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Autoimmune disease occurs when T cells recognise and react to 'self’ molecules, that is,
molecules produced by the cells of the host. Activation of 'autoreactive' T cells by
presentation of autoantigens processed by antigen presenting cells (APC) leads to their clonal

expansion and migration to the specific tissues, where they induce inflammation and tissue

destruction.

Normally, T cells are tolerant with regard to autologous tissue and only react on presentation
of heterologous structures. Central tolerance and peripheral tolerance comprise the two
mechanisms by which the immune system hinders autoreactive T cells from inducing their
deleterious functions. Central tolerance is mediated through negative selection. This process
entails the elimination, through clonal deletion of autoreactive T cells, during ontogenic

development in the thymus.
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Several subsets of regulatory T cells have been characterized. The family of Tregs consists of
two key subsets: naturally arising e.g. CD4"CD25" Tregs and peripherally induced, Trl and
Th3 Tregs. Furthermore NKTregs and CD8" Tregs have been described in humans and
rodents (Fehérvari et al., J. Clin. Investigation 114: 1209-1217 (2004)).

Thymus-derived Treg cells (naturally occurring CD4"CD25 Treg) are the main regulatory

cells involved regulating autoimmunity or pathogenic immune responses.

1) they are CD4" T cells and constitute 5-10% of peripheral CD4" T cells
i) they mature in the thymus
iii) they are generally characterized by the combined expression of the IL-2 receptor

(CD25), the low molecular isoform of the CD45 molecule, CD152 (CTLA-4), and the

transcription factor FoxP3.
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The discovery of the importance of the transcriptional regulator FoxP3 in mouse CD4*CD25"
T regulatory cell function and the previous observations that patients with IPEX syndrome
(immune dysregulation, polyendocrinopathy, enteropathy, and X-linked inheritance), a severe
inflammatory disease similar to that seen in mice deficient in CD4"CD25" regulatory cells
(scurfy syndrome), have mutations in FoxP3, provided a direct correlation between an
autoimmune animal model, mouse regulatory T cells, and a human autoimmune disease

(Sakaguchi et al., J Immunol. 155: 1151-1164 (1995)).

The pharmaceutical mechanism of regulatory T cells is not fully clear. CD4"CD25" Tregs
inhibit polyclonal and antigen-specific T cell activation. The suppression is mediated by a
cell contact-dependent mechanism that requires activation of CD4"CD25" Tregs via the TCR
but Tregs do not show a proliferative response upon TCR activation or stimulation with
mitogenic antibodies (anergic) (Shevach, Nature Rev. Immunol 2 : 389 (2002). Once
stimulated, they are competent to suppress in an antigen-independent manner the response of

CD4+ T cells and CD8+ T cells as well as inhibit B-cell activation and their clonal

expansion.
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Th3 cells (identified in a model of EAE after oral delivery of antigen) produce high amounts
of TGF-B and variable amounts of [L-4 and IL-10. IL-4, itself, was shown to be a key factor
for the differentiation of Th3 cells, in contrast to Trl cells that are differentiated with IL-10
(Chen et al., Science 265:1237-1240 (1994)).

Suppression of T cell function by using immunosuppressive drugs is a principal therapeutic
strategy that has been used successfully to treat autoimmune diseases. However these drugs
induce a general immunosuppression due to their poor selectivity, resulting in inhibition of
not only the harmful functions of the immune system, but also useful ones. As a consequence,

several risks like infection, cancer and drug toxicity may occur.

Agents interfering with T cell function are therapeutic mainstays for various autoimmune

diseases.



(2002); Nakarmura et al., J Exp. Med. 194: 629-644
(2001)). The functional significance of TG-Db

WEHe/e125¢en i s furthernore supported by the fi rRTER2009/052810
that TG--b-deficient mce devel op aut oi mune di sease
and that adm nistration of neutralizing antibodies to
TGF-b abrogates in vivo the prevention of autoimmunity
or tolerance-inducing activity of CD4+ T cells in sone

The déﬁpﬂﬁbls of Withbgentd@mGiMat the seivhtiqubSegulatory Easlls Brniy ﬂ,ﬁerapy of
fferent types of cells with suppressi ve function
autoiggiuge disgases Hhass desthi é‘é@o‘é(ﬂfréi’e”eg’p]é‘fé EFiEeRedy SHéienl. féctlvaﬂon of

e ORI eSS RT e
J Maindl 99R3Sge3L327(TNE36) oelia tthpes-sippaoryt oudheule CD28 using the
supergﬁﬁg%%lm%quaﬁ% ﬁg? g;q%—é\ggrgplggets cﬁagle%gn toP fhe're gulatory T

cell pbﬁul@ﬁétpwélpasb(ﬁhe‘!ﬁ%ﬁvédﬁ%ﬁﬁ Tédikahe He syMBRK 1'n§udﬂbﬁ|aﬁé|%elease of
and the nodes of action are overlapping. Trl cells

EXCeSsE eamamdtscm”dpﬂoymﬂapmatdry eetosinesninchtdiogn [IOF-yTCNE-¢ [Lhk and IL-2,
Presence

| O and were shown to nainl .
resulganity VY ARG CH o SHAIGES  T1e45% hOHFFefc(GRR dp humans

(Sunthaxaﬁnéa%&/@cla‘% N’En!gl'—ﬂ\@dt 9@%%7 y\ﬁ( nmgrz%%e amount s _of
Chen et . . I mmunol 733-744 (2003))

Th3 ceIIs (|dent|f|ed in a nodel of EAE after ora

LRSI Qe ST B SR L Ao Py s

devel?_ﬁ QiNByt"oIém@ Erefeake ¥y @6 ' witlp Midhh geveisl b€ heRburahd@dkiPfFactor-alpha,
s, in contrast to Trl cells that are

mteﬂdﬂﬁlfl-é’r éﬁ\d icamar-iarferan_apparich evithén 1adhrs insghe gigeulation of kidney
trans;ﬁgr?c rem nTF%.b{ra%rg%x)c% et Sﬁppg?ﬁgélgﬁaggn I 9%@' !AB Hﬂﬁs 56’@ 8). This

nosuppressi ve

resultk hﬁ raarmi}tm thegdpeatie gyndohatvhivhslithiee ﬂleuiseﬂlhssss; o€ $Ia§ ahtihody in the

to treat autoi nmune di seases. However these drugs
treatment of autoimmune disease.

Treatment with a total dose of 5-10 mg of TGN1412 (0.1 mg anti-CD28 per kilogram of body
weight) lead to a systemic inflammatory response with multiorgan failure within 90 minutes
after receiving a single intravenous dose of the TGN 1412 (Suntharalingam et al, N Engl. J
Med. 2006 Sep 7;355(10):1018-28).

It is generally agreed that CD4 T cells play a major part in initiating and maintaining
autoimmunity. Accordingly, it has been proposed to use mAbs against CD4 T cells surface
molecules, and in particular anti-CD4 mAbs, as immunosuppressive agents. Although
numerous clinical studies confirmed the potential interest of this approach, they also raised

several issues to be addressed in order to make anti-CD4 mAbs more suitable for use in

routine clinical practice.

Several different mechanisms of action for CD4 mAbs have been proposed including: (1)
antagonism of CD4-MHC II interactions resulting in inhibition of T cell activation, (2) CD4

receptor modulation as determined by a decrease in cell surface expression of CD4, (3)
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treat ment of autoi mmune di sease. Treatnent with a
total dose of 5-10 ng of TGN1412 (0.1 ng anti-CD28 per

DoseMEpRQERMPIetiBRYY CD4" T cells at "high" doses (multiple cycles with dosages >
100 mg) and transient sequestration (short-lived depletion) at "lower" doses (multiple cycles
with dosages >10 mg), is observed with several CD4 antibodies (Mason et al., J. Rheumatol.
29 (2): 220-229 (2002); Kon et al., Eur. Respir J. 18(1):45-52 (2001)) and HuMax-CD4
(Skov et al.,, Arch Dermatol. 139(11): 1433-1439 (2003), Choy et al., Rheumatology 41
(10):1142-8 (2002)). Despite of their depletional activity, mAbs to CD4 failed to provide
clinical benefit and consistent efficacy in aﬁtoimmune diseases investigated e.g. rheumatoid
arthritis (Strand et al., Nature Reviews 6: 75-92 (2007)). Furthermore depletion of CD4" T

cells is generally considered as scenario, which might cause a severe immunosuppression.

The B-F5 antibody (murine IgG1 anti-human CD4) was tested in different autoimmune

diseases.

A small number of patients with severe psoriasis have been treated with the murine B-F5
antibody and some positive effects were described (Robinet et al., Eur J Dermatol 1996: 6:

141-6, and Robinet et al., ] Am Acad Dermatol 1997; 36: 582-8).
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It appears from the above that a first issue to be solved is the need for using longer term doses
of mAb to obtain a clinical improvement. In general, the long term use of disease modifying
therapeutics results in increased numbers of adverse events or loss of clinical effects,
necessitating a dose increase ("'dose-creep") to maintain response (Strand et al., Nature
Reviews Drug Discovery 6: 75-92, (2007)) due to immunogenicity. The lesser and/or the less
frequent disease modifying therapeutics have to be administered the lower those adverse
events will be, plus there is an immediate beneficial effect for the patients requiring lower

and/or less doses of the therapeutics.

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

anaphylaxis.
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arthritis (Strand et al. Nat ure Reviews 6: 75-92

specifigi Py alsorihe ik oo apigsna Hosvever, itomany Fnighadjes, sogne FR residues
d
are 1&;2&55;4@%%{&%&?5&8& Sg@c%%s%ctﬁﬁyaﬁfé&'ggvgghﬁgfbmggﬁ% &?‘Hlstﬁe Antibody-
antigdrgédmyge, ior Froumse fﬂéﬁ)nﬂ\l&ﬁcd the teenformatibinf $feCBRE and thus thelr antigen
aut oi_ nmune di seases. A small nunber of patients with
bindiggpIFEMARGSr i asi s have been treated with the nurine
B-F5 anti body and some positive effects were descri bed
(Robinet et al., Eur J Dermatol 1996: 6: 141-6, and
Thus,Rolmaesetases itdb also hedassaty adsmmrm:t @16 A $OVeral3BamS 8k 8ysidues from
atients esults

the ol B IRt A i PSR TR s STUE Bpiber of
substfgdtxtgg lfkféfd}]lbﬁﬂlhﬁafie%s an@i138 ipbisERO tn brdByr BVRERAE arlti@idid REktions, 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-F5.

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

administration, formulated to allow the administration of a dose of from 0.1-10 mg,
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a 5 mgeyenseerfdas dpes foy rheymatid entiyéischagignts pver a period of 10 days.
(Canva- Del canbre et al., Alinment Pharmacol Ther
10(5):721-7, 1996). In prevention of allograft
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arthna% waé gh%?ﬂ)sedl $He; Qleni!sgsgﬁ% ‘trehﬂéd m@al‘iﬁaiiéngﬁé {hgi GRS me BTO61
t hat rst |s ue to be solved is the need for using
everyl aihggelay methmodomeitand freampient with b Ging Ricopheriacal

i nprovenent. In general, the long termuse of disease
nodi fying therapeutics results in increased nunbers of

The &WRES e RYiBAd f1 Bifs H@RBSis bt &ikdl@de@% b@fsﬁl%lesfor use in higher doses or
necessitating a dose increase ("dose-creep") to

longemrtdrmmt deises, ped ponsid! desirpblado End gratmenisal loagReoime dasepse gs to treat

7 (2007)) due to inmmunogenicity. The
agreﬁl‘%l%r%ug}vbeﬁﬁf?auen?he | ess frequent disease nodifying
t her apeuti cs have to be adm ni stered the | ower those

.adverse events w | E:us there is an i medi
CD46dReY i epalptosy fTstﬁer (ﬂre th‘*? patnaptey pegpicral nﬁ?kfré'%‘@r and regulate

autougﬂ‘%\xﬁggk ?ﬂ?blﬁﬁg (r_?h;e péy:l't)hfe 10%2%% C ong* i)gondt\.(o‘go dpcgté of antlgen specific

CD4 ramde(i38 i Bedllsat t hese anti bodi es

Previous studies in mice demonstrated that murine CD4°CD25" T cells suppress both
proliferation and IFN-% production by CD8" T cells induced either by polyclonal or Ag-
specific stimuli. Furthermore CD4"CD25" T cells inhibit the activation of CD8" responders
by inhibiting both IL-2 production and up-regulation of IL-2Ra-chain (CD25) expression
(Piccirillo et al., J. Immunol. 167: 1137-1140 (2001)). In contrast to regulatory T cells,

conventional T cells express CD25 only upon activation by an immunogen stimulus.

