WO 2009/ 124815PCT/ EP2009/ 052811 1 ACGENT FOR TREATI NG
DI SEASE The present invention is concerned with

wo e@atzasn of aut oi nmune di seases. The i nvent i PCI/EP2009/052811
i nvol ves an agent such as al humani sed nonocl ona
anti body that nay be admi nistered to patients in
hi gher dosages than previously described. It is
particularly effective for patients having di seases or
charact eri sti csSAGHNIT FORgGIREARBYG ddSBASEor effective
treatnment. The invention envi sages a pharnmaceutica
conposition conprising the agent, such as the

The RBchPRS¥atidoNis@bhtGAG] AUtE thane@RE @hﬂoﬁﬁmuﬁ@ di’é@és'es ahe invention
uses and net hods of treatnent enpl oying

mvolwnq;msgetnt @wél ana hmwach@mgclenﬁmnﬁ Mhsg ﬂtah érlaag‘emﬂdmlmstered to

patlex}t% &rbb%gg %esstym hﬁre&%l%l%lu @g?‘ 1bec?i‘ n t 1s g%mc%ﬂa]tﬂg/ effective for patients

havmgubrs&%l:ﬁcdﬂ' efardcBaritisy ra@nnﬁgehﬁgher Wl[tis@sh foesffetidvd Mreatment. The
I mmune response against its own cells and tissues. Any
invengips eepyisagera® Py TREIICRlo FOBDRNKLIH caBpFpiaat thenghve such’ as the
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the canpdaitionk and Médicapems b(ﬁﬁpﬁsmg)ﬁle mgatti c arthritis,

colitis ulcerosa, Crohn's disease, nyasthenia gravis

(M3, autoimune pol ygl andul ar syndrone type |

; ity i) - [
snoffgabi ) oL I8 Bl g (KT fBEnd g o
sub-nm]letcmlazrﬂnmks) hy ‘r‘qa}fdpvluth fesultstinvie imymude mpot(SAlgsamst 1ts own cells and

[ en T cell.s reco nlse
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autonﬁbﬁuh@ edl&%&é SA@tBuﬁrﬂ&né" Qfbasef\GhEMAd inQutigE scﬁz%s‘ig eersh, MRumatoid
cells by presentation of autoantigens processed b

y
arthrl‘aﬁt(Réé,n ppriasien PhaTiptic eatrﬂgltl(Squl}tls glegeose,oCrdhaisr dig¢aspainyasthenia
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(HT),Neygeal | dabelesC €T1 D), ab@tdbicefupnt aythBmaegay ASLB) and autoimmune
aut ol ogous tissue and only react on presentation of

lymphppreliferagyo sigdeemeitAkles. Central tol erance and
peri pheral tolerance conprise the two nmechani sns by
whi ch the i nmune system hinders autoreactive T cells
Autoibinoumel didense m)gcﬁrheiir}rendﬁloeﬂsalréoogmsé and réaenso 's€ntmoddcules, that is,
t ol erance di at h negative selection. This
molephse aSsugat 71 Bt Fler| dhharPonACeYiBagh cRGHienve 1 cels by
prese &fi &f bRt &t éﬁs‘%ﬁ@&%éd\@/ a}'mg%&sen@hﬂlg % QOIS Go their clonal
evel opnent r1tet
expa@ﬁﬁ%nﬂﬂd&tﬁ%@%&ﬁ@&%imsmms avheer thph éndaice tinflaanrasttom drgl tissue
t he backup available if central tolerance fails and
destrugtiplyr eact i ve cel |'s escape the thynus. This mechani sm
of tolerance occurs continuously throughout life,
keepi ng autoreactive cells in check through immune
Normainok esitsear¢ tohespfyyith pegpidgh epplogees Essuennd ﬁavydﬁacé@nupv@entaﬂon
ressi.on r t el
of hegeé@ %%%t gglqtlguppéegqg}sag rtglce ? %,8 &se}—lgﬁgr?ﬂ tcglgxraqf Xmﬁxllsc‘e the two

mech&UERE 8§ Sitach R Riniie Petfehphiadat dureranc® a@tld ffoagiddatiag their
aut oi nmuni ty (Surl Payer et al J | nmunol

deleteripye fungtigny {5063 tolegarse 1seqnecgpted tlgrog(}bneg@gae sg—lgctlon This process
entaﬂ%?é&f §§%@?§@gé§a&% fl ee{rl?ci(;%? ﬁ)ﬁejt @afufltf)rltam?oéeﬂs 1§Lﬂmg ontogenic

develoitierth 30theBE@bYs. Takahashi et al., Int. Imunol. 10:
1969- 1980 (1998); Salonon et al., Immunity 12: 431-440
(2000); Read et al., J Exp. Med. 192: 295-302 (2000).
In general, regulatory T cells inhibit the activation
and/ or function of T helper type 1 (THl1) and TH2
effector cells. Dysregulation in Treg cell frequency
or functioning can lead to debilitating autoi mmune
di seases (BaecherAllan et al., Inmunol. Review 212:
203 216 (2006) Shevach, Annu. Rev. Imunol. 18: 423-
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WO 2009/ 124815PCT/ EP2009/ 052811 8 anti body havi ng the
sane anti gen-bi nding properties as the nouse
worewogtesmhl anti body from which the CDR sequenP€@BERMNF052811
derived, and far |ess inmurdgenic in humans. In sone
cases, substituting CDRs fromthe nouse anti body for
the human CDRs in human frameworks is sufficient to
transfer the antigen-binding properties (including not
PeripBlaY tdlB@n&PRChE badliip, avaliblehseente tddfihddi falls h&I autoreactive cells
antlggn). However, 1n many antibodies, sonme FR
ax1s

escapreeth¢ thyews atlds meplniame! PlsFanspPP@EncHitine ) thiaghawdife, keeping
autorteerx] oL %' €4 %:]:){(%EOLH}O% f &Bﬁm@% Sdte! n%rﬁ@),/ p.eriPI?eral deletion and/or
aﬁ%lgoay-an i gen cofipl ex, or~becaus I'nfluence
activk beppe&sioar mati on of CDRs and thus their antigen
bi ndi ng performance. Thus, in nost cases it is also
necessary to substitute one or several franework
' 1§ FREEL B HRNS 6158 ek RRsd Frolipdr b8 HERN rt of acti
Tre %%@ sgéﬁhrﬂgéFR fesﬁgugs. S?nce t%@ﬂﬁyn%ep op)a?pa of active
suppsestien intaimteint paiphcabsolmaste el agubimbhitomsmposs (BurePayer et al, J

gt ok 7 SRy G 20085 o oL OS5 187 852 PE FolePthomo e
al., I ehn@lupbD 01 uh&6embk OE N WsRANIDerRir@RE AL EhmuMak | DU 1-530 (1995);
nmet hods have been Froposed fo redicting the nor

r e
Takabgi efpali, Sttelngmued. Fbrl96ud88G (1908 Salomanras @ghimmmeity 12: 431-440
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the aM@fati8S ahd/GMudbticinéf D BelperttPp@N CTHEY and TIHB effécWdr @119iDBFegulation
~ _antibody, it is very difficult to foretell which
in Treg pelt freqienemer Hortioningandead toedehdifatingpuiigypuyne diseases (Bacecher-

Preyi the . i Zat4 -AF :
Al f 8l Bl RS Y TR AR BB R R i RS 288 fnol, 18: 423
449 (Rod®NSAlethoB-tal. ( meneninaf2:e13 1r40gR06@); SakagactiBt Bb,)Immunol. Rev.
having simlar CD4 binding properties to the parent
182: b2 B0 BS Thus, in WD 2004/ 083247, the humani sed
anti body BT061 (humani sed B-F5, or sinply hB-F5) has
been found to be useful in treating autoi mune
Severdi seaswof reutiorad @dls hhushenaharacthezadalbé thnziht ¢ Tregsconsists of

Thi s, pat ent | ication.di co sitionsg fo
(00 K BREE SPSON HIGtE S G T3 hul SECHL BT P dhieed, Tr1 and
Th3 aePs NFakth&os) N Tr3gsase hs'f TRy Ghale HerMUesdpibed 65 &dmans and
from 1-5 ng. Dosage regines envisaged are an
roderit (frehémyan gsall Inglipdnvestgatpnsd 4ahtf%al B 730 kry second
day dose for rheumatoid arthritis patients over a
period of 10 days. Thus the | argest dose disclosed is
Thynfustirigbd OR€ tellF(nanehl B50dtgrringeCDUNEDLSTray @é tHOnmaay segulatory
WO 2009/ 124815PCT/ EP2009/ 052811 9 The study was al so
cells gwobvier pegilBipewpjogamEsitaer pathogeniq IHMUAE §$PARES-and
poster presented at the EULAR conference, June 2005.
The treatnment of 11 patients suffering fromrheumatoid
i)  arthéy arkiCDAEB cadis aal osextitutd hd Opfadfi reripserakC B4t T eelised
... Wwth 5 intravenous infusions of 5 ng BT061 every ot her
i) gdlexmarreBiBe YIRSt treatment with 150 nyg
iii)y DisbyoRfre E@}ﬁralf&hﬁla?d&érf%@@}byd@é Clodtebdl SxgrélsPnSEUAY 1152 receptor
not "di scfosed'to be suitable for use in higher doses,
(CD2aindthiet loins neil¢dular deaformabifethe CCP# dncvhc@éw,n@l&g@ dC€Thidgherand the

doses s treat a greater number of patients.
Umm%ﬁ%@ﬂé“&@é%Pﬁgto t he abgve prior art, it Ps an ai m of
the present invention to treat patients having
aut oi mmune di sease who do not yet respond
satisfactorily to existing treatnents. In particular
it is an aimof the present invention to find
aut oi nmune treatnents that may be applied in high
doses to patients, in order to inprove treatnent
response for currently unresponsive patients.
Ast oni shingly, experinents perfornmed by the inventors
reveal ed that the IgGlL anti body BTO61 in contrast to
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Figure 17A and 17B provide further results fromthe

