WO 03/ 070760 PCT/ EPO3/ 01759 Anti-An antibodies and their use The present
invention relates to anti body nol ecul es capable of specifically

recogni ziwg osxw76egi ons of the P-A4 peptide, wherein the fPcTatPos/eyson
conprises the amno acid sequence AEFRHDSGY as shown in SEQID NO 1 or a
fragnent thereof and wherein the second region conprises the amno acid
sequence VHHKLVFFAEDVG as shown in SEQ ID NO. 2 or a fragnent thereof.
Furthernore, nucleic acid nol ecul es encoding the inventive anti body

nol ecul es and vectors and hosts conprising said nucleic acid nolecules are
di sclosed. In addition, the present invention provides for conpositions,
preferably pharmaceutical or diagnostic conpositions, conprising the
conpounds of the invention as well as for specific uses of the antibody
nol ecul es, nucl eic acid nol ecul es, vectors or hosts of the invention.
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Several documents are cited throughout the text of this specification. Each of the
documents cited herein (including any manufacturers specifications, instructions, etc.)
are hereby incorporated by reference.

About 70% of all cases of dementia are due to Alzheimer's disease which is
associated with selective damage of brain regions and neural circuits critical for
cognition. Alzheimer's disease is characterized by ri”eurofibrillary tangles in particular
in pyramidal neurons of the hippocampus and numerous amyloid plaques containing
mostly a dense core of amyloid deposits and defused halos. |

The extracellular neuritic plaques contain large amounts of a pre-dominantly fibrillar
peptide termed “amyloid B”, “A-beta”, “AB4", “B-A4” or “AB”; see Selkoe (1994), Ann.
Rev. Cell Biol. 10, 373-403, Koo (1999), PNAS Vol. 96, pp. 9989-9990, US



It is of note that A13 has several naturally occurring forns, whereby the
human forns are referred to as the above nentioned P4339, A1340, A(341,
A042 and w0O3487076hhe nost prom nent form A(342, has the RCTIEPI3CI7d9
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The time reduired to nucleate AB40 fibrils was shown to be significantly longer than
that to nucleate AB42 fibrils; see Koo, loc. cit. and Harper (1997), Ann. Rev.
Biochem. 66, 385-407. As reviewed in Wagner (1999), J. Clin. Invest. 104, 1239-
1332, the AB42 is more frequently found associated with neuritic plaques and is
considered to be more fibrillogenic in vitro. It was also suggested that Ap42 serves
as a “seed” in the nucleation-dependent polymerization of ordered non-crystalline AB
peptides; Jarrett (1993), Cell 93, 1055-1058.

It has to be stressed that modified APP processing and/or the generation of
extracellular plaques containing proteinaceous depositions are not only known from
Alzheimer's pathology but also from subjects suffering from other neurological and/or
neurodegenerative disorders. These disorders comprise, inter alia, Down’s
syndrome, Hereditary cerebral hemorrhage with amyloidosis Dutch type, Parkinson’s



Accordingly, the present invention relates to an anti body nol ecul e capabl e
of specifically recognizing two regions of the 3-A4/A(34 peptide, wherein
t he firstwoagiomteo conpri ses the am no aci d sequence AEFRHPSGEPOSERY D NO
1)- or. a fragnent thereof and wherein the second region conprises the
am no acid sequence VHHKLVFFAEDV®R (SEQ ID NGO 2) or a fragnent thereof.
In context of the present invention, the term "anti body nol ecul e" rel ates
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of the 1 nvention are providéd herein below The term"specifically

recogni zi ng" means in accordance with this invention that the antibody
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determ nation of KD-values as, inter alia, illustrated in the appended
exanpl es. The peptide scan (pepspot assay) is routinely enployed to nmap
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pol ypeptide is synthesized successively on activated cellulose with

pept i describedMesBin 3RPYne another. The recognition of certain peptides by
the antibody to be tested for its ability to detect or recognize a

specific antigen/epitope is scored by routine col our deve’opnent f
Accordingly, the present invention relates to an antibody molecule capable o

specifically recognizing two regions of the B-A4/AB4 peptide, wherein the first region
compriseé the amino acid sequence AEFRHDSGY (SEQ ID NO: 1) or a fragment
thereof and wherein the second region comprises the amino acid sequence
VHHQKLVFFAEDVG (SEQ ID NO: 2) or a fragment thereof.

In context of the present invention, the term “antibody molecule” relates to full
immunoglobulin molecules, preferably IgMs, IgDs, IgEs, IgAs or lgGs, more
preferably 19G1, lgG2a, 1gG2b, 1gG3 or IgG4 as well as to partg of such
immunoglobulin  molecules, like Fab-fragments or V.-, Vu- or CDR-regions.
Furthermore, the term relates to modified and/or altered antibody molecules, like
chimeric and humanized antibodies. The term also relates to modified or altered
monoclonal or polyclonal antibodies as well as to recombinantly or synthetically
generated/synthesized antibodies. The term also relates to intact antibodies as well



(secondary anti body with horseradi sh peroxi dase and 4-chl oronapht hol and
hydr ogenper oxi de), by a chenol um nescence reaction or simlar nmeans known
in the awo.03m76hhe case of, inter alia, chenolum nescenc®CTER03HVIOS, the
reaction can be quantified. If the antibody reacts with a certain set of
over | appi ng peptides one can deducg the m ni num sequence of am no acids
that are necessary for reaction; see illustrative Exanple 6 and appended
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recognition of certain peptides by the antibody to be tested for its ability to detect or
recognize a specific antigen/epitope is scored by routine colour development
(secondary antibody with horseradish peroxidase and 4-chloronaphthol and
hydrogenperoxide), by a chemoluminescence reaction or similar means known in the
art. In the case of, inter alia, chemoluminescence reactions, the reaction can be
quantified. If the antibody reacts with a certain set of overlapping peptides one can
deduce the minimum sequence of amino acids that are necessary for reaction; see
illustrative Example 6 and appended Table 2.

The same assay can reveal two distant clusters of reactive peptides, which indicate
the recognition of a discontinuous, i. e. conformational epitope in the antigenic

polypeptide (Geysen (1986), Mol. Immunol. 23, 709-715).



herein and as docunented in the appended exanples, the inventive

ant i bodi es/ anti body nol ecul es detect/interact wwth and/or bind to two

regi ons oWotohe7076@- A4 pepti de as defined herein, whereby ®arErPowm76®€gi ons
are separated (on the primary structure |evel of the am no acid sequence)
by at least one am no acid and whesein the sequence separating said two
regi ons/ "epitope" nmay conprise nore then ten am no acids, preferably 14
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defined two regions of the [3-A4 peptide or parts thereof. In accordance with this
invention, said two regions of the B-A4 peptide are separated (on the level of the
amino acid sequence) in the primary structure of the B-A4 peptide by at least one
amino acid, preferably by at least two amino acids, more preferably by at least three
amino acids, more preferably by at least four amino acids, more preferably by at
least five amino acids, more preferably at least six amino acids, more preferably at
least nine amino acids and most preferably at least twelve amino acids. As shown
herein and as documented in the appended examples, the inventive
antibodies/antibody molecules detect/interact with and/or bind to two regions of the
B-A4 peptide as defined herein, whereby said two regions are separated (on the
primary structure level of the amino acid sequence) by at least one amino acid and
wherein the sequence separating said two regions/’epitope” may comprise more
then ten amino acids, preferably 14 amino acids, more preferably 15 amino acids or



The termmay also relate to a conformati onal epitope, a structural epitope
or a discountinuous epitope consisting of said two regions or parts

t her eof ; weasalee0 Geysen (1986), loc. cit. In context of PCRIEPO3/OWENti ON, a
conformati onal epitope is defined by two or nore discrete am no acid
sequences separated in the primary W 03/ 070760 PCT/ EP03/01759 7 sequence
whi ch cone together on the surface when the pol ypeptide folds to the
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the potential broadening of epitopes as detailed herein it is, however, also envisaged
that amino acids in close proximity to the sequences of SEQ ID NO: 1 and 2 are
detected/recognized, i.e. that additional amino acids are part of the two regions to be
detected/recognized. Accordingly, it is also envisaged that, e.g. the first amino acid
of AB (1-42) as defined herein, namely D (Aspartic acid) in part of one epitope to be
detected/recognized or that amino acids located after the region of AR (1-42) as
defined in SEQ ID NO: 2 are detected/recognized. Said additional amino acid may,
e.g., be the amino acid on position 26 of SEQ ID NO: 27 (BA4/AB (1-42)), namely S

(Serine).

The term may also relate to a conformational epitope, a structural epitope or a
discountinuous epitope consisting of said two regions or parts thereof, see also
Geysen (1986), loc. cit. In context of this invention, a conformational epitope is
defined by two or more discrete amino acid sequences separated in the primary



recogni zing the C-termnal end of A431-40 and A431-42 are widely used to
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22908- 22914; Johnson-Wod et al., (1997), Proc. Natl. Acad. Sci. USA
(1994), 1550-1555; Suzuki et al., (1994), Science 264, 1336-1340; Brockhaus
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the art. These antibodies have mainly been obtained by immunizing animals with
AB1-40 or AB1-42 or fragments thereof using standard technologies. According to
published data monoclonal antibodies that were generated by immunization with the
complete AB peptide (1-40 or 1-42) recognize exclusively an epitope close to the N-
terminus of AB. Further, examples are the antibodies BAP-1 and BAP-2 (Brockhaus,
unpublished) which were generated by immunization of mice with AB1-40 and which
recognize the amino acids 4-6 in the context of larger AR peptides; see appended
Example 7, Table 2 and Example 12, Table 7. Antibodies that recognize the middle
part of AR derive from immunizations with smaller peptides. For example, the
antibody 4G8 was generated by immunization with the AP peptide 1-24 and
recognizes exclusively the sequence 17-24 (Kim, (1988) Neuroscience Research
Communications 2, 121-130). Many other monoclonal antibodies have been
generated by immunizing mice with ApB-derived fragments, and antibodies

recognizing the C-terminal end of AB1-40 and AB1-42 are widely used to distinguish



It is of note that the prior art has not described antibody nol ecul es
recogni zi ng two, independent regions of A(34 which specifically recognizes
(a) discwotinuges/ structural/conformational epitope(s) amrdir@mpoxbi7sh are
capabl e of sinultaneously and i ndependently recognizing two

regi ons/ epi topes of AP4. Vaccinationgof transgenic m ce overexpressing

mut ant human APP V717F (PDAPP mce) with A131-42 resulted in an al nost
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centr glyggpr vous system decorate pl agues and i nduce clearance of
pr eexi sting anyl oid plaques in APP transgenic mce (PDAPP mice) (Bard et
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or mﬁ?@@]}g“%ﬁttoé‘r isi RN DU LD SoRIack o A(eéqem @l §§Paﬁ}}‘é@eﬁ RESENENY Reli®r ni nal
epi tO%eSaﬁﬁ%@}d ?réé’e eg wfs oﬁ‘l SSreSEht SRGH Pkhtidas éﬁd e é:id&ﬂ)éb@i@@g 0Si s

and in Vivo contrast, Ctermnal spe anti bodi es
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specificity to cover am no acids 16- In the AP sequence hi s anti body
does mommexto the cell sudaceg. cldus @dWAereaﬂte antjges apecuﬁ@mogfntmdoyﬂr@elg% reacts
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Comruni cat i ons 121-130; commercially available from Signet Laboratories
I nc. m@@ﬂﬁgfﬁtemlgg)qpmmhghamtwrpgggsmg@y proteolysis is an |mportant step for

the generation of an high affinity antibody response in vivo and may explain the
dominance of the N-terminal AB epitope in prior art monoclonal and polyclonal
antibodies derived by immunization.

In contrast, the selection of antibodies/antibody molecules of the present invention is
driven by the physical adherence of Fab expressing phages to the antigen. There is
no degradation of the antigen involved in this in vitro selection process. The phages
which express the Fab with the highest affinity towards the antigen are selected and
propagated. A synthetic library as employed in the appended examples to select for
specific antibody molecules according to this invention is particularly suited for
avoiding any bias for single, continuous epitopes that is often found in libraries

derived from immunized B cells.



sanme epitope. In vivo, the nk66 anti body was recently found to markedly
reduce AP deposition in PDAPP mce after peripheral adm nistration
(Delat t oswO(02000 Proc. Natl. Acad. Sci. USA 98, 8850- 88PEY/EPMRIETSEr, and
in contrast to NNterm nal specific antibodies, nR66 did not decorate
anyloid plaques in vivo, and it was $herefore hyothesized that the brain
Al3 burden was reduced by an anti body-i nduced shift in equilibrium between

the. - Bar BRI ek e L bias of 5 BEH HiBRAT Pr@eobButotliahsdnd )’ ' T

ant i bpgiepahadit odygiaRs ecubfes R4t hewpidghs entspeBifieally on.reBygrizéall t gapously
(for exanple in a structural /[ conformational epitope forned by the

N t er discahtiruaisésintatarial/corfgimoational Bepitope(s)ead/opewhisdr dra) capaple of

d dent | f do t th ded
exper SheEREOHSY e AEPri e hRE S e inar R I ARERRE A A4 T opes, conbi ne
the pxoRenkt; o@ftra?}%dghfc?hﬂbé‘%ve%@ﬁééélﬁ? Qﬁ&ﬂalht)%n?é’tﬂ APP GRAt (RDAPP

epi t ope- spec ic anti In a single nolecule. Antibodies wth the dual
epi t opHcs)peith A|3¢+42y:esa|ﬂede$emmdsi cornpleteppeevention of amylaid degositionnsi der ed

to b ff t | dj c d di t
L0 ¥ b s EabtRot ey gt it Tobhd ATl nEobeRis AR ATGRRRETL ¢
for they @a%lb%?sOflvh%FQ’e\é)Irﬁoféi%P%rrhﬂs émédmtmusﬁairéadwdmiéd kaguest hat in

t he proc aggregation and anyloid deposition conformnational
changeasochseryedistigghsiing entbedynimediatedi cleprarnics efaplanyies dSebsak 1wt dlin

| ubl 4 it dd I
1 br i KTedoTa AP0 Sza T, "Viee i MRasTaCk 1T il SRRDRRRESEN Loy
n266 'p?océ%fufré Q\?é%%écﬂl\}é My Niast tHe Natbﬁﬁlﬁu@adf Wbb@émﬂgﬁlbh@pn@bewbuhbe Al134
may also be a critical parameter. The anti bodi es/anti body nol ecul es of the

pr ese@minoaeidsi bif, (Sehenk et she (1209 |Oép¢lt o0 9EC283Q)i Aglive lmmunizatied bot h
fibrillar ol ubl e A134 ths ef ficacy, thus allo
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t he pepsmsioran anyibogies vatinthenmbbepeteatryl @go and ex vivo efficacy (triggering of
phagocytosis in exogenous microglial cells) were those which recognized AB4 N-
terminal epitopes 1-5 (mab 3D6, IgG2b) or 3-6 (mab 10D5, IgG1). Likewise,
polyclonal antibodies isolated from mice, rabbits or monkeys after immunization with
AB1-42 displayed a similar N-terminal epitope specificity and were also efficacious in
triggering phagocytosis and in vivo plaque clearing. In contrast, C-terminal specific
antibodies binding to AB1-40 or AB1-42 with high affinity did not induce phagocytosis
in the ex vivo assay and were not efficacious in vivo (WO 00/72880). Monoclonal
antibody m266 (WO 00/72880) was raised against AB13-28 (central domain of AB)
and epitope mapping confirmed the antibody specificity to cover amino acids 16-24
in the AB sequence. This antibody does not bind well to aggregated Af and amyloid
deposits and merely reacts with soluble (monomeric) AB, i. e. properties which are

similar to another well-known and commercially available monoclonal antibody (4G8;



Cl earance of anyloid plaques in vivo in PDAPP mice after direct application
of the antibodies to the brain is not dependent on the | gG subtype and may
al so i nvowoa3azoaechani sm whi ch is not Fc-mediated, 1. e. Poo/EPovol7senent of
activated mcroglia in plaque clearance (Bacskai, (2001), Abstract Society
for Neuroscience 31st Annual Meetingg Novenber 10-15, 2001, San Diego).
This observation is in contrast to what has been postulated in an earlier
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| ess active jn this assay (Sol onon, (1997) Proc. Natl. Acad. Sci. USA 94,
4109- £81 PEPR&Ksent i on of AD aggregation by an anti-A(31-28 anti body

(AMY- 33) has al so been reported (Sol onon, (1996) Proc. Natl. Acad. Sci. USA
93, 452-455). In the same study, antibody 6F/ 3D which has been raised
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to epi Ik ' ' - d AD

t e NUEERERA IS Sl diada 5 ARURRH e BRKFTRRRER o B bri R RS

wher egeripheryrifilailecorfplesed taim286 (DuadaittslgedotEoei ¢ig).cryptic, i. e. no

bi ndi ng of the 4G anti body was observed. However, in nononeric AD both
epitopes are overt and are equally recognized by both prior art
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nol ecxample dognstrectt nab' cdnfocrmatiomaicepstopei foomed iby theuderrainal ard gental

f 1i I t | it ) t he, AP [ T " di ti
conf o rekpoRpl 2l actital, spitone ol he. a2 Repl ey Tuoodl seontinupus
am no gs3ald aseBERntdfied H N SppARISY E8IeHMS taPPSk CISIAbITRY tohe N-geBRhaopPes,

respectively, are separated on f3-A4'in its prinmary structure by at |east
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efficacious in vivo, in particular in medical and diagnostic settings for, e.g., reducing
amyloid plaque burden or amyloidogenesis or for the detection of amyloid deposits
and plaques.lt is well known that in the process of AB4 aggregation and amyioid
deposition conformational changes occur, and while the central epitope is easily
accessible in soluble AB4 it appears to be hidden and less reactive in aggregated or
fibrillar AB4. The fact that the central/middle epitope-specific antibody m266 is
efficacious in vivo indicates that neutralization of soluble AB4 may also be a critical
parameter. The antibodies/antibody molecules of the present invention, due to the
dual epitope specificity, can bind to both fibrillar and soluble AB4 with similar
efficacy, thus allowing interaction with amyloid plaques as well as neutralization of
soluble AB4. The term “simultaneously and independently binding to the N-terminal
and central/middle epitopes of 3-A4” as employed herein in context of the inventive

antibody molecules relates to the fact that the antibodies/antibody molecules



| oops. The di sconti nuous epitope recognized by the inventive anti body

nol ecul es resenbles a conformation in which the NNtermnal (residues 2 to
10 or parwe ssharedf) and m ddl e AR peptide sequences (rePCUEPS3/A25¢0 25 or
parts thereof) are in close proximty. Only within this conformation, the
maxi mum nunber of antigen-antibody gontacts and the |owest free energy
state are obtai ned. Based on energetic calculations it has been suggested
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be partially exposed in aggregated AD. However, it is known that major part
of the m ddle/second epitope/region alone is not freely accessible in
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conponents of the confornational epitope and, in conjunction with the
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ant i baig bedreposteatad inharh barliep sfuayrmt Barb(200p) tlopecif. n aggregated AP is

therefore unique and clearly distinct froma-A(34 anti bodi es described in
the prior art. Yet, as poi nt ed out herein above, a further unique feature
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si nul t'anecusTy” an epen recogni z Separ ate
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preferred enbodi nent the invention, the inventive antibody nolecule is

an amifi 152§ wasl rughdesshectivenintthis assayt (Solemeeg(169%) Froe.HeatkAwad: @%e
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gigglgf\gﬂi{ 3?'2\‘!/&2?‘32%%8&7rep$?t¥3'(é§%ﬁ10ﬂ"qqbb@) bREE. N&POad. Scil DBA 484,
452-455). In the same study, antibody 6F/3D which has been raised against AB
fragment 8-17 slightly interfered with Zn**-induced AB aggregation but had no effect
on the self aggregation induced by other aggregation-inducing agents.
The efficacy of the various antibodies in these in vitro assays correlates with the
accessibility of their epitopes in AB4 aggregates. The N-terminus is exposed and N-
terminal specific antibodies clearly induce de-polymerization, whereas the central
region and the C-terminus are hidden and not easily accessible and thus antibodies
against these epitope are much less effective.
Investigations with respect to epitope accessibilty for antibodies have shown that in
aggregated AB the N-terminal epitope is exposed and reacts with the BAP-1
antibody, whereas the middle or central epitope indeed remains cryptic, i. €. no
binding of the 4G8 antibody was observed. However, in monomeric AR both epitopes

are overt and are equally recognized by both prior art antibodies.



The term "di sconti nuous epitope” neans in context of the invention
non-linear epitopes that are assenbled fromresidues fromdi stant portions
of the powgmaptizeae chain. These residues conme together omCrlPoyur7face when
t he pol ypeptide chain folds into a three-dinmensional structure to
constitute a conformational /structurg epitope. The present invention
provi des for preferred, unexpected epitopes within f3- A4, which result in
the inventive generation of specific antibody nol ecul es, capable of
specifically interacting with these epitopes. These inventive
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and a reduced potent| al for side effects. pol nt ed. out above, the
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furthqjamoﬁeﬂre\rle@&. g that the inventive anti bodies b| nd to AP deposits at
the rimof anyloid plaques in, inter alia, Al zheiner's brain and
efficiently dissolve the pathol ogical protofibrils and fibrils. In a
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conpriighsl THe EdHEnudEs Epito hi¥ed LN FAEinURRAE RNt HBRR AEIEREDY.

Further fragnents or r oadened ar?s conpri se: @ RH or It
i s parresembied § cpnisireatiod in Méxich t’@ ufterrbmay(raelkﬂaea I2et00'f0 oheaita\ﬁweof)n

Chown anet aidgie o Bebfiae Ssbigh &y, iRea0ER otiotdemdr MeiteotesES Rt Etene
am no pﬁfﬁki%%P@&‘ﬂ@&lﬁ%ﬁiscéd?ﬁoﬂrﬁ‘atlo?‘ﬁ%é [P AU nuPnigEr &F artitenS&ft es as

shown 1 n SE depict the <coding region andthe amno acid
sequertsditacte spddhe lavgst frsfe emmgylstate@rembtﬁmedxe i nventive, parental
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and 8 depict the coding region and the am no acid sequence,
respe@nltyo@pﬁurfﬁcet gentpibutes most of the binding energy while surrounding residues

may merely constitute a complementary array (Laver (1990) loc. cit.).

The inventive antibodies/antibody molecules are capable of binding to aggregated
AB and strongly react with amyloid plaques in the brain of AD patients (as
documented in the appended examples). In addition, they are capable of de-
polymerizihg/disintegrating amyloid aggregates.

Without being bound by theory, the conformational/structural epitope (composed by
the two regions of AB4 or (a) part(s) of said regions as described herein) is believed
to be partially exposed in aggregated AB. However, it is known that major part of the
middle/second epitope/region alone is not freely accessible in these Ap aggregates
(based on the poor reactivities of middle epitope-specific antibodies 4G8 and m266).
On the other hand, and in view of the considerations mentioned above, it is likely



region of the inventive, parental antibody MSR-8 (MS-Roche 8). Accordingly,
the invention also provides for antibody nol ecul es which conprise a

vari abl e wb-Be7i7en as encoded by a nucl eic acid nol ecul e PEI/EPh®OWTSY N a SEQ
I D NO selected fromthe group consisting of SEQID NO 9, 11 or 13 or a
vari able VL-region as shown. in theqgam no acid sequences depicted in SEQ

I D NOs: 10, 12 or 14. SEQ ID NGs: 9 and 10 correspond to the VL-regi on of
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the 13- A4 peptide as defined herein. In particular, CDR-regions,
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folds into a three-dimensional structure to constitute a conformational/structural
epitope. The present invention provides for preferred, unexpected epitopes within [3-
A4, which result in the inventive generation of specific antibody molecules, capable
of specifically interacting with these epitopes. These inventive antibodies/antibody
molecules provide the basis for increased efficacy, and a reduced potential for side
effects. As pointed out above, the inventive antibodies, however, were also capable
of independently interacting with each of the defined two regions/epitopes of 3-A4,

for example in Pepspot assays as documented in the appended examples.

The present invention, accordingly, provides for unique tools which may be
employed to de-polymerize aggregated AB-fibrils in vivo and in vitro and/or which are
capable of stabilizing and/or neutralizing a conformational epitope of monomeric AB

and thereby capable of preventing the pathological AB aggregation.



regions as shown in any of SEQ ID NOs: 32 to 45 or VL-regions as shown in
SEQID NGs: 46 to 59 or which may conprise a CDR-3 region as defined in
any of , SBQoloBo708&s: 60 to 87. In a particular preferred e®oadiPo®at’s9t he
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versi ofg ®HeMeRIR: coding region and the amino acid sequence, respectively, of the V-
region of the inventive, parental antibody MSR-8 (MS-Roche 8). Accordingly, the
invention also provides for antibody molecules which comprise a variable V| -region
as encoded by a nucleic acid molecule as shown in a SEQ ID NO selected from the
group consisting of SEQ ID NO: 9, 11 or 13 or a variable V_-region as shown. in the
amino acid sequences depicted in SEQ ID NOs: 10, 12 or 14. SEQ ID NOs: 9 and
10 correspond to the V -region of MSR—3, SEQ ID NOs: 11 and 12 correspond to the
Vi-region of MSR-7 and SEQ ID NOs: 13 and 14 correspond to the V| -region of
MSR-8. As illustrated in the appended examples, the parental antibodies MSR-3, -7
and -8, are employed to further generate optimized antibody molecules with even
better properties and/or binding affinities. Some of the corresponding and possible
strategies are exemplified and shown in the appended examples.



and -8 conprise, inter alia, antibody nol ecul es conprising CDRL, CDR2
and/or CDR3 regions as shown in table | or 8 or characterized in any of
SEQ | D NOwo0 03874760 20, 21 to 26, 60 to 74, 75 to 87, 92 amdTEPop0179% and 95
as well as in SEQID NOs: 354 to 413. Most preferably, the antibody of the
i nvention conprises at |east one COf§ preferably a CDRI, nore preferably a
CDR2, nost preferably a CDR3 as shown in the appended table 1, 8 or as
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invention. Accordingly, preferred antibody molecules may also comprise or may also

be derived from antibodies/antibody molecules. which are characterized by Vp-

regions as shown in any of SEQ ID NOs: 32 to 45 or V|-regions as shown in SEQ ID

NOs: 46 to 59 or which may comprise a CDR-3 region as defined in any of SEQ ID

NOs: 60 to 87. In a particular preferred embodiment, the optimized antibody

molecule of the present invention comprises Vu-regions and V| -regions as depicted

in SEQ ID NOs: 88/89 and 90/91, respectively, or parts thereof. Apart thereof may

be (a) CDR-region(s), preferably (a) CDR3-region(s). A particularly preferred

antibody molecule of the optimized type comprises a H-CDR3 as characterized in

SEQ ID NOs: 92 or 93 and/or a L-CDR3 as characterized in SEQ 1D NOs: 94 or 95.

