WO 2011/ 012309PCT/ EP2010/ 004663 "MJC1 Anti bodi es" FI ELD OF THE | NVENTI ON
The present invention pertains to the field of antibodies. In particular,

i mproved wot2oti/areswpn ant i bodi es showi ng an i nproved ant ipgerEPRonad4sg3 and/ or
recognition as well as a 5 nmethod for inproving the antigen binding and/ or
recognition of an anti-nucin antibody are provided. In specific

enbodi nents, the present invention is directed to inproved anti-MJCL

anti bodi es which are useful in the treatnment of cancer. BACKGROUND OF THE
| NVENTI ON 10Today, antibodies are widely used agents in the field of
medi ci ne and research. In nedicine, they find application in many different
fields. For exanple, antibodies are used as | abeling agents for detecting
certain markers which allow the diagnosis and/or prognosis of diseases or
the determ nation of specific body paraneters such as, for exanple, the
presence or concentration of certain hornones. 15Furthernore, antibodies
are al so used as therapeutic agents in the treatnent and prophylaxis of a
vari ety of diseases such as cancer, cardi ovascul ar di seases, inflammatory
di seases, nmacul ar degeneration, transplant rejection, nultiple sclerosis,
and viral infections. In these therapies, the anti body nmay possess
therapeutic activity WO 2011/012309PCT/ EP2010/ 004663 -2 on it own, for
exanpl e by bl ocking receptors or messenger nol ecul es, thereby inhibiting
their disease-relevant functions, or by recruiting and activating
conponents of the patient's imune system Alternatively, the antibody may
be coupled to another agent having therapeutic activity. In particular in
the treatnment of cancer and infections, 5 said further agent has
cell-killing activity and may be, for exanple a radioi sotope or a
cytotoxin. In another application, antibodies may be used to passively

i mmuni ze a patient by transferring suitable antibodies into the patient's
circulation. Specific antibodies are produced by injecting an antigen into
a mammal , such as a nouse, rat, rabbit, goat, sheep, or horse. Bl ood
isolated fromthese ani mal s contajM§; éO.Eoqulonal anti bodi es directed
agai nst said antigen in the seru 1 ! anti body that is specific
for a single epitope of an antigen, antibody-secreting |ynphocytes are
isolated fromthe animal and imortalized by fusing themw th a cancer cel
line, resulting in hybridoma cgldip ofiTiE fi o\ cells are then
isolated by dilution cloning to generate ce clones that all produce the
sanme nonoclonal antibody. 15However, in therapeutic applications these
monoc| onal 1 RnPiESERh l@geq{é\pepqr%spﬁooigpetj}ﬁlq ﬂg?"qﬁ Sa %pgg‘rcf‘@éd"\pf%vrﬁda?ﬂ%‘r'ral

or gani sns randn dnfithagdies shawieg anampreyed @ntigenckjnding @nfifos iednamision Astwelowf @s.
The human hemda eosiniprVind) BieCantigeR QEiife Snd/beseogiitiombf amhbadlicksastibolipr ei gn
and rapi dlé’rerpel"wa'&f. IB;L%%@E%%&@&M% fh@rbregwtthh@n%ﬁﬁ §s d§¥€tfa8% Gmproved
inflammatory 'eftect's may be caused. A solutrion éo this problemis the

r epl acenme@NtigNUCA @ntiepdigs whichase yaefuljn the redtmeREOTfANGET onal  ant i body with
correspondi ng parts of a human antibody. If only the heavy and light chain
constant regions are replaced, a chineric antibody is obtained, while the
addi tional replacenent of the framework regions of the heavy and |ight
chain variabl e regi ons resuBAGKGROGUNDOHF THENNVENTI@N anti bodies. In
research, purified antibodies are used in many applications. They are npst
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ticul dt . The b lecul es_ th ted aft
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in cel | ul agroghiosié 3 UReaSbEthe dsternsination ef $pecifiet iavdyi peratrietsrs speiessnfoe or
| ocati on. &éﬁﬁﬂ%@?b@e{igg bPAsHcERtr &R di'_%@l‘il?ih'i‘\ohﬁé’rl\&_t.' on 30 procedures of

speci fic bi ances, In particular proteins, wherein the

anti body specifically separates the biological substance of jnterest from
the ! o WHIRRPH AIPEAIE P13 9159 HESd aapﬁﬁraesyﬁ%r?g?"; i B, trBatlefR gndng
speci fi c reropyiaxis oof @f vanety ant idigeases Bichy s afanceporamivaseuiar [ieager.i body
used. Therghammatgeiiseasés, Whasuiamndedepesation oOBanspiamt rejection, muitipldscleeadis, cul ar
| ess adver 1 tg t bd ' & 6 atieaekivit
Hovever i) SRS, Ir IRs HRETERES, the SRR Bloktiised olineBioiviy.
and specificity of the engineered antibody is decreased.
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WO 2011/ 012309PCT/ EP2010/ 004663 3 An interesting and inportant group of

anti bodi es are those directed against nucin proteins. Micins are a famly
of hi gh mwbecul@aesogei ght, heavily gl ycosyl ated pr ot ei ns ppTaEPze0@odsy3 Many
epithelial tissues in vertebrates. They can be subdivided into nucin
proteins which are nenbrane-bound dueyto the presence of a hydrophobic
menbrane- 5 spanning domain that favors retention in the plasma nenbrane,
and rucins which are secreted onto nmucosal surfaces or secreted to becone a
conponent of saliva. The human mucin protein famly consists of at |east
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potential as diagnostic markers. Several antibodies directed against mucin
pr ot ei ns, Spacifiaantikedies arpoduged by rinigetingnan iratigen ints@nmapgimalhsushpe a
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and, in a fourth aspect, a host cell conprising the nucleic acid or the
expr essi ofn cass®th eponfledecanbbom%carell uspdt 0 trhanyi r@apelications.afbeprarei odt 1 n a
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t o t he i nttenbthen.haAdctiregi mgy the detected hin asjhdat or tissue sareples ofor prxamipieto t he

anti body Qetdrf@Mialr &%s@ﬁ‘cfe‘ Bﬁ’idc\éﬁoﬁ hedrBRimote) arib6digs Qaré(i.lséd ihNSolation
expégs& on _cassette.or v cell
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accordi ng PIEEHES ﬁ(/esr‘?fef:gﬁ SSPQGSE ﬁ SRR 'Hepamﬁl]ﬂ%arqrgtc \%ér{g'tnh(g1
t r eat ment anppastynsracificaty sepryates @ﬁoplelpglﬁanwt@tarﬁg fomt%%efrom Resample he
cancer prebetamiigit.i S sel ected fromthe group consisting of cancer of the
colon, stonach, liver, pancreas, kidney, blood, lung, and ovary. In a

seventh awsﬂ:{hes& %phdavsns Iaorgm Bindiri ebific fedRy fnmaﬂ of te érﬁ’@éﬁ\@ siitahe

antigen tl Q r
derivati vémP‘Ht 8‘@%{1‘?@35 %g fehe %byb Wﬁ%ﬁa{\lgy a?nﬁn!%‘efs &Br %ﬁﬂgh& whi ch
conpbi ses partwe@vipsw&varseaﬁw% ety gtherapedtimprrlisations; pee @l?téweef HeWeYardi ng a
proline r esringé&uaianizatort oH mad8clohalt dntibbdiay,yoftemathe affirityadnide spexificiin of the
accordingg hgmgsf%d*%me&dmmeréaesd In an eighth aspect, the

i nvention i Irected to a method for preparing a nucleic acid 20
according to the invention, conprising the steps of (a) providing a nucleic
acid conprising the nucleic aci d sequence coding for an anti body or a
fragnment or derivative thereof which is capable of binding to MJCL and

whi ch conprises a heavy chain variable region, wherein the heavy chain

vari abl e regi on does not conprise a proline residue at am no acid
25p05|t|on 28 accordlng to the Kabat nunberlng, (b) |ntrodu0|ng a nutation
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O her objects, features, advantages and aspects of the present invention

W Il becone 30 apparent to those skilled in the art fromthe foll ow ng
descri pt iwo 2anich1agpended clains. It shoul d be under st oo#CThremwe4663 hat t he
foll owi ng description, appended clains, and specific exanples, which

i ndi cate preferred enbodi nents of the pplication, are given by way of
illustration only. Various changes and nodifications within the spirit and
scope of the disclosed invention will becone readil y apparent to those
skilled in the art 35fromreading the follow ng.
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chain is cé'ﬁﬁpﬁ@éd‘@ﬁt'@atﬁi’@ftth?op%tﬁaﬁ'%a§§ﬁgﬁﬁ$t@ magetn (VL) and a light

chain constant region (CL). The heavy chai n-constant region conprises three
or - in th8ewasleandibodiet idirediedsagainst naucirg poteins, lig Batticoar -MYG Uiy adedenoyn in
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regi on 25 consists only of one constant domain, The varlable re |ons can be
furtder squY'@Wo‘gdhisnm?r? dyjdofredhin gt teproyisie imRFoved: ARYMUC DoeieBarity
det er mi ni nprefergblp ravinGDiRdlanced taetiggre binduhgvartdion regogmitiort hedpedies aeowell as

conserved, mbmoagdvﬁmwrtkbléwrﬁmvé Fr@antrgeﬁ'bﬁid'ihgeﬁfd?or\/r@bb?’ﬂﬂlcﬁ\héf%bﬂﬁ |
conprlses reglons of he eavy an
l'i ght chai %J]s} b?(d:le%al“ﬁ: ?&g"afr [her enég%%?%hl ntdgersact s with an 30 anti gen.

The constant regions of the antlbodles may nedi ate the binding of the

i munogl obulin to host tissues or factors, including various cells of the
i mmuune system (e.g., effector cells) and the first conponent (Clq) of the
cl aszd cal conpl enent system SHHEMARZWOFIHE INMENTI®Nording to the

i nvention, however, also includes unusual antibodies such as heavy chain

anti bodi esThe peeseannmmwremoélfbummmsmd Aitigendirling3 prapettiesi of ptibodize! ar
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Kabat numbBEiNFgv¥%§Ra1R ¥afiadle eaier ¥ fccorging to Fbat(w $equences
of Proteins of |nmmunol ogical Int erest 5t h edition, N H Publication No. 91-
3242). Accoherefesetio adirat aspacinihet h@smaweratm is dlmqéﬁeql desamantikedicerda
posi3o ons fragmentas iderivative théreamh‘th @cabkBle sTUiNGMd® Pafiicin Eroteiband @hlBh 52A

to 52C 82 ntn |s%§%ta|@gst5 rt &f thf &h&aﬁngné’&e rQ&on%‘/é{h P s%@%' abl e

regi on are cate cordin tot at .n rin SItIO
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positions formthe framework regions FRL to FR4. The |ight chain variable
regi on conlir Bséecopdsasneshsthe preseaioirvaotiardiprayigess At negigic 2a6id tencading BBA t o
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speciTio oond dpeqhmder b catBRE R\ Etor Rrhoii e, Rlodi B8 et o cent
in a given heavy chain variable region or light chain variable region. In
case an amno acid position in a heavy chain or light chain variable region
is mentioned herein, unless otherwise indicated it is referred to the
position according to the Kabat nunbering. 15A "fragnment or derivative" of
an ant| body |n part| cuI ar |s a prote| n or gI ycoprotel n whi ch |s derlved

b o o o,



WO 2011/ 012309PCT/ EP2010/ 004663 7 % at |least 90 % at |least 93 % at |east
95 % or at least 97 % For exanple, if a framework region of a humani zed
anti body we 2dawdaied®d from a vari abl e regi on of a parti culPar/Ereem004863 | body,
then the am no acid of the franmework regi on of the humani zed anti body
shares a honol ogy or identity over itsgentire length with the 5
correspondi ng framework regi on of the human anti body of at |east 60 %
preferably at least 70 % at least 75 % nore preferably at |east 80 % at
| east 85 % at least 90 % at least 93 % at least 95 %or at |least 97 %
The "corr edfintentiprpand 'a promaterr presplivelyl aeprectadewdh Isaidegualeic asishard.tina |
f o[ exa{rpl GourfH 2EPRHRT & hoSJ &N cdmpfising fﬂ@huclﬁigaédid fb&ﬁh?b&?réﬁﬁi@h?ﬁsé&@'&b ~of
a target an - regi on o] e heavy chain
vatBPQX%o?@hé?oS@g%\?enthEF%\Q@%&

vari abl e regron o rererence an . The sanme is true, for exanple,
for FRH2, FRH3, FRH4, FRL1, FRL2, FRL3 and FRL4, In particul ar enbodi nents,
a target aff r?of'fgbiaap%‘éqm?nl?ffsﬁﬂgmef%on' Beflirastss tq ,aOﬁcFrap?%tfo& QRSN % aci d
sequehAce i antig@hp sroragrogrdus desivative thereof eotasding 49 the inYentiors dhe nudleic dcids
entire | engiBordingho theCipvémROthal digrédaion dabsdtiteoreifr @BEsdmit ehedibiléhtion,

sequence. Jo?éw%“ﬁfs't%l?arb?c(ﬂéh@ﬂ{th@rir’?\;eﬂfi&ply means that an agent such as an

anti body bi'nds stronge arget  such as an epitope for which it is
specific conmpared to the binding.to another target, An nt binds stronger
To e first ARG {0t 258G 4BS JAVPIYSR GUEVAES ithe LANBOY or KEomeRts ot
target wit ldedvativedberieat, it nudeistasivt, thiekeypresaiarhcasseltewe vectonrthe hest cell, or

di ssqei at i @fe eamMpbsitién fakEortihg REHRNAVémIcBCior UBE Sheanhasitine! e pHitiSEIAE i theON
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200-f ol d, pa@bereas,kidrey]biodd flohgl dndwearyt han t he di ssoci ati on constant for
the target to which the agent does not bind specifically. As used herein,

the term " mi at dventhr 84Rice the ifveiBbe G bRéctéd & B MEthadi fBp imsrioding Ahe anB&en
conpl gx of by L0905 B b ot Qﬁ'aﬂtiﬁ{lﬂ/ &aﬁagﬁqgthPFSﬁﬁtﬁé’%earbgr A¥n Y the
naturally occurring.amnd acids_as well” as artificral amno acids and can
be of bi ol 58PaPIeof inBie @ BUFi proteld gpavieh RaPPHEEHBAGAVELhaRaYaaRlg v
(post - t r anségion, crvatprisingi thecsiep ofiplovistings g prdliaei residlg at Ippsition 28gifythe dighwt i on,
am dati on, chagihRanibiaréqn aHtdbRindoard Rabt mibeRingA protein conprises at

| east two am no aci ds, but does not have to be of any specific 30 | ength;