clinical trial wwth rheumatoid arthritis patients as
waele®oni4sexl i n Exanple 8. The Figures show t he PCRBR2009652811

tender joints in patients fxomthe 1.25 ng

subcut aneous dose group (Figure 17A) and fromthe 6.25

ng subcut aneous dose group (Figure 17B). Figure 18A

and 18B provide further results fromthe clinical

The trbiealofWTtdas I ke wn@hplificdardelr ity sxpainemd sSnedvides ed’cbbﬂﬁiutlon of
in Exanpl e 8. The Fi qures show the nunber_ of ten

immynsidafigientrnude miemwih Glatn el tso weis dapbiest ofeBas CD4 CD25’
reco i HEUO thite (EOMORTEI SRS iR, TWhol iy RS, such as
gastritfs, bdphopiah, ypelfitis, dad shypueidasy Sofi- Ha‘gaerehd ;B BEEmuikol( $E@ 1202-1218
No: 8), FK-001 (SEQ ID Nos: 9, 10, 11 and 12), L4L
(1999)8EQ 1 D No: 18), and L4M (SEQ ID No: 2) in the design
of the humani sed formof B-F5 (i.e. BT061). WO
2009/ 124815PCT/ EP2009/ 052811 15 Figure 20 shows the
IncluallongxﬁMDéTCIDIﬁe spbrsey pﬁptrw@astge@rueﬂ@esm@ﬂts rvith meleBnicg prevents

the ()Pést gﬁgelﬁe[) %%66? f%a.guol S&%dQ%%égéS%Dlﬁ ﬁé;r)d(wgs)) The

protebfife 988E BT OH41ATS2 I TUFBNR| pathst g@h-@ pedBidautofi@unity has also been

invention will now be described in nore detail. The
showagienseverd aether gnogighst elb petofrgupise (.8 pHeIHNBER @gastritis, prostatitis,

oophégﬁg?ggﬁgemﬁéggﬁr \ﬁ{fnﬁgla‘%ﬁeth)%rﬁg QR Z ?Jse@%&'n\égﬁdtglgthymectomy

perfop@by PRV Bfeer HrtP l(dH’le) for (ﬂ{ﬂaal{hlaﬁtﬁltyl l’ﬁl@ﬂ:y dls‘éﬁsercauiddebyal@ecbmtltunon
i s an anti bod a_monocl on anti bod
of SGHPenise aihyC éR%h}ghb@aff GLa2% TrisHo arstramrr ofcgnhi-CD25 antibody
ly be an IgGl
in vzv%r}[’l n@géjylso ;Bgﬁce%%g%%olggalﬁﬁ%ﬁbﬁﬁn@{ee&%@rgm ibody. In a
preferred aspect of the invention the agent does not
cause a substanti al crease i.n . + +
The §p@PI¥q 5%%&&%% HRSCIRtiqg resgtr%fOé ng 61 ggype CD4 CD25
T regglll ﬁf ﬁlﬁ&lcﬁldﬁﬂdnﬂhét&&lb&%@@t&@éﬁ%&hﬁp}%&@n@%ﬂm 3 syndrome

|es In particular  evel s | FN-
(lmmhhe 6yﬂfgiﬂzhmn1polzemibmemopadm entetopathy,camd of-linkes lageﬁ@ncar @ severe

oo B Y] P59 P TRRC B PR 1 Strrs et

(scur@%%’xdrbﬁ‘ﬁ@j | Bave | hhulaRensHeNFLOP3,apepRed fd diredtt edttal@iodl b@Ween an
is taken as X then within 96 hours after

autoigahmingi @tlm&lt mdelofmwse regidaieryofl eals, piRfy @nyraan aReEBmppg disease
S 0 n X. Preferably there
(Sak‘?’%lyi“bi es§m{1 ]ﬁrgﬁolasf 515)9?10?@45“?% ase in X. Mre

preferably these |evels are during the period of 10
m nutes after the start of adnr stratlo to 9%%?Q855
The plarepceibag REShGRIsEY Obtrgr iy agsliss 10 oLy pedsi 5" Tregs
f | & Bf i@ nddfited b
1nh1b§tgk?01%dldha?% &) tpﬁgitﬁgggknzgll g?tgx;aggfrl re}ghdyﬁﬁ)?geigrﬁ i eﬁ% ed by a
cell dohmsede;reaearn« eﬂbchann!me diat haqusabiaichgon mﬂ.@Dgu(ﬁézﬁ |Treg'se‘bh ¢he TCR

. due t di.fied activati st at
but el 6 @eﬁﬁ%\%oﬁ B R o RPUAET OB (R BT IPRA T gon with

mito #e?m,h SRfib M esS BRERSE)S (SHePadh 08RG AREE , IrhRENAONCENRY aDDET). Once

or a specific cytokine dlrectly prior to
stimudaiad rthesyr acratcompetoﬁt tphepragsnn ap gnti gdoeindependierd meanpgt thi mesponse of

A N e )

expa]ggﬂm[{:’referably there may be |less than a 10 fold
increase in X. Mre preferably these |evels are during
the period of 10 minutes after the start of
adm ni stration to 96 hours after the conpletion of
adm ni stration. WD 2009/ 124815PCT/ EP2009/ 052811 16
Table Al: Cytokine | evels neasured in plasm of
heal t hy vol unteers. The ULN (upper limt of normal) is
cal cul ated based on nean val ues neasured in 39
i ndi vi dual subjects + 2 X standard devratlon In a
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Estimation of CD4 binding activity Culture
supernatants of transfectonmas producing the four
wao 00814885 of hB-F5 were col |l ected, and concentPEE/EB2009/052811

The different antibodies wetre purified fromculture
supernatants by affinity chromatography using protein
A Sepharose and assessed for their CD4 binding
activity by neasuring, by means of conpetitive ELI SA,

Therd BRI ddditidRhodd® ﬁﬁﬂ1@ﬁfhg\th§tl sappraget asdvityhef ODATCIDES” OTregé/\@ar‘ually
2009/ 124815PCT/ EP2009/ 052811 21 biotinyl ated nB-F5 t

also rebi¢suinl anticipflamewtasy criekives g TEEMB (é%g%%v etlahcbkam%ﬂ T68: 1080

B L L

TGF-8Gkéretidryisqhrthdsmbbe M@poﬁﬁk&;ﬂt}ﬁsﬁnﬂﬁ{g%thar’féﬁéh@nﬁcmmt mice develop

Tabl e A bel ow . Table A Anti hod e

automarrmp dseanst angh thit a@%?%wf@n@nﬁg‘ M@ﬁ%@é Ggss b {#gﬁ abrogates in
1 7 n some

oo RGNy MLl e, AT Lt
modedppears that the 37th residue of Leucine, is critica

to maintain CD4 binding activity of hB-F5 because the

CD4 binding activity is several-fold reduced by
Wlthﬁloﬁ‘l\ée@ﬁhmT o1 3fseuat Rad7Vadore Qiffée6: 69BE bBIKlls tWith diphressive

residue of VKis found to be not so inportant for the
functiobdnigi exdstnyhéoht drg umc&pcedAeMrt%pgm@éq shegificgd prqgspefcantigen (called

adapg‘é%mﬁgqustz;t drel%}{;t Ve Cu?lg%f VHe Ilslr“]gr’ él%l%hl%’a{i‘TY} cells and T]?3 cells.

Thesé‘@ell t}r P&t Vo ibB dfshd lhasmwmoramﬂcmswa?ﬁeg@ Ibeseﬁemttb«ir cytokine
E4L and H87L/L4NImere chosen for evaluatio

producm@@mfg}aft ifrwveyer, tthe relafiapship pepresndgse afitigiept WF$ igungfear and

E vitro biological activities of
the motl BP0 A6k e Rerl bl V(L0 DL (H37L/ L4M | gGL and
H37L/L4L 1gG 1) were eval uat ed. Hunanized B FSS of

I type (FB?L/L4M I g nd H37 4L I g
Trl qegg WEEE mqi]a,cgz di by (ﬁp@t’lﬁbvaothéqng@q%cp t@%ﬁ iy I&&q %rg q{ﬁ:e I]?_-é%) and were
- ls of IL-10
o BRIy UM AARE LAbIETGRRLETR R AUURA s vl
toget]liHi’@htH‘lr)AodhjaIe rsiouPBMCT Gieb EClantet alatJehnMync@oh%l (723544 (2003)) .
pg/ M, 3 days) or PPD (10 pg/m, 4 days) in the
presence of nurine or hB-F5s, and were nonitored for
Th3 deSiide MR iharabde! 8f EAIDIRS Ofal fayh@g bhyri g@hngroduce high amounts
|ncorporat|on WO 2009/ 124815PCT/ EP2009/ 052811 22
of TGMiBiand variehlh BnPBeis 06 Ul-¢ arddbrld: Hi-f. itseHh Bing shown to be a key factor
Co |nd ced i fer.ati t ' )
for t}prcgﬁ?rgﬂ? O(g}fplfhg; eﬁlgl 1% c gﬂ%lst%nfrl qusalﬁ a¥é Hiffe?en}ﬁ%%e'greﬁth 1IL-10

rom onor

(Che\b54,, sei'émermssand,mm&@@%@r e able to inhibit

Ag- speC|f|c PBMC proliferation induced by PPD. |gGl

type of hB-F5 inhibited PPD-induced proliferation nore

ef f.ect
suppft bl fetell AR 435 ERHARIPA RNES R BERGR therapeutc
strate@ff thdihak besrthided tsacoesseally wi trg/at\aasnrafnmns tlistdres. ddomeevas these drugs

nB- F5. For | gGl type, 7L/LhL re effech ve LQ?QH ¢
inducegyggneral ImpyaosyppEsigh dHR 1 CHVIRR G IRE M) B iR n inhibition o
not oﬁ‘lk@%ﬁarm B8R0 RNk Bhﬂfé'ntnﬁ{dﬁe 36dtdne] Bt 8% ubdFusdiRE tAs 4 Bshsequence,

Inhibitory activities of B-F5s agai nst PPD-induced
severflBAdRs pikeo iifé@ivat ¢apnenmadelrestokisity owy:ock87L/ L4AM | gGL >

H37L/ L4L 1gGl > H37L/L4M | g& H37L/L4L I g& = nB-F5.