In humans, CD4"CD25" T cells preactivated by anti-CD3 or anti-CD28 antibody affect CD8"
T cells by leading to reduced proliferation in response to polyclonal and allogeneic
stimulation and reduced production of IFN-y. Suppressed CD8+ T cells keep their anergic
phenotype despite multiple re-stimulations with their cognate antigen and IL-2 for up to 3
weeks. (Camara et al.,, Eur. J. Immunol. 33:3473 — 3483 (2003), Dieckman et al,
Immunology.115(3):305-14 (2005)).

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

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



are generally obtained from nouse cells, and provoke
anti-nouse responses in the human recipients. This not
wWoy1r2e®ul ts in a | ower efficiency of the tr ATERA009/052810
and even nore of any futur& treatnent w th nouse
nonocl onal anti bodi es, but also in an increased risk
of anaphyl axi s. This drawback can, in principle, be
avoi ded by the use of humani zed anti bodi es, obtai ned
presebylngérafohitﬁl @intl heacomp thamnipabé ipplidé tepatientsng love Glequdicy during a
é of a gfuse nonacl onal anti body,, which determn
long fema tg?ﬁip)g AR -OFfSE AP ﬁgn%éq:‘fhﬁr@p}b?r oy qgtlpprsenqeld lPtp(m a chmcal
benefi€9i ons (FRs) of a human i munogl obulin nol ecule. The
ai m of humani zation is to obtain a reconbi nant
anti body having the sanme antigen-binding properties as

e .nonocl onal anti ho whi ch t he, + +
AstorigindieBe i RS eBredng T RO s GuRares £D4°CD25
Tregd WHRASupprBssSREBr A& ESon SHOBRHLIUEIIR %y%ltfr{g(}ﬁé bRRIuction of IL-2

nouse antlbody for the human CDRs i N human franemorks

and IFN- }shyfeﬂlomaem/e €8st ffa:nkl:fa dhurthérencan Bil§ehptsi-avtivaigd CD4"CD25" Tregs

rende5|sg ?{es%l 3‘1‘[? nft09 § gpa Eg%q gg%sst@‘é%\éslg&ll frclr—c Iuﬁ,élﬂg}gn %or up to 10

days @Mthﬁg dbethe BRMBmMER Io%%h&ﬁ?ﬁwﬁfp@uﬁm& 3 krehtMg AitehBERith this
bi ndi ng, because they directly contact the antigen in

antleCh’e anabih @dptamwrgle ione ofrhiedielimarks log aciivetion hksguch rﬁD&ieﬁ cells. The
?DRS h h
faﬂurB hc% SERL §Sspg?5?§ tﬁﬁ% Eeéul STHL& rec?uﬁaﬂrg é{ tug\%lgtrétgg L ftlYga§1°3| og C;che immune
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Preferably, the period between administrations is at least 4 weeks, at least 12 weeks, at least
twenty four weeks, at least 6 calendar months or at least a year. In one embodiment the
treatment period is greater than one year and the composition is administered yearly over a

period of 1, 2, 3, 4 or § years.

In particular, the composition is to be administered most every 6 days, preferably at most
every 10 days. Typically the medicament may be administered to a subject every 3-31 days,

more preferably every 3-10 days, or every 3-6 days.

The long term nature of the therapy is not especially limited, provided that it is longer than
the time required for immediate/acute treatment of the patient concerned. However, periods
of at least 6-months, 1 year, 18 months, 2 years and 5 years are envisaged, as well as
indefinite periods (e.g. the lifetime of the patient, or until the patient is cured, or displays no

symptoms).
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mai ntai n peripheral tolerance and regul ate
The concentration of the agent is not especially limited, provided that it is present in a
concentration that is appropriate for the patient. However, for high doses preferably, the
concentration of the agent is from 10 to 150 mg/ml, 15 to 150 mg/ml, from 15 to 100 mg/ml,
from 15 (or greater than 10) 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.

In alternative preferred embodiments for lower doses, the concentration of the agent is from
0.1 pg/ml to 30 mg/ml or, 0.1 to 1000 pg/ml, and more preferably from 1-500 ug/ml and
2-250 pg/ml. Most preferably, the concentration of the agent is (approximately) any one of
15 pg/ml, 25 pg/ml, 125 pg/ml, 250 pg/ml, or 500 pg/ml, 1 mg/ml, 12.5 mg/ml or 25 mg/ml.

The invention also provides the 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 dosage regimen described herein. Further the invention provides an agent as
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order 33pRAYR the B48ided 28203 whidl 86 KBRAbED indthis.apphaiog! ogy. |
15(3):305-14 (2005)). Having regard to the above prior
art, it is an aimof the present invention to treat
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oses i s an ai'mof theprese
administyegiohi on ptrefeifrechd Bxamplesreof Q)atdm&tralﬁaﬁmﬁlﬁstﬁmohl eﬁ tiftramuscular
atients at | ow frequen durln a long termtherap
admer 13{rdioBe AERYCAOW Rl l?émftF?éX)Huﬁ’beﬁu Gftaneqpe A sty e%’here the
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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 which does not require dilution so that they can be easily administered

by non-medical personnel.

As has been mentioned previously, it was not known that the agents capable of treating
autoimmune diseases could be administered in the long term therapies at low frequencies that
are envisaged by the present invention. Whilst known doses of the agents capable of treating

autoimmune disease are effective in some individuals or disease types, the realisation that it
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Figur&'\ lshow@sthe effect of BT061 in human whole-blood cultures (donors with rheumatoid

arthritis) on cytokine synthesis triggered by different stimulants;

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

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

Figure 5 shows the nucleotide sequence (SEQ ID No: 3) of a fragment of the plasmid
encoding the 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;
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Figure 9 shows IL-2 and IFN-y plasma levels after administration of a single intravenous or
subcutaneous dose of BT061 in healthy volunteers. ULN = upper limit of normal; LLN =

lower limit of normal.

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

(LLN).

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

(LLN).
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received a placebo.

Figure 16A and 16B provides results from the clinical trial with rtheumatoid arthritis patients
as described in Example 9. Figure 16A shows a bar chart of the number of tender joints for
patients from the dose group receiving 25 mg subcutaneous BT061. Figure 168 shows a bar
chart of the number of swollen joints in patients from the same dose group. Six patients in

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

Figure 17A and 17 B provide results from the clinical trial with rtheumatoid arthritis patients
as described in Example 9. The Figures show the changes of individual parameters (in %) for
one responder (Figure 17A) and one non-responder (Figure 17B) from the 25 mg
subcutaneous dose group. In the Figures “Pat’s GA” and “Phy’s GA” refer to the patient’s
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Figure 21 shows the alignment of the polypeptide sequences of murine B-F5 Vi (SEQ ID No:
7), M26 (SEQ ID Nos: 13, 14, 15 and 16), H37L (SEQ ID No: 1), and H37V (SEQ ID No:
17) in the design of the humanised form of B-FS5;

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-q, IL-6 and/or IL-2
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Cytokine ULN (pg/mL)
11-2 19.4

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

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

standard deviation.

In a further preferred aspect of the invention the agent does not cause a substantial long-
lasting decrease in the cell count of CD4+ lymphocytes in the subject’s blood plasma.
Specifically, within the period of 72 to 96 hours after administration the cell count of CD4+
lymphocytes in the subject’s blood plasma may be above 250 cells/ul (or at least 250
cells/ul).
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Accordingly, in a preferred aspect of the invention the agent is an unmodified IgG1 antibody,
i.e. an antibody which does not include an Fc¢ mutation, and has not been subject to

deglycosylation, glycomodification or glycoengineering to reduce Fc receptor interactions, or

a fragment or a derivative thereof.

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

of Immunology (2007), Vol. 37: pages 1217-1223).

Generally, the antibody used in the invention further comprises a human constant region (Fc).
This constant region can be selected among constant domains from any class of
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype, including IgGl,
IgG2, 1gG3 and IgG4. Preferred constant regions are selected among constant domains of

IgG, in particular IgGl.



Figure 11 shows a kinetic of CD4 cell counts (cells
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FG QGTKVEIK (SEQ ID NO: 2).

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

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

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

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

from any class of immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype,



Fi gure 16A and 16B provides results fromthe clinical
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an expifessi¢recagestip 9é ptei ideensiequences of murine B-F5 VK (SEQ I D
No: 8), FK-OO (SEQ ID Nos: 9, 10, 11 and 12), L4L
(SEQ ID No: 18), and L4M (SEQ ID
These recombinant DNA constructs can be obtained and introduced in host cells by the well-

known techniques of recombinant DNA and genetic engineering.

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

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

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

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

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

host cell culture.
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By combining these Vg and Vi, 4 versions of V regions were designed.

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

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

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

humanized BF-5. The sequences encoding the V region are underlined and the corresponding



to a nodified activation status of inmune cells
conpared to the activation status of the cells in
WO irg0subj ects. In those cases, the concentRGR/ERA09/052810

for a specific cytokine dikectly prior to
adm nistration of the agent is taken as X and within
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Table A
|Antibody Temp (°C) elative binding activity
(% of mB-F5)
H37L/L4L ol 30
37 30
H37L/LAM " 30
37 30
H37V/L4L il 10-20
37 10
H37V/LAM 7 10-20
37 10

From the results shown in Table A, it appears that the 37th residue of Leucine, is critical to
maintain CD4 binding activity of hB-F5 because the CD4 binding activity is several-fold
reduced by conversion of *’Leu to 37Val. 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.



gl yconodi fication or glycoengineering to reduce Fc
receptor interactions. The present inventors have
Wa Wandi2seat t he avoi dance of anti bodi es of t hePQXgER2009/052810

subcl ass and nodi fications2are not necessary for the
agent of the present invention. In particular, the
agent of the present invention does not display
substantial |ong-lasting CD4+ cell depletion or induce

H371glithls rach HB Al/ LM wkiendhoseal fenselmsiosonpared to anti - CD3
anti bodi es. Accordingly, in a preferred aspect of the
i nvention the agent is an unnodified Igd@ antibody,

Investig&ion?dY tROVIVRBEYioVYi &I o898 BesP bRt d0B. FBn FC

mut ati on, and has not been subject to deglééosylatlon

The iy |vgtt<bh®mgfqab@ﬁtwetwsoxf ngluy@Bel?ﬁgandéemangedzB Foolibe LHeAM 1gG1 and
7 R I AR e PP G P 1002 o

HsﬂME$LIgG3hﬁx@aB§&mkdlnvent|on are humani zed anti-CD4
anti bodies, or fragnents or derivatives thereof, which

are capabl e of activating CD4+CD25+ regul atory T
The i ol PP & R e D MO D R P BEP i Platuatad wsing
periphﬁra;ldﬂ«s&hndon(muBEak&rlls ¢PBICs) fromlitcapleadonbod IPRMC@ﬁvere actlvated by
noI 007 7. es 1217-1223 .
nACPEy R Ef?dgg/laé oy v e TIPRGERR Qg QB FSs, and
were ﬁféﬁﬁéﬂﬁ 5 theil H%?er&t‘?ﬂﬁre sers '3@9t}§ﬁﬁalne H&bﬁ?‘ﬁ?ﬂm ant

regi on can be sel ected onst ant donmai rom any
class of i nmunogl obul i ns, |nclud|ng IgM 1gG 1gD, IgA

Murifiid BT B SBp ot iee Bt ey SyPRR actvities

varie@FOMGnGBES! t@nbnmﬂwaﬁ&opfmwfénof 13 a6 IAG4H, urin® Ghd ABESs were
present invention also includes any fragnent of the

able tamhﬂmbdg spestfie PBM{g Pthﬂéerthcrr@gdm@d byF@eof . This
conprises in particular Fab, Fab', F(ab)'2, Fv and
scFv fragments.
IgG1 type of hB-F5 inhibited PPD-induced proliferation more effectively (as high as 70%

inhibition) than mB-F5. IgG1 type seemed to be more effective than IgG2 type of which
inhibitory activity was almost the same as mB-F5. For IgGl type, H37L/L4M was more
effective than H37L/L4L. 1gG2 type of H37L/L4M and H37L/L4L had almost the same
inhibitory activities. In short, the inhibitory activities of B-F5s against PPD-induced PBMC
proliferation were as follows: H37L/L4M IgGl > H37L/L4L IgGl > H37L/L4M IgG2 =
H37L/L4AL IgG2 = mB-F5.