It is preferred that the antibodies/antibody molecules of the invention are

characterized by their specific reactivity with 3-A4 and/or peptides derived from said

B-A4. For example, optical densities in ELISA-tests, as illustrated in the appended



Preferably, the antibody nol ecul e of the invention conprises at |east one,
nore preferably at least two, preferably at |east three, nore preferably
at | east wouws/o7ator e preferably at | east five and nost pr@Cemrebd/g17s¢ x CDRs
of the herein defined MSR-3, MSR-7 or MSR-8 parental antibodies or of
affinity-matured/optimzed anti bodi e3¢ derived fromsaid parental
antibodies. It is of note that also nore than six CDRs nay WD 03/070760
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i nvention. This antibody nolecule may be further nodified in accordance
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| mmnog lé) 89 |1bn maIuhrgdfarn%Ugr\AgprJtlfmized antibody molecules obtainable by the methods
disclosed in the appended examples may comprise modified Vy-, V|-, CDR1, CDR2
and CDR3 regions. Accordingly, the antibody molecule of the invention is preferably
selected from the group consisting of MSR-3, -7 and -8 or an affinity-matured version
of MSR-3, -7 or -8. Affinity-matured as well as cross-cloned versions of MSR-3, -7
and -8 comprise, inter alia, antibody molecules comprising CDR1, CDR2 and/or
CDR3 regions as shown in table 1 or 8 or characterized in any of SEQ ID NOs: 15 to
20, 21 to 26, 60 to 74, 75 to 87, 92 and 93 or 94 and 95 as well as in SEQ ID NOs:
354 to 413. Most preferably, the antibody of the invention comprises at least one
CDR, preferably a CDR1, more preferably a CDR2, most preferably a CDR3 as

shown in the appended table 1, 8 or as documented in appended table 10.

It is of note that affinity-maturation techniques are known in the art, described in the
appended examples and, inter alia, in Knappik (2000), J. Mol. Biol. 296, 55; Krebs



region of an antibody, that is the conbined franmework regions of the
constituent light and heavy chains, serves to position and align the
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for binding to an epitope of an antigen. It is of note that not only cross-
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comprising (a) amino acids 2 to 10 (or (a) part(s) thereof) of -A4 and (b) an amino
acid stretch comprising amino acids 12 to 25 (or (a) part(s) thereof) of -A4 (SEQ ID
NO. 27). Accordingly, the person skilled in the art may generate monoclonal
antibodies against such a peptide and may screen the obtained antibodies for the
capacity to simultaneously and independently binding to/reacting with the N-terminal
and central region/epitope of RA4 as defined herein. Corresponding screening

methods are disclosed in the appended examples.

As illustrated in the appended examples, the inventive antibodies/antibody
molecules can readily and preferably be recombinantly constructed and expressed.
Preferably, the antibody molecule of the invention comprises at least one, more
preferably at least two, preferably at least three, more preferably at least four, more
preferably at least five and most preferably six CDRs of the herein defined MSR-3,
MSR-7 or MSR-8 parental antibodies or of affinity-matured/optimized antibodies
derived from said parental antibodies. It is of note that also more than six CDRs may
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regions (e.g. CDR-regions) from one or more parental or affinity-optimized
antibody(ies) as described herein. These cross-cloned antibodies may be antibodies
in several, different frameworks, whereby the most preferred framework is an 1gG-
framework, even more preferred in an IgG1-, [gG2a or an IgG2b-framework. It is
particularly preferred that said antibody framework is a mammalian, most preferably
a human framework. The domains on the light and heavy chains have the same
general structure and each domain comprises four framework regions, whose
sequences are relatively conserved, joined by three hypervariable domains known

as complementarity determining regions (CDR1-3).

As used herein, a "human framework region" relates to a framework region that is
substantially identical (about 85% or more, usually 90-95% or more) to the
framework region of a naturally occurring human immunoglobulin. The framework
region of an antibody, that is the combined framework regions of the constituent light
and heavy chains, serves to position and align the CDR's. The CDR's are primarily



Most preferred are anti body nol ecul es of the invention which have an
affinity to AL3 or defined fragnents thereof with a Ko val ue | ower than
2000 nM woeBerahkly | ower than 100 nM nore preferably | eaeEPOhents10 nM
nost preferably lower than 1 nM The neasurenent of such
affinity/affinities may be carried ofg by nethods illustrated in the
exarrpl es and known in the art. Such. nethods conprise, but are not |imted
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is, inter alia, to be enployed in nmedic settings, in particular in
pharmaceuti cal conpositions described herein below The invention also
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#7.9H4x7.12.1.2, MS-R #7.11H1x7.2L1, MS-R #7.11H1x7.11L1, MS-R
#7.11H2x7.2L1(L1), MS-R #7.11H2x7.9L1 (L1), MS-R #7.11H2x7.12L1 or MS-R

#8.1H1x8.2L1.

The generation of cross-cloned antibodies is also illustrated in the appended
examples. The above mentioned preferred cross-cloned antibodies/antibody
molecules are optimized/matured antibody molecules derived from parental
antibodies disclosed herein, in pérticular from MSR-3 and MSR-7. in addition, further
characterizing CDR-sequences and V-regions of the cross-cloned antibody
molecules/antibodies are given in appended SEQ ID NOs: 32, 33, 46 and 47 (MSR
3.6H5x3.6.L2; V-, Vi-region); 34, 35, 48 and 49 (MSR 3.6H8x3.6.L.2; Vu-, V|-
regions); 36, 37, 50 and 51 (MSR 7.4H2x7.2.L1; Vy-, V.-regions); 38, 39, 52 and 53
(MSR 7.9H2x7.12.L2; V-, VL-regions); 40, 41, 54 and 55 (MSR # 7.9H4x7.12.L2;



transcri bed by an appropriate vector containing a chineric gene which
allows for the transcription of said nucleic acid nolecule in the cell. In
this respwoto3/ort7éd s al so to be wunderstood that the pol ynkcirapni/aesof the

i nvention can be used for "gene targeting” or "gene therapeutic”
approaches. In another enbodi ment sap@ nucleic acid nolecules are | abel ed.
Met hods for the detection of nucleic acids are mell known in the art,
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het erquggg,s:agn,wnﬂg_r regions. Possible regulatory elenents permtting
expression in for exanple mamral i an host cells conprise the CW- HSV
t hym di ne ki nase pronoter, SV40, RSV-pronoter (Rous Sarcoma Virus), human

el ongah{ AV Shody KR AIIRE Ran My Be HREQIddS H Lubifadliht flahbd ViRt oot er
alia, by recombinant methods known in the art, see, e.g. Bentley, Hybridoma 17
(1998), 559-567; Racher, Appl. Microbiol. Biotechnol. 40 (1994), 851-856;
Samuelsson, Eur. J. Immunol. 26 (1996), 3029-3034.

Theoretically, in soluble 3-A4 (monomeric/oligomeric) both the N-terminal and the
middle epitopes are accessible for antibody interaction and antibody molecules of
the present invention may either bind to the N-terminal or middle epitope separately,
but under these conditions maximum affinity will not be obtained. However, it is more
likely that an optimal contact to the antibody paratope will be attained by
simultaneous binding to both epitopes, i.e. similar to the interaction with aggregated
B-A4. Thus, antibodies of the present invention are unique anti-Ap antibodies in that
they bind to aggregated B-A4 (via interaction with the N-terminal and middle

epitope), and at the same time are also able to stabilize and neutralize the



(Mol oney Mouse Tunor Virus), netallothionein- or tetracyclin-inducible
pronoters, or enhancers, |ike CW enhancer or SV40-enhancer. For

expressi owoioonmger al cells, it is envisaged that neurofi lParEP3/017RCEDF-
NSE-, PrP-, or thy-1-pronoters can be enployed. Said pronpters are known
inthe art and, inter alia, described in Charron (1995), J. Biol. Chem
270, 25739- 25745 For the expression in prokaryotic cells, a nultitude of
pr onot er n for ex | e, Athe, tac r onot er
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The invention also provides for a nucleic acid molecule encoding an inventive

antibody molecule as defined herein.

Said nucleic acid molecule may be a naturally nucleic acid molecule as well as a
recombinant nucleic acid molecule. The nucleic acid molecule of the invention may,
therefore, be of natural origin, synthetic or semi-synthetic. It may comprise DNA,
RNA as well as PNA and it may be a hybrid thereof.

It is evident to the person skilled in the art that regulatory sequences may be added
to the nucleic acid molecule of the invention. For example, promoters, transcriptional
enhancers and/or sequences which allow for induced expression of the
polynucleotide of the invention may be employed. A suitable inducible system is for



| i ke neuronal stemcells, preferably adult neuronal stemcells. Such host
cells may be useful in transplantation therapies. Furthernore, the vector
of the prweanw7i7swventi on nay al so be an expression, a gen®CTIRPanef7/6 or
gene targeting vector. Gene therapy, which is based on introducing
therapeutic genes into cells by ex-vpwyo or in-vivo techniques is one of the
nost inportant applications of gene transfer. Tr ansgem C mce expressing a
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invention is part of a vector.

The present invention therefore also relates to a vector comprising the nucleic acid
molecule of the present invention.

The vector of the present invention may be, e.g., a plasmid, cosmid, virus,
bacteriophage or another vector used e.g. conventionally in genetic engineering, and
may comprise further genes such as marker genes which allow for the selection of
said vector in a suitable host cell and under suitable conditions.

Furthermore, the vector of the present invention may, in addition to the nucleic acid
sequences of the invention, comprise expression control elements, allowing proper
expression of the coding regions in suitable hosts. Such control elements are known
to the artisan and may include a promoter, a splice cassette, translation initiation



Accordingly, the nucleic acid nolecule of the present invention and/or the
above described vectors/hosts of the present invention may be particularly
useful aswopharareceuti cal conpositions. Said pharnaceuti cRCTEPMPOSHE i ons
may be enployed in gene therapy approaches. In this context, it is

envi saged that the nucleic acid nolggules and/or vectors of the present
invention may be enployed to nodulate, alter and/or nodify the (cellular)
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Furt herorsr%tetra%as %8!9}1 descrl%eléln%@siéens elements which are responsible for the
initiation of transcription such regulatory elements may also comprise transcription
termination signals, such as SV40-poly-A site or the tk-poly-A site, downstream of
the polynucleotide. In this context, suitable expression vectors are known in the art
such as Okayama-Berg cDNA expression vector pcDV1 (Pharmacia), pRc/CMV,
pcDNA1, pcDNA3 (In-vitrogene), pSPORT1 (GIBCO BRL), pX (Pagano (1992)
Science 255, 1144-1147), yeast two-hybrid vectors, such as pEG202 and dpJG4-5
(Gyuris (1995) Cell 75, 791-803), or prokaryotic expression vectors, such as lambda
gt11 or pGEX (Amersham-Pharmacia). Beside the nucleic acid molecules of the
present invention, the vector may further comprise nucleic acid sequences encoding
for secretion signals. Such sequences are well known to the person skilled in the art.
Furthermore, depending on the expression system used leader sequences capable
of directing the peptides of the invention to a cellular compartment may be added to

the coding sequence of the nucleic acid molecules of the invention and are well



the art are obtainable fromcell line depositories, |ike the American Type
Culture Collection (ATCC). In accordance with the present invention, it is
furt her nrowe o3emrseaged that primary cells/cell cultures nR¢TAPI®0I76N as
host cells. Said cells are in particular derived frominsects (like

I nsects of the species Drosophila orgglatta) or mammals (like human,

SW ne, nouse or rat). Said host cells may also conprise cells from and/or
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important applications of gene transfer. Transgenic mice expressing a neutralizing
antibody directed against nerve growth factor have been generated using the
“neuroantibody” technique; Capsoni, Proc. Natl. Acad. Sci. USA 97 (2000), 6826-
6831 and Biocca, Embo J. 9 (1990), 101-108. Suitable vectors, methods or gene-
delivering systems for in-vitro or in-vivo gene therapy are described in the literature
and are known to the person skilled in the art; see, e.g., Giordano, Nature Medicine
2 (1996), 534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256
(1992), 808-813, Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77
(1995), 1077-1086; Onodua, Blood 91 (1998), 30-36; Verzeletti, Hum. Gene Ther. 9
(1998), 2243-2251; Verma, Nature 389 (1997), 239-242; Anderson, Nature 392
(Supp. 1998), 25-30; Wang, Gene Therapy 4 (1997), 393-400; Wang, Nature
Medicine 2 (1996), 714-716; WO 94/29469; WO 97/00957; US 5,580,859; US
5,589,466; US 4,394,448 or Schaper, Current Opinion in Biotechnology 7 (1996),



conditions that allow synthesis of said antibody nol ecul e and recovering
said antibody nolecule fromsaid culture. The invention also relates to a
conposi t iwp 0sOMIse Si ng an anti body nol ecul e of the i nventPCarEPos/opsoduced
by the nethod described herein above, a nucleic acid nolecule encoding the
anti body nol ecul e of the invention, z vector conprising said nucleic acid
nol ecul e or a host-cell as defined herein above and optionally, further
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present invention provides for pharmaceutical conpositions conprising the
conpounds of the invention to be used for the treatnent of
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exci pidescabeddyentoinasintef Hice Pg$gnt invention may be particularly useful as
pharmaceutical compositions. Said pharmaceutical compositions may be employed

in gene therapy approaches. In this context, it is envisaged that the nucleic acid
molecules and/or vectors of the present invention may be employed to modulate,
alter and/or modify the (cellular) expression and/or concentration of the antibody

molecules of the invention or of (a) fragment(s) thereof.

For gene therapy applications, nucleic acids encoding the peptide(s) of the invention
or fragments thereof may be cloned into a gene delivering system, such as a virus
and the virus used for infection and conferring disease ameliorating or curing effects

in the infected cells or organism.

The present invention also relates to a host cell transfected or transformed with the
vector of the invention or a non-human host carrying the vector of the present
invention, i.e. to a host cell or host which is genetically modified with a nucleic acid



known in the art and include phosphate buffered saline solutions, water,
emul sions, such as oil/water emul sions, various types of wetting agents,
steril e swbuwBioonriso etc. Conpositions conprising such carr PETEPORO7HE

formul ated by well known WO 03/070760 PCT/ EP03/01759 29 conventi onal

nmet hods. These pharmaceutical conposggtions can be administered to the
subject at a suitable dose. Adm nistration of the suitable conpositions my
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(2000), Nature Med. 6, 919. Preparations for gar enteral adm nistration
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el ect ranhbod!y megieeules rafrtbe inventiorasnclhdisg |Badeﬂ peptide ngaovel, deldinbeey, and
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gases s hhE skbicdionFof theefurefienaltisleBliR! Faeket istithble cell lines known in
the art are obtainable from cell line depositories, like the American Type Cu_lture
Collection (ATCC). In accordance with the present invention, it is furthermore
envisaged that primary cells/cell cultures may function as host cells. Said celis are in
particular derived from insects (like insects of the species Drosophila or Blatta) or
mammals (like human, swine, mouse or rat). Said host cells may also comprise cells
from and/or derived from cell lines like neuroblastoma cell lines. The above
mentioned primary cells are well known in the art and comprise, inter alia, primary

astrocytes, (mixed) spinal cultures or hippocampal cultures.

In a more preferred embodiment the host cell which is transformed with the vector of |
the invention is a neuronal cell, a neuronal stem cell (e.g. an adult neuronal stem
cell), a brain cell or a cell (line) derived therefrom. However, also a CHO-cell



conposition of the invention may conprise further agents depending on the

I ntended use of the pharmaceutical conposition. Said agents may be drugs
acti ng orwDhe/0Ws®3/ 070760 PCT/ EP03/ 01759 30 central nerwougErPsyst’em |ike,
neur oprot ective factors, cholinesterase inhibitors, agonists of M
muscarini c receptor, hornones, anti@xi dants, inhibitors of inflanmmation
etc. Is particularly preferred that said pharmaceutical conposition
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5,849,992. Useful transgenes in this respect comprise the nucleic acid molecules of
the invention, for example, coding sequences for the light and heavy chains of the
antibody molecules described herein, operatively linked to promotor and/or enhancer

structures from a mammary gland specific gene, like casein or beta-lactoglobulin.

The invention also provides for a method for the preparation of an antibody molecule
of the invention comprising culturing the host cell described herein above under
conditions that allow synthesis of said antibody molecule and recovering said

antibody molecule from said culture.

The invention also relates to a composition comprising an antibody molecule of the
invention or produced by the method described herein above, a nucleic acid
molecule encoding the antibody molecule of the invention, a vector comprising said
nucleic acid molecule or a host-cell as defined herein above and optionally, further
molecules, either alone or in combination, like e.g. molecules which are capable of



pol ycar bonate, dextran, nylon, anyloses, natural and nodified cellul oses,
pol yacryl am des, agaroses, and nagnetite. The nature of the carrier can be
ei ther swbuwbloa7er i nsol uble for the purposes of the i nveRCIT@®PO3/MIPY Opri ate
| abel s and nethods for | abeling have been identified above and are
furthernmore nmentioned herein bel owodsuitabl e nethods for
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I odi nati ons, i) horyl ations, biotinylations, etc. are we known in
not llmlted to Alzheimer's dlsease amyothrophic lateral sclerosis (ALS), hereditary
cerebral hemorrhage with amyloidosis Dutch type, Down’s syndrome, HIV-dementia,
Parkinson’s disease and neuronal disorders related to aging. The pharmaceutical
composition of the invention is, inter alia, envisaged as potent inhibitors of amyloid
plaque formation or as a potent stimulator for the de-polymerization of amyloid
plaques. Therefore, the present invention provides for pharmaceutical compositions
comprising the compounds of the invention to be used for the treatment of
diseases/disorders associated with pathological APP proteolysis and/or amyloid

plaque formation.

Examples of suitable pharmaceutical carriers, excipients and/or diluents are well
known in the art and include phosphate buffered saline solutions, water, emulsions,
such as oil/water emulsions, various types of wetting agents, sterile solutions etc.
Compositions comprising such carriers can be formulated by well known
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As illustrated in the appended exanpl és, the inventive antibody nol écul es
are phetafergngntioneddadiors.df hectegimends AROAGHHegRiNfusioantl shauld also be
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precursors,as well as in neurgnal protection, It is_in articular

envi sdB¥RNtiananayrke aaminstareddocally| @ssysternigally-nl dsof st thatmarppetalivn t he
administered antibodies can enter the central nervous system, see, inter alia, Bard
(2000), Nature Med. 6, 916-919. Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, and emulsions. Examples of
non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils such
as olive oil, and injectable organic esters such as ethyl oleate. Aquedus carriers
include water, alcoholic/aqueous solutions, emulsions or suspensions, including
saline and buffered media. Parenteral vehicles include sodium chloride solution,
Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils.
Intravenous vehicles include fluid and nutrient replenishers, electrolyte replenishers
(such as those based on Ringer's dextrose), and the like. Preservatives and other
additives may also be present such as, for example, antimicrobials, anti-oxidants,
chelating agents, and inert gases and the like. Furthermore, the pharmaceutical
composition of the invention may comprise further agents depending on the intended

use of the pharmaceutical composition. Said agents may be drugs acting on the



in vivo prevention of anyloid plaques as well as in in vivo clearance of
pre-existing anyloid plaques/deposits. Furthernore, the antibody nol ecul es
of the i rwenBiorteoray be enpl oyed in passive i mruni zati on PEpEPORCITES

agai nst Al4. Clearance of Al 34/Al 34 deposits may, inter alia, be achieved
by the nedical use of antibodies of 3ghe present invention which conprise
an Fc-part. Said Fc-part of an antibody may be particularly useful in
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anyl oi dogenesi n oid plaque formation. Accordingly, the present
i nventO Qﬂ@ﬁﬂ%ﬁi @GQ?ﬁ Na met hod for treating, preventing and/or

del ayi ng neurol ogi cal and/ or neurodegenerative disorders conprising the
step of adm nistering to a subject suffering from said neurol ogi cal and/or
neur odegepreferréd embadimeet ofdhd/ioventimna tsaibpeposition of hé presend imaa'miion
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the present invention provides for a kit conprising a
the aforementioned compounds of the invention.
Said diagnostic composition may comprise the compounds of the invention, in
particular and preferably the antibody molecules of the present invention, in soluble
form/liquid phase but it is also envisaged that said compounds are bound to/attached

to and/or linked to a solid support.

Solid supports may be used in combination with the diagnostic composition as
defined herein or the compounds of the present invention may be directly bound to
said solid supports. Such supports are well known in the art and comprise, inter alia,
commercially available column materials, polystyrene beads, latex beads, magnetic
beads, colloid metal particles, glass and/or silicon chips and surfaces, nitrocellulose
strips, membranes, sheets, duracytes, wells and walls of reaction trays, plastic tubes
etc. The compound(s) of the invention, in particular the antibodies of the present
invention, may be bound to many different carriers. Examples of well-known carriers
include glass, polystyrene, polyvinyl chloride, polypropylene, polyethylene,



| east one anti body nol ecule, at |east one nucleic acid nolecule, at |east
one vector or at |least one host cell of the invention. Advantageously, the
kit of thwopB®3®nt invention further conprises, optional IPCT(ERP3/IFS er (S),
storage solutions and/or remaining reagents or materials required for the
conduct of nedical, scientific or dfagnostic assays and purposes.
Furthernore, parts of the kit of the invention can be packaged
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above geegRht #iteGctibes ahe ise mte(a) constructing a library of diversified Fab
anti body fragnents derived froman antibody conprising at |east one CDR3

of an VHregion as encoded by a nucleic acid nolecule as WO 03/ 070760
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The son skilled in the art can readily carry out the inventive
net hodglél?ﬁim?ygﬁaseﬁ?ep?té%fﬁﬁibﬂdgé'@t frﬂg‘u&o@g@ﬁscﬁﬂ’g‘%nti on. Optinization
protocols for antibodies are known in the art. These optim zation

protocols conprise, inter alia, CDR walking mutagenesis as disclosed and
i |1 ustlt is prefasedithat aaiddeamppweds of themjesargasyention to be employed in a

diagnostic composition are detectably labeled. A variety of techniques are available
for labeling biomolecules, are well known to the person skilled in the art and are
considered to be within the scope of the present invention. Such techniques are,
e.g., described in Tijssen, "Practice and theory of enzyme immuno assays", Burden,
RH and von Knippenburg (Eds), Volume 15 (1985), "Basic methods in molecular
biology"; Davis LG, Dibmer MD; Battey Elsevier (1990), Mayer et al., (Eds)
"Immunochemical methods in cell and molecular biology" Academic Press, London
(1987), or in the series "Methods in Enzymology", Academic Press, Inc.

There are many different labels and methods of labeling known to those of ordinary
skill in the art. Examples of the types of labels which can be used in the present
invention include enzymes, radioisotopes, colloidal metals, fluorescent compounds,
chemiluminescent compounds, and bioluminescent compounds.