Consi dering the efficacy of the in vitro biologica
AgenBClrdtfdd o aRih teels MRcligh afiilfipe@ic MALSEYATHNCarak dfitoimmune

H37L/ LAM I gG1 was chosen for further evaluation, and
diseapas. i s thi s anti body which is named BT061 and is

enpl oyed to denonstrate the present invention in the

Exanpl es provided in this application. Conposition and

uses As has been nentioned, the pharnaceutica

conmposition and nedi canments used in the present

invention, are preferably capable of treating an

aut0|nnune dlsease |n patlents benefltlng fron1h|gher
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DuBoi s and DuBois fornmula: BSA (nR2) = 0.20247 X
Height(m 725 X Wei ght (kg) 425 (DuBois D, DuBois EF:. A
WO 200a24813 0 esti mate the approxi mate surface aPEHEP$009/052811
hei ght and wei ght be knovvm Arch Int Med 1916
17:863-71. Haycock formula: BSA (nR) = 0.024265 x
Hei ght (cm) 3964 x Wi ght(kg) 5378 WO
2009/ 124815PCT/ EP2009/ 052811 24 (Haycock G B.
The apphoaRh bZ uéngd agditSatsigy/atDhdtactivagered T fegulaih@cteflofor the therapy of
measuring body surface area: A height wei ght _formula, .
autoiipanung tisedses rhayve bsen 8P 1@ MOWARTeHtatfd D airanacly iyl pefiyation of

e AP P PO g . o
J Mednei a9t $érg 3BT 1UBGE36)Cehavia Bhe (GevingdatSily, niedtculratdlN8 ofing the
elB0 b e ozacl o v o el GO CancSE o
cell pggglg{?é:‘}g&ywé(ﬂ Heb Bt LoaMdioNal BEIRLOIHR B terh?SRdnctfon®ind release of

LOX grans) ) According to the invention the
excedds eanafuntshel pgenflamhmatdrg cstokjres tindledifig NS, {INIGQ Iigl ad 1L-2,

body. surface area of the t.i ent referably f 6.t
resulRE gy i, R WoSPDFEY PUTY lG oGRS Foltheln humans
(Smﬁlﬁélig%%ﬁe%,mﬁggglh@é& b EFS QAR 555 (OM): _dl%-j%?:.dy wei ght  of

t he subj ect.

According to the invention the dose of
the agent to the subject is fromO0.1 to 2 ng/Kkg,

pr ef.er abl .15 1t0.1.5 /K and st .prefer 0.2 .
Anefihe b G dh Bick Toingiods 630 2 (B PORETT ) BTG TR g paiens
develoP€ @?@)ﬁiﬂesre%§@ dyRdtoinb ewiie di ol UselC 8 AliBBurOhedrbis B@AYt-alpha,

wei ght of the subject it is preferred that the doses

interlowlgn-2a apé rdavanaointer (eromyapeariag yathie dn2hre ingharpirgdatiopef kidney
[nR, .nore pr.eferably bet d A :
wans G BN o ST B sta T TP S R AOC apEr (tes). This
resul3gh e $heidelitic atdodv MBidhglimité thesuse@ulhdse wif aliik yantibody in the
preferred that the dosages are adm nistered
treatrgerh of peipBynenedisepie fr equency of adninistration i s not
especially limted, provided that it does not
interfere with the effectiveness of the treatnment. In
Treatire@t with @ndtaloduse iof 5116 mg ef BGNed12 {tat mp aeti{alRR8aper tkijlogthm of body
. doses are adm njstered on at | east one of e . i
weighiofavghih AGYBRSIINTHREAPTY Sy 8pyeor bR By Aot ity Qpymintes
after ?ec@ﬁ@rk'gsa SRYR iMtrBv WEEK Gose DY §hY TER WEEKSunfMRNi¥gAft et al, N Engl. J
weeks,” every cal endar nonth, every 3 cal endar nont hs,
Med.@066 Beip 73abENpa018d)t hs" or yearly. Thus, the doses
may be separated by at | east one day, or alternatively
by at | east one week, by at |east one nonth, by at
It is lg8AShIL3 aBRBY hBat OP4ar éeﬁ@%ﬂzgﬁ a RRLApaAr inbitaltink €@dt maintaining
one year (neaning that the doses are taken at |east
autoi@ROPOALAENBICTY IEpigen pPupRsHIo e ayabsagpist (RAF ells surface
ek, ever nt.h,  ev ntps a I n
1n°h§ﬁ?%r?ﬁ%P1§P é?%%t?@%épﬁeéﬁﬁ%T%Pf?§8%¥gﬁggégxgr£e?gkéﬁﬂwugl
numérs@nalRvEl ¥tullick @osfirntkalythe @oteatialr iitelesl 3f tnupygoachh¢hey also raised
| ength of treatnment is not especLaIIX [imted, a%g .
le for use in

severaly j5Pyeal tPybei #ldressed #bATdepfio RpksiatHIind* drakhawee sy

1 reat oceeds indefinitely, or until synptons are
roum?eecgﬁ%%gﬂ{ag ‘?Ef' manageabl e | evel for the patient.

Cenerally the dose is adm nistered to the subject for

at |east 1 nponth. The.invention so provides a ki.t .
Severbl g ansdaners fEaABb I, CHaraPh e bi boBisHLeuding: (1)
antag@ni@lﬁuc;fa(llbk%flﬁ& e GanER e FAFRAA SRS H8 d Med BRevaido (2) CD4

si mul taneous, sequential or separate admnistration to
receptorsmbildation ht daetesoinpd dyi dalscraaseeinhesdl sfrface expression of CD4, (3)

an aut oi mmune di sease, which nethod conprises

adm ni stering a pharmaceutical conposition as defined

above to a subject. Also provided is a nethod of

treatnent of an autoi mune di sease, which net hod
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This drawback can, in principle, be avoided by the use of humanized antibodies, obtained by
grafting the complementarity-determining regions (CDRs) of a mouse monoclonal antibody,
which determine the antigen-binding specificity, onto the framework regions (FRs) of a

human immunoglobulin molecule. The aim of humanization is to obtain a recombinant
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antibody having the same antigen-binding properties as the mouse monoclonal antibody from

which the CDR sequences were derived, and far less immunogenic in humans.

In some cases, substituting CDRs from the mouse antibody for the human CDRs in human
frameworks is sufficient to transfer the antigen-binding properties (including not only the
specificity, but also the affinity for antigen). However, in many antibodies, some FR residues
are important for antigen binding, because they directly contact the antigen in the antibody-
antigen complex, or because they influence the conformation of CDRs and thus their antigen

binding performance.

Thus, in most cases it is also necessary to substitute one or several framework residues from
the mouse antibody for the human corresponding FR residues. Since the number of
substituted residues must be as small as possible in order to prevent anti-mouse reactions, the
issue is to determine which amino acid residue(s) are critical for retaining the antigen-binding
properties. Various methods have been proposed for predicting the more appropriate sites for
substitution. Although they provide general principles that may be of some help in the first
steps of humanization, the final result varies from an antibody to another. Thus, for a given

antibody, it is very difficult to foretell which substitutions will provide the desired result.

Previously the humanization of mouse B-F5 has been attempted, and success has been
achieved in producing humanized B-F5 (hereinafter referred to as hB-F5) having similar CD4

binding properties to the parent mouse B-F35.

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 patent application discloses compositions for parenteral
administration, formulated to allow the administration of a dose of from 0.1-10 mg,
preferably from 1-5 mg. Dosage regimes envisaged are an intravenous 1 mg per day dose and
a 5 mg every second day dose for rheumatoid arthritis patients over a period of 10 days. Thus

the largest dose disclosed is 5 mg at one time and 25 mg over the course of 10 days.
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The study was also described by Wijdenes et al., in an abstract and poster presented at the
EULAR conference, June 2005. The treatment of 11 patients suffering from rheumatoid
arthritis was disclosed. The patients were treated with 5 intravenous infusions of 5 mg BT061

every other day with concomitant treatment with 150 mg Diclophenac.

The antibody described in this study is not disclosed to be suitable for use in higher doses,
and it is still desirable to find treatments at higher doses so as to treat a greater number of

patients.

Having regard to the above prior art, it is an aim of the present invention to treat patients
having autoimmune disease who do not yet respond satisfactorily to existing treatments. In
particular, it is an aim of the present invention to find autoimmune treatments that may be
applied in high doses to patients, in order to improve treatment response for currently

unresponsive patients.

Astonishingly, experiments performed by the inventors revealed that the IgGl antibody
BT061 in contrast to other CD4 mAbs, once bound to CD4 of target cells neither induces
ADCC, nor CDC or apoptosis.

Accordingly, the present invention provides a pharmaceutical composition for treating an
autoimmune disease comprising a pharmaceutically acceptable carrier and an agent capable
of activating CD4+CD25+ regulatory T cells, wherein the composition is to be administered

to a subject in a dose of the agent from 10 mg to 200 mg.

The invention further provides a pharmaceutical composition for treating an autoimmune
disease comprising a pharmaceutically acceptable carrier and an agent capable of activating
CD4+CD25+ regulatory T cells, wherein the composition is to be administered to a subject in

a dose of the agent from 5 to 60 mg/m?.

Still further the invention provides a pharmaceutical composition for treating an autoimmune

disease comprising a pharmaceutically acceptable carrier and an agent capable of activating
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CD4+CD25+ regulatory T cells, wherein the composition is to be administered to a subject in

a dose of the agent from 1 to 500 ng/kg.

