F5) does not substantially nodul ate nor induce rel ease of
pro-inflammtory cytokines, as conpared to other T cell interacting
antibodies (e.g. anti-CD3 antibodies),” but stinulates CD4+CD25+ Tregs which
directly inhibit CD8+ T cells plus also renders CDS+ T cells unable to
express CD25 upon re-stinulation. Based on the inventors' investigation,
dosagesThwegppbeach dffiusing tagétsl amiing at theractivdtimva] regidatdryf Dreelds foarthd thagey ofer i od
t han di sct.osed previously in WO 2004/ 083247. The concentr.ation of .the_agent
i s not BYYEERUE Jisqases havg besh 3w @ePW mEVentojbe W@e;f@fpf Ryt cosibvatieon &t on
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from 19 tMedl0OD92yRap ,3;327(h0)IB6) oor gatter costmuladryt mokSulegClI28 vsing rtben 20

60 /m. Nb ] bly, i f . i
( opor o RERERY - RIS SRy AITNI41] SR s apiols denErae of e ifeulager; Tg/ i
60 g/ ndeyy po uliBbihs weld A8 B cond@niiBHalt @i1s AP HmidInd@hdBhRAY k¥l €ase of

preferred enbodi nents for | ower doses, the concentration of the age 0.1
pg/ Ml texc@Bivienmhodntoof po-inflammA6G cgokihes ancthding &Ny ToIFady | 1-  Adnlll-2500

jiWnl and.2-750. Most, preferably, the concentratiqn of e.agent is
(appr pﬁﬂa%g yI ahy it &@a{@¥ug»ﬁ9§§nelzsleﬁieg/w fO,mezséfﬂﬁ)gﬂm Jugtang oo
P 9IM , (Slnilfalhgant 4t 2 Mr?r.hfe{?[e_ .520(59/8@?-7;3-@3?10)@(’)‘?9128?” al so provides the

use of an agent-as define eln for the manufacture of a nedi canent for
treati ng autoi mune di sease wherein the agent is to be admnistered to a

o ovi acaMERa§ER AR s ierliBcp 1 aneon tiepoinslo mhety PREER ents
aut ol nafEyBRpUA I§RIEnMAERL rhyhhﬁm@@%%eh%gt RvEB SXURinidEt Riceshid GacborsdiphiagCt i n

a dosage regi nen described herein. The sage volune applied to a subject
usi ng tiherlevkipdsiand gamma-figerferopeappeadring within éhrep o thedeigeulation pf kidgey

del i d s . d i es. al Kk _ s .
her ot rmsSHT s, LERRBRIES t0d) ST LRI LD B s or

t her apyresilghinas narbett the@hpdutidi wigdow owhisk tiedies thiaassfubiebd oft tHio agtitudytiartiie of
t he di sease and insufficient response to current therapies. The

concenttregtmen odputofemypediseafet hi n t he dosage vol umes can be varied in order
to provide the required doses, which are described in this application. The
dosage volume will vary depending on the nethod of adm nistration.

Par ent erehtnagtivith sittorat deve of$- 10 eigerf MaN 1423016 arttf-CD8qret kilaédgram of body

adm nistration are intranuscular adm nistration,. i nt :fa\ﬁ\{enou _agrri ni stration
or subctieighiedend tgdnsysicars mitlagunatoydiceranse WabpBitiorgag falue vgthin %9 mHies t er ed
by intr ] j P A up to
500 i T EReas Rl RS R, NIRRT DTS Ui uitagrt e B, R PheliP ey 6

t he conyed.20068ep §;3156(169:18d8428).st er ed by subcut aneous or intranuscul ar

i njection, the dosage volunme may be between 0,1 to 3 m, preferably between
0.5 and 1.5 m, and typically about 1 nl. However, in sone enbodi nents the
conposii 'iQ%eﬁa'Xll?eagPéeQVﬂhgﬁ@Dﬁ_'IC_QélfsePfaSlaé echiéopirt iANHitdiihgta@d heintai@ng
stemtilt required for the individual s"concéerned. Preferably, in these

si t uat i amemninmityo Asoardingty it Basphbesni pdepbsed to ebamiAbs| agamsaCDAvh celifesirfare about

1, 2, 3 r 5 . In alternati e dipents, the composition rovi ded
2t the Pelfemrecet i abrii Rk AR dhburhiatSRYe s AhgBiS s or
adm ni stuiddrb@Ndliniddl sQiigesSIREhEC IRt Mitetebico PiRay zf%e@uhj fhal alon@aisdti ons
for subcutaneous adm nistration are provided in a ready for adm nistration
form \Weveral issees teobe pddrassed iiarderi tonmake eRECRhEAbsanOtsesutgblel for use in
adm ni st er.ed - i cal personnel. As has been nentioned previously, it
was nof%§ﬁ§%%9¥ﬁggﬂFﬂ§gagents capabl e of treating autoi nmune di seases could
be adm nistered in the long termtherapies at | ow frequencies that are

envi sa%ed by the present invention. Wilst known ckoﬁges of the Qi‘gffnt's
capabl eSeyeral dgererigmaehagismeuneactiondys £Dd aifsThave; Resn inrorsR hdting ddal s or
di seas e aali-sat:] : L4 : i

peri odgdn(})%/gg'?lgrr?égggaﬁ\gﬁggtle%%%p@ %‘%%‘P%%%ggﬁgg ﬁ‘gép‘?gna\g V%tgﬁlfkm rt\i\”/g?/ for
nmor e efreegptorvmotinieidmantdeafmidebyai devréast iiorell diusfaes espressiore b2 B

pati ents.




The invention will be illustrated by way of exanple only, with reference to

the following Figures, in which: Figure 1 shows the effect of BT0O61 on the

cyt oki ne synt hesis of whol e-blood cultures from 3 healthy donors. The
cultures were stinulated in separate bexperlrrents with 4 different types of

activators: CD3-arili-CD3 antibodies;” LPS |Iipopol ysacchari de;

PHA- phyt ohaemaggl uti ni ni anti - CD28 anti bodi es; SEB-staphyl ococcal

entcrotoxin B anti-CD28 antibodies. Different eytokines were determ ned to

nmeasur parahlf sagnaimgrthrxmghahs (R keeytoe is the gepudeadi Dnwll rEcqyorcabbsslifahs

| L- 10) noeyt est mac I.L-10, TNFrt 1 2

1L-4, WE"C@ Capy | SURPYFSS é C cplkpiivalipn and friggpy CD4 E&P]i a@O@ﬂB&éeﬁré“if fect

of BTOﬁé-mealdaémem\Mme%tJab&%erﬁukytufoﬁfcn@d@@gm W mlﬁmm@ameﬁt Aelilifak L1 S)

on eytokine synthesis triggered difrérent stinulant$ igure 3 shows the
nucl eotytdexwey U aieCrlvadidie ig Gre Tncnl]sée;ﬂbtﬁm ‘and I(S) ﬂgmdathISEdengaMuy T5.);

Fi gure 41 shows the nucl eoti de sequence encodi ng the nouse B-F5 Vk region
(SEQI ﬁo 6)1 Figure 5 shows the nucl eotide sequence (SEQ ID No: 3) of a
fragment of the plasm d encoding the V11 region of humani zed BF-5. The
sequence encoding the V region is underlined and the correspondin

pol ypcpeimnsdiateshy cempenientdepande®: cxiploxidityi (fPExt &d ab@bqﬁwdemndmw@gmaae

Fr agmecroskAHREE IO BSBET B8 i Ta BRaRis Shged Dpaliindnady
sequenespeeiaity demgnstiagd\for ﬂgib@dleh of th@dgGll Istﬂﬁiﬂas@.r(dnltyh&'eﬁr@]b$ apdbudiadthave
pol ypegtl detfi)epaence (SEQ | i s indicated bel ow the nucleotide

sequenpgn at dortke frth%wghapﬁgts lé‘fd@ix( lat X% TRA5)- lébt%%%rdAomly
Tregs supPrRRS s&hg@n {S‘cﬂﬁl%b XAp d RSy mﬁma{oﬁfsgs(m %???? caggéf),ce' | s.

Top: CD4-aetivate egs supp ess cyokine synthesi’s o ct1'vat ed
CD8+ TMzeon st alsdtnlmnmamm(a)crzzwt(aaonmﬁey & dg Risupptotsey 00M9: 1139-46

W7 cpr CORRE ik §aafregiimeing 2O Bicohl LR TR R e el Bt Bols EliBpe b

posi tiye508e2081); Mourh8SctB4}. amf&ngﬁaﬁtﬁﬁcﬂﬁ‘%(s\%_r'&zﬂho(mbbﬁ JikNa eand, 1Ak

rel ease observed in a clinical trial wth 061 (singl@ intravenous

i nf usi Barmagtols §BYUanédir8 (203 ckabady) etiah, hbamumgl. 148(LnPédP3 (19 7enpari son to
the levels reported with the anti-CD3 nonocl onal antibodi es. Dose |evels
and tinme to recovery are included in the figures. Results for TRX4

i ndi capese-dépehi@itidepletion 02)CD4 epaéiisedt "hiphKels@uUin@itisie o3tles wAO0&oshiesErcl . J.
I\/Ed T¥6) E}S@)D abetes patients. Results for Teplizunmab indicated in Figures

prd Hansientisegiegtraiongshort-liggbdepletmy it "lower"Moges (ryyeple arlsbet es
t F t b et
2y AL AT B (ol S0 o 0
repr es2nt(): 3226&2%” (3002/)(3 Koset alnj Bat em:spmtJl IISﬁQ% o@oeny)raid HoMeasCbéached.

Fi h d | EN; | a | d f
Si gl c(§hiFr S indtieh dpersuston SEbhel davasorCeRte Eirh ek dporeribbetls. LN
upper tl'Omltl%%g (Q@@Z}?l Dedpht®! 6T thél‘t“’%'éplleh&ﬂatl a@ﬁvﬂprrﬁm)s &I Btk t5HRYGIaa

ki netic of counts (cells per pllasma) 1 n volunteers treated
with acléien Iben¢ﬁttand\®nmstsmd¢fﬁeacryflnmiaﬁmmweahseams ueestgatad pat itentsitqgér dose

rou sh s .indic limt of and
Phe P oy tiAng P Mt REip v b7 3052 ' Ao h B mgimiink BpielBF CEGP L of
count Scdlzas kéncRly dohsiBérel h@Sd¥RArid, WHEH MEHE @fifse lals@ddre énifuhbsuPprekd1h.€

subcut aneous dose of BT061. Mean val ues of 3 patients per dose group are

shown. Dotted lines indicate the upper Iimt of nornmal (ULN) and the | ower
limt f5e] !“!,[\Ik S e Pgm’ dat a
from tﬁfele (Iﬁj Fni cgf) m}mgéq paéglr}ﬁ%ga}lscggﬁ S%Aps] %Et§¥ go%gf%@gslﬁ%ﬁ) as he
descri tieehsesn Exanple 8, in which patients are treated with a 0.5 ng

i ntravenous injection of BTO61 or a placebo. Parts Ato H of Figure 8
provi de graphs of the PAS scores of patients Ito 8 of dose group 1,
respechi éfﬁzilb’nurﬁb%iepa&f%nﬁ%ftﬁ' sévdr®, tbrpdrsnga% HREARRScd N fie % alifle PN t he
clinical trials with psoriasis pat ents of dose group I escribed in
Exanpl antody andisomh ppsitive effsctamere desatibeld (Raebine e ab, Byr 1 merraatehw% 6:

injection_of BT0O61 0 Iaceb Part 1 Figure 9 provide graphs
of thei%Aﬁe 3&@% g’én 6F{1}at1 g 90932)8@ érz é%)p 1, respectively. Figure
14 parts A and B provide photographs fromthe clinical trial with psoriasis
patients as described in Exanple 8. The photographs are of the same patient
who was a nenber of dose group Il. The photograph shown in part A was taken
prior to treatnent. The photograph shown in part B was taken 28 days after
treatment. Figure 15 provides results for the clinical trial with
rheumat0|d arthrltls patlents as descrlbed |n Exarrple 9. The figure shows a

. o p—



16 gl obal assessnent and physician's gl obal assessnent, respectively, The
term"PA of pain refers to the patient's assessnent of pain. Figure 18A and
18B provide further results fromthe clinical trial with rheumatoid
arthritis patients as described in Exa:iwpl e 9. The Figures show the nunber
of tender joints in patients fromthe 1,25 ng subcut aneous dose group
(Figure 18A) and fromthe 6.25 rug subcutaneous dose group (Figure 18B),
Figure 19A and 1913 provide further results fromthe clinical trial with

r heumat lai ilewaniitbid dritsitisglatients, tha gesdks cbsebed ina phcebpkcenttolledhaalRvighup dailg how
the nunber of tender joints in patients_fromthe 50 ng bcut aneous dose
group (®asgucé Boly 4 $9toﬁ11‘ilﬁ‘§66.325§1%ﬁ?aﬁ‘fr%@?&%e@oéyﬁ}dg{}% ek aur 1914

Fi gure j of the pol ypepti de sequences of nurine 13-F5
\ﬁg (SE%%WZ%()%?I%Z%?@?@EQ | D Nog: gl,o I[130, 11 aﬂd 12), L4L (SEQ I D No:
18), and L4AM (SEQ ID No: 2) in the design of the humani sed form of B-E5
i.e. BT061), Figure 2 hows the alignoent aof the po epti de sequences of
Emri ne B3mg lpfl?rﬁfggé@%@li)opa%nfs: W@G(I%Eé“ﬁe[ffﬁi%% N 54,30{_1%?"%5*@%3 ig) AYRR71
(SEQ | Brdlanerdy)in afignts whith! Midpsi@.-deRlitiae fdrhis, isBmehst Wit ware @il tdMpsbusreRnk sed

formof B-F5; The invention wlle deséribed in nore detail. The agents that
are suithabthemphth pesethierapy l{Bagadet etrel., I dvoitinoun, £(@: 17ho¥e 1993) chinzilas efagiabl e

of activati CDA+ 5+ r.equ r cell ent may be a pol ypepti de,
a prot eW?Fe8BgeJﬁe%l?Xc;|E§‘6‘g§‘?h %\ﬁtiyqtﬁ%é[%{gﬁﬁii% -{gﬁl 92&% body it may be a

nonocl onal anti body. Preferably the antibody is a nonoclonal anti-CD4

anti body. The anti body may al so preferably be an taGlL antibody and may be
an unnoliseverd Grgler's diseaseonly sighiicantpmerevanaat 3ep ebservid inHBticnts sepci\are Re
agent u ub nt [ ease i\h I 791
oo it S5 s B AR Dl BPERSE. whal P phtbo e 1057217

adm ni stgvah.i on as conpared to anti-CD3 antibodies. In particular, the
levels of IFN-7, TNF-a, 1L-6 and/or IL-2 after adm nistration of the agent
are not substantially raised conpared to plasna |evels neasured in healthy

subj ect Tabl Lficall i f t.oki ne
gi ven i?\l g’%& rétl O?smtog&agﬁpﬁg&{énf ﬁ{eﬁ’y a{;’/i %ﬁ{qfﬁ%éh%glgrg z???a?rgﬁgd frlnﬂy(r:]r@fyrlgifi on
of the sufecientad atlbe itsnse foi mophyiexie offajodraft krgsctioni(®antal 210alf Gtadsplardtatemse i n
X. Preferably there be less that a 10 fold increase in X. Mre

prefer a:ftﬁ?@z(tlﬁ)éwzr(é\}gsé-are during the period of 10 mnutes after the start
of admnistration to 96 hours after conpletion of admnistration. It is
possi bl e that in autoi nunune patients, cytokine levels prior to

admi ni sit apgdacnfrah thdabong dlmit adirst isdue é@tly sdliverhisithe heed foheseg lobgertoma doses

heal t hy subj ect ULN.given in Table Al) e g. due . to a i.fi ed act.i.vation
ot at us W RBUL LT et Qg ebeah 0 B et fmByLE;
heal t hyhsidBhRfch Sreshl} I ¢5@edsad GumbcRe o€ UUGBRE ' eh@Nod Wiss 2ofS @Gl efféeyd, oki ne
directly prior to admnistration of the agent is taken as X and within 96

hour s afecessitaiditg @i deseaincrsaseo("dobecregeNt toomairiiani lesramse dhtrande ek ahaNapEe | ess

than a 20.fold i ngrease in P, bly there V. e old

i ncrease 'Y B%ﬁéscwey gr Z\%SP%’ ‘?ﬁ@@‘a %goewnémgrrl%ggg%}t?'ﬁgﬁ% %gse%%?@%ﬁh%?esgo

m;c nU;[je_Sfr@quﬁtr disbﬁe&ié?(:ﬁf)l'(iﬁé tl@éfﬁ@dﬁti&? hatd e b'FaChzd&ﬁsttébEdSﬂﬁf To®fer 'ftllit;%ecmllvh Zﬁlset i on

Tl o VBB b T BRE RHAROHIAE bR GToch b T PaeIt AR MRS LN

(upper GAAd(rgrtle gfdogégrotfrﬁj?&le}a? &ﬁ:l cul ated based on nean val ues neasured in 39
Ua ¥ £

i ndi vi subj ect’s % Efandar d devi ati on.