Considering the efficacy of the in vitro biological activity and the smaller number of mouse
amino acids, H37L/L4M IgG1l 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.



In a particularly preferred aspect of the present
invention the anti body is a humani zed anti- CM4
wamy/bedsz or fragnent or derivative thereof detGRERR009/052810
fromthe nouse nonocl onal &hti- CD4 antibody B-F5. An
exanpl e of such an antibody is the BT061 anti body.
BT061 anti body, fragnments and derivatives thereof The
humani zed anti body BT061 (hB-F5) is derived from nouse
Compesitionsrind wsesl has V domai ns defined by the follow ng
pol ypepti de sequences: - H chain V domain:
EEQLVESGGGEL VKPGGSL RL SCAASGFSFSDCRMYW. RQA
As h3GKER W 611 SMIKSBEhBr R Ikl@ﬁ@ﬁ@%ﬁﬁﬁ%@béﬁﬂﬁqﬁbpresem

VY YCSAS YYRYDV WFAYWGQGTLVTVSS (SEQ ID NO 1) -
invengigg, #e\Prefsraiibneapable of treating an autoimmune disease in patients benefiting

L GERATI NCRASKSVSTSGYSY! YWQQ
from Eﬁ%@%?ﬁ%ﬁr L ESGVPDRFSGSGSGTDFTLTI SSLQAEDV |
AVYYCQ—lSRELPWI’ FG QGTKVEI K (SEQ ID NO 2). Deri vatlves

of this anti re_al so suitable for use in th
In sog¢ g m}@ﬁ(ﬁéﬁkgﬂq@ﬂf 053 LA, {eed ApFeIof dhe agRisse ios frgm 10 me to

00 SO RO R L FOVXRERY e SEHENER DR 8 0 e

andnwtstlbleﬁ:sztblﬁﬁ%ns?éqngm@o igentity with SEQ 1D NO 1 or
SEQ ID No: 2. Particularly preferred antibodies are
t hose which conprise the conplenentarity-determ ning

Alterr[a@l%l‘jmﬁle(@B%S nfly B @eRUSRsE b (HPRumaRdvE %B?é Bvér;kﬁurality of
hB-F5°to activate CD4+CD25+ regul ator

doseschi P@'tlcuﬂtfe forge pluiadity of dodes o@BRs pewiadheinl & &WSVHlsaprdfe\'th that the

cumufgl%%i S 5ssbetween greater than 25 mg but less than or equal to 200 mg, more

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

preferred that the dosages are administered subcutaneously.

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

dose.

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

and more preferably between 0.2 to less than 5 mg.

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

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



shown in Figures 20 and 21. Such anti bodi es can
optionally have variations in the sequence of the CDRs
waQ HaY/1e80not substantially affect the specifi GGEEP2009/052810

and/or affinity of binding? Generally, the hB-F5
anti body used in the invention further conprises a
human constant region (Fc). As indicated above, this
constant region can be sel ected anong constant donai ns

prefefablynbeawgenc 0. dsandot. S imgrulverhatbielyi, vdherd thel didengrel @\e ady@nistered

st} 2 00 S 85 S0 A LU IREWNEL LB L0 10 e

are b&i@bECT Bd 18 BD R, NS hRIraltlp BBIWaEn 9ind &Hd 30 Agpar ticul ar
Igd. The present invention also includes any fragnment

of a BTO61 anti body conprising the V regions thereof.
[ §,.C ] i_nspar ki .ar Fab'.. . F é‘Z. Ev
he LS9 UPHL SER A BT R0 el e oay

surfaaémb(BS)&) <bﬁ'n§hte) Hu?jbét'l oﬁy siﬁqﬁa&m@?aL(BS)ﬁepl [ (fhn_(lgs @lcﬁgﬁ&ﬂa(%cording to
ant i body y be fused with a pol ynucl eotide coding for
any kpgygn %ﬁ@égﬁm@gﬁ IP C%lc‘Ha%hmﬁ)ﬁeqis are ahHIllRWSt or t he
0 3 SHrd; . » chai ns
Mostdli RAREILCTBEX LSS P chEmf CTPGEh el 3800 ¥ P re )
p EoistederRID ovimpdifiet €abatation odBodf Stifecpkot.eV wngiahial 3687 Oct

bg ggﬂﬁg.1&¥§ invention al so makes use of expression
c4d X rein a pol ynucl eoti de as descri bed above
is linked to appropriate control sequences all ow ng
the regulation of its transcription and_translation in

DuBogs an ihtssmulae BSA (@)= 08024k height@eé ok Vageg) s Phg
a polynucl eotide or an expression cassette of the

[ t.i on he reconbi nant . DNA constructs can be .
0@@%8’;9@% io%tcfg@&‘%tﬂeﬁ&g%tegz&%p@r%ym%fﬁéu_ o eidhheieht
t e EigHeS: @{o“&llegpémnﬂmy 1P\ pREk-genet i c engi neeri ng.

The invention al so nakes use of a host cell
transfornmed by a pol ynucl eotide of the invention.
Haycddk dmulind33A ¢ek)l=s0.024265x Héight{aayreKor W eadhttkay® TF esent

i nvention can be prokaryotic or

(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)®728 - (0.0188x
LOG(grams) )

According to the higher dose embodiments of the invention the dose of the agent to the
subject in terms of body weight is from 0.1 to 2 mg/kg, preferably 0.15 to 1.5 mg/kg, and
most preferably 0.2 to 1 mg/kg. In terms of BSA the dose of the agent to the subject is from 5
to 60 mg/m” BSA, preferably from 6 to 50 mg/m?, and most preferably 8 to 40 mg/m”.



eukaryotic cells. Anong suitable eukaryotic cells, one
will nention, by way of exanple, plant cells, cells of
WO RS®uch as Saccharonyces, cells of i nsectRCRERI0XE2810
Dr osophi |l a, or Spodoptera, 2and nanmal cells such as
HeLa, CHO 3T3, Cl127, BHK, COS, etc. The construction
of expression vectors used in the invention, and the
transformati on of hostcells can be nmade by the
In theseamspeartdof tehnigies, ohemwthe dusears Hakal ogyhe By BIF6d area or the
hB- F5). .anti body.used in the invention can_be obtaine
bodY&Fl%*mo (R eRt s earef i e QFTey<an 1Eapd aL4f dvs are Between

10 m¥B&t ffd CONREIN Ahr@ pRfGhBly befded 1%%%5?%(16%0%&9{ or between
said anti body, under conditions suitable for t

0.2 medkg ewb# org/kdenerefprefarabilyr eatwosmr 0. Agngkg dndrtmpbgylt fis particularly
the.host .cell cul t,ure, Constyuction,of humani zed B-F5
prefepged thdb s d6aecs, i admlindstedd YbciianeGRIY o o ons DA
sequences encodi ng nouse B-F5 VH and VK regions are

respectively shown in Figure 3 and Figure 4 and under
Accordipg éhéhe layesrtdops epbodimmnispoitesingemiogHly |dospof ghe Tigent to the
. hu V i af,t ed
st L A0SR0 O, 6 SRS RS0 217 U e mor

prefetabke? th25pg/lp aad nrsupefdiatp 2 Ho 00 Ve i térg @i FBSA 1R dose of
uman anti body (M6, Accessi on Number A36006) had the

h
the aggnpiodhe syRRRH IOk 12HO B2 w82/ meR Prdgiably (b?0 Enidkmeim” and most

feRURBIL @Rt Begy /K- OO ; NAKATANI et al, Biotechnol ogy,
prefeis I@;sg), 80%%810)) had the hi ghest honol ogy with B F5

VK Two types of VK differing between themin that the
In theg%] gspégt:(%fgﬁgicn\gggtgéle\ﬁ eILrQ g}?gc{%gl\r/% lpalf%gcl)l{l] g)rdgfsﬁ nset:{rgacg)retﬂe body
w9 DA e 08 32 LI sy
the dagegsisgiver @peréps! of 10 days are between 0.20 to 10 mg/m?, more preferably between
0.20 to 4 mg/m?, or between 2 to 250 pg/kg, more preferably between 2 to 100 pg/kg.
Alternatively, where the doses are to be administered subcutaneously or intramuscularly, it is
preferred that the dosages over a period of 10 days are between 0.30 to 20 mg/m?, more
preferably between 0.5 to 20 mg/m?, or between 2.5 to 500 ug’kg more preferably between

20 to 500 pg/kg.

The frequency of administration is not especially limited, provided that it affords the
advantages of the log term treatment. In the invention, it is preferred that the plurality of
doses are administered on at least the following bases: 3-daily, weekly, every four weeks,
every 6 weeks, every 12 weeks, every 24 weeks, every calendar month, every 3 calendar
months, every six calendar months or yearly. Thus, the doses may be separated by at least
three days, or alternatively by at least one week, by at least 10 days, 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 every 3 days, every week, every 10 days, every month, every 3 months, every 6
months, or every year). In a further alternative the plurality of doses are taken from every 3

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



H37L and H37V. The alignnent of the polypeptide
sequences of B-F5, FK-001, L4L, and L4Mis shown in

WO Bs®0. The al i gnnent of the pol ypepti de SGUERPHEH052810
of B-F5, M6, H37L, and H3?V is shown in Figure 21.
The FR residues previously reported to be inportant
for the packing of CDRs (Chothia et al., Nature
342(1989), 877; Foote et al., J . Ml. Biol.
The 2R4ftiRAIq phBides ar ket faxedse By deforediabong wikesie tWkén@dmprises a
VK, 4 versions of V regions were designed. Expression
pluraliy’ of mérieamentslosaeot s ﬁagfiala&,vmf%ts {apgRUSpPSHERLEAl G separate
admifkirtiiBp %668 F5 were the same as those disclosed in
S Patent 5,886,152 for humanized B-Bl O. Briefly,
expression plasmds for the H chain (VH humani zed

s RO SRR oGP St B 500 B SR i compris
admiRiB@rihH 8 nledtRmiet {s\dsfiRetMBIYvE M al@BineNasf désiaed hbveh® a subject.
constant region of FK-001 K chain) of humani zed B-F5

were constructed separately. In these plasmds, the

' f.h ' . | S..driven t he .
s b HREERE el MR EHicH oot bl nagd i g resen
invenftilén 08¢ . préfieghbiye cdpablredo GiréAinp et anahimsidodisdabe if pagsi@Nbénefiting
of the plasm ds encodi.ng the VH and VK regions of )
from dopgshieradheirpiss. Sl neliefie mediledne ges ey lipiged\torseyere gases with a

bngﬂ&ﬁﬂw&ﬂﬁéhk&%g and t he correspondi ngpol ypepti de
sequences are indicated underneath the nucl eotide

sequence. Both plasm ds and pSV2neo were

simul t aneousl y. i ntroduced i nfo nouse nyel oma Sp2/0
Genefafy dpe GRTYSST oo ST T 50r W TERAmC S SeoBias (o the present
invenBbR GHC FRGtrEHIB Ml SO MRAESBLERE e DB dBl) B altSiniHu@Ndisease is

anti-human 1gG (y chain) antibody and &n anti-human Ig
selectikd cHiwinn - psrriabisdythe@matoat t entlirgist i ontafle t keleisisf efypatl  diabetes,
inﬂarﬁ/r%erltsolryo %%V\%fl cri]ilélga%ensl, Ze(rjoh%'_sl:%ﬁsease, Hashimoto's thyreoiditis, autoimmune
thyreoiditis, autoimmune myasthenia gravis, systemic lupus erythematosus, ulcerative colitis,
atopic dermatitis, myocarditis and transplantation-related diseases such as graft-versus-host

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

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

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

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

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

below shows how the scoring system works.



