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WO 2011/ 064398PCT/ EP2010/ 068562 Fi gure 2B shows the nucl eoti de sequence
encodi ng the heavy chain variable region of the nmurine B-N1O anti body (SEQ
| D No: 11wo0 2hi1ges®83 shows the ami no acid sequence of tireTmPRo0AcB6NLO

i ght and heavy chain variable regions (SEQ ID Nos: 12 and 13,
respectively) together with the sequences taken from Al7 (SEQ ID No: 14),
JK1 (SEQ I D No: 15), 3-66+04 (SEQ ID No: 16) and JH4 (SEQ ID No: 17) and
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regi ons hVHL VH29 SEQ I'D Nos: 30 to 58)generated during the
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of the antigen binding properties of the humani zed anti body variants in
conparison to a chineric cB-N1O anti body using the hlL-10 anti gen ELI SA
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antibody used for the treatment of non-Hodgkin’s [ymphoma. As noted by Robak and Robak (2009),

the results of these trials show high activity of this antibody in SLE patients, and several new
antibodies targeting CD20 have been developed; Ofatumumab, IMMU-106 and GA-101.Further
clinical trials reporting activity of monoclonal antibodies in SLE have been completed with the anti-
CD22 antibody, Epratuzumab, the anti-TNFa antibody, Infliximab, the anti-IL-10 antibody, B-N10
(Llorente et al., Arthritis Rheum. 2000 Aug;43(8): 1790-800) , the anti-CD40L antibodies, IDEC
131 and BG 9588, the BLYS inhibitor, Belimumab, the anti-IL6 receptor antibody, Toclimumab,
and the anti-C5 antibody Eculizumab.



The present invention relates to a humani zed or chineric antibody or
fragnment thereof capable of binding to interleukin-10 (I1L-10), and the use
of this awDi2bohs438 fragment thereof in the treatnment ofcrmPb@alosssendi ti ons
that are nedi ated by an elevated level or activity of IL-10. Human IL-10 is
a honodinmer wwth a nol ecul ar mass of 37 kDa. Each nonomer consists of 160
am no acids and has a nol ecular mass of 18.5 kDa. The IL-10 dinmer interacts
Wi th thes 3R Br HRCSBLR! indLRIA th IpkoviR BfthérlagdMRlandan GagielRme asaatiey, Haghg U ts
| L-10 receptor beta (IL-10RI3 or IL- WO 20%1/064398 CT/ EP2010/ 068562 10R2)
i nto tuditgontplseixea. The receptor is expressed on a variety of cells, in
particular imune cells (Asadullah et al., Pharmacol. Rev. 2003 Jun;
55(2):241-69) including nost hematopoietic cells such as nonocytes,
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subsequently to activation of transcription factors of the STAT famly.
Var i ouwflemmatarneyteldoesces of 1L-10 are known, such as T hel per cells,
regulatory T cells, nonocytes, nacrophages, B cells, eosinophils, nast
cells, keratinocytes, dendritic cells and even cancer cells. |L-10
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the skin and induce a fever or flu-like synptons, including an increase in
body tenperature. Accordingly, in_a preferred aspect of the invention the
ant i bodlye Byvendienivib &y lliqsﬁg'ﬁg RY Vjay obmeaniple eMy. withtefragics t%fheg%]il‘?’rﬂn%g‘r%uf?ﬁ’s‘fler ed
to a sypj.gct in the absence of an increase in body tenperature of greater
than 2C. Further, the antibody or fragment thereof does not cause a
substantial increase in the anobunt of pro-inflamuatory cytokines in the

subj ect. s bl ood plasma.after adm ni st | J . i
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a cytokine(s) neasured in a subje 0 pl X, st andar L afl .
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fragneg%xﬁhereof is capable of being adm nistered to a subject in the
absence of an increase of the pro-inflammtory cytoki ne WO

2011/ 064398PCT/ EP2010/ 068562 which is greater than 500% nore preferably
great ef. t ha 00%., of e L m : rls;1nt he
ant 1 bolip e Pasiiung ariekPRELAL B heHeaPLRR virkbiecpR oE ieGputir 510

pr o- i nintOIRISEY IOy NokineThh hgpervaiablesentphamentdideteonieingr egenafCYREess

or o- 1 niad srgerepti B it Srgrif BELRHacblo i SERTO 26 PUTHGORT s @R

| FN-y, ngdl I L-1 beta. Alternatively, the pro-inflammtory cytokine and is
not IL-6 or IL-8. Still further, it is particularly preferred that the
anti body or fragnent thereof of the present invention is capable of
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an anti =i nfTammatory response. In a preferred aspect of the present

i nvent Noa atititedh (SEQIR2 &b: 40k | body or fragnent thereof does not elicit a
greater than 500% i ncrease in the |evel of a pro-inflanmatory cytokines,
especially TNFal pha, IL- |Ibeta, IL-6 released froma PBMC, nore
particularly an i mmune cell, when contacted with said cell in vitro. The
present inventors have surprisingly found that the humani zed anti body or
fragnent thereof of the invention elicits a smaller increase in the |evel
of pro-inflammtory cytokines in in vitro assays than the nurine B-N10
anti body. The | evel of pro-inflammtory cytokine rel ease can be determ ned
by in vitro studies utilizing human whol e bl ood cultures, such as those
studi es described below in Exanple 5, or isolated imune cells. In
particul ar, the nethods conprise the steps of: (a) incubating a cel
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WO 2011/ 064398PCT/ EP2010/ 068562 | FN-gamma, 1L-4), nmacrophage cytokine
(IL-12), chenokines (I1L-8, MCP-1) respectively. The | evels of such

cyt oki neswottinesioe rel eased can be neasured in the cel IPCEEHPRAOD6S562

super nat ant usi ng nmet hods which are generally known in the art. Mre
particularly this in vitro nethod can conprise the steps of: a) contacting
50 ng/mM of the antibody or fragnent with a hunman whol e bl ood culture; b)
i ncubating said anti body or fragnment with said whole blood culture at 37C

for 48 hours; c) determ ning the quanfit f one .or re pro-inflammtory
Cyt oki i 7 sl Rasteotide pepsiiosiBending te ReirebHBa = (R Ghie BUEUST §
W t h hm@neégbgkgﬁ?@ng\mqluure whi ch has not been contacted with the

anti body Pr , When conpared to this control the antibody or anti body
fragment of the present invention causes a | ess than 500% i ncrease in the

| evel of the .cytokine, nore pnrefe t %1 g i .
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| i nked redids SN to W2 2SIEQFOINGsC 1 it 1) Qs thRGafiaHs rekicB Vit 1 © hosHokBBe 1Bnd,
secondl y, exhibit defined spectral characteristics. This enables the beads
to be N$erilithis8igergyated findng thy hemenizaties of heaayingB-NhRantikodyhe known, i nked
anti body. The cytoki ne bound to the bead can be quantified by neans of
further binding of the cytokines by a detection antibody. This makes it
possi bIFguto4 pielklet a sompdrisam efiths hytigep biralid(propentes of Yedkinmaized enigodg vargants

GWCSF, |L-113, |L- | L- -5, I.L-6 L- L-10 ENy and TNF- a.
Fi | t er ThfosRRasisyyia aégaerfcocﬁ'}-{\l:llbgnt&?pwggg #}Wt}’ﬁﬂ/h(?gtégdﬁoé%%ned wells the
sanpl es, standards and the bead solution are pipetted. After incubation,

the | i%yi dis aspirated off with a vacuum punp, the beads Ief;1 bghi nd are
washed FigunelS arovides theresplt Bf B dejarmination et tiethinstingprioperdias a6 thegdhrgg juganize
Unboun tJ t4 g rﬁqqu I Jo@dy! off ithdrUi d
washi ngalgﬁ{tas?glea s/}?\gtrrjéi ni ngﬁ?\ﬁ%aﬁ{égw , /@%LJ? ? ﬁecr?ﬁ%? Ilr?g)pr)lt g)v%hginﬁl}dé%%j Eg\g@gd
R- phy c astibdhusing pstifieianaibod)i prefiPi)ons.s added. This recogni ses the

bi oti nyl ated detection anti bodi es during incubation, and after washing
again, the immune conpl exes formed can be anal ysed by the Bi o-Pl ex 200

Syst empiglikes A RABAOHE 8] bS TRRADYS Rlkatsro@ WHte Biood Phiexe206m deaitgevolifiess
uses two | aser systens, which, firstly, identify the beads on the basis of
their gperdheubptiehaithBriH %Q‘?R%edatﬁ(ﬁT'géc@h%ﬂ ¥e¢™fet er ni ne the quantity of
bound cytoki nes by WD 2011/ 064398PCT/ EP2010/ 068562 detecti on using a
secondary antibody. The quantification of the bound quantity is achieved by
means &lgus¢ 6B dhowdsthe devel nf PAFalpherelagie fromneive bloadciltyrestrom Shi prticris sfterThe

Ot G . . atheiitires fion Byt
P agmoic HER e B DR BB A R T UATEN Cukin 10 (1 L 10) wher ei n sai d

anti body or fragnent thereof is capable of increasing plasnma | evel s of

| L- 10 when adm ni stered tQ _a subject. denmonstrated i n Ex | e 8 bel.ow,
whi | e EiBirapdishews therleyah el Hr-égélﬁ%seif%@ﬁf"&f‘#’l%ﬁrfuﬁiéreég'rﬁ“hb%tﬁg%@“‘ieﬂsPh&r
absenc e bafth Wit OhI0ABTaleAEs BAEI@ doNGyhpvel of pro-inflammalory

cytoki nes, adm nistration increases the anount of |L-10 detectable in

pl asma sanples in a dose dependent fashion. This finding, that I1L-10 |evels
woul d ihcrease whe neut al i zi ' [ ied. o t
woul d BETER HHTUE IR oL L' o8 kP SIS MOAPELIEE: fof) IR REREder o
woul d redugentwieh Bevidl coafpafedee BEYaSKattd (g8hhand et al ., Nature Revi ews Drug
Di scovery, 2007, Vol. 6, pages 75-92). Wiile not wishing to be bound by
theory it is thought that binding of I1L-10 by the antibody prevents IL-10
bi ndi n@glﬁ’e BREKbEs IR QIR befdtelchde RS SvhaleNsload tvltirdsee6th agkltHyo@punitdeirL h
causes B-cells to produce nore |L-10. Neverthel ess, the upregul ation does
not pr eftenincutiation wish Bpd 1@ rempared totB1-863 (ahed wgltilbody of the present

i nvention since, also as denonstrated in Exanple 8, the antibody is safe to
adm nister at |evels high enough to neutralize all 1L-10. Wthin the
present application the term"chineric antibody"” refers to anti bodies in
which a portion of the heavy and/or light chain is identical with sequences
in anti bodies derived froma particular species or belonging to a
particul ar anti body class or subclass, while the remainder of the antibody
is identical with sequences in antibodies derived froma different species,
anti body class or subclass. It is particularly preferred that the CDRs of a
chimeric anti body have one origin, while the remai nder of the antibody has
a different origin. In particular, in the present invention the chineric



Alternatively, the antibody or fragnment of the invention, while still being
derived fromthe BNL1O/BT-063 anti body, can conprise an am no aci d sequence
of CDR 1,WQaDRRi126gisd CDR3 of the BNLO/ BT-063 vari abl e | i got/EPR@E0M683621/ or an
am no acid sequence of CDR 1, CDR 2 and CDR3 of BN10/BT-063 vari abl e heavy
chain, optionally with variation in these sequences whi ch does not
substantially alter the affinity and/or specificity of the anti body or
fragnent thereof In particular, the variations in the sequence do not
reduce the affinity or specificity of the antibody or fragnment for IL-10 as
conpar BiguteoSR ghawsote dgvehat {lixbbria stlcase Sigirehole Sigad; wiltyiss tffom SbRepagients pfger

mur i ne; By N8 LI RIRAY BhpdBE (P T8 (4 ¥BLARS. hVH26/hVL7) antibody. In a
speci f1 ¢ enbodi ment the Bresent |nvent|g§ pfrovi des a humani zed or chineric
anti body or fragment thereof which conprises the am no acid sequences of

CDR 1, .CDR nd f B- N10/BT-.063 variahle light and/or heay

chai nsFlg%r%‘ %Pé‘%sﬁriea%ﬁj of :ﬁ‘%ﬁ FFEse ﬁ%ee}sﬁ\%"ﬁ% ‘iv%‘ﬁe BG’% F%lhusrgsaﬁ" palfhy vofuiteérs
2011/ ObfHe3 dRedt FnRZMBNIGEDEDated & BIT208d (ar50qhy/mBri ¢ anti body or fragment

t hereof which conprises the ami no acid sequences of the variabl e domains of
the murine anti body B-N1O, as shown in Figure 1. Mdst preferably the

ant i bogi,Qrof §RGREIM 16QTRIIS gaﬁm&a@el%e BRhhwRlle blded 2TII0s £6th BIIEAHENS 8ferOf

t he variabl e domai ns of BT-0 3'§SEQ I'D No: 69 and SEQ I D No: 70).