Mol . Biol. 25, 392-403; Schier (1996), J. Mdl. Biol. 263, 551-567; Barbas
(1996), Trends. Biotech 14, 230-34 or Wi (1998), PNAS 95, 6037-6042;
Schi er (1808B/07076uman Anti bodi es Hybri donmas 7, 97; More @TCIEPP3IO01F59 Mol .
Biol. 272, 336. "Panning"-techniques are also known in the art, see, e.g.
Kay (1993), Gene 128, 59- 65. Furtheggmre, publications |ike Borrebaeck
(1995), Anti body Engi neeri ng"” Oxford University, 229-266; I\/bCafferty
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as R Ade gy context of this invention) in step (b) of the nmethod described
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preferpdnlalnylaceutlcal or a diagnostic composition for the prevention, treatment and/or
diagnosis of a disease associated with amyloidogenesis and/or amyloid-plaque
formation. It is further preferred that the compounds described herein, in particular
the antibody molecules of the invention, be employed in the prevention and/or
treatment of neuropathologies associated with modified or abnormal APP-processing
and/or amyloidogenesis. The antibody molecules, e.g in format of (engineered)
immunoglobulins, like antibodies in a IgG framework, in particular in an IgG1-
framework, or in the format of chimeric antibodies, bispecific antibodies, single chain
Fvs (scFvs) or bispecific scFvs and the like are to employed in the preparation of the
pharmaceutical compositions provided herein. Yet, the ahtibody molecules are also
useful in diagnostic settings as documented in the appended examples, since the
antibody molecules of the invention specifically interact with/detect AR4 and/or

amyloid deposits/plaques.



lgGl s, may be tested by nmethods as illustrated in the appended exanpl es.
Such nethods conprise, but are not limted to, the testing of binding

af finiti e’§p oBla7ewet ermi nati on of KD val ues, pepspot anaylPgiEPp3/01759

ELI SA- assays, Rl A-assays, CLIA- assays, (immuno-) histol ogical studies (for
exanpl e staining of anyloid plaquesigg de- polynerization assays or

anti body- dependent R- A4 phagocytoses. In a further enbodi nent of the
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an physiologically acceptable carrier,, K as. described. herein aboye.
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peptide, "Central/mddl e region/epitope” SEQID NO 3 VHregion of
MB- Rogwad ey asiderasity. E@gln@rmp, the antibody molecules of the invention may
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AR4/AR4 deposits may, inter alia, be achieved by the medical use of antibodies of

the present invention which comprise an Fc-part. Said Fc-part of an antibody may be
particularly useful in Fc-receptor mediated immune responses, e.g. the attraction of
macrophages (phagocytic cells and/or microglia) and/or helper cells. For the
mediation of Fc-part-related immunoresponses, the antibody molecule of the
invention is preferably in an (human) IgG1- framework. As discussed herein, the
preferred subject to be treated with the inventive antibody molecules, the nucleic
acid molecules encoding the same or parts thereof, the vectors of the invention or
the host cells of this invention is a human subject. Other frameworks, like IgG2a- or
IgG2b-frameworks for the inventive antibody molecules are also envisaged.
Immunoglobulin frameworks in IgG2a und IgG2b format are particular envisaged in
mouse settings, for example in scientific uses of the inventive antibody molecules,
e.g. in tests on transgenic mice expressing (human) wildtype or mutated APP, APP-
fragments and/or AR4.

The above recited diseases associated with amyloidogenesis and/or amyloid-plaque
formation comprise, but are not limited to dementia, Alzheimer's disease, motor
neuropathy, Parkinson’s disease, ALS (amyotrophic lateral sclerosis), scrapie, HIV-
related dementia as well as Creutzfeld-Jakob disease, hereditary cerebral

hemorrhage, with amyloidis Dutch type,Down’s syndrome and neuronal disorders



CTGGGT GCGCCAAGCCCCT GGGAAGGGT CTCGAGT GGGTGAGCGCGATTAGC
GGTAGCGGECGECAGCACCTATTATGCGGATAGCGT GAAAGGCCGT TTTACCAT

TTCACGT GAVAATHTZANAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGC  PCT/EP03/01759
GGAAGATACGGCCGTGTATTATTGCGCGCGTCTTACTCATTATGCTCGI TATTA

TCGTTATTTTGATGT TTGGGGECCAAGGCACCCTGGRUACGGTTAGCTCAGC (SEQ ID NO 3) SEQ ID
NO 4 VH region of MsS-Roche#3 (am no acid sequence)
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3CCT GGT GCAACCGGGCGGCAGT _
escrpliatimacta Tantpidegenesisatader amyloid plaque

CT ot ”‘(‘ﬁAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGCGATTAGC

GGTA GCACCTATTATGCGGATAGCGT GAAAGGCCGT TTACCATT

TCACGT GAT AAT TCGAAAAACACCCT GTAT CTGOAAAT GAACAGCCT GOGTGCG

GAAGATACGGECCGTGTATTATTGCGECECET
A IR AR S h

NG ShnURrO3418yi §6ﬂe§géd7_r€&369&/%$9ne@r8de°§&1ér9tlw d|§0M@T§ nttisiig e Roche#7

(am no acid se

%_Vﬁmj\/ GRIBUBISRUBQAASGRT FSEYaME\IHROARGK Grapv/Saidsaseurological - and/or
TYYADSVKGRFT K EDTAVYY RGK HKPYGY RYF LVTVSS
( SEQ InBu EQE'SBN% H{S’LerY 9%% anSlbl?Je S%‘(% \{ﬂ u%zl“g LE\/Y\%quence)

afide intibody molecule of the
CTGCGTCTGAGCT ece.eet CCGGATTTACCT TTAGCAGCT ATGCGATGAG

CTGGGIMEBRHCAABCTICE EGaACHBI TS T BESTINGERUAT RACRMpOsition as defined
C{;TAW%CCTATTATGCGGATAGCGTGAAAGGCCGTTTTACCAT

TTCA CACCCTGTATCT GCAAAT GAACAGCCTGCGTGC
GGAAGATACGGCCGT GTATTATTGCGCGCGTCTTCTTTCTCGTGGT TATAATGG

In yet another embodiment, the present invention provides for a kit comprising at
least one antibody molecule, at least one nucleic acid molecule, at least one vector
or at least one host cell of the invention. Advantageously, the kit of the present
invention further comprises, optionally (a) buffer(s), storage solutions and/or
remaining reagents or materials required for the conduct of medical, scientific or
diagnostic assays and purposes. Furthermore, parts of the kit of the invention can be
packaged individually in vials or bottles or in combination in containers or

multicontainer units.

The kit of the present invention may be advantageously used, inter alia, for carrying
out the method of the invention and could be employed in a variety of applications
referred herein, e.g., as diagnostic kits, as research tools or medical tools.
Additionally, the kit of the inveﬁtion may contain means for detection suitable for
scientific, medical and/or diagnostic purposes. The manufacture of the kits follows

preferably standard procedures which are known to the person skilled in the art.

The invention also provides for a method for the optimization of an antibody molecule as
defined herein above comprising the steps of

(a) constructing a library of diversified Fab antibody fragments derived from an antibody
comprising at least one CDR3 of an Vy-region as encoded by a nucleic acid molecule as



TTATTATCATAAGT TTGATGI TTGGEGCCAAGGCACCCTGGTGACGGTTAGCTC  AGC (SEQ ID NGO 7)
SEQ ID NO 8 VHregion of Ms-Roche#8 (am no aci d sequence)
QVQLVESGCEEOWRREERL RL SCAASGFTFSSYAMSWRQAPCKGLEW/SAI SGS PCT/EP03/01759
GGSTYYADSVKGRFTI SRDNSKNTL YLQWNSLRAEDTAVYYCARLLSRGYNGYYH KFDVWGEQGTLVTVSS
(SEQID NO 8) SEQID NO 9 VL-regi oy of MS-Roche#3 (nucleic acid sequence)
GATATCGT GCTGACCCAGAGCCCGECGACCCTGAGCCTGT CTCCGEEGCGAAC

GT%W%%&M sequence of an

T DARASGEAET GGATCCGGCAC
GGATTTTA GACCAT TAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTA

TTGCChndasting ther mentivodctarmitozativaiberpbynroanoagaicat ANABAAAACGTACG ( SEQ

| D NG, 9 | D VL re n of Ms-Roche #3 (am no acid sequence)
DI vu&ﬁ#%ﬁ@ggﬂcﬁg%%%%ﬁ@ v%%‘%YLAW(QQ(PGQAPRLLI YGASSRA

TGVPAIRSESro6diRG Uf Sbleatdd BREM2EMCEINYEIPPVTFGQGTKVEI KRT -~ (SEQ I D NG 10) SEQ

ID NO 11 VL-regi on of M5- Roche#7 (nucl ei ¢ acid sequence) )
GATATEptnnzaiiarcatA W@@@@mmmﬁ@ invention is also

P EFESOEI 0GR AR SRS A P P con

W didn&/epitebds o RANUCEEIEMREed herein or selection
TTT ACCCT GAl T TAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTA | )
TTeCT fadnmrevehexeresairaantthadiser rcene sotodiveniseicresiactioriost@ Bigh&eG ( SEQ
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TGVPARFi Ry RN dn- Bhiked BRRDEREICHCESh S8R TaraRe TS KT 10 (or (a) part(s)

thereof) of -A4 and/or (b) an amino acid stretch comprising amino acids 12 to 25 (or
(a) pari(s) thereof) of B-A4 (SEQ ID NO. 27).

The person skilled in the art can readily carry out the inventive method employing
the teachings of the present invention. Optimization protocols for antibodies are
known in the art. These optimization protocols comprise, inter alia, CDR walking
mutagenesis as disclosed and illustrated herein and described in Yang (1995), J.
Mol. Biol. 25, 392-403; Schier (1996), J. Mol. Biol. 263, 551-567; Barbas (1996),
Trends. Biotech 14, 230-34 or Wu (1998), PNAS 95, 6037-6042; Schier (1996),
Human Antibodies Hybridom'as 7, 97; Moore (1997), J. Mol. Biol. 272, 336.

“Panning”-techniques are also known in the art, see, e.g. Kay (1993), Gene 128, 59-
65. Furthermore, publications like Borrebaeck (1995), “Antibody Engineering”,
Oxford University, 229-266; McCafferty (1996), “Antibody Engineering®, Oxford
University Press; Kay (1996), A Laboratory Manual, Academic Press provide for

optimization protocols which may be modified in accordance with this invention.

The‘optimization method may further comprise a step (ca), whereby the optimized
clones are further optimized by cassette mutagenesis, as illustrated in the appended

examples.

The method for the optimization of an antibody molecule described herein is further
illustrated in the appended examples as affinity maturation of parental antibodies



(SEQ ID NGO 12) SEQ ID NO 13 VL-region of MS-Roche#8 (nucleic acid
sequence) GATATCGIGCTGACCCAGAGCCCGGECGACCCT GAGCCTGT CTCCGGECGAAC

GT GCGACCOVGAGCTIBBAGAGCGAGCCAGAGCGT GAGCAGCAGCTATCTGGEC PCT/EP03/01759
GT GGTACCAGCAGAAACCAGGT CAAGCACCGCGTCTATTAATTTATGGCGCGA

GCAGCCGT GCAACT GEGEGT CCCCECECGT TTTAGCEECT CTGGATCCGGCAC
GGATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTA

A S S T T AT

DI VL T@8pAde WVSSSYLAVWQQ(PGQAPRLLI YGASSRA
TG\/PARFSGSGSGTDFTLT L EPEDFATYYCQQL SSFPPTFGQGTKVEI KRT  (SEQ I D NO 14) SEQ
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(SEQ I' D NO. WO 03/ 070760 PCIT/EPO3/ 01759 41 SEQ ID NO 18 of

VL- r edpiraingf %Rgén@arrmay eba dneregeedcepter FALYSORF (RBQINGD the. ABABSEQ | D
NG .

TCT %—%ﬁn@gﬂtr:%ggpvegébgql qg@g t{lgﬁa %Bleﬁq(@:?tau%é}d'rﬁee ?gset%%e f the optlcrr'?‘lzegT Torer
library by panning is known to the skilled artisan and described in Kay (1993), loc.

cit. Preferably, the identification in step (c) is carried out by ranking according to the
lowest Kp-values.

Most preferably said identification in step (c) is carried out by koff-ranking. Koff-
ranking is known to the skilled artisan and described in Schier (1996), loc. cit.; Schier
(1996), J. Mol. Biol. 255, 28-43 or Duenas (1996), Mol. Immunol. 33, 279-286.
Furthermore, koff-ranking is illustrated in the appended examples. The off-rate
constant may be measured as described in the appended examples.

As mentioned herein above, the identified clones may, for further evaluation, be
expressed. The expression may be carried out by known methods, inter alia, illustrated in
the appended examples. The expression may, inter alia, lead to expressed Fab-
fragments, scFvs, bispecific immunoglobulins, bispecific antibody molecules, Fab- and/or
Fv fusion proteins, or full antibodies, like 1gGs, in particular IgG1.

Optimized antibodies, in particular optimized Fabs or optimized IgGs, preferably
IgG1s, may be tested by methods as illustrated in the appended examples. Such
methods comprise, but are not limited to, the testing of binding affinities, the
determination of Ky values, pepspot anaylysis, ELISA-assays, RIA-assays, CLIA-

assays, (immuno-) histological studies (for example staining of amyloid plaques), de-

polymerization assays or antibody-dependent 3-A4 phagocytoses.

In a further embodiment of the present invention, a method is provided wherein
optimized antibodies are generated by cross-cloning. This method is also illustrated
in the appended examples and comprises the step of combining independently



CDR3 of VL-region of MSR-8 (ami no acid sequence) QQLSSFPP (SEQ ID NO 20)
SEQ ID NO 21 CDR of VHregion of MSR-3 (nucleic acid sequence) CITTACT CAT
TAT G CT wo@3m70740 TAT C G T TAT TTT GAT GIT (SEQ | D NO PEIEPBEQ7FD NO 22
CDR of VH-region of MSR-3 (am no acid sequence) LTHYARYYRYFDV (SEQ I D NO
22) SEQ ID NO 23 CDR of VHregion ogf7 MSR-7 (nucleic acid sequence) GGTAAG
GGTAATACT CATAAG CCT TAT GGI' TAT GIT CGI TAT TTT GAT GIT (SEQ ID NG 23)

SEQ ! ERM@ %@@ég 58%5%‘6,2@% %%‘ﬂﬁ@"‘b‘igﬁ%%f%%‘?@ “Séﬁmgﬁdoﬁ-wsa. 8

(nucl @BR2cat $eQDRIC &bm\Ph §drély Cléie P WIthERCCDRB( Gitefet by TtheCEamECH-CGT GGT
TATAAT GGT TAT TAT CATAAG TTT GAT GIT (SEQ ID NO 25) SEQ ID NO 26 CDR of

VH-re(j-?%3of MBR-8 (am no acid sequence) LLSRGYNGYYHKFDV (SEQ ID NO 26)
SEQ ID NO 27 A(34 (amino acids 1 to 42) '
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAI | GLMWGGW A (SEQ ID NGO 27) SEQ I D NO 28
pri mern @ prefeEEIGETHeABAaHT (Re3inve i datse to 28netRiEfor EhéNpre@ation nka 5' -

S M s TAaBIAS Lo 20 19 20§79 1D 0
5' - TAGShPHmiLAitr \eF @ SintbabiR 4éediing30 the method described herein and
illustrated in the appended examples; and
(b)  formulating the optimized antibody/antibody molecule with an physiologically
acceptable carrier, as described herein above.
Accordingly, the invention also provides for a pharmaceutical composition prepared
by the method disclosed herein and comprising further optimized antibody molecules
capable of specifically recognizing two regions of the beta-A4
petide/Abetad/AR/A4R/RA4, as described herein above.



SEQ ID NO 32 VH of Ms-Roche#3.6H5 x 3.6L2; DNA; artificial sequence
CAATTGGT GGAAAGCGECGECEECCT GGT GCAACCGEEECGECAGCCTECGTC

TGAGCT GCCGBICTIZRCGAT TTACCT TTAGCAGCTATGCGATGAGCTGEGT G PCT/EP03/01759
CGCCAAGCCCCT GCGAAGGGT CTCGAGT GGGTGAGCCCTATTTCTGAGTICTG
GTAAGACTAAGTATTATGCTGATTCTGI TAAGGGT gl TTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAAT GAACAGCCTGCGT GCGGAAGATAC
GCCCGTGTATTATTGCGCGCGTCTTACTCATTATGCTCGT TATTATCGI TATTTT

GATGT TTGGGEECCAAGGCACCCTGGTGACGGTTAGCTCA (SEQ I D NO 32) WD 03/070760

PCT/ EEX2htdlieéd SégushCes @sNecitéd:hgreirt: VH regi on of MS-Roche#3. 6H5 x 3. 6L2;
protein/l; artificial sequence

QL VESGGE. VQPGGSLRLSCAASGFTFSSYAMSVWRQAPGKGLEW/SAI SESCGK
TKWA@%@E%%SBDNSKI\I‘I’LYLQVNSL RAEDTAVYYCARLTHYARYYRYFDV WGQGTLVTVSS ( SEQ
| D NO D NO 34 VH region of MS-Roche#3.6H3 x 3.6L2; DNA;
artifiABRRHPD&§EENce CAATTGGT GGAAAGCGGCGECGECCT GGTGCAACCGEECEECAGCCTGCGTC

TTTACCTTTAGCAGCTATGOGATGAGCTGGGTG
m&&@!@%ﬁw@@mﬁﬁmmmm
TAAGTTTAAGTATTATGCTGATTCTGT TAAGGGTCGT TTTACCATTTCACGT GAT

AATTCGAAAAACACCCT GTATCTGCAAAT GAACAGCCT GCGTGCGGAAGATACG

GCCGTSEX TRNTGCEBCGCGTCTTACTCATTATGCTCGT TATTATCGT TATTTTG

ATGTT GGTGACGGTITAGCTCA (SEQ ID NO 34) SEQ ID NGO 35 prot
VH r edi 3.6H8 x 3.6L2; protein/l; artificial sequence

SRR AT UBATRIR I RIBATEYS, voconyrves (sco

ID NO 35) SEQ ID NO 36 VH region of M5-Roche#7.4H2 x 7.2L1; DNA
art@m nce CAATTGGTGGAAA GGTGCAACCGGEGECGECAGCCTGCGTC
TGA TTTACCTTTAGCAGCTATGCGATGAGCTGGGTG

WW 6@5@%‘?&% ENCRANTTATAATGG
TGCTCGIATTTATTATGCTGAT TCTGI TAAGGGT OGI T TTACCATTTCACGTGAT

AATTCEHAEBACGLRET Gﬁﬁmm CEGGGCGGCAGC
GCCGT GRS TATRIL I X OB GEBATNTARACCTTARGIIAGTCTATGCGATGAG

GTTCGUVGGUEMGUU/S@G@E@@WWA@G@@TGAGCGCGATTAGC
GGTAGCGGCGGCAGCACCTATTATGCGGATAGCGTGAAAGGCCGTTTTACCAT
TTCACGTGATAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGC
GGAAGATACGGCCGTGTATTATTGCGCGCGTCTTACTCATTATGCTCGTTATTA
TCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCAGC
(SEQ ID NO : 3)

SEQID NO: 4
VVH-region of MS-Roche#3 (amino acid sequence)

QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGS
GGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLTHYARYYRYF
DVWGQGTLVTVSS (SEQ ID NO : 4)

SEQID NO: 5
VH-region of MS-Roche#7 (nucleic acid sequence)

CAGGTGCAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGC
CTGCGTCTGAGCTGCGCGGCCTCCGGATTTACCTTTAGCAGCTATGCGATGAG
CTGGGTGCGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGCGATTAGC
GGTAGCGGCGGCAGCACCTATTATGCGGATAGCGTGAAAGGCCGTTTACCATT
TCACGTGATAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCG
GAAGATACGGCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCT
TATGGTTATGTTCGTTATTTITGATGTTTGGGGCCAAGGCACCCTGGTGACGGTT
AGCTCAGC (SEQ ID NO: 5)




(SEQ ID NG 36) SEQ ID NG 37 prot VH region of M- Roche#7.4H2 x 7.2L1;
protein/1;, "artificial sequence WO 03/070760 PCT/ EP0O3/01759 44

QL VESGCEWQRGEBI7TRL SCAASGFTFSSYAMSVWRQAPGKGLEW/SAI  NYNGA  PCT/EP03/01759

Rl YYADSVKGRFTI SRDNSKNTL YLQWNSLRAEDTAVYYCARGKGNTHKPYGYVRY FDVWGEQGTLVTVSS
(SEQ ID NO 37) SEQ ID NO 38 VH reghon of MS-Roche#7.9H2 x 7.12 L2; DNA
artificial sequence CAATTGGIGGAAA GGTGCAACCGEECEECAGCCTECGTC

TGA CGG g CCGCGATTTACCTTTAGCAGCTATGCGATGAGCCTGEGETG

& =eCE eev AGGGT CTCGAGT GGGTGAGCGCTATTAATGCTGATG
AT TS R T TR OSSR EBACCAT T TCAOGT G

TAATT CACCCT GTI ATC'Pgé_ﬁTAAT f\ GCGTGCCGGAAGATAC

GGCCGINQWEASGG@ES&BG&SM EBCARSRETEAS XAMSIMRQAPEIKGLEWVSAISGS

' B0 AEDTANONDARGHGNTBKRIRYGY8) SEQ
| D NQ/R&Q’WWGQ@TLVQ"\@S @EQBDRQOE\G#? 9H2 X 7.12 L2; protein/1; artificial
sequence QL VESGGGLVOPGGSLRL SCAASGFTFSSYAVSWRQAPGKGLEW/SAI  NADGN
RKYYADSVKG RFTI. S' RDNS KNTLYLQM NS LRAE DTAVYYCARGKG NTH KPYGYVR
;{F?\Z/\L/@@@nwwsg (SEQ 1D NO 39) SEQ ID NO 40 VH region of NMs- Roche#? OH4 x
Cnnrriradond i '

T@%Wmmm GGIBEAACCGGGCGGCAGC

CCCCASRE ST CReMEEFEU COSE COCFURCCATTARU ATBLAGUABC TATGCGATGAG

TAT TEX3 CEAS CCEITALSAACEETI PCONG TEEETGAGCGCGATTAGC

AATT ; g A PR AT ACE B ESARSSTCCGTTTTACCAT
GOCGTeF- G AGCCTGCGTGC

ﬁTOT ] K A’%g;@ﬂm § SEQID
Sequg TATAT %gs y T CCAASGCACEETAES é‘é&;’ﬂ?iéd: gei al
QLVESAES (ePEdEl ROSEAASGFTFSSYAVBVWRQAPGKGL EVWSAI NAVGM

SEQID NO: 8

VH-region of MS-Roche#8 (amino acid sequence)
QVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGS
GGSTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLLSRGYNGYYH
KFDVWGQGTLVTVSS (SEQ ID NO: 8)

SEQID NO: 9

VL-region of MS-Roche#3 (nucleic acid sequence)
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGAGCGTGAGCAGCAGCTATCTGGC
GTGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGCGCGA
GCAGCCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCAC
GGATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTA
TTGCCAGCAGGTTTATAATCCTCCTGTTACCTTTGGCCAGGGTACGAAAGTTGA
AATTAAACGTACG (SEQ ID NO: 9)

SEQ ID NO: 10

VL-region of MS-Roche #3 (amino acid sequence)
DIVLTQSPATLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQVYNPPVTFGQGTKVEIKRT
(SEQ ID NO: 10)

SEQ ID NO: 11

VL-region of MS-Roche#7 (nucleic acid sequence)
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGAGCGTGAGCAGCAGCTATCTGGC



KKFYADSVKGRFTI SRDNSKNTL YLQWNSLRAEDTAVYYCARGKGNTHKPYGYVR  YFDVWGQGTLVTVSS
(SEQ ID NO 41) SEQ ID NO 42 VH region of MS-Roche#7.11 HL x 7.11 L1; DNA;
artifici awovsguence CAATTGGT GGAAAGCGCGCGECGECCT GGT GCAACCGBCTEBEHBISN GCGTC
TGAGCTGCGCGGECCTCCCGATTTACCT TTAGCAGCTATGCGATGAGCTGEGT G

CGCCAAGCCCCT GGGAAGGGT CTCGAGT GEGT GAGHA#sTATTAATGCTGCTG
GITTTCGTACTTATTATGCTGATTCTGI TAAGGGTCGTTTTACCATTTCACGTGA

TAATT clerien! gTTATGGCGCGA
TGTT N Y

A{Z) SEQ
4
artl ﬂH%ﬁ Td, 143 TW@@ﬁQ@E@&ﬂ%@W@@ﬁ%&@%@W @Iﬁhﬁsg NAAGF
RTYYABSVIERACIRS KNI HAEDTAVYYCARGKGNTHKPYGYVR  YFDVWAGQGTLVTVSS
(SEQ ID NO 43) SEQ ID NO 44 VH region of MS-Roche#7.11 HL x 7.2L1; DNA;
art M ce CAATTGGTGGAAAGOGGOGECGRECCT GGT GCAACCGGEOGGCAGOCTGOGTC
TTTACCTTTAGCAGCTATGCGATGAGCTGGGTG

FoERfSRet m&ﬁ\%&%ﬁ& AATGCTCCTG
GT TTTW%%#A’N%E "Cﬁ g g?Q%EES-GPRLLIYGASSRA

TAATT A HSQGTKVEIKRT

TGIT FTATT TGGGECCAAGGCACCCTGETGACGGTTAGCTCA  (SEQ 1D NO 44) SEQ
ID NO 45 prot VH region of M- Roche#7.11H x 7.2L1; protein/1; artificial
sequerseQMb N3: 930760 PCT/ EP03/ 01759 46

QL VESGGGEL VQPGGSL RL SCAASGETFSSYAVBWRQAPGKGLEWSG NAAGF

RTYYADSvrege oS RiShBladine#8 (neeie iRamais AGTNEINREKGNTHKPYGYVR  YFDVWGQGTLVTVSS
(SEQ |@MTCS)FGSEGA(ECQ&GAQGCQQGG@%C@CTI@AG&HE@@CE@GG&NEAAQDNA

GGTAWG’GU@G@WW@@G@@CTGGATCCGGCAC
GGATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTA

TTGCCAGCAGCTTTCTTCTTTTCCTCCTACCTTTGGCCAGGGTACGAAAGTTGA
AATTAAACGTACG (SEQ ID NO: 13)

SEQ ID NO: 14

VL-region of MS-Roche#8 (amino acid sequence)
DIVLTQSPATLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQLSSFPPTFGQGTKVEIKRT
(SEQ ID NO : 14)

SEQ ID NO: 15
CDR3 of V\-region of MSR-3 (nucleic acid sequence)

ICAGCAGGTTTATAATCCTCCTGTT|
(SEQ ID NO : 15)

SEQ ID NO: 16
CDRS3 of V| -region of MSR-3 (amino acid sequence)
QQVYNPPV (SEQ ID NO: 16)

SEQ ID NO: 17
CDR3 of V,-region of MSR-7 (nucleic acid sequence)

[TTTCAGCTTTATTCTGATCCTTTT]
(SEQ ID NO: 17)