Estimation of CD4 binding activity Cul ture supernatants
of transfectonmas producing the four versions of hB-F5
wWOoY1502 ect ed, and concentrated. The differ iT/EP2009/052810
anti bodi es were purified fm cul ture supernatants by
affinity chromatography using protein A Sepharose and
assessed for their CD4 binding activity by neasuring,
by nmeans of conpetitive ELISA, their inhibitory
activities agai nsTABhEMHAShgzooihgbymmnyl ated nB-F5
t-o—sotuble—Cb4 gaa tegd—oen cr ot i-ter—plates: -
Degrieq ofigpaerign, {i NYAIRE B ef oyl s £ or Sitdccindolover ni ghtlue given
(per{;g;dy ;I'Jgeoﬂ)el ative bindi ng acti vi t(h@,sbaiy fb@iaclﬁs ( bi ndi ng
actTvirty of B=F5—was—taken as 1009 are—shown—in
N@bhgptbmbel ow. Tabloe A Frpm t he resuld speghown in Tahl e
A It appears that the 37th resjidue of Leucine, 1S
Sighti cal to paint ailn CD4 bi ndi ng act i@26% of |hB- F5 2
ﬁgg%{ge the CD4 bi Qdi ng activitly i1s several-fold 3
uced by conversion of B7Leu [to 37%#9%n tlhe

ary, the 4th nresidue of VK is f to be not go
l\lq%lnkédif ant _for the (:iDA hindi ng activi g(b{%gﬁb the 3

\%r{/ﬁl%}l&rdal di ffereace between 37Leu 961§9(§7Val of VHdis

nf\ U ap

rot—ereatry eronst+rated by nol th—af IIUUCI e t+he
superiority of H37L to H3[7V in CD4 B0oadi0Yy activity
was unexpected. H37L/ L4L and H37t/tAMwere chosen fot
eval uation. Investigation of the in vitro biol ogi cal
Becaat ithd thead, ofppbt nﬁﬂieﬂﬁﬂesB frénk[hend Nlowiet I exthenditiogi @adespond to
activities of nous and humani zed B-F5s (H37L/L4M
appropgegtely iy, 487 3Py and |49°é 915 ol aurtage | aiRss EepPe¢iistinithe §ASI score is

Calcuﬁtéﬁ%tﬁég&%% éype (H37L/L4AM 1 g& and H37L/L4L 1gQ&2)

PASI=0.1(Ey + I+ Dp)Ap + 0.2(E, + I, + DYA, + 0.3(E;+ 1, + D)A,+ 0.4 (E;+ 1, + D)A;

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

the most severe psoriasis.

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

least 80% of patients.

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

rheumatoid arthritis.



The in vitro biological activities of nB-F5 and the
four types of hB-F5s were eval uated using peripheral
whregpdizanonucl ear cells (PBMCs) from heal t hy R{GHBIR2§09/052810

PBMCs were activated by CoAA (2.5 pg/nm, 3 days) or
PPD (10 pg/m, 4 days) in the presence of nurine or
hB- F5s, and were nonitored for their proliferative

responses by 3Hthym di ne i ncorporation. Mirine and

RheuhBtcid grtlpmiif i@ anooiévimneing dischicowhiclComies nidosednflammation of joints

ond BB Bp ot S AP OB (SRS GROPSSATEES mur ne
and hB-F5s were able to inhibit Ag-specific PBMC
Impr(_Weﬁl { &f HuRAtdid gﬁﬁﬁgs léifhlla?a b¥ gi_GlreeEér’gg Eéﬁeél% P@'cgrimopiy assessed

b
[ nhiebl ted PPD-induced proliferation ective
using(ths Amgiran$ollege ohRhbimatology t(A&R) eBreFEet off gp@tanteyque (Felson et al.,

to b ' t | g&2 f which
artef BetiRotn 208, FEEL L Sk IAbmASh A ES Seof AGR 20 as
20% bEfdovéi®if in ehdet bAMsWBBeTRI® @UHB NIV hapProBAbALifL3 of the 5
lgQ&2 tlv{pe of H37L/L4M and H37L/L4L had al nost the sane

remainfigi AR gp1e e tieeiurese patiqng arthplnsicianhglobal labdgbsnagnys, pain, disability,
- F5s i nst . PPDP: | ed PBMC
ond ot s EeeBlanf b R (R IMEN 0
H37L/ L4L | gd@ > H37L/L4M I g& = H37L/L4L 1g& = nB-F5.

In pafeiiish, 48 pRrgmboRtiefifoapeYitiths foh GedtthghbuiRatBidol@itis @le preferably
activity and the snmaller nunber of nouse am no aci ds,

to be pyministersd ingremuggsarbhersehcytateofidly ithide desageuisitecidied hareih.
it is this antibody which is naned BT061 and is
enpl oyed to denonstrate the present invention in the

Presefixigdithes qiragthtiele dndlutiek Hirst 1aRMriigoor @BnttsIIRO Hhihi MdSinAdifimation
uses As has been nentioned, the pharmaceuti cal

classifigdsspen-gifroadnl artindameray udwes i (NSevlBshregeraspirin, ibuprofen,
naprog%}%f geﬁt ISRBond f}ﬁtrégtﬁfe&r&be{rﬁlrf?@@ﬁcq%&s P{t{cf)ﬁgltoli&g(eggn prednisone and

I mmune di'sease I n patients bene
dexamethasone), slow acting antirheumatic drugs (SAARDs) or disease-modifying anti-
rheumatic drugs (DMARDs), e.g., methotrexate, penicillinamine, cyclophosphamide, gold

salts, azothipoprine, leflunomide, etc.

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

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

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

protein.

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

methotrexate.



fromlonger termtherapies. In sone enbodi ments
(hi gher doses) the preferred doses of the agent are
wQ HWe¥e126¢2o0m 10 ng to 100 ny, 10 ng to 80 ng, IR THGP206P/052810

80 ng, 20 ng to 75 ngy, preflerably from20 ng to 60 ng
and nost preferably from25 ng to 60 ny.
Alternatively, the dosage nay be defined based on the
curmul ati ve dose over plurality of doses. In

Knowadtigsubarh, af oretltpkateabind yheophatomesitionlecompétidnodf dfe present

. 0 da it is preferred that the cuynul ati ve dose is
inveriigp it afuisued R Sicoh)F pistun el Praagiebqual 1o
200 nmg, nore preferably between 28 ng and 100 ng, and
nost preferably between 30 and 100 ng. Further, the
The guvention | Wil duse v descaibpér fuwdienfin Sredatipn 40 ethpr Efllomang yspecific
embcdigaLer than 15 ng but |less than or equal to 100 ny,
nore preferably between 18 ng and 100 ng and nost
preferably between 20 ng and 100 ng. In this aspect of
the invention it is particularly preferred that the
EXANBd&Fes are adninistered subcutaneously. In an
alternative enbodi nent (Il ower doses) the preferred
doses are those of 0.2 ng to 30 ng, 0.2 to 20 ny per
EXANPSE, 1 OlBestigation df e immuo-diotiplabingreaeriied 08 BTO6! regarding T cell
:Preferably 0.3 to 1 ng per dose. Alternatively, the
prolifggéi8e may be defined based on the cumul ative dose
over plurality of doses. In particular, for a
plurality of doses over a period of 10 days it is
Methgf eferred that the cunul ative dose is between 0.2 to

R N T T,
19G eflefBlood filveh GedBcalthyy €ol0REHE a8 ¥llecdRRI0 HRPardlisd s?;f}ﬂ&s. The

shoul d be between 0.2 to less than 15 ny, preferab
bloodpeas\geededonte 98riell ulivie plates not later than 60 min after donation.

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

cultures:

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

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

(©) lipopolysaccharide (LPS, subtype ‘055:B15 from Sigma Aldrich; 1 pug/m1l);

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

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

atmosphere). Then the culture supernatants were collected for the determination the cytokine



and nore preferably between 0.2 to less than 5 ng. In
this aspect of the invention it is preferred that,
WOoRpem112h¢2 dose is to be adm ni stered intravend(Sl/EP2004152810

dosages over a period of 181 days are between 0.2 to

| ess than 10 ng, nostpreferably between 0.2 and 7.5

nmg. Alternatively, where the doses are to be

adm ni st ered subcut aneously or intranuscularly, it is
endpiptef excertdor RHA/ai€ R¥svigudated eltvaesp shichdwet iddibetay $or 48 hrs in

§ etweep .1ny..t 0,30 r referably between 5 ny
Orderg%gb%(?a .%Hcllﬁlg%%%%a%@gﬁ?rarhggelg;epcal cul ated on the
basis of the body wei ght of the subject or the body
surface area éBSA) of the subject. Body surface area
The repppresghoyidn Eiueil-at ed according to any known net hod.
Exanpl es of BSA cal cul ati on net hods are as fol |l ows:
Mosteller fornmula: (BSA (nm2) = ([Height(cn) x
Resuléi ght (kg)]/ 3600 f (Mosteller RD: Sinplified
.cul ati on. of . Body_Surface Area.. N. Engl J Med 1987
BTO@&SP%Z?@ 9 @fﬁ}ﬁ%@%ffecmeﬁ?esmaﬁaam%w MeEYtes mpeaphages and
: Xl [
on TH) BE R 8 DRSS B Plol efEe i M (et There wasa
conceappiioxdepandens iaffeac enafreg dells Hdembistrated awehgylincbase in TGF-beta
kpown. Arch Int Med 1916 17:863-71. Haycock formnul a:
releasglsn " (1p) = 0. 024265 x Hei ght (cm) 0 3964 x Wi ght (kg) O
5378 (Haycock G B., Schwartz G J., Wsotsky D. H
Geonetric nethod for neasuring body surface area: A
In partieilgih theyesuwtsconidmmibantherl is:dat ed in i nfants, children

° ?Sg\ﬁ)a{ﬁg %%?o&oﬁg%gnﬁgﬁqﬂma}t%gfcggg%%%? %S%%gf;grgg%slc;f%%_tg %2) ng/ml
HebgdhibOsdhhg B igR 46seoapPBeAidh Oka) & Kohabin(fabas EA
CGeorge SL, Estimation of human body surface area from
* h&joghtlueiipg of the inflammatory cytokine IFN-gamma at concentrations of up to
50 ug/ml corresponding to high dose application of up to 150mg in patients
e No modulation of the Th1/Th2 cytokines at concentrations of up to 50 pg/ml
corresponding to high dose application in patients
e Only very sporadic up-regulation of IL-6 by a marginal increment occurred, the
implications of which are discussed controversial
e Increase in TGF-beta release (Treg cells)

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

Thl and Th2 activities.

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

anti-tetanus toxoid response and cytokine assay

Method

Proliferation assay

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



wei ght. Cancer Chenother Rep 1970 54:225-35) Boyd
formula: BSA (nR) = 0.0003207 x Height(cm 0 3x
wWOo/Boymt26¢r ans) (0 7285 (1 0188 x LOG grans) ) PAEEER20091052810
to the higher dose enbodi mrdhts of the invention the
dose of the agent to the subject in ternms of body
weight is fromO0.1 to 2 ng/kg, preferably 0.15 to 1.5
ng/ kg, and nost preferably 0.2 to 1 ng/kg. In terns of
13&)B@Ammhébd@éewmﬂmtﬁelagemmﬁﬂmn$hé2§ugmﬁcﬁu@énﬁmﬂhiﬁgMﬂ For the
refe abI from
negaie P Biedhse) oyt ShET g s AR Ak duity B et Pubhcates
i nvention, where the dose is based on the body surface
area or the body wei ght of the subject it is preferred
For thi&tonphwingldateon @\ﬁencealtrpem ofl 26f ugmll dags welemgeafnRhulhgell was

used. nﬁ(g'ﬁ@@é vga%%&{@{g?]t%aﬁg sr[I}{ g%f ef()a ng Ejsvpvgr?s%d%lgéng@gfeeof 100 pl

;mr“@neferably bet ween 0.4 ny/ kg and 4 ng kg. It is
particularly preferred that the dosages are
adm ni st ered subcutaneously. According to the |ower

At 1108 %méj'cﬁﬁﬁgebﬁaé?fodt hey ﬂ?&%fa'ﬂ?ﬂ \Iv% dgtg(?@%q;y E(ﬂﬁn% 0.4 uC1 of

agent to the subject in terns
*H-thymi o pmg)(zvleg fopritenaiduys. 2Att the 40A crfgﬂlkg;ulmm period the cells were

cetachis e Vydodeciie BT ASAIFRG BdurBrer R Hegio SeRgsing a

scatro%%l%?vésﬁr fTMIQOLi‘ﬂ% of %dl@acﬂgﬁ%coggfﬁe@fn% E‘T\ﬁ@llﬁ/ efthafell was
0 nmg/ n2 and nost preferabl to 0.50 ng/nR. In

measmhésle aassm@d:latlmf counger; amdemmmmrtwme]r ® thhewuddse of prdidereting cells,

e B8 2 4! 87 SEReR I EaRREY A B ol B g emer
S- pha@@imfrth@tcem e cleNth8VIe RIS Ip¥ranidid WAS 8818Ss 9&@ fmﬁ‘ut@e(EIbrﬁ}j and the
of 10 days are between 0.20 to 10 ng/m,

stimulsitign érdgl ($1) et saele porgenitation defingg) mpma«mpmt/ wp@mmrz to
250 ng/ kg, nore preferably between 2 to 100 ng/kg.
Cytokine assays
All cytokines were quantified in the culture supernatants using commercial ELISA Kkits,

according to the respective manufacturers instructions. The reagents employed are set out in