Another drawback of therapy with monoclonal antibodies in humans is that these antibodies
are generally obtained from mouse cells, and provoke anti-mouse responses in the human
recipients. This not only results in a lower efficiency of the treatment and even more of any
future treatment with mouse monoclonal antibodies, but also in an increased risk of

anaphylaxis.



In a further preferred aspect of thention the agent does not cause a
substantial long- lasting decrease in the cell count of CD4+ |ynphocytes in
the subject's blood plasma. Specifically, within the period of 72 to 96
hours after adm nistration the cell cgount of CD4tlynphocytes in the

subj ect's bl ood plasma nmay be above 250 cells4i.1 (or at |east 250
cells/pp. 18 Preferably the cytokine and CD4-j |ynphocyte erescribed above
are seen in at |least 80% of patients treated. To prevent negative inpact on
t he inﬂhheﬁaﬂ&&km&nén@ﬁnmpﬁebeaaﬁdaihyﬂhambpﬁbhmﬁmzaimﬂﬂbd&suﬁﬂmnaiby

i nductio C tok ne rel egs It is kno nthe art to utlllse i bodi es
oepoc RN e amplame bk E Ar Emiaing BePoto DBD & moutemogeonal gabesy: | gcs
becaus ghat éléi&?dlﬁé td aﬁﬁgenltgﬁlﬁgl %L@}ﬁ&t}dloﬁ@& We MRS SediSELBIRY) of a

i nteractions. is also known Tn the art to nodify antibodi es (éspecially
T cell humalenmctunnglomﬂm bodéwsy The Fen mﬁtlanmamzatldegb yto oshydintd céaombinant

glyconn lfl ti.on or to reduce rec i,.nt.eracti ons.
9o o Bliens B8R 15 e RE R L bR P pr O A ROl Byttug B | po

| gGL swhihabe CBRGseqslicks watel RASedad m&ﬂedﬁ%ﬁﬁﬁagéfué Rrhiniysagent of the
present invention. In particular, the agent of the present invention does

not display substantial |ong-lasting CD4+ cell depletion or induce

subst aﬂf é(ﬁ'he @Q’s%é) l%hﬁsqltff’lt%rg? %ﬁs% i PG r an(?lb%[i% Iforcﬁ?,é3 th% ah E i human

Accor di aspect o e I'nvention is an

unnodi framdwbﬂ:@ id safﬁdldmdy transfér tMmfgbnlbﬁdyng/\:bt@brtté@Qﬁlchmﬁng nel oile the Fe
mut ati on, . and has no n subj ect to degl ycosyl ati on, chonDdlflcatlon or
gl yeoePBeeHicHy; by alsg t "e y|f%r FgigeD premre%na@mbﬁglboelwsﬂwmer%ﬁ@ UCHr a

deri vapjeug Bﬁﬁ{tetglf antlééﬁ &%hgqghﬁﬁe%&é}regﬂ? | gﬂ%& the 'ahfi‘?é EinfRL affSfody? t he

present |nvent|on are hunmani anti - Ies, ragnents 0

der i vatitiges complesobr, baeshisehhey mfluapaihe cofforcdtionatfi G@Rmﬂrﬁﬂﬁ fheir agigemt ory T
cells anmpl of antlbodles which are capable of capable of activating
CD4+CDBE "%éﬁﬁﬁ “T cells are discussed in Becker et al., (European

Jour nal of Innunology (2007), Vol. 37: pages 1217-1223). Generally, the
anti body used in the invention further conprises a human constant region
(Fe). Thus inowstenes it égplemnesgssanble @éﬁ@u&e@emqgerddtmmrkam@wﬁsfrm om any

cl ass @f byl i-ns,, | C|Ud| | gA.and ny
CLaryple WETESRLAI) K® e Rl ek BMaided PR rittyck SBiRA eI omBRT o8N, .
sel ect aﬂ)sﬁniwalg’eﬁélﬁéstrﬁlﬁﬁt be @gBn s a@f)osMEle inforfér th ipeeilear aﬂtﬂﬂouse re&ctibAg, the esent
i nvention al so includes_any fragnent of the_ antibody nﬁr|5|n the V

g

r egi on¥s¥sg fedetermppge Whéihrﬁﬁm% agidirepigyiers) japq griical-op retmaw q Fptigen-bpndipzg and
SCEv f{n%g&?'a; SVario'ﬂ TdRlds gb'é ﬁ'één%é E&%&gﬂ dﬁ&&g‘g% e Hork prrgéﬁa}@@ﬁeg @i/e““ on

the an yis a Rumani zed a. nt ant ragmen erivative
t her eofubdgtutivedAn@ghtthey powiie genaat bmmble&rﬂtat @y snof inmieythp i Bhe Arst

| f ch tib t he .BT061 t . BT ti.bod
¥ aghente ahHiATaR: DB dbh WV orife il i Ba Lin RIGH: BRos PIaeRs) | s
der i veghtftoanifRUsy @ff'lzéﬂtg%tfore%'ﬂ%ﬁl% sﬁésﬁﬁiﬁahi‘@llg&fo'vf&(ih@a'esirg@résﬁit| ow ng

pol ypepti de” sequerices: - chai n domali n:
EEQ_VESOGGLVKPGGSLRLSCAASG:SFSDCRNW\ERQA P LE W V1ISVKSEN Y GANY. AES

1) PRI SRRSO RS SRk SRS peen

achleved in producing humanized B-F5 (hereinafter referred to as hB-F5) having similar CD4

binding properties to the parent mouse B-F5.

Thus, in WO 2004/083247, the humanised antibody BT061 (humanised B-F5, or simply
hB-F5) has been found to be useful in treating autoimmune diseases, such as psoriasis and
rheumatoid arthritis. This antibody is an antibody that is capable of activating CD4+CD25+
regulatory T cells. The patent application discloses compositions for parenteral

administration, formulated to allow the administration of a dose of from 0.1-10 mg,



KPC/ QPPKI LDI A SI LESGVPDRFSGSGSG T DFTLT1S S LQAEDVAVYYCQHSRELPW T PG
QGTKVEI K (SEQ ID NO 2). Derivatives of this antibody are also suitable for
uset he present invention. Derivati ves i ncl ude those with V domai ns defined
by pol ypepti de sequences havi ng at agt 80% preferably at |east 90 %
nost preferably at | east 95% sequence i dentity with SEQID NO 1 or SEQ ID
No: 2. Particularly preferred antibodies are those which conprise the

conpl enentarity-determning regions (CDRs) of the mouse B-175 mAb, and
retain gréferadbi frorhyl - Dfng4 Bobigetrogiats icnvicadd GER antintragetoat drmyg ferakalyldese dite

| ocation of the CDRs within the VH and VK domains is shown (g)é( gures 20
and 21.2 Snerventseei 4y dosn s sheusmmeidprihalie patisnfsavien a geriod ?1%11& §uence of
the CDRs that do not substantially affect the specificity and/or affinity
of binding. CGenerally,the hB-F5 anti body used in the invention further
conpri Sk sudyuwas alsonisscaivied bygWajderdse .al. Am amdbstratieshdapastee, presiehtsdcaoniset ant
regi on _can he s<i-1l ect ed am)ng constant domains froma }( cl a E’F .

| miunodi R sealereRisr degOdgNFIq denimegbor | Ig Apatisat HitleradiFam, HPUBEie, 20
i ncl Ud'agﬂnhggas dlsef5éed. W%a@é}ﬁls ng@%ea%d%ﬂB%Mﬂﬁsa}ﬂﬁlsfoﬁgbpﬁﬁlﬂﬁ%l

sel ect anong constant domal ns of in particular . The "present

i nvent ieveryaitlar daywlﬂdwacmyaﬁtnmgmm“mﬁl 180B1g Dﬁ‘ﬁlophmacbody corrprl sing the V
regions thereof. This conprises in particular Fab, Fab', F(ab)i, Fv and
seFy fragments. A pol ynuel eoti de encoding the V domain of the H chain or of
the L crd Mtlod d8sPBed ﬁmﬂlmmy X85t BRcloY&P@ B sultable B6H 148 YE hpdkd desodi Ng
for the constant region of human H or L chain, for the purpose of

expr esdomgsr tdml dnanglaed et IHSTalh desirableap finddteetmenssiati lngenit fgm/\sggses 3P adgeate
coding a S|t lf gﬁ >, gllowl ng the secretion of the protein can al so be
added. aﬁ‘éa T p%\fél makes use of expression cassettes wherein a

pol y-nucl eoti de as descri bed above is linked to appropriate control
sequences allowing the regul ation of its transcr@%ﬁl on and transl ation in a

chosen YRS | regulatpry oF ovebls narkit abje cteoPidRpPerEhAE! dolsemph A eEIE or an
o’ ot A mARRRS by hihind ROk SRS EERTR A ﬁé%‘g‘%ﬁﬁ. bt Far

r econbigtandNPD &M cgfnet i ¢ engi neeri ng. Thetl on al so makes use of a host

cell, transformed by a poly-nucl eotide of the invention. Useful host-cells
vvithi n the framework of the present invention can be prokaryotic or

enkary q{ri:\ﬁo&se ls{lﬁles’gﬁlo P‘ﬂceS ldbﬁ%ﬁé &HKRI YRAbtife @A TDINCT WAL IBPiesd 'Botlpy way

of exanple ['ant yeasts such as Saccharornyces, cells of
i nsect sprdlfehtxan and oFdPphipraduction $poﬁbﬂf dr ecllsamduceneiticr dol paydocdl arsAgolLa,

' & ho PHRIBREWBHL Bythorhe ¢ DAL Rels BT 16 TN AE S Spg PR

standang heHHMAYEH Q-2 RbACHLA ankl @- wlauxﬁ%ﬁt%ﬁ&ﬁé@)zsp@kp@m used

in the i'nvention can be obtained by culturing a host cell containing an
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In humans, CD4'CD25" T cells preactivated by anti-CD3 or anti-CD28 antibody affect CD8"
T cells by leading to reduced proliferation in response to polyclonal and allogeneic
stimulation and reduced production of IFN-y. Suppressed CD8+ T cells keep their anergic
phenotype despite multiple re-stimulations with their cognate antigen and IL-2 for up to 3
weeks. (Camara et al.,, Eur. J. Immunol. 33:3473 — 3483 (2003), Dieckman et al.,
Immunology.115(3):305-14 (2005)).

Having regard to the above prior art, it is an aim of the present invention to treat patients

having autoimmune diseases with lesser and/or lower doses. In particular, it is an aim of the



DNA sequences encodi ng nouse B-F5 VH and VK regions are respectively shown
in Figure 3 and Figure 4 and under sequence identifiers SEQ ID NO5 and SEQ
I D NO 6. The hunman VE and VK on which the nouse CDRs are grafted were

sel ected by searchi ng databases for man VE nost |ike the original nouse
B-F5 VH and VK. 'vfli region of a humdn anti body (M6; Accession Nunber
A36006) had the highest honology with B-F5 \'T regi on of another human

anti body (FK-001; NAKATANL et at, Biotechnology, 7 (1989), 805-810)) had

t he hi gleatt ilentbogyfind trbatiehts tHammayyheepptiéd Mpatiehits at lovgfrb@ienee duttifes i n
that the 4th residue S Lencine or Methionine were constructed arid

desi gn4ngdemy thorapyn i &rﬁm torgnimizsdae grmben ofnieconsipedest (Reeitain Rethmial t hat
the 37{k,e no acid residue was Leucine or Valine, were constructed and
designated as H37L and H37V. The alignnment of the pol ypeptide sequences of
B- F5, FK4001, 1,4L, and TAMis shown in Figure 20. The alignnment of the

pol ypept j de, sequences of B-PS, M6, 113 nd 1-137V i s sho i, Fi_gure
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224(1992), 487) are boxed. By conbining these VE and VK, 4 versions of V

r egi onsnd\BNey bk sllgrrediveE PP E seliso Aumthermena BT A@ldp1B-detvabd CRUHEBYbiehitegst eps
for prodyction of h{jﬁgmi_[ze%IfB-F were t he as those di.sclos US Patent
5, 886, 155 WPPHiNEnt PEd TRERIP0maBIE; O PXPross (e SpUhTosHHRHAE f5run Hel¥ chain
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(TAKAHASHI et al." Celt 29 (198 671-679)) and the L chain (VK humani zed

r egi onaitibody, asCPheexnoessioans oncefi the halimaks 0Dactivatbrapfauch COfEreledhe- - F5
were cg

. d |y, Ln these plasmids. the expression of humani zed
s | Sy UEREOSTEB DB B b RBMPIGT O R nf oBIRER L e RomthRa *°

| gM Flkys@id.. Figure 5 and 6 respectively show the fragnents of the
pl asm ds encoding the VIl and VK regions of humani zed BF-5. The sequences
encoding the V region are underlined and the corresponding 72 polypeptide
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sel ected by MASA _ usj an anti-human 1 gG (y chain), antibody and._ an
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of hungyy & cBatHKg?st'év?éﬂy"SB&ainy.n of CD4 binding activity Cul ture supernatants

of transfectomas produci ngfour versions of hB-F5 were collected, and
concentrated. The different anti bodies were purified fromculture
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2ssess Lt iray HePerioDh iR RO (B ReANIRknar By TroaRLoof: 165
conpet ivdnye o vabbks! Beichsti 618aIBhdR for@RS bY iat 1QSt 29BN IA dnpeniticadhéd BE

bi otinylated inB45 to soluble CD4 coated on microtiter plates. Incubation,
time i geamgpiupsiolds gepTdhan eneyenr ghd theeommsitimels radmaniptgeedhyeady myer a
activi i [ i.nding activity of B-175 was taken as 100% are
shown f’%rﬁj?ia Iléagj’t;‘g?sros(.é able A Fromthe results shown in Table A it
appears that the 37th residue of Leucine, is critical to maintain CD4

bi ndi ng\ activity of hB-F5 because %g_e, CD4 binding activity is several-fold
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structural dif etween 37Leu 7Va Vis not c

denonsmoat pefcmablyroVary 3t ldr daysdeleiveny,3-6 Heyssuperiority of H37L to fl137V in
Cl)4 finding activity was unexpected. 23 H37111.24L and H37L/1|4M wer e
chosen for evaluation. Investigation of the in vitro biological activities

of humgné F@@ tBmiAature of the therapy is not especially limited, provided that it is longer than
the time required for immediate/acute treatment of the patient concerned. However, periods
of at least 6-months, 1 year, 18 months, 2 years and 5 years are envisaged, as well as

indefinite periods (e.g. the lifetime of the patient, or until the patient is cured, or displays no

symptoms).