this term : [ g et t e
appi L cat 1 onf &0 ﬁ,@‘s‘*{%eﬁé%#gfs?ﬁ?eﬁ?ﬁ% GFEE Ff & 300 For pREp LR Rlgeic acid
i nt eP€hang@aBRrgingpe tedpyention, 5°’BPr(b?t"£q the Afses at |east 10 anino acids,
preferably at |east 50 am no acids, at |east 100 am no aci ds and nost
preferred at K@aproviding anmuaieia@cidscomprisingethen nuslaid ofid segiudnced pedingléer an
singl e-stranded ahtbstyubr a-fedgraéifias durivhBieCthaeddiSwiih @ dapabioof Girkiing &ci ds
as wel | as deoxyiRenuh GirferAbliFisek a By ERARVaREHBF:4EA! IierBRGHE Hag 23
wel | as synthetic nucleot|des and can be %a urala or nt e?l cal. )

modi fied, for ex&hPNevaiRbiRrediPRtdoss Na: compiiseop RIoline; petidip at\gmino acid
20112612309PCT/ Ep26§ition 28 4668 dBgtto tfet IRavat pombhkeng;at | east sonme of the
properties fromeach conpound are retained in the conjugate. Linking my be

achi eved by a()0Wwatc@itingr a MAGtaGeY ahteNfhebestidn E5@HE D layhind heidC atmeNds, of
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conj ugate may be "d) € X er via’one or coval ent
bonds bet ween at §f ©AOP kRIS IB S RTRIDE refitds nat i vel y, the conpounds may be
bound to each other via a linker nolecule wherein the linker is covalently
attached t ®therovhiects. featreso mguantages and asrectoof thgatreséry inventios adll bécoms e
thanzbwo Cepparents, thbseskildirinahs aRpRWNEe famwmibgeés@vpmbﬁd appendedkcisimsn a

chai n conf ' - o , S ral
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"expr essi ofPEHlS EXaEples.whigh fndicate preferred empgdiments pfthe applicatiopnaiergivgn
whi ch is chpakay obillugtratiin nglyavarioesychangesgarichencelifisatiorss wathiof tha spiniti angl
nucl ei ¢ acisgosecofths efsclodbd HliehBsh MlicteRome reBdifXdPPRPTIt A tHARSSRIES inTEY art

conpLise pr bi ndi ng sites, enhancers and ot her control
el enélrslts mﬁﬁ%ﬁ}ergéglaltg%tbﬂ@?a scription of a gene or 15 translation of an

MRNA. The exact structure of expression cassette may vary as a function of
the species or cell type, but generally conprises 5 -untranscribed and 5'-
and 3' -untransl ated sequences which are involved in initiation of
transcription and translation, respectively, such as TATA box, capping
sequence, CAAT sequence, and the like. Mre specifically, 5 -untranscribed
expression control sequences conprise a 20 pronoter regi on which includes a

T - r o o o Y b1 . e



WO 2011/ 012309PCT/ EP2010/ 004663 9 - expressed in the cells. Vectors

conpri se plasm ds, phagem ds, bacteriophages or viral genones. The term

"pl asm d"weousagsoberein generally relates to a construetcTafiP2010/004663
extrachronosonmal genetic material, usually a circular DNA dupl ex, which can
replicate independently of chronosonmal gDNA. 5According to the invention,
the term"host cell"” relates to any cell which can be transforned or
transfected with an exogenous nucleic acid. The term "host cells" conprises
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cancer, lymph node cancer, esophagus cancer, colorectal cancer, pancreas cancer,
ear, nose and throat (ENT) cancer, breast cancer, prostate cancer, cancer of the
25 uterus, ovarian cancer and lung cancer and the metastases thereof. Examples thereof
are lung carcinomas, mamma carcinomas, prostate carcinomas, colon carcinomas,
renal cell carcinomas, cervical carcinomas, or metastases of the cancer types or
tumors described above. The term cancer according to the invention also comprises
cancer metastases.

30 By "tumor” is meant a group of cells or tissue that is formed by misregulated cellular
proliferation. Tumors may show partial or complete lack of structural organization and
functional coordination with the normal tissue, and usually form a distinct mass of
tissue, which may be either benign or malignant.

By "metastasis” is meant the spread of cancer cells from its original site to another part
35 of the body. The formation of metastasis is a very complex process and normally
involves detachment of cancer cells from a primary tumor, entering the body circulation
and settling down to grow within normal tissues elsewhere in the body. When tumor
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cells metastasize, the new tumor is called a secondary or metastatic tumor, and its
cells normally resemble those in the original tumor. This means, for example, that, if
breast cancer metastasizes to the lungs, the secondary tumor is made up of abnormal
breast cells, not of abnormal lung cells. The tumor in the lung is then called metastatic
breast cancer, not lung cancer.

The term "pharmaceutical composition" particularly refers to a composition suitable for
administering to a human or animal, i.e., a composition containing components which
are pharmaceutically acceptable. Preferably, a pharmaceutical composition comprises
an active compound or a salt or prodrug thereof together with a carrier, diluent or
pharmaceutical excipient such as buffer, preservative and tonicity modifier.

The present invention is based on the finding that anti-mucin antibodies comprising a
proline residue at amino acid position 28, according to the Kabat numbering, in the
heavy chain variable region (VH) exhibit good antigen binding properties. Amino acid
position 28 of the heavy chain variable region is located in the first framework region
(FR1) in the vicinity of complementarity determining region 1 (CDR1). Commonly, in
human antibodies a threonine or serine residue is located at this position. For example,
the 229 human germ line sequences of antibodies listed in the database of the NCBI all
comprise a threonine or serine residue at position 28 of the heavy chain variable
region. In particular in the humanization of monoclonal antibodies, it is generally taught
in the art to use a threonine or serine residue at position 28 of the heavy chain variable
region.

Based on the obtained data it appears that a proline at position 28 of the VH
beneficially influences the structural properties of the CDR1. In particular, said proline
residue apparently enables the CDR1 to adapt a three-dimensional structure which fits
best to the structure of the MUC1 antigen. Thereby, the properties of the antibody can
be improved.

In view of these findings, the present invention provides, in a first aspect, an antibody
or a fragment or derivative thereof which is capable of binding to a mucin protein and
which comprises at least a portion of the heavy chain variable region which comprises
a proline residue at amino acid position 28 according to the Kabat numbering.

In preferred embodiments, the portion of the heavy chain variable region comprised by
the antibody or a fragment or derivative thereof according to the invention has a length
of at least 50 amino acids, preferably at least 70 amino acids, at least 90 amino acids,
at least 100 amino acids or at least 110 amino acids. More preferably, the portion of the
heavy chain variable region at least comprises the entire framework region 1 and at
least one, preferably two or all three CDRs. Most preferably, the antibody or a fragment
or derivative thereof according to the invention comprises the complete heavy chain

M
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variable region which comprises a proline residue at amino acid position 28 according
to the Kabat numbering.

The antibody or fragment or derivative thereof according to the invention may be
capable of specifically binding one or more of the proteins of the mucin family, such as
5 MUC1, MUC2, MUC3A, MUC3B, MUC4, MUC5AC, MUC5B, MUC6, MUC7, MUCS,
MUC12, MUC13, MUC15, MUC16, MUC17, MUC19, and/or MUC20. Preferably, the
antibody or fragment or derivative thereof according to the invention is capable of
specifically binding one or more of the membrane-bound mucins MUC1, MUC3A
(isoform 1), MUC3B and MUC4, most preferably MUC1. In preferred embodiments, it
10 specifically binds to tumor-associated MUC1 but not or to a much lesser extent to
MUC1 of normal, non-tumor cells. In particular, the antibody or fragment or derivative
thereof according to the invention binds to the extracellular domain of MUCH1,
preferably the tandem repeats thereof, most preferably in a conformation-dependent
and/or glycosylation-dependent manner, especially if said tandem repeats are
15 glycosylated at a threonine residue with N-acetyl galactosamine (Tn), sialyl a2-6 N-
acetyl galactosamine (sTn), galactose R31-3 N-acetyl galactosamine (TF) or galactose
R1-3 (sialyl a2-6) N-acetyl galactosamine (sTF), preferably with Tn or TF. Preferably,

the carbohydrate moiety is bound to the threonine residue by an a-O-glycosidic bond.

Particular preferred anti-mucin antibodies according to the invention are antibodies

20 which are capable of specifically binding an epitope comprising a peptide moiety. The
epitope preferably is a glycosylated peptide moiety and the specific binding of the
antibody preferably is dependent on the glycosylation of the epitope, in particular on
the specific glycosylation pattern of the epitope. That is, in preferred embodiments the
binding affinity of the antibody towards its antigen is higher if the specific epitope bound

25 by the antibody carries a carbohydrate moiety, compared to the epitope not carrying a
carbohydrate moiety. In another preferred embodiment, the affinity is higher if the
epitope on the mucin protein carries a specific carbohydrate moiety, compared to the
epitope carrying another or no carbohydrate moiety. In this case, the affinity towards
the antigen wherein the epitope carries another carbohydrate moiety may even be

30 lower than towards an antigen having a non-glycosylated epitope. In these
embodiments, the epitope which is bound by the antibody may comprise a peptide part
as well as a carbohydrate part. That is, the antibody binds to a peptide moiety and to a
carbohydrate moiety.

However, the antibody may alternatively only bind to a peptide moiety. In this
35 embodiment, the carbohydrate moiety attached to the peptide epitope is not bound by
the antibody. However, the carbohydrate moiety may nevertheless have an influence
on the antibody binding in that it influences the three-dimensional structure of the
peptide moiety of the epitope. Here, the flexibility and the three-dimensional structure
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of the epitope depend on whether, and preferably which, carbohydrate moiety is bound
thereto. The antibody then preferably binds to an epitope having a three-dimensional
structure which is adopted when a carbohydrate moiety, in particular a specific
carbohydrate moiety is bound to the epitope. In the above embodiments, the specific
5 carbohydrate moiety which causes enhanced binding of the antibody when bound to
the epitope preferably is N-acetyl galactosamine (Tn), sialyl a2-6 N-acetyl
galactosamine (sTn) galactose R1-3 N-acetyl galactosamine (TF) or galactose 31-3
(sialyl a2-6) N-acetyl galactosamine (sTF), preferably Tn or TF. Preferably, the
carbohydrate moiety is bound to the peptide moiety by an a-O-glycosidic bond.

10 Thus, in a further embodiment, the specific binding of the antibody to its epitope is
dependent on the conformation of the epitope. As described above, the conformation of
the epitope may be dependent on the glycosylation pattern of the epitope. However,
the conformation may also depend on the context in which the epitope is presented, for
example the overall three-dimensional structure of the protein comprising the epitope.

15 In essence, in case the binding of the antibody to the epitope is conformation
dependent, the epitope is capable of adopting different three-dimensional
conformations and the binding affinity of the antibody towards one or more of the
conformations of the epitope is higher than towards the other conformations of the
epitope. In particular, the antibody is only able to bind to the epitope if the epitope

20 exhibits (a) specific conformation(s).

In particularly preferred embodiments, the antibody is capable of specifically binding an
epitope comprising the amino acid sequence PDTR (SEQ ID NO: 49) or, more
preferably PDTRP (SEQ ID NO: 50). The binding to this epitope preferably is
glycosylation dependent, as described above, wherein in particular the binding is
25 increased if a carbohydrate moiety is attached to the threonine residue of the sequence
PDTR or PDTRP, respectively. Preferably, the binding is increased if the epitope is
glycosylated at the threonine residue with a carbohydrate moiety selected from the
group consisting of N-acetyl galactosamine (Tn), sialyl a2-6 N-acetyl galactosamine
(sTn), galactose R1-3 N-acetyl galactosamine (TF) and galactose R1-3 (sialyl a2-6) N-
30 acetyl galactosamine (sTF), preferably with Tn or TF. Preferably, the carbohydrate
moiety is bound to the threonine residue by an a-O-glycosidic bond. In some
embodiments, the glycosylation dependency of the binding is due to the specific
conformation the epitope adopts when glycosylated, in particular by the specific
carbohydrate moieties mentioned above. In this case, the antibody does not
35 necessarily have to bind to the carbohydrate moiety but may only bind to the peptide
moiety of the epitope wherein the affinity of this binding depends on the conformation
of the epitope. Preferably, the epitope is comprised in the extracellular tandem repeats
of a mucin protein, in particular MUC1. In particular, the antibody according to the
invention is capable of binding to a tumor-associated mucin epitope, in particular a
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tumor-associated MUC1 epitope such as epitope TA-MUC1 (see Karsten, U. et al.
(2004) Glycobiology 14, 681-692 and Danielczyk, A. et al. (2006) Cancer Immunol.
Immunother. 55, 1337-1347). Preferably, the binding of the antibody according to the
invention to cells expressing the tumor-associated MUC1 epitope is stronger than the

5 binding to cells expressing normal, non-tumor MUC1. Preferably, said binding is at
least 1.5-fold stronger, preferably at least 2-fold stronger, at least 5-fold stronger, at
least 10-fold stronger or at least 100-fold stronger.

A tumor-associated mucin epitope, in particular a MUC1 tumor epitope, preferably
refers to an epitope of a mucin protein, in particular MUC1, which is present on tumor
10 cells but not on normal cells and/or which is only accessible by antibodies in the host's
circulation when present on tumor cells but not when present on normal cells. In
particular, a MUC1 tumor epitope preferably is an epitope comprising at least one
PDTRP sequence of the MUC1 tandem repeats and being glycosylated at the
threonine of the PDTRP sequence with N-acetyl galactosamine (Tn) or galactose 31-3
15 N-acetyl galactosamine (TF), preferably via an a-O-glycosidic bond. For tumor specific
MUC1 binding, the antibody or fragment or derivative thereof preferably specifically
binds the glycosylated MUC1 tumor epitope such that the strength of the bond is
increased at least by a factor 2, preferably a factor of 4 or a factor of 10, most
preferably a factor of 20 in comparison with the bond to the non-glycosylated peptide of
20 identical length and identical peptide sequence. The binding strength may be
measured, for example, using ELISA wherein the target epitope is immobilized and the
binding of the antibody or fragment or derivative thereof according to the invention is
detected using an enzyme-linked, in particular peroxidase-linked secondary antibody
and a suitable detection reagent. An exemplary binding assay is described in WO
25 2004/065423, e.g. in example 5.1.

Furthermore, the antibody may exhibit antigen binding properties similar to those of the
reference antibody PankoMab comprising a heavy chain variable region with the amino
acid sequence of SEQ ID NO: 29 and a light chain variable region with the amino acid
sequence of SEQ ID NO: 30. In particular, the antibody according to the invention may
30 specifically bind to the same antigen, preferably the same epitope, as the PankoMab,
and may preferably bind to said antigen or epitope, respectively, with a comparable
affinity. That is, the antibody preferably binds to the antigen or epitope with an affinity
having a dissociation constant which is at most 100-fold higher than that of PankoMab,
more preferably at most 10-fold higher, and most preferably the dissociation constant is
35 the same as or lower than that of PankoMab. Moreover, the antibody preferably shows
cross-specificity with the reference antibody PankoMab. In particular, the antibody is
able to block the binding of PankoMab to MUC1 if present in a high enough
concentration. This may be possible if the binding of PankoMab to MUC1 is hindered
when the antibody according to the invention is already bound to the antigen MUC1.
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The inhibition of the binding of PankoMab may be due to, for example, a steric
hindrance, i.e. the antibody according to the invention occupies a part of the space
which PankoMab would need in order to properly bind to MUC1, or a conformational
hindrance, i.e. due to the binding of the antibody according to the invention the epitope
of PankoMab adopts a conformation which is unfavorable for the binding of PankoMab.