In addition, the present invention provides a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an agent capable of activating CD4+CD25+

regulatory T cells, wherein the agent is present in a concentration of from 10 to 150 mg/ml.

In a preferred aspect of the invention the agent is a humanized anti-CD4 antibody or fragment

or derivative thereof.

The invention also provides use of an agent as defined herein for the manufacture of a
medicament for treating autoimmune disease wherein the agent is to be administered to a
subject in a dose as defined herein. Further the invention provides an agent as defined herein
for use in the treatment of autoimmune disease wherein the agent is to be administered to a

subject in a dose as defined herein.

It will be appreciated from the above dosages that the inventors have found that, surprisingly,
the humanised antibody BT061 (humanised B-F5, or simply hB-F5) did not substantially
modulate nor induce release of pro-inflammatory cytokines as compared to other T cell
interacting antibodies, for example anti-CD3 antibodies. Further, the antibody does not cause

substantial long term depletion of CD4+ lymphocytes.

The concentration of the agent of the invention is not especially limited, provided that it is
present in a concentration that is high compared to known concentrations. However,
preferably, the concentration of the agent is from 10 (or greater than 10) to 150 mg/ml, from
15 to 150 mg/ml, from 15 to 100 mg/ml, from 15 (or greater than 15) to 75 mg/ml, or from 20
to 60 mg/ml. Most preferably, the concentration of the agent is (approximately) any one of
10 mg/ml, 12.5 mg/ml, 20 mg/ml, 25 mg/ml, 50 mg/ml, 60 mg/ml, 70 mg/ml, 80 mg/ml, 90
mg/ml or 100 mg/ml.

The dosage volume applied to a subject using the composition is not especially limited,

provided that it delivers a high overall dosage compared to dosages already known, and is
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therefore suitable for treating individuals who may benefit from high doses such as, but not
limited to, severe cases with a long history of the disease and insufficient response to current
therapies. In particular, the concentration of the agent within the dosage volumes can be

varied in order to provide the required doses, which are described in this application.

The dosage volume will vary depending on the method of administration. Parenteral
administration is preferred. Examples of parenteral administration are intramuscular
administration, intravenous administration or subcutaneous administration. Where the
composition is to be administered by intravenous infusion the dosage volume may be from
0.1 or 0.5 ml up to 500 ml, preferably between 15 and 25 ml, and typically about 20 ml.
Where the composition is to be administered by subcutaneous or intramuscular injection, the
dosage volume may be between 0.1 to 3 ml, preferably between 0.5 and 1.5 ml, and typically

about 1 ml.

However, in some embodiments the composition may be provided in concentrated form and
diluted to the strength required for the individuals concerned. Preferably, in these situations
the composition is provided in relatively small volumes of about 1, 2, 3, 4, or 5 ml. In
alternative embodiments, the composition is provided at the required strength and dosage
volume described above (i.e. ready for administration). In one specific embodiment the
pharmaceutical compositions for subcutaneous administration are provided in a ready for

administration form so that they can be easily administered by non-medical personnel.

As has been mentioned, previously, it was not known that agents capable of treating
autoimmune disease could be administered in the high dosages that are envisaged by the
present invention. Whilst known doses of agents capable of treating autoimmune disease are
effective in some individuals or disease types, the realisation that it may be tolerated in higher
doses has opened up the way for more effective treatment of some autoimmune diseases and

classes of patients.

The invention will be illustrated by way of example only, with reference to the following

Figures, in which:
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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-1B); Th2 cells
(PHA: IL-4, IL-5, IL-13); Thl 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:
S

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

Figure 5 shows the nucleotide sequence (SEQ ID No: 3) of a fragment of the plasmid
encoding the Vy 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;

Figures 7A and 7B 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
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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 8 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 9 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 10 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).

Figure 11 parts A to H provide graphs showing data from the clinical trials with psoriasis
patients of dose group I as described in Example 7, in which patients are treated with a 0.5
mg intravenous injection of BT061 or a placebo. Parts A to H of Figure 8 provide graphs of
the PASI scores of patients 1 to 8 of dose group I, respectively.

Figure 12 parts A to H provide graphs showing data from the clinical trials with psoriasis
patients of dose group II as described in Example 7, in which patients are treated with a 2.5
mg intravenous injection of BT061 or a placebo. Parts A to H of Figure 9 provide graphs of
the PASI scores of patients 1 to 8 of dose group 11, respectively.

Figure 13 parts A and B provide photographs from the clinical trial with psoriasis patients as
described in Example 7. The photographs are of the same patient who was a member of dose
group II. The photograph shown in part A was taken prior to treatment. The photograph

shown in part B was taken 28 days after treatment.
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Figure 14 provides results for the clinical trial with theumatoid arthritis patients as described
in Example 8. The figure shows a bar chart of the percentage of patients from the dose groups
receiving 1.25 mg, 6.25 mg, 12.5 mg and 25 mg subcutaneous BT061 achieving at least an
ACR20 response. Six patients in each group received the antibody dose while two patients

received a placebo.

Figure 15A and 15B provides results from the clinical trial with rheumatoid arthritis patients
as described in Example 8. Figure 15A shows a bar chart of the number of tender joints for
patients from the dose group receiving 25 mg subcutaneous BT061. Figure 15B 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 16A and 16 B provide results from the clinical trial with rheumatoid arthritis patients
as described in Example 8. The Figures show the changes of individual parameters (in %) for
one responder (Figure 16A) and one non-responder (Figure 16B) from the 25 mg
subcutaneous dose group. In the Figures “Pat’s GA” and “Phy’s GA” refer to the patient’s
global assessment and physician’s global assessment, respectively. The term “PA of pain”

refers to the patient’s assessment of pain.

Figure 17A and 17B provide further results from the clinical trial with rheumatoid arthritis
patients as described in Example 8. The Figures show the number of tender joints in patients
from the 1.25 mg subcutaneous dose group (Figure 17A) and from the 6.25 mg subcutaneous

dose group (Figure 17B).

Figure 18A and 18B provide further results from the clinical trial with rheumatoid arthritis
patients as described in Example 8. The Figures show the number of tender joints in patients
from the 50 mg subcutaneous dose group (Figure 18A) and from the 6.25 mg intravenous

dose group (Figure 18B).

Figure 19 shows the alignment of the polypeptide sequences of murine B-F5 Vi (SEQ ID
No: 8), FK-001 (SEQ ID Nos: 9, 10, 11 and 12), LAL (SEQ ID No: 18), and L4M (SEQ ID
No: 2) in the design of the humanised form of B-F5 (i.e. BT061).
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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
after administration of the agent are not substantially raised compared to plasma levels
measured in healthy subjects (see Table Al). Specifically, if the ULN for a specific cytokine
given in Table A1 is taken as X then within 96 hours after administration of the agent of the
invention there may be less than a 20 fold increase 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 completion of administration.

It is possible that in autoimmune patients, cytokine levels prior to administration of the agent
are already higher than those observed in healthy subjects (ULN given in Table Al) e.g. due
to a modified activation status of immune cells compared to the activation status of the cells
in healthy subjects. In those cases, the concentration for a specific cytokine directly prior to
administration of the agent is taken as X and within 96 hours after administration of the agent
of the invention there may be less than a 20 fold increase 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.



2,4 121 12,2 609 0,0 0,3 0,4 4,0 39 8,1 0 0 256 14,9
135 8,9 597 12,7 0,0 0 0,8 34 14,8 0,2 0,3 257 16,6
wQa2895241605 5,7 0,0 0 0,0 56 2,2 0 0 233 16, 6PANEPDA9/052811
600 3,2 0,6 0,8 The data iii Tables 2-4 denonstrate
the follow ng: A dose dependent suppression of
tetanus toxoid-induced T cell proliferation (recal
response) has been denonstrated even at hi gh doses of
BT061, show ng I aetekddd61 daasLNGpg/aiiniogate all immune
responses. Doses_used apply {to a correspondi ng high
dose applicationﬂéﬁ up to 6 Eﬁﬁln patients. Genera
suppressi on of eyt KlnE*lclch {dose=dependent
reduction of |FN¥Ig | L-5 and TNF-al pha, with no
change in IL-1, TNFQﬂ]kL-G, I1810) and wit hout
affecting Thi / Th2 halianrp An_jincreaselin TGF-beta
rel ease EXAMPLE qugmmﬁMOM/cyi%nEtric test for BT061
(anti CD4 mAb) imduced—ADCE(Antibody-dependent,
cell-nmedi ated cytotoxicily) HuT 78 target cells were
Tablé AheCheating [ehelBleskrdd C}E@s&naa@mhdanﬁjd balue@ensi The BBMupper limit
cells as effectors. cells could be detected due
of nargabhis aafsulaies bensedrv@ DR e mspiuati PO dndeidyak %}bJeaFf» +2x
ntime of 30 mnutes. Results are shown in
Mmu%gﬁf 2%08 WD 2009/ 124815PCT/ EP2009/ 052811 36 Table 5
Concentration [ug/ nml] ecel ac/ ATG (positive control)

mean fl uorescence intensity
In a further preferred aspect of the nvention 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/ul).

Preferably the cytokine and CD4+ lymphocyte effects described above are seen in at least
80% of patients treated.

To prevent negative impact on the immune system, e.g. a decrease in the lymphocyte cell
count or induction of cytokine release, it is known in the art to utilise antibodies (especially T
cell interacting antibodies) of subclass 1gG2, 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.