The in vitro biological activities of nouse B-F5 and humani zed B- F5s
(H3711L4M tat] 1 and 113711L4L 1gG 1) were eval uated. Humani zed B- F5s of
lg& type (H3711L4M I g& and 1437111,41 , 1g, &) were also tested. The in
vitro biological activities of ml3-F5,and the four types of hBF5s were

eval uat ed usi ng peripheral bl ood nononuclear cells (PBMCs) from healthy
donors. PBMCs were activated by ConA (2.5 pg/m, 3 days) or PPD (10 pg/m,
4 days) in the presence of murine or hB-175s, and were nonitored for their
prol i f eWati wreatirgs paieatsswhly aﬁl-dgbinya:apdblne)ﬂ acUmtpxgr@DﬂbGDZSJr regulatmd' hRelss
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ef f ect | QR#YCIDASH Airegs wibich miok loinkyi dmt)ctltvhahlbrtEQ@Sﬁ T P@}tslblltﬁb@ @@éﬁ‘e@DSb e

Sane s nunARe (ORI ORI HaR s 1 Bloteflr b bR el 3 ) 3.
1 9&2 t yRALE mEBiled 1AM abdlbikdddd of éffectafess| AiMsw 1&vus m smh tdédlinerof the
activities. In short, the inhibitory activities of BF5s against PPD-induced
PBMC praffecties earicenirationeof astivaslyl givien injaidinigal asitingnesultimzin/exmndedypgriods at
113711124 lg& = nB-F5. Considering the efficacy of the
in vitrd eSﬁ el'ﬁz %&Q/ﬁ%y and the smal | er nunber of nouse am no aci ds,
1137L/ L4M | gG was chosen for further evaluation, and it is this antibody

whi ch is named BT061 and i s enployed to dem)nstrate ﬁg ({&gent i.nvention
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100 ng, and nost preferably between 30 ng and 100 ngy, Further, the
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| ess than 10 ng. Further, the cunul ative dosage over a period of 5 days
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Haycock fomm a: BSA (nR) = 0.024265 x Hei ght (enl00. 5378 (Haycock G B.
Schwartz G J.,Wsotsky D.H Geonetric nethod for neasuring body surface
area: A height weight fornula validated in infants, children and adults.
The Journal of Pediatrics 1978 93:1v§§-66) Gehan and George formula: BSA
(nm2) = 0.0235 x Height(cm' 42246 x i ght (kg) 051456 (Gehan EA, (ieorge SL,
Esti mation of human body surface area from hei ght and wei ght. Cancer

Chenot her Rep 1970 54:225-35) Boyd fornula: BSA (n2) = 0.0003207 x
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of bod UL 1os2 YPdseT Bt 4 dqsgeoregpnendese %ty 0.15 to 1.5 ny/ kg, and
nost preferably 0.2 to 1 ng/kg. In tei ins of BSA the dose of the agent to
the subject is from5 to 60 ng/n2 BSA, preferably from6 to 50 ng/nR, and
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nost preferably 2.5 to 20 jig/kg. In terns of BSA the dose of the agent to
the subject is fromO0.12 to 15 ng/n2, nore preferably 0.20 to 10 ng/n2 and
nost  PrRé elRkley vOBR 8l Oy dBpehdiRg d thd@8@h&P RECodnRhistBod. NVEBLEAD Where
the dose is based on the body surface area or the body weight of the
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treatment. in the invention, it is preferred that the plurality of doses
are adﬂﬂﬁ?%@@red on at least the follow ng bases: 3-daily, weekly, every
four weeks, every 6 weeks, every 12 weeks, every 24 weeks, every cal endar
nont h, every 3 cal endar s, every six calendar nonths or yearly. Thus,

t he doBewenstyinwnyegubeatimdnts yheatomhpagiontthay be geowsdedan cahteatmitlifomh yndy at
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pl ur al pigrmateunieali cangisitiote Fagesboamndels adinihatien oy poividedtiane eewsly for
sequentjal .or separate administratjon to a subject. It also provides a

met hod2HRInistale bef lcgrfigaapei Terpir ditien stk theyrap Werﬁéﬁlﬁbadremffrp% es
adninig%gg&ﬂgﬂﬁmrﬂgghgggent as defined above, in a manner as defined above,
to a subject. een nmentioned, the pharnaceutical conposition and
medi canments used in the present invention, are preferably capabl e of
treating.an.autoiinmune disease.in patjents efiting from/longer .term

t her aphadis it TheaBE e ioRGaal Bab tat ERide Fiie cgeis oBglr O SFeute Wt n
I ong  hingitbinfulf disdaSestiohRPISCadnRRRE @ Inthé MAgNORA IREPHLIf BRiw GeqRASH S e and
medi canents_ used according to the present invention are for treating an

aut oi niephEisageddysthe prsetitanwntipnt Wailaiuknoivmdases of the agents sapableedfttesdting om
psori asi,s.. rheumatoi d _ardhritis, multipke.sclerosi t ype-1.diabetes.

PR anP IR, Pelitlid I s R du Sl FhSs mst RS @Y o,
aut oi nmune thyreoiditis, autoimmunc nyasthenia gravis, system c |upus
erythemat osus, ulcerative colitig, atopic dermatitis, nmyocarditis and|
transpl antation-rel at ed di seases such as graft-versus-host or host-versus
graft reactions, or general organ tolerance issues. In a particularly
preferred aspect of the invention the pharmaceutical conpositions are for
treating the autoi mune di sease psoriasis. in particular, such



Psoriasis is a disorder which causes psoriatic |esions or plaques on the
sufferer's skin. The Psoriasis Area and Severity |Index (PASO score is
commonly used to evaluate and record the | evel of psoriasis exhibited by
sufferers. PASI scoring involves the assessnent of erythetna (E),
infiltration (1), and desquamation (D), and body surface area invol venent
(A) over 4 body regions (head (h), trunk (t), upper (u) and lower (I)
extremties). Table B bel ow shows how t he scoring system works, 28 TABLE B
PAST r inmay lswfsffeetw@ﬁgrlmgeopemais@rf |t1me gndeolebetl/ for @gngen})erwdg lhatevpelle@up thece
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The invention will be illustrated by way of example only, with reference to the following

Figures, in which:

Figure 1 shows the effect of BT061 on the cytokine synthesis of whole-blood cultures from 3
healthy donors. The cultures were stimulated in separate experiments with 4 different types of
activators: CD3=anti-CD3 antibodies; LPS lipopolysaccharide; PHA=phytohaemagglutinin +
anti-CD28 antibodies; SEB=staphylococcal enterotoxin B + anti-CD28 antibodies. Different
cytokines were determined to measure effects on various leukocyte sub-populations: Treg
cells (CD3: TGF-B, IL-10); monocytes/macrophages (LPS: IL-10, TNFa, IL-1pB); Th2 cells
(PHA: IL-4, IL-5, IL-13); Th1 cells (SEB: IL-2, IFNy);

Figure 2 shows the effect of BT061 in human whole-blood cultures (donors with rheumatoid
arthritis) on cytokine synthesis triggered by different stimulants;

Figure 3 shows the nucleotide sequence encoding the mouse B-F5 Vy region (SEQ ID No:
5);

Figure 4 shows the nucleotide sequence encoding the mouse B-F5 Vi region (SEQ ID No: 6);

Figure 5 shows the nucleotide sequence (SEQ ID No: 3) of a fragment of the plasmid
encoding the Vg region of humanized BF-5. The sequence encoding the V region is
underlined and the corresponding polypeptide sequence (SEQ ID No: 17) is indicated below

the nucleotide sequence;

Figure 6 shows the nucleotide sequence (SEQ ID No: 4) of a fragment of the plasmid
encoding the Vg regions of humanized BF-5. The sequence encoding the V region is
underlined and the corresponding polypeptide sequence (SEQ ID No: 2) is indicated below

the nucleotide sequence;



30-49% Marked 3 50-69% 4 Very narked 4 70- 89% 5 90-100%
Becauset hehead, upperextrem ties, trunk, andl owerextrem ti escorrespondto
approximately 10, 20, 30, and 40% of body surface area, respectively,
PAST score is calculated by the formzl PAS . = 0.1(Eh + th + Dh)Ah
-1- Du)A,, +0. (E 41 + NA -1- 0 (Ell-lDi)Aq

Figure 7 shows that BT061 (anti-CD4 mAb)-activated CD25+ Tregs suppress cytokine
synthesis and CD25 re-expression of CD8+ T cells. Top: CD4-activated CD25+ Tregs
suppress cytokine synthesis of co-activated CD8+ T cells. Bottom: CD4- activated CD25+
Tregs suppress CD25 re-expression of CD8+ T cells. The dot plots show gated CD8+ T cells
only. A representative result of three is shown. Numbers indicate percentages of positive

cells.

Figures 8A and 8B respectively show the TFNo and IL-6 release observed in a clinical trial
with BT061 (single intravenous infusion or subcutaneous injection) in healthy volunteers in
comparison to the levels reported with the anti-CD3 monoclonal antibodies. Dose levels and
time to recovery are included in the figures. Results for TRX4 indicated in Figures as “2)”
reported in Keymeulen et al., 2005 N. Engl. J. Med. Type 1 Diabetes patients. Results for
Teplizumab indicated in Figures as “3)” reported in Herold et al., 2002 N. Engl. J. Med. Type
I Diabetes patients. Normal values indicated in Figures as “4)” reported in Straub et al., 2007,
Athr. & Rheumat. “*)” represents a single dose, “**)” represents a cumulative dose injected

until peak concentration was reached.

Figure 9 shows IL-2 and IFN-y plasma levels after administration of a single intravenous or
subcutaneous dose of BT061 in healthy volunteers. ULN = upper limit of normal; LLN =

lower limit of normal.

Figure 10 shows a kinetic of CD4 cell counts (cells per ml of plasma) in volunteers treated
with a single intravenous dose of BT061. Mean values of 3 patients per dose group are
shown. Dotted lines indicate the upper limit of normal (ULN) and the lower limit of normal

(LLN).

Figure 11 shows a kinetic of CD4 cell counts (cells per ml of plasma) in volunteers treated
with a single subcutaneous dose of BT061. Mean values of 3 patients per dose group are
shown. Dotted lines indicate the upper limit of normal (ULN) and the lower limit of normal

(LLN).
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PASI score ranges fromO0-72. A score of O neans no psoriasis, while a score
of 72 represents the nost severe psoriasis. In a preferred enbodi nent of
this aspect the pharmaceutical conposition of the present invention is
capabl e of treating psoriasis by proviging at least a 40 % and preferably
at least a 50 % inprovenent in the PA31 score of the patient. Preferably
the subject has a PASI score of at |east 10 prior to treatnent. These
effects may be seen at | east 56 days after adm nistration of a single dose
of t he Hpiirebi@dyartsnarte Prpededaltaphakhdweiagtdatb idaytheadinkal athis mitht psatiasin of a
singl e dose of the antibody. In particular, these effects may be seen in at
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Anerican Col | ege of Rheunmat ol ogy (ACR) core set of paraneters (Pelson et
al., Arthritis & Rneumatism 1995, 38(6), 727-735). This systemdefines a
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20% i nprovenen e 5 remai ni ng ACR core set neasures: patient and
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reactant, .such as .C-react] ot ei CRP) . I.n rticul ar, th
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pr ef er ahé PAKP seRePSPalibits 81188 of Abscrgtues Ul Afspocti9elysubcut aneously in the
dosages specified herein. Presentof arthritis includes first line drugs for

controlling pain and inflammation classified as non-steroidal

anti-inf.la tory dru NSAJ e.g. SRLrj.n . etc.
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conpositionthe present invention can be adm ni stered simultaneously,
sequentially or separately. The invention will now be described further in

relati to the f w ng, specifi.c _epbodi nent s LE El.-

| nvest | garede A | oA ST, St BT gy s ety pacins

prol i f efsafck@ibedYRtEX@fhple 9. Figure 16A shows a bar chart of the number of tender joints for
patients from the dose group receiving 25 mg subcutaneous BT061. Figure 16B shows a bar
chart of the number of swollen joints in patients from the same dose group. Six patients in

each group received the antibody dose while two received a placebo.

Figure 17A and 17 B provide results from the clinical trial with rheumatoid arthritis patients
as described in Example 9. The Figures show the changes of individual parameters (in %) for
one responder (Figure 17A) and one non-responder (Figure 17B) from the 25 mg
subcutaneous dose group. In the Figures “Pat’s GA” and “Phy’s GA” refer to the patient’s



Whol e- bl ood cultures were perforned with freshly drawn peripheral bl ood.
Briefly, using |19G needl es blood fromthree healthy vol unteers was

coll ected into heparinised syringes; The bl ood was seeded into 96-wel |
culture plates not later than 60 nun 1gfter donation. The antibody used in

t he invention (BTO61, |ot 40588, or |'0t 70A001313) was added to the
cultures before stinulation of the | eukocytes at 5 different concentrations
(see "Test substances" below) The cells were allowed to interact with the
ant i boglpbhloass@Bmehinaral pld/slciands YhoGalassesshigm, despeertlelit. rigplan €PAL b paihdur
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SE- B (B@urmh&lsl-ahldelBB-}brbsiﬁbtfuﬁherzssuhglﬁom the tloged leal with mhwmdtoi(tlaﬁﬁritis

anti bodi,es, (Begct on- nso 1 oi.nts exc t for., PHA
ol o B R et if S BRD (s I SERET e TSR of ShiGToR TRt n o
suf fi cgRithstl IZMQEﬁ&ﬂtaﬁEodsjd%s& g}olu§ (Ffﬁh& 1 mtdnhslﬁﬁn 6. 25‘111@ ﬁH&ﬁarﬂeoB@S ul'ts
BT061 di spl ayed no Zl@gnl ficant effect on the major activities of
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nonocy fless/grerir Gt and on Thl as well as 'Th2 activities in whole blood
cultures from healthy volunteers. There was a concentrati on- dependent
effect on Treg cells (denonstrated as an increase in TG--beta release). In
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Figure 21 shows the alignment of the polypeptide sequences of murine B-F5 Vi (SEQ ID No:
7), M26 (SEQ ID Nos: 13, 14, 15 and 16), H37L (SEQ ID No: 1), and H37V (SEQ ID No:
17) in the design of the humanised form of B-F5;

The invention will now be described in more detail.

The agents that are suitable for use in the present invention are those which are capable of
activating CD4+CD25+ regulatory T cells. The agent may be a polypeptide, a protein or an
antibody. Where the agent is an antibody it may be a monoclonal antibody. Preferably the
antibody is a monoclonal anti-CD4 antibody. The antibody may also preferably be an IgG1
antibody and may be an unmodified IgG1 antibody.

In a preferred aspect of the invention the agent does not cause a substantial increase in the
level of pro-inflammatory cytokines in the subject’s blood plasma after administration as

compared to anti-CD3 antibodies. In particular, the levels of IFN-y, TNF-a, IL-6 and/or IL-2



Met hod Proliferation assay Freshly isolated PBMC were cultivated in 96 well
fiat bottommcrotiter-plates in a volunme of 200 pl/well (4 x 105
cells/well). The test-item ( Anti CD4 inAb BT061) was used in the
concentrations of 20 pg/m, 4 ug/nl apg (18 uglail (additionally 40 pg/nl
within the pre test); Tetanus-Toxoid was used in concentrations of 25
pg/m, 5 jtairtil and 1 14/ral. For the negative control cell culture
medi um was taken. Al cultures were set up as triplicates. For the

ConA- s tafteu ladmimstrasion ovlc thet 2gent are ot sulstangplly falﬁ@{) ompigeetooplaso leyelsnel |
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pr opor thodat of adrhihestratieber 9cfoups aftérfcempldtion of alihmiistidtioah in turn is a
function of the nunber of |eukocytes that were stinulated to enter the
S-phase of the cell cycle. The readout paraneter was counts per mnute

( Cpr’r) . | Ju IIIl. i l id [

om0 phREIE T Bl B, e R e T Ao B IR (e
cul t ur ersalpadyhighet thaushowg abserwed i ladaltEy k@Aedts (SL.Nagivor idi Tapla Al) big. due
respective uf acturers jnstruction The reagents enpl oy are, set..out in
Tabl o 10 BaMGReavalioh Sahi ce EBwaP gans contpred e apRvRsf e e SHEL | sa
Set HunRReaithy4ubREE! th $Rke EltERANd borﬁ:e%itﬁn’aforsﬁts‘?&iﬂ@@ blkirfe dARLE priSeto Human
1L-10 OptE1A Set” Human TG-[3 Opt EI A Set Human TNF-a OptEI A Set BD

Bi osci edmigstraBieondé theBipent isdaicoris dsaBDY Bhio i howeeaficBpBinigHition of thepigent
Bl osei K %?esin\@glt%n%ﬁgrle%]gyege Pelé)s E’llag 29I therease in X. Preferably there may be less

than a 10 fold increase in X. More preferably these levels are during the period of 10 minutes

after the start of administration to 96 hours after the completion of administration.

Cytokine ULN (pg/mL)
-2 194

IL-6 4.4
TNF-alpha 2.8
IFN-gamma 3.8

Table Al: Cytokine levels measured in plasma of healthy volunteers. The ULN (upper limit
of normal) is calculated based on mean values measured in 39 individual subjects + 2 x

standard deviation.

In a further preferred aspect of the invention the agent does not cause a substantial long-
lasting decrease in the cell count of CD4+ lymphocytes in the subject’s blood plasma.
Specifically, within the period of 72 to 96 hours after administration the cell count of CD4+
lymphocytes in the subject’s blood plasma may be above 250 cells/ul (or at least 250
cells/pl). .