Gener alncybatiphavithil-Nd8 dgmpdred weBT002(at 5B mefl)-t her conprises a human const ant
region (Fc). This can be sel ected anong constant domains from any cl ass of

i mmunogl obul i nes, including IgM 1gG 1gD, IgA and IgE, and any i sotype,

i ncl udFiggrel W3hpwk 2o vetdiRBruatude bIB4 Fabfepmeitted BIG0O&I hintingdhilonH.-40 end the
selectgg%ﬁnnqg const ant domai ns of IgG, in particular, 1gd. Oher products
The pr RZMH FRCIOH? £ 1RO 'BRERPMEES nucl ei ¢ aci d sequences encoding the
anti body or anti body fragnents descri bed above. The nucl eic acid sequences
may be DNA or RNA but are preferably DNA. The sequences may be used w thin
expr esBigoig l[dashaws thed’ abrfragé@ﬂmfsBT-aﬁ%a@@swth?)mq odige sigsen [Inlpeohadidg t he
ant i bogi d{fr t 1.SC r.ej I tion further
providgésﬁggpfééﬂﬁg%ggﬁﬁgPgﬁﬁggﬂﬁ??ﬁx#ﬁgggmggF?ﬁ%g %%??ggéﬁﬂ%xpression
cassettes or vectors. Suitable host cells can be both prokaryotic and
eukarygqtic. ternatively, the host. cell can be a hybridoma obtai ned

Fus not Bl SO dLERHG LR CIIOdy Srwe Braafer Fhpaior Srow (HAg PR om
cell. dhgnRestoncBTS0cGUHABEd AR, can be utilized in a nethod for the
production of an antibody or fragnment thereof. In particular, such a nethod
may conprise a step of culturing the host cell in a suitable culture nmedium
under i b4 I Wnls) XRr. J : i.ho Ofimk" AEUTERL i

t her eo%%g%dtwsg%g\r)vgt% %\S&{B th gﬁ?a?bg“dﬁi;@ (s)drogﬁnia}étﬁ%mn? . ﬁ? %)Sllnlgt %Xercﬁpgur e n@divﬁ m

Met hodalndihistrition df\BJe06Gt i@ haeltty dofioweersand described in the art. Medical Uses
The anti bodi es and fragments thereof described herein have utility in the
treatnment of diseases or nedical conditions which are nediated by an

el evat pTIAGV.ED PESERIPYION OF THE INVERFIOGNr esul t, WO

2011/ 064398PCT/ EP2010/ 068562 provided is a nmethod for treating or
preventing a medical condition in a subject, wherein the medical condition
i's mediRd Y i RBnERIneHRR Do BN flanPled 3¢ Lhitleli¥ aﬁfibddg'(;rQ"ragﬁQprh'eﬁa'oFga able of
adm nistering a therapeutically effective anmount of the anti body or

f r agmebindinpér inttleddsd V(e t0hardgheausel of tiiaatibody ar fragnhent thetiof & the beatinehtod

whi ch | s.nmedi at.ed an elevated |evel or activit -10 is SLE

Accor oY SRSt Rk St VBB e br Bl i Pt Poody or rragment

t hereof as described herein for use in the treatnent of SLE. Further

exanpl es are thronmhocyt openi ¢ purpura, |upu hritis, HV, hCW a
hepat i HiarclLHds # hegofirtr gfh b Lﬁlwﬁ?w@éwaé a_i.;zﬁ anéaﬁhmpnfz@a fRsigs 2ad60
SUPPOr imih aR{d8!ahll @hdti ABlcAlaSHRRM &S, PRDA! ThOMLLIG diRSPRRSR HitRNRS RNoR

exanpl e.
receptor alpha (IL-Ra or IL-10R1) and subsequently recruits IL-10 receptor beta (IL-10R( or IL-

5



A further enbodi ment of the invention is a pharmaceutical conposition
conprising the anti body or fragnent thereof described above with a

phar mmcewvocalllos4mecept abl e carrier or diluent. |In one echmPeomwotssthe
conposition conprises |liposonmes to which the antibody or fragnment thereof
is coupled. Such conpositions can be adm nistered to the patient
parenteral 'y, intravenously or subcutaneously. Preferably in the treatnent

of SLE1dRYS iRbthdQyplel. The aedept id é)@?@@efd drSa &HENbBEE il paiticuRY @RS Yeller
subcut aneously. The anti bodi es and fra?nents t hereof are of particular use

in the(ASﬁ@AEah@hel .othagnageb Fey. 2103Jen55@)2hEQIdcliding drass kematepaifiicioedagich

i ncrea f re
the comaoibey8E mBYEIRER ARl B Ll b U e ot HEY o o Rim el

whi ch eabls) iclbes ¢pidarinel edbls er keratitnytgsatheeinding hﬂls[, 19 mcaptpaalpha:bor Hr-1Gspkidt t he

Conai t1aneo e L e RO Re bRl Vo Rl T e Qa8

el evat g Jubsegher®ly taaétivatiby oﬂfrarisl:nﬁtﬂ)n f@@dﬂf@ folf Hersr 260 fenfiiiys tVakibigeeflular sources
therapeutical ly effective anmount antlbodg or fragment thereof a@
descr i eth-Hbpisikiows, sughcsshubflagt ce lw@gléiﬂﬁr& heeluBpUREYtES Mastorsnsast B£seousi y
or sep&sbphik Ha@ta@e@lg Wr{ltﬁlo@yﬂ%@r&eh&ﬁ&t &'ilg'agd eVerPeank&caPBl ILETY filnStiGHR&nBO 1S
not concurfently being treated wth a 11/ 064398PCT/ EP2010/ 068562
corti cendls eange cfrom preamt@ntbrfmpmtmls @mhamﬁmerprcéfmlrfer@tles séass swiiehingeenestsland
condi t] d an eb,.0 t | i LE

Corti c%lgt? ”FCL n“% clﬁlra rcgn Sg%uglg% fé{ %) haantaQ@ %m: I%M%%jﬁlf/l %Qg?zélrl]t% 39§ Hovvever
this aspect of the i nvention has particular utility in the treatnent of
patients where the adm njstration o COFtICOStqHPIdS is no | on

r
desi r abiePresdh intepHanaproyides a Sumanizeq, pt FMes 805494y o SrEmERL PG T e
or chi Hﬁalh% t@rﬁtemqm Ay (Ittﬁgmﬁéreﬁlher@e{nb@mf 'ﬁ%%ﬁi@ntt {REre8N1s @g@me QF being
fragment there descri bed herein and a | abe any

sui tam(@lltlly'péedlm@vmbjeﬁt infibe alpsengeg aae@tel@rabﬂfglnpwesepnéhfe}w@l fpr@rmﬂaminamwy in
a sanpé Ag particular, the | abel may be a fluorescent |abel. The | abel ed
or unl bei anti body, and in particular the | abel ed antibody, has specific
utility inanin vitro nmethod for detecting the presence of IL-10 in a

sanmpl e, The t.hod ma e ste con actln t he un bele
ool ol PR By Rdorh A§dh Ara Rt hertRra e SSies il F B Eh B e 1o
I enoV ejngRhdebipdic aBehl ©AGRER MBI E QytoMtics RviaEe 1da@tto DRBEe tsiet dPRcBaIMPIhe

(i.e. unbound antibody or antibody fragnents) and detecting the presence of
the antubisstyn pasticylitatindnipleraioincisasgan eause theymedenigeft the skin spd lgéwslaefever

Al terngt Vﬁﬂk rptaneut r@llbo%;%egl a@.{ea&qmsoeyr td A)@ﬂﬁ'ﬁﬁ@%&%ﬁdlg@% %ré@ﬁem

vitro ne inas conpr Pses

t he stefitke mfvemumtth@ tuitibgdy hearszimbj/ &agmerh it bm; \alnltln odypabde of baggeiministeeadgof so
as to bl@p the a tlboq¥ ot rq? ere f q t# The invention
wi |1 nbWOIRSt FARSFRSEES OF 8P (15ERS I%ﬁ“FB HEFO DM g specific

enbodi nents. EXAMPLES EXAMPLE 1 - Characterlsatlon of Murine Anti-IL 10
Anti body B-N10 1.1. Isolation of DNA encoding the variable antlbody domai ns
of B- Niwth ewwﬂzp@s%f%pew ez 90 GBS U bE Hatal Aisiedss (TCAE PORTSIOT PR

vari ab; n (3 x
et lklgg@@gfggy %ﬁéklgés Mé ) l@ﬂ\%mggfglhésl?ggﬂéér%aﬁmwgfaaoﬂEL%IcJelsl;h@les*e\je/aymlms

i sol atellich momintdierablel dre uatradily saf/¢relr tlmﬂ\lgrestpmthaesthe cyttOheleS/appfatihmt séqaumades

Cequeniad, spest B 1A B el & Bl iV EhEr S el pBrde i PRESAFD G, o

| i ght glba B sandhrd @evidthmsvari abl e heavy chai n. The varlable sequences of the
B- N10 were determ ned unequivocally. Deviations occurred only in the
N-term nal primer regions (see Table 1). In the case of the variable heavy
chain A&J&?dlﬁ@ﬂuﬁrhcﬁrei"e@lreﬂ %@ﬁec@/ﬂh@%&eﬁ‘g@l ke Mbocg'%r REEMK Qbrddf n@catﬁa[?l%%f In
the prinmer region, but other variations occurre once or twice. This
varlanWHMBQhEMQﬁmﬁiﬁbﬁSQWD“@Mdﬁ?WQ“umOfHeleagéeéﬁth%eﬂvmﬂﬁ@waWYﬁgﬁkme
chain, two variants were present in equal proportions. After conparing the
sequences with the nurine germline sequences, the cr 1 sequence with only
3 nutations exhibited great honology with the identified VL sequence. This
means that the DVLMIQ (SEQ I D No: 60) sequence is npost probably the correct
sequence. The sequence DIVMIQ (SEQ I D No: 61) is typical of another class
of germline sequence and was therefore excluded. Table 1: Cccurrence of
N-term nal sequence variants of the sequenced variable |light and heavy
chain of B-NI O The chosen sequences are indicated in bold type.




Sequence Nunber Variable light chain DIVMIQ (SEQ ID No: 61) 5 DVLMIQ (SEQ
ID No: 60) 5 DVLMIR (SEQ ID No: 62) 1 DIVITQ (SEQID No: 63) 1 DI VLTQ
(SEQ | D N80 261h)os239%ar i abl e heavy chain QVQLKQ (SEQ | D NeCTEP2019/068562

which is greater than 500%, more preferably greater than 300%, of the upper limit of normal (ULN).
In other words, the antibody or fragment thereof causes an increase in the level of a pro-
inflammatory cytokine which is less than 500%, more preferably less than 300% of the ULN for that
cytokine. It is preferred that the pro-inflammatory cytokine is at least one, and preferably all, of

TNF-a, IFN-y, and IL-1 beta. Alternatively, the pro-inflammatory cytokine and is not IL-6 or IL-8.

Still further, it is particularly preferred that the antibody or fragment thereof of the present invention
is capable of inducing IL-1 receptor antagonist (IL-1ra) in the subject, which leads to an anti-

inflammatory response.

In a preferred aspect of the present invention the humanized antibody or fragment thereof does not
elicit a greater than 500% increase in the level of a pro-inflammatory cytokines, especially
TNFalpha, IL-1beta, IL-6 released from a PBMC, more particularly an immune cell, when contacted

with said cell in vitro.

The present inventors have surprisingly found that the humanized antibody or fragment thereof of
the invention elicits a smaller increase in the level of pro-inflammatory cytokines in in vitro assays

than the murine B-N10 antibody.