Table 1 below:

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

* additional material, required for the Interleukin-1 ELISA



Alternatively, where the doses are to be adm ni stered
subcut aneously or intranuscularly, it is preferred
waQ MHa9/112h¢2 dosages over a period of 10 days ar PGIEEREEH052810
0.30 to 20 ng/ n2, nore preBerably between 0.5 to 20
ng/ n2, or between 2.5 to 500 ng/ kg nore preferably
between 20 to 500 ng/ kg. The frequency of
adm nistration is not especially limted, provided
Interlt%ﬁén (It)-bflewis e mhburadwanm‘@es wéret dreterhogedt esing the human IL-1
i nv referre

sl G Tipden e BB ey Eaanitg wraiBahR BrRbas rgemvee of the

test, prodidt@Mingl BaRStandatlitddlyereWeaitl the k&Y @Y spiicdaKSto 130 pg/ml
every 6 weeks, every 12 weeks, every 24 weeks, every

3mru@h@§ﬁ§@mpﬁﬁnth every 3 cal endar nonths, every six
cal endar nnnths or yearly. Thus, the doses may be
separated by at | east three days, or alternatively by

IL-4,3t 6lagaad0 loveds ineakturdyupainatagasds widll ghatyssiopirgt gro@@s factor (TGF)
one nonth, by at |east 3 nonths, by at |east 6 nonths,

B1 angrtupguipecrosisiocion 6l Ray Wenbdairrynedianng the QrsEks (B diosciences)
test k&aalég&di%% tl) ?}?es&aﬁf%txreg’s ﬂgtgl?c’tlo %’ Y ¢ \}ggkdf t@v?es‘éé %I&Q:determmed by

the s@MEdrYs hlelaxfe}ed kuthatht Wifs hﬁis @}Jetﬁeaaiuw td Bso ph/at1adok tIFNOf 6,3 to
doses are taken fromevery 3 to 3 1 days, every 3-10

616 pgayls(forel.e.y5, 306md SN Jomepsusing ampéilyted sapplep Ancha 61th @60 pg/ml for
i hve kit for a use as defined
H46u%ﬁ%}“%ﬁagg?gé§?% %&Vggik%nprlses a plurality of
nmedi canent dosages as defined above for S|nultaneous
sequential or separate adm nistration to a subject.

wo 4§08 gnofrasyied e tusesiedtheightoffor el hresltuggs) tokinco ﬂ?ﬁﬁ@ﬁéaﬂom by
ELISfde %a%ﬂsf?omm g&ﬁl ne%o %glgﬂgréé WER 1‘?191%&1 ﬁlt Rk Ic gel?}l%ne 8f mean and

canent a N a nanner as
standa@l aleeiatibm "Bitissl kabem theApphamnpeefi thetesi @edl6tpaaml in the case of

phar maceut S|t|on nmedi ca s used in the
TNE)RREE Bh0 40 QAL O AR ROR 67 H1E) MBS bt rsatged from
each ﬁ&@&éﬁ@ﬂﬂﬁf%glcglaﬁgﬁse in patients benefiting

Results
BT061 (also termed humanised B-FS5, or simply hB-F5) is able to suppress dose-dependently
the tetanus-toxoid specific T cell proliferation; there has been no effect on the total number of

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

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

T-cell proliferation assay, measured in triplicates.

Displayed are the means and SD of the *H-Tdr-incorporation, measured in triplicates as well
as the stimulation index (SI, defined as cpmeompound / €pm pit) 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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bel ow’shows how t he sco[l,ng syst en1mg#@§ TABLE B -
PASI i
(per @&p\g/mgqi on) 125 pg/ml 5 pug/ml 1'pg/ml il

Mean (cpm) 8787 6748 3902 414

SD (cpm) 1886 763 218 12

Mean (SI) 21,24 16,31 9,43 1,00

SD (SD 5,18 2,32 0,80 0,06

t-test (compound vs. nil)

p= 0,002 0,000 0,000

nil 25 pg/ml 5 pg/ml 1 pg/ml nil

Mean (cpm) 13783 10244 6970 650

SD (cpm) 1826 758 1351 95

Mean (SI) 21,22 15,77 10,73 1,00

SD (SI) 5,91 3,47 3,65 0,29

t-test (compound vs. nil)

p= 0,000 0,000 0,001

* ok & 3k % k3

Viab-ctr ConA  nil

Mean (cpm) 94473 404

SD (cpm) 4200 239

Mean (SI) 233,94 1,00

SD (SD) 148,86 1,18

t-test (compound vs. nil)
p=

0,000

ok ok




No synptons O Slight 1 Mdderate 2 Marked 3 Very marked
4 Because the head, upper extremties, trunk, and

WO 29112802 reni ti es correspond to approxi mat el YWCIQEP2R(QP/052810
30, and 40% of body surfacédarea, respectively, the
PASI score is calculated by the fornmula: PASI = 0. 1(FE
+ h + Ch)Ah + 0.2(E +lu +O 11 )A 11 + 0.3(E, + 1 +
D)A + 0.4 (B + 1/ + Ol)A PASI score ranges from
0-72. Agscore of 0 nmeans no psoriasis, while a score
of 72 represents the nost severe psoriasis. In a
pref errgd enbodi nent of this aspect the pharnmaceuti cal
conposi .tion of the present invention is capable of
treating psoriasis by providing at least a 40 % and
preferably at least a 50 % inprovenent in the PASI
score t he paté’ ent. Preferably the subject has a

PASI sc@®re of at”|eask 10.prj ok to treabmesgt. These
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adm ni stration of a single dose of the anti body.
these effects nay be seen in at
In a further aspect of the presetiT/EP2009/052810

particul ar,

WI009/4125

@ent s.

I
| east

i nvention the pharmaceuticd conpositions are for
treating rheumatoid arthritis. Rheumatoid arthritis is
an aut oi mmune di sease whi ch causes chronic

i nflammati on of joints and surrounding tissues,

an

Tableehin al so affect other tissues and body organs.

This ML ©
treate

R Rt

gUmBEahd Al

S connonly assess

4

o R

t%d
Re

n
80%

d

91% %roduction of

inflarf¥iito€ aytolGatd EBS- afmRired mvihotyag yultAERM&ar@d SD offwo individual

paraneters (Fel son et al.

Arthritis & Rheumati sm

micro)gyimres3gy Fyen-727- 735) . This system defines a val ue of

ACR 20 as a 20% i nprovenent

joint counts and 20% i npr ovemnent

in tender and swol | en

in 3 of the 5

remai nimg1 phicore set ngRSIFEEMm] patient BEgET an
gl obal |assessnents, pain, disability, and|an acute
phase reactant, |such as (HSeactille protei LRCRP). 1| n
articy t armaceutical canmpositions for

BTO6?r eat | ﬁ%ﬁr %éﬁ_ﬂ’glt%!ﬂd art h*?g(rflg ar qlnl;gr efera g;//m‘?o_ bel

ng/mpdm ni sherekn NtimassSoul aidayt 9 SRSV ISENeGHSIysDN h&n SD
dosages specified herein| Present| treatnent of

20,0 arthri 4G i neéludes fOrst 258 ne2,dr uyal f d2,2c@dor 00,0i ng,3 0,4
pai n and i nf tion cl ifjed nQn- st er oi da

40 _anti - r% anTgaflor ergs Al Bs% , ?is g%zg aspir | ,’7 0,0 0

0,8 |buprofien, napyaxen, o8t Cpspecoiyiaiyg t kAt IRt OF 9o ¢
arthritis incfudes cofticosteroids (e.§. predni’sone

0,0 and dexwmret t2gdon@), 61 owRastireg ghti r heyd 0c 3pugs,6 0,8
( SAARDS) or disease-nodi fying antli rheumatic drugs
(DMARDs), e.g., nethotrexate, penicillinam ne,

cycl ophospham de, gold salts, azothi popri ne,
| ef lunom de, etc. Corticosteroids, the synthetic
The detaris iTablss 2 denwnbloaly the foldewingone hor none, are used to

° | IAh id(?siet 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

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

e An increase in TGF-beta release

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

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

after an incubation time of 30 minutes. Results are shown in Table 5.



RA progression (e.g. prednisone and dexanet hasone).
Anot her group of drugs call ed biol ogical -response
wOueP112802s (BRMs) has al so been devel oped for RGIEER2Ge41152810

of RA including antagoni std’to TNF-al pha (adal i numab,
infliximb, etanercept) which work through binding to
its receptor or directly binding to the TNF-al pha
protein. In one enbodi nent of this aspect of the

Tablg¢ ;iventi on the conpositions are to be administered in

o I.hat | Wit s currently usgd to trea
Corﬁ%g%%) o] Qeall?ct ﬁng?} pg.gg"’itwe ﬁgrlle[f(flcul ar;gpffcf'fgc (?Sﬁrp‘ges‘f‘iﬂ%i ons
[ngahlg to bgpadivieni st emesh W t e c@fcetATBCY g3 nenti oned

above, preferably nethotrexate. Knov% drugs, suchjas

met hot r eRe#ED and tEENSKAr maceut i cdl conposition|of
the presgpt,inventijon can be adm nijstered

si mul t aneously, sedquentially or separately. The

i nvent i ofluwdebdencow |be descri bed furither in relatiion to

the fol | pw ng[ speci|fi c enbodi nents.| EXAMPLES EXAMPLE 1

- I nvest PEESIBN of |t he i muno- modullati ng capaciti es

of BTO T dimg T e protiferati Vet hod
> Whol e- bl gg’ggcul tur egl’%\?ere perf or necg\%;% h freshly|drawn
37.G%er i pher @5,09l ood. 2,871y, using 19123eedl es bl opd

from-three healthytvolunteers was—gollected int

fro e ylvol unteers—was—gollect d
18Jr?epari ni %%aSSyri ng(-:]é).a59l'he bl ood was!ls@eded into
6-Wel T gt ure pie mot tater tt 60— mmafter
“donation. “The antibody used in the|’hvention (BTD61,
| ot 40588, or |ot 70A0013B) was added to the

Concentration |hB-F5 Negative control Specific cell death
[ng/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 0,31

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 BT06! (anti-CD4 mAb) induced apoptosis, PBMCs from full

blood were incubated with BT061 or the positive control.

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

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



cultures before stinmulation of the | eukocytes at 5
different concentrations (see "Test substances" bel ow)
WOoned/tebts were allowed to interact with the atdl/ERGY9/052810

for 90 min at 370C, 5 % CO®in hum dified at nosphere,
then four different stimulants were added to separate
cultures: (a) anti-CD3 anti bodies (R&D Systens; 50
ng/ M) (b) phytohaemaggl utinin (PHA, Bi ochrom KG 3
pa/ M) together with anti-CD28 anti bodi es

Tmﬂé ecton-Dickinson; 1 ng/m); (c) |ipopolysaccharide
(LPS, subtype 055:B15 from Signma Aldrich; 1 ng/m);
(d)| SE- B (Ber ngan@diNocht-Tnstitut; 25 ng/m) together
Wi th anti-CD28 _antibodies (Becton-Dickinson;j 1 ng/m).
AU VihéIsemplayed| Positiver esomeoke i ncubat ed for 24 hrs at

37 9 ( 1-di.fi ed, at ﬁere). Then tthe cul ture
sup%fg earﬁlggrﬂ%? V\E‘ggbgtf‘ieg’(f? ed|for the deternination the
cyt pkitipe@ndpoints, except for PHA anti CDZ8 sti nul at ed
cul tures, which were incubated for 48 hrs imp order to
obt gPReeatraidrr i dncsease of thauatit ¢fgpopbtiThdisded]l 5. The

r esp| re set out in Figure 1. Results BT061
disEV%%%ﬁ no sli gnificant effect on the najof
actiqedti es of jomnocytes/ nacf.gghages and on Thl as well
as Th2 activities in whole blood cultures fiom healthy
vol @@ eers. THé3€ was a congédtrati on- dependent ef f ect
on TE§Y cetts g“ Huubtlatcd_ﬁj amr—thctrease—{n TG beta
reliease). In particular, the'results confirmthat

n

t helse 1s: 17,3 20,4
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
BTO61.

EXAMPLE 5 - Complement binding

In a flow cytometric test for binding of the complement factor C1qPBMCs have been isolated
and incubated with BT061 (anti-CD4 mAb), followed by an incubation with purified
recombinant C1q.

ATG (Tecelac) served as the positive control.

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

shown in Table 7 below.