AGCCGT GCAACT GEGGT CCCGECGCGT TTTAGCGGECT CTGGAT CCGGECACGG
ATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTATTG
CCAGCAGAGYOASAMTEFAT CCTCCTACCTTTGGCCAGGGTACGAAAGTTGAAAT  TASAGBIANOGSY SEQ | D
NO. 46) SEQ ID NG 47 prot VL region of M5- Roche#3. 6H5 x 3.6L2; protein/l1;
artificial sequence

DI VLTQSPATLSLSPC;ERATLSCRASQZLSRYYLAVW@(PGQAPRLLI YGASSRA
TGVPARFSGSGSGIDFTLTI SSLEPEDFAVYYCQQTYNYPPTFGQGTKVEI KRT (SEQ ID NGO 47) SEQ
ID NO 48 VL region of MS-Roche#3.6H3 x 3.6L2; DNA;, artificial sequence
GATAT GHGIDMOCTAGAGCCCGECGACCCT GAGCCTGTCTCCGEECGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGT TTCTTTCTCGT TATTATCTGGCGT

GGTACEHRA A McieaisnTeiAMBRACCEBPEIT FAAFF TR GGOGCGAGT

AGCCGI rCCOSROSCEIT TTAGCGGECT CTGGAT CCGGCACGG

ATTTT GCAGC CCTGAAGACTTTGCGGITTATTATTG
CCAGCAGACTTATAATTATCCTCCTACCTTTGGCCAGGGTACGAAAGTTGAAAT  TAAACGTACG (SEQ I D
NO 48 49 prot VL region of MS-Roche#3.6H8 x 3.6L2; protein/l1;
arti fI%EéEIB @5qﬁ nce

DI VLTQSRRBLS W %Ll YGASSRA
TG/PARFSGSGS@D’EELH SSLEPEDFA % KVEI KRT (SEQ ID NO 49) WO

03/ 0707AC (A CHAUBCTTICIOT TRCCIRETTD NO. 50 VL regi on of MS-Roche#7.4H2 x
7.2L1;(SBRAID Q. fd)ci al sequence
GATATCGT GCT GACCCAGAGCCCGECGACCCT GAGCCTGTCTCCGGEECGAAC
GTGCGACCCTGAGCT GCAGAGCGAGCCAGTATGT TGATCGTACTTATCTGGCG
TW GGTCAAGCACCGCGTCTATTAATTTATGGCGCGAG
CCCGGCGCGT TTTAGCGGECT CTGGATCCGGCACG
GATTT TAORG AL FTIONGIABSEF SCAnPOTaAAGAGUENCEGACT TATTATT
%@éé%r@ é 5(%8&%% TTGGCCAGGGTACGAAAGTTGAAAT  TAAACGTACG (SEQ 1D
d L region of MsS-Roche#7.4H2 x 7.2L1; protein/l;
art| ficial sequence

DI VL TQSPATL SL SPGERATL SCRASQYVDRTYLAWQQKPGQAPRLLI YGASSRA
TGVPARBERIBIGPDRTL TI SSLEPEDFATYYCQQ YSFPHTFGQGTKVE!  KRT

CDR of Vu-region of MSR-3 (nucleic acid sequence)

CTTACTCATTATGCTCGTTATTATCGTTATTTTGATGTT
(SEQ ID NO: 21)

SEQ ID NO: 22
CDR of Vu-region of MSR-3 (amino acid sequence)
LTHYARYYRYFDV (SEQ ID NO: 22)

SEQ ID NO: 23
CDR of Vy-region of MSR-7 (nucleic acid sequence)

GGTAAGGGTAATACTCATAAGCCTTATGGTTATGTTCGTTATTTTGATGTT
(SEQ ID NO: 23)

SEQID NO: 24
CDR of Vy-region of MSR-7 (amino acid sequence)
GKGNTHKPYGYVRYFDV (SEQ ID NO: 24)

SEQ ID NO: 25
CDR of Vu-region of MSR-8 (nucleic acid sequence)



(SEQ ID NO 51) SEQ ID NO 52 VL region of M>-Roche#7.9H2 x 7.12 L2; DNA
artificial sequence GATATCGIGCTGACCCAGAGCCCGGECGACCCTGAGCCTGICTCCGEECGAAC
GT GCGACCOVGAGCTIBBAGAGCGAGCCAGCGT TTTTTTTATAAGTATCTGGECGT PCT/EP03/01759
GGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTCTGGITCTTCTA

ACCGT GCAACT GEGGT CCCGECGCGT TTTAGCGECTAN GGATCCGGCACGEA
TTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTATTGC

o s LG e AR T R e o 0

pr ot ei ial sequence

DI VLTQSPATLSLSPGERATLSCRASQRFFYKYLAWYQOKPGQAPRLLI SGSSNRA
TGVPARFSGSGSGTDFTLTI SSLEPEDFAVYYCLQLYNI PNTFGQGTKVEI KRT (SEQ I D NO 53)
SEQ | BB IDMOVREr egi on of MsS-Roche#7.9H4 x 7.12L2; DNA; artifici al
seque 3 7 3/ 01799 _ 4

i R b MR e R SerlBrsRdoccaoaaac

GTI CCACSRGHNGYXAKROVFISEQASHER T28) TT TATAAGTATCTGGECGT

GGTACCAGCAGAAACCAGGT CAAGCACCGECGTCTATTAATTTCTGGT TCTTCTA
ACCGT GCAACT GEEGT CCCGECECGT TTTAGCGECT CTGGATCCGGECACGGA

TTTTA T : CTTTGCGGTTTATTATTGC

CT TCA%@%T%@%%@ %ACGAAAGT TGAAATTA AACGTACG (SEQ I D
NO. ?{DAEFQHEES@@EWHQKQVFFAEM@BSNKGAIHGLM@WI&IfEEJ@ D N&);27)pr ot ei n/ 1;
artificial sequence

DI VLTQSPATL SLSPGERATL SCRASQRFFYKYLAWYQQKPGQAPRLLI SGSSNRA

TGVPA @ﬁ%pﬁg?‘ﬁ@LEPEDFAWYCLQ_YNI PNTFGQGTKVEI KRT (SEQ ID NGO 55) SEQ
I D NO L regron of Ms5-Roche#7.11 H x 7.11 L1; DNA;, artificial sequence
GATAT GGG AGIERBB CGATRDGAC(SEGMELSIKBIAS) CCGGGCGAAC

GTI'GCGACCCT GAGCT GCAGAGCGAGCCAGCGTATTCTTCGTATTTATCTGGECG
TGGTACCAGCAGAAACCAGGT CAAGCACCCCGTCTATTAATTTATGECGCGAG

CAG:C@'E@ABQIWFTTTAGC&BCTCTGGATCC&BCACG
GATTTTACCCTGACCAT TAGCAGCCT GGAACCT GAAGACT TTGOGACT TATTATT
GCCAGHGBGOGT AT CCERATECEGCTTTCRGET RGPLAGAARAREGTTA-3" (SEQ ID

NO: 29)

SEQ ID NO: 30 primer
5"-CAGGAAACAGCTATGAC-3" (SEQ ID NO: 30)

SEQ ID NO: 31 primer
5-TACCGTTGCTCTTCACCCC-3" (SEQ ID NO: 31)

SEQ ID NO: 32 VH of MS-Roche#3.6H5 x 3.6L2; DNA, artificial sequence
CAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTC
TGAGCTGCGCGGCCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCTGGGTG
CGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGCTATTTCTGAGTCTG
GTAAGACTAAGTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATAC
GGCCGTGTATTATTGCGCGCGTCTTACTCATTATGCTCGTTATTATCGTTATTTT
GATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA (SEQ ID NO: 32)




TTAAACGTACG (SEQ ID NO 56) SEQ ID NGO 57 prot VL region of M5-Roche#7.1 1
Hl x 7.11LI; protein/'1; artificial sequence

DI VLTQSPAVDSBSREHRATL SCRASQRI LRI YLAWYQQKPGQAPRLLI YGASSRAT PCT/EP03/01759
GVPARFSGSGSGTDFTLTI SSLEPEDFATYYCQQ\/YSPPHTFGQGT KVEI KRT (SEQ ID NO 57) SEQ
ID NO 58 VL region of M5-Roche#7.114411 x 7.2L1; DNA;, artificial sequence
GATATCGTCGCT GACCCAGAGCCCGGCGACCCT GAGCCTGTCT CCGGGCGAAC

T AN A AL RS a O Wt 67 e

PCT/ ERR3(I8AZS9 49 CAGOOGT GCAACT GBGGT COCGGOGCGT TTTAGOGGCT CTGGATCCGGCACG
GATTTTACCCT GACCAT TAGCAGCCT GGAACCT GAAGACT TTGCGACTTATTATT
GCCAG@!l%%WCRﬁW%&&M@#@Wk WVBAISERGE (SEQ I D

o Ot > rﬁ;\fﬁﬂb &!%ri[%FQIBN%MTLR%WSERA@D%WA%ETH’MRW%‘#DV

sequence
DI VLTWBQG&W@MBB@%W YLAWYQKPGQAPRLLI YGASSRA
TGVPARFSGSGSGIDFTLTI SSLEPEDFATYYCQQ YSFPHTFGQGTKVEI KRT (SEQ I D NO 59) SEQ
I D NO 60 HCDR3 region of Ms-Roche#3.6H5 x 3.6L2; DNA; art|f|C|aI sequence

CTTACKEG 1D NS §£5VH\ ﬁ&&gﬁ'@ﬁgﬁ%ﬁ%ﬁﬂd%@& PI@am gigfeddudnte! o1 prot

HCDR3 T egi on of Ms-Roc protein sequence
LTHYAF@AAWFGG'KCSEQAF@NGG%ECEEQOGI GOTWG@@@GMBCMSG@@H@#S 6H3

(s ITABC 195 Bae P s SR G A T AR RRAC T SRR C 5. bL2;
PO eI LCARGCOOY FEG GAEEIETC TSR EUAGESURTICTEAGTATI® NO. 64

regi on of MS-Roche#7. 4H2 X 2L1; DNA;, artificial seqguence

TKGﬂ@ﬁﬁIIﬁI@ﬁEQ&ﬁ?@TGﬁﬁ@ﬁﬁﬁ&@ﬁﬁ@ﬁT@ﬁﬁQQﬁijTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACG

GCCGTGTATTATTGCGCGCGTCTTACTCATTATGCTCGTTATTATCGTTATTTTG
ATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA (SEQ ID NO: 34)

SEQ ID NO: 35 prot VH region of MS-Roche#3.6H8 x 3.6L2; protein/1; artificial
sequence
QLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISEYSK
FKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLTHYARYYRYFDV
WGQGTLVTVSS (SEQ ID NO: 35)

SEQ ID NO: 36 VH region of MS-Roche#7.4H2 x 7.2L1; DNA; artificial sequence
CAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTC
TGAGCTGCGCGGCCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCTGGGTG
CGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGCTATTAATTATAATGG
TGCTCGTATTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACG
GCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCTTATGGTTAT
GTTCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
(SEQ ID NO: 36)

SEQ ID NO: 37 prot VH region of MS-Roche#7.4H2 x 7.2L1; protein/1; artificial
sequence ‘



D NO 64) WO 03/070760 PCT/EP03/01759 50 SEQ ID NO 65 prot HCDR3 region
of MS-Roche#7.4H2 x 7.2L1; protein/1l;, artificial sequence
GKANTHKPWSBVRGHDG0 ( SEQ | D NO. 65) SEQ I D NO 66 HCDR3 r egiPCA/EPD3/01759

M5- Roche#7.9H2 x 7.12 L2; DNA;, artificial sequence
GGTAAGGGTAATACTCATAAGCCTTATGGTTATGT GGTTATTTTGATGIT (SEQ 1D NO 66) SEQ ID
NGO 67 prot HCDR3 regi on of #M5- Roche 7.9H2 x 7.12 L2; protein/l;

Fegl oo SRERINIBS S SCARNGH TRy AR DR AR GLERNRANINGA

CCTAARPAYABRICRFHMSREONBKICHTY AAMNSIRAEDTENATCARGKENTHKPYOYVEY SEQ ID
NGO 69 prot HCDR3 regi on of Ms-Roche#7.9H4 x 7.12L2; protein/1; artificial

seque MEA\ERQGTHKPYERRBEN IDMQ: BH) NO 69) SEQ ID NO 70 HCDR3 regi on of
M5- Roche#7.11 HL x 7.11 L1; DNA; artificial sequence
GGTAAGGGTAATACTCATAAGCCTTATGGTTATGTTCGTTATTTTGATGTIT (SEQ 1D NO 70) SEQ I D

NO  7B5EQ o NGBS Ve of MIESRBar&EHFH2 & 12427 DNAJ; antificibbseyuknce
artificial sequence G\ITHKPYGYVRYFD\Ié’éSE | D.NO 7(13) SEQ | D NO. 72 HCDR3
r egi o AATVBGRGGAAAGAGRL GG GEECTRHERT CHAAGCHGE -Go%‘agé}%T%Q)E@om?Go

15 not A8 B e g e R R CTRTEE T AGCTR UGG, (5
pr ot eiCGCCAAGCCOOTREGGFABGEEC BBCGRAGFBEGNMBXEDG CTADTARTEL TGAT G
GTAATCGTAAGTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATAC
GGCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCTTATGGTTA
TGTTCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
(SEQ ID NO: 38)

SEQ ID NO: 39 prot VH region of MS-Roche#7.9H2 x 7.12 L2; protein/1; artificial
sequence _
QLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAINADGN
RKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARGKGNTHKPYGYVR
YFDVWGQGTLVTVSS (SEQ ID NO: 39)

SEQ ID NO: 40 VH region of MS-Roche#7.9H4 x 7.12L2; DNA; artificial sequence
CAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTC
TGAGCTGCGCGGCCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCTGGGTG
CGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGCTATTAATGCTGTTGG
TATGAAGAAGTTTTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGAT
AATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATACG
GCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCTTATGGTTAT
GTTCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
(SEQ ID NO: 40)

SEQ ID NO: 41 prot VH region of MS-Roche#7.9H4 x 7.12L2; protein/1; artificial

sequence



SEQ ID NO 74 LCDR3 region of M- Roche#3.6H5 x 3.6L2; DNA, artificial
sequence CAGCAGACTTATAATTATCCTCCT (SEQ ID NO 74) SEQ ID NO 75 prot LCDR3
regi on ofwbBsRowhe#3. 6H5 x 3.6L2; protein/l;, artificial ®euyErose780TYNYPP
(SEQ ID NGO 75) SEQID NO 76 LCDR3 region of M5-Roche#3.6H8 x 3.6L2; DNA
artificial sequence CAGCAGACTTATAATARTCCTCCT (SEQ ID NG 76) SEQ ID NO 77
prot LCDR3 region of MS-Roche#3.6H8 x 3.6L2; protein/1;, artificial

e e i T M oY A

( SEQ IKKRYADBRIKGRETISRDNSKNT Y 0QMNIMRAEBJIAVY YCARGIKBNTEKPYIBYVR 7. 2L1;

pr ot e'ﬁééygﬂé@pfﬂé/‘%&%Zgggblﬁﬁgggglzfg (§EDN2 | gr{\ﬁ | Z[g?al SESelql[J)erl:lcoe \8/\%

03/ 070760 PCT/ EP03/ 01759 52 CTTCAGCTTTATAATATTCCTAAT (SEQ I D NGO 80) SEQ
ID NO 81 prot LCDR3 region of M5-Roche#7.9H2 x 7.12 L2; protein/1;
arti f iSEQIIDNQudRAA rsgidNOPMSI-BEChe#7 NOH 184 Y . 1SEQ;, DBAY@rtidall<eB@ncegi on of

(Se0 TORET T aAAECREC R e by efa G CRR T A ROARAe TS S 1215

pr ot eITtéAGcalrd;ct;cca@bCW@@W%ENWG@E@G#T@CG&@GE@@?&@@G 84
LCDR3 re I on of NM5-Roche#7.11 Hl x DNA; artificial sequence

G@&@Q@T@TQ@A@IﬁGiEmA@@@GTQSTMTGQWQTGeg| on of
e RO%‘?HT&EﬂCﬁ‘TKTﬁTH@T@A‘?‘r&%ﬁAAGGGTCG| [TTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATAC
GGCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCTTATGGTTA
TGTTCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
(SEQ ID NO: 42)

SEQ ID NO. 43 prot VH region of MS-Roche#7.11H1 x 7.11L1; protein/1; artificial
sequence
QLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSGINAAGF
RTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARGKGNTHKPYGYVR
YFDVWGQGTLVTVSS (SEQ ID NO: 43)

SEQ ID NO: 44 VH region of MS-Roche#7.11H1 x 7.2L1; DNA; artificial sequence
CAATTGGTGGAAAGCGGCGGCGGCCTGGTGCAACCGGGCGGCAGCCTGCGTC
TGAGCTGCGCGGCCTCCGGATTTACCTTTAGCAGCTATGCGATGAGCTGGGTG
CGCCAAGCCCCTGGGAAGGGTCTCGAGTGGGTGAGCGGTATTAATGCTGCTG
GTTTTCGTACTTATTATGCTGATTCTGTTAAGGGTCGTTTTACCATTTCACGTGA
TAATTCGAAAAACACCCTGTATCTGCAAATGAACAGCCTGCGTGCGGAAGATAC
GGCCGTGTATTATTGCGCGCGTGGTAAGGGTAATACTCATAAGCCTTATGGTTA
TGTTCGTTATTTTGATGTTTGGGGCCAAGGCACCCTGGTGACGGTTAGCTCA
(SEQ ID NO: 44)

SEQ ID NO: 45 prot VH region of MS-Roche#7.11H1 x 7.2L1; protein/1; artificial
sequence



artificial sequence QQVYSPPH (SEQ ID NO 85) SEQ ID NO 86 LCDR3 region of
M5- Roche#7. 11HL x 7.2L1; DNA; artificial sequence CAGCAGATTTATTCTTTTCCTCAT
(SEQ I D N©D 086)Y078EQ | D NO 87 prot LCDR3 region of M5 RocRre#EPLIOIAFI X
7.2L1; protein/1l; artificial sequence QQ YSFPH (SEQ ID NO 87) 'SEQ I D NG
88 VH regi on of MB- Roche#7. 9H7; DNA4@rtificial sequence

Caggt gcaat t ggt ggaaagcggcggcggcect ggt gcaaccgggcggcagcect gegt ct gaget gcgeggect c

Lot WODE DR IabT EE B oL T S Eedyaon v ROAHSRBIEHBIRINES" 929°9°

ctt ct RTAYADS\ACGRETISRDNSINTCY OQMNSIRAEDTANAECARGKGNIHIR YaYiRyaaaaaca

ccctg

t at ct gCRYVQEHIM\RIHGES BANS: 48y gccgt gt at t at t gcgecgegt ggt aagggt aat act cat
aag ccttatggttatgttcgttattttgatgtttggggccaaggcaccctggtgacggttagctca (SEQ

ID NO 88) SEQ ID NO 89 prot VH region of MsS-Roche#7.9H7; protein/l1;
artif iSEQIIDI¢QuEB A reQih YERISROMEHITHBLSE.AASCENAS %YNMEW#@@(&BGSQ_EV\X/SAI NAS

(S50 1GARBT 55 CEEGAENBCHGCHC P eG AL oT WA RSCHE G CBRCCARD 1 o1 al

SequUengPGCERBEET ERELAECABMECCAEECATUBF FE PEH PHUPERECTGGCGT

aacgt gcgaccct gagct gcagag cg

agccag@@&"@ﬁ@tg@@@@@%@%@@J@W@m@gﬁmﬁwaﬁ@mﬁ@s@%m aatttat
agcag3%&8&5%%‘6@%Q%ISQ&Q?P&%ﬁ&lﬂﬁ&b‘%@?@g@%&@&gﬁ%?&%@%ccat ta

g cag A’FF'DTAJC@@I@AGOAWAB@A@GGUGGN’?GCW@*A@AWW‘G@G@I TATPART@EL at g
cctattacctttg ccag ¢ to cg a a agttgaaattaaac acgé&AE(%_IDNO 90) SEQ
D NoCOAGHABAGT TAANTTATCOIGBTNGET TTBCCEARE GTEGARATequence
DI VLT SSYLAWQQKPGQAPRLLI YGASSRA
TWPA%@%%@W@WQQ YNWPI TFGQGTKVEI KRT (SEQ I D NO 91) SEQ

I D NO 92 HCDR3 region of Ms-Roche#7.9H7; DNA; artificial sequence

thaa taatactcataagccttatggttat ttegttattttgatgtt (SEQ ID NO 92) SEQ ID
RotD S mset M- sedive- oo CHEF3- BT eIl RifteiRilei aflificigequence

I—%ﬁﬁ% YFDV (SEQ I D NO 93) SEQ ID NO 94 LCDR3 region of

I\/B- Roc 7; DNA; artificial sequence
DIVLTQSPATLSLSPGERATLSCRASQFLSRYYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQTYNYPPTFGQGTKVEIKRT

(SEQ ID NO: 47)

SEQ ID NO: 48 VL region of MS-Roche#3.6H8 x 3.6L2; DNA, artificial sequence
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGTTTCTTTCTCGTTATTATCTGGCGT
GGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGCGCGAGC
AGCCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGG
ATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTATTG
CCAGCAGACTTATAATTATCCTCCTACCTTTGGCCAGGGTACGAAAGTTGAAAT
TAAACGTACG (SEQ ID NO: 48)

SEQ ID NO: 49 prot VL region of MS-Roche#3.6H84 X 3.6L2; protein/1; artificial
sequence
DIVLTQSPATLSLSPGERATLSCRASQFLSRYYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCQQTYNYPPTFGQGTKVEIKRT
(SEQ ID NO: 49)



Cttcagatttataatatgcctatt (SEQ 1D NGO 94) SEQ ID NO 95 prot LCDR3 region of
MS- Roche#7. 9H7; protein/1l; artificial sequence WO 03/070760 PCT/ EPO3/01759
54 LQ YNMPD 038EQe0 D NO 95) Further illustrative sequence®CarEPosiepscted in
t he appended sequence listing and are also shown in the appended tabl es,
in particular tables 1, 8 and 10. ThgyFi gures show Figure 1 Sequence
summary of HuCAL(r)-Fabl Library The nunbering is according to VBASE except
the gap in VLA, position 9. In VBASE the gap is set at position 10
(Chothia et al., 1992). In the sequence summary all CDR3 residues which

ver e k$BQ IDoNSL 80tViareyion bfiMSaRedhe£pAH2SPDRAN NDNFE Guiicigisseguehoyed for the
HUCALsééﬁ' é\Lébrar can _be found in the %zﬁ_ended sequence listin A am no
aci 0 GAIATESTEC THICCEARMNSEGE GHGEAC %@9%&@3@&69@@8@9 18 Fab
Vect org RE PNV g‘gggg@

express??r? vegtor W’)gdg@t ec?@?‘trgaTé?T%mé?ﬁ uence |n§ICt?’gl ng

r est r i EBGAMCCASEABHAMAE CAGE] M@@MCG@GT@T&'ﬁTﬁATF&HﬁG@@@GAG

reque A AT b AR i AR b A By AT R Rl B o

cr yOSt@ATTm‘OGE‘T GfAdEW?FAG@K@C@TG@AA@CT@MGN@ﬂFP@C‘@X@T T/SJ??A?QL Wi th

VG- Fab anels) and M5-R # 7.4 Fab (| ower panel

gg/ m QSCéZfAGq:}AEEéXL@TPa'h BTHICATGATAGC TIARzEELCAGRETALCAAGENT TGABART ng
cond| t ) reveal ed by goat anti-human-Cy3. WO
03/ 070 WP@@%%&@%%. gure 6: Indirect imunofluorescence of
anyl oi d- pl aques froma cryostat section of human tenporal cortex. The

pl aques_were | abel ed with Ms- R#33I up anels) and Ms-R # 7.12
G (SEGeID NG Pt Vb, BSiahohMBtReGheITHENA Y AL, blotela/it artfeiaht

panel SQeoHl’é‘fil% stringent
DIVLTQSPATLSLSPGERATLSCRASQYVDRTYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQIYSFPHTFGQGTKVEIKRT
(SEQ ID NO: 51)

SEQ ID NO: 52 VL region of MS-Roche#7.9H2 x 7.12 L2; DNA,; artificial sequence
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGCGTTTTTTTTATAAGTATCTGGCGT
GGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTCTGGTTCTTCTA
ACCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACGGA
TTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGGTTTATTATTGC
CTTCAGCTTTATAATATTCCTAATACCTTTGGCCAGGGTACGAAAGTTGAAATTA
AACGTACG (SEQ ID NO: 52)

SEQ ID NO: 53 prot VL region of MS-Roche#7.9H2 x 7.12 L2; protein/1; artificial
sequence
DIVLTQSPATLSLSPGERATLSCRASQRFFYKYLAWYQQKPGQAPRLLISGSSNRA
TGVPARFSGSGSGTDFTLTISSLEPEDFAVYYCLQLYNIPNTFGQGTKVEIKRT
(SEQ ID NO: 53)