The level of pro-inflammatory cytokine release can be determined by in vitro studies utilizing
human whole blood cultures, such as those studies described below in Example 5, or isolated
immune cells. In particular, the methods comprise the steps of: (a) incubating a cell culture with the
antibody or fragment thereof; (b) and determining the level of at least one pro-inflammatory

cytokine.

The human whole blood cultures can be taken from healthy or diseased patients, such as those
suffering from SLE. The peripheral blood mononuclear cell (PBMC) can be an immune cell, and, in

particular, selected from macrophages, monocytes, dendritic cells, T helper cells and B cells.

The at least one proinflammatory cytokine can be selected from, interleukin-1 beta (IL-1beta), IL-1

alpha, IL-6, or tumor necrosis factor alpha (TNF-alpha) or T helper cytokines (interferon gamma,
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QVQLKE (SEQ ID No: 65) EVQLQQ (SEQ ID No: 66) 1 QVQLNQ (SEQ ID No: 67) 1
QVQALTQ (SEQ I D No: 68) 1 The protein sequences of the variable |ight chain
VL and vawDabiecl®avy chain VH are shown in Figures 1A a06/EPB)10/068562
respectively. The hypervariabl e conpl enentarity-determ ning regions (CDRs)
are underlined. The correspondi ng DNA sequences are shown in Figures 2A and
2B, respectively. WD 2011/064398PCT/ EP2010/ 068562 EXAMPLE 2 - GCeneration

of a CNIBirhsa,BINID nithdhasty cytdRink d(ﬂmg)f icaéinyiandsaflt 8, degranaespeafvetynerhbeavy
and Ilght antibody chain from Exanple 1 were cloned into a vector System

for thisvelxpf seshi aitpkifes vetighdierfalsesed wap Béd@%@“edTH’ethFlcﬁgtcug‘ﬂréﬁuﬂﬁéat%% Usingne
t he se g@ﬁq&f‘gﬁ"m%@ﬁ“gﬁjw ntidge N termnal adds a secretion signal and

the C I ce-donor sequence. The second step was to cl one
these sequences into the expression vectors which contain the constant

human a ch ant._human 1 chain respectively. The
vectormg Bdﬁ'ts l%ﬁléﬁoﬁnegﬁ%htaﬂéowgﬁe pquts;?s tfhe heavy chain were prepared
and then t ra:)ns,mmllng 50 QelnilaTsheaitioody aitfmpofien Wit ghlmabywhelabliodrulplies phat e

precipitation or pofection. The cell cul ture supernat arvest ed
after 2 day®. 1%#'?%#‘1%9(16@8%@%&%‘%‘?% v SﬁE‘rW}&)l‘Bbmgc‘flﬂlr@%’]?C%%4182’03’%

det ection its
specific blJg&?ﬂ%ﬁg&%ﬁﬁ@éﬁ;&'{lycﬁghgﬁ ?ﬁge@#?%ﬂ%ﬁ]@%y%ﬁﬂl&g{%ﬁd@@u No.

217- IL/CF Lot ET114021 stored at - 20C) was tested in the ELISA For the
sandw c g i putnlmmllillg%eous h E&%ﬁnpw 5'1 'bLP%qycu tﬁ%%h%h 91%{ lg'e%ﬁn)
aa 6"“5

was bo %¢ 'SUTrface “as aca en I ncu ated W th
cel | cedntdeted \Slﬂ}pel{el"lﬁﬂtfblﬂy anderable, phes empared td: ﬁﬂs Cbntrmnh&araﬂtodjaodytnmmﬁy

detected with a POD-conjugated rabbit angi-human H+L)

( Di anolfagmenhofthe pissee AL PSSR Iptsdban FP0%inFigRss | 8&?(&8%# Bﬁﬁeax@gwé MY (o
12 p, %@Mw\ﬁ% 144§ 8dn 3B0R iRABAIiN EheOOVH] bOthe chRKineNR i@PrefRD tha kiR sytdKiHERA

I L-10 was bound to the plate surface in a concentration of 0.5 and 5 p,g

per mnithisahetbed ismoulbad Pol-§i t h the cel |l cul ture supernatant (undiluted and
diluted 1:5), the binding of the chineric B-N10 was detected wth the
POD- conjugated rabbit anti-human 1gG (H+tL) anti body (D anova). The nurine
B- NI OCyé@Rinseth I&Sdeﬁectlﬂsh thevenltlmontvitioh MﬂIﬁpleﬁiBEiid)bﬂhyluwaissaus &dlid4phase protein

o 0 il P BT o PR SR SEL Pt Py

the EL}ofnRéE fitdt§CHER 8 ApddifiExiBBY Eagdinst a specific cytokine and, secondly, exhibit defined
spectral characteristics. This enables the beads to be identified specifically and thus to assign them
to the known, linked antibody. The cytokine bound to the bead can be quantified by means of further
binding of the cytokines by a detection antibody. This makes it possible to detect simultaneously up
to 10 human cytokines, including GM-CSF, IL-1B, IL-2, IL-4, IL-5, 1L-6, IL-8, IL-10, IFN-y and
TNF-a. Filter plates are used for this purpose into whose moistened wells the samples, standards and
the bead solution are pipetted. After incubation, the liquid is aspirated off with a vacuum pump, the
beads left behind are washed, and a mixture of biotinylated detection antibodies is added. Unbound
detection antibodies are removed by aspirating off the liquid and washing the beads remaining in the
well, and then streptavidin-conjugated R-phycoerythrin (streptavidin-RPE) is added. This recognises
the biotinylated detection antibodies during incubation, and after washing again, the immune
complexes formed can be analysed by the Bio-Plex 200 System. The immunoassay is analysed using
the Bio-Plex 200 device. This uses two laser systems, which, firstly, identify the beads on the basis

of their spectral characteristics and, secondly, determine the quantity of bound cytokines by
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EXAMPLE 3 - Humani zation of Anti-IL 10 Antibodies 15 WO

2011/ 064398PCT/ EP2010/ 068562 Initial efforts to reduce the i munogenicity
of rodentwenviledises i n hurmans i nvol ved the generati on eCTEPRMBOGSS62

anti bodi es by repl aci ng rodent by human constant anti body domai ns. As the
rodent framework regions within the variable domains mght still induce an
i mune response the nore advanced nethod of CDR grafting was devel oped,
nmeani ngett iR ntukial s ls&on@dry aheb ANt Tigequabii fichtiog oSt bentiagiahiig ipichiveed By intahs
determ ni ng reglons, CDE% onto conpletely human anti body franeworks
(hurranpﬁmﬁdélﬁifluwm&ml“?l ‘Hﬁhﬁlﬁpv‘é{b@é‘ﬁﬁ‘éﬁs oFf HRkMRBY ks are sel ected that
resenbl e nost closely the murine donor antibody to increase the probability
of restoring the original antigen specificity and affinity during the
hunani Tht pesenpinestss: alfi pogident harp)pmlmbcbreshlm@lm@tlhgdvaw fpgnanb theragé earablse

oop. <o dieitce it esdray”OEF Bur b ERRL FERHIAN RORFRen BB ISRl e

used Ofncfafihg pRsing RvelgBF D0 hen pdmiaBssed tU&lS&lb]b(}t several humani zed anti body
variants are generated in this way and anal ysed afterwards regarding their
bi ol ogi cal effects which mght differ fromeach other and the ori ginal

ant| bogbg drtdhalide¥d 3f L 8t Beibie v&lﬁ@ frRdadtibpas i@nthef prefit amtenbodlcam be
suitab uman constant region m ght be selected. 3.1 Sequence co ar| sons
bet weerdrhingsteradi mehwahspm o asdntiotenthds ingfeags: iNtthe level Huramin okiige)

ot On ehisRuAfin, Do AR Afiducar D gBp i ldshaSEpRRGRR J%g e
Net w. 1R8i3n Nbivs Bading4tha) IL-4R levéls varudd Idcomentvberetd neitraliziygtantibedysis Rhgliad is2000

Aug; 43(8): 1790-80). The method f t d. antibodi es i
pased B ETRGHEE b Asbro CatF B B BB BheRCAry BALAFR MRl

r egi N, (LIRS Jeval &t Fddc§KIR (BHERINt aECeRLRRKVRYs DiGg DIRtOvahaiove, vél, aqﬂm
acceptor franeworks was based on a conbi ned anal ysi.s of three d?f@@gt@qu:

1. The7hORbVokjle ot v»tmhengrmmerb@u%an&@e@slt ischenghiaigeipding Abllsdd by
mnimze 1S hh% bRAIBLh thd ML A feg or anfl- trlgé%?s é:ﬁ’éEQ bd ReMb Rk 1&06%1{1%}{ bdﬁ@es B-
sequen@ o Hunan cénsensus seq nces to 1 denti y unusual am no acid

r esi duesllsaa Groddice Toee ILdethe‘veﬂhﬁless,mheinltegelan@ndms oat pevent cheutherapguais sbtyof

t he CDR seque obtain informatio i rt.a

f r amewsf feifi E‘Efjeya‘bfttge P?é’f‘ﬁd‘é‘éem‘o%n%f% eﬁﬁﬁ% %8%65 %ﬁlbo%rl ne
vari ablgr kd Qﬂﬁmﬁfé@hﬂe@flsﬁl@l@e yﬂ@)ﬁéﬂl@‘éﬁzédﬁﬁmeheSt honol ogy to the human
gernline vari abl e segnent 2-30*01 (ALl7 (SEQ ID No: 14)) and to the joining
segnent JK1 (SEQ I D No: 15). The human consensus sequence wi th highest
honol o I £ I GRBtlonoOf

t he vargxiylt}bﬁg%l %S%P{ %Rg?%ioég}&%gﬁ glgl ﬂ%dgl %&irgksﬂhlg{g)oal%gfrgwgcgss 4, and
i n cases tiefhehy amttzloﬂ_l:Bg}nt @hmhasgientlcat:rwnml scauenafm in@ntibgddesr degived) Egmpg particular

identified. Sequence conparison.bet e

genes WIS ChB® qe%ﬁﬁ%’io éctu:laa@p%qo Y§ e e?" Sélga SCDHRle?tggeg# g%[% ﬁ.gghésa{’tﬁ?’d?\%ﬁ ogy
W th 2R9501 withheqleavash anibsaes d@fﬁvda[l fEghR b dlffeignt apecies, antiboids) claskloe suhitassdt
vari abl e heavy chain of the B-N10 shows .the h'?HGSt honpl o 1t ohthe hH
ger nl i nepaytgulasly prefegdihat theidDRgobmeghimgri¢ giibod f“f?g“‘?é’é‘r%ht leAhe ISR

17). The KPR c | ANBS brebIhRENort theBhM&Qid i ||
Conpl e%eﬁ zLigTH?itB?/ det %p%@]feﬁggﬁéglgln%ﬁg%é bt he vari abl e heavy chalbur):is}I
coul d heydieas burharegedi antibedyeinofhipll theragtisn mdmgagwemces@iarlebleépmalﬁﬁ Rbadend
residu s

tfed e nce [ e CDR and hunman
gern i Br‘%a‘btg’r‘?g ?Iblfe ql‘?e? ﬁrgggcgﬂlﬁ i%gﬁ@”@fbgiﬁr?g?@{ﬁ%ﬁ@gé@‘isl reveal ed )
hi ghest homol ogy with 3- 66*04 (SEQ I D No: 16) (t he | owest nunber of

m smat chi ng am no aci ds) tﬁrefore the g ng arg n{t '?g % S faken
t 00 i n\ﬁ@ﬁgltb%rpé@csf’r&nappmqtm& g Bt aftaspeier éotﬂsal BpRE™: §° assST'yh"s seéfrl of
differ %Hﬁ?}o\ﬁgrthﬁtéltlﬁ OGRS SNCESired bIoHERdal é@%ﬂ/lt‘!a'fh@ﬂhﬁnédt@ml g@ﬂ&aﬂl}aédrﬂp&tss Xheand

vari abl vy chains (29 variants). 3.2 Construction_of l'ibrary

and selaedganominding tregramiof gbie lantiborly %ﬁn@im@“@%@%ﬁ@ﬁfahrﬁﬁheﬁ@@)PanPﬂ%Fd%b
generate a library of potentially hlL-10 binding antibody fragnments to
achieve the optimal human |L-10 bi ndi ng anti body, the cDNA sequences coding
for the 12 hVL and the 29 hVH fragnents, as shown in Figure 3, were
generated under consideration of the codon usage of eucaryotic cells. The
obt ai ned cDNAs were cl oned subsequently into cloning vectors and sequenced
at SEQ Laboratories (Gottingen, Germany). The library was constructed in a
way, that each of the 12



WO 2011/ 064398PCT/ EP2010/ 068562 cDNAs codi ng for the hVL fragnents were
conbined with the 29 cDNAs coding for the hVH fragnents resulting in 348
pot ent i alWwp 2exipree®sed anti body fragnents. Fol | ow ng t he phamresioabsse2
expression and two rounds of selection on human IL-10 (R& Systens, Cat.-N
217-1L/ CF) the anti body fragnents were anal ysed by ELISA for binding to

hl L-10 (sanme as for selection). In brief, Maxisorb plates (Nunc, GCernany)

wer e Cf?égn%ﬁtér{]\/ia& Oﬁelljag-g{dmvalf@nk-aﬂtfbohf' dBBRRALOVELn plrBfllaradiatb@ics At tabehldapkdieg and

washi ng of the plates, the supernatants of the ant i body fragnent producing
bact er The {egracrd duiefeirablsois afdeast2f.onousfprpfsiably Adath st mandreded)ly208daeifs a

poD coRhifgatag RRGHNNRLINE FALRAMY MR WARH o EcAATI NG 3EHYPRAGE, Pl APR]

bi nders wereé ana occurrence entl %VH—
f r agmemtds! 90i i§¥ae BuitHeajthe a@tjbod¥ diakmes n@y davalene® @fmdrk peptileXgelypeptgiewhaiss.

present in antib fragnment s bi ndi t.o hlL-10. f i apl
il SRR R A M R R AL
var i angacef ThiE e vavadint BRpecBrcahtibedC®riMbilcophivink t@o chains of between 400

and 500 amino acids in length each.