No nodul ation of the inflammtory cytokine IL-2 at
concentrations of up to 50 ng/m corresponding to high
wayeH1epeA i cati on of up to 150ng in patients NCT/EP2009/052810
i nduction of the inflammtéty cytokine | FN-gammma at
concentrations of up to 50 ng/m corresponding to high
dose application of up to 150ng in patients No
nodul ati on of the Thl/Th2 cytoki nes at concentrations
Tablfb? up to 50 mg/ M corresponding to high dose
d cat+on i 1 ITalI efts—Enhy very sporadl C
aB (Pé'gul at FﬁAlﬁPg’é{tn‘?’e mgr gi nal i ncrenment
cofcUfraesh, e i mp t1rons off which are di scussed
cont rover s{BI061 | ncr gaserol n TGF-bet a rel ease (Treg
leghk)  No| significart effect] on major regul atory
tivities rocytes/inacraphages and on Thl and Th2
activities 1\%g?AI\/PLE HOTESEY ng of BTA for its
i nfluence gitefdilyt i vat ed human PBMCsprined for an
Lanti-tetanlbs toxoid responseland cytoki ne assay Method
1pPol i ferat |I98 assay Rr&shi hly ijsol ated PBMC vere
7(5|L|leeu Og%weu (fé bottom microtiter-plates in
a vol une of2 00 n1/vve (4x105 cells/well). The
3ygst-item oAnti CD4 |y BTOG1) was used in the
concentrations of 20Inp/m | mg/ M and 0.8 ng/ m
1§§ddi tionaldly 40 ny/ miﬁm thin the pretest);
91i€ldllu5 To tfgd was u~$_ rm—cgncentrations of 25 nmg/n,
5 nmg/m an ng/ M . |For the |[negative control cell
4c7u|ture medogm was takagn. Alll cultures were set up as
tri plicates. For the|CanA-stijnul ati on a concentration
26f 2.5 ng/fP%nd a vodline of 200 nmi/well was

1,2 193 302

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

EXAMPLE 6 - CD4-activated CD25+ Tregs suppress cytokine synthesis and CD25
re-expression of CD8+ T cells

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

Method

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

cells was measured according to following procedure: CD25+ Tregs were stimulated
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stimulated CD25+ Tregs. Simultaneously, they rendered suppressed CD8+ T cells unable to
express CD25 upon re-stimulation (Figure 7). Taken together, these data demonstrate that
CD4 stimulation fully activates the suppressive properties of CD25+ Tregs.

EXAMPLE 7 — Safety and tolerability of escalating doses of 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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Each dose is diluted with 0.9% sodium chloride injection up to a total volume of 20 ml. The

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

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

TABLE 9 — Subcutaneous dose of BT061

Administration of BT061
Total dose of Volume of | Volume of ‘ Yolume of
BT061 mab |BT061-12.5 mg | BT061-25 mg | BT061-50 mg |
5mg 0.4 ml — —
10 mg 0.8 ml — [ —
20 mg — 0.8 ml | —
40 mg — — 1 0.8 ml |
60 mg — —  Iml+02ml |

Each dose is injected as a single bolus injection.

The volunteers were assessed over a period of 3 months after the injection.
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Cytokine levels

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

and/or the anti-inflammatory agent ibuprofen.

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

of this antibody mainly to immunosuppressed patients.

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

reduced side effects induced by T-cell activation and/or by activation of Fc receptor
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The median peak concentrations for the cytokines observed at any time point within 96 hours
after administration using the highest doses (40 mg to 60 mg of BT061) are shown in Figures

8 and 9.

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

highest cytokine concentrations observed after administration of the antibody.

Figure 8A and B show the TNFa and IL-6 release observed in healthy volunteers after
intravenous or subcutaneous administration of BT061 in comparison to those released after
administration of anti-CD3 monoclonal antibodies, Teplizumab and TRX4. The normal
values of these cytokines were taken from Straub et al., (2007, Arthr. & Rheumat.). Figure 9
shows the IL-2 and IFN-y plasma levels after administration of intravenous or subcutaneous
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.

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

Figure 8 shows that the median peak values of IL-6 and TNFo. cytokine levels detected in
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The results of the intravenous administration are shown below in Tables 10, 11 and 12. Table

13 shows the results of the trial with subcutaneous administration. The results are shown

graphically in Figures 10 and 11.
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In particular, Figure 10 shows the CD4 cell counts (cells per ml plasma) in volunteers treated
with the single intravenous dose of BT061. The data points represent the mean values of the 3
patients in each dose group. Dotted lines indicate the upper limit of normal (ULN) and the
lower limit of normal (LLN). The ULN and the LLN (mean value + (or -) the standard
deviation) were calculated, based on cell counts from healthy volunteers, as 443 CD4 cells

per ul (lower limit of normal; LLN) and 1324 CD4 cells per ul (upper limit of normal; ULN).
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In conparison to Teplizumab and TRX4 (results taken

fromHerold et al., 2002, New Engl. J . Med, and
WEueLben et al ., 2005 New Engl. J . Med, PCT/EP2009/052810

respectively) BT061 induced® only margi nal and

transi ent cytokine release. TNF-a and IL-6 |evels were

slightly increased. Figure 8 shows that the nedian

peak valyes of IL-6 and TNFa cytaokine | evel s detected
ManY FFB“a?Qﬁ%ﬁ‘éfntoéPCla%Iafl%léﬁlﬁﬂm@WnBlT%Pﬁ((AWha%dhw@ reNj§Wed i Strand
et all 0%7? te!&ﬁi%vé hﬁﬁ‘rﬁm%es% (F&Stl\ygl ﬁh%gyt%%aﬂetlon. The
Specific therapeutlc nt| I % I Z :
drawBankt dffethesel amtibodits mssthatt medtddelndmduaﬁlﬁcmﬁb Smnﬁ'EG&bn@kdinised, and
ad to sﬁgstantlally increased levels of IFN-g
are S‘é?ﬁapt}q_et? RS JUCEIYS as was reported for the
application of TRX4 (Keyneulen et al. 2005). CD4+
| ynphocytes In addition, the trial also included a
In cogtragiyhip ftugh ehqwnﬁUbatsBB@6ldDdqud sibtmaseive yonghlastitgedepletion of CD4-
anpl es collec results of the
positfl BT ARSI e o EE DRSNS BT s rasobserved with
a recdlery ko hoafitvatids idaké Perdphesl BMSod RBhmEBUht a‘fte@fadﬁlli‘lﬁstratlon of the
trial with subcutaneous adm nistration. The results
antibade shown graphically in Figures 10 and 11. TABLE 10
CD4+ cell counts in individual healthy volunteers
after 3.5 ng to 2.5 ng intravenous adm nistration of
At thBTQ G1fAB&nd ift@%phc&ioh dfCBJlT%s CD4ioeuic\zshﬁml fdiedbtuiikers of the

vol unteers after 2. i ntravenous
1ntravga%lsrf§0§? BERUPE, ﬁhwedsﬂ*éé eweﬁ tb%trwqr@ mlaw thisegigra vatyes hofodlows: 1
Voluntte!?:? oFtHe §60 | gqgﬂmﬁo&scﬁé)ges 48F'C g?l ﬁnvolun er of the 5 mg
vol unt eers eate the sing Vehous  dos &

grouB 08 DA belsdat aul pbivotusteee pf ﬂﬁelm)t mg Igeou‘p? an0\Gib4iedlsofer pl; and 1

t Dotted |ines
Wﬂwﬁ%ﬁng?gb#ﬁggﬁﬁbg¥sﬁﬁﬁ4Fggﬂmgﬂfﬁgl (ULN) and the | ower
limt of normal (LLN). The ULN and the LLN (nean val ue

+ (or -) the standard devi ation) were cal cul at ed,
Howctvars eitiessn veloed weouonly slightiyhbelbwhyorvo values e€B4 el daBits in the

remaining 2%e Vollunteers of the intravenous dose groups were within the norm values 72 hours

after administration of BT061.

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

counts below norm values.

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

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

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

over a long time period.



per mM (lower Iimt of normal; LLN) and 1324 CD4 cells
per mM (upper limt of normal; ULN).Figure 11 shows
waQ He9/030cel | counts (cells per nml plasm) i n PCI/EP2009/052810
volunteers treated with th& single subcutaneous dose
of BTO61. As with Figure 10, the data points represent
the nmean values of the 3 patients in each dose group.
Dotted |lines indicate the upper |imt of normal (ULN)
EXAMYLE e (ot mighe/ BT8P irordimgits (MithNyodeTaBLEsevare@haanic psoriasis
cell counts in individual healthy volunteers after 20
ng to 60 ng intravenous adm ni stration of BTO61TABLE
The a3ligDA+hR-EB| BT@AINtostréan ah naioihdiuat dikeadetiBel@! tdstt@Bh 6 patients
after subcut aneous appl.ication of BT061 40Many CD4
suffegpi dFor ARSI | Bt olkn P BB STRTWHIS #idlHeoreipisey gusingle dose

188ort @B Lror8Ms MR afel; adldr @8 b RB-Rs. 2007) achi eve
escali m’runo-sagpr essi 0?1 eJ\E}Ii a CDZIL sgsf?ﬂlave | ynphocyte
depl etion. The drawback of these antibodies is that

treated individual econe i nmuno-conpromn sed, and are
The Csoll}gl Pt ?%ﬁﬂ‘étrtl% aﬁetel’?gpﬁ‘?‘ﬁ?'ecti ons. In contrast this

study showed that BTO061 i nduced no massive

| ong-1 asting depletion of CD4- positive cells.
The iéowg%ﬁs argdividgd dite revededsise geoups, e@tManoup icoinpesing eight individuals.

. t 0 rved with a recovery to porm. .
Five é%%%n@§ﬁ$§@8i ptg)e Faie i BEE Vit %‘iﬂﬁﬁ’?éy T BPI_F%brO by Intravenous
admiisiativinsint atvo alos® froube (dRe ighgdy VIAhd VT afe td rdcki® tROAMHbody or

fter application of BTO61, CD4 cell counts in four
Place&b ViarivBeHancgrs adainishiation divuratigaisan graugnse ghomedcatya placebo,

- e . . t | 1

il BB 2R B L D80 BRI e DAL P
the sig ghtientpeaceint 0.5imy alf imtavenosfBT06E. b dape @reupd 11 419 thDdix patients

B TER ORI e
wherdCBt §8hinStrB€6n W subdOVBY&Ss; tlSR aYi] 4GSl Gr’2.‘3nlln%eor 25 mg of

slightly bel ow normval ues. CD4 ce counts 1nt
BTO061, respectively.

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

volume of 20 ml.

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

injection. The same procedure applies for the placebo.

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

1.e. a PASI score of 10 or above.



remai ni ng 26 volunteers of the intravenous dose groups
were wthin the normvalues 72 hours after
wReP/mi28e at i on of BTO61. I n the subcutaneous R{GZEP2009/052810
groups, after 72 h, only ofk out of 15 vol unteer
showed CD4 cell counts bel ow normval ues. In
conclusion in contrast to depleting CD4 specific
s, even at high doses BT061 only induced a
The Eqﬂﬁﬂ%ﬁ BAST gese isnessespedchrfopsolbie tiialdo papvide # Gbaselirgl’ tajucaat day 0,
t t ne and rapid
and 190RR) Al ERANEEN 0TS LN 1RSE Bhat U v ans ent
redlstrlbutlon of the CD4-positive cells has taken
ace, rather than depletion of these cells. Thus the
Doseg Pﬁpéupports the use of BT061 as an agent to be
Six pﬁﬁ'éﬂt@fréﬂﬁfo@cd %ﬂoﬂgé r@leieala 'sﬁﬂglé’fntx‘a(?%?s T}@fcaﬁoﬂ 95 trﬁ BT061,
peri od Clinical trial I npati ent
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calcuf@dfeicordHpQb tite WSSEN@THAmuld BEschibbPherGANPY i ses a single
dose escalation study to assess the safety and

ef ficacy of hB-F5. The conditions of the trial are as

The lggéll gcm’?esefgpﬁh atf%%%slcgﬂps alrro%é) :«I\a/rla% 9%3’53 g@vfép to %?lvrewﬁh the

percedxageu@mu@ﬁex{tdmﬂﬁ POSIUpSre lfrohdthYba@difet 0 receive the
anti body or placebo by intravenous adm nistrati on and

two dose groups (dose groups VI and VII) are to
l%mekﬁ &5 the anti body or placebo via subcutaneous
dm'nistration. Two patients in each dose group
Six patmms fremadqsb acalpoll redvived 4 hﬁgleaﬁmmmhmgs Bijectip@bl @¥ingg 6MBTO61
ose
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The PASI scores for the patients in dose group II are shown in Table 15 together with the

percentage improvement in the PASI score from the baseline.