According to a preferred embodiment the antibody has the following characteristics:
(a) it specifically binds the glycosylated MUC1 tumor epitope, and

(b) it comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 16 and a light chain variable region comprising the
amino acid sequence of SEQ ID NO: 28;

or it is a functional fragment or derivative of the antibody having the characteristics (a)
and (b) said functional fragment or derivative showing cross-specificity with an antibody
comprising the amino acid sequence of SEQ ID NO: 16 and SEQ ID NO: 28.

The above described embodiments regarding the antibody according to the invention
and its antigen and/or epitope binding properties can in the same manner be applied to
the fragment or derivative thereof according to the invention.

The antibody according to the invention preferably is a monoclonal antibody.
Furthermore, the antibody preferably is a human, murine, goat, primate or camel
antibody or is derived therefrom. It may be a chimeric or humanized antibody. It may be
an antibody of any isotype or subclass thereof, in particular of the IgG, IgM, IgA, IgE or
IgD isotype or a subclass thereof such as IgG1. Preferably, the fragment or derivative
of the antibody according to the invention is selected from the group consisting of a
Fab fragment, a F(ab), fragment, a Fd fragment, a Fv fragment, a scFv fragment, a
(Fv), fragment, and a multibody. The antibody or fragment or derivative thereof may be
a single chain construct comprising only one amino acid molecule, or a multi chain
construct comprising more than one amino acid molecule which preferably are
covalently connected to each other, for example by disulfide bonds.

In certain embodiments, the antibody or fragment or derivative thereof according to the
invention is engineered in such a way that the heavy chain variable region (VH)
comprised therein contains at least one CDR which is derived from a different antibody
than at least a part of the remaining VH. For example, the VH comprises at least one
CDR, preferably two or three CDRs, derived from one antibody, for example a mouse,
camel, goat or primate antibody, and at least one FR, preferably two, three or four FRs,
derived from another antibody or group of antibodies, preferably antibodies of another
species, in particular from human antibodies. In this embodiment, the antibody or
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fragment or derivative thereof may further comprise a light chain variable region (VL).

In particular, the VL may be derived from the antibody from which the one or more

CDRs of the VH are derived, or the VL may be a construct wherein one, two or three

CDRs are derived from the same antibody as the one or more CDRs of the VH, while

5 one, two, three or preferably all four FRs are derived from the same species, in

particular the same antibody or group of antibodies as the one or more FRs of the VH.

Moreover, the antibody or fragment or derivative thereof may further comprise one,

two, three or four heavy chain constant regions (CH) and/or one light chain constant

region (CL) which preferably are derived from the same species, in particular the same

10 antibody or group of antibodies as the FRs of the variable regions. In preferred

embodiments, the FRs of the variable regions and the constant regions are not derived

from one specific antibody but have an amino acid sequence which represents a

consensus sequence or another preferred sequence derived from a specific group of
antibodies, for example a group of human antibodies.

15 In another embodiment, the antibody or fragment or derivative thereof according to the
invention is chimeric and comprises one or more heavy chain and optionally light chain
variable regions which are derived from one antibody and one or more heavy chain and
optionally light chain constant regions which are derived from another antibody.
Preferably, the two different antibodies are of different species, such as for example the

20 variable regions are derived from a murine antibody while the constant regions are
derived from a human antibody.

The antibody or fragment or derivative thereof according to the invention preferably is
glycosylated. In preferred embodiments, it has a human glycosylation pattern, that is, a
glycosylation pattern also found on naturally occurring antibodies produced by the

25 human body. Furthermore, the antibody or fragment or derivative thereof may
preferably comprise a glycosylation pattern which modulates, in particular enhances
one or more activities thereof. For example, the glycosylation pattern may enhance the
antibody's, fragment's or derivative's affinity towards its specific epitope, and/or its
affinity towards its downstream receptors such as Fc receptors, in particular Fc

30 gamma, Fc alpha or Fc epsilon receptors. Additionally or alternatively, the glycosylation
pattern may enhance its complement dependent cytotoxicity (CDC) and/or its antibody-
dependent cell-mediated cytotoxicity (ADCC). To this end, the glycosylation pattern of
the antibody or fragment or derivative thereof may be engineered or optimized, for
example by using specific cell lines which are capable of producing the desired

35 glycosylation pattern. Such cell lines are, for example, K562, KG1, MUTZ-3, NM-F9
[DSM ACC2606], NM-D4 [DSM ACC2605], NM-H9D8 [DSM ACC 2806], NM-H9D8-E6
[DSM ACC 2807}, NM H9D8-E6Q12 [DSM ACC 2856], and GT-2X [DSM ACC 2858].
Therefore, the antibody or fragment or derivative thereof preferably has a glycosylation
pattern as provided when expressed in one of these cell lines.
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The antibody or fragment or derivative thereof according to the invention preferably is
useful in medicine, in particular in therapy, diagnosis, prognosis and/or monitoring of a
disease, in particular a disease as described herein, preferably cancer.

The heavy chain variable region comprised in the antibody or fragment or derivative
5 thereof according to the invention preferably encompasses at least one CDR selected
from the group consisting of CDR1 having the amino acid sequence of SEQ ID NO: 1
or 2, CDR2 having the amino acid sequence of SEQ ID NO: 3 or 4, and CDR3 having
the amino acid sequence of SEQ ID NO: 5 or 6, preferably at least CDR1 having the
amino acid sequence of SEQ ID NO: 1. In particular, it may comprise a set of CDRs
10 wherein CDR1 has the amino acid sequence of SEQ ID NO: 1, CDR2 has the amino
acid sequence of SEQ ID NO: 3 and CDR3 has the amino acid sequence of SEQ ID
NO: 5, or wherein CDR1 has the amino acid sequence of SEQ ID NO: 2, CDR2 has the
amino acid sequence of SEQ ID NO: 4 and CDR3 has the amino acid sequence of
SEQ ID NO: 6.

15 According to one embodiment, the antibody or fragment or derivative thereof according
to the invention preferably comprises a heavy chain variable region having at least one
framework region selected from the group consisting of FR1 having the amino acid
sequence of SEQ ID NO: 7, in particular SEQ ID NO: 8, FR2 having the amino acid
sequence of SEQ ID NO: 9, in particular SEQ ID NO: 10, FR3 having the amino acid

20 sequence of SEQ ID NO: 11, in particular SEQ ID NO: 12, and FR4 having the amino
acid sequence of SEQ ID NO: 13, in particular SEQ ID NO: 14. The presence of FR1
having the amino acid sequence of SEQ ID NO: 8 is particularly preferred. The heavy
chain variable region thus preferably comprises the amino acid sequence of SEQ ID
NO: 15, in particular SEQ ID NO: 16.

25 In a further embodiment, the antibody or fragment or derivative thereof according to the
invention is derived from an antibody comprising one or more of the segments or
sequences described above.

The antibody or fragment or derivative thereof according to the invention may further
comprise at least one further complementarity determining region selected from the
30 group consisting of CDR1 having the amino acid sequence of SEQ ID NO: 17 or 18,
CDR2 having the amino acid sequence of SEQ ID NO: 19 or 20, and CDR3 having the
amino acid sequence of SEQ ID NO: 21 or 22, wherein said at least one further
complementarity determining region is preferably present within a light chain variable
region. In particular, the antibody or fragment or derivative thereof preferably comprises
35 a set of CDRs wherein the CDRs of the heavy chain variable region have the amino
acid sequences of SEQ ID NOs: 1, 3 and 5 and the CDRs of the light chain variable
region have the amino acid sequences of SEQ ID NOs: 17, 19 and 21, or wherein the
CDRs of the heavy chain variable region have the amino acid sequences of SEQ ID
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NOs: 2, 4 and 6 and the CDRs of the light chain variable region have the amino acid
sequences of SEQ ID NOs: 18, 20 and 22. Said light chain variable region preferably
comprises the amino acid sequence of SEQ ID NO: 27, in particular SEQ ID NO: 28. In
particular preferred embodiments, the antibody according to the invention comprises a
5 VH comprising the amino acid sequence of SEQ ID NO: 16 and a VL comprising the
amino acid sequence of SEQ ID NO: 28 or a functional variant or derivative thereof.

According to one embodiment, the antibody comprises the following antibody
framework regions

(i) FRH1, FRH2, FRH3 and FRH4 for the heavy chain variable region VH
10 have the following amino acid sequences, the amino acid position
corresponding to the numeration according to Kabat:

for FRH1 (SEQ ID NO: 7)

Pos. | Amino
acid
1 E
2 \Y
3 QorK
4 L
5 \Y,
6 E
7 S
8 G
9 G
10 G
11 L
12 Vv
13 Q




37 L 38 Q39 K40 P41 G42 Q43 S 44 P 45 Q46 L 47 L 481 49 Y -24 - for
FRL3 (SEQ ID NO 25) Pos. Amino acid

WO 2011/012309 PCT/EP2010/004663
-18 -
14 P
15 G
16 G
17 S
18 LorM
19 R
20 L
21 S
22 ]
23 AorV
24 A
25 S
26 G
27 F
28 P
29 F
30 S

for FRH2 (SEQ ID NO: 9)

Pos. | Amino
acid

36 W

37 \%




57 G58 V59 P60 D61 R62 F63 S64 G65 S66 G67 S68 G699 T 70 D71 F
72

WO 2011/012309 PCT/EP2010/004663
-19 -

38 R

39 Q

40 AorS

41 P

42 GorE
43 K

44 G

45 L

46 E

47 W

48 \Y

49 GorA

for FRH3 (SEQ ID NO: 11)

Pos. | Amino
acid

66 R

67 F

68 T

69 I

70 S

71 R

72 D




T73L74 Kor R751 76 S - 25 - 77 R78 V79 E80 A81 E8 D83V 84 G
85 V86 Y

WO 2011/012309 PCT/EP2010/004663
-20 -
73 D
74 S
75 K
76 NorS
77 S
78 LorV
79 Y
80 L
81 Q
82 M
82a | N
82b |S
82c L
83 K
84 T
85 E
86 D
87 T
88 A
89 \Y
90 Y
91 Y
92 Cc




87 Y 88 C for FRL4 (SEQ ID NO 26) Pos. Amno acid 98 F 99 G 100 Qor G
101 G 102 T 103 K 104 V WD 2011/ 012309PCT/ EP2010/ 004663 - 26 - 105 E 106 |

107 K WO 2011/012309 PCT/EP2010/004663

-21-

93 TorA

94 R

for FRH4 (SEQ ID NO: 13)

Pos. | Amino
acid
103 |W
104 G
105 | Q
106 |G
107 | T
108 |L
109 VorlL
110 T
111 \Y/
112 | S
113 | S

(i) and optionally FRL1, FRL2, FRL3 and FRL4 for the light chain variable
5 region VL have the following amino acid sequences, the amino acid
position corresponding to the numeration according to Kabat:
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t hereof according to the invention may be based on the above nethod for
preparing a 20 nucleic acid according to the invention. Said nethod for

pr epari ngvohelgngioneer ed anti body or fragnent or deri varcrEredieneshs
according to the invention conprises the steps (a) and (b) of the method
for preparing a nucleic acid accordingpgo the invention and further
conprises the step of expressing the nucleic acid obtained in step (b) in
an expression system thereby generating the antibody or fragnment or
derivative thereof 25according-to-theinvention encoded by said nucleic
acid. Appropriate expre55|o$19§steﬁs may| be cell-free expression systens or
expressi on systens based on|the hjost celll s described above. In particular,
the use of mammali an host celibg is| preferred, especially the use of hunman
host cells, preferably host |cells| as dislcl osed above. Preferably, the host
cell used for expressing the pztlbﬁdy or| fragment 30or derivative thereof
is optimzed with respect to gl'ycosyll ati on pattern of the anti body
expressed by the host cell. [The—features| di sclosed with respect to the

ot her aspects of the present1pﬁveﬂ?ion, in particular with the antibody
according to the invention, Lthe nucleic lacid according to the invention,

t he expression cassette, vector or host cell according to the invention, or
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In one particular embodiment, the antibody or fragment or derivative thereof according
25 to the invention is derived from PankoMab (heavy chain variable region of SEQ ID NO:
29, light chain variable region of SEQ ID NO: 30). PankoMab is a murine monoclonal
antibody directed against a glycosylated extracellular epitope in the tandem repeats of
MUC1 (Danielczyk, A. et al. (2006) Cancer Immunol. Immunother. 55, 1337-1347).

Furthermore, the antibody according to the invention may comprise at least one heavy
30 chain comprising the amino acid sequence of SEQ ID NO: 31 and optionally at least



muri ne anti body PankoMab (Daniel czyk, A. et al. (2006) Cancer | munol.

| mmunot her. 30 55, 1337-1347), the nucleic acid sequences coding for the
heavy andwbixghtoigivai n vari abl e regi ons (VH and VL) wer e prirg@b@d/odames he
genom ¢ sequences of the human constant yl region (CH) and the hunman
constant K region (CL), respectively..Jpr a detailed description of this
cloning procedure it is referred to WD 2004/ 065423 A2, in particular
exanple 3. WD 2011/ 012309PCT/ EP2010/ 004663 - 35 - On the basis of these
chineric clones (heavy chain: SEQ ID NO 40, light chain: SEQ ID NO 41),
humani zed RaneKightthaimtornpusieg theearsino ot seqoerck of IREQ D N@ 3L omisiarftagment
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sequence silmideataint gmbodintemts, rtheDiddinesped laatisadyi crafragmentToe meritativenthereof
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back- nut at ithegréup toresistingi ofearstibgdiescar foagnoents iof @ntipodies, i ionsariauddrothose of
mut atigons QfitrdrafitCsgatledCarfffdrddiffelent spetficlty, ézyfiesMHteracirtdéRhRS! staBifARFTN
on their specific position in hum frtabﬁmi\%{e}f rfugl ons,, to their COéLVﬂ
count er part ,’T‘%%%l%%%’f@?e%?ﬂf‘%@%ﬁsor#qe&c? ® Ye _ﬁ?scg%gf’?%ct%'nﬁﬁu ¥ zed
anti body vaantibedies, qytalytiscoameaantsnimmomenadulaiers; mraumsfieatoss MhlGelased or
Ei nders \é\ercﬂassglairﬁg;nﬁy chél@fcﬂbgéf& Cﬁwdtibedl_:gegllid‘g)dracjidsieotbpéd,owbg?m_\es,d
umani zed apiiha WAL, Iirdbds, CHHY Baiie! 3 il e '<B0bieARy, "' Sarilidt B
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VH16 43 VL degrivative thereof. A particular preferred further agent is an agent capable of killing
cancer cells.