555142MF31099 BMS243/ 2MST n.a. 555194 1\ 4E10142 555202 1V1F31662 555220
MF25815 555157 M 24968 559119 47704 555212 MR31447 33 Interleukin (1L)-1
levels in culture supernatants were determ ned using the human 11,-1 ELI SA
Set A (Bender) test kit according tojghe manufacturers instructions. The
range of the test, predeterm ned by the standard delivered with the kit,
was specified at 1.3 to 130 pg/nl for undiluted sanples. IL-4, 5, 6 and 10
levels in culture supernatants as well as transform ng growh factor (TGF)

131 anBrofaiaklyithe sxtokisr and L4t Iymmpeytg eliacts drserdhadi ahoae @ss pryntiRet dppstl A (BD

bi osci 3 L t; according to i he manufacturers instructions. The
range W?ﬁéa[ﬁ%ﬁ%&% edeterm ned by the standards delivered wth the kits

was specified at 3.8 to 330 pg/nL for 1FN-y, 6,3 to 616 pg/m (for 1L4, 5,

10 and_TNF), neasuring undiluted sanples and 7.6 to 660 pq/ri | for iLL-6
usi ng Todroieat asgative dagagontthe 1@§H‘1§1pes§_stem, e.g. a decrease in the lymphocyte cel

count or induction of cytokine release, it is known in the art to utilise antibodies (especially T
cell interacting antibodies) of subclass IgG2, IgG3 or IgG4 because antibodies of the IgG1
subclass display higher Fc receptor interactions. It is also known in the art to modify
antibodies (especially T cell interacting antibodies) by Fc mutation, deglycosylation,

glycomodification or glycoengineering to reduce Fc receptor interactions.

The present inventors have found that the avoidance of antibodies of the IgG1 subclass and
modifications are not necessary for the agent of the present invention. In particular, the agent
of the present invention does not display substantial long-lasting CD4+ cell depletion or

induce substantial cytokine release as compared to anti-CD3 antibodies.

Accordingly, in a preferred aspect of the invention the agent is an unmodified IgG1 antibody,
i.e. an antibody which does not include an Fc mutation, and has not been subject to
deglycosylation, glycomodification or glycoengineering to reduce Fc receptor interactions, or

a fragment or a derivative thereof.

The antibodies which are most suitable for use in the present invention are humanized
anti-CD4 antibodies, or fragments or derivatives thereof, which are capable of activating
CD4+CD25+ regulatory T cells. Examples of antibodies which are capable of capable of
activating CD4+CD25+ regulatory T cells are discussed in Becker et al., (European Journal
of Immunology (2007), Vol. 37: pages 1217-1223).

Generally, the antibody used in the invention further comprises a human constant region (Fc).
This constant region can be selected among constant domains from any class of
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype, including IgGl,
I1gG2, IgG3 and IgG4. Preferred constant regions are selected among constant domains of

IgG, in particular IgGl.



Two (for nonoeyte cultures) or eight (for PBMC cul tures) cytokine

determ nations by EL1SA, each fromindependent mcro-cultures were included
in the calculation of mean and standard deviation. Titres above the upper
range of the test (e.g. 616 pg/nl in {he case of TNF) were set to this
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BTO061 antibody, fragments and derivatives thereof
The humanized antibody BT061 (hB-F5) is derived from mouse B-F5 mAb, and has V
domains defined by the following polypeptide sequences:
— H chain V domain: EEQLVESGGGLVKPGGSLRLSCAASGFSFSDCRMYWLRQA
PGKGLEWIGVISVKSENYGANYAESVRGRFTISRDDSKNTVYLQMNSLKTEDTAVY
YCSAS YYRYDVGAWFAYWGQGTLVTVSS (SEQ ID NO: 1)
— L chain V domain:
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGYSYIYWYQQ
KPGQPPKLLIYLASILESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQHSRELPWT
FG QGTKVEIK (SEQ ID NO: 2).

Derivatives of this antibody are also suitable for use in the present invention. Derivatives
include those with V domains defined by polypeptide sequences having at least 80%,
preferably at least 90 %, most preferably at least 95% sequence identity with SEQ ID NO: 1
or SEQ ID No: 2.

Particularly preferred antibodies are those which comprise the complementarity-determining
regions (CDRs) of the mouse B-F5 mAb, and retain the ability of hB-F5 to activate
CD4+CD25+ regulatory T cells. The location of the CDRs within the Vy and Vg domains is
shown in Figures 20 and 21. Such antibodies can optionally have variations in the sequence

of the CDRs that do not substantially affect the specificity and/or affinity of binding.

Generally, the hB-F5 antibody used in the invention further comprises a human constant
region (Fc). As indicated above, this constant region can be selected among constant domains

from any class of immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype,
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including IgGl, IgG2, IgG3 and IgG4. Preferred constant regions are selected among constant
domains of IgG, in particular IgGl.

The present invention also includes any fragment of a BT061 antibody comprising the V
regions thereof. This comprises in particular Fab, Fab', F(ab)',, Fv and scFv fragments.

A polynucleotide encoding the V domain of the H chain or of the L. chain of a BT061
antibody may be fused with a polynucleotide coding for the constant region of a human H or
L chain, for the purpose of expressing the complete H and L chains obtained in this way; a

sequence coding a signal peptide allowing the secretion of the protein can also be added.

The invention also makes use of expression cassettes wherein a polynucleotide as described
above is linked to appropriate control sequences allowing the regulation of its transcription
and translation in a chosen host cell, and recombinant vectors comprising a polynucleotide or

an expression cassette of the invention.

These recombinant DNA constructs can be obtained and introduced in host cells by the well-

known techniques of recombinant DNA and genetic engineering.

The invention also makes use of a host cell, transformed by a polynucleotide of the invention.
Useful host-cells within the framework of the present invention can be prokaryotic or
eukaryotic cells. Among suitable eukaryotic cells, one will mention, by way of example,
plant cells, cells of yeasts such as Saccharomyces, cells of insects such as Drosophila, or

Spodoptera, and mammal cells such as Hel.a, CHO, 3T3, C127, BHK, COS, etc.

The construction of expression vectors used in the invention, and the transformation of host-

cells can be made by the standard techniques of molecular biology.

The BT061 (hB-F5) antibody used in the invention can be obtained by culturing a host cell
containing an expression vector comprising a nucleic acid sequence encoding said antibody,
under conditions suitable for the expression thereof, and recovering said antibody from the

host cell culture.



36 Table 4 This table shows the influence of the anti CD4 irtAb BTO61 on
the production of inflammtory cytokines LPS- stimnul ated nonocyte cul tures.
Mean and SD of two individual mcro cultures are given. |IL -1 pgirrd L-6
pg/ ML rNP. a pg/nl LPS 131'061 %1P81tigirr1 nil jig/m nil

Construction of humanized B-F5

Design of humanized B-F5 Vi and Vi regions

DNA sequences encoding mouse B-F5 Vy and Vi regions are respectively shown in Figure 3
and Figure 4 and under sequence identifiers SEQ ID NO:5 and SEQ ID NO:6. The human Vy
and Vg on which the mouse CDRs are grafted were selected by searching databases for
human Vg most like the original mouse B-F5 Vy and Vk. Vy region of a human antibody
(M26; Accession Number A36006) had the highest homology with B-F5 V. VK region of
another human antibody (FK-001; NAKATANI et al., Biotechnology, 7 (1989), 805-810))
had the highest homology with B-F5 V.

Two types of Vi differing between them in that the 4™ residue was Leucine or Methionine
were constructed and designated as LAL and L4M. Two types of VH differing between them
in that the 37™ amino acid residue was Leucine or Valine, were constructed and designated as
H37L and H37V. The alignment of the polypeptide sequences of B-F5, FK-001, L4L, and
L4M is shown in Figure 20. The alignment of the polypeptide sequences of B-F5, M26,
H37L, and H37V is shown in Figure 21. The FR residues previously reported to be important
for the packing of CDRs (Chothia et al., Nature 342(1989), 877; Foote et al., J. Mol. Biol,,
224(1992), 487) are boxed.

By combining these Vy and V, 4 versions of V regions were designed.

Expression of humanized B-F5
The subsequent steps for production of humanized B-F5 were the same as those disclosed in

US Patent 5,886,152 for humanized B-B10.

Briefly, expression plasmids for the H chain (Vy humanized region fused to the constant
region of a human y-1 chain (TAKAHASHI et al.,, Cell, 29 (1982), 671-679)) and the L chain
(VK humanized region fused to the constant region of FK-001 K chain) of humanized B-F5
were constructed separately. In these plasmids, the expression of humanized B-F5 is driven
by the promoter/enhancer of the gene of human monoclonal IgM, FK-001. Figure 5 and 6
respectively show the fragments of the plasmids encoding the VH and Vg regions of

humanized BF-5. The sequences encoding the V region are underlined and the corresponding
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polypeptide sequences are indicated underneath the nucleotide sequence. Both plasmids and
pSV2neo were simultaneously introduced into mouse myeloma Sp2/0 (ATCC CRL-1581)
using Lipofectin™. Transfectomas producing human IgG were selected by ELISA, using an

anti-human IgG (y chain) antibody and an anti-human Ig K chain antibody.

Characterisation of the different versions of humanized B-F5

Estimation of CD4 binding activity

Culture supernatants of transfectomas producing the four versions of hB-F5 were collected,
and concentrated. The different antibodies were purified from culture supernatants by affinity
chromatography using protein A Sepharose and assessed for their CD4 binding activity by
measuring, by means of competitive ELISA, their inhibitory activities against the binding of
biotinylated mB-F5 to soluble CD4 coated on microtiter plates. Incubation, time is 2 hours

for 37°C and overnight for 4°C.

The relative binding activities of hB-F5s (binding activity of mB-F5 was taken as 100%) are

shown in Table A below:

Table A
Antibody Temp (°C) Relative binding activity
(% of mB-F5)

H37L/14L 4 80

37 30
H37L/1L4M 4 80

37 30
H37V/LAL 4 10-20

37 10
H37V/LAM 4 10-20

37 10

From the results shown in Table A, it appears that the 37th residue of Leucine, is critical to
maintain CD4 binding activity of hB-F5 because the CD4 binding activity is several-fold
reduced by conversion of *’Leu to *’Val. On the contrary, the 4th residue of Vi is found to
be not so important for the CD4 binding activity. As the structural difference between Leu
and *"Val of Vy is not clearly demonstrated by molecular modeling, the superiority of H37L

to H37V in CD4 binding activity was unexpected.



0,8 1414,8 020,3 25716,6 1285,9 5,7 /,00 0,0 562,9 00 23316,6 11714,1
(3003,2 040,8 The data in Tables 2-4 denonstrate the followi ng: A dose
dependent suppression of tetanus toxoid-induced T cell proliferation
(recall response) has been dennnstratg? even at hi gh doses of 81061,
showi ng that BT061 does not abrogate al'l imune responses, Doses used apply
to a correspondi ng high dose application of up to 60 ng in patients

Gener al suppression of cytokine rel ease (dose-dependent reduction of

| FN- gankiI3/A./LUL-abd #3d L1MM avqobr ehosen fdr enslugtiemge in | L-1, 1L-4, 1L-6, |L-10)
and wi thout affecting 'ThllTh2 balance. An increase in 'ICY-beta release
EXAMPLE A liow eytornetric test for BTO61 (anti-CD4i nduced ADCC

(Anti bowayz?)zﬁ&}ﬂsdﬁhe in birrB b IBLBEl dYV RO ] Rirdniddd B-F§ target cells were
| abel l ed wi th BT061 (1113-F5) and incubated with PBMC cells as effectors.
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'5?0" ne FHotaf b h Q3 Qhidad FRlmatdzed BYSESr 1R UyhE (@5 AL AN D ad P! ©
H37L/L4L 1gG2) were also tested.

The in vitro biological activities of mB-F5 and the four types of hB-F5s were evaluated using
peripheral blood mononuclear cells (PBMCs) from healthy donors. PBMCs were activated by
ConA (2.5 pg/ml, 3 days) or PPD (10 pg/ml, 4 days) in the presence of murine or hB-F5s, and

were monitored for their proliferative responses by 3H-thymidine incorporation.

Murine and hB-F5s could moderately inhibit ConA-induced proliferation, but the activities
varied from antibody to antibody and/or from donor to donor. Also, murine and hB-F5s were

able to inhibit Ag-specific PBMC proliferation induced by PPD.

IgG1 type of hB-F5 inhibited PPD-induced proliferation more effectively (as high as 70%
inhibition) than mB-F5. IgG1 type seemed to be more effective than IgG2 type of which
inhibitory activity was almost the same as mB-F5. For IgGl type, H37L/L4M was more
effective than H37L/L4L. 1gG2 type of H37L/L4M and H37L/L4L had almost the same
inhibitory activities. In short, the inhibitory activities of B-FSs against PPD-induced PBMC
proliferation were as follows: H37L/L4M IgG1 > H37L/L4L IgGl > H37L/L4M IgG2 =
H37L/L4L IgG2 = mB-FS5.

Considering the efficacy of the in vitro biological activity and the smaller number of mouse
amino acids, H37L/L4M IgG1 was chosen for further evaluation, and it is this antibody
which is named BT061 and is employed to demonstrate the present invention in the Examples

provided in this application.



37 The data the able denonstrate that there was no i nduction of ADCC by

. BT061 (h13-475) even at high concentrati ons EXAMPLE 4 - Apoplosis In a
flow c3rtoinctrie test for B1l' G6 anti-CD4 rnAb) induced apoptosis, PBMCs
fromfull blood were incubated with BJ0O61 or the positive control. Table 6
The data denonstrate that there was no induction of apoptosis even at high
concentrations of BTO61. EXAMPLES - Corn iierne )inding In a flow
cytonmetrie test for binding of the conplenent factor C gPBMCs have been

i sol at €dmpositionsapdnses wi th BTO61 (anti-CD4 rtufb), followed by an

i ncubation with purified reconbinant C g. ATcelac) served as the positive
control. Detection was perforned with a FITC | abell ed detecti on anti body

agai nsphs GhdbecResdntibhicd i gHagWaceutical @bmpositiieimnediddndmbled In THeepreha. show
t hat no conpl enent bi ndi ng can be seen, even at high concentrations.
EXAVPLEVentemd agec prefeanlly capable off tiggting ap griosgmape gisease wypatisatsi kenghidngcps

re-exp i GB4nikscell's Figure 7 shows that CD4-activated CD25+ Tregs
suppr e%@@?‘?%ﬁ‘gén“& syr%?%se'si s and CD25 re-expression of CD8+ T cells. Top:

CD4- activated CD251- Tregs suppress cytokine synthesis of co-activated CD8+
T cells. Method CD25+ Tregs were stimul ated w.thiw thouinAb.or anti-CDAmAb
( B- 17501 Jo81e akadymenis (high doggbfhedretgied derr of igagengreororen finato

i rradi T168lol 1 4BRhE 1180 | 50 BRMG 2l abrb RABNG rBrmTBrhie To 661k

(rati oﬂ?(?%g’. 1%??&3%?%% lgf %ﬁlggiﬁﬁg'és was anal %’?erd on daym7. APl or eact i ve
CD8+ Tamkhbs prefermblyefrarn 2fruhgtodbOvgh PRAI PVA for 5h in presence of nonensin,

fixed and stained with anti-CD8 and cyt oki ne-specific m Abs according to
the respective manufacturer instruction (all BD PharM ngen). Cytokine

synt heAitémmseé%nmk:y&ﬂ@géomwwu&mte@ rBabddy ofl tRMVCc@uRLi 98 d8sO BvéeBtrality of
| ynphocytes. 25 re-expression by CDS+ T cells was neasured according to
f ol | owilorgs-pnarestingtas; focpomuraiitegidesey evertd periash @gl0 days it is preferred that the

cumulative dose is between greater than 25 mg but less than or equal to 200 mg, more
preferably between 28 mg and 100 mg, and most preferably between 30 mg and 100 mg.
Further, the cumulative dose over a period of 5 days are preferably greater than 15 mg but
less than or equal to 100 mg, more preferably between 18 mg and 100 mg and most
preferably between 20 mg and 100 mg. In this aspect of the invention it is particularly

preferred that the dosages are administered subcutaneously.

In an alternative embodiment (lower doses) the preferred doses are those of 0.2 mg to 30 mg,
0.2 to 20 mg per dose, 0.3 mg to 7.5 mg, 0.3 to 5 mg per dose or preferably 0.3 to 1 mg per

dose.