SEQ ID NO: 54 VL region of MS-Roche#7.9H4 x 7.12L2; DNA; artificial sequence



bl ocki ng conditions. Bound M5-R I gGl anti body was reveal ed by goat
anti-human (H+L)-Cy3. Figure 7: Indirect imunofl uorescence of

anyl oi d- pWe@a®376¢6 om a cryostat section of human tenpor alPCE®EPOEXI76S1 Ng
anti bodies after final affinity nmaturation. The plaques were | abeled with
M>-R # 7.9.H7 IgGL (MAB 31, top pag gl), MS-R# 7.11. HIx7.2.L1 1gGL (MAB
11, mddle panel) and M5S-R # 3.4.H bottom panel ). Antibodi es were used

o1 oci AT Chacte B RRORBGAR eyt o RRI IR Sep B Bl ant -

hunﬁngﬂtﬁ@; ASCCTEMETGEABABLTAGE ONGCETIU T B TANAGTATOIGBEEEsay .-

Anti-A(3 anti bodi es prevent incorporation of bioti ?I ated AR into
pr ef o HBTAGCARGACHRACCASGILEAAGCARCESGRETATIAAIT ISEGETTAETCTA3

1o TR TCheYE e TR P g eh R gl A e G R AR oni ¢

mouseTafrtrwccotrea\\cemmm@mm@cm@AACO@MSGMITETGGG@VT?AWAXTGZ: 12.L2.
After three @H‘é’Tﬁr he nouse erfused with phosphate- buffered saline and

sacri STJ&AG 'FRSETQCT ¢ ETEGRFRAGSECANMAGAMAGITE,
I f I 1 ' f
reveaéﬁ%ﬁeggﬁﬁ IDnNér opy after labelling cryostat sections fromt he

front a goa nt| human 1 gG Cy3 conjugate (panel B). The
sane section was counterstained with an anti-Abeta nouse nobnocl onal

tib BAP- 2- Al 4388 I f
Ay o%gycg,ﬁaqups 55 ok VBB e8! W RGP 68 Hbo7 B2bd) o106 SalEiztel &)
and gg ?6@\3 @anel A) channels, nerged i mage (panel D) and colocali zed

Sl

(pance ghal s are shown. Scale: 1 cm= 50 pm Figure 11: In vivo
decor EIIVb'IﬁQGPAaTIySmHGEWd&RASQRMPEAVMQI@G@WSGSSM&Ae after

conal  COIABRIRGRRTTY TrbBEPE R BT AL P e bRt e 0t e

| egengs qmqujg 530. Scale: 1.6 cm= 50 pmFigure 12: In vivo decoration of
anyl oi d aques in an APP/ PS2 doubl e transgenic nouse after intravenous
I nj ectlon of 1ng MS-Roche 1gG #7.11. HL x

SEQ ID NO: 56 VL region of MS-Roche#7.11H1 x 7.11L1; DNA, artificial sequence
GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGCGTATTCTTCGTATTTATCTGGCG
TGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGCGCGAG
CAGCCGTGCAACTGGGGTCCCGGCGCGTTTTAGCGGCTCTGGATCCGGCACG
GATTTTACCCTGACCATTAGCAGCCTGGAACCTGAAGACTTTGCGACTTATTATT
GCCAGCAGGTTTATTCTCCTCCTCATACCTTTGGCCAGGGTACGAAAGTTGAAA
TTAAACGTACG (SEQ ID NO: 56)

SEQ ID NO: 57 prot VL region of MS-Roche#7.11H1 x 7.11L1; protein/1; artificial
sequence
DIVLTQSPATLSLSPGERATLSCRASQRILRIYLAWYQQKPGQAPRLLIYGASSRAT
GVPARFSGSGSGTDFTLTISSLEPEDFATYYCQQVYSPPHTFGQGTKVEIKRT
(SEQ ID NO: 57)

SEQ ID NO: 58 VL region of MS-Roche#7.11H1 x 7.2L1; DNA, artificial sequence

GATATCGTGCTGACCCAGAGCCCGGCGACCCTGAGCCTGTCTCCGGGCGAAC
GTGCGACCCTGAGCTGCAGAGCGAGCCAGTATGTTGATCGTACTTATCTGGCG
TGGTACCAGCAGAAACCAGGTCAAGCACCGCGTCTATTAATTTATGGCGCGAG



7.2.L1 (MAB 11). Experinental conditions and staining procedure were
identical to those described in the | egend of figure 10. Scale: 1.4 cm= 70
pm Fi gur ew03d3/07at6vi vo decorati on of amyl oi d pl aques i n anPAPRPRSR176DUDI e
transgenic nouse after intravenous injection of 2 ng MS-Roche 1gG #7.9. H/
(MAB 31) at day 0, 3, and 6. After rnjgie days the nouse was perfused wth
phosphat e-buffered saline and sacrificed. The presence of human |19gG bound

to a i i ng
or yos GROE S ToHEN B e PER A Br Tt et CCharitiye & s
conj UGBATTTPACEICTRIACORT TROEABTETGGCARSC TEAAGACTTAGEGAGTTAEIATT
anti - Abet a nouse nonocl onal anti body éBAP— 2- Al exa488 con u&a_te anel
fo Vi GRCABCABRTRIRATIGHT BTCRTAAIACCHT EGECAB G TAGGAMET TGARST B and
green ged i mge (panel D) and col ocalized (panel O
Si gnalﬁﬁﬁ@b;@ecégﬁg\ﬁﬁggal 7 1.6 cm= 80 pm(panels A, B, C; 1.0 cm50
pm ( panel Figure 14: In vivo decoration of anyloid plagues in an
APP/ PS2 doubl e transgenl c nouse after int ravenous injectiog
VB RoGEQ! BONGY. 5 it VL redion of (WRERacheRd: | ay 20724 ta o e geiaint a
condi tée% P ahd WO 03/070760 PCT/ EPO3/01759 57 staining procedure were

0

identic those described in the | egend of figure 13. Scale: 1.6 cm=
80 pm[ﬂi\/@,ﬂ' QS HATLEL 88 GHRANSS @RAS @Y VERITYLAVSY QQKBGOARRLD YCRASSRA f ace

'rAI\EE tﬁ%gpg‘g%é@ﬁé@w?kﬁg@%d%t?giﬁﬁﬁ*ﬁﬁ%éﬁ&%ﬁ%e exanpl es

| T ustsgdce | N:iggyenti on. Exanple 1: Construction and Screening of a Human
Combi natorial Anti'body Library (HuCAL(r)-Fab 1) C oning of HuCAL(r)-Fab I
HUCAL(r) - Fab lis afully synthetlc nodul ar human antibody library in the

- antTE0a) . NCbr 87, PG oor &7 MssRocRarhel® LSE7) T, 2ridid Trom

Knapplsl@qﬁgﬁ@é)) J. Mol. Biol. 296, 57-86). VA p05|t|onsl and 2. The

origi nal HuCAL(r_l) mast er enes were constructed with the
CTTACTCATTATGCTCG ATTATCGTTATTTTGATGTT (SEQ ID NO 60)

SEQ ID NO: 61 prot HCDR3 region of MS-Roche#3.6H5 x 3.6L2; protein/1; artificial
sequence
LTHYARYYRYFDV (SEQ ID NO: 61)

SEQ ID NO: 62 HCDRS3 region of MS-Roche#3.6H8 x 3.6L2; DNA; artificial
sequence
CTTACTCATTATGCTCGTTATTATCGTTATTTTGATGTT (SEQ ID NO: 62)

SEQ ID NO: 63 prot HCDR3 region of MS-Roche#3.6H8 x 3.6L2; protein/1; artificial

sequence
LTHYARYYRYFDV (SEQ ID NO: 63)

SEQ ID NO: 64 HCDRS3 region of MS-Roche#7.4H2 x 7.2L1; DNA,; artificial

seguence
GGTAAGGGTAATACTCATAAGCCTTATGGTTATGTTCGTTATTTTGATGTT (SEQ
ID NO: 64)



authentic N-termni: VL21: S (CAGAGC), VLX2: @S (CAGACC), and VL2 3: SY
(AGCTAT). Sequences contai ning these am no acids are shown in WO 97/08320.
Duri ng HMOLEH0Yo766 brary construction, the first two am noPaTIEPe3/ETsE
changed to DI to facilitate library cloning (EcoR site). Al HuCAL(r)

i braries contain VLF, genes with thgg EcoRV site GATATC (D) at the

5 -end. Al HuCAL(r) kappa genes (naster genes and all genes in the

l'i brar, . (pfad v itiopl., The
or i a1 1t QrERNE) B Mref HSOIg rea Bran G IR achen T, ThL 1 rRicPERl el

N-t er seguend#ilA, VH B, VH2, VH4, and VH6 with Q (=CAG as the first. am no
acid ﬂg and VH5 with E EGAA as the first amno acid. Sequences

cont aiPRGEH HHESXCIMRG QY (@EQHE NRH i n WO 97/08320. Duri ng cl oning of
the HuCAL(r)-Fabl library, amno acid at position | of VH was changed to Q
(CAG in all VHgenes (figure 1 A and B). Design of the CDR |libraries WO
03/ 07GEBQ BCINEPES HOBR3 fYyidk WIVKEB-Roshe#0OHZSx Bd@alule NA] letificislset t e
nmut agenesi s procedure used to introduce the CDR3-library (Knappik, (2000),
| oc. c,sieg.u?PC%OSi tion 85 of VK1 and Vx3 can be either T or V. Thus, during
HUCAL (GGTARIYE GTANROTCATARCGETTATGFTATET TRIG PTATVRE GG 3@@@ vari ed
as follows: VK1 original, 85T (codon ACC); VK1 library, 85T or 385V (TRIM
codondDAYD: 66) GTT); VK3 original, 85V (codon GIG; VK3 library, 85T or 85V
(TRI' M codons ACT or GIT); the sanme applies to HUCAL(r)-Fabl. CDR3 design.
Al'l CDR3 residues, which were kept constant, are indicated in figure 1 A
and B.SEDRD IROgtET. pidte HODRY NedidrPisiMSRoshali7SOHR bt7. 02 L3 pRotépl/{ons.-
Resi dues, which were varied are shown in brackets (x) in figure 1. V kappa

CDR3, agtifigiahReorenge resi dues (position 89 to 96) (occasionally 7-10
resi d@ﬁé@lmkﬁvﬁ%ﬁﬁﬁﬁv (ggb F@&lo:fé ed; and VH CDR3, 5 to 28 am no acid
posi tion to 1 occas

resi dues ionally 4-28), with D101 fi xed.
HUCAL(r)-Fab 1 was cloned into a phagem d expressi on vector

pMORP 18 Fahl fiqure 2).. This vector c rises_the Fd fragnent with a
Phon Semall oBbh it HEDEG Thaion; E NSTRAHEHTIH 5 . Gbaaiduhg Sdiah

pr ot eiggqeknté | ament ous phage, and further conprises the |ight chain VL-CL
wi th an onpA signal sequence. Both chains are wunder the control of the |ac
oper orfsGTAAGGRIAANIACTDOATAAGRCTTATGG TFATGTE CGTTATETTCATGBIEE (IUEQy
corrpatlb_tl}ﬂé_ %f)h t he nodul ar system of HuCAL(r) (Knappik, (2000), |oc.
cit.). ‘ l e VHchain (Muni/ Styl -fragnent) was replaced by a 1205 bp

dunmy
SEQ ID NO: 69 prot HCDR3 region of MS-Roche#7.9H4 x 7.12L.2; protein/1; artificial
sequence
GKGNTHKPYGYVRYFDV (SEQ ID NO: 69)

SEQ ID NO: 70 HCDR3 region of MS-Roche#7.11H1 x 7.11L1; DNA; artificial
sequence
GGTAAGGGTAATACTCATAAGCCTTATGGTTATGTTCGTTATTTTGATGTT (SEQ
ID NO: 70)

SEQ ID NO: 71 prot HCDR3 region of MS-Roche#7.11H1 x 7.11L1; protein/1;
artificial sequence
GKGNTHKPYGYVRYFDV (SEQ ID NO: 71)

SEQ ID NO: 72 HCDR3 region of MS-Roche#7.11H1 x 7.2L1; DNA; artificial
sequence -



fragnent containing the 1li-lactanmase transcription unit (bla), thereby
facilitating subsequent steps for vector fragnment preparation and all ow ng
for sel ecwpD®a/oof760 conpl ete VH renoval . After VH repl acene®CI/EPLI0179@S
renmoved by EcoRI/Dralll and VLK by EcoRI /Bs1W and replaced with bacterial
al kal i ne phosphatase (bap) gene fraggent (1420 bp). As the variability of
the light chains is |ower than that of the heavy chains, cloning was

i br s EAGGETAN AT TR GG AT EGTTRTE T eR IR T Gt Tr 'S
HUCAL(D NGcF) |ibrary (Knappik, (2000), loc. cit.) were also used for

cloning of HUCAL(r)-Fabl. In case of ),they consisted of the ? 1-, X2- and
2 3-HUCAL(r)-franmework and had a total variability of 5.7 WD 03/070760

PCT/ E ) Via: bi & 4 5 qycl es

( Pwo- %?ﬁ%@eﬁ% ?h%§ﬁ3$§§°”5°{@m$%@gﬁ ﬂ%’rg%h)aﬁ@&%) and
5' - ASEGUEHEACT CGGT GCGCCTTTCGECTGGECCAAGAACGGTTA-3 (SEQ D NO  29).

PCR- pr. C r j e it oRv/Dralll and gel-purified. In case of

t he V&éN&WY@m\é?@gﬂr@J ﬁg% noved by EcoRV/Dralll fromthe

i brary vector. 2 pg of gelpurified vector were ligated with a 3-fold

nol ar excess of VL-- chains for 16 h at 16C, and the ligation m xtures were
el ect Sir B eNO: n7400CPIRE. regival iof TKIStRBChe#3.6HEI v i3 Glatje DNAy iagtifitiiaig
altogether 4.1 x 108 i ndependent colonies. The transformants were

anmpl i PPEWEHSout 2000-fold in 2 x YT/ 1 % gl ucose/ 34 pg/ n

chl or gabeaGAETIRPARTTHTEOPCET (SEQ IDaN@er4ed and stored in 20% (w v)
glycerol at -80C. The x libraries conprise the x1-, x2-, x3- and

Xx4- HUCAL(r) master genes with a total wvariability of 5.7 x 106. VL -chains

cace SEQIENRRYEEPLHDRS RedeR SMSR dne RS B ) B9 o 1 e

| i br asgquende®r. 2 pg of gel-purified vector were mixed with a 5-fold nolar
excess of VLK chains. Ligation and transformation into E. co/i TOP1OF

cel |l SQQF¥NtYrPd:§§ﬁ)_'-Qv@sNQéI75br med as described for VLa,-chains, yielding

altogether 1.6 x 108 i ndependent colonies. DNA of the two |ight chain

| i brari es was prepared and the bl a-dunmy was renoved by Munl/Styl, thereby
gener 8E@gID hHC: wa6 vECDRS regioni o eMS-Bioché#3 618Vt SuBl-2;i BN, estificidlhe VH
libraries of HUCAL(r)-scFv were used for the generation of HuCAL(r)- Fabl.
The VECAFEYSHR i es of HUCAL(r)-scFv consist of the master genes VH A/ B-6

di ver GAGEAGACTIAPATHATERBCOT @I g0INDe76) brary cassettes differing in
CDR3 length separately, and each VHIlibrary conmbined with the VL,,- and
with the VLF,-library. For
SEQ ID NO: 77 prot LCDR3 region of MS-Roche#3.6H8 x 3.6L2; protein/1; artificial
sequence

QQTYNYPP (SEQ ID NO: 77)

SEQ ID NO: 78 LCDR3 region of MS-Roche#7.4H2 x 7.2L1; DNA; artificial
sequence
CAGCAGATTTATTCTTTTCCTCAT (SEQ ID NO: 78)

SEQ ID NO: 79 prot LCDR3 region of MS-Roche#7.4H2 x 7.2L.1; protein/1; artificial
sequence
QQIYSFPH (SEQ ID NO: 79)

SEQ ID NO: 80 LCDR3 region of MS-Roche#7.9H2 x 7.12 L2; DNA; arttificial
sequence ‘



t he generation of the HuCAL(r)-Fabl DNA fromthese VH libraries was

prepared preserving the original variability. The DNA was digested with

Munl / St ylwerndiogebe purified. A 5-fold nolar excess of. th@CVHPohigi7es was

ligated with 3 pg of the VLa,- library vector and with 3 pg of the Vi

-t-library vector for 4 h at 22C. Thgoligation mxtures were

el ectroporated for each vector in 1200 pl E. coli TOP1OF cells

(I'nvit Lrw]e i ndependent col onies. The

transf%f?%ﬁpgﬁmﬁég@%ﬁl d&Rﬁéﬁé&%H@g&& in 2 x YT/1 % gl ucose/ 34

pg/ m chlor arrphenl col /10 pg/m tetracycline, harvested and stored in 20%

(W' v) %écﬁig}l - 80C. WO 03/ 070760 PCT/ EPO3/ 01759 60 As quality control

the I i Q: a§11d prﬁ%ta\!'@%% egign of H\ﬁﬁeR@?ngHBsXs%&@eh%eéfo’fﬁ,{rt/h
@C 3 (SEQ 1D NO 30) and 5'- TACCGITGCTCTTCACCCC- 3" ( SEQ

I D NO 31 respectively. Phagem d rescue, phage anplification and

puri fiL@IYNPPN-I(JmQ(ID NEaB1) was anplified in 2 x TY nedi um contai ning 34

pg/ M  chl oranpheni col, 10 pg/m tetracycline and 1 % glucose (2 x TY-CG).

After helper phage infection (VCSMI3) at 37C at an OD600 of about 0.5,

cent [ iSEQAID ONCANG2 LEOREP8gbANoF MS-Rodhkd7, @14%9%/7*13)%9’21 BAPhepigel /50

pg/ M kananycin cells were Qrown overni g t at age were

PEG prsggiupheé@at ed from the supernatant (Ausubel, (1998), Current protocols

' CEAGCLEABATITIRARY Geftiing Ty 1o Tk, U 1 esuspendec

panni ng rounds was conducted as follows: md-1og phase TQd-cells were
infected with eluted phage and pl ated onto LB-agar supplenmented w th 1% of
ol ucoSEQ N@: 83/nipt EEDHA waiemAEMSBPChe#E 8HAoy &rRLahprateinlib artiizialt  30C
col onigy ugﬁég scraped off, adjusted to an OD600 of 0.5 and hel per phage
added escri bed above. Exanple 2: Solid phase panning Wlls of

Maxi SAQGITYINIRN (BEQLIEy NDa833 F96 (Nunc) were coated with 100 lal 2.5 .tM
human AR (1-40) peptide (Bachenm) dissolved in TBS containing NaN3 (0.05%
viv) and the sealed plate was incubated for 3 days at 37 C where the

pepti S|Pryene e e I non- f at
dri ed(gn%?qun@Bss@f@gggl%%& E??CXFGFS%@;? gﬁgge&pzrﬁ? 39\(!15 a (I)]J\ijcogglmere
added seguenceén at 20C. After several washing steps, bound phages were

neut  ACERGHT AR TEHGRT SCECRLSEQIRND: Bl nde o1 " Panning were

performed with phage anplification conducted between each round as

descri bed above t he washi ng stringency was increased fromround to round.
SEQ ID NO: 85 prot LCDR3 region of MS-Roche#7.11H1 x 7.11L1; protein/1;

artificial sequence
QQVYSPPH (SEQ ID NO: 85)

SEQ ID NO: 86 LCDRS3 region of MS-Roche#7.11H1 x 7.2L1; DNA; artificial
sequence
CAGCAGATTTATTCTTTTCCTCAT (SEQ ID NO: 86)

SEQ ID NO: 87 prot LCDRS3 region of MS-Roche#7.11H1 x 7.2L1; protein/1; artificial
sequence
QQIYSFPH (SEQ ID NO: 87)

SEQ ID NO: 88 VH region of MS-Roche#7.9H7; DNA,; artificial sequence
Caggtgcaattggtggaaagcggecggeggectggtgcaaccgggcggeagectgcgtctgagetgcgeggectc
cggatttacctttagcagctatgcgatgagctgggtgcgecaageccectgggaagggtctegagtgggtgagegcetat



Exanmpl e 3: Subcl oning of selected Fab fragnents for expression W 03/070760
PCT/ EP0O3/ 01759 61 The Fab-encoding inserts of the selected HuCAL(r)-Fab

f ragnent swassme7@eabcl oned into the expression vector pMORPHETIEPRIOFSD t 0
facilitate rapid expression of soluble Fab. The DNA preparation of the

sel ected HUCAL(r)-Fab clones was diggsted with Xbal/EcoR, thus cutting
out the Fab encoding insert (onpA-VL and phoA-Fd). Subcloning of the

Car r et teblbfataotiReidaSaaf iy F e Bl Gl b tonachi Rty 1Y

MORRigdtys@adt akrgasedtgaRtige t§gtea caotcatad
IC)C-term(dﬁé]al Qgéce( dc%d:@@g gtarge o &j.j etec'?l gcr:]gd;gn%g urg?fgtlragé at gEgarrpIe

an
4: Id@itﬁtgﬁltb%tg @gtt%ﬁtgatgittagmqaggg%cqqt m@a@y@_&‘@@\}@w I\/B.XI sorpT™M
mcrotiterplates F384 (Nunc) were coated with 201 2.5 gM human AR (1-40)
pepti de (Bachen) dissolved in TBS containing NaN3 (0.05%v/v) and the

seal eSEm D RIONESD priot Vbhiegibif of M3-Reylse##.987; foteih Al artificialseouiedee i s prone

A N N e A R T

Lg:‘dsl MY‘EA?§XQ%W§RDﬁ$RNﬂ“AdMWB?RWYEA‘RGJNGNﬂ'—lNP'Y@Y and

ragnment was detected wth an al kaline
phospVRNMﬁQGQ’hW&VSﬁn@E@H& N®aB9) ant i body (Di anova/ Jackson | nmuno
Research). After excitation at 340 nmthe emssion at 535 nmwas read out
after addition of AttoPhos fluorescence substrate (Roche Diagnostics).

Exampsech(n NG 90 ‘?E%%Bn(?ff mﬂad&@wfmﬂgmﬂ\smmcm gédjudrzeopt i mi ze the

bi nding affinity of the selected AD bi anti body fragnents, sone of
t he F@b\tatcg@mssammggegacoptmcg)gtctnsgmcgtmmcqtyag%taaamqgoc he- 8

tr agneHPEdREE &a%@e%ﬁ%ﬁ#ﬁ@pﬁﬁtéﬁgfﬁ%aﬁc dgteHataE oAk RS Kappa

chai ngcgrdga'blgagb&ﬁgéaéétggg 6@@cbftnagctggatab@tbéggcéogguaattac@d{gamtﬂa et al.

2000) fra rrents Roche- 7 and 8 were clon d Vi a Xbal / EcoRl

from gpamae)maagsctttacaaﬁmtqq@t%ga@am&’gsm@ tBss a¢%42 phage

di spl I 01759 62 Fab fragrrents to generate

pl\/[RPaét@%%%@a%I%/g%zagg(ure g.@oida?ppa chain pool was cloned into

PMORPH(r) 18_Fabl via Xbal / Sphl restriction si tes The resulting Fab

opt i on S scr g.a st e at e human AP

(1 aopEhe i e Sharb e Sl S RadBRl S2 "hEtSh e b SeaHE e 2
DIVLTQSPATLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRA
TGVPARFSGSGSGTDFTLTISSLEPEDFATYYCLQIYNMPITFGQGTKVEIKRT

(SEQ ID NO: 91)

SEQ ID NO: 92 HCDRS3 region of MS-Roche#7.9H7; DNA, artificial sequence
Ggtaagggtaatactcataagccttatggttatgttcgttatittgatgtt (SEQ ID NO: 92)

SEQ ID NO: 93 prot HCDR3 region of MS-Roche#7.9H7; protein/1; artificial

sequence
GKGNTHKPYGYVRYFDV (SEQ ID NO: 93)

SEQ ID NO: 94 LCDRS region of MS-Roche#7.9H7; DNA; artificial sequence
Cttcagatttataatatgcctatt (SEQ ID NO: 94)

SEQ ID NO: 95 prot LCDR3 region of MS-Roche#7.9H7; protein/1; artificial

sequence



Optim zed clones were identified by koff-ranking in a Biacore assay as
described in Exanple 8. The optim zed cl ones M5-Roche-3.2, 3.3, 3.4, 3.6,
7.2, 7.3,W0.08)070m6®, 7.11, 7.12, 8.1, 8.2, were further chraerapPo®oi7zed and
showed i nproved' affinity and biological activity conpared to the starting
fragment Ms-Roche-3, MsS-Roche-7 and g4V5- Roche-8 (figure 4). The CDRs |isted
refer to the HUCAL(r) consensus-based antibody gene VH3kappa3. The Fab

frag 2 < obtained by cloning the HCDR3 of parental clone
VG- Rﬁﬁ'?@@“&&@ﬁ??‘?"ﬁ@ library, carryin diversity in all 6 CDR
y yIng y

regions using a design procedure identical with that for CDR3 cassettes

described in Knagpi k et al., 2000. The library cassettes were designed
st r ongiWther distrative seaeencrsvresianistad inntha appgRdeshsastuesselisting egd &ad

fol | ow - i i tabl i shed b
W1 o s B AR BR, e e T e 2 st 10" Che HicaL(r)

mast er genes, the clone Ms-Roche 7.12 contains amno acid S at position 49
of thq_ VLF.chai n_ (see appended table 1). The optim zed Fabs after the first
af fi nit¥ HEHESIHFW round showed i nproved characteristics over the
starting M5-Roche-3, MsS-Roche-7 and MsS-Roche-8 clones (Figure 4). The

bi nding affinities of the maturated Fabs to Al131-40 and A(31-42 were

si gni fRigare fly | Sepesee sunhtirgeftuQ@ALGdRabhLibirary ange of 22 - 240 nMin
conparison to 850 - 1714 nMof the parental clones (Tabl,e\%b)é.\ .

| mrunohi st ocheni ISt JURRENNG iss aggord gy icoV BASFagYeaptithe 1gRaiA pegitian
sections also s gl f i ; bl pr@fgl t he
mat ur at ed cl onetsg? Wﬁ%%§%g% g?ﬁglgtgsr%ﬁt P gélﬁg@agr %élﬁndghiréa%}igaolé ’fv%feger Zfelngh? ai ned
and positive pl aggaestaisnnmyanyesl GRS tresidaés veiet ivware ykdpdveonstardrdreat i ons

of the maturated Fabs (Eiqure 5), For further optim zatjon, t H?DRZ
regions and the! .'C@ﬁﬂgl ér‘gfﬁs&ﬁg Bg §SQeencss emﬁ?ﬁd@ﬁt. M@'ﬁépi ved
from L- CDR3 opt 'lig}eat?r?%a%ﬁ%hé‘i@thé gpﬁé\ﬁjde‘d?séd@h'c@_li%ﬁng.f' gure 4) were

optim zed by cas e nutagenesis using trinucleotide-directed mutagenesis
(Virnekas et alLA:p@ginp ackheeqfemce, a trinucl eoti de-based HCDR2 WO 03/ 070760
PCT/ EPO3/ 01759 _?Dﬁgssette and a trinucl eotide-based LCDRL cassette were
constructed usi r% esflqaﬁnc%rocedure identical with that for CDR3
cassettes described in Knappik et al., 2000. The library cassettes were
desi gned st ronglﬂ%l bi ased for the known® natural distribution of am no acids

and f dliguve Bg t ralkcdispday veetor aMB@RPH 18DRabconf or nat i ons est abl i shed by
Al l azi kani (Al azi kani et at 1997). The pr.otocql. used for the

opt i sat i on of RS RABiagR RNASELENSRITBHTS FRRRTE Soul o m i ¢ the
process of affinity maturation by somati c hypernutati on observed during the

natural i mrune response.
Figure 3 Fab expression vector pMORPH®x9_Fab

Vector map and DNA sequence including restriction sites

Figure 4 Sequences of the parental Fab fragments MS-Roche-3, MS-Roche-
7 and MS-Roche 8
A: amino acid sequence
B: DNA sequence

Figure 5: Indirect immunofluorescence of amyloid-plaques from a cryostat
section of human temporal cortex. The plaques were labeled with MS-
R # 3.2 Fab (upper panels) and MS-R # 7.4 Fab (lower panels) at 20
ug/ml (left panels) and 5 pg/mi (right panels) under stringent blocking
conditions. Bound MS-R Fab was revealed by goat anti-human-Cy3.