It is a preferred feature of the invention that the antibody or fragment thereof is derived from the
murine B-N10 antibody or the humanized BT-063 (variant hVH26/hVL7) antibody described
herein. In particular, such an antibody or fragment thereof will comprise CDRs being at least 80%
identical to those of CDR 1, CDR 2 and CDR3 of B-N10/BT-063 variable light chain and/or
comprises amino acid sequences at least 80% identical to those of CDR 1, CDR 2 and CDR3 of B-
N10/BT-063 variable heavy chain. The amino acid sequence of the murine CDRs is shown in Figure
1. The amino acid sequence of the BT-063 CDRs is shown in Example 6. More preferably the
sequences will be at least 90%, or at least 95% identical to those of the CDRs of the B-N10/BT-063
antibody. The X ray crystallography studies described in Example 6 herein indicate which residues

within the CDRs are important for binding to IL-10.

Alternatively, the antibody or fragment of the invention, while still being derived from the B-
N10/BT-063 antibody, can comprise an amino acid sequence of CDR 1, CDR 2 and CDR3 of the B-
N10/BT-063 variable light chain and/or an amino acid sequence of CDR 1, CDR 2 and CDR3 of B-
N10/BT-063 variable heavy chain, optionally with variation in these sequences which does not
substantially alter the affinity and/or specificity of the antibody or fragment thereof. In particular,
the variations in the sequence do not reduce the affinity or specificity of the antibody or fragment for
IL-10 as compared to that of an antibody or fragment comprising the CDRs of the murine B-N10
antibody or the BT-063 (variant hVH26/hVL7) antibody.

In a specific embodiment the present invention provides a humanized or chimeric antibody or
fragment thereof which comprises the amino acid sequences of CDR 1, CDR 2 and CDR3 of the B-
N10/BT-063 variable light and/or heavy chains. More preferably the present invention provides a

10
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humanized or chimeric antibody or fragment thereof which comprises the amino acid sequences of
the variable domains of the murine antibody B-N10, as shown in Figure 1. Most preferably the
antibody or fragment comprises one or both of the amino acid sequences of the variable domains of

BT-063 (SEQ ID No: 69 and SEQ ID No: 70).

Generally, the antibody of the invention further comprises a human constant region (Fc). This can be
selected among constant domains from any class of immunoglobulines, including 1gM, IgG, IgD,
IgA and IgE, and any isotype, including 1gG1, IgG2, IgG3 and IgG4. Preferred constant regions are

selected among constant domains of IgG, in particular, IgG1.

Other products

The present invention further provides nucleic acid sequences encoding the antibody or antibody
fragments described above. The nucleic acid sequences may be DNA or RNA but are preferably
DNA. The sequences may be used within expression cassettes or vectors, and are of particular use in

producing the antibodies and fragments thereof disclosed herein.

The invention further provides host cells transformed with these polynucleotides, expression

cassettes or vectors. Suitable host cells can be both prokaryotic and eukaryotic.

Alternatively, the host cell can be a hybridoma obtained by fusing a cell producing an antibody of

the present invention with a myeloma cell.

The host cells described above can be utilized in a method for the production of an antibody or
fragment thereof. In particular, such a method may comprise a step of culturing the host cell in a
suitable culture medium under conditions allowing the expression of the antibody or fragment
thereof and separating the antibody or fragment from the culture medium. Methods of this type are

well known and described in the art.

Medical Uses
The antibodies and fragments thereof described herein have utility in the treatment of diseases or

medical conditions which are mediated by an elevated level or activity of IL-10. As a result,

11
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provided is a method for treating or preventing a medical condition in a subject, wherein the medical
condition is mediated by an elevated level or activity of IL-10, comprising administering a

therapeutically effective amount of the antibody or fragment thereof described herein.

In particular, the medical condition which is mediated by an elevated level or activity of IL-10 is
SLE. Accordingly, the present invention also provides an antibody or fragment thereof as described

herein for use in the treatment of SLE.

Further examples are thrombocytopenic purpura, lupus nephritis, HIV, hCMV and hepatitis C. The
treatment of tumor cells depending on IL-10 by direct support of proliferation or suppression of

immune response is another example.

A further embodiment of the invention is a pharmaceutical composition comprising the antibody or
fragment thereof described above with a pharmaceutically acceptable carrier or diluent. In one
embodiment the composition comprises liposomes to which the antibody or fragment thereof is

coupled.

Such compositions can be administered to the patient parenterally, intravenously or subcutaneously.
Preferably in the treatment of SLE the antibody or fragment thereof is administered intravenously or

subcutaneously.

The antibodies and fragments thereof are of particular use in the treatment of disease, since, as they
do not cause a significant increase in the levels of pro-inflammatory cytokines, they do not require
the co-administration of a corticosteroid to prevent a “cytokine storm” which would be intolerable to

the patient.

Thus, in a particular aspect the present invention provides a method for treating or preventing a medical
condition in a subject, wherein the medical condition is mediated by an elevated level or activity of
IL-10, comprising administering a therapeutically effective amount of an antibody or fragment
thereof as described herein to said subject, wherein the subject is not simultaneously or separately

treated with a corticosteroid, i.e. the patient is one who is not concurrently being treated with a

12
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Sequences marked in bold were selected for subcloning into the appropriate
eukar yot iwoesproess®son vectors to anal yze the bindi ng pr epempr2@s/068561 he
context of the entire antibody. The sequences shown in brackets were

sel ected for subcloning into the expression vectors but the procedure only
resulted in defective constructs.

corticosteroid. In an embodiment of this preferred aspect the medical condition mediated by an

elevated level or activity of IL-10 is SLE.

Corticosteroids are currently used to treat SLE in many patients. However, this aspect of the
invention has particular utility in the treatment of patients where the administration of

corticosteroids is no longer desirable.

Non-medical uses

Still further provided is a labeled humanized or chimeric antibody or fragment thereof comprising
the antibody or fragment thereof described herein and a label. The label may be of any suitable type
known in the art for detecting the presence of an antibody in a sample. In particular, the label may

be a fluorescent label.

The labeled or unlabeled antibody, and in particular the labeled antibody, has specific utility in an in
vitro method for detecting the presence of IL-10 in a sample. The method may comprise a step of
contacting the unlabeled or labeled antibody or fragment thereof with the sample, washing the
sample to remove antibody and fragments thereof which are not bound to the sample (i.e. unbound
antibody or antibody fragments) and detecting the presence of the antibody (or fragment), for

example via the label, in the sample.

Alternatively, the unlabeled antibody or fragment may be used for an in vitro method for
neutralizing IL-10 in a sample. Such a method comprises the steps of contacting the sample with the
antibody or fragment thereof so as to bind the antibody or fragment thereof to the IL-10.

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

EXAMPLE 1 — Characterisation of Murine Anti-IL10 Antibody B-N10

1.1. Isolation of DNA encoding the variable antibody domains of B-N10

13



3.3 CGeneration of expression vectors for the selected humani zed |ight and
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WO 2011/ 064398PCT/ EP2010/ 068562 Table 3: Results of Biacore neasurenents n

= nunber

of individual neasurenents; ka = association rate; kd =

di ssoci atwonoriae3osKD = di ssoci ati on constant Anti body wamiEepdtonessaz [ 1/ Ms]

kd [1/s]

KD[M SD B-N10 6 4.43E6 2.05E-3 1.07 E-9 3.11 E-10 cB-N10 4 6.23

ES 8.48 E-4 1.37 E-9 2.42 E-10 BT-063-1 6 1.21 E6

EXAMPLE 2 — Generation of a Chimeric B-N10 Antibody

The identified variable sequences of the heavy and light antibody chain from Example 1 were

cloned into a vector system for the expression of recombinant antibodies. The first step was to clone

the sequences into a BS leader; the N terminal adds a secretion signal and the C terminal adds a

splice-donor sequence. The second step was to clone these sequences into the expression vectors

which contain the constant human kappa chain and the constant human gamma-1 chain respectively.

The vector for the light chain and the vector for the heavy chain were prepared and then transiently

co-transfected into COS-7 cells by calcium phosphate precipitation or by lipofection. The cell

culture supernatant was harvested after 2 days. After expression of the chimeric B-N10 in COS-7

cells and detection of an antibody titre in the supernatant (sandwich ELISA), its specific binding
capacity to human interleukin 10 (R&D Systems, Cat. No. 217-IL/CF, Lot ET114021, stored at -
20°C) was tested in the ELISA.

For the sandwich ELISA a mouse anti-human kappa chain antibody (Becton Dickinson) was bound

to the plate surface as a catcher antibody, then incubated with cell culture supernatant and the

pfesence of the chimeric antibody was detected with a POD-conjugated rabbit anti-human IgG

(H+L) antibody (Dianova). A chimeric control antibody in defined concentrations (0.125 to 12

ug/mL) was used as a positive control.

For the antigen ELISA, human IL-10 was bound to the plate surface in a concentration of 0.5 and 5

pg per mL. After incubation with the cell culture supernatant (undiluted and diluted 1:5), the
binding of the chimeric B-N10 was detected with the POD-conjugated rabbit anti-human [gG (H+L)

antibody (Dianova). The murine B-N10 was used as a positive control. The antibody was used in a

concentration of 0.5 and 5 pg per mL and binding was detected with a POD-conjugated rabbit anti-

mouse IgG/IgM antibody (Dako).

The results of the ELISA are discussed in Example 3.

EXAMPLE 3 — Humanization of Anti-IL10 Antibodies
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SOCI a I'on cohst ant
antibody germline sequences, consensus sequences of expressed antibodies, analysis of CDR loop

structures and X-ray structures of antibody/antigen complexes might be used or combined to
improve the process. Usually several humanized antibody variants are generated in this way and
analysed afterwards regarding their biological effects which might differ from each other and the
original antibody. Finally according to the desired function of the antibody a suitable human

constant region might be selected.

3.1 Sequence comparisons between the murine variable sequences of B-N10 and human sequences,

and design of a set of humanized VL (hVL) and VH (hVH) sequences

The murine anti-IL-10 antibody B-N10 was selected (Llorente et al., Eur. Cytokine Netw. 1993
Nov-Dec; 4(6): 421-7; and Llorente et al., Arthritis Rheum. 2000 Aug; 43(8): 1790-80). The method
for obtaining humanized antibodies is based on the CDR-grafting procedure where the

complementary determining regions (CDRs) are fused to human acceptor regions.