In the experiments described herein 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, data presented in this patent application indicates that the
agent of the present invention does not display substantial and long lasting CD4+ cell

depletion or induce substantial cytokine release compared to the anti-CD3 antibodies.
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fluorescence intensity egative control

meanf | uorescence( ADCC) intensity Specific cell death

[/0] 70,85 10,96 13,41 -2,45 35,43 11,06 14,05 -2,99
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anti-Clof cariboditd, anm frdgmengy mﬂ_]ierlvatlves 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 ef 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,
1gG2, 1gG3 and IgG4. Preferred constant regions are selected among constant domains of

IgG, in particular IgGL

The present invention also includes any fragment of the antibody comprising the V regions

thereof. This comprises in particular Fab, Fab', F(ab)',, Fv and scFv fragments.

In a particularly preferred aspect of the present invention the antibody is a humanized anti-
CD4 antibody or fragment or derivative thereof derived from the mouse monoclonal anti-

CD4 antibody B-F5. An example of such an antibody is the BT061 antibody.

BT061 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:
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prefesblphtdtash §0 dogrsst @fef@%ﬁb}l@p‘[ 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 Vi and Vi domains is
show in Figures 19 and 20. 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,
including 1gGl, 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)'s, 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
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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 19. The alignment of the polypeptide sequences of B-F5, M26,
H37L, and H37V is shown in Figure 20. 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 Vi and Vg, 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 (TAKAHASHTI 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-FS 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 Vk regions of
humanized BF-5. The sequences encoding the V region are underlined and the corresponding
polypeptide sequences are indicated underneath the nucleotide sequence. Both plasmids and
pSV2neo were simultaneously introduced into mouse myeloma Sp2/0 (ATCC CRL-1581)
using Lipofectinni. 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
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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-F5Ss (binding activity of mB-F5 was taken as 100%) are

shown in Table A below:

Table A
IAntibody Temp (°C) elative binding activity
(% of mB-F5)

H37L/L4L ¢ 80

37 30
H37L/L4M 4 80

37 30
H37V/L4L a 10-20

37 10
H37V/L4M 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 3"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.
H37L/L4L and H37L/L4M were chosen for evaluation.

Investigation of the in vitro biological activities of humanized B-F5

The in vitro biological activities of mouse B-F5 and humanized B-F5s (H37L/L4M IgG1 and
H37L/LAL IgG 1) were evaluated. Humanized B-F5s of 1gG2 type (H37L/L4M IgG2 and
H37L/LAL IgG2) 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-FS5s, and

were monitored for their proliferative responses by 3H-thymidine incorporation.
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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. IgG2 type of H37L/L4M and H37L/L4L had almost the same
inhibitory activities. In short, the inhibitory activities of B-F5s against PPD-induced PBMC
proliferation were as follows: H37L/L4M IgG1 > H37L/LAL IgG1 > H37L/LAM IgG2 =
H37L/L4L 1gG2 = mB-F>5.

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.
Composition and uses

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 higher doses. Such patients include but are not limited to severe cases with a long

history of the disease.

In one aspect the present invention also provides use of a humanized anti-CD4 antibody or
fragment or derivative thereof in the manufacture of a medicament effective against an
autoimmune disease, wherein the humanized antibody is capable of activating CD4+CD25+
regulatory T cells, and wherein the medicament comprises the antibody in a concentration of

from 10 to 150 mg/ml, preferably 15 to 75 mg/ml, most preferably 20 to 60 mg/ml.

The invention further provides use of a humanized anti-CD4 antibody or fragment or

derivative thereof in the manufacture of a medicament effective against an autoimmune
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disease, wherein the humanized antibody is capable of activating CD4+CD25+ regulatory T
cells, and wherein the medicament is administered to a subject in a single dose or a plurality

of doses in an amount of the antibody of from 10 to 200 mg per dose.

The present invention also provides a pharmaceutical composition for treating an
autoimmune disease comprising a pharmaceutically acceptable carrier and an agent capable
of activating CD4+CD25+ regulatory T cells, wherein the composition is to be administered
to a subject in a dose of the agent from 10 mg to 100 mg, 10 mg to 80 mg, 15 mg to 80 mg,
20 mg to 75 mg, preferably from more than 20 mg to 60 mg and most preferably from 25 mg
to 60 mg.

In one aspect of the invention the subject is to receive a plurality of doses. In these situations
it is suitable that the dosage over a period of 10 days is 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 dosage 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.

The dose can also be calculated on the basis of the body surface area (BSA) of the subject.
Body surface area (BSA) can be calculated according to any known method. Examples of
BSA calculation methods are as follows:
Mosteller formula: (BSA (m?) = ([Height(cm) x Weight(kg)]/ 3600 )%

(Mosteller RD: Simplified Calculation of Body Surface Area. N Engl J Med 1987 Oct

22:317(17):1098)

DuBois and DuBois formula: BSA (m2) = 0.20247 x Height(m)*"® x Weight(kg)"**

(DuBois D; DuBois EF: A formula to estimate the approximate surface area if height

and weight be known. Arch Int Med 1916 17:863-71.

Haycock formula: BSA (m?) = 0.024265 x Height(cm)o'3964 X \?Veight(kg)o'm8
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(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)™*?*® x Weight(kg)™*'**

(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% - (00188x
LOG(grams) )

According to the invention the dose of the agent to the subject is from 5 to 60 mg/m” body

surface area of the patient, preferably from 6 to 50 mg/m’, and most preferably 8 to 40

mg/m”.

Further the dose can be calculated based on the body weight of the subject. According to the
invention the dose of the agent to the subject 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 these aspects of the invention, where the dose is based on the body surface area or the
body weight of the subject it is preferred that the doses over a period of 10 days are between
10 mg/m* and 120 mg/m’, more preferably between 16 rng/m2 and 120 mg/m?, or between
0.2 mg/kg and 4 mg/kg, more preferably between 0.4 mg/kg and 4 mg.kg. It is particularly

preferred that the dosages are administered subcutaneously.

The frequency of administration is not especially limited, provided that it does not interfere
with the effectiveness of the treatment. In the invention, it is preferred that the plurality of
doses are administered on at least one of the following bases: daily, every other day, weekly,
every 4 weeks, every 6 weeks, every 12 weeks, every 24 weeks, every calendar month, every
3 calendar months, every 6 calendar months, , or yearly. Thus, the doses may be separated by
at least one day, or alternatively by at least one week, by at least one month, by at least 3

months, by at least 6 months or by at least one year (meaning that the doses are taken at least
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The length of treatment is not especially limited, and typically in treatment of autoimmune
diseases, the treatment proceeds indefinitely, or until symptoms are reduced to a manageable

level for the patient. Generally the dose is administered to the subject for at least 1 month,

The invention also provides a kit for a use as defined above, wherein the kit comprises a
plurality of medicament dosages as defined above for simultaneous, sequential or separate

administration to a subject.

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

administering a pharmaceutical composition as defined above to a subject.

Also provided is a method of treatment of an autoimmune disease, which method comprises
administering a medicament to a subject, wherein the medicament comprises an agent
capable of activating CD4+CD25+ regulatory T cells, and wherein the medicament is

administered to the subject in an amount as described above.

It is preferred that the agent is a humanized anti-CD4 antibody or fragment or derivative

thereof derived from the mouse monoclonal anti-CD4 antibody B-FS5.

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 higher doses. Such patients include but are not limited to severe cases with a long

history of the disease.

Preferably the autoimmune disease is selected from psoriasis, rtheumatoid 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
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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 (I) extremities). Table B

below shows how the scoring system works.

TABLE B — PASI scoring system

Degree of severity Value given Surface involved Value given
(per body region) (per body region)
No symptoms 0 <10% 1
Slight 1 10-29% 2
Moderate 2 30-49% 3
Marked 3 50-69%
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, + Dp)Ap + 0.2(E, + I, + D,)A, + 0.3(E, + 1, + D)A,+ 0.4 (E; + I, + 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.
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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, more preferably at least 75 days after administration. In particular, these

effects may be seen in at least 80% of patients treated.

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

rheumatoid arthritis.

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 rtheumatoid 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 antirhcumatic 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).
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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.

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:
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The results are set out in Figure 1.

Results

BT061 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 pg/ml corresponding to high dose application of up to 150mg in patients

¢ No modulation of the Thl/Th2 cytokines at concentrations of up to 50 ug/ml
corresponding to high dose application in patients

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

e Increase in TGF-beta release (Treg cells)

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

Th1 and Th2 activities.
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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 AK BT061) was used in the
concentrations of 20 pug/ml, 4 pg/ml and 0.8 ug/ml (additionally 40 pg/ml within the pre
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 pug/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 pul

per well.

At the end of the culture period, cell proliferation was detected by adding 0.4 uCi 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 were counts per minute (cpm) and the

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

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:
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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-a OptEIA Set BD Biosciences 555212 MF31447

* additional material, required for the Interleukin-1 ELISA

Interleukin (IL)-1 levels in culture supernatants were determined using the human IL-1
ELISA Set A (Bender) test kit according to the manufacturers instructions. The range of the
test, predetermined by the standard delivered with the kit, was specified at 1.3 to 130 pg/ml

for undiluted samples.

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.
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Results
BT061 (also termed humanised B-F35, 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 cpmMcompound / €pmM 4i) 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 ug/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 (SI) 10,24 6,40 6,85 1,59
t-test (compound vs. nil)
P= 0,000 0,032 0,031

& ook * *
4 pg/ml 25 ug/ml 5 ug/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 (SD) 4,21 3,65 5,02 0,32
t-test (compound vs. nil)
p= 0,000 0,000 0,028

* 3k ok sk ok *
0,8 pg/ml 25 ug/ml 5 ug/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 (S 5,18 2,32 0,80 0,06
t-test (compound vs. nil)
p= 0,002 0,000 0,000
nil 25 ug/ml Spg/ml 1 pug/ml il
Mean (cpm) 13783 10244 6970 650
SD (cpm) 1826 758 1351 95
Mean (SI) 21,22 15,77 10,73 1,00
SD (ST) 591 3,47 3,65 0,29
t-test (compound vs. nil)
P= 0,000 0,000 0,001

* sk % sk ok ok &3k
Viab-ctr ConA  nil
Mean (cpm) 94473 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

sk
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Table 4
This table shows the influence of the anti CD4 mAb BT061 on the production of
inflammatory cytokines LPS- stimulated monocyte cultures. Mean and SD of two individual

micro cultures are given.