The resulting libraries were screened separately as descri bed above | eadi ng
to optimzed clones either in the HCDR2 or in the L-CDRl region. Al

cl ones wewe o3jotgni i fi ed as above by an inproved koff towaPd3/EROBA74D-fi bers
after a koff-ranking in the Biacore and showed inproved affinity either to
APl -40 or AP-42 or both when conparggl to the corresponding parent clone
(Table 3). Table 1 contains the sequence characteristics of the parental

A (rigtle B R I IfcRBbleFeeRe, O alfilloiElRabe" sorf fo chiée 0 11
affinity of the shBtidiooh@umarateamisrhl E@bex Wﬁ&qﬁbév@e\ﬂ@beledmfmm over
35-fold from1100 nMto 31 nM after L- optim zation FQIMS- Roche-7.9) and

further i nprovecf{ #03.8 |§@1athRﬂerﬂ3@9|$ﬁ 3(5‘ﬁtM§ iloh? (9fB! -panetggt as

illustrated in %2 0 0, not
only increased t¥t ' ?ﬂ ‘lgéq ?'id;%r es%d % rﬂs%%ié) '?n é;{ &gﬂ#\@s in a
significantly i chsh@tlﬁhﬁ%mn@m R @prﬁﬂb% wasABvBsBUhy§64t ON, as
particularly seen with M- Roche 9H2 and 03/ 070760

PCT/ EPO3/ 01759 agf-humap(H+L)-Cy3.> > > > > > >>>>>>>>>>> > > > >

S NN NN NN NN NN NN NN NN NN NN NN NN NN NNN MLLLLLLLL
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r>-> riguece 7t r > Indireat immunoflaorascenee Q)f arnglmd@plaq@ea fQm a @ryostatr r r

2 2222
2 rz 5 5 sscioh, of hurhap teippray’ aoriex; Using gitposfied piter Tioa) Aty 5%5”
2 UG THeCHIAHhER e (Shdiy RrTRISR # 70 KT B YAl (7Y
>>>>>>>>YYYY> >
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C9 (9 C9ocoadit®nen Bound MS-R IgG1 antibody was revealed by goat anti-
human (H+L)-Cy3.
Scale: 8,5 mm = 150 ym.
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Figure 8: Polymerization Assay. Anti-A$ antibodies prevent incorporation of

biotinylated AP into preformed AR aggregates.

Figure 9:  De-polymerization Assay. Anti-AB antibodies induce release of

biotinylated AP from aggregated Ap.

Figure 10: In vivo decoration of amyloid plaques in an APP/PS2 double transgenic
mouse after intravenous injection of 1mg MS-Roche IgG #7.9.H2 x
7.12.L2. After three days the mouse was perfused with phosphate-
buffered saline and sacrificed. The presence of human IgG bound to
amyloid plaques was revealed by confocal microscopy after labelling
cryostat sections from the frontal cortex with a goat anti-human IgG-
Cy3 conjugate (panel B). The same section was counterstained with an
anti-Abeta mouse monoclonal antibody (BAP-2-Alexa488 conjugate,
panel A) to visualize the position of amyloid plaques. Individual red
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Figure 12: In vivo decoration of amyloid plaques in an APP/PS2 double transgenic
mouse after intravenous injection of 1mg MS-Roche 1gG #7.11.H1 x
7.2.L1 (MAB 11). Experimental conditions and staining procedure were
identical to those described in the legend of figure 10.

Scale: 1.4cm =70 um

Figure 13: In vivo decoration of amyloid plaques in an APP/PS2 double transgenic
mouse after intravenous injection of 2 mg MS-Roche IgG #7.9.H7
(MAB 31) at day 0, 3, and 6. After nine days the mouse was perfused
with phosphate-buffered saline and sacrificed. The presence of human
IgG bound to amyloid plaques was revealed by confocal microscopy
after labelling cryostat sections from the frontal cortex with a goat anti-
human IgG-Cy3 conjugate (panel B). The same section was
counterstained with an anti-Abeta mouse monoclonal antibody (BAP-
2-Alexa488 conjugate, panel A) to visualize the position of amyloid
plaques. Individual red (panel B) and green (panel A) channels,
merged image (panel D) and colocalized (panel C) signals and are
shown.

Scale: 1.6 cm = 80 um (panels A, B, C); 1.0 cm = 50 ym (panel D)

Figure 14: In vivo decoration of amyloid plaques in an APP/PS2 double transgenic
mouse after intravenous injection of 2 mg MS-Roche IgG #7.11.H1 x
7.2.L1 (MAB 11) at day 0, 3 and 6. Experimental conditions and
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Library (HuCAL®-Fab 1)

Cloning of HUCAL®-Fab 1

HuCAL®-Fab 1 is a fully synthetic, modular human antibody library in the Fab
antibody fragment format. HUCAL®-Fab 1 was assembled starting from an antibody
library in the single-chain format (HUuCAL®-scFv; Knappik,(2000), J. Mol. Biol. 296,
57-86).

VA positions 1 and 2. The original HUCAL® master genes were constructed with their
authentic N-termini: VLA1: QS (CAGAGC), VLA2: QS (CAGAGC), and VLA3: SY
(AGCTAT). Sequences containing these amino acids are shown in WO 97/08320.
During HUuCAL® library construction, the first two amino acids were changed to DI to
facilitate library cloning (EcoR site). Al Hu{CAL® libraries contain VLA genes with the
EcoRV site GATATC (DI) at the 5’-end. All HuCAL® kappa genes (master genes and
all genes in the library) contain DI at the 5'-end (figure 1 A and B).

VH position 1. The original HUCAL® master genes were constructed with their
authentic N-termini: VH1A, VH1B, VH2,. VH4, and VH6 with Q (=CAG) as the first
amino acid and VH3 and VH5 with E (=GAA) as the first amino acid. Sequences
containing these amino acids are shown in WO 97/08320. During cloning of the
HuCAL®-Fab1 library, amino acid at position 1 of VH was changed to Q (CAG) in all
VH genes (figure 1 A and B).

Design of the CDR libraries
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HuCAL®-Fab 1 was cloned into a phagemid expression vector pMORPH®18_Fab1
(figure 2). This vector comprises the Fd fragment with a phoA signal sequence fused
at the C-terminus to a truncated gene lll protein of filamentous phage, and further
comprises the light chain VL-CL with an ompA signal sequence. Both chains are
under the control of the lac operon. The constant domains CA Cx and CH1 are
synthetic genes fully compatible with the modular system of HUCAL® (Knappik,
(2000), loc. cit.).

The whole VH-chain (Munl/Styl-fragment) was replaced by a 1205 bp dummy
fragment containing the B-lactamase transcription unit (bla), thereby facilitating
subsequent steps for vector fragment preparation and allowing for selection of
complete VH removal.

After VH-replacement, VLA was removed by EcoRI/Dralll and VLk by EcoRIl/BsIWI
and replaced with bacterial alkaline phosphatase (bap) gene fragment (1420 bp).

As the variability of the light chains is lower than that of the heavy chains, cloning
was started with the light chain libraries. The VL, and VLJight chain libraries
diversified in L-CDR3, which were generated for the HUCAL®-scFy library (Knappik,
(2000), loc. cit.) were also used for cloning of HuCAL®-Fab1. In case of Athey
consisted of the A1-, A2- and A3-HuCAL®-framework and had a total variability of 5.7
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The transformants were amplified about 2000-fold in 2 x YT/1% glucose/34 ug/ml
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chloramphenicol/100 ug/ml ampicillin, harvested and stored in 20% (w/v) glycerol at
-80°C.

The «x libraries comprise the k1-, K2-, ¥3- and k4-HUCAL® master genes with a total
variability of 5.7 x 10°. VLcchains were obtained by restriction digest with
EcoRV/BsiWI and gel-purified. In case of the VLlibrary, the bap-dummy was
removed by EcoRV/BsIWI from the library vector. 2 ug of gel-purified vector were
mixed with a 5-fold molar excess of VL,-chains. Ligation and transformation into E.
coli TOP10F cells (Invitrogen) was performed as described for VL,-chains, yielding
altogether 1.6 x 10° independent colonies.

DNA of the two light chain libraries was prepared and the bla-dummy was removed
by Munl/Styl, thereby generating the two vectors for insertion of the VH sub-libraries.
The VH libraries of HUCAL®-scFv were used for the generation of HUCAL®-Fab1.
The VH libraries of HuCAL®-scFv‘consist of the master genes VH1A/B-6 diversified
with two VH-CDR3 ftrinucleotide library cassettes differing in CDR3 length
separately, and each VH-library combined with the VL~ and with the VLy-library. For
the generation of the HUCAL®-Fab1 DNA from these VH-libraries was prepared
preserving the original variability. The DNA was digested with Munl/Styl and gel-
purified. A 5-fold molar excess of the VH-chains was ligated with 3 pg of the VL~
library vector and with 3 ug of the VL.library vector for 4 h at 22°C. The ligation
mixtures were electroporated for each vector in 1200 ul E. coli TOP10F cells
(Invitrogen), yielding altogether 2.1 x 10'° independent colonies. The transformants
were amplified about 4000-fold in 2 x YT/1% glucose/34 ug/ml chloramphenicol/10
pg/ml tetracycline, harvested and stored in 20% (w/v) glycerol at -80°C.



Ch (g QU ay)yc)yc)vyuvyuys>y ~Cj>yuydcqd) ~~r»rrnrnn
AAAY ApAAA YL ~F-YYY ) U IX0) U U) co C7T Q9 (9
CO 0 GBOM3EWT@Y C7 C9 C9 Z C9 C~9 CZ9 0 Q0 d) U z PCTEPWG/MT | X eq
W) U) cD(9 (9 Q(9QU QQ<COCO C QC Qr QQr Cl) COZZZZZ
ZZU)CI)C')U)COZZZZZZGOU)U)U)C“U)U)U)U]U)U)U)U)
u) }IJL U Uy U h C7 QQQQ §? QQ QQQQQQQd ro>- > Z;% "
r > =>- : (0]

)’ Laly ’"@” ?adﬂa&% y%ﬁ%% %grﬂé@l’ﬁgff%ﬂ”ﬁ&u LL
LLV\Mh LL5LCPIG-GAAAGAGCWGACB LL (SEQF UD LLNO: F-36) FaRdF- %~ F- F F

F- F- B L LL LL LL LL LL LL LL L LL L L LLLLLLL- CDCO OO
o TALGE TEE GRS TEAGECTS ROES 1P NEP Upregpedively. ([ d = = 0
aaaaaaaaaaaaaaaaa LLLLLLLLLLLLZLLLLLLLLLL
LLU)U)CI)U)V)U)U)CI)CnU)CI)ZZZzz>>-r>}} C3 C ~
Faha(gbnﬂ‘dréﬁc@ PhaGe aBlificetiorr afd pOtifidatior S C 1 C~ 03 aI C3 -c7f 0 0
C3,0 S2,C3.0>> F- - FEFEF 1, HI- >>> |- F- F- HF-
i ENCARFab ¢ pwas. gmpliied-. i £ i JEYQrQﬁe'Um dcen@'ana é4Q 9/e9lQ
chloramphenicol, 10 pg/ml tetracycline and 1 % glucose (2 x TY-CG). After helper
phage infection (VCSM13) at 37°C at an ODgy of about 0.5, centrifugation and

resuspension in 2 x TY / 34 Mg/ml chloramphenicél / 50 pg/ml kanamycin cells were
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grown overnight at 30°C. Phage were PEG-precipitated from the supernatant
(Ausubel, (1998), Current protocols in molecular biology. John Wiley & Sons, Inc.,
New York, USA), resuspended in PBS/20% glycerol and stored at —80°C. Phage
amplification between two panning rounds was conducted as follows: mid-log phase
TG1-cells were infected with eluted phage and plated onto LB-agar supplemented
with 1% of glucose and 34 pg/ml of chloramphenicol. After overnight incubation at
30°C colonies were scraped off, adjusted to an ODsgo of 0.5 and helper phage added
as described above.

Example 2: Solid phase panning

Wells of MaxiSorp™ microtiterplates F96 (Nunc) were coated with 100 pl 2.5 uM
human AB (1-40) peptide (Bachem) dissolved in TBS containing NaN; (0.05% v/v)
and the sealed plate was incubated for 3 days at 37 °C where the peptide is prone to
aggregate on the plate. After blocking with 5% non-fat dried milk in TBS, 1-5 x 10"
HuCAL®-Fab phage purified as above were added for 1h at 20°C. After several
washing steps, bound phages were eluted by pH-elution with 500 mM NaCl, 100 mM
glycin pH 2.2 and subsequent neutralisation with 1M TRIS-CI pH 7. Three rounds of
panning were performed with phage amplification conducted between each round as

described above, the washing stringency was increased from round to round.

Example 3: Subcloning of selected Fab fragments for expression
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pMB‘RPH x9 Fab1 (figure 3). Fabs expressed in this vector carry two C-terminal
tags (FLAG and Strep) for detection and purification.

Example 4: Identification of AB-binding Fab fragments by ELISA

Wells of Maxisorp™ microtiterplates F384 (Nunc) were coated with 20ul 2.5 uM
human A (1-40) peptide (Bachem) dissolved in TBS containing NaN3 (0.05% v/v)
and the sealed plate was incubated for 3 days at 37 °C, where the peptide is prone
to aggregate on the plate. Expression of individual Fab was induced with 1 mM IPTG
for 16 h at 22°C. Soluble Fab was extracted from E. coli by BEL lysis (boric acid,
NaCl, EDTA and lysozyme containing buffer pH 8) and used in an ELISA. The Fab
fragment was detected with an alkaline phosphatase-conjugated goat anti-Fab
antibody (Dianova/Jackson Immuno Research). After excitation at 340 nm the
emission at 535 nm was read out after addition of AttoPhos fluorescence substrate
(Roche Diagnostics).

Example 5: Optimization of antibody fragments

In order to optimize the binding affinity of the selected AP binding antibody
fragments, some of the Fab fragments, MS-Roche-3 (MSR-3), MS-Roche-7 (MSR-7)
and MS-Roche-8 (MSR-8) (figure 4), were used to construct a library of Fab antibody
fragments by replacing the parental VL k3 chain by the pool of all kappa chains x1-3
diversified in CDR3 from the HUCAL?® library (Knappik et al., 2000).

The Fab fragments MS-Roche-3, 7 and 8 were cloned via Xbal/EcoRl from
PMORPH®X9 _FS into pMORPH®18, a phagemid-based vector for phage display of
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antibody gene VH3kappa3. The Fab fragment MS-Roche-7.12 was obtained by
cloning the HCDR3 of parental clone MS-R 7 into a HUCAL®-Fab library, carrying
diversity in all 6 CDR regions using a design procedure identical with that for CDR3
cassettes described in Knappik et al., 2000. The library cassettes were designed
strongly biased for the known natural distribution of amino acids and following the
concept of canonical CDR conformations established by Allazikani (Allazikani et al.,
1997). However in contrast to the HUuCAL® master genes, the clone MS-Roche 7.12
contains amino acid S at position 49 of the VL chain (see appended table 1).

‘The optimized Fabs after the first affinity maturation round showed improved
characteristics over the starting MS-Roche-3, MS-Roche-7 and MS-Roche-8 clones
(Figure 4). The binding affinities of the maturated Fabs to AB1-40 and A 1-42 were
significantly increased yielding Kp values in the range of 22 — 240 nM in comparison
to 850 — 1714 nM of the parental clones (Table 3). Immunohistochemistry analysis of
amyloid plaques in human AD brain sections also showed a significantly increased
staining profile of the maturated clones, i. e. better signal to background ratios were
obtained and.positive plaque staining was detected at relatively low concentrations
of the maturated Fabs (Figure 5).

For further optimization, the VH CDR2 regions and the VL CDR1 regions of a set of
antibody fragments derived from L-CDR3 optimized MS-Roche-3, -7 and -8 (table 1;
figure 4) were optimized by cassette mutagenesis using trinucleotide-directed
mutagenesis (Virnekds et al, 1994). Therefore, a trinucleotide-based HCDR2
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for the optimization of the initial selected antibody fragments would mimic the
process of affinity maturation by somatic hypermutation observed during the natural
immune response.

The resulting libraries were screened separately as described above leading to
optimized clones either in the H-CDR2 or in the L-CDR1 region. All clones were
identified as above by an improved koff towards AB1-40-fibers after a koff-ranking in
the Biacore and showed improved affinity either to AB1-40 or AB-42 or both when
compared to the corresponding parent clone (Table 3). Table 1 contains the
sequence characteristics of the parental as well as sequences of the optimized
clones. The CDRs listed refer to the HuCAL® consensus-based antibody gene
VH3kappa3.

For example, the affinity of the MS-Roche-7 parental Fab towards Ab1-40 was
improved over 35-fold from 1100 nM to 31 nM after L-CDR3 optimization (MS-
Roche-7.9) and further improved to 5 nM after H-CDR2 optimization (MS-Roche-
7.9H2) as illustrated in Table 3.

The H-CDR2 and L-CDR1 optimization procedure not only increased the affinity but
also resulted for some of the clones in a significantly improved staining of amyloid
plaques in AD brain section, as particularly seen with MS-Roche 7.9H2 and 7.9H3.
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NaCl, 5 nmM NaEDTA, 0.05% NP40 (Fl uka), 0.25%gelatine (Sigm), 1 % bovine
serum al bum ne fraction V (Sigma), pH 7.4). The sheet is washed 3 tines 3
m nut es W0 0/0rweki ng platformwith TBS (10 nM Tris. HC , PEO/EPM/NIS , pH
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MS-Roche #7.12.L6

MS-Roche #7.12.L.7

MS-Roche #8

MS-Roche #8.1

MS-Roche #8.2
MS-Roche #8.1.H1

MS-Roche #8.2.H1

MS-Roche #8.2.H2

MS-Roche #8.2.H4
MS-Roche #8.2.L1

Sequences belonging to Vi3 and V3 HUCAL consensus sequences see Figure 1 A




4G8 19-20(23) BAP-21 32-34 BAP-24 38-40 BAP-1 4-6 BAP-1 7 38-40 WO

03/ 070760 PCT/ EP03/01759 73 Table 2: Pepspot analysis of binding Fabs and
full -1 engwb By®7ant i bodi es to decapepti des on a cel |l ul os@C3IIEPES/017FNe
nunbers refer to the essential amno acids fromthe A131-40 sequence which
have to be present in the decapeptidggfor optinmal binding of antibody. A
weak peptide reactivity, and hence a weak contribution to the epitope, is
i ndi cated by brackets. Exanple 8: Determ nation of KD values for Ms-R Fab
and M5-R 1 gGl antibody binding to A(31-40 and AO1-42 fibers in vitro by
sur f ad®xapkn®n resonance (SPR) Binding of anti-A(3 antibodies (Fabs and
lgGl) to fibrillar AP was neasured online by surface plasnon resonance
(SPR), and the affinities of the nolecular interactions were determ ned as

descri AN | 1..198, .,268 - 277, and Rich

al et-5‘2‘2’@%’%@9%%%@%@@@55@ﬁ%’?'%f”é’é’"-"e’f‘?%f.s Bi acor e2000 and

Bi acorH&HB0 chast Idloning. STHET ultigsl &I6RingheRe & PEDNAIENE SinviFd A
Al31-42 fibers were generat edﬁ?ﬂ vit rg by i ncgbat i on of( synt%ﬂ?i C peptides

at a demaved: dYhedipadk anshagstuffer commpatilevvitic thertrestriction sitesl used) foror

h 7c : ; . fi tibrill
st ot LT RORGT UeSE wep e 1B e 35RRL & AT ostlsl shffianers VARl 1
m cr onjH-alothaliS (Mhip) edantieaminur sgiatsulin( 2oAstahe regibns | (BIBlApaifhase fibers
are aﬁsurred to represent aggregated AP peptides in human AD brain nore
cl osellSaq98iageqyencee(EMBEY ﬁ%im »asoLqHippeghwill adiezakasequance (Kezeakuct ured

recipi ' ' i i t o] {Q

b onose korie, PO hAEpRrtEhuiha 08 IR ARTHRE B EIE RS Teb P
manuf serumelgA1( EMBRp)00220) avertadigbectd vy sverapiing Bligontcledided pimal a,
1998). Ir{ I nitjal eriments it was found that selected Ms-Roche Fabs
di f f ed®H Qu%gs?éﬂ't'ti éﬁ?ﬁfﬂsﬁﬁv‘éﬂsm mytahiens yyerei inkprvcedtel reover wstictid nmode
of da | ® 3 ' ' r T l, ow
i net SRS HSIpdle MNP IRCALY R 1 laqriudlecRlpE et e e naen
sensomovedapaxtasion-PCR. fromthe ratio of koff/kon. Binders with fast

¢ esporind Sb-ERng FPmkap dateolatt 8. VEJSNAr s enRD o dhad<aRuis: eulcablcul at ed

from e g@bg;pgm | gﬁﬁ@ﬁ@gﬁ%@%@%&& bpbAed WRPECBRCFNBIF. BRS
(g/aattc) and Mfe | (c/aattg) share compatible cohesive ends (aaff) and the DNA
sequence of the original Mfe | site in the Fab changes from: c/aattg to: g/aattg after
ligation into the IgG expression vector, thereby destroying both Mfe | and EcoR |
site, and thus also leading to an amino acid change from Q (codon: caa) to E
(codon: gaa).
Light chain cloning. The multiple cloning site of pcDNA3.1/Zeo+ (Invitrogen) was
replaced by two different stuffers. The k-stuffer provided restriction sites for insertion
of a x-leader (Nhel/EcoRV), HUCAL®-scFv Vk-domains (EcoRV/BsiWl), and the -
chain constant region (BsiWl/Apal). The corresponding restriction sites in the A-
stuffer were Nhel/EcoRV (A-leader), EcoRV/Hpal (VA-domains), and Hpal/Apal (\-
chain constant region). The x-leader (EMBL Z00022) as well as the A-leader (EMBL
J00241) were both equipped with Kozak sequences. The constant regions of the
human k- (EMBL L00241) and A-chain (EMBL M18645) were assembled by overlap
extension-PCR as described above.
Generation of IgG-expressing CHO-cells. CHO-K1 cells were co-transfected with an

equimolar mixture of IgG heavy and light chain expression vectors. Double-resistant



For the clones derived fromthe 1St and 2nd affinity maturation cycle the
content of WO 03/070760 PCT/EP03/01759 74 active Fab in each preparation
was det erwDra@7i760 t he Bi acore according to a nethod descrPCharPoby1759
Christensen, Analytical Biochem stry (1997) 249, 153 -164. Briefly,

ti me-dependent protein binding to AR 40 fibers inmmobilized on the Biacore
chip was neasured during the association phase under mass-limted

oF" bR ets s i il 584 S5 GhBE I Sl AR RIS ¢ 0"
fiberg Wby‘ﬁﬁﬁm@ .mﬂuﬁ Sbheo Véé?ﬁ‘a At Bf s 'ié Blpeliwas %@é@ur@rgﬁ@n&el

and by rking at atl vel ana ncent rations . n
( base@xpression by)captuF@:ELﬂ)SAt Eomtlm@nmgsmre@xpandedwﬂﬂl\ﬂl -H40Q medilgnval ues

1 br o yPRRETHES Pt P Aoy e LB dachDallisl. aRebatefiho1eE Tg™
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maturation cycle heavy chain CDR3 (VH CDR3) wa kegﬂtmconstant and

opt i nistandase pieiein Am@iume gmatogea iyt (Posos 8 A)fPE Béosms Skehai n CDR3
(VL-CDR3). In the 2nd affinity cycle diversification of VL-CDRL and
VH CDR2 was perfornmed. Sone of the binders fromthe 1st maturation cycle

were @xaneplectt Repdpol analpgishwithrdutapeptidest i bodi es according to the
t echnol ogy devel oped by MorphoSys as described in Exanple 6 and Kp val ues
determned in the Biacore as descri bed above. The Ko val ues for fuI I -
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sel ect S ne wn Taky \@_waq of rom t he
1 st éggcg SBmaﬂtE?at ?ogﬁcyc e@dgﬁg}pfrgjrb‘nﬁtl:he Cross-c onléld n ers vve
converG8NKGAITGL IMVE@NAANSEQ IDgED: 27) |alsoehcieserbna:mdsergstammbeamdsedhnol ogy

devel oped by Mo phoSys, as described in Exanple 6. KD values of 1gG binding
to A( 30 42T/ M PARLIGS. her s were determined in the Biacore. Bri efly, a

o RS s AR PPN LT i

and K e analysis of equl rium
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NaCl, 5 mM NaEDTA, 0.05% NP40 (Fluka), 0.25% gelatine (Sigma), 1% bovine
serum albumine fraction V (Sigma), pH 7.4). The sheet is washed 3 times 3 minutes
on a rocking platform with TBS (10 mM Tris.HCI, 150 mM NaCl, pH 7.5). 1t is then
wetted with cathode buffer (25 mM Tris base, 40 mM 6-Aminohexane acid, 0.01%
SDS, 20% methanol) and transfered to a semi-dry blotting stack with the peptide
side facing a PVDF membrane (Biorad) of equal size.
The semi-dry blotting stack consists out of freshly wetted filter papers (Whatman
No.3) slightly larger than the peptide sheet:
3 papers wetted with Cathode buffer
the peptide sheet
a sheet of PVDF membrane wetted with methanol
3 papers wetted with Anode buffer 1 (30mM Tris base, 20% methanol)

3 papers wetted with Anode buffer 2 (0.3 mM Tris base, 20% methanol)



75 the nonoval ent and bival ent conplex were determined via the curve fit
procedure and used for the extrapol ation. Based on these Req val ues a

Scat char dwamabywbes was perfornmed and KD val ues for the fecwaEPosm7ed t he
nonoval ent and the bivalent conplex were determ ned. The data are

summari zed in Table 5. Fromthe curwqinear Scatchard plot a higher
(bivalent) and | ower (nonovalent) affinity interaction was derived for the
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rat ur diheoRVB perbiang s immersed. in Blocking, RYEr1Gre & MENUBSaIEES HRP-1 7. 21
S 2 Sided et kol didd 11000 g od febinaie 8 5 |
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(20 mM Na-phosphate, 150 ml\/l NaCl, pH 7.2) an 10 ul 30% hydrogen peroxide

(Merck). After the development of blue-black spots the membrane is washed

extensively with water and dried.