The choice of human acceptor frameworks was based on a combined analysis of three data sets:
1. The homology of the murine sequences to human germline sequences to minimize risk of somatic

mutations:

2. The comparison of the murine sequences to human consensus sequences to identify unusual

amino acid residues and

3. The identification of the canonical structure classes of the CDR sequences to obtain information

about important structural framework amino acid residues.
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Assay no ka [1/Ms] kd [1/s] KD[M rhlL-10 1 6.0 E5 0.3 E-2 4.6 E-9 rCL-10
1 6.2E7 1.2E-2 0.196E-9 rClIL-10 2 8.6 E7 1.7 E-2 0.195 E-9 rClL-10 3
WO 2011/064398 PCT/EP2010/068562

The murine variable light chain of the B-N10 shows the highest homology to the human germline
variable segment 2-30%01 (A17 (SEQ ID No: 14)) and to the joining segment JK1 (SEQ ID No: 15).
The human consensus sequence with highest homology to B-N10 is HuKII. Complementarity
determining regions (CDRs) of the variable light chain could be classified in case of L1 to class 4,

and in cases of .2 and 1.3 to class 1. Critical amino acid residues were identified.

Sequence comparison between mouse CDR and human germline VL genes with the canonical
structure of class 4-1-1 revealed highest homology with 2-30*01 (the lowest number of mismatching

amino acids).

The murine variable heavy chain of the B-N10 shows the highest homology to the human germline
variable segment VH3-33 and to the joining segment JH4 (SEQ ID No: 17). The human consensus
sequence with highest homology to B-N10 is HuHIII. Complementarity determining regions
(CDRs) of the variable heavy chain could be classified in case of H1 and H2 to class 1. Critical
amino acid residues were identified. Sequence comparison between mouse CDR and human
germline VH genes with the canonical structure of class 1-1 revealed highest homology with 3-
66*04 (SEQ ID No: 16) (the lowest number of mismatching amino acids). Therefore, the germline

sequence VH3-66 was taken too in consideration.

All data obtained were considered to design a set of different variable sequences of humanized

variable light (12 variants) and variable heavy chains (29 variants).
3.2 Construction of a small library and selection of humanized hIL-10 binding antibody fragments

In order to generate a library of potentially hIL-10 binding antibody fragments to achieve the
optimal human IL-10 binding antibody, the cDNA sequences coding for the 12 hVL and the 29 hVH
fragments, as shown in Figure 3, were generated under consideration of the codon usage of

eucaryotic cells.

The obtained cDNAs were cloned subsequently into cloning vectors and sequenced at SEQ

Laboratories (Géttingen, Germany). The library was constructed in a way, that each of the 12
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9.7 E7 1.8 E-2 0.191 E-9 EXAMPLE 4 - Activity of Anti-IL 10 Antibodies In
Vitro To confirmthe potency of BT-063, the blockade of IL-6 release in
peri pher avokbood43mnonucl ear cells (PBMCs) was exam nedpcCiPBivsionedsease
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physi ol ogi cal activity of Interleukin-10 (1L-10) is the inhibition of
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BT- 063fragiuénts tssulting inf3d8 oetentiallyl exprcesed pptibayifwemstid and thus not able to
bind to the receptor on the cell surface. The inhibitory effect of IL-10 is
conpensated and IL-6 secretion is restored, leading to IL-6 in the nedium
PBMCs Hetoaving teabaetbribl exprépgivarant|teodotmdsFifcelettigr adhenan 1016 (R&d) Sysemsel | s
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was neg s@kdtay Imbneﬂqluémm ?lfateB-[NQﬁS Gekiats) me@astsa&ddt\uim Ngg/hil hBL-se Gt BBS oN.
Dependi ng on t ur pose erence or low, high quality contro|l sanples)

of addewrgightes, % ﬁf@r émcktrigt angk Pahingo AL dist Pla'{eﬁaoﬁl?é S@Perm’fa@e?fveb? énttl@éu
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the. sugsih naﬁﬁﬁbﬁﬁé‘%ﬁ%h%@féae%& P B 0T el Sud ey RS CeBhES" S ¢
5: nmeaPObabujegated sdcbndhry w@loéy fvapmedoubl e determi nati ons and | L-6
reconstitution respectively in dependence of titration of reference
standard S1:40 pg/nL concentration of BT-063 fpg/nLi neanval ue | evel

[ pg/ MLThdtodidg suBlReoBs bédibinders SRe¢ atidlprdraall the occurrence of identified hVL- and
hVH- fragments listed (Table 2).

Table 2: Occurrence of VL and VH fragments present in antibody fragments binding to

hIL-10.

Occurrence of Occurrence of
variable heavy chain variable light

variants chain variants

hVH variant Occurrence hVL variant Occurrence
hVH1 1 hVLI1 2
hVH5 1 hVL2 1
hVH7 2 hVL3 1
hVH9 2 hVL5 1
hVHI12 1 hVL6 3
hVHI13 2 hVL7 4
hVH14 1 hVLS$ 18
(hVH16) 4 (hVL9) 4
hVH18 4 hVL10 1
hVH20 4 hVL11 1
hVH21 1 hVL12 2
hVH23 1

hVH26 9

hVH27 2

hVH28 3

hVH29 1
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of IL-6 40,000 42546 72,8% 20,000 43134 73,8% 13,333 37910 64,9%
8, 889 31107
WO 2011/064398 PCT/EP2010/068562

Sequences marked in bold were selected for subcloning into the appropriate eukaryotic expression
vectors to analyze the binding properties in the context of the entire antibody. The sequences shown
in brackets were selected for subcloning into the expression vectors but the procedure only resulted

in defective constructs.

3.3 Generation of expression vectors for the selected humanized light and heavy chain variants of

BT-063

Based on the statistics determined by the screening approach a set of humanized VL and humanized
VH variants of BT-063 were selected for cloning into a vector system. In a first step, the cDNAs
encoding the humanized VL and VH variants were transferred into an appropriate vector in order to
fuse a sequence coding for a secretory signal 5" and a splice donor sequence 3’ to the cloned cDNA,
These cDNA constructs were, in a second and final subcloning step, transferred into the expression
vectors encoding the human constant kappa and the human constant gamma-1 chain, respectively.
Plasmids of independently obtained hVL and hVH containing expression vectors were prepared by

the endotoxin-free Qiagen Midi-prep kit (Qiagen, Germany).

3.4 Transient expression of the selected humanized BT-063 variants in COS-7 cells and comparison

of antibody binding towards hIL-10

For the transient expression of the humanized antibody variants in COS-7 cells each of the selected
humanized VL variants (hVL7 and hVL8) was combined with each of the selected humanized VH
variants (hVH1, hVH9, hVH13, hVH18, hVH20, hVH26, hVH28) resulting in 14 different

humanized antibodies.

In brief, the expression vectors coding for the light chain and for the heavy chain were transiently
cotransfected into COS-7 cells by calcium phosphate precipitation in DMEM containing 10%FCS in
a 24-well format. After transfection the medium was replaced by the serum free medium CHO-S-
SFM II (Invitrogen, Germany) and the supernatants of the COS-7 cells were collected 2-3 days after
transfection. The antibody titer of the humanized antibodies secreted into the supernatants of

transfected COS-7 cells were analyzed by a sandwich ELISA. Based on the determined antibody
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5,926 25602 43, 8% 3,951 20793 35,6% 1,975 14200 24, 3%

WO 2011/064398 PCT/EP2010/068562

concentrations supernatants of all samples were adjusted to the same antibody concentrations, and
all samples were used to analyze binding to human IL-10 in an antigen ELISA, whereby Maxisorb

plates (Nunc, Germany) were coated with 2pug/ml hIL-10 in PBS.

As shown in Figure 4, all analyzed variants bind to hIL-10, however with different binding
properties. Significantly the highest signals in the antigen ELISA were obtained with the BT-063
variants hVH20/hVL7, hVH26/hVL7 and hVH20/hVL8 showing signal intensities comparable to
that obtained with the chimeric B-N10 antibody. Within these three antibodies variations in signal
intensities (higher signal for hVH20/hVL8 and lower signals for hVH20/hVL7 and hVH26/hVL7)
could be caused by divergent antibody concentrations as a result of the quantifying sandwich ELISA
(see above). All other investigated variants resulted in rather weak signals compared to the chimeric

B-N10 antibody.

3.5 Production and affinity purification of the chimeric and humanized antibody variants

The selected humanized BT-063 variants (hVH20/hVL7, hVH20/hVL8, hVH26/hVL7) and the
chimeric ¢B-N10 (discussed in Example 2) were produced in COS-7 cells.

Transient expression was performed as described in section 3.4 whereby 10 cm tissue plates were
used. Serum-free supernatants of approximately 0.5 L of each variant were collected 5 days post

transfection.

Purification of the antibodies was performed by protein A affinity chromatography from serum free
supernatants. Supernatants were loaded in the presence of 2M NaCl. Antibodies were eluted by a
0.1M Citrat buffer pH 4.0 and fractionated into tubes containing 2M phosphate buffer pH 7.2.
Buffer exchange against PBS as well as concentration of individual antibody probes was performed
by centrifugation using membranes of a 30 kDa cut off. The quality of purified materials was
checked by antigen ELISA, SDS-PAGE under non-reducing as well as reducing conditions and UV

measurement at 260nm and 280nm,
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the chimeric ¢cB-N10 as well as the humamzed varlant BT 063-1 (hVH20/hVL7) bind with
comparable affinities whereas the two other humanized variants BT-063-2 (hVH20/hVL8) and BT-

063-3 (hVH26/hVL7) show reduced affinities (about factor 3 compared to the murine B-N10).

Slight differences in association and dissociation rates are also detectable.
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I nduced in unstinmulated cultures at 50 pg/m BT063 Mean +/- SD B-N1 O Mean
+/- SD T cell cytokines 24 0 20 22 15 0 4 4 1757 19 116 96 1545 12 51 4 I FN
gamma | L-Wwol2bt11064398 PCT/EP2010/068562

Table 3: Results of Biacore measurements
n = number of individual measurements; ka = association rate;
kd = dissociation rate; KD = dissociation constant

n ka [1/Ms] kd [1/s]
Antibody KD [M] £SD
variant

6 443 E6 2.05E-3 1.07 E-9+3.11 E-10
B-N10

4 623 ES 8.48 E-4 1.37 E-9+ 2.42 E-10
cB-N10

6 1.21 E6 1.03 E-3 122 E-9+ 1.44E-10
BT-063-1
BT-063-2 1.21 E6 1.64 E-3 2.81 E-9+ 1.03E-9

4

5 1.07 E6 2.66 E-3 2.91 E-9 + 8.07 E-10
BT-063-3

Cynomolgus IL-10

The affinity of the BT-63 variant 3 (hVH26/hVL7) to Cynomolgus IL-10 was analysed by
additional surface plasmon resonance experiments using a Biacore T100 (Biacore AB, Uppsala,

Sweden).

BT-063 was diluted in 10 mM acetate pH5.5 to 5 pg/mL and immobilized using amine coupling
procedure to obtain a final level of about 1000 RU. Regeneration of the sensor chip surface was
obtained injecting 10 mM Glycine-HCI pH 1.8 for 30 s. Samples were injected in different
concentrations over the flow cell as well as over the reference cell. Signals obtained by the reference
cell were subtracted from the signals obtained by the detector flow cell and resulting binding
profiles were evaluated using a 1:1 Langmuir-binding model. A concentration depending binding
profile was obtained and an average KD of 194 pM was calculated for Cynomolgus IL-10. As a
positive control rhIL.-10 was analysed resulting in a KD of 4.6 nM. Results are summarized in Table

4.
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T cell survival 103 15 319 31 IL-7

WO 2011/064398 PCT/EP2010/068562

Table 4: Results of Biacore measurements with BT-063
rthIL-10: recombinant human IL-10; rCIL-10: recombinant Cynomolgus IL-10;
ka = association rate; kd = dissociation rate; KD = dissociation constant

Assay no | ka [1/Ms] kd [1/s]
Analyte KD [M]

1 6.0 E5 0.3 E-2 4.6 E-9
rhIL-10

1 6.2 E7 1.2 E-2 0.196 E-9
rCIL-10

2 8.6 E7 1.7 E-2 0.195 E-9
rCIL-10
rCIL-10 9.7E7 1.8 E-2 0.191 E-9

3

EXAMPLE 4 — Activity of Anti-IL10 Antibodies In Vitro

To confirm the potency of BT-063, the blockade of IL-6 release in peripheral blood mononuclear
cells (PBMCs) was examined. PBMCs release Interleukin-6 (IL-6) upon stimulation with
Lipopolysaccharide (LPS). A physiological activity of Interleukin-10 (IL-10) is the inhibition of
secretion of cytokines, e.g. IL-6. Thus, IL-10 addition to LPS stimulated cells inhibits IL-6
secretion, leading to a significant reduction of IL-6 present in the medium of the cell culture.
However, as a consequence of BT-063 addition to the cell culture, IL-10 is bound and thus not able
to bind to the receptor on the cell surface. The inhibitory effect of IL-10 is compensated and

IL-6 secretion is restored, leading to IL-6 in the medium.