IL-1 pg/ml [L-6 pg/ml TNF o pg/ml
LPS 1 LPS 1

BT061 LPS 1 ng/ml nil pg/ml nil ng/ml nil
pg/ml mean SD |mean SD |mean SD |mean SD |mean SD |mean SD
20,0 40 14,7 0 0 253 24 121 12,2 1609 0,0 03 04
4,0 39 81 0 0 256 14,9 {135 8,9 1597 12,7 0,0 O
0,8 34 14,8 02 03 257 16,6 |128 59 1605 57 {00 0
0,0 56 22 |0 0 233 16,6 117 14,1 |600 3,2 10,6 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 - A4 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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Table 5
Concentration |[Tecelac/ATG) [Negative control Specific cell death
[pg/ml) (positive mean fluorescence ADCC) [%]
control) intensity
mean
fluorescence
intensity
75 31,78 11,96 19,82
37,05 25,09 12,70 12,39
18,75 22,25 10,59 11,66
0,38 14,95 10,63 4,32
Concentration hB-F5 Negative control Specific cell death|
[ug/ml] mean fluorescence ADCC) [%]
mean intensity
fluorescence
intensity
70,85 10,96 13,41 -2,45
35,43 11,06 14,05 -2,99
17,71 11,68 12,16 -0,48
8,86 10,54 10,23 P,31

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.

t BCT/EP08Y/052811
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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.

Table 6

Stimulus

7 d stimulation| Positive control
BTo061

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 20,7
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 C1qPBMCs have been isolated
and incubated with BT7061 (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 Clq. Results are

shown in Table 7 below.
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Table 7

antibody

anti CD4 mADb |[Positive
concentration

BT061 control
[ng/ml]

Mean flourescence 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 — Safety and tolerability of escalating doses of BT061

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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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-CD?3), 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.
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Altholugh humamzed FoR-H@mbmﬁl?llg CD3 spe01ﬁc monoclonal antlbodles that are presently

reductl st Qftkcks %ﬂ@cle%qlﬁ' T cé?lN‘aétwaﬁoﬁ zgxrd/dr by actlvatlon of Fc, receptor
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exprekstng cells.after the, first dose, as dqmparedlwkb FOR-HGling CD3-gpegific, antibodies
such as OK T3, 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 7A 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
7 and 8.

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 7A and B show the TNFo 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 8
shows the IL-2 and IFN-y plasma levels after administration of intravenous or subcutaneous
BT061. 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.
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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-o and I1-6 levels were slightly increased.
Figure 7 shows that the median peak values of IL-6 and TNFa cytokine levels detected in
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 8) 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 9, 10 and 11. Table
12 shows the results of the trial with subcutaneous administration. The results are shown

graphically in Figures 9 and 10.
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TABLE 10 CD4+ cell counts in individual healthy volunteers after 2.5 mg to 20 mg
intravenous administration of BT061

TIME DOSE
2.5 mg 5mg_ 5mg 5mg 10 mg 10 mg 10mg | 20mg
Predose 1080 1116 623 1160 840 335 1281 700
3h 488 313 108 111 104 143 132 63
6h 514 445 164 246 122 82 120 110
12h 699 763 346 573 297 285 366 199
24h 726 617 282 539 470 496 772 351
36h 985 1102 505 721 414 985 1417 677
48h 738 807 390 687 388 794 942 493
72h 711 736 419 700 440 830 919 504
96h 680 791 395 806 516 641 918 538
120h 649 669 438 750 543 674 1002 558
144h 662 723 407 676 448 549 942 579
168h 579 777 309 652 473 525 876 510
day 14 726 692 354 475 357 701 908 484
day 21 601 811 480 514 481 654 978 618
day 28 874 681 339 602 414 755 887 496
day 42 923 843 300 694 507 614 889 639
day 56 347 450 571 551 805 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 (%) 46.9 40.1J 51.8 59.1 L 57.5 37.1 31.6 40.0

In particular, Figure 9 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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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 pl; 1 volunteer of the 5 mg
group: 419 CD4 cells per pl; 1 volunteer of the 10 mg group: 440 CD4 cells per pl; and 1
volunteer of the 20 mg group: 392 CD4 cells per ul.

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 to norm values it is concluded that a transient

redistribution of the CD4-positive cells has taken place, rather than depletion of these cells.
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EXAMPLE 7 — 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

BT061, 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 I received the placebo. The dose per weight and the dose
per body surface area (BSA) for each patient are shown in Table 13. 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 13 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 II received the placebo. The dose per weight and the dose

per body surface area (BSA) for each patient is shown in Table 14.

The PASI scores for the patients in dose group Il are shown in Table 14 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 IIT received the placebo. The dose per weight and the

dose per body surface area (BSA) for each patient are shown in Table 14B.

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

percentage improvement in the PASI score from the baseline.



Day 15 Week 3 Day 22 Wek 4 Day 29 Wek 5 Day 36 Week

6 Fol |l ow up Day43 Week 7 Fol |l ow-up Day 57 Week 9
wo-oi0vousup Day 78 Week 12 201 tender 16 17 15 RAT/ER200%052811

1311 99 swllen 9 10 7 6806 5 6 5 6 6 202 tender 14

10 10 10 8 8 8 8 9 13 swllen 10 8 6 6 4 4 4 4

Dose Group IV

Six patients from dose group [V 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 14C.

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

percentage improvement in the PASI score from the baseline.
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13 13 14 13 14 - 14 304 tender 10 10 10 10 10 10 10 10
10 8 swollen 6 6 6 6 6 6 6 6 6 4 305 tender 16 16 14

wW@A2009324885 13 12 10 10 swollen 8 8 8 8 6 6 6 GPAI/RPROB052811
tender 27 27 18 55

Further, the PASI scores against time for individual patients are shown in graph form in
Figures 11A to 11H and in Figures 12A to 12H. The graphs shown in Figures 11A to 11H
represent PASI scores for patients from dose group I, while the graphs shown in Figures 12A

to 12H represent PASI scores for patients from dose group II.

As can be seen from the results shown in Tables 13 and 14, 75% of all the patients from dose
group I and dose group II show a clear improvement in their PASI scores, i.e. 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 1 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 14). 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 [ 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 14C) 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 15.
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24 307 tender 25 23 23 17 17 17 17 15 13 11 swollen 8
w@28982818 8 6 6 4 308 tender 20 20 18 8 8 8 8PEI/BP2W09/052811

swollen 12 12 8 56

TABLE 15 — Summary of results from Dose Groups I to III

Dose group I* | Dose group II* §Dose Group IIT*
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 13 A and 13 B provide photographic evidence of the improvement in the level of
psoriasis before and after treatment. Figure 13 A shows an area of psoriasis on the skin of a
patient in dose group II prior to administration. Figure 13 B shows the same area of psoriasis
28 days after administration. The areas of improvement are marked on Figure 13 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 6 which
show that 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 treatment of autoimmune diseases at the doses described herein.

EXAMPLE 8 - 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



6 6 56 6 6 4 Table 19 - Tender and swol |l en joint

counts fromthe 25 ng subcutaneous dose group.
wWOL@®pHs48PRt i ents - 25 ng SC dose group (' QU) SPCT/EEf009/052811
Screen Visit Day 1 Wek 1 Bay 8 Wek 2 Day 15 Week 3
Day 22 Week 4 Day 29 Wek 5 Day 36 Week 6 Fol | ow up
Day43 Wek 7 Followup Day 57 Week 9 Fol | ow up Day 78

1ﬁ 401 tender 16 17 19 22 13 3 12 11
gy ogagents repgivg aplagebo whe f patiiis @gelve BTO061. Patients

are dosed once a week over a period of 6 weeks.

grou

Patients are divided into those receiving the antibody subcutaneously and those receiving the
antibody intravenously. The subcutaneous dose groups are: 1.25 mg, 6.25 mg, 12. 5 mg, 25
mg, 50 mg, 75 mg and 100 mg. The intravenous dose groups are: 0.5 mg, 2 mg, 6.25 mg,
12.5 mg and 25 mg.

In the 1.25 mg subcutaneous dose group the patients are numbered 101, 102, 103, 104, 105,
106, 107 and 108. In the 6.25 mg subcutaneous dose group the patients are numbered 201-
208. In the 12.5 mg subcutaneous dose group the patients are numbered 301-308. In the 25
mg subcutaneous dose group the patients are numbered 401-408. In the 50 mg subcutaneous
dose group the patients are numbered 501-508. In the 6.25 mg intravenous dose group the

patients are numbered 601-608.

The intravenous and subcutaneous administration procedure was the same as that described in

Example 7 for the psoriasis trial.

The level of rheumatoid arthritis is recorded weekly by assessing the ACR parameters and in
particular studying the number of tender and swollen joints and following the levels of C-
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 16 to 21

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



21 10 10 10 9 8 76 7 swllen 8 11 56 6 54 3 3 3

403 tender 10 10 10 8 8 10 10 7 6 8 swllen 8 8 8 6 5
W®R289524815 404 tender 17 16 15 15 13 14 14 16 PCT/EP2009/052811

swollen 9 58

Table 16 — Tender and swollen joint counts from the 1.25 mg subcutaneous dose group.