Dose Group II1
Six patients from dose group III received a single intravenous injection of 5.0 mg of BT061
while two patients from dose group III received the placebo. The dose per weight and the

dose per body surface area (BSA) for each patient are shown in Table 15B.

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

percentage improvement in the PASI score from the baseline.



receive 2.5 ng, 5 ng, 10 ng, or 20 ng of BTA |,
respectively. In dose groups VI and VII where the
waHhiP/mi28er at i on i s subcut aneous, the six pati iBEP2009/052810
receive 12.5 ng or 25 ng of2 BT061, respectively. For
i ntravenous adm ni stration the anti body/placebo is to
be infused in the forearmvein according to nedically
accepted procedures. In the present case the total
[h“%ﬁavﬂﬁégis admi ni stered as a single continuous
i ntravenous infusion over a period of 2 hours via a
perfusor (Fresenius Pilot C, Fresenius AG GCermany).
Six ratietts dosedofe grivep Aitardbodyiving abibgleddtraenbusainfecldn of 10.0 mg of

BTOCPRITYY fipieb’s et BOGIer0m hiscoh Chbeacchorihe dost per weight and
the dSd¢et baeRkmcasHh BSAY Bk iRbatiBes A hbRAGY Thsleigche

adm ni stered as a single subcutaneous injection. The
same procedure applies for the placebo. The |evel of

o RS 05T AP RS el RERS 95E iR o

percefi@ge imprederabave tHe IA8Irsc b IHons iRMAS @O r esponds to a
hi gher | evel of psoriasis. Patients enrolled onto the

trial have a noderate to severe chronic psoriasis,
i.e. a PASI score of 10 or above.The patient's PASI
score is assessed before the trial to provide a
"basel ine" value at day 0O, and repeatedly during the
trial at days 5, 7, 14, 21, 28, 42, 56 and 75. o0 e
Goup | Six patients fromdose group | received a
single intravenous application of 0.5 ng of BTO061,
while two patients from dose group 1 received the

pl acebo. The dose per weight and the dose per body
surface area (BSA) for each patient are shown in Table
14. Body surface area was



cal cul ated according to the Mysteller fornmula

descri bed herein. The PASI scores for the patients in
waine1gseup | are shown in Table 14 toget her WGTER20€9/052810

percentage i nprovenent in fphe PASI score fromthe

baseline. Dose Goup Il Six patients from dose group

Il received a single intravenous injection of 2.5ng of

BTO61 while two patients from dose group 2 received

t he placebo. The dose per weight and the dose per body

surface area (BSA) for each patient is shown in Table

15. The PASI scores for the patients in dose group |

are shown in Table 15 together with the percentage

i mprovenent in the PASI score fromthe baseline. Dose
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Patient 8 Rel. Dose 7.0/ 0.28 [ng/kg]/ 5.2/ 0.23 5.9
/| 0.25 4.6/ 0.22 5.3/ 0.24 4.8/ 0.22 8.5/ 0.31 4.7
WQ 20092125029/ m 2] PASI Score rel ative chapi ge /PCI/EP2009/052810

i mprovenent to baseline) Bakeline 12.2 13.5 ]12.1 14.0
12.1 12.6 12.1 ]15.2 Da 512 0 (2% 12 . 1 (10% 9 1
(25% 12.2 (13% 10.9 (109 i n 1 (6% 9.4 (22% 10.2
(33% Da> 7 12 0 (0% 10.7 (21% 7 7 (369 11.6 (17%
11.2 (7% 10.7 (15% 9.3 (23% 9.0 (41% U Day 14 11 8
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Day 14 10.8 (37% 15.5 (+12% 3.9 (64% 11.1 (40%
11.8 (21% 16.6 (+329% 11.4 (18% 8.0 (41% Day 2 1
W09/ R80 12 .2 (129 3.9 (64% 13.7 (26% 12CH/ERPoY052810
11.4 (10% 7.9 (43% 7. 1 6%79% Day 28 8.6 (50% 9.4
(3299 1.5 (86% 7.6 (59% Ti.2 (19% 12.8 (+2% 8.0
(419 6.5 (529 Day 42 8.8 (49% 8.5 (38% 1.3 (88%
.2 (45% 12.2 (19% 11.0 (13% 7.8 (44% 9.0 (33%
Day 56 6.3 (63% 8.3 (40% 1.3 (88% - 14 .2 (5% 9.7

(23% 8.2 (419 7.8 (42% .Day 75 6.0 (65% 5.6 (59%
1.9 (83% 9.2 (51% 14 .7/ (2% 10.4 (17% 10.2 (27%
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Day 75 12.8 (19% 22.5 (+60% 16.C (8% 9.0 (27% 13.2
(24% 13 2 (+6% 13.4 (1% 9 .6 (8% TABLE 15C -

WEUEY/eR5920r the patients in dose group |V (10.RCTHigP2009/052810
i ntravenous dose) over couf&e of trial
75.9/ 106.6/ PASI

Scor e

PASI

119. 6/ 108. 8/
"rel ative change / 1nprovenent

to baseline) Baseline 14.6 11.0 21.6 22.0 19.0 11.6
14.0 12.4 U Day 5 12.8 (12% 11.0 (0% 21.6 (0% 16 8
(24% 18 .8 (1% 1 1.2 (3% 14 .2 (+19% 11.4 (8% Day

7 12.8 (120/() 11.0 (0% 21.6 (00/() 16 8 (240/() 18.2 (4%
11.4

11.2 (3% 14.2 (+10/<j 8/4 (32 14 (22% 11.0
(0% 21.6 (0% 18 1 (18% 16 T ) Day 2 1 11.4
(22% 11,0 |(0%S22. 5 (+499 <1950 7(f340/a 17.3 (9% Day 28
1.8 (2285 8.9%199% 22.0 C7o4r 1 (20% Day 42 11.0
(25121) 9.4 (15% 22.6 (#5% 18=8 ( °/<) Day 56 11.4
(2299 9.8 ( 119% Day 75Further, the PASI scores
agagnst tinme for individual p/a\tlefgts are shown in
graph farmin Figures 12A to Hsand in Figures 13A fo
13 The[\qraphpshom n FPgunes Tr12A tio 12H represent
PASE scares forlpatients f £o m\ldos»q_a graup I, while the
graghs shown in Figures 13A t® 13H represent PASI
scoges for patients fro@ ose group 1. As can be seen
frofh the results shown:En Tang;es/;M and 15, 75%of all
thezpatients frodm dose §roup & 1 lasd dose group |1 show
a cfear i“hprov&@rent in;Thecr JE{ASIN scores, i.e. at
| ea8t a |40% i mpf ovepeniZover the-baseline val ue, after
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PASI scores, with one patient in dose group Il show ng

an 88% i nprovenent in the PASI score at day 56, (i.e.
WQz09/ers023 in Tabl e 15). Furthernore, the therRJER20§9/052810

effect is long-lasting evef7at these | ow doses, with

the inprovenents still being seen in nmany patients at
the end of the trial, 75 days after adm nistration.
Patients in dose group Il also show an inprovenment in

Furthehethe PR&S|sceoragaingi tilne Sox imlinidefl paiigits apathent $n graph form in

) t tha 0%.i.mprovenent and two, of
Figwgf oo W el ety es o Ate PR AR S sBP %o ehBiiesy ey to 128
reprebdn® RIARE Bored 1RYBXRints itr(g}ﬁ d'oE@ét%M}? MBAileWRS ghPhs &8wn in Figures 13A

significant as that seen in ients from dose group |

to 13Hrr§pr@&ﬁ$1é1’é5bwr¢8|fommt@htsrfmdmcgr@uﬂ Bwer dose of the
anti body. Sone efficacy is also seen in the patients
of dose group IV. In particular patients 1, 4, 5 and 8

As cdnrbetbrs fro@SRe BsQlPsHoRS 18 MaBRs il N ad@ b €7536 63 albtheWallents from dose
clear inmprovenent in their PASI scores, although this

group Sanq dase @epupri! skewp arclesp imprevernent i thearf ASlofcorssiee. at least a 40%

1mpr% ?tsoxlda 1%5%%51311%%@?%@2 gﬁgrgzg /OSIIB%‘D ?%%/ée ﬁg%}}fouﬁ]ﬁ)%ggd ?ﬁat 25% of the

patlemtmrsdtmwgraup ['bablldesel@oupBlrbcel@d-a phaebar y of resul ts
fromDose Goups | to IlIl * per dose group: 75% of
patients received BT061, 25% of patients received

In fak! RCERR dgéegé%ﬁﬁs 3b, A1 ngétﬂén% eV ‘A‘? 1RRSPRIR H)lvgment in their

evi dence of “the 1nprove In the level of ps riasits
PASIrebs.ewdn ona fpheent tin datargmotip IFslglwmg 34 38%s hnpvsvemeranﬁ ahe PASI

e 1B LSRR SR e BT BB

even AltB&eWbw RIBRs! Rith %eaﬁqﬁ@%%leﬁfstsﬁﬂ b@ﬂl@ RéSin’ @hd ipﬁhtlefﬁ@ &t the end of
areas of inprovenent are marked on Figure 1

the trigl, 46 idapoadtes admmstrativese results it can clearly be seen
that BTO061 provides effective treatnent of noderate

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

PASI scores, although this is limited in comparison to the patients of dose groups I to 1.

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

score is shown in Table 16.



and severe chronic psoriasis. The results of this

study, in conbination with those descri bed above in
WEAaMD128027 whi ch show that even hi gh doses of RGIEP2009/052810

anti body of the invention & e generally well-tol erated

in humans, denonstrate the ability of the

phar maceuti cal conpositions of the invention to

provi de effective long termtreatnent of autoi nmune

di seasesTMBLE ktheSewomaeoirmegiltrdion Besc@ioyps! tedilei n.

EXA
rheutkat oi d art hrj £ §198P Shil| qsgggup (56 5oy B0y
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104, 105, 106, 107 and 108. In the 6.25 ny

. Subcut aneous. dose group the patients, are nunbered 201-
Figuretog? 4 and he By proyidegphafiemsaitin svdsncg gdehey ippiovement in the level of

psoriﬁ?stﬂle%}g Sin@afteNHERGERIF %ggeh?’pﬁ shbs &R %rgaSOfﬂ%o iaesrise%n the skin of a

subcut aneous dose grou e patients are
patient i dd@&roumlItpner KDadminstbtwt. dineoe $4 dohewy tloumnieherea of psoriasis

atients are nunbered 501-508. In the 6.2 ) .
28 o] afE el THBER B et b TRBCrEREY Hr ke er deure 14 B with

black $82e608.

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

and severe chronic psoriasis.

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

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

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

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



The intravenous and subcut aneous adm ni stration
procedure was the sane as that described in Exanple 8
Wa WA nR80psoriasis trial. The | evel of rheunatRGTIEP2009/052810
arthritis is recorded weekP¥ by assessing the ACR
paraneters and in particular studying the nunber of
tender and swollen joints and follow ng the | evels of
Creactive protein (CRP) and the erythrocyte
Patiefs grendiviidad irge thOéc éeceﬁsrg) the m@@@ypag@meu@y ané those receiving the
antlbo Sﬁ%r%vc%nogs ’ ttralré%oalgtdé) rogﬁslr ?rﬁg ﬁgrellgs %ﬁn m'ge f% OSdmg, 25
ﬂhﬁhg! hﬁhfgaéﬂcEIO(ﬁtngS The 2nteavendhd dd8y groabs afe: MR mg, 2 mg, 6.25 mg,
adm nistration period is finished (i.e. follow up (FU
KZS@@ﬁn@ S5mg-day 22 and FU day 43). The Tabl es bel ow
provide the data obtained fromthe trial. Specifically
es 17 to 22 rov i de t.he nunber of ten
In the ?9# me%]su Sllltﬁl{leoug% %rﬁ)gp(% upr)atlgntg A1§ ﬂ%ml?errag?é]o?r@g' %O é04 105,

106, 107Tam:lws af thes Qb5 Ingh sytRbahe iR WIES gfdupthd P&ichts &re MImbered 201-
subcut aneous  dose group. Table 20 - Tender and swol | en

208. Inothatl2comgtsybguigiepihdoseronp tgthatientnatsudinghesed 301-308. In the 25
Ei '

me s 40 5L ol DRG0 U, RREL a9 AL 59U s

dose gmip 2he p@i@tﬂom‘dttﬂmﬂﬂtﬁl PIOHIB. &¢ iced R h gngintlaeasius alogOgpoup the

ngrov 8féhglevant ACR paraneters over the course
patienys ar 1iegl the percentage of patients achieving

at Ieast an ACR20 response at week 7. In particular,

The 1111‘& sBfd §9&31tefn@&§s it ﬁ1?tfratﬂ)%tﬂig&ﬁ?reo‘?a ttﬁg ] éEgchat escr1bed in

aneous dose group pat
m\piw?ﬁ)rﬂleqfsotlms pial.i ents are receiving a placebo)
achi eved at | east a 20% i nprovenent of relevant ACR
paraneters at week 6. This figures increased to 5 out
The leyfel pf]@negmg@gdr athriisds regeeded peeklydy agsessing die AQR mrameters and in

) i y i t i
o S 3 GRS, B AR5 0 4 B Lo
reactive e (( CREBRapd tlaenaty thir Scyad se&ﬁﬁ&ﬁatﬁ)naﬂad: ER)uThessgiarapheters are

t
assessegtbgforr]eo thestrlal\qg)prowde a “baseline” value at day 0, and repeatedly during the trial
period and thereafter at 8, 22 and 43 days after the administration period is finished (i.e.