PBMCs were isolated from human blood by Ficoll gradient. The isolated cells were seeded at 1x10°
cells/ml and stimulated with LPS for IL-6 secretion, which was inhibited by addition of IL-10. The
inhibitory effect of IL-10 was neutralized by addition of BT-063, thus reconstituting IL-6 secretion.
Depending on the purpose (reference or low, high quality control samples) of added BT-063,
different titration concentrations of BT-063 were used, leading to concentration dependant secretion

of IL-6 which were detected in the supernatant of the cell culture.
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Chenoki nes 5453 154 1852 2093 852 34 1001 266 316667 6227 120933 65967
134656 5763 30897 26515 M pl-beta M pl-al pha MCP-1 IL-8
WO 2011/064398 PCT/EP2010/068562

Table 5: mean values of IL-6 levels from double determinations and IL-6 reconstitution respectively
in dependence of titration of reference standard

S1: 40 pg/mL

concentration of BT-063mean value of [L-.6Reconstitution of IL-§
g/mL] level [pg/mL] Secretion [%]
10,000 42546 72,8%
20,000 43134 73,8%
13,333 37910 64,9%
8,889 31107 53,2%
5,926 25602 43,8%
3,951 20793 35,6%
1,975 14200 24,3%
0,988 10227 17,5%

As shown in Table 5, the amount of secreted IL-6 is directly correlated with the concentration of
BT-063. The higher the concentration of BT-063, the more IL-6 was secreted from the PBMCs and
thus present in the supernatant. Incubation of the cells with 40 pg/mL BT-063 led to a reconstitution
of IL-6 secretion of about 73%, whereas with 0.988 pg/mL BT-063 (last step of titration) only
17.5% of the IL-6 level was detectable in the medium when compared to the positive control

(stimulated PBMCs without IL-10 incubation).

EXAMPLE 5 — Different Effects of B-N10 and BT-063 on Cytokine Synthesis/Level in Human
Whole Blood Cultures

The immunopharmacological profile of BT-063 (variant hVH26/hVL7) was evaluated by the drug-
dependent modulation of experimentally induced cytokine synthesis in human whole-blood
cultures.. With this method, direct and indirect influences of BT-063 on immune cell activities can

be determined. BT-063 activities were compared to the effects of B-N10.

The assays utilized whole-blood cultures from both healthy volunteers and SLE patients, which
were analysed for cytokine release in the presence of BT-063 or B-N10. Cytokine release by
immune cells in whole blood culture was examined in a resting state after incubation with the
antibodies B-N10 or BT-063, respectively. Leukocytes from healthy volunteers as well as cells from

patients suffering from systemic Lupus erythematosus (SLE) have been included.
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Proinflammatory cytokines 20 0,133 44 24 2 0,008 16 9 20400 0, 356 3160 1068
11557 0,142 2936 386 IL-6 |IL1-alpha 11_1 beta TNF al pha
WO 2011/064398 PCT/EP2010/068562

The cells for the experiments described in the following were obtained by simple bleeding of the
volunteers or the SLE patients and their incubation with BT-063 or B-N10 respectively was done for

2 days in microculture plates.

The mediators measured in these experiments were mainly cytokines and chemokines, associated for
example with Th-1-, Th-2- or monocyte/macrophage-activation, such as Interferon gamma (IFN-
gamma), interleukin-1 beta (IL-1beta), IL-12, IL-4, IL-8, or tumor necrosis factor alpha (TNF-
alpha). The concentration of each parameter to be tested in the culture supernatants were determined
using a multiparametric bead-based readout system (Luminex™-based technology, called multi-
analyte profile, or MAP, tests Rules-Based Medicine,RBM (Austin, Texas, USA).). These assays
were performed by EDI GmbH, Reutlingen, Germany The Luminex™ technology works in a
manner similar to a mixture between ELISA and flow cytometry and counts 100 beads per analyte,
so the individual concentrations are back-calculated from the mean fluorescence intensity of 100

individual measurements.

Only at antibody concentrations of 50 pg/ml, an induction of cytokine release has been observed.

Absolute cytokine levels measured in cell cultures from healthy donors and from SLE patients

incubated with B-N10 or BT-063 are summarized in Tables 6 and 7 below.
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Anti-inflammtory 3 146 62 IL-10 Tabl e 6 Sunmary of the cytokines
which are differentially regulated by B-N10 or BT-063 in whol e bl ood

cul tures w0 2nmaletdvy donors. Absol ute val ues of cyt oki neect/EP2@Dro¢ssa2 ng/ m
for I1L1 al pha, MW-2, in pg/m for all other cytokines) released after
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differentially regul ated cytokines (absol ute val ues) by B-N10 or BT-063 in
whol e bl ood cultures of SLE patients. Absolute values of cytokines (in
ng/m for IL1 al pha, MW-2, in pg/m for all other cytokines) released
after incubation with 50 pg/nml anti body concentrations. Figures 6A and B,
7A and HeaBiy want®:rsand 9A and B show the differential regul ation of

proi nfl anmat ory cyoki nedndiepdinmstimiRisH sUresd Se v mur es from bot h heal t hy
vol unteers and SLE patients under non-stinulating conditions. The figures
show t hat whol e bl ood c@™P%% es from heal thy vol urf s a

di spl ay_hi gher_ al phaMaap._ g £1580at a_and N-—daffta rel e after
i ncubat €B- N10 conp r4ed to BT-063 (at 50 lig/ | t i§54not ed t hat
%’functioﬁ5lL-6 acts in adtion a¥%ac{or for

besi dely Y $8" Wt oi nf | ammat or ) y
B- cel | I'd7ffer entiation intqgplasma cells. WO 2011/ §398PCT/5§P20.L0/ 068562
Iz 4

Remar kigb}'y it can be seen fjomthesg results that 1Lsd0 and
pro-i n‘ril—&nﬁﬁmw—qﬁﬂhﬂmmo—rm—ghvhwm N10

conpar FEehiRuRivay 03 Tncubated cultures frombothtrealthy and StEdgpnor s,
suggesfifig a pbetter safetyqpyofile. ;5This woul d be nafigexpected as|a result
upon humanizatiom procedure. EXAVPLE 6 - X-Ray O ystallography
6. 1Cr yiOh@mbkimas i on of BI-063 Fab i n conplex wih human TL-10

Mip1-beta 5453 852 316667 134656
Mip1-alpha 154 34 6227 5763

MCP-1 1852 1001 120933 30897
IL-8 2093 266 65967 26515

Proinflammatory cytokines

IL-6 20 2 20400 11557
IL1-alpha 0,133 0,008 0,356 0,142
IL1 beta 44 16 3160 2936
TNF alpha 24 9 ‘ 1068 386

Anti-inflammatory
IL-10 3 1 146 62

Table 6 Summary of the cytokines which are differentially regulated by B-N10 or BT-063 in whole
blood cultures of healthy donors. Absolute values of cytokines +/- SD (in ng/ml for IL1 alpha,
MMP-2, in pg/ml for all other cytokines) released after incubation with 50 pg/ml antibody
concentrations.
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Table 7. Summary of differentially regulated cytokines (absolute values) by

B-N10 or BT-063 in

whole blood cultures of SLE patients. Absolute values of cytokines (in ng/ml for IL1 alpha, MMP-2,
in pg/ml for all other cytokines) released after incubation with 50 pg/ml antibody concentrations.

Figures 6A and B, 7A and B,8A and B, and 9A and B show the differential regulation of

proimflammatory cyokines in human whole blood cultures from both healthy volunteers and SLE

patients under non-stimulating conditions. The figures show that whole blood cultures from healthy

volunteers and SLE patients display higher TNFalpha, IL-6, IL-1beta and IFN-gamma release after
incubation with B-N10 compared to BT-063 (at 50 pg/ml). It is noted that besides the

proinflammatory function IL-6 acts in addition as factor for B-cell differentiation into plasma cells.
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90.0; 90.0; 120.0 Resolution [A] 2 3.48 (3.72-3.48) Unique reflections 2
21124 (3817) Multiplicity 2 3.0 (2.9) Conpleteness [ 2 91.2 (92.3) R sym
[ VO] 2, 3 WO.2811(%4398) Rmeas PA] 2' 4 14.8 (62.2) |/al2 6PCT(EP20)P/068562

Remarkably it can be seen from these results that IL-10 and pro-inflammatory cytokines are
upregulated to a higher extent by B-N10 compared to BT-063 incubated cultures from both healthy
and SLE donors, suggesting a better safety profile. This would be not expected as a result upon

humanization procedure.

EXAMPLE 6 — X-Ray Crystallography

6.1  Crystallisation of BT-063 Fab in complex with human IL-10

Several constructs of IL-10 were designed according to published structural data (Zdanov et al.,
Structure, Vol.3, 1995, pp.591) and cloned by standard procedures into vectors for heterologous
expression in E, coli. Test expressions of the cloned constructs were performed according to
standard protocols and showed a high over-expression for IL-10 as indicated by an increase in a

band in the expected range of around 18 kDa.

IL-10 protein expressed under optimised conditions yielded viable amounts for subsequent protein
purification, After refolding, the protein was purified by immobilised affinity chromatography, size
exclusion chromatography and ion exchange chromatography to yield protein with over 95 %
homogeneity as judged by Coomassie-stained SDS-PAGE. The yield of purified protein was

approximately 0.3mg per litre expression culture, which was sufficient for crystallisation trials.

The Fab fragment of BT-063 (variant hVH26/hV17) was cleaved from the intact antibody using the
protease papain and purified by protein A. Subsequently the Fab fragment was further purified by

size exclusion chromatography.

The IL-10:BT-063 Fab complex was formed by mixing the purified proteins, with a molar excess of
IL-10 and further purification by size exclusion chromatography. The retention volume was

consistent with the size of the complex.

The protein was subsequently concentrated to concentrations suitable for crystallisation.

Crystals of the IL-10:BT-063 Fab complex were prepared by the method of co-crystallisation.
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mean(l)/sigma 2'5 7.0 (1.7) SWSS LIGHT SOURCE (SLS, Villigen,
Switzerland) 2 Nunbers in brackets correspond to the highest resolution
bin. withwb2bivdsgoe LI is the intensity value of the itkrcrErsamwesssst of h
WO 2011/ 064398 PCT/ EP2010/ 068562 where /0 is the intensity val ue of
the ith neasurenent of h 5 Calculated fromindependent reflections 63
Structure Mdelling and Refi nenent

6.2 Data Collection and Processing

Crystals were flash-frozen and measured at a temperature of 100 K. The X-ray diffraction data have
been collected from co-crystals of I.-10 with the Fab fragment of BT-063 at the SWISS LIGHT
SOURCE (SLS, Villigen, Switzerland) using cryogenic conditions.

The crystals belong to space group P6 with two complexes in the asymmetric unit. Data were
processed using the programmes XDS and XSCALE. Data collection statistics are summarised in

Table 8.

Table 8 Statistics of data collection and processing

Complex IL-10:BT-063
X-ray source PX (SLS")
Wavelength [A] 1.0007
Detector PILATUS
Temperature [K] 100
Space group P6
Cell: a; b; c[A] 219.00; 219.00; 64.36
o B v [°] 90.0; 90.0; 120.0
Resolution [A]* 3.48 (3.72-3.48)
Unique reflections * 21124 (3817)
Multiplicity * 3.0 (2.9)
Completeness [%] 2 91.2 (92.3)
Reym[%] > 10.5 (44.0)
Rineas [%] ¢ 14.8 (62.2)
[/o1? 6.1(1.7)
mean(I)/sigma >’ 7.0 (1.7)

TSWISS LIGHT SOURCE (SLS, Villigen, Switzerland)
2 Numbers in brackets correspond to the highest resolution bin.