Alternatively, the dosage may be defined based on the cumulative dose over plurality of
doses. In particular, for a plurality of doses over a period of 10 days it is preferred that the
cumulative dose is between 0.2 to less than 25 mg, more preferably between 0.2 and 20 mg
and most preferably between 0.2 to less than 10 mg. Further, the cumulative dosage over a
period of 5 days should be between 0.2 to less than 15 mg, preferably between 0.2 and 12 mg,

and more preferably between 0.2 to less than 5 mg.

In this aspect of the invention it is preferred that, when the dose is to be administered

intravenously, the dosages over a period of 10 days are between 0.2 to less than 10 mg, most



40 with/w thout anti-CD3 mAb or anti-CD4mAb (B-F5, 1 pg/m eaoh) for 48 h.
Thereafter, cells were co-cultured with I cell-depl eted syngeneic PBMC and
al l ogeneic CD8+ T cells. On day 10. CDS+ T cells were re-stinulated with

al | ogenei ¢ (2D3-depl eted PBMC from t h%sarre donor as used for primary
stimulation (ratio 1:1) and CD25 re-expression of CDS+ T cells was anal yzed
24 h after re-stinmulation flow eytonetry. Results Activated CD25+ Tregs do
not only suppress the proliferation of conventional T cells but al so

i nhi bi tprefeeably belwetn @ afid Gy& olg Adermtidelyh evhatu thietdosesf ar€BD8-b€ adrhinsstered
express the a-chain . of the - 2. receptor CD%% As shown in Fi ﬁég’&Y

CD4- actiUpshiaReorpy F infragusculrlycitiiy argferhibel thecloppass Oa(ﬁaamﬁﬂp@og ¥ion
of all j GESb I ¥os! gCT;Q@ ymul at ed CD25+ Tregs.
Si mul tgiﬁggﬁtgegl?lt hey 3;6e1%§’e¢1§1g pztb)%?odrbg}rsgéetge%ggf ceg)loﬁggunabl e to express
CD25 upon re-stinulation (Figure 7). Taken together, these data denonstrate

t hat i mul at | full tivates.th i Ay f 25
Troas. Pieagees sobe wgHari opdfe Pt pl BBy Rl BhERTHRO ST B bl e
conduct@eratOaRNIBEAN of ke SBj&kYBaRHsurfilcehadi (BSA) @h BBlcafchldtsd AorEERkAL i NY

doses of the antibody in healthy male and femal e vol unteers between the
ages ofanykows reethi@l. Fxamples i iBSty cajoillatinanetbadsgross fohpwisht r avenous

adm ni sgration in.10 S U i & i » per group. Further,
15 vol M%gﬂ?r}?%%?\@g%%ﬁﬂgmgﬁ%%ﬁ)é&ve%%hstal%%ﬁﬁ(g?r ation in 5 dosage
groups al so WidskelRr RU: Siipkfied Oelculgtionptf BddeSadademieh.r MiEhhJ ded BYOB Dct
intravenously is illustrated Table 8 below. 41 TABLE 8- I|ntravenous dose
of BT061 Eack:3Ho$EiD9%8) | uted with 0.9% sodi um chloride injection up to a
total volunme of 20 ml. The dose is adm nistered as a single continuous

i ntravenous infusion over 2 hours. The adm nistrati on of BTO61

subcut aDeBeis hiyd DeBbls| fostulat BEAI(m?)Fabl26297 b éleigt(ABL E WeightBh)tlii aneous dose
of BT061 Each dose is injected as a single bolus injection. 42 For

subcut aneous Dix%pl'i cation plasm sanples were taken before adm njstration
and at 3, 6,(DpBoigld; DeBoisAd: Asfyrmula to ggfimayg thejgpproximateitfaccagent leighaf t er
adm ni strati 7 Far § kegabkon, plasma sanples were

t aken bef or e&gdﬁl&%ftg){ér@??‘lghéracﬁﬁéwzgwﬁ%’tggg?ll'1, 2, 3, 6, 12, 24, 36, 48,
72, 96, 120, 144 and 168 hours after adm nistration.

Haycock formula: BSA (m?) = 0.024265 x Height(cm)®**** x Weight(kg)’>*"®

(Haycock G.B., Schwartz G.J.,Wisotsky D.H. Geometric method for measuring body
surface area: A height weight formula validated in infants, children and adults. The

Journal of Pediatrics 1978 93:1:62-66)
Gehan and George formula: BSA (m?) = 0.0235 x Height(cm)o'42246 X Weight(kg)o‘51456

(Gehan EA, George SL, Estimation of human body surface area from height and
weight. Cancer Chemother Rep 1970 54:225-35)

Boyd formula: BSA (m?) = 0.0003207 x Height(cm)™ x Weight(grams)®72%° QOIS
LOG(grams) )

According to the higher dose embodiments of the invention the dose of the agent to the
subject in terms of body weight is from 0.1 to 2 mg/kg, preferably 0.15 to 1.5 mg/kg, and
most preferably 0.2 to 1 mg/kg. In terms of BSA the dose of the agent to the subject is from 5
to 60 mg/m* BSA, preferably from 6 to 50 mgmz, and most preferably 8 to 40 mg/m’.
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side effects. In the présent study it was surprisingly found that Cytokine
i nducti on observed in healthy volunteers after intravenous or subcutaneous
application of 11F061 was. | ow and transi.ent. as..c ared to_antj
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adm ni $hé atdg@Bndf of RUAAYISRAS R ntUBGIetiANg Ausit& Ofrdvidéahaedi affordeake | evel s
were cal cul ated fromthe 40 and 60 ng dose group neasured within 4 days
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t aken &vedmeHeeeksd eedrydl2. wedB)2verNow watks, every Matindanslotidy owatly Sncaendak . |,
2005 New Engl. J. Med, respectivel BT061 j ndquced only margi.nal and

transi BRNIEy PERY e ﬁagqnéa%@gn of gelih U e RTeS b ePRgl B ?t_ﬂﬁ?séas ed.
Fi gur e eé&r}ﬂ@ﬁsortawnaﬁbéy BH 9t RAstREARKveR! Bies 185t 10-08)saPFat MR ok Bk By | evel s

detected |
at least 3 months, by at least 6 months, or by at least one year (meaning that the doses are

taken at least every 3 days, every week, every 10 days, every month, every 3 months, every 6
months, or every year). In a further alternative the plurality of doses are taken from every 3

to 31 days, every 3-10 days, every 3-6 days or from every 1-12 months.



44 pl asma after application of 8T061 (40 and 60 ma) are |ower than those
seen Mer treatnent with the CD3 specific therapeutic antibodies Teplizumab
and TRX4. Further, in contrast to the anti-CD3 mAbs, BT064 did not lead to
substantially increased | evels of IFNyy and IL-2 (Figure 9) as was reported
for the application of TRX4 (Key:nenial et al. 2005). CD4+ |ynphocytes In
addition, the trial also included a study of the nunbers of

OD4- posi ti vephocytes in plasma sanples collected, 'Me results of the

i nt r avdheugvendionrlst pavidss agkit fahowse bedolinddnabpakl where the kit pemprdses Fabl e

13 sho the results of the trial -Wwth subgutaneous adm ni str.ation, The
osul' SuptiS SiEmtiRnd oS b Heafitd Aad B SRRSO R TR SRarg s
enen i tadinfinibthatioh tb Aistibject. Ci en 00 en ci 0 QOen re.

It also provides a method of treatment of an autoimmune disease, which method comprises

administering a medicament as defined above, in a manner as defined above, to a subject.

As has been mentioned, the pharmaceutical composition and medicaments used in the present
invention, are preferably capable of treating an autoimmune disease in patients benefiting
from longer term therapies. Such patients include but are not limited to severe cases with a

long history of the disease.

Generally the pharmaceutical composition and medicaments used according to the present
invention are for treating an autoimmune disease. Preferably the autoimmune disease is
selected from psoriasis, rheumatoid arthritis, multiple sclerosis, type-1 diabetes,
inflammatory bowel diseases, Crohn's disease, Hashimoto's thyreoiditis, autoimmune
thyreoiditis, autoimmune myasthenia gravis, systemic lupus erythematosus, ulcerative colitis,
atopic dermatitis, myocarditis and transplantation-related diseases such as graft-versus-host

or host-versus graft reactions, or general organ tolerance issues.

In a particularly preferred aspect of the invention the pharmaceutical compositions are for
treating the autoimmune disease psoriasis. In particular, such pharmaceutical compositions

are to be administered intravenously or subcutaneously in the dosages specified herein.

Psoriasis is a disorder which causes psoriatic lesions or plaques on the sufferer’s skin.

The Psoriasis Area and Severity Index (PASI) score is commonly used to evaluate and record
the level of psoriasis exhibited by sufferers. PASI scoring involves the assessment of
erythema (E), infiltration (I), and desquamation (D), and body surface area involvement
(A) over 4 body regions (head (h), trunk (t), upper (u) and lower (1) extremities). Table B

below shows how the scoring system works.
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TABLE B — PASI scoring system

Degree of severity Value given Surface involved Value given
(per body region) (per body region)

No symptoms 0 <10%

Slight 1 10-29%

Moderate 2 30-49%

Marked 3 50-69% 4

Very marked 4 70-89%

90-100% 6

Because the head, upper extremities, trunk, and lower extremities correspond to
approximately 10, 20, 30, and 40% of body surface area, respectively, the PASI score is

calculated by the formula:

PASI=0.1(E;, + I, + Di)Aj + 0.2(E, + L + D,)A, + 0.3(E,+ 1, + D)A, + 0.4 (E;+ 1, + D)A,

PASI score ranges from 0-72. A score of 0 means no psoriasis, while a score of 72 represents

the most severe psoriasis.

In a preferred embodiment of this aspect the pharmaceutical composition of the present
invention is capable of treating psoriasis by providing at least a 40 %, and preferably at least
a 50 %, improvement in the PASI score of the patient. Preferably the subject has a PASI
score of at least 10 prior to treatment. These effects may be seen at least 56 days after
administration of a single dose of the antibody, more preferably at least 75 days after
administration of a single dose of the antibody. In particular, these effects may be seen in at

least 80% of patients.

In a further aspect of the present invention the pharmaceutical compositions are for treating

rheumatoid arthritis.



ci 00 at 46 TABLE ii CD4+ cell counts in individual healthy volunteers
after 23 nig to 20 ng intravenous adm nistration of BT0O61 TIME 2."1.7.1g
5 nmy, 5 ng Predose 1080 1116 623 3h 488

29

Rheumatoid arthritis is an autoimmune disease which causes chronic inflammation of joints

and surrounding tissues, and can also affect other tissues and body organs.

Improvement in rheumatoid arthritis exhibited by a treated patient is commonly assessed
using the American College of Rheumatology (ACR) core set of parameters (Felson et al.,
Arthritis & Rheumatism, 1995, 38(6), 727-735). This system defines a value of ACR 20 as a
20% improvement in tender and swollen joint counts and 20% improvement in 3 of the 5
remaining ACR core set measures: patient and physician global assessments, pain, disability,

and an acute phase reactant, such as C-reactive protein (CRP).

In particular, the pharmaceutical compositions for treating rheumatoid arthritis are preferably

to be administered intramuscularly or subcutaneously in the dosages specified herein.

Present treatment of arthritis includes first line drugs for controlling pain and inflammation
classified as non-steroidal anti-inflammatory drugs (NSAIDs), e.g., aspirin, ibuprofen,
naproxen, etc. Secondary treatment of arthritis includes corticosteroids (e.g. prednisone and
dexamethasone), slow acting antirheumatic drugs (SAARDs) or disease-modifying anti-
rheumatic drugs (DMARDs), e.g., methotrexate, penicillinamine, cyclophosphamide, gold

salts, azothipoprine, leflunomide, etc.

Corticosteroids, the synthetic versions of the body's cortisone hormone, are used to inhibit

RA progression (e.g. prednisone and dexamethasone).

Another group of drugs called biological-response modifiers (BRMs) has also been
developed for treatment of RA including antagonists to TNF-alpha (adalimumab, infliximab,
etanercept) which work through binding to its receptor or directly binding to the TNF-alpha

protein.

In one embodiment of this aspect of the invention the compositions are to be administered in
combination with drugs currently used to treat rheumatoid arthritis. In particular, the
compositions are to be administered with one of the drugs mentioned above, preferably

methotrexate.
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Known drugs, such as methotrexate, and the pharmaceutical composition of the present

invention can be administered simultaneously, sequentially or separately.

The invention will now be described further in relation to the following specific

embodiments.

EXAMPLES

EXAMPLE 1 - Investigation of the immuno-modulating capacities of BT061 regarding T cell

proliferation.

Method
Whole-blood cultures were performed with freshly drawn peripheral blood. Briefly, using
19G needles blood from three healthy volunteers was collected into heparinised syringes. The

blood was seeded into 96-well culture plates not later than 60 min after donation.

The antibody used in the invention (BT061, lot 40588, or lot 70A0013B) was added to the
cultures before stimulation of the leukocytes at 5 different concentrations (see "Test
substances" below) The cells were allowed to interact with the antibody for 90 min at 37°C,
5 % CO; in humidified atmosphere, then four different stimulants were added to separate

cultures:

(a) anti-CD3 antibodies (R&D Systems; 50 ng/m1)

(b)  phytohaemagglutinin (PHA, Biochrom KG; 3 pa/ml) together with anti-CD28
antibodies (Becton-Dickinson; 1 pg/m1);

(©) lipopolysaccharide (LPS, subtype ‘055:B15 from Sigma Aldrich; 1 pg/ml);

(d) SE-B (Bernhard-Nocht-Institut; 25 ng/ml) together with anti-CD28 antibodies
(Becton-Dickinson; 1 pg/ml).

All whole-blood cultures were incubated for 24 hrs at 37 °C, 5% CO, (humidified

atmosphere). Then the culture supernatants were collected for the determination the cytokine
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endpoints, except for PHA/antiCD28 stimulated cultures, which were incubated for 48 hrs in

order to obtain a sufficient stimulation of Th2 cells.

The results are set out in Figure 1.

Results

BTO061 displayed no significant effect on the major activities of monocytes/macrophages and
on Thl as well as Th2 activities in whole blood cultures from healthy volunteers. There was a
concentration-dependent effect on Treg cells (demonstrated as an increase in TGF-beta

release).

In particular, the results confirm that there is:

e No modulation of the inflammatory cytokine IL-2 at concentrations of up to 50 ug/ml
corresponding to high dose application of up to 150mg in patients

e No induction of the inflammatory cytokine IFN-gamma at concentrations of up to
50 ug/ml corresponding to high dose application of up to 150mg in patients

e No modulation of the Th1/Th2 cytokines at concentrations of up to 50 pg/ml
corresponding to high dose application in patients

e Only very sporadic up-regulation of IL-6 by a marginal increment occurred, the
implications of which are discussed controversial

¢ Increase in TGF-beta release (Treg cells)

e No significant effect on major regulatory activities of monocytes/macrophages and on

Th1 and Th2 activities.

EXAMPLE 2 - Testing of BT061 for its influence on cultivated human PBMCs primed for an

anti-tetanus toxoid response and cytokine assay

Method

Proliferation assay

Freshly isolated PBMC were cultivated in 96 well flat bottom microtiter-plates in a volume of
200 pl/well (4 x 10° cells/well). The test-item ( Anti CD4 mAb BT061) was used in the
concentrations of 20 pg/ml, 4 pg/ml and 0.8 ug/ml (additionally 40 pg/ml within the pre

|
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test); Tetanus-Toxoid was used in concentrations of 25 pg/ml, 5 pg/ml and 1 pg/ml. For the

negative control cell culture medium was taken. All cultures were set up as triplicates.

For the ConA-stimulation a concentration of 2.5 pg/ml and a volume of 200 pl/well was
used. The PBMC was adjusted to a density of 1 x 10%ml and dispensed in a volume of 100 pl

per well.