In a further aspect, the present invention provides a nucleic acid encoding the antibody
or fragment or derivative thereof according to the invention. The nucleic acid sequence

20 of the nucleic acid according to the invention may have any nucleotide sequence
suitable for encoding the antibody or fragment or derivative thereof according to the
invention. However, preferably the nucleic acid sequence is at least partially adapted to
the specific codon usage of the host cell or organism in which the nucleic acid
according to the invention is to be expressed. The nucleic acid according to the

25 invention may be double-stranded or single-stranded DNA or RNA, preferably double-
stranded DNA such as cDNA or single-stranded RNA such as mRNA. It may be one
consecutive nucleic acid molecule or it may be composed of several nucleic acid
molecules, each coding for a different part of the antibody or fragment or derivative
thereof according to the invention.

30 If the antibody or fragment or derivative thereof according to the invention is a single
chain construct, the nucleic acid according to the invention preferably is a single
nucleic acid molecule containing a coding region which codes for the entire antibody or
fragment or derivative thereof. If the antibody or fragment or derivative thereof
according to the invention is composed of more than one amino acid chain, the nucleic

35 acid according to the invention may, for example, be a single nucleic acid molecule
containing several coding regions each coding for one of the amino acid chains of the
antibody or fragment or derivative thereof, preferably separated by regulatory elements
such as IRES elements in order to generate separate amino acid chains, or the nucleic



47 VH16m 16 VL10.2 48 VH31 44 VH32 45 20mvH and nmVL represent the

muri ne heavy and |light chain variable regions, respectively, which were
used as baeisiffae3odhe humani zati on. Exanple 2: Affinitypofi/arb@olossani zed
PankoMab variants to the glycosyl ated and nongl ycosyl ated epitope Using |1gG
anti bodi es conprising these heavy and 48 ght chain variable regions in 25

di fferent conbinations, two binding assays with a 30-ner pol ypeptide

contai ning the epitope of PankoMab (peptide 258.1:
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dentrti catSRISH: PR ARITELATEROIRE Ao 4] B9 Soression cassSte or Vector,
the integration of the expression cassette or vector into the genome of a host cell,
and/or the copy number of the expression cassette or vector in a host cell. Suitable
expression cassettes and vectors comprising respective expression cassettes for
expressing antibodies are well known in the art and thus, need no further description
20 here.

Furthermore, the present invention provides a host cell comprising the nucleic acid
according to the invention or the expression cassette or vector according to the
invention. The host cell according to the invention may be any host cell. It may be an
isolated cell or a cell comprised in a tissue. Preferably, the host cell is a cultured cell, in
25 particular a primary cell or a cell of an established cell line, preferably a tumor-derived
cell. Preferably, it is a bacterial cell such as E. coli, a yeast cell such as a
Saccharomyces cell, in particular S. cerevisiae, an insect cell such as a Sf9 cell, or a
mammalian cell, in particular a human cell such as a tumor-derived human cell, a
hamster cell such as CHO, or a primate cell. In a preferred embodiment of the
30 invention the host cell is derived from human myeloid leukaemia cells. Preferably, it is
selected from the following cells or cell lines: K562, KG1, MUTZ-3, NM-F9 [DSM
ACC2606], NM-D4 [DSM ACC2605] or a cell or cell line derived therefrom, or a mixture
of cells or cell lines comprising at least one of those aforementioned cells. The host cell
is preferably selected from the group consisting of NM-F9 [DSM ACC2606], NM-D4
35 [DSM ACC2605}, NM-H9D8 [DSM ACC 2806), NM-H9D8-E6 [DSM ACC 2807], NM
HOD8-E6Q12 [DSM ACC 2856], GT-2X [DSM ACC 2858] and a cell or cell line derived
from anyone of said host cells, or a mixture of cells or cell lines comprising at least one
of those aforementioned cells. These cell lines were deposited at the DSMZ - Deutsche
Sammlung von Mikroorganismen und Zellkulturen, Mascheroder Weg 1b /



The cell lines DSM ACC 2606 and DSM ACC 2605 were deposited at the DSMZ -
Deut sche Samm ung von M kroorgani smen und Zel | kul turen GrbH, Mascher oder
Weg 1 b, werat/Bemanschwei g (DE) by Nenpd Bi ot her apeut i @esTGPRHRK0L663 KG
Robert- 5 Rossle-Str. 10, 13125 Berlin (DE). G ycotope is entitled to refer
to these biological materials since tlhpy-were in the nmeantine assigned from
Nenod Bi ot herapeutics GrbH & Co. KGto dycotope GrbH The cell |ines DSM
ACC 2806, DSM ACC 2807, DSM ACC 2856 and DSM ACC 2858 were deposited at the
DSMZ - Deut sche Samm ung von M kroorgani smen und 10Zel | kul turen GrbH,
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A ycot ope Gabigr are compatible with and, more preferably, optimized for the type of host cell
used. Preferably, the antibody or fragment or derivative thereof according to the

invention is produced by a host cell or cell line as described above.

In another aspect, the present invention provides a composition comprising the
10 antibody or fragment or derivative thereof according to the invention, the nucleic acid
according to the invention, the expression cassette or vector according to the invention,
or the host cell according to the invention. The composition may also contain more than
one of these components. Furthermore, the composition may comprise one or more
further components selected from the group consisting of solvents, diluents, and
15 excipients. Preferably, the composition is a pharmaceutical composition. In this
embodiment, the components of the composition preferably are all pharmaceutically
acceptable. The composition may be a solid or fluid composition, in particular a -
preferably aqueous - solution, emulsion or suspension or a lyophilized powder.

In a further aspect, the invention provides the antibody or fragment or derivative thereof

20 according to the invention, the nucleic acid according to the invention, the expression
cassette or vector according to the invention, the host cell according to the invention, or
the composition according to the invention for use in medicine. Preferably, the use in
medicine is a use in the treatment, prognosis, diagnosis and/or monitoring of a disease
such as, for example, cancer, infectious diseases such as viral and bacterial infections,

25 autoimmune diseases, cardiovascular diseases, inflammatory diseases, macular
degeneration, transplant rejection, and multiple sclerosis. In a preferred embodiment,
the disease is cancer. Preferably the cancer is selected from the group consisting of
cancer of the colon, stomach, liver, pancreas, kidney, blood, lung, and ovary as well as
metastases originating therefrom.

30 For use in the treatment of diseases associated with abnormal cell growth such as
cancer, the antibody or fragment or derivative thereof according to the invention may
be coupled to a further agent as described above, wherein the further agent preferably
is a cytotoxic agent such as a radionuclide or a cytotoxin. Furthermore, the antibody or
fragment or derivative thereof may be engineered so as to enhance its ability to

35 activate the patient's immune response, in particular the ability to activate ADCC
(antibody-dependent cell-mediated cytotoxicity) and/or CDC (complement dependent
cytotoxicity). For example, this may be achieved by optimizing the amino acid
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appl i cabl e)For use as detection agent in diagnosis, prognosis and/or monitoring of a disease, the
antibody or fragment or derivative thereof according to the invention preferably is
5 coupled to a labeling agent which is capable of producing a detectable signal. In

particular, said labeling agent may be a radionuclide, a fluorophore or an enzyme.

In another aspect, the invention provides a method for improving the antigen binding
and/or recognition of an antibody or a fragment or derivative thereof which is capable of
binding to a mucin protein and which comprises a heavy chain variable region,

10 comprising the step of providing a proline residue at position 28, according to the Kabat
numbering, of the heavy chain variable region.

In preferred embodiments, the proline residue at position 28 is obtained by altering the
sequence of the nucleic acid encoding the antibody or fragment or derivative thereof. In
particular, the nucleic acid sequence is altered by introducing a mutation in the codon
15 coding for said amino acid residue. Depending on the amino acid residue which is to be
replaced, only one nucleotide, two nucleotides or all three nucleotides of said codon
are replaced so that a codon coding for a proline residue is obtained. According to the
universal genetic code, codons CCA, CCG, CCC, CCU and CCT encode the amino
acid proline. Thus, the nucleic acid coding for the antibody or fragment or derivative
20 thereof should be altered, in particular mutated, in such a manner that the codon
encoding amino acid number 28 of the VH has a nucleic acid sequence selected from
the group consisting of CCA, CCG, CCC, CCU and CCT. The antibody or fragment or
derivative thereof wherein the amino acid at position 28 of the VH is replaced by a
proline residue is then obtained by expressing said altered nucleic acid in a suitable
25 expression system.

The codon of amino acid residue 28 of the VH in the nucleic acid coding for the
antibody or fragment or derivative thereof may be altered to obtain a codon coding for
proline by any method known in the art. In particular, it may be altered by specific or
random mutation as well as directed mutation such as affinity maturation. For example,

30 an oligonucleotide primer complementary to a part of the nucleic acid encoding the
antibody or fragment or derivative thereof and carrying the desired mutation may be
used in a reaction for amplifying said nucleic acid, in particular a PCR-based
amplification reaction.

However, also any other known method for providing a proline residue in a protein may
35 be used. In particular, chemical synthesis of the protein having the altered amino acid
sequence or chemical modification of the protein may be used.



This information is continued on an additional sheetg D. DESI GNATED
STATES FOR WHI CH | NDI CATI ONS ARE MADE (if the indications are not for all
desi gnat esoSoatas3oy E. SEPARATE FURNI SHI NG OF | NDI CATI ORET(HPe@wm04sbank
([not applicable) The indications listed below w ||l be submtted to the

I nternational Bureau |ater (specCS, tim general nature ofthe indications
e.g. 'Accession Mnter ofDeposit") For receiving Ofice use only fl This
sheet was received with the international application Authorized officer
For International Bureau use only O This sheet was received by the

| nt er nat i orBy pdwidiegu agrolinku tdsiduez atdpoditianc28 of Wi VH, the antigen binding and/or

f2011/ g gf%%%ﬁﬂ?@%gﬁ&%%%enﬁ@of thedghtiboapadr fraghhemt be @Iéri@élﬁr@rt%f&;] ti®
orm (6] ccessl on JNU el . : 1. e

oquests fOmPratsomiing The Snidei ShabE Mhalt 2R (JSBBLLGR B i illoty o

f ur ni shi ng feAomens arferivagive theseefdp particelar igtuses gnhanging thepffivty ta isantigen
appl i cat i orandry inolegsing the nemkeificity dowandd éfse adiigen, Inopartiatlad tee Eatibodyr equest

of the "expglgmetPbHidRAtiveMierSor R ipfVifg alpfoliR@lrédidue 8f pdshioNUs didhé IH,
Canada, Crqat

.a, De nar}(, Fi.nl.and, r man | cel and, Nor .Sl ngapor e
Spain. Swed, MBFRESCEOR RRRING: ANGIRE antag) respBBian’ nipheries somatest & a1 y
request s t Hdentigalsamtiflody o7r fragmertpers fierivative dhasgefcaet haxirg iaaprolive vpsidusat nade
avai | abl e afmipé aridgodition 2BWfthedBi1) (2) EPC until the publication of the
mention of the grant of the patent or for 20 years fromthe date of filing

y {32 TERESAEAS SR st ot Wi
Che' sanpi o ORAPBCA3RERing ofife SRHasy 305 sear i 2l as BRSPS Fyereaby. the -
dissociation constant is lowered at least 1.2-fold, more preferably at least 1.3-fold, at
least 1.5-fold, at least 1.7-fold, at least 2-fold, at least 3-fold, at least 5-fold, at least 10-
fold, and most preferably at least 50-fold or at least 100-fold. Increasing the specificity
15 in this respect preferably refers to an increase in the difference of the affinity of the
antigen towards its specific antigen or epitope compared to its affinity towards any
other molecule which is commonly present along with the specific antigen or epitope.
Preferably, the difference in the dissociation constants of these two affinities is
increased at least 1.2-fold, more preferably at least 1.3-fold, at least 1.5-fold, at least
20 1.7-fold, at least 2-fold, at least 3-fold, at least 5-fold, at least 10-fold, and most

preferably at least 50-fold or at least 100-fold.

The mucin antigen recognized by the antibody or fragment or derivative thereof
preferably is a tumor-associated antigen, i.e. an antigen which may be used for
discriminating tumor tissue from normal tissue and/or as marker for specifically
25 targeting therapeutic agents to tumor tissue. By providing a proline residue at position
28 of the VH, the usefulness in medicine of the antibody or fragment or derivative
thereof preferably may be improved, for example by enhancing the ability to
discriminate between tumor tissue and normal tissue and/or lowering the concentration
of the antibody or antibody-containing conjugate necessary for achieving the desired
30 medicinal effect.

The antibody or fragment or derivative thereof which antigen binding and/or recognition
is to be improved by the method according to the invention may not comprise a proline
residue at position 28, according to the Kabat numbering, of at least one heavy chain
variable region. Furthermore, the embodiments or features described above with
35 respect to the antibody or fragment or derivative thereof according to the invention also
apply, alone or in the various possible combinations, to the antibody or fragment or
derivative thereof which antigen binding and/or recognition is to be improved by the
method according to the invention. In particular, the antibody or fragment or derivative
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GrbH Addregs . MIChS-858hg I\E/:U& in particul it the extracellular tand
pecifically binding to , in particular an epitope on the extracellular tandem
repeats of MUC1, preferably in a conformation-dependent and/or glycosylation-
10 dependent manner. Specific embodiments of the epitope or antigen are described
above with respect to the antigen or fragment or derivative according to the invention.
In particularly preferred embodiments, the heavy chain variable region of the antibody
or fragment or derivative thereof which antigen binding and/or recognition is to be

improved by the method according to the invention comprises

15 0] one or more, preferably all of the CDRs of the group consisting of CDR1
having SEQ ID NO: 1, CDR2 having SEQ ID NO: 3 and CDR3 having SEQ ID
NO: 5, or one or more, preferably all of the CDRs of the group consisting of
CDR1 having SEQ ID NO: 2, CDR2 having SEQ ID NO: 4 and CDR3 having
SEQ ID NO: 6, in particular preferably at least CDR1 having SEQ ID NO: 1;
20 and/or

(i) one or more, preferably all of the FRs of the group consisting of FR1 having
SEQ ID NO: 33 or 34, FR2 having SEQ ID NO: 9 or 35, FR3 having SEQ ID
NO: 11 or 36, FR4 having SEQ ID NO: 13 or 37, in particular preferably at
least FR1 having SEQ ID NO: 33.