Visits
ED ~ ) <
TE|l S 2 o2 | ¥ | aB
g9l & ;>:= - C el aY a® o0l 2| b | &
§S| 2 ) - | o | wog | N | N g R E - % " E =
0| £ g 281 28| 8| 28| 28| 28 =R SR|=R
&l = 3 AB | aB | aB | A8 | AB | 2B |8 |E8 | A
101 tender 34 34 32 - - - - - - 0
swollen 10 10 18 - - - - - - 0
102 tender 25 26 22 16 16 24 24 30 28 29
swollen | 12 13 9 10 9 15 12 9 18 15
103 tender 11 12 12 9 8 7 7 30 28 3
swollen 7 8 8 6 6 6 6 9 18 2
104 tender 17 10 4 3 20 17 9 5 5 0
swollen 8 6 0 0 0 8 2 0 0 0
105 tender 24 23 22 23 35 32 35 32 34 33
swollen | 14 14 14 17 18 18 19 19 20 20
106 tender 20 21 20 13 8 9 13 12 11 11
swollen 9 12 9 10 5 5 6 5 5 7
107 tender 14 14 11 10 16 14 14 14 11 11
swollen 8 9 8 8 5 5 5 6 6 6
108 tender 11 12 10 10 7 4 8 8 2 13
swollen | 10 11 7 11 10 9 11 7 6 8

Table 17 - Tender and swollen joint counts from the 6.25 mg subcutaneous dose group.

Visits
g . : =
g 2 0 8| %
o O -~ = o o
IR 2 ez | a® | 2B
29| & > — &g aYT i o i T ~ 7 o0
$E02 8§ |zxles T 0|Vt EG EWIER
RSN 5 a2 a2 a @ < D x 2 2P T & TE|
St S S 7 eZ | ad | ag|laB | a8 | AR | LA | EA|E2
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 3 8 8 9 13
swollen 10 8 6 6 4 4 4 4 4 6
203 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 - - 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




11106 '7 7 7 7 405 tender 10 10 8 8 8 8 8 10 - 10
swollen 6 6 4 4 4446 _ 6 406 tender 11 11 11 11 11

WQ2008/184865 8 swollen 6 6 6 6 55 3 3 2 4 407 tRCTEP200B052811
59

Table 18 — Tender and swollen joint counts from the 12.5 mg subcutaneous dose group.

Visits
g ~ a a
v 2 e 5 S
o9 = S g 8
1 8 3 |2 aZ | a¥ | aZ
8 g P 9 S8l laYT o oo 7 ) : o~ d ®
£9 z |3 —ad | o | = | N | N f 0| EQ| Bin| ER
£%l E B |z3|z8|zf|zf|zd | s8|zr|3F |35
SE| S @ |f2|ABE|AaB|AB|AB|ABE|EA €8 | £
301 tender 18 18 16 16 16 16 16 20 14 14
swollen 8 8 8 8 8 8 8 6 6 6
302 tender 36 36 34 35 31 - - - - 30
swollen | 20 20 19 19 17 - - - - 18
303 tender 20 19 19 16 15 14 16 18 - 19
swollen 10 11 12 13 13 14 13 14 - 14
304 tender 10 10 10 10 10 10 10 10 10 8
swollen 6 6 6 6 6 6 6 6 6 4
305 tender 16 16 14 14 13 13 13 12 10 10
swollen 8 8 8 8 6 6 6 6 4 4
306 tender 27 27 18 18 12 23 28 - - 29
swollen 14 14 20 11 16 13 17 - - 24
307 tender 25 23 23 17 17 17 17 15 13 11
swollen 8 8 8 8 8 8 8 6 6 4
308 tender 20 20 18 8 8 8 8 8 8 4
swollen 12 12 8 6 6 5 6 6 6 4

Table 19 - Tender and swollen joint counts from the 25 mg subcutaneous dose group.

Visits
E o S % =
= sy P @
'g | A A= o = @
. bol 8 L4 R | = o
2g| & > - ™ D QT | a0 © 7 7 3
23] & o = e e B ) -~ ) e B (O = AN =T
RO 5 s g2 2 gL | gL BT BFF| B
LR = o a2 | aB  aB|ag | aB e | ke |lga | mAa
401 tender 16 17 19 22 13 13 12 11 9 6
swollen 10 11 8 9 12 11 8 5 8 5
402 tender 23 21 10 10 10 9 8 7 6 7
swollen 8 11 5 6 6 5 4 3 3 3
403 tender 10 10 10 8 8 10 10 7 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
406 tender 11 11 11 11 11 12 8 8 6 8
swollen 6 6 6 6 5 5 3 3 4
407 tender 13 20 16 18 4 2 0 4 14
swollen 7 10 6 8 0 0 0 0
408 tender 11 11 8 8 7 5 4 4 - 8
swollen 9 9 5 5 4 6 6 3 - 6




20 16 18 4 2 0 4 14 swllen 7 10 6 8 0 0 0 0 8 408
tender 11 11 8 8 7544 - 8 swllen 9955466 3

W0 2@9/13812009/ 124815PCT/ EP2009/ 052811 60 Tabl ePQDEP2009/052811
Tender and swollen joint cétints fromthe 50 ng
subcut aneous dose group. Visits Patients - 50 ng SC
dose group Joints (no.) Screen Visit Day 1 Wek 1 Day

8. Week Day 15
Table 20 — TencFer anc}/ swollen joint counts from the 50 mg subcutaneous dose group.

Visits

&p e~ ) a
£ = s 3| %
R S| ~ A= o § o
L& S 2 =2 | = o
gl & > v ™ Ml aYT © 3 7 7
58| = 5 ol | Mg | N | N | S| EQRIER|ER
g = 5 > @ > @ - @ o @ > @ > @ =2 . 2 > = .
RO B 5] < 2 = 2 a2 TN s 2 2 | B
e S 2 A AR | AR | AR | AR | AB |Ea 2R | EA
501 tender 10 10 12 15 12 15 16 - - 15

swollen 10 10 10 10 10 13 13 - - 13
502 tender 14 15 11 16 12 7 8

swollen 5 9 10 10 7 4 5
503 tender 13 13 11 7 7 6 6 5 5

swollen 8 8 8 6 6 3 3 2 3
504 tender 11 12 10 8 7 11 11 13

swollen 8 8 8 6 7 7 7 8

tender 12 13 8 2 1
505 swollen 7 7 5 0 0

tender 36 48 32
506 swollen 8 8 4
507 tender

swollen
508 tender

swollen

Table 21 - Tender and swollen joint counts from the 6.25 mg intravenous dose group.

Visits
o0
a g » % 3 S
& © ~ ot Q 3
BIRE 2 ez | = -2
g g L =2 Een | B | BR

§cl v 5] gl o | e | Vg N | A | EQ | T R
SS1E 2 |z8|78| 78|78 58|58 |25 /25|25
a2 S 3 AZ | A |AB |AB |22 |2 |8 |£&8 | &2
601 tender 23 20 24 39 33 26 31

swollen 13 15 15 25 26 20 21
602 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 9

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




Week 3 Day 22 Week 4 Day 29 Week 5 Day 36 Wek 6

Fol | ow-up Day 43 Wek 7 Foll owup Day 57 Wek 9
wo-o00vousup Day 78 Week 12 501 tender 10 10 12 HGI/ER200%052811

16 - - 15 swollen 10 10 16110 10 13 13 - - 13 502

tender 14 15 11 16 12 7 8 swollen 59 10 10 7 4 5

Figure 14 shows the percentage of patients from the dose groups receiving 1.25 mg. 6.25 mg,
12.5 mg and 25 mg subcutaneous BT061 achieving at least a 20% improvement of relevant
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.€. 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 15 A and 15 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 16A and 16B, 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 17A, 17B, 18A and 18B 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.
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323 504 tender 11 12 10 8 7 11 11 13 swollen 8 8

wW@209/41248157 8 505 tender 12 13 8 2 1 PCT/EP2009/052811
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CLAIMS:
1. A pharmaceutical composition for treating an autoimmune disease comprising a

pharmaceutically acceptable carrier and an agent capable of activating CD4+CD25+
regulatory T cells, wherein the composition is to be administered to a subject in a dose of the

agent from 10 mg to 200 mg.

2. A pharmaceutical composition according to claim 1 wherein the agent is to be

administered to a subject in a dose of the agent from 15 mg to 80 mg.

3. A pharmaceutical composition according to claim 2 wherein the agent is to be

administered to a subject in a dose of the agent from 20 mg to 60 mg.

4. A pharmaceutical composition for treating an autoimmune disease comprising a
pharmaceutically acceptable carrier and an agent capable of activating CD4+CD25+
regulatory T cells, wherein the composition is to be administered to a subject in a dose of the

- agent from 5 to 60 mg/m® body surface area of the subject.

5. A pharmaceutical composition according to claim 4 wherein the composition is to be

administered to a subject in a dose of the agent from 6 to 50 mg/mz.

6. A pharmaceutical composition according to claim 5 wherein the composition is to be

administered to a subject in a dose of the agent from § to 40 mg/m>.

7. A pharmaceutical composition for treating an autoimmune disease comprising a
pharmaceutically acceptable carrier and an agent capable of activating CD4+CD25+
regulatory T cells, wherein the composition is to be administered to a subject in a dose of the

agent from 0.1 to 2 mg/kg.

8. A pharmaceutical composition according to claim 7 wherein the composition is to be

administered to a subject in a dose of the agent from 0.15 to 1.5 mg/kg.
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9. A pharmaceutical composition according to claim 8 wherein the composition is to be

administered to a subject in a dose of the agent from 0.2 to 1 mg/kg.

10. A pharmaceutical composition accordingA to any preceding claim wherein the
autoimmune disease is selected from psoriasis, theumatoid arthritis, multiple sclerosis, type-1
diabetes, inflammatory bowel diseases, Crohn's disease, autoimmune thyreoiditis,
autoimmune myasthenia gravis, systemic lupus erythematosus and transplantation-related

diseases such as graft-versus-host or general organ tolerance issues.
11. A pharmaceutical composition according to claim 10 wherein the disease is psoriasis.

12. A pharmaceutical cdmposition according to claim 11 wherein the composition is
capable of treating psoriasis by providing at least a 40% improvement in the Psoriasis Area

and Severity Index (PASI) score of the patient.

13. A pharmaceutical composition according to claim 12 wherein the composition is
capable of treating psoriasis by providing at least a 50% improvement in the Psoriasis Area

and Severity Index (PASI) score of the patient.