At the end of the culture period, cell proliferation was detected by adding 0.4 pCi of
H-thymidine per well for sixteen hours. At the end of the culture period the cells were
detached from the surface using EDTA solution and harvested on glass fibre filters using a
scatron cell harvester. The amount of radioactivity incorporated into DNA in each well was
measured in a scintillation counter and is proportional to the number of proliferating cells,
which in turn is a function of the number of leukocytes that were stimulated to enter the
S-phase of the cell cycle. The readout parameter was counts per minute (cpm) and the

stimulation index (SI) for each concentration defined as cpmcompound / CPMplank-

Cytokine assays
All cytokines were quantified in the culture supernatants using commercial ELISA Kkits,
according to the respective manufacturers instructions. The reagents employed are set out in

Table 1 below:

Table 1
substance source code lot
Human IFN-y OptEIA Set BD Biosciences 555142 MF31099
Human IL-1 ELISA Set Bender BMS243/2MST n.a.
Human IL-4 OptEIA Set  BD Biosciences 555194 MF10142
Human IL-5 OptEIA Set  BD Biosciences 555202 MF31662
Human IL-6 OptEIA Set  BD Biosciences 555220 MF25815
Human IL-10 OptEIA Set BD Biosciences 555157 MF24968
Human TGF-B OptEIA Set BD Biosciences 559119 47704
Human TNF-o. OptEIA Set BD Biosciences 555212 MF31447

* additional material, required for the Interleukin-1 ELISA

l
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IL-4, 5, 6 and 10 levels in culture supernatants as well as transforming growth factor (TGF)

B1 and tumour necrosis factor (TNF) o were determined using the OptEIA (BD biosciences)
test kit according to the manufacturers instructions. The range of the tests, predetermined by
the standards delivered with the kits was specified at 3.8 to 330 pg/ml for IFN-y, 6,3 to
616 pg/ml (for IL-4, 5, 10 and TNF), measuring undiluted samples and 7.6 to 660 pg/ml for
IL-6 using twofold dilutions of the samples.

Two (for monocyte cultures) or eight (for PBMC cultures) cytokine determinations by
ELISA, each from independent micro-cultures were included in the calculation of mean and
standard deviation. Titres above the upper range of the test (e.g. 616 pg/ml in the case of
TNF) were set to this value for calculation. The lower range of the test was subtracted from

each mean value prior calculation.

Results
BT061 (also termed humanised B-F5, or simply hB-F5) is able to suppress dose-dependently
the tetanus-toxoid specific T cell proliferation; there has been no effect on the total number of

T cells. General suppression of cytokine release has been demonstrated.

Table 2 below shows the influence of the anti CD4 mAb BT061 on a tetanus-toxoid-specific

T-cell proliferation assay, measured in triplicates.

Displayed are the means and SD of the *H-Tdr-incorporation, measured in triplicates as well
as the stimulation index (SI, defined as cpmeompound / €pM 1it) for each concentration and the
level of significance in the unpaired, two sided t-test against the medium control (n.s.: not

significant; *: p< 0,05; **: p<0,01; ***: p<0,001).
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Table 2

anti CD4 (BT061) Tetanus Toxoid
20 pg/ml 25 ug/ml 5 pg/ml 1 pg/ml  nil
Mean (cpm) 5123 2426 2589 456
SD (cpm) 597 989 1069 363
Mean (SI) 11,23 5,32 5,67 1,00
SD (S 10,24 6,40 6,85 1,59
t-test (compound vs. nil)
P= 0,000 0,032 0,031

dookok * *
4 pg/ml 25 pg/ml 5 pg/ml 1 pg/ml nil
Mean (cpm) 6591 5005 2957 358
SD (cpm) 468 518 1333 57
Mean (SI) 18,39 13,97 8,25 1,00
SD (SI) 421 3,65 5,02 0,32
t-test (compound vs. nil)
P= 0,000 0,000 0,028

HAk Fkeck *
0,8 pg/ml 25 pg/ml 5 pg/ml 1 pg/ml  nil
Mean (cpm) 8787 6748 3902 414
SD (cpm) 1886 763 218 12
Mean (SI) 21,24 16,31 9,43 1,00
SD (SI) 5,18 2,32 0,80 0,06
t-test (compound vs. nil)
p= 0,002 0,000 0,000
nil 25 pg/ml 5 pg/ml 1 pg/ml  nil
Mean (cpm) 13783 10244 6970 650
SD (cpm) 1826 758 1351 95
Mean (SI) 21,22 15,77 10,73 1,00
SD (SI) 591 3,47 3,65 0,29
t-test (compound vs. nil)
p= 0,000 0,000 0,001

ek dkok k¥
Viab-ctr ConA  nil
Mean (cpm) 04473 404
SD (cpm) 4200 239
Mean (SI) 233,94 1,00
SD (SI) 148,86 1,18
t-test (compound vs. nil)
p= 0,000

#kk
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331 824 755 Maxi mum  Reduction of CD4+ cells (VD) 60.7 38.8 49 Many
CD4 specific nonocl onal antibodies known in the art (such as those revi ewed
in Strand et al., 2007) achieve itnmuno-suppression via CD4-positive

| ynphocyte depletion. The drawback ofgt hese antibodies is that treated

i ndi vi dual s becone i nununo-conprom sed, and are susceptible to other
infections. In contrast this study showed that BTO061 i nduced no nassive

| ong- 1 asting depletion of CD4- positive cells. However, a transient decline
of CD4 B‘?}‘ﬁl“‘uve | ymphocytes was observed with a recovery to noun values in
t he periph 2 1 NISt rtden  Of 4 t.h ody. At
the 7o hi ol sBoPand\iblbdhed ol o uE CORBIAY AT ok FropbRCPE,

vol unt adlamnodtodyhestokiies VRS atiswuthdsiEmghiauyps cd tupsse VMeadnd csw)abﬁtvidﬁmﬂlwmae bel ow
t hese ngrmval ues as follows: volunteer of the 100 pg intravenous dose.:
400 CDHIERICPSUFRACAIVe vol unteer of the 5 ng group: 419 CD4 cells per gl;

| volunteer of the 10 ng group: 440 CD4 cells per pi; and 1 vol unteer of
the 20 ng group: 392 C4 cells per however, these values were only slightly
bel ow norm val ueqL-1G¥mtel | count s[IiLb gghgl r enai ni ng |26F wuqighnt eers of the

i ntravenous dose|gaups were norm val ues 72 hours after adm njstration of
BT061. in the subcutaneous dose grbdips, aftjer 72 h, |ld¥ y onél out of 15

vol unt g hovved %4] unts b nor m..yal ues. oncl ysi on,

cont rast ?o depl ¢=,!'ti ngﬁgflﬂli I{sﬂgeci fi ciﬁ&%{s ev}éx at hi (fl‘fyﬁgses Ic}061 onI y
i nducegg/lt r ansi e@fdandST) i ?ﬁe@f S§D4nmaﬁIS[DVEm@Q{ ISP f ghé¢MED bynean gsmer al
reco\/e;_é,_E;_g_m_[_q_e transient declihe and rapnid aenetal r

concl ud@A that a@0r ansiént0 reddst rRBati%h g2k hd22DB0BosPi vi9.eld4 has
taken place, rathgr than deplepion,of these £ells, |57 127 o o

0,8 34 148 0,2 0,3 [257 16,6 [128 59 605 5,7 (0,0 O
0,0 56 22 |0 0 233 16,6 [117 14,1 600 3,2 0,6 0,8

The data in Tables 2-4 demonstrate the following:

e A dose dependent suppression of tetanus toxoid-induced T cell proliferation (recall
response) has been demonstrated even at high doses of BT061, showing that BT061
does not abrogate all immune responses. Doses used apply to a corresponding high
dose application of up to 60 mg in patients

e General suppression of cytokine release (dose-dependent reduction of IFN-gamma,
IL-5 and TNF-alpha, with no change in IL-1, IL-4, IL-6, IL-10) and without affecting
Th1/Th2 balance.

e An increase in TGF-beta release

EXAMPLE 3 - 4 flow cytometric test for BT061 (anti-CD4 mAb) induced ADCC (Antibody-
dependent, cell-mediated cytotoxicity)

HuT 78 target cells were labelled with BT061 (hB-F5) and incubated with PBMC cells as
effectors. Dead cells could be detected due to the uptake of the DNA dye propidium iodine

after an incubation time of 30 minutes. Results are shown in Table 5.
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The data in the table demonstrate that there was no induction of ADCC by BT061 (hB-F5)

even at high concentrations

EXAMPLE 4 — Apoptosis

In a flow cytometric test for BT061 (anti-CD4 mAb) induced apoptosis, PBMCs from full

blood were incubated with BT061 or the positive control.

After an incubation time of 7 days, the detection of apoptotic cells was performed by staining

of apoptotic cells with Annexin-V-Fluoresceine. The results are shown in Table 6.



Dose G oup Ill Six patients fromdose group 111 received a single
intravenous :e ion of 10 ng of BTO61 while two patients from dose group 111
recei ved the placebo. The dose per weight and the dose per body surface
area (BSA) for each patient are showggin Table 15B. The PAS1 scores for the
patients in dose group 11.1 are shown in Table 15B together with the
percentage i nprovenent in the PASI score fromthe baseline. Dose Goup IV
Six patients fromdose group IV are receiving a single intravenous
injection of 10.0 ng of BTO061 while two patients from dose group IV
receiv§%£§%e pl acebo. The dose per wei ght and the dose per body surface
area ( for the patients is shown in Table 15C, The PASI scores for the
patients in dose wow 1\ TS@helushown in Table 15C together with the

per cent age irnprovenent in_the PASl score fromthe baseline. 56
d stimulation|Positive  control

_ BT061
experiments  |(ATG/Tecelac)
Antibody
concentration |Increase of the ratio of apoptotic cells [%]
[ng/ml]
400 0,8 -6,9
200 13,6 -6,4
100 19,5 -0,7
50 17,3 -0,4
25 18,3 -0,5
12,50 8,2 -0,1

The data demonstrate that there was no induction of apoptosis even at high concentrations of

BTO061.

EXAMPLE 5 - Complement binding

In a flow cytometric test for binding of the complement factor C1gPBMCs have been isolated
and incubated with BT061 (anti-CD4 mAb), followed by an incubation with purified
recombinant C1q.

ATG (Tecelac) served as the positive control.

Detection was performed with a FITC labelled detection antibody against C1q. Results are

shown in Table 7 below.
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Table 7
antibody
anti-CD4 mAb |Positive
concentration
BTO061 control
[ng/ml]
Mean fluorescence
intensity
150 199 782
75,0 200 766
37,5 205 732
18,8 217 672
9,4 210 541
4,7 198 491
2,3 199 371
1,2 193 302

The data show that no complement binding can be seen, even at high concentrations.

EXAMPLE 6 - CD4-activated CD25+ Tregs suppress cytokine synthesis and CD25

re-expression of CD8+ T cells

Figure 7 shows that CD4-activated CD25+ Tregs suppress cytokine synthesis and CD25
re-expression of CD8+ T cells. Top: CD4-activated CD25+ Tregs suppress cytokine
synthesis of co-activated CD8+ T cells.

Method

CD25+ Tregs were stimulated with/without anti-CD3 mAb or anti-CD4mAb (B-F5, 1 pg/ml
each) for 48 h. Thereafter, cells were co-cultured with irradiated T cell-depleted syngeneic
PBMC and allogeneic CD8+ T cells (ratio 1:1). Production of cytokines was analysed on day
7. Alloreactive CD8+ T cells were re-stimulated with PHA/PMA for 5h in presence of
monensin, fixed and stained with anti-CD8 and cytokine-specific mAbs according to the
respective manufacturer instruction (all BD PharMingen). Cytokine synthesis was analysed
by flow cytometry drawing a gate on CD8+ lymphocytes. CD25 re-expression by CD8+ T

cells was measured according to following procedure: CD25+ Tregs were stimulated
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with/without anti-CD3 mAb or anti-CD4mAb (B-F5, 1 pg/ml each) for 48 h. Thereafter, cells
were co-cultured with T cell-depleted syngeneic PBMC and allogeneic CD8+ T cells. On day
10, CD8+ T cells were re-stimulated with allogeneic CD3-depleted PBMC from the same
donor as used for primary stimulation (ratio 1:1) and CD25 re-expression of CD8+ T cells

was analyzed 24 h after re-stimulation flow cytometry.

Results

Activated CD25+ Tregs do not only suppress the proliferation of conventional T cells but
also inhibit the production of cytokines and the ability of CD8+T cells to express the a-chain
of the IL-2 receptor, CD25 . As shown in Figure 7, CD4-activated CD25+ Tregs effectively
inhibited IL-2 and IFN-y production of alloreactive CD8+ T cells, similar to anti-CD3-
stimulated CD25+ Tregs. Simultaneously, they rendered suppressed CD8+ T cells unable to
express CD25 upon re-stimulation (Figure 7). Taken together, these data demonstrate that
CD4 stimulation fully activates the suppressive properties of CD25+ Tregs.

EXAMPLE 7 — Safety and tolerability of escalating doses of B1061

A study was conducted to monitor the safety and tolerability of BT061 using escalating doses

of the antibody in healthy male and female volunteers between the ages of >18 to < 75 years.

Thirty volunteers received BT061 by intravenous administration in 10 dosage groups, with 3
volunteers per group. Further, 15 volunteers received BT061 by subcutaneous administration
in 5 dosage groups also with 3 volunteers per group. The administration of BT061

intravenously is illustrated Table 8 below:
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TABLE 8 — Intravenous dose of BT(061

Administration of BT061
Total dose of  Volume of Volume of Volume of
BT061 mab BT061-12.5 mg BT061-25 mg BT061-50 mg
35pg | 028pl — | —

20 ug _ 1.6 ul . — . —
100 pg _ 8 ul . - _ —
500 pg _ 40 pl - _ —

2.5 mg 0.2 ml _ - _ —
5 mg 0.4 ml — _ —

10 mg 0.8 ml — _ —

20 mg — _ 0.8 ml | —

40 mg — _ — . 0.8 ml
60 mg 0.8 ml — 1 ml

Each dose is diluted with 0.9% sodium chloride injection up to a total volume of 20 ml. The

dose is administered as a single continuous intravenous infusion over 2 hours.

The administration of BT061 subcutaneously is illustrated in Table 9 below:

TABLE 9 — Subcutaneous dose of BT061

Administration of BT061

Total dose of Volume of Volume of Volume of
BT061 mab BT061-12.5 mg BT061-25 mg BT061-50 mg
5mg _ 0.4 ml — _ —
10 mg _ 0.8 ml — _ —
20 mg _ — 0.8 ml _ -
40 mg — — _ 0.8 ml
60 mg - — 1 ml+ 0.2 ml

Each dose is injected as a single bolus injection.

The volunteers were assessed over a period of 3 months after the injection.
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For subcutaneous application plasma samples were taken before administration and at 3, 6,

12, 24, 36, 48, 56, 72, 88, 96, 120, 144 and 168 hours after administration and on day 75.

For intravenous application, plasma samples were taken before administration and at 30

minutes, 1, 2, 3, 6, 12, 24, 36, 48, 72, 96, 120, 144 and 168 hours after administration.

The plasma samples were analyzed using standard ELISA methodology to establish cytokine
levels. The relevant cytokines analyzed included: IFN-y, TNF-a, IL-6, and IL-2.

The plasma samples were also analyzed using standard methods of flow cytometry to

measure the number of CD4+ lymphocytes.

Results
It was found that intravenous and subcutaneous doses up to 60 mg were generally well

tolerated.

Cytokine levels

Induction of cytokine release is a common immediate complication occurring with the use of
T cell interacting therapeutic antibodies, such as ATG, OKT3, CAMPATH-1H and
humanized anti-CD3 mAbs (TRX4, Visilizumab and Teplizumab). The symptoms mainly
include moderate fever, headaches and self-limiting gastrointestinal manifestations. Side
effects correlated with cytokine induction after antibody administration require the
application of additional drugs such as the antihistamine diphenhydramine hydrochloride

and/or the anti-inflammatory agent ibuprofen.

With the use of OKT3 (muromonab-CD3), a murine CD3 specific therapeutic monoclonal
antibody, there have even been deaths reported, and severe side effects limit the clinical use

of this antibody mainly to immunosuppressed patients.

Although humanized FcR-non-binding CD3-specific monoclonal antibodies that are presently
used in the clinic for the treatment of autoimmune disease (Teplizumab and TRX4) exhibit

reduced side effects induced by T-cell activation and/or by activation of Fc receptor
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expressing cells after the first dose, as compared with FcR-binding CD3-specific antibodies
such as OKT3, some degree of T-cell activation and activation of Fc receptor expressing cells
is still observed that leads to cytokine release generally connected to cytokine dependent side

effects.

In the present study it was surprisingly found that cytokine induction observed in healthy
volunteers after intravenous or subcutaneous application of BT061 was low and transient as
compared to anti-CD3 antibodies. Cytokine induction generally increased with increasing
dosage. However, even at the highest doses of 40 to 60 mg cytokine induction is much lower

than that seen with other T cell interacting monoclonal antibodies (Figure 8 A and B).