LN
3 Ih—th’ . 1M
R, =it with 1,,:;21,,,,

ym— 1
i
22
hoi

where I, is the intensity value of the ith measurement of /
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The phase informati on necessary to determ ne and anal yse the structure was
obt ai ned by nol ecul ar repl acenent. Published nodels of IL-10 and a Fab
fragment wenelwsedsas a search nodel . Subsequent nodel [puiTiEPRoNg/06852
refinement was perfornmed according to standard protocols with the software
packages CCP4 and COOT. For the calculation of the free R-factor, a neasure
to cross-validate the correctness of the final nodel, 4.2 % of neasured
reflection wexcluded fromthe refinenment procedure (see Table 9). The
nanobody p wé%tl on vva51 rried out with the programe CHEVSKETCH.

L1 BCHECK.. sed¥itoh = ﬁ eration of the correspondl ng library files.
The wat er as built with the "Find waters..."-al gorithm of COOT by
putting water holecules in peaks of the Fo-Fc nap contoured at 3.0 a

f ol | owed/hbiyg i 6§ ihadmrensity walub o RIEE MA@ asndmetiof ki ng al | waters with the
val i dation tool of COOI. The criteria for the list of suspicious waters
were: Bchralad fneaidesendént rétfeotibis map | ess than 1.2 a, distance to closest
contact less than 2.3 A or nore than 3.5 A The suspicious water nolecul es
and those in the active site (distance to inhibitor less than 10 A) were
checkeqmy@{,ﬂewﬂmmg@ﬁm@ﬁmgn@f si de chains, which were in negative
peaks in the Fo-Fc map (contoured at -3.0 a), were set to zero and

subseq Héatphgsetmfoﬂnzﬁmmfneaespa]s it dwtarrpecaknd)mbm e sttietere wireohtaingd byempleeipemt

cycle. The r f h 8. %

rg5| dué@’l‘?cﬁmflﬁt %Hﬁggl ?a‘% sed’? Iljg i:@bn&fd gme%hg'mgedglpetdl onalo{eat%hl Podely
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coul d not in anot her sénsible confornation. Statistics of the
final seﬁnmtemrmotaerddret(h@%éﬁ%enent process are listed in Table 9. Table 9
Refinement statistics Conpl ex 1L-10:BT-063 Resolution [Al 20.0-3.48
Nunber of reflections (working / test) 20199 / 889 Reryst [/O0]

The nanobody parameterisation was carried out with the programme CHEMSKETCH. LIBCHECK

AN

(CCP4) was used for generation of the corresponding library files.

The water model was built with the “Find waters...”-algorithm of COOT by putting water
molecules in peaks of the Fo-Fc map contoured at 3.0 ¢ followed by refinement with REFMACS
and checking all waters with the validation tool of COOT. The criteria for the list of suspicious
waters were: B-factor greater 80, 2Fo-Fc map less than 1.2 o, distance to closest contact less than
2.3 A or more than 3.5 A. The suspicious water molecules and those in the active site (distance to
inhibitor less than 10 A) were checked manually. The occupancy of side chains, which were in
negative peaks in the Fo-Fc map (contoured at 3.0 o), were set to zero and subsequently to 0.5 if a

positive peak occurred after the next refinement cycle.

The Ramachandran Plot of the final model shows 80.8 % of all residues in the most favoured region,
17.9 % in the additionally allowed region, 0.7% of the residues in the generously allowed. Residues
Val86(A), His14(B), Asp86(B), Ser131(C), Val56(D) and Val56(F) are found in the disallowed
region of the Ramachandran plot (Table 9). They are either confirmed by the electron density map
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or could not be modelled in another sensible conformation. Statistics of the final structure and the

refinement process are listed in Table 9.

Table 9 Refinement statistics '

Complex IL-10:BT-063
Resolution [A] 20.0-3.48
Number of reflections (working / 20199/ 889
test)
Rcryst [%] 29.7
Riree” [%)] 35.5
Total number of atoms:
Protein 8870
Water
Ligand -
Deviation from ideal geometry: °
Bond lengths [A] 0.007
Bond angles [°] 0.93
Bonded B's * [A?%] 0.0
Ramachandran Plot:’
Most favoured regions 80.8
Additional allowed regions 17.9
Generously allowed regions 0.7
Disallowed regions 0.6

" Values as defined in REFMACS5, without sigma cut-off

% Test-set contains 4.2 % of measured reflections

3 Root mean square deviations from geometric target values
* Calculated with programme MOLEMAN

> Calculated with programme PROCHECK

6.4 X-ray structure analysis

The complex structure of human IL-10 bound by BT-063 Fab antibody fragment was analysed at a
resolution of 3.48 A and reveals the detailed binding mode of the Fab antibody fragment.

The resulting electron density shows an unambiguous binding mode for the Fab fragment, including
the orientation and conformation of the Fab fragment. The crystal of space group P6 contains two

complexes in the asymmetric unit.

The structure of IL-10 in complex with Fab is represented in Figure 6. Two Fab fragments bind with

their CDR loops to each homodimer of IL-10.
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The following residues of IL-10 (molecules A and B) can be found in the vicinity of the CDR loops
within a maximum distance of 3.9 A: Arg27, Lys 34, GIn38, Met39, Asp41, GIn42, Asp44, Leud6,
Glus0, Leus3, Glul42, Aspl44, Tle145, Asn148, Tyr149, Glul51, and Thr155.

The following residues of the CDR loops can be found in the vicinity of the IL-10 within a
maximum distance of 3.9 A: Phe27, Ser28, Ala30, Thr31, Tyr32, Trp52, Arg53, Gly54, Ser56,
Asn73, Ser74, Tyr100, Gly101, Tyr103 (molecules C and E), Ser32, Asn33, Asn35, Tyr37, Lys55
(molecules D and F).

The binding site of BT-063 coincides with the binding site of the IL-10 receptor on the surface of
IL-10 as shown by overlaying the complex structure of IL-10:BT-063 with a published structure of
the IL-10:IL-10R1 receptor complex (Figure 7).

The BT-063 amino acid residues in contact with human IL-10 as identified by X-ray analysis are

highlighted on the linear amino acid sequence of BT-063 variable antibody domains shown below.

BT-063 VL

DVVMTQSPLS LPVTLGQPAS ISCRSSONIV HSNGNTYLEW YLQRPGQSPR
LLIYKVSNRF SGVPDRFSGS GSGTDFTLKI SRVEAEDVGV YYCFQGSHVP
WTFGQGTKVE IK (SEQ ID No: 69)

BT-063 VH:

EVQLVESGGG LVQPGGSLRL SCAASGFSFA TYGVHWVRQS PGKGLEWLGV
IWRGGSTDYS AAFMSRLTIS KDNSKNTVYL QMNSLRAEDT AVYFCAKQAY
GHYMDYWGQG TSVTVSS (SEQ ID No: 70)

CDR regions (Honegger and Pliickthun (2001) J. Mol. Biol., 309, 657-670) are underlined (CDR1,
CDR2 and CDR3 of the light chain are SEQ ID Nos: 71, 72 and 73, respectively; CDR1, CDR2 and
CDR3 of the heavy chain are SEQ ID Nos: 74, 75 and 76, respectively). Contact residues with IL-10

are shown in bold.

Within the light chain contact residues are found in CDR1 and CDR2 but not in CDR3. Regarding
the heavy chain resides of all three CDRs are involved in antigen binding. Two residues of FR3

(Asn73 and Ser74) also contribute to antigen binding,
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varlable nt| ody..d hown, be|l aw. BT- 0 3 VL .DWI PLS LP AS
| SCRSSER %%@\W%L%ﬁaéﬁﬁﬁﬁ L}I?‘WéNPiff’ %ﬁﬁ%ﬁ &%@Fﬂé‘rﬂ"%ﬁm“
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sequence B the contact residues to IL-10R1 are marked in bold, contact residues to IL-10R2 are

marked in italics and underlined and contact residues shared by IL-10R1 and 2 are marked in as

being in bold, italics and underlined (Pletnev et al 2005).

A

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK DQLDNLLLKE SLLEDFKGYL
GCOALSEMIQ FYLEEVMPQA ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMIMKIRN (SEQ ID NO: 1)

B

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK DQLDNLLLKE SLLEDFKGYL
GCQALSEMIQ FYLEEVMPQA ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN (SEQ ID NO: 1)

It can be seen that BT-063 binds to a discontinuous epitope of IL-10 comprising residues of helix A
(Arg27, Lys34, GIn38, Met39, Asp4l) and the N-terminal part of helix B (Glu50 and Leu53)
including the connecting loop sequence (Glud42, Asp44, Leud6) of one IL-10 monomer as well as
residues of the helix F' (Glul42, Aspl44, lle145, Asnl48, Tyrl49, Glul51, Thrl55) of the second
IL-10 monomer.
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bold. Wthin the light chain contact residues are found in CDRL and CDR2
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Leu53) wercdonsiidergd bhikittle onnetxicotpgicabgigwficpmetice ( Glud42, Asp4d4, Leud6) of one
| L-10 nonomer as well as residues of the helix F (Gluld42, Aspld4, 1lel4s,
Asnl148, Tyr 149, Glulb5l, Thr155) of the second IL-10 nononer. WO

2011/ 064QNAPCT RERA01i06 863 RA20sEX BRIt Sthdy i HeMihyovdimiegdre Dose Toxicity Study
i n Cynonol gous Monkey A single dose toxicity study including safety

phar magoitegywasdoatidt&l ® méftop thefsafereshdi tolefayhioyrof BUK6Bovatayish VId2d/loWi. Hgaral
single intravenous injection, of BT-063 (varjant hVH26/ h(\{LI?%h Aﬂi mallgs wer e
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the animal's were necropsied after 5 days, while the remaining animals were
sacri f igomigs.dfhedimyagz@roups were as follows: 0.175mg, 0.75 mg, 3.5 mg, 7 mg, 15 mg, 30 mg, 60 mg

and 100 mg. There were three volunteers per group, except for the 100 mg dose group where there

were two volunteers.

Each dose was 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.
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vol unteers. Twenty-three volunteers received a single intravenous
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where there were two vol unteers. Each dose was diluted with 0.9% sodi um
chloride injection up to & total Vol UBRokMe (B&nil] - The dose |i s admi ni st ered
as a single continuous infravenous infusion over 2 hours. MO

2011/ 064398PCT/ EP2010/ 068562 The vol unteens werd assggged over a period of
85 days after| the injection and bl ood was takenjat nmultiple tine points
over this perjméan Cyt oki nés Frem t he |pl asipy t aken, agsessments were nmade on
the levels off cytokines IFNy, IL-1[3, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10
and TNFa bef orgp and after |i nfugigon off BT-PD63. Table (3 shows the upper
limt of nornmmal values for IL-6, IL-8 and IL-10 |cal cul ated |from predose and
screening valjuass Cytokine (pg/nl) |IL-6 TL-8 T[L-I0 Mean 5.6 12.4 4.9

26.7 353 3.5
(Mean + 2xSD)
Range
(lowest to 0-44.5 0.0-45.1 0.0-40.2

highest values)

Table 10: Cytokine concentration in healthy volunteers
Further results from the cytokine measurements are shown in Figures 12 and 13,

A non-dose dependent transient increase of IL-6 and IL-8 was present within the 24 hours post
infusion, returning to pre-dose levels after 3 days. This effect is thought to be associated with the
infusion event rather than with the antibody since there was no dose relationship and the effect

occurred already at the lowest dose

Surprisingly, given that IL-10 is an important regulatory cytokine, no increase in levels of IFNy, IL-
1B, IL-2, IL-~4, IL-5, and TNFa were detected as shown in Figure 12, The lack of elevation in levels
of IL-4, IL-5 IFN-y, IL-2 also confirm that there is no T-helper cell activation resulting from the BT-

063 administration. Further, since body temperature is also an indication of the large-scale release of
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I'L-5 | Whydetelc{ed%IQHI%QLCIWBbt%églﬂéqQStthé A& FIET-063 {L-iRetREd. IPﬁlnlote%Qﬁthl?etds%
resulting fromthe BT-063 admi nistration. Further, since body tenperatdure

i s al sosadetaqtsibotht fireerlLok0 anddLt @r@enét@aﬂﬁoﬁél%&@eﬁ%fwo mssible explanations for the
2011/ O%ﬁ:{‘?’eag‘f C{H g%&%%e%fsﬁaﬁp %fe of IL-10, with binding of IL-10 to BT-063 preventing IL-10

internalization, and concomitantly no elimination of IL-10 from the blood (there is normally a rapid
turnover of IL-10, with the half life of secreted IL-10 being approximately 2.3-3.5 hours (Huhn et
al., Blood (1996) Jan 15: 87(2): 699-705)); and/or (2) induction of a negative feedback loop - with
BT-063 blocking the binding of IL-10 to its receptor no cellular uptake of IL-10 is possible,
triggering B-cells to produce more 1L-10. We consider that scenario (2) is more probable since it is
confirmed by in vitro data taken from whole blood culture experiments with BT-063 and murine IL-

10R knockout cells (Mahnke et al., unpublished data).
Pharmacokinetics

The pharmacokinetic data showed that the Cmax, AUC and half-life of BT-063 are in the range of
the expected theoretical values. The terminal half-life of BT-063 being between 15 and 30 days.
After administration of doses of 30 mg or higher, BT-063 is still detectable in the plasma after 85
days.