14. A pharmaceutical composition according to claim 10 wherein the disease is

rheumatoid arthritis.

15. A pharmaceutical composition according to any preceding claim wherein the

composition is for parenteral administration.

16. A pharmaceutical composition according to claim 15, wherein the composition is for

intramuscular administration, intravenous administration or subcutaneous administration.
17. A pharmaceutical composition according to claim 19 wherein the composition is for

intravenous administration and is provided in a dosage volume of 0.5 to 500 ml or in a form

for dilution to the dosage volume of 0.5 to 500 ml.
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18. 2R p%%rmaceutibal composition according to claim 17 wherein the dosage volume is 15
to 25 ml.

19. A pharmaceutical composition according to claim 16 wherein the composition is for

subcutaneous administration and is provided in a dosage volume of 0.1 to 3 ml.

20. A pharmaceutical composition according to claim 19 wherein the dosage volume is
0.5to 1.5ml.
21. A pharmaceutical composition according to claim 16 wherein the composition is for

intramuscular administration and is provided in a dosage volume of 0.1 to 3 ml.

22. A phannaceutfcal composition according to claim 21 wherein the dosage volume is
0.5 to 1.5 ml.

23. A pharmaceutical composition according to any preceding claim which is for use as a

single dose or as part of a plurality of doses.

24. A pharmaceutical composition according to claim 21 wherein the composition is part
of a plurality of doses and each dose is to be administered daily, every two days, weekly,
every two weeks, every four weeks, every eight weeks, every twelve weeks, every twenty-

four weeks, every forty-eight weeks, every six months, or every year.

25. A pharmaceutical composition according to claim 24 wherein the autoimmune disease

is psoriasis and the dose is to be administered once every two weeks.

26. A pharmaceutical composition according to claim 24 wherein the autoimmune disease

is psoriasis and the dose is to be administered once every four weeks.

27. A pharmaceutical composition according to claim 24 wherein the autoimmune disease

is rheumatoid arthritis and the dose is to be administered once every two weeks.
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28. A pharmaceutical composition according to claim 24 wherein the autoimmune disease

is rheumatoid arthritis and the dose is to be administered once every four weeks.

29. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and
an agent capable of activating CD4+CD25+ regulatory T cells, wherein the agent is present in

a concentration of from 10 to 150 mg/ml.

30. A pharmaceutical composition according to claim 29 wherein the agent is present in a

conéentration of 15 to 75 mg/ml.

31. A pharmaceutical composition according to claim 30 wherein the agent is present in a

concentration of 20 to 60 mg/ml.

32. A pharmaceutical composition according to any one of claims 29 to 31 wherein the

volume of the composition is from 0.5 to 500 ml.

33. A pharmaceutical composition according to claim 32 wherein the volume of the

composition is from 15 to 25 ml.

34. A pharmaceutical composition according to any one of claims 29 to 31 wherein the

volume of the composition is 0.5 to 3 ml.

35. A pharmaceutical composition according to claim 34 wherein the volume of the

composition is 1 to 1.5 ml.

36. A pharmaceutical composition according to any »preceding claim wherein within the
period of 10 min after the beginning of administration to 96 hours after completion of the
administration the level of a cytokine in the subject’s blood plasma is less than a 20 fold
increase of the level immediately prior to administration, and wherein the cytokine is selected
from IFN-y, TNF-a, IL-6 and IL-2.
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37. A pharmaceutical composition according to any one of claims 1 to 35 wherein within
the period of 10 min after the beginning of administration to 96 hours after completion of the
admunistration the level of a cytokine in the subject’s blood plasma is less than a 20 fold
increase of the upper limit of normal (ULN) value, wherein the cytokine is selected from
IFN-y, TNF-a, IL-6 and IL-2, and wherein the ULN value is 3.8, 2.8, 4.4, and 19.4 pg/ml

respectively.

38. A pharmaceutical composition according to any preceding claim wherein within the
period of 72 to 96 hours after administration the cell count of CD4+ lymphocytes in the
subject’s blood plasma is at least 200 cells/ul.

39. A pharmaceutical composition according to claim 38 wherein the cell count is at least
250 celis/pl.

40. A pharmaceutical composition according to claim 38 or 39 wherein the agent is

administered subcutaneously and the dose of the agent is up to 39.5 mg.

41, A pharmaceutical composition accordiﬁg to any one of claims 1 to 37 wherein the
agent is administered subcutaneously and the dose of the agent is up to 39.5 mg, and wherein
during the period from 0 to 72 hours after administration the cell count of CD4+ lymphocytes
in the subject’s blood plasma is at least 300 cells/ul. '

42. A pharmaceutical composition according to any one of claims 1 to 37 wherein during
the period from 72 hours to 30 days after administration the cell count of CD4+ lymphocytes

in the subject’s blood plasma is at least 300 cells/pl.

43. A pharmaceutical composition according to any preceding claim wherein the agent is

a humanized monoclonal antibody or fragment or derivative thereof.

44. A pharmaceutical composition according to claim 43 wherein the agent is an anti-

CD4 antibody or fragment or derivative thereof.
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45. A pharmaceutical composition according to any preceding claim wherein the agent is
2 humanized anti-CD4 antibody, or fragment or derivative thereof having V domains defined
by the following polypeptide sequences:

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

- L chain V domain:
DIVMTQSPDSLAVSLGERATINCRASKSVSTSGYSYIYWYQQKPGQPPKLLIYLASILE
SGVPDRFSGSGSGTDF TLTISSLQAEDVAVYYCQHSRELPWTFGQGTKVEIK (SEQ ID
NO: 2).
or V domains comprising polypeptide sequences having at least 80% sequence identity with
SEQID NO: 1 and SEQ ID NO: 2.

46. A pharmaceutical composition according to any preceding claim wherein the agent is
a humanized anti-CD4 antibody derived from the mouse monoclonal anti-CD4 antibody B-
F5.

- 47, A method of treatment of an autoimmune disease, which method éomprises
administering a pharmaceutical composition to a subject, wherein the composition comprises
an agent capable of activating CD4+CD25+ regulatory T cells, and wherein the agent is

administered to the subject in a dose as defined in any one of claims 1 to 9.

48. A method of treatment according to claim 47 wherein the autoimmune disease is as

defined in claims 10, claim 11 or claim 14.

49. A method of treatment according to claim 47 or claim 48 wherein the agent is a
humanized anti-CD4 antibody or fragment or derivative thereof derived from the mouse

monoclonal anti-CD4 antibody B-FS5.
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36. A pharmaceutical conposition according to any
precedi ng claimwherein within the period of 10 mm
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conposition according to any one of clains 1 to 35
wherein within the period of 10 mn after the
begi nni ng of administration to 96 hours after
conpletion of the admnistration the |level of a
cytokine in the subject's blood plasma is less than a
20 fold increase of the upper limt of normal (ULN)
val ue, wherein the cytolcine is selected fromI|FNYy,
TNF-a, IL-6 and IL-2, and wherein the ULN value is
3.8, 2.8, 4.4, and 19.4 pg/m respectively. 38. A
phar maceuti cal conposition according to any precedi ng
claimwherein within the period of 72 to 96 hours
after admnistration the cell count of CD4+ _
| ynphocytes in the subject's blood plasna is at | east

200 cells/p.I. 39. A pharmaceutical conposition
according to claim38 wherein the cell count is at
| east 250 cells/pl. 40. A pharnmaceutical conposition

according to claim38 or 39 wherein the agent is

adm ni st ered subcut aneously and the dose of the agent
is up to 39.5 ng. 41, A pharnmaceutical conposition
according to any one of clains 1 to 37 wherein the
agent is adm ni stered subcutaneously and the dose of
the agent is up to 39.5 ng, and wherein during the
period fromO to 72 hours after adm nistration the
cell count of CD4+ |ynphocytes in the subject's blood
plasma is at |least 300 cells/}A . 42. A

phar maceuti cal conposition according to any one of
clainms 1 to 37 wherein during the period from72 hours
to 30 days after adm nistration the cell count of CD4+
| ynphocytes in the subject's blood plasnma is at | east
300 cells/111. 43. A pharmaceutical conposition
according to any preceding claimwherein the agent is
a humani zed nonocl onal anti body or fragnment or
derivative thereof. 44. A pharnaceutical conposition
according to claima43 wherein the agent is an anti CD4
anti body or fragnent or derivative thereof. WO

2009/ 124815PCT/ EP2009/ 052811 67 45. A pharmaceuti ca
conposition according to any preceding clai mwherein
the agent is a hunmani zed anti-CD4 anti body, or
fragment or derivative thereof having V domains
defined by the follow ng pol ypepti de sequences: - H
chain V domai n: EEQ LVES GGELVKP GG SLRLS CAAS GFS F S
D CRWW.RQAP GKGLEW GVI S VKS EN YGANYAES VRGRFTI S
RDDS1CNTVYL QWNSLKTEDTAVYYC SAS YYRYDVGAWFA
YWGQGTLVTVSS (SEQ ID NO. 1) - L chain V domain:

DI VMIQSPDSLAV SLGERATI NCRAS KSVSTS GYS

YI YWY QQKPGQPPKLLI YLA S | LE

SGVPDRFSGSGSGTDFTLTI SSLQAEDVAVYYCQHSREL PWTFGQGTKVELK
(SEQ ID NGO 2). or V domains conprising pol ypeptide
sequences having at | east 80% sequence identity with
SEQID NGO 1 and SEQID NGO 2. 46. A pharnaceutica
conposition according to any preceding clai mwherein
the agent is a humani zed anti-CD4 anti body derived
fromthe nouse nonocl onal anti-CD4 anti body B-F5, 47.
A nethod of treatggasTAUTR SAEEP(RDLES6fli Sease, which
nmet hod conprises adm nistering a pharnaceutica
conposition to a subject, wherein the conposition
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