The median peak concentrations for the cytokines observed at any time point within 96 hours
after administration using the highest doses (40 mg to 60 mg of BT061) are shown in Figures
8 and 9.

The median peak concentration for each cytokine is calculated as follows: The median of the

highest cytokine concentrations observed after administration of the antibody.

Figure 8A and B show the TNFa and IL-6 release observed in healthy volunteers after
intravenous or subcutaneous administration of BT061 in comparison to those released after
administration of anti-CD3 monoclonal antibodies, Teplizumab and TRX4. The normal
values of these cytokines were taken from Straub et al., (2007, Arthr. & Rheumat.). Figure 9
shows the IL-2 and IFN-y plasma levels after administration of intravenous or subcutaneous
BTO061. The median peak levels were calculated from the 40 and 60 mg dose group measured
within 4 days after antibody injection. The upper limit of normal (ULN) was calculated based
on cytokine levels measured in 39 healthy subjects, where ULN = mean value + 2 x standard

deviation.

In comparison to Teplizumab and TRX4 (results taken from Herold et al., 2002, New Engl. J.
Med, and Keymeulen et al., 2005 New Engl. J. Med, respectively) BT061 induced only
marginal and transient cytokine release. TNF-a and IL-6 levels were slightly increased.

Figure 8 shows that the median peak values of IL-6 and TNFa cytokine levels detected in
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plasma after application of BT061 (40 and 60 mg) are lower than those seen after treatment
with the CD3 specific therapeutic antibodies Teplizumab and TRX4.

Further, in contrast to the anti-CD3 mAbs, BT061 did not lead to substantially increased

levels of IFN-y and IL-2 (Figure 9) as was reported for the application of TRX4 (Keymeulen
et al. 2005).

CD4+ lymphocytes
In addition, the trial also included a study of the numbers of CD4-positive lymphocytes in

plasma samples collected.

The results of the intravenous administration are shown below in Tables 10, 11 and 12. Table
13 shows the results of the trial with subcutaneous administration. The results are shown

graphically in Figures 10 and 11.
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57 Further, the PAS1 scores against tinme thr individual patients are shown
in graph formin Figures 12A to 1211 and in Figures 13A to 1311. The graphs
shown in Figures 12A to 12H represent PASI scores for patients from dose
group |, while the graphs shown in Figures 13A to 1311 represent PAST
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show NG aay AaST A0%1 S0%g160% aBel (S%i4 NPT aagemegnt 694N PABR SCOk®B 1$ shown
in Tapl'e &ky28 58 [TABLE 16 sBumparys off repsul|t sa1ir gm DBese] Bgyups hod o 111
Dose Qgroupay42o ng| B92306| Dase ¢graop I[1 6245 |ngsoBT-|066190sie €oup 3391 5, Ong
BT061 day 56 847 450 571 551 805 1006 420
day 75 1239 365 627 685 853 1080 537
day 90 721

minimum cell
count (72 h to
day 75) 579 669 300 475 357 525 876 420
Maximum
Reduction of
CD4+ cells (%) 46.4 40.1 51.8 59.1 57.5 37.1 31.6 40.0

In particular, Figure 10 shows the CD4 cell counts (cells per ml plasma) in volunteers treated
with the single intravenous dose of BT061. The data points represent the mean values of the 3
patients in each dose group. Dotted lines indicate the upper limit of normal (ULN) and the
lower limit of normal (LLN). The ULN and the LLN (mean value + (or -) the standard
deviation) were calculated, based on cell counts from healthy volunteers, as 443 CD4 cells

per ul (lower limit of normal; LLN) and 1324 CD4 cells per pl (upper limit of normal; ULN).
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Figure 11 shows the CD4 cell counts (cells per ml plasma) in volunteers treated with the
single subcutaneous dose of BT061. As with Figure 10, the data points represent the mean
values of the 3 patients in each dose group. Dotted lines indicate the upper limit of normal

(ULN) and the lower limit of normal (LLN).

TABLE 12  CD4+ cell counts in individual healthy volunteers after 20 mg to 60 mg
intravenous administration of BT061

TIME DOSE
20mg | 20mg | 40mg | 40mg | 40mg | 60mg | 60mg | 60 mg |
Predose 843 1233 1152 789 976 900 989 2539
3h 69 186 72 137 48 63 55 71
6h 83 245 87 147 69 81 78 109
12h 214 469 262 221 212 360 276 182
24h 266 490 208 222 292 315 285 313
36h 562 1019 489 475 707 561 569
48h 359 792 460 455 703 413 500 565
72h 392 909 591 545 625 709 688 806
96h 468 755 567 545 733 717 737 774
120h 391 795 578 517 636 718 685 646
144h 347 897 548 523 760 714 732 606
168h 331 853 630 577 720 656 822 662
day 14 334 899 683 495 675 851 546 423
day 21 396 1077 744 487 711 627 639 867
day 28 579 1030 637 458 582 466 757 1376
day 42 346 847 439 472 619 1179 814 1607
day 56 337 947 556 557 570 686 686 1298
day 75 597 824 986 440 813 648 748 1199
day 90
minimum cell
count (72 h to
day 75) 331 755 439 440 570 466 546 423
Maximum
Reduction of
CD4+ cells (%) 60.7 38.8 61.9 44.2 41.6 48.2 44 .8 83.3

. L>
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Many CD4 specific monoclonal antibodies known in the art (such as those reviewed in Strand
et al.,, 2007) achieve immuno-suppression via CD4-positive lymphocyte depletion. The
drawback of these antibodies is that treated individuals become immuno-compromised, and

are susceptible to other infections.

In contrast this study showed that BT061 induced no massive long-lasting depletion of CD4-
positive cells. However, a transient decline of CD4-positive lymphocytes was observed with
a recovery to norm values in the peripheral blood within 72 h after administration of the

antibody.

At the 72 h time point after application of BT061, CD4 cell counts in four volunteers of the
intravenous dose groups showed CD4 levels that were below these norm values as follows: 1
volunteer of the 100 pg intravenous dose: 400 CD4 cells per pul; 1 volunteer of the 5 mg
group: 419 CD4 cells per ul; 1 volunteer of the 10 mg group: 440 CD4 cells per pl; and 1
volunteer of the 20 mg group: 392 CD4 cells per pl.

However, these values were only slightly below norm values. CD4 cell counts in the
remaining 26 volunteers of the intravenous dose groups were within the norm values 72 hours

after administration of BT061.

In the subcutaneous dose groups, after 72 h, only one out of 15 volunteer showed CD4 cell

counts below norm values.

In conclusion, in contrast to depleting CD4 specific mAbs, even at high doses BT061 only
induced a transient decline of CD4-positive cells followed by a general recovery. From the
transient decline and rapid general recovery it is concluded that a transient redistribution of

the CD4-positive cells has taken place, rather than depletion of these cells.

Thus the data supports the use of BT061 as an agent to be administered in a plurality of doses

over a long time period.
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EXAMPLE 8 — Clinical trial of BT061 in patients with moderate to severe chronic psoriasis

The ability of hB-F5 BT061 to treat an autoimmune disease is being tested on 56 patients
suffering from moderate to severe chronic psoriasis. The trial comprises a single dose

escalation study to assess the safety and efficacy of hB-F5.

The conditions of the trial are as follows:

The 56 patients are divided into seven dose groups, each group comprising eight individuals.
Five dose groups (dose groups I to V) are to receive the antibody or placebo by intravenous
administration and two dose groups (dose groups VI and VII) are to receive the antibody or
placebo via subcutaneous administration. Two patients in each dose group receive a placebo,
while the remaining six patients in each dose group receive a dose of BT061. In dose group I
the six patients receive 0.5 mg of intravenous BT061. In dose groups II to V the six patients
receive 2.5 mg, 5 mg, 10 mg, or 20 mg of BT061, respectively. In dose groups VI and VII
where the administration is subcutaneous, the six patients receive 12.5 mg or 25 mg of

BTO061, respectively.

For intravenous administration the antibody/placebo is to be infused in the forearm vein
according to medically accepted procedures. In the present case the total volume is
administered as a single continuous intravenous infusion over a period of 2 hours via a
perfusor (Fresenius Pilot C, Fresenius AG, Germany). Each dose of the antibody is diluted
with a 0.9% sodium chloride injection (B. Braun Melsungen AG, Germany) up to a total

volume of 20 ml.

For subcutaneous administration the antibody is to be administered as a single subcutaneous

injection. The same procedure applies for the placebo.

The level of psoriasis exhibited by each patient is recorded using the Psoriasis Area and
Severity Index (PASI) score. As described above higher PASI scores corresponds to a higher
level of psoriasis. Patients enrolled onto the trial have a moderate to severe chronic psoriasis,

i.e. a PASI score of 10 or above.
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The patient’s PASI score is assessed before the trial to provide a “baseline” value at day 0,

and repeatedly during the trial at days 5, 7, 14, 21, 28, 42, 56 and 75.

Dose Group 1

Six patients from dose group I received a single intravenous application of 0.5 mg of BT061,
while two patients from dose group 1 received the placebo. The dose per weight and the dose
per body surface area (BSA) for each patient are shown in Table 14. Body surface area was

calculated according to the Mosteller formula described herein.

The PASI scores for the patients in dose group I are shown in Table 14 together with the

percentage improvement in the PASI score from the baseline.

Dose Group 11
Six patients from dose group II received a single intravenous injection of 2.5mg of BT061
while two patients from dose group 2 received the placebo. The dose per weight and the dose

per body surface area (BSA) for each patient is shown in Table 15.

The PASI scores for the patients in dose group II are shown in Table 15 together with the

percentage improvement in the PASI score from the baseline.

Dose Group 111

Six patients from dose group III received a single intravenous injection of 5.0 mg of BT061
while two patients from dose group III received the placebo. The dose per weight and the
dose per body surface area (BSA) for each patient are shown in Table 15B.

The PASI scores for the patients in dose group III are shown in Table 15B together with the

percentage improvement in the PASI score from the baseline.
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Dose Group IV

Six patients from dose group IV are receiving a single intravenous injection of 10.0 mg of
BT061 while two patients from dose group IV received the placebo. The dose per weight and
the dose per body surface area (BSA) for the patients is shown in Table 15C.

The PASI scores for the patients in dose group IV are shown in Table 15C together with the

percentage improvement in the PASI score from the baseline.
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Further, the PASI scores against time for individual patients are shown in graph form in
Figures 12A to 12H and in Figures 13A to 13H. The graphs shown in Figures 12A to 12H
represent PASI scores for patients from dose group I, while the graphs shown in Figures 13A
to 13H represent PASI scores for patients from dose group II.

As can be seen from the results shown in Tables 14 and 15, 75% of all the patients from dose
group I and dose group II show a clear improvement in their PASI scores, i.c. at least a 40%
improvement over the baseline value, after a single dose. It should be noted that 25% of the

patients in dose group I and dose group II received a placebo.

In fact, in both dose groups 50% of the patients showed at least 50% improvement in their
PASI scores, with one patient in dose group II showing an 88% improvement in the PASI
score at day 56, (i.e. patient 3 in Table 15). Furthermore, the therapeutic effect is long-lasting
even at these low doses, with the improvements still being seen in many patients at the end of

the trial, 75 days after administration.

Patients in dose group III also show an improvement in their PASI score, with six out of eight
patients showing a greater than 20% improvement and two of those six showing a greater
than 30% improvement after treatment. However, the improvement was not as significant as
that seen in patients from dose group I and dose group II which received a lower dose of the
antibody. Some efficacy is also seen in the patients of dose group IV. In particular patients 1,
4, 5 and 8 in this dose group (as shown in Table 15C) show a clear improvement in their

PASI scores, although this is limited in comparison to the patients of dose groups I to III.

The number of patients showing at least 40%, 50%, 60% and 75% improvement in PASI

score is shown in Table 16.
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TABLE 16 — Summary of results from Dose Groups I to III

Dose group I* | Dose group II* |Dose Group III*
0.5 mg BT-061 | 2.5 mg BT-061 | 5.0 mg BT061
Improvement > | 6/8 patients 6/8 patients 1/8 patients
40%
Improvement > | 4/8 patients 4/8 patients 0/8 patients
50%
Improvement >| 1/8 patients 2/8 patients 0/8 patients
60%
Improvement >| 0/8 patients 1/8 patients 0.8 patients
75%

* per dose group: 75% of patients received BT061, 25% of patients received placebo

Figures 14 A and 14 B provide photographic evidence of the improvement in the level of
psoriasis before and after treatment. Figure 14 A shows an area of psoriasis on the skin of a
patient in dose group II prior to administration. Figure 14 B shows the same area of psoriasis
28 days after administration. The areas of improvement are marked on Figure 14 B with

black boxes.

From these results it can clearly be seen that BT061 provides effective treatment of moderate

and severe chronic psoriasis.

The results of this study, in combination with those described above in Example 7 which
show that even high doses of the antibody of the invention are generally well-tolerated in
humans, demonstrate the ability of the pharmaceutical compositions of the invention to
provide effective long term treatment of autoimmune diseases with the dosage regimens

described herein.
EXAMPLE 9 - Clinical trial of BT061 in patients with rheumatoid arthritis

The ability of BT061 to treat rheumatoid arthritis is being tested on patients suffering from
this disease. The trial comprises a multiple dose study involving 96 patients, divided into 12
groups. In each group two patients receive a placebo while 6 patients receive BT061. Patients

are dosed once a week over a period of 6 weeks.
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and 16 B show results for the nunmber of tender and swollen joints exhibited
by pat i208t & fheord. & g 2Bcutgnesub closa gwop sh8paEntdas augrbergd Wei08a Isthe ek

period. Several patients exhibit reduction | e. . nunb of tender and
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shown in Figures 17A and 178, respectively. The responder shows a

si gni f inetignts pregrohered01-¢0% he nunber of tender and swollen joints and in
pain levels. A reduction in the nunbers of tender and swollen joints is

al so. en in patients,fromthe, ot her .dose oups. .Fi gures . 18B,.19A
2nd 108 TEHBIMERE S AsRPCURPL HURINGHPS PrasTe wes 45 iRt dssBatin . s
me.  sUlGUbPRED s thSPsoMBisis WA ut aneous and 6. 25 ng intravenous dose groups
respectively, over the course of the trial and in the weeks thereafter.

These results denonstrate the efficacy of the agent of the present
i nvent iThe level b ehdunestidertbfitis iseucmdal weeldy by iassessing thei ACRparaiudes aadges
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reactive protein (CRP) and the erythrocyte sedimentation rate (ESR). These parameters are

assessed before the trial to provide a “baseline” value at day 0, and repeatedly during the trial
period and thereafter at 8, 22 and 43 days after the administration period is finished (i.e.

follow up (FU) day 8, FU day 22 and FU day 43).