25 Preferably, the heavy chain variable region comprises the amino acid sequence of
SEQ ID NO: 38 or 29. Furthermore, the antibody which antigen binding and/or
recognition is to be improved may comprise one or more heavy chains comprising the
amino acid sequence of SEQ ID NO: 39, and/or one or more light chains comprising
the amino acid sequence of SEQ ID NO: 32. Preferably, it comprises at least one pair

30 of heavy and light chains comprising the amino acid sequence of SEQ ID NO: 39 and
32, respectively, or is a functional fragment or derivative of the foregoing. Alternatively,
a single chain Fv fragment may be used in the method according to the invention. In
particularly preferred embodiments, PankoMab or an antibody or fragment derived
therefrom, or an antibody or fragment thereof exhibiting cross-specificity with

35 PankoMab are used in the method according to the invention.

The antibody or fragment or derivative thereof according to the invention may be
obtainable or prepared by the method for improving the antigen binding and/or
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5 (a) providing a nucleic acid comprising the nucleic acid sequence of an antibody
or a fragment or derivative thereof which does not comprise a proline residue
at amino acid position 28, according to the Kabat numbering, of the heavy
chain variable region; and

(b) introducing a mutation into the codon coding for amino acid number 28,
10 according to the Kabat numbering, of the heavy chain variable region so that
said codon codes for a proline residue.

The mutation may be introduced by any method appropriate for this purpose. A variety
of suitable methods are known in the art. For example, the mutation may be introduced
by random or directed mutation of the initial nucleic acid, for example using an

15 oligonucleotide primer carrying the mutation in a PCR-based method. Alternatively, the
nucleic acid or a part thereof containing the mutation may be chemically synthesized
and ligated to the remaining part of the nucleic acid, where appropriate.

Furthermore, a method for preparing the engineered antibody or fragment or derivative

thereof according to the invention may be based on the above method for preparing a
20 nucleic acid according to the invention. Said method for preparing the engineered

antibody or fragment or derivative thereof according to the invention comprises the

steps (a) and (b) of the method for preparing a nucleic acid according to the invention

and further comprises the step of expressing the nucleic acid obtained in step (b) in an

expression system, thereby generating the antibody or fragment or derivative thereof
25 according to the invention encoded by said nucleic acid.

Appropriate expression systems may be cell-free expression systems or expression
systems based on the host cells described above. In particular, the use of mammalian
host cells is preferred, especially the use of human host cells, preferably host cells as
disclosed above. Preferably, the host cell used for expressing the antibody or fragment

30 or derivative thereof is optimized with respect to the glycosylation pattern of the
antibody expressed by the host cell.

The features disclosed with respect to the other aspects of the present invention, in
particular with the antibody according to the invention, the nucleic acid according to the
invention, the expression cassette, vector or host cell according to the invention, or the
35 method for improving the antigen binding and/or recognition of an antibody or a
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Figure 2 shows the binding of the chimeric mouse/human and several humanized
PankoMab-derived antibodies to (A) a non-glycosylated (258.1) and (B) a glycosylated
(256.1) 30-mer polypeptide comprising the MUC1 epitope of PankoMab. As control
15 (blank), no primary antibody was used. As further control, the experiments were also
done after treatment of the 30-mer polypeptides with periodate (with PO) which breaks
up the saccharide rings and thus, destroys the glycosylation of the polypeptide 256.1.

Figure 3 shows a direct comparison of the binding of the VH16m/VL6.1 antibody
(having a proline residue at position 28 of the heavy chain variable region) and the

20 VH16/VL6.1 antibody (having a threonine residue at position 28 of the heavy chain
variable region) to the glycosylated 30-mer target peptide 256.1 comprising the MUCA1
epitope of PankoMab.

EXAMPLES

25 Example 1: Humanization of the murine heavy and light chain variable regions of
PankoMab

PankoMab is a monoclonal antibody directed against a glycosylated, tumor-associated
epitope in the extracellular tandem repeats of human MUC1. After preparation of the
murine antibody PankoMab (Danielczyk, A. et al. (2006) Cancer Immunol. Immunother.

30 55, 1337-1347), the nucleic acid sequences coding for the heavy and light chain
variable regions (VH and VL) were ligated to the genomic sequences of the human
constant y1 region (CH) and the human constant k region (CL), respectively. For a
detailed description of this cloning procedure it is referred to WO 2004/065423 A2, in
particular example 3.
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variable regions were used to identify unusual amino acids. All data obtained were
10 considered to design a set of different variable sequences of humanized variable light
(10 variants) and variable heavy chains (15 variants). Variants contain back-mutations
to the murine sequence on critical positions and/or mutations of rare amino acids, i.e.
amino acids which are rather uncommon on their specific position in human framework
regions, to their common counterparts. Following expression of the different constructs
15 humanized antibody variants were screened in a 256.1-specific ELISA and the best

binders were selected.

By the above described method, the following humanized antibody heavy and light
chains variable regions were obtained and characterized further.

Table 1
heavy chain variable region SEQID light chain variable region SEQID

mVH 29 mVL 30
VHA1 38 VL1.1 46
VH9 42 VL6.1 28
VH16 43 VL10.1 47
VH16m 16 VL10.2 48
VH31 44

VH32 45

20 mVH and mVL represent the murine heavy and light chain variable regions,

respectively, which were used as basis for the humanization.

Example 2: Affinity of the humanized PankoMab variants to the glycosylated and non-
glycosylated epitope

Using IgG antibodies comprising these heavy and light chain variable regions in
25 different combinations, two binding assays with a 30-mer polypeptide containing the
epitope of PankoMab (peptide 258.1: APPAHGVTSAPDTRPAPGSTAPPAHGVTSA,
SEQ ID NO: 51) were done, wherein in one assay the peptide was glycosylated at the
central threonine with N-acetyl galactosamine (peptide 256.1:
APPAHGVTSAPDT[GalNAca]RPAPGSTAPPAHGVTSA) while in the other assay the
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be demonstrated that antibodies containing the heavy chain variable region VH16m
having an unusual proline residue at position 28 have a higher affinity towards the
glycosylated epitope-containing polypeptide than those not having a proline residue at
position 28 of the heavy chain variable region.

The direct comparison of two humanized anti-MUC1 antibodies which only differ in the

10 amino acid residue at position 28 of the heavy chain variable region, once being proline
(heavy chain variable region VH16m, light chain variable region VL6.1) and once being
threonine (heavy chain variable region VH16, light chain variable region VL6.1),
demonstrates that this amino acid exchange is responsible for the improved binding to
the glycosylated epitope-containing target peptide 256.1 (see Figure 3).
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DSM ACC 2856 | NM-H9D8-E6Q12 | Glycotope GmbH August 8, 2007

DSM ACC 2858 | GT-2x Glycotope GmbH September 7, 2007
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For Europe, applicant accordingly requests that a sample of the deposited biological material

10 will be made available as provided in Rule 33(1)(2) EPC until the publication of the mention
of the grant of the patent or for 20 years from the date of filing if the application is refused or
withdrawn or deemed to be withdrawn, only by the issue of a sample to an expert nominated
by the person requesting the sample (Rule 32 EPC).
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PROCEDURE FENTFERNATFONAE—TORVDVE—S ST UKo oo pon-SHrer end
Zenel aeve | & BB A REY ope GnbH Gt B&d | in
RECEI PT | INVahHiEtedoivbmstmion AN ORI GCNAL DEPOSI T i ssued pursuant to Rule 7.1 by
t he | NTERNA§UsONAmTERGS MitdxgadoEHOREINIwrerdPIND | ed at the bolt= of this page

| . DENTI FI.CATI ON OF THe M CROORGANI SM
Address of depositary institution (including postal code and corntry)
Mascheroder Weg 1b

38124 Braunschweig

DE
Date of deposit Accession Number
2003-08-14 DSM ACC2605
C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet [Zl

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indicarions are not for all designared Stares)

E. SEPARATE FURNISHING OF INDICATIONS (leave biank if noi applicable)

The indications listed below will be submitted to the Intemational Bureau later (specifi the general natwre of the indications e.g,, “Accession
Nwgnber of Deposit”)

For receiving Office use only For International Bureau use only

D This sheet was received with the international application I:] This sheet was received by the International Bureau on:

Authorized officer Authorized officer -

Form PCT/RO/134 (July1998; reprint January 2004)



I dentification reference given by the DEPOSI TOR: NM HOD8- E6 Accessi on
nunber gives by the | NTERNATI ONAL DEPCSI TARY AUTHORI TY: . Dsm ACC2807 ii.
SCI ENTI FIWoDRES@RRIIII ON AND/ OR PROPOSED TAXONOM C DESI GNACI/@H20i0204663

m croorgani smidentified under |I. above was acconpanied by ()a scientific
description ()a proposed taxonom c degxgnation (Mark with a cross where
applicable), M RECEIPT AM ACCEVI ANCE This international Depositary

Aut hority accepts die mcroorganismidentified under |I. above.. .ditch was
received by it on 2006 10- 05 (Date of the or| g| naI dep05| t) : IV RECEI PT
OF REQUER F : R cehrditgptodfo PE&dvVRAA 34 : : s 689:

seas recei ved |l wihis International Deprw nTy Authorlty ||0Nal C of

nritri %ﬁ{ rﬁ%hﬁlga%%ugst%%q}’%tse L ufifHay %hléhhﬁa\ger 59 %C .%@P&h%oﬁ that- th% of

deposi t [ ece
o DesUSAING R A& FAMBIS Of the ARRPEIaJATRISGAL rafEPRsSIo) irdhe jopymay only
Nane: BSh&tieDib | 315 iGiEhengaMVLtiMihatedVvekpernt KREDRSA Ndf SVEN"QXFIBHZEQIUKQJLTMHENB GmoH

ﬁgsir eS%p hr&ubieT@mancmzr E\OAhs%ﬂa%al Baflad¥, @Bﬁﬁah\%n%aﬁg QTI?IEI;’IG eﬁé%ﬁyl {L‘éiaaﬂn é fs)
aut hO?I oé‘gagf %apgfi ﬁ%"\/%%v%ffhﬁﬂg#’ek P\%%@'% E@p ;Sl\her eyRu:Je 6.4 )(/d)
applies. such date is the date on which the stanlS of intcmwnal depositary
aut hor iRoy &uepper; applichot ancofsifglpRqliessthat sample @BLHE0dEposited Biologichppiateriaht ' s
or aggnfiil e Mhdde AiISBIERSSrovided h KulkRi AEEO AntittRB ! JubfddtiBR diene mention

of the grant of the patent or for 20 years from the date of filing if the application is refused or

withdrawn or deemed to be withdrawn, only by the issue of a sample to an expert nominated

by the person requesting the sample (Rule 32 EPC).



| NDI CATI ONS RELATI NG TO DEPCSI TED M CROORGANI SM OR OTHER BI OLOG CAL

MATERI AL (PCT Rule 13bis) A The indications nade below relate to the
deposi t edwgi2611@as@ani sm on pagel5 . |ine37 or other biolpogirpadiomadess i al
referred to in the description B. | DENTI FI CATI ON OF DEPCSI T A. Furt her
deposits are identified on an additiaqng_sheetK Nane of depositary

i nstitution Deutsche Samm ung von M kroorgani smen und Zel | kul turen ( DSMZ)
Address of depositary institution (including postal code and cortnn3)

| nhof fenstr. 7B 38124 Braunschwei g DE Date of deposit 2007-08-08 Accession
Nunber DSM ACC2856 C. ADDI TI ONAL | NDI CATI ONS (I eave bl ank mi cabl e)

This information is continugd mgqyog sheetg ED
STATES FOR WHI CH | NDI CATI ®pgggn ‘%ﬁ 'mil cations arﬁamm’m“ al |

Zallkulturen GmbH

desi gnat ed St at es) -

INTERNATIONAL FORM

Nemod Biotherapeutics GmbH & Co. KG
Robert-Réssle-Str. 10

13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
iwued pursuant to Rule 7. | by the
INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page

I, DENTIFICATION OF THE MICROORGANISM
Identification reference given by the DEPOSITOR: ’ Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
NM.D4
DSM ACC2605

. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION
The microorganison identificd under L above was accompanied by:

(x) ascicutific descripion

( ) aproposed taxonomic designation
(Mack with 3 cross where applicablc).
DL RECEIPT AND ACCEPTANCE
This latemationa) Deposltary Auther pts the microcrganism ldenrified under L above, which was received by iton 2003-08-14
(Date of the original deposit)’.
Iv. RECEIPT OF REQUEST FOR CONVERSION
The miceaerpanisee idvetifivd nnder T pbovs was reezived by shiv intemarienal Depesitan: Awmbority on (datr af ariginal dennsit)
2nd 8 request Lo convent the original deposit to 3 deposit under the Budapest Treaty was received by it on (date of reccipt of request
for conversion).
V. INTERNATIONAL DEPOSITARY AUTHORITY
Namc: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power to represent the

MIKROORGANISMEN UND ZELUKULTUREN GmbH Intcrnational Depositary Authority or of authorized olﬁcnl(s)
Addrewc Mascheroder Weg 1b

D-38124 Braunechweig y E ?2‘ ~ :

Duate: 2003-10-16

' Where Rulc 6.4 (d) applies, such dare is the date on which the status of internations) depositary sutharity wos soqui
Fotm DSMZ.BP/4 (sole page) 12/2001




E. SEPARATE FURNI SHLNG OF | NDI CATIONS (| eave bl ank if not applicable) The

indications listed beloww |l be submtted to the International Bureau
| ater (spwo(bitoitdve gemin] nature of the indications epgrEP2@00esss On
Nunber - of Deposit") For receiving Ofice use only El This sheet was

received with the international appli.g4ion Authorized officer For

I nternational Bureau use only 1=1 This sheet was received by the

I nternational Bureau on: Authorized officer WD

2011/ 0123Q9PCT/ EP2010/ 004663 - 51 - Additional | ndi cations according to
f or m PCT/ REPPLFE TR Accessi on Number DSRFREEIEEE™ Appl i cant her ewi fh
requests flor those countries which have a respective provision that ithe
furni shing of a sanple of the deposited material referred to in the
application may only be 5 made to an i ndependent, nom nated expert (request
of the "expert sol uti evpicAMheF¥EREAPTING CADEFSITEMMPRODRGANISN | n Australi a,
Canada, Croatia, Dennmark, Fi ﬁF&ﬁHER%%W‘HTé%nd, Nor way, Si ngapor e,

Spai n, Sweden, United Kingdom Eur QRg Eur ope, applicant accordingly
requests that a sarrpl e of the dep05| te‘cq b| oI ogical material 10 will be nade

avai | abl e ﬁsmp&m&ng@ammmmtﬁ;daoamc;o@m;mmrogmm whd TR f AR Of |t he
nmention off theegrsant of the pateraJc gg for 20 years fromthe date of [filing

if the appcatroms Terosed S aWT—or—deenEd—to—be—ytheram, only
by the i 54 BePHYICTOROIEROSIT "o nert nomi REFSHH ¢1a par e ey K ng
t he sanpl eNpRglest82usrf®@) . - 52 - G yconpe GrbH BUDAPEST TREATS- ON THE

DZTERNATI QAYscREGDMNITPORKreargamiqEn BEZERICRSIA) CROORGANI SM5 FOR THE PURPOSES
OF PATENT | PROCEDURE | NTERNATI ONAL FORM DSMZ.— %vaw Sommd ung —an

Ni krremar ds rm'gj 9F geposiiary R fHon PRt RAGTIH OB AT CHBN

nstr. 78
38124 Braunschweig
DE
Date of deposit Accession Number
2006-09-15 DSM ACC2806
C. ADDITIONAL INDICATIONS (leave blank if not applicable} This information is continued on an additional sheet IZ]

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable}

The indications listed below will be submitted to the International Bureau later (specif the general nanwre of the indications e.g., "ccession

Number of Depasit”)

For receiving Office use only For International Bureau use only
[:] This sheet was received with the international application D This sheet was received by the International Bureau on:
Authorized officer Authorized officer

Form PCT/RO/134 (July1998; reprint January 2004)



Roberi.RGssl e-Str. 10 13125 BERLIN RECEI PT I N THE CASE OF AN ORI G NAL
DEPOSI T i ssued pursuant to Rule 7.1 by the LN TEELNATI ONAL DEPCSI TARY
AUTHORI TYwoaenva1tdoed ruche baaom ctthls page L | DEN- RFPCAEPEN0/0b4663HE
M CROORGANI SM I dentification reference ;ivea by the DEPCSI TOR
NM | - 19D8- E6QL2 Accession nunber sl uegsy the D TERNATI ONAL DEPGCSI TARY
AUTHORJTY: DSM ACC2856 | L SCLENTI FI C DESCRI PTI ON AX' OR PROPCSED TAXONOM C
DESI GNATI ON The m croorzants-rn identified under L above was acconpani ed by

()a scientific descrl ption ()a pr oposed 3t at onom e desi gnadon Nar k oI ds

; R . .