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

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

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



Positive results were al so obtained by patients in
ot her dose groups. One patients in the 6.25 ny

WEMoYU28¢Peous dose group achi eved at | east a SUIWEP2009/052810

i mprovenent of rel evant ACW paraneters at week 4 while

anot her achieved at |east a 70% i nprovenent of

rel evant ACR paraneters at week 3 (full set of data

not shown). Figure 16 A and 16 B show results for the
Tablnlifrbéendsf andsetengnit sovoitd fzomijtloi h2s mechbbitiredupgose group.

patients fromthe 25 ng subcutaneous BT061 dose group
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Table 18 - Tender and swollen joint counts from the 6.25 mg subcutaneous dose group.

Visits
g - 2 =
85 _ 3 3| %
TRl 2 2 ::-g e | aB
a9 B > - ~ 0l qF | o o | 7 = =
£8| 2 5 —a e | M | N | N R | EglER]|ER
2% E ° m 8| =8| 28] 28| 28| 28| =22 =2 =
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f&| = A AF | a2 | a3 | e | AB | AB | ERIER| LA
201 tender 16 17 15 14 12 15 13 11 9 9
swollen 9 10 7 6 6 5 6 5 6 6
202 tender 14 10 10 10 8 8 8 8 9 13
swollen 10 8 6 6 4 4 4 4 4 6
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




2. A pharmaceutical conposition according to claiml
wherein the period between adm nistrations is at |east
Wa W09/1128¢ks. 3. A pharmaceutical conposition aSEBERMORAS2810

to claim1 wherein the perbpbd between adm nistrations
is at | east twelve weeks. 4. A pharnmaceuti cal
conposition according to claim1l wherein the period
bet ween admi nistrations is at |east twenty-four weeks.

Tabls!9 ATphder ra¢ evelianabing orpsiremdhe EoE orgdiuhgutareous dosmgioup.
wherein the period between adm nistrations is at | east

calendar—months a A pharmaceutical-compositi-on
AT TITUT™AT LA AN LB E=] 0 7T\ |~JIIU|.I o T oOT T oCa A ARE SASAa
recording—to—charmi—wherei HoBheperi-pd—bet-weer
Sadnministrations is at lepst 1 yeal. 7. /A | & | o
% mphar mageut | cal |conpositipn adcording to c%a\f m-3 =
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ol ST OB il e 11t 4- 7 har el e bofpasitionds
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304 baoagm Ng ST eEed T a ubj egt [i T a| dgse| Of tite agent
305 | ekl 1/ g/ KOiel 24 M7 kg. [ L. [ATPNATrTRCEURI Galig | 1o
conpasi ts on acgorsdi hgst o apy [OnNE Of 6Clj@i g6 |L 107 4
306 Waie:ei h 2t hle 27 18 18 12 23 28 - - 29
swollen | 14 14 20 11 16 13 17 - - 24
307 |fender | 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 3 6 6 5 6 6 6 4

Table 20 - Tender and swollen joint counts from the 25 mg subcutaneous dose group.

Visits
o ~
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8| » 5 x| | mx| N S F o Eg|ER| ER
ug E g 28| 28| 28|28 8| 28|22 =
E&R| S A |AZ | QB | aB | AB | A |ABE | EA |8 | &4
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 2 4
407 tender 13 20 16 18 4 2 0 4 14

swollen 7 10 6 8 0 0 0 0 8
408 tender 11 11 8 8 7 5 4 4 - 8

swollen 9 9 5 5 4 6 6 3 - 6




agent is present in a concentration of from 10 ng/ m
to 150 ng/mM . 12. A pharmaceutical conposition
waueIEse?g to any precedi ng cl ai m wherei n t he PCI/EP2009/052810
aut oi mmune di sease is seleéted from psoriasis,
rheumatoid arthritis, nmultiple sclerosis, type-1
di abetes, inflamuatory bowel diseases, Crohn's
di sease, Hashinoto's thyreoiditis, autoinmune
Table Jiy+ Eenddr tndswalengoinhummtsniy@s theeiti rag gulaviasicosydbe pioap.
| upus erythemat osus and transpl antation-rel ated
di sease - -
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Table 22 - Tender and swollen joint counts from the 6.25 mg intravenous dose group.

Visits
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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

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




20. A pharmaceutical conposition according to any

precedi ng clai mwherein within the period of 10
wonrniYies§02aft er t he begi nning of adm ni strati orPGIIERP809/052810

hours after conpletion of phe adninistration the |evel

of a cytokine in the subject's blood plasma is | ess

than a 20 fold increase of the level imediately prior

. to gn1n|strat|on and, wherein the cytokine is
Figurg dp shewgithemsrreniege gt pappisdron theglogngropps eeeiymg 1225 mg. 6.25 mg,
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an @ﬁ?ﬂ YA VHRE Subj ect's blood plasma is |ess than a
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L-6 and IL-2, ereint a ueis
out oﬁthS,S 1®.t181;1ts 4Nh¢re 20t t}m@adeqngbrﬁ reca&mpg (atplweb(y) acARved\at least a 20%
to any precedin
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patiert h&weddM i, St SRt QRe g'i‘ﬁtléiﬁi hete QB tat WastHR20. One gatlent in this
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y
dose 200p eehipedr morean A0Phammexseent g%]telery@mp@@Rtpamneters at weeks 5
22 wh the cell count of CD4+
and 6 FTELORL Ry Shiy 22 wher el |

subject's blood plasma is at | east
250 cells/m . 24. A pharnmaceutical conposition

Positi®€ &QURM 8ret a@scﬁ&%mﬁé@ﬁf ghﬁ@ltsclln%tl'i@r%% Biopd. %e%%%ts kP the 6.25
a humani zed nonocl onal " anti bod y or fragnen

mg salequiapgeusy doseh graipf aclﬁeifedﬂatphaﬂnatfél% |10@Ir0\®umpbsxf tielmant ACR
Parem&%iso Eitﬁ\lfV? o%o hgl al % evg ag éqta:sqs%?ﬁ‘% | éYeZI?ﬁn 0} relevant ACR

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

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

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

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

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

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

of rheumatoid arthritis within the dose ranges described herein.



26. A pharmaceutical conposition according to any
precedi ng claimwherein the agent is a humani zed
WO2409/1128%2 ant i body, or fragment or derivative RCHERIPHI/052810

havi ng V domai ns defined b8 the followi ng pol ypeptide
sequences: - H chain V domain:
EEQL VESGGGEL VKPGGSL RL SCAASGFSFSDCRMYW. RQAPCGKGLEW GVI SVK
SEN

CLANGANYAESVRGRFTI SRDDSKNTVYLQWNSLKTEDTAVYYCSASYYRYDVGAWF
A YWSQGTLVTVSS (SEQ ID NO 1) - L chain V domain:
DI VMIQSPDSLAVSLGERATI NCRASKSVSTSGYSYI YWYQQKPGQPPKLLI YL

A3 Wearmaceutical composition for treatman autoimmune disease compnsmg a
SGVPDRFSGSGSGIDFTLTI SSLQAEDVA CQHSRELPWI'FGQGTKVI

pharnfagE@idally N@celﬁ)ible ofarkieri gndi a1s agermbp pambltg Oéoathepmg c@D4+CD25+
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4, A pharmaceutical composition according to claim 1 wherein the period between

administrations is at least twenty-four weeks.

5. A pharmaceutical composition according to claim 1, wherein the period between

administrations is at least 6 calendar months.

6. A pharmaceutical composition according to claim 1, wherein the period between

administrations is at least 1 year.

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

administered to a subject yearly over a period of 1 to 5 years.

8. A pharmaceutical composition according to any preceding claim, wherein the
composition is to be administered to a subject in a dose of the agent from 0.2 mg to 200 mg

per dose.

9. A pharmaceutical composition according any one of claims 1 to 7, wherein the
composition is to be administered to a subject in a dose of the agent from 0.1 to 60 mg/m*

body surface area of the subject.
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13. A pharmaceutical composition according to any preceding claim wherein the

autoimmune disease is psoriasis.

14. A pharmaceutical composition according to any preceding claim wherein the disease

is theumatoid 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 16 wherein the disease is psoriasis

and the composition is for intravenous or subcutaneous administration.

18. A pharmaceutical composition according to claim 16 the composition is for

intravenous administration and the composition is to be administered in a dose of 0.3 mg to

25 mg.
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of the conposition. 39. A pharmaceutical conposition
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22. 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/pl. -

23. A pharmaceutical composition according to claim 22 wherein the cell count of CD4+

lymphocytes in the subject’s blood plasma is at least 250 cells/pl.

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

a humanized monoclonal antibody or fragment or derivative thereof.

25. A pharmaceutical composition according to claim 24 wherein the agent is an anti-

CD4 antibody or fragment or derivative thereof.

26. A pharmaceutical composition according to any preceding claim wherein the agent is
a humanized anti-CD4 antibody, or fragment or derivative thereof, having V domains defined

by the following polypeptide sequences:
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- H chain V domain:
EEQLVESGGGLVKPGGSLRLSCAASGFSFSDCRMYWLRQAPGKGLEWIGVISVKSEN
YGANYAESVRGRFTISRDDSKNTVYLQMNSLKTEDTAVYYCSASYYRYDVGAWFA
YWGQGTLVTVSS (SEQ ID NO: 1)

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

SEQ ID NO: 1 and SEQ ID NO: 2.

27. 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-

F3.

28. 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 a plurality of doses.

29. A method of treatment according to claim 28 wherein the medicament is administered

to the subject according to any one of claims 2 to 7.

30. A method of treatment according to claim 28 or claim 29 wherein the medicament is

administered to the subject in the dose specified in any one of claims 8 to 10.

31. A method of treatment according to any one of claims 28 to 30 wherein the

autoimmune disease is as defined in any one of claims 12 to 14.

32. A method of treatment according to any one of claims 28 to 31 wherein the agent is a
humanized anti-CD4 antibody or fragment or derivative thereof derived from the mouse

monoclonal anti-CD4 antibody B-F5.
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33. A method of treatment according to any one of claim 28 to 31 wherein the agent is a
humanized anti-CD4 antibody or fragment or derivative thereof having V domains defined by
the following polypeptide sequences:

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

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

SEQ ID NO: 1 and SEQ ID NO: 2.

34. A pharmaceutical composition according to any preceding claim wherein within the
period of 3 to 6 hours after administration the cell count of CD4+ lymphocytes in the

subject’s blood plasma is below 250 cells/pl.

35. A pharmaceutical composition according to any one of claims 1 to 34 wherein within
the period of 72 to 96 hours after administration the cell count of CD4+ lymphocytes in the
subject’s blood plasma is equal or higher than 50% of the cell count of the subject

immediately prior to administration.

36. A pharmaceutical composition according to claim 13 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.

37. A pharmaceutical composition according to claim 13 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.
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38. A pharmaceutical composition according to claim 36 or claim 37 wherein the

improvement is seen at 56 days after administration of a single dose of the composition.

39. A pharmaceutical composition according to claim 36 or 37 wherein the improvement

is seen at 75 days after administration of a single dose of the composition.

40. A pharmaceutical composition according to any one of claims 36 to 39 wherein the

dose of the agent is 0.5 mg.

41. A pharmaceutical composition according to any one of claims 36 to 39 wherein the

dose of the agent is 2.5 mg.