The Tables below provide the data obtained from the trial. Specifically Tables 17 to 22

provide the number of tender and swollen joints over the course of the trial.



pharmaceutically acceptable carrier and an agent capable of activating
CD4+CD25+ regulatory T cells, wherein the conposition is to be adm ni stered
to a subject at nost every 3 days. 2. A pharnaceutical conposition
according to claim!| wherein the periggd between administrations is at |east
four weeks. 3. A pharmaceutical conposition according to claim1 Werein
the period between admnistrations is at |east twelve weeks. 4. A
pharmaceutical conposition according to claiml wherein the period between
adni ni Bableit 7 odsndes and swelden joinhsarnys g@mrth@\éélli gng subcutangsiig [dagcEaup-cal
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phar maceut[i cal clonposition accordi ng twisittel aim 16 wherein the d| sease
psori asps |and the canposjtion is flor intravenous or sub%u angoys
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201 tender 16 17 15 14 12 15 13 11 9 9
swollen 9 10 7 6 6 5 6 5 6 6
202 tender 14 10 10 10 8 8 8 8 9 13
swollen 10 8 6 6 4 4 4 4 4 6
08 tender 15 14 10 8 10 10 8 7 5 5
swollen | 11 11 10 9 9 10 7 7 6 7
204 tender 19 22 16 0 0 10 2 10 11 0
swollen 10 10 5 0 0 4 0 0 10 0
205 tender 21 21 0 0 14 30 10 37 = 12
swollen 9 9 0 0 14 16 6 25 - 8
206 tender 16 16 15 13 13 17 19 - - 5
swollen | 10 12 12 10 14 11 11 - F 4
207 tender 17 28 28 11 9 15 17 14 18 22
swollen 11 12 13 7 10 11 8 10 11 10
208 tender 13 12 9 8 9 11 10 - - 12
swollen 10 10 9 9 10 10 9 - - 8




18. A pharma, eutical conposition according to claim16 the conposition is
for intravenous admnistration and the conposition is to be admnistered in
a dose of 0.3 ng to 25 ny. 66 19. A pharmaceutical composition according to
claim 16 wherein the disease is rheungjoid arthritis and the conposition is
for intravenous or subcutaneous adm nistration. A pharmaceuti cal
conposition according to any preceding claimwherein within the period of
10 mnutes after the beginning of admnistration to 96 hours after
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phar mac&3t e OTROST {1 O GCConei Mg 3 0] afy [prgcedigg|cla myerein the
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conposi t*onsasenrdsng Bo |any prexedi mg Cl ai M wherleig fhet agent s a
humani Z?og arthder C[DA27ant 200dy18 Qr 18r agnent = |dexsi ati ve t-herezdf ,| having V
donmi ris” def swodieh hy14t held gl [20wm[nd! pol yeept 13del s€¥quences' - 67 24 H chain V
donai ri%@ Fhdd/ESGCEEL VI TPAG23 L RL SCTAASGFSFSDCRMYW. ROAPGKALEW | @V || SVKS EN
R
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YGANY. GRFTESRDDSKNE VYL GWNSL KTEDTAVYYC8ASYYRY |DVGAWEAR YIWGAGTIL VTVSS ( SEQ
| D NO. - tehdep hai 39 V HYonmils: DI &/N["QEP S| AVS| GERATI NCRASKSVSFSGYSY | Y
WYQQKRGPPI syallpny|| ARG | | 2 8 6 6 5 6 6 6 4
SGVPDRFSGSGSGTDFTLTI SSLQAEDVAVYYCQHSREI , PPTFGQGTKVEI K (SEQ ID NO 2). or V

domai nsTabterdr i Bemigr pad yvpe ehijoint saoptreitoreshd2y mggubtutineass d@@¥ewyuence
identity with SEQID NO 1 and SEQ ID NO 2. 27. A pharnmaceuti cal

conpogitioh accoffding to any precedi ngvaital m wherein the agent s a
humani|zed anti-CD4 anti bddy derived from the nouge nonocl opal NaJnti -ChH4
anti bad STFS. 28, A net hod of treatmept of| an dut e nmuie| di Sease whi ch
met hoo IEﬁognori ses |adm ni stlering a medi capent to a|subfect @ wheBein the
medi cgnBré c?arrpri@es an agent |capabl e of actj vati ng-BC[Mg%DEEgLBr egul atory T
cells,| #rdl viher ei 8 the gedicanent? i & ddnnlst grea Eqtihegsty gct in a
pIurallﬁ)g:)t‘édoses. 28 28| 28| 28| 28| 8|25 25|22
Ew| S s |AB|AB|AB|AB|AB|AE | RA|EA|&A
401 | tender 16 | 17 19 22 13 13 12 11 9 6
swollen | 10 [ 11 8 9 12 11 8 5 8 5
a0z |tender [ 23 | 21 10 10 10 9 8 i 6 7
swollen 8 11 5 6 6 5 4 3 3 3
403 | tender 10 | 10 10 8 8 10 10 ] 6 8
swollen 8 8 8 6 5 5 5 5 5 5
404 | tender 17 | 16 15 15 13 14 14 16
swollen 9 11 10 6 7 7 7 7
405 | tender 10 | 10 8 8 8 8 8 10 10
swollen 6 6 4 4 4 4 4 6 6
tender 1| 11 11 11 11 12 8 8 6 8
406 swollen 6 6 6 6 5 5 3 3 2 4
407 |tender 13 | 20 16 18 4 Z 0 4 14
swollen 7 10 6 8 0 0 0 0 8
408 tender 11 11 8 8 7 5 4 4 - 8
swollen [ 9 9 5 5 4 6 6 3 6




29. A nmethod of treatnent according to claim 28 wherein the nedicanent is
adm ni stered to the subject according to any one of clains 2 to 7. 30. A
nmet hod of treatnent according to claim28 or claim?29 wherein the
medi cament is adm nistered to the sulgpect in the dose specified in any one
of claims 8 to 10. 31. A nethod of treatnent according to any one of
clains 28 to 30 wherei n the autoi mune di sease is as defined in any one of
clainms_12 to 32.. A nethod of treatnent according to any one of clains
28 to §ab1w%bréf eﬁd%rr?@datyeﬂ@n Jost SOWIBARN,BE S Mg SUbHAaneous BORRETBEP-f r agment  or
derivative thereof derived fromthe mouse nonocl onal antl-CIn ant i body
B- FS. 68T33Amethod—of —treatment—ac ng—to—anyoneof——ctaim?28 to 31
o body”
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sequen¢egy| H chain|V domain: 3
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CD4+ ﬁ heeyltees 18N |t se Sub] gcté s |[blood pl asnma iIls £qual or hi gher than 50%
of thes&glha@@untlbf thel sebjlect iimedjately prijor to adnini stfation. 36.
A phay nmaceutweleal| Gonpdsiti 6n |ackonding/to claim|13 whereih thel conposition
capab| gyofl tndeat|i By |pdbrj a¥i g by providing at |east a 40%inprovenent in
t he Psorl asivelenried and Sevérilty | ndex (PAST) scare ofi thelpatient. 37. A
phar naggutli®ddr donposition agcording to claim 13 whedein the conposition is
capab e_ofl s¥ellsntlj ng pcnr' asi hy pr ovidi ngat | dast a 509% i nprovement in
the Psapg asier Arlea 4 verity lndex(PAS1) scdre of- thefpatient. 69 38.
A phatraced¥?kall corpositi-onlaccordinglto clai-m36 or clal-m37 wherein the
venent i s seen at 56 days after adm nistration of a single dose of the
conposTehleA2 - Tender ang puplirnceint pewits fompbe p 2P are %@Wl@nﬁgoqecgr@mmi m 36 or 37
wherein the inprovenent is seen at 75 days after administration of a single

dose pf the conposition. 40. A pharnm¥isutical conposition according to any
one of ECl aims 36 to |39 whereiin the dose of the ggent |is_0/5 go|
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6ol tender 23 | 20 24 39 33 26 31

swollen 13 15 15 25 26 20 21
- tender 41 | 43 33 15 12 30 17 19 14

swollen 13 12 8 10 10 6 5 5 7
603 tender 26 22 28 22 24 24

swollen 10 4 8 4 4 6
604 tender 28 | 26 31 27 14 10 11 7

swollen 8 8 8 10 6 2 2 3 1
605 tender 34 38 38 36

swollen 22 18 22 20

tender 12 14
606 swollen 8 9

tender 27 27
607 swollen 17 19
608 tender

swollen




41. A pharmaceutical conposition according to any one of clains 36 to 39
wherein the dose of the agent is 15 ny. Sequence Listing SEQUENCE
LI STI NG <110> Bi otest AG <120> Agent for Treating D sease <130>
314790. wo/ JND/ CJS <160> 18 <170> Pat eg)tln version 3.3 <210> 1 <211> 124
<212> PRT <213> Artificial Sequence < 30> <223> v domai n of H chain of
humani zed anti body hB-P5H37L <400> 1 Au Gu Gn Leu val Qu Ser Ay Ay
Gy Leu val Lys Pro Ay Gy 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay
t he Ser Fighee Seshopsphygcatas3d mﬁ@twﬁt)mm dosggroups e viagnt . 2] mgPh-35 @y Lys
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ACR parameters over the course of the trial, and the percentage of patients achieving at least

an ACR20 response at week 7.

In particular, it can be seen that 50% of patients in the 25 mg subcutaneous dose group (i.e. 4
out of the 8 patients where 2 of the patients are receiving a placebo) achieved at least a 20%
improvement of relevant ACR parameters at week 6. This figures increased to 5 out of the 8
patients at week 7, i.e. 5 out of the 8 patients achieved at least ACR20. One patient in this
dose group achieved a more than 50% improvement of relevant ACR parameters at weeks 5

and 6 (full set of data not shown).

Positive results were also obtained by patients in other dose groups. One patients in the 6.25
mg subcutaneous dose group achieved at least a 50% improvement of relevant ACR
parameters at week 4 while another achieved at least a 70% improvement of relevant ACR

parameters at week 3 (full set of data not shown).

Figure 16 A and 16 B show results for the number of tender and swollen joints exhibited by
patients from the 25 mg subcutaneous BT061 dose group over a six week period. Several
patients exhibit a reduction in the number of tender and swollen joints over a period of the
treatment. The results for one responder patient and one non-responder patient from this dose
group are shown in Figures 17A and 17B, respectively. The responder shows a significant

improvement in the number of tender and swollen joints and in pain levels.

A reduction in the numbers of tender and swollen joints is also seen in patients from the other
dose groups. Figures 18A, 18B, 19A and 19B show the number of tender joints in the 1.25
mg subcutaneous, 6.25 mg subcutaneous, 50 mg subcutaneous and 6.25 mg intravenous dose

groups respectively, over the course of the trial and in the weeks thereafter.

These results demonstrate the efficacy of the agent of the present invention in the treatment

of rheumatoid arthritis within the dose ranges described herein.



Claims;

1 Use of a humanized anti-CD4 antibody capable of activating CD4+CD25+ regulatory
T cells for the manufacture of a medicament for treating an autoimmune disease in a subject,
wherein the humanized anti-CD4 antibody comprises an H chain V domain, an L chain V
domain, and an IgG1 constant domain wherein:
(@ the H chan V doman comprises the sequences DCRMY,
VISVKSENYGANYAESVRG and SYYRYDVGAWFAY, and the L chain V
domain comprises the sequences RASKSVSTSGYSYlY, LASILES and
QHSRELPWT; and/or
(b) the H chain V domain has at least 80% sequence identity with SEQ ID No: 1 and
the L chain V domain has at |east 80% sequence identity with SEQ ID No: 2,
wherein the medicament is to be administered to the subject from every week to every 31
days,
and wherein the medicament is to be administered to the subject in a dose of the humanized
anti-CD4 antibody of from 20 to 200 mg.

2. Use of a humanized anti-CD4 antibody for the manufacture of a medicament for
treating an autoimmune disease in a subject, wherein the humanized anti-CD4 antibody
comprises an H chain V domain, an L chain V domain, and an 1gG1 constant domain,
wherein the H chain V domain has SEQ ID No: 1, and the L chain V domain has SEQ ID
NO: 2,

wherein the medicament is to be administered to the subject from every week to every 31
days,

and wherein the medicament is to be administered to the subject in a dose of the humanized
anti-CD4 antibody of from 20 to 200 mg.

3. Use according to clam 1 or clam 2 wherein the dose of the humanized anti-CD4

antibody is from 20 to 100 mg.

4, Use of a humanized anti-CD4 antibody capable of activating CD4+CD25+ regulatory
T cells for the manufacture of a medicament for treating an autoimmune disease in a subject,
wherein the humanized anti-CD4 antibody comprises an H chain V domain, an L chain V

domain, and an IgG1 constant domain wherein:
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(@ the H chan V domain comprises the sequences DCRMY,
VISVKSENYGANYAESVRG and SYYRYDVGAWFAY, and the L chan V
domain comprises the sequences RASKSVSTSGYSYlY, LASILES and
QHSRELPWT; and/or
(b) the H chain V domain has at least 80% sequence identity with SEQ ID No: 1 and
the L chain V domain has at |east 80% sequence identity with SEQ ID No: 2,

wherein the medicament is to be administered to the subject from every week to every 31

days,

and wherein the medicament is to be administered to the subject in a dose of the humanized

anti-CD4 antibody of from 8 to 60 mg/m? body surface area of the subject.

5. Use of a humanized anti-CD4 antibody for the manufacture of a medicament for
treating an autoimmune disease in a subject, wherein the humanized anti-CD4 antibody
comprises an H chain V domain, an L chain V domain, and an 1gG1 constant domain,
wherein the H chain V domain has SEQ ID No: 1, and the L chain V domain has SEQ ID
NO: 2,

wherein the medicament is to be administered to the subject from every week to every 31
days,

and wherein the medicament is to be administered to the subject in a dose of the humanized
anti-CD4 antibody of from 8 to 60 mg/m? body surface area of the subject.

6. Use according to claim 4 or clam 5 wherein the dose of the humanized anti-CD4

antibody is from 8 to 50 mg/m?.

7. Use of a humanized anti-CD4 antibody capable of activating CD4+CD25+ regulatory
T cells for the manufacture of a medicament for treating an autoimmune disease in a subject,
wherein the humanized anti-CD4 antibody comprises an H chain V domain, an L chain V
domain, and an 1gG1 constant domain wherein:
(@ the H chan V domain comprises the sequences DCRMY,
VISVKSENYGANYAESVRG and SYYRYDVGAWFAY, and the L chan V
domain comprises the sequences RASKSVSTSGYSYIlY, LASILES and
QHSRELPWT; and/or
(b) the H chain V domain has at least 80% sequence identity with SEQ ID No: 1 and
the L chain V domain has at |east 80% sequence identity with SEQ ID No: 2,
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wherein the medicament is to be administered to the subject from every week to every 31
days,

and wherein the medicament is to be administered to the subject in a dose of the humanized
anti-CD4 antibody of from 0.2 to 2 mg/kg.

8. Use of a humanized anti-CD4 antibody for the manufacture of a medicament for
treating an autoimmune disease in a subject, wherein the humanized anti-CD4 antibody
comprises an H chain V domain, an L chain V domain, and an 1gG1 constant domain,
wherein the H chain V domain has SEQ ID No: 1, and the L chain V domain has SEQ ID
NO: 2,

wherein the medicament is to be administered to the subject from every week to every 31
days,

and wherein the medicament is to be administered to the subject in a dose of the humanized
anti-CD4 antibody of from 0.2 to 2 mg/kg.

9. Use according to clam 7 or clam 8 wherein the dose of the humanized anti-CD4
antibody isfrom 0.2 to 1.5 mg/kg.

10. Use according to any preceding claim wherein the medicament is to be administered
every week, every 10 days, every four weeks or every calendar month.

11. Use according to any preceding claim wherein the medicament is to be administered

intramuscularly, intravenously or subcutaneously.

12. Use according to any preceding claim wherein the autoimmune disease is selected
from psoriasis, rheumatoid arthritis, multiple sclerosis, type-1 diabetes, inflammatory bowel
diseases, Crohn's disease, autoimmune thyroiditis, autoimmune myasthenia gravis, systemic
lupus erythematosus and transplantation-rel ated diseases.

13. Use according to claim 12, wherein the transplantation-related disease is graft-versus-

host or general organ tolerance issues.

14. Use according to claim 12, wherein the disease is psoriasis or rheumatoid arthritis.
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15. A kit when used for treating an autoimmune disease, wherein the kit comprises a
plurality of doses of a pharmaceutical composition, the pharmaceutica composition
comprising a humanized anti-CD4 antibody capable of activating CD4+CD25+ regulatory T
cells and a pharmaceutically acceptable carrier, the pharmaceutical composition of each dose
comprising from 20 to 200 mg of the humanized anti-CD4 antibody, wherein the humanized
anti-CD4 antibody comprises an H chain V domain, an L chain V domain, and an 1gG1l
constant domain, wherein:

(a) the H chain V domain comprises the sequences DCRMY, VISVKSENY GANYAESVRG
and SYYRYDVGAWFAY, and the L chan V domain comprises the seguences
RASKSVSTSGYSYIY, LASILES and QHSRELPWT; and/or

(b) the H chain V domain has at least 80% sequence identity with SEQ ID No: 1 and the L
chain V domain has at least 80% sequence identity with SEQ ID No: 2.

16. A kit according to claim 15 wherein the humanized anti-CD4 antibody has V domains
defined by the following polypeptide sequences:

- H chain V domain:
EEQLVESGGGLVKPGGSLRLSCAASGFSFSDCRMYWLRQAPGKGLEWIGVISVKSEN
YGANYAESVRGRFTISRDDSKNTVYLQMNSLKTEDTAVYYCSASYYRYDVGAWFA
YWGQGTLVTVSS (SEQ ID NO: 1)

- L chain V domain:
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGY SY YWY QQKPGQPPKLLIYLASILE
SGVPDRFSGSGSGTDFTLTISSLQAEDVAVY Y CQHSRELPWTFGQGTKVEIK (SEQ ID
NO: 2),
or V domains comprising polypeptide sequences having at least 90% sequence identity with
SEQ ID NO: 1 and SEQ ID NO: 2.