The assignment of antibody-reactive pepspots is made by visual inspection through

a transparent spot matrix. The epitopes of the antibody in question is defined as the

minimal aminoacid sequence in reactive peptides. For comparison mouse

monoclonal antibodies (BAP-2, BAP-1, BAP-17 BAP-21, BAP-24, and 4G8) are

analyzed in the same way, except using HRP-labeled anti-mouse Ig instead of anti-

human Ig.

It is of note that affinity maturation and conversion of the monovalent Fab fragments
into full-length IgG1 antibodies results usually in some broadening of the epitope
recognition sequence as indicated by pepspot and ELISA analyses. This may be
related to the recruitment of more contact points in the antibody-antigen interaction
area as a consequence of the affinity maturation or to a stronger binding to the
minimal epitope such that also weak interactions with adjacent amino acid can be
detected. The latter may be the case when AB-derived peptides are probed with full-
length 1gG antibodies. As illustrated in Table 2 for the pepspot analysis, the
recognition sequences of the N-terminal and middle epitopes are extended by up to
three amino acids when parent Fabs and corresponding fully maturated 19G
antibodies are compared. However, it has to be kept in mind that the decapeptides
are modified for covalent attachment at the C-terminal amino acid and this amino
acid may therefore not easily be accessible to the full-length antibody due to steric
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MSR-3 Fab 3-4 18-23

MSR-7 Fab 3-5 19-24

MSR-8 Fab 4-5 18-21

MSR-9 Fab (1)3-9 18-24

MSR-10 Fab (4-10) 19-20

MSR-11 Fab 3-7 (18-20)

MSR-26 Fab 3-5 (16)-19-23

MSR-27 Fab (3)6-9 13-18(20)

MSR-29 Fab 14-16(20)

MSR-37 Fab (4-6) (19-24)

MSR-41 Fab 3-7 (17-21)

MSR-42 Fab (4-9) (18-24)

MSR 3.4.H7 IgG1 1-3 19-26

MSR 7.9.H2 1gG1 1-4 19-24

MSR 7.9.H7 IgG1 4-6 19-26

MSR 7.2.H2x7.2.L1 IgG1 (1-4) 5-9 18-26

MSR 7.11.H1x7.2.L1 IgG1 4-6 19-26

BAP-2 4-6

4G8 19-20(23)

BAP-21 32-34

BAP-24 38-40

BAP-1 4-6

BAP-17 38-40
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12.3 Table 4: KD values for M5-R Igd@ binding to A/ 31-40 and A/ 31-42 fibers
as det erwDra@74760 t he Bi acore. The |1 gGs were derived fromPEBARIFTISO
selected after the 1St affinity maturation cycle. The val ues are corrected
for the content of active M-R IgGg present in each sanple as described in
the text. WD 03/070760 PCT/ EP03/017 8 78 M5-R 1 gGs KD AR1-40 KD API - 42
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M5- R Fabs selected after the 1St and 2nd affinity maturation cycle and
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as cal8BR}ted fromthe curvilinear Scatchard plots. Wth a %unber of
additional M5-R 1gGs (for exanple M5-R 1gG 7.9. H2x7.12. L2 and M5-R 1 gG
Binding of anti-AB antibodies (Fabs and 1gG1) to fibrillar AR was measured online by
surface plasmon resonance (SPR), and the affinities of the molecular interactions
were determined as described by Johnson, Anal. Biochem. 1991, 198, 268 — 277,
and Richalet-Sécordel, Anal.Biochem. 1997, 249, 165 — 173. Biacore2000 and
Biacore3000 instruments were used for these measurements. AB1-40 and Aj1-42
fibers were generated in vitro by incubation of synthetic peptides at a concentration
of 200 ug/ml in 10 mM Na-acetat buffer (pH 4.0) for three days at 37°C. Electron
microscopic analysis confirmed a fibrillar stucture for both peptides, A31-40 showing
predominantly shorter (< 1 micron) and AB1-42 predominantly longer (> 1 micron)
fibers. These fibers are assumed to represent aggregated AB peptides in human AD -
brain more closely than ill-defined mixtures of amorphous aggregates and
unstructured precipitates. The fibers were diluted 1:10 and directly coupled to a
“Pioneer Sensor Chip F1” as described in the Instruction Manual of the manufacturer
(BlAapplication Handbook, version AB, Biacore AB, Uppsala, 1998). In initial
experiments it was found that selected MS-Roche Fabs differed substantially in their
reaction kinetics and therefore the mode of data analysis had to be chosen
accordingly. For binders with slow kinetics Kp values were calculated by curve fitting
of the time-dependent sensor responses, i. e. from the ratio of kes/kon. Binders with
fast kinetics were analyzed by fitting the concentration-dependent sensor responses
at equilibrium (adsorption-isotherms). Kp values were calculated from the Biacore
sensograms based on the total Fab concentration as determined by a protein assay.
For the clones derived from the 1%t and 2™ affinity maturation cycle the content of



7.9. HAx7.12.L2), conmplex curvilinear Scatchard blots were obtained and
determ nation of KD-values was therefore not possible. Exanple 9: Staining
of genui rwohlamarTe@nyl oi d pl aques in brain sections of an PATrAPed/MEsY S

Di sease patient by indirect immunofl uorescence WO 03/070760 PCT/ EP03/01759
79 Sel ected M5-Roche Fabs and full-lgngth IgGlL were tested for binding to
f3-anyloid plaques by i munohi stochem stry anal ysis. Cryostat sections of
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Matured derivatives from both the L-CDR1 as well as H-CDR2 library after the 2nd
maturation cycle were identified and allowed combination of light and heavy chains.
The cross-cloning strategy is described in Example 13. Either whole light chains,
LCDR1 or L-CDR1+2 were exchanged. Kp values of selected cross-cloned Fabs are
shown in Table 8.

Some of the Fabs from the 1% and 2" maturation cycles and from the cross-cloned
binders were converted to full-length human IgG1 antibodies according to the
technology develobed by MorphoSys as described in Example 6. Kp values of IgG
binding to AB1-40 and AB1-42 fibers were determined in the Biacore. Briefly, a
kinetic model for the stepwise formation of a bivalent complex was used, and Kp
values were calculated by Scatchard type analysis of equilibrium binding. Due to the
very slow association process at low antibody concentration (several hours to reach
equilibrium) equilibrium binding data were obtained by extrapolation of the
association curves to long time intervals. The on- and off rates for the formation of



80 solution of 20 nMbiotinylated A[31-40 in 20 mM Tris-HCl, 150 nM NaC pH
7.2 (TBS) containing 0.05 % NaN3 and serially diluted anti body is added
(100 |/ weWb)o3amdet he plate incubated at 37C overni ght. AfPCEEPOM&EITENG 3 X
with 300 gl T-PBS a streptavidi n-POD conjugate (Roche Ml ecul ar

Bi ochemical s), diluted 1:1000 in T- #8S containing 1 % BSA, is added (100

| /well) and incubated at roon1tenperature for 2 hours. The wells are
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i muni ogRA d ANEY r ues 4-6
o e D g e Tl e e
exanpliedi¢atedtind@blevbnocl onal antlbody BAP-2 which al so reacts exclusively
with am no acids 4-6 (Brockhaus, unpublished) was significantly |ess
active in this assay. An even lower activity was found with the A(31-40
C-termnal specific antibody BAP-17 (Brockhaus, Neuroreport 9 (1998),
1481-1486) and t he nonocl onal anti body 4G3 which recognhizes an epitope

bet ween position 17 and 24 in the Al 3 sequence (Kim 1988, Neuroscience
Research Conmuni cation Vol. 2, 121-130). BSA at a concentration of up to
10 g/m did not affect incorporation of biotinylated A13 and served as a
negative control. However, at higher concentrations, i. e. > 100 pg/m, BSA
has been reported to inhibit binding of biotinylated AP into preforned A3
fibers (Bohrmann, (1999) J Biol Chem 274 (23), 15990-5) indicating that
the interaction of BSAwth A3 is not of high affinity. WO 03/ 070760

PCT/ EPO3/ 01759 81 Exanple 11: De-polynerization Assay: Rel ease of
biotinylated A(3 from aggregated AR In a simlar experinental setup we
have tested the potential of MS-Roche 1gG antibodies to induce

depol yneri zati on of aggregated AP. Biotinylated AL31-40 was
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under certain experinmental conditions (Solonon, (1996) Proc. Natl. Acad.
Sci. USA 93, 452-455; AMY-33 and 6F/ 3D anti bodi es were obtained from Zyned
Labor at orwes3/tatreo , San Franci sco (Order No. 13-0100) andpDakpoBhEgnostics
AG Zug, Switzerland (Order No. M87201), respectively). As denonstrated
in figure 9D both of these antibodies were conpletely inactive in the

de- pol yneri zati on assay EXAMPLE 12: Epitope anal ysis by ELI SA on peptide

by ol el Aa&e valds MeMS R AR b baBy 0 4T Botria S arateefly cho
thg\{n C Sg@% F @/E%ﬁ@g%meﬂgﬁ%@m %H@vaucmmgwwm QK’(VFSGYEC

KLVFF&@ VvallesAEe chiffedeEdTon\thed Sbnmdil aif MﬁVBEF@B/w&m m%tﬁFSﬁW@ aBAEDVGC
AEDVG%Ce:schD Vﬁ ?hel? (Fngalu\e/gs VD'é(r%C calc }\alted ?romc%\lé( concenira Ion-dependent

sensor responses at equilibrium; n.d., not determined.

Table 4:
MS-R# Kp AB .40 Kp ABy.42
nM nM
3.3 1gGt 37 6.6
7.111gG1 23 57
7.121gG1 31 137
8.11gG1 66 12.3

Table 4: Kp values for MS-R IgG1 binding to ApB1-40 and Ap1-42 fibers as
determined in the Biacore. The IgGs were derived from MS-R Fabs selected after
the 1% affinity maturation cycle. The values are corrected for the content of active
MS-R IgGs present in each sample as described in the text.
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Table 5: Kp values for MS-R 1gG1 binding to AB1-40 and AB1-42 fibers as
determined in the Biacore. The IgGs were derived from MS-R Fabs selected after

the 1% and 2" affinity maturation cycle and from crosscloned Fabs. The values are

corrected for the content of active MS-R IgGs present in each sample as described

in the text. The two Kp values given for MS-R IgGs derived from the 2™ affinity

maturation step and cross-cloned binders represent higher and lower affinity

interaction as calculated from the curvilinear Scatchard plots. With a number of
additional MS-R IgGs (for example MS-R IgG 7.9.H2x7.12.L2 and MS-R lgG

7.9.H4x7.12.L2),

complex curvilinear

determination of Kp-values was therefore not possible.

Scatchard blots were obtained and

Example 9: Staining of genuine human amyloid plaques in brain sections of an

Alzheimer’s Disease patient by indirect immunofluorescence



protein/peptide |ike BSA. Mdst preferably, the ratio of optical densities
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fol | ow ngwolwseeo7éiP derived peptides: (VFFAED, ami no aci dPC3/rpPo3/@350f AP)
or (FFAEDV; amino acid 19 to 24 of 3) or (LVFFAE, amno acid 17 to 22 of
AR). Corresponding results for the inventive parental and/or maturated

anti bodies are shown in the followng two tables: WO 03/070760
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to Cy3, respectively. Both secondary reagents were obtained from Jackson Immuno

Research. Controls included an unrelated Fab and the secondary 'antibodies alone,
~ which all gave negative results. Typicél examples of plaque stainings with selected

MS-Roche Fabs and MS-Roche IgG1 antibodies are shown in Figures 5 to 7.

Example 10: Polymerization Assay: Prevention of Ap aggregation

Synthetic AB when incubated in aqueous buffer over several days spontaneously
aggregates and forms fibrillar structures which are similar to those seen in amyloid
deposits in the brains of Alzheimer's Disease patients. We have developed an in
vitro assay to measure incorporation of biotinylated A into preformed AB aggregates
in order to analyze the AB-neutralizing potential of anti-Ap antibodies and other AB-
binding proteins such as albumin (Bohrmann et al., 1999, J. Biol. Chem. 274, 15990-
15995). The effect of small molecules on AB aggregation can aiso be analyzed in

this assay.

Experimental procedure:
NUNC Maxisorb microtiter plates (MTP) are coated with a 1:1 mixture of AB1-40 and
AB1-42 (2 uM each, 100 pl per well) at 37°C for three days. Under these conditions
highly aggregated, fibrillar Ap is adsorbed and immobilized on the surface of the
well. The coating slolution is then removed and the plates are dried at room
- temperature for 2-4 hours. (The dried plates can be stored at —20°C). Residual
binding sites are blocked by adding 300 pl/well phosphate-buffered saline containing
0.05 % Tween 20 (T-PBS) and 1 % bovine serum albumin (BSA). After 1-2 hours

incubation at room temperature the plates are washed 1 x with 300 ul T-PBS. A
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oluBoh % 20 M bictinyldted A8 V4840 Pt Tris-HCI, 150 mM NaCl pH 7.2 (TBS)
containing 0.05 % NaN; and serially diluted antibody is added (100 pl/well) and the
plate incubated at 37°C overnight. After washing 3 x with 300 ul T-PBS a
streptavidin-POD conjugate (Roche Molecular Biochemicals), diluted 1:1000 in T-
PBS containing 1% BSA, is added (100 pl/well) and incubated at room temperature
for 2 hours. The wells are washed 3 x with T-PBS and 100 pl/well of a freshly
prepared tetramethyl-benzidine (TMB) solution are added. [Preparation of the TMB
solution: 10 ml 30 mM citric acid pH 4.1 (adjusted with KOH) + 0.5 ml TMB (12‘ mg
TMB in 1 ml acetone + 9 ml methanol) + 0.01 ml 35 % H202]. The reaction is
stopped by adding 100 ul/well 1 N HSO4 and absorbance is read at 450 nm in a

microtiter plate reader.

Result:

Figure 8 shows that MS-Roche IgG1 antibodies prevented inorporation of
biotinylated AB1-40 into preformed AB1-40/AB1-42 aggregates. The AB-neutralizing
capacity of these full-length human IgGs was similar to that of the mouse
monoclonal antibody BAP-1 which had been generated by a standard immunization
procedure and specifically recognizes amino acid residues 4-6 of the ABpeptide
when analyzed by the Pepspot technique as described in example 7. Mouse
monoclonal antibody BAP-2 which also reacts exclusively with amino acids 4-6
(Brockhaus, unpublished) was significantly less active in this assay. An even lower
activity was found with the AB1-40 C-terminal specific antibody BAP-17 (Brockhaus,
Neuroreport 9 (1998), 1481-1486) and the monoclonal antibody 4G8 which
recognizes an epitope between position 17 and 24 in the A sequence (Kim, 1988,
Neuroscience Research Communication Vol. 2, 121-130). BSA at a concentration of
up to 10 pug/ml did not affect i‘ncorporation of biotinylated AR and served as a
negative control. However, at higher concentrations, i. e. > 100 ug/ml, BSA has been
reported to inhibit binding of biotinylated AB into preformed AB fibers (Bohrmann,
(1999) J Biol Chem 274 (23), 15990-5) indicating that the interaction of BSA with AB
is not of high affinity.
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aggregated AR

In a similar experimental setup we have tested the potential of MS-Roche IgG
antibodies to induce depolymerization of aggregated AB. Biotinylated AB1-40 was
first incorporated into preformed AB1-40/AB1-42 fibers before treatment with various
anti-Af antibodies. Liberation of biotinylated Ap was measured using the same

assay as described in the polymerization assay.

Experimental procedure:

NUNC Maxisorb microtiter plates (MTP) are coated with a 1:1 mixture of AB1-40 and
AB1-42 as described in the polymerization assay. For incorporation of biotinylated AB
the coated plates are incubated with 200 pl/well 20 nM biotinylated A1-40 in TBS
containing 0.05 % NaN; at 37°C overnight. After washing the plate with 3 x 300
ul/well T-PBS, antibodies serially diluted in TBS containing 0.05 % NaN; were added
and incubated at 37°C for 3 hours. The plate was washed and analyzed for the

presence of biotinylated AB1-40 as described above.

Result:

Figures 9A to D shows that the inventive antibodies induced de-polymerization of
aggregated A3 as measured by the release of incorporated biotinylated AB1-40. The
MS-R antibodies and the mouse monoclonal antibody BAP-1 were similarly active
whereas the BAP-2, BAP-17 and 4G8 antibodies were clearly less efficient in
liberating biotinylated Af from the bulk of immobilized AR aggregates. BAP-1 can
clearly be differentiated from the MS-R antibodies by its reactivity with cell surface
full-length APP (see Figure 15), and antibodies like BAP-1 with such properties are
not useful for therapeutic applications as potential autoimmunological reactions may
be induced. It is interesting to note that BAP-2, despite its specificity for amino acid
residue 4-6 which is exposed in aggregated AB has a clearly lower activity in this
assay indicating that not all N-terminus specific antibodies a priori are equally
efficient in releasing A from preformed aggregates. The MS-Roche IgGs are clearly
superior to BAP-2 with respect to the depolymerizing activity. The relatively low
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increased binding affinity of these antibodies (see tables 3-5). The monoclonal
antibodies AMY-33 and 6F/3D have been reported to prevent A aggregation in vitro
under certain experimental conditions (Solomon, (1996) Proc. Natl. Acad. Sci. USA
93, 452-455; AMY-33 and 6F/3D antibodies were obtained from Zymed Laboratories
Inc., San Francisco (Order No. 13-0100) and Dako Diagnostics AG, Zug,
Switzerland (Order No. M087201), respectively). As demonstrated in figure 9D both

of these antibodies were completely inactive in the de-polymerization assay.

EXAMPLE 12: Epitope analysis by ELISA on peptide conjugates.

The- following heptapeptides (single letter code) were obtained by solid-phase
synthesis and purified by liquid chromatography using the techniques known in the
art.

AEFRHDC
EFRHDSC
FRHDSGC
RHDSGYC
HDSGYEC
DSGYEVC
SGYEVHC
YEVHHQC
EVHHQKC
VHHQKLC
HHQKLVC
HQKLVFC
QKLVFFC
KLVFFAC
LVFFAEC
VFFAEDC



19-24 peptides in relation to the 2-7 peptide are also indicated. * this
anti body is specific for sequence 8-17 and does not recognize N-term nal
or m ddl ewepBwoper sequences. EXAMPLE 13: Conbi nation of @pmiRP0ZedsH CDR2
and L-CDRI by cross-cloning The nodul ar design of the HUCAL library all ows
exchange of conplenentarity determgang regions (CDRs) of two different
Fab encodi ng genes in a sinple cloning WO 03/070760 PCT/ EPO3/01759 88

stWE \/ urther inprovenent of affinity the independently optim zed

H ;:CDRL frommatured clones with the sane H CDR3 were comnbi ned,
becau was a high probability that this conbination would lead to a
furt hét f affinity (Yang et al., 1995, J. Ml .Biol. 254, 392-403;

Schi eERYGANG  1996h, J Mol . Biol. 263, 551-567; Chen et al., 1999,

J. Mol BYGBNK©3 865-881). Whole |ight chains, or fragnents thereof, were
t r ansNEBBBIKGE om an L- CDR1 opti nmi zed donor clone to a H CDR2 opti ni zed
reci pi@BNKEGADe. Donor and recipient clones were only conbined, if both
carri a3SNHKGAIi cal H CDR3 sequences. All donor and recipient clones carried
the \@RK®&A3 framework. This was acconplished by transferring whole |ight
chai ngikepamg he L- CDR1- optim zed donor clone to the H CDR2-optim zed

reci piceat e. Epitope specificity was conserved by only conbi ni ng

cl onegs (\tgl)%e same HCDR3. By light chain exchange a H CDR2-optim zed
cl one Eﬁ)\ﬂ?\d only an optim zed L-CDR1, if the exchange occured between
cl ones th the same L-CDR3. If the L-CDR3 of the clones to be conbined
was di ferer}t t he H-_CDR2-(§)pti m zed clone acquired in addition to the
opt i mi FEdPertidsrwegsissaived TRKISQ Iearmve  atnkd mMiCOREENAYAN. consensus
sequence (Knappik et al., 2000)) and when derivatives of Ms-Roche #7.12
were used as donors of the light chain L-CDR1, 2 and 3 were exchanged in

t he HEDR® oplbumin gessentiilyofattyl acil fier BSAlI f Sigreat Lol drii2kg2390)atvegi es

ant | bSRRAVRLS et gl todii e ReBate ihpivaRA viadale et i " °
PMKO_ s dViyl Rechef7mb /i Bukish ofNdsddemnkiagr@RleiniRiiab NiepivRateo (NBRRKbONe
was then ligated to the light chain fragnent of plasmd 2 (e.g.

pMk 9 Rieraes IRGIMS @7 After 1 SPBjnujes eeaation alyrooxbtemperatepithe dictjusted BHAr eby a

e PR LA, R e RED T P ol 1 SR8, o
par entzal salV@ite5¢ {1l LNISMP 2ctilisted BSAKG.7 aig/on) was efluldeqisie 50 Xhaf P88l Acc651
an L-CDR1 codi ng fragnment ) ) .
0.1% sodium™azide 'and 10 pl of peptide solution (1 mM in DMSO) was added. As
negative control activated BSA‘. was mock-treated without peptide addition. After 4
hrs at room temperature the reaction was stopped by addition of 10 ul of 10mM
Cystein. An aliquot of the conjugate reaction mixture was diluted 1:100 with 0.1M
sodium bicarbonate buffer and immediately filled into the wells (100 pl) of ELISA
plates (Nunc Immuno-Plate). After standing 16 hrs at 4°C 100 ul blocking buffer (as
above) was added to each well and incubated for another 30 minutes. The plates
were washed with 2x300 ul/well TBST (as above) and filled with 100 ul antibody at
10 pg/ml or 2 ug/ml in blocking buffer. The plates were kept 16 hours at 4°C and
washed with 2x300 pl TBST. 100 pl/well HRP-conjugated anti-human Ig H+L
(Pierce, dilution 1:1000 with blocking buffer) was added and incubated for 1 hour at
ambient temperature. The plates were washed with 3x300ul/well TBST. Colour
development was started by addition of 100 pl tetra-methyl benzidine/hydrogen
peroxide reagent. The reaction was stopped after 5 minutes by addition. of 100
pliwell 1M sulfuric acid and the optical density is measured by an opticalreader

(Microplate Reader 3550, BioRad) at 450 nm. For comparison mouse monoclonal



was excised fromplasmd 1 (e.g. pM9_Fab_Ms- Roche#7.11. H2_FS) and the

t hereby obtained vector backbone was then ligated to the L-CDR1 fragnent of
pl asm d 2we389707p0Mk9_Fab_MS- Roche#7. 12. L1_FS) gener at ed byCxbpo3/en1do
Acc651. Thereby a new plasm d (nonmencl ature: pM9 Fab M5 WD 03/ 070760

PCT/ EPO3/ 01759 89 Roche#7.11. H2x7.1g4L1(L-CDRl ) _FS) was created encoding
L-CDR1 of parental clone #7.12.L1 ile L-CDR2,3 and H CDR1, 2,3 are

derived. fr rent clone #7.11. . H2. 3 restri ct on endo eases
ol " AhibadRs ParE Bhalesd 3 fnd San oy, Bkeapt Vg e ekgatiad afea PR

pl aSmIdbélle(dearﬂi-rrW\&sa_lg%’Cs@é’d oR@ﬁﬂmﬁﬁmamgHz FS) and the thereby obtained
vector backbone was then ligated to the L-CDRL and L-CDR2 fragnent of

plasmd 2 (e.g. pM9 _Fab_Ms- Roche#7.12. L1 _FS) generated by Xbal and BanH

S EIPREIR ¥REIRE Bt tie 356YS dBBIBEL KR Rnides derved fiara AR apsaiTi,

L- COREIa8A-festPRR absbitsentrreifl @B6ve Afert? cakriadhidug. IPreRR8oRNdnVérERBL. 2, 3

are derived fromparental clone #7.11.1-12. Illustrative exanpl es for t he
di f f eraniibogiesneargpese antopdies avhiokeishows arsoﬂeg@tmred nyeef opliealrdensitieseai pi ent

Cher r ST 1B, MR B, Fhoft ot WAEASp3F TR MIBLPET AR e "
val uespépcmdes ERRED; carnme- atidng doMg- &F antaptus twahpaeed abeadi v@irdlatedppended

Tabl e vg 03/3 ?760 PCT/ EP03/ 01759 LL> U ((99 (9 (9
(9 (9 P(rgte(' Peptide)like BIA.(Mophpreferably the rae of opligal Gersiteyiszabove 5 7

ZZ ¢y cgrrgsgo nding regc%n (Aﬁthcgt (Igas(t r(e9 o(fgthg (oﬁowmg tHted KB derlvedU) Ln
peptides: (VFFAED; amino acid 18 to 23 of AB) or (FFAEDV; amino acid 19 to 24 of
AB) or (LVFFAE; amino acid 17 to 22 of AB).