Deposi thty Aut hori ty accepts the m croorr anisrn i dent| fi ed under . above
A R Dl bR e 4 9$v_e? 369540 B &W@m v
- 71: 1 furnishing of a sample of th!etqesppﬁltqq,ma}@nal referfeq g in th_en%oplneaﬂon?,mm only be - - g7
, A 00$rmades torarf dadepemdent; i gominktedie pesert ) (request of etihee Séxpett solutien't wheee
On( ot ArphoBAE I el pAcu kot S e e
AUTHOR! @ﬁiﬂ GRS AL Ee e A R RS P Bicmaans SVEN UND
ZELLKULTUREN GrbH Address: Inhoffthi Str. 78 D. 3814 Braunschwei g Signature(s)
or per FohEsjogeadpplgaht@ccoedingly reguesirtratcansdrhple lofitrer depidsied bioldginas maserial
Aut hepivliy b8msle AVHIBNE A5 oRE&E iPRIR)33(1)(2) EPC until the publication of the mention
of the grant of the patent or for 20 years from the date of filing if the application is refused or
withdrawn or deemed to be withdrawn, only by the issue of a sample to an expert nominated
by the person requesting the sample (Rule 32 EPC).



V 6t Jew Date; 2007-08-23 Where Rule 6.4 (d) applies, such date is she
daze on which the status of intemational depositary authority was acquired.
Fout s DSMv@.2BR/M24080l e page) 121200 | - 53 - Applicant peTaP2&@006cs fil e
reference 51 578 K International applica tion No . | NDI CATI ONS RELATI NG
TO DEPCSI TED M CROORGANI SM OR OTHER Bl4g-OG CAL MATERI AL (PCT Rul e 13bis) A
The indications nmade below relate to the deposited m croorgani smou page 15
.1ine37 or other biological naterial referred to in the description B.

| DENTI FI CATI ON OF DEPCSI T A Further deposits are identified n
addi ti onal sheet X Nanme of depositary institution Deutsche Samyl}tj%{v n

M kroor gani smen und Zel | kul QW&QQOW&ﬁS of deposit i rtution
(i ncludi ng postal code andeQQEAtY KERA igreqiapipMs 7B 38124 BLL i, DE
Date of deposit 2007-09-07 Accession Nunber DSM ACC2858 C. SALEEITXIAL

| NDI CATI ONS (| eave blank if not applicable) el Gmbi

INTERNATIONAL FORM
Glycotope GmbH
Robert-R8ssle-Str. [0
13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPUSIT

issued pursuaat w Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTTHORITY
identified at che bottom of this pagc

L IDENTTFICATION OF THE MICROORGANISM

tdentification reference given by the DEPOSITOR: Accession number given by the
NM-HODS INTERNATIONAL DEPOSITARY AUTHORITY:

bsM ACC2806

M. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The micruorganism Idenrificd uader I. uhave was accompanied by:

( ) asclemific description
() =propascd ic designati

{Mark with a cross where applicuble).

T RECEIPT AND ACCEPTANCE

This Incernasional Depositary Authority accepts the microorganism ldentified under 1. above, which was received by ivon 2006-09-15
(Date of the original depesiq).

{v. RECEIPT OF REQUEST FOR CONVERSION

The 1siresnrganicm jdenfifisd anber ) shova was reseived by his Imernreionsl Repnsitey Aulhosity rn fAare sl wrlginal deposin

and a request to convert the original deposit to a deposit under the Budapest Treaty was reccived by fton (8t ol reeeipt of request
for conversion). :

V. INTERNATIONAL DEPOSITARY AUTHORITY

Nume: DSMZ-DEUTSCHE SAMMLUNG VON . Signacure(s) of person(s) having the power to ropresent the
MIKROORGANISMEN UND ZELLKULTUREN GmbH Intemarional Depusilary Authority or of uuthorized official(s):

Address:  Inhoffenstr. 7B
D-33124 Braunschweig ) V
4

Date: 2006-10-09

' Where Rule 6.4 (d) appiics, such dae is the date on which the staws of intemasional dupositary authority was acquired.
Form DSMZ-BP/4 (solc page) 08/2006



This information is continued on an additional sheetX D. DESI GNATED
STATES FOR WHI CH | NDI CATI ONS ARE MADE (if the indications are not for all
desi gnat es0SparE2309 E. SEPARATE FURNI SHI NG OF | NDI CATI ORET(HPe@e@odsbank i f
not applicable) The indications listed below w || be submtted to the
International Bureau |ater (specifi, -t47e- general nature of the indications
e.g., 'Accession Minber of Deposit") For receiving Ofice use only This
sheet was received with the international application Authorized officer
For International Bureau use only 0 This sheet was received by the

| nt er nat i ¢AJ<BY gﬁ%‘ Aut hor i zed of f{fE&F" Ry
£004

fé
CT 663 - H4 - Additional indications according to

2011/ 012309BCT/ EB
form PCT/ RO 134 for Accessi on Nunber DSM ACC2858: Applicant herewith
requests for those countries which have a respective provision that the
furni shing of a sanpl exméstidre ratepnss tepkrowires sadrooré.osded to in the
application may only be 5 na8ROTRERPMOLOGHAIRIENAL nom nat ed expert (request
of the "expert solution” where appl(;; 9§19J1‘?b,s)' n particular in Australi a,

Canada, Croatia, Denmark, Finland, rmany, |celand, Norway, Si ngapor e,

Spai n, SWeleq, LT uﬁg beld\ ,@gggﬁzhepoerwm@mmrsz,(a o Eot0Er T il (R el et Bk COT 111 NG Y
requests thaj, g sanpl e of deggsast ed bi ol og! cal materl al 10 wi Il |be nade
avai | abl e pas=provirded T Rar e Sty 2] £t~ Tt T—tHe t he

nenti on of ®t RETHIANE™ BF°HHE patent or for Q‘ﬁ"'\‘/“é‘éf’§“?“P‘b‘?ﬁ“t"ﬁ%‘"“iﬂ‘&i’“é‘ filing
i f the apphiredtpoonyilsgugpef used or wit hdrawn or deened to be w thdrawh, only
by the i sgPeutsshie amglargypreMikrepraarismen prd Zelkytwen (BEMZ2d by t he person reques$ti ng
the sanpl ¢ (Rule 32 EPC) - 55 - BIUDAPEST TREATY ON-THE | NTERNATI L
Address of depositary institution (including postal code and counny)

Inhoffenstr. 7B
38124 Braunschweig
DE

Date of deposit Accession Number

2006-10-05 DSM ACC2807

C. ADDITIONAL INDICATIONS (leave blank if not applicable} This iwfonmation is continued on an additional sheet

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the Lnternational Bureau later (specifi: the general nanie of the indications e.g., "Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only
D This sheet was received with the international application D This sheet was received by the International Bureau on:
Authorized officer Authorized officer

Form PCT/RO/134 (July1998: reprint January 2004)



RECOGNI TI ON OF THE DEPCSI T OF. M CROORGANI SM5 FOR THE PURPOSES OF PATENT
PROCEDURE | NTERNATI ONAL FORM DSMZ.,,. Poul soho Samm uns non _

Macr eer geso2omowiesed Zeal aruran GrbH ™" d ycdnmpe GrbH RobarreiRdssbe- Str,
10 13125 Berlin RECEIPT V THE CASE OF AN ORI G NAL DEPCSI T | ssued pursuant
to Rule 7.1 by the | NTERNATI ONAL DEPOH8TARY AUTI tORITY identified at the
bottom of this pogo |. |DENTIFICATION OF THE M CROORGANI SM Identification
ref erence given by the DEPOSI TOR OT-2x Accession nunber given by the

I NTERNATI O\IAL DEPOSI TARY AUTHO?I TY:' EDSM ACC22858 oo I SCI ENTI FI C

hdentlfled under L above was ruterattparl led by: ( x )a sci entlflc
escri e
i C%gﬂpﬂ%rph%@ fPRsR ﬁézﬁ,gnﬁgggﬁgﬁﬁggwwnave 5 VBL Ao ctild Brdidio fiat R
urnishing of a sample of the deposited material referred to in the application may only be
5 made to an independent, nominated expert (request of the "expert solution" where
applicable, in particular in Australia, Canada, Croatia, Denmark, Finland, Germany, Iceland,
Norway, Singapore, Spain, Sweden, United Kingdom, Europe).

For Europe, applicant accordingly requests that a sample of the deposited biological material

10 will be made available as provided in Rule 33(1)(2) EPC until the publication of the mention
of the grant of the patent or for 20 years from the date of filing if the application is refused or
withdrawn or deemed to be withdrawn, only by the issue of a sample to an expert nominated
by the person requesting the sample (Rule 32 EPC).



This Mn-nations/ Dcpositapf. Authority accepts the
m er oor gani srnidentified under!. above, which was received by it on

2007- 09- Ovo(2atea23wb t he ori gi nal deposa, , . |V. RECEl PPCOEPREQUOESE FOR
CONVERSION . ........ M mitronttnnicni Identified under I nhnvc was
received byibil frnr-omlune) Deptili-t4&y, Anthoriry on(mnts of orighial
deposit) and a request to convert the original deposit to a deposit under

t he Budapest Treaty was received by It on(dare of nock* CIT.:Vest for
conversion). ' V. | NTERNATI ONAL DEPCSI TARY AUTHORI TY Name: DSMVZ- SCHE
SAMMLUNG VON ng<ROORGAMMVEN UND ZELLKULTUREN GvbH . Addront:inhoffenstr, 7 B
0- 38124 Braunschwei g. . Si gngldttelsy o cftaqia( S) having tIBs Zto_
represent the internati ondFSREIRGIESERTRERERELSY® or or eutheitreg €°
onicinl(1l)! - Date: 2007-09-20 \Were Rule 6.4 (d) appliesgmsiel @ate is
the date on which the status of international deposintry authority was
acqui red. Form DSMZ-0P14 (sol e pagejnd®d8r@806 WO

2011/ 012309PCT/ EP2010/ 004663 - 56 - CLAIMS 1. An antibody or a fragnment or
derivati velywheGadfl whi ch is capable of binding to a nucin protein and which
conpri sesratn-tsaast. 1@ portion of the heavy chain variable region which
conpri ses,;g,spal i Ne residue at am no ac kdenp®fik tbdPudBoraceEfli Ng t o St he
Kabat nunbering. 2. The antibody accor ditiftenmtstraniiy dumda@wi ng the fol | owi ng
characteristics: (a) it specifical [ ERYEE“HFycosyl at ed MIUCL t unor
epitope, and . (b) it conprises a heavy chain variable region conprising
the ami no acid sequence of SEQ ID NO 16 -and a |ight chain variable region
conprising the 10am no acid sequence of SEQID NO 28; or it is a

function i i i i
char act el i, phdreamdvarrmeMitbokdysmsai d functional fragnent or derivative ghow ng
cross-sEﬁ. :

SEQ I D Eumj-,gi,nacgg,.,gsgg;)ﬂnjbpom 28. 153. [Thessahkdpad%. or fragnent or
derivatiVe t kangofr@accordi ng to cl ai m |1 NPEIPERGTTRRY QymorTY:
. DSM ACC2807

. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identificd under I abave way accompanied by:

( ) ascicntific description
() aproposcd ic designation

(Mark with a cross where applicable),

M. RECEIPT AND ACCEFTANCE

This (nrcrnational Depositary Authority acecp the mi ganism idcadficd under I above, which was reecived by iton 2006-10-05
(Dare of the original deposit)'.

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identifiect nndér T shove was reccived by thix Intemarional Depasitary Authority on (ddste: ol ariginal depasiy
and a request lv convert the origion! deposit 1o s deposit under the Budapest Treaty was received by it on (date of recclpt of requen
for conversion). .

V. INTERNATIONAL DEPOSITARY AUTHORITY

Nang: DSMZ-DEUTSCHE SAMMLUING VON
© MIKROORGANISMEN UND ZELLKULTIREN GmbH

Address: ln};gge:ngBh .
D-. 24 Braunschwayg é/ /
. Geds

Date: 2006-10-18 .