No human anti-human antibodies (HAHA) were observed in the treated volunteers, despite the fact
that HAHA responses have been observed with other cytokine neutralizing antibodies (e.g. with

Adalimumab, a humanized anti-TNF alpha).

Despite the increase in detected amounts of IL-10 after administration of BT-063 it is noted that this
study demonstrates the safety and tolerability of even large dosages of BT-063 and thus it can be
concluded that sufficient dosages of BT-063 can be safely administered (in particular, the absence of
an intolerable increase in the level of pro-inflammatory cytokines) to SLE patients to counteract the

effects of excess IL-10.
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to a subj ectA humarizedadysévimeriofntiedy e fiegeentotherepleaqspulinghiad ammpreendingegltioki ne
whi ch is.qgr.eater,than, 500% of {h A dom (ULN), wherein the
pro-i nfw%é BES raélecogtlrb%flﬁl {%g rg‘téelpgo(g!td gtgg(%l}l%%mfhﬁ?%,tﬁﬁ@?%%t a. 4. A humani zed
or chinmeric antibody or fragnment thereof according to claim3 wherein the
anti body or fragnment thereof is. capable of being adm nistered to,a subject
in the 6abse|4‘céu grized ‘?rrfgﬂré%fécearﬁ’ll’(’?%@r Grgmentsthey 8?r9m§yt9cﬂ@"ﬂelt WRETER §
gr eat efyptifRy BeO%BiHickReytRBehal 0% RO 164N a pr&infAmAIGA Ic7@Rines
chineric anfibody or fragment thereof according to any precedi ngf claim
whi ch ireleasap fomen wrlphmklgccwbmpmnyclﬁ@@ébt(wmwgg@ ﬁ‘i’fﬁ{iCt‘{CF with paiyyel} i vitre
subject. 6. A humani zed or chineric antibody or fragnent thereof according
to claim1 wherein said

7. A humanized or chimeric antibody or fragment thereof according to any preceding claim

wherein the pro-inflammatory cytokine is at least one of TNF-a, IFN-y, and IL-1 beta.
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anti body does not elicit a greater than 500% i ncrease in the |level of a
pro-inflammuat ory cytokines released froma peripheral bl ood nononucl ear
cell (PBMED 20hs4ent acted with said cell in vitro. 7. PATHPO®I0/0ESSE2 OF
chinmeric antibody or fragnent thereof according to any preceding claim
wherein the pro-inflamuatory cytokine is at | east one of TNF-a, |IFNy, and
IL-1 beta. WD 2011/ 064398PCT/ EP2010/ 068562 8. A humani zed or chineric

anti bogy or AfHAGHERY of BEmeat amieoay di ftigrhdit 8RRYeo® BE ofin€loadnynd of Saifisvher7ei n
the anti body or fragnent thereof 1s derived fromthe nurine B-NLO anti body.

9. A huivharsiryi&e aehibodiiopEpgraend Heress df/desived frag isnukingB 200 aatibedi ng to any
precedi ng clai mwherein the anti body or fragnment thereof conprises an am no
acid sequences at | east 80%identical to those of CDR 1, CDR 2 and CDR3 of
t he mudi ne anhinvdaed ByrNbmerar amdibbey loi glagmetiahereahaticordingotopanysprscedimigradainci d
sequences at .|l east 80%.dentical to those of .CDR.1, CDR 2 %93/3\3 f.the
nuri ne V@ﬁfﬁﬂ%@&ﬁ“@%ﬁ % fWﬁWF'gﬁﬁ%re?fgcgwrlé?faqnn%mmﬂ60.1&5\6%183%65ia{;gegStor °clﬁi9nr?§%1i c
ant i bogly tike bf awrent cbRez end CORB06 Tih gnuirihe GhelbddyIB Wer eiriab e izha bitaib et/ oror
fragment thereof conprises the amno acid seguences of 1, qCDR %O%rﬁl
CDR3 ofomp@seamifeAcknsqaesys 8- 1xesb3Yardeabra to ﬁ’ﬁ?ﬁ 0%9]8Rhleg\%%zﬁ% RORS of fhe A
humani in%‘}%g%r'ﬁ‘?o @%ﬁejb%vff)éhaﬁﬁ.agmm t hereof according to any one of
rein t '

cl ai s to e anti body or fragnent thereof conprises an am no
acid sequence of CDR 1, CDR 2 and CDR3 of the nurine antibody B-N O

vari able light chain and/or.an.an,no i d . . CDR3
ot he Hur i Aenufitisd g iR S Re Mo SHET el R iy ordi he
vari at iaptibddf ok fieg@esahtrest@mprliéscthe dogis avid sejudistaot CBRI Y GDR &rant IGHOR3 of
affinity and/or specificity of the hﬂmani ed anti body or fragnent thereof.
12. A mherapneeatibedydhiiEratabinligiaad heavyhditrent t hereof according to any
precedi ng clai mwherein the anti body or fragnment thereof conprises an am no
aci d sequence of the nurine antibody B-N10O variable |ight chain and/or the
ani no ddi d Aduumnized of chimerierantihedy ahfrpgroaty tBraqf accprdingisl anyaa ¢f claingi Info 7 13.
A nucl ei,c_acj acodi I Foof JAGNENL

clains ™ e{egn %g.agtrﬁio%s; qu@g@tg %?H%:‘JS%S%@? lrsfg:gs agl nuc?g?lg Qgiu?géea@i%]?%?lhgﬁg o?%}dai m
13. 1%DRS dfaké mueiht actibogdy BsN h@ vaiableclight chaac adl/@cnandna geitl ceqieadernf TR, a

vect or cor di to claimai14. . 0 064 PCT/ EP2010/.068562., 16. .A .

net hod Cf%ﬁ?r SFH%%&E}CA‘? Brrige agw%\gﬁ%l‘%iéﬁar&ﬂ%?e AV % ST OPHRR R Y L EEBHAR Hy ¢ o
any onenelf s&fudhd¥® whidhOdokd n6PfMkiafliy Mtes tRRMityCalddispbafitiieotms hudehibed
according to claim15 in a culture nedi umunder conditions allow ng the
expr esghighpdgfor fragmemithasesdy or fragnent thereof and separating the antibody
or fragment fromthe culture medium 17. A pharmaceutical conposition

conprising the antibody or fragment thereof according to any one of clains
1 to 122. and humdnied @oripnersi aigibadploafmgoentt theradll sccaideptoadriyepreendimigeslaim 18.

A nmethodq for treatin r preventi a .medi cal. condition in_a subject.

Sher oi ARG fhearatad) Co el G Eeon ey o sy I m oo i
of I L- HIN169mbisSIigd cAsiRianil/St BHel MMUn@ atih Epeist dfand hinrigé bawdody B-NHiduaiabtf an
anti body or fragnment thereof according to any one of clains 1 to 12 to said
subj ectheavylhainA nmet hod for treating or preventing a medical condition in a
subj ect, wherein the nedical condition is nediated by an el evated | evel or
activity of 1L-10, conprising admnistering a therapeutically effective
amount 18f an arteidmiteropdihg dgrmetibodye fieghestcbeeei aigny oncaehiclame 1 &f 1%1 ai ns 1
to 12 to said subject, wherein the subject is not sinultaneously or
separately treated with a corticosteroid. 20. A nethod of treating or
preventiyng a Ve 6ahpeamgdi huodic hdid accdtthinewtclamddrding to claim 18 or claim
19 wherein the nedical condition is system c |upus erythenmatosus (SLE).

21. An antibody or fragnent thereof according to any one of clains 1 to 12

for usgsin el Ea?comprising a nucleic acid according to claim 13 or a vector according to claim
14.
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22. An antibody or fragnent thereof according to any one of clains 1 to 12
for use in the treatnent of SLE in a patient. 23. An antibody or fragnent
t her eof fwo 20B6am80r di ng to claim22 wherein the pati erCTIEP20101068562

simul taneously or separately treated with a corticosteroid. WO

2011/ 064398PCT/ EP2010/ 068562 24. Use of an anti body or fragnent thereof
according to any one of clains 1 to 12 in the manufacture of a nedi canent
for the treatnment of SLE in a patient. 25. LBe of an anti body or fragment

thereof accor di o cla erein t i ent si nmul t aneousl y. or
e ot RBshey it e, pieTud o 4 Sl or DSy Mhre L oS BsagRaphe Of

f r agmeghirhefeef co ﬁ%ﬁ‘i@fng%' S 6ffa@1t@mgl thORL&t 8311 dccaamanb clahfneaf a &gﬁ@é fledigmt 0
any one of clains to 12 and a | abel 27. An in vitro nethod fo

neut r annder egnditionsoal owving genexpecssien b thos AHpody of ér@g@ﬁntctbmea%andr@ep@w@n&éh?pl e
with a mﬁ%ﬁ%gpﬁﬁgg&n%%ggﬂggﬁuﬁg gL&af, according to any one of claims 1 to 12
y or

SO0 as anti ragnent thereof to the IL-10. 28. An in
vitro net hod for detecting the presence of IL-10 in a sanple conprising a
step of _con n unl abel ed or l.abel ed ti bo her eof
2coor g 10 ARG el Reraron soperighe e andih 38 edrr AT ERE IERW ng
to renw@ofaﬂﬁnnmda1,@ranamﬁrt}iaeMnﬁﬁs@@wp}hmmhﬁmgraecemblem@ma to the sanple,
and detecting the presence of the antibody or fragnment or |abel in the

sanpl e.

18. A method for treating or preventing a medical condition in a subject, wherein the medical
condition is mediated by an elevated level or activity of IL-10, comprising administering a
therapeutically effective amount of an antibody or fragment thereof according to any one of claims 1

to 12 to said subject.

19. A method for treating or preventing a medical condition in a subject, wherein the medical
condition is mediated by an elevated level or activity of IL-10, comprising administering a
therapeutically effective amount of an antibody or fragment thereof according to any one of claims 1
to 12 to said subject, wherein the subject is not simultaneously or separately treated with a

corticosteroid.

20. A method of treating or preventing a medical condition in a subject according to claim 18 or

claim 19 wherein the medical condition is systemic lupus erythematosus (SLE).
21.  Anantibody or fragment thereof according to any one of claims 1 to 12 for use in medicine.

22.  An antibody or fragment thereof according to any one of claims 1 to 12 for use in the

treatment of SLE in a patient.

23.  An antibody or fragment thereof for use according to claim 22 wherein the patient is not

simultaneously or separately treated with a corticosteroid.
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24,  Use of an antibody or fragment thereof according to any one of claims 1 to 12 in the

manufacture of a medicament for the treatment of SLE in a patient.

25.  Use of an antibody or fragment thereof according to claim 24 wherein the patient is not

simultaneously or separately treated with a corticosteroid.

26. A labeled antibody or fragment thereof comprising the antibody or fragment thereof

according to any one of claims 1 to 12 and a label.

27.  An in vitro method for neutralizing IL-10 in a sample, comprising a step of contacting the
sample with an antibody or fragment thereof according to any one of claims 1 to 12 so as to bind the

antibody or fragment thereof to the IL-10.

28.  An in vitro method for detecting the presence of IL-10 in a sample comprising a step of
contacting an unlabeled or labeled antibody or fragment thereof according to any one of claims 1 to
2 or claim 26 with the sample, washing to remove antibody or antibody fragments which are not

bound to the sample, and detecting the presence of the antibody or fragment or label in the sample.
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