Corresponding results for the inventive parental and/or maturated antibodies are
shown in the following two tables:
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# 2-7/BSA  17-22/BSA  18-23/BSA 19-24/BSA  17-22/2-7 18-23/2-7  19-24/2-7
33 17 11 16 11 0.65 0.94 0.65
7.12 19 11 13 11 0.58 0.68 0.58
81 16 7 16 14 0.44 1.00 0.88
3.4H7 22 3 16 15 0.14 0.73 0.68
7.9H2 13 5 8 6 0.38 0.62 0.46
7.9H3 13 6 8 6 0.46 0.62 0.46
7.9.H7 30 5 16 10 0.17 0.53 0.33
7.11H2 10 6 7 6 0.60 0.70 0.60
3.2.H2 18 10 15 14 0.56 0.83 0.78
3.6.H5x3.6.1.2 11 7 9 8 0.64 0.82 0.73
7115%%}3-9-11 14 8 10 9 0.57 0.71 0.64
8.2.H2x82.L1 13 20 25 25 1.54 1.92 1.92
Mouse mab
BAP-1 21 1 1 1 0.05 0.05 0.05
BAP-2 21 1 1 0.05 0.05 0.05
4G8 1 23 20 1 23 20 1
6E10 18 1 1 1 0.06 0.06 0.06
6F/3D* 1 1 1 1 1 1 1
Amy 33 16 2 1 3 0.13 0.06 0.19

Table 7: Reactivity of MS-R IgGs and mouse monoclonal antibodies BAP-1, BAP-2,
4G8, 6E10 Amy-33 and 6F/3D with BSA-conjugated AB heptapeptides 2-7
(AEFRHD), 17-22 (LVFFAE), 18-23 (VFFAED) and 19-24 (FFAEDV). The ratios of
the ELISA read-out (optical density) obtained with peptide-conjugated and non-
conjugated BSA are given. The signal intensities obtained with the 17-22, 18-23 and
19-24 peptides in relation to the 2-7 peptide are also indicated. * this antibody is
specific for sequence 8-17 and does not recognize N-terminal or middle epitope
sequences.

EXAMPLE 13: Cbmbination of optimized H-CDR2 and L-CDR1 by cross-cloning

The modular design of the HUCAL library allows exchange of complementarity
determining regions (CDRs) of two different Fab encoding genes in a simple cloning
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fragments thereof, were transferred from an L-CDR1 optimized donor clone to a H-

L o

CDR2 optimized recipient clone. Donor and recipient clones were only combined, if
both carried identical H-CDR3 sequences. All donor and recipient clones carried the
VH3-V«3 framework.

This was accomplished by transferring whole light chains from the L-CDR1-

optimized donor clone to the H-CDR2-optimized recipient clone. Epitope specificity

was conserved by only combining clones with the same H-CDR3. By light chain
exchange a H-CDR2-optimized clone obtained only an optimized L-CDR1, if the
exchange occured between clones with the same L-CDR3. If the L-CDR3 of the
clones to be combined was different, the H-CDR2-optimized clone acquired in
addition to the optimized L-CDR1 another L-CDR3 (L-CDR2 remained the HuUCAL
consensus sequence (Knappik et al., 2000)) and when derivatives of MS-Roche

#7.12 were used as donors of the light chain L-CDR1, 2 and 3 were exchanged in

the H-CDR2-optimized acceptor clone. Three different cloning strategies were

employed:

1) Using restriction endonucleases Xbal and Sphl the whole antibody light chain
fragment was excised from plasmid 1 (e.g. pMx9_Fab_MS-Roche#7.11.H1_FS)
and the thereby obtained vector backbone was then ligated to the light chain
fragment of plasmid 2 (e.g. pMx9_Fab_MS-Roche#7.2.L1_FS) generated by
Xbal and Sphl digest. Thereby a new plasmid (nomenclature: pMx9_Fab_MS-
Roche#7.11.H1x7.2.L1_FS) was created encoding L-CDR1,2,3 of parental clone
#7.2.L1 and H-CDR1,2,3 of parental clone #7.11.H1.

2) Using restriction endonucleases Xbal and Acc65l an L-CDR1 coding fragment
was excised from plasmid 1 (e.g. pMx9_Fab_MS-Roche#7.11.H2_FS) and the
thereby obtained vector backbone was then ligated to the L-CDR1 fragment of
plasmid 2 (e.g. pMx9_Fab_MS-Roche#7.12.L1_FS) generated by Xbal and
Acct5l. Thereby a new plasmid (nomenclature: pMx9_Fab_MS-
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3) Using restriction endonucleases Xbal and BamHI an L-CDR1 and L-CDR2
coding fragment was exbised from plasmid 1 (e.g. pMx9_Fab_MS-
Roche#7.11.H2_FS) and the thereby obtained vector backbone was then ligated
to the L-CDR1 and L-CDR2 fragment of plasmid 2 (e.g. pMx9_Fab_MS-
Roche#7.12.L1_FS) generated by Xbal and BamHI digest. Thereby a new
plasmid (nomenclature: pr9_Fab__MS-Roche#7.1 1.H2x7.12.L1(L-
CDR1+2)_FS) was created encoding L-CDR1 and L-CDR2 of parental clone
#7.12.L1 while L-CDR3 and H-CDR1,2,3 are derived from parental clone
#7.11.H2.

lllustrative examples for the different cloning strategies as well as for sequences

donor and recipient clones are given in table 8.

After large scale expression and purification their affinities were determined on AB

(1-40) fibers. Furthermore, Kp values for selectied cross-cloned MS-R Fab/antibodies

are given in appended Table 9.
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3, 4H7X3.
3. 6H5x3.
7. 4H2x7.
7. 9H2x7.

4L9 2.66 3.51 3.4H7x3.4L7 1.19 1.23 3.6H5x3.6L1 1.25 1.04
6L2 1.26 0.84 7.2H2x7.2L1 1.29 1.43 7.4H2x7.2L1 1.4 1.4

MDD3M7F6A. 8 7. 9H2x7.2L1(L1) 1.4 1.4 7.9H2x7. 12PCTAPE3/11739
12L2(L1+2) 0.4 0.4 7.11 HixP421- 1 1.75 1.39 7.11H1x7.11LI

0.41

0.47 7.11H2x7.2L1(L1) 1 0.6 7.11H2x7.9L1 (L1) 0.1 1 8.1 H1x8.2L1 1.3 1.6
Tabl e 9: KD valups—oerrerossetonedMs-R Fab-binding to AP 1-40 and AR1-42
fibers as deterpiined iin-the Bilacore.l Jhespreparation of crosscloned Fabs
is described i & |Rxanplles 1% |P e|ZB Baf yes |werle determined by kinetic curve
fittings and cg r22ct ed %}cr“‘t (4 ng og agtive Fab present in each
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transgenic mc Refér%c% clxz gt| All.g [Soc. Neurosci. Abstr., Vol.
27, Program Noi 6",:_-_’2 DY Iz o¥d {pllague decoration in vivo. The
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Table 9: Kp values for crosscloned MS-R Fab binding to AB1-40 and AB1-42 fibers
as determined in the Biacore. The preparation of crosscloned Fabs is described in
example 13. The Kp values were determined by kinetic curve fittings and corrected
for the content of active Fab present in each sample as described in the text. Some

of the Fabs were additionally purified by size exclusion chromatography or
preparative ultracentrifugation to remove aggregated material. (L1), the H-CDR2-
matured acceptor clone received only L-CDR1 from the L-CDR1 improved donor
clone; (L1+2), the H-CDR2-matured acceptor clone received L-CDR1+2 from the L-

CDR1 improved

donor clone.



I nventive antibody nol ecules. WO 03/070760 PCT/EP03/01759 98 0 Co -0 V z
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Selected MS-R IgG1 antibodies were tested in APP/PS2 double transgenic mice
(Reference: Richards et al., Soc. Neurosci. Abstr., Vol. 27, Program No. 5467, 2001)
for amyloid plaque decoration in vivo. The antibodies (1 mg/mouse) were
administered i.v. and after 3 days the brains were perfused with saline and prepared
for cryosection. In another study the mice were exposed to higher concentrations of
the antibodies, i.e. 2 mg injected i.v. at day 0, 3, and 6, and sacrificed at day nine.
The presence of the antibodies bound to amyloid plaques was assessed on unfixed
cryostat sections by double-labeled indirect immunofluorescence using goat anti-
human 1gG (H+L) conjugated to either Cy3 #109-165-003, Jackson Immuno
Research) followed by BAP-2-Alexa488 immunoconjugate. Imaging was done by
confocal laser microscopy and- image processing for quantitative detection of
colocalizations by IMARIS and COLOCALIZATION software (Bitplane, Switzerland).
Typical examples are shown in Figures 10-14. All of the MS-R antibodies tested
were found positive in immunodecoration of amyloid plaques in vivo, although some
variability was noted.

Example 15: Investigation of binding of different monoclonal antibodies to
amyloid precursor protein (APP) on the surface of HEK293 cells:

APP is widely expressed in the central nervous system. Binding of antibody to cell
surface APP may lead to complement activation and cell destruction in healthy brain
areas. Therefore, it is mandatory for therapeutic A-beta antibodies to be devoid of
reactivity towards APP. High affinity antibodies against the N-terminal domain of A-
beta (e.g. BAP-1, BAP-2) recognize the respective epitope also in the framework of
APP. In contrast, the antibodies against the middle epitope (e.g. 4G8), and the
antibodies of the invention are surprisingly unable to recognize to cell surface APP.
Thus, antibodies of the invention which decorate A-beta, but not APP in vivo, are
superior to non-selective antibodies.
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specifically recogni zing two regions of R- A4 pept wherein the
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epitopes) show no significant shift in fluorescence. Differences in basal fluorescence
between HE293/APP ad HEK293 cells are due to different cell size. A FACScan
instrument was used in combination with the Cellquest Pro Software package (both
Becton Dickinson).

Example 16: List of identified SEQ ID NOs relating to inventive antibody
molecules

The appended table 10 relates to sequences as defined herein for some specific
inventive antibody molecules.
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VL DNA, ” SHEDR3
13
46
48
50
54
56
58
a0
326
328
330
332
334
336
338
340
342
344
346
348

af {1

350
352

B-A4 form

VH DNA

32
34
36
38
40
42
44
88
294
296
298
300
302
304
306
308
310
312
314
316
318
320
322

VL prot

10
12
14
47
49
51
53
55
57
59
91
325
327
329
331
333
335
337
339
341
343
345
347
349

51
353

33
35
37
43
45
89
295
297
299
301
303
305
307
309
311
313
315
317
319

321
323

Molecule # | VH prot

79H4 x 7.1212 | 41
7.11H1x7.11L1
Z.11H1x7.21.1

79H2 x7.1212 | 39
7.9H7

3.6H5 x 3.61.2
3.6H8 x 3.6L.2
7.4H2 x 7.211
3.3H1x3.4L9
3.4H1x3.4L9
3.4H3x3.4L7
3.4H3x3.4L9
3.4H7x3.4L9
3.4H7x3.4L7
3.6H5x3.6L.1
7.2H2x7.21.1
7.4H2x7.121.2
7.9H2x7.21.1
7.9H2x7.1211
7.11H2x7.2L1
7.11H2x7.9L1

7.11H2x7.121.1
8.1H1x8.2L1

Table 10: Identification of SEQ ID NOs for parental antibodies

molecules




10. The anti body nolecule of claim8 or 9, wherein said cross-cloned
antibody is selected fromthe group consisting of M5-R #3. 3H1x3.4L9; M5-R
#3. 6HS5 x WOABA7076W5- R #3. 6H3 x 3.6L2; MS-R #7.4H2 x 7. 2LPCT/EVB3/R78Y. OH2 X
7.12L2; MS-R #7.9H4 x 7.12L2; WNMS-R#7.11H x7.11 L1; MS-R #7.11 Hl X
7.2L1; MS-R #3.4H1 x 3.4L9; WO 03/ @®760 PCT/EP03/01759 101 M5-R #3.4H3 x
3.4L7; M5-R #3.4H3 x 3.4L9; MS-R #3.4H7 x 3.4L9; M5-R #3.4H7 x 3.4L7;
M5-R #3.6H5 x 3.6L1; MS-R #7.2H2 x 7.2L1;, MS-R #7.4H2 x 7.12L2; M5-R
#7.9H2 x 7.2L1; WMS-R #7.9H2 x 7.12L1; WMS-R #7.11 H2 x 7.2L1; MS-R #7.11
H2 x 7.9L1;, MS-R #7.11 H2 x 7.12L1 or M5-R #8.1 H x 8.2L1. 11. A nucleic
aci d nol ecul e encodi ng an anti body nol ecul e of any one of clains I to 10.
12. A vector conprising the nucl ei Clgimmgl nol ecule of claim11l. 13. A host
cell comprising the vector of claim12. 14. A nethod for the preparation of
an anti body nol ecul e of any one of clains | to 10 conprising culturing the
host cell of claim 13 under conditions that allow synthesis of said

anti body nol ecul e and recovering said anti body nolecule fromsaid culture.

15. A1conpeg anfivodyoripldctiengapeblenf spedficait reuberizivlg twvoy/regiendf ihledi-ns 1 to
10 or an antibody nol ecul e produced by the nethod of claim 14.
A4 peptide/AB4, wherein the first region comprises the amino acid sequence
AEFRHDSGY as shown in SEQ ID NO: 1 or a fragment thereof and wherein
the second region comprises the amino acid sequence VHHQKLVFFAEDVG

as shown in SEQ ID NO: 2 ora fragmént thereof.

2. The antibody molecule of claim 1, wherein said antibody molecule recognizes

at least two consecutive amino acids within the two regions of 3-A4.

3. The antibody molecule of claim 1 or 2, wherein said antibody molecule
recognizes in the first region an amino acid sequence comprising: AEFRHD,
EF, EFR, FR, EFRHDSG, EFRHD or HDSG and in the second region an
amino acid sequence comprising: HHQKL, LV, LVFFAE, VFFAED or VFFA,
FFAEDV.

4. The antibody molecule of any one of claims 1 to 3, wherein said antibody
molecule comprises a variable Vy-region as encoded by a nucleic acid
molecule as shown in a SEQ ID NO selected from the group consisting of
SEQ ID NO: 3, 5 or 7 or a variable Vy-region as shown in a SEQ ID NO:
selected from the group consisting of SEQ ID NOs: 4, 6 and 8.

5. The antibody molecule of any one of claims 1 to 3, wherein said antibody
molecule comprises a variable V.-region as encoded by a nucleic acid
molecule as shown in a SEQ ID NO selected from the group consisting of
SEQ ID NO: 9, 11 and 13 or a variable V.-region as shown in a SEQ ID NO
selected from the group consisting of SEQ ID NOs: 10, 12 and 14.



16. The conposition of claim15, which is a pharmaceutical or a diagnostic
conposition. WO 03/070760 PCT/EP03/01759 102 17. Use of an anti body

nol ecul e wb oafoyo7eme of clainms | to 10 or an anti body nol ecalEPoporduced by
the met hod of claim 14, of a nucleic acid nolecule of claim11l, of a
vector of claim 12 or a host of clangpl3 for the preparation of a

phar maceuti cal conposition for the prevention and/or treatnent of a disease

U2t ed it : : Loi ool $ _ Uee of
- ant body Teoradhey HERAE B Gt the of KRin®y & @ BWRetAn aip ShriobRy, 007, ¢
produced bync?léeularﬁd:dmdnrjrisés at aéamftldnefj gﬁDIRBeofpaap\ai,rr-Betgi%m as{ ﬁaco@écfagqygat ic
conposition for the detection a di soGi_a i dogenesi s
ang})or_ awInHPl?J$PSE’d@°¥Q9Pt?a?$ §ﬁ9WT9'." sﬁéﬁﬁf ﬁg)r"? jﬁt ﬂg@dw%f @ﬁ[%leé?Bf‘egny one
of clalm EnRs Hhnifib R s&ietedor dPVEMAiSH BsKHKRANCSERND NEldag, 9 ol aim

14 for the preparation o pharmaceut1cal conposition for

di si nt egr ator @ axid/Br wingrein sajul actilesly 0ledue comprisenat laastipnedlBRAIGf of any
one of clains,,l to. 10 or an,anti bod nol ecul e produced, by the d of
laim 14 16 VigofioBoas rpaiedovas Ml haad i eBh g as Sephroi SEC st ve

I mruni zat | NOSYR 183 off 25 8kt Ria8t oRE TDRS f@fiABldcRNsedlencEF s 0égiohai ms 17
or 18, wherein said disease is denentia,-A zheimer's di sease, notor

neur opat hy asEhawrsins§RErIBOs 22124 PeP@. Jacob di sease, hereditary
cerebral henorrhage with anyl oi dosis Dutch type, Parkinson's disease,
H V-rel ated denentia, ALS or neuronal disorders related to aging. 22. Kit

conpriz&i ng The antibduydinoteduts of anpfonanyf claien®fl tol & weerkirt saitiDantibotycisei ¢
acid nol ecule of claim 16, a vector of claim1l7 or a host cell of claim18.

23. A net hégladed e Hin graupAansistiee AVIaRr P bdasnddt eEan iRt Ratwed i n any

one of clg O ising the steps of (a) constructing a library
of diversi sliee oégtgma%%i%mF f?agment s derived froman antibody conprising

at | east one CDR3 of an VHregion as encoded by a nucleic acid nol ecul e as
shown jn SEO | D . 21,23 or WD 03/070760. PCT/ EPQ3/ Q1759 103 or at
| east Sne %%aﬁﬁi%ﬁy H_&‘é'ﬁc'ﬂ%cﬁjeﬂ”byeoﬂf frcloims ég_Fcb%’ é{&erg'ﬂoﬁﬂ i Z@Péyl D NOs:
22, 24t or ZRolechle i€ FiIO ahfiSodyEIhinLRBgIoRRIIPPtA N (@BJ-fragmienbr ar F(dny,-Panni ng
agai ns
fragment, a single-chain antibody, a chimeric antibody, a CDR-grafted
antibody, a bivalent antibody-construct, a synthetic antibody or a cross-cloned

antibody.

9. The antibody molecule of any one of claims 1 to 8, wherein said at least two

regions of -A4 form a conformational epitope or a discontinuous epitope.

10.  The antibody molecule of claim 8 or 9, wherein said cross-cloned antibody is
selected from the group consisting of
MS-R #3.3H1x3.4L9;

MS-R #3.6H5 x 3.6L.2;
MS-R #3.6H8 x 3.6L2;
MS-R #7.4H2 x 7.2L1;
MS-R #7.9H2 x 7.12L.2;
MS-R #7.9H4 x 7.12L.2;
MS-R #7.11H1 x 7.11L1;
MS-R #7.11H1 x 7.2L1;
MS-R #3.4H1 x 3.4L9;



AP/ A(34; (c) identifying optim zed clones; and (d) expressing of selected,
optim zed clones. 24. The nethod of claim 23 further conprising a step
(ca), whewelwg/otdteo optim zed clones are further optim zedPoy/EPay8Ese €

nmut agenesi s 25. The nethod of claim 23 or 24, wherein said A(3/A(34 in step
(b) is aggregated AP/ A(34. 26. The 1fdt hod of any one of clainms 23 to 25,
wherein said identification in step (c) is carried out by koff-ranking.

27. A et hogstpustyigs Rrepaf-ation of a pharnaceutical conposition conprising
the steps of (a) optim zation of an antibody according to the nethod of

any one of MStR#IsAIBxt30412%; and (b) fornulating the optim zed _
A phar macoltPaa AL SN orepared by the method of olaim a7 o 2%

MS-R #3.4H7 x 3.4L7;

MS-R #3.6H5 x 3.6L.1;

MS-R #7.2H2 x 7.2L1;

MS-R #7.4H2 x 7.12L2;

MS-R #7.9H2 x 7.2L.1;

MS-R #7.9H2 x 7.12L1;

MS-R #7.11H2 x 7.2L.1;

MS-R #7.11H2 x 7.9L1;

MS-R #7.11H2 x 7.12L1 or

MS-R #8.1H1 x 8.2L1.

11. A nucleic acid molecule encoding an antibody molecule of any one of claims 1
to 10.

12. A vector comprising the nucleic acid molecule of claim 11.

13. A host cell comprising the vector of claim 12.

14. A method for the preparation of an antibody molecule of any one of claims 1
to 10 comprising culturing the host cell of claim 13 under conditions that allow
synthesis of said antibody molecule and recovering said antibody molecule

from said culture.

15. A composition comprising an antibody molecule of any one of claims 1 to 10
or an antibody molecule produced by the method of claim 14.

16. The composition of claim 15, which is a pharmaceutical or a diagnostic
composition.



17.

18.

19.

20.

21.

22.

23.
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Use of an antibody molecule of any one of claims 1 to 10 or an antibody
molecule produced by the method of claim 14, of a nucleic acid molecule of
claim 11, of a vector of claim 12 or a host of claim 13 for the preparation of a
pharmaceutical composition for the prevention and/or treatment of a disease
associated with amyloidogenesis and/or amyloid-plaque formation.

Use of an antibody molecule of any one of claims 1 fo 10 or an antibody
molecule produced by the method of claim 14 for the preparation of a
diagnostic composition for the detection of a disease associated with

amyloidogenesis and/or amyloid-plaque formation.

Use of an antibody molecule of any one of claims 1 to 10 or an antibody
molecule produced by the method of claim 14 for the preparation of a

pharmaceutical composition for the disintegration of -amyloid plaques.

Use of an antibody molecule of any one of claims 1 to 10 or an antibody
molecule produced by the method of claim 14 for the preparation of a
pharmaceutical composition for passive immunization against B-amyioid

plaque formation.

The use of claims 17 or 18, wherein said disease is dementia, Alzheimer's
disease, motor neuropathy, Down's syndrome, Creutzfeld Jacob disease,
hereditary cerebralhemorrhage with amyloidosis Dutch type, Parkinson’s
disease, HIV-related dementia, ALS or neuronal disorders related to aging.

Kit comprising an antibody molecule of any one of claims 1 to 10, a nucleic

acid molecule of claim 16, a vector of claim 17 or a host cell of claim 18.

A method for the optimization of an antibody molecule as defined in any one

of claims 1 to 10 comprising the steps of

(a) constructing a library of diversified Fab antibody fragments derived
from an antibody comprising at least one CDR3 of an Vu-region as
encoded by a nucleic acid molecule as shown in SEQ ID NOs: 21,23 or



24.

25.

26.

27.

28.
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25 or at least one CDR3 amino acid sequence of an Vy-region as
shown in SEQ ID NOs: 22, 24 or 26;

(b)  testing the resulting Fab optimization library by panning against
AB/AB4;

(c) identifying optimized clones; and

(d)  expressing of selected, optimized clones.

The method of claim 23 further comprising a step (ca), whereby the optimized
clones are further optimized by cassette mutagenesis

The method of claim 23 or 24, wherein said AB/AB4 in step (b) is aggregated
AB/ABA4.

The method of any one of claims 23 to 25, wherein said identification in step
(c) is carried out by koff-ranking.

A method for the preparation of a pharmaceutical composition comprising the

steps of

(@)  optimization of an antibody according to the method of any one of
claims 23 to 26; and

(b) formulating the optimized antibody/antibody molecule with an
physiologically acceptable carrier.

A pharmaceutical composition prepared by the method of claim 27.