Signawure(s) of person(s) having the power to represent the
1 tions} Depositary Authority or of authorized officisl(s):

! Where Rule 6.4 () spplicy, such date is the date on whick The starus of intemational depositary audharity was aequired.
Form DSMZ-BP/4 (tale page) 08/2006



nore of the follow ng characteristics: (a) the specific binding to its

epi tope i s dependent on the conformation and/or the glycosylation pattern
of the epvbO@PE/012309 (b) it is capable of specificealpbyiobbssds ng a
pepti de conprising the am no acid 20sequence PDTR, which preferably is
glycosylated at the threonine residueggth N-acetyl galactosam ne (Tn) or
gal actose R1-3 N-acetyl galactosamne (TF); (c) it is capable of
specifically binding to MJCL, in particular to at |least a portion of the
glycosylated extracellular tandemrepeats of tunor-derived MICL: 25(d) it
speci fi caI’LL‘.‘*y“Q‘elngqu,‘“' l ycosyl ated MJICL [tti6H &5i"t0pe such that the $trength

of the bond |nrrpaqed at least by alfactor 20 in conparison withlthe
bond to the non-glycosyl at ed peptlde of identical length and identi cal
pepti de sequence; (e) it is engineered, preferably humanized; - 57 -

(i) CDR1 having the ampiGmasiskesensenseerofiTSEQdrDoNGNId (11) CDR2 havi ng
the am no acid sequence of SEROTHZRNMPLOBGICAAAWTERIAL (| j|) CDR3 having the
am no acid sequence of SEQ ID NO 3 Q‘?%Hb:,\”} conprises the anti body
framework regions selected fromth 10 ng: (|) FRH1, FRH2, FRH3 and

F for f ,I\I he u%xcanqus m'\cF be{ou 1§at to the dl dbl.snleld nn\éllglorw\lu?s'xgg cnherl !) I_OgICH m.'\rcnaYVIef rra! todxixl 1!: !ileg:npg'bl d
sequences, e acl posSi fl ﬁ)np g:;orrespon(ﬁl ng to the numer ation
accordi ng o R S 6 S 3 Qor

urther deposxts are xdcnnﬁcd on an nddmonal sheet E

K4LV5YV BIEE\-fIFICATm\ OF DEPOSIT

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary mstitution (ineluding postal code and counny)
Inhoffenstr. 78
38124 Braunschweig

DE
Date of deposit Accession Number
2007-08-08 DSM ACC2856
C. ADDITIONAL INDICATIONS (leave blank if nor applicable) This information is continued on an additional sheet Kl

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indicarions are not for all designared States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nanie of the indicarions e.g.. "Accession
Number of Deposit")

For receiving Office use only For Intermational Bureau use only — =e———
E] This sheet was received with the intemational application I:I This sheet was received by the International Bureau on:
Authorized officer Authorized officer

Fonm PCT/RO/134 (July1998: reprint January 2004)



S8G9G10G11L12V13 Q14 P -58-15G16 G17 S18 L or M19 R 20
L21S
WO 2011/012309 PCT/EP2010/004663

-51-

Additional indications according to form PCT/R0O/134 for Accession Number DSM ACC2856:

Applicant herewith requests for those countries which have a respective provision that the
furnishing of a sample of the deposited material referred to in the application may only be

S made to an independent, nominated expert (request of the "expert solution" where
applicable, in particular in Australia, Canada, Croatia, Denmark, Finland, Germany, Iceland,
Norway, Singapore, Spain, Sweden, United Kingdom, Europe).

For Europe, applicant accordingly requests that a sample of the deposited biological material

10 will be made available as provided in Rule 33(1)(2) EPC until the publication of the mention
of the grant of the patent or for 20 years from the date of filing if the application is refused or
withdrawn or deemed to be withdrawn, only by the issue of a sample to an expert nominated
by the person requesting the sample (Rule 32 EPC).



22 C 23 Aor V24 A25 S 26 G27 F28 P29 F30 S for
Pos. Amno acid 36 W37 V38 R - 59 - 39
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Pos. Amino acid 103 W104 G 105 Q 106 G 107 T 108 L 109 V or L 110 T 111 V
112 S 113 S (ii)and optionally FRL1, FRL2, FRL3 and FRL4 for the |ight
chai n varwehba/mnegbon VL have the following am no acid sequpdeed4ckhe am no
acid position corresponding to the nuneration according to Kabat: for FRL1
(SEQ ID NGO 23) Pos. Amino acid 1 -56 -

CLAIMS

1. An antibody or a fragment or derivative thereof which is capable of binding to a
mucin protein and which comprises at least a portion of the heavy chain variable
region which comprises a proline residue at amino acid position 28 according to

5 the Kabat numbering.

2. The antibody according to claim 1, having the following characteristics:
(a) it specifically binds a glycosylated MUC1 tumor epitope, and

(b) it comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 16 and a light chain variable region comprising the
10 amino acid sequence of SEQ ID NO: 28;

or it is a functional fragment or derivative of the antibody having the characteristics
(a) and (b) said functional fragment or derivative showing cross-specificity with an
antibody comprising the amino acid sequence of SEQ ID NO: 16 and SEQ ID NO:
28.

15 3. The antibody or fragment or derivative thereof according to claim 1, having one or
more of the following characteristics:

(a) the specific binding to its epitope is dependent on the conformation and/or the
glycosylation pattern of the epitope;

(b) it is capable of specifically binding a peptide comprising the amino acid
20 sequence PDTR, which preferably is glycosylated at the threonine residue
with N-acetyl galactosamine (Tn) or galactose 31-3 N-acetyl galactosamine

(TF);

(c) it is capable of specifically binding to MUCH1, in particular to at least a portion
of the glycosylated extracellular tandem repeats of tumor-derived MUC1;

25 (d) it specifically binds a glycosylated MUC1 tumor epitope such that the strength
of the bond is increased at least by a factor 20 in comparison with the bond to
the non-glycosylated peptide of identical length and identical peptide
sequence;

(e) itis engineered, preferably humanized;

30 (f) it comprises at least one complementarity determining region, preferably at
least two, selected from the group consisting of



D

62 -

21 3V4M5T6Q7S8P9L10S11LorN12 P13V 14 T 15 P

WO 2011/012309 PCT/EP2010/004663

-57-

(i) CDR1 having the amino acid sequence of SEQ ID NO: 1,
(i) CDR2 having the amino acid sequence of SEQ ID NO: 3, and
(iii) CDR3 having the amino acid sequence of SEQ ID NO: 5;

(9) it comprises the antibody framework regions selected from the following:

(i) FRH1, FRH2, FRH3 and FRH4 for the variable heavy chain VH have
the following amino acid sequences, the amino acid position
corresponding to the numeration according to Kabat:

for FRH1 (SEQ ID NO: 7)

Pos. [ Amino
acid
1 E
2 Vv
3 QorkK
4 L
5 \Y
6 E
7 S
8 G
9 G
10 G
11 L
12 \Y
13 Q
14 P




16 G 17 EorD 18 P19 A 20 S 211 22 S23 C - 63 - for FRL2 (SEQ I D NO 24)
Pos. Amno acid 35 W36 Y 37 L 38 Q 39 K

WO 2011/012309 PCT/EP2010/004663
-58 -
15 G
16 G
17 S
18 LorM
19 R
20 L
21 S
22 o
23 AorV
24 A
25 S
26 G
27 F
28 P
29 F
30 S

for FRH2 (SEQ ID NO: 9)

Pos. | Amino

acid
36 W
37 \)

38 R




40 P 41 G 42 Q43 S 44 P 45 Q46 L 47 L 48 1 49 Y for FRL3 (SEQ ID NO 25)
Pos. Amno acid 57 G - 64 - 58 59

WO 2011/012309 PCT/EP2010/004663
-59-

39 Q

40 AorS

41 P

42 |GorE

43 K

44 G

45 L

46 E

47 w

48 \Y,

49 GorA

for FRH3 (SEQ ID NO: 11)

Pos. | Amino
acid

66 R

67 F

68 T

69 I

70 S

71 R

72 D

73 D




P60 D61 R62 F 63 S64 G655 S 66 G67 S68 GO69 T7T0ODT71LF 72T 73 L 74
Kor R

WO 2011/012309 PCT/EP2010/004663
-60 -
74 S
75 K
76 NorS
77 S
78 LorV
79 Y
80 L
81 Q
82 M
82a | N
82b |S
82c |L
83 K
84 T
85 E
86 D
87 T
88 A
89 \Y
90 Y
91 Y
92 Cc
93 TorA




751 76 S77 R78 V79 E80 A -65- 81 E82 D83V 384 G8 V 8 Y 87 Y 88
C

WO 2011/012309 PCT/EP2010/004663

-61 -

94 R

for FRH4 (SEQ ID NO: 13)

Pos. | Amino
acid

103 |W
104 G
105 | Q
106 |G
107 | T

108 |L

109 VorlL
110 (T

111 Y

112 | S

113 S

(ii) and optionally FRL1, FRL2, FRL3 and FRL4 for the light chain variable
5 region VL have the following amino acid sequences, the amino acid
position corresponding to the numeration according to Kabat:

for FRL1 (SEQ ID NO: 23)

Pos. | Amino
acid

1 D




for FRL4 (SEQ ID NO 26) Pos. Amino acid 98 F 99 G 100 Qor G 101 G102 T
103 K 104 V 105 E 106 | 107 K 108 R WD 2011/ 012309PCT/ EP2010/ 004663 - 66 -
(h) it compros@r2afranmework region 1 conprising the anmpow/Eredidiossgaence of
SEQID NO 7, in particular SEQID NO 8; (i) it conprises a heavy chain
vari abl e region of an antibody conprisgng the amno acid sequence of SEQ ID
NGO 15, preferably SEQ ID NO 16; 5(j) i1t conprises a |light chain variable
region of an antibody conprising the am no

2 |
3 \Y
4 M
5 T
6 Q
7 S
8 P
9 L
10 S
11 LorN
12 P
13 \Y
14 T
15 P
16 G
17 EorD
18 P
19 A
20 S
21 I
22 S
23 C




acid sequence of SEQ ID NO 27, preferably SEQ ID NO 28; (k) it conprises
a heavy chain variable region conprising the am no acid sequence of SEQ ID
NO 16 amwtoaoitgbkioochai n vari abl e regi on conpri sing thepPamiEreoia®dHb6sequence
of SEQID NGO 28 or is a functional fragment or 10derivative thereof; (I)

it shows cross-specificity with the ag3body Pankomab conprising the am no
aci d sequences of SEQ ID NGO 29 as heavy chain variable region and SEQ I D
NO 30 as light chain variable region; and/or (m it shows
cross-specificity with the anti body conprising the am no acid 15sequences
of SEQ ID NO 16 as héenRRIGhEEQIRINQUZRE region and SEQ ID NO. 28 as |ight
chain variable region. 4. A nucleic acid encoding the antibody or fragnent
or derivative thereof accordPag. tloamimpy qne of clainms 1 to 3. 5 An
expressi on cassette or vector comﬁaging the nucleic acid according to
claim4 20and a pronoter ope¢rativiely connected with said nucleic acid. 6. A

host cell conprising the nucterc ﬂ&’d agcording to claim4 or the
or'd
Nt

expressi on cassette or vect pPacd ing|to claimb5. 7. A conposition
conprising the antibody or ftragment-er—derivative thereof according to any
one of claims 1 to 3, the niSPeic Yacid gccording to claim4, the expression
25cassette or vector according tag claim|5 or the host cell according to
claim6. 8. The conposition|ggcor|ding tq claim7 being a pharmaceuti cal
conposition which preferably furtlher conprises one or nore conponents

sel ected fromthe group conshgting,of sqdlvents, diluents, and excipients.

9. The antibody or fragnentjor dgrivati e thereof according to any one of
claims 1 to 30 3, the nucl eicacijd accorjding to claim4, the expression
cassette or vector according39o dl'Sim5,| the host cell according to claim
6, or the conposition accordingtioclaim7 or 8 for use in nedicine. WO
2011/ 012309PCT/ EP2010/ 00466840 67 P 10. |The anti body or fragnent or
derivative thereof according to any onelof clains 1 to 3, the nucleic acid
according to claim4, the expnessii@n cagsette or vector according to claim
5, the host cell according to clgim®6, ar the conposition according to
claim7 or 8 for use in the hheatngnt, prognosi s, diagnosis and/or 5
nonitoring of cancer, whereln theg cancerf preferably is selected fromthe
group consi sting of cancer ¢fth otom;] stomach, liver, pancreas, Kkidney,
bl ood, lung, and ovary. 11. ﬂanetﬁgd for| i mproving the antigen binding

and/ or recognition of an antibedy—er—a—fragnent or derivative thereof which
is capable of binding to a pdéin |ffotein and 10 which conprises at |east a
portion of the heavy chain yariall e regifon, conprising the step of
providing a proline residue|as pgsption |28 of the heavy chain variable

regi on, according to the Kabat nunbering. 12. The nethod according to claim
11, having at least one or hgge df the flollowi ng characteristics: 15(a) the
amno acid residue in position 28 1s obtlai ned by introducing a nutation
into the nucleic acid coding ;ur thre—antji body or fragnent or derivative

t hereof, wherein the mutati pA’i s |ilntrodyced in the codon coding for said
am no acid residue; and/or {(b)—iAprowving the antigen binding and/or antigen
recogni tion includes enhanc{A8 201! the affinity of the antibody or fragnent
or derivative thereof to itg antilgen and/or increasing the specificity of
the anti body or fragnent orjderiVative thereof towards its antigen. 13. The
met hod according to claim 1l or 12, wherlein the antibody or fragnent or
derivative thereof has one or nore of the follow ng characteristics: 25(a)
the specific binding to its epitope is dependent on the conformation and/ or

the gl ycosyl ation patter ﬁ% tﬂg iLtqpe; (b) it is capable of specifically
bi ndi ng a peptide co QWéﬁ (§ wgﬁF%gghcid sequence PDTR, which preferably
rn aA

is glycosylated at the threpntne—residug with Nacetyl
gal act osanmi ne (Tn) or gal act Be® 11AmBINR- gcet yl gal act osam ne 30(TF);
acid

57 G




(c) it is capable of specifically binding to MJCL, in particular to at

| east a portion of the glycosylated extracellular tandemrepeats of

t unor - derwoediiddiby WO 2011/ 012309PCT/ EP2010/ 004663 - @B TAPRE®/004663

non- gl ycosyl ated peptide of identical |ength and identical peptide
sequence; (e) it is engineered, preferggly humani zed; (f) it
conprises at |east one conplenentarity determ ning region selected from

5t he group consisting of (i) CDRL having the am no acid sequence of SEQ ID
NO 1, (ii) CDR2 having theam-no—acid—sequence of SEQID NO 3, and (iii)

CDR3 having the anm no acid sé&ueadé of JEQID NO 5; (g) it conprises
anti body framework regions selectled frompthe followng FRH1, FRH2, FRH3
and FRH4 for the variabl e heggy chmin VH have the foll owi ng ami no acid
sequences, the am no acid position corregsponding to the nuneration
according to Kabat: for FRHIGGSEQ AD NO| 33) Pos. Amino acid 1 E2 V 3 Qor
K4L5V6E7SS

61 R

62 F

63 S

64 G

65 S

66 G

67 S

68 G

69 T

70 D

71 F

72 T

73 L

74 KorR

75 |

76 S

77 R

78 \Y

79 E

80 A




G9G10G -69- 11 L 12V 13 Q14 P15 G16 G17 S 18 LorM19 R20 L 21
S22C

WO 2011/012309 PCT/EP2010/004663
-65 -
81 E
82 D
83 \)
84 G
85 \Y)
86 Y
87 Y
88 C

for FRL4 (SEQ ID NO: 26)

Pos. | Amino
acid

o8 F

99 G

100 | QorG
101 G

102 T

103 | K

104 |V

105 |E

106 ||

107 | K

108 |R




23 AorV 24 A 25 S 26 G27 F 28 T29 F 30 S for FRH2 (SEQ ID NO 9) Pos.
Amno - 70 - acid 36 W37 V 38 R 39 Q
WO 2011/012309 PCT/EP2010/004663

-66 -

(h) it comprises a framework region 1 comprising the amino acid sequence of
SEQ ID NO: 7, in particular SEQ ID NO: 8;

(i) it comprises a heavy chain variable region of an antibody comprising the
amino acid sequence of SEQ ID NO: 15, preferably SEQ ID NO: 16;

5 () it comprises a light chain variable region of an antibody comprising the amino
acid sequence of SEQ ID NO: 27, preferably SEQ ID NO: 28;

(k) it comprises a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 16 and a light chain variable region comprising the
amino acid sequence of SEQ ID NO: 28 or is a functional fragment or

10 derivative thereof;

() it shows cross-specificity with the antibody Pankomab comprising the amino
acid sequences of SEQ ID NO: 29 as heavy chain variable region and SEQ ID
NO: 30 as light chain variable region; and/or

(m) it shows cross-specificity with the antibody comprising the amino acid
15 sequences of SEQ ID NO: 16 as heavy chain variable region and SEQ ID NO:
28 as light chain variable region.

4. A nucleic acid encoding the antibody or fragment or derivative thereof according to
any one of claims 1 to 3.

5. An expression cassette or vector comprising the nucleic acid according to claim 4
20 and a promoter operatively connected with said nucleic acid.

6. A host cell comprising the nucleic acid according to claim 4 or the expression
cassette or vector according to claim 5.

7. A composition comprising the antibody or fragment or derivative thereof according
to any one of claims 1 to 3, the nucleic acid according to claim 4, the expression
25 cassette or vector according to claim 5, or the host cell according to claim 6.

8. The composition according to claim 7 being a pharmaceutical composition which
preferably further comprises one or more components selected from the group
consisting of solvents, diluents, and excipients.

9. The antibody or fragment or derivative thereof according to any one of claims 1 to
30 3, the nucleic acid according to claim 4, the expression cassette or vector
according to claim 5, the host cell according to claim 6, or the composition

according to claim 7 or 8 for use in medicine.



40 Aor S 41 P 42 Gor E43 K44 G45 L 46 E 47 W48 V 49 Gor A for FRH3
(SEQ ID NO 11) Pos. Amino acid 66 R 67 F 68 T 69
WO 2011/012309 PCT/EP2010/004663

-67 -

10. The antibody or fragment or derivative thereof according to any one of claims 1 to
3, the nucleic acid according to claim 4, the expression cassette or vector
according to claim 5, the host cell according to claim 6, or the composition
according to claim 7 or 8 for use in the treatment, prognosis, diagnosis and/or

5 monitoring of cancer, wherein the cancer preferably is selected from the group
consisting of cancer of the colon, stomach, liver, pancreas, kidney, blood, lung,
and ovary.

11. A method for improving the antigen binding and/or recognition of an antibody or a
fragment or derivative thereof which is capable of binding to a mucin protein and
10 which comprises at least a portion of the heavy chain variable region, comprising
the step of providing a proline residue at position 28 of the heavy chain variable

region, according to the Kabat numbering.

12. The method according to claim 11, having at least one or more of the following
characteristics:

15 (a) the amino acid residue in position 28 is obtained by introducing a mutation into
the nucleic acid coding for the antibody or fragment or derivative thereof,
wherein the mutation is introduced in the codon coding for said amino acid
residue; and/or

(b) improving the antigen binding and/or antigen recognition includes enhancing
20 the affinity of the antibody or fragment or derivative thereof to its antigen
and/or increasing the specificity of the antibody or fragment or derivative

thereof towards its antigen.

13. The method according to claim 11 or 12, wherein the antibody or fragment or
derivative thereof has one or more of the following characteristics:

25 (a) the specific binding to its epitope is dependent on the conformation and/or the
glycosylation pattern of the epitope;

(b) it is capable of specifically binding a peptide comprising the amino acid
sequence PDTR, which preferably is glycosylated at the threonine residue
with N-acetyl galactosamine (Tn) or galactose R1-3 N-acetyl galactosamine

30 (TF);

(c) it is capable of specifically binding to MUC1, in particular to at least a portion
of the glycosylated extracellular tandem repeats of tumor-derived MUC1;

(d) it specifically binds a glycosylated MUC1 tumor epitope such that the strength
of the bond is increased at least by a factor 20 in comparison with the bond to



Il - 71 - 70 S71 R72 D73 D74 S 75 K 76 N or

81 Q82 M82a N

WO 2011/012309 PCT/EP2010/004663

(e)
()]

(9

10

-68 -

the non-glycosylated peptide of identical length and identical peptide
sequence,

it is engineered, preferably humanized,

it comprises at least one complementarity determining region selected from
the group consisting of

(i) CDR1 having the amino acid sequence of SEQ ID NO: 1,

(i) CDR2 having the amino acid sequence of SEQ ID NO: 3, and
(iii) CDR3 having the amino acid sequence of SEQ ID NO: 5;

it comprises antibody framework regions selected from the following

(i) FRH1, FRH2, FRH3 and FRH4 for the variable heavy chain VH have
the following amino acid sequences, the amino acid position
corresponding to the numeration according to Kabat:

for FRH1 (SEQ ID NO: 33)

Pos. | Amino
acid
1 E
2 \Y
3 QorK
4 L
5 \Y
6 E
7 S
8 G
9 G
10 G

S77 S78 L or V79 Y 80

L



82b S 82c L 83 K84 T8 E86 D8 T8 A89V - 72 - 90VY91VY92CO93 T
or A94 R

WO 2011/012309 PCT/EP2010/004663
-69 -
11 L
12 Y
13 Q
14 P
15 G
16 G
17 S
18 LorM
19 R
20 L
21 S
22 Cc
23 AorV
24 A
25 S
26 G
27 F
28 T
29 F
30 S

for FRH2 (SEQ ID NO: 9)

Pos. | Amino




for FRH4 (SEQ ID NO 13) Pos. Amno acid 103 W104 G 105 Q 106 G 107 T 108
L 109 Vor L 110 T 111 V 112 S 113 S (ii)and optionally FRL1, FRL2, FRL3

and FRL4 yWwerotig23obght chain vari abl e regi on VL have t hechalphe@oloi@eam no
aci d sequences, the am no acid position corresponding to the nuneration

according to Kabat: - 73 - for FRL1 (HEQ ID NO 23)
acid
36 w
37 \Y
38 R
39 Q
40 AorS
41 P
42 GorE
43 K
44 G
45 L
46 E
47 w
48 \'
49 GorA

for FRH3 (SEQ ID NO: 11)

Pos. | Amino

acid
66 R
67 F
68 T

69 |




Pos. Amno acid 1 D21 3 V4M5T6Q7S8P9L10S11L o N12 P 13
V14 T 15

WO 2011/012309 PCT/EP2010/004663
-71 -
70 S
71 R
72 D
73 D
74 S
75 K
76 NorS
77 S
78 LorV
79 Y
80 L
81 Q
82 M
82a | N
82b |S
82c L
83 K
84 T
85 E
86 D
87 T
88 A
89 \Y




P16 G17 Eor D18 P19 A20S - 74 - 211 22 S23 C for FRL2 (SEQID
NO 24) Pos. Amno acid 35 W36 Y 37 L 38 Q

WO 2011/012309 PCT/EP2010/004663
-72-
90 Y
91 Y
92 Cc
93 TorA
94 R

for FRH4 (SEQ ID NO: 13)

Pos. | Amino
acid

103 | W
104 G
105 | Q
106 |G
107 (T

108 |L

109 |[VorlL
110 | T

111 \YJ

112 | S

113 | S

(i) and optionally FRL1, FRL2, FRL3 and FRL4 for the light chain variable
5 region VL have the following amino acid sequences, the amino acid
position corresponding to the numeration according to Kabat:



39 K40 P 41 G42 Q43 S 44 P 45 Q46 L 47 L 481 49 Y - 75 - for FRL3
(SEQ ID NGO 25) Pos. Amino acid 57 G 58 V
WO 2011/012309 PCT/EP2010/004663

-73-

for FRL1 (SEQ ID NO: 23)

Pos. | Amino
acid
1 D
2 I
3 \Y
4 M
5 T
6 Q
7 S
8 P
9 L
10 S
11 LorN
12 P
13 \Y
14 T
15 P
16 G
17 EorD
18 P
19 A
20 S




59 P60 D61 R62 F63 S64 G65S66 G67 S68 G699 T70D71F72T73 L
74

WO 2011/012309 PCT/EP2010/004663
-74 -
21 |
22 S
23 C

for FRL2 (SEQ ID NO: 24)

Pos. | Amino
acid
35 w
36 Y
37 L
38 Q
39 K
40 P
41 G
42 Q
43 S
44 P
45 Q
46 L
47 L
48 I
49 Y




Kor R751 76 S - 76 - 77 R78 V79 E80 A81 E82 D383 V84 G385 V386 Y
87 Y 88 C
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for FRL3 (SEQ ID NO: 25)

Pos. | Amino
acid

57 G
58 \Y
59 P
60 D
61 R
62 F
63 S
64 G
65 S
66 G
67 S
68 G
69 T
70 D
71 F
72 T
73 L
74 KorR
75 I

76 S




for FRL4 (SEQ ID NO 26) Pos. Amino acid 98 F 99 G 100 Qor G 101 G102 T
103 K 104 V WD 2011/012309PCT/ EP2010/ 004663 - 77 - 105 E 106 | 107 K 108 R
(h) it cownprosiga2meframework region 1 conprising the ampoo/ERedid/ossgrience of
SEQ ID NGO 33 or 34,

-76 -
77 R
78 \Y
79 E
80 A
81 E
82 D
83 \Y
84 G
85 \Y
86 Y
87 Y
88 C

for FRL4 (SEQ ID NO: 26)

Pos. | Amino
acid
98 F
99 G
100 QorG
101 G
102 | T
103 | K
104 \)




(1) it conprises a heavy chain variable region of an anti body conpri sing
the am no acid sequence of SEQ ID NO 38 or 29; 5(j) it conprises a |ight
chai n varwehba/megbon of an anti body conprising the am poTarbeosegyence of
SEQ ID NO 27 or 30; (k) it conprises a heavy chain variable region
conprising the am no acid sequence of ./ §Q ID NO 38 and a light chain

vari abl e region conprising the am no acid sequence of SEQID NO 27 or is a
functional fragnent or 10derivative thereof; (lI) it shows cross-specificity
wi th the anti body Pankomab conprising the am no acid sequence of SEQ I D NG
29 (heavy chain variable re&imﬁ) albd SEQ ID NO 30 (light chain variable
region); and/or (m it gshows [cross-glpecificity with the anti body
conprising the am no acid 1%9gguences of| SEQ ID NO 16 as heavy chain
variable region and SEQ ID NO 28 as light chain variable region. 14. A

met hod for preparing a nucl u1§ acf g acc rding to claim4, conprising the
steps of (a) providing a nucl ?c acid conprising the nucleic acid sequence
coding for an antibody or affragment—or—derivative thereof which is capable
of binding to 20 MUC1 and whil@® cloRpri ses a heavy chain variabl e region,
wherein the heavy chain variiable region idoes not conprise a proline residue
at am no acid position 28 according to the Kabat nunbering; and (b)

i ntroduci ng a (nutitaceroprisest @ frameveokisegicndi pemprising thenamig dcidusespiengs of
according to the dfapah N@i3Brizag, of the heavy chain variable region so

t hat 25said codon codes for a proline residue. WO

2011/ 012309PCTA ER 663, ..(8- i y.or. f -
derivative t%{) eé%?égé@%gi %S’n a&?acrﬁa §1or‘(%r-uol& E?é{#jﬁnoo? et"g aﬁ.ﬁmﬂgpg&ng the

gl ycosyl ati on patATip®agiHiseausnce SREDID MY 886f 2Bhe f ol | owi ng
characteristics: (a) it is a human glycosyl ation pattern; 5(b) it enhances
the aétivity dij ttreompisebadight chaipaatiakjeregion pEamantidaty cehfrrisingythe @aming
speci fic epitope,acidseqaened SSEQIDMNG: 27t 6r 3one or nore of its downstream
receptors such as Fc receptors, its conplenent dependent cytotoxicity

(CDC), and/or g $ 3BbROLY A HRENEHairt GlatiatiB ditlidtt MRy He YanlitPTeld
SESRIN o fey (ol f et ey
the group consi stamige aicicksequenesl of RBELY-1B, NQW 370 of DS\ Aawtieoal] fragmem4 of DSM

ACC26@51, NV HODGefiliMeARSeaB06], NV HODS- E6 [ DSM ACC 2807], NM HOD8- E6QL2
[ DSM ACC 2856], and GT- 2X [ DSM ACC 28581.

() it shows cross-specificity with the antibody Pankomab comprising the amino
acid sequence of SEQ ID NO: 29 (heavy chain variable region) and SEQ ID
NO: 30 (light chain variable region); and/or

(m) it shows cross-specificity with the antibody comprising the amino acid
15 sequences of SEQ ID NO: 16 as heavy chain variable region and SEQ ID NO:
28 as light chain variable region.

14. A method for preparing a nucleic acid according to claim 4, comprising the steps of

(a) providing a nucleic acid comprising the nucleic acid sequence coding for an
antibody or a fragment or derivative thereof which is capable of binding to
20 MUC1 and which comprises a heavy chain variable region, wherein the heavy
chain variable region does not comprise a proline residue at amino acid
position 28 according to the Kabat numbering; and

(b) introducing a mutation into the codon coding for amino acid number 28,
according to the Kabat numbering, of the heavy chain variable region so that
25 said codon codes for a proline residue.
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15. The antibody or fragment or derivative thereof according to any one of claim 1 to 3,
having a glycosylation pattern which has one or more of the following
characteristics:

(a) itis a human glycosylation pattern;

(b) it enhances the activity of the antibody, in particular its binding affinity to its
specific epitope, its binding affinity to one or more of its downstream receptors
such as Fc receptors, its complement dependent cytotoxicity (CDC), and/or its
antibody-dependent cell-mediated cytotoxicity (ADCC); and/or

(c) it is a glycosylation pattern as obtained when expressing the antibody or
fragment or derivative thereof in a cell line selected from the group consisting
of K562, KG1, MUTZ-3, NM-F9 [DSM ACC2606], NM-D4 [DSM ACC2605],
NM-H9D8 [DSM ACC 2806], NM-H9D8-E6 [DSM ACC 2807], NM HSDS8-
E6Q12 [DSM ACC 2856], and GT-2X [DSM ACC 2858].



